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Summary

Ovarian cancer is the most deadly gynaecological malignancy and 70% of all women
with ovarian cancer die within 5 years of diagnosis. When diagnosed in early stages,
ovarian cancer is curable in 90% of cases, however early diagnosis is rare. Over 80%
of ovarian cancer patients are diagnosed in late stages when there is only a 30% 5-year
survival rate. Ovarian cancer is a relatively asymptomatic disease and biomarkers are
unreliable. CA125 is the only routinely used ovarian cancer biomarker, however with a
sensitivity of 89% and a specificity of 72% there are many undetected cases. The absence
of specific symptoms and a reliable screening tool results in a very poor prognosis for
patients. A reliable biomarker of ovarian cancer may improve patient care and survival,
especially for tumours which arise from benign precursors such as mucinous tumours.
The immune system is an intricate biological system that protects against external
agents and regulates internal processes. Autoantibodies are classically associated with
autoimmune disease however there is a humoral immune response to antigens released
during tumourigenesis. Autoantibodies can arise in advance of clinically detectable
disease using conventional diagnostic techniques making them interesting biomarker
entities. As ovarian cancer has no reliable biomarkers and has been identified as an
immunogenic tumour, assessment of the autoantibody response may provide valuable
insight into disease state.

In this study we identified the autoantibody profiles of 74 human serum samples us-

ing the hEx1 array. Antigens associated with ovarian disease were selected, expressed,

viii



purified and were interrogated by secondary analyses; protein microarray and ELISA.
The most robust autoantibody identified at this stage was the p53 antigen. Autoan-
tibodies to p53 were identified in 20-25% of late stage ovarian cancer patients in all
platforms interrogated, which is in-line with published data. Secondary pooled serum
hEx1 array screening was compared to previous results to identify robust associated
autoantibodies. This identified p53, adducin and endosulfine alpha autoantibodies as
ovarian cancer associated. Further validation identified adducin autoantibodies as po-
tential biomarkers of ovarian disease as autoantibodies to this antigen were not identified
in non-remarkable controls (n=15). Epitope presentation was identified as an impor-
tant determinant of antibody binding. This is a significant finding when considering the
development of autoantibody diagnostic assays. In addition autoantibody profiles of 20
human serum samples were identified using the Invitrogen ProtoArray. A serum set
of non-remarkable controls, benign ovarian disease, early and late stage ovarian cancer
patients were screened (benign and malignant tumours were serous histology). Compar-
ison of the ProtoArray and hEx1 serum screening results identified variation between
array platforms, highlighting the difference in array platforms and autoantibody bind-
ing. Autoantibody profiles were identified as cohort associated, the relatively unknown
angiomotin antigen was identified as early stage ovarian carcinoma associated.

In summary this research has identified autoantibodies associated with ovarian can-
cer using two different protein array platforms. Autoantibodies to p53 have been identi-
fied and are consistent with published data which confirms the approach taken. Numer-
ous autoantibodies of interest have been identified, however autoantibodies to adducin
and angiomotin are of particular interest and are currently being investigated further.
This research advances the field of autoantibody profiling in terms of the consisten-
cies and variances of autoantibody profiling associated with differential experimental

platforms.

ix



Abbreviations

AAb Autoantibody

AJCC American Joint Committee on Cancer
ANA Anti-nuclear antibody

APC Antigen presenting cell

APS Ammonium persulfate

ATP Adenosine triphosphate

BRAF V-raf murine sarcoma viral oncogene homolog B1
BRCA1 Breast cancer susceptibility protein 1
BRCA2 Breast cancer susceptibility protein 2
BSA Bovine serum albumin

CA125 Cancer antigen 125

cDNA Complimentary deoxyribonucleic acid
cm Centimetre

dsDNA Double stranded deoxyribonucleic acid

DNA Deoxyribonucleic acid

DTT Dithiothreitol
EMT Epithelial-mysenchymal transition

ELISA Enzyme linked immunosorbent assay



Fab Fragment antigen-binding

Fc Fragment crystallizable
FDA Food drug administration

FIGO International Federation of Gynecology and Obstetrics

GuHCI1 Guanidine hydrochloride
GST Glutathione S-transferase

HE4 Human epididymis protein 4

HEPES Hydroxyethyl piperazineethanesulfonic acid
hEx1 Human expression library

HRP Horseradish peroxidase

HSP Heat shock protein

IgG Immunoglobulin G

IgM Immunoglobulin M

IL Interleukin

IMAC Immobilised-metal affinity chromatography
IPTG Isopropyl f-D-1-thiogalactopyranoside
KRAS Kirsten rat sarcoma viral oncogene homolog
MAPK Mitogen-activated protein kinase

MDT Multi-disciplinary team

MICA Major histocompatibility complex class I chain-related molecule A
MHC Major histocompatibility complex

ml millilitre

mRNA Messenger RNA

NCBI National Centre for Biotechnology Information

xi



NELF Negative elongation factor

NK Natural killer

OC Ovarian cancer

PAGE Polyacrylimide gel electrophoresis
PBS Phosphate buffered saline

PH Pleckstrin homology

PP2A Protein phosphatase 2A

PTM Post-translational modification

PVDF Polyvinylidene fluoridefp

RA Rheumatoid arthritis

RINA Ribonucleic acid

ROC Risk of ovarian cancer

ROMA Risk of ovarian malignancy algorithm

RT Room Temperature

SCS1 Succinyl coenzyme A synthetase 1

SDS Sodium dodecyl sulfate

SEREX Serological analysis of recombinant cDNA expression libraries
SLE Systemic lupus erythematosus

SNARE Soluble N-ethylmaleimide-sensitive factor attachment protein receptor
STAT Signal transducer and activator of transcription

TEMED N NN’ N -tetramethylethylenediamine

TMB 3,37,5,5 -tetramethylbenzidine
tRNA Transfer RNA

TSG Tumour suppressor gene

xii



TVU Transvaginal ultrasonography

UKCTOCS United Kingdom collaborative trial of ovarian cancer screening
UTR Untranslated region

VEGF Vascular endothelial growth factor

pl microlitre

xiii



Contents

Declaration

Acknowledgments

Publications Arising from this Thesis

Summary

Abbreviations

List of Figures

List of Tables

Chapter 1

1 Introduction

1.1

1.2

1.3

1.6

Cancer . ... .. e e e
1.:1.1 Hallmarks ofiGaneer « «c =/ win b v e 58 s i 5s 5 bs 5 5 4 3
Ovarian Cancer . . . . . . . . . . .. . e
1.2.1 New Aetiological Findings . . ... ... ... .. ... .....
Ovarian CGancer Diagnosis  : = & « & 2 = o o5 o5 55 8 555 5oa s i 4
1.3:1 Symptoms . . . . < . . e e e e e e e e e e e e
1.3.2 Biomarkers of Ovarian Cancer . . . . .. .. ... ... .....
The Immune Response and Cancer . . . . . . . . ... ... .. .....
Autoantibodies . . . . ...
1.5.1 Autoantibodies as Biomarkers . . « « « « « « & o o 6 5 5 5 0 5 #
1.5.2 Autoantibodies in Cancer . . . . . . . ... ... ... ...

Autoantibody Serum Screening . . . . . ... ...

xiv

ii

viii

xx1

xx1ii



1.6.1 Protein Array Screening . : . « « : 5 . s i e s ew s ww e e e e s
1.6.1.1 hEx1 Expression Library and Arrays . . ... ... ..

1.6.1.2 Invitrogen ProtoArray . . . .. ... ..........

1.7 Autoantibodies in Ovarian Cancer . . . . .. ... ... ... ......
1.7.1  Anti-p53 Autoantibodies . . . . . . .. ... oL
1.7.2  Anti-Mesothelin Autoantibodies . . . ... ... ... ... ...
1.7.3  Anti-NY-ESO-1 Autoantibodies . . . . . . .. .. ... ... ...
1.7.4  Anti-HSP 90 Autoantibodies . . .. ... ... ... ... ... ..
1.7.5 Anti-Survivin Autoantibodies . . . . . .. .. ...
1.8 Hypothesis and Aims of this Work . . . . . ... .. ... .. ... ...
Chapter 2

2 Materials and Methods

2.1
22
2:3

2.4

Materialsl = de m s s cis f s s 5 s sk s e e ek el B e s
Serum Sample Collection . . . . . . .. .. .. ... ... ... ...
hEx1 Array Screening and Analysis . . . . . . .. .. .. ... ... ...
2.3.1. hBExl Array Serum:SCIeENINg: «u: w srs ool oos w amp sh i w1
2:3:2 hBxt Array SCOTIME + = = s 2 5 5 ¢ 7 5 358 3.5 55 3 8 2 9 55
2.3.3 Analysis of hEx1 Array Serum Screening Results . . . . . . . ..
hEx1 Protein Production and Analysis . . . . . . .. ... .. ... ...
2.4.1 Bacterial Clone Sequencing . . . . . . . .. . ... ... .....
2.4.2 Sequence Open Reading Frame Analysis . . . . .. ... ... ..
2.4.3 Induction of hEx1 Bacterial Clones . . . . . . .. ... ... ...
2.4.4 His-Tagged Protein Purification . . . . . . .. ... .. ... ...
2.4.5 Protein Quantitation using BCA Protein Assay . . . . . ... ..
2.4.6 Protein Quantitation at A280nm with Ultraviolet Light . . . . .
2.4.7 Polyacrylimide Gel Electrophoresis Analysis (PAGE) . . . . . ..
Secondary Serum Screening Methodology . . . .. . ... ... ... ..
2.5.1 hEx1 Protein Microarray Screening and Analysis . . . . . . . ..
2.5.1.1 hEx1 Protein Microarray Spotting . . . . ... ... ..

2.5.1.2 hEx1 Protein Microarray Screening . . . .. ... ...

2.5.1.3 hEx1 Protein Microarray Scanning . . . . . . . .. ...

2.5.1.4  Analysis of hEx1 Protein Microarray Serum Screening
Results . . .. ... oo

2.5.2 Western Immunoblotting . « s o o o v v v v 6 v v e s s v e s

XV

36
38
39
39
40
41

43



2.5.3 Enzyme-Linked Immunosorbent Assay (E.L.I.S.A.) . . ... ... 61

2.5.4 Dot-Blot Immunoblotting . . . .. .. ... ... 0L 62

2.6 ProtoArray Screening and Analysis . . . . . . ... ... 63
2.6.1 ProtoArray Serum Screening . . . . . .. ... ... ... ... 63

2.6.2 ProtoArray Analysis with Prospector. . . . . .. ... ... ... 64

2.6.3 ProtoArray Pathway ANalysis .« o « w6 5 w9 5 5 5 5 5.6 & 5 64

2.7 Statistical Analyses . . . . . . . ... 64
Chapter 3 66

3 Autoantibody Identification by hEx1 Array Serum Screening and Val-

idation 66
3. Imtreductiond = Lo s el s e e v s E s E B E R e g 66
D ¢ S e S U N e ST S 69
3.3 Materials and Methods . . . . . . . .. ... L 70
3.3.1 Serum Samples and hEx1 Array Screening . . . . . .. ... ... 70
3.3.2  Selection and Expression of Antigens of Interest . . . . .. . .. 70
3.3.2.1  Selection of hEx1 Antigens of Interest . . . . . . .. .. 70

3.3.2.2 Production of hEx1 Antigens of Interest . . . . . . . .. 71

3.3:3 Secondary Validation: : - : = i« « s s s s s c v m s s @ n s s 72
3.3.3.1 hExl1 Protein Microarray . . . ... ... ... ... .. 72

34 Resulfs. . . . . v oo vt i i L i e s e e e e e s s s 75
3.4.1 Results of hEx] Array Screening . . . .. ... .. ........ 75
3.4.2  Assessment of Antigens of Interest . . . . . .. .. ... .. 75
3.4.3 Secondary Validation . . . . . ... .. ... ... 80
3.4.3.1 hEx1 Protein Microarray . . . ... ... ........ 80

34.3.2 BLISA AnalysisS = ¢ = » v w6 a5 % 55« 55 & 5e s wa s 86

3.5 Discussion . . . . . . ... e e 102
3.6 CONCIIBION ... v o o o o e v o o o o m s 5 os s s o s e s e b s el 103
Chapter 4 104

4 Identification of Robust Autoantibody Responses and Validation in

Additional Patient Serum. 104
4.1 Introduction . . . . . . . . . L 104
4 A TG e s 5 5 P e o & o s 3 3 105

Xvi



4.3 Materials and Methods . . . . . . . ... ... ... ... Lo .
4.3.1 Pooled Serum Screening on hEx1 Arrays . . . . ... ... ....
4,311 Serum Selection = i » s v v w55 - 55 s s B E s e s

4.3.1.2 hEx1 Array Screening Using Pooled Serum . . . . . ..

4.3.2  Selection and Expression of Antigens of Interest . . . . . .. ..
4.3.83  Secondary Validation . . « . s 256« & 5 5 55 <5 4% 5 5580
4.3.3.1 Western Immunoblotting . . . . ... ... .......

4.3.3:2 EBLISA Analysis o o s w s 5o 505 5 o 5 % % w0 s s 5

4.3.3.3 Extended Serum Cohort . . . . . .. .. ... ......

Ar (Resultgi, Ao 3 el s 4 s il LN Sl R e s S e
4.4.1 Results and Overlap of hEx1 Array Serum Screening . . . . . . .
4.4.2 Assessment of Overlap Antigens . . . .. ... .. ... .....
44.2.1 Cellular tumour antigen p53 (TP53) . . . . .. .. ...

44.2.2 Adducin alpha (ADDL) . c 5 oo ¢ ¢ « 5 5 5 + 5 525 5 o

4.4.2.3 Endosulfine alpha (ENSA) . .. ... ... ... ....

4.4.3 Secondary Validation by Western Blot and ELISA . . . . . . ..

4.4.3.1 Characterisation of Anti - p53 Autoantibodies . . . . .

110

4.4.3.2 Characterisation of Anti - Adducin Alpha Autoantibodies119

4.4.3.3 Characterisation of Anti - Endosulfine Alpha Autoanti-

bodies . . . . . . ...

4.4.4 Validation on Additional Serum Samples . . . . . . ... ... ..

4.5, DHSOUSSION « . v 0 ot e e e ke e e e e e n e e e

4.6 COMCIUSION! 15 "o 50l o ter s el e o e B oo 18 8 6 5 e e e Lol sy oo o

Chapter 5

Autoantibody Identification by ProtoArray Serum Screening
L5150 M 5717 06 10151 110) 4 QR e e R e 1 P
B A g e o o el o ey ol e
5.3 Materials and Methods . . . . . .. ... ... Lo L.
5.3.1 ProtoArray Serum Screening . . i s s s w v 5o s s 55w s w5 s
5.3.2 Comparative Analysis of ProtoArray Screening . . . . . . . ...
5.3.2.1 Comparison to Published Results . . . . ... ... ..
5.3.2.2 Comparison to hEx1 Array Results . . . ... ... ..
5.3.3 Identification of Immunogenic Antigens . . . . .. ... ... ..

5.3.4 Identification of Immunogenic Pathways . . . . .. ... ... ..

xvii

124

138

141



54 ResultSi: o v o ss s 2l8is 5 5 sk & 5m 5 5 5 0 5w w s E s H o E e s 5 S s 142
5.4.1 Prospector Identified Autoantibody Responses . . . . . . . . .. 142
5.4.1.1 Comparison to Published Autoantibody Responses . . . 142

5.4.1.2 Autoantibody Response to hEx1 Identified Antigens . . 144

5.4.2 Highest Signal Autoantibody Responses . . . . . .. .. ... .. 146

5.4.2.1 Comparison to hEx1 Identified Autoantibody Responses 150

5.4.3 Identification Autoantibodies Associated with Cohorts . . . . . . 151

5.4.4 Results of Pathway Analysis. . . . . . .. ... ... ... .... 156

B:5 DiseUSSION. « = ¢ « s s s s s s s sss L E s AR EE S S R E SRS R 163
516, ConeluSIOn, . . . . . . . i o e e e e e e e e e e e 164
Chapter 6 166
6 General Discussion 166
61 Introdnetionl sl st L Ll o o A peds, 5 ses 3 s 3 B e w B H R A S E S 166

6.2 Additions to Current Knowledge of the Tumour Associated Autoanti-

body Profilei. .. o o o v i o e e e e et e s e e e h e e e e 167

6.2.1 Epitope Presentation . . . . . . . ... .. ... oL 168

6.2.2 Autoantibodiestopb3 . « « s o s s s o6 5w v s s e s v w5 w 169

6.2.3 Autoantibodies to Adducin . . . ... .. .. L0 170

6.2.4 Autoantibodies to Other Novel Antigens . . . . . . . .. ... .. 171

6.3 Future Directions . . . . . . . . . . . ... e e 171
Bibliography 174
Appendices 200
A Chapter 3 Appendix 201
B Chapter 4 Appendix 229
C Chapter 5 Appendix 233

xviii



List of Figures

1.1
1.2
1.3
14
125
1.6
1.7
1.8
1.9
1.10

1.12
1.13
1.14
1.15
1.16

2.1
2.2
2.3
2.4
2.5

3.1
3.2
3.3
3.4

Cancer a Leading Cause of Death . . . . . . . . ... ... ... ..... 2
The clonal evolution model of carcinogenesis . . . . . .. ... ... ... 3
Portion of the p53 interaction network . . . . . . ... .. ... ... .. 4
The hallmarks of cancer . . . . . . . . . .. .. .. ... ... ..., 7
The female reproductive system . . . . . . . . .. .. ... ... ... 1
Imaging platforms in ovarian cancer . . . . . . ... ... ... ... .. 13
Biomarker sensitivity and specificity . . . . ... ..o 14
Cells of the innate and adaptive immune system . . . . . .. ... ... 17
Antibody SETUGUTE: « - & ¢ + « 5 s ¢ 3 o 5 68 8 @ B F E S S E 5§55 s s s 19
Proposed model of autoantibody generation to cancer . . . . .. .. .. 21
Protein array applications . . . . . . . ... ..o oL 25
Detection of autoantibodies on protein arrays . . . . .. ... ... ... 27
hEx1 array production and processing . . . . ... ... ... ...... 29
Main ovarian cancer histotypes . . . . . . . . .. ... 33
Relative ovarian cancer survival by stage (2001-2007) . . . . . .. . . .. 35
Serous: ovarian carcinoma, grades: . . s w6 s 8 o @S e e s s 36
Images of hEx1 protein arrays . . . . . . . . . ... ... ... .. 47
6xHis-tagged protein purification . . v« ¢ v s v oo s e w o mmi o oo e 51
hEx1 protein microarray spotting . . . . . . . ... ... ... ...... 54
hEx1 microarray slide layout . . . . . .. ... ... ... .. ...... 56
hEx1 microarray spotting layout: .« = ws o e w s s we w5 & G 58
Sequence Analysis . . . . . . . ... e 71
Image analysis of a screened hExl array . . . . .. .. .......... 76

Frequency and intensity of antigenic clones in hEx1 array screened serum 78

PAGE analysis of 74 antigens of interest . . . . . .. .. .. .. .... 79

X%



3.5
3.6
3.7
3.8
3.9
3.10
3.11
3:12
3.13
3.14
3.15
3.16
3.17

4.1
4.2
4.3
44
4.5
4.6
4.7
4.8

4.9

4.10

Anti-histidine screened hEx1 microarray slides . . . . ... .. .. ... 82

Quality control and reproducibility analysis of hEx1 microarrays . . .. 83
Selection of serum screened hEx1 microarray slides . . . . . ... ... 84
Highly reactive antigens identified by microarray serum screening . . . 85
Comparison of positives identified using different array platforms . . . . 87
Six antigens selected for ELISA analysis . . . ... ... ......... 89
ELISA optimisation analysis . . . . . . . .. .. .. .. ... .. ..... 92
hEx1 p53 ELISA analysis . . . . . . . . ... ... .. ... ....... 94
hExl FAM161A ELISA analysis . . . . . ... ... ... ...0.... 95
hEx1 DDB1 and CUL4 associated factor 6 ELISA analysis . . . . . . .. 96
hEx1 Complexin 1 ELISA analysis . . . . ... .. ... ... ...... 97
hEx1 Myosin light chain 6B ELISA analysis . . . . . . .. ... ... .. 98
hEx1 transcription regulator BACH2 ELISA analysis . . . . . . ... .. 99
Serum recogniton of antigens of interest . . . . . .. .. ... ... ... 111
PAGE analysis of three antigens and negative protein . . . . . .. ... 112
pH3 sequence alignment . . . . .. ..o 113
Adducin alpha sequence alignment . . . . . ... .. ... ... ... 116
Endosulfine alpha sequence alignment . . . . . ... ... ... ..... 117
Comparative commercial p53 antigen concentrations . . . . . . .. . .. 118
Positive Western immunoblots . . . . . . . . .. ... L. 122

ELISA results for identification of Autoantibodies to Adducin Alpha and

Endosulfine Alphay < v s hs oo v o v s 5 56 5 5 v 55 5 3 55 3 123
ELISA results for identification of Autoantibodies to Adducin Alpha and

Endosulfine Alpha . . . . . .. ... oL 127
Antibody recognition of linear and conformational epitopes . . . . . .. 132
ProtoArray Serum Screening . . . . . ... ... 137
ProtoArray field layout . . . . . . . . . .. ... 138
Analysis of 33 overlap antigens . . . . ... ... ... ... 147
Signal values for antigens in late stage sample cohort . . . . . . . . ... 149
Reanalysisiof 33:0verlap antigens . : « s <« ¢ 5 o s o v 6 @ o 66 & & 5w @ 152
Assessment of common hEx1 and ProtoArray autoantibody profiles . . . 153
Overlap analysis of top antigens in cohorts . . . . . . . . .. .. .. ... 154
Overlap analysis of top pathways in cohorts . . . . . . ... ... . ... 158

XX



6.1 Classical biomarker identification and assay development pathway . . . 172

B.1 Commercial p53 Western blot, probed with commercial anti-p53 antibody 231

B.2 Comparison of detection methodologies . . . . . . ... ... ... ... 232

xxi



List of Tables

1.1 Leading sites of new cancer cases and deaths, 2011 estimates (Female) . 10
1.2 FIGO ovarian cancer staging . . . . . . . . . .. .. ... 34
3.1 Serum for hEx1 array SCreening . . « « o s 5 © = & @ 5@ = © 5 & & & § & 5 70
3.2 Serum for hEx1 microarray screening . . . . . . . . . ... ... ... .. 73
3.3 Serum for ELISA Analysis . . . . . . . . . . ... .. ... ... 74
4.1 hEx] screened pooled Serum .« « + ¢ 5 o6 wa m e mosE e @ E B S w5 106
4.2 Additional seum cohort . . . . ... ..o 109
4.3 Overlap from hEx1 screening methods . . . . ... ... ... ... ... 110
4.4 TFrequency of Autoantibodies Identified by hEx1 Array Screening . . . . 111
4.5 Protein sizing by sequence for antigens and negative protein . . . . . . . 112
4.6 Comparison of Autoantibody Frequency in Differential Methodologies . 120
4.7 Additional Cohort Autoantibody Frequency . . . . . . .. ... ... .. 128
5.1 Serum screened on PrOtoATTAYS « - o o oo ool oo @ 5 5 8 8.6 5 &0 5 0 s 139
5.2  Reactivities of screened serum cohorts . . . . . .. ... ... 142
5.3 Autoantibody frequency of previously identified antigens . . . . . . . . . 145
5.4 Reactivities of reanalysed screened serum cohorts . . . . . .. ... ... 150
5.5 Autoantibody frequency of late stage associated antigens . . . . . . . . . 157
5.6 Identification of pathways associated with cohorts. . . . . . .. . .. .. 160
A.1 Breakdown of serum used for hEx1 screening . . . . . .. ... .. ... 202
A.2 Generated panels of clones of interest and identification of His-tagged . 209
A.3 Identities and details of antigens of interest . . . . . ... ... ... .. 223
A.4 Breakdown of serum used for hEx1 protein microarray screening . . . . 227

B.1 Ovarian cancer associated antigens of interest (individual serum analysis) 229

02,41



B.2

Gl
2
C3
C4
C.5
C.6

Ovarian cancer associated antigens of interest (pooled serum analysis) . 230

Identification of antigens associated with cohorts . . . . . ... ... .. 234
Identification of antigens common to all cohorts . . . . . .. .. ... .. 242
Autoantibody frequency of benign associated antigens . . . . .. . . .. 243
Autoantibody frequency of early OC associated antigens . . . . . . . . . 244
Autoantibody frequency of non-remarkable associated antigens . . . . . 249
Autoantibody frequency antigens associated with all cohorts . . . . . . . 250

xxiii



Chapter 1

Introduction

1.1 Cancer

Cancer is an abnormal growth of cells caused by multiple genetic changes leading to
a dysreguated balance of cell proliferation and cell death. Benign growths differ from
cancer cells as benign tumours grow only locally and cannot invade surrounding tissue
and metastasise. Cancer is fast becoming the leading cause of death in the developed
world and has replaced heart disease as the leading cause of death in patients younger
than 85 years [1| (Figure 1.1). Carcinogenesis is a multistep process whereby normal
cells are transformed into cancer cells, usually through multistep somatic mutations in
normal cells that lead to tumourigenesis. Cancers are diagnosed more frequently in an
older population [2, 3|, this is accredited to the accumulation of mutations (outlined
in Figure 1.2) as a result of less efficient cellular repair mechanisms as a person ages
[4, 5]. For many cancers, precursor lesions have been identified, further supporting the

multistep and progressive mutation hypothesis.

1.1.1 Hallmarks of Cancer

Cancer classically has 6 hallmarks that are used to define and differentiate cancer from

non-malignant tumours |7]. These hallmarks are:
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Figure 1.1: Cancer a Leading Cause of Death

This figure outlines the death rates for cancer and heart disease for ages younger than 85 years
and 85 years and older, from 1975 to 2006. The rates are age adjusted to the 2000 United
States standard population. From this figure it is evident that cancer is the leading cause of
death among men and women aged younger that 85 years in the United States. From Jemal
et al, Cancer statistics, 2010 |6].

Self-sufficiency in growth signals

Cancerous cells provide an autonomous source of growth stimulus to continue to develop
and multiply rapidly without environmental stimuli [7, 8]. A proto-oncogene is a normal
gene that can become an oncogene as a results of a gain of function mutation leading to
increased cellular growth. Proto-oncogenes may be growth factors or receptors, signal
transduction proteins, nuclear regulatory proteins or cell cycle regulators and when
mutated the resulting oncogene codes for an altered or excessively produced growth
control protein. Oncogenes disrupt cell growth signalling resulting in uncontrolled cell
proliferation and differentiation . One of the best examples of an oncogene is the Myc
gene. The Myc gene promotes a balance of pro- and anti-tumourigenic properties and
mutations in Myc can shift this balance [9]. The ¢-Myc oncoprotein is significantly

over-expressed in most human cancers [9, 10, 11] and regulation of Myc transcription
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This figure outlines the somatic evolution model of tumourigenesis where mutations accumulate
in cells of the body. With increasing mutations and under selective pressure, damaged cells
may undergo transformation and become malignant neoplasms. It has long been postulated
that three mutations at least are needed to results in malignant change. Adapted from Cavenee
and White, Scientific American 1995 [13].

may be used as a therapeutic strategy [12]. In ovarian cancer, oncogenes such as Kirsten
rat sarcoma viral oncogene homolog (kRAS) and v-raf murine sarcoma viral oncogene
homolog B1 (BRAF) are used to categorise the disease, this is discussed later in Section

1.7

Insensitivity to anti-growth signals

Cancer cells not only promote their own growth, but also evade antigrowth signals
in order to proliferate. In normal cells, there are many antiproliferative signals to
maintain tissue homeostasis. Tumour suppressor genes (TSG) are genes that contribute
to cancer development in a loss of function manner. These genes act as ’guardians of the
genome’ and are often involved in maintaining genomic integrity through involvement
in deoxyribonucleic acid (DNA) repair and chromosomal segregation [14, 15, 16]. These
genes are of vital importance in maintaining genomic health, hence any loss of function

in TSGs will result in a mutator phenotype, whereby the risk of developing further



Figure 1.3: Portion of the p53 interaction network

The p53 interaction network is a crucial network that regulates the cell cycle and apoptosis.
In this figure, p53 is identified by the red marker. This scaled down interaction network was
generated using the String database (http://string-db.org).

mutations is increased. Mutations in TSGs are believed to be the first mutation in the
multistep mutation series that leads to cancer (outlined in Figure 1.2).

A classic example of a TSG is the TP53 gene. The p53 protein is a transcription
factor that has critical roles in the cellular stress response. pb3 is known to protect
against tumourigenesis by inducing senescence in cells to facilitate DNA repair, or
apoptosis in cells where there is severe or irreparable DNA damage |17, 18]|. p53 acts
in may ways (Figure 1.3) to prevent malignant transformation and maintain genetic
integrity [19] and disruption of this pathway results in unregulated and uninhibited
cellular proliferation and avoidance of anti-growth signalling in malignant tumours.
TP53 mutation occurs in 80% of high grade ovarian carcinomas [20]. TP53 mutation

and ovarian cancer grade are discussed in further detail in Section 1.7.1.



Evading apoptosis

Apoptosis, or programmed cell death is a mechanism which allows for the removal
of damaged or potentially oncogenic cells. Apoptosis is a critical defence mechanism
against carcinogenesis and inhibition of apoptosis results in a build up of “un-dead”
or immortal cells [21]. The Bel-2 family of proteins regulate cell death by controlling
cytochrome c¢ release through mitochondrial membrane permeability [22, 23|. Bcl-2
upregulation has been associated with cancer progression [24, 25| and also resistance to
chemotherapy [26, 27]. In ovarian cancer, Bel-2 expression is associated with improved

patient survival |28, 29].

Sustained angiogenesis

Angiogenesis and vasculogenesis are critical for growth and metastasis of solid tumours.
New vessels facilitate the supply of oxygen and nutrients to the tumour and remove
waste products. Importantly, new vessels also facilitate metastasis by providing “high-
ways” for circulating tumour cell migration. Vascular endothelial growth factor (VEGF)
is one of the best characterised and most potent angiogenic factors. VEGF expression
is induced by growth factors, cytokines and hypoxia [30, 31]. VEGF and/or its re-
ceptor VEGFR, have been shown to be up-regulated /over-expressed in various cancers
[32, 33|. Bevacizumab (trade name Avastin, Genetech/Roche) is a humanized mon-
oclonal antibody and was the first Food and Drug Administration (FDA) approved
angiogenic inhibitor [34]. Treatment with bevicizumab has shown improved survival in
patients with cancers such as colorectal [35] and lung [36] among others cancers [37, 38].

Antivascular agents have also yielded promising results in ovarian cancer treatment [39).



Limitless replicative potential

Telomeres are regions of repetitive nucleotide sequences found at the ends of chromo-
somes, the function of telomores is to protect and confer stability of chromosome ends.
With each cell division telomeres shorten, hence normal cells may only undergo mitosis
a finite number of times, but in malignancy cells become immortalised, hence circum-
venting telomere-dependent pathways of cell mortality [40, 41]. Telomerase is a cellular
reverse transcriptase which adds DNA sequence repeats to the 3’ end of DNA strands
in telomeric regions of chromosomal ends. By elongating telomeres, telomerase acts to
prevent cell growth arrest or cell death. In most normal human cells, telomerase is not
expressed, however in malignant tumours telomerase is detected in approximately 90%
of cases [42, 43|. The immune system is capable of detecting alterations in this sys-
tem as anti-human telomerase reverse transcriptase autoantibodies (AAbs) have been

postulated to be a novel and specific tumour marker [44].

Tissue invasion and metastasis

Invasion is the acquired ability of malignant cells to aggressively invade adjacent tissues.
Metastasis involves tumour cell travel through the bloodstream or lymphatic system,
to distant sites leading to new clusters of tumour cells growing in a different tissue site.
Metastasis is the cause of 90% of deaths from cancer [45, 46]. It is a very complicated
process that occurs through a number of steps: loss of cellular adhesion, increased
motility and invasiveness, entry and survival in the circulation, exit to a new tissue and
colonization at a new site [47]. For metastasis to occur all these steps must proceed
without recognition and elimination by the immune system. Numerous models have
been proposed to outline how malignant cells evolve molecular metastatic capabilities
and at which stages cells gain metastatic competence [48, 49, 50, 47]. Currently the

mechanisms and virulence genes that govern metastasis are not fully understood.
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Figure 1.4: The hallmarks of cancer

The hallmarks shown are proposed by Hanahan and Weinberg |7, 8]. The classical hallmarks
of cancer were proposed over 10 years ago. Two additional hallmarks and enabling character-
istics were considered in a publication recently as a result of increased experimentation and
understanding of cancer aetiology|8].

Recently, Hanahan and Weinberg have proposed two new, emerging hallmarks of
cancer [8]. These emerging hallmarks were proposed as a result of an increasing body
of research which suggests their involvement in pathogenesis. These emerging hallmarks

are:

Deregulating cellular energetics

In malignant cells, reprogramming and changes in energy metabolism are required to
fuel the excessive cell growth and proliferation that is seen in cancers. The discovery
that malignant cells exhibit deregulation of metabolic pathways and elevated glycolysis
was first documented in the 1930’s by Warburg [51]. Under aerobic conditions nor-
mal cells do not favour glycolysis as a metabolic pathway, however tumour cells favour
aerobic glycolysis producing lactate even in the presence of oxygen [52, 53]. It is now
becoming increasingly clear that many oncogenes and tumour suppressor genes (TSG)
are important regulators of metabolism. The TSG p53 has been shown to be involved in
regulation of numerous metabolic pathways such as glycolysis, oxidative phosphoryla-

tion and fatty acid metabolism [54, 55|. High rates of glucose uptake are used in the



clinic to identify cancers, including ovarian, using positron emission tomography (Figure

1.6).

Avoiding immune destruction

It is known that genetic instability and thus genetic heterogeneity, is fundamental to
neoplastic progression and underlies the evolutionary theory of cancer progression [56].
Immunoediting is a proposed process outlining how malignant cells avoid immune de-
struction . In this process, highly immunogenic tumour cells are routinely removed
by the immune system leaving behind poorly immunogenic cell variants which may
then prosper within the constraints of the host immune system [57|. Studies have also
indicated that tumour cells may also exploit the immune system to enhance tumour pro-
gression [58, 59]. Although this theory implies tumours should be weakly immunogenic,
an AAb response is elicited to tumours. We have recently reviewed this complicated
area, however, much more research is needed to determine the nature of the relationship

between malignancy and the host immune response [60)].

1.2 Ovarian Cancer

Cancer of the ovary is a major clinical challenge in gynaecological oncology, having the
highest mortality rate of all gynaecological malignancies and is termed ‘the silent killer’.
Worldwide approx 200,000 new cases of ovarian cancer are diagnosed each year with
over 350 new cases in Ireland (ncri.ie accessed June 2012). The median age of patients
presenting with ovarian cancer is 60 years of age and the lifetime risk for development
of ovarian cancer is approx 1 in 70 [61]. From Table 1.1, clearly cancers such as breast
have high rates of new cases and lower rates of estimated deaths due to the success of

screening and tailored therapies. Ovarian cancer has a low rate of new cases, however it



has a relatively high estimated death rate indicating that ovarian cancer carries a very
poor prognosis. Due to the anatomical position of the ovaries (Figure 1.5), metastasis
to the peritoneal and/or pleural cavity is common.

Although ovarian cancer is a genetic disease, many influences such as hormonal and
environmental factors may play direct and indirect roles in disease progression [62].
For the most part, ovarian cancer pathogenesis still poorly understood. Certainly a
family history of ovarian cancer is the most significant risk factor, however there are
a number of hypotheses that have been proposed to explain the aetiology of ovarian
cancer. A family history of ovarian cancer is the most significant risk factor and the
hereditary form represents 5-10% of all ovarian cancers[63, 64]. The most commonly
mutated genes in hereditary ovarian cancer are breast cancer susceptibility protein 1
and 2 (BRCA1 and BRCA2) [65, 66, 67, 64, 68]. These genes are involved in DNA
repair, however there are a number of hypotheses that have been proposed to explain
the aetiology of sporadic ovarian cancer [69, 70, 71, 72, 73, 74]. Such hypotheses are
the incessant ovulation hypothesis [74] and the gonadotropin hypothesis [70] among
others. These hypotheses are not mutually exclusive and are based on evidence that
with increasing numbers of ovulatory events, ovarian cancer risk is also increased. It is
known that parous, compared to nulliparous women are at a lower risk of ovarian cancer
and a late age at menarche and an early age at menopause are weak factors relating
to reduced ovarian cancer risk |75, 76]. It is postulated that continual breakage of the
ovarian follicle, cell proliferation and post-ovulatory repair of the ovarian surface results
in increased cell divisions and mitoses |74, 77]. Therefore, with each ovulatory event
there is an increased risk of mutation that may lead to carcinogenesis. Once ovarian
cancer is diagnosed, treatment is usually a combination of surgery and chemotherapy
[61]. However, ovarian cancer is a particularly refractory disease and many patients

exhaust current chemotherapeutic options relatively quickly [78].



Table 1.1: Leading sites of new cancer cases and deaths, 2011 estimates (Female)

This table shows the estimated leading sites of new cancer cases and deaths in Amer-
ican women. Adapted from “Cancer facts and figures 2011”7 American Cancer Society.
(http://www.cancer.org)

l ESTIMATED NEW CASES (%) ESTIMATED DEATHS (%) ]

Breast - 30 Lung and Bronchus - 26
Lung and Bronchus - 14 Breast - 15
Colon and Rectum - 9 Colon and Rectum - 9
Uterine Corpus - 6 Pancreas - 7
Thyroid - 5 Ovary - 6
Non-Hodgkin Lymphoma - 4 Non-Hodgkin Lymphoma - 4
Melanoma - 4 Leukaemia - 3
Kidney and Renal Pelvis - 3 Uterine Corpus - 3
Ovary - 8 Liver and Bile Duct - 2
Pancreas - 3 Brain and Nervous System - 2

1.2.1 New Aetiological Findings

More recent morphological, immunohistochemical, and molecular genetic studies have
indicated a different origin of epithelial ovarian cancer. It has been proposed that ovar-
ian carcinoma can be divided in two broad categories, “Type I and “Type II” tumours
[79]. The terms, “Type I" and “Type II” refer to different tumorigenic pathways rather
than specific histopathologies . “Type I tumours are typified by somatic mutations in
genes encoding protein kinases such as V-Ki-ras2 Kirsten rat sarcoma viral oncogene
homolog (kRAS) and v-raf murine sarcoma viral oncogene homolog B1 (BRAF). These
growths are often low grade and slow growing, they develop from a well characterized
precursor lesion in a step by step fashion. “Type IT” tumours are characterized by a high
frequency of p53 mutation. “Type II” tumours are high grade with a rapid growth rate
and have almost always spread beyond the ovaries at presentation. “Type II” tumours
include high-grade serous and endometrioid carcinomas. It has always been assumed

that the ovarian surface epithelium is the source of serous carcinomas, however recent

10
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Figure 1.5: The female reproductive system

This diagram shows the position of the ovaries in relation to the rest of the female reproductive
system. The ovaries are two almond sized glands located on either side of the uterus. The
main function of the ovaries is to release eggs (ova) and hormones.

studies strongly suggest that the fallopian tube epithelium (benign or malignant) that
implants on the ovary is the origin of low-grade and high-grade serous carcinoma [80].
Serous tubal intraepithelial carcinomas (STICs) and occult invasive high grade serous
carcinomas (HGSC) have been described in the fallopian tube that closely resemble
ovarian HGSC, thus it is postulated that these tumours may develop outside the ovary
and involve it secondarily [81]. This aetiological theory of ovarian cancer is very re-
cent and relates to this work and an understanding of disease aetiology is needed for

experimental design.

1.3 Ovarian Cancer Diagnosis

1.3.1 Symptoms

Symptoms of ovarian cancer are very vague and non-specific. Symptoms include unex-

plained weight loss or gain, abdominal bloating, early satiety, abdominal cramps, back

11



pain, urination urgency/frequency, constipation and tiredness [82]. Occasionally, pa-
tients with early stage disease may present with pelvic pain as a result of torsion of the
ovary [61]. Clearly these symptoms are not solely associated with ovarian cancer and
cannot be used alone in diagnosis [83]. The lack of symptoms leads to the majority of
patients being diagnosed after the disease has metastasised beyond the ovaries. Ovar-
ian cancer, when diagnosed in early stages, results in over 90% 5-year survival rate,
however, when diagnosed in late stages this is much lower at only 30% 5-year survival
rate [79]. The ability to diagnose ovarian cancer in the early stages would revolutionise

patient care and standard of living.

1.3.2 Biomarkers of Ovarian Cancer

CA 125

Cancer Antigen 125 (CA 125) is the only ovarian cancer biomarker that is routinely
used in the clinic. CA 125 is a cell surface glycoprotein that is encoded by the MUC16
gene, the protein has a single transmembrane domain and provides a protective mucosal
barrier against foreign particles and infectious agents on the surface of epithelial cells
on the surface of the female reproductive tract. [84].

Typically in the clinic values of less than 35 units/mL are considered normal, how-
ever elevated CA 125 is also associated with conditions such as pregnancy, endometrio-
sis, adenomyosis, uterine fibroids, pelvic inflammatory disease, menstruation, benign
cysts and also other malignancies such as pancreatic, breast, lung, gastric, and colon
cancer. [61|. The sensitivity and specificity determine the utility of the test (outlined
in Figure 1.7) and for the CA 125 test the sensitivity and specificity is 89%, and 72%
respectively [85], it is raised in approximately only 50% of early stage epithelial ovarian
cancers and in 75%-90% of patients with advanced disease [85, 86]. CA 125 screening

combined with transvaginal ultrasonography (TVU) increases sensitivity and specificity

12
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Figure 1.6: Imaging platforms in ovarian cancer

This figures shown the different imaging methodologies used in ovarian cancer diagnosis and
monitoring. The mainstay imaging technique of ovarian cancer is transvaginal ultrasonography
which may be augmented by 3D colour Doppler, an example of this imaging technique is shown

in the top right of this image.

to 89.4% and 99.8% respectively [87].

Algorithms, such as the Risk of Ovarian Cancer (ROC) algorithm and the Risk of
Ovarian Malignancy Algorithm (ROMA) have been used in combination with CA 125 to
increase sensitivity. Although not routinely used in the clinic, ROMA has recently been
approved by the FDA for ovarian cancer diagnosis in patients presenting with a pelvic
mass. This algorithm combines serum levels of CA 125 and human epididymis protein 4
(HE4) along with menopausal status in a logistic regression model to identify a patient
as low or high risk for having ovarian carcinoma [88]. The HE4 protein is overexpressed
in serous and endometrioid ovarian carcinomas [89]. The ROMA algorithm is claimed

to have a sensitivity of 93.8% and specificity of 74.9% [88]. However, an independent

13
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Figure 1.7: Biomarker sensitivity and specificity
Sensitivity is a measure of the proportion of true positives which are correctly identified, while
specificity is a measure of the proportion of true negatives which are correctly identified. In
this figure, we can see the performance of three biomarkers that may be part of a biomarker
panel. Biomarker 2 is ideal in that is increases sensitivity but does not decrease specificity.

study found that ROMA did not increase the detection of malignant disease compared
with CA125 alone |90]. A simple, reliable blood based detection method using robust

biomarkers, would revolutionise ovarian cancer patient care and survival.

OVA 1

OVA1 (Vermillion, Quest Diagnostics) is the first FDA approved blood test that assists
the clinician to determine if an ovarian adnexal mass is malignant or benign prior to
planned surgery. The test measures the levels of five different proteins in patient serum,
CA 125-11, transthyretin (prealbumin), apolipoprotein Al, beta 2 microglobulin, and

transferrin (ova-1.com, accessed June 2012). The levels of these proteins are interpreted

14



by proprietary software to determine a single numerical OVA1 score . The software
algorithm determines a score based on menopausal status, differentiating patients either
into a low- or high-risk group [91]. This score is between zero and ten, zero indicating
high probability of a benign growth and ten indicating high probability of malignancy.
This test is used to determine which patients are at highest risk of malignancy and hence,
are most suitable to be referred to a gynaecological oncologist. Surgery performed by
an gynaecological oncologist on malignant ovarian adnexal mass results in improved
patient survival [92]. OVAL is claimed to have a sensitivity of 92.5% and a specificity
of 42.8%, with a positive predictive value of 42.3% and a negative predictive value of
92.7% [93]. However, OVA1 has not been tested in screening patients for early stage
disease [91]|. There are also limitations to the use of this test due to assay interference

as a result of triglyceride levels and rheumatoid factor levels [93].

1.4 The Immune Response and Cancer

There has been increasing interest in cancer and its interplay with the immune system
as an evolving and massively complex process which may have a significant impact on
future cancer diagnosis and treatment. It has long been noted that general immune
activation is linked to cancer regression. William Coley was one of the first to con-
duct studies in the area of immune stimulation. Coley’s Toxin was a mixture of killed
Streptococcus pyogenes and Serratia marcescens and was used to treat cancer up to the
1960’s [94]. The immune system can respond to cancer by recognising tumour antigens,
these antigens may arise in several different ways such as, tumour specific mutation,
expression, folding, degradation or localisation [95]. Immunosurveillance is a concept
where the host immune system (innate and adaptive, Figure 1.8) actively surveys the

body from within and recognises pre-cancerous cells and destroys cancer precursors in
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most cases [96, 97.

Immunoediting in an updated hypothesis where the selective pressure of the immune
system directs tumour growth and immunogenicity leading to immune avoidance [57,
98, 99]. For example, tumour cell shedding is a method that facilitates immune evasion.
Major histocompatibility complex class I chain-related molecule A (MICA) shedding is
associated with many tumours [100]. MICA is recognised and is bound by the NKG2D
receptor, this receptor stimulates natural killer (NK) and T-cells and stimulates anti-
tumour immunity [101, 102]. Therefore shedding of MICA by tumour cells facilitates
immune evasion [103]. In colorectal cancer, the expression levels of NKG2D ligands
decrease with tumour stage. High level expression of ligand, is associated with stage I
tumours but ligand expression progressively decreases with tumour stages II, III and IV
[104]. This finding is consistent with an immune avoidance mechanism whereby tumour
cells expressing NKG2D ligands can be recognised and destroyed by the immune system
while tumour cells that lack this ligand are masked more efficiently and evade immune
destruction [105, 106]. There is undoubtedly a massive association of the host immune
system and tumour development and much evidence now suggests that, in addition
to the immune response recognising and preventing the development of cancer, the
immune system can interact to promote and direct tumour growth [59, 107]. The
interplay between the immune system and pre-cancerous and cancer cells is a vital part
of further understanding the cancer-host relationship which we have previously reviewed
(60, 99, 108, 109, 110]. Improved and focused studies to progress the understanding of
these processes could potentially uncover biomarkers for blood or tissue based diagnosis

or targets for treatment.
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Figure 1.8: Cells of the innate and adaptive immune system

This figure outlines the cells of the innate and adaptive immune system. As evident in this
figure, the antibody response is a very large and important part of the adaptive immune
response. In this study, the antibody response of cancer patients will be interrogated to
identify antibodies associated with disease. Taken from, G Dranoff, 2004 [111].

1.5 Autoantibodies

The robustness of the immune response plays a vital role in maintaining health. The
immune system is composed of a variety of interdependent defence mechanisms that col-
lectively defend the body from external agents such as bacterial, parasitic, fungal and
viral infections as well as internal processes such as the growth of tumour cells. The
humoral immune response is perhaps the most directed arm of the immune response
and is mediated by secreted antibodies. Antibodies are large glycoproteins of the im-
munoglobulin superfamily which are secreted from specialised B-cells termed plasma
cells.

Autoantibodies (AAb) are antibodies that are directed against self antigens such
as one’s own proteins as a result of an inappropriate immune response. Classically
autoantibodies are associated with autoimmune disorders such as systemic lupus ery-

thematosus (SLE) and rheumatoid arthritis (RA) [112, 113]. AAbs can be produced

17



in response to an antigen, or as a result of a cross-reaction to exposure, such as an
infection or another stimulating factor [114].

In addition to the induced autoantibody repertoire, natural antibodies are also
present in human sera [115, 116]. Natural antibodies, although not fully understood,
are antibodies that are thought to arise spontaneously without any prior infection, im-
munisation or foreign antigen exposure [116]. Typically natural antibodies have low
affinity, are generally immunoglobulin M (IgM) or immunoglobulin G3 (IgG3) isotypes
and exhibit weak reactivity to multiple self and non-self antigens [117]. Natural antibod-
ies are thought to maintain tissue homeostasis and have important anti-tumourigeneic
function, indeed anti-tumour cytotoxic natural antibodies are found in healthy people
[118, 119).

Research interrogating antibody profiles is a very challenging field in modern im-
munology. It is believed that the autoantibody repertoire is determined by a number
of different properties such as antigen structure, catabolism, exposure to the immune

system after apoptosis/necrosis, and tissue microenvironment [120].

1.5.1 Autoantibodies as Biomarkers

Biomarkers are characteristics that are objectively measured and evaluated as an in-
dicator of normal biologic process, pathogenic process, or pharmacologic responses to
a therapeutic intervention [121, 122|. Autoantibodies are used in the clinic for the
diagnosis of numerous autoimmune diseases. Autoantibody blood tests such as anti-
nuclear antibody (ANA) tests, are widely used to assist in the diagnosis of autoimmune
diseases. For the diagnosis of SLE, an ANA test that identifies autoantibodies to dou-
ble stranded DNA (dsDNA) is used in the clinic [123]. Autoantibodies to dsDNA are
among the most specific for diagnosis of SLE, however they have a relatively low sen-

sitivity for SLE [113|. Similarly to assist in the diagnosis of RA, rheumatoid factor is
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Figure 1.9: Antibody structure

This figure shows the structure of an IgG class molecule. Typically the antibody binds the
antigen through the fragment antigen-binding (Fab) region. Detection of IgG by a sec-
ondary antibody is usually through the fragment crystallizable (Fc) region. (Taken from

www.biology.arizona.edu)

used. Rheumatoid factor is an autoantibody (commonly IgM) that is directed against
the fragment crystallizable (Fc) portion of IgG and is most relevant for RA diagnosis
[124]. Rheumatoid factor is present in 26% - 90% of patients with RA, however it is
also present in other autoimmune diseases such as SLE, Sjogren’s syndrome and even in
normal, healthy individuals [125]. Ongoing biomarker studies have identified that anti-
bodies to citrullinated antigens are specific for RA with a sensitivity of 41% - 67% and
a specificity of 96% - 98% [125], studies of the autoantibody response to citrullinated
antigens has also shed light on the aetiology of RA [112].

Compared to other biomarker entities, autoantibodies are particularly attractive
and have many appealing characteristics. Accessibility is an important advantage of
autoantibody interrogation; autoantibodies are readily accessible in serum or plasma
and prevent the need for a more invasive biopsy procedure to confirm diagnosis. Struc-
turally, antibodies are relatively stable entities that do not commonly undergo prote-

olytic cleavage, making sample handling and storage much easier and cost effective.
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The half-life of AAbs is also relatively long (t% = 21 days), this minimises fluctuations
within a patient on different days [126]. Also in terms of bioassay development, as
the primary antibody is present in serum, only a labelled secondary antibody, which
detects the Fc region of the primary antibody is required for detection, the antibody
structure is detailed in Figure 1.9. This facilitates direct enzyme linked immunosorbent
assay (ELISA) bioassay development using readily available commercial reagents in an
established diagnostic platform [95].

In terms of the biology of antibody generation and production, antibodies also have
advantages over traditional protein approaches. Tumour antigens may only be transient
in duration due to short-lived changes in tumours; however, the antibody respense may
be enduring. Antigens may also be present at low levels in the tissue and the blood
and these levels may often be below the detection limits of most diagnostic assays
and clinically relevant approaches. The nature of an AAb amplification response to
an antigen means that even a relatively small quantity of antigen can trigger a larger
immune response that is reflected in relative antibody concentrations [127, 128|. This
‘amplification’ by their corresponding antibody response makes the antibody a better
and easier target to detect. The endurance and amplification provided by the humoral
immune system may facilitate discovery of disease-associated antigens and detection

over longer periods than the antigen.

1.5.2 Autoantibodies in Cancer

Autoantibodies are indicative of diseases such as cancers, and the specificity and dis-
tinction of AAb responses for certain diseases highlight their potential as important
tools for improved diagnosis, classification and prognosis. Classically AAbs are associ-
ated with autoimmunity, however, in recent years there has been increasing interest in

tumour associated AAbs [95, 120, 129, 130, 131, 132, 133, 134]. There is an autoanti-
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Figure 1.10: Proposed model of autoantibody generation to cancer

This model proposes the generation of circulating autoantibodies in cancer patients. At the
site of tumour development, tissue damage and necrosis leads to release of proteins and cellular
debris. The antigen presenting cells (APC) then present these proteins to the immune response,
ultimately resulting in B cell proliferation and antibody production.

body response that arises as a result of malignancy and due to the development of new
technologies, there have been an increasing number of studies that have profiled cancer
patient serum for detection of tumour associated antigens [135]. Profiling the antibody
repertoire in serum of cancer subjects is performed mainly with a view to discovering
biomarkers |136, 137|. The potential use of tumour associated antibodies as biomarkers
for diagnosis and prognosis has already yielded promising results, however there is little
progression of these result into clinical practice [135, 138].

The p53 protein product is the best characterised cancer related antigen, and mu-
tations (somatic and germline) in this protein have been detected in 50% of human
cancers [139]. AAbs to p53 have been identified in cancers such as ovarian, prostate
and colorectal cancer [140, 141, 142]. Anti p53 antibodies are present in approximately
30% of patients with a mutated p53 protein and anti-p53 antibodies are found pre-
dominantly in cancer patients (approximately 96% sensitivity) [143]. Thus, in cancer

patients, antibodies to p53 have increased sensitivity but decreased specificity compared
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to mutated protein detection, however, this high sensitivity value shows good potential
and indicates that the presence of p53 antibodies is highly correlated with cancer and
that the antibody repertoire may provide a valuable resource in identifying high sen-
sitivity biomarker panels. Antibodies directed against p53 have also been uncovered
in patients that are at high risk of cancer, even before clinical presentation of disease,
however these findings have not been without controversy|144, 145].

Many of the most asymptomatic and common malignancies have been profiled to
identify an associated autoantibody repertoire. Studies of prostate cancer have per-
formed serum screening to identify autoantibodies profiles associated with this disease
[141, 146, 147, 148, 149|. Studies have also been conducted to identify autoantibodies
that are associated with breast cancer. In particular, AAbs to MUC-1, which is an api-
cal cell membrane glycoprotein involved in cellular adhesion, have been characterised
in numerous studies [150, 151]. Early CDT-Lung is a blood test that is a commercially
available assay that assists in the diagnosis of early stage lung cancer in high risk pa-
tients. This test interrogates AAbs to a panel of six tumour-associated antigens, p53,
NY-ESO-1, CAGE, GBU4-5, Annexinl and SOX2 . The test claims a specificity of
90% and a sensitivity of 40% for lung cancer (oncimmune.com, accessed June 2012)
[152, 153, 154]. However, it is very difficult to find independent validation data on this
assay and there is currently no FDA approval for this diagnostic.

It is only in recent years that better technologies have allowed for the development
of high-throughput methodologies that are needed to meaningfully assess and profile
the autoantibody repertoire in cancer patients. Cancer is a heterogeneous disease,
as are cancer subtypes. As outlined above, ovarian cancer in particular, is a very
heterogeneous malignancy [155, 156]. This makes the interpretation of the elicited
autoantibody response all the more complex. Currently autoantibody profiling is being

undertaken to identify biomarkers of disease, prognostic markers, therapeutic targets
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and to shed light on the aetiology of disease.

1.6 Autoantibody Serum Screening

Profiling of the circulating autoantibody repertoire in human serum has been used to
identify tumour associated autoantibodies in a wide variety of autoimmune diseases
and malignancies [135, 137, 157, 158] among other diseases. Many different approaches
have been used to identify components aberrantly expressed in cancer tissues. Mass
spectrometry has been used for serum profiling to identify differentially expressed pro-
teins [159]. Gene expression profiling has been used to identify differentially expressed
ribonucleic acids (RNA) [160, 161|. However as with all methodologies, there are limi-
tations to these methods, the proteins identified by mass spectrometry technique have
low reproducibility, and whether the expression of the genes is reflected at protein level
is not clear [162].

Recent improvements in high throughput methodologies have lead to increased au-
toantibody response profiling studies. A wide variety of discovery platforms are em-
ployed to determine autoantibody profiles and within immunoproteomics, numerous
methods have been used to assess the humoral immune response to cancer with vary-
ing degrees of success. Methods including protein arrays [127, 162, 163|, serological
analysis of recombinant complimentary DNA (¢cDNA) expression libraries (SEREX)
[158, 164, 165] and other methods of phage display [166, 167] have been used most ex-
tensively and the associated methodology and validation techniques have been reviewed
extensively [95, 129, 168].

SEREX is perhaps the most widely used screening method to identify AAb profiles
in cancer patients. This method uses blotted phage expression libraries derived from

tumour cells. These libraries are then probed with patient serum to identify tumour

23



reactive autoantibodies. This method has many advantages and has been used to iden-
tify over 2000 tumour associated autoantigens [95], however this method is limited to
interrogation of linear epitopes and some epitopes may be poorly expressed in bacteria.

In phage display, proteins are expressed as fusions with virion capsid proteins. Com-
monly, phage clones are incubated with healthy patient serum to remove clones reactive
in the normal population prior to incubation with disease serum, this is to facilitate
identification of disease specific autoantibodies [169]. This method has been used most
extensively to profile antibody responses in autoimmune diseases [170, 171]. However,
this method has also been used to profile the autoantibody repertoire in patients with
many different cancers [165, 169, 172]. Similarly to SEREX, this approach is restricted
by epitopes that can be expressed by phage and lacks post-translational modifications

and conformational epitopes.

1.6.1 Protein Array Screening

Protein array screening has been used for a variety of purposes such as, protein-protein
interaction profiling, small molecule profiling, antibody specificity profiling and enzyme
substrate profiling as shown in Figure 1.11. Protein arrays have been used for a number
of years to identify targets of serum autoantibodies in autoimmune disorders, however,
more recently this technology has been used to identify autoantibody profiles in cancer
patients [131, 173, 174, 175].

There are many different protein array platforms that have been used to profile
autoantibody responses. Typically to determine autoantibody responses in serum, a
reverse-phase or direct methodology is used. This is when an analyte (protein/peptide)
is presented on a solid support, these proteins are used to capture autoantibodies in
subject serum. The bound autoantibodies are either pre-labelled, or detected with anti-

human IgG which may be labelled or there may indeed be a many detection antibodies
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Figure 1.11: Protein array applications

Protein arrays have been used for many different applications, many of these applications have
been performed in our research laboratory. In this study, the protein arrays are being used to
identify AAb profiles associated with individual patients.
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to amplify signal as shown in Figure 1.12.

The source of analyte, which is one of the most important factors for autoantibody
profiling, is very variable on different arrays. In general, there is no easy way of gen-
erating very large and diverse sets of proteins and content generation very often varies
greatly between platforms. The array content may be derived from a cell line [176, 177],
or may be derived from human tissue [178, 179]. The proteins on arrays may be purified
or non-purified, prokaryotically expressed (not post-translationally modified) or eukary-
otically expressed (post-translationally modified), proteins may be spotted onto solid
support or may be expressed in situ on the array and in some cases, cell free expression
is employed (180, 181]. Ultimately the method of content generation also effects protein
quantitation, as in cases where proteins are expressed on the array surface, usually the
amount of protein that is expressed and present is unknown. Differences in surface
chemistry on arrays is also a factor that may impact binding. Slides may have a two or
three dimensional surface or may have another surface type which may bind proteins
covalently [182]. The surface of the array determines the amount of protein which can
be spotted and also the protein orientation. The various array surfaces dictate whether
a protein is absorbed, adsorbed, affinity or covalently attached to the array surface. In
this research, there were various surfaces used on the different array platforms.

Recently protein array production has improved rapidly, proteins printed on ar-
rays span a sizable proportion of the human proteome and are often full-length and
post-translationally modified. It is evident from the above studies that protein array
profiling is a very promising technique that allows for the identification of large panels
of autoantibody profiles in patients [128, 166, 168, 183, 184|. Although many hundreds
of AAbs have been identified to be of interest as biomarkers of malignancy and may
shed light on cancer aetiology, few antigens have been validated in secondary platforms.

This is due to a variety of factors such as lack of disease serum samples, lack of suitable
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Figure 1.12: Detection of autoantibodies on protein arrays

This figure outlines the methodology used to identify the AAb binding events and hence the
AAb profiles associated with patient serum. The AADb in the patient serum recognises and
binds the antigen present on the array surface, this binding event is then detected by one
(hEx1 protein microarrays, ProtoArrays) or two (hEx1 arrays) secondary antibodies.

healthy serum samples and issues with ELISA optimisation.

1.6.1.1 hEx1 Expression Library and Arrays

Our laboratory has developed and optimised protein array based technology screenings
[185, 186] and performed autoantibody profiling in alopecia areata and dilated car-
diomyopathy [174, 175], determined binding of antibodies to proteins identified from
tumour neovasculature in humans [187], context independent motif identification in the
human proteome [188] and identification of novel protein-protein interaction networks
[186., 189]. The hEx1 protein array discovery method was employed for this project as
many autoantigens and autoantibody repertoires associated with neoplastic events in a
wide variety of human cancers have been identified using this method and a very simi-

lar method, SEREX [135, 137, 157, 158]. The hEx1 human expression library platform
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consists of approximately 37,200 redundant Escherichia coli colonies which express over
10,000 non-redundant proteins [179]. This study was the first research to investigate
the AAb response in ovarian cancer patient serum using the hEx1 expression library.
The availability of the hEx1 expression library on site is a great advantage to this study
as well characterised proteins can be expressed and purified in-house for secondary
interrogation and validation.

Understanding of the generation of the hEx1 library is an important part of under-
standing the protein presented for recognition to AAbs in the serum of subjects. The
hEx1 protein expression array is the main array platform used in our laboratory and
was developed in the late 1990’s [179]. To construct the hEx1 library, poly(A)T RNA
was isolated from human brain and ¢cDNA was prepared by oligo(dT)-priming. The
resulting products were fractionated by size using gel filtration and the products were
directionally (Sall-NotI) cloned into a modified vector for expression of Hisg-tagged fu-
sion protein products. Escherichia coli cells were transformed by electroporation, the
average insert size for the hEx1 library is estimated to be 1.5 kilobases [179]. The
resulting library was plated onto 2xYT-AKG agar plates and used for subsequent ar-
ray spotting on PVDF membranes. The membranes were probed with an anti-RGSH 4
monoclonal antibody to identify which colonies expressed a fusion protein with an N-
terminal RGSHg sequence, of all the arrayed clones approx 20% of the clones were
identified in this probe. A subset of these expression clones consisting of 37,200 expres-
sion clones were gridded onto the large PVDF membranes in duplicate and incubated
on 2xYT-AKG agar at 30°C overnight and induced for protein expression for 3 hours
at 37°C on agar plates. The membranes were denatured, neutralised and then air-dried
for storage. A flowchart outlines the manufacture and screening of the hEx1 protein
arrays as shown in Figure 1.13.

Since the generation of the hEx1 library, further analysis has revealed that there

28



Arrayed Robot-assisted
His-tagged printing of cDNA 5
protein expression clones into Induction of
library ——— | PVDF membranes | ——— protein

R T expression
e e e on membranes
TN e ’
e e

Incubation
with detecting
i Incubation of ]
| T | ey |
alkaline with human serum
phosphatase

Incubation with s
substrate and g
detection
x4 ——

Figure 1.13: hEx1 array production and processing

This flowchart outlines the generation and screening of the hEx1 protein arrays. Bacterial
clones are arrayed onto the PVDF membrane, induced for protein expression and then fixed
onto the membrane surface. Once the arrays are screened with serum the binding events are
detected with anti-human IgG. Positive signals on the array surface are scored manually using
Visualgrid software as shown in the bottom right hand corner of this chart. Adapted from

www.lifesciences.sourcebioscience.com.

is redundancy within the library and that the majority of the clones represent par-
tial proteins including translated 5’ untranslated region (UTR) sequences with roughly
one third matching to the human proteome (lifesciences.sourcebioscience.com accessed
March 2012). Also the generation of the library is based on poly(A) ™ priming of RNA
the library is 3’ biased and hence protein products may be truncated and will be C-

terminus biased.
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1.6.1.2 Invitrogen ProtoArray

The Invitrogen ProtoArrays (V5) are a high-density human protein microarray that
contain over 9,000 unique human proteins. All proteins are expressed as glutathione S-
transferase (GST) fusion proteins in insect cells and are full length, spotted in duplicate
and individually purified and arrayed under native conditions to maximise functionality.
The structural integrity of the antigens present on the surface of the arrays was an
important factor when deciding on the selection of these arrays for serum screening.
As the antigens are natively folded and are full length proteins, this array platform
is one of the largest collections of endogenous proteins currently available. Proteins
present on the array include kinases, phosphatases, G protein coupled receptors, nuclear
receptors and proteases. The ProtoArray antigens are spotted on nitrocellulose glass
slides. The ProtoArrays also include control proteins in each subarray to assist in gal file
alignment and attachment and array analysis (Figure 5.2). The ProtoArrays have been
used in a number of studies for various applications including AAb profiling of disease
patient serum [137, 189, 190, 191|. Previous studies have also interrogated the results
of ProtoArray screening and have concluded that the results of ProtoArray screening
can be validated and confirmed using an ELISA format [137].

Gnjatic et al. have previously used the Invitrogen, ProtoArray V4.0 consisting of
8277 conformational human proteins. Of this large collection of proteins, 197 proteins
were identified as having a greater seroreactivity with a higher fluorescent signal in
the ovarian cancer patient cohort compared to healthy controls [137]. As in previous
studies, interrogating AAbs in ovarian cancer patients, p53 was identified in the top
15 antigens found in this study. Further validation of the antigens determined in this
study is ongoing.

Another group also performed a study of AAbs in ovarian cancer patients also used

the ProtoArray V4.0 [173]. In this study pooled ovarian ascites fluid from 30 ovarian car-
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cinoma patients was profiled on arrays and compared to non-malignant peritoneal fluid.
This identified 10 AAbs that were associated with the ovarian carcinoma patients and
one protein (L-aminoadipate semialdehyde dehydrogenase phosphopantetheinyl trans-
ferase) which was particularly antigenic was interrogated further. However, further
analysis revealed that only ascites fluid in one patient was reactive to this protein, thus
studies such as this have highlighted the limitations and concerns of pooling samples.

Similarly an earlier study by Hudson et al. used an older version in the ProtoArray
(V3.0) to identify AAbs in ovarian cancer patients [162]. This version on the array
contains 5,056 non-redundant human proteins, and of these proteins 94 were identified
as immunogenic in ovarian cancer patients compared to healthy controls. Interesting
some of these antigens overlapped with those identified by Gnjatic et al.

The ProtoArray has been used by research groups previously to profile the autoanti-
body response of many diseases and malignancies, including ovarian cancer. However, to
our knowledge this is the first study to interrogate the ovarian cancer immunoproteome
using the ProtoArray V5.0, which is the newest version, largest and most complete of

the ProtoArray protein microarray versions.

1.7 Autoantibodies in Ovarian Cancer

Recently there has been increasing interest in the area of autoantibody profiling in
cancer and there have been a number of studies that have interrogated the autoantibody
profile associated with ovarian cancer [137, 162, 192, 193, 194]. Autoantibodies are
appealing biomarker entities and as ovarian cancer is one of the most asymptomatic
and deadly malignancies, autoantibody profiling of ovarian cancer patient serum to
identify biomarkers of disease has the potential to greatly impact patient lives and

outcomes. From reviewing the literature, ovarian cancer histotype, grading and staging
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are the most important parameters relating to the AAb profile. In the below sections
some of the most common autoantigens identified from screening ovarian cancer patient
serum are discussed in relation to histotype, grading and staging.

The histology of ovarian neoplasms is linked to the corresponding AAb profile. His-
tology relates to tumour derivation from coelomic surface epithelial cells, germ cells or
mesenchyme and differ in aggressiveness, invasiveness, response to treatment [195, 196].
The vast majority of ovarian cancers (up to 80%) are epithelial in origin [197|. Serous
carcinomas are the most common epithelial histotype and are responsible for 70% of
deaths from ovarian cancer [198]. They are predominantly discovered as stage III or
IV, resulting in a very poor prognosis. Due to the high prevalence of the serous papil-
lary histotype and the strong correlation with presence of p53 AAbs, this histoptype is
the main focus of this research. Mucinous, clear cell and endometrioid carcinomas are
the other main ovarian carcinoma histoptypes (Figure 1.14). Mucinous carcinomas are
characterised by irregular cysts and glands lined by atypical mucinous cells [196, 197,
and are usually diagnosed in early stages. Clear cell carcinomas are characterised by
clear cells containing cytoplasmic glycogen, comprising of 5%-10% of ovarian cancers
and are usually confined to the ovary on clinical presentation. Endometrioid carcinomas
are characterised by epithelial elements that resemble those of the endometrium and
typically resemble adenocarcinoma of the endometrium. These tumours are solid masses
with a soft or fibrous consistency and are often predominantly cystic. At diagnosis, over
50% of endometrioid carcinomas are confined to the ovary [79].

Ovarian cancer staging has also been linked to the AAb profile in patient serum
[193]. Staging refers to the spread of the tumour is very important as it is the best
indicator of patient prognosis. Diagnosis of ovarian cancer in early stages results in
over 90% 5-year survival rate, however if diagnosed in advanced stages 5-year survival

is less than 30% (Figure 1.15). The two most commonly used systems of staging an
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Figure 1.14: Main ovarian cancer histotypes

Shown in this figure are some of the most common ovarian carcinoma histological subtypes.
These haemotoxylin and eosin stained images shown the differential staining pattens and the
pathology associated with the four ovarian cancer histotypes. Taken from, RC Bast et al. The
biology of ovarian cancer: new opportunities for translation. Nature Reviews Cancer [27].

ovarian tumour are the American Joint Committee on Cancer (AJCC) system and the
International Federation of Gynecology and Obstetrics (FIGO) system. Of these two
systems, FIGO is the most commonly used. An outline of staging requirements are
listed in Table 1.2

A third classification of ovarian cancer that is related to the AAb profile is tumour
grade (discussed in Section 1.7.1). Ovarian cancer grade refers to the degree of cellular
dedifferentiation according to histopathological examination. Epithelial-mesenchymal
transformation (EMT) is an anaplastic process associated with malignancy whereby
the normal epithelial cell phenotype adapts a more mysenchymal or spindle shaped
morphology. Also much of the specialised cellular machinery associated with epithelial
cells is lost. Cells must undergo EMT to invade and metastasise to other tissues,
correspondingly, when a cell settles as a distant site it undergoes mesenchymal-epithelial

transformation to adapt and grow at the new site. The grade of a tumour is related
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Table 1.2: FIGO ovarian cancer staging

This table lists the criteria obtained after surgery which is used to stage an ovarian cancer.
Accurate tumour staging is of great importance as tumour stage is one of the most prognostic
indicators of patient long term survivial.

Stage 1 limited to one or both ovaries
involves one ovary; capsule intact; no tumour on ovarian surface;

2k no malignant cells in ascites or peritoneal washings

B involves both ovaries; capsule intact; no tumour on ovarian
surface; negative washings

C tumour limited to ovaries with any of the following: capsule

i ruptured, tumour on ovarian surface, positive washings

Stage 11 pelvic extension or implants

A extension or implants onto uterus or fallopian tube: negative
washings

B extension or implants onto other pelvic structures:; negative
washings

Ic pelvic extension or implants with positive peritoneal washings
microscopic peritoneal implants outside of the ]Evis: or limited

Stage III

to the pelvis with extension to the small bowel or omentum
ITTA microscopic peritoneal metastases beyond pelvis
macroscopic peritoneal metastases beyond pelvis less than 2 cm

I11B L
in size

I peritoneal metastases beyond pelvis > 2 cm or lymph node
metastases

Stage IV distant metastases to the liver or outside the peritoneal cavity
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Figure 1.15: Relative ovarian cancer survival by stage (2001-2007)

Ovarian cancer survival correlates well to tumour stage. Indeed stage at diagnosis is the
most important indicator of patient survival as patients in early stages with localised disease
have over 90% 5-year survival rate. Correspondingly, patients with distant metastases have
less than 30% 5-year survival rate. Taken from Surveillance Epidemiology and End Results,
http:/ /seer.cancer.gov/canques/survival.html. March 2012.
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Figure 1.16: Serous ovarian carcinoma grades

Low grade ovarian tumours are typically type I tumours and are thought to derive from invasive
foci arising within low malignant potential tumours of the ovary. High grade ovarian tumours
are typically type II tumours and are thought to arise without macroscopic premalignant
precursors. High-grade serous ovarian cancers are genomically unstable, clinically aggressive
and are associated with poor patient survival. Adapted from, DTL Bowtell, The genesis and
evolution of high-grade serous ovarian cancer. Nature Reviews Cancer [199].

to how the cells look under a microscope, the lower the grade the closer the malignant
cells resemble the normal cells. Grade ranges for ovarian cancer are from 1-3, a grade
1 is well-differentiated, while grade 3 is poorly-differentiated, as shown in Figure 1.16.
High grade tumours are more aggressive and associated with a poorer prognosis than

low grade tumours.

1.7.1 Anti-p53 Autoantibodies

The best characterised autoantigen /autoantibody relationship is the tumour suppressor
protein p53. AAbs to p53 have been identified in the serum of patients with many
different cancers [143]. Autoantibodies to p53 have also been identified in ovarian

cancer patients in a number of studies [193, 200, 201, 202|, p53 autoantibodies have
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been identified in approximately 25% of ovarian cancer patients [203, 204].

AAbs to p53 are associated with the 'type’ of ovarian tumour and it has been pro-
posed that ovarian carcinoma can be divided in two broad categories, type I and type
IT tumours [79]. The terms, Type I and Type II refer to different tumorigenic pathways
rather than specific histopathologies. Type I tumours are typified by somatic mutations
in genes encoding protein kinases such as kRAS and BRAF. These growths are often
low grade (relatively well differentiated) and slow growing, they develop from a well
characterized precursor lesion in a step by step fashion. Type I growths include, muci-
nous carcinomas, low-grade endometrioid and low grade serous histotypes. Low grade
serous tumours are thought to arise from the ovarian surface epithelium or inclusion
cysts, hence this tumour arises in the ovary [205]. Type II tumours are characterized
by a high frequency of p53 mutation. Type II tumours are high grade with a rapid
growth rate and have almost always spread beyond the ovaries at presentation. “Type
IT" tumours include high-grade serous and endometrioid carcinomas and as outlined in
Section 1.2.1, these tumours are now thought to arise from the fallopian tube. Therefore
in contrast to the type I tumour, these tumours do not arise in the ovary. Although
this may result in a differential autoantibody profile, autoantibodies may arise to ma-
lignant (or even pre-malignant) events in the fallopian tube. Indeed, there is a high
association of p53 mutation with type II tumours meaning that anti-p53 autoantibod-
ies are predominantly associated with high grade, hence type II ovarian cancers [206].
Up to 80% of type II tumours exhibit mutated p53 but it is still unclear and there is
ongoing investigation into why just a subset (20%-40%) of these cases generate anti-p53
antibodies [207]. Although there is a relatively low frequency of p53 autoantibodies in
ovarian cancer, the titre of these antibodies in immunoreactive patient serum is very
high. Indeed, ovarian cancers are regarded as one of the most immunogenic tumours

inducing anti-p53 AAbs [204]. AAbs to p53 in patient serum have a very high specificity
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for cancer at approximately 96% [143], and may be useful as part of a panel of antigens.
However, although p53 AAbs have limited clinical utility when used alone as an ovarian
cancer biomarker, studies have suggested that p53 AAbs may be used to improve of
CA 125 screening [208].

Many studies have interrogated p53 AAbs as prognostic markers of ovarian cancer
[200, 204, 209]. Some studies have indicated that p53 AAbs were associated with an
improved overall survival [200], while other studies have not found any relationship
between p53 AAbs and progression-free survival or overall survival [209, 210]. Similarly
studies have found that p53 AAbs were positively correlated with tumour stage [204,
209], while other studies have found that p53 AAbs are not related to tumour stage

[211].

1.7.2 Anti-Mesothelin Autoantibodies

Mesothelin is a cell surface glycoprotein which is highly expressed in mesotheliomas and
ovarian carcinomas. Mesothelin binds to CA 125 mediating heterotypic cell adhesion,
which is believed to contribute to metastasis of ovarian cancer to the peritoneum by
initiating cell attachment to the mesothelial epithelium. Although mesothelin has long
been implicated in ovarian cancer, AAbs to mesothelin have relatively recently been
characterised and are being interrogated for their usefulness in the clinic. In a small
study. AAbs to mesothelin have been identified in 41% (10 of 24 patients) of ovarian car-
cinoma patients and AAbs to mesothelin were not identified in normal healthy control
serum [212]. Another study has also identified anti-mesothelin AAbs in 53% of ovarian
carcinoma patients (AAbs to mesothelin in 10 of 14 patients with no evidence of disease,
and 9 of 21 patients with clinical evidence of disease), however this study also identified
AAbs to mesothelin in 26% (6/23) of healthy women [213]. The different frequencies

of anti-mesothelin AAbs in the healthy subject serum may in part be due to the very
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different ELISA conditions used. Anti-mesothelin AAbs have also been identified in
women with increased epidemiological risk of ovarian cancer [214]. There are few stud-
ies that have interrogated the utility of AAbs to mesothelin as biomarkers of ovarian
cancer. Much of the studies have relatively small numbers of patients and study ovarian
carcinoma only. It is not known if AAbs to mesothelin are related to ovarian tumour
histology, stage or grade. However, initial results are very positive and further study is

certainly warranted to determine the clinical usefulness of anti-mesothelin A Abs.

1.7.3 Anti-NY-ESO-1 Autoantibodies

NY-ESO-1, also known as cancer testis antigen, is expressed in the testis and ovary
and in a wide variety of cancers. AAbs to NY-ESO-1 have been identified in many
studies that have interrogated the autoantibody profile of ovarian cancer patients [207,
215, 216, 217]. AAbs to NY-ESO-1 have been identified in 12.5% of ovarian carcinoma
patients in one study [217], 26% of serous high grade ovarian cancer patients in another
study [215] and AAbs to NY-ESO-1/LAGE 1 have been identified in 30% of ovarian
carcinoma patients in another study [216]. AAbs to NY-ESO-1 have also been linked to
tumour stage, specifically late stage [193]. Similarly to p53 AAbs, AAbs to NY-ESO-1
have been suggested to be associated with type II tumours [208]. However, AAbs to
NY-ESO-1 have also been identified in other cancers, such as melanoma [217] and breast

cancer [218].

1.7.4 Anti-HSP 90 Autoantibodies

Several different heat shock proteins have been identified to be associated with malig-
nancy and have been proposed as targets for cancer therapy [219]. Heat shock protein

90 (HSP-90) is a molecular chaperone that promotes the maturation, structural main-
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tenance and proper regulation of specific target proteins involved in cell cycle control
and signal transduction. AAbs to HSP-90 have been implicated in the pathogenesis of
diseases such as SLE [220], and RA [221], and also in malignancies such as osteosar-
coma [222] and ovarian cancer [223|. A study carried out by Luo et al. revealed AAbs
to HSP-90 in 32% of late stage ovarian carcinoma patients, 10% of stage I-II ovarian
carcinoma patients and between 2.7% and 7.7% in patients with other malignancies and
benign ovarian disease [224]. However, another study interrogating AAbs to HSP-90 in
ascites fluid identified that 7.1% of stage I1I ovarian cancer patients were immunoreac-
tive, while 58.8% of stage IV ovarian cancer patients were immunore_active [223]. Vidal
et al. have postulated that AAbs to HSP 90 is tumour associated and stage specific
[223]. Anti-HSP 90 autoantibodies of the IgA class have also been linked to ovarian

cancer [225].

1.7.5 Anti-Survivin Autoantibodies

Survivin is encoded by the BIRC5 gene and is a component of the chromosomal passen-
ger complex that acts as a key regulator of mitosis. Survivin is ubiquitously expressed
in a variety of cancers and has been identified as a potential target of anticancer ther-
apy |226]. Autoantibodies to survivin have been identified in the serum of patients
with various cancers including head and neck cancer [227], lung cancer |228, 229| and
breast cancer [230]. AAbs to survivin have also been identified in two studies of ovarian
cancer patient sera. Taylor et al. have identified AAbs to survivin in ovarian cancer pa-
tients and noted that reactivities to this antigen were significantly greater in advanced
stage compared to early stage ovarian cancer. However, in this study they also noted
that patients with lung and colon cancer reacted strongly with survivin [193]. Li et al.
identified that AAbs to survivin were present in 21.9% of ovarian cancer patients and

in none of the normal control serum [203]. In this study, they interrogated AAbs to
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survivin as part of a panel of antigens, AAbs to survivin and 6 other antigens (p53, p16,
cyclin B1, cyclin D1, cyclin A and cyclin E) were identified to have a sensitivity of up
to 62.5%, and in specificity of 90.2% for ovarian cancer. Certainly AAbs to survivin are
not specific to ovarian cancer, however they may be of use in a AAb biomarker panel,

perhaps in ovarian cancer staging [193].

1.8 Hypothesis and Aims of this Work

The study hypothesis
e There is a ovarian cancer associated autoantibody profile present in patient serum
e Autoantibodies can be used as biomarkers of ovarian cancer

e Autoantibodies identified by protein array screening can be adapted to secondary

platforms

To test this hypothesis the study aims were

e To screen ovarian cancer, benign ovarian disease and non-remarkable subject

serum samplos on })I'OtPiIl arrays

To identify AAb profiles associated with ovarian cancer

e To investigate the identified AAb profiles using secondary methodologies

To investigate the identified AAb profiles using additional serum samples

Study Outline

The aim of this research is to profile the autoantibody repertoire of early and late stage
ovarian cancer patient serum, benign ovarian disease and healthy control serum. This

study used well characterised serum cohorts that were collected as part of an ovarian

41



cancer research consortium - Discovary. The samples were screened against very large
colleciions of human proteins on two different array platforms. Firstly, we profiled
the autoantibody repertoire of ovarian cancer patient and control cohort serum using
the hlx1 protein arrays. From this work, autoantibodies were identified to be associ-
ated with disease. These results were interrogated in secondary platforms, including a
translational platform which is routinely used in the clinic (ELISA). The autoantibody
profile in ovarian cancer patient and control cohort serum was also determined using the
Invitrogen ProtoArrays. The results of ProtoArray screening was compared to previous
profiles identified using the hEx1 array. Autoantibodies associated with disease were
identified and pathway analysis was also performed to determine if autoantibodies can

be indicative of pathway dysregulation associated with malignancy.
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Chapter 2

Materials and Methods

2.1 Materials

Material Source Catalog
Acrylamide/bis-acrylamide 30% Sigma Aldrich, UK A3574
solution
Agar Sigma Aldrich, UK A5064
Ammonium persulfate (APS) Sigma Aldrich, UK AT460
Ampicillin Sigma Aldrich, UK A9518
Attophos substrate Roche, UK 11681982001
Bovine serum albumin (BSA) Sigma Aldrich, UK A2153
Bromophenol Blue Sigma Aldrich, UK B5525
Coomassie brilliant blue Molekula, UK M10947360
Dithiothreitol (DTT) Sigma Aldrich, UK DI9163
Ethanol Sigma Aldrich, UK E7023
Glacial acetic acid Sigma Aldrich, UK 320099
Glucose Sigma Aldrich, UK G7528
Glycerol Sigma Aldrich, UK G6279
Glycine Sigma Aldrich, UK (8898
Guanidine hydrocloride (GuHCI) Sigma Aldrich, UK G4505

Human protein microarray (hEx1)

Imagenes GmbH, Berlin,
Germany

IMA- PROT-ARR

Hydrochloric acid (HCI) Sigma Aldrich, UK 258148
Hydroxyethyl Sigma Aldrich, UK H7006
piperazineethanesulfonic acid
(HEPES)
Isopropanol Sigma Aldrich, UK 59304
Kanamycin Sigma Aldrich, UK K4000
Magnesium chloride (MgCl,) Sigma Aldrich, UK 63072
Methanol Sigma Aldrich, UK 24229
Ni-NTA agarose beads Merck, UK 70666-4
N,N,N"N"- Sigma Aldrich, UK T981
tetramethylethylenediamine
(TEMED)
Overnight express media Novagen (Merck), UK 71491
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e e Material Source Catalog
| Polypropylene columns Qiagen, UK 34924
Polyvinylidene fluoride (PVDF) Amersham (GE RPN303F
e, Healthcare), UK
| Potassium chloride (KCI) Sigma Aldrich, UK P9541
Potassium dihydrogen phosphate Sigma Aldrich, UK 30407
T (KH2POy)
Skimmed milk powder Sigma Aldrich, UK 70166
Sulfuric acid (H2SOy) Sigma Aldrich, UK 84736
Sodium Chloride (NaCl,) Sigma Aldrich, UK S9888
Sodium dihydrogen phosphate Sigma Aldrich, UK S3139
(NaH2POy)
Sodium dodecyl sulfate (SDS) Sigma Aldrich, UK L3771
Sodium phosphate dibasic Sigma Aldrich, UK S3264
- (NagHPO4)
Tris-HCl Sigma Aldrich, UK T5941
Triton X 100 Sigma Aldrich, UK X100
L Trizma base Sigma Aldrich, UK T1503
Tryptone Formedium, UK TRPO03
Tween 20 Riedel-de Haén (Sigma 63158
Aldrich), Germany
Urea Sigma Aldrich, UK U5378
L = Yeast extract Formedium, UK YEA02
L 2-mercaptoethanol Sigma Aldrich, UK M3148
3,37,5,5 -Tetramethylbenzidine Sigma Aldrich, UK T8665
(TMB)

2.2 Serum Sample Collection

Approval for this study was obtained from St. James’s Hospital and Adelaide and
Meath incorporating the National Children’s Hospital research ethics committee. Serum
samples and clinical information was obtained with informed consent from patients
attending St James’s Hospital undergoing surgery for possible ovarian neoplasm. All
blood samples in this study were obtained pre-operatively from patients undergoing
cytoreductive surgery, all patients were treatment naive. The blood was collected into
a non-heparinised tube and allowed to clot. The blood was then spun at 400 z ¢ for
10 minutes. The serum supernatant was removed and dispensed into labelled cryovial
tubes. Serum was stored at —80°C until further use. The serum samples obtained
were stored as part of the Discovary Bioresource, which was formed to specifically

address issues in relation to ovarian and endometrial cancer diagnostics and prognostics
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and supports the development of translational research in Ireland. This research was
gratefully funded by the Emer Casey Foundation, who support ovarian, uterine and

endometrial cancer research in Ireland and abroad.

2.3 hEx1 Array Screening and Analysis

2.3.1 hEx1 Array Serum Screening

As described previously, the human expression library 1 was made from mRNA, ex-
tracted from human brain tissue. The ¢cDNA was prepared from poly(A) TRNA by
oligo(dT)-priming. Products were size fractionated by gel filtration and directionally
cloned into a commercial vector (modified pQE-30 vector from Qiagen). The vector was
then transformed into E. coli cells (SCS1 cells from Stratagene). The library contains
37,200 clones, which are spotted in duplicate [179, 175, 231]. The hEx1 arrays were
purchased from Imagenes GmbH, (Berlin, Germany).

The hEx1 arrays, which consist of two separate PVDF membranes, (pt 8 and pt 9)
were activated by soaking in ethanol for 1 minute. They were then rinsed in deionised
water and washed in TBS-T-T (500mM sodium chloride, 20mM Tris-HCL pH 7.5,
0.05% v/v Tween 20, 0.5% v/v Triton X 100). The dessicated bacterial colonies that
had expressed the proteins in situ, were then removed with a tissue and the arrays
washed with TBS-T-T for 10 minutes, TBS-T (500mM Sodium chloride, 20mM Tris-
HCL pH 7.5, 0.05% v/v Tween 20) for 10 minutes and TBS (150mM NaCl, 10 mM
Tris-HCL pH 7.5) for 10 minutes, all on fast rocker (35 rpm). The arrays were blocked
on a slow rocker (7 rpm) for 2 hours at room temperature using 2% w/v skimmed milk
powder in TBS. The arrays were then incubated in serum (thawed on ice) by addition of
2004 serum in 20ml 2% w /v BSA (Bovine Serum Albumin) TBS-T. A dilution factor of

1:100 was used, this dilution was selected as its the most commonly used in diagnostic



labs. The dish containing the hEx1 arrays were was wrapped in cling film to prevent
evaporation. The arrays were placed on a slow rocking see-saw rocker (Stuart SSL4)
overnight at room temperature.

The arrays were washed 3 times for 30 minutes in TBS-T (total of 90 minutes).
Monoclonal mouse anti-human IgG (Sigma Aldrich UK, Cat no: 16260) was diluted
1:5000 in 2% w/v BSA TBS-T, and the arrays were incubated with the antibody for
1 hour at room temperature on a slow rocker. The arrays were then washed 3 times,
each for 30 minutes in TBS-T.

Polyclonal goat anti-mouse alkaline-phosphatase conjugate IgG (Sigma Aldrich UK,
Cat no: A1418) was also diluted 1:5000 in 2% w/v BSA TBS-T. The arrays were
incubated with the antibody for 1 hour at room temperature. The arrays were then
washed twice in TBS-T for 30 minutes and once in TBS for 15 minutes.

The arrays were equilibrated in attophos buffer (100mM Tris-HCL pH 9.5, 1mM
MgCl,) with slow rocking for 10 minutes, then transferred to a 1:40 dilution of attophos
substrate (Roche,UK, Cat no: 1 681 982) in attophos buffer. In the diluted substrate
solution, the arrays were incubated in the dark for 5 minutes, and were imaged using a
Fuji LAS3000 imager, using tray position 3, filter 3 and 460nm blue light. The resultant

TIFF image was saved for further analysis.

2.3.2 hEx1 Array Scoring

Visualgrid (GPC Biotech) software was used for hEx1 array scoring. A grid was super-
imposed onto the TIFF image of the screened human protein array. Central circles were
used to align up guide dots, around which 12 clones were arrayed in duplicate in a 5x5
pattern. The positive signals were identified on the grid and then scored by intensity
(1 to 3, 3 being the most intense). Once the array was scored, results were exported

and saved for analysis.
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(a) Pre-screen hEx1 array (b) Post-screen hEx1 array

Figure 2.1: Images of hEx1 protein arrays

Subfigure A is an image of a subsection of the Imagenes hEx1 array prior to processing.
Evident in this image is the bacterial colonies that are spotted, grown and induced for protein
expression on the surface of the PVDF membrane sheets. These colonies are removed prior
to AAb probing. Subfigure B is an image of a subsection of the arrays taken with a CCD
camera after serum screening and array processing. Clearly evident are the positive signals
that indicate an AAb binding event. In both subfigures, the black dots are ink guide dots
which are used for orientation during image analysis.

2.3.3 Analysis of hEx1 Array Serum Screening Results

The aim of the analysis was to develop panels of clones to distinguish between various
cohorts of subjects (typically a patient group and a control group). As the numbers
of possible panels was systematically too large to assess, an iterative approach was
adopted.

To seed the process, a pool of clones that were identified as reactive by any serum
sample in the study was listed. From this pool, a list of all possible pairs of clones was
generated. For each pair the sensitivity, specificity and p-value was calculated. Pairs
of clones with p-values below a value of 0.05 were retained, while pairs of clones with
higher p-values were discarded. From the pool of clones, a third clone was added to
each remaining pair and the calculations repeated. This procedure was repeated until
no improvement was seen in the metrics, or a score of 1 was achieved in sensitivity and
specificity. A combination of Perl scripts (http://www.perl.org/) was used to build the

panels and to calculate sensitivities and specificities, and an R script (http://www.r-
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project.org/) was used to calculate p-values. General data management was based on

a PostgreSQL (http://www.postgresql.org/) database.

2.4 hEx1 Protein Production and Analysis

2.4.1 Bacterial Clone Sequencing

Once the panels of clones were identified and assigned p-values, the top ranked panels
for each cohort were selected and the clone identification numbers collated. The listed
of clones of interest were used to inoculate agar plates for sequencing as follows.
Under sterile conditions, 1004l of 2xYT-AKG agar (per litre 15g agar, 16g tryptone,
10g yeast extract, 5g NaCl, after autoclave the following are added, 2% glucose, 25 ug/ml
kanamycin, 50ug/ml ampicillin) was aliquoted per well in a 96 well plate. The agar plate
was left at room temperature to solidify. 384 well microplates, corresponding to the
identified clones of interest were removed from the -80°C freezer and placed on dry ice
in a biosafety hood. Autoclaved filter paper with a central hole was placed over the well
to protect surrounding colonies and a sterile pipette tip was used to remove some of the
frozen bacterial media from the denoted well. The tip with frozen media was then used
to inoculate a 100p] agar well in the microplate. At least one negative control well was
included in every agar plate, this well was not inoculated with a pipette tip. The plate
was incubated at 37°C overnight to promote bacterial growth. The following day the
visual inspection was carried out to ensure that the colonies had grown satisfactory. The
plate was then sealed with a breathable microplate seal, the lid placed on top and was
packaged in a bubble padded envelope for courier transport to LCG genomics in Berlin,
Germany. For Sanger sequencing a pQE-F (CATTGAGAGGATCGCATCAC) primer

was used. Results were accessed online and downloaded as an ABI chromatogram file.
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2.4.2 Sequence Open Reading Frame Analysis

From the chromatogram files, the start codon was identified and the sequence was
copied from this start codon to the end of the sequence. The copied sequence was
then pasted into the open reading frame (ORF) finder (www.ncbi.nlm.nih.gov/projects
/gorf /orfig.cgi) on the National Centre for Biotechnology Information (NCBI) website.
The ORF finder program was then used to analyse the sequences and only products in
the +1 reading frame were used for further analysis. The +1 reading frame product
was ran through the Basic Local Alignment Tool (BLAST) to identify homologous
sequences and proteins. The identity of the product was determined usually by taking
the Homo sapiens protein with the most significant alignment. The protein product for
each bacterial clone was recorded with the bacterial clone identifier and the predicted
protein product size was obtained by inputting the ORF sequence into an online peptide

molecular weight calculator (www.biopeptide.com/PepCalc/).

2.4.3 Induction of hEx1 Bacterial Clones

Wells from the collection of 384 well plates that correspond to the in frame bacterial
clones of interest were identified. Plates were removed from the -80°C freezer and placed
on dry ice. In a biosafety hood, autoclaved filter paper with a central hole was placed
over the well to protect surrounding colonies and a sterile pipette tip used to remove
some frozen bacterial media from the well. This tip with frozen media was then used
to inoculate a 1ml solution of 2xYT-AKG (per litre 16g tryptone, 10g yeast extract,
5g NaCl, after autoclave the following are added, 2% glucose, 25ug/ml kanamycin,
50ug/ml ampicillin) media in a sterile 15ml tube. Inoculation and procedures were
performed under sterile conditions and a negative control of 2xYT-AKG was included

for every lot of media inoculated. The inoculated media was then agitated for 16 hours

49



on an orbital shaker (220rpm) at 37°C to promote bacterial growth.

The following inoculation steps were performed under sterile conditions in a biosafety
hood. Of these 1ml starter cultures, 100ul was used to inoculate 10ml of sterile
‘Overnight Express’ autoinduction media (Novagen Cat no: 71491-5) with antibiotics as
before. For bacterial clones that were poor protein expressors 500ul of the starter cul-
ture was used to inoculate 50ml of autoinduction media to improve protein yield. The
solutions were placed on an orbital shaker at 37°C for 20-22 hours to promote growth.
The bacterial cultures were spun at 2135 x g for 35 minutes at 4°C, the supernatant
was decanted off and the waste autoclaved before disposal. The pellet was stored at

—80°C for over one hour to lyse the bacteria.

2.4.4 His-Tagged Protein Purification

Bacterial pellets were removed from —80°C and allowed to thaw on the bench, 2ml
of lysis buffer A (100mM NaH,PO,, 10mM Tris-HCI, 6M GuHCI, pH 8) was added
to promote bacterial lysis. The pellet was resuspended by pipetting and vortexing.
Resuspended pellets in buffer A were then placed on a rocker on slow rock (15 rpm) for
1 hour.

Labelled polypropylene columns (Qiagen, Cat no: 34924) were set up in a rack
above a catchment tray. Nickel-nitrilotriacetic agarose beads (Ni-NTA, Merck UK, Cat
no: 70666-4) were inverted repeatedly to ensure the beads were homogenous in the
solution. 400ul (for 10ml cultures) or 1ml (for 50ml cultures) of the Ni-NTA beads
were aliquoted into 2ml microcentrifuge tubes. These tubes were then centrifuged at
400 x g for 2 minutes and the storage solution supernatant removed. The Ni-NTA
pellets were resuspended in 1ml of lysis buffer A solution and centrifuged at 400 z g for
2 minutes, the supernatant was removed. This nickel bead wash step with lysis buffer

A was repeated 3 times.
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Figure 2.2: 6xHis-tagged protein purification

This diagram shows the principles of 6xHis-tagged protein purification using immobilised metal
affinity chromatography (IMAC). Proteins can be purified under native or denaturing condi-
tions using this method as outlined in this figure. Using Adapted from “ The QIAezpressionist’
Fifth Edition .

The resuspended bacterial pellets were transferred to 2 ml microcentrifuge tubes
and centrifuged at 16,100 z g for 25 minutes at 4°C. The resultant supernatant was
removed and saved while the bacterial pellet was discarded. The supernatant was then
used to resuspend the Ni-NTA beads and this was then placed on a slow rocker to allow
his-tag binding. After 30 minutes the resuspended beads/lysate was aliquoted into a
stoppered polypropylene column. After 5 minutes, when the solution had settled, the
column stopper was removed and the run-off discarded. The columns were then washed
with 2 x 4mls of wash buffer C (100mM NaH,PQO,4, 10mM Tris-HCI1, 8M Urea, pH 6.3)
and the run-off discarded. Columns were then stoppered and 2004l of elution buffer E
(100mM NaH,PO4,10mM Tris-HCI, 8M Urea, pH 4.5) was added to the columns. After
10 minutes, the stopper was removed and the run-off was discarded. 500pul of elution
buffer E was added to the columns and the run-off was collected and stored in a low

retention microcentrifuge tube at 4°C until further use.
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2.4.5 Protein Quantitation using BCA Protein Assay

Protein quantitation was carried out using a Pierce BCA protein assay kit, (Pierce, UK,
Cat no: 500-0002). One part elution buffer E was added to two parts deionised water
and this diluent was used to make up the bovine serum albumin standards. BSA stan-
dards prepared were 2mg/ml, 1.5mg/ml, 1mg/ml, 0.75mg/ml, 0.5mg/ml, 0.25mg/ml,
0.125mg/ml, 0.025mg/ml and a blank of diluent was also included in the standards.
20ul of proteins to be tested were diluted in 40ul deionised water and vortexed. 25ul
of the BSA standards were aliquoted in triplicate and 25l of the test proteins were
aliquoted in duplicate in a 96 well microplate. Working reagent was prepared by mixing
50 parts of BCA reagent A with 1 part of BCA reagent B. 200ul of working reagent
was added to both standard and test wells in the microplate. The plate was shaken
briefly and then incubated at 37°C for 30 minutes. The plate was then left to cool for
2 minutes. The absorbance was measured using a microplate reader (Wallac Victor) at
540nm, and readings were recorded. A standard curve of the BSA standards was gen-
erated using the equation of a polynomial curve. The equation of this curve was then
used to determine the concentration of the diluted test proteins. Only concentration
values that were within the range of the standard curve were used. The determined
concentration of the diluted test proteins was then multiplied by the dilution factor

(usually 3) to determine the concentration of the original test proteins.

2.4.6 Protein Quantitation at A280nm with Ultraviolet Light

For proteins that could not be analysed using the BCA method due to incompatibility
with buffers or small sample volumes, quantitation with a Nanodrop spectrophotometer
was performed. To quantify protein the “ProteinA280” setting was employed. Firstly

the nanodrop was cleaned, with the sampling arm open 1l of 0.5M HCI solution was
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pipetted onto the lower measurement pedestal. The sampling arm was closed and
pressed downward so that the droplet is drawn upwards and held between the arms by
surface tension. The acid was left for 1 minute to clean the pedestal, after this time the
acid was wiped away with a soft tissue. This process was then repeated with ultrapure
water to rinse the pedestal. Once cleaned and rinsed 1ul of the sample protein to be
tested was pipetted into the lower arm and the upper arm was closed (and not pressed
downwards in this case). Measurement was initiated using the operating software on
the PC. After this initiation the sample arm slightly compressed drawing the droplet
between the arms. The spectral measurement was then made and quantitation was
made based on the tightly controlled path length of Imm. Once this measurement was
recorded the pedestal was wiped with a soft tissue. 1ul of the same test protein was
then again pipetted onto the pedestal as before and the measurement repeated. Three
replicate measurements for each test protein was performed and the average of these
measurements was used for further analysis. The nanodrop was cleaned and rinsed

between different protein samples.

2.4.7 Polyacrylimide Gel Electrophoresis Analysis (PAGE)

All polyacrylamide gels were 12% acrylamide and 1mm thick. The running phase and
stacking phase were prepared as follows:
Running phase: 2.1ml of dH20, 3.75ml of 1M Tris-HCL pH 8.9, 4ml of Acrylamide /bis-

acrylamide 40% solution, 10041 of 10 % SDS solution, 5ul of TEMED, 5041 of APS.

Stacking phase: 2.66ml of dH20, 1.575ml of 0.4M Tris-HCL pH 6.8, 660ul of
Acrylamide /bis-acrylamide 40% solution, 50ul of 10 % SDS solution, 5ul of TEMED,
50u1 of APS.

When the gel was set, 2X loading buffer (4% w/v SDS, 20% v /v glycerol, 0.05% w/v
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(a) Genetix QArray spotting robot (b) Robot arm, pinhead and pins

Figure 2.3: hEx1 protein microarray spotting

Shown here in subfigure A is the Genetix spotting robot used in hEx1 protein microarray
generation. Subfigure B is a close up image of the robot arm with the print head and the eight

pins used in the microarray spotting.

Bromophenol Blue, 126mM Tris-HCL pH 6.8, 5% v /v 2-mercaptoethanol) and an equal
quantity of protein was pipetted into microcentrifuge tubes and denatured by heating to
95°C for 5 minutes and then cooled and centrifuged on short spin to collect condensate.
The gels were set up in the electrophoresis tank, and running buffer (25mM Trizma
base, 192mM glycine, 0.1% w/v SDS) added to fill the ‘dam’ cover the electrode at the
bottom of the tank. Each of the protein samples were then pipetted into the wells of the
gel along with a molecular weight marker standard. The gels were electrophoresed at
15mA per gel through the stacking phase and 20mA per gel through the running phase.
The gels were transferred to coomassie stain solution (0.2% w/v Coomassie brilliant
blue, 7.5% v /v glacial acetic acid, 50% v/v ethanol) for 2 hours on slow rock and then
destain solution overnight (10% v/v glacial acetic acid, 30% v/v ethanol), also on a

slow rocker. The gels were then scanned and the images stored for subsequent analysis.



2.5 Secondary Serum Screening Methodology

2.5.1 hEx1 Protein Microarray Screening and Analysis

2.5.1.1 hEx1 Protein Microarray Spotting

A Genetix QArray spotting robot was used for microarray spotting (as shown in Figure
2.3). Before use the machine was cleaned thoroughly using lens cleaning tissue (What-
man,GE Healthcare, UK. Cat no: 2105841) and 70% ethanol to remove dust. The
pin-head was removed from the robot arm and the head and pins were sonicated in a
ultrasonic bath (Grant XB2) containing aQu Clean pin cleaning fluid (Genetix, Cat no:
K2505, diluted as per manufacturers instructions in filtered /autoclaved deionised wa-
ter) for 15 minutes. The pin-head and pins were then sonicated in filtered /autoclaved
deionised water for a further 15 minutes. The pin head and pins were then sprayed
with isopropanol and left to air dry. The pins were left to air dry suspended in cut-off
pipette tips.

A 384 well microplate layout was generated by the QSoft software (Genetix) to re-
sult in the desired spotting layout. The spotting layout consisted of two fields with
eight blocks in each field (Figure 2.4). Field 1 contained four duplicate blocks (totaling
8 blocks), and in each block antigens were spotted in duplicate and adjacent to each
other, control proteins were spotted in quadruplicate (Figure 2.5a). As in field 1, field
2 contained four duplicate blocks (totaling 8 blocks), however, in each block antigens
were spotted randomly and all antigens and controls were spotted in triplicate (Figure
2.5b). Hence, in total each antigen of interest was spotted 10 times on each microarray.
To assist with gal file alignment repeats of Cy3 labelled IgG and buffer were included for
spotting in each block. Additional controls and normalisation proteins were included
also, these were dilutions of unlabelled IgG, anti-human IgG, a purified eluate as ex-
pressed by an empty bacterial clone (no insert present as identified by sequence), buffer

(PBS) and a hEx1 protein to which no serum was reactive (as determined by previous
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Figure 2.4: hEx1 microarray slide layout

Two fields were spotted on each slide, each field consisted of 4 blocks spotted in dupli-
cate. Hence, each block was spotted in duplicate per field, in total eight unique blocks
were spotted on each slide.

hEx1 array screening).

Using the results of BCA assay protein quantitation, the hEx1 proteins were diluted
with PBS (137mM NaCl, 2.7mM KClI, 4.3mM Na,HPO,, 1.47mM KH>PO,, pH 7.4) to
give a final protein concentration of 250 ug/ml. Proteins that were too dilute to be spot-
ted at this concentration were spotted undiluted. The generated 384 microplate layout
was followed and 20ul of the hEx1 proteins and controls were pipetted into predeter-
mined wells in the 384-well low retention polypropylene microplates. All microplates to
be used for spotting were made in one sitting from the same diluted stock concentration
to ensure minimum variation. The microplates were then stored at —20°C short term
until further use.

Spotting was performed with 150um solid pins (blunted ends) 8 pins were used — in
2x4 format in print head, with each slide containing a total of 10 replicates per protein

spot. For spotting, a humidity of over 60% was maintained. Once spotted the slides
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were left in the machine for 20 minutes to dry. Slides were stored at 4°C until further

use.

2.5.1.2 hEx1 Protein Microarray Screening

The slides were removed from 4°C and equilibrated to room temperature on the bench
for 10 minutes. Arrays were then washed (all washing steps took place on a fast rocker -
35rpm, in a multislide glass holder) for 10 minutes in PBS (137mM NaCl, 2.7mM KCl,
4.3mM Na,HPOy4, 1.47mM KH»POy4, pH 7.4). Blocking (all blocking and incubation
steps took place on a slow rocker, 7rpm) in 2% w/v BSA-PBS was performed for 1
hour, also in a multislide glass holder.

For the anti-histidine incubation a 1:1000 dilution of anti-histidine mouse mono-
clonal antibody (Qiagen Cat no: 34610) in 2% BSA PBS was used. 100yl of the diluted
antibody was pipetted on the nitrocellulose surface and a coverslip was placed on top.
The slides were incubated, on slow rocker for 2 hours in a humidity chamber to ensure
the microarrays remained moist and did not dry out. This was followed by 3 washes
for 10 minutes each with PBS-T (0.01% v/v Tween 20). The slides were incubated
for 90 minutes with 1:1000 Cy3 conjugated AffiniPure Goat Anti-Mouse IgG (Jackson
Immunoresearch Europe, Cat:115-165-003) in 2% BSA-PBS.

For the serum incubation, the following steps took place after the blocking step:
The serum was diluted to a 1:100 dilution in 2% BSA-PBS. 1004l of the diluted serum
was pipetted on the nitrocellulose surface and a coverslip was placed on top. The arrays
were placed on a slow rock for 2 hours in the humidity chamber. The slides were then
washed 3 times each for 10 minutes in PBS-T. The detection antibody, Cy3 conjugated
goat anti-human IgG (Jackson Immunoresearch Europe, Cat:109-165-088) was diluted

1:1000 in 2% BSA PBS was then incubated over the arrays for 90 minutes.
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Block as per Field 1
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(a) Block spotting layout as in Field 1

Block as per Field 2
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(b) Block spotting layout as in Field 2 - Random

Figure 2.5: hEx1 microarray spotting layout

In field 1, antigens were spotted in duplicate and control proteins were spotted in
quadruplicate. In field 2 all antigens and controls were spotted in triplicate in a random
pattern.
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All slides where then washed 3 times for 10 minutes in PBS-T, once for 5 minutes
in PBS and once for 5 minutes in deionised water. Arrays were dried by centrifugation
at 500 z g for 2 minutes at 4°C. Arrays were scanned immediately after screening and

stored at room temperature.

2.5.1.3 hEx1 Protein Microarray Scanning

Microarray scanning was performed using a GenePix 4000B Axon set to scan at the
ratio wavelength setting of 532nm and 635nm. GenePix Pro 5.0 software was used to
analyse the scanned protein array images. A gal file was created and attached to the
image, this allowed the generation of a grid of empty spots labelled with the protein
ID, which was laid over the image identifying the spots on the array. The gal file was
overlaid on the image, ensuring good alignment to the image and to all spots on the
array, the gal file was then fitted to the image, using the software. Individual spot
alignment and re-adjustment was performed at this stage if necessary using feature
mode. Spots that were not of sufficient quality for analysis were flagged as ’bad’. The
image was then analysed using the GenePix Pro 5.0 software and results for each serum
was saved as a gpr file.

This procedure was also followed for the second field on each of the arrays, except a

different gal file corresponding to the amended spotting layout was created and attached.

2.5.1.4 Analysis of hEx1 Protein Microarray Serum Screening Results

Spots that were flagged as bad with a flag value of —100 were omitted at the first
stage of collating the raw data for analysis. The gpr file gives raw data readouts on
two different channels, however all analysis was performed on the 532 channel as the

detection fluoraphore is Cy3. For background subtraction, the background mean value
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attained from the Genepix Pro 5.0 software was subtracted from the foreground mean
value. For instances where background had a higher mean value than the foreground
mean value, this negative value was reassigned a value of 1.

For data normalisation, the anti-hu IgG (1:1000) spot was used as a normalisation
control, block normalisation was carried out by dividing the average value for the anti-
hu IgG (1:1000) spots into the values of the hEx1 spots in the relevant block. This
results in 10 normalised values for each of the different hEx1 antigens spotted on the
array. The top and bottom 20% of these 10 values were discarded at this stage, leaving
6 normalised values remaining. Of the hEx1 antigens spotted on the array, the overall
mean and standard deviation of all these normalised values was calculated. The antigens
that had a signal two standard deviations greater than the overall mean of all hEx1
antigens spotted on the arrays was determined for all screened serum samples. These

top signal antigens were identified as the positive results for each screened serum sample.

2.5.2 Western Immunoblotting

As for PAGE analysis, gels were loaded and proteins electrophoresed. A PVDF mem-
brane was cut to size (9cm x 6.5cm) and activated in ethanol for 2 minutes. The
membrane was then washed in dH,O and equilibrated in transfer buffer (20mM Tris-
HCI pH 8.5, 150mM glycine, 0.01% w/v SDS and 20% methanol). Filter papers were
also cut to size (10cm x 7.5cm) and equilibrated in transfer buffer. The electrophoresed
gel was placed on the PVDF membrane, sandwiched between four filter papers and two
blotting sponges. The rig was set up with an ice insert and stirring bar to keep the
buffer cool. The tank was filled with transfer buffer and ran at 100 volts for 1 hour to
transfer proteins from the gel to the membrane. The blot was removed from rig and
rinsed in TBS-T (150mM NaCl, 10mM Tris-HCL pH 7.5, 0.05% v/v Tween 20). Blots

were blocked in 5% milk-TBS-T for 1 hour at room temperature, then incubated in
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diluted serum in 2% milk TBS-T for 2 hours on slow rock. Blots were washed 3 times
for 10 minutes in TBS-T and incubated in anti-human alkaline phosphatase conjugated
IgG (Sigma Aldrich UK, Cat no: A1543), at 1:5000 dilution in 2% milk TBS-T for 1
hour. The blot was washed twice for 10 minutes in TBS-T and once for 10 minutes
in TBS. Next the blot was equilibrated in attophos buffer for 10 minutes and then
incubated in diluted attophos substrate solution (1:40 dilution of attophos substrate
in attophos buffer) for 7 minutes in the dark. The blot was imaged using a LAS3000
Fuji imager, using tray position 1, filter 3 and 460nm blue light usually at a 1 second

exposure. Images were saved for analysis.

2.5.3 Enzyme-Linked Immunosorbent Assay (E.L.I.S.A.)

Maxisorb microplates (Nunc UK, Cat no: 456537) were washed in deionised water and
left inverted to dry. Antigens were diluted in deionised water to a final concentration
of Ing/ul. 50ul of diluted antigens were aliquoted into wells in the maxisorb plate. The
plate was left overnight at 4°C to coat. The plate was washed 3 times with TBS-T
(150mM NaCl, 10 mM Tris-HCL pH 7.5, 0.1% v/v Tween 20). All microplate washes
were performed in a microplate washer (Biochrom Anthos Fluido 2). Next, 400 ul of 5%
milk TBS-T was aliquoted into each well and the wells were blocked for 2 hours. The
plate was washed 3 times with TBS-T. Serum was diluted 1:100 in 5% milk TBS-T and
50ul of diluted serum was added to each well, this was incubated on a plate shaker for 2
hours at RT. The plate was washed 5 times with TBS-T. Goat anti-human horseradish
peroxidase (HRP) conjugate IgG (Sigma Aldrich UK, Cat no: A0170) was diluted to
1:5000 dilution in 5% milk TBS-T. 50ul of diluted antibody was aliquoted into wells
and left to incubate for 1 hour at RT. Plate was washed 5 times with TBS-T. Next,
50ul of TMB substrate was added to wells and incubated for 30 minutes in the dark.

The reaction was then stopped by addition of 25ul of 1N sulfuric acid to wells and the
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plate shaken briefly to mix the contents. The absorbance was read at 450nm using a
microplate reader (Wallac, Victor).

To determine the ELISA cut-off value, the mean absorbance value and the standard
deviation for all results (absorbance values for all serum for tested antigen and negative
protein) in each lot of ELISAs was determined. The cut-off value was equal to the mean
absorbance value plus two standard deviations. The cut-off value for each ELISA was

indicated on the graphed results as a horizontal black line.

2.5.4 Dot-Blot Immunoblotting

PVDF membranes were cut to size and activated in ethanol for 2 minutes and washed
in dH»O for 2 minutes. Protein antigens were diluted in dH,O to a final concentration
of 10ng/pl. The PVDF membrane was kept humidified on PBS soaked filter paper
while 2ul of the diluted antigens were spotted on the membrane in a grid like layout.
The membranes were then carefully removed from the soaked filter paper and placed
on a dry filter paper for 20 minutes until dry. The membranes were then reactivated
in ethanol for 2 minutes, rinsed in dH,O for 2 minutes and rinsed in TBS-T (150mM
NaCl, 10 mM Tris-HCL pH 7.5, 0.05% v/v Tween 20) for 2 minutes. Dot blots were
blocked in 5% milk-TBS-T for 1 hour at room temperature, then incubated in diluted
serum in 2% milk TBS-T for 2 hours on slow rock. Blots were washed 3 times for 10
minutes in TBS-T and incubated in anti-human alkaline phosphatase conjugated IgG
(Sigma Aldrich, UK, Cat no: A1543), at 1:5000 dilution in 2% milk TBS-T for 1 hour.
The blot was washed twice for 10 minutes in TBS-T and once for 10 minutes in TBS.
Next, the blot was equilibrated in attophos buffer for 10 minutes and then incubated
in diluted attophos substrate solution (1:40 dilution of attophos substrate in attophos
buffer) for 7 minutes in the dark. The blot was imaged using a LAS3000 Fuji imager,

using tray position 1, filter 3 and 460nm blue light usually at a 1 second exposure.
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Images were saved for analysis.

2.6 ProtoArray Screening and Analysis

The Invitrogen ProtoArrays (V5) consist of over 9,000 unique human proteins which
are spotted in duplicate. The spotted proteins are GST fusion proteins that are full

length, purified and also retain functionality.

2.6.1 ProtoArray Serum Screening

The Invitrogen ProtoArrays were removed from —80°C and equilibrated to 4°C for 20
minutes. Arrays were placed in a petri dish and blocked in 20 mls of blocking buffer
(50nM HEPES, 25% v/v glycerol, 0.08% v/v Triton X-100, 200mM NaCl, 2% w/v
skimmed milk powder, ImM DTT) for 1 hour at 4°C on an orbital shaker on slow rock.
The arrays were washed in wash buffer (137mM NaCl, 2.7mM KCI, 4.3mM Na>HPO,,
1.47mM KH>POy, 0.1% Tween 20, 2% w/v skimmed milk powder) for 5 minutes at 4°C
at a faster rocking speed. Serum was diluted at a 1:500 dilution in wash buffer to result
in 20mls total volume. The diluted serum was poured over the array and incubated for
90 minutes at 4°C. Arrays were then washed with 20mls of wash buffer for 5 minutes
for a total of 5 washes. Alexa fluor 647 goat anti-human IgG (Invitrogen, UK, Cat:
A21445) was diluted 1:2000 in wash buffer and incubated over the array for 90 minutes.
Arrays were washed with 20mls of wash buffer for 5 minutes for a total of 5 washes.
Arrays were then dipped in deionised water 3 times to remove salt and were then dried
by centrifugation at 300 x g for 3 minutes. Scanning was performed using a GenePix
4000B Axon scanned at a wavelength of 647nm. The individual gal file for the array
was downloaded from the invitrogen.com website and overlaid on the ProtoArray TIFF

file image.The gal file was fitted to the image and the resultant gpr file was created.
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2.6.2 ProtoArray Analysis with Prospector

The Invitrogen Prospector software was used to analyse the array results. The gpr
files were opened within the software program and were analysed using the “lmmune

Response Profiling” application.

2.6.3 ProtoArray Pathway Analysis

After performing analysis using Invitrogen Prospector software the significantly reac-
tive proteins (based on z-factor) for each serum sample were saved as ranked lists in
microsoft excel files. These lists of proteins were analysed using the innate database
pathway analysis tool (innatedb.com). The “Data Analysis” tab was selected and ac-
cession numbers were inputted into the web form and uploaded. The column was then
specified as “Cross-reference ID” and the database was selected as “Refseq”. A list of
pathways was selected and the pathway over-representation tool was used to identify
the pathways of interest. The analysis algorithm and p-value correction method se-
lection was performed with recommended algorithms (Hypergeometric) and correction
methods (Benjamini Hochberg). Results were arranged first by corrected p-value (as-
cending), then by number of uploaded genes in annotated pathway (descending). The
generated results were saved as ranked lists in microsoft excel files. All pathways with
a corrected p-value of less than 0.05 was considered significant and was highlighted for

further analysis.

2.7 Statistical Analyses

As outlined in sections 2.3.3and 2.5.1.4 statistical analyses were performed inhouse. In

the case of section 2.3.3 regarding the analysis of the hEx1 arrays, this methodology
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was developed in association with the Centre for Support and Training in Analysis and
Research (CSTAR). Whereas in section 2.5.1.4, this analysis has been used routinely
for microarray analysis within our research group and is used to control for variations
associated with inter and intra array variation.

Regarding sample size calcuation, this was initially performed in association with
Prof. Leslie Daly (University College Dublin), further refinement of sample size was
performed by Dr. John O’Brien in collaboration with Dr. Gloria Crispino and CSTAR.
The sample size calculation is based on the primary analysis, the sensitivity of detecting
a positive case of ovarian cancer. To determine if a panel has any diagnostic ability
beyond chance (i.e. has a sensitivity >50%), the sample size calculation is based on
the minimally acceptable value for sensitivity (true positive rate), which has been set
at 70% with a desirable value of 80%. With 80% power at a two-sided level of 5%,
a sample of 153 cases and at least 153 healthy subjects (at least the same number of
controls as cases) would be sufficient to detect such sensitivity.

In this study, 26 healthy/non remarkable, 28 benign ovarian disease, 34 late stage
ovarian cancer and 20 early stage ovarian cancer were interrogated, giving a total of 108
subject sera that were interrogated. The sample size in this study is relatively small,
in our current data set and the sensitivities and specificities produced for these panels
are descriptive rather than prescriptive. Our aim is to further assess the significance,
specificities and sensitivities of the identified panels using a larger testing cohort. How-
ever, this study serves as an important reference for ongoing work as it interrogates the

ability of differential methodologies to provide the same result.
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Chapter 3

Autoantibody Identification by
hEx1 Array Serum Screening
and Validation

3.1 Introduction

The immune system can recognise and destroy pre-malignant cells, and the immune
system is capable of sensing aberrant location, function and structure of cellular com-
ponents and machinery that may be involved in tumourigenesis. As outlined in the
introduction, autoantibodies are known informative reporters of the immune system
[132]. It has been identified that there is a humoral immune response to tumour as-
sociated antigens and, in some cases (p53), that AAbs to these antigens may arise in
advance of clinically detectable disease. As ovarian cancer is an assymptomatic dis-
ease with no reliable biomarkers, AAb profiling of this disease has the potential to
dramatically improve patient quality of life and survival.

To profile the AAb repertoire of selected subjects, the hEx1 arrays were employed.
Our research group has optimised autoantibody serum profiling and has many years
of experience regarding protein array generation and screening. Access to the hEx1
expression subset of 37,200 E. coli expression clones is one of the main advantages of
this research project. This access allows expression of the same bacterially produced

proteins that are present on the surface of the hEx1 arrays.
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Serum Sample Selection

In this study, the early and late stage ovarian cancer patient sera used were clinically
defined, categorised and diagnosed by a multi-disciplinary team (MDT), as is the gold
standard in cancer care, in St. James’s Hospital, Dublin 8. The MDT uses information
such as tumour invasion and spread - as determined by imaging platforms, and also
histological methodologies which identify morphological changes in cells and the archi-
tectural "pattern" of the cells and their nuclear content (e.g., DNA "ploidy) and also
in some cases p53 mutation status. All serum used in this study was obtained prior to
planned surgery, prior to chemotherapy and/or radiotherapy and all sera was collected
and stored identically. Cancer patient serum was not included in this study if patients
had a previous history of cancer, or if an autoimmune disease had been clinically di-
agnosed. The ovarian cancer serum samples, selected for this work were early and late
stage ovarian cancer. The early stage ovarian cancer patients are of mixed histologies,
the advantage to profiling a hetero-histologicial cohort is that, a biomarker, if identified,
will be very informative, as ovarian cancer, by nature is a very heterogenous disease.
However, a disadvantage is that it may be more difficult to identify an AAb pattern
in a diverse group, than a more homogenous group. As early stage ovarian cancer is a
very rare and heterogenous disease and there are relatively few serum samples available,
it was decided to screen an increased number of heterogenous patients for this study.
The late stage ovarian cancer patients assessed in this study are all serous papillary
histology, this is reflective of disease presentation, as serous papillary is the most com-
mon subtype and typically presents at stage III-IV. It was decided to screen a more
homogenous patient cohort of late stage ovarian cancer patients as numbers of patients
were not an issue for this disease stage.

The selection of control serum samples in this study was very important. Many

studies are now using patients with benign diseases as a control cohort [232], this may
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be a more appropriate control group than “normal” or “healthy” controls, as it is of-
ten very difficult to identify a truely healthy person and subjects from the normal
population may have malignancies or other conditions that have yet to present clin-
ically. In this study serum from healthy subjects, non-remarkable subjects, benign
ovarian disease patients and primary peritoneal carcinoma patients were screened as
control cohorts to determine AAb responses that are specific to ovarian cancer. The
healthy cohort are a commercially available serum cohort purchased from Percision
Med (http://www.precisionmed.com). All patients in this cohort were gender matched.
These samples were from patients that were assured to be healthy and are tracked
over time, serum samples are not released for a period after serum collection to ensure
subject health. Screening of these healthy serum on the hEx1 arrays was performed
by a different researcher in our lab group prior to the start of this project. The non-
remarkable serum cohort was obtained from a group of age matched women from the
general population, these subjects have not been previously diagnosed with malignancy.
The benign ovarian disease subjects were clinically defined, categorised and diagnosed
by the MDT in St. James’s Hospital. Benign patients were selected for AAb serum pro-
filing, as tissue remodelling and damage at the site of the ovarian growth may induce
an autoantibody response. This response needs to be interrogated to ensure it does
not overlap with the tumour AAb profile. As outlined in Section 1.2.1, new findings
have indicated that this may be unlikely, as the benign and malignant growths arise in
different tissues. However, benign patients are still one of the most widely used and
accepted control groups and so were included in this study.

Primary peritoneal carcinoma patient serum was also screened in this study. Pri-
mary peritoneal carcinoma is a cancer of the peritoneal membrane that forms the lining
of the abdominal cavity , this malignancy carries a very poor prognosis, largely due to

lack of symptoms. Patients are managed similarly to late stage ovarian cancer patient
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and like the majority of ovarian carcinomas, primary peritoenal carcinoma has a serous
papillary histology and the peritoneum may also arise from the same mesodermal em-
bryonic origin as the ovaries. As primary peritoneal carcinoma and ovarian cancer may
arise from the same origin, this may result in very similar AAb profiles. Also, due to the
close proximity of the ovaries to the peritoneal membrane, metastasis from the ovary
to the peritoneal lining is very common. Therefore, because of proximity, similar pre-
sentation and histology it was decided to use this disease a control cohort. Peritoneal
cancinoma can be difficult to distinguish from serous papillary ovarian carcinoma and
an autoantibody response that interrogates this may be useful in the clinic for patient
stratification. The primary peritoneal subject sera used in this study was also clinically
defined, categorised and diagnosed by the MDT in St. James’s Hospital. Sera from pri-
mary peritoneal carcinoma patients was screened as a control to determine AAbs that
may be associated with malignant tumours of serous histology that are not exclusive to

ovarian cancer

3.2 Aims

e To use the hEx1 protein arrays to identify autoantibody profiles in healthy and

disease serum.

e To identify autoantibodies that are associated with ovarian cancer.

e To validate the results of hEx1 screening using secondary experimental platforms.
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3.3 Materials and Methods

3.3.1 Serum Samples and hEx1 Array Screening

The hEx1 arrays were used to profile the AAb repertoires of the serum samples indicated
in Table 3.1. A breakdown of these individual serum sample details is outlined in Table
A.1. Five different serum cohorts were screened for this study.

Following serum screening on the hEx1 arrays, array scoring for each individual
serum was carried out as outlined in Section 2.3.2, and two results files for each serum
sample was generated. 148 results files, corresponding to the 74 serum samples screened
were sent to Dr. John O’Brien for analysis.

Table 3.1: Serum for hEx1 array screening

NUMBER OF MEAN
STAGE HisToLoGY
SAMPLES AGE
13 Early OC (I-IT) Mixed Histology 54
S s Papillary
20 Late OC (IIL-1V) L e 63
Adenocarcinoma
5 Priisary Perltonea] Serous Histology 65
Carcinoma '
10 Benign Ovarian Disease Mixed Histology 51
Non-Remarkable - 64
17 Healthy - 67

3.3.2 Selection and Expression of Antigens of Interest

3.3.2.1 Selection of hEx1 Antigens of Interest

The files were sent for statistical analysis to Dr. John O’Brien. Dr John O’Brien de-
veloped the statistical methodology for analysis of the hEx1 array results as outlined
in Section 2.3.3 This analysis was independently analysed, by Dr Tim Grant and Dr.
Gloria Crispino-O’Connell, director of the Centre for Support and Training in Anal-
ysis and Research (CSTAR) and their analysis confirmed and supported the previous

methodology. The top ranked panels of clones identified to be associated with early
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Figure 3.1: Sequence Analysis

This figure shows the results of sequncing anaysis for clone 506 B02. To interrogate the sequence
further the section from the start codon is selected through to the end of the sequence read
and then inputted into the open reading frame finder on the NCBI website. The classical
“AGAGGATCGCATCACCATCACCATCAC” sequence is clearly visible in this image and
this encodes the RGSHgtag.

stage ovarian cancer only, late stage ovarian cancer only, late and early stage ovarian
cancer only, benign ovarian disease and primary peritoneal carcinoma were selected for
further analysis. From these lists of panels, the individual clone identities were collated
into lists of clones of interest. These clones were sequenced and interrogated to identify
clones that express a His-tagged protein product in the +1 ORF. The sequence was se-
lected from the start codon as outlined in Figure 3.1 and ORF analysis was performed

as in Section 2.4.2.

3.3.2.2 Production of hEx1 Antigens of Interest

Clones that expressed a His-tagged protein product in the +1 ORF were picked, grown
and induced for protein expression as in Section 2.4.3. The protein products were
purified as in Section 2.4.4 and five microlitres of each protein was mixed with SDS-

sample loading buffer and boiled for 5 minutes to denature the protein prior to analysis
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by PAGE (Section 2.4.7). Following PAGE analysis the proteins were quantified as in

Section 2.4.5.

3.3.3 Secondary Validation

To analyse the results of hEx1 array screening, secondary validation techniques were
performed. An initial hEx1 protein microarray analysis was performed as a relatively
high-throughput secondary screening methodology. ELISA analysis was also carried out
as an additional secondary screening technique as this platform is used in a diagnostic

setting, which is the ultimate goal of autoantibody profiling.

3.3.3.1 hEx1 Protein Microarray

The hEx1 protein microarrays were generated as in Section 2.5.1.1. Proteins were
diluted to the required concentration with deionised water, enough diluted antigen was
made up to make five master plates from which to spot, hence the same dilutions were
used on each array spotted. Once the master plates were aliquoted, they were stored
short-term at —20°C until use. Four lots of 25 slides were spotted on 4 different days
totalling 100 slides spotted. Twenty five slides were spotted per lot as the Genetix
QArray robotic arm has a relatively short transfer time from the masterplate to the
array, this prevents protein evaporation and improves spotting quality. The layout of

the slides is outlined in Figures 2.4 and 2.5.

Quality Control Analysis

For quality control analysis, one randomly selected slide from each lot was probed
with anti-histidine antibody as outlined in Section 2.5.1.2. The slides were scanned

as outlined in Section 2.5.1.3. The resultant gpr files were sent for analysis to Dr.
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John O’Brien. The normalised mean for each individual hEx1 protein across all 5

anti-histidine probed slides was determined and plotted to identify variation.

hEx1 Protein Microarray Serum Screening

The 73 serum chosen for autoantibody screening on the hEx1 protein microarrays is
outlined in Table 3.2. The breakdown of individual serum is outlined in Table A.4.
The serum was randomly selected for probing on different lots of slides. The serum
was screened as outlined in Section 2.5.1.2 and the slides were scanned as outlined in
Section 2.5.1.3. The resultant gpr files were sent for analysis to Dr. John O’Brien. The
results files were analysed as outlined in Section 2.5.1.4 to identify the reactive antigens
in each serum sample.

Table 3.2: Serum for hEx1 microarray screening

NUMBER OF MEAN
STAGE HisToLOGY
SAMPLES AGE
20 Early OC (I-11) Mixed histology 5
23 Late OC (1II-1V) Mixed histology 61
20 Benign Ovarian Disease Mixed histology 45
15 Non-Remarkable - 64

ELISA Optimisation

ELISA optimisation was performed using antigen coating concentrations of 125ng/well,
62.5ng/well, 31.3ng/well, 15.6ng/well and 7.8ng/well. For optimisation hEx1 p53 pro-
tein, commercial recombinant p53 and hEx1 negative control protein (tenascin) was
probed with a serum sample (Late stage TCDOG 55) that was identified as having
AAbs to p53 by hEx1 array and hEx1 protein microarray. The optimisation ELISAs

were processed as in Section 2.5.3.
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ELISA Processing

ELISA analysis was performed on the overlapping serum that was assessed in the hEx1
array screening (Table 3.1) and the hEx1 protein microarray screening (Table 3.2). The
sera used for ELISA analysis are outlined in Table 3.3. In total six antigens were selected
for ELISA analysis. Three antigens were selected for ELISA analysis as they exhibited
similar binding patterns in hEx1 array and hEx1 protein microarray screening. Two
antigens were selected for ELISA analysis as they exhibited strong binding in hEx1
array platform only, while one antigen was selected as it exhibited strong binding in the
hEx1 protein microarray only.

Table 3.3: Serum for ELISA Analysis

NUMBER OF MEAN
STAGE HisTOoLOGY
SAMPLES AGE
12 Early OC (I-II) Mixed histology 57
S s Papillary
20 Late OC (III-1V) A Al 63
Adenocarcinoma
10 Benign Ovarian Disease Mixed histology 51
9 Non-Remarkable - 64
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3.4 Results

3.4.1 Results of hEx1 Array Screening

Once serum screening has been performed and the hEx1 arrays have been imaged, the
positive signals identified as duplicate spots, can be easily seen as shown in Figure 3.2.

Analysis by Dr. John O’Brien identified the top ranked panels of clones as are
listed as in Table A.2. This table outline the identities of clones in each panel and the
cohort which has been identified to be associated with the panel. Following sequence
analysis of all these bacterial clones only clones with His-tagged protein products in
the +1 ORF, as performed as in Section 2.4.2, were selected for further analysis. The
bacterial clones selected for further analysis are outlined in TableA.2 as highlighted blue
text. Approximately one third of bacterial clones listed in the panels of interest were
identified as not having an insert in the correct open reading frame this is in agreement
with the previous analysis of the hEx1 library [179, 233]. Seventy four bacterial clones

were selected for further investigation.

3.4.2 Assessment of Antigens of Interest

The selected 74 expression clones were assessed using the BLAST program on the NCBI
website. The clone identifier and human protein expression product in the +1 ORF is
listed in Table A.3. Many of these clones are associated with more than one cohort,
for instance, clone 592F05 has been shown to be associated with the benign and the
primary peritoneal cohort. This list of protein products is redundant and many of the
expressed proteins are partial products.

A simple analysis was carried out to identify the serum reactivities for each of the
74 expression clones identified by hEx1 screening. This analysis is outlined in Figure

3.3. The coloured boxes indicate if a patient serum was identified as reactive to an
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Figure 3.2: Image analysis of a screened hEx1 array

This image is of a processed hEx1 array incubated with ovarian cancer serum (part 8). The
duplicate spots are clearly visible around the black guide spots. The grid shows the position
of the antigens and around the black guide spot. In this instance, there is a positive signal

at position 7. Positive signals are then referenced to a master grid and the exact bacterial

expression clone is determined [179].



antigen by hEx1 screening. As detailed in Section 2.3.2 there are three different scoring
intensities for signals on the hEx1 arrays, the strongest intensity is “3” and the weakest
is “17. In the Figure 3.3, the brown colour represents the strongest intensity signal of
“3" with the lightest orange colour representing the weakest signal of “1”. From this
image, it is clear that the most reactive serum cohort for these antigens is the “Late”
stage cohort, this is indicated by a larger proportion of coloured boxes in this section.
The least reactive cohorts, having a lower proportion of boxes are “Peritoneal” and
“Healthy”. This is as expected as the 74 clones were identified and selected to have a
stronger association with ovarian cancer.

After growing the 74 expression clones, the protein products were purified and anal-
ysed by PAGE analysis. The results of PAGE analysis are shown in Figure 3.4. From
PAGE the purity of the proteins could be assessed, from the PAGE images it is clear
that protein expression varied greatly but overall was very successful. PAGE also con-
firmed that the purification methodology worked well as for the majority of proteins
a single clear banding pattern is visible. The mass of the proteins by PAGE analysis
was compared to the mass as determined by sequence analysis (Table A.3). As anti-
gens were sized using two different methodologies, by sequence and by PAGE, there
are some discrepancies for some antigens. This may be due to a number of factors,
such as inhibition of protein migration through the gel as a results of charge or protein
aggregation, both factors will lead to a heavier than expected protein sizing on PAGE
compared to sequence analysis. DNA sequencing was used to determine the identity of
all antigens using the BLAST algorithm, however sizing could not be obtained for all
antigens as in a few cases the sequencing did not maintain sufficient integrity up to a
stop codon.

Protein quantitation identified that 26% of the 74 protein products were below a

concentration of 250ug/ml and hence could not be spotted at this concentration on the
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Figure 3.3: Frequency and intensity of antigenic clones in hEx1 array screened serum

This figure outlines the frequency of AAb detection, and the associated intensity of this binding event on the surface of the Imagene hEx1 array. The light
orange boxes indicate a weaker intensity spot, while the brown boxes indicate a strong intensity spot.
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Figure 3.4: PAGE analysis of 74 antigens of interest

These images of PAGE analysis on the 74 antigens provide information on antigen purity,
antigen expression and sizing. From these PAGE images it is evident that the vast majority
of proteins are expressed well and have a good purity level. In some cases there are multiple
bands that may correspond to the protein of interest. However these proteins were retained
for further analysis without any further preparation to retain the high throughput nature of

this research.
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protein microarrays. The average concentration of the 19 protein products below this

threshold was 111pg/ml

3.4.3 Secondary Validation

3.4.3.1 hEx1 Protein Microarray

Quality Control Analysis

The microarrays were spotted in-house as detailed in Section 2.5.1.1 and to ensure
that the microarray spotted were of reproducible quality and that the generated results
would be reliable, basic quality control analysis was performed.

One slide from each lot of spotted arrays was randomly selected for probing with an
anti-histidine antibody. The anti-histidine antibody binds all the hEx1 proteins spotted
on the arrays as all the hEx1 are his-tagged fusion proteins, as shown in the images
of the screened microarrays in Figure 3.5. Analysis of the anti-histidine probed slides
will determine the quality of the spotting in each lot of arrays and also determine the
reproducibility of the spotting on the slides. The anti-histidine antibody probed slides
were analysed in the same way as the serum screened slides, as outlined in Section
2.5.1.4. Once the 6 normalised values for each of the clones were remaining, the mean
value and standard deviation for individual antigens across all the slides was calculated
and graphed (Figure 3.6). From the analysis of the anti-histidine probed slides it
is evident that there is variation in the fluorescence values for each antigen across
individual lots, however this variation is reasonable, with an average fluorescence per
spot of 1.35, and an average standard deviation of 0.2. Thus, it was determined that the
in-house microarray spotting was reproducible and meaningful data could be obtained
across lots of slides.

An array screen without any primary antibody was also performed to identify any

antigens that may bind the secondary antibody directly or potentially autofluoresce.
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Figure 3.5f shows the result obtained for this screen. There is very little hEx1 antigen
fluorescence evident from this screen, indicating positive signals attained from serum
screening are as a results of AAb recognition in subject serum.

It is evident from Figures 3.5¢ and 3.5f that the array slides spotted at Lot 3 exhibit
three large fluorescent spots in the second field of the arrays. These spots correspond
to the same protein (not a hEx1 protein). It is evident that this protein has spread
out on the surface of the nitrocellulose, the exact reason for this is unknown. However
this is a known disadvantage of using a nitrocellulose array surface [234], this may be
due to changes in humidity during spotting. It only happened for one protein, and is
probably related to the properties of the individual protein. For gal file alignment on
the lot 3 arrays, feature mode was selected and these spots, and any surrounding spots

that were affected by this spreading were not included in analysis.

hEx1 Protein Microarray Serum Screening

Following the assessment of the quality of the protein microarray spotting and confir-
mation that the spotting reproducibility was sufficient, serum screening was performed.
Figure 3.7 shows a subset of images of serum screened hEx1 protein microarrays. The
top signal antigens for each screened serum sample was identified and are outlined in
Figure 3.8. As previous analysis, the coloured boxes indicate if a patient serum was
identified as reactive to an antigen. Although array screening was performed on a
slightly altered serum cohort, the trend of ovarian cancer association does not seem to

be as evident from the results of protein microarray screening.
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(a) Anti-histidine, Lot 1 (b) Anti-histidine, Lot 2 Anti-histidine, Lot 3
Anti-histidine, Lot 4 Anti-histidine, Lot 5 Anti-IgG only, Lot 3

Figure 3.5: Anti-histidine screened hEx1 microarray slides

These figures show the results of anti-histidine antibody screening and anti-IgG antibody
screening only on the hEx1 protein microarrays. The red spots represet Cy5 dye which is
spotted for GAL file alignment, the green spots here identify the binding events which have
been detected using a Cy3 labelled detection antibody. From these images we can see that
there a good and general binding pattern as a result of anti-histidine screening, especially for
the randomised field 2 printed on the lower half of the images. Notably, a subset of arrays
printed in lot three show protein spreading for one protein in field 2. This may be due to a
change in conditions, however, spreading of spotted proteins is known to be associated with

nitrocellulose surface chemistry.
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Figure 3.6: Quality control and reproducibility analysis of hEx1 microarrays

This analysis identifies the flourescence variation of the individual clones across the different
lots of slides spotted. Variation is noted across the lots of slides, however for an in-house
spotted microarray this variation is relatively small, the variation noted was considered to be
acceptible. Notably, the antigen corresponding to clone 575J16 has a very low mean value
compared to other values. From the results of PAGE and quantitaion analysis there is little
or no antigen present in this sample. Although it was included as an undiluted sample for
microarray spotting, as mean signal for this antigen is very different from the others it was
concluded that there was little or no protein present.

Comparative Analysis of hEx1 Array and hEx1 Microarray Analysis for 74
Antigens

Both the hEx1 arrays and the hEx1 protein microarray platforms differ greatly in their
surface chemistry and antigen purity, however as hEx1 antigens are used in both array
platforms it was expected that there would be a large overlap between the platforms. In
particular where there was a strong signal (intensity 3) to an antigen in the hEx1 array
platform, it was assumed that there would also be a strong signal to an antigen on the
protein microarrays. The results of hEx1 array serum screening and hEx1 microarray
serum screening were compared to assess the different AAb patterns identified in both
platforms, this analysis is outline in Figure 3.9. This image is an overlap figure of Fig-
ure 3.3 and Figure 3.8 for common serum samples screened on both array platforms.
As previous, the different shades of orange/brown boxes represent the positive identifi-

cation of an AAb response by hEx1 arrays screening, while the green boxes represent
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(a) Late serum 55 (b) Benign serum 147

(c) Benign serum 151 (d) Non-remarkable serum N8

Figure 3.7: Selection of serum screened hEx1 microarray slides

Shown in this figure are images of hEx1 protein microarrays screened with human serum. The
red Cyb spots used for gal file alignment are clearly seen and positive recognition of hEx1
proteins by AAbs in serum are indicated by the positive green Cy3 signals.
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the positive identification of an AAb response by hEx1 protein microarray screening.
The blue boxes represent the identification of an AAb response by both of the array
platforms.

From Figure 3.9 it is clear that there is a modest overlap in AAb identification
between the two array platforms. The majority of AAb identified as common to both
platforms are identified predominantly in the late stage cohort of ovarian cancer pa-
tients, disappointingly there are very few AAb that were identified in both platforms in
the early stage ovarian cancer cohort. From reviewing Figure 3.9 it is clear that AAb
identification may be platform associated as AAbs to some antigens are identified in the
majority of the serum screened. This seems to be the case for the hEx1 array in partic-
ular. However, these antigens may be associated with the natural AAb profile, as it is
known that there is an autoantibody response that arises in normal individuals in the
absence of deliberate immunization with any antigen [235, 116]. Hence it is predicted
that AAbs to antigens will be identified that are common to numerous individuals across

all cohorts, these autoantibodies may be part of the natural autoantibody repertoire.

3.4.3.2 ELISA Analysis

ELISA has a relatively high throughput compared to other assay formats and is clinically
relevant. AAb detection using an indirect (reverse-phase) ELISA has been used in
previous AAb studies [230, 236, 237]. Antigens that are identified as immunoreactive
in patient serum in both of these platforms and also antigens that seemed to be biased
towards one of the array platforms were investigated by ELISA analysis. An ELISA
format was selected for antigen validation at this stage as this is the classical 'gold
standard’ diagnostic platform.

In total six antigens were assessed by ELISA. Three of these antigens exhibited

similar binding patterns in hEx1 array and hEx1 protein microarray screening, these
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Figure 3.9: Comparison of positives identified using different array platforms

This figure is a comparative analysis of Figure 3.3 and Figure 3.8. The increasing intensities of
orange squares reflect the increasing intensity associated with antigen binding of AAbs on the
surface of the hEx1 array. The green squares reflect antigens that bound AAbs and ellicited
a fluorescence that was greater than the average fluorescence plus two standard deviations on
the surface of the hEx1l protein microarray. The overlap between these two experiments is
identified as blue boxes.
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antigens were selected as they were thought to be relatively straightforwardly adapted
into an ELISA format. Two antigens were selected for ELISA analysis as they exhibited
strong binding in the hEx1 array platform only, while one antigen was selected as it
exhibited strong binding in the hEx1 protein microarray only. Figure 3.10 is a adapted
from Figure 3.9 and outlines the AAb

The six antigens selected for further ELISA analysis were p53, FAM161A, complexin
1, myosin light chain 6B, DBB/CUL4 asasociated factor 6 and BACH2. As outlined
previously (Sections 1.1.1, 1.7.1) p53 is a very well known cancer associated protein, as
are the AAbs to the p53 protein. The identification of AAbs to p53 in this study is
an important finding as this gives strength and credence to the method of antigen and
AAD identification.

Many of the other antigens of interest identified in this study also show potential to
be cancer or disease associated. The FAM161A protein has not been associated with
cancer previously, however it is implicated in a retinitis pigmentosa subtype [238. 239|.
High levels of this protein are expressed in highest levels in the retina and also in the
testis. The FAM161A protein is a very novel protein and AAbs to this protein have not
been characterised.

Complexin 1 is involved in the Soluble N-ethylmaleimide-sensitive factor attach-
ment protein receptor (SNARE) complex in vesicle exocytosis, this protein is mainly
expressed in the hippocampus and cerebellum, however it is also expressed in the pan-
creatic beta-cells where it is involved in insulin secretion [240]. The complexin 1 gene
(CPLX1) is differentially expressed in an ovarian cancer cell line [241] and has been
identified as loosely cancer associated in one study [242]. Our study is the first study
in which AAbs to complexin 1 have been characterised.

Myosin light chain 6B (MYL6B) is the regulatory light chain of myosin that does

not bind calcium. This protein has been implicated in different cancers [243, 244, 245],
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however this protein has not been implicated in ovarian cancer. In a recent study of
lung cancer patients, higher expression of MYL6B was noted compared to controls, the
same research group are also continuing with work to identify AAbs to MYL6B in the
serum of lung cancer patients [246].

The DBB/CUL4 associated factor 6 (DCAF6) is a nuclear protein known to interact
with the androgen receptor, this protein is highly expressed in skeletal muscle and in
the testis [247, 248]. This protein has been implicated in oncogenic pathways in cancers
such as prostate, [249|, cervical [250] and has been identified in ovarian cancer patient
tissue [248].

Transcriptional regulator BACH2 is a B-cell specific protein that is critical for class
switch recombination to induce secretion of different antibody classes [251]. BACH2 has
also been shown to act as a transcriptional repressor to induce cell death upon oxidative
stress and to act as a negative regulator of cell proliferation [252]. The BACH2 gene
has been to identified to be of interest in various malignancies [253, 254, 255, including

ovarian [65, 256].

ELISA Optimisation

As optimization is an extremely important part of assay development, a commercial
p53 protein which is a full length, wild-type recombinant protein that has been purified
and refolded was used as a positive control. As the autoimmune response ellicted is
polyclonal, the wild-type p53 protein acts as a good antigen for immunoreactive serum.
The mutated hotspots of the p53 protein are near the N and C terminals [257, 258]
studies have shown that patients that exhibit AAbs to p53, mainly generate AAbs to
the non mutated regions . Hence, it is determined that the increased half-life of p53
gives rise to its immunogenicity [259, 260, 261]). For this reason, the wild-type protein

was selected as a positive control, which was needed for a reference for the optimization
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steps to ensure optimal binding of the AAbs in serum.

From reading the published literature on development of an ELISA to identify AAb
profiles in patient serum, there is much variation in the parameters used, for instance
antigen concentration and serum dilution vary massively. Some studies have used a
very low antigen coating concentration per well, less than 0.005 nanograms of antigen
[262], while other studies use a high concentrations of 250 nanograms of antigen per
well [263].

ELISA optimization was performed to determine the optimum antigen coating con-
centration. The results of antigen coating optimisation are shown in Figure 3.11. From
this image it is evident that there is a very good similarity between the two different p53
proteins. From this experiment, the antigen coating concentration was determined to
be 50 nanograms per well, this results in a strongly positive signal but is not a maximal
signal. Also, the hEx1 negative control protein does not exhibit binding of AAbs in
serum. From this experiment it was determined that the hEx1 negative control protein

was suitable for use as a negative control.

p53 Antigen ELISA

Cellular tumour antigen p53 (p53) is a tumour suppressor gene which regulates the cell
cycle and plays an important role in DNA repair, as detailed in Section 1.1.1. This
is one of the best characterised tumour suppressor proteins and also one of the best
characterised proteins that elicit an immune response in cancer patients [142, 143, 202,
264, 265]. A number of studies have demonstrated that the half-life of mutated p53
(several hours) is markedly increased compared to wild-type (several minutes) which
may result in its accumulation in the cell nucleus and the accumulation of protein
rather than the mutations has been suggested as the immunogenic trigger that results

in autoantibody generation [266]. Anti-p53 antibodies are found in cancer patients with
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Figure 3.11: ELISA optimisation analysis

The antigen coating concentration is determined using the commercial p53 protein (indicated
in blue) as a reference, the hEx1 p53 product (red) is identified as having a similar reactivity
compared to the commercial protein. A negative protein, which is also a hEx1 expressed and
purified protein is also included to identify any potential reactivity to E-coli proteins as a
negative control.
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a specificity of 96%, however, the sensitivity of anti-p53 antibodies for cancer is only
30% [143], the frequency and utility of AAbs to p53 have been outlined in Section 1.5.2.
AAbs to p53 have also been determined and interrogated in ovarian cancer patients,
details on some of the more relevant studies are discussed in Section 1.7.1.

As mentioned, p5H3 was selected for further analysis using the ELISA platform. AAbs
to p53 were identified in 5/20 late stage ovarian cancer patients by hEx1 array screening
and 4/20 late stage ovarian cancer patients in protein microarray screening. Hence, 4/20
late stage ovarian cancer patient sera were identified to have AAbs to p53 in both array
platforms. The results of hEx1 p53 ELISA analysis are shown in Figure 3.12, from this
image it is clear that the same 4 late stage serum are reactive to the p53 protein. All
of the p53 immunoreactive serum are in the late stage serum cohort which are all high
grade serous papillary adenocarcinomas. This finding confirms previously published
results where AAbs to p53 are associated with type II ovarian tumours [79, 208|, our
findings indicate that AAbs to p53 are found in 20% of late stage ovarian carcinoma
patients using all three methodologies. From Figure 3.10 we can also see that AAbs to
p53 are identified by both array formats (indicated with blue boxes), therefore we can
confirm that the AAb response induced to p53 is robust and has been validated in three
different platforms to be present in the same serum samples. The results of this p53
ELISA also show a clear AAb response to p53, in this platform there is a clear qualitive
difference between the serum that are definitively positive for AAbs to p53 and those

that are definitively negative.
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547G19 —p53

Serum sample

Figure 3.12: hEx1 p53 ELISA analysis

In this figure the hEx1 p53 absorbance values are indicated as blue columns, another hEx1
protein expressed, purified and normalised in the same manner, identified as tenascin protein
was included as a negative control. The absorbance values for this negative control protein are
indicated as purple columns. The error bars in this figure are representative of the standard
deviation attained from duplicate wells in this experiment.

Additional Antigen ELISA

The ELISA protocol was optimised primarily using the hEx1 p53 protein and a com-
merial recombinant p53 protein (Section 3.4.3.2), however, other hEx1 antigens were
also interrogated in the ELISA optimisation stage and the conditions were confirmed
to be suitable for these antigens also. Following the confirmation and validation of the
p53 ELISAs that identified AAbs to ph3 in late stage ovarian cancer patients ELISA
analysis was performed on the remaining five antigens selected for further investigation.
As with the p53 protein, 2 of these selected 5 antigens were shown to have a good over-
lap between the two different array formats and were hence expected to be robust AAb
markers.

FAMI161A protein (592F05) was identified from Figure 3.10 to show a good overlap
between the two array formats, although this was thought to identify a robust profile
this results was not replicated in the ELISA platform. For this antigen 8 of 51 sera were
identified to have AAbs using both hEx1 array screening platforms. However from the

results of ELISA analysis the results are unclear. The ELISA results do not identify
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any definitive positive results indicating AAbs in serum. Although serum samples 63,
34 and 87 are just above the cut-off threshold, the high absorbance readings of the
corresponding negative control protein indicates that these are not true positives. There
seems to be only one positive AAb response identified in serum sample 120. This value
is above the threshold and the corresponding negative control has a lower value. AAbs
in this serum sample were also identified in the hEx1 array and protein microarray

platform.

592F 05 - Protein FAM161A
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Figure 3.13: hEx1 FAM161A ELISA analysis

In this figure the hEx1 FAM161A absorbance values are indicated as blue columns. The
absorbance values for a negative control protein (details outlined in 3.12) are indicated as
purple columns. The error bars in this figure are representative of the standard deviation
attained from duplicate wells in this experiment.

AAbs to DDB1 and CUL4 associated factor 6 (549G08) were identified by both
array formats also, for this antigen 5 of the 51 sera were identified to have AAbs in
both array platforms. From the results of ELISA analysis (Figure 3.14) there are two
serum that are identified as immunoreactive to this antigen (Late 36, 120). These two
immunoreactive serum were identified as such by both of the array platforms. Two
additional serum also appear to have borderline immunoreactivity (Non-remarkable
serum N) and late serum 189). Both of these serum are not above the predetermined

ELISA cut-off, however sample AAbs to this antigen were identified in sample N5 by

hEx1 array screening only, while AAbs were identified in sample 189 by both array



screening platforms.

549G08 - DDB1 and CUL4 associated factor 6
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Figure 3.14: hEx1 DDB1 and CUL4 associated factor 6 ELISA analysis

In this figure the hEx1 DDB1 and CUL4 associated factor 6 absorbance values are indicated
as blue columns. The absorbance values for a negative control protein (details outlined in
3.12) are indicated as purple columns. The error bars in this figure are representative of the
standard deviation attained from duplicate wells in this experiment.

AAbs to the complexin 1 (528A14) protein was identified in patient serum by the
hEx1 array primarily (11 AAb positive serum of varying intensity, in 51 screened sam-
ples), however, additional serum samples exhibited reactivity using the hEx1 protein
microarray platform (2 AAb positive serum of 51). The results of ELISA analysis,
shown in Figure 3.15, indicate that 4 of the 51 serum are positive for AAbs to com-
plexin. Of the 4 immunoreactive serum identifiedby ELISA, one serum (non-remarkable
- N3) was not previously identified as immunoreactive by either of the array screens.
From ELISA, two sera (Early 39 and 257) of the four immunoreactive sera were identi-
fied to be immunoreactive on the Imagenes hEx1 arrays, while the remaining one serum
of the four ELISA identified immunoreactive sera was identified to be immunoreactive
on the in-house hEx1 protein microarrays. From reviewing Figure 3.15, two additional
serum also appear to have borderline immunoreactivity, (Non-remarkable N2 and Late

15). No previous screens identified AAbs to this antigen in serum N2, while AAbs were

identified in late stage serum 15 using hEx1 array screening.
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528A14 - Complexin 1

Serum sample

Figure 3.15: hEx1 Complexin 1 ELISA analysis

In this figure the hEx1 complexin 1 absorbance values are indicated as blue columns. The
absorbance values for a negative control protein (details outlined in 3.12) are indicated as
purple columns. The error bars in this figure are representative of the standard deviation
attained from duplicate wells in this experiment.

AAbs to the myosin light chain 6B (541H09) protein were identified in patient serum
by the hEx1 array primarily, (30 AAb positive serum in 51 screened serum samples).
However, only one serum sample was identifed as immunoreative to this antigen using
the in-house hEx1 protein microarray. This single serum sample was identified by both
array platforms. As with previous ELISAs, the ELISA results for this antigen are not
clear as there are no definitive positives. Although serum samples 22, 63, 34 and 87
are just above the cut-off threshold, the high absorbance readings of the corresponding
negative control protein indicates that these are not true positives. There seems to
be only one positive AAb response identified in serum sample 147 (Figure 3.16). This
value is above the threshold and the corresponding negative control has a lower value.
AAbs to this antigen in this serum sample were identified in the hEx1 array and protein
microarray platform. No serum samples appear to have borderline immunoreactivity
to this antigen as the absorbance values for the negative control and the test antigen

are very similar.
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541H09 — Myosin light chain 68
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Figure 3.16: hEx1 Myosin light chain 6B ELISA analysis

In this figure the hEx1 myosin light chain 6B protein absorbance values are indicated as blue
columns. The absorbance values for a negative control protein (details outlined in 3.12) are
indicated as purple columns. The error bars in this figure are representative of the standard
deviation attained from duplicate wells in this experiment.

AAbs to transcription regulator BACH2 (592J02) were identified predominantly
using the in-house hEx1 protein microarray. However, the results of the hEx1 array
screening could not be replicated in the ELISA format for this antigen. As with previous
ELISAs, the results for this antigen are not clear as there are no definitive positives
(Figure 3.17). Although serum samples 22, 63, 34 and 87 are just above the cut-off
threshold, the high absorbance readings of the corresponding negative control protein
indicates that these are not true positives. This ELISA analysis did not detect AAbs

to this antigen in any of the serum samples screened.
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Figure 3.17: hEx1 transcription regulator BACH2 ELISA analysis

In this figure the hEx1 transcription regulator protein BACH2 absorbance values are indicated
as blue columns. The absorbance values for a negative control protein (details outlined in
3.12) are indicated as purple columns. The error bars in this figure are representative of the
standard deviation attained from duplicate wells in this experiment.

From the ELISA results it is clear that AAbs against p53 perform far better than
any of the other AAbs to the antigens tested. The p53 ELISA results clearly indicate
definite positive serum with AAbs to p53 and the remaining serum are definitively
negative. From the results of the p53 ELISA outlined in Section 3.4.3.2 it is clear that
there is a strong AAb response in 20% of late stage ovarian cancer patients. The p53
AAb response was the most consistent AAb response and was identified in 4 of 20 late
stage ovarian cancer patient serum in all three platforms tested.

Outlined is Section 3.4.3.2 are the ELISA results of the other 5 antigens of interest.
The complexin 1 ELISA seems to identify definitive positive and negative results, from
these results AAbs to this antigen are present in a non-remarkable patient, a benign
patient and two early stage ovarian cancer patients. This seems to discredit AAbs
to this antigens being interrogated further as they are present in the same number of
non-malignant serum as malignant serum. The ELISA results for FAM161A protein
indicate that AAbs to this antigen are present in one late stage ovarian cancer patient
serum. As this AAb response is limited to only one ovarian cancer patient serum of the

32 ovarian cancer patient serum interogated by ELISA it is very unlikely that AAbs
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are ovarian cancer associated. The ELISA results for determination of AAbs to DDB1
and CULA4 associated factor 6 are difficult to discern. i.e. it is difficult to identify which
serum are definitively negative and which are definitively positive. However, there are
two positives identified using the ELISA cut-off (late stage serum 36 and 120) and
one borderline positive (late stage serum 189). This may show potential as AAbs to
this antigen are only identified in the late stage ovarian cancer samples, however from
reviewing Figure 3.14, there seems to be an AAb response in a non-remarkable serum
(N5). Although this response was not above the cut-off value, the absorbance difference
between the antigen coated wells and the negative protein coated wells indicate the
potential immunoreactivity of this serum to DDB1 and CUL4 associated factor 6. AAbs
to this antigen may be of interest however the difficulty in distinguishing positive from
negative sera will need to be addressed first. The ELISA results for myosin light chain
6B and transcription regulator protein BACH2 do not indicate an AAb response in any
of the ovarian cancer patient serum sampled by ELISA. These antigens do not warrant
further interrogation.

The ELISA results shown in Figures 3.12-3.17, are not easy to define and the ’cut-
off’, indicated by a horizontal line is not an ideal reference for some of the assayed
antigens. The cut-off value was equal to the mean absorbance values (absorbance values
for all serum for tested antigen and negative protein) plus two standard deviations.
Previous, to the employment of this method of determining the cut-off value a two
sample t-test was used to compare the absorbance values of the tested antigen to the
negative protein for a single serum sample. However, due to the very small standard
deviations associated with this method, this statistical analysis identified the majority of
comparisons as positive results, this did not match previously published results and was
not used for determination of reactivity in serum. The method used (mean+2 standard

deviations) is the general method of determining positive ELISA results and is relatively
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standard. The limitations of cut-off determination may be due to different factors such
as the concentration of AAbs in the various patient serum, which may range from
5.5mg/ml to 22 mg/ml of IgG. Initially the total IgG concentration of patient serum
was interrogated, however this was very problematic due to the large dilution factors
used in performing the assay, leading to large variations between results. At this stage
of validation the main focus is on qualitative analysis, hence it was determined that
all serum samples should be used at a standard dilution. This is also favourable for a
diagnostic assay as it results in less expense and quicker assay processing.

Notably serum samples 22, 63, 34 and 87 were frequently above the cut-off threshold
and although these serum had high absorbance readings for nearly all antigens, they
also had high absorbance readings for the corresponding negative control protein. This
indicates that these samples are reactive serum and may have increased reactivity to
bacterial proteins which are present in the hEx1 protein products. The differences
in serum reactivity and binding has been noticed throughout this work with different
serum samples exhibiting different background binding. This is the reason a hEx1
protein which was expressed and purified in the same way as the test antigens was

included in the protein microarray and in ELISA.
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3.5 Discussion

The ultimate aim of autoantibody serum screening is to identify biomarkers of disease.
To achieve this goal, AAb profiles identified by protein array screening need to be
relatively easily adapted into an ELISA or other widely used clinical assay format. The
results of the above serum screening on hEx1 arrays and the secondary investigation
by hEx1 protein microarray and ELISA indicate that AAb responses to antigens are
identified with different frequencies in different platforms. The two array platforms
used in this research are very different. The hEx1 arrays are commercially made arrays
subject to rigorous quality control testing and comprised of over-expression bacterial
cell lysates on PVDF membranes. The in-house hEx1 protein microarrays are spotted
purified and normalised human proteins on a nitrocellulose pad and are not subject
to rigourous commercial quality control production. Although both of these array
platforms comprise of hEx1 proteins, there are many differences between the arrays
which may result in differential AAb binding and rectivity profiles. However, there was
a small number of overlapping AAbs identified in serum by both array formats. From
investigating the overlaps between platforms it was identified that AAb responses to
antigens in both of the hEx1 array platforms are more likely to be robust AAb responses
and have increased likelyhood to be validated in an ELISA format. This was the case
for p53 AAbs which were identified in the same patients by both array platforms.
From the ELISA results it is clear that AAbs against p53 perform far better than
any of the other 5 antigen/AAb responses tested. Autoantibodies to the p53 antigen
were identified in ovarian cancer patients with a frequency similar to published data
[143, 203, 204]|. However the results of the remaining antigens seems to discredit AAbs
to these antigens being interrogated further, as they are present in equal numbers of
non-malignant serum as malignant serum. This finding highlights the importance of a

high-throughput secondary screening methodology to identify the most likely candidates
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for further investigation.

3.6 Conclusion

As outlined in the aims of this chapter, the hEx1 protein arrays were used to iden-
tify autoantibodies to antigens in non-remarkable, benign and ovarian cancer patient
serum. Using secondary methodologies, protein microarray and ELISA, AAbs to p53
were identified in 20% of late stage ovarian cancer patient serum. This AAb response
was the only consistent response and was identified in all three platforms used for AAb
assessment. Five other AAb responses were also identified to be of potential interest,
however they were not consistent in all platforms. AAbs to these antigens did not
validate as ovarian cancer associated by ELISA. Although, autoantibodies were identi-
fied using this methodology, further refinement is needed to identify antigens that have
a more robust profile in the discovery platform compared to the end-stage platform,

ELISA.
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Chapter 4

Identification of Robust
Autoantibody Responses and
Validation in Additional Patient
Serum.

4.1 Introduction

This research aims to uncover a robust autoantibody profile associated with ovarian
cancer that can be consistently adapted into other platforms. From the previous chapter
it is clear that there is variation between the results of the hEx1 array screening, hEx1
microarray screening and ELISA analysis. The differences between the platforms, for
the same serum samples needed to be interrogated further to improve identification of
AAD responses that will validate in an ELISA format.

In an attempt to identify a cohort of highly reproducible autoantibodies an amended
protocol for hEx1 array screening was developed, this protocol has extremely rigourous
blocking and washing steps. The increased rigour of this protocol was developed to
decrease the number of false positives identified in this platform, meaning that any
positives on the array would have an increased likelyhood of being robust in other
platforms. This amended array screening using more rigourous screening methodology

was performed with pooled serum.
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Serum pooling has been used in many biomarker discovery platforms and AAb
profiling studies have also been performed using pooled and non-pooled serum. Some
studies have indicated that screening of pooled serum needs to be undertaken with
caution [174, 173|. This is because high titres of antibodies, to a particular antigen
in one patient serum may bias the results of the entire pooled batch of sera. Low
titres of antibodies to a particular antigen in the majority of patient sera may be
masked by high titres of antibodies in a single patient serum. However, other studies
have indicated that screening of pooled serum has numerous benefits and is a viable
method of serum screening [267, 268]. Biomarker discovery is a very costly part of
biomarker identification and serum pooling can serve to reduce costs while improving
statistical power (by screening larger patient numbers), if performed correctly. In this
study, pooled serum screening was performed with a view to enrich and strengthen the
results of the individual serum screening to identify the most robust antigens for further

validation.

4.2 Aims

e To identify robust autoantibody profiles associated with ovarian cancer.

e To validate these profiles using secondary experimental platforms in an additional

cohort of ovarian cancer patient serum.
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4.3 Materials and Methods

4.3.1 Pooled Serum Screening on hEx1 Arrays

4.3.1.1 Serum Selection

Three serum cohorts were used for pooled screening, the sera are outlined in Table
4.1. A subset of 4 early stage ovarian cancer sera were used from the larger cohort
of 13 early stage ovarian cancer patients. Only four sera were selected here as these
early stage ovarian cancer serum were all of the same histology, this was performed to
limit variation that may arise as a results of differential AAbs responses due to various
malignant ovarian histologies. An increased number of non-remarkable controls were
used for pooled serum screening. The 20 late stage ovarian cancer patient sera are the
same sera that have been used in previous hEx1 array screens.

Table 4.1: hEx1 screened pooled serum

NUMBER OF MEAN
STAGE HisToLOGY
SAMPLES AGE
I Serous Papillary
4 Early OC (I-T) Sroud EApIEany 65
Adenocarcinoma
s « 1 arIr
20 Late OC (III-IV) Serous Papillary 63
- i\:ienocarcmoma
15 Non-Remarkable = 64

4.3.1.2 hEx1 Array Screening Using Pooled Serum

As for previous hEx1 array screening detailed in Section 2.3.1, arrays were activated,
rinsed in dH»O and bacterial colonies were removed. Arrays were washed in TBS-T-

% w /v skimmed

T and TBS-T as previous. The arrays were blocked for 2 hours in 5
milk powder in TBS-T (150mM NaCl, 10 mM Tris-HCL pH 7.5, 0.05% v /v Tween 20).
Serum was thawed on ice and 20ul of each serum was added to a 50ml tube. The

sera was diluted in 5% milk TBS-T to a final volume of 20mls. This ensured that all

sera was diluted to 1:1000 dilution factor. The arrays were then incubated overnight
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as outlined in Section 2.3.1.The arrays were washed 3 times for 30 minutes in TBS-T.
Monoclonal mouse anti-human IgG (Sigma Aldrich, UK, Cat no: 16260) was diluted
1:5000 in 5% w/v milk TBS-T, and the arrays were incubated with the antibody for 1
hour at room temperature on a slow rocker. The arrays were then washed 3 times, each
for 30 minutes in TBS-T. Polyclonal goat anti-mouse alkaline-phosphatase conjugate
IgG (Sigma Aldrich, UK, Cat no: A1418) was also diluted 1:5000 in 5% w/v milk
TBS-T. Arrays were incubated with the antibody for 1 hour at room temperature. The
arrays were then washed twice in TBS-T for 30 minutes and once in TBS for 20 minutes.
The arrays were equilibrated in attophos buffer and substrate, then imaged as outlined

in Section 2.3.1 and scored as outlined in Section 2.3.2.

4.3.2 Selection and Expression of Antigens of Interest

A simple analysis was performed to identify antigenic bacterial clones that were im-
munoreactive in the ovarian cancer cohort only. Expression clones that were identified
to be immunogenic in ovarian cancer sera and not in the non-remarkable sera, as de-
termined by the individual serum screening performed in Section 3.3.1, were collated.
Expression clones that were identified to be immunogenic in the pooled ovarian cancer
sera and not in the non-remarkable pooled sera (Outlined in Section 4.3.1), were also
collated. The expression products of the collated lists of clones were determined (as
outlined in Section 2.4.2) and antigens that were present in both lists were selected for
further investigation.

The bacterial clones which express these antigens were identified and the corre-
sponding bacterial clones were picked and induced for protein expression as outlined in
Section 2.4.3. Proteins were purified, analysed by PAGE analysis and quantified as in

Sections 2.4.4, 2.4.7 and 2.4.5.
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4.3.3 Secondary Validation

4.3.3.1 Western Immunoblotting

Commercial recombinant p53 Western Blot Analysis

SDS-gels were loaded with 200ng/well or 50ng/well of commercial recombinant p53
protein and electrophoresed. The proteins on the gel were transferred to a PVDF
membrane at 100 volts for 1 hour. The blot was rinsed in TBS-T (150mM NaCl, 10mM
Tris-HC1 pH 7.5, 0.05% v/v Tween), then blocked in 5% milk-TBS-T for 1 hour at
room temperature. The blots were then incubated in human serum. Serum was diluted
(1:870 dilution for 200ng/lane blots or 1:100 dilution for 50ng/lane blots) in 10ml 2%
milk-TBS-T blots were incubated overnight on slow rock at RT. The blots were washed
3 times for 10min in TBS-T and then incubated in mouse anti-human antibody at a
1:5000 dilution in 10ml 2% milk TBS-T for 1 hour. The blots were washed 2 times for
10 min in TBS-T and once for 10 min in TBS.

To compare effect of different imaging approaches a standard horseradish peroxidise
detection with chemiluminescence and X-ray film was also used for some Western blots
to compare to results obtained with alkaline phosphatase/attophos detection. For this
a Mouse anti-human Fc spec IgG HRP-conjugate antibody was used as a detection

antibody after the serum incubation step (Figure B.2).

hEx1 Protein Western Blot Analysis

These blots were as per previous blot with the following exceptions: SDS-gels were
loaded with 500ng /well of protein and electrophoresed. Serum was diluted 1:100 dilution
for the hEx1 proteins identified to be immunogenic in . Blots were incubated for 2 hours
in serum. The blot was washed 3 times for 10 min in TBS-T and then incubated in
goat anti-human Fc¢ AP conjugate antibody (Sigma Aldrich, UK, Cat no: A1418) at a

1:5000 dilution in 10ml 2% milk TBS-T for 1 hour. Blot was washed 2 times for 10 min
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in TBS-T and once for 10 min in TBS. The blot was then treated with attophos buffer

and substrate and imaged as in Section 2.5.2.

4.3.3.2 ELISA Analysis

ELISA coating concentrations of 50ng/well and 100ng/well were compared using the
commercial p53 protein. For coating of hEx1 antigens 50ng/well concentrations were

used. ELISA analysis was performed as per 2.5.3.

4.3.3.3 Extended Serum Cohort

The additional serum cohorts selected for validation was a cohort of late stage serous
papillary ovarian cancer patient sera, and a cohort of benign ovarian disease (of vari-
ous histology) patient sera, as with all other sera, these sera were obtained from the
Discovary Bioresource. The details of the sera are outlined in Table 4.2.

Table 4.2: Additional seum cohort

NUMBER OF MEAN
STAGE HisToLOoGY
SAMPLES AGE
28 Benign Mixed Histology 48
14 Late OC (III-1V) serolis Bapillacy 62
Adenocarcmoma
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4.4 Results

4.4.1 Results and Overlap of hEx1 Array Serum Screening

Expression products that were identified to be immunogenic in the ovarian cancer co-
hort sera and not in the non-remarkable sera, as determined by the individual serum
screening are listed in Table B.1. Expression products that were identified to be im-
munogenic in the pooled ovarian cancer sera and not in the non-remarkable pooled sera
are listed in Table B.2. Three antigens were identified to be present in both lists. These
antigens were pb3, adducin alpha and endosulfine alpha (Outlined in Table 4.3). These
antigens were postulated to be highly immunoreactive, with a high AAb titre in late
stage ovarian cancer serum and hence had good promise as robust AAb indicators and
were selected for further interrogation using secondary methods.
Table 4.3: Overlap from hEx1 screening methods
Three antigens were identified in both hEx1 screening methods. These three antigens are of

particular importance as they represent strong reactivity in patient serum and are also specific
to the cancer cohort.

Cellular tumour antigen p53

Adducin alpha

Endosulfine alpha

Following identification of the three antigens associated with the ovarian cancer
cohort, an analysis was performed to determine the proportion of patients with AAbs
to the antigens in each cohort as identified by hEx1 array screening. The results of this
analysis is outlined in Table 4.4. hEx1 array screening identified AAbs to p53 in 25%
of late stage ovarian cancer patients, AAbs to p53 were not identified in early ovarian
cancer patients or the non-remarkable controls. hEx1 array screening also identified
AAbs to adducin alpha in 15% of late stage ovarian cancer patients, 23% of early
stage ovarian cancer patients. AAbs to adducin alpha were not identified in the non-
remarkable control sera. hEx1 array screening also identified AAbs to endosulfine alpha

in 20% of late stage ovarian cancer patients and AAbs to endosulfine alpha were not
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Figure 4.1: Serum recogniton of antigens of interest
Shown here are immunoreactive late stage ovarian cancer serum 71, 37 and 35 and the positive
signals resulting from AAb binding to the hEx1 expression clones for p53, adducin alpha and
endosulfine alpha respectively. The antigen spotting panel is outlined below the hEx1 array

images. This layout is used for hEx1 array scoring of postive antigen signals.

identified in early ovarian cancer patients or the non-remarkable control sera.

4.4.2 Assessment of Overlap Antigens

After growing of the 3 expression clones and the negative hEx1 control protein, the
protein products were purified and analysed by PAGE analysis. The results of PAGE

analysis are shown in Figure 4.2. From PAGE the purity of the proteins could be

Table 4.4: Frequency of Autoantibodies Identified by hEx1 Array Screening

This table outlines the numbers of subjects that were identified as having AAbs to the relevant
antigens in each cohort as determined by hEx1 array screening. Notably, from hEx1 array
screening none of these antigens were identifed as reactive to AAbs in non-remarkable subjects.

LaTe OC ’ EarLy OC NoN REMARKABLE l
p53 5/20 (25%) 0/13 (0%) 0/15 (0%)
Adducin alpha 3/20 (15%) 3/13 (23%) 0/15 (0%)
Endosulfine alpha | 1/20 (20%) 0/13 (0%) 0/15 (0%)
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Table 4.5: Protein sizing by sequence for antigens and negative protein

ENSA | ADD1 NEG TP53
sizing by sequence | 19 kDa | 39 kDa | 39 kDa | 28 kDa

130 kDa
70 kDa
55 kDa
-
35 kDa
25 kDa
v
15 kDa
1 2 3 4
g .2
< o = @
2 3 & 38
w o )
< z

Figure 4.2: PAGE analysis of three antigens and negative protein

assessed, from the PAGE images it is clear that protein purification was quite successful.
The antigens were all assessed by sequence and by PAGE analysis to determine protein
molecular weight, as outlined in Table and Figure 4.2 the sizings determine by the two

methods agreed well.

4.4.2.1 Cellular tumour antigen p53 (TP53)

The identification of AAbs to p53 in this analysis was a very positive and reassuring
finding. This confirmed that the screening methodologies and analysis were sufficient
to determine AADb profiles that have been previously identified to be associated with
ovarian cancer. This selection method may also have the capacity to identify AAb
profiles that have not been previously identified to be ovarian cancer associated. These
novel AAb profiles are of particular interest as they hold the most potential to be used in
the development of a diagnostic assay. AAbs to p53 have been found in cancer patients

with a specificity of 96% and a sensitivity of 30% [143], however additional AAb profiles
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pSs3 GSRAHSSHLESKKGQSTSRHKKLYFKTEG

Figure 4.3: p53 sequence alignment

Sequence alignment of the hEx1 p53 expression clone (547G19) and the wild type full length
p53 protein (p53). The hEx1 p53 protein has approximately 60% coverage of the full length
p53 protein. The hEx1 expression library is C-terminal biased, this is clearly diplayed here
where the hEx1 sequence matches to the C-terminal of the full length p53 protein.

are needed to increase the sensitivity value.

ELISA analysis of the p53 protein had been previously performed and is outlined
in Section 3.4.3.2, however further interrogation and analysis of patient reactivity to
the p53 protein was undertaken to validate previous results and also to ensure the
correctness of the methodology used. To interrogate the hEx1 p53 expression clone, the
protein FASTA sequence attained from analysis of the open reading frame was compared
to the FASTA sequence of the full length wild type p53 protein. The sequence alignment
was performed using the Clustal W2 tool, the alignment results are shown in Figure 4.3.
This alignment shows that the hEx1 protein overlaps with 60% of the full length, wild

type pd3 protein, this analysis also confirms the C-terminus bias of the hEx1 library.
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4.4.2.2 Adducin alpha (ADD1)

Adducin alpha (adducin 1) is an ubiquitously expressed membrane-cytoskeleton-associated
protein that is localised at the spectrin-actin junction and is known to play a crucial role
in membrane skeletal assembley in erythrocytes [269, 270], and also known to regulate
platelet morphology during activation [271, 272]. It is known to bind to calmodulin and
is an in vivo substrate for protein kinase C and Rho-associated kinase [273|. Previous
publications have linked adducin and malignancy [274], in particular adducin in known
to localise to cell-cell contacts [275, 276], and membrane protrusions such as lamellipo-
dia [277, 278]. Recently adducin alpha has also been implicated in mitosis [279]. These
processes, such as cytoskeletal reorganisation, cell-cell contact and cell motility all have
important and very direct links to malignancy, hence adducin and autoantibodies may
have important links to malignancy.

Autoantibodies to adducin have not been previously characterised in ovarian cancer.
However recently autoantibodies to adducin have been identified in prostate cancer
patients [146, 280, 281|. In these publications, AAbs to adducin were considered an
important immune reponse and were featured in the top ranked autoantigens [146], and
were identified in an antigen subset with the highest likelyhood ratio for differentiating
prostate cancer patients versus controls [281]. This is an interesting finding, these
cancers can be linked, as increased risk of prostate and ovarian cancer (among others),
has been linked to BRCA1 and BRCA2 mutations [67, 68].

As with the hEx1 p53 expression clone, the protein FASTA sequence attained for
the Adducin alpha expression clone, was compared to the FASTA sequence of the full
length adducin alpha protein. The sequence alignment was performed as previous and
results are outlined in Figure 4.4. This analysis shows a relatively fragmented overlap
of the full length adducin alpha protein, with an overlap of 34%. Again, the overlap

between these two sequences is biased towards the C-terminus, as is evident with the
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p53 overlap.

4.4.2.3 Endosulfine alpha (ENSA)

Endosulfine alpha is a protein phosphatase inhibitor that is encoded by the ENSA gene.
Endosulfine alpha specifically inhibits protein phosphatase 2A (PP2A) during mitosis.
When phosphorylated at Ser-67 during mitosis, it specifically interacts with PPP2R2D
(PR55-delta) and inhibits its activity, leading to inactivation of PP2A, this is essential
to keep cyclin-B1-CDKI1 activity high during M phase [282|. In mammals endosulfine
alpha also acts as a stimulator of insulin secretion by interacting with sulfonylurea
receptor (ABCCS8), thereby preventing sulfonylurea from binding to its receptor and
reducing K(ATP) channel currents [283]. However recently the function and roles of
endosulfine alpha have been linked to oocyte maturation in Drosophila |284], and also
to cognitive function due to blocking of ATP-sensitive potassium [285].

Endosulfine alpha is a novel molecule and AAbs to endosulfine alpha have been
identified before in a previous publication based on the same hEx1 array platform
[175]. However AAbs to endosulfine alpha have not been identified in ovarian cancer
patients previously. The protein FASTA sequence attained from analysis of the open
reading frame of the endosulfine alpha expression clone was compared to the FASTA
sequence of the full length endosulfine alpha protein. The results of sequence alignment
are outlined in Figure 4.5. The hEx1 endosulfine alpha sequence overlaps 100% with
the wild-type, full length protein sequence. However, from this analysis it is clear that
there is an extra section of translated UTR section included in the hEx1 expression

product.

115



602c1é
AdducinAlpha MNGDSRAAVVTSEEPTTAPHKERYFDRVDENNPEYLRERNMAFDLRQDENMMEQKKRVSYM &C

602C1¢€
AdducinAlpha ILQSPAFCEELESMIQEQFKKGKNFTGLLALQQIADFMTTNVENVYFAAFQGGMARLNMS 120

€oacie

AdducinAlpha Y TPVNDLRGSDSIAYDKGEKLLRCKLAAFYRLADLFGHSQLIYNHITTRVNSEQEHF 180
602C1€
AdducinAlpha LIVFFGLLYSEVTASSLVKINLQGDIVDRGSTNLGVNQAGETLHSAIYARRFDVKCVVHI 240

602C1¢é MRGSHHHHHHGSYLGDT
AdducinAlphe HTPAGAAVSAMKCGLLFISFEALSLGEVAYHDYHGILVDEEEKVLIQKNLGPKSKVLILR 30C

IESSTHASAG SF\
FDNLVLLNPEKYKAKSRSFGSFY\

602C16
AdducinAlpha NHGLVSVGESVEEAFYYIHNLVVACEIQVRTLASAGG

GEGTGSFFKWQIGEQEFEALMRMLDNLGYRTGYPYRYPALREKSKKYSDVEV
GEGTGSFFREQIGEQEFE CNLGYRTGYFYRYPALREKSKKYSDVEV

LRHSFQKQQREKTR

LRHSFQKQQREKT NSGRGDEASEEGQNGSSFKSKTKWTKEDGHRT

602C16 STSAVENLFVPLNTNFKEVQEMRNKIREQNLQDIKTAGFQSQ DAPLS 210
0z2C1

X BAIT DT CEUOENRNK T - ANTRTE
AdducinAlphz S?sh--NTF<F?STFFMF:?F”[NR.REQNag-JbTHGFQS

DCTETIEGLELTEQTFSPAKSLSFRKGEL}
GELV

AdducinAlpha

602C16

Adducinklpha

RELEEYRREVERKQKGSEENLDEAREQRKEKSFFDQFAVFHFPPSTFIKLEEDLVFEFTTG

602016 VFS- ALPSSWRKQETDAI ESTCYSNLVFEFTTENMT
AdducinAlpha DDSDAATFKPTLFDLSPDEFSEALGFFMLEKEEEAHRFFSFTEAPTEASFEPAEDFAF

HL
AdducinAlpha EEAAFSAVEEGARADPGSDGSPGKSFSKKKKKFRTFSFLKKSKKKSDS 73

Figure 4.4: Adducin alpha sequence alignment

Sequence alignment of the hEx1 adducin alpha expression clone (602C16) and the wild type
full length adducin alpha protein (AdducinAlpha). Like the p53 sequence alignments, this
alignment is also more C-terminal biased. However, this sequence is relatively fragmented
with inclusions and deletions. The hEx1 adducin alpha FASTA sequence was compared to
three different isoforms of adducin alpha, isoform 1 (shown here) shows the best alignment of
34%.
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SHHHHHHGSY LGDTIESSTHASEQQRRLSFFFLPLIFSGCLEGFLTLHSPGFAMSQK &

Figure 4.5: Endosulfine alpha sequence alignment

Sequence alignment of the hEx1 endosulfine alpha expression clone (507H13) and the full length
endosulfine alpha protein (EndosulfineAlpha). From this alignment it is clear that the hEx1
expression product contains the sequence of the full endosulfine alpha sequence. The histidine
tag and a short section of the 5" UTR are also included in the hEx1 expression product.

4.4.3 Secondary Validation by Western Blot and ELISA
4.4.3.1 Characterisation of Anti - p53 Autoantibodies

A comparative analysis of ELISA and Western results was performed to interrogate
the reproducibility and performance of the different platforms. In the previous chapter
ELISA analysis had been optimised at 50 ng/well concentration, however Western im-
munoblotting had been optimised at 200ng/lane for commercial p53 and 500ng/lane for
hEx1 proteins. For this analysis the serum samples that were identified as reactive to
the p53 protein were interrogated by ELISA and Western immunoblot at comparable
concentrations (50ng total protein). This was performed to confirm comparable results
in both platforms using different antigen concentrations. From the results of this analy-
sis, it is clear that even at comparable concentrations, that Western blot appears to have
improved sensitivity compared to ELISA, shown in Figure 4.6. Traditionally ELISA is
thought to be a more sensitive detection technique, however our research shows that the
Western blot technique exhibits improved antigen recognition by AAbs. Once the rela-
tive platform methodologies were optimized, late, early and non-remarkable sera were
interrogated using ELISA and Western immunoblotting, the results of these different
methods varied greatly for each of the antigens and are summarised in Table 4.6.

From reviewing the results table, p53 AAbs were detected in 4/20 (20%) of the
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(b) Western blotting antigen concentration comparison

Figure 4.6: Comparative commercial p53 antigen concentrations

This figure shows the results of different methodologies to identify AAbs to the p53 antigen.
Subfigure A shows the results of ELISAs using different antigen coating concentrations, notably
the lower coating concentration provides a better signal to noise ratio. Subfigure B shows the
results of Western immunoblotting using different amounts of antigen. The results of western
immunoblotting show little difference between the different antigen amounts. However, there
seems to be a increased lower molecular weight banding in the 50ng/lane immunoblots, this is
most likely due to degradation during antigen storage.
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late stage ovarian cancer sera by ELISA. The ELISA positive sera matched 4 of 5 sera
identified as positive by hEx1 array screening. Western immunoblots identified p53
AAb immunoreactivity in 5/20 (25%) of late stage patient sera (Figure 4.7a). The sera
positive for p53 immunoreactivity by Western blot matched exactly the sera positive for
p53 immunoreactivity by hEx1 array screening. AAbs to p53 were also identified in 2 /20
(10%) of an extended early stage ovarian cancer serum cohort by Western immunoblot
only. Neither the hEx1 arrays nor the ELISA analysis identified a p53 AAb response
in an early stage serum. AAbs to p53 were not identified in any of the non-remarkable
patient sera in any of the methodologies used.

AAbs to pb3 have long been identifed as having very high specificity for cancer
patients at 96%, [134, 143], and although AAbs to p53 are not used for ovarian cancer
detection, the high specificity of AAbs to p53 for cancer patients has the potential
to be exploited in a larger panel of AAbs to diagnose ovarian cancer. In this study,
it was confirmed that anti-p53 autoantibodies are not present in the non-remarkable
patient cohort and that AAbs to p53 are present in 25% of late stage ovarian cancer
patients. This is a reassuring finding and matches very well with previously published
results which state that 25-30% of ovarian carcinoma patients have circulating AAbs
to the p53 protein [143, 210]. As mentioned previously there is an increased sensitivity
associated with the Western blotting platform which may be antigen associated. For
instance, although AAbs to p53 are identified in comparable numbers in both platforms,
in total 4 positive sera were identified by ELISA, while 7 positive sera were identified by

Western blot. Hence there is more sensitive detection associated with Western blotting.

4.4.3.2 Characterisation of Anti - Adducin Alpha Autoantibodies

AAbs to adducin alpha have not been previously characterised in ovarian cancer. How-

ever overexpression of the ADD1 gene in OVCA cells has been associated with tumour
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Table 4.6: Comparison of Autoantibody Frequency in Differential Methodologies

This table outlines the numbers of subjects that were identified as having AAbs to the relevant
antigens in each cohort using ELISA and Western immunoblotting. Comparison of the num-
bers of serum identifying positive for AAbs to the relevant antigens are higher with Western
immunoblotting compared to ELISA.

Late OC I EarLy OC l NoN REMARKABLE
Western Western Western
ELISA ELISA ELISA
Blot Blot Blot
4/20 5/20 , 2/20
53 0/20 (0% 0/15 (0% 0/15 (0%
P (20%) (25%) /20 (0%) (10%) 5 (0%) /15 (0%)
Adducin 6/20 4/20
1/20 (5% 0/20 (0% 0/15 (0% 0/15 (0%
alpha {2 4aR] (30%) (0%) (20%) WA - Gse0v)
Endosulfine 3/20 2/20 2/15
1/20 (5% 0/20 (0% ‘ 0/15 (0%
alpha /20 (5%) (15%) /20 (0%) (10%) > {0%) (13%)

suppressive effects, such as reduced cellular proliferation, colony formation and invasion
|286]. It is postulated that this effect may be mediated via supression of mobility in
cancer cells. Adducin alpha has been linked to general malignant processes, particularly
in epithelial cells where it has been found to localise cell-cell contact and membrane
protrusions such as lamellipodia [279]. Adducin alpha, which has been implicated in
cell motility and invasiveness and the identification of AAbs to this protein may be
indicative of immune system reporting malignant transformation [132].

In this study we detected adducin alpha AAbs in 1/20 (5%) of the late stage ovarian
cancer group by ELISA (Table 4.6and Figure 4.8a). The ELISA positive serum matched
1 of 3 sera identified as positive by array screening. Western immunoblots identified
AAbs to adducin alpha in 6/20 (30%) of the late stage patient group. The sera positive
for adducin alpha immunoreactivity by Western blot contained those sera that were
positive for alpha adducin immunoreactivity by hEx1 array screening. In the extended
early stage ovarian cancer group we failed to detect adducin alpha AAbs in any of the
20 patient sera by ELISA. By contrast, we detected adducin alpha AAbs in 4/20 (20%)
of early stage patient samples by Western immunoblot (Figure 4.7b). The four sera

that were immunoreactive to alpha adducin by Western immunoblotting were from the
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original 13 patient samples which were screened individually on the hEx1 arrays. AAbs
to adducin alpha were not identified in any of the non-remarkable patient sera by any
of the methodologies used.

From the results table, there is a general trend of increased sensitivity associated
with the Western blotting platform compared to ELISA. AAbs to Adducin alpha are
identified in very different numbers in both platforms. In total 1 positive serum was
identified by ELISA, while 10 positive sera were identified by Western blot. As with
AAbs to p53, more sensitive detection is associated with Western blotting. Certainly
ELISA may be a preferred diagnostic application as it is a higher thoughput platform
and also uses less serum, however the increased sensitivity of the Western blotting
platform is an interesting finding that may impove the sensitivity of a panel of cancer

associated AAbs.

4.4.3.3 Characterisation of Anti - Endosulfine Alpha Autoantibodies

AAbs to endosulfine alpha have not been previously characterised in ovarian cancer
patients. However, endosulfine alpha is an inhibitor of PP2A and PP2A inhibitors are
aberrantly expressed in a wide variety of cancers [287]. This aberrant espression may
result in an AAb response that may be more easily detected compared to the antigen.
Hence AAbs to PP2A inhibitors such as endosulfine alpha may be indicative of cancers,
such as ovarian.

In this study, we detected AAbs to endosulfine alpha in 1/20 (5%) of the late stage
ovarian cancer patient sera by ELISA (Table 4.6 and Figure 4.8b). The ELISA positive
serum matched 1 of the 4 sera identified as positive by hEx1 array screening. Western
immunoblot identified endosulfine alpha AAbs in 3/20 (15%) of the late stage patient
sera (Figure 4.7¢). The 3 sera identified as positive by Western matched those identified

in the hEx1 array screen. In the expanded early stage ovarian cancer group we failed
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(a) Positive Western immunoblots for Commercial p53
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(b) Positive Western immunoblots for hEx1 adducin alpha
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(c) Positive Western immunoblots for hEx1 endosulfine alpha

Figure 4.7: Positive Western immunoblots

This figure shows images of Western immunoblots that have been screened with human serum
to identify AAbs to the three selected antigens. It is evident from these subfigures that the
p53 antigen ellicits a very strong AAb response in the majority of sera identified as p53 AAb
positive.
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(a) Adducin Alpha ELISA Analysis
This figure shows the hEx1 Adducin alpha absorbance values, indicated as blue columns. The

absorbance values for a negative control protein (as used throughout this work) are indicated
as purple columns. The error bars in this figure are representative of the standard deviation
attained from duplicate wells in this experiment. From this analysis it is clear that only one
serum was identified to have autoantibodies to Adducin Alpha, late stage serum 37.
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(b) Endosulfine Alpha ELISA Analysis
This figure shows the hEx1 Endosulfine alpha absorbance values, indicated as blue columns.

Again, the negative control values (as used throughout this work) are indicated as purple
columns. The error bars in this figure are representative of the standard deviation attained
from duplicate wells in this experiment. From these results only one patient serum is above
the cut-off value for this experiment, which is late stage serum sample 36.

Figure 4.8: ELISA results for identification of Autoantibodies to Adducin Alpha and
Endosulfine Alpha
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to detect endosulfine alpha AAbs in any of the 20 patient sera by ELISA. In contrast
we detected endosulfine alpha AAbs in 2/20 (10%) of the early stage patient samples
by Western immunoblots. Of the two early stage sera that were immunoreactive to
endosulfine alpha by Western immunoblotting one was from the original 13 patient
samples screened on the hEx1 array and one was a serum sample fromthe additional
7 early ovarian cancer sera. AAbs to endosulfine alpha were not identified in any of
the non-remarkable patient sera using the hEx1 arrays and ELISA. However, AAbs to
endosulfine alpha were identified in 2/15 (13%) of the non-remarkable subject sera by
Western immunoblotting.

On reviewing Table 4.6, AAbs to endosulfine alpha were detected by Western im-
munoblot with relatively similar frequencies (15% in late stage, 10% in early stage, 13%
in non-remarkable). Thus AAbs to endosulfine alpha are not of interest in differentiat-
ing between ovarian cancer and non-remarkable controls. Regarding endosulfine alpha
AAbs, the general trend of increased sensitivity associated with the Western blotting
platform compared to ELISA is also evident for this antigen. In total 1 serum was
identified as positive for AAbs to endosulfine alpha by ELISA, while 7 positive sera

were identified by Western blot, this indicates more sensitive detection is associated

with Western blotting.

4.4.4 Validation on Additional Serum Samples

Experimentation was performed to investigate AAbs to the three antigens in an addi-
tional serum cohort. Western immunoblotting and ELISA was performed on individual
serum samples to assess the AAb response in an additional cohort of 42 serum samples
- 28 benign ovarian disease patients and 14 late stage ovarian cancer patients. The
results are outlined in Table 4.7.

In the additional serum cohort, AAbs to p53 were identified in 3/14 (21%) of late
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stage ovarian cancer patients by ELISA. Western blotting also identified the same 3/14
(21%) of late stage patient sera as immunoreactive to the p53 protein. Neither ELISA
nor Western blotting identified AAbs to p53 in the 28 benign ovarian disease serum
subjects. Therefore in the total grouping of 97 sera samples interrogated, 7 sera were
identified as immunoreactive to p53 using the ELISA immunoassay platform, while 10
sera were identified as immunoreactive to p53 using the Western immunoblot. Hence a
better performance was noted for Western immunoblotting for detecting AAbs to p53
in patient sera compared to ELISA. By Western immunoblotting AAbs to p53 were
detected in 8 of 34 of late stage ovarian cancer patients. AAbs to pb53 were detected
in 2 of 20 of early stage ovarian cancer patients, one patient had a clear cell tumour,
grading was not available for this subject, while the other had an endometrioid tumour,
grade 2, these histological types are compatable with Type II tumour subtypes.

In the additional serum cohort, AAbs to adducin alpha were identified in 0/14 of the
late ovarian cancer patient sera by ELISA. However, Western blotting identified AAb
to alpha adducin in 3/14 (21%) of the late stage patient sera. AAbs to adducin alpha
were identified in 1/28 (4%) of the benign ovarian disease subject sera by ELISA (as
shown in Figure 4.9a), and 9/28 (32%) of this sera cohort by Western blot. Therefore, a
total grouping of 97 sera samples interrogated, 2 sera were identified as immunoreactive
to adducin alpha using the ELISA platform, while 22 sera were identified as immunore-
active to adducin alpha using Western immunoblot. Hence, as with the p53 antigen,
a better performance was noted for Western immunoblotting for detecting AAbs in
patient sera compared to ELISA. By Western immunoblotting AAbs to adducin alpha
were detected in 9 of 34 (27%) of late stage ovarian carcinoma patients, this is a novel
finding as AAbs to adducin alpha have not been interrogated in ovarian cancer patients
previously. However AAbs to adducin alpha were not deemed to be ovarian cancer spe-

cific as they were detected in 9 of 28 (32%) benign ovarian disease patients by Western
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immunoblotting. AAbs to adducin alpha have not been identified previously in ovarian

cancer patients.

In the additional serum cohort, AAbs to endosulfine alpha were identified in 0/14
late stage ovarian cancer patient sera by ELISA (as shown in Figure 4.9b). In contrast,
AAbs to endosulfine alpha were identified in 7/14 (50%) of late stage ovarian cancer
patient sera by Western immunoblotting. AAbs to endosulfine alpha were identified
in none of 28 benign ovarian disease serum by ELISA, but were identified in 14/28
(50%) benign ovarian disease serum by Western blot. For endosulfine alpha, of the to-
tal grouping of 97 sera samples interrogated, 1 serum was identified as immunoreactive
to endosulfine alpha using the ELISA immunoassay platform, while 28 sera were iden-
tified as immunoreactive to endosulfine alpha using the Western immunoblot. As with
previous antigens, the increased sensitivity of AAb detection is noted in the Western
immunoblotting platform. Notably, the Western blotting result images for endosulfine
alpha (Figure 4.7¢) compared to the other two antigens identify that there appears to
be little AAb binding to endosulfine alpha resulting in faint banding. This was the case
for all of the serum samples screened for AAbs to endosulfine alpha. As AAbs to the
endosulfine alpha antigen are unlikely to be of interest for use as a disease diagnostic.

The analysis of the additional patient sera data presented in Table 4.7, validates the
results obtained in the previous serum cohorts which identified that each antigen has
unique performance characteristics and that Western blotting is more sensitive than
ELISA in identifying AAb responses. This additional serum cohort analysis identified
AAbs to adducin as present in benign ovarian disease serum. Hence these AAbs are
not specific to patients with malignant ovarian masses. However, AAbs to adducin
alpha were not identified in the non-remarkable subject sera, which implies that AAbs
to adducin alpha may be associated with an ovarian mass or perhaps inflammation.

AAbs to endosulfine alpha are also identified in large proportions in these additional
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(a) Adducin Alpha ELISA analysis on additional serum samples
As before, the hEx1l Adducin alpha absorbance values are indicated as blue columns. The

absorbance values for a negative control protein are indicated as purple columns. The error
bars in this figure are representative of the standard deviation attained from duplicate wells
in this experiment. From this analysis, only one serum was identified to have autoantibodies
to Adducin Alpha, late stage serum 118. Although late stage serum sample 252 is above the
cut-off value it was not deemed a true result as the negative control is also above this level.
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(b) Endosulfine Alpha ELISA analysis on additional serum samples
As before, the hEx1 Endosulfine alpha absorbance values are indicated as blue columns. The

absorbance values for a negative control protein are indicated as purple columns. The error
bars in this figure are representative of the standard deviation attained from duplicate wells
in this experiment. From this analysis, no serum sample was identified to have autoantibodies
to this protein. One late stage serum sample 252 is above the cut-off value, however as in the
Adducin alpha analysis it was not deemed a true result as the negative control is also above
this level.

Figure 4.9: ELISA results for identification of Autoantibodies to Adducin Alpha and
Endosulfine Alpha
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cohorts, including the benign cohort, this suggesis that AAbs to endosulfine alpha may

be associated with the natural AAb response.

Table 4.7: Additional Cohort Autoantibody Frequency

This table outlines the numbers of subjects that were identified as having AAbs to the relevant
antigens in additional serum cohorts using ELISA and Western immunoblotting. As noted
previously, the numbers of serum identifying positive for AAbs to the relevant antigens are
higher with Western immunoblotting compared to ELISA.

LaTe OC BENIGN

ELISA Western Blot ELISA Western Blot

p53 3/14 (21%) 3/14 (21%) 0/28 (0%) 0/28 (0%)
Adducin

0/14 (0%) 3/14 (21%) 1/28 (4%) 9/28 (32%)

alpha
Endosulfine

0/14 (0%) 7/14 (50%) 0/28 (0%) 14/28 (50%)

alpha

Shown in Figure 4.7 are all the Western immunoblots that were identified as positive
and outlined in Table 4.6. Notably, the serum that was identified as strongly immunore-
active in the Western blotting platform can be validated by ELISA, while the serum
identified as weakly immunoreactive by Western blot with a weaker banding pattern,
are not likely to validate in the ELISA platform. The ELISA and Western blot com-
parative analysis with 50ng of antigen (Figure 4.6) identified that antigen presentation
also appears to be an important factor as Western immunoblotting was identified to
exhibit improved sensitivity [192]. In total for this study, 28 benign ovarian disease, 34
late stage ovarian cancer, 20 early stage ovarian cancer and 15 non-remarkable subject
serum samples were interrogated, giving a total of 97 subject sera that were interro-
gated by ELISA and Western immunoblot. From the data it is clear that each antigen
has different performance characteristics using conventional ELISA format and Western
immunoblot. For the candidate tumour associated AAbs studied we see a disconnect
between the results of the array data, the results of ELISA immunoassay and the results

of Western immunoblot.
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4.5 Discussion

The hEx1 platform has been used in previous studies to identify AAb profiles in cancer
patients [131, 146, 288, 289, 290, 291, 292|, however this is the first study to employ
this screening platform to identify AAb profiles associated with ovarian cancer.

Regarding the identification of an AAb response to the p53 antigen, a better per-
formance was noted for Western immunoblotting for detecting AAbs to p53 in patient
sera compared to ELISA. By Western immunoblotting AAbs to p53 were detected in
24% of late stage ovarian cancer patients, which is in line with published data [143].
AAbs to p53 were detected in 10% of early stage ovarian cancer patients, although this
is lower than the proportion of p53 reactive serum in the late stage cohort and is lower
than previously published data [211, 204], in light of the varying histological dfferences
in the early stage cohort, this is perhaps not surprising. Typically AAbs to p53 are
associated with Type II tumours, these tumours are typified by agressive growth and
high grade [205]. All of the late stage ovarian cancers interrogated in this study were
late stage serous papillary adenocarcinoma and are almost invariably grade 3 growths.
The early stage ovarian cancers interrogated in this study are a more heterogeneous
group and have varying histologies, including mucinous and low grade tumours, these
tumours are Type I tumours and are hence less associated with p53 mutation and AAbs
to p53 |205]. As mentioned previously, two early stage patients were identified to be
immunoreactive to p53, one patient had a clear cell tumour, grading was not available
for this subject, while the other had an endometrioid tumour, grade 2, these histological
types are compatable with Type II tumour subtypes.

AAbs to adducin alpha have not been identified previously in ovarian cancer pa-
tients, however they have been interrogated in patients with prostate cancer. In a
recent study Maricque et al. used a phage based methodology to identify autoantigens

associated with prostate cancer, of these autoantigens adducin alpha was identified in

129



an antigen subset that has the highest individual positive likelihood ratio for prostate
cancer compared to controls [281]. Adducin alpha was interrogated in this study af-
ter being previously identified in a study profiling the AAb response in patients with
prostatitis [293|. Hence AAbs to adducin alpha may arise due to inflammation or the
inflammatory process and AAbs to adducin alpha may be associated with benign con-
ditions. Further interrogation of AAbs to adducin alpha in a larger cohort of ovarian
cancer patients, benign patients and healthy controls may be of interest as AAbs to
this antigen may be indicative of an ovarian mass and may also reveal details of disease
aetiology.

The status of endosulfine alpha as a candidate autoantigen is considerably altered by
the of detection of autoantibody immunoreactivity in benign ovarian disease and control
subject sera. As with previous antigens, the increased sensitivity of AAb detection is
noted in the Western immunoblotting platform. As AAbs to the endosulfine alpha
antigen have been identified in patients in the non-remarkable cohort and in the benign
ovarian disease cohort, AAbs to this antigen are not likely to be of interest for use in a
disease diagnostic.

The results of this study identified differential AAb binding was identified in the
same serum using different methodologies and thus, identified that antigen presenta-
tion also appears to be an important factor as Western immunoblotting was identified to
exhibit improved sensitivity [192|. The antigen conformation on the surface of the hEx1
array platform, which was used to identify these AAbs in patient serum is unknown.
However it is assumed, as the antigens are denatured using guanidine hydrochloride
that the antigens are unfolded or perhaps partially re-folded. In the case of the anti-
gens presented in this ELISA, there may be increased re-folding which hence leads to
differential epitope recogntion. An epitope, or an antigenic determinant, is typically

between 5 and 8 amino acids long, with between 2 and 5 critical residues and can be
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either linear or conformational [294]. Figure 4.10 outlines these two different epitope
structures. Linear epitopes are recognised by antibodies through a linear sequence of
amino acids, i.e. identification is of the antigens primary structure. Classically, anti-
bodies to linear epitopes are generated once the antigen is digested by macrophages and
presented as short peptides to the major histocompatibility complex (MHC). However,
conformational epitopes are recognised by antibodies through a non-linear sequence of
amino acids, in this case the antibody recognises the tertiary structure of the antigen.
Antibodies to conformational epitopes are generated when antigens are presented in a
non-digested manner. The results of this study identified differential AAb binding was

identified in the same serum using different methodologies (Figure 4.6).

Allowing for the small size of the study cohort this data is compelling and indicates
that the presentation of the epitope is a significant factor in autoantigen recognition
by autoantibodies. The poor performance of the ELISA assay is in marked contrast to
the Western blot for adducin in particular and appears to be associated with optimal
recognition of a linear epitope in the Western immunoblot. It is likely that proteins
which are expressed in E-Coli, denatured and immobilised in situ on protein arrays, as is
the case for hEx1 proteins, represented highly unfolded polypeptides. Upon expression,
purification and dilution for coating the wells of ELISA plates there is a significant
opportunity for the polypeptide to refold, the immunoreactive epitopes may then be
buried and not be available for recognition for the AAbs in patient serum. This may
result in reduced sensitivity of this assay. In preparation for Western blotting, antigens
are heat denatured and linearised by SDS-polyacrylamide electrophoresis resulting in
the antigen being completely denatured and transferred as a linear polypeptide to the
membrane prior to incubation with the patient serum. This platform enhances linear

epitope presentation and may increase the sensitivity of this assay.
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(a) Linear epitope recognition (b) Conformational epitope recognition

- @

—

(¢) Conformational epitope recognition

Figure 4.10: Antibody recognition of linear and conformational epitopes

Shown in this figure are the different methods of epitope recognition. In both cases the same
amino acid sequence is being recognised, however as shown in sub-figure 4.10a the amino acids
are in a linear sequence, however in sub-figure 4.10b the amino acid sequence is not linear and
antigen conformation is needed to result in epitope recognition. In sub-figure 4.10c the amino
acid sequence is not recognised by the antibodies as the epitope is only presented when the
antigen is conformational, however in this image the antigen is linear.
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4.6 Conclusion

Robust autoantibody profiles to p53 and adducin alpha have been identified and val-
idated in secondary platforms, to be ovarian cancer and ovarian disease associated
respectively, this fulfills the chapter aims. In the case of adducin alpha, this is the first
study to identify AAbs to adducin alpha in ovarian cancer and benign ovarian disease
patients. Further investigation is warranted to determine the adducin alpha AAb profile
in a larger and diverse cohort of patient samples. AAbs to the antigens investigated
in this study have exhibited improved sensitivity using Western immunoblot. A more
complete analysis, to determine the exact immunogenic epitope is merited to afford
the optimal presentation in diagnostic assay format. Presentation of short peptide se-
quences of specific antigens has the potential to perform with a higher level of specificity
and sensitivity than we have seen to date with existing modalities. Better knowledge of
epitope recognition and superior presentation of the epitope to which AAbs bind would

greatly influence AAb profiling and validation methodologies.
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Chapter 5

Autoantibody Identification by
ProtoArray Serum Screening

5.1 Introduction

Previous results indicate variation and differences in the results of AAb profiling that
may be due to differential epitope presentation and recognition by AAbs that are related
to the difference profiling methodologies used. Previously we have hypothesised that
the AAb profiles identified from hEx1 array screening may be linear epitope biased, as
this technology presents denatured protein fragments for binding [192]. As the AAb
response identified may be linear epitope biased this may have led to the differences
noted between the results of the ELISA immunoassay and Western immunoblotting
platforms. The identification of AAb profiles using an array that presents antigens in a
native protein structure may be used to identify AAb profiles that are biased towards
recognition of comformational epitopes. However an AAb response can also recognise
both linear and conformational antigenic epitopes, hence it is hypothesised that AAbs
present in both of these platforms will have the greatest potential for further valida-
tion using different secondary validation techniques. The ProtoArrays were selected
for additonal serum screening. These arrays offer a very different screening platform
for AAb profiling, the arrayed proteins are purified, full length, functionally folded and

post-translationally modified. It may be expected that autoantibodies will recognise
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antigens present in both platforms, one platform or in neither platform. The ability
of the autoantibodies to recognise the antigens in each platform may be indicative of
the epitope presentation due to the conformation of the antigen on the array surface.
Unfortunately, the p53 protein is not spotted on the ProtoArrays. Throughout this re-
search the p53 AAb response was assessed as a positive control and as a “gold standard”
autoantigen and AAb response, however, the assessment of the p53 AAb response in
ProtoArray screened sera could not be compared to the p53 AAb response using other
methodologies. The ability to compare the previous p53 AAb results to the ProtoArray
screening results would have acted as a good reference point for optimisation and signal
value cut-off determination.

For ProtoArray analysis, a small cohort of well matched serum samples were selected
for screening. Serous papillary ovarian cancers are the most common histotype and
also carry the poorest prognosis, for that reason the malignant serum screened on
the ProtoArrays were all of this histology. As control cohorts, benign ovarian disease
patient serum and non-remarkable were screened. All of the benign ovarian disease
patient serum screened were serous histology. Screening of these samples was performed
to ensure less variation in the dataset. It is thought that high grade serous papillary
ovarian cancer does not arise from a benign serous tumour (as discussed in Section 1.2.1).
There is no easily identifyable precursor of high grade serous papillary carcinomas, and
there are different hypotheses proposing these malignancies arise from surface epithelial
inclusion glands with p53 mutation [295], but it is most likely that they may arise from
fallopian tube epithelium [80, 81, 296|. In this study, high grade early and late stage
ovarian cancer patient serum were selected for investigation. Up until relatively recently,
early stage high grade serous papillary carcinomas were thought to lead to late stage
disease. This study was designed to determine the AAb profiles associated with serous

papillary ovarian carcinoma, and to interrogate the changes in the AAb profile as ovarian
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carcinoma progresses from early to late stage disease. Although, recent findings have
identified that early stage ovarian cancer is unlikely to progress to late stage disease,
the study design was left unchanged, as for slow growing ovarian malignancies, such
as mucinous and low grade serous papillary, it is likely that late stage ovarian cancer
arises from an early stage precursor.

It is well known that pathway deregulation is associated with malignancy and anal-
ysis of the immunogenic antigens identified in this screening was performed to identify
an AAb response in patients may be indicative of malignant pathway dysregultion
[297, 288]. As evident from previous results, the AAb response tends to have high
specificity but low sensitivity for cancer. This means that an AAb response to a tu-
mour associated antigen may or may not arise, as is the case with p53. Although
AAbs to a particular antigen may not be generated, AAbs to other antigens present
in a signalling pathway may be generated, this may increase the sensitivity associated
with AAb profiling. Also the dataset generated from ProtoArray analysis is extremely
large and a ’systems approach’ of pathway and interaction network identification was
considered to condense and refine the data, generating pathways/interactions common
to different patient cohorts [298]. Innate database was selected for this analysis and is
a manually-curated knowledgebase of genes, proteins and particularly, the interactions

and signalling responses involved in the mammalian innate immune system [299].
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Figure 5.1: ProtoArray Serum Screening
This figure shows how serum autoantibodies recognise and bind to specific antigens on the
surface of the ProtoArrays. The antibodies present in the serum bind to the recognised protein
with very high specificity and are detected by a labelled anti human IgG. This is the principle

employed in hEx1 array screening also.
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Figure 5.2: ProtoArray field layout

This figure outlines the field layout of the Invitrogen ProtoArray. Numerous control proteins

are spotted in each field and their locations and identities are shown above.

5.2 Aims

e To use the ProtoArrays to identify autoantibody profiles in healthy and disease

seruin.

e To identify autoantibodies that are associated with ovarian cancer.

e To compare the results of previous array screening to ProtoArray screening.

To identify pathway dysregulation associated with ovarian cancer.
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5.3 Materials and Methods

5.3.1 ProtoArray Serum Screening

For ProtoArray screening 20 serum samples from the Discovary biobank were selected
for screening. The samples chosen for screening are outlined in Table 5.1. The Pro-
toArrays were screened as outlined in Section 2.6.1.

Table 5.1: Serum screened on ProtoArrays

SAMPLE | IDENTIFIER | HISTOLOGY | AGE | GRADE | STAGE |
NORMAL
1 N1 n/a 60 n/a n/a
2 N3 n/a 56 n/a n/a
3 N5 n/a 63 n/a n/a
4 N15 n/a 62 n/a n/a |
5 N16 n/a 48 n/a n/a
BENIGN
1 28z Serous cystadenoma 58 n/a n/a
2 383 Serous cystadenoma 42 n/a n/a
3 398 Serous cystadenoma 3 n/a n/a
4 420 Serous cystadenoma 57 n/a n/a
5 429 Serous cystadenoma 43 n/a n/a
EARLY
1 176 Serous papillary adenocarcinoma 57 2 IA
2 223 Serous papillary adenocarcinoma 49 3 IC
3 257 Serous papillary adenocarcinoma 61 3 IC
4 268 Serous papillary adenocarcinoma 64 3 IC
5 347 Serous papillary adenocarcinoma 50 3 1C
LATE
i 87 Serous papillary adenocarcinoma 60 3 3C
2 89 Serous papillary adenocarcinoma 44 3 3A
3 120 Serous papillary adenocarcinoma 60 3 3C
4 189 Serous papillary adenocarcinoma 59 2-3 3C
5 198 Serous papillary adenocarcinoma 55 3 4

The ProtoArrays were analysed using Invitrogen’s Prospector software, as outlined
in 2.6.2 to identify antigens that were immunogenic in each serum sample screened. A
more stringent analysis was also performed in parallel for each serum sample. Antigens
that had the highest signal values was selected to identify the most immunogenic AAb

response to antigens in each serum sample.

139



5.3.2 Comparative Analysis of ProtoArray Screening

5.3.2.1 Comparison to Published Results

Section 1.7 outlines AAb responses which have been identified in previously published
results to be ovarian cancer associated. The 3 antigens investigated in Chapter 4 were
also investigated in this manner. As above, and analysis was performed to determine
if AAbs to these previously published antigens were also identified in any of the 20

subject sera screened on the ProtoArrays.

5.3.2.2 Comparison to hEx1 Array Results

The 74 antigens identified to be ovarian cancer and ovarian disease associated in Chapter
3 from hEx1 array screening were investigated to determine if the antigens are present
on the surface of the ProtoArray. The AAb responses to the antigens common to
both platforms were assessed to determine any overlaps between hEx1 and ProtoArray

screening.

5.3.3 Identification of Immunogenic Antigens

Using the results attained from the stringent highest signal values for antigens, a com-
parative analysis was performed to identify AAb profiles that are associated with each
subject cohort. AAb responses were identified as cohort associated if they were present
in 40% (2/5) or above of cohort serum, and present in 20% (1/5) or less of serum from
other cohorts. This cut-off was selected as 2 of 5 (40%) patients in a cohort was deemed
to be in-line with previous results which identify AAbs to p53 in approx 30% of cancer

patients.
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5.3.4 Identification of Immunogenic Pathways

Pathway analysis for each screened serum was performed as outlined in Section 2.6.3.
Pathways that were identified in 60% (3 of 5) or above of patients in a cohort and present
in 20% (1/5) or less of serum from other cohorts were deduced to be cohort associated
and were collated into cohort associated files. An overlap analysis of these files was

performed to identify pathways that are unique to the different cohorts assessed.
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5.4 Results

5.4.1 Prospector Identified Autoantibody Responses

After identification of immunogenic antigens using Prospector analysis software, on av-
erage 2,815 (Standard deviation 1,702) statistically significant autoantigens were iden-
tified per individual screened serum. The breakdown of the mean number of “hits”
and the associated standard deviation per individual serum cohort is outlined in Table
5.2. In many of the screened serum, a very large proportion of the antigens present on
the ProtoArrays were identified to have a corresponding AAb, i.e. early stage serum
sample 347 was identified to have 7,248 antigens out of a possible 10,000 identified as
immunogenic.

Table 5.2: Reactivities of screened serum cohorts

This table gives an overview of the mean number and standard deviation of positives for each
cohort. From reviewing the standard deviation values, it is evident that there is a lot of
variation in the number of antigens that bind AAbs in subject serum.

[ Cohort I Mean Number of “Hits” } Standard Deviation
Non-Remark 3469 1535
Benign 1797 623
Early 3457 2356
Late 1 2539 1742

5.4.1.1 Comparison to Published Autoantibody Responses

As outlined in Section 1.7 a number of AAbs have been previously identified to be as-
sociated with ovarian cancer. These AAbs and autoantigens have been identified using
many different screening methodologies, including ProtoArray serum screening. The
three antigens identified from the hEx1 array screening in Chapter 4 were also included
in this analysis. Hence 7 antigens were selected for further interrogation these anti-
gens were, p53, adducin alpha, endosulfine alpha, mesothelin, HSP-90, NY-ESO-1 and

survivin. After investigation to determine if the antigens present on the ProtoArray,
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the antigens p53 and NY-ESO-1 could not be interrogated further as they were not
present. Hence analysis was carried out on the 5 antigens (adducin alpha, endosulfine
alpha, mesothelin, HSP-90 and survivin) that were present on the ProtoArrays to de-
termine if AAb responses were generated in the screened patient serum. The results
of this analysis are summarised in Table 5.3. The “Y” marked in this table indicate
the antigens to which sera were immunoreactive. Some of the antigens detailed in this
table have one or more transcript variant present on the surface of the ProtoArrays,
notably, endosulfine alpha has three transcript variants present on the surface of the
array, while survivin has two transcript variants. Transcript variants of all the antigens
were included to provide a complete analysis.

From reviewing Table 5.3 it is clear that by ProtoArray screening, AAbs to adducin
alpha were only identified in one non-remarkable serum sample and in none of the disease
sera. This is in contrast to the previous hEx1 adducin protein which was no immuno-
genic in any of the non-remarkable patients and was immunogenic in benign disease
and early and late stage ovarian cancer. In the case of endosulfine alpha, there are both
overlapping and unique AAb profiles for the different transcript variants. Comparison
of the serum identified as endosulfine alpha immunoreactive by ProtoArray screening to
the serum identified as immunoreactive by Western immunoblotting revealed no overlap
between these two methodologies, i.e. the sera identified as immunoreactive in Table
5.3 were not identified as such by Western immunoblotting. Regarding the remaining
antigens (mesothelin, HSP-90, survivin, survivin variant 1) these antigens had not been
previously investigated in this research. However from reviewing the serum immunore-
activities in Table 5.3 these antigens to not seem to be strongly associated with any of
the serum cohorts. AAbs to mesothelin were identified in equal serum proportions in
the non-remarkable cohort and the early stage ovarian cancer cohort. AAbs to HSP-

90 were identified in relatively equal proportions in all cohorts (40% non-remarkable,
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20% benign, 40% early, 40% late). AAbs to survivin were identified in 60% of non-
remarkable subjects, 20% of benign subjects, 80% of early stage patients and 60% of
late stage patients. AAbs to this antigen may be of interest as they are present in
relatively low proportions of benign subjects compared to early stage ovarian cancer
patients, however as the sample size is small this will need to be interrogated in a larger
sample cohort before this can be validated. AAbs to survivin variant 1 were identified
in 40% of the non-remarkable subjects, none of the benign disease patients and in 20%
of the early and late stage patients respectively. This seems to indicate that AAbs to
this antigen may be associated with the non-remarkable cohort, however this needs to
be investigated further in a larger serum cohort.

These results outlined in Table 5.3 for the adducin alpha and endosulfine alpha
antigen identify that there are differences between this discovery platform and the pre-
viously used methodologies. However this is not surprising as there are many differences
between all the platforms used for AAb identification. The antigens present on the sur-
face of the ProtoArrays are all full length and are post-translationally modified which
affects antibody binding. As discussed in the previous chapter, epitope presentation is
very important in AAb binding and as the ProtoArray antigens are structurally folded
this will also result in differential AAb recognition and binding. further investigation

of short peptide sequences is needed to confirm this.

5.4.1.2 Autoantibody Response to hEx1 Identified Antigens

Previously, in Chapter 3 AAb to 74 potential autoantigens were identified as associated
with ovarian cancer and disease patients. The hEx1 arrays have been validated in pre-
vious screening experiments, therefore a comparative analysis was performed to identify
AAbs that have been identified to be disease associated in both the hEx1 array and

the ProtoArray platform. Of the 74 antigens identified in Chapter 3 to be associated
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with ovarian disease, 64 of these antigens were non-redundaut. Analysis of these 64
antigens identified 35 of these antigens were present in the ProtoArrays, i.e. 55% of the
64 antigens were present on the ProtoArrays. Of the 35 antigens identified to be present
on the ProtoArrays, two of these antigens have been analysed earlier in this chapter
(adducin alpha and endosulfine alpha), hence AAbs to 33 antigens previously identified
in this study were compared to the results of ProtoArray screening. Figure 5.3 outlines
the sero-reactivity, as identified by ProtoArray serum screening, of the 33 antigens. In
this figure the blue highlighted boxes are indicative of a positive AAb response to an
antigen. It is clear from this figure that the vast majority of antigens are bound by a
very large proportion of the serum samples. In some cases, antigens were identified to
ellicit an AAb response in all serum samples screened.

Previous knowledge of the cancer associated AAb response has identified that AAbs
have low sensitivity and high specificity as cancer biomarkers. Classically in the case of
p53, AAbs are present in 30% of cancer patient serum with a specificity of 96% [143].
However from reviewing Figure 5.3, AAb responses were identified in high proportions of
all serum cohorts. This might be indicative of the natural AAb response where AAbs
may be present in higher proportions of subject serum and not disease associated.
However it may also be associated with a high false positive rate using the Invitrogen
Prospector software. The goal of serum screening is to identify ovarian cancer associated
AAD responses that can be validated by secondary methologies that can be used in the
clinic. Further analysis was performed to select the most robust AAb responses which

have the greatest potential to translate into a different platform.

5.4.2 Highest Signal Autoantibody Responses

As outlined in the previous section, the classical cancer associated AAb response is one

with low sensitivity and high specificity. The results outlined in Figure 5.3 are not
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specific to any cohort and hence it was decided to amend the cut-off of the antigens
identified as immunogenic to only select the AAb profiles that are very strongly reac-
tive. A more stringent cut-off value was employed to ensure identification immunogenic
antigens that are robust in other platforms.

To determine which cut-off value was most suitable, the signal intensities for all
antigens identified by the Prospector software for each serum sample were graphed.
This was performed for all serum samples screened on the ProtoArrays. Shown in
Figure 5.4 are the graphed results for the late stage ovarian cancer cohort only. The
antigens which exhibited the highest signal value were deemed to be of greatest interest
and would be more likely to be reproduced in other platforms. From the graphed signal
values (Figure 5.4) the antigens that had a signal value of over 1000 units were selected
for further analysis.

Following the more stringent cut-off value, analysis was performed to identify the
numbers of AAb/antigens identified to have a high signal value. The reanalysed data
is outlined in Table 5.4, clearly this is a much more rigorous cut-off as the number of
posotive AAb responses are very small compared to the numbers identified previously in
Table 5.2. Interestingly there are similarities between these two analyses, the early stage
serum cohort has the highest number of “hits” and also the highest standard deviation
value compared to all other cohorts in both analyses. This may reflect increased tumour
immunogenicity in early stages, increased immunogenicity in early stages compared to
later stages of tumourigenesis has been postulated by the immunoediting hypothesis of
cancer and may be exploited to identify early stage malignancies [57, 98, 109]. Certainly
the variation in the numbers of immunogenic antigens is very high in the early stage
cohort. However, this is a relatively small study with only 5 patients sera assessed in
each cohort, therefore any findings drawn from this analysis need to be validated using

a larger cohort of patient serum samples.
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Table 5.4: Reactivitics of reanalysed screened serum cohorts

This table gives an overview of the mean number and standard deviation of 'positives’ for each
cohort following the more rigorous analysis. Similarly to the previous analysis in Table 5.2 the
standard deviation values are relatively high. However,

| Cohort | Mean Number of “Hits” | Standard Deviation
Non-Remark 88 28
Benign 89 26
Early 163 105
Late 62 22

To compare the results of this reanalysed dataset, the previous analyses which com-
pared the published autoantibody responses (as in Figure 5.3) to the hEx1 identified
autoantibody responses (as in Figure 5.3) were again performed using the more strin-
gent analysis. As in Figure 5.3, the analysis was re-performed, however in this instance
AAD to these 5 antigens (8 antigens including variants) were not identified in any of

the serum samples screened on the ProtoArrays.

5.4.2.1 Comparison to hEx1 Identified Autoantibody Responses

As in Figure 5.3 the analysis of the 33 antigens was re-performed using the new cut
off value. Figure 5.5 shows the results of this reanalysis. These results are very dif-
ferent to the previous set of analyses, as there are now very few antigens identified as
elliciting an AAb response. Most of the AAb responses identified are present in very
low proportions of the patient serum cohorts. One antigen which may be of interest
is '/RD RNA binding protein’ (also known as negative elongation factor E (NELF-E)).
AAbs to this antigen were identified in 40% (2/5) of the early stage ovarian cancer
patients and in no other cohort, which is the first time that AAbs to NELF-E have
been identified. This antigen is a member of the negative elongation factor (NELF)
complex which causes transcriptional pausing and NELF is involved in inhibition of

oestrogen-dependent growth of breast cancer cells [300]. Although a component of the
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NELF complex (COBRA1) is a known cofactor of BRCA1, there have been very few
studies that investigated the role of the NELF complex in ovarian cancer.

A comparative analysis was performed by comparing the results of hEx1 array
screening (outlined in Figure 3.3) to determine the overlap between the hEx1 array
results and the ProtoArray results (Figure 5.5) The resultant AAb responses, as de-
termined by the two array platforms, for the common screened serum are indicated in
Figure 5.6. This analysis was performed to determine AAb profiles in sera that were
identified using both platforms. However, it is clear from this figure that there are very
few overlapping results (indicated in purple). Only three positive AAb responses were

identified as present in the two platforms.

5.4.3 Identification Autoantibodies Associated with Cohorts

To interrogate the results of ProtoArray screening further, the antigens that had the
highest signal values for each serum sample were further analysed as outlined in Section
5.3.3. The resultant lists of cohort associated antigens were then compared to each other
to identify AAb responses that may be associated with each of the cohorts interrogated.
This analysis is represented as a venn diagram in Figure 5.7.

From the analysis in Figure 5.7 we can see that there is a very large number of
immunogenic antigens identified in the early stage cohort, with relatively small numbers
of antigens associated with the remaining cohorts. Notably, there is an antigen that is
common to the late and early stage ovarian cancer cohorts, this antigen is angiomotin
which is an angiostatin binding protein involved in the regulation of endothelial cell
migration [301, 302]. Further investigation of the frequency of angiomotin AAbs in
this study identified AAbs were present in 20% (1/5) of the non-remarkable cohort,
none of the benign cohort, 80% (4/5) of the early stage cohort and 40% (2/5) of the

late stage cohort. The angiomotin protein is a known inhibitor of angiogenesis and has
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Early Non-Remark

Figure 5.7: Overlap analysis of top antigens in cohorts

been shown to be linked to aggressive growth of breast tumours and also poor long
term survival of breast cancer patients [303]. Experimental data on the effect that
angiomotin exerts on ovarian tumours and hence the effects on patient survival is not
available. However, from the results of this screening this would be an interesting future
experiment. Also AAbs to angiomotin have not been previously described, however
experimentation into a DNA vaccination targeting angiomotin has been shown to inhibit
angiogenesis and tumour growth in mice [304]. Indeed, very recent findings by the same
research group have shown that the titre of anti-angiomotin antibodies generated as a
result of DNA vaccine correlates with tumour inhibition. This study also indicated
that this tumour inhibition was associated with increase in tumour vessel diameter and
permeability, formation of lacunar spaces, massive tumour perivascular necrosis and
an effective epitope spreading that induces an immune response against other tumour

associated antigens. The effect of chemotherapy (doxorubicin) was also shown to be
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improved, presumably due to increased vessel permeability which aided delivery [305].
This data is very promising and although this data is based on a relatively small patient
cohort the identification of AAbs to angiomotin in 80% of the early stage patient serum
is a very exciting finding that should be interrogated in a larger patient cohort. It
may also be the case that the relatively newly discovered angiomotin protein plays a
very important role in ovarian cancer progression. Hence it is important to further
investigate the role of AAbs to angiomotin in ovarian cancer. Although angiomotin
AAbs may be indicative of disease they may also relate to patient prognosis and may
play a role in slowing disease progression.

A list of the antigens that were identified as immunogenic in each of the four differ-
ent cohorts were identified also (outlined in Table C.1), in the late stage ovarian cancer
serum, four AAb identified to be late stage ovarian cancer associated. From investi-
gation of these four antigens there seems to be a common link between these antigens
relating to the cytoskeleton. Notably, 'pleckstrin homology domain-containing family
O member 2°, 'ral GEF with PH domain and SH3 binding motif 1” and ’annilin’ anti-
gens are all proteins that contain a pleckstrin homology (PH) domain. This domain,
which is common in three of the four identified antigens, is known to occur in a vari-
ety of proteins involved in intracellular signalling or as constituents of the cytoskeleton
[306, 307, 308|. The “annilin” antigen is also known to be required for completion of
the cleavage furrow during cytokinesis [309]. Overexpression of PH domain containing
proteins have been identified in ovarian carcinomas in previous studies [310]. This may
indicate that these antigens or other antigens may have induced an AAb response that
may be associated with the PH domain. Certainly of the 4 antigens that have been
identified to be associated with the late stage ovarian cancer, 3 of these antigens contain
a PH domain, this is a very high proportion (75%) and hence unlikely to have happen

by chance. From Table 5.5 the frequency of these late stage associated antigens in all
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the sera in all cohorts is outlined. From this figure is evident that there is a different
profile for all of the antigens, even for the three antigens that contain the PH domain.
This indicates that the AAb binding may not be PH domain specific, it may also be
related to differential antigen domains, however this will need to be interrogated further
utilising an overlapping peptide experiment to identify the immunogenic antigens.

Additional analyses, similar to Table 5.5 were also performed for the benign disease,
early stage ovarian cancer and non-remarkable subject cohorts and are outlined in the
Appendix in Tables C.3, C.4 and C.5 respectively.

In addition to the antigens associated with the individual serum cohorts, the identity
of antigens that were present in all cohorts were also deemed of interest. Table C.2 lists
the 37 antigens that were identified to be associated with all cohorts, as identified by the
overlap of all ellipses in Figure 5.7. These antigens seem to be mainly associated with the
secondary antibody binding as they are predominantly IgG regions, as listed in Table
C.1. This is as expected as the detection antibody is anti-human IgG (H+L), which
would interact with many of these IgG portions. The identification of these proteins
in this study is as expected and confirms that the detection antibody is performing

correctly.

5.4.4 Results of Pathway Analysis

Pathway analysis was performed to determine the over-represented pathways associated
with each patient serum (5 sera in 4 cohorts, 20 sera in total), as in Section 2.6.3. Firstly
analysis was carried out to identify the pathways that were present in 60% and above
of each cohort, the overlap of these results are shown in Figure 5.8. The antigens
corresponding to the numbers in Figure 5.8 are outlined in Table 5.6 for each of the
four cohorts.

An additional analysis was carried out to identify the pathways that were present in
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Early Non-Remark

Figure 5.8: Overlap analysis of top pathways in cohorts
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60% (3 of 5) or above of patients in a cohort and present in 20% (1/5) or less of serum
from other cohorts. The pathways that fulfilled these criteria were deemed to be cohort
associated. The results of this analysis are outlined in Table 5.6.

From the results of the overlap analysis to identify pathways over 60% in each cohort,
(shown in Figure 5.8) and Table 5.6 outlines a subsection of these pathway that are
identified in 20% or less of the other cohorts examined. It is evident from both these
analyses that early stage ovarian cancer has a larger number of immunogenic pathways
(n = 29) compared to the other cohorts examined. From the overlap analysis in Figure
5.8 the other cohorts have relatively few associated immunogenic pathways. Classically
pathway dysregulation is thought to increase as a malignancy progresses from early to
late stage, however the pathways identified in this study identify increased dysregulation
in the early stages. This finding may be related to the immunoediting hypothesis of
tumours [57, 98], this theory postulates that a tumour is more immunogenic in the early
stages of tumour development compared to later stages [59, 97].

Outlined in Table 5.6 are the 9 pathways that were identified from all of the 82
pathways in Figure 5.8 to be present in 60% or above of patients in a cohort and in 20%
or less of other cohorts. Hence only 11% of pathways first identified were identified to
be truely cohort associated. Of these 9 pathways identified, 8 were early stage ovarian
cancer associated.

The pentose phosphate pathway was identified to be an early stage ovarian cancer
pathway in this study. This pathway generates nicotinamide adenine dinucleotide phos-
phate (NADPH) and pentoses in the cytoplasm of the cell. This pathway has not been
identified to be ovarian cancer associated however it has been previously associated
with oocyte maturation [311]. This pathway has also been identified to be associated
with other malignancies [312]. The p38 mitogen-activated protein kinase (MAPK) cas-

cade is a cellular stress induced response, hypoxia induced activation of this pathway
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Table 5.6: Identification of pathways associated with cohorts

Shown in Figure 5.8 are the numbers of pathways associated with individual and overlapping
cohorts. This table outlines the identities of the pathways that are specific to the individual
cohorts. Notably, there seems to be very diverse pathway dysregulation associated with early
stage ovarian cancer, compared to the other conditions.

ASSOCIATION PATHWAY LATE EaAarLy OC NoON- BENIGN
ocC REMARKABLE
Pentose
phosphate
Early OC pathway (hexose 1/5 4/5 1/5 1/5
monophosphate (20%) (80%) (20%) (20%)
shunt)
P38 cascade (
Early OC Ei’:g;:’(‘i’;?f' 0/5 (0%) | 3/5 1/5 1/5
TAKL) ) (60%) (20%) (20%)
JNK cascade (
Early OC TNFRI1 signaling | 0/5 (0%) 4/5 1/5 0/5 (0%)
pathway ) (80%) (20%)
TGF beta
receptor |
degradation
signaling (
Early OC TGF-beta super 1/5 3/5 1/5 0/5 (0%)
family signaling (20%) (60%) (20%)
path-
way (canonical)
)
AKT(PKB)-
Early OC GSK3 beta 1/5 4/5 1/5 0/5 (0%)
signaling (20%) (80%) (20%)
Early OC IL5 signalling 0/5 (0%) 345 1/5 1/5
(60%) (20%) (20%)
Early OC IL1 signalling 0/5 (0%) 3/5 0/5 (0%) | 0/5 (0%)
(60%)
ATF-2
Early OC transcription 1/5 3/5 1/5 0/5 (0%)
factor network (20%) (60%) (20%)
PDGFR-beta
Benign signaling 1/5 0/5 (0%) 0/5 (0%) 3/5
pathway (20%) (60%)
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is associated with ovarian cancer [313, 314]. A similar, stress induced pathway associ-
ated with early stage ovarian cancer was the c-Jun N-terminal kinase (JNK) cascade.
The differential activation of this pathway has been shown to play a role in ovarian
cancer cell viability following chemotherapy [315]. The particular signalling pathway,
tumor necrosis factor receptor 1 (TNFR1), identified as part of this cascade has been
identified to promote ovarian tumour progression [316]. TNFRI is an antigen that is
shed from the surface of ovarian cancer cells, it is proposed that this may facilitate tu-
mour escape [317], in this study this shed antigen may have induced an AAb response.
The TGF beta receptor I degradation signaling pathway and AKT(PKB)-GSK3 beta
signaling were also identified as early stage ovarian cancer associated, these pathways
have been linked as TGF-beta signalling is regulated through PKB/Akt [318]. Both
these pathways have long been linked to various malignancies, including ovarian cancer
[319, 320, 321, 322, 323, 324]. Two interleukin signaling pathways, IL1 and IL5, were
identified as early ovarian cancer associated also. Publications relating to the asso-
ciation between IL1 and ovarian cancer are conflicting, with some studies indicating
that IL1 is not ovarian cancer associated [325, 326], while other studies have found an
association [327, 328|. There are relatively few studies that have investigated levels of
IL5 and ovarian cancer association. However one study has identified that increased
levels of IL5 are associated with high grade and advanced disease [206]. In this study
all ovarian cancer patients are high grade, however IL5 signalling was predominantly
associated with early stage disease. The activating transcription factor 2 (ATF-2) net-
work, also identified as early stage ovarian associated in this study, has been previously
identified as cancer associated [329]. The previously discussed p38 pathway can activate
ATF-2 and ATF-2 also forms a homodimer or heterodimer with c-Jun and stimulates
CRE-dependent transcription, linking it to other pathways identified in this study.

Only one pathway was identified in this study to be associated with a cohort other
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than early stage ovarian cancer. That was the PDGFR-beta signaling pathway which
was identified as benign ovarian disease assocaited. However this pathway has been
long associated with cancer [330, 331].

The results of the immunogenic pathway analysis outlined here must be interpreted
with caution. Although the samples are selected with care, the sample size is small
with only 5 patients in each cohort. The non-remarkable patients that were profiled
in this study are representative of the normal population, they have not been exam-
ined or determined to be cancer free, this is a limitation of this study. Also classical
pathway analysis is used to identify pathways which are upregulated, downregulated
or dysregulated, however from AAb profiling these conditions cannot be commented
upon with any certainty. Although, in the case of AAb responses to some antigens,
upregulation of an antigen is sufficient to trigger an AAb response, this is certainly
not the case for all antigens. The pathways indicated in this study are referred to as
“immunogenic”, the exact reason why the antigens that make up these pathways are
immunogenic is not determined. As mentioned previously, limited studies have inter-
rogated signalling pathways identified from AAb profiling. Certainly, this approach
may have the potential to identify minute and subtle alterations in pathway signalling
through immunogenic triggering that identifies abnormalities in individuals. Interest-
ing comparisons can be made, however the utility of interrogating signalling pathways

identified by autoantibody profiling has yet to be determined.
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5.5 Discussion

The Invitrogen ProtoArrays are a very powerful platform and one of the largest collec-
tions of arrayed proteins available. The ProtoArrays were used in this study to identify
AAD profiles in well characterised cohorts of non-remarkable, benign ovarian disease,
early and late stage ovarian cancer patient serum.

From the results of ProtoArray screening there are a number of potentially inter-
esting antigens that have been identified to be associated with ovarian cancer. The
patient serum samples used in this study were all very well characterised and collected
uniformly, thus limiting variation associated with sample collection and storage. How-
ever the sample size is relatively small which may result in misleading results in some
cases. Additional cohorts of serum are needed to confirm and validate the results ob-
tained in this study. The validation would need to be performed on a large cohort of
ovarian cancer patient serum, encompassing all histological subtypes, but in particular
papillary serous histology as this was the histotype interrogated in this research. Also,
serum from patients with other benign conditions and malignancies would need to be
included in the validation to determine ovarian cancer specificity of the AAb responses.
In relation to interrogation of angiomotin AAbs, as this profile was associated with
early stage serous papillary ovarian cancer serum, additional serum from this subtype
of ovarian cancer would also be needed. This serum is very rare as ovarian cancer is
not usually diagnosed in early stage.

In general it is thought that the AAb response is enduring and that AAbs that
arise during the early stages of cancer development may also be present in late stage
ovarian cancer patient sera. However in this study there is a trend that an increased
number of antigens and pathways have been associated with the early stage ovarian
cancer cohort compared to the late stage cohort. This may relate to the immunoediting

hypothesis of cancer, whereby early stage tumours are proposed to more immunogenic
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than their late stage counterparts, this is an evolutionary model of tumorigenesis |99, 57,
98, 109]. However, in the case of the classic tumour protein p53, studies have identified
a relationship between the p53 AAb response and tumour status as patients undergo
treatment [332, 333, 201|. AAD titres to the p53 protein have been shown to decrease or
even disappear in patients with different types of cancer once the malignant tumour had
been surgically removed [334, 335, 336]. Monitoring of the titres of p53 AAbs have also
been shown to correlate well with patient response during treatment [337, 335]. It seems
likely that an AAb reponse generated to an early stage antigen may not be present when
the tumour is in the later stages, assuming that a late stage tumour arose from the early
stage tumour (which may not always be the case in ovarian cancer, outlined in Secion
1.2.1). All potential tumour associated AAb responses are inevitiably compared to the
pd3 AAb response, however different antigens may induce very different immunogenic
responses. The AAb response to certain antigens may remain, although that antigen is
no longer presented to the immune system, however AAb responses to other antigens
may decline once the antigen is no longer present. Interrogation into the AAb response
in patients that is ellicited as a result of tumourigenesis is very poorly understood,
indeed the mechanism by which the best known immunogenic cancer antigen, p53 is

presented to the immune system is still unknown [259, 338|.

5.6 Conclusion

The Invitrogen ProtoArrays were employed in this study to identify ovarian cancer as-
sociated AAb profiles in patient serum. AAbs to angiomotin were identified as early
stage ovarian cancer associate, this finding partially fulfills the aim of this study, un-
fortunately a late stage ovarian cancer profile as robust as the early stage disease was

not identified in this study. However, these results will need to be investigated in a
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larger early stage ovarian cancer cohort. Very little is known about AAb generation
in response to malignancy, however in this research early stage ovarian cancer shows
a tendency to ellicit a more diverse AAb response. This may uncover details of AAb
generation and malignant tumour progression.

This research aimed to outline the differences between the AAb responses identified
by two different array profiling methodologies. The results identify differences in AAb
profiles, depending on the platform used for serum screening. Care must be taken when
comparing discovery platforms as differences in antigen expression, length, structure
and purity will all impact AAb recognition and binding. Minimising the differences
between platforms may assist in increasing AAb profile validation in additional patient

serumi.
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Chapter 6

(zeneral Discussion

6.1 Introduction

Biomarkers or human disease markers are proteins or molecules that can be measured
in a patient’s tissue or body fluid as a measure of biologic state or specific state and
therefore may be indicative of pathological processes [121]. Autoantibodies - antibodies
directed against the individuals own proteins, may also be indicative of diseases such as
cancers, and the specificity and distinction of autoantibody responses for certain diseases
highlight their potential as important tools for improved diagnosis, classification and
prognostication |95, 339]. As ovarian cancer is classically diagnosed at a late stage and is
particularly refractory, the development of a routine test for earlier diagnosis of ovarian
cancer has the potential to transform ovarian cancer patient survival and care. AAbs
to ovarian tumour associated antigens have been identified in cancer patient serum in
previous studies [140, 162, 340], but as of yet an AAb based diagnostic test for ovarian
cancer has yet to materalise in the hands of the clinician.

Generation of protein array platforms and screening of human serum for detection of
disease associated AAb profiling has been performed previously in this research group
[174, 175, 179, 187, 192, 233, 341], and this experience was exploited to profile ovarian
cancer patient serum. The aim of this study was to identify ovarian cancer associated

AAD profiles, and to investigate these profiles to determine if AAbs may be used in a di-
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agnostic assay format to identify ovarian malignancy. Profiling of the AAb response was
successfully performed in serum from ovarian cancer patients, benign disease subjects
and non-remarkable controls. AAb profiles that were associated with ovarian cancer
were also successfully identified using all discovery platforms assessed in this study. A
limited number of autoantibody responses were validated by secondary methodologies,
the p53 AAb response was identified to be the most robust response identified. The
lack of reproducibility and validation in secondary validation platforms was disappoint-
ing and highlighted the high attrition rate associated with biomarker identification and
validation (As outlined in Figure 6.1). The study hypothesis was confirmed that AAb
profiles do exist in ovarian cancer patients, however, the hypothesis that AAb responses
could be validated in secondary platforms is only partially confirmed. In this research
a small number of AAb responses were validated in secondary platforms, although IgG
interactions are specific in nature, conversion of protein array AAb profiling to sec-
ondary platforms is very challenging. Further investigation is needed to streamline this
process, as outlined here secondary screening may assist is identifying the most robust

AAD responses for further interrogation.

6.2 Additions to Current Knowledge of the Tumour
Associated Autoantibody Profile

In this study three different high-content protein array platforms were used as AAb
discovery tools, the Imagenes hEx1 expression library, the in-house hEx1 protein mi-
croarray and the Invitrogen ProtoArray platform. The hEx1 expression library and
the ProtoArray have been validated for identification of biomarkers by different groups
[233, 174, 131, 173, 137]. In this research, secondary platforms were also used for inter-
rogation of the identified AAb profiles. This study, to our knowledge was the first to

examine the AAb profile in ovarian cancer patients using the hEx1 array platform and
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the ProtoArray V5 platform. This study was also the first to employ a direct ELISA
to interrogate an AAb response as identified by hEx1 array screening. AAb profiles
were identified in the different methodologies used, there were common and diverse
profiles which were dependent on the platform used. However, it was expected that
AAD profiles that were common to both platforms would have the greatest potential

for adaptation into ELISA format.

6.2.1 Epitope Presentation

This research has investigated many different protein platforms to assess the AAb profile
in human serum. Our results have indicated that AAb profiles may be platform specific
and hence will not be easily adapted into a secondary platform in most cases. As
mentioned above, many research groups have used the hEx1 arrays to identify AAb
profiles associated with malignancy and report very high sensitivity and specificity
values. However secondary validation is not carried out in many of these studies and
validation using ELISA has not been reported. Although AAb biomarkers of malignancy
hold great promise, as of yet they have not translated to the clinic. We have outlined in
this study that it is very difficult to adapt AAb profiles identified using the hEx1 array,
into another platform such as ELISA, protein microarray or Western immunoblot.

For all antigens assessed, Western immunoblotting exhibited the highest sensitivity
for detection of AAbs in patient serum, while ELISA exhibited the lowest sensitivity, the
hEx1 array screening exhibited an intermediate sensitivity. The various AAb sensitivi-
ties in the different platforms seems to reflect the antigen structure and hence epitope
presentation. Western immunoblotting presents a fully denatured and linearised pep-
tide sequence, while antigens in the ELISA platform, following dilution prior to coating,
may refold. It is likely that the hEx1 array proteins which are denatured and immob-

ilised on membranes in situ are highly unfolded polypeptides. Previous studies of the
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classic p53 AAb response indicated that recognition of p53 epitopes by specific AAbs
is preferentially, non conformational [342, 343, 344|. This reflects the results of this
study where Western immunoblotting, which presents non-conformational epitopes is
the most sensitive methodology. This research has highlighted various AAb binding
profiles in different platforms, which also differs depending on the antigen assessed. It
is of great importance to consider the antigenic determinant to which the AAb binds
when identified using high throughput array for discovery.

The differences in AAb profiles to antigens between the hEx1 array platform and
the ProtoArray platform are very evident in this study also. However these two array
platforms are very different and it is perhaps not surprising that diverse AAb profiles are
identified. Post-translational modifications (PTM) are known to affect AAb recognition
and binding [112], the ProtoArrays were the only platform used in this study that
contained antigens that were post-translationally modified. The different platforms,
methodologies and antigens presented all contribute to antibody binding, hence the

complexity of autoantibody profiling of patient serum is compounded.

6.2.2 Autoantibodies to p53

The classic p53 AAb response is the most interrogated AAb profile associated with
cancer. Our research corresponds with previously published results which identify p53
AAbs in 25% of the late stage ovarian cancer patients [206, 209, 345]. This AAb was
by far the most robust response identified in this research. AAbs to the p53 protein
were identified with very similar frequency in all the platforms researched, and in the
majority of patient sera there was a clear distinction between sera that was p53 AAb
positive and sera that was p53 AAb negative. However there were also differences
between platforms for this antigen, it is known that the immunogenic p53 epitopes are

predominantly linear and our research identified that Western immunoblotting was the
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most sensitive platform to identify p53 immunoreactivity in patient serum. As AAbs to
p53 have been proposed as clinically useful cancer biomarkers, this study highlights the
importance of assay development and optimum epitope presentation to ensure reliable
and sensitive detection of p53 AAbs in patient serum.

Previous studies that have interrogated the relationship between the p53 AAb re-
sponse and tumour grade have been conflicting, some studies have not found a rela-
tionship between the p53 AAb response and tumour grade [204, 345], while others have
[208, 209, 205]. Our research has identified AAbs to p53 predominantly in high grade

tumours, this agrees with the majority of recent publications.

6.2.3 Autoantibodies to Adducin

This study was the first, to our knowledge, that identified adducin alpha AAbs in
ovarian cancer patient serum. From our results AAbs to adducin alpha were identified
in a subset of patients with ovarian tumours (benign and malignant) and in none of
the non-remarkable control subjects. Although this study has a relatively small sample
size there is an indication that AAbs to adducin may be of use as an ovarian tumour
biomarker. In particular AAbs to this antigen, unlike the p53 AAb response, are present
in comparable proportions of all of the disease serum samples. This in particular may
indicate the alpha adducin AAbs may not be tumour stage or type associated. Further
analysis of AAbs to the adducin alpha product is needed to determine if these AAbs
are present in all ovarian cancer histotypes and stages, and also in the serum of patients

with other types of cancer and benign conditions.
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6.2.4 Autoantibodies to Other Novel Antigens

Many hundreds of AAbs have been identified to be potentially associated with ovarian
cancer in this study. AAbs to DDB1 and CUL4 associated factor were identified from
hEx1 array screening to be of interest. ELISA analysis confirmed that AAbs to this
antigen are present in 10% of late stage ovarian cancer patients. AAbs to this antigen
have not been previously identified to be ovarian cancer associated. Further validation
on a larger serum sample cohort is needed to determine the sensitivity and specificity
of AAbs to this antigen.

Using ProtoArray screening, AAbs to angiomotin were identified in 80% of early
stage serous papillary ovarian cancer patients. To our knowledge, this is the first study
to identify an AAb response to the angiomotin protein. In this study, AAbs tc an-
giomotin were present in early stage ovarian cancer patient with high sensitivity. Al-
though the sample size in this study is small, this is a promising result as early stage
ovarian cancer diagnosis, particularly for high grade lesions would dramatically improve
patient survival rates.

This research has consistently identified early stage ovarian cancer as having a higher
number of immunoreactive antigens. This is an interesting finding that, to our knowl-
edge may have been identified but has not been discussed on other AAb profiling studies.
This finding should be interrogated further as AAbs, which are important reporters of

the immune system may provide insight into tumour immunology.

6.3 Future Directions

This study has identified ovarian cancer associated AAb profiles, the ultimate goal of
AAD profiling research is to identify AAb biomarkers of disease for use in a diagnostic

assay format. However there are many hurdles to overcome as assay development is a
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Figure 6.1: Classical biomarker identification and assay development pathway
This flowchart outlines the biomarker assay development pathway. This process starts with
biomarker discovery, which was performed in this work and moves onto biomarker confirmation
and assay development. As part of this research, lead identification was performed and an assay
for detection of autoantibodies to p53 was developed. There are many other antigens that may
be of biomarker utility that were identified in this study, further validation for these antigens

is needed.

laborious and difficult process (Figure 6.1).

To investigate the AAb profiles identified in this study, further additional, well char-
acterised ovarian disease and cancer patient serum is needed for validation. Ovarian
cancer is quite an uncommon disease. In Ireland there are only 350 new cases diag-
nosed each year, this is relatively few when compared to more common cancers such
as breast (2,518 cases in Ireland per year). As ovarian cancer is frequently diagnosed
in the latter stages of the disease, early stage ovarian cancer serum, is rare and very
precious. Currently our research group is in negotiations with the United Kingdom
Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) to gain access to a larger
serum sample cohort. The ongoing UKCTOCS trial has recruited over 200,000 women,
samples attained from this trial could be used for interrogation and validation of the
identified AAb profiles. The UKCTOCS trial serum samples have been attained from

patients prior to clinical presentation of ovarian cancer. It is hoped that the AAb profile
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has the ability to identify malignant transformation prior to clinical presentation of the
disease, this has been shown for p53 AAbs in different cancers [143, 264], but has not
been investigated in ovarian cancer. As we have optimised an ELISA that detects p53
AAbs in patient sera this could be performed effectively and efficiently in our research
group. Additional AAb profiles may also be validated in this manner to determine
when a malignant associated AAb profile first manifests. This study may assist in the
identification of an AAb biomarker that identifies ovarian malignancy prior to clinical
presentation when patients are most curable and may also enhance and further the
understanding of the AAb profile and its generation. Along with further investigation
of the p53 AAb response, further investigation of the AAb responses to adducin alpha,
DDB1 and CUL4 associated factor and angiomotin in particular is warranted. These
AAb responses were identified to be of particular interest in ovarian tumour patients,
late stage ovarian cancer patients and early stage ovarian cancer patients respectively.

This study has outlined the difficulties involved in transferring results from one plat-
form to another. Peptide arrays are of great interest and importance when it comes
identifying the individual epitopes that are immunoreactive in the antigen [234]. De-
termination of the immunogenic epitopes and the use of these peptides in secondary
platforms could act to increase the concordance between platforms and hence ease the
validation of the AAb responses in the various secondary platforms. Identification of
the immunogenic epitopes could also reveal the method of immune presentation.

The AAD response is still very poorly understood, throughout this research we have
used the p53 AAD response as a benchmark on which to base our results. However,
even in the case of the p53 AAb response, nothing is known about the generation of
this response. AAb profiling has been used predominantly to identify AAb or antigen
biomarkers of disease, however the lack of knowledge about AAb generation compounds

the complexity of the AAb profile. Future studies that profile the AAb response in
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animal models at different stages during tumour development would provide insight
into the alterations in the AAb profile during tumour progression. Ultimately further
knowledge of the tumour associated AAb profile will assist in the employment of the

AAD repertoire as a biomarker.
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From the analysis performed by Dr. John O’Brien panels of expression clones were
identified to be associated with the different serum cohorts used for screening, these
panels and the relevant cohorts are detailed in Table A.2. The panels of clones with the
lowest p-value were selected for further analysis, as evident in Table A.2, panels were
selected mainly from the ovarian cancer cohorts, i.e. Early ovarian cancer, late ovarian

cancer and early/late ovarian cancer associated antigenic panels of clones.
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Comparison of Protein Purification Methodologies

For protein purification IMAC was the method of choice as the hEx1 protein are all His-
tagged Two different metals, nickel and zinc, were examined in this study to determine
the optimum purification method. Comparison of both metal agaroses revealed similar
proportions of contaminating FE-coli proteins compared to the yield of hEx1 protein.
However the nickel agarose has a higher histidine binding affinity and the resulting
purified protein yield was much higher compared to zinc agarose purified proteins.
Hence protein purification using nickel agarose was the favoured method.

To purify the proteins two different purification methods were investigated, purifica-
tion using pH change and purification using concentration change. The pH purification
method was performed under denaturing conditions with pellet lysis in 6M guanidine
hydrochloride and protein purification in 8M urea, as outlined in Section 2.4.4. The
concentration gradient method was performed under the following conditions, pellet
lysis in 6M guanidine hydrochloride and protein washing with imidazole (20mM), and
protein elution with imidazole (250mM). From the comparative results of these two
different purification methods, the methods were relatively interchangeable in terms of
protein yield. However, protein stability was greatly improved in the urea buffer, hence
due to ease of handling, purification using pH change was favoured.

As the protein storage buffer may have implications on protein folding and hence
recognition of antigens in the secondary techniques, buffer exchange was also interro-
gated in this study. The urea prepared purified proteins underwent buffer exchange to
PBS buffer using filtration spin columns with a molecular weight cut-off (T10kDa) to
remove urea. However, this step resulted in decreased protein yield and was very time
intensive. Also, the buffer exchange did not seem to effect the results attained in the
secondary validation methods when compared to the urea proteins. The loss of the urea

buffer, decreased the storage-life of the protein (3-4 days at 4°), making storage more
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difficult. Hence the buffer exchange step was not routinely performed for interrogation

of the purified antigens.

Table A.4: Breakdown of serum used for hEx1 protein microarray screening

L Cohort ] Serum ] Stage r Grade ! Age [ Details J
Early 39 IC 2 51 Endometrioid with mucinous foci
Early 99 IA not available 58 Mixed mullerian tumour
Early 114 IA low 42 Endometrioid
Early 144 1A 2 35 Clear cell
Early 168 IC not available 83 Mucinous adenocarcinoma
Early 176 IA 2 57 Serous papillary adenocarcinoma
Early 180 IA 1 56 Endometrioid
Early 183 1A 2 34 Endometrioid
Early 201 IC 1 51 Mucinous adenocarcinoma
Early 214 IA not available 69 Clear cell with adenofibroma
Early 223 1C 3 49 Serous papillary adenocarcinoma
Early 224 IC not available 70 Clear cell with adenofibroma
Early 236 1A 1 69 Mucinous adenocarcinoma
Early | 239 IC not available 60 Clear cell with adenofibroma
Early 257 1C 3 61 Serous papillary adenocarcinoma
Early 258 1C not available 47 Granulosa theca cell tumour
Early 268 1C 3 64 Serous papillary adenocarcinoma
Early 277 2B 3 86 Serous papillary adenocarcinoma
Early 294 IC 2 50 Mucinous adenocarcinoma
Early 347 1C 3 50 Serous papillary adenocarcinoma
Late 8 3C 3 59 Serous papillary adenocarcinoma
Late 15 3C 3 60 Serous papillary adenocarcinoma
Late 21 3B 3 42 Serous papillary adenocarcinoma
Late 24 3C 3 64 Serous papillary adenocarcinoma
Late 34 3C 2 74 Serous papillary adenocarcinoma
Late 36 3C 2-3 86 Serous papillary adenocarcinoma
Late 37 3 2 63 Serous papillary adenocarcinoma
Late 55 3C 3 68 Serous papillary adenocarcinoma
Late 65 4 not available 74 Serous papillary adenocarcinoma
Late 71 4 3 41 Serous papillary adenocarcinoma
Late 83 4 3 65 Clear cell
Late 87 3C 3 60 Serous papillary adenocarcinoma
Late 89 3A 3 44 Serous papillary adenocarcinoma
Late 95 3C not available 40 Clear cell
Late 96 3C 3 58 Clear cell
Late 115 3C 3 61 Serous papillary adenocarcinoma
Late 120 3C 3 60 Serous papillary adenocarcinoma
Late 137 3C 3 51 Serous papillary adenocarcinoma
Late 175 3C 3 79 Serous papillary adenocarcinoma
Late 177 3C 2 76 Serous papillary adenocarcinoma
Late 188 3C 3 74 Serous papillary adenocarcinoma
Late 189 3C 2-3 59 Serous papillary adenocarcinoma
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Cohort Serum | Stage Grade Age Details
Late 198 4 3 55 Serous papillary adenocarcinoma
Benign 22 - - 44 Mucinous cystadenoma
Benign 25 - - 50 Follicular cyst
Benign 47 - - 52 Cystadenoma
Benign 48 - - 72 Mucinous cystadenoma
Benign 63 - - 47 Mucinous cystadenoma
Benign 84 - - 23 Mucinous cystadenoma
Benign 100 - - 59 Cystadenoma
Benign 101 - - 55 Serous cystadenoma
Benign 107 - - 44 Fibroid
Benign 118 - - 39 Endometriosis
Benign 135 - - 56 Mucinous cystadenoma
Benign 147 - - 57 Mucinous cystadenoma
Benign 149 - - 48 Mucinous cystadenoma and fibroma
Benign 151 - - 34 Endometriotic cyst
Benign 382 - - 58 Serous cystadenoma
Benign 383 - - 42 Serous cystadenoma, fibroma
Benign 398 - - 31 Serous cystadenoma
Benign 412 - - 28 Serous cystadenoma
Benign 420 - - 57 Serous cystadenoma
Benign 429 - - 43 Serous cystadenoma
Non-remark N1 - - 60
Non-remark N2 - - 42
Non-remark N3 - - 56
Non-remark N4 - - 56
Non-remark N5 | - - 63
Non-remark N6 - - 53
Non-remark N7 - - 72
Non-remark N8 - - 83
Non-remark N9 - - 70
Non-remark N10 - - 70
Non-remark NI11 - - 82
Non-remark N12 - - 85
Non-remark N13 - - 52
Non-remark N15 - - 62
Non-remark N16 - - 48
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Appendix B

Chapter 4 Appendix

Table B.1: Ovarian cancer associated antigens of interest (individual serum analysis)

hese antigens were identified from individual ovarian cancer serum screening. AAbs to these
antigens were present in ovarian cancer patient serum and not present in the non-remarkable
serum

60S ribosomal protein L9
adducin alpha
C6orf153 protein
CDC42 binding protein kinase
beta (DMPK-like)
Endosulfine alpha
~eukaryotic translation elongation
factor 2
FK506 binding protein 3
FTH1 protein ferritin
homeobox protein Meis
KIF18B
Metastasis associated 1
mitochondrial ribosomal protein
MY C-associated zinc finger
protein
Cellular tumour antigen p53
prefoldin subunit
PRO0890
semaphorin-4C (SEMA4C)
Septin
TATA box binding protein
(TBP)-associated factor
zinc finger HIT domain-containing
protein
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Table B.2: Ovarian cancer associated antigens of interest (pooled serum analysis)

These antigens were identified from pooled ovarian cancer serum screening. AAbs to these
antigens were present in the ovarian cancer pooled serum and not present in the non-remarkable
pooled serum.

ADP-ribosylation factor
bolA-like protein

cytoplasmic protein

endosulfine alpha

inhibitor of growth protein

coiled-coil domain protein

F-box protein

transmembrane protein

zinc finger protein

spliceosomal protein

Cellular tumour antigen p53
ephexin protein

Coiled-coil containing protein
Non-ATPase protein

transcription factor

Cerebellar degeneration-related
protein

staufen protein

Rab interacting protein

Novel protein

peptidylprolyl isomerase protein

spectrin protein

stathmin protein

Nuclear GTPase activating protein

UDP-glucose like protein
40S ribosomal protein

ral guanine nucleotide related protein

methyl binding domain protein

ubiquitin modifier enzyme

dihydropyrimidinase-like protein

B-cell and lymphoma antigen protein
Adducin alpha
nuclear receptor coactivator
Selenoprotein

amino-terminal protein

Commercial anti-p53 antibody incubation of 200ng per lane Western blots

Western immunoblotting was carried out as per materials and methods, however instead

of serum, anti-p53 antibody (Calbiochem, OP43) was diluted (1:1000 dilution) in 10ml
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2% milk-TBS-T and blot was incubated in antibody for 1 hour on slow rock at RT.

From this stage the blot was washed and imaged as per the other Western blots.

75kD

50kD

37kD

25kD

Commercial p53

Figure B.1: Commercial p53 Western blot, probed with commercial anti-p53 antibody
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Horseradish
Peroxidase
detection

Alkaline
Phosphatase
detection

55kD

35kD

55kD

35kD

¢

Late 188 Late 89

-ive p53 -ive p53

Late 188 Late 89

Figure B.2: Comparison of detection methodologies
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Chapter 5 Appendix
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Table C.2: Identification of antigens common to all cohorts

[ COMMON ANTIGENS |

Ig lambda chain C regions

Immunoglobulin heavy constant gamma 1 (Glm
marker)
CD3D
IGK

immunoglobulin heavy constant mu

Fc fragment of IgG, low affinity IIla, receptor

immunoglobulin heavy constant gamma 1
Matrilin-2
CDT79A

immunoglobulin heavy constant gamma 1

Ig gamma-1 chain C region

family with sequence similarity 84, member A

immunoglobulin kappa constant
IGK

IGL, immunoglobulin lambda locus
CD7
IGK

immunoglobulin heavy constant gamma 3 (G3m

marker)

immunoglobulin kappa constant

immunoglobulin kappa variable 1-5

immunoglobulin kappa variable 1-5

immunoglobulin heavy constant mu

EGF-like repeats and discoidin I-like domains 3

immunoglobulin heavy variable 4-31

immunoglobulin kappa constant

Ig kappa chain C region

immunoglobulin kappa constant

Ig gamma-1 chain C region

immunoglobulin kappa constant region

Ig gamma-1 chain C region

Ig gamma-1 chain C region

twinfilin, actin-binding protein, homolog 1

(Drosophila)

tripartite motif-containing 21

LIM and senescent cell antigen-like-containing

domain protein 1

hematopoietic SH2 domain containing

recombination signal binding protein for
immunoglobulin kappa J region

Recombinant human CTLA-4/Fc

Tables C.3, C.4 and C.5 outline the relative AAb frequency of the cohort associated
antigens identified from ProtoArray screening.
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