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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 hioniarkers are 

unreliable. CA125 is the only routinely used ovarian cancer bioniarker, however with a 

sensitivity of 89% and a specificity of 72% there are many undetected cases. The at)sence 

of specific symptoms and a reliable screening tool results in a very poor prognosis for 

patients. A reliable biomarker of ovarian cancer may improve j)atient car(' and sur\'ival, 

especially for tumours which arise from benign precursors such as mucinous tumours. 

The immune system is an intricate biological system that iirotects 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 hExl array. Antigens associated with ovarian disease were selected, expressed,



purified and were interrogated by secondary analyses; protein rnicroarray 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 

hExl 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 bioniarkers of ovarian disease as autoantibodies to this antigen were not identified 

in iion-remarkable controls (n=15). Epitope i)resentation 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 identihed 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 liExl 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 researdi 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 autoantil)odies 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.
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Chapter 1

Introduction

1.1 Cancer

Cancer is an ahnorinal growth of cells caused by multiple genetic changes leading to 

a dysreguated balance of cell proliferation and cell death. Benign growths differ from 

c;ancer 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 reirlaced 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 i)opulation |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-rnalignant 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 poi)ulation. 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-siifflciency in growth signals

Cancerous cells provide an autonomous source of growth stimulus to continue to develop 

and multiply rapidly without environmental stimuli |T, 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 recejttors, 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 c-Myc oncoprotein is significantly 

over-expressed in most human cancers [9, 10, 11] and regulation of Myc transcription
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Figure 1.2: The clonal evolution model of carcinogenesis

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 (kR.4S) and v-raf murine sarcoma viral oncogene 

homolog B1 (BR.4F) are used to categorise the disease, this is discussed later in Section 

1.7.1.

Insensitivity to anti-growth signals

Cancer cells not only jtroniote their own growth, but also evade aiitigrowth 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. p53 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 Bcl-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, Bcl-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 (\'EGF) 

is one of the best characterised and most potent angiogenic factors. VEGF expression 

is induced by growth factors, cytokines and hypoxia [30, 31[. \'EGF and or its re­

ceptor \'EGFR, 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 (FD.4) 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 autoantibodif'S (AAbs) have been 

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

Tissue invasion and metastasis

Invasion is the accpiired 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.



(a) The classic hallmarks of cancer (b) The emerging hallmarks of cancer

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 proptosed 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 hrst 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 jirogression |56]. 

Immunoediting is a proposed f)rocess 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 whic:h may 

then prosper within the constraints of the host immune system [57|. Studies have also 

indicated that tumour cells may also exploit the immune sy.stem 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 re'.dewed this complicated 

area, however, much more research is needed to determine the nature of the relationship 

between malignancy and the host immune response |6()|.

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 

screeming 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 (BRCAl 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, cornjiared 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 o\'arian 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” American Cancer Society. 
(http://www.cancer.org)

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 - 3 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, “Tyite I" and “Type 11” tumours 

|79|. The terms, “Type F’ and “Type IF" refer to different tumorigenic pathways rather 

than specific histopathologies . “Type F‘ 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 (BR.4F). These 

growths are often low grade and slow growing, they develop from a well characterized 

precursor lesion in a step by step fashion. “Type IF’ tumours are characterized by a liigh 

frequency of p53 mutation. “Type IF’ tumours are high grade with a rapid growth rate 

and have almost always spread beyond the ovaries at presentation. “Type IF’ 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 i)osition 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 

exfterimental 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 tire^dness |82]. Occasionally, pa­

tients with early stage disease may present with pelvic pain as a result of torsion of the 

ovary |61]. Clearly these symi)toins 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 rnetastasised beyond the ovaries. Ovar­

ian cancer, when diagnosed in early stages, results in over 90% 5-year survival rate, 

how(>ver, 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 woidd revolutionise 

paticuit 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 stirface glycoprotein that is encoded by the MUCT6 

gene, the protein has a single transmembrane domain and provides a protective mucosal 

barrier against foreign particles and infectious agents on the surface of ej)ithelial cells 

on the surface of the female reproductive tract. |84|.

Typically in the clinic values of less than 35 units/niL 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 ov'arian 

cancers and in 75%-90% of patients with advanced disease |85, 86]. CA 125 screening 

combined with transvaginal ultrasonography (T\’U) increases sensitivity and specificity

12



Figure 1.6: Imaging platforms in ovarian cancer

Tliis figures shown the different imaging metliodologies used in ovarian cancer diagnosis and 
monitoring. The mainstay imaging technique of ovarian cancer is transvaginal ultrafionograjjhv 
which may be augmented by 31) 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 ha\ ing 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: Bioinarker sensitivity aiui specificity 
Sensitiv'ity 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 tliat may be part of a biomarker 
panel. Biomarker 2 is ideal in that is incretises 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

OVAl (\ermillion. 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-l.com, accessed .June 2012). The levels of these proteins are interpreted

14



by proprietary software to determine a single numerical ()\'Al 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, OVAl 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 comidex 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

15



most cases |96. 97|.

Immunoediting in an updated hypothesis where the selective pressure of the immune 

system directs tumour growth and irnmunogenicity 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 jlOOj. MICA is recognised and is bound by the NKG2D 

receptor, this receptor stimulates natural killer (NK) and T-cells and stimulates anti­

tumour immunity jlOl, 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 I\' 

]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 res])onse 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 \'ital j^art 

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.

16
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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 respon.se of cancer patients will be interrogated to 
identify antibodies as.sociated 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 eomjrosed of a variety of interdeirendent 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 resi)onse to an antigen, or as a result of a cross-reaction to exposure, snch 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 antibod}' 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 |12()|.

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 (.4NA) 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 R.4, rheumatoid factor is
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Figure 1.9; Antibody structure

This figure sliows 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 antibodj' 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 R.4 diagnosis 

|124|. Rheumatoid factor is present in 26% - 90% of patients with RA, however it is 

also present in other autoimmune diseases studi 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 R.4 [112].

Compared to other biomarker entities, autoantibodies are particularly attractive 

and have many appealing characteristics. .4ccessibility 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.

19



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 response 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 amplihcation 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 j)otential as important 

tools for improv^ed 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.
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body response that arises as a result of malignancy and due to the develoj)ment of 

technologies, there have Ireen an increasing number of studies that have profiled canc 

patient serum for detection of tumour associated antigens |135|. Profiling the antibody 

repertoire in serum of cancer subjects is performed mainly with a \’iew 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 nnitated 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 liave jier- 

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-l, 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. i)53, 

N'\ -ESO-l, CAGE, GBU4-5, Annexinl and SOX2 . The test claims a specificity of 

90% and a sensitivity of 40% for lung cancer (ondmmune.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 c:ancer 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 1159]. 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 Jl62].

Recent improv'ements 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) 

Jl58, 164, 165] and other methods of phage display ]166, 167] have been used most ex­

tensively and the associated methodology and validation technicjues 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



reartive autoaiitihodies. This nietiiod 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 u.sed 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 i)ost-translational modifications 

and conformational epitopes.

1.6.1 Protein Array Screening

Protein array screening has been used for a variety of purj)oses 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

24



0 UD*qu«in compi«a

B«xnafV*' <3<&cov*r.

r'

6

Ok©

PfoW^g •njymatic »ctivrty- 
Kindse vjbstraie ic}«ntif>cat>on. 

ft*«ihvnTan«»efas« substraw KW^tiftcatioo 
and ub*ouit>ri bgase profdog

Prole<n-protetn 
inierdCbo<':- an<j antitxxJy 

SpecHcity profiijng

Smadi rnotbCuW 
protein profil>r>g

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 exi)ressed (not post-traiislationally 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 emi)loyed [180, 181[. Ultimately the method of content generation also effects protein 

Cluantitation. as in cases where proteins are expressed on the array surface, usually the 

amount of protein that is exj^ressed 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 bioniarkers 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 autoaiitibodies on protein arrays

This figure outlines the methodology used to identify tlie AAb binding events and hence the 
A.4b profiles associated with patient serum. The .4.4b in the patient .serum recognises and 
binds the antigen present on the array surface, this binding event is then detected by one 
(liExl protein microarrays. ProtoArrays) or two (hExl arrays) secondary antibodies.

healthy seriiin samples and issues with ELIS.4 optimisation.

1.6.1.1 hExl Expression Library and Arrays

Our laboratory has develojted 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 hExl 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 hExl human expression library platform
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consists of apiiroxiniately 37,200 redundant Escherichia r.oli 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 liExl expression library. 

The availability of the liExl 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 liExl library is an important part of under­

standing the protein presented for recognition to AAbs in the serum of subjects. The 

liExl protein expression array is the main array platform used in our laboratory and 

was developed in the late 1990’s |179|. To construct the liExl library, poly(A)+ 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-Notl) cloned into a modified vector for expression of Hiso-tagged fu­

sion protein products. Escherichia coli cells were transformed by electroporation, the 

average insert size for the liExl library is estimated to be 1.5 kilobases |179]. The 

resulting library was i)lated onto 2xYT-AKG agar plates and used for subsequent ar­

ray spotting on PV'DF membranes. The membranes were probed with an anti-RGSHo 

monoclonal antibody to identify which colonies expressed a fusion protein with an N- 

terminal RGSHe 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 P\’DF 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 liExl protein 

arrays as shown in Figure 1.13.

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

28



Arrayed 
His-tagged 

protein expression 
library

--------- :*

Incubation 
with detecting 

antibody, 
linked to 
alkaline 

phosphatase

Incubation with 
substrate and 

detection

Robot-assisted 
printing of cDNA 

clones into 
PVDF membranes

Incubation of 
protein array 

with human serum

Induction of 
protein 

expression 
on membranes

Fusion of proteins 
on membranes

Figure 1.13: hExl array production and processing
This flowchart outlines the generation and screening of the hExl 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 wdth serum the binding events are 
detected with anti-human IgG. Positive signals on the array surface are scored manually using 
\'isualgrid 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 ronghly 

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 (\'5) are a iiigh-density lininan protein niicroarray 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 

pre.sent on the array include kinases, phosphatases, G protein coupled receptors, nuclear 

receptors and proteases. The Proto.4rray 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). Tlie ProtoArrays have been 

irsed in a number of studies for variotis 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 Proto.4rray screeiung 

can be validated and confirmed using an ELISA format |137|.

Gnjatic et al. have previously used the Invitrogen, ProtoArray \'4.() 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|. .4s in previous 

studies, interrogating .4Abs 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.

.4nother group also performed a study of .4.4bs in ovarian cancer patients also used 

the Proto.4rray V4.0 [173]. In this study pooled ovarian ascites fluid from 30 ovarian car-
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ciiionia patients was profiled on arrays and compared to non-nialignant 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 \'5.0, 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 A Ah profile. In the below seetions 

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 neojrlasms 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, 19G|. 

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 

resulting in a very poor prognosis. Due to the high prevalence of the serous j)apil- 

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 aae 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 

Internationa! 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 Notes

Stage I limited to one or both ovaries

lA
involves one ovary; capsule intact; no tumour on ovarian surface; 
no malignant cells in ascites or peritoneal w'ashings

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

IC
tumour limited to ovaries wuth any of the following: capsule 
ruptured, tumour on ovarian surface, positive washings

Stage II pelvic extension or implants

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

IIB
extension or implants onto other pelvic structures; negative 
washings

lie pelvic extension or implants with positive [reritoneal washings

Stage III
microscopic peritoneal implants outside of the pelvis; or limited 
to the pelvis wuth extension to the small bowel or omentum

IIIA microscopic peritoneal rnetastases beyond pelvis

IIIB
macroscopic peritoneal rnetastases beyond pelvis less than 2 cm
in size

me peritoneal rnetastases beyond pelvis > 2 cm or lymph node
rnetastases

stage IV distant rnetastases to the liver or outside the peritoneal cavity
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stage at diagnosis

Figure 1.15: Relative ovarian cancer survival by stage (2001-2007)

Ovarian cancer survival c:orrelates 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 cardnonia grades

Low grade ovarian tumours are typically type 1 tumours and are thought to derive from invasive 
foci arising within low malignant potential tumours of the ovary. High grade ovarian tumours 
me 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 ovtirian 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 I.IG. 

High grade tumours are more aggressive and associated with a poorer jtrognosis 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 |143j. 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 

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 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 

If 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 i)rofile. autoaritibodies may arise to ma­

lignant (or even pre-rnalignarit) 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% 1143], 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 bioniarker, 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 

studie's 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 

1211|.

1.7.2 Anti-Mesothelin Autoantibodies

Mesol helin 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 ov^arian 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 AAbs.

1.7.3 Anti-NY-ESO-1 Autoantibodies

NY-ESO-l, also known as cancer testis antigen, is expressed in the testis and ovary 

and in a wide variety of cancers. AAbs to NY-ESO-l have been identified in many 

studies that have interrogated the autoantibody profile of ovarian cancer patients |207, 

215, 216, 217|. AAbs to NY-ESO-l 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-l L.AGE 1 have been identified in 30% of ovarian 

carcinoma jjatients in another study [216]. AAbs to NY-ESO-l have also been linked to 

tumour stage, specifically late stage |193|. Similarly to p53 AAbs, AAbs to NY-ESO-l 

have been suggested to be associated with type II tumours [208]. However, AAbs to 

NA'-ESO-l 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 i)roi)er regulation of specific target i)roteins 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 |221j, 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 HI ovarian cancer patients were immunoreac- 

tive, while 58.8% of stage I\' ovarian cancer patients were immunoreactive |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 \'ariety 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 j)atients 

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 tw-o studies of ovarian 

cancer patient sera. Taylor et al. have identified AAbs to survivin in ovarian c:ancer 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 w^ere 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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surviviii as part of a panel of antigens, AAbs to survivin and 6 other antigens (p53, pl6, 

cyclin Bl, cyclin Dl, 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 specihc 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

• There is a ovarian cancer associated autoantibody profile present in patient serum

• Autoantibodies can be used as biomarkers of ovarian cancer

• Autoantibodies identified by protein iirray screening can be adapted to s(!Condary 

platforms

To test this hypothesis the study aims were

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

serum samples on i)rotein arrays

• To identify .4Ab profiles associated with ovarian cancer

• To investigate the identified A.4b profiles using secondary methodologies

• To investigate the identified AAb profiles using additional serum samples

Study Outline

The aim of this research is to prohle 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
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cance- research consortium - Discovary The samples were screened against very large 

collec’ions of human proteins on two different array platforms. Firstly, we profiled 

the antoantibody repertoire of ovarian cancer patient and control cohort serum using 

the hExl protein arrays. From this work, autoantibodies were identified to be associ­

ated Muth disease. These results were interrogated in secondary platforms, including a 

translational platform which is routinely used in the clinic (ELISA). The autoantibody 

profih- in ovarian cancer i)atient and control cohort serum was also determined using the 

Invitrogen ProtoArrays. The results of ProtoArray screening was compared to previous 

prohles identified using the liExl 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% 

solution
Sigma Aldrich, UK A 35 74

Agar Sigma Aldrich, UK A 5054
Aninionium persulfate (APS) Sigma Aldrich, UK A74()0

Ainpicillin Sigma Aldrich, UK A95t8
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
Ditliiothreitol (DTT) Sigma Aldrich, UK D91(i3

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 G8898

Guanidine hydrocloride (GuHCl) Sigma Aldrich, UK G4505
Human protein microarray (liExl) Imagenes GmbH, Berlin, 

Germany
IMA- PROT-ARR

Hydrochloric acid (HCl) Sigma Aldrich, UK 258148
Hydroxyethyl

piperazineethanesulfonic acid 
(HEPES)

Sigma Aldrich, UK H7006

Isopropanol Sigma Aldrich, UK 59304
Kanamycin Sigma Aldrich, UK K4000

Magnesium chloride (MgCb) Sigma Aldrich, UK 63072
Methanol Sigma Aldrich, UK 24229

Ni-NTA agarose beads Merck, UK 70666-4
N,N,N',N'-

tetramethylethylenediamine
(TEMED)

Sigma Aldrich, UK T981

Overnight express media Novagen (Merck), UK 71491
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Material Source Catalog
Polypropylene columns Qiagen, UK 34924

Polyvinylidene fluoride (PVDF) .4mersham (GE 
Healthcare), UK

RPN303F

Potassium chloride (KCl) Sigma .41drich, UK P9541
Potassium dihydrogen phosphate 

(KH2PO4)
Sigma Aldrich, UK 30407

Skimmed milk powder Sigma Aldrich, UK 70166
Sulfuric acid (H2SO4) Sigma Aldrich, UK 84736

Sodium Chloride (NaCb) Sigma Aldrich, UK S9888
Sodium dihydrogen phosphate 

(NaH2P04)
Sigma .41drich, UK S3139

Sodium dodecyl sulfate (SDS) Sigma .41drich, UK L3771
Sodium phosphate dibasic 

{Na2HP04)
Sigma Aldrich, UK S3264

Tris-HCl Sigma Aldrich, UK T5941
Triton X 100 Sigma Aldrich, UK XI00
Trizina base Sigma Aldrich, UK T1503

Tiyptone Forniedium, UK TRP03
Tween 20 Riedel-de Haen (Sigma 

.41drich), Germany
63158

Urea Sigma .41drich, UK U5378
Yeast extract Formedium, UK YEA02

2-mercaptoethanol Sigma .41drich, UK M3148
3,3 ',5,5 '-Tetraniethylbenzidine 

(TMB)
Sigma .41drich, UK T8665

2.2 Serum Sample Collection

Approval for this study was obtained from St. James’s Hospital and Adelaide and 

Meath iiumporating the National Children’s Hospital research ethics committee. Serum 

samples and clinical information was obtained with informed consent from patients 

atten(iing St James’s Hospital undergoing surgery for possible ovarian neoplasm. All 

blood samj)les 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 x g 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 hExl Array Screening and Analysis
2.3.1 hExl Array Serum Screening

As described previously, the human expression library 1 was made from rnRNA, ex­

tracted from human brain tissue. The cDNA was prepared from poly(A) RNA 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 (SCSI cells from Stratagene). The library contains 

37,200 clones, which are spotted in duplicate |179, 175, 231]. The hExl arrays were 

purchased from Imagenes GmbH, (Berlin, Germany).

The hExl arrays, which consist of two separate P\'DF 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 (150niM NaCl, 10 niM 

Tris-HCL pH 7.5) for 10 minutes, all on fast rocker (35 rprn). The arrays were blocked 

on a slow rocker (7 rprn) 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 

200/rl 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
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labs. The dish containing the liExl arrays were was wrapped in fding 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 tem{)erature 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 temirerature. 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 (lOOniM Tris-HCL pH 9.5, IniM 

MgCl2) 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 mimites, 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 hExl Array Scoring

\hsualgrid (CPC Biotech) software was used for liExl 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 hExl array (b) Post-screen hExl array

Figure 2.1: Images of hExl protein arrays

Subfigure A is an image of a subsection of the Imagenes hExl 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 hExl 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 li.sted. 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/) wais 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 inaiiagenient was based on 

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

2.4 hExl 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. 100/if of 2xYT-AKG agar (per litre 15g agar. 16g tryptone, 

lOg yeast extract, 5g Nad, after autoclave the following are added. 2% glucose. 25//g ml 

kanainycin, 50/ig/'nil 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 

ill a biosafety hood. Autoclaved filter jiaper 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 lOO/il 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 cliromatogram 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 f 1 reading frame were used for further analysis. The 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 hExl Bacterial Clones

^^’ells 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 Inil solution of 2xYT-AKG (per litre 16g tryptone, lOg yeast extract, 

5g Nad, after autoclave the following are added, 2% glucose, 25/ig/ml kaiiamycin, 

50/rg/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
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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, lOOpl 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 oOml 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 —8()°C and allowed to thaw on the bench, 2ml 

of lysis buffer A (lOOniM NaH2P04. lOniM Tris-HCl. 6M GuHCl, pH 8) was added 

to i)romote bacterial lysis. The pellet was resuspended by pipetting and vortexing. 

Resuspended i)ellets in buffer A were then jilaced on a rocker on slow rock (15 rpni) 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. 400//1 (for 10ml cultures) or Irnl (for 50ml cultures) of the Ni-\TA 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 

pellet s were resuspended in 1ml of lysis buffer A solution and centrifuged at 400 x 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 GxHis-tagged protein purification using immobilised metal 
affinity chromatography (IM.4C). Proteins can be purified under native or denaturing condi­
tions using this method as outlined in this figure. Using Adapted from “The QIAexpressionist"- 
Fifth Edition .

The resuspended bacterial pellets were transferred to 2 ml microcentrifuge tubes 

and centrifuged at 1C,100 x g for 25 minutes at 4°C. The resultant supernatant was 

removed and saved while the bacterial pellet was discarded. The supernatant rvas 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 aliciuoted 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 w’ash buffer C (lOOmM NaH2P04. lOmM Tris-HCl, 8M Urea, pH 6.3) 

and the run-off discarded. Columns were then stoppered and 200/d of elution buffer E 

(lOOmM NaH2PO4,10mM Tris-HCl, 8M Urea, pH 4.5) was added to the columns. After 

10 minutes, the stopper was removed and the run-off was discarded. 500/il of elution 

buffer E was added to the columns and the run-off w'as 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, Img/rnl, 0.75mg/ml, 0.5mg/ml, 0.25mg/ml, 

0.125mg/nd, 0.025mg/ml and a blank of diluent was also included in the standards. 

20pl of proteins to be tested were diluted in 40/rl deionised water and vortexed. 25/il 

of the BSA standards were aliquoted in triplicate and 25/d of the test proteins were 

aliquoted in duplicate in a 96 well rnicroplate. Working reagent was prepared by mixing 

50 parts of BCA reagent A with 1 part of BCA reagent B. 200/il of working reagent 

was added to both standard and test wells in the rnicroplate. 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 absorlrance was measured tising a rnicroplate reader (^^’allac \lctor) at 

540mn, 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 1/rl of 0.5M HCl 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 1/d 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 ciuantitation was 

made based on the tightly controlled path length of Inim. Once this measurement was 

recorded the pedestal was wiped with a soft tissue. 1/d 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 nanodroi) 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 IM Tris-HCL pH 8.9, 4ml of Acrylamide/bis- 

acrylamide 40% solution, 100/rl of 10 % SDS solution, 5/tl of TEMED, 50/il of APS.

Stacking phase: 2.66ml of dH20, 1.575ml of 0.4M Tris-HCL pH 6.8, 660/xl of 

Acrylamide/bis-acrylamide 40% solution, 50/rl of 10 % SDS solution, 5/rl of TEMED, 

50/il 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; hExl protein microarray spotting

Shown here in subfigure A is the Genetix spotting robot used in hExl 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-mercaptoethaiiol) and an equal 

quantity of protein was pipetted into niicrocentrifuge tubes and denatured by heating to 

95°C for 5 minutes and then cooled and centrifuged on short sjtin to collect condensate. 

The gels were set up in the electrophoresis tank, and running buffer (25mM Triznia 

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 

15niA per gel through the stacking phase and 20mA per gel through the running phase. 

The gels were transferred to cooniassie 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.
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2.5 Secondary Serum Screening Methodology

2.5.1 hExl Protein Microarray Screening and Analysis
2.5.1.1 hExl 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.

.4 384 well microplate layout was generated by the QSoft software (Genetix) to re­

sult in the desired spotting layo\it. 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 jjroteins were spotted in quadruplicate (Figure 2.5a). .4s 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 trii)licate (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. .4dditional 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 hExl protein to which no serum was reactive (as determined by previous

00



Figure 2.4: hExl iiiicroarray 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.

hExl array screening).

Using the results of BC.4 assay protein quantitation, the hExl jjroteins were diluted 

with PBS (137mM NaCl. 2.7mM KCl. 4.3inM Na2HP()4, 1.47niM KH2PO4, pH 7.4) to 

give a final protein concentration of 250/ig nd. Proteins that were too dilute to be spot­

ted at this concentration were spotted undiluted. The generated 384 microplate layout 

was followed and 20/rl of the liExl 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 150/im 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 hExl 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 {)lace on a fast rocker - 

35rpm, in a multislide glass holder) for 10 minutes in PBS (137mM Nad, 2.7mM KCl, 

4.3mM Na2HP04, 1.47mM KH2PO4, 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 

liour. 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. lOOpl 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 

Imniunoresearch 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. 100/d 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 arravs for 90 minutes.
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(a) Block spotting layout as in Field 1
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(b) Block spotting layout as in Field 2 - Random

Figure 2.5: hExl niicroarray 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 X g for 2 minutes at 4°C. Arrays were scanned immediately after screening and 

stored at room tem[)erature.

2.5.1.3 hExl Protein Microarray Scanning

Alicroarray scanning was performed using a GenePix 4000B Axon set to scan at the 

ratio wavelength setting of 532nm and 63omti. 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. Si)Ots 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 hExl 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 

\'alue. For instances where background had a iiigher 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, bloc:k normalisation was carried out by dividing the average value for the anti- 

hu IgG (1:1000) spots into the values of the liExl spots in the relevant block. This 

results in 10 normalised values for each of the different liExl 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 liExl 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 liExl 

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 P\'DF mem­

brane was cut to size (9cm x 6.5cm) and activated in ethanol for 2 minutes. The 

membrane was then washed in dH2() and equilibrated in transfer buffer (20mM Tris- 

HCl 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 Nad, lOniM 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 lug ul. 50//1 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 

(15()mM NaCl, 10 niM Tris-HCL 7.5, 0.1% v/v Tween 20). All microplate washcis 

were performed in a microplate washer (Biochrom Anthos Fluido 2). Next, 400/rl of 5% 

milk TBS-T was alicpioted into each well and the wells were blocked for 2 hours. The 

j>late was washed 3 times with TBS-T. Serum was diluted 1:100 in 5% milk TBS-T and 

50/d 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. Coat anti-human horseradish 

peroxidase (HRP) conjugate IgC (Sigma Aldrich UK, Cat no: A0170) was diluted to 

1:5000 dilution in 5% milk TBS-T. 50/rl 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, 

50/il of TMB sub.strate was added to wells and incubated for 30 minutes in the dark. 

The reaction was then stopped by addition of 25/il of IN 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

P\"DF membranes were cut to size and activated in ethanol for 2 minutes and washed 

in dH2() for 2 minutes. Protein antigens were diluted in dH20 to a final concentration 

of 10ng//d. The P\'DF membrane was kept humidified on PBS soaked filter paper 

while 2/rl of the diluted antigens were spotted on the membrane in a grid like layout. 

The membranes were then carefully removed from the soaked filter pa])er ami j)laced 

on a dry filter paper for 20 minutes until dry. The membranes were then re^activated 

in ethanol for 2 minutes, rinsed in dH20 for 2 minutes and rinsed in TBS-T (150mM 

Nad, 10 iiiM 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 tem])erature, 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 Iiivitrogeii ProtoArrays (\'5) 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 Proto.4rrays were removed from — 80°C and equilibrated to 4°C for 20 

minutes. .4rrays were placed in a petri dish and blocked in 20 mis of blocking buffer 

(50nM HEPES. 25% v/v glycerol, 0.08% v/v Triton X-100, 200mM NaCl, 2% w/v 

skimmed milk powder. IrnlM DTT) for 1 hour at 4°C on an orbital shaker on slow rock. 

The arrays were washed in wash buffer (137mM NaCl, 2.7m4I KCl, 4.3mM Na2HP04, 

1.47niM KH2P().i, 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. .4rrays were then washed with 20nds of wash buffer for 5 minutes 

for a total of 5 washes. Alexa fluor 647 goat anti-human IgG (Invitrogen, UK, Cat: 

.421445) was diluted 1:2000 in wash buffer and incubated over the array for 90 minutes. 

.4rrays were washed with 20mls of wash buffer for 5 minutes for a total of 5 washes. 

.4rrays were then dii)ped 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 .4x011 scanned at a wavelength of 647nm. The individual gal file for the array 

was downloaded from the invitrogen.com website and overlaid on the Proto.4rray 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 Proto Array Analysis with Prospector

The Iiivitrogen Prospector software was used to analyse the array results. The gpr 

files were opened within the software program and were analysed using the “Immune 

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 w'ere saved as ranked lists in 

microsoft excel files. These lists of proteins were analysed using the innate database 

pathw’ay analysis tool (innatedb.com). The “Data .4nalysis” 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 pathw'ay over-representation tool was us(h1 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 w'ere 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.Sand 2.5.1.4 statistical analyses were performed inhouse. In 

the case of section 2.3.3 regarding the analysis of the liExl 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 inicroarray 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 he .sufficient to detect such sensitivity.

In this study, 20 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 inii)ortant 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 
liExl Array Serum Screening 
and Validation

3.1 Introduction

The iinnmiie 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 tuniourigenesis. 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 cjuality of life and survival.

To profile the AAb repertoire of selected subjects, the liExl 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 hExl 

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 hExl 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. .411 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 .4.4b pattern 

in a diverse group, than a more homogenous group. .4s 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 HI-I\'. It w^as 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 wutli benign diseases as a control cohort [232], this may
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be a more approj)riate control gronj) 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 liExl 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 diagno.sed 

by the MDT in St. James’s Hospital. Benign patients were selected for A.4b serum pro­

filing, as tissue remodelling and damage at the site of the o\'arian growth may induce 

an autoantibody response. This response needs to be interrogated to ensure it does 

not overlap with the tumour ,4.4b profile, ,4s 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 erir- 

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 w^as screened as a control to determine AAbs that 

may l)e associated with malignant tumours of serous histology that are not exclusive to 

ovarian cancer

3.2 Aims

• To use the hExl protein arrays to identify autoantibody profiles in healthy and 

disease serum.

• To identify autoantibodies that are associated with ovarian cancer.

• To validate the results of liExl screening using secondary experimental platforms.
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3.3 Materials and Methods

3.3.1 Serum Samples and hExl Array Screening

The hExl 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.l. Five different serum cohorts were screened for this study.

Following serum screening on the hExl 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 hExl array screening

Number of

Samples
Stage Histology

Mean

Age

13 Early OC (I-II) Mixed Histology 54

20 Late OC {III-I\')
Serous Papillary 
Adenocarcinoma

63

5
Priinarv Peritoneal

Carcinoma
Serous Histology 65

10 Benign Ovarian Disease Mixed Histology 51
9 Non-Remarkable - 64
17 Healthy - 67

3.3.2 Selection and Expression of Antigens of Interest
3.3.2.1 Selection of hExl 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 hExl 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 jirevious 

methodology. The top ranked panels of clones identified to be associated with early
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■? FinchTV - 506B02.pQE-f.ab1

This figure shows the results of sequncing anaysis for clone 506B02, 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 
“AG.4GG.4TCGC.4TCACC.4TC.4CCATCAC” sequence is clearly visible in this image and 
this encodes the RGSHiitag.

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 hExl 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 hExl array screening, secondary validation techniques were 

performed. An initial hExl 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 hExl Protein Microarray

The hExl jcrotein microarrays were generated as in Section 2.5.1.1. Proteins were 

diluted to the recjuired concentration with deionised watc'r, enough diluted antigen was 

made uj) to make five master plates from which to sjjot. hence the same dilutions were 

used on each array spotted. Once the master ])lates were aliciuoted, they were stored 

short-term at —2()°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 si)Otting (piality. The layout of 

the slides is outlined in Figures 2.4 and 2.5.

Quality Control Analysis

For {|uality 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 liExl protein across all 5 

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

hExl Protein Microarray Serum Screening

The 73 serum chosen for autoantibody screening on the hExl 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 sami)le.

Table 3.2: Serum for hExl microarray screening

Number of

Samples
Stage Histology

Mean

Age

20 Early OC (MI) Mixed histology 57
23 Late OC (III-IV) Mixed histology 61
20 Benign Ovarian Disease Mixed histology 45
15 Non-Reniarkable - 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. Eor optimisation hExl p53 pro­

tein, commercial recombinant p53 and hExl negative control protein (tenascin) was 

probed with a serum sample (Late stage TCDOG 55) that was identified as having 

AAbs to p53 by hExl array and hExl protein microarray. The optimisation ELISAs 

were proce.ssed 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 hExl 

array screening (Table 3.1) and the liExl 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 hExl array and hExl protein microarray screening. Two 

antigens were selected for ELISA analysis as they exhibited strong binding in hExl 

array platform only, while one antigen was selected as it exhibited strong binding in the 

hExl protein microarray only.

Table 3.3; Serum for ELISA Analysis

Number of

Samples
Stage Histology

Mean

Age

12 Early OC (I-II) Mixed histology 57

20 Late OC (III-1\') Serous Papillary 
-Adenocarcinoma 63

10 Benign Ovarian Disease Mixed histology 51
9 Non-Reinarkable - 64
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3.4 Results

3.4.1 Results of hExl Array Screening

Once serum screening has been performed and tlie hExl 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 wdth the panel. Followdng 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 Table A. 2 as highlighted blue 

text. .4pproximately one third of bacterial clones listed in the panels of interest were 

identified as not ha\'ing an insert in the correct open reading frame this is in agreement 

wdth the previous analysis of the hExl library |179, 233|. Seventy four bacterial clones 

were selected for further iin'estigation.

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 arc associated wdth more than one cohort, 

for instance, clone 592F05 has been shown to be associated wdth the benign and the 

primary peritoneal cohort. This list of protein products is redundant and many of the 

expressed proteins are partial products.

.4 simple analysis was carried out to identify the serum reactivities for each of the 

74 expression clones identified by hExl 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 liExl array

This image is of a processed hExl 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|.
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antigen by hExl screening. As detailed in Section 2.3.2 there are three different scoring 

intensities for signals on the hExl arrays, the strongest intensity is “3” and the weakest 

is “1”. 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 jjroteins 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 discrei)ancies 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 250/ig ml and hence could not be spotted at this concentration on the
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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 niicroarrays. The average eoiiceiitratiun of the 19 protein products below this 

threshold was lll/ig/ml

3.4.3 Secondary Validation 
3.4.3.1 hExl Protein Microarray 

Quality Control Analysis

The niicroarrays were spotted in-house as detailed in Section 2.5.1.1 and to ensure 

that the nhcroarray 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 liExl proteins spotted 

on the arrays as all the liExl are his-tagged fusion proteins, as shown in the images 

of the screened niicroarrays 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, w'ith 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 liExl 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 3.5c 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 hExl 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.

hExl Protein Microarray Serum Screening

Following the assessment of the (juality of the protein microarray spotting and conffr- 

mation that the spotting reproducibility was sufficient, serum screening was performed. 

Figure 3.7 shows a subset of images of serum screened hExl 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. .41though array screening was performed on a 

slightly altered serum cohort, the trend of ovarian cancer association does not seem to 

he as erddent from the results of protein microarray screening.
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(a) Anti-histidine, Lot 1 (b) Anti-histidine, Lot 2 (c) Anti-histidine, Lot 3

(d) Anti-histidine, Lot 4 (e) Anti-histidine, Lot 5 (f) Anti-IgG only, Lot 3

Figure 3.5: Anti-histidine screened hExl microarray slides

These figures show the results of anti-histidine antibody screening and anti-IgG antibody 
screening only on the hExl 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 liExl 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 inicroarray this variation is relatively small, the variation noted w’as considered to be 
acceptible. Notably, the antigen corresponding to clone 575J16 has a very low mean value 
compared to other v'alues. 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 liExl Array and hExl Microarray Analysis for 74 
Antigens

Both the liExl arrays and the liExl protein inicroarray platforms differ greatly in their 

surface chemistry and antigen purity, however as hExl antigens are used in both array 

platforms it was expected that tliere would be a large overlap between the platforms. In 

particular where there was a strong signal (intensity 3) to an antigen in the hExl array 

platform, it was assumed that there would also be a strong signal to an antigen on the 

protein microarrays. The results of hExl array serum screening and hExl 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 hExl 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 hExl microarray slides

Shown in this figure are images of hExl protein microarrays screened with human serum. The 
red Cy5 spots used for gal file alignment are clearly seen and positive recognition of hExl 
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 iiExl protein microarray screening. 

The bine 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 liExl array in partic­

ular. How'ever. 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 throughi)ut 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 ELIS.4 

format was selected for antigen validation at this stage as this is the classical ’gold 

standard’ diagnostic platform.

In total six antigens w'ere assessed by ELISA. Three of these antigens exhibited 

similar binding patterns in hExl array and liExl 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 .4Abs on the 
surface of the liExl array. The green squares reflect antigens that bound .4Abs and ellicited 
a fluorescence that was greater than the average fluorescence plus two standard deviations on 
tlie surface of the liExl 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 liExl array platform oidy, while one antigen was selected as it 

exhibited strong binding in the liExl 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, cornplexin 

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 

AAb identification.

Many of the other antigens of interest identihed in this study also show potential to 

be cancer or disease as.sociated. The F.4M1C1A 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 FAM161.4 protein is a very novel protein and .4Abs to this protein have not 

been characterised.

Cornplexin 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 cornplexin 1 gene 

(CPLXl) 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 cornplexin 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 iinplicaled 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 exjjressed 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 develoinnent, a commercial 

p53 [rrotein 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 arc 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 Eigure 3.11. Erom 

this image it is evident that there is a very good similarity between the two different p53 

proteins. Erom 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 hExl negative control protein does not exhibit binding of AAbs in 

serum. From this experiment it was determined that the hExl negative control protein 

was suitable for use as a negative (»ntrol.

p53 Antigen ELISA

Cellular tumour antigen p53 (p53) is a tumotir 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: ELIS.4 optimisation analysis

The antigen coating concentration is determined using the commercial p53 protein (indicated 
in blue) a.s a reference, the hExl p53 product (red) is identified as having a similar reactivity 
compared to the commercial protein. A negative protein, which is also a hExl 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, p53 was selected for further analysis using the ELISA platform. AAbs 

to p53 were identified in 5 /20 late stage ovarian cancer patients by hExl 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 liExl 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 p)apillarv adenocarcinomas. This finding confirms previously published 

results where AAbs to p53 are associated with type II ovarian tumours [79, 208], our 

findings indicate that .4.4bs 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 A.4b r(;sponse 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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Figure 3.12: hExl p53 ELISA analysis

In this figure the hExl p53 ab.sorbance values are indicated as blue columns, another liExl 
protein expressed, purified and normalised in the same maimer, 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 hExl p53 protein and a com- 

merial recombinant p53 protein (Section 3.4.3.2), how'ever. other hExl antigens were 

also interrogated in the ELISA optimisation stage and the conditions were confirmed 

to he suitable for these antigens also. Following the confirmation and validation of the 

p53 ELIS.4s that identified AAbs to p53 in late stage ovarian cancer jiatients 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.

FAM161A protein (592F05) was identified from Figure 3.10 to show a good overlap 

between the two array formats, although this w'as 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 hExl array screening platforms. However from the 

results of ELISA analvsis the results are unclear. The ELISA results do not identifv
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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 liExl array and protein microarray 

platform.

592F05 - Protein FAM161A
30
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E :o
cS 15 
^ 1 0 

0,5 
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Serum sample

Figure 3.13: hExl FAM161A ELISA analysis

In this figure the liExl F.4M161.4 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.

.4Abs to DDBl 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-rernarkable 

serum N5 and late serum 189). Both of these serum are not above the predetermined 

ELISA cut-off. however sample AAbs to this antigen were identihed in sample N5 by 

liExl array screening only, while AAbs were identified in sample 189 by both array
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screening platforms.

S49G08 - DDB1 and CUL4 associated factor 6

Figure 3.14: hExl DDBl and CUL4 associated factor 6 ELISA analysis

In this figure the liExl DDBl 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 

liExl array primarily (11 .4Ab positive serum of varying intensity, in 51 screened sam­

ples), however, additional serum samples exhibited reactivity using the liExl 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. 

Eroin ELISA, two sera (Early 39 and 257) of the four immunoreactive sera were identi- 

hed to be immunoreactive on the Imagenes liExl arrays, while the remaining one serum 

of the four ELISA identified immunoreactive sera was identified to be immunoreactive 

on the in-house hExl protein microarrays. Erom reviewing Eigure 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 hExl array screening.
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528A14 - Complexin 1

liMlil

Figure 3.15: hExl Complexin 1 ELISA analysis

In this figure the hExl complexin 1 ateorbance 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 liExl 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 liExl protein microarray. This single serum sample was identified by both 

array platforms. .4s with itrevious ELIS.4s, the ELIS.4 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 i)rotein indicates that these are not true positives. There seems to 

be only one positive .4.4b response identified in serum sample 147 (Figure 3.16). This 

value is above the threshold and the corresponding negative control has a lower value. 

A.4bs to this antigen in this serum sample were identified in the liExl array and protein 

microarray platform. No serum samples appear to have borderline imniunoreactivity 

to this antigen as the absorbance values for the negative control and the test antigen 

are very similar.

97



30 - 

2 5 ■

E 20 ■
c
® 1 5 ■ ir> '

<10-
05 ■

00 •

541H09 - Myosin light chain 6B

I'ton-RemarioWe

•-J CO fo -T oU- - <s •Tj'TUo|»|o o|r>j^|^

Benign

^ (i5 ■“- » » <N uolo I

Eartv

Serum sample

-15  ̂^ ^ ^ ® ^ CO CO •- (Njok- r- oo »

Figure 3.16: hExl Myosin light chain 6B ELISA analysis

In this figure the hExl myosin light chain 6B protein absorbance values are indicated as blue 
columns. The absorbance v'alues 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 (592.102) were identified predominantly 

using the in-house liExl protein microarray. However, the results of the hExl 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 dehnitive 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 corresjronding 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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5g2J02 - Transcription regulator protein BACH2

Figure 3.17: liExl transcription regulator BACH2 ELISA analysis

In this figure the liExl 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 A.4b 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-reniarkable 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-rnalignant 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 deterinination of AAbs to DDBl 

and CUL4 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 DDBl 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 .4Ab resjtonse 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-1-2 standard 

deviations) is the general method of determining positive ELISA results and is relatively
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standard. The limitations of cnt-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 rng/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 cjualitative 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 liExl 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 hExl 

protein w-hich 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 liExl arrays and the secondary investigation 

by liExl protein microarray and ELISA indicate that AAb responses to antigens are 

identihed with different frequencies in different platforms. The two array platforms 

used in this research are very different. The liExl arrays are commercially made arrays 

subject to rigorous quality control testing and comprised of over-expression bacterial 

cell lysates on P\'DF membranes. The in-house liExl 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 liExl proteins, there are many differences between the arrays 

which may result in differential AAb binding and rectivity prohles. However, there was 

a small number of overlapj)ing .4Abs identified in serum by both array formats. From 

investigating the overlaps between platforms it was identified that .4.4b responses to 

antigens in both of the liExl array platforms are more likely to be robust .4.4b responses 

and have increased likelyhood to be validated in an ELIS.4 format. This was the case 

for p53 .4.4bs which were identified in the same patients by both array platforms.

From the ELISA results it is clear that .4.4bs against p53 perform far better than 

any of the other 5 antigen .4.4b responses tested. .4utoantibodies 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 .4.4bs 

to these antigens being interrogated further, as they are present in equal numbers of 

non-nialignant 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 hExl protein arrays were used to iden­

tify autoantibodies to antigens in nori-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 ELIS-4. .41though, 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 researdi aims to uncover a robust autoaiitibody profile associated with ovarian 

cancer that can be consistentlj’ adapt('d into other platforms. From the previous chapter 

it is clear that there is variation between the results of the liExl array screening, liExl 

microarray screening and ELISA analysis. The differences between the platforms, for 

the same serum samples needed to be interrogated further to improve identification of 

AAb responses that will validate in an ELISA format.

In an attempt to identify a cohort of highly reproducible autoantibodies an amended 

protocol for hExl 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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Scrum pooling has been used in many bioniarker 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

• To identify robust autoantibody profiles associated with ovarian cancer.

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

cohort of ovarian cancer pati('nt serum.
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4.3 Materials and Methods
4.3.1 Pooled Serum Screening on hExl 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 i)atient sera are the 

same sera that have been used in previous hExl array screens.

Table 4.1: hExl screened pooled serum

Number of

Samples
Stage Histology

Mean

Age

4 Early OC (I-II)
Serous Pajiillary 
.4deiiocarcinoma

65

20 Late OC (III-I\’)
Serous Papillary 
.4denocarciuonia

G3

15 Non-Remarkable - 64

4.3.1.2 hExl Array Screening Using Pooled Serum

As for previous hExl array screening detailed in Section 2.3.1, arrays were activated, 

rinsed in dH2 0 and bacterial colonies were removed. Arrays were washed in TBS-T- 

T and TBS-T as previous. The arrays were blocked for 2 hours in 5% w/v skimmed 

milk powder in TBS-T (150mM NaCl, 10 inM Tris-HCL pH 7.5, 0.05% v/v Tween 20). 

Serum was thawed on ice and 20pl 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 .41drich, 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

.4 sim{)le 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. 

Exjrression 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 200iig well or 50iig/well of commercial recombinant p53 

protein and electrophoresed. The proteins on the gel were transferred to a P\'DF 

membrane at 100 volts for 1 hour. The blot was rinsed in TBS-T (150mM NaCl, lOmM 

Tris-HCl 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 lOniin 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).

hExl 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 hExl 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 lOnil 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 lOOng/well were compared using the 

commercial p53 protein. For coating of hExl 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 

I)apillary 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

Samples
Stage Histology

Mean

Age

28 Benign Mixed Histology 48

14 Late OC (111-14')
Serous Papillary 
.4denocarcinoma

62
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4.4 Results

4.4.1 Results and Overlap of hExl Array Serum Screening

Expression products that were identified to be immunogenic in tlie ovarian cancer co­

hort sera and not in the non-remarkable sera, as determined by the individual serum 

screening are listed in Table B.l. 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 i)resent in both lists. These 

antigens were p53, 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 hExl screening methods

Three antigens were identified in both hExl 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
.4dducin alpha

Endosulfine alpha

Following identification of the three antigens associated with the ovarian canc:er 

cohort, an analysis was performed to determine the jrroportioii of patients wdth AAbs 

to the antigens in each cohort as identified by liExl array screening. The results of this 

analysis is outlined in Table 4.4. hExl 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. hExl 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. hExl 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 recognitoii of antigens of interest

Shown here are iminunoreactive late stage ovarian cancer serum 71, 37 and 35 and the positive 
signals resulting from AAb binding to the liExl expression clones for p53, adducin alpha and 
endosulfine alpha respectively. The antigen spotting panel is outlined below the liExl array 
images. This layout is used for liExl array scoring of postive antigen signals.

identified in early ovarian (:anc(‘r i)atients or the non-remarkable control sera.

4.4.2 Assessment of Overlap Antigens

After growing of the 3 expression clones and the negative hExl control protein, the 

protein products were i)urifi('d and analysed by PAGE analysis. The results of PAGE 

analysis are showm in Eigure 4.2. Eroin PAGE the purity of the proteins could be

Table 4.4: Erequency of Autoantibodies Identified by hExl 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 liExl array screening. Notably, from hExl array 
screening none of these antigens were identifed as reactive to AAbs in non-remarkable subjects.

Late OC Early OC Non Remarkable

p53 5/20 (25%) 0/13 (0%) 0/15 (0%)
Adducin alpha 3/20 (15%) 3/13 (23%) 0/15 (0%)

Endosulfine alpha 4/20 (20%) 0/13 (0%) 0/15 (0%)
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Table 4.5: Protein sizing by sequence for antigens and negative protein

ENSA ADDl NEG TP53
sizing by sequence 19 kDa 39 kDa 39 kDa 28 kDa

130 KDa

70 kDa 
55 kDa

35 kDa

25 kDa

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 AAb profiles that have been previously identified to be associated with 

ovarian cancer. This selection method may cJso 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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Figure 4.3: p53 sequence alignment

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

are needed to increase the sensitivity value.

ELISA analysis of the p53 i)rotein had been previously performed and is outlined 

in Seetion 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 liExl 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 ClustalW2 tool, the alignment results are shown in Figure 4.3. 

This alignment shows that the hExl protein overlaps with 60% of the full length, wild 

type p53 protein, this analysis also confirms the C-terminus bias of the hExl library.

113



4.4.2.2 Adducin alpha (ADDl)

.4dducin alpha (adducin 1) is an ubiquitously expressed ineinbrane-cytoskeleton-assodated 

protein that is localised at the spectrin-actin junction and is known to play a crucial role 

in nienibrane 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 larnellipo- 

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 maligiiaiicy.

Autoantibodies to adducin have not been previously characterised in ovarian cancer. 

However recently atitoantibodies to adducin have been identified in prostate cancer 

patients [146, 280, 281[. In these publications, AAbs to adducin were considered an 

imj)ortant immune rei)onse 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 BRCAl and BRCA2 mutations [67, 68[.

As with the liExl p53 expression clone, the protein F.4STA sequence attained for 

the .4dducin alpha expression clone, was compared to the F.4STA 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%. .4gain, 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 Eridosulfine alpha (ENSA)

Eridosulfine 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-Bl-CDKl activity high during M phase [282]. In mammals endosulfine 

alpha also acts as a stimulator of insulin secretion by interacting with sulfonylurea 

receptor (ABCC8), 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 i)revious ])ublication based on the same liExl array platform 

]175]. However A.41)S to endosulfine alpha have not been identified in ovarian cancer 

patients previously. The protein FASTA sequence attained from analysis of the opjen 

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 hExl endosulfine alpha sequence overlaps 100% wdth 

the wdld-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 liExl expression 

product.
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Figure 4.4; Adduciii alpha sequence alignment

Sequence alignment of the hExl 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 hExl adducin alpha FASTA sequence was compared to 
three different isoforms of adducin alpha, isoform 1 (showm here) shows the best alignment of 
34%.
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Figure 4.5: Endosulfine alpha sequence alignment

Sequence alignment of the hExl endosulfine alpha expression clone (507H13) and the full length 
endosulfine alpha protein (EndosulfineAlpha). From this alignment it is clear that the liExl 
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 hExl expression product.

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

A comparative analysi.s of ELISA and Western results was performed to interrogate 

the reproducibility and performance of the different platforms. In the previous chapter 

ELISA analysis liad been optimised at 50 ng well concentration, liowever Western im- 

munoblotting liad been optimised at 200ng, lane for commercial p53 and oOOng 'lane for 

liExl proteins. For this analysis the serum samples that were identified as reactive to 

tlie p53 protein were interrogated l)y ELISA and Western immnnoblot at c'omparable 

roiiceiitrations (5()ng total protein). This was performed to confirm comparable results 

in l)otli platforms using different antigen concentrations. From the results of tliis analy­

sis, it is clear that even at conqiarable 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, liowever our researcli 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 ELIS.4 and Western immunoblotting, the results of these different 

metliods 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

117



lOOng/well p53 antigen SOng/well p53 antigen

fi rl J rl n i ri ri n rl
1 1 1 :: 1 V 1 1

(a) ELISA antigen coating comparison

35kD

200ng/lane pS3 antigen
-»ve pS3 -ive pS3 -nc p53 -tve p53

•f ^

50ng/lane pS3 antigen
« p53 -ive o53 -ive p53

55kD

35KD
55 71 89 137

35kD 
188 55

i
71 89

I
137 188

Late Late

(b) Western blotting antigen concentration comparison 

Figure 4.6; Comparative (;ommercial 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 handing 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 liExl array screening. Western immunoblots identified p53 

AAb immnnoreactivity 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 liExl 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 hExl 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 p53 have long been identifed as tiaving 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 .4.4bs 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. 21()|. .4s mentioned previously there is an increased sensitivity 

associated with the Western blotting platform which may be antigen associated. For 

instance, although .4.4bs to p53 are identified in comparable numbers in both platforms, 

in total 4 positive .sera were identified by ELIS.4, 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 - Addncin Alpha Antoantibodies

.4.4bs to adducin alpha have not been previously characterised in ovarian cancer. How­

ever overexpression of the .4DD1 gene in 0\^C.4 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 Early OC Non Remarkable

ELISA
Western

Blot
ELISA

Western

Blot
ELISA

Western

Blot

p53
4/20
(20%)

5/20
(25%)

0'20 (0%)
2/20
(10%)

0/15 (0%) 0/15 (0%)

Adducin
alpha

1/20 (5%)
6/20

(30%)
0/20 (0%)

4/20
(20%)

0 05(0%) 0/15(0%)

Endosulflne
alpha

1/20 (5%)
3/20
(15%)

0/20 (0%)
2/20
(10%)

0/15 (0%)
2/15
(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 imniunoblots identified 

AAbs to adducin alpha in 6 20 (30%) of the late stage patient group. The sera positive 

for adducin alpha imniunoreactivity by Western blot contained those sera that were 

positive for alpha adducin imniunoreactivity by hExl 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 liExl arrays. AAbs 

to adducin alpha were not identified in any of the non-reniarkable 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 ELIS.A, while 10 positive sera were identihed 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 hnding that may impove the sensitivity of a panel of cancer 

associated .4Abs.

4.4.3.3 Characterisation of Anti - Endosulfine Alpha Autoantibodies

A.4bs to endosulfine alpha have not been previously characterised in ovarian cancer 

patients. However, endosulfine alpha is an inhibitor of PP2.4 and PP2A inhibitors are 

aberrantly expressed in a wide variety of cancers |287|. This aberrant espression may 

result in an A.4b response that may be more easily detected compared to the antigen. 

Hence AAbs to PP2.4 inhibitors such as endosulfine alpha may be indicative of cancers, 

such as ovarian.

In this study, we detected .4Abs to endosulfine alpha in 1/20 (5%) of the late stage 

ovarian cancer patient sera by ELIS.4 (Table 4.6 and Figure 4.8b). The ELIS.A positive 

serum matched 1 of the 4 sera identified as positive by hExl array screening. Western 

immunoblot identified endosulfine alpha .4.4bs in 3, 20 (15%) of the late stage patient 

sera (Figure 4.7c). The 3 sera identified as positive by Western matched those identified 

in the liExl array screen. In the expanded early stage ovarian cancer group we failed
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(c) Positive Western immunoblots for hExl endosulfine alpha

Figure 4.7: Positive Western immunoblots

This figure shows images of Western immunoblots that have been screened w'ith 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 liExl 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.

507H13-Endosuinne alpha
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(b) Endosulfine Alpha ELISA Analysis
This figure shows the liExl 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 oidy 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 eiidosulfine alpha AAbs in any of the 20 patient sera by ELISA. In contrast 

we detected eiidosulfine alpha AAbs in 2/20 (10%) of the early stage patient samples 

by Western immunoblots. Of the two early stage sera that were inimunoreactive to 

endosulfine alpha by Western irnmunoblotting one was from the original 13 patient 

samples screened on the liExl 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 hExl arrays and ELISA. However, AAbs to 

endosulfine alpha were identified in 2 05 (13%) of the non-remarkable subject sera by 

Western irnmunoblotting.

On reviewing Table 4.6, AAbs to endosulhne 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 endosulhne alpha are not of interest in differentiat­

ing between ovarian cancer and non-remarkable controls. Regarding endosulhne 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 

identihed as positive for AAbs to endosulhne alpha by ELISA, while 7 positive sera 

were identihed 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 irnmunoblotting 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 identihed 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 p53 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 tyjres are computable 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 sanijiles 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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immunoblottiiig. AAbs to adducin alpha have not been identified previously in ovarian 

cancer patients.

In the additional serum cohort, AAbs to endosulfine alplia were identified in 0/14 

late stage ovarian cancer patient sera by ELISA (as shown in Figure 4.9b). In contrast, 

AAbs to endosulfine alplia were identified in 7 14 (50%) of late stage ovarian cancer 

patient sera by Western immunoblotting. AAbs to endosulfine alplia were identihed 

in none of 28 benign ovarian disease serum by ELISA, but were identihed in 14,'28 

(50%) benign ovarian disease serum by Western blot. For endosulhiie alplia, of tlie to­

tal grouping of 97 sera samples interrogated, 1 serum was identihed as imniunoreactive 

to endosulhiie alplia using the ELISA immunoassay platform, while 28 sera were iden­

tihed as imniunoreactive to endosulhiie alpha using the Western immurioblot. As with 

previous antigens, the increased sensitivity of AAb detection is noted in the Western 

iiiinumoblotting platform. Notably, the Western blotting result Images for endosulhiie 

alpha (Figure 4.7c) compared to the other two antigens identify that there appears to 

be little .4Ab binding to endosiilhne alpha resulting in faint banding. This was the case 

for all of the serum samples screened for AAbs to endosulhiie aljilia. As AAbs to the 

endosulhiie 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 wdiich identihed that each antigen has 

unique jierforniance characteristics and that Western blotting is more sensitive than 

ELISA in identifying AAb responses. This additional serum cohort analysis identihed 

AAbs to adducin as present in benign ovarian disease serum. Hence these AAbs are 

not specihc to patients with malignant ovarian masses. However, A,4bs to adducin 

alpha were not identihed in the non-remarkable subject sera, wdiich implies that AAbs 

to adducin alpha may be associated with an ovarian mass or perhaps inOammation. 

.4Abs to endosulhiie alpha are also identihed in large proportions in these additional
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602C16 - Adducin atoha

(a) Adducin Alpha ELISA analysis on additional serum samples 
As before, the hExl 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 wcis 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.

507H13 - EndosulTine aloha

(b) Endosulfine Alpha ELISA analysis on additional serum samples 
.4s before, the hExl 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. Prom 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 suggests 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

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

Endosulfine
alpha

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

Shown in Figure 4.7 are all the Western iminunoblots that were identified as positive 

and outlined in Table 4.6. Notably, the serum that was identified eis strongly immunore- 

active in the Western blotting platform can be validated by ELISA, while the serum 

identified as weakly immunoreactive by Western l)lot 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 liExl 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 immimoblotting 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 proi)ortion 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[. .411 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
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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. .4s with previous antigens, the increased sensitivity of .4.4b detection is 

noted in the Western immunoblotting platform. .4s .4.4bs to the endosulfine alpha 

antigen have been identified in patients in the non-remarkable cohort and in the benign 

ovarian disease cohort, .4.4bs to this antigen are not likely to be of interest for use in a 

disease diagnostic.

The results of this study identified differential .4.4b 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 liExl 

array platform, which was used to identify these .4.4bs 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 ELIS.4, there may be increased re-folding which hence leads to 

differential epitope recogntion. .4n 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 A.4b binding was 

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

.411owing 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 adduciii in particular and appears to be associated with o{)tinial 

recognition of a linear ej)itope in the Western immunoblot. It is likely that proteins 

which are expressed in E-Coli, ckmatured and immobilised in situ on protein arrays, as is 

the case for liExl 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 imniunoreactive epitopes may then be 

buried and not be available for recognition for the AAbs in patient serum. This may 

residt 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

(c) Conformational epitope recognition

Figure 4.10: Antii)ody recognition of linear and conformational epitopes

Shown in this figure are the different methods of epitope recognition. In both cases the same 
amino acid secjuence 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.

132



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 ov^arian 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 imrnunoblot. 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 .4Abs bind would 

greatly influence .4.Ab 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 liExf 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 imniunoblotting 

l)latforms. 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 \'ahda- 

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 he expected that autoantibodies will recognise
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antigens present in both j^latforins, 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 .4Ab 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 i)apillary 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 tlu' 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 jjapillary carcinomas were thought to lead to late stage 

disease. This study was designed to determine the AAb profiles associated with serous 

papillary o\’arian carcinoma, and to interrogate the changes in the AAb profile as ovarian
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carciiionia 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 

.4.4bs to a particular antigen may not be generated, A.4bs to other antigens present 

in a signalling pathway may be generated, this may increase the sensitivity associated 

with .4.41) profiling. .41so the dataset generated from Proto.4rray 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 liow 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 
w'ith very liigh specificity and are detected by a labelled anti human IgG. This is the principle 
employed in liExl 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

• To use the ProtoArrays to identify autoantihody profiles in healthy and disease 

serum.

• To identify autoantibodies that are associated with ovarian cancer.

• To compare the results of previous array screening to ProtoArray sc;reening.

• 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 11/a n/a
2 N3 n/a 56 n/a n/a
3 N5 11 /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

1 382 Serous cystadenoma 58 n/a n/a
2 383 Serous cystadenoma 42 n/a n/a
3 398 Serous cystadenoma 31 n/a n/a
4 420 Serous cystadenoma 57 n a n/a
5 429 Serous cystadenoma 43 na n/a

Early

1 176 Serous papillary adenocarcinoma 57 2 lA
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 IC

Late

1 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 pajiillary 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.
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5.3.2 Comparative Analysis of ProtoArray Screening
5.3.2.1 Comparison to Published Results

Section 1.7 outlines AAb responses which liave 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 hExl Array Results

The 74 antigens identified to be ovarian cancer and ovarian disease associated in Chapter 

3 from liExl array screening were investigated to determine if the antigens are present 

on the surface of the ProtoArray. The A.4b responses to the antigens common to 

both platforms were assessed to determine any overlaps between liExl 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 inmiunogenic 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 .4.4bs in subject serum.

Cohort Mean Number of “Hits” Standard Deviation
Non-Remark 3469 1535

Benign 1797 623
Early 3457 2356
Late 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 liExl 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-l could not be interrogated further as they were not 

present. Hence analysis was carried out on the 5 antigens (adducin alpha, endosulfine 

alpha, inesothelin, 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 hExl 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 .\Ab profiles for the different transcript variants. Comparison 

of the serum identified as endosulfine alpha immunoreactive by ProtoArray screening to 

the serum identified as imniunoniactive 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 imrnunore- 

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 iclentifietl in G0% 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 endosulhne alpha 

antigen identify that there are differences between this discovery i)latform and the pre- 

\’iously used methodologies. However this is not surprising as there are many differences 

between all the platforms used for .4Ab 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 hExl Identified Antigens

Previously, in Chapter 3 AAb to 74 potential autoantigens were identified as associated 

with ovarian cancer and disease patients. The hExl 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 hExl 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-redundant. 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 respon.se has identified that AAbs 

have low sensitivity and high specificity as cancer biomarkers. Classically in the c:ase of 

p53. AAbs are present in 30% of cancer patient serum with a specificity of 96% 1143|. 

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 resjjonse 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 

AAb 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 tiie cut-off of the antigens 

identified as immunogenic to oidy 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 uints were selected 

for further analysis.

Following the more stringent cut-off value, analysis was performed to identify the 

numbers of A.4b 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 nund)ers 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 iiu’reased 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 oidy 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: Reactivities of reaiialyscd 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 liExl 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 

AAb to these 5 antigens (8 antigens including variants) w'ere not identified in any of 

the serum samples screened on the ProtoArrays.

5.4.2.1 Comparison to hExl 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 residts 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 R.NA 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 (COBRAl) is a known cofactor of BRCAl, 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 liExl array 

screening (outlined in Figure 3.3) to determine the overlap between the hExl 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% (15) 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 inliibitor of angiogenesis and has
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Early Non-Remark

Late Benign

Figure 5.7: Overlap analysis of top antigens in cohorts

been shown to be linked to aggressive growth of breast tumours and also ])Oor long 

term survival of breast cancer i)atients (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, presvimably 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 hnding 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.l), 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 maj' 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.l. 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

Late Benign

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 

jiathways 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 cytoj)lasm of the cell. This pathway has not been 

identified to be ovarian cancer associated how'ever it has been previously associated 

with oocyte maturation |311]. This pathway has also been identified to be associated 

wuth other malignancies |312|. The p38 mitogen-activated protein kinase (MAPK) cas­

cade is a cellular stress inducted 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

OC
Early OC Non-

Remark

Benign

VBLE

Early OC

Pentose 
phosphate 

pathway (hexose 
monophosphate 

shunt)

1/5
(20%)

4/5
(80%)

1/5
(20%)

1/5
(20%)

Early OC

P38 cascade ( 
BMP2 signal- 
ing(through 

TAKl) )

0/5 (0%) 3/5
(60%)

1/5
(20%)

1 '5 
(20%)

Early OC
.INK cascade ( 

TNFRl signaling 
pathway )

0/5 (0%) 4/5
(80%)

1 -5 
(20%)

0/5 (0%)

Early OC

TGF beta 
recejitor I 

degradation 
signaling ( 

TGF-beta super 
family signaling 

path­
way (canonical)

)

1/5
(20%)

3/5
(60%)

1/5
(20%)

0 5 (0%)

Early OC
AKT(PKB)- 
GSK3 beta 
signaling

1/5
(20%)

4/5
(80%)

1/5
(20%)

0/5 (0%)

Early OC IL5 signalling 0/5 (0%) 3/5
(60%)

1 'b 

(20%)
1/5

(20%)
Early OC ILl signalling 0/5 (0%) 3/5

(60%)
0/5 (0%) 0/5 (0%)

Early OC
ATF-2 

transcription 
factor network

1/5
(20%)

3/5
(60%)

1/5
(20%)

0/5 (0%)

Benign
PDGFR-beta

signaling
pathway

1/5
(20%)

0/5 (0%) 0/5 (0%) 3/5
(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 recejjtor 1 (TNFRl), identified as part of this cascade has been 

identified to promote ovarian tumour progression [316]. TNFRl 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, ILl and IL5, were 

identified as early ovarian cancer associated also. Publications relating to the asso­

ciation between ILl and ovarian cancer are conflicting, with some studies indicating 

that ILl is not ovarian cancel' associated ]325, 326], while other studies have found an 

association 1327, 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 1206]. 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 wdth 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 i)athways indicated in this study are referred to as 

“immunogenic”, the exact reason wdiy the antigens that make up these pathways are 

immunogenic is not determined. As mentioned previously, limited studies have inter­

rogated signalling f)athways 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 Invitrogeii 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 

AAb 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 identihed 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, 

sernm from patients with other benign conditions and malignancies would need to he 

included in the validation to determine ovarian cancer s{)ecificity of the .4.4b responses. 

In relation to interrogation of angiomotin .4.4bs, 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 .4.4b response is enduring and that .4.4bs 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 identihed 

a relationship between the p53 AAb response and tumour status as patients undergo 

treatment [332, 333, 201]. AAb litres 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 litres 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 

p53 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 angioniotin 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 

serum.
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Chapter 6

General Discussion

6.1 Introduction

Bioinarkers 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 

jrarticularly refractory, the development of a routine test for earlier diagnosis of ovarian 

cancer has the potential to transform ovarian cancer patient survival and care. A.4bs 

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 

AAb 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 G.l). 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 .4Ab responses were \’alidated 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 

AAb 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 liExl expression library, the in-house liExl protein mi­

croarray and the Invitrogen Proto Array platform. The liExl expression library and 

the ProtoArray have been validated for identification of biornarkers by different groups 

(233, 174, 131, 173, 137). In this research, secondary platforms were also u.sed 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 hExl 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 liExl array screening. AAb profiles 

were identified in the different methodologies used, there were common and diverse 

profiles whic;h were dependent on the platform used. However, it was expected that 

AAb 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 hExl 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 EL1S.4 has not been reported. .41though .4Ab 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 .4Ab profiles identified using the liExl array, 

into another platform such as ELIS.4, protein microarray or Western immunoblot.

For all antigens assessed, Western immunoblotting exhibited the highest sensitivity 

for detection of A.4bs in patient serum, while ELISA exhibited the lowest sensitivity, the 

liExl 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 hExl 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 p5;i 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 liExl 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 irrofiling of patient serum is compounded.

6.2.2 Autoantibodies to p53

The classic p53 AAb response is the most interrogated AAb profile associated wdth 

cancer. Our research corresponds wdth previously published results which identify p53 

.4.4bs in 25% of the late stage ovarian cancer patients |206, 209, 345]. This .4Ab w-as 

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 A.Ab 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 bioniarkers, 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 .4Abs to this antigen, unlike the p53 AAb response, are present 

in comparable proportions of all of the disease serum samples. This in i^articular 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 DDBl and CUL4 associated factor were identified from 

liExl 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 o\'arian 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 to an- 

gioniotin were present in early stage ovarian cancer jjatient with high sensitivity. Al­

though the sample size in this study is small, this is a promising result as early stage 

ovarian cancer diagnosis, i)articularly for high grade lesions would dramatically improve 

patient survival rates.

This research has consistently identified early stage ovarian cancer as ha\'ing a higher 

number of inmmnoreactive 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 

AAb 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 biomarkor 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 iui 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 bioniarker 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, 

DDBl and CUL4 associated factor and angiornotin 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. Pe{)tide arrays are of great interest and importance when it comes 

identifying the individual ('pitopes 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 incr(^ase 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 AAb response is still very poorly understood, throughout this research we have 

used the p53 AAb response as a benchmark on which to base our results. However, 

even in the case of the i)53 AAb response, nothing is known about the generation of 

this response. AAb profiling has been used predominantly to identify AAb or antigen 

bioniarkers of disease, however the lack of knowledge about AAb generation compounds 

the complexity of the A.4b 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 

AAb 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.

208



vD 'O vO LD CN CN CN (N CN CN CN CN CN
If) If) If) If) If) if) Lf) if) If)

O O O O CO oo 00 00 00 00 00 CO OO
D< o> Ch O) O' 00 CO 00 00 00 00 00 00 00

C/3 O o c> O CD o O d d d d d d

O vO 'O LO \o *o lO LO so so so so so
CO oo CO CO CO 00 00 oo 00 00 00 CO 00
<N CN <N <N (N CN CN (N CN CN CN CN CN

d)
CD

o\ Oi Oi O) cn o> a> a> O) O) O) O) Oi
O CD o O CD o d d d d d d d

0) CJ^ o> O) O) O) CT) a» CT> a> O) O) O)
3 O O o O o o o o o o o o o

Ifl LU LU LU LU LU LU LU LU LU LU LU LU LU
> CO ro CO CO r*. h- h- N. r«-. h- r*. h-

r--. h*. h- h- vO VD LO LO SO so so lO so
0. <N (N CN CN r>^ r- r- h-

N- CN
O

o o d o o o o o o _l o o o
Tj-

00 00 00 CO CO 00 00 00 CO Lf) CO 00
Lf) Lf) LO Lf) If) If) Lf) Lf) If) If) If) If)

sO
o o o o O o o o o o o O
< < < < < < < < < < < <
a» O) O) 9\ O) O) O) O) O) 00 o O) O)
N. N- h». r**. h- h- h.. N. N. 00 fs. h- r*

Vi XTi LO in m in m in in in in in in
di CO CO fN sO ro CN lO 00 so

CD 00 COo o o o o o 00 o o oC O O I < Q I (J o O (J
u Oi o> sO o O) sO o O) O)m o in so Lf)

m m in in in in in in in in in in
0 1-H ro CO 00 CN CN CN CN CN CN o o
(A o o o o o O O O CN CN
“
c
cC

<

m

Q

if)

O
o
in

O
O)

m

LL
LO
CO
if)

LL
vO
CO
If)

LL
vD
ro
If)

LL
SO
CO
If)

LL
SO
CO
Lf)

so
in

LL
sO
ro
m

Z

If)

2
CO

If)
Dm

(N
O
LL.

(N
O
u_

(N
o
LL

CN
o
LL < < < < <

COo
O

CO
CN

CN
O
LL

CN
o
LL

>£> lO LO lO CO CO CO CO 00 O) O) SO SO
fO CO CO CO CN CN CN CN CN CN CO CO
ir> If) Lf) if) in m in in in in Lf) Lf) If)

o CN
CN CN CN CN o

< < < < LL LL LL LL 0. O < < <
CO CO CO CO vO L.O sO sO ro CO CO 00
<N CM fN CN o O O o CN CN CN CN
m in in in in in in m in in in in in

■W

0
X <TJ nj ro ro n ro (T3 nj nj (TJ OJ ro flj
0 LU LU LU LU LU LU LU LU LU LU LU LU LU
o

0^
bC
bC
a

ct

cu

9s
o

9s

a;

O

c4

209



(Nl 04 CN 04 CN CN CN CN CN CN CN CN CN CN
0)
a

CT)

IC> If) If) Lf) if) If) If) If) If) If) If) Lf) Lf) If)
00 00 00 00 00 00 CO 00 00 00 CO OO TO TO00 00 CO 00 00 00 00 00 CO 00 CO 00 TO TO
O O O o o d d d d d d d d d

VO VO vO VO VO vO vO vO VO VO VO vO vO VO
c
0)

00 00 00 00 00 00 00 CO CO 00 00 00 TO TOCM (N 04 OJ CN CN CN CN CN CN CN CN CN CNCT> O) <T> <T> O) a-i O) CD C7) O) C7) O) O) <7)
O O (6 O d d d d d d d d d d

a; a> O) a> O) CT) CJ) O) cy* O) O CJ) Ov CT*
3 o O o O o o o o o o O o O O

UJ UJ UJ UJ UJ LU LU LU UJ UJ LU LU LU UJ
> h- h- r«* h- h- r«- h*. h*. h- h- h*.
1 VO vO VO VO VO VO VO VO VO VO vO vO vO vO

Om r«- r- h- r«- h- r*L r«- h- r«- r«- h-

VO CN vO CN (N VO CN VO CN CN
o o o O o o

O
'a-00
If)

o
<

o
00
If)

o
00

1

o
CO
CO
If)

_l
p«-
a>
If)

00
00
If)

_J
N-
CT»
If)

_i
<y>
Lf)

2
00
00
If)

h-
O)
If)

i
CO
TO

r«-
CTt
if)

_l
r^
O)
Lf)

o
<

If)
O)
o

m
oCO

vO
s oCO

VO
i

VO
s o

00

VO
i o

j:d

vO
i

vO
5

O) O CN 00 CN CO 00 CN 00 CN TO TOo> CO 00 00 00 CO 00 00 00 TO TO TO
cn
0)

N» If) If) 00
If)

If)
PO

If)
PO

If)
PO

If)
PO

If)
PO

If) If) If)
PO

If)
PO

if)
VO

c 00

s
o rH 04 CN CN CN CN CN CN CN CN

0 o < O I I I I I 5 5 X z CQ
O o < o o Ov

u o o o- o vO vO vO vO vO N. >iD VO

0
in

N*
in

in
CO

N»
in

m
N.

in
o-

m
o

in
o

m
vO

in
PO

in
CO

in in If)
PO

V)

ccC
CL-

CM 00 o 00 CN CN o CN CN (N CN CN
(N
UJa*
If)
CJ
o
LL
VO

o
(Jo
in
(N
O
LL

O
O)

in
OJ
o
LL
VO

o
o
in
04O
LL

m
PO

Q

in
PO

Q

z
in
h-
i

Z
in
h-
i

Z
vOin
p«-
5

z
vOin

5

Z
vOm
r«-
i

—1
CN
Lf)
Lf)
h-
i

“1
CN
If)
Lf)
h-rH
5

z
lOm
00oOo

CO vO ro VO rHIf) fO If) in in inu; in in in in m m ini-( in m in m in m in PO PO PO

<
CO<N < <

CO < -4 _i j -4 a Q Q
CO 04 CO CO CO CO 00 CO CO COir> 04 in 04 CN CN CN CN CN CN CNm in in in m m in in in m in in

0
j: nj ns nj nj nj nj *TJ CD ro ro ro CD CD CD
0 UJ UJ UJ UJ UJ UJ LU LU LU LU UJ LU LU LU0

210



CM CN CN CN CN CN CN CN rvj CN CN CN CN CN
Qi ID Lf) in m in in in in in in m in in in

CO 00 00 oo CO 00 00 CO 00 00 00 00 00 COQ. 00 00 oo 00 00 00 00 00 00 00 oo 00 CO 00
CD O o o d> CO CD o o o CD CD d d d

Vi O vO VO o vO vO vO vO vO VO VO vO vO vO
00 00 00 00 CO 00 00 CO oo oo 00 00 00 oo
CN fN (N (N CN CN CN CN CN CN CN CN CN CN0) <y> <y> CT' Oi Oi <y> a» <y> a» O' <J> <3^ C3>

C/!J o o o o <3 CD CD CD o o d d d d

0) CT> cn a> a» cy> <?> cjv <T> CT> a> <Ti cy>
3 o o o o o o o o o o o o o o

LLJ LU LU LU UJ LU LU uu UJ LU UJ UJ Ui LU
> h- r«- h- h- r«- N. h- h-
1 O VO vO vO VO VO vO VO VO VO VO VO vO vO
b h- r>- h- h- r«- r*. r«- r«-

CN vO (N CN vO CN CN CN CN CN CN CN CNO O o O O o o o O o_i _l -j _l —J _l _i _l _ir«-<T>
IT)

0000lO
r«-cm̂

r«-
m

0000in
C3m̂

h-
<yiin

r«-CTiin <y>in
h-
<T>m

r«-CT*m
h-CT>m

r^<3im
r«-C3>in

VD
5 o

CD
vO
i

vO
i o

CD
VD
i

VD
s

vO
i vO

S
vO
s vO VO

i
vO
i

VO
i

00 (N 00 00 CN 00 00 00 00 00COm
00 00 CO00 00 00 00 00 00 00 00 00 00 00 00

cc ir> ir> m in m m in m in m m in in
0^ o m m PO VO o vO o vO vO o VO
c t-H CM CN CN PN CN 1—1 T-H rH rH
0 :s I I I s 5 QD CD 2 CD QD CD
0 00h*.

IT) vOin
vOin m

Or«.m
or*-in

O'vOin
00
m

(?>VOin
00r«-m

a*vOm
O'vOm

00r«-in
VOin

0
1/3

c
cfl

POCN
I

Ift

'Sj- <N —1 fNmm

CN
CNinin

vOo
I
oin

POCN
I
•SJ-

POCN
I
vOm

POCN
I
vOin

roCN
I
vDin

POCN
X
vOm

POCN
I
vOin

POCN
I
vOin

POPN
I
vOin

POCN
I
lOm

o>
<
COvOin

cu 00
o

o<N
oCN
2 CN—3 CN CN

CO
o
O

COo
C

00o 00
o(j

oo vOo
I

iD
O
I

POCN
I

CN CN CN a> a» Qtin m in vO vO vO
in in in m m m in m m s m in in in
ro h- h- h*. N. o o o CO CO CO CO

fH CN CN CN CN o o o o
Q 1 s 2 2 z z 2 z O o O

CO CO a> O'
inm in in in m in in in m m m in in

0
JS nj OJ <TJ CO (TJ OJ n OJ CJ OJ CO 01 n <T>
0 LU UJ LU LU LU LU LU LU UJ UJ LU LU LU UI
u

211



CM (N CM CN CN O O O O O O
Lf) Lf) ID Lf) Lf) 00 00 00 CO 00 00 CN (N CN
CO 00 OO CO 00 h- h«. r- h- fK. h- O O O

a 00 00 00 CO 00 00 00 00 00 00 00 O) O O
CD CD O CD CD d d d d d d d d d d

cn O CD CD CD CD O) CT> <j) CJ* O) O) lA lA LA
00 CO 00 00 CO CN CN <N CN (N CN CO CO CO

C fNI ON CN CN CN lA If) If) Lf) Lf) LA CN CN CN
Qi C3> Oi CT) a> OO CO CO 00 OO 00 00 00 00
CD O CD CD O d d d d d d d d d d

0) O' C7i C3)
3 O O o O o 1-H

LLJ LU Lil LU LU LU LU LU LU UJ LU LU ill LU
h- r*- r«>. h* tK. O) 03) O) C3) O) O) CN CN CN
O CD CD CD CD O) O) O)

CL. r*- h- h-i 00 cd cd 00 00 00 00 00 00

(No
_i
h-
cn
IT)

CN
O
-J
r*-
<y>
If)

CMo
_J
r^
<T>
Lf)

r«-o
<
CN
O
CD

CN
O
_J
h-
O)
If)

tK.o
Q
CN
O
CD

CNo
_J
r-
03)
Lf)

CNo
-J
h-
<Ti
Lf)

h-
O
Q
CN
O
CD

CN
O

|K.
<T>
LA

(N
O
_l
h-
O)
LA

CNo
_l
h-
(7)
LA

CN
O
_J
rx.
O)
lA

h-
O
Q
CN
O
sD

vD
s

00
00
IT)

CD
i

00
00
If)

CD
i

00
00If)

CN
O

<T>
Lf)

CD
i

00
00
Lf)

CN
O
_l
r-
O)
Lf)

CN

CN
00
If)

N-
<N

CN
00
Lf)

CN
O

r--
O)
Lf)

CN

CN
CO
lA

N-
CN

CN
CO
lA

O

I
lACOLA

O

I
LA
00LA

CN
O
-J
r-
03)
lA

0)
c
0

CM
O
_l

(N
2

CTI
s

CD
s

o
i

Kj-
CN sO h-

U.
CN COo

O

COo
O

sO

UJ
00
soLA

«o

LU I
u

o^
CD
IT)

o
h-
in

fK.
Lf)

OO
00Lf)

00
r*-
Lf)

CN
00
Lf)

CN
cOLA

r«-lA
CN
OOIf)

O)

LA
O)

LA
00
sOLA

00LA
CD CD CD CD CN SO COo

so COo o r«-o
O)
O

O COo
cn QQ CD CO GO _J O _i U _j I CO o
0) Ot C7i

CD
If)

<y» co^ CN CN O) O) sO sD O)
3
(6

CD
ID

CD
Lf)

CD
Lf) h-

LA
cOLA LA

cOLA LA
CO
lA lA

LALA
sD
LA LA

Cu m fO ro fO 00 00 CN CN ,-H CO 00fSI CM CN CN CNT
o o o CN CN o O O

I X I I O u a 0. CL U O (J <
O) O) o CO ro O) o O) 00o cO cO CO CO CO CO CNm lA LA LA vOLA LA If) LA If) lA lA LA LA LA

00 00 00 00 CNo o o 00
Oa> O OCT) o

o
o <00

<
OO

<
CO

<
CO

<00
<
00 <

CO
<
COO) O) CN CN CN CN CN CN CN CN CNlA LA LA LA LA LA LA LA LA LA LA LA LA LA

0) 0) a» <U 0) 0) 0) O) O)

nj A A A A A A A A
>% 5k >N 5k 5k _| _i —1 _J _l

“ —. — — '—»
nj A A A A 5k 5k 5k 5k 5k 5k

0 LU LU LU 111 LU “ k_
u A A A A A A A A A

LU LU LU LU LU LU UJ LU LU

212



rr
<N CN CN CN CN CN CN CN CN CN CN CN CN CN
O O O O o o o O O O O O O OCL O at at at at at at at a> at cy> <y» CD

C/3 O <6 o o C3 cd cd cd cd cd cd d d d

V) IT) IT) to LO to to 40 40 to to to to to to
ro ro CO CO CO CO CO ro ro ro CO ro CO ro
CN CN CN CN CN CN (N CN CN CN CN CN CN CNIV

{/) 00 00 oo 00 00 00 00 CO 00 00 00 00 00 00
O o o d> CD cd cd cd cd cd cd d d d

V
3 »-H 1—* T-l y—> rH 1—• rH rH rH rH

LU UJ UJ UJ LU LU UJ UJ LU UJ UJ LU UJ LU
> (N CN CN CN CN CN CN CN CN CN CN CN CN CN
1 a> Oi at CJ> at at at at at at cy> <T> at CD
Oh 00 00 od od 00 od cd od od od 00 od 00 od

(N
o

CNO CNo
CNo CNo CN rsi

o CN
o

h-
o CN

o
CNo CNo

CNo
CN
O

—J _i _J 1 _j Q _J _Jr«- h- h.- h- r-.- fs- h- CN h- at
to

r*-
at at OI at CJl CT> O at CD
ir> 4f) to to to to LO vO to 40 to
o o o CO o o o o CN o o o o o

o OI
1.0COlO

I
40
oo
40

X
40
00
to

<
CO
40

I
40CO
40

I
40CO
40

X
40CO
40

X
40
00
40

-Jr*-
at
to

X
40
00
40

X
40CO
40

X
40CO
40

X
40
00
40

X
40
00
40

c
o ooo vO o ro

o CO COo 00o
o
X
40CO
40

h-O
ato o o to

0 CQ o LU I 2 o
at

40

c o 0. X CD CD CN
tO
40

u VOvOlO
CTI
40

COvO
40

40CO
40

COvOto
at

40
at

40
fON.
40

vO
40
40

VOVO40
v£>vOto

0
Cfi

00o CN COo o COo OCN oCN
04o o 00o 00o 00O

ato
o < CO o u

at
CD CD X CD O o O X

0) Ot to at vO at N. tO VO at at at tO
c vD CO 40 vO 40
CO lO to 40 to 40 to 40 40 40 to 40 40 40 40
Oh at CO 00 CO o 001—• o o o o CN o

5 < < o u < < o o OD < < oCM oo 00CN
40

at at CO 00 00CN
40

at h- 00 00 at
fN CO CN CN CN CN

lO 40 40 tO 40 40 40 40 40 40 40 40

CN r>«. CN h- (N

< O o < < o O < < <
o OCD <

00 CO CO 00 00 00 to 00«N CN (N CN CN CN CN /NJ CN
40 40 40 40 40 40 40 40 40 40 to 40 to 40

<U (U O) 0) <u <v 0) 01 OJ 01 01 (D 01 01

u nj nj nj (Z ro <0 CTJ (Z ro ro ro rtj ro
0 -J _i —1 _l _l _l _i _l _l
JC
0
u (Z fZ rt5 rtj ro CO CO CT5 CTJ ro ro ro ro roLLI LU UJ LU UJ LU LU LU LU LU LU LU LU LU

213



u CO 00 o O o o O O o o o o
d) (N CN o o o o o o o o o o

O O 00 00 o o o o o o o o o oCL
CD

o> O) O) O) o o o o o o o o o o
O O o d> I—1 rH rH

If) If) o o o o o o o o o o o o
e ro ro o o o o o o o o o o o o

(N fN o o If) If) If) If) Lf) Lf) If) If) If) If)

cn
00 00 O) O) 00 00 00 00 00 00 CO 00 00 00
o o o d d d d d d d d d d d

d) r-i N" na-
3 *—1 >—1 *—« *—1 l-H pH rH pH pH pH

UJ UJ LU UJ LU LU UJ LU UJ LU UJ LU LU LU
> (N CN If) If) 'S'1 a* <y> so VO 00 00 CO 00 CO 00 00 00 00 CO

PU 00 oo ro rv) ro ro ro CO ro ro ro ro ro ro

<N <N h- r- If) 00 If) r-. r- Lf) Lf) h» If) 00o o o o o o o_l Q Q Y* < Q Q Q <r«- h“ (N rvj (N fN o o fN oO) o o TO
If)

CTi o O 00 00 O 00 O)
If) Lf)

SO VO If) If) SO SO If) If) VO If) If)
o
I

o
I

<N
O

If) If)
O

If)

ii:
If)o O

CD

If) PO
u.

If)o
<

If) ro
U.

If)

If) If) <N o o 00 O) o oo CO O 00 o
CO 00 O) 00 00 oo 00 00 h- h- 00 r«. 00

cn to If) If) If)
If)

If)
If) If) Lf) If) Lf) If) If) If)

d) so o Lf) If) If) If) 'a- 1 If) If)C o o (N o fN o pH o o
0 00 < CQ < Q “ < <
u <N vD o oo r*. O) fs.. o oo O) If) fN 00 00

sO vD CO r«- ro oo h-. If) h- h*.
If) If) If) If) Lf) If) If) If) If) If) If) If) If)

0 CO SO If) m ro 1-H ro 1-H vO o
Ul o o fN o o
d> O fsi < z CQ pH LU 22 z 22 Z 22

a» sO CO fN fN CO CN (N fN ro CN

« If) m r»»
If)

*«»
If) Lf) If) fN

If)
If) <N

If)
If) If) If) ro

If)
If)

(X 00 If) If) If) If) If) If)
o O) o

< O
o

oI oI CN
o
O) o —

O
O)

O
O)

o
O)

— O
O)

00 fsj (N CN pH CNfs4
If) If) m If) If)

If)

rr)
If)

If)
If)

If)
If)

If)

If)

N.
If)

vO
If)

r««.
If)

If)

If)

vOh- o O o o
O < o I o o o o I o o I

CO CT) h- O) O) O) CO vO O) O) so
<N CN <N O pH o o

If) If) If) If) If) If) If) If) If) If) If) If) If)

O) 0)4->u nj ro
0 _l -J 0* O) 0) a> 0^ <v 0) 0) <u (D 0) a*•M.c >i^ ro 05 ro rr) ro ro ro ro ro ro ro fO
0 _l _i _l _l -J
u ro 05

LU LU

214

I



o o o o o o o o o O o o o oo o o o o o o o o o o o o oo o o o o o o o o o o o o oCL o o o o o o o o o o o o o oC/!) I-H i“H

o o o o o o o o o o o o o o2 o o o o o o o o o o o o o oc Lf) IT) ID ID ID LD ID LD ID ID ID LD LD LD0) 00 00 00 00 CO CO 00 00 CO OO oo 00 00 00C/] b b b b b b b b b b b b b b

0) 'S’ Hj-
3 i-H 1—1 t-H 1—• 1-H I-H I-H I-H I-H 1-H 1-H 1-H

LU LiJ LiJ LU LU LU UJ UJ LU LU LU LU UJ LU
> N- 'I-00 00 00 00 00 CO oo 00 CO CO CO 00 00 00pi ro ro ro ro ro ro CO ro ro ro ro ro rd rd

00 ir> CN ID ID r*. ID CN ID ID ID iD r«-
o o o o I—H o

< Q I id CD id Qo <N o o CN o 1-H o o o at o CN
o CO at 00 CO o 00 o^ 00 00 00 00 00 O
LD ir> ID ID ID \o LD LD D LD ID LD lD vO

CN CO CN vO LD LD ID LD LDo <N O CN o o CN o o
cc I LL < < id
<T> O' ot 00 CN LD o 00 at at o 00 o00 <T> h» at h"* CO Is. LD 00 r- 00

V} IT) ID ID ID ID ID LD LD LD ID m ID LD LD
0/ iT) LD i-H ID ID N- N- LDs O o O CN (N CN CN o O
0 Q Q < O o <o ID O ID CO O at at K O' O' ID CO
vj 00 00 h- 00 NOt4M lO ID ID ID ID ID LD LD D D LD LD LD
0 1—1 00 ID «D <D ro lO 00
(A CM 1^ CN o O O O o o O o o

“ 2 Q < z z CQ z a Q Q z(L o> <N a> CN CO CO 00 CO r- CO tn ID CD roc 'S' ID ID CO CN CN ro CN rO CN3 LT) ID LD LD LD D D D ID LD LD
PU 1-1 ID 1-4 LD 1-HrH o o hH t-h

at at<N CN (N CN CN CN CN CN CN CN CN CNm ID ID ID ID LD LD D D in in LD LD LD
m r«- ID CO ID LD D LD D m m LD LD LDoo o o I o o o o o o o o o oat fO at h* at at at at at at at at atoID ID ID ID ID LD LD ITS LD D in LD LD

Q (U a> <u a> <v (V O' V O’ a> O) (U 03 a>4HJC fTJ nj OJ rtj ns nj n ns D <n 03 ro 030 _] _i _i _l _i _i _i _l _l _j _l _J _l
u

215



o o o o o o o O o o o o o oo o o o o o o o o o o o o oo o o o o o o o o o o o o o
CD o o o o o o o o o o o o o o

1-H

o o o o o o o o o o o o o oo o o o o o o o o o o o o o
o;CD

ID IT) Lf) ID LD LD LD ID ID ID LD LD ID LDCO 00 00 CO 00 00 00 00 00 00 00 CO CO 00
o b b b b b b b b b b b b b

0) «:J-3 f—1 I—' I-H I-H y—s I-H »-H 1-H 1-H r-H 1-H I-H
LU LU LU LU LU LU LU LU LU LU LU LU LU UJ

> 'a* tT1 CO CO 00 CO 00 CO 00 00 00 00 CO 00 00 COCU oS CO ro CO ro ro ro ro ro CO ro ro ro ro

IT) IT) r«- lD ID LD LD r- ID ID LD CN LDo o oQ Q oo o CN o o o o (N o o o CN o (NCO 00 O 00 00 00 00 O 00 CO 00 O' 00 O
IT) IT) O ID LD LD ID VO LD ID ID LD LD vOfO ID so ID v9 LD LD LD ID vOCvl <N o O o o oLi. 5 < LU < o < < <Oi CG CN CO CO CO o 00 CO CO o <ys O9< h. lO h- O' ho h- fs. 00 O'CA LD IT) IT) ID ID LD LD LD LD LD LD ID LD

c O o>o ID O* (N "St
CN h-O ID €3' ro o LDO h-O ID

0 a Q 2 5 < I CO Q < Q
u IT) o o O' o* o h- LD CO LD Om 00 r*. 00 ro h- ro oo

m 1/^ ID ID ID ID ID LD ID LD ID LD LD ID
0 1-H ID ro ro m ro ro CN ro ro vO 1-H
CA CN o rH O O
" 2 < CQ z z LU 00 < CQ CD Z

CM O' CO h«. "St o> CN ro h* r«- 00 CN
cC
a.

h. ro CN LD ro ro ro ro CN LD
IT)

LO m LD LD ID LD LD LD LD LD ID ID LD
o ’-H o Zl o
a» rH rH O' O'fN psj CN CN CN CN CN CN CN CNIT) ID ID ID LD LD LD ID LD LD LD LD LD
a» lO ID ID LD ID LD h- LD LD LD LD ID O'T*H O
□ O o o o o o o o o o o o Qo 91 9> 9» 9> O' 9> ro O' O' O' O' o> O
ID in ID ID LD LD LD LD ID LD ID LD LD LD

u
0 V (U 01 01 Oi 01 01 01 01 01 01 01 01 01
s: n <TJ nj nj nj n> 05 CO 05 ns ns ns ni 05
0 —1 _i .J _l _j _l _l _l _i _i _i
u

216



o o o o o O o O o o o o o o
0) o o o o o o o o o o o o o oo o o o o o o o o o o o o o
cn o o o o o o o o o o o o o o

rH rH rH rH rH

o o o o o o o o o o o o o o
c o o o o o o o o o o o o o o

IT) If) If) If) If) Lf) Lf) If) if) Lf) Lf) If) Lf) Lf)

C/D 00 CO CO 00 00 oo 00 CO 00 00 oo CO 00 00
O o o o o o o d d d d d d d

Q) Hj- M-
3 I—' t-H rH rH rH rH rH

LU LU LU LU LU LU LU LU LU LU LU LU LU LU> 00 00 CO 00 CO CO 00 00 00 00 00 00 CO CO
Cu ro (T) CO CO CO ro ro ro rr) ro ro ro ro ro

r-- If) CO If) CM Lf) h- Lf) hr hr If) hr 00 CMo (N o O O o o O
Q it: Q Q Q Q it: Q < ~o
<N o o CM o CM CM CM o CM CMO 00 CO 00 O) 00 O O o 00 o cr> 9)O Lf) If) Lf) m If) SO If) SO SO Lf) SO Lf) in

IT) so Lf) CO Lf) in Lf) If) If) Lf) in sD If) Lf)
o o rHLU LL < k it: < a it:

O CO o o 00 o o o o CO o o00 so 00 00 N. 00 00 00 oo hr 9)
in

00 00cn IT) in If) m If) in If) Lf) If) If) in Lf) Lf)
o; a> in CO rH m in in in Hj-
c o CM o CM rH o o o o CM
0 < < 2 LU < < < CD <5 in O) COIS. 00hs O) O)

CM
CMm COhr CO

h-
CO
hr h-

in
in

O)00 CO
hr

O)
(4-< in If) in m If) in

If)o
in in in If) in If)

0 sO fO O) m ro CO CO Lf) CO hrV} o o o o“ Z CO o LL CD z LU CD it: Q OeN CO r«- CM r«- tn CM hr O) hr o CO inCO in CM ro in CM Lf) ro CM ro 00 CO CO
If) m If) m in Lf) m in Lf) If) m m0^ m ino tH rH rH
2 o oo O) rH O)
CM (N CM CM CM CM CM CM CM CM CM CM
Lf) in m in in in m m in in in in m m
in in m sO in m O) in in in in m m mo rHo o o I o o o o o o o o o o
9) O) sO O O) O O) 9) O) 9) 9) 9) 9)o rH
in m in in in in in in in in in in in in

•4.:
0 0) a> O) <u a; 0) <L) a> 0) 0) a> (L) a> 0)4-*X ro ro ro ro ro ro ro ro ro ro ro ro ro ro
0 —j _J _l _l _J —Ju

217



o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
o o o o o o o o o o o o o ou< o o o o o o o o o o o o o o

CO r-H .-H

o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
LT) m m LO If) m Lf) Lf) Lf) Lf) Lf) If) Lf) If)

Cl 00 00 CO CO 00 CO CO 00 00 00 00 00 CO 00
CO o o o o o C3 o o o o o o o d

0 "Sj- 'a- »a-
3 >—• I-H •—I »—1 f—1

LiJ LIJ LLJ LU LU LU LU LU LU LU LU LU LU LU
>

1 00 00 00 00 00 00 00 00 00 00 00 00 00 00
Dh ro ro ro ro ro ro ro ro ro ro ro ro ro ro

IT) Lf) If) If) rx. If) 00 (N If) 00 00 lO ro If)
o o o

is: Q < X < <o o o OJ o I-H o ot o00 00 00 o 00 CTI O) CO a» O) O) 00Lf) Lf) If) If) 00 Lf) If) If) If) If) If) If) If) if)
ro in iD in If) If) in If) If) If)CN O o o fN
u. < < < is:

Cn CO o> CO o 00 o o CO o o o o O)
h- h- h- CO 00 h«. 00 00 00 CO

(A in in if) m in m Lf) If) in Lf) If) If) Lf) Lf)
Cl O' m ro m If) ro ro o in in in vOc o o (N o o o o o

_0 O < z < z CD < < < Z
r •) h- CO CO o O) O) h- 9) oo CO 00 00w rs. ro 00 ro in h- (0. N. CMIT) in in in If) in Lf) Lf) If) m in in in in
0
(A

ro ro h-
o

ro ro ro lO
O fSI ro ro ro

z CO Q UJ CQ Z Z CD CD CD —
r«. m O) fSI r'- fN 00 O) r«. h- r«»
ro ro rsi m ro in CN ro ro ro

a. m If) in in in Lf) in in in Lf) If) If)
rH

If)
in

= O
o

O
O) S ;;; o

CN CM <N fN nj CM fN CM CM CM

lO in in m m in in m in in in in m
in

in in in ro in h- in in in m in in
O rH CMo o o o I o o O o o O o O <

o O) o O) N. O) ro O) O) O) O) O) O) 00
o

m in in m in in in in m in in in in If)

•p
b
0 (D a> 0) 0) OJ 0) <v a> O) 0) 0) O) 0) 0)

p£ nj rtj fO n ft) n ro OJ OJ ni n fZ n n
0 _i _i -J _i _i _i _i _l _i _i _i

u

218



u
01

o o o o o o O o o o o o o vO
o o o o o o o o o o o o o ro
o o o o o o o o o o o o o lO

Cl« o o o o o o o o o o o o o 05
{/} rH rH rH PH <D

tfj o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
LT) in in in in in in in m m in in o0)

CO
00 00 00 00 00 00 00 00 oo 00 00 CO 00 o
o o o o o o o o <=> CD CD <z> <z>

0) ’«r 'a- Ht vD
3 <—H *—• >—1 pH pH ^H pH pH

UJ LU UJ LU UJ LU LU LU LU LU LU LU LU UJ
> 'Sf 00
i CO 00 CO CO 00 CO 00 00 00 00 00 00 00 00

Oi ro ro ro ro ro ro ro ro ro ro ro ro ro CN

CN
O
_l

in CM in 00 m CN m rsi n4 r*- CM r-
o o O o o o O
CD < Q “i Q m
<T> o r*- o o <N rsi o CN <N <N CM o
00 CO 05 00 05 00 o 05 00 00 05 O 05
IT) m m in in m lO in m m in SO in LU
IT) in m m in ro vO in m in m m CO

o <N lO
< u. u. O 5 in

o 00 o 00 o CO o o 05 o o o o so00 h- 00 h«- O) CO 00 00 00 CO o
cn LO in in in in m in in in in m in in u.
01 fO m in so ro in so m
c o o 04 o CM o CM m
0 u. o < 5 < “5 z < LU m
6 CO

N. in CO
h-

05 CO
h- 05 o

00
in
h- 00

h-
<75 CM

in
CO
S0

ro
m m in m m in in in in in m in Z

0 O) CO 05 05 ro o
rr C>J o o pH o <N Zh CN

01 z CD ” z • CD in
CT> m <N m <N 05 <75 r*. <M

in
<75 COc

£0 'fl-
IT)

ro
in

ro
in in m

m in m
in m

<N
in rom m tn o

O
mCU in in in PH m in pH

n o o o o o m
in05 05 o> 05 pH

(N CN CN <N rN CN 05 (N CM
in in m in in in m in

m
in in in in

in m m ro m 05 m m in o ro in
pH

<
<N pH pH CM

o o O I o Q o o o < I O in
a> 05 o> N. 05 O 05 05 oo 05 00 h* 05

O pH O pH om in m m in in m in m in m in in LL
CN

in

-w
0 a; V a> 01 05 05 a> 01 05 05 05 05 05 05

05 05 05 rt5 rt5 (T5 n n ns ns ns ns ns ns
0 _i _l _l _t -J _l _i —1
o

219



VD vO o vO vD VD VD vD VD vD vD o o o
0) CO ro CO CO CO CO CO CO CO CO ro o o ovO lO o VD VD VD VD VD VD vD VD o o oO 0> O' O' O' O' cn O* O' O' O' o o oC/] d d d d d d d d d d d

o O o o O o o O o O o o o oo o o o O o o O o O o o o oo o o o O o o O o O o o o o
c/5 o O o o O o o O o O o o o o

rH T-H

a o VD vD VD vD vD VD VD VD VD CN CN CN3 1—' r-H T-H T-H T-H T-H T-H T-H T-H t-H »-H t-H t-H t-H
LLJ UJ UJ UJ LU UJ LU LU LU LU LU LU LU UJ00 00 00 00 CO OO 00 00 00 CO COt 00 OO CO 00 00 OO 00 00 CO CO CO CN CN CN
(N CN fsi csi csi CN CN csi CN csi rsi

ON CM r«- CN CN CN N- CN ro h-O o o O o O o o
f'-. o _i _l Q 0. Q

LT) O' (N h» N- r- IH- CN O'in CNm OvO O'in O'in O'in O'in OvD ovD OVD in
oLLfNO'in

fNLLr^CT>in

X
UJCOXm

cn
o
a
ovO

H3-
uOr«.in

Uor*.in

CNo
CNO'in

CNLLCh.
O'in

CNO_l
r«-O'm

fN
o
fNO'in

O
CDrg00in

fN
O—1h-O'in

inou.fN
O'in

COo
00O'in
m

CA0
3̂
0

X
LiiCOXin

<NCM
5
O'
in

O
CO
(N00n

X
UJ
00\Din

X
UJ
00sOin

v£>
UJ
00
\0in

vO
UJ
00vOin

coh*in
so
UJ
00vOin

vO
LU
00vOm

^3-
uOh-in

_iVDmm

roo
Uoroin

oLL
fNO'in

o
0
CA
c
CO
a

«s<N

in

m
2
in

\D
Ui
00Xin

\0ou.
roinin

CNCN
5
O'
in

Xou.
roinin

sOou.
roinin

so
UJ00
soin

CNfN
5
O'
in

O'

vO
in

vO
UI
00vOin

CDCOCNin
CD
00fNin

CD
00fN
m

00oOenmin

COo
D
mMin

O'
O
\D
in
VD

ro

in<Nin

ro
“»inCNin

00o
Q
roroin

00
oQ
roroin

CNfN

O'
in

COo
Q
rorom

VD
LUin
in
ro

vDoLL
roinin

oQinCN
m
o

oQinfNin
o

o
G
mfNin
o

nj
m

1—1<Nin
UJin
in

<Nin CNin

1-H
fNin

T—1
CNin fNin CNin

"OmfN
m

fNin

d
ith
in

o
rH
in

O

in

oLL o oU- oLL oLL oLL oLL oLL
s oLL

CN CN CN (N CN CN CN
<N fNm m in in in in in in in m in

u c c c
0 a> V 0^ <v <Lt <v 0^ <u <u a; 0) bc bo bO

X nj n CD m CO CO OJ CO CO CO (TJ c c c
0 _j _i _l _i _J _J _l 0^ a> 0^
0 CD CD CD

220



u o o o o o o o h-
0) o o o o o o o m h- h-o o o o o o o 00 r- h- h- h- m in
CD o o o o o o o <y> Ot <Jt a* cyt CJt C3^f-H rH 1-H o CD CD o CD d d
w o o o o o o o o o O o o o oc o o o o o o o o o O o o o o
0)
CT)

o o o o o o o o o o o o o oo o o o o o o o o O o o o o
rH rH rH rH

0^ CN CN CM CJ CM CN CN h- ID CO CD VO VO VO? 1-H rH o O O O O O O
a LU LU LU LU LU LU LU LU LU LU LU LU UJ LU> th i-H 00 CN CN CN CN1 CM CM CM CN CN CN CN N- CM CN CN CN CN CNPi rH rH CO CO CO

IT) m m in m in ine o o o o o ou. u. LL u. ll LL LLCM CM CM CM CM CN CNOl O) O at a> atm m m m in in in
V}a;c
0

o
<NIT)m

o

ir>

oDromin
O
vO
in

roo
00s.in

oamhr.in
CQ
COCMin

CNtHUJ
olO

CM<CNOvO

CM
LU
Oo

CM
LUrHO

CN
LU
OvO

CM»HLU
OvO

CN
LU
O

u(4-<
0
tft

"q;ccflcu

fflCOCMID
CQ00CMlO

CQ00CMin
CQ00CMin

CQGOCNin

TfrHCQ00CNin

oQinCNm

ino
5
atin

CNrHLU
olO

CN

CMinin

inoLL
CNatin

CQ00N.in

sOo
ufOinin

rHzat00m
o
OmCM
in

o
QmCMm

oDmCMin

oDinCMm

o
OmCNin

o
OmCMin

o
O

m
Zatoom

CM

CNinm

orH

00CNin

rHzat00m

m
O
roCMm

a>rH
UCMmm

CN
<at00ino o o o o o Ajo o o o o o QrH hr.om m LO in in in m

u
0

cbO cbO cbO cbO cbO cbO cbO
"toOJc

"txO)c O)c
OJOc

"n(i>c atc
150)c

j: c c c c c c o o o o o o o
0 (U a; OJ <u <u a> <u .ti ■H •M H* H* •H •H
u CQ CO CO CO CQ CQ CQ a> a> a; at atCL 0- Q_ CL 0. 0. 0.

221



0)a
CD

c
CD

0)
c
0
U

a;
c
CO

II.

0
JS
0

U

<N

LJJ

z
CT»

fM

UJ

vO

o
O

<N

222



a;
bO

C
cC

X

"C

CO

223



o

Q

O o

224



D2

225



Comparison of Protein Purification Methodologies

For protein purification IMAC was the inetiiod of choice as the hExl 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 E-coli j)roteins compared to the yield of liExl 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 p)roteins underwent buffer exchange to 

PBS buffer using filtration spin columns with a molecular weight cut-off (~10kDa) 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 stej) was not routinely performed for interrogation 

of the purified antigens.

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

Cohort Serum Stage Grade Age Details

Early 39 IC 2 51 Endometrioid with mucinous foci

Early 99 lA not available 58 Mixed mullerian tumour
Early 114 lA low 42 Endometrioid
Early 144 lA 2 35 Clear cell
Early 168 1C not available 83 Mucinous adenocarcinoma
Early 176 lA 2 57 Serous papillary adenocarcinoma
Early 180 lA 1 56 Endometrioid
Early 183 lA 2 34 Endometrioid
Early 201 IC 1 51 Mucinous adenocarcinoma
Early 214 lA not available 69 Clear cell with adenofibroma
Early 223 IC 3 49 Serous papillary adenocarcinoma
Early 224 IC not available 70 Clear cell with adenofibroma
Early 236 lA 1 69 Mucinous adenocarcinoma
Early 239 IC not available 60 Clear cell with adenofibroma
Early 257 IC 3 61 Serous papillary adenocarcinoma
Early 258 IC not available 47 Granulosa theca cell tumour
Early 268 IC 3 64 Serous papillary adenocarcinoma
Early 277 2B 3 86 Serous papillary adenocarcinoma
Early 294 IC 2 50 Mucinous adenocarcinoma
Early .347 IC 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 3 A 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 Endornetriotic 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 NIO - - 70
Non-remark Nil - - 82
Non-remark N12 - - 85
Non-remark N13 - - 52
Non-remark N15 - - 62
Non-remark N16 - - 48

I
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Appendix B

Chapter 4 Appendix

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

These 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 ribosonial protein L9
adducin alpha

C6orfl53 protein
CDC42 binding protein kinase 

beta (DMPK-like)
Endosulfine alpha

eukaryotic translation elongation 
factor 2

FK506 binding protein 3
FTHl protein ferritin

homeobox protein Meis
KIF18B

Metastasis associated 1
mitochondrial ribosomal protein

MYC-associated zinc finger 
protein

Cellular tumour antigen p53
prefoldin subunit

PR00890
semaphorin-4C (SFMA4C)

Septin
TATA box binding protein 

(TBP)-associated factor
zinc finger HIT domain-containing 

protein

229



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-.4TPase 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

dihvdropyrimidinase-like protein
B-cell and lymphoma antigen protein

.4dducin alpha
nuclear receptor coactivator

Selenoprotein
amino-terminal protein

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

Western iinmunoblotting 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

SOkD

37kD

26kD

Commercial p53

Figure B.l: Commercial p53 Western blot, probed with commercial anti-p53 antibody
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Horseradish 55ko 
Peroxidase 
detection

35kD

-ive p53 -ive p53

I
Late 188 Late 89

-ive p53 -ive p53

Alkaline
Phosphatase

detection

35kD

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 coinnion 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 Ilia, receptor

immunoglobulin heavy constant gamma 1

Matrilin-2

CD79A

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.

242



G
O)

.SP
c

oo

G
G

CO

"g

H

«Cb

a>

u
0
uh<

ocs

03X

NX

0
0
>
a<
a

s
w >• >-

X >-

slOp<

ncsp« >•

Xs

zu
zuffl

X >>

ofH»T >■ > >■ >■ >-

Xffi« >■ > > >

«X« >

Xn

u
a<
a:<
su

z0z

X
Z

X
Z

X
Z >

n
Z >■

Z >-

J
;c
(G
O
c
c
_c

oL.
C-

CM

c•S 0) a
g m >>
£ 5 t

^ o 
c a ^

• — cc a;OJ o u■te _C <D 
2 a ‘7
a c

o 
c

"u0) 00
= .sO 0)t-l
a o (-1
= a
£
v:

.5’5
o

CO ^ h- 
—d Tf

U♦J rwa> w 
£ 2 
Oa
>»s:

C bO
£ -B
1 i ^

O V .S c G ^ 
CTO 
0} M a
£ =

’T ^
O

u
5*1 

s i
. a

"£
T o 
2 is 
a §

u

243



bC

a;

c
cs
a;

C

Tf-d
H

0
0

h
<
pi

ooO) >•

05
00

oCN

O)QO

« > >>

0
0

It
<
a

'1'« > > > > >• >> >> >- >

CO
N >- >> >•

wCN >> > > > >• >■ > - >> >-

eoMcs >-

©
>>

2
y
2Uffi

o>CN

o(N-n- >

«
00M

CN
00CO

u
ID
<
X
OL
<
2
s

2
0
Z

©
2

tn
2 >*

©
2

CO
2 >>

2 >>

C
~c

C Q,
1 M 
S c

“ c
2 S 

J -5
CJ
c$

0)
Jg

.SP

‘a; ^
o ffl

.s <
CO

^o*
15

23

< .s
0) ft
£ E
>, o 5P
Si -o ^
^ ‘cfli 0/ ^
o ^
^ C
"TT ^ O
^ -u

a; —

b£)
O ^
o
£ IE 
o a, 
s: o
cti o u
® Q
(U '—'
a

■0
<v

-H
*5
O Lj
cc

cn c

ra
2i ^
cd 0,
a;
s

^ ” 
cd bO
^ ~x -C 2

s:
^ o 
c x:

*3ii to 
^ bO
o c 
^ 22 

D- X

0/
C q;

*co
O J®
C — CN 
1> ^

■S o “

x: "5
age 

_c >>

c,^1 ic
CO

1)
c
o

13
<
Z
Q
u
.£'u

a>
£

15
o

bO
.£

c
IS

o ^
*-

C- o
- 1

t-c
fd

CJ
3
c

c
0/
O. CO 
° CU
o g 
0) cti
E i 
S “
O C
£ ^ 
o cs
U 03
x: ‘- o

biC ^ 
-2
£ 1 

O o 
x: CO
^ e

i ao
x:

c4
03
S _
3 -g
E -5
CO C

o; o
IH o

‘p£ £ 
03
£*
CO

03
c
03
b£)

>
H
•—i

244



u
0
u

j

000>

«

o

0500

1-00

0
0

a:
<
a

« >- > > >- >• >- >• >-

* >> >■ >-

l~U5 >- >- > >> >- >> >>

MCSC^l > >. >- >>

©t- >■ >>

z
0
zu

CQ

o>cs

o
>• >■

«
Oi« >■

1
i

«00m

CA00n

td
ID
<Xa
<
1
s

z
0
Z

<D
Z

Z

iC
Z

«
z ><

z >

<. 6 -r:
O S ~
O c ~
— S; c
>> oi~ oQJ U, -f*
?! o§ -S’
(/) 0) C
^ T3 *“

— ’c5
c s
i -§

^ g .s

1^1 

'w 'tZ C
M q; O
5 S
O ft

q;

1
ft

CN q;
_o

S i 

\ s
Tf
ul.
<

c
.2 00 
"ct <1' 
tiO
c — 

_o ^ 
a; ^
- c/z
o
'i <

S 2 
c k
ft «*- u

"Oo;

’o
_ O -H
^ ^ cs f 1
c a>
h c O
“So.

X:
e
0)
E

in

bO
o ^ 
O 2c .5C CO
-1 

2 53 
O ^ 
& 
u

.5
‘S
ou
a

S £
N U
'u Oa> o 
■}^ (M
^ O
u
fts:u
c
D

(N
ft
"S

_C
’C
3
ft
C0)u

O!
-*.i
5s <
U COo*
.s 1

-c £ 
u o
'u -U

-2
i ”

oO if 
c ^

.5 bC 
c c
ft n3
3 -C
bO w
a. a;
ft

o:;

_c
’£
o
a

.2
'u
O'
C

*0
£

.£
a
ft

"O
ft
c
ft

O'

ft
x:
afo a> 
o w 

-c 2 
a ^

yp E 
m O 
w .2Oo
3
O

fUw
i5 0)
>> 2 g 5
11

i "
x; CO
o
x:

245



u
0
u
5
j

00
o>

0>
X

o

»

1-x> >< >>

0
0

ai
<
a

<n > >- >- > >> >- >■ > >

X
50
CN >- > >- >-

r-
m
cs >- >> >> >- >• >

«
05
05 >■ >■ >•

50
r- >- >■

z
0
z
u

Oi
05

O
>■ >■ >- >■ >■

X
o>
X >■ >•

«

05
X

u
HI
<

s:
<
s
u
ai
z
0
z

50

Z

Hi
Z

Hi
z

X
z >-

z >

0)

c

OP

c
_o

>
0)

bD
•s a
1 '5

CO
1 § ■^

re fc- ^
5

CO . re
1

Ox
[-> c >
C 'S

2
s -

OJ
CO__,

c < 
a>
ri

e
a)

■s £

-c
CD ^ 

TJ ‘a >> c
J= c5 
^ *+- 
2 ^

ffi

.£
‘c

bO
O
E
o

u

CN
6 ^ ^

0)u s COs s s 
'o a s
-a * &

CO ^ o
-§ 1 a
^ 1 f

.E
'E

o
S-i
a
bO
C

C
15
<
2
a:

c

X

X
c
X
'a ^

CO q;
C < 2 

< 2 Q.

Q i &

9 1

a
CO
<

t-c
a>
CJ
C

_C
C
cy Tt

c^ .5
;i: cy
i 1

U Q. 
D

■o
CO
C

C4
5^

O
E

ly
a

.2
■S

_c
'5
•4^
O
u

0.
^ T3 
‘JZ

2 '0 
y o
v* CO >-^ CO

c6
a
u
td

y
a
u bD

<J c 
2

c = 
.= o 
u o
D
<V

C4
u 0)

^ -4^
T

!> & 

1 i

cx5 g

o S 
■S V

0) —

J? — c
^ -
£■ a

cy ^

‘"2 a

^ -9 ^

E g- c
5 B -

2 o
bO C J"

.2 ^

246



u
0
u
<

nJ

oco> >-

o

OJ
oo

t~QO

u
0
>■
ai<
a

>- >> >- >- >■ > >■ >-

sM >

»n >- >* >- >> >• >-

eo
fs >■

S > >• >“ >>

z
y
zuffl

a

o >- >• > >-

«o

- -
«n >-

<n >■

u
a<
£<
1U
al
z
0
z

2

10
2 >-

10
2 > >-

2

2

O Sf

K ~ 
o -S 
o 5 *
fe § 1 

bC V -If 
= c P^ -i a 
^ E
N -g

£
^ cc

CM
C CM 

■£ i- 
c a>
£o C 
^ £ 
rt £'w^
cc
r-

c
2 05

E
-2 tiC

^ .E

8 'E
"0 c 
a; o ” o 
cD

_>. o
'p ^

"C r-.E
S-i QJO' ' ^

'C o
u t- u
ft 05 D.

<D E
tf 05
3 S
a:

05■Tf
.E’£
o
u
a
U|
05
bO
c

cc
u

.E*N

c
'5.
B ^
o 'Z 

"2Cb 05
c a 
o >•.

o
•H a
o ^

2
O -P
CJ

05

C CO
u ce

GCl • —
1"
1 i

bD

.£*"c<L5
CO
C CM

^ ccS
s '5
CJ
ct

L.o
CJ

c
05
D. 00

05
- E
0) ct
E i 

° “ 
O P

S 3
O Co 
t- 05 
^ *- 
CJ

—rbO • ^
.E ^ *5

E - £ c c
§ -^ ,cti C« E

o xj —" 5n ^CL t, 05 ■["
5 1 E S

•" -g S

q ^
u bO Q.

,ci c •-<4-1 S-
-M CJ'

P cd 2
O > P CM
':i s
cd CJ ^ c

cd - 2
CO 05 'u
® 2 r- 55_Q cd C >
^ Cu ■£
V H ^
^ Cj ^Q ^ Q.
<

247



0
0
u
H
<

*

O'
CO

o

a>®

00 >• >

u
0

b:
<
u

if
« > >- > ><

CO(D >

h.
U5 >■ >- >> > >- >

aM >•

>■

z
y
z
u

CD

05CN

oCl

X
05«

X >

CN
Xn

u
j
Q
<
b:
<5
u

z
0
z

X
Z

z

toz >-

«z

z

<x> .B"
^ S u
*J 5 CO
ct3 C —

-G 3 ce
CO t-

o b i

= 115 

1

'X CQD-

u- Oi CO
•S j= ^
s s 5
o j; .2 ^g ^ ^

1 1 .|
O m

XI c cLiM *G ^^ TO fc-
cC C

o•4-»
u

bO
C

‘o
'a
C/)

O
u _C
= P s

O' £ cS
OJ >
"" 'n'- ^
^ O a
*3 ^

CO
^ 5

g: 2
6 1- 
^ i <

CO ^

£ CN

3 C0) 5 
c .5

«5 >

U-. Cl. 
O •-
»- ^ o 52
ci d

tiO
0) _-•

o —.c Ci.
5 w ^ ‘C
,2 S
K q; "C 
.. s: 0) 3 ^

Q O -w
W a ® ^ 3
H b a r-" -6
^ "S g ^ ^

g “ S ^

S 'S. s R
£C cti bo UCL, CO X

O —
C cti
o
E cu CO
.. -3 CO'*^ CO D O ^

U Cl. o
Ph5^0 
„ g o

w
S'

a. 50

248



u
0
uh<

nJ

Xo>

0)X

M

G>X

X >-

U
0

o'
<
U

h-
>> >■

X<£>r» >■

A

«MM

Xt- >■

z
y
zu
ffi

05
V >•

oM > >-

Xo>n

n
n >

X

u
a
<
a
<
1u
cd
z
0
z

X
Z >- >> >■

ta
Z >> >- >

lO
Z >■ > > >- >-

X
Z >■ >> >- >> >> >■

z > >> >■ >• >“

o
U ^
c “§ -g 
g- s
CT" 0/
0/ c02 C

• - (M
^ >. 
>; .ti— fc-c
E := 
£ E

CC

_c
‘S
ou
C.
OJ
c (N
1 1 

£ a
■5 ^
'oT
.S’C
0)

CTi

T3
q;

'y
g c

^ o

<
a:

tiD
C

C
15 ^
c .E

*cC ^
£ 2 
^ a 
t:
(20

c/:

£
c -o
5 £
3 0)
cr c
cfi
^ ^ ^ ■5 ^ <
'5 ^

S ’£
.£

^ cc

CC
CN
d>
a
>5

0
G-
0(JOJu
c

!E
c
<

s:
'u

c

1 ^ 
bc .£

■U ^ 
c 0

(XI
.£
’£
Cfi
>>
0

<
(M
C

‘S
0u
a
a
c5
£
0

"U
(N
X
c/2

(X
b£) -oJ .£
0 X
= 2
X CL

1:^ ^ .i CC
S 'S
Cl X
0 a
^ jf 
1 “

*c5
£
0(Z3
0 r.nC':£ (OJ 
«- J

15 ,E
'u 'x
c 0
0 ^
X
0

£

Urn
^ X —' 

.G JC _
£ C

Q X^ p 'u

g >
1 1 I

E cS c0 ^ M 
-Q c c

C . ' w ^^ cd X 
cd g
^ ^ -

X
c
X
“5 H.

■0 'Z
X 5J 
x ^ '

— c ^
X cX X 21 X>

Cd, „ 'E
0 ^ g 
=0 m 
> S

x>
X

-0
X

’x
2 05
(K
<d c
X 'x-x
0 0

-Q J-1 ^ 

0
X
X

s

'x•X
0
X
a

X S
N X
'x 0X <05 
X 1—1

0
X
cd

-CX
c
D

S „ IM
a fo X
0 c
X X .£
^ g ^
X cd >
E ci: -
0 tiO ^
X {j
g -O w
c cd C
X X cd
^ ^ X
X

CO
.£
*x
X
0
X
Q.
X

c
'x
cd
X
<

c
q;
bjo

a;

CJo
a
a;

o
c

5;

o

ct
O

b

249



o
ocj

T3D
5'uo
a

a;bC

o
S'
o

r-^

£

c5O

o
U
j;
3

0
0
u
H<
J

S >> > >< >* >• >> >“ >- >• >• >- >- > >-

a>X >■ >■ >- >> >> >■ >> >- >> >> > > >■

orj >> >- >* >- >- >• >* >- > > >>

o>X > >- >> >- >- >> >- > >■ >■ >- >■

s >- >- >> >> >■ >- >> > > >• > >

0
0
>
q:<
a

« >- >- >> >- >> >> >■ >■ >■ >> >> >>

So
M >■ >* >- >> >- >- >- >• >> >- >■ >• >•

u
Cl >- >- >■ >- >■ >- >■ >• >■ >- >< >■ >>

CO
CN >> >■ >• >■ >* >■ >- >- >- >• >> > >-

jO
>- >■ >• >- > >* >■ >> >• >* >- > >■ >-

z
y
z
u
IS

05
Cl >■ >- >- >- >- >- > >• > >• >-

oCl
V >- >■ >■ > > > >■ >- >> > >• >■ >> > >•

XOj« >■ >- >> >> >> >■ >■ >■ > >• >•

X
« >• >• >- > >• >> >- >■ >■ >■ ;h >■

ClX >> >> >• >* >- >> >■ > > >- >- >■ >>

u.j
<
C£<
2
u

Z
0
z

X
z

>> > > >• >* >• > >■ >■ >> >- >

lO
z > >< >- >• >> >> >* > >* >- >-

m
Z >> > >• >- >* > >> >• >

X
Z > >* >* >- >- >- > >< > > >> >* >>

z >- >> >> >- >> >■ >> >- >■ > > >> >- >>

O

.Ec5
X CO
^ c
cti .9

"C bO 
_c o
E ■"

hO

>. E

1 s
X

= E a>

-2 § Sb
bO bO c
o ^ ^
C c
i -2

£ S
^ o

o

Q
CO
D
Q

S/*
o

>>
>
ct
<V
X
.5 e

B
S S
bC 52 
c §
E
c

1 E
-fT D-O ^
bO (J

1— O)
° cf 

1—<C HI(P H-
B
bD X 
fb c

fE(j fb[x

>
cb
r- fb
c S 
= E
3 Cb
X ^ 
O

5o ^
C CO

B § 1 “

(M
_C
‘u
-4-3
Cb

05h-O
O

>
cb ^
X ^c S

X £
=J cb X ^
S
"bb 5 o ^
C CO

£ o 1 “

O
a
cb
X

c
.9cb '5d

B S
E
cb
b£)
bC

05 ^
= X§ 1 
cr 05
%. E 
5 -r'

>, .t;
1 1

E
*W

Cbaa,

c
X c 
o cb
1 1 
bO O
O 05c
B
1

:a;
G

~B
X CO o ::
1= s
S cb

E S
E E 

*” — 
x"
O

250



a
0
u
<

X® >> >- > >" >> > >- 3>- >■ >■ 3>* 3^

OJX >> >> >• >- >> > >■ 3^ >- >- > 3^ 3» 3^

o
>• >< >< >> >■ > > >■ >- > > 3h 3>-

o>X >• >■ >> >■ >■ >> 3H 3- >- 3- 3>- 3h

NX >“ >- >■ > >- 3>' >- 3>- >> 3- 3> >-

u
0

a<
u

h-
X > >■ > >> > > 3^ >• 3h >- 3- 3^ >* 3»‘

XX > >- >■ >> >■ > >■ >> >- >• >* 3h >- 3^

w > >> >- >- >- > >- >• >• >“ 3- >• 3- 3>-

«
f4 >• >> > > >• >- 3>- 3h > 3- 3- 3“ >* 3-

Xr- >- >■ >> >> >■ > >• >> 3“ 3^ >* 3»- 3h

z
y
z
u

a>
> >• >- >■ >■ > >■ >■ 3h 3h 3- >• >- 3-

o
>- >• >> > > >■ >> > >> 3^ 3- > ;>■

X01
« >> >• >> >

>

> 3h > 3«- 3h

«XX >- >• >• 3- > >■ 3" > 3^ >■ 3^ 3-

MXX > >“ >- > 3- 3^ >■ > >> 3» 3"

u
CD
<
at
<1a
Si
z0
z

X
2 >■ > 3“ p- > >■ > 3- > >• ;>■

X
Z >* >> > >• > >> >- 3» 3^ >* > 3-

X
2 >- >■ >■ > >> > >■ >- >• >■ 3>- 3- 3>-

2 >- >> >* > > 3*- 3- 3** > 3« >- 3» 3»

2 > >• > >> > >- >> >- 3»- 3^ 3- >“

Q
O

O

1
je O
01

cc
^ 03 ^
3 S O

S % ^
bO bC c
o ^ ^
S c
1 1
.§ §

a
G.
a
ct

.5
3 ft
1 1 
bO O
O
c
3
£

03
a
a
cti

lO

3 0)
® "i

bC 'C
O cS
3 >

B
B

o3
a.
a
ft

.E J->
3 OJ

-c 3® "S
bC
O
3 >
3
3
1

3>>
>
cy
q;
^ 3
.B B
S 1 
o 5
“ 1 
§ 8

E
E

CO
•a c 
§ 1
S 5
cS T3

a ^03 33 ^
a; —I
^ 3

O 8 
a .2■3

>1>
0^
c ^

—s ^O -O

1 5
E
E

ct
a
a
cS

3
33 3
3 oJ
1 1 
bC O o
3
3
£
£

3O
‘bC03u
o
.£'B
-3
O
ct
a
a
cejn:
bC

03
a
a
ct

c— 3
3 ce
I 1
bO Oo o
3

£
£

o
3
£jz
^ 3

.2

E S
E(tibD
bO

fC
a
a
i §
3 5}’SZ OJ
3 ^

1 1 beO M 
§ §
E “
S

251



u
0
u
h<

X
O) >- >> >- >* >- > >■ >

a
K > >> >> > >■

o
cs >- > >■

« >■ >- >■ >< >- >■ >-

X >* >■ >> > >■ >

u
0

>;
a<
u

r^
« >- >> >- >■ >• >• >* JH

X
X
M >- >> >> >> >> >• >-

1-
CN >- >- >• >■ > >■ >

S >• >■ >

X
I- >• >■ > - >■ -

z
y
z

CQ

o>
w
V

>> >■ >> > > >•

o
V

>■ >■ >■ >■ >■

XOi
X >- >- >• >- >

«
X
X >• > >• >■ > > >■

X
X >■ >- >■ >- >■

u.j
<
a<2
u
(t
Z
0
z

X

z > >■ >- >> > >>

X

2
>• >■ >- >- >

X
2 >> >> >> >- >> >-

X
2 >* >* >- >- >- >■ >- >-

2 >- >- >• >- >• >“ >- >-

O
c
x:
^ 5

n3 'bb
s s
6fd
bC

O
.Ef5

c
.2
bD

S £
ScS
bO
bD

bC
• E 1-H

o iS 
■S 6 2

O Cu^ o
ct w

•S S Q 
c e1 -

(N
bO

a> -E
s
i c.9r ot- u

O
6

bD
S .s^ c ^
C ’cS c0) 'So c ^^ O 'n
OJ i ^
^ c
"2 7E PcC a; C
^ bo O
a 1"
nJ

CN W)
ffi C 

'c
.2 '5

q; C
O 8
a.o c 
%
E 1
O) O 
-r: "O

C C1 1 1 g
"cC Q. ^ ‘bb
.E bD ^ ^
X! C bO
£ ^ 2
O C 5

Oi X P
" E

cn3
E
X &
■p ^
1 2

oa;
a

252


