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Summary 
Ovarian cancer (OC) is the 6th most common cancer in females and accounts for 5% of all female 
cancer deaths in the UK. OC presents with ambiguous symptoms often leading to a late diagnosis. 
Only 42.6% of women diagnosed with OC will survive for five years or more with many not 
responding to current treatments. Platinum-based drugs are the most widely used chemotherapy 
drugs in ovarian carcinoma, but their efficacy is not satisfactory. Bevacizumab and PARP inhibitors 
are the only targeted therapies currently approved for the treatment of this disease. Still, most 
patients will still recur and unfortunately succumb to this disease, thus new and more effective 
treatments and diagnosis methods are urgently needed. Antibody-Drug Conjugates (ADCs) are a 
group of targeted therapeutic molecules that have proved efficacious as therapeutic options for the 
treatment of various cancers such as Acute Myeloid Leukaemia and Hodgkin Lymphoma. Currently 
there is not an ADC approved for the treatment of ovarian cancer. ADCs couple the targeting activity 
of a monoclonal antibody with the cytotoxic activity of a potent small molecule drug to selectively 
destroy malignant cells while leaving the healthy cells unaffected. The discovery of novel ADC targets 
for the treatment of OC is crucial in combatting the poor prognosis associated with late-stage ovarian 
cancer. The late-stage diagnosis of OC is significantly associated with a reduced chance of survival. 
Confirmation of OC diagnosis is achieved through histological examination of biopsy tissue taken at 
surgery. This current diagnosis process is not appropriate for the high-throughput screening needed 
for the early detection of OC that could be offered if minimally invasive high-throughput liquid biopsy 
diagnostic tests are developed for OC.  
 

Objectives 
• To identify and characterise transmembrane proteins as potential ADC targets 
• To confirm the genetic stability of the antibody epitope DNA coding sequence in the Receptor for 

Advanced Glycation End products (RAGE) and the lead candidate ADC target  
• To explore whether soluble RAGE (sRAGE) levels could serve as OC biomarker with diagnostic value 

using an Enzyme Linked Immunosorbent Assay (ELISA) liquid biopsy pipeline  
 

Methodology  
This study used western blots, immuno-fluorescent microscopy, internalisation assays by pH reactive 
dye, Illumina Next Generation Sequencing and Enzyme-Linked Immunosorbent assay. 2D cultured 
cells and protein were derived from primary patient biopsies. Eight immortalised ovarian cancer cell 
lines were used (See section 2.2.1.1). 
 

Results  
Immunofluorescent microscopy, immunoblotting and internalisation assay data in both ovarian 
cancer cell lines and cells derived from primary ovarian cancer patient biopsies revealed Tetraspanin 
6 (TSPAN6) as the lead candidate target for novel ADC development. Not a lot is known about 
TSPAN6 function however it has been reported to mediate signal transduction events that play a role 
in the regulation of cell development, activation, growth, and motility. Three targets showed 
localisation to the cell membrane in ovarian cancer cells. Two targets (PCSK4 and TSPAN6), plus 
RAGE, showed antibody-internalisation capacity and translocation to the lysosomal compartment in 
cancer cells demonstrating their suitability as ADC targets. RAGE and TSPAN6 showed genetic 
stability by Illumina Next Generation Sequencing deep amplicon variant analysis. A novel TSPAN6 60 
kDa immunoreactive protein band was identified in protein derived from a 3D primary tissue source 
and it significantly stratified OC from non-cancer patients. The ELISA technique was successful in 
detecting sRAGE in patient serum, however soluble serum RAGE levels did not exhibit a potential 
diagnostic value for OC disease in the clinical OC specimens analysed.  
 

Conclusions  
This thesis identified TSPAN6 as a novel ADC target for OC. In addition, both TSPAN6 and RAGE 
epitopes are highly conserved in humans, suggesting their promising therapeutic value for the 
development of immunotherapies. Nevertheless, levels of soluble serum RAGE are not indicators of 
an OC diagnosis.  
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1.1 Introduction to the thesis  
The following flow diagram introduces the thesis and provides the main research highlights 

of each chapter in more detail  

Selection of putative targets for ovarian cancer 
Six novel ADC targets, TSPAN6, PCSK4, PIEZO2, SLC39A10, CEACAM8 and SUSD2 are 
introduced and analysed by western blot and immunofluorescent microscopy. In the 
western blot, only TSPAN6 showed a clean specific band at the expected size in ovarian 
cancer cell lines TOV-112D and SKOV-3. No significant difference was observed in TSPAN6 
expression between eight ovarian cancer cell lines of various subtypes. TSPAN6 expression 
was more abundant in TOV-21G when compared to a panel of various healthy tissues. 
TSPAN6 showed the clearest localisation to the membrane by fluorescent immuno-
microscopy. PCSK4 and PIEZO2 also showed acceptable expression and localisation to the 
membrane. However, SLC39A10, CEACAM8 and SUSD2 did not, therefore they were not 
further explored beyond this point.  
 

Expression of putative ADC targets in primary samples derived from patient ovarian 
tissue biopsies 

TSPAN6, PCSK4 and PIEZO2 showed expression on the plasma membrane in 2D cultured 
cells derived from patient biopsies. This clear, but variable between pathologies, expression 
and localisation to the membrane is a prerequisite for the next stage of analysis. In western 
blot analysis, TSPAN6 displayed expression in protein extracted from 2D cells derived from 
patient tissue biopsies however no significant difference was observed in TSPAN6 
abundance between non-cancer and ovarian cancer. However, this chapter identified a 
novel 60 kDa band which does show a significant difference.   
 

Assessment of putative ADC target antibody internalisation by receptor mediated 
endocytosis in 2D cultured cells 

Time point analysis revealed 4 hours to be the optimal time to incubate the pH reactive 
Antibody-Dye conjugate with 2D cells to observe the most fluorescent signal. TSPAN6 
internalisation was highest in OVCAR-3 cell line (High Grade Serous subtype). Higher TSPAN6 
internalisation was observed in 2D cells derived from a High-Grade Serous subtype when 
compared to non-cancer cells. PSCK4 internalisation was observed to be statistically less 
abundant between cell line UACC (Serous) and the other cell lines. Additionally, PCSK4 
internalisation was significantly different between non-cancer and cancer 2D cells derived 
from patient biopsies. RAGE (brought in to replace PIEZO2) internalisation varied between 
cell lines and internalisation was significant higher in cancer 2D cells derived from patient 
biopsies when compared to non-cancer. RAGE showed the biggest significant difference out 
of all three targets.  
 

Deep amplicon variant analysis of TSPAN6 and RAGE antibody epitope DNA coding 
sequence by Illumina Next Generation Sequencing 

The TSPAN6 and RAGE antibody binding epitope DNA coding sequence showed extremely 
high levels of conservation between 96 patients.  
 

Soluble RAGE as a biomarker for stratification of ovarian cancer patients 
A significantly lower abundance of sRAGE is expressed in the serum of ovarian cancer 
patients when compared to non-cancer. Overall, sRAGE is not powerful enough alone to 
stratify or diagnose ovarian cancer patients. 
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1.2 Female reproductive system 
The female reproductive system produces, transports and sustains egg cells to develop 

offspring. It comprises of the uterus, ovaries, uterine tubes and the vagina. In addition, it 

produces and controls various hormones to regulate the menstrual cycle. A representation of 

the female reproductive system can be seen in Figure 1-1.  

 

 

Figure 1-1 – The female reproductive system 
 

The female reproductive system consists of the uterus, ovaries and fallopian tubes. The system 
works together to produce oocytes (eggs) for fertilisation and embryonic growth in the uterus. 

Various hormones are produced to regulate the menstrual cycle and pregnancy within the 
female reproductive system (image drawn by myself using Adobe Illustrator 2019). 
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The ovaries are organs that develop oocytes (female gametes or eggs) and produce reproductive 

hormones. The surface of the ovary is covered with a layer of ovarian mesothelium (epithelium) 

and after puberty this becomes progressively scarred from rupturing of ovarian follicles during 

ovulation (1). The uterine tubes (fallopian tubes) transport the oocyte from the ovary to the 

uterine cavity and fertilisation happens at this site. The uterine cavity (womb) is a hollow, thick 

walled, pear shaped muscular organ which adapts as the foetus grows and provides the power 

needed to expel during childbirth (2).  

The initial development of the ovary begins with undifferentiated germ cells becoming 

segregated and migrating towards the genital ridges (bilateral thickenings of coelomic 

epithelium) (3). Proliferation of this coelomic epithelium and its underlying mesenchyme occur 

in the second stage, followed by the division of the ovary into a peripheral cortex (outside) and 

central medulla (stromal inside) in stage 3. The final stage consists of the development of the 

cortex and the shrinkage of the medulla (4).  

 

1.3 Structure and function of adult ovaries 
The adult ovary is a highly organised composition of germ cells and somatic cells. The interaction 

of these cells form oocyte containing follicles, dictate ovulation and form the endocrine 

structure that forms the ovarian follicle after ovulation for the establishment and maintenance 

of pregnancy (2). Traditionally, all OC subtypes were thought to arise in the ovarian surface 

epithelium (5) however, precursor lesions were found in the fallopian tube in women at high 

risk of OC who underwent salpingo-oophorectomy (6). Malignant OC cells are commonly found 

on the mesothelial cell layer lining the ovarian surface (ovarian coelomic epithelium) however 

this is not necessarily the cell of origin (7). Malignant germ cell tumours of the ovary account for 

approximately 2-3% of all OCs and a very rare subtype arising from the primitive germ cells of 

the embryonic gonad (8). They have been shown to be more common in the second and third 

decade of life (9) and the survival rates in the last 30 years have improved dramatically (10) 

potentially due to aggressive surgical staging and combination therapy. Mesenchymal stem cells 

are a critical component of the ovarian tumour microenvironment. Mesenchymal stem cells are 

distinctly different from carcinoma-associated mesenchymal stem cells with unique expression 

profiles and protumourgenic functions. As with other OC subtypes, the origin of carcinoma-

associated mesenchymal stem cells remain unknown, however it has been shown that normal 

mesenchymal stem cells can be induced by OC to become carcinoma-associated mesenchymal 

stem cells (11). Overall, there are different regions within the ovary that OC has been shown to 
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develop (coelomic epithelium, germ cells and mesenchyme) each contributing to the unique OC 

subtype.  

 

1.4  Gynaecological malignancies 
Whilst some tumours of the female reproductive system are benign, such as fibroids (myomas) 

and cysts, others are metastatic and potentially deadly in nature (12). Gynaecological cancers 

can be described as any cancer that begins in the female reproductive system. Ovarian cancer is 

discussed in more detail below as the focus of this thesis.  

 

1.4.1 Ovarian cancer 
Ovarian cancer (OC) begins in the ovaries, is the second most common cancer in women and is 

the leading cause of cancer death in women (13). Known for its ambiguous symptoms and late 

diagnosis (14), OC will be the main focus of this thesis. The most common cancer in women is 

breast cancer (15) however, breast cancer has already received much research attention and 

already has a human epidermal growth factor receptor 2 (HER2) targeting ADC approved for the 

treatment of triple negative breast cancer; Ado-Trastuzumab emtansine (T-DM1) (16).  

OC can be classified by the origin and development of the diseased tissue. The classification 

system segregates OC types by their derivation from coelomic epithelium, germs cells and 

mesenchyme. Epithelial OC is by far the most prevalent subtype with over 85% of all OCs being 

epithelial in classification and these epithelial OCs can be further sub-categorised into serous 

cystadenocarcinoma (accounting for almost half of epithelial OCs), mucinous 

cystadenocarcinoma, endometrioid carcinoma, undifferentiated carcinoma and clear cell 

carcinoma. Mucinous, endometrioid and undifferentiated carcinomas account for 

approximately 15% of epithelial OCs, with clear cell accounting for only 6% (17). Mucinous OC is 

a rare distinct subtype of epithelial OC with a distinct natural history, molecular profile, chemo-

sensitivity and prognosis (18). It is thought to make up approximately 3% of epithelial OCs (19). 

Endometrioid OC is another uncommon subtype of epithelial OC with its own unique histology 

and pathogenesis. Little is known about this OC subtype therefore its treatment is often grouped 

with that of high-grade epithelial OCs. Endometrioid presents at an earlier stage and a younger 

age unlike high grade OCs. In addition they are commonly associated with endometriosis with a 

unique molecular profile (20). About 5% of ovarian carcinomas are so poorly differentiated and 

difficult to classify that they are known as undifferentiated. In a lot of cases these types of 

tumour spread widely beyond the ovary and have the worst prognosis of all the epithelial OC 

subtypes (21). Clear cell OC is another rare subtype of epithelial OC with higher prevalence at a 
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younger age and a link to endometriosis. Prognosis when caught early is good and the main 

difference in prognosis has been linked to chemoresistance (22). The high grade serous (HGS) 

subtype is reported to be the most aggressive of the OC subtypes with the other subtypes 

(endometriosis, clear cell, mucinous and undifferentiated) still being described as clinically 

aggressive (23). A least aggressive subtype is not reported however generally speaking, the 

earlier the OC is diagnosed, the earlier the stage, the chance of a good prognosis from a lesser 

aggressive OC is commonly reported. A summary of the histopathological classification of 

ovarian tumours can be seen in Figure 1-2.  

 

 



 7 

 

Figure 1-2 – Histopathological classification of ovarian tumours 
 

The Figure above shows the classification of ovarian tumours as described by the World Health 
Organisation. The Figure above was taken from ‘Histological classification of OC’ by T. Kaku et 

al (24). 
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Figure 1-3 – The classification of OC subtypes 
(A) Cell of origin (B) Subtypes of epithelial OCs (25) (C) The histological and surgical images of 

serous, endometrioid, mucinous and clear cell OC. Images taken from Webpathology (26) 
 

OC can be classified into various subtypes as shown in Figure 1-3 with epithelial serous OC being 

the most common (25). Each subtype has its own histological and surgical morphology as can be 

seen in Figure 1-3-C.  
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1.4.1.1 Incidence and epidemiology of OC  
There are around 7400 new OC cases estimated in the UK every year using data collected from 

2015-2017. OC is the 6th most common cancer among females and accounts for 4% of all new 

cancer cases in females in the UK (27). The incidence rates are highest for women ages 75-79 

years of age and each year 28% of all new OC cases are diagnosed in females 75 years of age 

and over (28). Almost 6 in 10 cases of OC are diagnosed at a late stage (stage 3 or later) and the 

incidence of OC has remained stable since the 1990s (27). There are around 4100 deaths from 

OC in the UK every year and in the UK, OC is the 6th most common cause of cancer death (27). 

OC accounts for 5% of all cancer deaths and mortality rates from OC are highest in women ages 

85-89 (27). Since the 1970s, OC mortality rates have decreased by 21% and over the last decade 

OC mortality rates have decreased by 17% (27). This shows that although the number of new 

cases of OC are remaining steady, the deaths relating to it are decreasing which indicates more 

effective treatment intervention in the last decade. From data collected in 2013-2017, 71.7% of 

women with OC survived for 1 year or more and 42.6% of women survived for 5 years or more 

(27). Survival is highest in women diagnosed aged under 40 where 9/10 women who are 

diagnosed aged 15-39 survive for more than 5 years. This is compared to only a fifth of women 

surviving longer than 5 years if they are diagnosed at age 80 or over (29). Overall, this 

demonstrates that although OC mortality rates have been improved in the last decade, more 

emphasis needs to be placed on an early diagnosis for the maximum chance of recovery and the 

development of new treatments that improve disease outcome.  

 

1.4.1.2 Pathogenesis of OC 
OC is difficult to confidently classify and stage at the time of diagnosis due to most ovarian 

carcinomas originating from cells which are not typically observed in the ovary but are linked to 

ovarian development. Some are have a clear histological subtype with clear origin whilst others 

(dependant on the stage and level of metastasis) are much harder to confidently classify (30). 

The origin of ovarian tumours is still unknown due to the tumour cell histology and the 

immunophenotype that differ from normal ovarian cells (31). Primary ovarian tumours and 

subsequent metastases grow massively in the ovary but not on the fallopian tube mucosa 

because the ovarian stroma is known to stimulate the growth and invasion of cancer cells 

whereas the fallopian tube stroma inhibits this progression (32). The ovarian microenvironment 

including the fallopian tube and the peritoneum play important roles in cancer initiation, 

progression, growth and invasion (Figure 1-4).  
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Figure 1-4 – The pathogenesis of OC microenvironment and early-stage lesions to OC 
 

(a) Primary and metastatic OCs grown in the ovary but not the fallopian tube mucosa due to 
the ovarian stroma stimulating cancer cell growth and invasion and fallopian tube stroma 

inhibiting this growth and invasion. Advanced OC commonly metastasises to other peritoneal 
areas such as the omentum, endometrium, fallopian tubes and sigmoid colon (33) HGSC: High 
Grade Serous Cancer. SBT: Serous Borderline tumour. LCSC: Low Grade Serous Carcinoma. CCC: 
Clear Cell Carcinoma. EC: Endometrioid Carcinoma. EMO: Ovarian Endometriosis. CIC: Cortical 
inclusion cysts. (b) HGSOCs are generated first in the fallopian tube fimbria which progress to 
implant to the ovary. Some HGSOCs are caused by the TP53 mutation. Other HGSOCs present 

with a tumour that is developed from tubal-type cortical inclusion cysts which are developed by 
epithelium implantation of fimbria or by metaplasia of ovarian surface epithelium. A serous 
borderline tumour and Low-grade serous carcinoma are originated by large tubal cortical 

inclusion cysts, caused by Ras gene and BRAF mutation. Ovarian endometriosis is raised by 
retrograde menstruation and metaplasia. Ovarian endometriosis is further developed into clear 
cell carcinoma or endometrioid carcinoma. Dashed lines display the processes or origin of cells 
(metaplasia or implantation, retrograde menstruation). Solid lines display the progression of 

tumour cells. Image from Karnezis et al, 2017 (34). (c) HGSOC early tumour development from 
initial pre-cancerous lesion in the fallopian tube. TP53 gene mutations are an early event in the 

pathogenesis of HGSOC in secretory cells which appear to be benign. The acquisition of a 
preneoplastic lesion phenotype and proliferative capacity results in the formation of a serous 

tubal intraepithelial carcinoma (STIC). Invasive HGSOC develops when the basement membrane 
is invaded, and early lesions disseminate to the ovary and/or peritoneal cavity (35). 
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A large proportion of HGSOCs are reported to initially generate in the fallopian tube fimbria 

which go on to implant on the ovary. HGSOCs are typically reported to present with mutations 

in the tumour suppressor gene TP53 (36). In other cases, the HGSOC tumour has been reported 

to originate from the intra-ovarian tubal epithelium known as tubal-type cortical inclusion cysts 

(37). The precursor lesions of HGSOCs are serous tubal intraepithelial carcinoma in the FTE 

(Fallopian Tube Epithelium) of women who have BRCA1/2 mutations. Tubal cortical inclusion 

cysts are generated either by epithelium implantation of fimbria or by metaplasia of ovarian 

surface epithelium to a tubal phenotype (34).  

Serous borderline tumours and low grade serous carcinomas originate from large tubal cortical 

inclusion cysts, reported to be caused by RAS and BRAF genetic mutations that facilitate ovarian 

carcinogenesis (37). 

Ovarian clear cell and endometrioid carcinoma can develop from endometriosis due to its 

inflammatory nature (Figure 1-3). Ovarian endometriosis has been reported to originate from 

menstruation and metaplasia (38). The relationship between OC and endometriosis has been 

well studied with both diseases having causal links to infertility, early menarche, late menopause 

and nulliparity (39). Endometriosis is characterised by inflammatory processes such as an 

imbalance in cytokines including Interleukin-1, Interleukin-6, and Interleukin-8 (40). These 

imbalances are reported to induce the immunomodulatory tumour necrosis factor alpha which 

stimulates cytokine in ovarian malignancy (41). Inflammation and intrinsic anomalies cause 

several stimulatory signals and therefore, progressive transcriptional changes are induced which 

leads to sustained proliferation and the mutations in ovarian endometrioid cells (42). This results 

in the phosphate and tensin homolog tumour suppressor gene (PTEN) as an ovarian 

endometroid carcinoma gene mutation (41). The expression of oncogenic KRAS and the deletion 

of PTEN tumour suppressor gene within the ovarian surface epithelium has been demonstrated 

in a research study in murine tumours and in the tumour xenografts of human ovarian surface 

epithelium (43). The deletion of PTEN and oncogenic activation of KRAS has been previously 

shown to increase the endometriotic precursor lesions, which further initiate the invasive 

endometrioid ovarian carcinogenesis (44). Clear cell OC and endometrioid OC are ovarian 

epithelial carcinoma subtypes that originate from endometriosis or adenofibroma (34).  
 

1.4.1.3 Risk factors for OC  
There are several risk factors associated with OC as described by The American Cancer Society 

(45), the National Health Service NHS (46) and the Centre for Disease Control (47), with the risk 

of developing OC increasing with age. OC is much less common in women under the age of 40 
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with most ovarian cancers being diagnosed in women after the menopause. It is unclear if diet 

affects the risk of developing OC (45), but some studies have shown a reduced rate of OC in 

women who ate a diet lower in fat and higher in vegetables (48), whereas another study 

disagreed with this and showed no significant correlation (48). It is generally agreed that more 

research is needed in this area (49).  

Diet does have associations with obesity and obesity has been identified as an unclear risk factor 

for OC in multiple sources. Obesity has been linked to a slightly higher risk of cancer in general 

(50)however, the current information linking obesity to OC is unclear, and somewhat conflicting. 

It is suggested that obese women, with a BMI of over 30, may have a higher risk of developing 

OC but not necessarily a higher risk of the more aggressive subtypes (51). Obesity may also 

negatively affect the overall survival of women with OC (45). A study by Leitzmann et al in 2009 

(52) reported data that suggested obesity is associated with enhanced OC risk through a 

hormonal mechanism. However, a systematic review looked at 43 papers and found a limited, 

inconsistent association between OC and obesity (53). Thus overall, it is unclear if obesity is a 

risk factor for developing OC.  

The risk of developing OC has also been linked to older age at first birth (54). It is reported that 

women who have their first birth at age 35 or over, or never have a pregnancy to full term, have 

an increased risk of epithelial OC. It is suggested that the hormonal modifications induced by 

the first term pregnancy at different ages seem to result in similar consequences in the 

progression of carcinogenesis in the ovary and also in the breast (55). Pregnancy and breast 

feeding have also been linked to a reduced risk of OC. Studies also show that breastfeeding may 

lower this risk even further (56). 

It is reported that women using estrogen alone or with progesterone after menopause as a 

hormone therapy, have an increased risk of developing OC when compared to women who 

never used hormones (57, 58). This association is widely agreed upon in studies and meta-

analysis data.  

Many studies have investigated the association between OC and the use of Talc and conclusions 

have been mixed (59-62). It has been suggested that powder may cause cancer in the ovaries if 

the powder particles were to travel through the vagina, uterus, and fallopian tubes to the ovary. 

Some studies reported a slightly increased risk where other studies reported no increase at all 

(59-62).  

Using fertility treatment with in vitro fertilisation (IVF) has been reported to increase the risk of 

certain subtypes of OC such as borderline tumours, also known as tumours of low malignant 

potential. There have also been studies (63, 64) showing no association between fertility 
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treatment and OC. This suggests the link is largely unclear with minimal evidence to support the 

association. 

Research has shown that women with endometriosis may be more likely to develop OC (65-67). 

It is thought that the inflammatory nature of endometriosis may increase the likelihood of 

mutations leading to cancer, but the mechanisms that lead to the malignant transformation of 

endometriosis needs more research.  

Some factors have been reported to decrease the risk of OC. Less frequent ovulation as a result 

of using contraceptives, such as the pill, have a lower risk of OC. The risk is reported to be lower 

the longer the contraception is used, and the low risk continues for many years after the 

contraception is stopped. Other types of birth control such as tubal ligation and intrauterine 

devices have also been associated with a lower risk of OC. Additionally, a hysterectomy (the 

removal of the uterus without the removal of the ovaries) has also been reported to reduce the 

risk of OC by about a third (68, 69).  
 

1.4.1.4 Inherited OC 
Having a family history of OC, breast cancer or colorectal cancer can significantly increase the 

risk of OC in an individual. The risk increases further if multiple relatives have OC, breast cancer 

or colorectal cancer (70). Up to 25% of OCs are part of family cancer syndromes or inherited 

cancers due to the inheritance of mutations in certain genes (71).  

Hereditary breast and ovarian cancer syndrome (HBOC) are caused by inherited mutations in 

the BReast CAncer (BRCA) 1 and 2 genes. The diagnosis of a BRCA1 or BRCA2 HBOC is established 

by the identification of a heterozygous germline pathogenic variant in BRCA1 or BRCA2 gene. 

The exact risk of cancer depends on if the BRCA1 or BRCA2 gene is mutated (72). BRCA1 encodes 

a protein which acts as a tumour suppressor, it is recruited to DNA damage sites and has an 

important role in DNA end resection, the G2/M checkpoint and the s-phase checkpoint (73). The 

protein encoded by BRCA1 also repairs DNA during replication and is involved in homologous 

recombination (74). These various functions support the role of BRCA1 in regulating cell 

proliferation. BRCA2 encodes a protein that is involved in DNA damage repair, specifically 

homologous recombination (75). If a mutation is identified in the BRCA1 or BRCA2 gene, then 

several surgical interventions can be considered depending on the stage of the tumour. 

Generally, PARP inhibitors are given to metastatic patients with BRCA1/2 mutations. A bilateral 

mastectomy can reduce the risk of breast cancer, while an oophorectomy, a hysterectomy or a 

total abdominal hysterectomy can reduce the risk of OC. In some cases, preventative 

chemotherapy (tamoxifen) is administered (76).  
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Hereditary nonpolyposis colorectal cancer (HNPCC), also known as Lynch syndrome, is a genetic 

disease of autosomal dominant inheritance. It occurs when a gene in the DNA mismatch repair 

system is mutated and results in a significantly increased risk of OC, endometrial cancer and 

colorectal cancer. Women with this disease have about a 10% chance of developing OC and 

about 1% of all patients with OC have been previously diagnosed with Lynch syndrome (77).  

Peutz-Jeghers syndrome is a rare genetic syndrome where polyps develop in the stomach and 

intestines during the teenage years. Individuals with this syndrome have a significantly increased 

risk of cancers, particularly of the digestive tract. Women who have this syndrome have an 

increased risk of developing OC, including epithelial OC and a stromal tumour called sex chord 

tumour with annular tubules (78). The gene mutated in this syndrome is STK11. STK11 is a gene 

encoding a protein kinase which acts as a tumour suppressor by regulating cell growth (79). 

MUTYH-associated polyposis is a condition where the MUTYH gene is mutated, resulting in 

polyps on the colon and small intestine. This syndrome has a high risk for colon cancer and other 

cancers such as cancer of the bladder or ovary. MUTYH gene encodes a protein which is involved 

in DNA repair mechanisms and a mutation here prevents errors in the DNA from being 

corrected. This leads to an accumulation of mutations and potentially progression to cancer (80). 

There are significant and numerous links between breast cancer and OC (72). Many of the risk 

factors associated with either cancer also commonly increase the risk of the other. The risk of 

OC after breast cancer is highest in women with a family history of cancer. This includes the 

associated risks with mutations in the BRCA1 and BRCA2 genes and hereditary breast cancer and 

ovarian cancer syndrome (81).  
  

1.4.1.5 Symptoms, signs and early detection 
Due to the nonspecific nature of OC signs and symptoms, early detection is difficult. The 

common signs of OC are feeling bloated, feeling full quickly and/or loss of appetite, pain or 

discomfort in the lower stomach and/or back, needing to pass urine more often or more 

urgently, changes in bowel habits, pain during sex, weight gain or weight loss and unexplained 

or extreme tiredness (82). However, by the time symptoms such as abdominal swelling and pain 

occur the disease is often in a later stage. Currently the only confirmatory method of diagnosing 

OC before treatment is by cytology from surgery that is as minimally invasive as possible (83). 

Often it is a difficult decision to recommend an invasive surgical procedure with such ambiguous 

symptoms. An early detection method is desperately needed to avoid difficult medical decisions 

and to ensure as many women as possible can be screened for OC in a minimally invasive, high 

throughput manner.  
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A report from NHS UK (84) described the refinement of the existing diagnostic CA125 blood 

serum marker in OC. This development built on research by Menon U in 2005 where the Risk of 

OC Algorithm (ROCA) was used to assess OC prevalence in high risk (post-menopausal) women 

(85). The hypothesis was that OC mortality could be reduced by regular biomarker blood tests. 

Two screening trials were undertaken where women had CA125 measured annually. Before 

progressing to larger trials, the statistical analysis of serial CA125 levels showed that each 

woman had her own baseline CA125 level. In the case of OC, CA125 rose rapidly following a 

change point. This method could improve early detection if women were tested for the presence 

of a change point (86). Using data from these trials a statistical method was developed to 

quantify the probability a change point had occurred. The latest development describes further 

where 46,237 women ages 50 years or older had annual ROCA screening. Women who were 

determined at normal risk continued to have annual ROCA screening. Women who were at 

intermediate risk had their CA125 serum levels checked every 12 weeks. Finally, women who 

were at an elevated risk had a CA125 test repeated every 6 weeks and had a transvaginal 

ultrasound. In this study the ROCA algorithm accurately predicted 86% of women with OC and 

ruled out almost 100% of those who were cancer free (87).  

In August 2017, the cost effectiveness of an NHS OC screening programme was assessed using 

data from the UK Collaborative Trial of OC Screening (88). Considering costs from blood tests 

and analysis, transvaginal ultrasounds and resulting surgical procedures versus the mortality 

benefits and patient health outcome. Data concluded that this strategy rapidly approaches the 

threshold for cost effectiveness. This will be reassessed and if the mortality benefit increases 

then this method could be recommended for use by the NHS on health grounds, as well as 

economic grounds (88).  
 

1.4.1.6 Current diagnosis methods  

1.4.2 Algorithms for the detection of ovarian cancer 
Due to biomarkers on their own not always being sensitive enough to indicate OC, algorithms 

have been developed for use in addition to a biomarker. Algorithms use multiple indicators to 

generate an arbitrary number to indicate malignancy. This number is placed on that algorithms 

scale to indicate the likelihood of malignancy.  
 

1.4.2.1 Risk of Malignancy Index (RMI) 
In 1990, Jacobs et al introduced the Risk of Malignancy Index (RMI) (89). RMI takes into account 

CA125 serum levels, ultrasound findings and menopausal status. The RMI score indicates the 

risk of the individual having OC where an score of over 200 is the cut-off point to discriminate 
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between benign and malignant tumours (90). RMI used the formula RMI= U x M x CA125 where 

U is ultrasound score (U=0 if ultrasound score = 0, U=1 if ultrasound score =1 and U=3 if 

ultrasound score is 2-5), M= menopausal status (M=1 for premenopausal women and M=3 for 

postmenopausal women). An RMI score of over 200 has been shown to have a strong association 

with a high risk of malignancy with a sensitivity of 85.4% and a specificity of 96.9%. However, a 

study in 2010 demonstrated that the ultrasound on its own actually has superior sensitivity (91) 

when compared to RMI. The data was confirmed by a subsequent study in 2016 (92). Due to the 

specificity for OC being quite high using RMI, the threshold for malignancy could be increased 

to 250 to increase the sensitivity.  

Since the introduction of the RMI algorithm in 1990, several modifications have been made to 

try and improve the sensitivity and specificity. Chopra et al used 100 patients and changed the 

maximum values of U and M to 4 rather than 3. This increased the sensitivity and specificity to 

96.7% and 84% respectively (93). Overall, the RMI algorithm does have some use for the 

diagnosis of OC and modifications have made it more sensitive and specific, however it does not 

appear to be the most reliable method for the detection of OC when compared to other 

methods such as the use of ultrasound scan alone (94).  
 

1.4.2.2 Risk of Ovarian Malignancy Algorithm (ROMA) 
In 2009, another algorithm for the diagnosis of OC was published. Moore proposed the Risk of 

Ovarian Malignancy Algorithm (ROMA) where HE4 and CA125 serum levels were associated with 

menopausal status (95). The algorithm uses two indexes, one each for pre-menopausal and post-

menopausal. The appropriate index is then used in an equation to determine the predicted 

probability expressed as a percentage.  

The ROMA algorithm has been used in meta-analysis studies (96) (97), where it was reported to 

have less specificity when compared to HE4 levels, but a better correlation with CA125 levels. 

Other meta-analysis studies showed ROMA was more sensitive than HE4 but less specific when 

compared to HE4 (98). Overall, the measurement of both CA125 and HE4 appears to be the best 

diagnostic tool for OC thus far, the inclusion of age in ROMA could be a valuable contribution to 

the diagnosis of OC (99).  
 

1.4.2.3 Current treatment methods 
The current treatment method depends on the type of OC diagnosed and often, diagnosis, 

removal of the tumour and staging of the tumour happen all within the same surgery. 

Standardly, surgical intervention is followed by chemotherapy or (rarely) radiotherapy. 

Epithelial stage 1 cancers are often treated with surgery alone, stage 2, 3 and 4 epithelial OCs 
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are commonly treated with a combination of surgical debulking and chemotherapy. More 

recently, targeted therapies are being offered to women with a BRCA mutation and in some 

cases radiation therapy. A germ cell or stromal OC is often treated with a combination of surgical 

debulking and chemotherapy and a borderline tumour is often treated with surgery only (100). 
 

1.4.2.3.1 Surgery  
Surgical debulking of the tumour is often the first option with OC treatment. The risk of surgery 

often includes infertility, and a fertility specialist can be consulted if the individual is pre-

menopause. A general anaesthetic is applied and either a laparoscopy or a laparotomy will be 

carried out. A laparoscopy is a minimally invasive surgery with 3-4 small cuts being made in the 

abdomen, whereas a laparotomy is a long vertical cut from the belly button to the bikini line. A 

laparoscopy is often used to investigate a suspicious mass where a laparotomy is commonly 

used in advanced cancers to debulk the malignant tissue (101).  

A total hysterectomy and bilateral salpingo-oophorectomy are the removal of the uterus, the 

cervix, the fallopian tubes and the ovaries. Most women with OC will have this surgery (102). 

Unilateral salpingo-oophorectomy is usually carried out if the cancer is found early enough and 

is only in one ovary. Additionally, young women who still wish to have children may opt for this 

surgical procedure to remove only one ovary and fallopian tube (103). An omentectomy is the 

removal of part of the omentum, a sheet of fatty tissue attached to the stomach and bowel. OC 

often spreads to the omentum and it is often removed during surgery (104). Cancer cells can 

spread from the ovaries to nearby lymph nodes. In this case, a lymphadenectomy (or lymph 

node dissection) will be carried out to control the spread of malignant cells (105). It is also 

possible that cancer from the ovaries can spread to the bowel. In cases such as this a colectomy 

will be carried out where some of the bowel is removed (106). In other cases where the cancer 

has spread to other organs within the abdomen, these tissues such as the liver, diaphragm, 

bladder and spleen may also be removed if it is safe to do so (107).  
 

1.4.2.3.2 Chemotherapy  
Chemotherapy is commonly used in combination with surgery in later stage cancers. 

Chemotherapeutic agents are anti-cancer cytotoxic drugs that aim to destroy malignant cells. 

Chemotherapy works with the cell cycle to target cells at different phases of the cell cycle. Each 

new cell goes through the cell cycle to become a fully functioning mature cell. Malignant cells 

can be characterised by their ability to form new cells faster than non-cancer cells, this means 

they are a better target for chemotherapeutic agents (108). Chemotherapy however, cannot 

differentiate and target malignant cells from healthy cells. For this reason, chemotherapy often 
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affects other fast dividing cells such as hair follicles, nails, the mouth, the digestive tract and 

bone marrow leading to side effects such as hair loss, nausea and a compromised immune 

system (109). Chemotherapy can be given systemically via an intravenous drip in cycles or 

directly into the abdominal cavity. During intraperitoneal chemotherapy, drugs are 

administered directly to the space between the abdominal organs and the abdominal wall via a 

tube that is put in place during surgery and is removed once the course of chemotherapy ends. 

Intraperitoneal chemotherapy is not commonly used in the UK or the USA, instead, 

chemotherapy by intravenous drip is the standard way to deliver the drugs (107). The 

chemotherapy drug carboplatin is often used on its own or with paclitaxel. Other drugs used 

include cisplatin, docetaxel, etoposide, gemcitabine, liposomal doxorubicin and topotecan 

(110).  

 

1.4.2.3.3 Radiation therapy  
Radiation therapy, or radiotherapy, uses x-rays to damage cancer cells. The radiation is directed 

at the specific area of cancer with the aim to reduce the growth of the mass. Radiotherapy is 

rarely used in OC but it can be used in conjunction with chemotherapy or on its own. 

Radiotherapy for OC is given over the whole abdominal area which can affect the bladder and 

bowels (111). Common side effects include tiredness, diarrhoea, needing to pass urine more 

often, burning when urine is passed (cystitis) and a minor burn to the skin surrounding the 

treatment area. Radiation can be used as part of palliative treatment which helps to improve 

the patients quality of life by managing cancer symptoms and pain without trying to cure the 

cancer (107).  
 

1.4.2.3.4 Targeted therapy  
Targeted therapies are able to differentiate healthy cells from malignant cells and deliver the 

cytotoxic payload directly to the malignant cells. This increases the effectiveness and decreases 

the side effects to the patient. Targeted therapies are an up-and-coming treatment for OC and 

can be used on their own or after chemotherapy has not been successful. Targeted antibody-

based therapies relies on the action of a specific monoclonal antibody which recognises and 

binds to a carefully selected protein present on the malignant cells but not on the healthy cells. 

This allows the therapy to affect the malignant cells, while leaving the healthy cells largely 

unaffected. A common targeted therapy used in the treatment of OC is with DNA damage repair 

alteration by the administration of small molecule poly ADP ribose polymerase (PARP) inhibitor, 

such as Olaparib (112). PARPs are proteins that are involved in damaged cells repair. Olaparib 
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inhibits the actions of PARP in cancer cells with a mutation in the BRCA gene causing the 

malignant cells to die due to the inability for DNA damage to be repaired via homologous 

recombination. Olaparib is only used in patients with BRCA and can be used after having 

chemotherapy. Olaparib is also used for the treatment of BRCA positive breast cancer (113). 

Formerly Olaparib was only available for eligible patents as part of clinical trials, however most 

recently in 2019 due to the survival benefit to patients with OC, the National Institute for Health 

and Care Excellence have approved Olaparib for use on the NHS (114).  

Bevacizumab (Avastin®) is another common targeted therapy used for the treatment of OC. 

Bevacizumab targets vascular endothelial growth factor (VEGF) (115). VEGF is a protein that 

enables angiogenesis in malignant cells. Using Bevacizumab to inhibit VEGF reduces the supply 

of oxygen and nutrients that the tumour gains through a healthy blood supply. This treatment 

aims to shrink and stop the tumour from growing. Bevacizumab is not available as an NHS 

treatment but there are other ways to enable treatment with Bevacizumab, such as private 

health care and clinical trials (116). Bevacizumab has shown a survival advantage in OC patients 

in a progression-free survival advantage of 2.4 months, an overall survival benefit of 8 months 

in patients with high risk of progression and a less than 10-point difference in quality of life 

between the two groups (117) 
 

1.4.2.4 Staging 
The staging of OC recognises that it is not a homogenous disease but a group of diseases, each 

with a different biological behaviour and morphology. Approximately 90% of ovarian tumours 

are malignant epithelial carcinomas and can be further subcategorised into high-grade serous, 

endometrioid, clear cell, mucinous and low-grade serous carcinomas by histopathology, 

immunohistochemistry and molecular genetic analysis, as can be seen in Figure 1-2 and Figure 

1-3.  

The process of staging is an agreed consensus by the FIGO Committee and all the relevant 

gynaecological oncology organisations around the world. Table 1-1 shows the current TNM and 

FIGO classifications for staging OC (118-121).  
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Table 1-1 - TNM and FIGO Classifications for Ovarian Cancer 
Primary tumour (T) 

 TNM FIGO   

TX   Primary tumour cannot be assessed 

T0   No evidence of primary tumour 

T1 I Tumour limited to the ovaries (one or both) 

T1a IA 
Tumour limited to one ovary; capsule intact, no tumour on ovarian surface; no malignant 

cells in ascites or peritoneal washings 

T1b IB 
Tumour limited to both ovaries; capsules intact, no tumour on ovarian surface; no malignant 

cells in ascites or peritoneal washings 

T1c IC Tumour limited to one or both ovaries with any of the subcategories below (IC1-3) 

T1c1 IC1 Surgical spill 

T1c2 IC2 Capsule ruptured before surgery or tumour on ovarian or fallopian tube surface 

T1c3 IC3 Malignant cells in ascites or peritoneal washings 

T2 II Tumour involves one or both ovaries with pelvic extension below pelvic brim 

T2a IIA Extension and/or implants on the uterus and/or tube(s) 

N1b IIIAIii Metastasis more than 10 mm in greatest dimension 

Distant metastasis (M) 

TNM FIGO   

M0   No distant metastasis 

M1 IV 
Distant metastasis including cytology-positive pleural effusion; liver or splenic parenchymal 

involvement; extra-abdominal organ involvement including inguinal lymph nodes; 
transmural intestinal involvement 

M1a IVA Pleural effusion with positive cytology 

M1b IVB 
Liver or splenic parenchymal metastases; metastases to extra-abdominal organs (including 

inguinal lymph nodes and lymph nodes outside the abdominal cavity); transmural 
involvement of intestine 

The table above has been taken from Grabosch’s article on Medscape (118-122) 
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1.4.3 Endometrial cancer 
Endometrial cancer (EC) begins in the endometrium (the lining of the uterus) and is the most 

common cancer of the female reproductive system. It is also referred to as uterine cancer and 

womb cancer. 1 in 36 women will be diagnosed with EC in their lifetime and there are around 

9300 new cases of EC each year in the UK equating to approximately 26 new cases every day. 

Among females in the UK, EC is the most common gynaecological cancer, the 4th most common 

cancer and it accounts for 5% of new cancer cases in women. Incidence rates are highest for 

women ages 75-79 and around a fifth of ECs are diagnosed at a late stage. Incidence rates have 

increased by 57% since the early 90’s and again by 19% in the last decade however they are 

projected to fall by 7% between 2014 and 2035. EC is not associated with deprivation and is 

equally common between White, Asian and Black females (123). In the United States there will 

be an estimated 61,889 new cases of and 12,160 deaths from EC in 2019 (124). This is similar to 

the 2018 predictions where 63,230 new cases were expected and 11,350 deaths were predicted 

(125). There are around 2,300 deaths in the UK associated with EC each year equating to more 

than 6 each day. EC is the 8th most common cause of cancer death in females in the UK and 

accounts for 3% of all cancer deaths in females in the UK. Mortality rates associated with EC are 

highest in females over the age of 90. Since the 1970’s EC mortality rates remained reasonably 

stable, however in the last decade mortality rates have risen by 23%. Mortality rates are 

predicted to rise further by 19% by 2035 (123). Survival rates of EC are highest in women under 

the age of 39 and when diagnosed at its earliest stage. 78% of women in the UK survive for ten 

years or more and EC survival is improving and has increased in the last 40 years in the UK. Risk 

of EC depends on many factors such as age, genetics and exposure to risk factors such as 

radiation (126).  

The current approach to diagnosing EC is the ‘two week wait’ where the patient is made an 

appointment as a matter of urgency within two weeks as a result of a visit to their GP. The 

current treatment method is most commonly major surgical resection (80% of patients), 

radiotherapy (21% of patients) and chemotherapy (16% of patients) (123). Patients will 

commonly receive surgery plus chemotherapy or radiotherapy (127).  

Although surgery is commonly the primary treatment for early stage, late stage and high-risk EC 

cases alike, a select group of patients have an increased risk of recurrence. In these cases, 

adjuvant therapy (a therapy given in addition to the primary treatment) is necessary to improve 

the prognosis for these patients. Adjuvant therapy could be followed up with chemotherapy, 

radiotherapy or a combination of the two. The type of adjuvant therapy administered is patient 



 22 

specific and the treatment decision is largely influenced by cancer stage, age and other factors 

(128) (129).  

Lymph node involvement is considered a critical factor in determining the prognosis and the 

response to therapy in EC. Staging cancer correctly is important as patients with a stage 3 EC, 

treated with chemotherapy, have a survival advantage, whereas this is not true for patients with 

locally advanced disease (130). On top of that, complete staging lymphadenectomies have been 

associated with morbidity that can negatively impact the quality of life. Therefore, criteria has 

been explored to define patients that have a low enough risk to safely bypass the 

lymphadenectomy (131). Kang et al explored predicting which patients could safely bypass the 

lymphadenectomy where there was endometrioid histology, no evidence of deep invasion or 

enlarged lymph nodes and a pre-operative CA125 of less than 35 units/mL (132). Of patients 

who have a reoccurrence of their EC two thirds are in the stage I and II subgroup. These 

individuals could benefit from a more aggressive adjuvant therapy to prevent relapse (133, 134).  
 

1.4.4 Cervical cancer 
Cervical cancer is the third most common malignancy in women and historically provides a first-

class illustration of the benefit of early detection via a non-invasive approach. The Pap smear is 

recognised medically as being discovered by George Papanicolaou (135) and the 

implementation of this revelation via the introduction of the cervical cancer screening program 

in 1949, where women received annual Pap smears (136), demonstrated the power of high 

throughput screening. A recent evaluation shows that since the late 1970s cervical cancer 

mortality rates have fallen by 72% and is predicted to fall another 7% between 2014 and 2035. 

Moreover the jump from a 74% survival rate in 1971-1972 to 83% in 1980-1981 is the largest 

improvement seen in the last 50 years potentially linked to the advances in early detection (137). 

 

1.4.5 Breast cancer 
Breast cancer is the most commonly occurring malignant disease in women and usually presents 

as a painless movable mass in the area of the breast (13). Breast cancer has strong links to OC 

in terms of risk factors, genetic mutations in BRCA1 and BRCA2 and links to an increased risk of 

one cancer after suffering the other (81). Breast cancer is the most common cancer in the UK, 

accounting for 15% of all new cancer cases (15). According to CRUK statistics in 2017 breast 

cancer represents 30% of all female cancer incidences. Breast cancer is more common in older 

people and incidence increases with age. Breast cancer is the 4th most common cause of cancer 

death in females the UK, and accounts for 7% of cancer deaths in 2017 (138). The risk factors for 
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breast cancer are similar to that of OC. Genetic BRCA1/2 mutations, a high body mass index 

(BMI), first birth at an age greater than 30 or nulliparity, early menarche, family history, late 

menopause and post-menopausal hormone therapy use are all common risk factors for breast 

cancer and OC. Four breast cancer subtypes have been identified: Luminal A, Luminal B, HER-2 

positive and triple negative (basal) breast cancer (139). Each subtype is associated with a specific 

histology and prognosis. Breast cancer is also classified by its anatomical origin (lobular or 

ductal), its hormone receptivity and expression of human epidermal growth factor receptor 2 

(HER-2) (140). The hormone receptivity is in regard to the presence or absence of estrogen and 

progesterone receptor expression in the malignant cells. Triple negative breast cancer refers to 

breast cancers that do not express the estrogen receptor, progesterone receptor or HER-2 (141). 

Triple negative breast cancers are more likely to be diagnosed at a younger age but at a later 

stage (142). In addition, triple negative breast cancers are more likely to be a higher grade and 

therefore a more aggressive cancer compared to other subtypes (143).  

Breast cancers are commonly diagnosed by mammogram imaging and confirmed by a biopsy 

obtained using a core needle biopsy, excisional biopsy, stereotactic biopsy or an MRI guided 

biopsy (144). Treatment options include surgery, chemotherapy and radiotherapy. Surgical 

treatment can involve a lumpectomy, mastectomy or bilateral mastectomy. Adjuvant therapy is 

often used after surgery and can include endocrine blockers, anthracycline and taxane based 

chemotherapy or monoclonal antibody therapy depending on histology, HER-2 status and 

hormone receptor status (145). The chemotherapeutic drug chosen also depends on subtype 

and the presence of metastatic disease. Common chemotherapeutic agents include doxorubicin, 

cyclophosphamide, and paclitaxel. Side effects are variable and can include significant nausea, 

vomiting, diarrhoea and fatigue. Radiation therapy is commonly used before or after tumour 

removal surgery (146).  

 

1.5 Other gynaecologic conditions 

1.5.1 Polycystic Ovaries  
Polycystic ovary syndrome (PCOS) is metabolic endocrine disease that is heterogenous in nature. 

Its signs and symptoms include abdominal pain, difficulty getting pregnant, irregular 

menstruation, excess hair growth on the body, thinning hair on the head, weight gain and oily 

acne prone skin. It is categorised by symptoms of androgen excess and dysfunction of the ovary 

(as described above) (147). The aetiology of PCOS is multifactorial and complex with evidence 

suggesting that it is influenced by epigenetics and environmental factors such as diet and 
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lifestyle. PCOS is frequently associated with obesity, insulin resistance and metabolic disorders 

(148). 

Diagnosis of PCOS is carried out by clinical imaging, monitoring hormone levels and ovulation 

and potentially a laparotomy or laparoscopy. Initially, women presenting with PCOS symptoms 

must immediately be examined for an androgen-secreting neoplasm by clinical imaging. 

Difficulty can occur with differentiating PCOS from similar disorders such as idiopathic 

hyperandrogenism (149).  

Treatment of PCOS depends on the symptoms presented. Usually, lifestyle recommendations 

are initially suggested and those with mild symptoms may improve without further treatment. 

No drugs are currently approved for the treatment of PCOS but the contraceptive pill is often 

prescribed to ensure hormone levels remain within normal limits (150).  

Due to the inflammatory nature of PCOS several studies investigate the relationship it has with 

gynaecological malignancies, in particular OC. Jiao et al explored the relationship between PCOS 

patients with irregular menstruation and malignancy, concluding that irregular menstruation 

carried an increased risk of OC (151). Ding et al carried out a population-based cohort study in 

Taiwan where 8,155 patients with PCOS were compared to 32,620 individuals who did not have 

PCOS. Overall, they showed a significant association between PCOS and endometrial cancer 

suggesting they could be related. In the study by Ding et al and Harris et al there was no such 

association found between PCOS and OC (152, 153).  
 

1.5.2 Endometriosis  
Endometriosis is a disease characterised by endometrial tissue being present outside of the 

uterine cavity causing chronic pelvic pain and potentially interfertility. Endometriosis affects 10-

15% of all women of a reproductive age and 70% of women with chronic pelvic pain (154). 

Symptoms in women include intermenstrual bleeding, painful periods, painful intercourse, 

painful defecation, and painful urination (155). Pain in the pelvic area may be present early in 

life before menstruation begins and can often be asymptomatic and remain undiagnosed until 

investigation for infertility (154). An increased risk for endometriosis is associated with early age 

menarche (156-160), shorter menstrual cycle length (159-163), taller height (156, 164) and 

alcohol use (165-167). 

Endometriosis has been associated with a malignant potential and large studies have found OC 

to develop in 5-10% of endometriosis cases (168, 169). However, there is still some uncertainty 

surrounding neoplasms associated with endometriosis. Some have suggested that they may 

have distinct histologic entities (170), which can result in clinical and prognostic differences in 
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endometriosis and subsequent OC diagnosis. It has been reported that up to 19% of epithelial 

OC were associated with endometriosis (171). 
 

1.5.3 Pelvic inflammatory disease 
Pelvic Inflammatory Disease (PID) is an infection of the upper genital tract, including the uterus, 

fallopian tubes and ovaries. PID is a common condition although it is not certain how many 

women are affected in the UK due to the condition often going undiagnosed or being mistaken 

for another diagnosis (172). Many of these gynaecological conditions, including OC, have similar 

symptoms including pelvic pain, pain during intercourse, pain when urinating, bleeding between 

periods and painful periods. Women with PID, unlike in other conditions, can experience an 

unusual vaginal discharge (173). Complications of PID can include infertility, ectopic pregnancy 

and chronic pelvic pain. Recent findings suggest that the rates of unfavourable outcomes in 

women with PID are high and largely affect the young minority. Sexually transmitted diseases 

can increase the risk of PID and improving national screening can improve quicker treatment for 

a better long term prognosis (174).  

Inflammation has been linked to cancer and therefore ovarian carcinogenesis. However, studies 

linking PID to OC are few and inconsistent. Data from 13 case-controlled studies were pooled 

(175) from the Ovarian Cancer Association Consortium including 9,162 women with OC tumours, 

2,354 women with borderline tumours and 14,736 control patients. A history of PID was 

associated with an increase in borderline tumours with a 95% confidence interval. Women with 

at least 2 episodes of PID were reported to have a two-fold increased risk of borderline ovarian 

cancer tumours.  
 

1.6 Inflammation and cancer  
Inflammation is a biological response of the immune system that can be triggered by pathogens, 

damaged cells and toxic compounds. Inflammation can lead to pain, tissue damage or disease 

(176). Inflammation caused by infectious agents, non-infectious agents and cell damage can all 

cause the activation of inflammatory signalling pathways such as the NF-kB, MAPK and JAK-STAT 

pathways (177, 178). The purpose of inflammation is to remove the offending stimuli and initiate 

the healing process. Inflamed tissue is characterised by redness, swelling, heat and pain. On a 

microcirculatory level vascular permeability changes, leukocytes are recruited and accumulate, 

and inflammatory mediators are released. In response to the injury of tissue, a chemical 

signalling cascade is activated which stimulates responses aimed at healing the affected tissues. 

Factors such as histamine, chemokines and cytokines are triggered by the oligomerisation of 

pattern recognition receptors which recruit leukocyte chemotaxis from the general circulation 
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to the site of damage (179). The activated leukocytes produce cytokines that induce the 

inflammatory response. All types of inflammation share a common mechanism of cell surface 

pattern receptors recognising detrimental stimuli, inflammatory pathway activation, the release 

of inflammatory markers, and the recruitment of inflammatory cells (176). Inflammation is 

significantly associated with the development and progression of most cancers. The cancer-

associated inflammation cells are stable genetically and are therefore not subjected to emerging 

drug resistance (180). For this reason, targeting inflammation is viewed as a popular strategy for 

cancer prevention and treatment. Inflammation occurring independently of a tumour can be 

caused by infection, autoimmune diseases, obesity, smoking, asbestos exposure and excessive 

alcohol consumption (181). As well as inflammation, these factors also increase cancer risk. On 

the other hand, inflammation intrinsic to cancer or inflammation as a result of cancer can be 

activated by mutations initiated by cancer and can support the recruitment and activation of 

inflammatory cells. Both types of inflammation can result in immunosuppression providing the 

ideal environment for tumour development and progression (180).  

Tumour necrosis factor (TNF) is a proinflammatory cytokine which is secreted by inflammatory 

cells that may be involved in inflammation associated cancer progression. TNF activates the 

nuclear factor kB (NF-kB) and c-Jun N-terminal kinase (JNK) pathways (182). NF-kB and JNK work 

synergistically together to balance cell survival and anti-apoptosis with cell death. This indicates 

that TNF can support or work against tumour progression and development (183). There is some 

evidence that inflammatory cytokines and chemokines may contribute to cancer progression. 

Several cytokines and chemokines can be induced by hypoxia (184). This is a significant 

physiological difference between tumour and normal tissue. Cytokines derived from tumour 

cells, such as Fas ligand, VEGF and transforming growth factor-h have been reported to supress 

the immune response to tumours (185). Interleukin-6 (IL-6) is a pleiotropic inflammatory 

cytokine that is released by normal cells as well as in multiple tumour types such as OC, breast 

and colorectal cancer. IL-6 has also been reported to be involved in tumour apoptosis, growth, 

proliferation, migration, invasion, angiogenesis and metastasis (186). Interleukin-10 (IL-10) is a 

cytokine inhibitor involved in tumour growth. IL-10 inhibits cytokine production by T helper cells 

and is produced by almost all leukocytes and many tumour cells, including those from breast, 

colon and ovarian cancer (187). IL-10 is integral to the suppression of tumour promoting 

inflammation mediators and therefore aids tumour growth and metastasis (187).  

A host of leukocytes in the tumour environment and surrounding stroma are characteristic of 

an inflammatory tumour microenvironment. Tumour Associated Macrophages (TAMs) make up 

a large proportion of the cells that infiltrate the tumour microenvironment. TAMs derive from 
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monocytic precursors and are directed to the tumour by chemokines. Tumour cells also produce 

cytokines that prolong the survival of TAMs. TAMs both work for and against tumour 

development and progression by killing tumour cells, activating tissue destructive reactions 

while also stimulating tumour cell proliferation, promoting angiogenesis and encouraging 

invasion and metastasis (188). 

Dendritic cells play important roles in the activation of immunity and the maintenance of 

tolerance which provides a link between adaptive and innate immunity. Tumour associated 

dendritic cells commonly have an immature phenotype that does not have the ability to 

stimulate T-cells for the immune response against foreign particles. The immaturity of the 

tumour associated dendritic cells may reflect the absence of signals instructing the cells to 

mature, decreased migration of mature cells to the lymph nodes or the presence of maturation 

inhibitors (189). 

Cytokines are mainly released from immune cells such as monocytes, macrophages and 

lymphocytes. Pro and anti-inflammatory cytokines promote and inhibit inflammation depending 

on the cytokine and its function. For example, IL6 is sourced mainly from macrpphages and has 

a pro inflammatory function as well as being involved in differentiation and cytokine production. 

Whereas IL10 is an antiinflammation cytokine and inhibits the production of inflammatory 

cytokines (190). Inflammation plays a critical role in tumour growth and it is now generally 

accepted that an inflammatory tumour microenvironment is an essential component of all 

tumours (191). Chronic inflammation can contribute to the induction of oncogenic mutations, 

genomic instability, early tumour promotion and angiogenesis. Tumour associated inflammation 

is linked to tumour development by the enhancement of angiogenesis, metastatic spread and 

local immunosuppression (192).  

Overall, inflammation is well known to be a hallmark of cancer (193) and has been reported to 

associate with tumours and induce the development and progression of cancer (180). Although 

inflammation is known in a variety of benign conditions, it is a common factor in almost all 

cancers and the pain, swelling and certain markers can be used as an indicator for further 

investigation in cancer diagnosis.  
 

1.7 Receptor for Advanced Glycation End products (RAGE) 
The receptor for advanced glycation end products (RAGE) is a multiligand protein of the 

immunoglobulin superfamily, expressed on the membrane of multiple cells and is implicated in 

the immune-inflammatory response (Uniprot-RAGE_HUMAN- Q15109). RAGE was first 

described as a receptor for the products of nonenzymatic glycation and oxidation of proteins, 

advanced glycation end products (AGEs) (194). Glycation is the non-enzymatic reaction between 
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reducing sugars, such as glucose, and proteins, lipids or nucleic acids (195). Section 1.7.8.1 below 

discusses AGEs in more detail. RAGE is a type 1 cell surface transmembrane receptor and pattern 

recognition receptor (PRR) and has a multi domain structure that gives it the ability to bind a 

variety of ligands (see section 1.7.8). RAGE is implicated in a range of diseases and signalling 

pathways such as diabetes, acute and chronic inflammation in atherosclerosis and complications 

of diabetes. This is expanded upon later in this section. The AGE/RAGE signalling pathway 

regulates the production and expression of TNF-alpha, oxidative stress and endothelial 

dysfunction in type 2 diabetes (196) (see section 1.7.7 for more detail). In diabetes, poor 

glycaemic control reduces sRAGE levels, in association with enhanced oxidative stress and 

endothelial dysfunction (197). RAGE generates proinflammatory mediators by interacting with 

S100A12 on the endothelium, mononuclear phagocytes and lymphocytes. RAGE has also been 

documented to interact with S100B to play a role in myocyte apoptosis by activating ERK1/2 and 

p53/TP53 signalling (198). RAGE has also been implicated in neurological disorders by binding 

amyloid beta peptide. This contributes to the translocation of amyloid beta peptide across the 

cell membrane to the intracellular space in cortical neurons (199).  

RAGE has been extensively studied by members of the Reproductive Biology and Gynaecological 

Oncology group at Swansea University Medical School for its use as an Antibody-Drug Conjugate 

(ADC) and biomarker in gynaecological malignancies (200-202). RAGE is described here as an 

example of a known strong ADC target with implications for the treatment of OC and patient 

stratification. The data presented in this thesis is novel as the directly visualised internalisation 

of a RAGE antibody conjugated to a pH reactive dye uses a new RAGE antibody clone. In addition, 

the sRAGE ELISA has not been performed with this patient sample cohort before.  
 

1.7.1 RAGE gene (AGER) 
RAGE is a 42 kilodalton protein encoded by the AGER gene present on chromosome 6 (location 

6p21.32) and is found on the Major Histocompatibility Complex (MHC) locus and is comprised 

of a 1.7-kb 5’ flanking region and 11 exons with 10 introns (see Figure 1-5). The total length of 

the gene is about 1,400 base pairs and the AGER gene overlaps with the Pre-B-cell leukemia 

transcription factor 2 (PBX2) gene in the MHC locus (203). PBX2 is a transcriptional activator that 

binds the sequence 5'-ATCAATCAA-3' and activates transcription of PF4 in complex with MEIS1 

(204). The AGER promotor is located in the 5’ flanking region and contains binding sites for a 

variety of transcription factors to regulate its expression.  
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Figure 1-5 – Schematic of AGER gene 
The RAGE protein is encoded by the AGER gene on chromosome 6 (location 6p21.32) and is 

approximately 1400 base pairs long. AGER contains 11 exons and 10 introns with the promotor 
located close to the 5’UTR. The promotor has a large variety of binding sites for transcription 

factors such as NF-kB. The V domain refers to the variable region responsible for ligand 
binding. The C domains refer to constant domains that specify effector functions and such as Fc 

receptor binding (205).  
 

1.7.2 RAGE protein structure 
RAGE is a 404 amino acid long transmembrane protein with a molecular weight of around 42 

kDa (199). It is comprised of the signal peptide, three extracellular domains (the V domain, C1, 

C2 domain) a single transmembrane region and a short intracellular region. The V domain has 

two N-glycosylation sites and is responsible for almost all of the ligand binding such as High 

Mobility Group Box 1 (HMGB1), AGEs, S100 proteins and Amyloid-b oligomers (206). The C 

domains are thought to stabilise the V domains during ligand binding (207) and the cytoplasmic 

tail is considered essential for intracellular signalling (206).  

 

1.7.3 RAGE isoforms  
There are three major isoforms of RAGE that are generated by alternative splicing which can be 

described as full-length RAGE, N-truncated RAGE and secretory RAGE. All of these isotypes 

include the V-type and C-type domains and therefore bind RAGE ligands in the same way (207). 

These isoforms, specifically the secreted isoform, can produce a decoy effect for RAGE ligands. 

This prevents binding to the full-length RAGE and therefore down-regulates RAGE signalling 

pathways (208). Additionally, there is a fourth soluble RAGE variant, produced by protein 

cleavage. These isoforms can be seen in detail in Figure 1-6 below.  
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Figure 1-6 – Isoforms of the RAGE protein 
 

RAGE exists as various isomers including full length RAGE, N-truncated RAGE, cleaved soluble 
RAGE and C truncated endogenously secreted soluble RAGE. Image inspired by Tekabe et al 

(209). 
 

Soluble RAGE, both alternatively spliced and endogenously secreted, contain the V-type and C-

type regions as the full-length RAGE but characteristically lacks the transmembrane region. As 

result, these soluble RAGE proteins are free to circulate in the extracellular space and allowed 

to interact with RAGE ligands before they have the chance to interact with full-length RAGE and 

activate signalling pathways. Soluble RAGE can alter the generation and maturation of potential 

full-length RAGE ligands. An example of this is sRAGE and beta amyloid (Ab). Ab is a small 40-42 

amino acid protein that undergoes aggregation which is associated with fibrillization and 

oligomerization of the protein (210, 211). This aggregation of Ab and its insoluble plaques is 

associated with Alzheimer’s Disease. Full-length RAGE is believed to bind highly crosslinked and 

aggregated Ab. Recent studies have shown that sRAGE is able to bind Ab in the earlier stages of 

aggregation and this binding can also prevent the generation of insoluble Ab structures by 

reducing Ab aggregation. Due to this, sRAGE can down-regulate full-length RAGE activation by 

altering the Ab before it can interact (207).  

sRAGE is found to be highly expressed in the brain and is localised to the neuronal cytoplasm 

(212). Two forms of sRAGE are expressed in the brain and AGER gene isoform that encodes 

sRAGE is approximately 3-fold higher than other forms of RAGE in the brain. This suggests that 

neurons might retain sRAGE to release as a decoy upon encountering stimuli such as AGEs or 

Ab. This highlights the importance of RAGE activation and the potential therapeutic role of 

sRAGE in suppressing its activation (213, 214).  
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Dominant negative RAGE is almost identical to full-length RAGE but lacks the short intracellular 

domain. Dominant negative RAGE is the least understood of all the RAGE isoforms. It still has 

the ability to bind RAGE ligands but does not activate signalling pathways due to the missing 

intracellular domain. This suggests a binding competition between itself and full-length RAGE 

(215, 216).  

The N-truncated form of RAGE, as shown in Figure 1-6, lacks the N-terminal signal sequence and 

the first V-type domain. This isoform of RAGE is incapable of binding most RAGE ligands, such as 

AGEs, due to the lack of the V-domain. The expression of this isoform has been reported to be 

similar to that of full-length RAGE but its function remains unclear (217). It has been suggested 

that N-truncated RAGE is involved in angiogenic regulation that is independent of the full-length 

RAGE signalling pathway (218). This isoform lacks the binding site for the antibody used in 

previous experiments carried out by Swansea University and therefore is not expected to 

compete or influence ADC binding in any way.  
 

1.7.4 Polymorphisms of RAGE 
Polymorphisms have been described in the AGER and have been linked to various diseases and 

pathologies (219). A single nucleotide polymorphism (SNP) is one of the most common 

polymorphisms and usually results in a slightly altered protein. This is in comparison to some 

larger mutations which cause frame shifts and the protein is not transcribed or cannot function 

at all (220). The polymorphisms described by Gonzalez et al (219) have been reported within 

introns, exons and gene regulatory regions. These mutations can affect not only if the protein is 

transcribed but also the binding affinity of, in this case, RAGE to its ligands (203, 221). 

Summarised by Gonzalez et al (219) the most commonly studied RAGE polymorphisms and their 

disease risk association is described in Table 1-2.  
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Table 1-2 – Table of common AGER polymorphisms and their associated pathologies 
 

AGER polymorphism  Associated pathology 

-374T/A Nephropathy, retinopathy, proteinuria, 

cardiovascular disease in diabetic patients. Coronary 

artery disease, ischemic heart disease, prevalence of 

restenosis coronary after stent implantation. Multiple 

sclerosis. Chronic fatigue syndrome.  

63 base pair deletion (-407 to -345) Diabetic neuropathy 

2184A/G Diabetic neuropathy. Higher mortality rate from 

vascular diseases in haemodialysis patients. 

Microvascular dermatoses and risk for plaque 

psoriasis. 

1704G/T Influence on the development of chronic 

periodontitis. Microvascular dermatoses.  

G82S Amplified inflammatory response. Microvascular 

dermatoses, skin microangiopathy, diabetic 

retinopathy, advanced neuropathy and psoriasis 

vulgaris in diabetic patients. Increased risk of gastric 

cancer. Increased risk of Alzheimer’s Disease. 

Coronary artery disease.  

-429T/C Retinopathy in type 2 diabetes. Mortality rate in 

haemodialysis patients. Risk of ischemic heart disease.  

-1152C/A  Duration of diabetes before onset of nephropathy.  

-388T/A Non-small cell lung cancer development. 

 

Zhang et al (222) identified AGER polymorphisms and the associated risks of developing 

epithelial OC. The study involved 190 patients over the age of 40 who had been diagnosed with 

epithelial OC, and 210 healthy control subjects. Four SNPs polymorphisms were determined in 

the patients, 82G/S, -374T/A, -429C/T and 1704G/T. It was found that the frequency of the 

82G/S polymorphism was associated significantly with epithelial OC, whereas the other three 

polymorphisms were not significantly associated. This suggests that the 82G/S polymorphism 

could be used to diagnose or identify a risk of epithelial OC and stratify patients for earlier 

treatment. However, there is no literature to suggest the 82G/S polymorphism is associated with 

OC stage.  



 33 

It was reported that some alleles in the central major histocompatibility complex (MHC) region 

class 3, can modify the risk of cancer development. An SNP (-429T/C) in the RAGE gene, known 

to be in the MHC region, was identified in 183 patients with colorectal cancer and at first no 

significant association was observed. However, when three or four locus haplotypes consisting 

of known constituents in the 8.1 ancestral haplotype were considered, marked differences were 

observed. The frequency of the RAGE polymorphism was significantly increased among cancer 

patients when compared to non-cancer patients. These findings were consistent with similar 

results seen in OC, which indicate that carriers of the 8.1 ancestral haplotype have an increased 

risk for some cancers (223).  

 
 

1.7.5 Post translational modifications 
Heizmann et al summarise the main posttranslational modifications of RAGE (224) as 

phosphorylation, disulphide bonds, proteolysis of full length RAGE and glycosylation. RAGE is 

glycosylated in two places, in the V-type domain region at amino acid position 25 and 81. It has 

been reported that RAGE, carbonylated glycans and S100A8/A9 play essential roles in tumour-

stromal interactions, leading to inflammation-associated carcinogenesis as a result of a 

significant impact of RAGE ligand binding and signalling from glycosylation (225). Wei et al (226) 

report that RAGE forms dimer-based oligomers as a result of disulphide bonds from cystines 259 

and 301 within the C2 domain. This dimerization takes place in the endoplasmic reticulum and 

RAGE proteins that are not able to dimerise, due to mutations, are unstable and subjected to 

endoplasmic reticulum degradation. This suggests that the disulphide bond mediated 

dimerization of RAGE is a critical step for RAGE biogenesis and without this, RAGE does not reach 

the cell surface.  
 

1.7.6 Proteolysis of RAGE 
Various gene splice isoforms of RAGE have been detected and classified by analysing AGER cDNA 

from human tissue and cells. This identification suggested some differences in the way that 

soluble RAGE may be formed (227). Figure 1-6 shows sRAGE by proteolytic cleavage as one of 

the known isoforms of full-length RAGE. In addition, some receptor proteins that present a 

similar topology as RAGE such as Notch, APP, Receptor protein-tyrosine kinase (ErbB-4) or 

Leucine-responsive regulatory protein (LRP), undergo regulated intramembrane proteolysis 

(RIP) which is catalysed by metalloproteinases such as A disintegrin and metalloproteinase with 

thrombospondin motifs (ADAMs) and the g-secretase (228). Galichet et al report that RAGE is 

also a substrate of RIP leading to the production of sRAGE into the extracellular space and 



 34 

cytoplasm (229). It is also shown that calcium is an essential regulator of this RAGE processing, 

and the production of RAGE intracellular domains promotes apoptosis.  

This type of ectodomain shedding, mediated by various metalloproteinases, is an essential and 

normal physiological function but can sometimes be aberrantly regulated in various diseases 

where altered expression of metalloproteinases are found. It is suggested that RAGE is cleaved 

specifically by ADAM10 to produce sRAGE (230) and can be induced with phorbol 12-myristate 

13-acetate (PMA) and calcium ionophores in a PKCa/b1-dependant manor. Since ADAM10 is 

part of the degradome and is involved in the breakdown of the extracellular matrix to enable 

cell migration (231). However, RAGE has not been shown to play a role in cell motility and 

extracellular matrix remodelling. It is reported that RAGE ectodomain shedding is an integral 

function and could be a target for designing novel therapies for use in RAGE associated diseases 

such as diabetes and Alzheimer’s Disease (232).  
 

1.7.7 RAGE activity and cellular signalling 
A large variety of signalling pathways are activated when RAGE undergoes ligand binding. MAPK 

and PI3K/AKT or NADPH oxidase, RAC-1, CDC42 are activated which results in the activation of 

transcription factors such as STAT-3, AP-1, Sp-1 and NF-kB to stimulate the production of genes 

involved in inflammation, cell proliferation and migration (233-235). When NF-kB is activated 

by RAGE dependent signalling, this, in turn, increases RAGE expression as part of a positive 

feedback loop. This creates an increasingly pro-inflammatory environment (236). Figure 1-7 

shows a schematic of the signalling pathways controlled by RAGE activation by its various 

ligands. These signalling pathways lead to the increased expression of RAGE by Glo-1/AGEs, 

apoptosis by p53/Bax, cell proliferation by reactive oxygen species/Src/JAK/STAT3/Pim1 and 

inflammation by various pathways such as Cdc42/Rac-1-MKK6-p38 and PKCβII-JNK-Egr-1 (237).  
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Figure 1-7 – Cellular signalling pathways controlled by RAGE activation  
 

The schematic above (taken from Xie J, Méndez JD, Méndez-Valenzuela V, Aguilar-Hernández 
MM. Cellular signalling of the receptor for advanced glycation end products (RAGE). Cell Signal. 

2013 (237)) shows examples of the most common cellular signalling pathways as a result of 
RAGE activation. The schematic is not exhaustive as there are a very large number of signalling 
cascades affected by RAGE activation. Common signalling pathways shown include the RAGE 

positive feedback loop mediated by NF-kB, Glo-1 and AGEs, inflammation mediated by several 
pathways such as by Src, cdc42, MKK6 and p38MAPK and autophagy by CaMKKb and AMPK.  

 
The pathways shown in Figure 1-7 can all have implications in cancer if a normal function is 

inhibited. If cells fail to go through apoptosis then mutations can be replicated and a necrotic 

environment can be produced as a result of unexpected cell death. Tumour cells are often 

characterised by their aberrantly fast proliferation and inflammation is a known hallmark of 

cancer. These consequences indicate RAGE is the common denominator in cancer associated 

signalling pathways and it worthy of a full investigation.  
 

1.7.8 RAGE ligands 
The identification of RAGE ligands is essential for elucidating the biological repercussions of 

RAGE/ligand binding and potential diagnostics and therapies for various RAGE associated 

pathologies. RAGE is known to be a multiligand pattern recognition receptor however it is 

currently unclear why RAGE has so many associated ligands (238).  
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1.7.8.1 Advanced Glycation End products (AGEs) 
Advanced Glycation End products (AGEs) were the first RAGE ligands to be described (239). AGEs 

are a heterogenous group of molecules that are produced as a result of condensation and 

oxidative processes between sugars and proteins or peptides (240). The stages of AGE formation 

from a non-enzymatic process can be seen in Figure 1-8. In the first step towards AGE 

production, sugars react via their aldehyde functional group with an amine or guanidine group 

from lysine or arginine residues on proteins or peptides. This process of glycation is non-specific 

and non-enzymatic and affects many proteins in a healthy individual. However, increased levels 

of protein glycation are reported in diabetic patients and in aging individuals (241). This glycation 

produces a Schiff base in a reversible manner. Once formed, the Schiff base rearranges into a 

more stable Amadori product, which occurs as cyclic forms in equilibrium for more stability. 

Glucose-derived Amadori products react with themselves or with primary amines, such as a 

lysine, to form AGEs (242). This transformation increases the overall negative surface charge of 

a protein by carboxymethylation of the amino and guanidine groups of lysine and arginine 

residues. Due to this negative surface charge, AGEs go onto bind any RAGE isoform with a V 

domain with a high affinity, triggering the initiation of a pro-inflammatory signalling cascade 

(243). Nɛ-carboxymethyllysine (CML) and pentosidine, and glucosepane and crossline are 

common AGEs formed through the oxidative and non-oxidative pathways respectively. CML and 

Nɛ-carboxyethyllysine (CEL) are the most abundant AGEs and are well documented ligands to 

the V-type domain of RAGE (244).  
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Figure 1-8 – Production of AGEs from non-enzymatic glycation of proteins  
 

AGEs are produced in a non-enzymatic glycosylation of peptides or proteins by a sugar in a 
reversible reaction to produce a Schiff base. The Schiff base rearranges to form a more stable 
cyclic Amadori product which goes on to react with itself or other primary amines to produce 

AGEs. Image inspired by Cepas et al (245). 
 

1.7.8.2 S100 proteins  
The S100 family of proteins in humans consists of more than 25 members which vary in 

expression pattern, binding properties and oligomeric states. S100 proteins are small acidic 

proteins that are made up of two different calcium-binding EF hands connected by a flexible 

loop. The majority of S100 proteins form homodimers but many have the ability to form 

heterodimers and higher order oligomers (246-248). The S100 family of proteins is known to be 

diverse with a wide variety of functions, expression patterns and distribution in the cell. Looking 

at sequence homology, several sub-groups of S100 proteins have been identified. These sub-

groups differ in the cellular processes they are involved in and therefore their function. S100 

proteins are generally localised to the cytoplasm where they function as calcium sensors (249). 

Other family members (S100A7, S100A12, S100A8/A9, and S100B) display cytokine-like 

properties in the extracellular space (250). Additionally, some S100 proteins can perform both 

of these properties by functioning first as an intracellular calcium sensor and then, after 
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secretion, go on to perform cytokine-like functions. A conformational change in S100 proteins 

occurs as a result of calcium binding, which changes the distribution of surface charge and the 

accessibility of the hydrophobic residues. The extracellular space is high in calcium 

concentration therefore S100 proteins are permanently loaded with calcium. This calcium 

binding is essential for the interaction between S100 proteins and RAGE. Specifically, the 

oligomeric assemblies of the S100 proteins are considered crucial for their cytokine functions 

(251). Specific S100 proteins that are known to interact with RAGE include S100B, S100P, 

S100A1, S100A2, S100A4, S100A5, S100A6, S100A7, S100A8/A9, S100A12 and S100A13. Each of 

these S100 family members have different binding affinities for RAGE and can range widely from 

a dissociation constant in the nanomolar range to the micromolar range. S100B can interact with 

RAGE to promote a concentration-dependent neuronal survival and axon growth (252). S100A7, 

S100A8/A9 and S100A12 act in the well documented pro-inflammatory pathways from their 

interaction with RAGE. S100A2 and S100A4 have been associated with cell growth and 

differentiation with another subgroup consisting of S100A5, S100A6 and S100P promoting 

tumour growth (243, 252).  

Almost all S100 proteins are RAGE ligands with the exception of S100G, S100Z, S100A16, 

S100A14, S100A10, S100A5, S100A3 and S100A2 (206). It is the V-type domain of the RAGE 

protein which recognises all the binding S100 proteins with the exception of S100A12 and 

S100A6 which bind in the C1 and C2-type domains respectively (253).  

S100 is used as a biomarker for melanoma, however, also labels T-cells and dendritic cells (254) 

and RAGE signalling is also deregulated in melanoma (255). There is no literature to suggest s100 

protein expression correlates to RAGE activity however S100 proteins are upregulated in 

tumours and contribute to tumour progression (256).  
 

1.7.8.3 High Mobility Group Box 1 (HMGB1)  
The High Mobility Group Box 1 (HMGB1) protein was initially reported as a nuclear DNA-binding 

protein (257). More recently, HMGB1 protein has been shown to exhibit an extracellular 

regulatory function to act as a pro-inflammatory activator (258). HMGB1 is comprised of three 

main domains; Two N-terminal domains involved in DNA binding, and a C-terminal region that 

is made up of acidic amino acid residues that directly bind RAGE. Furthermore, DNA-bound 

HMGB1 is reported to bind with RAGE and Toll-like receptor 9 (TLR9), which forms a HMGB1-

RAGE-TLR9 complex that activates autoreactive B-cells (259, 260). 

HMGB1 is also known as amphoterin and is reported to be located within the cytoplasm, but 

can be released into the extracellular space by the stimulation of cytokines or by post-

translational modification when cell damage is detected (224). The binding of RAGE to HMGB1 
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in the V-type domain has been reported to promote the activation of NF-kB which establishes a 

positive feedback loop for the expression of RAGE on the surface which upregulates signalling 

pathways in migration, maturation, invasion, inflammation, angiogenesis and proliferation. 

These consequences can be linked to various pathologies such as cancer, diabetes and 

neurodegenerative diseases (261).  

 

1.7.8.4 Amyloid b (Ab) 
A well-documented hallmark of Alzheimer’s Disease is the extracellular accumulation of 

insoluble aggregates of the Ab peptide. The Ab peptide is produced when the amyloid precursor 

protein is cleaved. There are two Ab peptides described, one with 40 amino acids and the other 

with 42 amino acids. Both forms consist of mainly acidic and hydrophobic residues and are prone 

to aggregation as amyloid fibrils. Amyloid fibrils build up to produce the amyloid plaques seen 

in the brains of Alzheimer’s Disease patients (262). 

RAGE binds Ab to mediate cellular perturbation with implications to Alzheimer’s Disease. RAGE 

interacts with Ab in neurons, microglia and vascular cells to accelerate and amplify negative 

effects on neuronal and synaptic function. RAGE dependent signalling is reported to be involved 

in Ab-mediated amyloid pathology and cognitive dysfunction observed in an Alzheimer’s disease 

mouse model. The blockage of RAGE is reported to significantly constrict neuronal and synaptic 

injury (263). Ab aggregates are recognised by the V-type domain of RAGE and interact to induce 

inflammation, oxidative stress and the transport of Ab across the blood brain barrier, to allow 

the accumulation of Ab aggregates leading to amyloid fibrils and amyloid plaques in the brain 

for the progression of Alzheimer’s Disease (264).  
 

1.7.9 RAGE in human health and disease  
The following sections discuss RAGE in homeostasis, Alzheimer’s Disease, cardiovascular 

disease, diabetes. Inflammation and cancer.  
 

1.7.9.1 RAGE and homeostasis 
As mentioned above, RAGE is expressed at a low basal level in the majority of healthy adult 

tissues. Due to this widespread, conserved expression it is suspected that RAGE has a 

physiological function to maintain homeostasis. It is suggested that RAGE plays a role in tissue 

repair and remodelling due to its involvement in inflammation. The higher expression of RAGE 

in the lung suggests that it may have a beneficial role in maintaining homeostasis in the lung or 

protecting the lungs from fibrosis following injury (265-267). RAGE is also implicated in 
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homeostasis in the central nervous system due to its affinity to HMGB1 protein. This is 

demonstrated where higher levels of RAGE are present in the central nervous system during 

embryogenesis. Additionally, RAGE has been reported as vital for the plasticity and regeneration 

of the peripheral nervous system (265, 268, 269).  
 

1.7.9.2 RAGE and Alzheimer’s Disease 
Alzheimer’s is the most common cause of dementia world-wide. Its prevalence continues to 

grow as the population as a whole has a longer life span. Alzheimer’s Disease is a 

neurodegenerative disease that is characterised by the deposition of b-amyloid plaques and the 

neurofibrillary tangles of hyperphosphorylated tau. The diagnosis is based on clinical 

presentation and fluid and imaging biomarkers. Currently treatment is limited to symptomatic 

therapy, although many trials are in progress for the treatment of Alzheimer’s disease (270).  

There are a vast number of publications associating RAGE to Alzheimer’s disease. As discussed 

above in section 1.7.8.4, RAGE has the ability to bind to Ab which can alter cell behaviour and 

its toxicity. It has been reported that increased expression of full-length RAGE contributes to the 

rise in Ab, and therefore amyloid plaques, seen in the brains of Alzheimer’s disease patients. 

This suggests that while Alzheimer’s disease remains complex and RAGE signalling is not the only 

contributing factor, RAGE does play a key role in the development and progression of 

Alzheimer’s disease (271, 272).  
 

1.7.9.3 RAGE and cardiovascular disease  
Cardiovascular disease (CVD) is known as a leading cause of death globally. The top two leading 

causes of CVD death include ischemic heart disease and stroke. It is predicted that by 2030 22.2 

million people will die annually from CVDs (273). RAGE has been reported to be expressed in the 

heart and has been thought to reduce heart function. Activation of RAGE is known to stimulate 

inflammation and oxidative stress and the circulating levels of AGEs are increased. This increase 

in AGEs accelerate atherosclerosis which has been suggested to cause cardiovascular problems 

(274).  
 

1.7.9.4 RAGE and diabetes  
Diabetes Mellitus is a group of metabolic diseases that are categorized by hyperglycaemia as a 

result of defects in insulin secretion and/or insulin action. The chronic hyperglycaemia in 

diabetes is associated with long-term damage leading to dysfunction and failure of many organs 

including the eyes, kidneys, nerves, heart and blood vessels. Long term complications of 

diabetes include retinopathy with a potential for the loss of vision; neuropathy leading to renal 
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failure; peripheral neuropathy with a risk for foot ulcers, amputations, and Charcot joints; and 

autonomic neuropathy causing gastrointestinal, genitourinary and cardiovascular symptoms 

and sexual dysfunction. Diabetes can be further subcategorised into type 1, type 2, gestational 

and other specific types. Type 1 diabetes accounts for 5-10% of those with diabetes and is also 

known as juvenile-onset diabetes as a result of cellular-mediated autoimmune destruction of 

the b-cells of the pancreas. Type 2 diabetes accounts for 90-95% of all cases of diabetes and is 

also known as non-insulin dependent diabetes or adult-onset diabetes. This type encompasses 

adults who have acquired an insulin resistance and is often associated with diet and obesity. 

Gestational diabetes was for a long time defined as any degree of glucose intolerance with onset 

or first recognition during pregnancy. Most cases are resolved upon delivery. After deliberation 

it is now recommended that high-risk women who have diabetes at their initial prenatal visit 

receive a diagnosis of overt, not gestational, diabetes. Other specific types of diabetes include 

those with genetic defects causing b- cell dysfunction or insulin action, diseases of the exocrine 

pancreas, endocrinopathies, drug or chemical induced diabetes, diabetes as a result of 

infections, uncommon forms of immune-mediated diabetes and other genetic syndromes 

associated with diabetes such as Down syndrome or Turner syndrome (275).  

AGEs are reported to be involved in a number of complications as a result of diabetes. AGEs can 

facilitate the loss of pericytes, which is a histological characteristic of diabetic neuropathy. AGEs 

also bind RAGE on the surface of pericytes and endothelial cells to act on micro vessels. AGEs 

are well known to contribute to the development and progression of atherosclerosis and 

atherosclerotic plaques which results in CVDs such as a heart attack or stroke being the primary 

cause of morbidity and mortality in diabetic patients. RAGE has been shown to be over 

expressed in these plaques and diabetic patients in general (276).  

1.7.9.5 RAGE, inflammation and cancer 
RAGE has been linked to the development and progression of various cancers by promoting 

inflammation in the tumour microenvironment (219). RAGE has been reported to be over-

expressed in a large number of cancers including gastric, pancreatic, melanoma, colorectal, 

prostrate and breast (277). As described previously, RAGE is also expressed on the surface of 

many cell types involved in the development and progression of tumours. These cells are found 

within the tumour microenvironment and include malignant cells, leukocytes, fibroblasts, 

endothelial cells, myeloid cells, myeloid-derived suppressor cells and lymphocytes (278). RAGE 

activates several pro-inflammatory mediators through binding with a variety of RAGE ligands. 

NF-kB, cytokines and MAPKs are all upregulated as a result of RAGE activation and contribute 

to the development and progression of cancer by maintaining a pro-inflammatory environment. 
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Pro-inflammatory cytokines such as TNFa, IL-1 and IL-6 are released and RAGE ligands and RAGE 

itself activate endothelial and myeloid cells to recruit more myeloid cells to the tumour 

microenvironment. This has been reported to inhibit T and NK cells which results in a weakened 

antitumour immunity due to a T-cell tolerance. In addition, the proliferation and survival of 

cancer cells via autocrine and paracrine feedback loops are engaged by RAGE binding to its 

ligands.  

RAGE is most extensively documented to activate NF-Kb transcription factor which is known to 

have implications in inflammation and the regulation of RAGE expression (279). Angiogenesis 

markers such as VEGF and MMP-2 have been reported to be upregulated with RAGE activation. 

This can aid the development and progression of tumours by increasing capillary formation and 

blood supply leading to a more established tumour with increased survival. RAGE activation has 

been repeatedly reported to support tumour growth, survival and invasiveness (276, 280).  

In a healthy individual, RAGE is found to be expressed on cells of the endothelium, smooth 

muscle cells, neural cells, mononuclear cells and cardiac myocytes (239). RAGE is expressed on 

these cells at a low basal level but becomes more highly expressed during embryonic 

development (281). RAGE is expressed at a constant rate in alveolar type 1 epithelial cells in the 

lung. This expression is more constant when compared to the low basal expression of RAGE on 

other cells such as smooth muscle or neural cells (282). RAGE has also been shown to be 

expressed in the pulmonary endothelium, bronchial and vascular smooth muscle, alveolar 

macrophages, leiomyocytes and the visceral pleural surface in the lung (281). It was further 

reported that RAGE was expressed in bronchiolar epithelia, alveolar type 2 cells and 

macrophages (283).  

In lung cancer RAGE expression has shown to be reduced suggesting it may play a tumour 

suppressive role in the in the lung (284). Loss of RAGE or reduced expression has been theorised 

to contribute to the loss of cell polarisation and differentiation (285) which therefore leads to 

an impaired functioning of lung epithelium by disrupting cell homeostasis and increasing the 

migratory and invasive behaviour and oncogenic transformation (286, 287). In the lung, RAGE 

has been reported to contribute to the redox regulation in alveolar epithelial cells and RAGE 

knockdown significantly reduces the key regulators of redox signalling. Redox regulation is key 

for cellular signalling and a disruption in this process can lead to oxidative stress and the 

production of reactive oxygen species. Reactive oxygen species in the lung are thought to 

contribute to lung pathologies such as lung cancer. Reactive oxygen species can also affect the 

responsiveness to therapeutic intervention (288-291). In contrast Mei-Chih Chen indicate that 

RAGE plays an oncogenic role in the lung (292). RAGE is reported to be expressed in normal lung 
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and appears to be down regulated in human lung cancer and the down regulation of RAGE has 

thought the be positively correlated with lung tumour growth and invasiveness (293). However, 

it has been reported that abundant expression of RAGE and its ligand S100A6 in lung tumour 

tissue which suggests a positive role of RAGE-mediated signals in lung cancer development 

(294). Additionally, Taguchi at al. indicate that RAGE-amphoterin signalling blockade decreases 

the growth and metastasis of lung tumours (295). Therefore, the role of RAGE in lung cancer 

progression is still unclear and further insights into the effects and mechanisms being the 

expression of RAGE in lung cancer is required (292).  
 

1.7.9.6 RAGE in ovarian cancer 
RAGE has been investigated in OC in a number of publications; however, this specific area of 

RAGE involvement remains understudied. RAGE has been shown to be overexpressed in OC in a 

study by Rahimi et al (296). AGER gene expression levels were analysed by real time quantitative 

PCR and immunohistochemistry techniques. A significantly higher expression of AGER was 

observed in OC patients when compared to non-cancerous tissues. There was also a significant 

association between RAGE protein and tumour size, depth of stromal invasion, lymphovascular 

invasion and stage of cancer. This suggested that RAGE overexpression could be a useful 

biomarker to predict tumour development and progression.  

The RAGE ligand S100B has been reported to mediate the stemness of OC stem-like cells by 

inhibiting p53. S100B has been involved in the progression of many cancers. OC is known to be 

driven by cancer-like stem cells involved in tumorigenesis, metastasis, chemo-resistance and 

relapse. S100B upregulation is associated with more advanced tumours and is correlated with 

increased expression of stem cell markers such as CD133, Nangog and Oct4. S100B was reported 

to be preferentially expressed on CD133 positive ovarian cancer stem-like cells derived from OC 

cell lines and from primary tumours of patients. In addition, knockdown of S100B supressed the 

in vitro self-renewal and in vivo tumorgenicity of OC stem-like cells and their expression of stem 

cell markers was reduced. Ectopic expression of S100B gave non-cancer stem-like cells stemness 

in both in vitro and in vivo experiments. It was reported that this mechanism was not dependent 

on the binding of S100B to RAGE but rather through the intracellular regulation through the 

inhibition of p53 expression and phosphorylation (297). 

RAGE has further been reported to potentially regulate the final destiny of the ovarian cell 

populations prior to and during folliculogenesis, possibly controlling the metastatic potential of 

OC. RAGE and IGF-1 protein expression pattern were analysed by immunohistochemistry in a 

variety of foetal, adult and OC ovaries. OC cells were strongly positive for RAGE and IGF-1 (298). 

In a study investigating embryo quality in assisted reproduction, high intrafollicular 
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concentrations of sRAGE were shown to be associated with poor embryo development following 

ovarian stimulation of intracytoplasmic sperm injection (299). A study by Rai et al (300) 

identified novel roles of RAGE as a conduit for lysophosphatidic acid signalling and suggested 

that targeting the interaction between lysophosphatidic acid and RAGE could provide a 

therapeutic strategy for targeting oncogenic pathways in OC. Polymorphisms in AGER are 

discussed in more detail in section 1.7.4.  

The Human Protein Pathology Atlas (301) reports RAGE (AGER) expression in 12 patients, as can 

be seen in Table 1-3, and the tissue based map of the human proteome (302) shows RAGE 

expression in healthy human ovary localised to the plasma membrane with some cytoplasm 

localisation. From this, 50% (6/12) of the patients present with a serous subtype (the most 

commonly occurring subtype of epithelial OC) (303). All three of the subtypes in Table 1-3 show 

expression of RAGE with some differences between patients. Only one out of the twelve patients 

with OC do not show any staining. The average age of the patients being 60 years old is also 

consistent with the literature where most OC patients are diagnosed late in life (304). The data 

in the table below suggest RAGE could be a target of interest to explore in terms of diagnosis 

and treatment of OC. Cell type was not specified however cellular location where expression 

was seen it was localised to the cytoplasm and plasma membrane. Follow up work is needed to 

confirm this using larger data sets (including clinicopathological feature correlations).  
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Table 1-3 – The Human Protein Atlas Immunohistochemistry scoring of RAGE in 12 OC patients 
Pathology Age Stain Intensity of stain Location Percentage 

quantity of stain 

Serous 59 None None None None 

Serous 79 Low Weak Cytoplasm/ 

membrane 

<25% 

Serous 44 Low Weak Cytoplasm/ 

membrane 

25-75% 

Serous 57 Medium Moderate Cytoplasm/ 

membrane 

25-75% 

Serous 56 Low Weak Cytoplasm/ 

membrane 

>75% 

Mucinous 37 Medium Moderate Cytoplasm/ 

membrane 

>75% 

Mucinous 80 Low Weak Cytoplasm/ 

membrane 

>75% 

Endometrioid  62 Medium Strong Cytoplasm/ 

membrane 

>75% 

Endometrioid 51 Medium Moderate  Cytoplasm/ 

membrane 

>75% 

The table above shows the immunohistochemistry scoring of 12 patients in The Human Protein 
Atlas database. The Information is available from www.proteinatlas.org/ENSG00000204305-

AGER/pathology/tissue/ovarian+cancer#ihc (2019) (301). 
 

The metalloproteinase ADAM10 can cleave full length RAGE to produce sRAGE (305). At present 

no link between sRAGE and metastatic disease has been reported, however full-length RAGE has 

been reported to have oncogenic and tumorigenic roles (292) and been linked to a poor 

prognosis in some cancers including gastric cancer (306). This association could be important 

when considering the utility of RAGE ADCs for a particular stage of disease progression, such as 
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primary or metastatic. If sRAGE or full-length RAGE expression is altered in cancer, then the 

utility of the RAGE ADC could be affected.  
 

1.7.10 RAGE as a biomarker for disease 
The information on RAGE, detailed in the above sections, result in the RAGE protein being 

worthy of investigation in gynaecological malignancies. RAGE has already been extensively 

researched by team members at Swansea University Medical School, however its use as a 

biomarker has not yet been reported. Full-length RAGE has been associated with many cancer 

types, including OC (296). Therefore, there is rationale for the investigation of sRAGE in OC and 

non-cancer patients with implications for diagnosis, monitoring prognosis, monitoring patient 

treatment and patient stratification.  

Multiple studies have used ELISA to evaluate the use of sRAGE as a cancer biomarker including 

the assessment of sRAGE in colorectal cancer (307-309), haematological malignancies (310), 

lung cancer (311, 312), melanoma (313), pancreatic cancer (314-316) and breast cancer (317). 

Pre-diagnostic sRAGE concentrations were reported to be inversely correlated with colorectal 

cancer risk in men but not women (307), while sRAGE was additionally reported to be inversely 

correlated with BMI, suggesting an association to obesity-related colorectal cancer (308). Higher 

pre-diagnostic levels of sRAGE were additionally reported to be inversely associated with a lower 

risk of colorectal cancer in male smokers (309). An ELISA using 73 bone marrow samples from 

various haematologic cancer patients reported that no significant difference was observed 

between the haematologic malignancy and control groups (310). sRAGE levels were observed 

to be significantly decreased in the plasma of lung cancer patients (311, 312), suggesting its use 

as a diagnostic biomarker in lung cancer. In malignant melanoma diminished levels of sRAGE 

have been reported to increase the chances of a poor survival rate suggesting the use of sRAGE 

as biomarker in melanoma (313). In pancreatic cancer, sRAGE levels have been reported to show 

prognostic relevance in pancreatic cancer patients undergoing chemotherapy (314, 315) and 

have been shown to be decreased in the serum of patients with pancreatic cancer when 

compared to patients with diabetes and those with no described pathology (316). Finally, in 

breast cancer a significantly higher abundance of sRAGE was detected prior to radiation therapy 

but after radiation the abundance did not significantly change.  
 

1.8 Antibody-Drug Conjugates 
Antibody-Drug Conjugates (ADCs) (Figure 1-9) are a specifically designed therapeutic molecule 

for the treatment of various cancers. ADCs combine the specificity of a tumour targeting 

monoclonal antibody and the cytotoxic activity of a potent small molecule drug. The antibody 
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acts as a targeting agent to deliver its toxic payload directly into the tumour cells. This specificity 

aims to reduce any off-target toxicity acting on non-malignant cells (318).  

 

 

Figure 1-9 – Schematic of an Antibody-Drug Conjugate (ADC) (318) 
 

An Antibody-Drug Conjugate is a therapeutic molecule made up of a monoclonal antibody 
(shown in blue) and a potent, cytotoxic small molecule drug (red star). The cytotoxic drug is 

joined to the monoclonal antibody by a short linker. ADCs are designed to use the monoclonal 
antibody to specifically target the malignant tumour cells and leave the non-cancer cells 

unaffected.  
 

Current treatment methods for cancer that are non-specific for cancer cells can have unpleasant 

side effects with a less efficacious therapeutic effect, owing to off target toxicity (319). For this 

reason, more specific, potent alternative therapies are currently being investigated. For ADCs to 

have the maximum therapeutic effect they need to bind to their target cell, internalise into the 

cell and finally, release its toxic payload into the malignant cell. ADCs can therefore overcome 

some of the issues associated with other nanomedicines based on synthetic nanomaterials such 

as cellular internalisation, clearance, sterically hindering of binding to the epitopes and failing 

to release into targeted cells (320). ADCs were first reported in experimental analysis in the mid 

1960’s (321) and have, in recent years, become a successful cancer therapy with the 

introduction of several ADCs to the market, approved for their use in cancer patients.  
 

1.8.1 ADC mechanism of action  
Treatment with an ADC results in the death of the malignant cell it binds to. This mechanism of 

action (Figure 1-10) begins with the monoclonal antibody portion of the ADC binging specifically 

to its cancer marker protein on the surface of a malignant cell. Upon binding the ADC-antigen 

complex is internalised into the cell where it is degraded by lysosomal activity and the cytotoxin 
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(such as auristatins or doxorubicin) is released to either disrupt microtubule formation thereby 

preventing cell division, or by causing DNA strand breakage which in both cases leads to cell 

death (apoptosis) (322).  

 

 

Figure 1-10 – Mechanism of action of ADCs 
 

(1) The ADC is circulated systemically in the plasma. (2) The ADC binds to its cancer specific 
marker. (3) The ADC-antigen complex is internalised by receptor mediated endocytosis. (4) The 

ADC-antigen complex is degraded by the lysosomes which releases the cytotoxin. (5) The 
cytotoxin binds to its target leading to microtubule disruption or DNA strand breakage. (6) 

Apoptosis of the malignant cell. Image taken from Jain et al 2015 (322).  
 

1.8.2 Tumour markers in ADC development 
The tumour marker protein selected to stratify malignant cells from non-cancer cells is arguably 

the most critical part of the ADC. Without it, the ADC would have no specificity and the drug 

would behave in the same manner as systemic chemotherapy with no specific internalisation. A 

tumour marker must have a high relative level of expression when compared to non-cancer cells, 

it must not shed into circulation and it must internalise into the cell. Tumour markers must also 

be membrane bound with an extracellular domain for the purpose of antibody binding. It could 

be valuable for tumour markers to be genetically well conserved across the population to allow 

for maximum therapeutic effect in a wide variety of individuals (318). 
 

1.8.3 Monoclonal antibodies 
The structure of a monoclonal antibody can be seen in Figure 1-11 (323). The Fc (Fragment 

crystallizable) region is at the base of the antibody and consists of two heavy chains. The function 

of the Fc region is to bind to specific proteins to ensure each antibody generates an appropriate 

immune response for any given antigen. The Fc region also binds to various cell Fc receptors and 
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other immune molecules to mediate different physiological effects such as cell lysis and 

degranulation of mast cells, basophils and eosinophils (324).  

The Fab region (Fragment antigen binding) is comprised of one constant and one variable 

domain from each heavy and light chain of the antibody. The antigen binding site (paratope) is 

shaped at the amino terminal at the top end of the antibody by the variable domains from each 

light and heavy chain. The variable region of the antibody (Fv region) consists of three variable 

loops, three on each of the variable light and variable heavy and is responsible for the specific 

binding properties of the antibodies to a specific antigen. These loops are referred to as the 

complementarity determining regions (CDRs) (325). In ADC development, once an appropriate 

tumour marker has been chosen, it is the synthesis of this region of the antibody that is 

paramount for optimal specific binding to malignant cells.  

The heavy chain is sub-categorised into mammalian Ig a/d/e/g/µ. The type of heavy chain 

determines the class of the antibody and these chains are found in IgA, IgD, IgE, IgG and IgM 

antibodies. Each heavy chain has two regions, as can be seen in Figure 1-11. The lower region is 

the constant domain (Fc) and the upper region (Fab) is the variable region. The constant region 

is part of the Fc region and is the same in all antibodies of the same isotype. Heavy chains l, a 

and d have three Ig domains in their constant region with a hinge region for flexibility. Heavy 

chains µ and e have four Ig domains in their constant region (326). It is the variable region of the 

heavy chain that is responsible for specific antigen binding due to the antibody being produced 

by unique B-cells. The variable region of each heavy chain is around 110 amino acids long and is 

composed of a single Ig domain (327).  
 

 

Figure 1-11 – Structure of a monoclonal antibody (327) 
 

The schematic above shows the regions of an antibody. The antibody can be split into two main 
regions, the Fragment Antigen Binding (Fab) and the Fragment Crystallizable (Fc). These 

regions are comprised of a heavy and a light chain held together by a hinge region.  
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The light chain can be sub-categorized into lambda (l) and kappa (k) light chains. The light chain 

is the shorter chain found in the Fab region of the antibody. The light chain consists of one 

constant and one variable Ig domain with a total length of approximately 211-217 amino acids. 

The two light chains in an antibody are always identical within that one antibody and are either 

l or k. The variable domain of the light chain contributes to its unique binding specificity that is 

crucial for ADC development (325).  

Monoclonal antibodies have been used in therapeutics for their anti-tumour activity and Fc-

mediated immunological reaction blocks the tumour cell signalling by targeting a certain antigen 

on the tumour cell surface. Antibody-dependent cellular cytotoxicity (ADCC) occurs when 

antibodies bind to tumour cells and the Fc region binds Fc receptors on the surface of immune 

effector cells. This engagement stimulates the recruitment of adaptor proteins and the 

activation of immune effector cells. It is presumed that the cells recruited for this purpose are 

Natural Killer (NK), macrophages, and neutrophil cells. The antigen specified by the monoclonal 

antibody is exclusively present on tumour cells and, unlike ADCs which have a cytotoxic agent 

attached, recruit NK cells using the Fc region to destroy the malignant cell (328). It has been 

reported that three different processes can be activated through Fc binding; ADCC, activation of 

complement dependent cytotoxicity (CDC) and the induction of adaptive immunity (329).  

The complement system is a part of the immune system that is paramount for protection against 

pathogenic microorganisms and damaged cells. Monoclonal antibody therapies use CDC to 

destroy tumour cells (330). The interaction between the Fc region of a monoclonal antibody and 

a C1 complex leads to the formation of a membrane attack complex that functions to cause cell 

death (331). 
 

1.8.4 Potent ADC cytotoxic drugs 
The small molecule cytotoxic drug attached to ADCs are responsible for eliminating the 

malignant cell the ADC has specifically bound to. The cytotoxic payload must be highly super-

toxic, low immunogenic, stable during preparation, storage and circulation and amenable to 

modification (318). Due to its structure, the antibody can only carry a limited number of 

cytotoxic molecules therefore the drug must be super-toxic in order to have the maximum effect 

on the tumour cell (332). When injected into a tumour, only 0.003-0.08% per gram of the initial 

dose of ADC is taken up by the cells (333, 334). Additionally, poor internalisation activity and low 

expression of the tumour marker may again work against sufficient delivery of the payload into 

malignant cells. This again highlights why a super-cytotoxic drug is critical due to the challenges 

faced before the drug can take its action within the cell. It has been reported that a cytotoxic 

drug of this calibre should have an IC50 of approximately 10nM or less (333-336). Drugs such as 
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this are likely to be chemical anti-cancer chemotherapeutic drugs that are too potent to be used 

systemically in chemotherapy and are less immunogenic than glycol/peptide cytotoxic agents 

when circulating in the blood.  

Current cytotoxic drugs can be split into two categories, those which affect DNA synthesis and 

those which affect cell division to block mitosis (337, 338). Auristatins are the most commonly 

used drugs in ADC design and bind to tubulin to inhibit microtubule assembly and polymerisation 

(339). Maytansinoids derivatives, pyrrolobenzodiaze-pine, camptothecin analogues, n-acetyl-γ-

calicheamicin, duocarmycin and doxorubicin are among other common cytotoxic payloads for 

ADCs. In addition to being 100-10000 times more potent than systemic chemotherapeutic drugs, 

some drugs that modulate DNA have specific effects on cancerous cells because they divide 

more rapidly than non-cancer cells (340). Examples of common cytotoxic drugs and their 

mechanism of action can be seen in Table 1-4.  
 

Table 1-4 – Common cytotoxic drugs for ADCs and their mechanisms of action 
Cytotoxic Drug Mechanism of action 

Auristatins  

Tubulin inhibitor 
Maytansines 

Calicheamicins  

 

DNA damage inducers 
Duocarymycins 

Doxorubicin 

PBD dimers 

The table above shows the most common cytotoxic drugs used in ADC development and their 
mechanism of action (318).  

 
Due to the purpose of an ADC being specific to malignant cells and leaving non-cancer cells 

unaffected, it is essential that the cytotoxic payload is stable. Unstable drugs can be converted 

to undesirable drugs during preparation and/or storage. This means that drug solubility in an 

aqueous solution is another highly important consideration. With the monoclonal antibody 

being a protein, its conjugation to the payload must be carried out in an aqueous solution with 

minimal organic solvents. If a cytotoxic drug is highly hydrophobic then this could change the 

biological properties of the antibody which could result in hydrophobic aggregation of the 

antibody during conjugation or storage (340, 341). The hydrophilicity of the drug can also have 

an impact on the cell membrane permeability of the ADC or its metabolites. The ability of the 

payload to form a hydrophobic metabolite after cleavage within the cell could be considered 

preferable due to metabolites with increased hydrophobic properties having a better capacity 

for blood clearance and safety (341). According to reports by Azvolinsky et al 95-99% of ADC 
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molecules are metabolised before they have the chance to bind to tumour cells (332). This raises 

serious safety considerations concerning off target toxicity and therefore the use of cytotoxic 

drugs with well-characterised metabolite profiles can be useful in enhancing the safety of ADCs. 

The cytotoxic payload conjugated to the antibody should have a dominant functional group 

suitable for joining the two together. If such a group does not exist on the drug then the drug 

must be amenable to modification (342, 343). Heterogeneity of antigen expression and the copy 

number also need to be taken into consideration when choosing a cytotoxic drug. If the target 

antigen is highly expressed, then a drug with a lower potency could be used with increased 

safety. In general, payloads that stimulate the bystander effect in cancer cells are more suitable 

for ADC design (336, 344, 345).  
 

1.8.5 Linkers 
The chemical linker which joins the antibody to its cytotoxic payload is a crucial part of ADC 

formulation and success. It must have a conjugation site, a well-defined drug-antibody ratio 

(DAR), homogeneity, chemical stability, a cleavable/non-cleavable site, a smart cleavage 

mechanism and site specific conjugation (318). The most commonly used residues on the 

antibody for conjugation to a cytotoxic payload are interchain disulphide bridges and surface 

exposed lysine’s. In theory, the linkage of the drug to the surface-exposed lysine’s of an antibody 

occurs after the reduction of around 40 lysine residues on both the heavy and the light chain of 

the antibody. This results in the ability to conjugate 0-8 cytotoxic payload linkages per antibody 

(346, 347). A conjugation method using available cysteines after the reduction of four interchain 

disulphide bonds make eight exposed sulfhydryl groups. It is this that allows the conjugation of 

0-8 molecules to the antibody (336). It is possible to reduce only two of the four interchain 

disulphide bonds of the cysteine residues with mild reduction conditions. However, this process 

is not easily done accurately and often a variety of cystines may be reduced from 0-4 resulting 

in a heterogenous mixture of ADCs (336, 347).  

To overcome some of the challenges associated with conjugating via reduction, some site-

specific conjugation methods have been developed. In these methods, defined conjugation sites 

are identified, and a known number of payloads are attached. Four reported methods include 

conjugation through engineered cysteine residues (THIOMAB technology), reengineered 

antibodies with the ability to incorporate with unnatural amino acids, site-specific enzyme-

mediated conjugation to a genetically engineered antibody and chemoenzymatic site direct 

conjugation (318). The linker chemistry used in the current ADCs on the market can be seen 

below in Table 1-5. ADC linkers have the possibility to change antibody conformation, which 

could mean the antibody does not behave in the same way or even bind to its target at all after 
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linkage to the drug (343). Protein structure, including that of antibodies, can be checked using 

protein crystallography (348). Additionally, antibodies can be re-validated after the conjugation 

to check the same behaviour is observed by immunohistochemistry and quantitative 

immunofluorescence (349).  

 

Table 1-5 – Current ADCs linker chemistry 
ADC Linker 

Belantamab mafodotin (BLENREP) A non-cleavable maleimidocaproyl (mc) linker 

(350) 

Sacituzumab govitecan (TRODELVY) Site specific – SN-38 is covalently linked to hRS7 

via a hydrolysable CL2A linker (351) 

Trastuzumab deruxtecan (Enhertu) Site specific enzymatically cleavable 

tetrapeptide based linker (352) 

Enfortumab vedotin (Padcev) Protease cleavable maleimidocaproyl-valyl-

citrullinyl-p-aminobenzyloxycarbonyl linker 

(353) 

Polatuzumab vedotin (Polivy) Engineered cysteines (THIOMABs). Protease-

cleavable peptide linker (valine-citrulline) (354) 

Gemtuzumab ozogamicin (Mylotarg) Bifunctional 4-(4-acetylphenoxy) butanoic acid 

(AcBut) moiety to surface-exposed lysines of 

the antibody through an amide bond. Acyl 

hydrazone linkage with N-acetyl-γ-

calicheamicin dimethyl hydrazide (355) 

Inotuzumab ozogamicin (BESPONSA) Covalently linked via an acid-labile 4-(4ʹ-

acetylphenoxy) butanoic acid (acetyl butyrate) 

linker (356) 

Ado-trastuzumab emtansine (Kadcyla) Modification of lysines on trastuzumab with 

succinimidyl 4-(N-maleimidomethyl) 

cyclohexane-1-carboxylate linker and 

subsequent reaction with sulfhydryl of the DM1 

drug (357) 

 

Brentuximab vedotin (Adcetris) Protease-sensitive dipeptide linker, citrulline-

valine linker (358) 

The table above details the linker chemistry of ADCs currently on the market in 2020 
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1.8.6 Mechanisms of ADC internalisation  
The success of ADC therapy is equally governed by a number of essential characteristics. One of 

these essential characteristics is the internalisation of the ADC into the cell after binding to its 

tumour marker. The knowledge of endocytosis and endosomal trafficking has improved vastly 

in recent years, and as a result these pathways can be efficiently exploited to improve the 

efficacy of ADC therapy (359). Cells are regularly internalising proteins and their cell surface 

receptors into the cell by various endocytosis pathways. Internalised receptors are then 

incorporated into endosomes where they are guided through recycling or degradation pathways 

(359). For ADCs to be successful, they must be successfully delivered to the lysosome for 

effective release of the cytotoxic payload to the cell via degradation (360). Molecules can be 

internalised into the cell after binding to their surface receptor by clathrin-independent 

mechanisms such as phagocytosis, micropinocytosis and caveolin-dependent endocytosis or by 

clathrin dependent mechanisms such as receptor mediated endocytosis. Clathrin-dependent 

receptor mediated endocytosis is the best characterised and most predominant method for the 

internalisation of cell surface receptors and their ligands (361, 362). The main different methods 

of internalisation are shown below in Figure 1-12.  

 

 

Figure 1-12 – Methods of internalisation (Image from Thermo Fisher Scientific (363)) 
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Table 1-6 – Mechanism of internalisation of ADCs 
ADC Mechanism of internalisation 

Gemtuzumab ozogamicin (Mylotarg) Pinocytosis, Receptor-mediated 

endocytosis 

Inotuzumab ozogamicin (BESPONSA) Receptor-mediated endocytosis 

Ado-trastuzumab emtansine (Kadcyla) Receptor-mediated endocytosis 

Brentuximab vedotin (Adcetris) Clathrin-mediated endocytosis 

The table above shows the internalisation mechanisms for ADCs Mylotarg, BESPONSA, Kadcyla 
and Adcetris (364) 

 

1.8.6.1 Clathrin-dependent endocytosis  
Clathrin-dependent endocytosis is one pathway by which ADCs bind to their receptor and are 

internalised into the cell, before being trafficked to the lysosomes for degradation. Clathrin-

dependent endocytosis begins with the recruitment of adapter proteins, accessory proteins and 

a clathrin polymeric lattice to phosphatidylinositol-4,5-bisphosphate-enriched plasma 

membrane regions (365). The clathrin adapters, most commonly adaptor complex 2, select the 

ADC to be internalised. Once this selection process is complete, clathrin moves from the 

cytoplasm to adapter protein-enriched regions of the membrane. The accumulation of clathrin 

causes polymerisation which results in membrane displacement and the formation of budding 

vesicles on the cell surface, called clathrin-coated pits (CCP) (366). Dynamin, a GTPase, plays a 

part in the freeing of the budding vesical from the plasma membrane and its release into the 

cell. After single vesicles are created, they fuse with each other in the cytoplasm to produce 

early endosomes. Endosomes function to regulate the intracellular distribution of internalised 

proteins. Endosomes classically send their cargo through two different pathways; One pathway 

is characterised by the recycling of the receptor back to the cell surface (367) and the other 

pathways is through endo-lysosomal degradation (368). In the degradation route, the 

internalised cargo is retained in a maturing endosome until it is delivered to the lysosome. Late 

endosomes are also known as multivesicular bodies (MVBs) and their formation is characterised 

by an increase in luminal acidification, movement to the perinuclear space and the formation of 

intraluminal vesicles (369-371).  
 

1.8.6.2 Caveolae-mediated endocytosis 
Caveolar endocytosis is a clathrin-independent endocytic process and is known to be a pathway 

of ADC internalisation (364). During caveolar endocytosis, a bulb shaped invagination is formed, 

driven by membrane proteins called caveolins and cavins. Recent publications have shown that 

caveolae are endocytic carriers where previously they had been shown as highly immobile and 
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non-endocytic (372, 373). In caveolar endocytosis, caveolae bud off from the plasma membrane 

and the majority of these buds reach the early endosome while a minority fuse back to the 

plasma membrane. These early endosomes, as described above, either recycle back to the 

plasma membrane or mature into a late endosome which is trafficked to the lysosomes. The 

budding of caveolae is mediated by dynamin whereas EHD2 negatively regulates caveolar 

endocytosis (374, 375).  
 

1.8.6.3 Pinocytosis  
Pinocytosis is another method of molecules being internalised into the cell; however, it is less 

commonly used by ADCs. Pinocytosis is a continuous process in the majority of cells and is a non-

specific method of internalisation. Pinocytosis involves the movement of a large number of small 

molecules through a fluid. Once inside the cell, the small molecules form vesicles that fuse with 

early endosomes for recycling or degradation. The presence of the molecule to be taken up is 

the initiator for the process (376). 
 

1.8.7 Safety considerations for ADCs (on and off target toxicity) 
The toxicity of an ADC can be subcategorised into ‘on target’ and ‘off target’ toxicity. Toxicity as 

a result of the tumour specific target is ‘on target’ and toxicity that occurs independently of the 

target is known as ‘off target’. Target induced toxicity is accomplished by, in the case of ADCs, 

finding an antibody which only internalises when it binds to a specific tumour marker. Other 

forms of ‘on target’ target toxicity include chemotherapeutic drugs, which only affect 

proliferating cells. Although, this type of toxicity is known to affect fast dividing cells such as hair 

follicles and stomach endothelial cells, and whilst considered ‘on target’ can result in unpleasant 

side effects. Off target toxicity is one of the main reason’s ADCs do not make it through clinical 

trials. Off target toxicity can be driven by non-specific Fc binding and subsequent internalisation, 

pinocytosis driven off target toxicity by non-specific endocytosis and bystander toxicity, where 

cytotoxic drugs are recycled back to the plasma membrane and are internalised by near-by cells. 

Bystander toxicity is not necessarily a disadvantage. Although it is considered ‘off target’, its 

highly likely that near-by cells are also malignant and therefore benefit from being destroyed. 

The bystander effect will only target cells in the immediate environment (377).  
 

1.8.8 ADC development process 
This thesis focuses on the selection process of the tumour marker used to guide the ADC to 

malignant cells. This preliminary ADC development process characterises the targets to ensure 

they are minimally expressed on healthy non-cancer tissue, comparatively highly expressed on 
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the surface of malignant cells, have the ability to internalise into the cell and be trafficked to the 

lysosomes and are genetically stable or easily stratified to ensure patient specific treatment. 

Other considerations before ADC synthesis include a limited degree of shedding by the target 

and novel target opportunity (no filed patents) (318).  

Following the target identification, the antibody is generated by mice hybridoma or phage 

display techniques to generate sufficient quantities of the antibody. The antibody is 

characterised by confirming its high affinity binding to the human antigen, its specificity for the 

antigen, its ability to bind homologues and its genetic stability. The conjugation then takes place 

where the conditions are optimised for low aggregation, high monomeric content, a consistent 

drug to antibody ratio, high yield and no loss of binding affinity. Pre-clinical trial requirements 

include cytotoxicity testing in vitro, pharmokinetic analysis, in vivo tumour efficacy in human 

tumour models and finally in vivo toxicology in animal models. Finally, human clinical trials phase 

I, II and III are undertaken before application for market approval (378).  
 

1.8.9 ADCs currently on the market  
The ADC market is a rapidly changing environment. After successful clinical trials, ADCs can apply 

for approval from the United States Food and Drug Administration (FDA) or the European 

Medicines Agency (EMA). The Antibody Society (379) have a regularly updated list of antibody 

therapeutics approved or in regulatory review in the EU or US (380). This database identifies, at 

the time of writing, there are eight ADCs approved for use by the FDA, of which six are approved 

by the EMA and an additional ADC is currently under review by the FDA. Each ADC is discussed 

in more detail below. Interesting, ADCs historically focus on haematological malignancies and 

breast cancer predominantly (see sections below). ADCs against haematological malignancies 

are common due to surgery not being an option in cancers of the blood. Treatment must be 

systemic to effectively reach all the malignant cells throughout the body (381). Additionally, 

breast cancer receives a lot of research attention due to it being the most common cancer in 

the UK (138). Furthermore, the discovery of HER2 as a breast cancer biomarker was found early 

resulting in a clear an easy ADC target choice (382). Other cancers provide more of a challenge 

as the biomarker discovery process is on-going.  
 

1.8.9.1 Gemtuzumab ozogamicin (Mylotarg) 
Mylotarg was the first ADC to be approved by the FDA to the US market in 2010 for the 

treatment of Acute Myeloid Leukaemia (AML) however, it was subsequently recalled and 

removed from the market shortly after due to subsequent clinical trials failing to verify clinical 

benefit and demonstration of safety concerns. In September 2017, the US FDA announced the 
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re-approval of Mylotarg to the market. Mylotarg is a CD33 targeting ADC for the treatment of 

newly diagnosed and relapsed/refractory AML. The introduction of Mylotarg provided much 

needed relief for the therapy of AML, which since 1973 has remained the same with no 

advancements towards therapeutics (383).  

AML is a heterogenous disease affecting hematopoietic stem and progenitor cells. It is 

characterised by the impaired proliferation, differentiation and self-renewal of these cells. AML 

can also be characterised by chromosome aberrations such as translocations, deletions, 

inversion, monosomies and trisomies (384). Treatment of AML is often ineffective due to these 

complex heterogenous properties. In comparison to other cancers, the relapse rate remains high 

and the 5-year overall survival rate remains low at 40%. This survival rate becomes even lower 

for older patients who have a 5-year survival rate of less than 25% (385, 386).  

Mylotarg is a CD33 targeting ADC that is made up of hP67.6 monoclonal antibody covalently 

linked to the cytotoxic agent N-acetyl g calicheamicin (387). CD33 is a ubiquitous marker in AML 

patients which presents as a potent target for immunotherapies against AML. CD33 is present 

on AML blasts in 90% of patients and is a 67 kDa transmembrane cell surface glycoprotein. CD33 

is a prominent member of the sialic acid-binding immunoglobulin-like lectic family and has a 

high expression in cells undergoing myeloid differentiation. CD33 is believed to inhibit cellular 

signalling through the recruitment of the Src homology 2 domain containing protein tyrosine 

phosphatases SHP-1 and SHP-2 after phosphorylation of tyrosine residues in the immune-

receptor tyrosine-based inhibitory motif domain on the cytoplasmic tail (388, 389). Mylotarg 

therapeutic action begins with the internalisation of the ADC after the antibody has bound to 

the IgV domain of CD33 present on the membrane of malignant cells. The ADC is trafficked to 

the lysosomes by mature endosomes where the calicheamicin is cleaved from the ADC-CD33 

complex and enters the nucleus where it initiated single and double stranded DNA breaks 

causing apoptosis (387, 390).  

The current standard of care for the treatment of AML remains intensive 3 + 7 (DNR/AraC) 

induction chemotherapy and in cases of remission, this is usually followed by two to four courses 

of consolidation therapy or transplant in patients eligible (391).  

Calicheamicin is a potent anti-tumour drug that forms the cancer killing part of the Mylotarg 

ADC. Once inside the lysosomes, the acidic atmosphere hydrolyses the disulphide bond joining 

calicheamicin to the acidic labile linker which releases the drug into the cell (387). When free, 

calicheamicin accumulates in the nucleus where it recognises 3’-5’ sites (AGGA, TCCT, TCCA) by 

its oligosaccharide moiety. Double stranded DNA breaks are induced at these points which leads 

to overall cytotoxic effects (392).  
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1.8.9.2 Brentuximab vedotin (Adcetris) 
Brentuximab vedotin (Adcetris) is a CD30 targeting ADC made by Seattle Genetics for the 

treatment of Hodgkin lymphoma. It consists of an anti-CD30 monoclonal antibody conjugated 

using a protease cleavable linker to an anti-microtubule agent monomethyl auristatin E (MMAE). 

Once internalised and processed by the lysosomes, released MMAE binds to tubulin which leads 

to cell cycle arrest and apoptosis. Adcetris was approved by the FDA in 2011 and by the EMA in 

2012 for the treatment of relapsed/refractory Hodgkin lymphoma, systemic anaplastic large cell 

lymphoma or primary cutaneous CD30-positive lymphoproliferative disorders (358). Each 

Adcetris molecule carries an average of 5 MMAE molecules (393) and is internalised by clathrin 

mediated endocytosis (364). Adcetris is linked via a citrulline-valine linker which is highly stable 

in plasma. The dipeptide bond is readily cleaved by lysosomal enzymes for selective therapeutic 

effects. This results in higher efficacy and lower toxicity when compared to other ADCs which 

are less stable in plasma (393). Adcetris can also cause selective apoptosis by antibody 

dependent cellular phagocytosis or by directly affecting the tumour cell signalling by binding 

CD30. In addition, Adcetris can also have therapeutic affect by the off-target bystander effect, 

where MMAE molecules are recycled out of the cell to be up taken by nearby cells causing the 

death of cells in the surrounding area (394). In preclinical evaluation, Adcetris was shown to 

induce cell death in CD30 positive cells in vitro with an IC50 of <10ng/ml while being over 300-

fold less active on CD30 negative cells, indicating high specificity and low off target toxicity. 

When used in a Hodgkin lymphoma xenograft model, the anti-tumour activity was improved 

when Adcetris was used in conjunction with other chemotherapeutic agents such as 

gemcitabine and the combination of adriamycin, bleomycin, vinblastine, and dacarbazine (395, 

396). Treatment using Adcetris involves a dose of 1.8 mg/kg every three weeks where the half-

life for the ADC is considered 4-6 days. Peak blood concentrations were achieved by the end of 

each treatment session compared to a 1-3 day delay when using the free drug alone (397, 398).  

Overall, Adcetris is considered an effective treatment for relapsed/refractory Hodgkin 

lymphoma, systemic anaplastic large cell lymphoma or primary cutaneous CD30-positive 

lymphoproliferative disorders and is the longest standing ADC on the market after the removal 

of Mylotarg.  

 

1.8.9.3 Ado-trastuzumab emtansine (Kadcyla) 
Ado-trastuzumab emtansine (Kadcyla) is a HER2 targeting ADC for the treatment of HER2 

positive breast cancer (399). Kadcyla received FDA approval in 2012, and was soon after 

approved by the EMA in 2013 (380). Approximately a quarter of all breast cancers are HER2 
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positive due to an amplification of the HER2 gene in malignant cells. This has been associated 

with more aggressive breast cancers and a poorer prognosis when compared to non-HER2 

positive breast cancers (400). The monoclonal antibody therapy trastuzumab has been shown 

to reduce tumour size in approximately 25% of patients and due to this is often combined with 

chemotherapy to increase its effects (401, 402). Kadcyla takes the specificity of this monoclonal 

antibody therapy and combines it with the potent cytotoxic drug emtansine to destroy 

malignant cells by binding to tubulin and causing cell cycle arrest and subsequent apoptosis. 

Kadcyla is the first ADC directed at a solid tumour and was approved by the FDA only 5 years 

after its first publication in 2008 (403). Kadcyla links the monoclonal antibody trastuzumab via 

a stable thioether linker to emtansine molecules. Emtansine is a derivative of maytansine and 

has anti-tumour properties by binding tubulin in the nucleus, preventing the assembly of 

microtubules by promoting depolymerisation and inhibiting polymerisation (404).  
 

1.8.9.4 Inotuzumab ozogamicin (BESPONSA) 
Inotuzumab ozogamicin (BESPONSA) is a CD22 targeting monoclonal antibody conjugated to the 

potent cytotoxic molecule calicheamicin for the treatment of relapsed/refractory B-cell 

precursor acute lymphoblastic leukaemia (405-408). CD22 is a surface antigen present on over 

90% of the B-cell blasts present in patients with B-cell acute lymphoblastic leukaemia. The ADC 

is internalised and trafficked to the lysosomes where the calicheamicin is released and binds to 

double stranded DNA causing double stranded DNA breaks and subsequently apoptosis (409, 

410). In 2012, BESPONSA was approved by the FDA and the EMA in 2017 for the treatment of 

acute lymphoblastic leukaemia (380).  
 

1.8.9.5 Polatuzumab vedotin (Polivy) 
Since the approval of BESPONSA in 2017, the number of ADCs being approved has picked up 

considerably. In 2019, Polatuzumab vedotin (Polivy) was approved by the FDA and later in 2020 

by the EMA for the treatment of diffuse large B-cell lymphoma (380). Polivy is an ADC targeting 

CD79b and was developed by Grenetech/Roche using a proprietary technology designed by 

Seattle Genetics for the treatment of diffuse large B-cell lymphoma. Polivy is conditionally 

approved to be used in conjunction with bendamustine and rituximab in patients who have 

received at least two prior therapies. Polivy is an ADC comprising of an anti-CD79b monoclonal 

antibody conjugated to MMAE through engineered cystines (THIOMABS) by a protease-

cleavable peptide valine–citrulline linker, where it is highly stable in plasma and easily released 

under lysosomal conditions. Approximately 3.5 MMAE molecules are present on each ADC 

molecule and upon internalisation and trafficking to the lysosomes, MMAE is released where it 
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binds tubulin and inhibits its polymerisation which causes cell cycle G2/M phase arrest and 

subsequently malignant cell apoptosis (354).  
 

1.8.9.6 Enfortumab vedotin (Padcev) 
In 2019, Enfortumab vedotin (Padcev) was approved by the US FDA for the treatment of 

urothelial cancer. At the time of writing it has not yet been submitted for approval by the EMA 

for use in Europe (380). Padcev is an ADC produced by Seattle Genetics and Astellas Pharma 

targeting Nectin-4 for patients with urothelial cancer who have previously received and 

progressed on a programmed death receptor 1 or programmed death ligand 1 inhibitor and a 

platinum-based chemotherapy. Padcev comprises of an aniti-Nectin-4 monoclonal antibody 

conjugated to MMAE via a protease-cleavable maleimidocaproyl-valyl-citrullinyl-p-

aminobenzyloxycarbonyl linker. The conjugation takes place on cystines residues that comprise 

of interchain disulphide bonds on the antibody to yield a drug to antibody ratio of approximately 

3.8. Padcev is the first ADC designed to treat urothelial cancer and targets Nectin-4 (Poliovirus 

Receptor-related 4; PVRL4) which is a transmembrane protein highly expressed on the surface 

of cells in the bladder. After internalisation and trafficking to the lysosomes, Padcev releases 

MMAE due to proteases present in the lysosomes and travels to the nucleus where it binds 

tubulin and inhibits its polymerisation which causes cell cycle G2/M phase arrest and 

subsequently malignant cell apoptosis (411).  
 

1.8.9.7 Trastuzumab deruxtecan (Enhertu) 
Trastuzumab deruxtecan (Enhertu) is an ADC developed by Daiichi Sankyo and AstraZeneca for 

the treatment of adult patients with unresectable or metastatic HER2-positive breast cancer 

who have received two or more prior anti-HER2 based treatments. Enhertu was approved by 

the US FDA in 2019 and, at the time of writing, it has not yet been submitted for approval by the 

EMA for use in Europe (380). Enhertu is an ADC comprised of an anti-HER2 monoclonal antibody, 

a cleavable tetrapeptide based linker and a small molecule cytotoxic topoisomerase I inhibitor. 

Enhertu was approved under the FDAs Accelerated Approval based on its tumour response rate 

and the duration of the response. The approval was based on the results of a clinical trial where 

the ADC was dosed at 5.4mg/kg in patients with HER2-positive breast cancer. The results 

confirmed an objective response rate of 60.3% including a 4.3% complete response rate and a 

56% partial response rate. The median duration of the response was 14.8 months. Once 

internalised and released, the cytotoxic topoisomerase I inhibitor prevents the repair of double 

stranded DNA breaks in the nucleus and results in apoptosis of the malignant cell (352).  
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1.8.9.8 Belantamab mafodotin (BLENREP) 
Belantamab mafodotin (BLENREP) is an ADC developed by GlaxoSmithKline and Seattle Genetics 

for the treatment of relapsed/refractory multiple myeloma and other advanced hematologic 

malignancies expressing B-cell maturation antigen (BCMA). It was approved by the US FDA and 

EMA in 2020 (380). BLENREP comprises of a monoclonal antibody targeting Tumour Necrosis 

Factor receptor super family member 17 (BCMA/CD269) conjugated using a non-cleavable 

maleimidocaproyl linker to cytotoxic drug Monomethyl Auristatin F (MMAF). There is an average 

of 4 MMAF molecules attached via cystine residues onto the monoclonal antibody. MMAF is a 

tubulin polymerise inhibiter and after BLENREP has been internalised and trafficked to the 

lysosomes and degraded, MMAF travels to the nucleus where it binds tubulin and inhibits its 

polymerisation which causes cell cycle G2/M phase arrest and subsequently malignant cell 

apoptosis (350).  
 

1.8.9.9 Loncastuximab tesirine (In review) 
At the time of writing, Loncastuximab tesirine is in review for approval by the FDA and has not 

yet been submitted for approval by the EMA (380). Loncastuximab tesirine is an ADC targeting 

CD19 conjugated to a small molecule potent pyrrolobenzodiazepine (PBD) dimer cytotoxin for 

the treatment of elapsed or refractory diffuse large B-cell lymphoma. The cytotoxic payload is 

designed to bind irreversibly to DNA to create highly potent inter-strand cross links which block 

DNA strand separation and therefore DNA replication. This disruption results in apoptosis of the 

malignant cell (412).  
 

1.8.10 ADCs for gynaecological malignancies 
There are currently no FDA or EMA approved ADCs for the treatment of any gynaecological 

malignancy such as OC, however several are in clinical trials. Mirvetuximab Soravtansine is an 

ADC in clinical development targeting folate receptor alpha (FRa) for platinum resistant, folate 

receptor alpha positive epithelial ovarian cancer. FRa binds folic acid and its derivatives which is 

important in foetal development and is a popular anti-cancer target due to its over expression 

in many cancers such as ovarian, breast, renal, lung, colorectal, and brain. As of 2019, 

Mirvetuximab Soravtansine has completed phase III clinical trials but has yet to be submitted 

for approval. Additional ADCs are reported to be in clinical development for the target NaPiB2, 

Trop2, mesothelin, or MUC16 (413). NaPiB2 is transmembrane, sodium dependant phosphate 

transporter that is overexpressed in ovarian cancer cells, and is also expressed in normal breast 

and lung tissue (413). Trop2 is a membrane bound tumour associated calcium signal transducer-

2 and was initially discovered as a transducer of an intracellular calcium signal (414). Mesothelin 
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is a cell surface glycoprotein present on mesothelial cells and is upregulated in a variety of 

cancers including OC (415). Muc16 (also known as CA125) functions as a component of the 

ocular surface, respiratory tract and the female reproductive tract epithelia. Its glycosylation 

creates a hydrophilic environment which acts as a lubricant (416).  

Anti-NaPi2b antibody-drug conjugate lifastuzumab vedotin (DNIB0600A) is an ADC for the 

treatment of platinum resistant OC. At the time of writing lifastuzumab vedotin is in phase II 

clinical trials (NCT01991210). Lifastuzumab vedotin is an ADC targeting NaPi2b and is conjugated 

to a potent antimitotic agent, MMAE (417, 418). Lifastuzumab vedotin, in its phase Ia, trials was 

also considered as a treatment for patients with Non-Small-Cell Lung Cancer (419). A1mcMMAF 

is an antibody-drug conjugate targeting cells expressing the tumour-associated antigen 5T4 for 

the treatment of epithelial OC. It is currently being investigated for its therapeutic benefit in 

combination with routine chemotherapeutic drugs (420). ADC DMOT4039A is an ADC targeting 

mesothelin and comprises of a monoclonal antibody conjugated to MMAE for the treatment of 

platinum resistant OC. DMOT4039A published a phase I clinical trial in 2016 but has not yet been 

further reported (421).  

In Swansea University Medical Schools Reproductive Biology and Gynaecological Oncology 

(RBGO) group the transmembrane protein RAGE has been extensively characterised for its use 

as an ADC in gynaecological malignancies. An ADC targeting RAGE has been produced and is 

currently still undergoing pre-clinical analysis by RBGO group members (200-202).  
 

1.9 Research aims 
The purpose of this thesis is to characterise novel Antibody-Drug Conjugate targets for ovarian 

cancer using a pipeline already in place from the development of the RAGE ADC. The 

characterisation of the novel targets will be discussed, and the implications for patient 

stratification, improved diagnostics, treatment and therapeutic intervention outcome 

monitoring.  

The aims of this study are: 

• To explore the protein expression levels of six novel potential ADC targets in ovarian cancer 

cell lines, using western blot. 

• To characterise the sub-cellular location of six novel ADC targets in 2D cultures of ovarian 

cancer cell lines using immunofluorescence microscopy.  

• To determine the sub-cellular location of selected novel ADC targets in 2D primary cultured 

cells derived from patient tissue biopsies, using immunofluorescence microscopy. 
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• To determine the capacity of selected ADC targets to mediate antibody internalisation in 

primary and established ovarian cancer cells grown as 2D cultures, using 

immunofluorescence microscopy. 

• To determine the genetic stability and patient stratification potential of the epitope coding 

sequence for both RAGE and a selected novel ADC target, using Illumina amplicon 

sequencing.  

• To explore the potential of soluble RAGE as a liquid biopsy biomarker for early diagnosis of 

ovarian cancer.  
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2.1 Patient recruitment and samples  
Ovarian serum and primary cells were obtained from patients recruited to the ‘Identifying 

ovarian and blood biomarkers for ovarian pathologies’ project (REC reference: 15/WA/0065). 

Long term storage of serum was at -80°C, unless serum was known to be required within 4 weeks 

where it was then stored at -20°C. All patients for this project were recruited from Swansea Bay 

University Health Board (formerly known as Abertawe Bro Morgannwg University). Trust 

Hospital and ethical approval was obtained from the Local Research Ethics Committee at 

Swansea Bay University Health Board. Formal written consent was obtained from all the patients 

at the time of recruitment into the study. 
 

2.1.1 Patient Grouping  
Blood samples and tissue biopsies were obtained by clinicians and research nurses at Swansea 

Bay University Health Board before serum and 2D cells respectively were harvested by members 

of the Reproductive Biology and Gynaecological Oncology team. 116 patients were grouped for 

serum analysis by ELISA as can be seen in Table 2-1 below. One of the difficulties of grouping 

the data included the way in which the data was classified or in some cases (as shown in table 

2-1) not recorded. For example, some patients have a cancer stage recoded and others do not. 

The table below shows that out of all patients 52% were postmenopausal, only 5% were 

premenopausal and 43% were not documented either way. This patient grouping is analysed 

further in section 7.2.1. Overall Table 2-1 shows that most patients are postmenopausal. A full 

list of all patients and their data is provided by accessing the following link: 

 https://drive.google.com/file/d/1wFjwhbEtMm1gT9TbXoesfWAwDt-

soa_M/view?usp=sharing.  
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Table 2-1 - Number of patients recruited in each group 
Group Number of 

patients 
Percentage 

Postmenopausal  
Percentage 

Premenopausal 
Percentage 
menopausal 

stage not 
recorded 

No cancer 26 42% (11/26) 23% (6/26) 35% (9/26) 
OC (Ovarian cancer) 81 53% (43/81) 0% (0/81) 47% (38/81) 
Other cancer 3 100% (3/3) 0% (0/3) 0% (0/3) 
Undocumented 6 50% (3/6) 0% (0/6) 50% (3/6) 
Total 116 52% (60/116) 5% (6/116) 43% 

(50/116) 
 

OC stage Number of 
patients 

Percentage 
Postmenopausal  

Percentage 
Premenopausal 

Percentage 
menopausal 

stage not 
recorded 

Unspecified mass  34 76% (26/34) 0% (0/34) 24% (8/34) 
Stage 1 9 33% (3/9) 0% (0/9) 67% (6/9) 
Stage 2 3 67% (2/3) 0% (0/3) 33% (1/3) 
Stage 3 17 29% (5/17) 0% (0/17) 71% (12/17) 
Stage 4 16 44% (7/16) 0% (0/16) 56% (9/16) 
Endometrioid  1 0% (0/1) 0% (0/1) 100% (1/1) 
Clear cell  1 0% (0/1) 0% (0/1) 100% (1/1) 
Total  81 53% (43/81) 0/81 47% (38/81) 

 

 

The pathologies of patients, allowing them to be grouped as in Table 2-1, were obtained from 

patients attending general gynaecology clinics or gynaecology oncology clinics in ABMU. These 

patients were both pre- and post-menopausal that had presented to primary care or emergency 

services with symptoms suggesting ovarian pathology. Symptoms included pelvic pain, 

abdominal bloating, weight loss and a change in bowel habit.  

Clinical imaging such as ultrasound, computerised tomography (CT) scan or Magnetic Resonance 

Imaging (MRI) scan was used to identify any ovarian masses. If masses were present, then levels 

of tumour markers Cancer Antigen 125 (CA125/Mucin16) and Carcinoembryonic antigen (CEA) 

in the blood were determined by staff at Swansea Bay University Health Board. If necessary 

patients would undergo primary surgery or Interval Debulking Surgery (IDS) following 4-6 cycles 

of chemotherapy (422). All patients were recruited because they were determined to need 

primary surgery. Those who did not need surgery were not approached to participate in the 

study. 

Surgery can include unilateral salpingo-oophorectomy (Surgical removal of one ovary and one 

fallopian tube), bilateral salpingo-oophorectomy (Surgical removal of both ovaries and both 

fallopian tubes), total hysterectomy (Surgical removal of the uterus, including the cervix), 

omentectomy (Surgical removal of part or all of the omentum, a fold of fatty tissue inside the 
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abdomen), bowel resection (Surgical removal of part of the small or large intestine), diaphragm 

surgery (Surgical removal of part of the diaphragm), appendix surgery (Surgical removal of the 

appendix) and/or lymph node dissection (Surgical removal of multiple lymph nodes in the 

abdominal cavity) (423).  

A biopsy is taken during one of the treatment surgeries mentioned above and patients receive 

a diagnosis after this has been carried out. Diagnosis is noted on their ovarian pathology 

biomarker study proforma which is delivered with the blood and biopsy samples. This proforma 

data is anonymised using a numbering system (OV###) before being disclosed towards this PhD 

project.  

The non-cancer group contains patients undergoing surgery for benign gynaecological 

conditions such as fibroids or cysts and patients undergoing risk reduction surgery due to the 

presence of a Breast Cancer (BRCA) gene mutation. Those with a family history of breast and 

OC, due to a mutation in the BRCA 1 or 2 gene, can choose to have their ovaries and fallopian 

tubes removed to greatly reduce their risk of breast or ovarian cancer. BRCA 1 and 2 act as 

tumour suppressors and when operating correctly control cell proliferation and apoptosis, 

however if mutated can lose their function and allow uncontrolled proliferation to occur 

resulting in a mass (424).  

Serum was harvested as described in section 2.1.2 and biopsy tissue was processed to extract 

primary stromal and epithelial cells as described in section 2.1.3.  
 

2.1.2 Serum harvest  
Blood collection was carried out by a clinician or nurse from Swansea Bay University Health 

Board. Blood serum harvest is carried out at room temperature on an open top bench. Blood is 

collected from patients recruited to the above studies at the time of surgery by clinicians at 

Singleton Hospital or Morriston Hospital. Full written consent is obtained. Blood is collected in 

a gold topped BD Vacutainerä with acrylic gel in the tube to separate the serum from the cellular 

components. This prevents contamination of the serum and enables a short centrifuge time for 

separation. Routine analytes such as potassium and glucose are still stable after a week of 

storage in these tubes at 2-8°C. Despite this when received the blood tubes are centrifuged the 

same day, as soon as possible, at 1300 g for 10 minutes. In addition, the tube contains silica 

particles to act as a clot activator to ensure that as soon as the blood enters the tube, it is 

coagulated right away. Once centrifuged the serum is aliquoted 300 ul into each 1.5 ml 

microcentrifuge tube. The majority of serum tubes are stored at -80 for long term storage and 

two aliquots are stored at -20 for short term storage.  
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2.1.3 Isolation of primary ovarian cells from a biopsy  
Tissue biopsies are taken by a clinician from Swansea Bay University Health Board before the 

biopsy is couriered to the Reproductive Biology and Gynaecological Oncology Group (RBGO) for 

the process described below. Members of the RBGO team process the ovarian tissue biopsies to 

develop these primary cell lines.  

Isolating cells from a primary patient biopsy is carried out inside a class II laminar flow biosafety 

cabinet. Patient ovarian biopsies arrive from Singleton or Morriston hospital in Dulbecco’s 

Modified Eagle Medium: Nutrient Mixer F-12 (DMEM/F12 Gibco, Thermo Fisher Scientific 

11320033) with no additional supplements in a 30 ml universal tube (Star Lab E1412-3010). In 

brief, small pieces are cut and set aside for DNA extraction, RNA extraction and protein 

extraction. The ovarian (often both left and right) biopsies are then digested to extract epithelial 

cells from the outer layer of the ovary and stromal cells from the inside of the ovary using 

collagenase type 1A from Clostridium histolyticum (Sigma-Aldrich, Merck C2674). Initially, the 

epithelial side is identified by looking for a curved, smooth surface that is whiter in appearance. 

Identification can present its own challenges, depending on the size of the biopsy it can be easy 

or impossible. Collagenase powder (Sigma Aldrich C0130) is added to pre-warmed primary 

ovarian cell media (See section 2.2.2) with no additives to make a final concentration of 2 mg/ml. 

This is then filtered through a 0.22 syringe filter and warmed to 37°C before use. Upon arrival, 

the patient samples are kept at 4°C before they are ready to be processed. Processing happens 

as soon as possible after the sample is received within at least 24 hours. The tissue biopsy is 

rinsed until clean in PBS (GIBCO 10010-015) before being placed into a petri dish for cutting. The 

biopsy is representatively cut in half, with half being reserved for cell extraction and the other 

half being cut into a further three pieces for DNA, RNA and protein extraction. The epithelial 

side is placed facing 800-1000 µl of collagenase in a 6 well tissue culture plate. This is incubated 

at 37°C for 30 minutes with manual agitation every 5-10 minutes. After 30 minutes a scalpel is 

used to gently scrape the epithelial side to help the cells detach before the rest of the ovary is 

transferred to the next well for stromal cell digestion. The collagenase containing epithelial cells 

is collected into a 15 ml tube and the well is washed to collect any left behind epithelial cells. 

The tube is centrifuged at 300 g to pellet the cells and after discarding the supernatant the pellet 

is resuspended in 2 ml of fresh primary ovarian biopsy media and plated in a clean well. The 

stromal digestion is carried out after the epithelial digest using the left-over ovary tissue. The 

remaining tissue is chopped finely using a scalpel and approximately 2 ml of warm collagenase 

is added. This is incubated for 30 minutes at 37°C with manual agitation or more chopping every 

5-10 minutes depending on the size and texture of the biopsy. The collagenase containing the 
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digested ovary is recovered in a 15 ml tube and the well is washed twice with media to ensure 

minimal cells have been left behind. This mixture is centrifuged at 300 g for 7 minutes and the 

supernatant is transferred to a new tube (not discarded) and the pellet (containing ovary tissue) 

is plated in a 6 well tissue culture plate. The saved supernatant is then centrifuged at 300 g for 

7 minutes and the pellet plated. The supernatant is not discarded again but transferred to a new 

tube. This process is repeated until the supernatant is clear. The pellets are all plated together 

in one well and the stromal and the epithelial cells are incubated in a tissue culture incubator 

set at 37°C, 5% CO2 in a humid environment. These samples are left to attach and grow for 3-5 

days before following the procedure in section 2.2.2 to grow to 80-100% confluency in a T75 

flask. Once confluency has been reached cells are cleaved from the flask using trypsin (GIBCO 

25300-062) as in section 2.2.1.2.3 and stored in liquid nitrogen in Foetal Bovine Serum (FBS) 

with 10% Dimethyl sulfoxide to prevent crystallisation and disruption of the cells (425).  
 

2.2 Tissue Culture 
All tissue culture techniques are carried out inside a class II laminar flow biosafety cabinet to 

create an aseptic environment necessary for cell culture experiments.  
 

2.2.1 Introduction to ovarian cancer cell lines  

2.2.1.1 Ovarian cancer cell media 
Eight ovarian cancer cell lines are described below (426) along with the manufactures 

recommended growth medium. All cells were grown inside an incubator with a 37°C and 5% CO2 

environment.  
 

IOC (427) (Sourced from ABM, catalogue number: T1074) 

• Pre-malignant. Fast growing  

• Prigrow I medium (AMB TM001) 

• 10% FBS (Gibco 10500-064), Thermo Fisher Scientific)  

• 1% Penicillin Streptomycin (Pen Strep/PS) (GIBCO 15140-122)  

TOV112D (endometrioid) (Sourced from ATCC, catalogue number: CRL-11730) and TOV 21G 

(clear cell) (Sourced from ATCC, catalogue number: CRL-11731)  

• Medium growing speed. Sometimes contain vesicles and detach  
• 1:1 MCDB 105 (Sigma M6395-1L) with final concentration of 1.5 g/l of Na2CO3 (17ml in 

1L) and Medium 199 with final concentration of 2.2 g/L of Na2CO3 (13ml in 500ml) 

(Sigma S8761 500 ml). Filter before use.  

• 15% FBS (75 ml in 500ml)  
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• 1% Penicillin Streptomycin (Pen Strep/PS)  

• (Primary Ovarian cells same media just 20% FBS)  

UACC-1598 (Poorly differentiated papillary serous grade 4) (Sourced from ATCC, catalogue 

number: CRL-3128) and UWB1-289 (Papillary serous epithelial like) (Sourced from ATCC, 

catalogue number: CRL-2945) 

• Can be sensitive. Easily become over confluent and detach 

• DMEM/F12/50/50 1x (corning 10-103-CV) 

• 10% FBS 

• 1% Penicillin Streptomycin (Pen Strep/PS) 

SKOV 3 (Sourced from ATCC, catalogue number: 91091004) 

• Grade 1-2 serous from ascites. Fast growing 

• McCoy’s 5A Medium 1x (Thermo Fisher Scientific 16600082)  

• 10% FBS 

• 1% Penicillin Streptomycin (Pen Strep/PS)  

COV 644 (Sourced from Public Health England, catalogue number: 07071908)  

• Mucinous. Slow to medium growth speed. Hardy once established 

• DMEM 1x (corning 10-013-CV) 

• 15% FBS 

• 1% Penicillin Streptomycin (Pen Strep/PS) 

OVCAR 3 (Kindly donated from colleagues at Swansea University ILS1)  

• High Grade Serous. Slow growing. Can be difficult to get going. But hardy once 

established 

• RPMI 1640 (corning 15-040-CV) 

• 20% FBS 

• 1% Penicillin Streptomycin (Pen Strep/PS) 

• 0.01 mg/ml bovine insulin (500ul in 500ml) (Sigma 19278 5ml)  
 

2.2.1.2 General cell culture 
All cell culture is carried out in an aseptic environment inside a class II laminar flow biosafety 

cabinet. Different cells require different media (see section 2.2.1.1) and can vary in their 

hardiness, behaviour and requirements. For example, SKOV-3 cells are fast growing, hardy and 

can grow when cells are at a low density, whereas OVCAR-3 are slower growing and prefer to 

be seeded at a higher density. The following section describes generic cell culture techniques 

including raising from liquid nitrogen, passaging and freezing down for liquid nitrogen storage.  
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2.2.1.2.1 Raising from liquid nitrogen storage  
Cells are stored in liquid nitrogen for long term storage in a 2 ml cryogenic vial. The correct 

media is warmed to 37°C in a water bath, materials are gathered in the biosafety cabinet and 

everything is sprayed with 70% ethanol before defrosting the vial for the minimum amount of 

time (approximately 1 minute) in a 37°C water bath.  

Once defrosted the contents of the tube are added to a 30 ml universal tube with clean media. 

The cryogenic vial is washed with media twice to ensure no cells are left behind. The cells 

suspended in media are centrifuged at 300 g for 2 minutes and the supernatant is discarded. 

The pellet is resuspended (ensuring a homogenous solution as far as possible) in fresh warm 

media and transferred to a flask. The size of the flask is chosen based on how many cells there 

are however usually this is a T25. If the flask is too big and the cells to few then the cells will 

have difficulty growing or may not grow at all. The flask is labelled with the person’s name, the 

date, the contents and the passage number before placing it in a humid incubator at 37°C and a 

5% CO2 atmosphere. When the cells reach confluency 80-100% the cells are either used in their 

intended experiment or split as detailed in section 2.2.1.2.2 or frozen down again as in section 

2.2.1.2.3.  
 

2.2.1.2.2 Passaging/Splitting 
Once cells are 80-100% they need to transferred to a larger flask or maintained in the same size 

flask. Materials should be gathered, media, PBS should be pre-warmed to 37°C and everything 

should be sprayed with 70% ethanol before beginning.  

The current media in the flask is discarded and the surface the cells are growing on is gently 

washed twice with warm PBS. Enough trypsin is added to the cells to cover (500 µl -3 depending 

on flask size). The flask is placed at 37°C for a maximum of 5 minutes. Incubation times longer 

than 5 minutes can dehydrate and have a detrimental effect on the cells. After this incubation, 

the flask is manually agitated by clapping the flask to your hand. A microscope is used to check 

all the cells have detached. Media is added to the flask containing the trypsin and cells and the 

pipette is used to draw solution up and squirt onto the surface where the cells grew to help 

dislodge any remaining cells. This is done several times before the solution is transferred to a 

clean 30 ml universal tube. The tube is centrifuged at 300 g for 2 minutes, the supernatant is 

discarded and the pellet (see section 2.2.1.2.3) is ready to be resuspended in clean media and 

added to a new flask. If moving to a larger flask size then all the cells are transferred. If the 

intention is for one flask to become two, then the resuspended cells are divided equally between 
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the flasks. If the cells are being maintained in the same size flasks then some cells should be 

discarded (or frozen down – see section 2.2.1.2.3) and the remaining cells transferred to a clean 

flask of the same size. All flasks make are incubated until 80-100% at 37°C and 5% CO2.  

 

2.2.1.2.3 Freezing down cells for storage at -80°C 
Cells were trypsinised as described in section 2.2.1.2.2 up to (*). The cell pellet was resuspended 

in FBS with 10% DMSO and 1ml aliquoted into cryogenic vials and quickly moved to a Mr Freeze 

isopropanol storage container at -80°C. After 24h the vials are moved to liquid nitrogen storage 

where they can be raised for use in experiments are detailed in section 2.2.1.2.1.  
 

2.2.2 Culture of primary cells  
Primary patient cell culture is largely the same as the cell culture techniques described in this 

section with some small extra considerations. Primary patient cells are obtained using the 

methods described in section 2.1.3 and when culturing work is always carried out in separate 

space to the culture of non-primary cells. Primary cells are healthier and more reliable when 

they are seeded at a higher density, therefore before splitting primary cells should be left until 

they are 100% confluent. Finally, primary cells derived from patient tissue all behave in different 

ways. There is a huge variety in growth speed, morphology etc between cells deriving from 

different patients. Media is 1:1 MCDB 105 (Sigma M6395-1L) with final concentration of 1.5 g/l 

of Na2CO3 (17ml in 1L) and Medium 199 with final concentration of 2.2 g/L of Na2CO3 (13ml in 

500ml), 20% FBS and 1% antibiotic. The passage number of primary cells is important to 

consider. Cells derived from a primary biopsy are frozen down as soon as possible as it is 

advantageous to keep the passage number low (below 9) to avoid mutations as a result of over 

passaging (428). 
 

2.2.3 Introduction to other cell lines 
The Human Embryonic Kidney 293T (HEK293T) (Kindly donated by colleagues at Swansea 

University ILS1 lab) is used in this project as a cell type that was not related to female 

reproductive tissues. HEK293T is cultured in the same media as the UACC and UWB1 cell lines 

(see section 2.2.1.1). They are very fast growing to the point they can overgrow very easily. They 

are morphologically very small round cells that detach very easily and can peel off in a large layer 

if they overgrow. These HEK293T cells were used in the basal expression (localisation) 

immunofluorescence experiments and were not included in the following internalisation 

experiments.  
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2.3 Isolation and quantification of protein  
Protein was extracted from is grown to 80-100% confluency. The flask is removed from the 

incubator and the protein extraction is carried out on an open bench top.  

The current media is discarded and the surface the cells are growing on is washed gently twice 

with PBS. All PBS is discarded and the flask is positioned so any remaining PBS can drain into one 

corner. This PBS is removed and Radioimmunoprecipitation assay buffer (RIPA) buffer (50 mM 

Tris-HCL-pH 8.0, 150 mM NaCl, 1% Nonidet P-40 (NP-40), 0.5% sodium deoxycholate, 0.1% 

sodium dodecyl sulphate (SDS), 1nM sodium orthovanadate, 1mM NaF) with Holt™ protease 

(Thermo Fisher, catalogue number: 78442) inhibitor 100x to a final concentration of 1x is added. 

All the PVS must be removed because PBS will cause the final volume to be higher and the 

sample more dilute. With the RIPA/Holt™ added, the cell scraper is used to manually dislodge 

the cells. The surface should be scraped thoroughly, and everything pushed into one corner. As 

before the flask is positioned so everything can drain into one corner. The mixture is then 

transferred to a microcentrifuge tube and left on ice for 30 minutes with pulse vortexing every 

5 minutes. After 30 minutes the tube is centrifuged at 4°C for 10 minutes at top speed. The 

supernatant is collected carefully, without disturbing the pellet, and transferred to a clean, 

labelled microcentrifuge tube. The protein is then be stored at -20°C for the short term, stored 

at -80°C for long term or quantified before storage. Freeze-thaw cycles should be avoided.  
 

Protein quantification  

Protein is quantified using the BioRad DC assay (Kit II 5000112). The BSA (Pan Biotech 

P061391050) standards are made up to the range the protein concentration is expected to fall 

in. In this case eight BSA protein standard were made (0, 0.5, 1, 1.5, 2, 2.5, 5, 10 mg/ml) in RIPA 

buffer. RIPA buffer is the cell lysis buffer used to extract protein from cells, therefore this same 

buffer is used to dilute the protein standards. 5 µl of each standard/sample are plates in 

duplicate and 25 µl of reagent A’ is added to each well. A’ is made by adding 20 µl of reagent S 

per 1 ml of reagent A. 200 µl of reagent B (light sensitive) is added to each well and the plate is 

protected from light and left with gentle agitation for 15 minutes. After 15 minutes the wells 

should have turned from yellow to blue. Bubbles should be popped with a small needle. Any 

wells that are not properly mixed (green colour) should be manually mixed with a pipette 

without contaminating other wells. The plate must be read within 30 minutes. The plate is read 

at 750 nm on a FLUOstar Omega plate reader (BMG Labtech). Raw data is interpreted by the 

MARS software (BMG Labtech) to give a standard curve. The r max of the standard curve should 

be as close to 1 as possible to indicate the standards are correct. The mars wizard is used to 
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create a 4-parameter fit curve to which all the samples are compared against. The standards 

should be accurate for the quantification of the samples to be reliable. 

 

2.4 Western blot  
Quantified protein is run on an SDS page gel to separate protein by size before probing with the 

antibody of interest to determine protein expression of the target protein in the given protein 

sample.  

2.4.1 Western blot buffers  
Running buffer 10x (Tis/Glycine/SDS 10x) 250Mm Tris (pH 8.3), 1.92M Glycine, 1% (w/v) SDS – 

store on bench (rt) 

30.3g Tris Base (Melford T60040-5000.0) 

144.1g Glycine (Melford G36050-5000.0)  

100mL 10% (w/v) SDS or 50mL 20% (w/v) SDS (Severn Biotech 20-4002-10) 

ddH2O to 1L 

pH 8.3 

Running Buffer 1x- 25mM Tris (pH 8.3), 192mM Glycine, 0.1% (w/v) SDS 

100mL Tris/Glycine/SDS 10x 

900mL ddH2O 

Wash buffer 10x (TBS 10x) 200mM Tris (pH 7.6), 1.37M NaCl – store on bench (rt) 

24.2g Tris Base 

80.1g NaCl (Sigma Aldrich S7653 1kg) 

ddH2O to 1L 

HCl to pH 7.6 (adjust pH dropwise) 

Wash Buffer 1x (TBS/T 1x)- 20mM Tris (pH 7.6), 125mM NaCl, 0.1% (v/v) Tween20 

100mL TBS 10x (pH 7.6) 

1mL Tween20 (Sigma Aldrich P1379-25ML)  

ddH2O to 1L 

BSA Blocking Buffer – 20mM Tris (pH 7.6), 137mM NaCl, 5% (w/v) BSA, 0.1% (v/v) Tween20 – 

store at 4°C 

12.5g BSA (Pan Biotech P061391050) 

TBS/T to 250mL 

*Non-fat milk can be substituted here if needed 

Stripping Buffer- 200mM Glycine (pH 2.2), 0.1% (w/v) SDS, 1% (v/v) Tween20 

3.8g Glycine 
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2.5mL 10% (w/v) SDS 

2.5mL 10% (v/v) Tween20 

ddH2O to 250mL 

HCl to pH 2.2 
 

2.4.2 Western blot protocol  
Quantified protein is prepared by transferring the correct volume for 30 µg into a PCR tube. The 

proteins are all made up to the same volume using RIPA buffer to ensure uniform running on 

the gel. Laemmli buffer (BioRad 1610747) -2-mercaptoethanol mixture is prepared by adding 

100 µl of 2-mercaptoethanol per 900 µl of laemmli and added to a final concentration of 1x to 

the protein samples. The samples are then heated using a hot plate or PCR machine to 95°C for 

5 minutes. Whilst this short incubation is occurring the western blotting cassette (Mini Trans-

Blot Cell and PowerPac Basic Power Supply BioRad 1703989) is assembled. The precast gel 

(BioRad, 4–20% Mini-PROTEAN® TGX™ Precast Protein Gels, 10-well, 50 µl #4561094) is 

prepared by removing the green strip from the bottom of the gel and being inserted into the 

cassette. The middle of the cassette is filled with running buffer and some time is allowed to 

ensure no leakage. The comb is removed carefully ensuring the delicate wells are not damaged 

and 3 µl of precision plus dual protein ladder (BioRad, #1610374) is added to the first lane 

followed by the samples. The powerpack is set at 120 v for 30 minutes and the gel front should 

run to the black line at the bottom of the gel before stopping. The gel must not overrun.  

When the gel has finished running it is removed from its plastic case and placed in a Trans-Blot 

Turbo Midi 0.2 µm Nitrocellulose Transfer Pack. The package is placed inside the Trans-Blot 

Turbo machine and run on the programme for 1 mini TGX gel. The protein has transferred to a 

membrane and this membrane is quickly submerged in blocking buffer (BSA or Milk) to prevent 

it from drying out from the heat remaining from the transfer process. The membrane is blocked 

for 1 hour at room temperate on a plate rocker with gentle rocking. After 1 hour the blocking 

buffer is replaced by the primary antibody diluted in the blocking buffer. Antibody dilution is 

antibody dependent. The membrane in the primary antibody is incubated either at room 

temperature for 1 hour or overnight at 4°C.  

After incubation with the primary antibody, the antibody solution is discarded, and the 

membrane is washed in wash buffer 1x (TBS/T 1X) with strong agitation for 30 minutes with 

fresh wash buffer every 5-10 minutes. During this time the appropriate species of secondary 

antibody labelled with horse radish peroxidase (HRP) is diluted in blocking buffer 1/2000. The 

membrane is incubated with the secondary antibody for 1 hour at room temperature with 

gentle rocking before the wash process is repeated to remove any unbound antibodies. The 
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membrane is incubated with Clarity™ Western ECL Substrate (BioRad UK 1705060) for 1 minute 

before using the BioRad ChemiDoc™ Imaging system with Image Lab software (BioRad UK) to 

visualise the membrane.  

The membrane is then stripped of all antibody using stripping buffer and the process above is 

repeated with Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as the primary antibody. 

GAPDH is commonly used as a ‘housekeeping’ gene both here in western blot and in qPCR 

because the GAPDH gene is stably expressed at high levels in many tissues and cells. In this 

context, because of the stability GAPDH has between different tissues and cells, GAPDH is used 

as a loading control to confirm the same amount of protein has been loaded into each well. This 

allows for errors in protein quantification and loading errors.  

The Software Image Lab (BioRad version 6.0.1) was used to quantify the bands and a ratio of 

target band: GAPDH was taken to normalise the protein samples. SPSS (version 26.0.0.0) was 

used to compile graphs and perform statistical analysis.  
 

2.5 Confocal microscopy  
The confocal configurations were set up for detecting a Texas Red™ fluorophore. Texas Red™ 

has an excitation max of 596 nm and an emission max of 615 nm. The 594 laser on the confocal 

microscope was used and the wavelengths adjusted to ensure minimal cross over with the 488 

laser. The 488 laser was picking up Wheat Germ Agglutinin (WGA), Alexa Fluor™ 488 Conjugate 

(Thermo Fisher Scientific W11261) as a membrane control stain with an excitation/emission 

maxima of 495/519 nm. WGA lectin binds to sialic acid and N-acetylglucosaminyl residues. Both 

the Texas Red™ and the WGA configurations were adjusted to make sure they did not cross talk 

with the DAPI nuclei stain Hoechst 33342, Trihydrochloride, Trihydrate - 10 mg/mL Solution in 

Water (Thermo Fisher - H3570).  
 

2.5.1 Basal expression assay  
The basal expression assay visualises where in the cell the target protein is located. Cells are 

plated in 8-well Chambered Coverglass w/ non-removable wells (Thermo Fisher UL 155411PK) 

in the amounts shown in Table 2-2 and left to grow for 48 hours to reach 80-100% confluency.  
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Table 2-2 – Number of cells plated in one well of an 8-well Chambered Coverglass 
Cell type Number of cells plates per well 

IOC 10,000 
TOV21G 15,000 

TOV112D 15,000 
UACC 15,000 
UWB1 15,000 
SKOV-3 15,000 

COV-664 30,000 
OVCAR 30,000 

Primary patient cells 30,000 
HEK 293T 10,000 

 

 

Cells are cleaved from the flask and centrifuged to a pellet as in section 2.2.1.2.2. Cells are 

counted by pipetting 10 µl of fully homogenised cells in media onto a Cell Counting Slide for 

TC10™/TC20™ Cell Counter (BioRad – 1450011) and read using a TC20 cell counter (BioRad). A 

media solution containing the correct number of cells is made from the ‘stock’ solution of 

counted cells and plated in the well of the 8-well Chambered Coverglass slide. The cells are 

incubated in a 37°C 5% CO2 environment for 48 hours. After checking the cells are attached and 

healthy the cells are prepared for the basal expression assay. The live cells are stained with WGA 

first to give the clearest results. The WGA is diluted 1/700 in PBS and incubated with the cells 

for 5 minutes at 4°C. This short incubation time at this low temperature on live cells prevents 

the WGA from entering the cell and staining the cytoplasm as much as possible while still 

staining the membrane. This allows for a clearer visualisation of the membrane under the 

confocal microscope. Immediately after WGA, the cells are gently washed once with PBS before 

incubating with 5% paraformaldehyde (PFA) for 20 minutes at room temperature. This fixes the 

cells, freezing them in time so they can remain the same for observation under the confocal 

microscope. Fixation preserves the cells by preventing autolysis and putrefaction while also 

freeing any biochemical processes. This allows observation at a fixed moment in time. After this 

step, the PFA is removed and Triton X-100 0.1% is added for 5 minutes at 4°C. Triton X-100 is a 

detergent used for permeabilising the cells membrane. This makes small holes in the membrane 

which antibodies can pass through to attach to their target. After permeabilising, the cells are 

washed gently once with PBS before 3% BSA is added for 1 hour at room temperature. The BSA 

acts as a blocker and binds to any available proteins. After 1 hour the blocking buffer is removed 

and the primary antibody is added and incubated overnight at 4°C. The primary antibody of 

interest is diluted in a blocking buffer. The dilution is antibody-dependent as per the 

manufacturer’s direction. The following day the primary antibody is removed and the cells are 

washed gently 4x with PBS to remove any unbound antibody. The secondary antibody (diluted 
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in blocking buffer) is then added to the cells for 1 hour at room temperature. The secondary 

antibody is species specific and is attached to a Texas Red™ fluorophore to allow visualisation. 

After 1 hour the secondary antibody is removed and the cells are washed gently 4x with PBS to 

remove any unbound secondary antibody. The cells are incubated with a nuclei stain Hoechst 

for 5 mins. Hoechst is diluted 1/4000 in PBS and removed after incubation and replaced by PBS 

only to increase clarity under the confocal microscope. The cells are taken to the confocal 

microscope where they are viewed using the appropriate laser. Photographs are taken using the 

Zeiss Zen software.  
 

2.5.2  Indirect internalisation assay 
Indirect internalisation aims to show if the antibody is being internalised into the cell by live 

cells. This is an indirect method as after the internalisation has taken place, the cells are fixed, 

permeabilised and a secondary antibody is used to visualise those antibodies which have 

internalised. The target antibody does not itself fluoresce.  

The cells are plated and grown as above in section 2.5.1. Once the cells are 80-100% confluent 

they are incubated with the primary target antibody at 50 µg/ml for 30 minutes on ice and then 

a further incubation of 1-24 hours at 37°C 5% CO2 environment. The initial 30 minutes on ice 

allows the antibodies to find their receptor (the target antibody) to allow for a more intense, 

uniform internalisation when the cells are moved to 37°C. After internalisation incubation the 

cells are fixed and permeabilised using the method described above in section 2.5.1 with PFA 

and Triton X-100. The cells are then incubated with the appropriate Texas Red™ secondary 

antibody for 1 hour at room temperature before being washed gently 4x with PBS. The cells are 

incubated with 1/4000 diluted Hoechst for 5 minutes at room temperature before the Hoechst 

is replaced by PBS and the cells are viewed on the confocal microscope and photographed using 

the Zeiss Zen software.  
 

2.5.3 Internalisation assay using pH reactive amine dye  
Internalisation using a pH reactive dye is a direct method of visualising internalisation because 

the antibody itself is conjugated to a pH reactive fluorescent dye. Two methods are available for 

conjugating the antibody to the pH reactive dye, on bead conjugation and in solution 

conjugation.  
 

2.5.3.1 On bead conjugation  
Promega pH reactive amine dye (G9841) is conjugated to the primary antibody using Promega 

Magneâ Protein A magnetic beads (G8781) and a magnetic separation stand (Promega- Z5342).  
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Table 2-3 - Buffers and solutions for pH reactive amine dye 
Buffer name Buffer purpose Buffer composition 
Amine conjugation buffer 
(10mM sodium bicarbonate 
buffer) 

To prepare the beads for 
addition of amine dye to 
provide optimal conjugation 
conditions  

• 0.084g sodium 
bicarbonate dissolved 
in deionised water.  

• pH adjusted to 8.5 
• Volume adjusted to 

100ml  
Antibody bind buffer  
(10mM phosphate buffer)  

To equilibrate the beads ready 
for the addition of antibody 
and to wash away any 
unbound material 

• 0.0378g sodium 
phosphate, monobasic, 
monohydrate 

• 0.195g sodium 
phosphate, dibasic, 
heptahydrate 

• Dissolved in deionised 
water, adjusted to pH7 

• Final volume made to 
100ml with deionised 
water 

Elution buffer  
(50mM glycine-HCL) 

Acidic solution (below pH 3) to 
elute antibody from beads 

• 0.118g glycine 
• Dissolved in deionised 

water 
• pH adjusted to 2.7 with 

37% HCL  
• Final volume adjusted 

to 50ml with deionised 
water  

Neutralisation buffer 
(2M tris buffer) 

To neutralise the acidic 
elution buffer for safe 
addition to live cells 

• 0.472g trizma base 
• 2.54g trizma 

hydrochloride  
• Dissolved in deionised 

water 
• pH adjusted to pH 7.5 
• Final volume adjusted 

to 10ml with deionised 
water 

 

A total of 100 µg of antibody is conjugated to 50 µl of protein A magnetic bead slurry for 60 

minutes at room temperature using a wheel end over end mixer.  

50 µl of the beads are washed/equilibrated in a 1.5 ml microcentrifuge tube with 250 µl of 

antibody bind buffer. This is placed in the magnetic stand and the buffer discarded. 1 ml of a 

sample containing 100 µg of antibody is added and the bead/antibody solution is mixed on a 

wheel end over end mixer for 60 minutes at room temperature. The supernatant is removed 

using the magnetic stand and the beads are washed with 250 µl of antibody bind buffer and 

then amine conjugation buffer. All buffer is removed from the beads and 100 ul of amine 
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conjugation buffer is added. The amine pH reactive dye is prepared fresh by reconstituting to 10 

mg/ml by adding 25 µl of 1:1 DMSO:water mix to 0.25 mg of dye. 1.2 µl of this dye is added to 

the beads and this is mixed at room temperature for 60 minutes. The tube is placed on the 

magnetic stand and the supernatant removed. The beads are washed with antibody bind buffer 

twice, with the buffer completely removed after each wash. Finally, the antibody is eluted in 

100 µl elution buffer (pH 2.7) and quickly neutralised with 5 µl of neutralisation buffer. The 

concentration and DAR are calculated using the methods described below in section 2.5.3.3.  
 

2.5.3.2 In solution conjugation  
A buffer exchange is carried out initially to remove any storage buffer such as sodium azide from 

the antibody solution. The buffer exchange is carried out using a Zeba™ columns from Pierce, 

Cat.# 87766 or similar. The pH dye is prepared fresh as described in the above section 2.5.3.1 

and 1.2 µl is added per 100 µg of antibody. The antibody and pH dye are incubated together 

using an end over end mixer for 60 minutes and the unconjugated dye is removed by another 

desalting column. The concentration and DAR are calculated using the methods described below 

in section 2.5.3.3.  
 

2.5.3.3 Quantification of conjugated antibody 
The antibody concentration in mg/ml was calculated by taking two readings using a nanodrop 

at 280 nm and 532 nm. The following equation was used:  

 

 

The Dye to Antibody ratio (DAR) was calculated by the following equation:  

 

 

 

Where:  

Molecular weight of antibody = 150,000 Da 

Extinction coefficient of pHAb Reactive Dye = 75,000 

Correction factor for pHAb Reactive Dye = 0.256 
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The DAR shows how many pHAb Reactive Dye molecules are attached to 1 antibody and the 

concentration allows the addition of the correct dilution of antibody uniformly across all 

experiments.  

The pH response of the conjugated antibody can be measured to ensure the fluorescent 

properties have been retained throughout the conjugation process. Antibody conjugated to a 

pHAb Dye should have an increased fluorescence in an acidic environment. The antibody-pHAb 

Dye fluorescence response was measured at pH 4 and pH 8 by adding 1 µl of antibody-pHAb Dye 

to 100 µl of either 100 mM citrate buffer or to 100 µl of 100 mM phosphate buffer. The response 

is read on a fluorescence reader at Ex 532 nm/Em 569 nm. The fold increase in fluorescence is 

calculated by using the following equation:  
 

 
 

2.5.3.4 Internalisation using antibody-pHAb Dye 
2D cells were grown in replicates of 5 in a LabTek 8 well chambered cover glass slide (Thermo 

Fisher UK 155411PK) and incubated with the TSPAN6, RAGE HA9, PCSK4 and IgG antibody-dye 

conjugates for 30 minutes on ice. After this initial incubation period to allow the antibodies to 

bind to the membrane, the cells were placed at 37°C for 4 hours. Antibody-dye conjugates then 

internalised more uniformly this way with a better chance of seeing more intense fluorescence.  

The incubations were staggered to allow imaging with the confocal microscope to take place in 

quick succession whilst still ensuring each well had the same 4 hours of incubation. After 

incubation, the antibody-dye conjugate was removed from the cells and the cells were stained 

with DAPI (Hoechst) for 5 mins before removal of DAPI and addition of PBS to image the cells. 

The cells are taken directly to the confocal for viewing. No fixation or permeabilization is carried 

out. Photographs are taken using the Zeiss Zen software.  

 

Image analysis was performed using CP open-source software (McQuin et al., 2018). LSM files, 

containing two image channels were uploaded to CP. DAPI DNA stained images were assigned 

to the DNA image set and TexasRed internalization images were assigned to the ‘internalization’ 

image set. To identify individual nuclei within each image of the DNA image set the following 

steps were performed. Firstly, a median filter was applied to remove background noise using 

the CP ‘Smooth’ module. The filter diameter was set to five pixels. Secondly, nuclei regions were 

identified by applying an intensity threshold to the image using the CP ‘IdentifyPrimaryObjects’ 

module. Intensity thresholds for each image were automatically calculated using the minimum 
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cross entropy algorithm. Individual nuclei were identified by connected pixels in the thresholded 

image. The number of nuclei present in each image was calculated using the CP 

‘MeasureObjectIntensity’ module. To quantify antibody internalization, first a median filter was 

applied to images in the internalization image set to remove background noise, using the CP 

smooth module. Then regions of high stain intensity above the background were identified in 

the same way as nuclei, applying an intensity threshold using CP ‘IdentifyPrimaryObjects’. 

Finally, the stain intensity of the image was calculated as the sum of the pixel intensities in all 

high stain intensity regions. Copies of the original images with the segmentation outlines super 

imposed were saved to disk, to allow manual inspection of the segmentation. Images with poor 

segmentation results in either the DAPI or TexasRed channels were removed.  

 
 

2.6 DNA extraction and quantification  
DNA extraction from primary patient tissue biopsies was carried out using the Qiagen DNeasy 

Blood & Tissue Kits 69504. The extraction was carried out as per the manufacturer’s instructions 

included in the protocol. The tissue was chopped as small as possible before buffer 180 ul ALT 

(a lysis buffer) was added to the tissue sample with 20 ul proteinase K and incubated with strong 

agitation at 56°C for at least 2 hours until completely lysed. The proteinase K is a protease that 

digests, in this case, nucleases that can attack and digest the nucleic acids present in DNA. 200 

ul of ethanol and 200 ul of buffer AL are added and the solution is run through a spin column by 

adding and centrifuging at 6000 x g for 1 minute. The column membrane is then washed twice 

with two different buffers AW1 and AW2 by adding, centrifuging at 6000 x g for 1 minute and 

discarding the flow through. The spin column is transferred to a fresh labelled microcentrifuge 

tube before 50 ul of elution buffer is added, incubated for 1 minute at room temperature and 

centrifuged at 6000 x g to retrieve the eluted DNA.   

 

2.6.1 PCR primer design 
Primers were designed for the RAGE and TSPAN6 antibody epitope DNA coding sequence using 

Primer Blast (429). The DNA sequence chosen included the epitope and the flanking sequence 

which resulted in a total of 300-400 bases being used to design the primers. The minimum 

product size was set to 250 bases and the ‘Genomes for selected organisms’ database was 

selected. The organism was set to Homosapiens and the search was carried out. The search 

returned 10 suggested primer pairs and the primers were chosen based on a product size of 
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approximately 350 base pair and based on the lack of any possible off target products that were 

of a similar size to the band of interest.  
 

The primers used in the following analysis are as follows in . The primers described below 

contain the adapter sequences: 5’- CTGTCTCTTATACACATCT -3’ 
 

Table 2-4 – Primers used for RAGE and TSPAN6 antibody epitope DNA coding sequence 
amplification  

RAGE forward primer 5’-TCGTCGGCAGCGTCAGATGTGTATAA 
GAGACAGTTCCCTTCCTACCCCTCTACC-3’ (54) 

RAGE reverse primer 3’-GTCTCGTGGGCTCGGAGATGTGTATA 
AGAGACAGGCAGGGCCTAAACAGTGCAA-5’ (55) 

TSPAN6 forward primer 5’-TCGTCGGCAGCGTCAGATGTGTATAA 
GAGACAGTTATTTTCTGGATCACTGGCGT-3’ (55) 

TSPAN6 reverse primer 3’-GTCTCGTGGGCTCGGAGATGTGTATA 
AGAGACAGGAAAACAAATCCTACGATGGCA-5’ (56) 

 

2.6.2 PCR optimisation  
DNA was extracted from SKOV-3 cells using the Qiagen DNeasy Blood and Tissue DNA extraction 

column-based kit (catalogue number: 69504). SKOV3 cells were grown as 2D monolayers and 

DNA extracted and used it as a template for PCR amplification reaction, using a four-

temperature gradient and Qiagen HotStartaq (Catalogue number: 203443). The PCR conditions 

can be seen in .  

 
Table 2-5 – PCR conditions for annealing temperature optimisation  

Step Temperature Time Cycles 
Initial heat activation 95°C 15 1 

Denature 94°C 30 seconds  
 

35 
Anneal 70°C, 62°C, 53°C and 50°C 1 min 

Extension 72°C 1 min 
Final extension 72°C 10 min 1 

 

Eight reactions were set up in total. Four with the RAGE primers at the four different 

temperatures and four with the TSPAN6 primers at the four different temperatures. The aim 

was to see which temperature amplified the DNA most effectively. Figure 2-1 shows the eight 

reactions run on a 1% agarose gel by gel electrophoresis. It can be seen that annealing 

temperatures 70°C and 62°C did not produce a band compared to 50°C and 53°C which produced 

a single band at the expected size.  
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Figure 2-1 – Agarose gel electrophoresis of RAGE and TSPAN6 annealing temperature 
optimisation PCR products 

 
To ensure the PCR product was the intended sequence, the PCR products were purified using 

sodium acetate and sent for Sanger sequencing (LGC). As expected, the 70°C and 62°C did not 

produce a read for either TSPAN6 or RAGE and the 50°C and 53°C aligned with the TSPAN6/RAGE 

reference sequence.  

Therefore, the annealing temperature of 50°C was chosen for the final PCR amplification due to 

being the most intense band on the gel and its correct alignment to the reference sequences for 

both targets.  
 

2.6.3 PCR amplification 
The DNA was extracted from 95 patient biopsies and from the 2D cultured cells of one OC cell 

line (SKOV-3) using the Qiagen DNeasy Blood and Tissue DNA extraction column-based kit 

(catalogue number: 69504). 95 patients plus one cell line were chosen to comply with the 96 

well plate format for the following experiments. The 95 patients included all non-cancer 

patients, any patients of rare subtypes (such as endometrioid or clear cell OC) and a 

representative cohort of patients with various OC pathologies.  
 

The DNA coding sequence for both the RAGE and the TSPAN6 antibody epitope was amplified 

in 96 DNA samples by PCR using the conditions described in Table 2-6. 
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Table 2-6 – PCR conditions for amplification of 96 DNA samples for NGS analysis 
Step Temperature Time Cycles 

Initial heat activation 95°C 15 1 
Denature 94°C 30 seconds  

 
35 

Anneal 50°C 1 min 
Extension 72°C 1 min 

Final extension 72°C 10 min 1 
 

 

The amplified DNA was run using agarose gel electrophoresis to check the amplification had 

been performed correctly. A 1% agarose gel was made using TAE (40 mM Tris-acetate, 1 mM 

EDTA). 1 µl of a random selection of wells was added to the gels with 6x loading buffer. The gel 

was run until the bands could be seen clearly and the gel was photographed using BioRad 

ChemiDoc™ Imaging system with Image Lab software (BioRad UK).  

 

A small selection of the amplified DNA was run on a gel to confirm successful amplification as 

can be seen in Figure 2-2. A band of varying intensity can be seen in all the randomly selected 

samples across the gel. This indicates that the DNA templates were successfully amplified in 

these samples and therefore requirements were met for the progression to NGS.  

 

 

 
Figure 2-2 - Agarose gel electrophoresis of randomly selected RAGE and TSPAN6 PCR products 

 
The gel above shows a random selection of PCR products from the RAGE and TSPAN6 PCR 

amplification. A random selection of amplified product from different areas of the plate were 
separated by size on a 1% agarose gel. A single band was observed at the expected size 

between 300 and 400 base pairs. This suggests that the PCR amplification was successful, and 
the requirements were met for the progression to NGS.  
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2.6.4 Deep amplicon variant analysis  
The amplified DNA was sent to Swansea University Sequencing facility for NGS analysis on all 

samples. The resulting data reads were subjected to a quality control process where any reads 

of poor quality were removed.  

The reads to be analysed were returned using a server on a virtual machine (Host: 

137.44.59.134. Username: ubuntu) due to the large size of the files. The data was analysed on 

an iMac (macOS Catalina version 10.15.6) using Terminal. The server was accessed, and basic 

command line and Unix commands were used to carry out deep amplicon variant analysis on 

the reads obtained from NGS analysis. Files were retrieved from the server using FileZilla Client 

(version 3.48.1). The RAGE analysis and TSPAN6 analysis was carried out separately, one after 

the other, with all the RAGE and TSPAN6 reads and files having their own separate folder on the 

server.  
 

2.6.4.1 Quality filtering  
Before alignment to the reference sequence, adapter and quality filtering was carried out to 

maximise the quality of the reads. The tool ‘Sickle’ takes as input the paired end reads looking 

for the forward read and the reverse read. It uses Sanger based phred scores and outputs the 

reads as forward and the paired reverse read. This process was streamlined by creating a list of 

files that needed filtering and using a “for loop”. The list file was created by listing all the samples 

that contained the syntax R1 or R2. The sample name is separated from the rest of the read 

name by an underscore (_), therefore the files can be listed using the ls command but instead 

of writing to the screen the output can be piped into another command. That other command 

is the cut command, where the underscore is used to break apart the file name and take only 

the first field. The command used to carry this out was - ls -1 *R1*.fastq.gz | cut -d_ -f1. This can 

be outputted to a file using the command ls -1 *R1*.fastq.gz | cut -d_ -f1 > samples.txt.  

Initial primer overhangs (described in Chapter 2) were added to the initial primer design in order 

for additional adapters to be added as part of NGS sequencing protocol to allow the binding of 

the DNA to the flow cell on the Illumina platform. For analysis, these sequences need to be 

removed. The tool scythe was used to accomplish this task. The sequence adapter was disclosed 

to the scythe tool using the command >nextera CTGTCTCTTATACACATCT. A new file containing 

the adapter sequence was created using the tool nano. The copied nextera sequence was pasted 

into the text editor nano and saved as a text file.  

The files could then be processed using a “for loop” and the command vi qual_filt.sh. This 

command takes the names from the list of files created earlier. The shell script command sh 
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qual_filt.sh is run and then sickle creates outputs for each of the reads that have had the adapter 

sequence trimmed off.  
 

2.6.4.2 Read alignment  
The processed reads needed to be aligned to a reference sequence. This alignment helps make 

sure the reads are properly aligned and that off target reads can be filtered out easily and it can 

help with the annotation process should any variant sights be found so that the effect of this 

variant can be predicted. The work was carried out inside a tmux window from this point 

onwards to prevent any internet connection problems killing the running commands. BWA, 

Samtools and bcftools were used to align reads against the reference, identify possible variant 

positions and finally to call variant positions.  

The first stage was to index the reference sequence using the command bwa index -p gr38 

Hsapiens_GRCh38_chr6.fa. This is the indexing of the RAGE reference sequence. The TSPAN6 

reference sequence had a different file name but used the same command.  

Another “for loop” script was created to align the reads against the indexed reference sequence. 

The command vi mem_aln.sh was used first followed by sh mem_aln.sh for all the samples. The 

inputs loop through and a BAM file is created for each sample. Now the reads are aligned and 

sorted against the reference sequence the alignments need to be indexed to speed up random 

access to the file. This was achieved by running the command sh indexing.sh.  

 

2.6.4.3 Variant Calling  
Mutations were detected within the amplicon data first by using “bcftools mpileup” to generate 

a pileup process which calculates genotype likelihoods at each genomic position using coverage 

information. This was followed by “bcftools call” to call the variants. This variant detection is 

carried out twice. First, using a method that outputs all alternative allele frequencies that pass 

all the filters for being a variant, these are often extremely low frequencies. Secondly a method 

was used that reports variants in a stricter manner where only true variants are called. The 

command sh complete_pileup.sh was used to output two VCF files for each sample, one multi-

allelic and the other stricter.  

 

2.7 Sanger sequencing 
The amplified DNA from section 0 was prepared for Sanger Sequencing by LGC group ltd. The 

sequencing package chosen was Ready2Run by LCG and the samples were prepared as follows:  

• In 1.5 ml microcentrifuge tubes 
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• Appropriately labelled  

• 10 µl of plasmid DNA at 10 ng/ µl concentration 

• 2 µl of each primer at 5 μM ≙ 5 pmol / μL concentration 

• Total volume 14 µl 
 

2.8 Next Generation Sequencing  
Next Generation Illumina Sequencing was performed by Matthew Hitchings at Swansea 

University. More detailed information on Next Generation Sequencing data analysis methods 

can be found in chapter 6 section 0.  
 

2.9 ELISA 
A sandwich ELISA was performed using the serum described in the section 2.1.2. Human RAGE 

(Receptor for Advanced Glycation End products) Quantikine ELISA kit (R&D systems SRG00) was 

used to quantify the natural and recombinant RAGE present in the blood serum of patients 

recruited to the ‘Identifying ovarian and blood biomarkers for ovarian pathologies’ study, as can 

be seen in Figure 2-3. A monoclonal antibody, specific for the extracellular domain of RAGE, was 

precoated onto a microplate. Samples (serum), standards and controls were added to the wells 

and any RAGE present was bound by the immobilized antibody. After washing away any 

unbound substances, a polyclonal antibody conjugated to an enzyme was added to the wells. 

Any unbound substances were washed away and a substrate solution was added to the wells. 

Colour development is proportional to the amount of RAGE bound in the first step. The colour 

development was stopped and the colour intensity measured using a FLUOstar Omega plate 

reader (BMG Labtech) at 450 nm. Raw data is interpreted by the MARS software (BMG Labtech) 

and a 4-parameter fit is used by the MARS software to calculate a standard curve and 

subsequently the concentration of RAGE in the samples in pg/ml.  
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Figure 2-3 Schematic of the ELISA method (Image inspired by Immuno Assay Methods 2012 
(430)) 

 

 

Human RAGE standards were prepared by serial dilution (5000, 2500, 1250, 625, 313, 156 and 

78 pg/ml) from a 50,000 pg/ml stock in Calibrator Diluent RD6-10 containing sodium azide. Here 

Calibrator Diluent RD6-10 on its own served as the blank (0 pg/ml) standard.  

Excess microplate strips were removed from the plate frame and stored at -4°C in preparation 

for the next ELISA. To the wells to be used 100 µl of assay diluent RD1-60 was added, followed 

by 50 µl of either sample (serum), standard or control. This plate was covered with an adhesive 

strip and left to incubate at room temperature for 2 hours. After the incubation, each well was 

aspirated and washed with 400 µl of wash buffer for a total of 4 washes. Following washing, 200 

µl of Human RAGE conjugate (polyclonal antibody conjugated to Horse Radish Peroxidase 

specific for human RAGE) was added and the plate was sealed and left for another 2-hour 

incubation at room temperature. The plate was aspirated and washed 4 times as described 

previously and 200 µl of substrate solution is added to each well. The substrate solution is a 1:1 

mixture of Colour Reagent A and Colour Reagent B provided in the kit. This is freshly prepared 

just before adding to the plate and light sensitive. The plate was incubated for 30 minutes at 
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room temperature, protected from light by aluminium foil. Finally, 50 µl of an acidic stop 

solution was added to each well and a colour change from blue to yellow was observed. The 

optical density of each well was read within 30 minutes using a FLUOstar Omega plate reader 

(BMG Labtech) at 450 nm. Wavelength corrected was set to 540 nm to correct for optical 

imperfections in the plate. The amount of RAGE in pg/ml was calculated by taking an average of 

the repeated measures, subtracting the blank and 540 nm value and creating a standard curve 

using the MARS Data Analysis Software (BMG Labtech) to generate a four-parameter logistic 

curve fit. Data was grouped and statistically analysed using SPSS version 26.0.0.0 statistical 

analysis software using a Mann Whitney U test or a T test. Normality was determined using the 

Kolmogorov-Smirnov test.  

 

2.10 Statistical analysis 
Statistical analysis and graph construction were carried out using SPSS version 26.0.0.0 analysis 

software. The data was assessed for normality using the Kolmogorov-Smirnov test. If p=<0.05 

then the data was considered not normal and a Mann Whitney U test or a one-way ANOVA was 

performed. If the data was considered normal then a T test or Kruskal Wallis test was performed.  

In graphs generated using SPSS, outliers are indicated with a circle ° and far outliers, also 

described as extreme outliers are indicated with a star * (431). SPSS defines what is considered 

as an outlier or a far out/extreme outlier in the Exploratory Data Analysis (EDA) framework by 

John Tukey (432).  
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3.1 Introduction 
The discovery of novel targets for Antibody-Drug Conjugates (ADCs) development is essential 

for the development of efficacious targeted therapies for cancers with poor prognosis including 

ovarian cancer (OC). ADCs combine the specificity of a monoclonal antibody with the potent 

cytotoxicity of a chemotherapeutic agent. The advantages ADCs are hoped to provide are a 

reduction in toxicity, increased tumour selectivity, improved potency resulting in a faster 

recovery and fewer side effects for the patient. This has many benefits, beginning with a better 

prognosis, quality of life less stress for the patient. Additionally, this would have increased 

economic benefits for the UK and beyond as if patients recover faster, have fewer side effects 

and don’t relapse then this will cost less in terms of treatment. This could result in more time 

and money being available for current patients and more money being available to improve 

what is already in place for many diseases.  

ADCs achieve these advantages by being tumour specific. ADCs should bind and deliver their 

toxic payload to only the cancer cells – leaving the healthy cells unaffected. This is possible by 

discovering a unique cell surface fingerprint on tumour cells and designing an antibody against 

it. Once the antibody has been characterised and fully investigated it is linked to a potent 

cytotoxic chemotherapeutic agent. This ADC molecule then goes through many stages before it 

can reach the clinic, including cytotoxicity assays, animal models and finally clinical trials.  

This project is at the very beginning of this pipeline to develop new ADC molecules. The 

discovery of the monoclonal antibody targets is an integral part of the whole process. The target 

chosen is the guide to the tumour cell, influencing tumour specificity, off target toxicity and the 

amount of drug that eventually reaches the tumour cell.  

The aims of this chapter are to use available in silico data to identify novel cancer -enriched cell 

surface proteins, perform a literature search to confirm the novelty of the target and previously 

described functions and finally provisionally screen these protein targets to determine if they 

are worthy of further exploration as potential drug targets, markers of disease a state or for use 

in patient stratification.  

Initially, six novel candidate targets were identified and published data supported their novelty. 

Subsequent screening using western blot and immuno-fluorescent (IF) imaging confirm protein 

expression levels, and that they resided on the surface of OC cells specifically. 
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3.2 In-silico identification of six novel ADC targets 
Six targets were identified using a mathematical algorithm designed and used by Dr Yasmin 

Friedmann (Swansea University) to interrogate the human proteome for membrane bound 

proteins. These proteins were then assessed in databases such as UNIPROT, Ensembl, Human 

Protein Atlas, REACTOME and Market Report. The output was a comprehensive spreadsheet 

with details of the proteins found on the databases. The output was then manually assessed by 

Dr Garcia Parra and Prof Gonzalez and narrowed down to the six targets investigated in this 

thesis. The selection of these targets, in particular, were chosen by ordering them first by the 

proteins expressed least in healthy female reproductive tissue followed by those which were 

expressed highest in malignant female tissues.  

 

To fulfil the criteria the targets had to be:  

• Highly expressed in OC 

• Minimally expressed in healthy ovary 

• Present on the cell surface plasma membrane 
 

This list was manually narrowed down to six targets using the following criteria:  

• No patents on the protein 

• Commercial antibodies available  

• Highest expression in OC 

• Lowest expression in healthy ovary 

 

This initial in-silico analysis was carried out prior to commencement of this project and the 

summary of these findings can be found by accessing this link: 

https://drive.google.com/file/d/1tvGShGwrOFsbnLKXJCu469mmS3iVjy-C/view?usp=sharing. In 

relation to a protein being highly expressed in OC; this was in relation to expression in normal 

female reproductive tissue and the expression levels were determined by looking at the 

immunohistochemistry results (high medium, low staining) on the human protein atlas. At the 

beginning of this project the names of the 6 targets were provided as a starting point.  
 

In order to be an effective ADC target, the protein and its chosen antibody must also have the 

ability to:  

• Internalise into the cell by receptor mediated endocytosis 

• Traffic to the lysosome for digestion and release of cytotoxic payload 
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The Human Protein Atlas (THPA) tissue, pathology and Human Cell Atlas (301, 302, 433) was 

used to explore these six targets in more detail. The subcellular map located all of these targets 

on the plasma membrane, the tissue map indicated low expression in healthy ovary and the 

pathology atlas indicated high expression in OC as can be seen in Figure 3-1.  

Figure 3-1 below shows immunohistochemistry images from patients with the three subtypes 

of OC – serous (the most common), mucinous and endometrioid. Each subtype includes staining 

for each of the six novel targets plus a well-established target within the Swansea University 

Reproductive Biology and Gynaecological Oncology (RBGO) group for comparison highlighted in 

the green box. Figure 3-1 shows that all targets are minimally expressed in healthy ovary and 

have varying expressions in each of the three OC subtypes. The target TSPAN6, although at this 

stage does not show any difference from the other targets, is highlighted in a pink box as it 

becomes important as the project progresses. The images shown in Figure 3-1 from the human 

protein atlas may not have been confirmed by a pathologist as the human protein atlas does not 

specify either way. Therefore, this could be considered a limitation of the data.  
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Figure 3-1 Immunohistochemistry staining of ovarian cancer subtypes from Human Protein 
Atlas (301, 434). 

 
Immunohistochemistry images are taken from THPA (301, 434) showing the six targets and 

their varying expression in the three OC subtypes. A well-established target within the Swansea 
University Reproductive Biology and Gynaecological Oncology group is included, highlighted in 

green, for comparison.  
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3.2.1 Analysis of published data on target’s properties and suitability for 

ADC targeting 
After in silico analysis of the target expression levels by IHC on THPA, a literature search was 

performed to substantiate the novelty of the 6 selected targets and their known expression and 

function. PubMed database was used to search for the known expression and function of each 

of the targets, using known target names as the search terms. The sequences for all targets were 

obtained from UniProt (199) and added to software TOPCONS (435) for topology predictions 

that are described in the schematic figures produced for each target below. 
 

3.2.1.1 Proprotein convertase subtilisin/kexin type 4 (PCSK4)   
PCSK4 is a large 755 amino acid long transmembrane protein with one transmembrane domain 

and a large extracellular domain as can be seen in Figure 3-2. PCSK4 belongs to a family of 

subtilisin-like proprotein convertases, which include proteases that process protein and peptide 

precursors trafficking through the secretory pathway. The PCSK4 gene encodes one of the seven 

basic amino acid specific members which cleave their substrates at single or paired basic 

residues. PCSK4 is expressed only in the testis, placenta and ovary and it plays a vital role in 

fertilisation, fetoplacental growth and embryonic development. Additionally, in female fertility, 

PCSK4 has been reported to be involved in the regulation of trophoblast migration and placental 

development. It is speculated this could be due to proteolytical processing and activation of 

proteins such as pro-insulin-like growth factor II (199, 436).  

PCSK4 is a relatively under-researched protein with less than 40 publications on PubMed. Much 

of the current literature around PCSK4 points to male infertility (437-439), mammalian fertility 

(440, 441), one paper linking to endometrial carcinoma (442) and papers linking to placental 

development (443).  

A review on the subtilisin/kexin like proprotein convertase (PCSK) protease family (444) 

summarises that proteins in this family cleave and therefore convert proproteins to their 

biologically active forms, therefore contributing to overall health and homeostasis. Its logical to 

then suspect that altered PCSK4 gene and protein expression could contribute to human health 

and disease. PCSK4 is similar to its first 4 family members in that they all process their substrates 

at a motif (amino acid sequence (K/R)-(X)n-(K/R), where n is 0, 2, 4 or 6 and X any amino acid) 

made from paired basic amino acid residues (444). This characteristic, common to the first 7 

PCSK family members, results in some degree of biological redundancy in vitro and therefore 

substrates that are shared between these first 7 family members. Target molecules known to 

interact with PCSKs (and by extension PCSK4) include, adhesion molecules such as integrins, 
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enzymes such as ADAM9, hormones such as insulin, glucagon and endothelin, cytokines, 

receptors, serum proteins, extracellular matrix components and lastly infectious agents such as 

HIV and Ebola (445). As the phenotypes of the Knock-out mice are investigated its clear a 

common theme is fertility and embryonic/foetal development. Specifically, PCSK4 Knock-out 

mice show impaired fertility (446). Compared to other family members PCSK4 is less researched 

and less understood. There are no large gene association studies showing any polymorphisms 

linked to human health and disease. Its speculated that this is due to a restricted expression 

profile and biological function. Several publications support this review and the data available 

on UNIPROT and GeneCards that PCSK4 is limited in expression to testicular and ovarian cells 

(437, 447-449). This information supports exploration into this target as a potential ADC drug 

target or disease marker. 

The commercially available antibody for PCSK4 (Sigma Aldrich UK SAB2103722) recognises and 

binds the extracellular domain of PCSK4 (Figure 3-2) suggesting its potential to evaluate the 

internalisation capacity of PCSK4. Additionally, the protein is large (755 amino-acids) and there 

is evidence to suggest that larger proteins do not internalise as efficiently as smaller ones (450).  
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Figure 3-2 – Protein schematic of PCSK4 
 

A predicted topology schematic of PCSK4 predicted by TOPCONS online topology predictor 
(435) using the human PCSK4 reference Q6UW60 sequence from the UNIPROT database (199). 

The schematic shows the antibody binding epitope and the size of the protein (755 amino-
acids).  

 

3.2.1.2 Piezo-type mechanosensitive ion channel component 2 
PIEZO2 (UniProt - Q9H5I5 PIEZ2_HUMAN) is a component of a mechanosensitive channel 

required for rapidly adapting mechanically activated currents (199). It has been somewhat well 

researched so far with over 180 publications on PubMed. As can be seen in Figure 3-3 below, 

compared to the other targets it is a very large protein (2752 amino-acids (199)) and contains 

over 30 transmembrane regions. Although the function is speculative, PIEZO2 is likely to act as 

part of mechanically activated cation channels. These various channels connect mechanical 

forces to biological signals (436).  

The function of PIEZO2 and its family members are varied amongst the publications on PubMed. 

In a literature search 45 publications reported approximately 15 functions of PIEZO2. 

Approximately 25% of these publications report PIEZO2 to be involved in mechanically activating 

cation channels to initiate the sensation of touch. It is reported that PIEZO2 is expressed in a 

subset of sensory neurons of the dorsal root ganglion and cutaneous mechanoreceptors. For 
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example, Renade et al (451) showed that mice lacking PIEZO2 in both sensory neurons and 

Merkel cells exhibited a profound loss of touch sensation. They also localise PIEZO2 to the 

peripheral endings of a broad range of low-thresh hold mechanoreceptors that innervate both 

hairy and glabrous skin [21].  

The next most commonly reported function was reported in approximately 13% of the 45 

publications. PIEZO2 is reported to be correlated with distal arthrogryposis. Distal arthrogryposis 

is a group of hereditary disorders characterised by joint deformities that restrict movement in 

the hands and feet (452). A study of a two-generation family (453) showed a novel heterozygous 

mutation of PIEZO2. PIEZO2 is reported to function as a mechanosensitive ion channel which, 

when malfunctions, provides a pleiotropic effect on joints, ocular muscles, lung function and 

bone development. Interestingly, two members of this family had a restrictive lung disease 

which is another parallel to PIEZO2 function in two other papers (454, 455). 

 

 

Figure 3-3 – Protein schematic of PIEZO2 
 

PIEZO2 is a large transmembrane protein that has over 30 transmembrane regions. This figure 
shows a scaled schematic of PIEZO2 using TOPCONS online topology predictor (435). Several 

antibodies are shown here including the three antibodies used by THPA (302) and the 
polyclonal antibody against PIEZO2 used in the following experiments. Two THPA antibodies 
target intracellular epitopes and as such were not suitable for the long-term goal of an ADC 

targeted therapy. The third antibody used by THPA was not validated in western blot or 
immunofluorescence, only in IHC, therefore the polyclonal from Thermo Fisher was used.  
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Huang et al (456) reports that the PIEZO channels are stretch activated channels that are 

involved in wound sealing and cell proliferation. Next-generation sequencing of lung cancer 

patients indicates that PIEZO functions are implicated in lung cancer development. The authors 

demonstrated that the mRNA expression of PIEZO1 and PEIZO2 isoforms was clearly decreased 

in non-small cell lung cancer tissue. PIEZO1 often deleted whereas mutations in PIEZO2 were 

frequently observed. A higher mRNA expression of PIEZO channels as a whole was correlated 

with a better overall survival for non-small cell lung cancer patients, particularly with patients 

with lung adenocarcinoma but not with lung squamous cell carcinoma. The prognostic role of 

PIEZO channels seemed to be more sensitive in both female patients and patients at earlier 

cancer stages. Finally, knock down of PIEZO2 in non-small cell lung cancer cells promoted cell 

migration in vitro and tumour growth in vivo.  

PIEZO2 has been reported to be involved in cancer in only 5 papers including the one discussed 

above (456) (457) (458) (459) (460). Yang et al (457) report PIEZO2 to be a novel regulator of 

tumour angiogenesis and hyperpermeability. Angiogenesis is important for invasive tumour 

growth and metastasis. In their paper, Yang et al show that PIEZO2 knockdown lead to a 

decreased glioma angiogenesis and reduced vascular hyperpermeability in vivo and in vitro. 

PIEZO2 was found to be highly expressed on the surface on glioma tumour endothelial cells and 

its knockdown suppressed angiogenesis and vascular leakage. Although in a very different part 

of the body – this is the opposite of the decreased mRNA expression found in non-small cell lung 

cancer by Huang et al (456). 

Another study by Cheng et al (458) suggests promotor hypermethylation of PIEZO2 is a risk 

factor and a potential clinical biomarker for laryngeal squamous cell carcinoma (LSCC). In 99 

LSCC patients specimens a quantitative methylation-specific polymerase chain reaction (PCR) 

was used to measure methylation levels. Their results showed a significantly higher level of 

PIEZO2 promoter methylation in LSCC patients compared to normal tissues. They also found 

methylation levels were significantly associated with gender, differentiation, tumour stage, 

lymph node metastasis and clinical stage. 

Both PIEZO1 and PIEZO2 was shown to have increased expression in human and mouse bladder 

carcinoma (459). Etem et al used histopathological evaluation, reverse transcriptase-PCR and 

immunohistochemistry to explore the expression of the PIEZO1 and PIEZO2 genes and protein 

in mice and humans (456). There was a significant increase of both PIEZO1 and PIEZO2 in both 

cancer groups compared to the control group. PIEZO1 expression was significantly increased at 

tumour size, stage and grade where as PIEZO2 expression was increased in high grade tumours 
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in human subjects. This study supported the observations previously published by Yang and 

colleagues concluding that varied PIEZO1/2 expression may contribute to the carcinogenesis of 

bladder cancer by causing proliferative changes and angiogenesis, (457). Thus, supporting the 

notion that PIEZO2 may serve as a prognostic indicator for disease progression and response to 

treatment.  

Finally, in a study by Lou et al (460) the role of PIEZO2 in breast cancer was explored. Breast 

cancer was selected due to its high expression of PIEZO2 which is consistent with what is seen 

for PIEZO2 in THPA (302). They identified a decrease in expression of PIEZO2 when compared to 

normal controls which is not consistent with what is shown on THPA for breast cancer pathology 

tissue expression levels (301). This conflicting data could be due to the small sample size or lack 

of validation on THPA. This suggests that more work needs to be carried out in this area for a 

better insight. They additionally reported a positive correlation of PIEZO2 and human epidermal 

growth factor 2 (HER2), Nottingham Prognostic Index (NPI) score, Scarff-Bloom Richardson (SBR) 

grade, basal like and triple negative status. Overall, unlike the other reports discussed above, 

decreased expression of PIEZO2 may be used as a prognostic marker for breast cancer. With 

breast cancer showing strong links to OC (461) the association reported in this study, in 

particular, supports the investigation of PIEZO2 in OC.  

Overall, from the literature there are no publications linking PIEZO2 to any gynaecological 

malignancy. This along with the protein expression levels on THPA (301, 302) indicate PIEZO2 

could be a novel ADC target for OC.  

THPA summarise PIEZO2 is mostly found in the brain on the plasma membrane, nucleoplasm, 

vesicles as well as the cytosol. Information regarding function and a gene mutation in PIEZO2 

leading to distal arthrogryposis are consistent with the literature (433).  

In the body overall on THPA tissue database (302) the mRNA expression of PIEZO2 gene does 

not match the PIEZO2 protein expression. As supported in the literature regarding function, 

PIEZO2 RNA expression is highest in the brain and the lung (454). For instance, protein 

expression is highest in endocrine tissues, gastrointestinal tract, liver and gallbladder, pancreas 

and female reproductive tissues, yet mRNA expression is low. Of the female reproductive 

tissues, PIEZO2 protein is most highly expressed in the breast, placenta and ovary. However, this 

data from THPA is based on the best estimate of the true protein expression from knowledge-

based annotation. Therefore, when looking at using antibodies in primary patient samples this 

may not be the case. THPA used three antibodies (shown in Figure 3-3) to perform 

immunohistochemistry on 8 primary patient samples and detected none-low expression in 

ovarian stromal cells and a medium expression in follicle cells. This indicates PIEZO2 expression 
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in a healthy ovary is very low (Figure 3-1). In contrast, when looking at what cancers have a 

higher expression of PIEZO2, the results on THPA vary depending on which of three antibodies 

are used. This highlights the huge variability of antibodies even against the same target protein 

and some of this variability could be due to non-specific binding. PIEZO2 is expressed in 75-100% 

of patients, considering all antibodies, and it is highly expressed in all OC subtypes (Figure 3-1). 

Images from antibody HPA040616 are shown as a representative example in Figure 3-1.  
 

3.2.1.3 Carcinoembryonic antigen-related cell adhesion molecule 8  
CEACAM8 (UniProt - P31997 CEAM8_HUMAN) is a cell surface glycoprotein involved in cell 

adhesion in a calcium-independent manner. CEACAM8 mediates heterophilic cell adhesion with 

other carcinoembryonic antigen related cell adhesion molecules (199). CEACAM8 is a 

comparatively small cell surface protein at 349 amino-acids long and is associated with the 

membrane by Glycosylphosphatidylinositol (GPI) linkage (Figure 1-4), a type of posttranslational 

modification of proteins that involves adding a glycolipid. GPI is found most commonly in 

eukaryotes and in humans there are over 150 types of GPI anchored proteins including 

CEACAM8 and other cell surface proteins (462, 463).  

According to the THPA data, CEACAM8 is enriched in the bone marrow and the placenta as well 

as on the surface and intracellular compartment of neutrophils and non-classical monocytes. 

The protein expression profile shows no detection in all body tissues apart from the bone 

marrow, their RNA expression is also at its highest. RNA expression is second highest in the 

placenta but this does not extend to protein expression. CEACAM8 protein is not detected in 

any non-diseased female tissues (302) as is displayed in Figure 3-1. Looking further in CEACAM8 

and its association with different pathologies, THPA states that antibody staining data by 

immunohistochemistry is not consistent with the RNA expression data and therefore could be 

disregarded due to off target binding. CEACAM8 was detected in some (4 out of 7) cases of OC 

(301) however it was mainly seen in lung and colorectal cancer patients. CEACAM8 was also 

detected in higher instances in breast and cervical cancer. It is important to note the small 

sample size used for THPA experiments for this target, as well as potentially a poor antibody 

with off-target binding. These factors limit the interpretation of the findings. This antibody 

(Santa Cruz 59875) has been used by Okda et al to evaluate the possible role of indomethacin 

and vitamin D as a preventative as well as a therapeutic operator for colon cancer growth 

induced by dimethylhydrazine (DMH) in male Albino rats (464), however this was only for use in 

western blot not IHC. Overall, this antibody requires more validation.  

The CEACAM family, in general, is well reported on PubMed with over 240 publications but when 

narrowed down to specifically CEACAM8 the number of publications is reduced, but only to 170. 
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These publications most commonly refer to CEACAM8 in conjunction with neutrophils. 

Neutrophils are a type of white blood cell that act first as part of the immune system, protecting 

the human body from infectious agents and are often associated with blood-related cancers, 

viral infections, sepsis, B12 deficiency and chemotherapy (465).  

 

 

Figure 3-4 - Protein schematic of CEACAM8 (Image inspired by Tchoupa et al (466) 
 
 

CEACAM8 is a cell adhesion molecule with no transmembrane domain and an association to 
the plasma membrane commonly of neutrophils by GPI linkage. CEACAM8 has 3 domains, as 
shown above, and interacts most commonly with CEACAM6. The polyclonal antibody against 
CEACAM8 in this project is shown above binding to CEACAM8 but the multi-epitope specificity 

for this antibody has not been published. CEACAM8 can also exist as a soluble form in the 
cytosol when it is not anchored to the membrane by GPI linkage.  

 

Ribon et al shows that extracellular chromatin can trigger the release of soluble CEACAM8 upon 

activation of neutrophils (467). An increased concentration of extracellular chromatin can be 

found in many of the conditions associated with neutrophils such as cancer and sepsis. 

Specifically, polymorphonuclear neutrophils express CEACAM8 on the plasma membrane and 

secrete a soluble CEACAM8 when activated. The study showed that chromatin fragments induce 

neo-synthesis of soluble CEACAM8 and (after neutrophil activation) secretion of soluble 

CEACAM8, with a higher concentration of soluble CEACAM8 in the synovial fluid of patients with 

rheumatoid arthritis. The presence of a soluble isomer, as well as its secretion upon neutrophil 

activation during a diseased state, does make CEACAM8 an interesting target for human disease 

as a prognostic and response to treatment indicator.  
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Singer et al (468) report that CEACAM8 interacts with CEACAM1 to inhibit the TLR2-triggered 

immune responses. CEACAM8 is expressed on the membrane of and also in the cytosol of human 

granulocytes which release soluble CEACAM8 in response to the invasion of bacterial DNA. In 

this study, it was demonstrated that recombinant CEACAM8-Fc binding to CEACAM1 reduced 

the inflammatory response, thus suggesting a mechanism by which granulocytes reduce the pro-

inflammatory immune response by secreting CEACAM8 and supporting CEACAM8 

overexpression in inflammatory conditions. With inflammation being a hallmark of cancer 

including gynaecological cancers, this study indicates CEACAM8 is worthy of investigation as a 

potential ADC target. 

A high expression of CEACAM8 mRNA is reported in Acute Lymphoblastic Leukaemia’s (ALL) in a 

publication by Lasa et al (469). To determine the expression of CEACAM8 in leukemic blast cells 

a qPCR was performed in 135 patients. When compared to non-diseased granulocytes CEACAM8 

(and CEACAM6) were shown to be overexpressed.  

CEACAM8 is also reported to be involved in cell adhesion. Kuroki et al (470) investigated and 

compared the structural requirements for the heterophilic adhesion between CEACAM6 and 

CEACAM8 at the amino-acid level. By using homologue-scanning mutagenesis they discovered 

that the location of the sequences critical for adhesion is overlapped and highly similar to the 

residues previously shown as essential for the binding of CEACAM antigens to Opa proteins of 

pathogenic Neisseriae. Opa proteins are variable outer membrane proteins expressed in 

Neisseria gonorrhoeae and Neisseria meningitides that mediate the interaction of these 

pathogens with human cells (471).  

An additional study (472) supports the specific heterophilic adhesion between CEACAM8 and 

CEACAM6. Oikawa et al show that the N-domain alone is sufficient for this specific binding and 

other domains are not required.  

Overall, from the literature, CEACAM8 is reported to be involved in human health and disease – 

especially surrounding activated neutrophils from response to infection. The literature suggests 

that this target may be useful in blood cancers diagnostics or treatment and no references to 

OC or other gynaecological malignancies have been made as yet. This gap in the literature 

coupled with the protein expression analysis in THPA do support the further investigation of 

CEACAM8 as a novel ADC target in OC.  
 

3.2.1.4 Sushi domain-containing protein 2 (SUSD2) 
SUSD2 is a novel and under researched target with just over 50 publications mentioning it on 

PubMed. Only 13 papers on PubMed have reported on SUSD2 specifically. Together with this 
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gap in the literature and the protein expression reported on THPA, it shows a potential for SUSD2 

exploration in OC.  

SUSD2 is a large 822 amino-acid protein with one transmembrane domain, a short intracellular 

domain and one large extracellular domain which accounts for most of its size (Figure 3-5). 

Similar to previously mentioned larger targets, a large protein may internalise less effectively 

(450).  
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Figure 3-5 - Protein schematic of SUSD2 
 

SUSD2 schematic as predicted using the sequence from UniProt SUSD2 (Q9UGT4 
SUSD2_HUMAN) (199) and using online topology predictor from TOPCONS (435). The antibody 

used in this project did not disclose an epitope however it is in the extracellular region. The 
antibody used by THPA is a polyclonal antibody (Sigma UK) spanning amino-acids 544-690. 

THPA antibody is verified for use in IHC whereas the antibody used in this project is a 
monoclonal and is verified for use in western blot and IHC.  
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THPA reports SUSD2 being present most commonly on the plasma membrane and also in the 

cytoplasm (433). In terms of protein expression on non-diseased tissue they found the antibody 

staining to be mainly consistent with the RNA expression data and although is pending external 

verification it has been awarded an enhanced reliability score. In comparison to CEACAM8 this 

IHC data can be considered a lot more reliable. SUSD2 protein is reported to be expressed in 

varying amounts in most tissues of the body with the exception of the blood and the eye. The 

two highest tissues in SUSD2 expression are the lung and kidney/urinary bladder tissues. Female 

tissues express SUSD2 in much the same levels as the other tissues in the body- about half that 

of lung and kidney. Out of the female tissues, the ovary, cervix and vagina are the lowest 

expressing with fallopian tube, endometrium, placenta and breast being higher but still only 

classed as a low-medium expression (302). Looking at the expression of SUSD2 in various 

cancerous tissues it can be seen that strong membranous and cytoplasmic staining can be seen 

in the IHC for testicular cancer and OC. SUSD2 is present in most of the cancer tissue such as 

thyroid, stomach, melanoma and pancreatic cancer however these show weak staining in IHC. 

For comparison 6 out of 11 patients stained medium-high for SUSD2 in OC patients whereas only 

2 out of 12 show medium-high expression in liver cancer. As mentioned before, a small sample 

size was used in THPA experiments.  

Several online databases (199, 301, 302, 433, 436) agree that SUSD2 could be a cytokine 

receptor for C10ORF99 and together they could function as a tumour suppressor with a growth 

inhibitory effect on colon cancer cells involving G1 cell cycle arrest (473). C10ORF99 

(chromosome 10m open reading frame 99) function remains largely unknown but it has been 

identified as a novel human antimicrobial peptide (474) as well as a colon cancer tumour growth 

inhibitor (473). Additionally, it is reported that SUSD2 may play a role in breast tumorigenesis 

(475) and given the link between breast and ovarian cancers (461) this supports SUSD2 might 

be worth investigating in OC.  

From the literature it is clear there are several studies linking SUSD2 expression to lung, breast, 

ovarian and endometrial cancers. Loss of SUSD2 expression correlated with a poor prognosis for 

patients with lung adenocarcinoma who had undergone surgical resection (476).  

SUSD2 was reported in three publications to be implicated in breast cancer. Firstly, it has been 

reported that cleavage of SUSD2 requires the glycine-aspartic acid-proline-histidine (GDPH) 

amino acid sequence and inter-fragment disulphide bonds in order to present galectin-1 on the 

surface of breast cancer cells (477). This identification provides a potential therapeutic tool for 

inhibiting the combined tumorigenic function of SUSD2 and galectin-1 in breast cancer.  
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Hultgren et al (478) presents that the recruitment of tumour assisted macrophages is promoted 

by SUSD2 by increased levels of Monocyte Chemoattractant Protein-1 (MCP-1) in breast cancer. 

Due to SUSD2 playing a role in recruiting macrophages to the tumour microenvironment of 

breast cancer, inhibiting the function of SUSD2 could be an effective therapy for patients with 

breast cancer.  

As mentioned previously SUSD2 has been reported to play multiple roles in breast tumorigenesis 

(475). A breast cancer cDNA library was created that was enriched for genes that encode 

membrane bound proteins and secreted proteins. SUSD2 showed minimal staining in IHC of 

normal breast tissue and increased staining on breast cancer tissues. Supporting the paper 

described above (477), this paper (475) reports SUSD2 interacting with galectin-1. Galectin-1 is 

a small secreted protein that is synthesised by tumour cells and promoted tumour invasion, 

evasion, angiogenesis and metastasis. Watson et al reported that the presence of galectin-1 on 

the surface of cells was dependent on the presence of SUSD2. Phenotype assays show that 

SUSD2 increased the invasion of breast cancer cells and contributes to an immune evasion 

pathway. Four papers report SUSD2 involvement in gynaecological malignancies. Three report 

in HGSOC (479-481) and one report in endometrial cancer cells (482). A recent study reports 

how SUSD2 inhibits platelet activation (479). Platelets play an important role in haemostasis 

which affects tumour survival and metastasis. Platelets aggregate around tumours and bind to 

cancer cells; this prevents them from being detected by the immune system and often leads to 

an increased number of platelets in the blood (thrombocytosis). In ovarian cancer patients, one-

third present with thrombocytosis and this is correlated with a shorter survival. In HGSOC SUSD2 

is expressed on endothelial cells and influence platelet activity which could inhibit metastasis in 

HGSOC. This study co-cultured OC cell lines and SUSD2 knockdown cell lines with labelled 

platelets to quantify platelet binding. It was found that platelet activation and binding to HGSOC 

was inversely correlated with the presence of SUSD2. Thus, suggesting SUSD2 potential use for 

diagnostic and prognostic monitoring and potential as a therapeutic target for HGSOC.  

In a contrasting study, Xu et al found that SUSD2 promotes cancer metastasis (480). The paper 

suggests that SUSD2 is elevated in HGSOC and regulates the Notch3 pathway, which when 

activated is associated with poor progression of OC, tumour invasion, metastasis and 

chemoresistance in HGSOC. High expression of SUSD2 was also reported to positively correlate 

with worse overall survival, early recurrence and lymph node metastasis. When SUSD2 was 

silenced in aggressive OC cells in vitro and in vivo, epithelial-mesenchymal transition (EMT) and 

the metastatic properties of tumour cells was inhibited. Exploring further it was shown that 
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SUSD2 could cause cisplatin resistance in OC, potentially by enhancing autophagy. This suggests 

a potential new therapeutic target for HGSOC.  

The third studying linking SUSD2 to HGSOC (481) is in agreement with SUSD2 expression in 

HGSOC correlating with increased survival. This study performed IHC analysis to show SUSD2 is 

present in several types of epithelial OC with the strongest staining in HGSOC. A high-density 

tissue microarray using HGSOC samples was staining for SUSD2 and patients with tumours that 

had a significantly lower percentage of SUSD2 staining cells had a shorter survival compared to 

patients with more extensive staining. To explore further, knock-down cell lines of SUSD2 were 

created and a wound healing assay revealed that the knock-down cell lines migrated significantly 

faster. Further qPCR analysis and western blotting showed an inverse relationship between 

SUSD2 and well characterized mesenchymal proteins suggesting that the higher the SUSD2 

expression the less expression of proteins that promote making and repairing connective 

tissues, blood vessels and lymphatic tissues. In addition, spheroids from the SUSD2 knock-down 

cell lines displayed an increased mesothelial clearance ability when compared with cells 

expressing SUSD2, suggesting a role for SUSD2 in the inhibition of metastasis by mesothelial 

clearance. A correlation of SUSD2 in HGSOC of this nature can have implications for diagnosis, 

prognosis, response to treatment, a more personalised treatment plan and potential 

therapeutic target.  

A recent study support the above observations but focused on SUSD2 role in endometrial cancer 

(482). Zhang et al report that the downregulation of SUSD2 causes cell senescence and cell death 

in endometrial cancer cells. Cancer cells, in late stage endometrial cancer, migrate to other parts 

of the peritoneal cavity and implant cancer spheroids to neighbouring organs. It is agreed that 

SUSD2 mediates metastasis by its influence on cell adhesion and migrations. SUSD2 mRNA was 

quantified by qRTPCR in human endometrial cancer cells and the proportion of SUSD2 positive 

cells was quantified using FACS and western blotting (482). Treatment of these cells with 

transforming growth factor beta significantly decreased the amount of SUSD2 transcribed and 

the percentage of SUSD2 positive cells whereas silencing of SUSD2 with siRNA caused cell death 

by activation of SMAD2/3. Its suggested that SUSD2 counteracts senescence and cell death and 

could be considered for a drug target in human endometrial cancers.  

Of the targets discussed so far, SUSD2 is the only protein to have been reported to have its 

expression correlated with HGSOC in two publications (481, 483). Although this lessens the 

novel aspect of SUSD2 in OC, the protein remains largely under researched and the few papers 

which have been published support the promising investigation of this target in OC.  
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3.2.1.5 Zinc Transporter ZIP10 (also referred to as SLC39A10)  
The gene SLC39A10 translates to a protein most commonly referred to as Zinc transporter ZIP10 

(UniProtKB – Q9ULF5. S39AA_HUMAN). It is most commonly recognised as a zinc-influx 

transporter and high expression levels have been correlated with invasiveness in several breast 

cancer cell lines (484).  

This gene/protein has several names with Zinc transporter ZIP10 being the recommended name 

for the protein. Other names include solute carrier family 39 member 10 (SLC39A10), Zrt and 

Irt-like protein 10 and simply ZIP10. The gene is most commonly referred to as SLC39A10 but is 

also known as KIAA1265 and ZIP10 (199).  

ZIP10 is a large 831 amino-acid long protein that traverses the plasma membrane 6 times (Figure 

3-6). It has three small and one large extracellular domain and two small and one large 

intracellular domain. Like other large proteins, its size might influence its internalisation 

efficiency.  

THPA displays this protein as SLC39A10 and summarises its functions as a zinc transporter. Zinc 

is an essential ligand for hundreds of enzymes and it is known to be involved in protein, nucleic 

acid, carbohydrate and lipid metabolism as well as being involved in vital homeostasis functions 

such as the control of gene expression, growth, development and differentiation (485).  

In tissue expression on THPA, the antibody staining is pending external verification but is 

thought to be largely reliable as it is mainly consistent with the RNA expression data. The protein 

expression data reveals that ZIP10 protein is expressed in most bodily tissues. The highest 

expression is in the endocrine tissue, lung, male tissues and female tissues. None of these tissues 

have a high expression, only a medium, and of the female tissues it is expressed most highly in 

the endometrium, the fallopian tubes and the placenta. Interestingly, it was not detected in the 

ovary at all despite expression in other female tissues. Expression was not detected at all in 

three primary ovarian samples using two anti-ZIP10 antibodies (302). According to the THPA, 

ZIP10 localises to the nucleoplasm, cytosol and plasma membrane (433).  
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Figure 3-6 – Protein schematic of ZIP10 (SLC39A10) 
 

The schematic above is a scaled (one circle is equal to one amino-acid) representation of the 
protein ZIP10 (also known as SLC39A10). The schematic shows a large protein with several 

antibodies binding. THPA used two antibodies to obtain protein expression data and one can be 
seen here binding to the large intracellular region and the other binding to the large 

extracellular region. The intracellular binding antibody was not appropriate for novel ADC 
target exploration therefore the other extracellular antibody (verified for use in western blot) 

and an additional polyclonal from Novus Bio was used in this project. Image inspired by Uniprot 
sequence entered into Topcons topology predictor (435).  
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 THPA recognises that ZIP10 is expressed in 100% of patients with thyroid cancer and breast 

cancer and in approximately 75% of patients with lung, pancreatic, urothelial and OC. This data 

reflects the use of Sigma antibody HPA036512 (which can be seen binding in Figure 3-6). Upon 

staining with the second antibody used by THPA (HPA036513 as seen in Figure 3-6) the 

expression data changes dramatically. Expression is detected in low amounts in minimal patients 

and medium-high expression is only seen in patients with urothelial cancer, cervical cancer and 

skin cancer.  

The two antibodies used here are Prestige Antibodies® that are highly characterised and 

extensively validated by tissue array, protein array and validated for many common uses such 

as IHC, IF and western blot. If both of these antibodies are extensively validated, then the very 

different staining intensity seen by the two different antibodies is a cause for concern.  

In the literature, ZIP10 is not well researched. As with all the novel targets chosen so far, it is 

mentioned infrequency in publications and a lot of uncertainty and contradictions occur. When 

searched using the search term “SLC39A10” mentioned anywhere in the publication only 29 

papers are found, with most of them being gene analysis studies. Using the search term ZIP10 

mentioned anywhere in the publication there are 47 returns with some overlapping with the 

SLC39A10 search.  

There are a variety of pathways and medical conditions reported to be associated with ZIP10. 

However almost none are backed up with agreeing publications. The one exception is activity 

surrounding the skin, epithelial cells and epidermal layer. Bin et al (486), in addition to their 

publication detailing how ZIP10 epigenetically regulates human epidermal homeostasis also 

sent a letter to the editor reinforcing the involvement of ZIP10 in contact dermatitis (487). It is 

reported that the skin is the first organ to manifest the responses to a zinc deficiency and 

suggests that ZIP10 and the resulting zinc levels in the body contribute to the epigenetic 

maintenance of human epidermal homeostasis. Adult human skin was stained for ZIP10 and 

histone acetyltransferase (HAT) activity was measured by treating human keratinocytes with 

ZIP10 siRNAs. The data showed that ZIP10 is predominantly expressed in the interfollicular 

epidermis, epidermal appendages and hair follicles. When ZIP10 is depleted, epidermal 

malformations are seen as a result of the downregulation of the enzyme HAT. Bioinformatic 

analysis for gene sets regulated by the knock down of SLC39A10 (ZIP10 gene) and HAT inhibition 

it was shown that ZIP10 and HATS are closely linked together with the regulation of genes in 

epidermal homeostasis.  

An additional study published in Proceedings of the National Academy of Sciences of the United 

States of America (PNAS) is in agreement with the above study, reporting that ZIP10 is required 
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for epidermal development and epithelial homeostasis (486). ZIP10 was highly expressed in the 

outer root sheath of hair follicles and plays an important role in epidermal development. ZIP10 

marked epidermal progenitor cells and removal of ZIP10 resulted in significant epidermal 

hypoplasia and the downregulation of the transactivation of p63, a vital regulator of epidermal 

progenitor cell proliferation and differentiation. ZIP10 and p63 are overexpressed and work 

together during epidermal development, where ZIP10 mediates zinc influx which in turn 

promotes p63 transactivation.  

ZIP10 can exist as a heteromer with ZIP6. This interaction can control Neural Cell Adhesion 

Molecule 1 (NCAM1) phosphorylation and integration of NCAM1, a cell adhesion protein, into 

focal adhesion complexes during epithelial-to-mesenchymal transition (488). The heteromer is 

reported to mediate phosphorylation of NCAM1 by using the histidine-rich cytoplasmic loops 

within the heteromer to bind the kinase GSK3.  

Although ZIP10 hasn’t been reported in any gynaecological cancers, it has been referred to in 

renal cell cancer (489), breast cancer (484), the development of mammalian oocyte to egg (490) 

and spermatogenesis (491). As with the other targets discussed above and papers relating to 

them, it is vital to note that most of the functions and associations are reported in usually only 

one or two research papers.  

In one such paper (489), homeostasis of zinc is described as being regulated by its transporter 

ZIP10. Fifty-seven renal cell cancer samples and their corresponding normal renal tissue was 

analysed using real time PCR to assess for ZIP10 gene (SLC39A10) expression. Significantly higher 

expression of ZIP10 mRNA was noticed in high grade clear cell renal cancer tissue when 

compared to a lower grade 1 or 2. Additionally a significant correlation was observed between 

ZIP10 mRNA and the aggressiveness of the cancer. Although only reported in this one paper this 

shows some promise as a potential biomarker of disease state and a target for novel treatment 

strategies in aggressive renal cancer.  

In addition, ZIP10 and ZIP6 have been associated with the transition of mammalian oocytes to 

eggs. A rapid zinc influx has been associated with this transition and rather than using a 

transcriptionally based mechanism of zinc regulation the mammalian oocyte controls zinc 

uptake by ZIP6 and ZIP10. Disruption of these zinc transporters resulted in cell cycle arrest and 

this established a model of zinc insufficiency during the oocyte to egg transition (490).  

As mentioned before, breast cancer and ovarian cancer share strong genetic links (461). One 

study (484) reported how zinc and its transporter ZIP10 are involved in the invasiveness of breast 

cancer cells, which may be an interesting observation to substantiate its use as a novel target. 

Zinc deficiency has been reported in the literature to be linked to several human maladies 
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including stunted growth, delayed wound healing, skin problems, brain development disorders 

and impaired immunity. Zinc is also important for cell replication, nucleic acid metabolism, tissue 

repair and growth and therefore tumour growth. Additionally, reports of zincs involvement in 

cancer development are common and therefore it is logical to find similar publications involving 

its transporter (492-498). Clinical samples were analysed for ZIP10 mRNA expression and the 

data suggested that ZIP10 was significantly associated with metastasis of breast cancer to the 

lymph node. The expression of ZIP10 mRNA was higher in invasive and metastatic breast cancer 

cell lines. In vitro cell migration assays showed the depletion of ZIP10 reduced the migratory 

activity of invasive metastatic breast cancer cell lines (484).  

Further involvement with ZIP10 in the human reproductive system is described in a male 

infertility publication (491). Again, zinc and its regulation by ZIP10 play a vital role in 

spermatogenesis, sperm viability and motility. A zinc deficiency can severely compromise male 

fertility by altering these processes. Several ZIP proteins were identified using IHC in mice. ZIP5 

was reported to move zinc into Sertoli cells with this process being made greatly more effective 

by XIP10 and ZIP8. The expression of ZIP6 8 and 10 was located mainly in round spermatids with 

ZIP8 and 10 expression lessening during maturation where ZIP1 and 6 were discovered to be 

expressed in mature spermatids. Finally, ZIP14 was found to be expressed in undifferentiated 

spermatogonia and Leydig cells. Zinc deficient mice had a smaller number of terminal 

deoxynucleotidyl transferase dUTP nick end labelling-positive cells, altered seminiferous tubule 

structure and reduced ZIP10 and ZIP6. This suggests zinc and ZIP10, with other zinc transporters, 

to be associated with infertility in men – although further research is needed to strengthen this 

theory based on a single set of results.  

Overall, ZIP10 is reported to be involved mainly in the homeostasis of the skin with some links 

to reproductive development in embryonic development, cell migration, oocyte to egg 

transition and spermatogenesis. In cancer, ZIP10 is mentioned infrequently however an 

association has been reported in renal cancer and more importantly, in this context, breast 

cancer.  
 

3.2.1.6 Tetraspanin-6 (TSPAN6) 
TSPAN6 (UniProtKB - O43657 TSN6_HUMAN) (also referred to as A15 homolog, Putative NF-

kappa-B-activating protein 321, T245 protein, Tetraspanin TM4-D, Transmembrane 4 

Superfamily Member 6 and TM4SF6) is a novel membrane protein that has been scarcely studied 

according to the low number of publications mentioning this target. It was first identified in 1998 

as TM4SF6, a member of the tetraspanin super family of proteins, by Kenji Meada et al in Japan 

(499).  
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TSPAN6 is a comparatively small 245 amino-acid long transmembrane protein that has one large 

and one small extracellular domain, four transmembrane domains and three small intracellular 

domains (Figure 3-7). As smaller proteins have been reported to internalised more effectively 

(450) TSPAN6 shows some promise in this area as a novel ADC target.  
 

3.2.1.6.1 The tetraspanin family 
The tetraspanin family as a whole have been more heavily researched to elucidate their role in 

eukaryotes. They are ubiquitous among eukaryotes (500) and topology predictions (435) suggest 

all tetraspanins commonly have two extracellular domains, one large and one small and three 

short intracellular regions. Tetraspanins exhibit homotypic and heterotypic interactions to form 

a novel microdomain called a Tetraspanin Enriched Microdomain (TEM). These TEMs regulate 

the position of transmembrane receptors such as integrins. This results in the regulation of 

signalling pathways and the regulation of biosynthetic maturation.  

As a large family, tetraspanins have diverse functions including cell mobility, adhesion, 

proliferation and activation. They also play a role in metastasis and viral infection (501). They 

are conserved among species and are thought to have the characteristics mentioned above due 

to their ability to associate with one another and a small selection of other proteins to form 

complexes that act as scaffolds to jointly perform the biochemical functions above.  

Several studies show the expression of certain tetraspanins influence cancer and its progression 

(502-504). Altering tetraspanins in tumour cell lines has also shown to affect cell growth, 

morphology, invasion and metastasis (505).  
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Figure 3-7 – Schematic of TSPAN6 protein 
 

TSPAN6 is shown here as a predicted topology schematic (435). The antibodies used here both 
bind the two different extracellular domains. THPA antibody shown is not suitable for western 

blot as can be seen in Figure 3-16 therefore an additional antibody was chosen (ABCAM 
AB80670) and due to discontinuation was replaced by Creative Diagnostics antibody (DPBH-

18048). Here on this schematic cysteine residues and their disulphide bonds are shown, which 
are thought to be involved in the binding of TSPAN6 to itself and other family members. Some 

mutations in the amino-acid sequence are shown here and represented as purple circles.  
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To date, there are 33 members of the tetraspanin family of proteins that are expressed variably 

around the body on the plasma membrane. TSPAN6 shares a 20-30% sequence homology with 

its other 33 family members (506). Their function as a receptor, both individually and as a family, 

is largely unknown. It is known that they are organised and interact laterally with other 

tetraspanin family members and other membrane proteins as well as forming homodimers 

(507).  

In the context of these lateral complexes of tetraspanins and other membrane proteins, 

Tetraspanin Enriched Microdomains (TEMS) or Tetraspanin webs, this family of proteins have 

strong influences in cell adhesion, migration, invasion, signalling, cell-cell fusion, infection by 

cancer causing viruses, morphology and survival (508). TEMs have been reported by Spoden et 

al (509) as a clathrin and caveolin independent invasion route for viral pathogens such as HPV16. 

Specifically, the tetraspanins CD63 and CD51 have shown a close association with virions and 

viral entry was inhibited by treatment of cells with siRNA or tetraspanin specific antibodies. 

These characteristics all have links to cancer progression, marking the tetraspanin family of 

proteins as worthy of investigation in human health and disease (510).  

Further studies link tetraspanins to metastasis (511-513), epithelial malignancies (514), immune 

responses (515), tumour progression and targeting (516-519). Some specific tetraspanins have 

been investigated in cancer more than others. For example, CD9 could have an oncogenic 

function in an ovarian cancer cell line (520), TSPAN8 has been investigated and suggested as a 

promising potential therapeutic target in epithelial ovarian cancers (EOC) (521) and TSPAN1 has 

been reported to increase the invasiveness of cervical cancer cells (522).  

Angiogenesis is the formation of blood vessels in the tumour environment enabling it to grow 

and sustain itself. Tetraspanins have been reported to enhance tumour growth by facilitating 

angiogenesis (523).  
 

3.2.1.6.2 TSPAN6 gene, protein isoforms and homologues 
The gene encoding TSPAN6 is found on the X chromosome at location Xq22.1 and is known to 

have 9 exons. TSPAN6 is known to have 5 transcript variants which are a result of alternative 

splicing (524) (525). Table 3-1 shows the five recognised variants of TSPAN6 that result in 4 

isomers of the TSPAN6 protein. Variant 1 is the longest and is considered the canonical 

sequence. All variants are N-truncated (isomer B) with isomer C, encoded by variant 4, 

additionally missing an exon resulting in a C-truncated protein. Finally, variant 5 encodes isomer 

D which lacks a whole in frame exon resulting in a missing portion in the 3’ coding region. Figure 

3-8 shows the alignment of the four different protein variants the genetic isomers (Table 3-1) 

translate to. Isoform A is the longest and considered the canonical sequence and arises from 
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transcript variant 1. Figure 3-8 (below) demonstrates the antibody targeting TSPAN6 is unique 

to the full-length sequence and does not bind the other three protein isomers.  
 

Table 3-1 – Isoforms of TSPAN6 (From Uniprot) 

 

Figure 3-8 below shows the alignment of the protein isomers the five gene variants make. These 

variants are observed in other species (mouse, Rhesus Monkey, Bovine) as well as humans 

suggesting their conservation and potential biological importance.  

 

Variant Description Isoform 
encoded 

Uniprot 
reference 

1 The longest variant. Considered the canonical 
sequence 

A O43657 

2 Differs in its 5' UTR and uses a downstream in-
frame start codon, compared to variant 1 

B A0A024RCI0 

3 Differs in its 5' UTR, lacks a portion of the 5' 
coding region, and uses a downstream in-frame 

start codon, compared to variant 1 

B A0A024RCI0 
 

4 Differs in its 5' UTR, lacks a portion of the 5' 
coding region, uses a downstream in-frame start 

codon, and lacks an exon that results in an 
alternate 3' coding region, compared to variant 

1. 

C A0A087WZU5 
 

5 Differs in its 5' UTR, lacks a portion of the 5' 
coding region, uses a downstream in-frame start 
codon, and lacks an alternate in-frame exon in 

the 3' coding region, compared to variant 1. 

D A0A087WYV6 
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Figure 3-8 - Alignment of the 4 reported TSPAN6 isomers 
 

Isomer A is the full-length protein and as the longest, it is widely considered the canonical 
sequence. This demonstrates that the antibody used in this project binds to an epitope unique 

to the full-length isomer A in comparison to the other 3 isomers. Alignment carried out by 
Clustal Omega online Multiple Sequence Alignment (526). Denoting conserved sequence (*), 

conservative mutations (:), semi-conservative mutations (.), and non-conservative mutations ( 
).  

 

TSPAN6 has been documented to interact with several proteins as can be seen in Table 3-2 

below. Specifically, Wang et al (527) concluded that TSPAN6 interacts with mitochondrial 

antiviral signalling (MAVS) in a ubiquitination-dependent manner to negatively regulate the 

retinoic acid-inducible gene I-like receptors (RLR) pathway. Both a positive and negative 

regulation of this pathway is important for the antiviral immune response. Specifically, TSPAN6 

was shown to negatively regulate the pathway by affecting the formation of MAVS-cantered 

signalosome (527). When TSPAN6 is overexpressed RLR-mediated activation of the IFN-

stimulated response element, NF-kB and IFN-B promoters was impaired. Alternately, when 

TSPAN6 expression knocked down the pathway was enhanced. As the RLR pathway was 

activated, TSPAN6 went through Lys-63-linked ubiquitination. This promoted its association with 

MAVS and interfered with downstream molecules such as TNF Receptor Associated Factor 3 

(TRAF3), MITA and Interferon Regulatory Factor 3 (IRF3) from associating with MAVS. The 



 121 

ubiquitination of TSPAN6 was shown to be crucial for its subsequent association to MAVS. If the 

RLR pathway is positively regulated inflammatory cytokines will be induced along with type 1 

interferons (IFNs). In a normal healthy state this pathway is how a viral infection is detected and 

subsequently how it is combatted (528). If TSPAN6 is over expressed in OC then this pathway 

could be inhibited leading to inflammation as a well-known hallmark of cancer (529). 
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Table 3-2 – Table of TSPAN6 interactions 
Proteins are known to interact with TSPAN6 (530-532). Proteins highlighted in yellow have 

been reported by Wang et al (527) and describe the function of this interaction. Proteins that 
are not highlighted have simply been shown to interact with TSPAN6 by Affinity Capture Mass 
Spectroscopy, Two-hybrid and Affinity Capture-Western with no knowledge available on the 

function of this interaction. 

Interactant 
name Interactant full name 

Uniprot/BioGRID 
reference number PubMed reference ID 

CHD3 

Chromodomain 
helicase DNA binding 
protein 3 Q12873 PMID: 16169070 

LRIF1 

Ligand dependent 
nuclear receptor 
interacting factor 1 Q5T3J3 PMID: 16169070 

ASIC4 

Acid sensing ion 
channel subunit family 
member 4 BioGRID:120693 PMID: 28514442 

CDS1 
Cdp-diacylglycerol 
synthase 1 BioGRID:107471 PMID: 28514442 

CHD3 

Chromodomain 
helicase DNA binding 
protein 3 BioGRID:107532 PMID: 16169070 

CLEC5A 
C-type lectin domain 
containing 5a BioGRID:117135 

PMID: 
28514442,26186194 

DDX58 Dexd/h-box helicase 58 BioGRID:117121 PMID: 22908223 

EVA1C Eva-1 homolog c BioGRID:121863 
PMID: 
28514442,26186194 

GPR141 
G protein-coupled 
receptor 141 BioGRID:131689 PMID: 28514442 

IFIH1 
Interferon induced with 
helicase c domain 1 BioGRID:122082 PMID: 22908223 

LRIF1 

Ligand dependent 
nuclear receptor 
interacting factor 1 BioGRID:120905 PMID: 16169070 

LRRTM1 

Leucine rich repeat 
transmembrane 
neuronal 1 BioGRID:131480 PMID: 28514442 

LYPD4 
Ly6/plaur domain 
containing 4 BioGRID:127081 PMID: 28514442 

MAVS 
Mitochondrial antiviral 
signalling protein BioGRID:121570 PMID: 22908223 

NSG2 
Neuronal vesicle 
trafficking associated 2 BioGRID:119640 PMID: 21900206 

SERPINA12 
Serpin family a member 
12 BioGRID:126901 PMID: 28514442 

STING1 

Stimulator of 
interferon response 
cgamp interactor 1 BioGRID:130988 PMID: 22908223 
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3.2.1.6.3 TSPAN6 homologs 
A sequence alignment using Clustal Omega online Multiple Sequence Alignment (526) was 

performed to identify TSPAN6 conservation among species (Table 3-3). TSPAN6 can be seen to 

be approximately 89% conserved between the 7 species below, suggesting TSPAN6 has an 

important biological role (533). Additionally, high conservation has the advantageous option of 

using any of the species below for future in-vivo experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TMEM185A 
Transmembrane 
protein 185a BioGRID:124133 

PMID: 
28514442,26186194 

TMEM30B 
Transmembrane 
protein 30b BioGRID:127780 PMID: 28514442 

TNFRSF17 

Tnf receptor 
superfamily member 
17 BioGRID:107080 PMID: 28514442 

VNN2 Vanin 2 BioGRID:114394 PMID: 28514442 
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Table 3-3 – TSPAN6 homologs  
 

Human TSPAN6 shares 89% homology with Mouse, Chimpanzee, Rhesus Monkey, Rat, 
Sumatran Orangutan and Bovine (cow). The polyclonal antibodies used in this project is marked 

in green and can be seen to be very stable (96%) between species. Denoting conserved 
sequence (*), conservative mutations (:), semi-conservative mutations (.), and non-conservative 

mutations ( ). 

 
 

3.2.1.6.4 TSPAN6 expression  
THPA antibody used in the IHC experiments has been approved for reliability by THPA due to 

the antibody staining mainly agreeing with the RNA expression data. The antibody was still 

pending external verification at the time the experiments reported in this thesis took place and 

has subsequently been verified by THPA. THPA approved the cellular location of TSPAN6 to both 

intracellular at cell junctions and the membrane (433).  

Protein expression in normal tissue is highest in the lung, proximal digestive tract, kidney, 

urinary and bladder, male tissues, female tissues, skin and bone marrow and lymphoid tissues. 
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Although the expression is high in female tissues, including the vagina, fallopian tube, 

endometrium, cervix, placenta and breast- it was not detected at all in the ovary (302).  

In cancers, it was detected in all cancers apart from glioma, lymphoma and thyroid cancer. 

Although the highest expressing cancers were lung cancer, stomach cancer, pancreatic cancer, 

prostate cancer, cervical cancer, endometrial cancer, ovarian cancer and skin cancer. The most 

notable and relevant here is ovarian cancer as it has gone from having no detected expression 

in healthy ovarian tissue to 11 out of 11 patients showing medium-high expression in various 

ovarian cancer subtypes as shown in Figure 3-1. 
 

3.2.1.6.5 TSPAN6 function 
The precise function of TSPAN6 is largely unknown and there are minimal papers published on 

its function. Only 10 papers mention tetraspanin-6 or TSPAN6 anywhere in the paper and one is 

the paper where it was originally reported (499).  

TSPAN6 has been reported to negatively regulate exosome production (534). Tetraspanins as a 

family have been reported in relation to exosomes somewhat extensively in the literature (535, 

536), however a paper by Ghossoub et al published in PNAS is the only publication to mention 

TSPAN6 specifically in this area (534). Exosomes are small extracellular vesicles that originate 

from inside the cell and contain representative proteins and DNA fragments from their cell of 

origin. They have been linked cell to cell signalling in human homeostasis and human disease. 

Exosomes highly express tetraspanins and syndecans (SDCs) and it is shown that TSPAN6 and 

SDC4 associate with one another to govern exosome biology (534). TSPAN6 binds tightly with 

SDC4 to regulate its processing and trafficking. In addition, this complex is responsible for the 

binding of TSPAN6 to syntenin and therefore the lysosomal degradation of the SDC4-syntenin 

complex. Additionally, TSPAN6 was shown to inhibit the shedding of the SDC4 ectodomain, 

mirroring the effects of matrix metalloproteinase inhibitors. Important physical and functional 

interconnections between TSPAN6 and SDC4 were also shown to contribute to the production 

of exosomes, which have been linked to cancer in the literature (537). These observations 

suggest a role for TSPAN6 in cancer progression through stimulation of cancer derived 

exosomes.  

One paper by Wang et al indicates that TSPAN6 negatively regulates immune signalling as a 

result of ubiquitination. An impaired immune response leads to type 1 IFNs and inflammatory 

cytokines not being produced and thereby causing autoimmune and inflammatory related 

diseases (527). With inflammation being a well-documented hallmark of cancer (529), this 

association with inflammation may be an explanation of the overexpression of TSPAN6 in the 

malignant ovary. In support, the overexpression of TSPAN6 has been shown to impair Retinoic 
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Acid-inducible Gene 1-like Receptor (RLR) mediated immune signalling by undergoing Lys-63-

linked ubiquitination, which promoted its association with mitochondrial antiviral signalling 

(MAVS) in response to TSPAN6 overexpression (527). TSPAN6 associates with MAVS resulting in 

the interference in the formation of the MAVS signalosome and impedes downstream signalling. 

TSPAN6 inhibits RIG-I-, MDA5- and MAVS dependant IFN-B promotor activity and MAVS-

dependant NF-kB and ISRE promotor activity. This indicates TSPAN6 likely acts at the level of 

MAVS (538).  

TSPAN6 has been correlated with Alzheimer’s Disease (AD). Specifically down regulating TSPAN6 

in primary neuronal cultures reduced amyloid beta (the main component of extra neuronal 

plaques characteristic of AD) production significantly (539). The association of TSPAN6 with 

exosome release and the lysosomal degradation of amyloid precursor protein fragments has 

also been reported by Guix et al (540). Tetraspanins with altered expression in AD brains were 

identified and it was reported that TSPAN6 was increased in AD brains and this over expression 

had the unexpected effect of increasing amyloid precursor proteins C-terminal fragments and 

Ab levels at the same time. TSPAN6 slows down the degradation of amyloid precursor proteins 

C-terminal fragments by influencing autophagosome-lysosomal fusion. As in other publications 

described above, TSPAN6 is also shown to interact with syntenin which increases the secretion 

of exosomes that contain amyloid precursor proteins C-terminal fragments (534).  

Further reports of TSPAN6 involvement in brain function are reported by Salas et al (541) where 

TSPAN6 was described to regulate hippocampal synaptic transmission and long term plasticity. 

Deletions of TSPAN6 were reported in patients with Epilepsy Female-restricted with Mental 

Retardation (EFMR). This investigation was prompted by the similarity of TSPAN6 to TSPAN7, 

which is associated with X-linked intellectual disability by playing a role in synapse development 

and AMPAR trafficking. This suggests that both of these proteins are vital for cognition. Knock 

down of TSPAN6 in mice show an enhanced basal synaptic transmission and impaired long-term 

potentiation (541). TSPAN6 is shown to affect the postsynaptic rather than the presynaptic 

terminal as suggested by a normal paired-pulse facilitation response. In contrast, knock out mice 

showed no changes in spine morphology or postsynaptic markers, normal locomotor behaviour 

and no defects in memory tests.  

Overall, a review of the literature indicates that TSPAN6 is not associated with any type of 

cancer. has a link to AD and has involvement with exosomes which could explain its altered 

expression in ovarian cancers. The lack of publications makes this target in particular the most 

novel of all six targets and coupled with THPA IHC (Figure 3-1) the most promising for novel ADC 

target discovery.  
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3.2.1.7 Summary of in-silico findings for the six ADC candidates 
In summary the in-silico findings suggest all targets are promising to explore as potential novel 

ADC targets. All the targets are under published in the literature suggesting an opening for novel 

research. From what little is published, some links to various cancers have been suggested 

however not in the case of gynaecological malignancies.  

 

As can be seen in Figure 3-1, all targets are over-expressed in the main OC subtypes whilst 

remaining minimally expressed in the healthy ovary. Unfortunately, the IHC images do not have 

a high enough magnification to see in more detail if the proteins are present on the plasma 

membrane of epithelial ovarian cells. However, each target protein is confirmed as being 

present on the membrane (and also the cytoplasm) in the cell atlas section of THPA (433).  

 

3.3 Expression levels of six novel targets in ovarian cancer cell 

lines by western blot 
After in silico investigation, ovarian cancer cell lines representative of serous and endometrioid 

ovarian cancers, the most common OC subtypes, were investigated for the expression levels of 

the six targets discussed above by western blot. Commercially available antibodies were chosen 

based on their validated use for immunoblotting with a preference of selecting monoclonal 

antibodies when possible instead of polyclonal antibodies. All antibodies were preselected 

based on their specificity for epitopes found in the extracellular domain of the targets.  
 

3.3.1 Expression levels of PCSK4 in ovarian cancer cell lines by 

immunoblot  
In order to determine PCSK4 expression levels in ovarian cancer, SKOV-3 and TOV-112D cell lines 

representing the serous and endometrioid OC subtypes were grown to confluency and protein 

extracts made as described in Chapter 2. The antibody selected for immunoblot was tested using 

5% BSA, 5% fat free milk and using PBS-T instead of TBS-T the clearest blot is shown below in 

Figure 3-9 (5% BSA in TBS-T). 

The data sheet for this antibody showed a clean band at 82 kDa and no other bands on the gel 

using PBS-T and antibody at 1µg/mL on OVCAR-3 cell lysate. OVCAR-3 is an ovarian cancer cell 

line of HGSOC subtype used further on in this project and was used to test this antibody however 

the multiple bands still remained under our experimental conditions. Although PCSK4 
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expression could not be characterised using this antibody in these cell lines, the target PCSK4 

and this antibody (for continuity) would be used further in the project to explore PCSK4 

expression and localisation in 2D cells using IF.  

 

 

Figure 3-9 – Expression of PCSK4 in ovarian cancer cell lines by immunoblot 
 

The polyclonal antibody from Sigma UK (SAB2103722) was chosen to investigate PCSK4 in a 
western blot on two different OC cell lines SKOV-3 and TOV-112D. The protein was extracted 

from 2D cultured cells and the antibody was diluted 1/500 in TBS-T. PCSK4 is a 82 kDa protein 
with an isomer at 26 kDa (199). Although some bands can be seen at the expected sizes there 

are too many other bands on the rest of the gel to confidently show PCSK4 expression using this 
antibody.  

 

3.3.2 Expression levels of PIEZO2 in ovarian cancer cell lines by 

immunoblot  
In order to determine PIEZO2 expression levels in ovarian cancer, SKOV-3 and TOV-112D cell 

lines representing the serous and endometrioid OC subtypes were grown to confluency and 

protein extracts made as described in Chapter 2.  

Figure 3-10 shows the western blot when the two OC cell lines were analysed in western blot 

using Thermo Fisher anti-PIEZO2 polyclonal antibody PA5-48758. PIEZO2 is a very large protein 
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with an expected band size of 318 kDa. Apart from being off the scale of the ladder used for 

western blotting, all of the western blots shown on the data sheets for various PIEZO2 antibodies 

show instead, a band at approximately 95 kDa and commonly an additional band at 

approximately 70 kDa. There are several reasons for this difference. Migration on the western 

blot is affected by several factors so that the band size observed is different to what is expected. 

Post-translational modifications such as phosphorylation and glycosylation can increase the size 

of the protein. Post-translational cleavage can make the protein smaller. Some proteins are 

synthesised as pro-proteins which are then cleaved to their active form. Splice variants create 

different isoforms of the proteins from the same gene and the relative charge of amino-acids 

(charged vs not-charged can affect the size of the band. Finally, as is the case in the below Figure 

3-14, multimers can exist of the protein resulting in dimers and other higher order multimers. 

In this case, the observed band is smaller than the expected band. This means it is likely to be 

post-translational cleavage, a splice variant or a difference due to the relative charge (542).  
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Figure 3-10 –PIEZO2 expression in two OC cell lines by immunoblot 
 

A western blot on two OC cell lines SKOV-3 and TOV-1112D incubated with polyclonal anti-
PIEZO2 antibody PA5 48758 (Thermo Fisher UK). The western was performed according to 

manufactures recommendations (5% BSA in TBS-T) and was incubated with the primary 
antibody at a 1/500 dilution. Expected band sizes are indicated by the arrows. A band is not 

clearly seen at 95 kDa. A band can be seen around the 70 kDa mark however many other 
unidentifiable bands make it not possible to use this antibody on these proteins to interpret 

PIEZO2 expression.  
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There are 4 PIEZO2 isomers produced by alternative splicing (199) as shown in Table 3-4 below.  
 

Table 3-4 – Isomers of PIEZO2 (199) 

Isomer UniProt 
reference 

Length 
(Amino-Acids) 

Size 
(kDa) Identifying feature 

1 Q9H5I5-1 2752 318 Canonical sequence 
2 Q9H5I5-2 2689 311 Missing 2387-2449 
3 Q9H5I5-3 709 80 Missing 1-2043 

4 Q9H5I5-4 2777 320 
831-831: R → 

SHAKVNGRVYLIINSIKKKLPIHQNE 
 

The expected 80 or 95 KDa band may be produced by this third isomer highlighted yellow in the 

table above. Yang et al (457) do show a western blot showing PIEZO2 at 80 kDa – backing up 

what is stated on the expected band data sheets for various PIEZO2 antibodies. The antibody 

used by this group was from Abcam therefore in the future it may be worth testing different 

antibodies against this target. However, it is not commented on as to why the band seen is so 

different to the predicted molecular weight of PIEZO2. It is not mentioned in the literature and 

widely accepted that the expected band size for PIEZO2 is 80 kDa (543).  

Overall, it was not possible to determine the expression of PIEZO2 using the antibody PA5-

48758. It is possible another antibody could work better in western blot but they must meet the 

specification of binding extracellularly. Many available antibodies bind intracellularly and are 

suitable for western blot however an intracellular epitope would not be suitable for an ADC 

target.  
 

3.3.3 Expression levels of CEACAM8 in ovarian cancer cell lines by 

immunoblot  
In order to determine CEACAM8 expression levels in ovarian cancer, SKOV-3 and TOV-112D cell 

lines representing the serous and endometrioid OC subtypes were grown to confluency and 

protein extracts made as described in Chapter 2. Figure 3-11 below shows the western blot from 

incubating two OC cell lines SKOV-3 and TOV-112D with anti-CEACAM8 monoclonal antibody 

MAB4246 from R and D Systems UK.  
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Figure 3-11 – CEACAM8 expression in two OC cell lines by immunoblot 

Initial experiments conducted to assess target expression on protein lysates extracted from the 
OC cell lines SKOV-3 and TOV-112D, grown as 2D monolayers, using the monoclonal antibody 
MAB4246. The experiment was carried out as per manufactures guidelines (5% BSA in TBS-T) 
and used a 1/500 antibody dilution. Arrows indicate where bands are predicted and expected. 
Several unidentified bands make it not possible to confirm the specificity of this antibody for 

CEACAM8 expression in these cell lines.  
 

A monoclonal antibody was preferred above polyclonal antibodies due to the long-term goal of 

synthesising a monoclonal for future ADC targeted therapy. R and D did not reveal the epitope 

of the anti-CEACAM8 antibody and reported a band at 100 kDa representing CEACAM8. 

However, due to CEACAM8 being a cell adhesion molecule with a very small membrane 

embedded region this did not pose a problem as the majority of the protein domains were 

extracellular. Similar to PIEZO2 the size in kDa of CEACAM8 did not match the band size shown 

by western blot.  
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There are no recorded isomers for CEACAM8 that could explain this large size however 

CEACAM8 is known to associate with CEACAM1 and CEACAM6 (468, 470). Specifically, CEACAM1 

is a 56 kDa protein and added to the 38 kDa of CECAM8 this could account for a band at 94 kDa 

which is near the expected 100 kDa. The interaction between CEAMCA8 and CEACAM6 would 

yield a band at 75 kDa which is too small to account for the band expected. However, the bonds 

between homodimers and heterodimers are reported to be hydrogen bonds and it is expected 

that these bonds would break from the addition of a reducing agent and the denaturing as part 

of the western blot preparation. The literature supports that CEACAM8 exists mainly as a 

monomer in solution and the heterodimerisation with CEACAM6 to be a weak interaction using 

bonds such as hydrogen or van der wall forces (544). Overall, from the literature, it is unlikely 

that CEACAM8 binding to another family member or forming a higher order multimer is 

responsible for the band seen to represent CEACAM8 at 100 kDa.  

It is more likely that CEACAM8 has undergone glycosylation. Eleven glycosylation sites were 

discovered on CEACAM8 (545) but whether this amount of glycosylation is enough to see a shift 

from 38 kDa to 100 kDa is unknown.  

Overall, it appears CEACAM8 undergoes some kind of post translational modification to appear 

as a band at 100 kDa rather than the expected 38 kDa. However, the western blot in reality has 

too many unidentifiable bands to be able to confidently discuss the expression of CEACAM8 

using this antibody on these cell lines.  
 

3.3.4  Expression levels of SUSD2 in ovarian cancer cell lines by 

immunoblot  
In order to determine SUSD2 expression levels in ovarian cancer, SKOV-3 and TOV-112D cell lines 

representing the serous and endometrioid OC subtypes were grown to confluency and protein 

extracts made as described in Chapter 2.  

Figure 3-12 shows the western blot from incubating two OC cell lines SKOV-3 and TOV-112D 

with anti-SUSD2 monoclonal antibody MAB9056 from R and D Systems UK. SUSD2 is a 90 kDa 

protein however similar to CEACAM8 and PIEZO2 does not appear as a band on the western blot 

at the expected size. Instead, SUSD2 is reported to be present as two bands on the data sheet 

for MAB9056 at approximately 110 and 60 kDa. Similarly, antibodies from Abcam UK (ab168162 

and ab182147) show bands at 110 and 60 kDa and 90 and 50 kDa respectively. It is important 

that these antibodies from different companies agree with each other and also important to 

notice the slight differences in expected band size even between antibodies from the same 

company.  
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SUSD2 does not have any reported isomers and very few predicted glycosylation sites (199, 545). 

SUSD2 has 3 predicted N-linked glycosylation sites and it has been reported that each 

glycosylation site adds 2.5 kDa to the molecule (546). This would see an increase in molecular 

weight only by 7.5 kDa.  

SUSD2 is not reported in the literature to exist as a homodimer or another higher order 

multimers.  

In Figure 3-12 the bands for TOV-112D are clearer on the gel than the SKOV-3. There are two 

clear bands at approximately 65 and 80 kDa which is not far from the expected 50-60 and 90-

110 kDa shown on the antibody data sheets. There are some background faint bands seen 

however the two bands around the correct size are the clearest and darkest. It is possible that 

with optimisation these faint bands could disappear. For the SKOV-3, the band at 60 kDa is 

present but there are many other darker unidentifiable bands. Some of these even match the 

faint bands on the TOV-112D lane. This calls into question the many unidentified bands in both 

lanes and suggests this antibody coupled with this protein lysate is not suitable for assessing the 

protein expression of SUSD2 by western blot.  
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Figure 3-12 –SUSD2 expression in two OC cell lines by immunoblot 
 

Initial experiments conducted to assess target expression on protein lysates extracted from the 
OC cell lines SKOV-3 and TOV-112D, grown as 2D monolayers, using the monoclonal antibody 
MAB9056. The experiment was carried out as per manufactures guidelines (5% BSA in TBS-T) 
and used a 1/500 antibody dilution. Arrows indicate where bands are predicted and expected. 
Several unidentified bands make it not possible to confirm the specificity of this antibody for 

CEACAM8 expression in these cell lines.  
 

3.3.5 Expression levels of ZIP10 in ovarian cancer cell lines by immunoblot  
In order to determine ZIP10 expression levels in ovarian cancer, SKOV-3 and TOV-112D cell lines 

representing the serous and endometrioid OC subtypes were grown to confluency and protein 

extracts made as described in Chapter 2. Immunoblots were performed using protein lysate 

from TOV-112D and SKOV3 OC cell lines and (Figure 3-13) the anti-ZIP10 antibody NBP1 85080 

(Novus Bio UK).  
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Figure 3-13 –ZIP10 expression in two OC cell lines by immunoblot 
 

Initial experiments conducted to assess target expression on protein lysates extracted from the 
OC cell lines SKOV-3 and TOV-112D, grown as 2D monolayers, using the polyclonal antibody 

NBP1 85080. Experiment was carried out as per manufactures guidelines (5% BSA in TBS-T) and 
used a 1/500 antibody dilution. Arrows indicate where bands are predicted and expected. No 

band can be seen at the expected band size of 94 kDa on either cell lines indicated by an arrow. 
ZIP10 has a second isomer at 42 kDa which could be producing the band shown by an arrow at 
just under 50 kDa. Several unidentified bands make it not possible to confirm specificity of this 

antibody for ZIP10 expression in these cell lines. 
 

ZIP10 is a 94 kDa protein and at the time of purchasing the antibody was verified in western blot 

but has since been revised to only suitable for IHC. The expected band is at 94 kDa and other 

antibodies available currently such as ab83947 from Abcam do show a band at 94 kDa but also 

at approximately 50 kDa. In Figure 3-13 below no band can be seen in either cell line however, 

ZIP10 does have an isomer at 42 kDa which could be responsible for the band just under the 50 

kDa marker. The bands seen below the 50 kDa marker could be small broken pieces of ZIP10 
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from denaturing protein due to protease activity, sub-optimal storage temperature or freeze-

thaw cycles. It is also just as likely that these bands are due to non-specific binding and an 

antibody performing poorly in western blot.  
 

3.3.6  Expression levels of TSPAN6 in ovarian cancer cell lines by 

immunoblot  
In order to determine TSPAN6 expression levels in ovarian cancer, SKOV-3 and TOV-112D cell 

lines representing the serous and endometrioid OC subtypes were grown to confluency and 

protein extracts made as described in Chapter 2.  

A comparison between the initial TSPAN6 antibody and a clone obtained from another supplier 

was made to determine the best antibody to progress the validation of this target (Figure 1-19). 

The polyclonal ABNH0007105 was originally purchased from VWR UK as an antibody validated 

in western blot and tested in our experimental conditions (Figure 3-14A). No clear band could 

be seen at the 27 kDa TSPAN6 monomer, some bands were seen around the 54 kDa of the 

homodimer and several non-specific immunoreactive bands were also observed. This result 

suggests this antibody is not suitable for further development given the unspecific pattern of 

expression observed for the target. Upon revisiting the VWR website the antibody 

ABNH0007105 had since been changed to not validated in western blot but was now only 

validated in Enzyme Linked Immunosorbent Assay (ELISA). At this stage a new antibody against 

TSPAN6 was sought out. The initial screening planned to involve screening by western blot, 

therefore the ideal TSPAN6 antibody needed to fulfil the following criteria: suitable and 

validated for western blot experiments, a monoclonal antibody where possible and most 

importantly with an epitope within the extracellular domain of TSPAN6.  

 

A band is identified in Figure 3-14B at 15 KDa that is present in endometroid OC but not in serous 

grade 1-2 OC. This band is also visible later in chapter 4, Figure 4-13 and is likely to be protein 

degradation due to the antibody epitope not targeting the TSPAN6 isoform at 15 KDa. The band 

could also be non-specific binding, however (as discussed later in chapter 4) the band is shown 

to be more intense in the tissue extracts which have been through a rough extraction process 

which makes protein degradation likely.  

 



 138 

Figure 3-14 –TSPAN6 expression in two OC cell lines by immunoblot 
 

Initial experiments conducted to assess target expression on protein lysates extracted from the 
OC cell lines SKOV-3 and TOV-112D, grown as 2D monolayers, using the polyclonal antibody 

ABNOH00007105 (A) and Abcam UK AB80670 (B). The experiment was carried out as per 
manufactures guidelines (5% BSA in TBS-T) and used a 1/500 antibody dilution. (A) Several 

unidentified bands make it not possible to confirm the specificity of this antibody for TSPAN6. 
(B) TSPAN6 expression can be seen as either a monomer (27 kDa) a homodimer (54 kDa) and a 

homotrimer (81 kDa). Specific bands (in B) make it possible to confirm the specificity of the 
ABCAM antibody for TSPAN6 expression in these cell lines.  

 

There were no monoclonal antibodies against TSPAN6 that fulfilled the other two requirements 

therefore a polyclonal antibody from Abcam UK (AB80670) was purchased. When a western was 

carried out according to manufactures guidelines (5% non-fat dry milk in 0.05% PBS-T) it 

produced the blot shown above in Figure 3-14B. Clear bands could be seen at the monomer, 

homodimer and trimer band – 27, 54 and 81 kDa respectively. TSPAN6 is known to exist as 

homodimer and homotrimer that has been described in the literature as covalently bonded, as 
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it was not broken by denaturing at 95°C or reducing with β-mercaptoethanol (547). Patent 

WO2013/113696 characterises the band they presumed to be the homodimer in their western 

blot membranes. Here, two antibodies targeting the N-terminus and the C-terminus and both 

antibodies yielded both the monomer and homodimer band. The same two bands are also still 

visible when lysates of HEK cells overexpressing TSPAN6-GFP (Green Fluorescent Protein) are 

incubated with an anti-GFP antibody. Furthermore, the presumed dimer band was not shown 

to be destroyed by a strong detergent (1% SDS), high temperature (95°C and the presence of a 

reducing agent β-mercaptoethanol. TSPAN6 was also shown by western blot to be expressed in 

mouse brain and during human development. Indicating a possible important function during 

development. It is possible that an antibody binding the larger extracellular loop (the one in this 

project binds to the smaller extracellular loop) could prevent the dimerization of TSPAN6. 

Looking at the predicted topology in Figure 3-7 which supports that an antibody binding the 

regions where a disulphide bridge could form could prevent a dimer from forming (539).  

Further evidence of TSPAN6 and other tetraspanin family members forming homodimers is 

reported in a paper by Kovalenko et al (548). Kovalenko and colleagues described that 

tetraspanins associate extensively with each other and other transmembrane and near 

membrane proteins, and the resulting homodimers are fundamental units within larger 

tetraspanin complexes. Spontaneous crossing-linking via intermolecular disulphide bonds, the 

use of a cysteine-reactive covalent cross-linking agent, the use of an amino-reactive covalent 

cross-linking agent and the use of covalent cross-linking via direct intermolecular disulphide 

bridging between unpalmitoylated membrane-proximal cysteine residues was used to show 

tetraspanins have a tendency to homodimerize (549). Homodimers were constructed from 

newly synthesised proteins in the Golgi and most importantly these homodimers were seen on 

the surface of the cell in the tetraspanin webs or TEMS. Homodimers were shown to be the most 

common complex but evidence of higher order complexes such as homotrimers, 

homotetramers and higher were seen at a lower level.  

Overall, from the results in Figure 3-14 it was decided that the Abcam 80670 antibody would be 

used to continue the investigation of TSPAN6 as a novel ADC target. Additionally, the existence 

of higher order homodimers was reported in several places in the literature supporting the 

conclusion that the additional bands seen in Figure 3-14B are indeed likely to be higher level 

complexes covalently bonded together due to the cysteines and disulphide bonds in the large 

extracellular region of TSPAN6.  
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3.3.7 Screening of ZIP10 and TSPAN6 levels in different ovarian cancer 

subtypes by immunoblot  
Protein was extracted from more OC cell lines and from primary patient 2D cells as a non-cancer 

control to determine the expression of ZIP10 and TSPAN6 protein in different ovarian cancer 

subtypes. The non-cancer ‘healthy’ primary patient samples were not considered true healthy 

controls; They were donated by patients who have had cause for concern to have a biopsy taken, 

risk reduction surgery due to a BRCA mutation or a hysterectomy. Samples are classed as non-

cancer so long as no cancer diagnosis is given by the pathologist. This includes benign masses, 

benign simple cysts and normal ovaries.  

Before beginning the second more extensive stage of western blotting with TSPAN6, it was 

found that THPA antibody against ZIP10 recognised the extracellular domain of the protein. 

Although the suitability of this antibody for western blot experiments was unknown, it was 

purchased to assess ZIP10 expression using other commercially available resources with the aim 

to obtain a specific pattern for ZIP10 expression in OC cell lines.  

Analysis of ZIP10 expression on eight OC cell lines grown as 2D cell monolayers was performed 

using the THPA anti-ZIP10 antibody HPA066087 (Figure 3-15). Unfortunately, the overall result 

was no clearer than the previous preliminary immunoblot using the NBP1 85080 antibody 

(Figure 3-13). Interestingly, the non-cancer primary patient protein was clearer than the cancer 

cell lines, supporting the literature and THPA that there is a lower expression of ZIP10 in the 

healthy ovary. There are still a lot of unidentifiable bands but there was a band seen at the 

approximate 94 kDa band on all samples and the band that could be the 42 kDa isomer was 

again present.  
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Figure 3-15 –ZIP10 expression in nine OC cell lines by immunoblot 
 

Western blot showing healthy protein extracted from primary patient ovary and eight ovarian 
cancer cell lines. The antibody used was the extracellularly binding antibody used on THPA 
HPA066087. There is a band on all samples at the expected 94 kDa and at the size of the 42 

kDa isomer. However multiple unidentifiable bands result in the decision that this antibody on 
these samples is not suitable for quantifying ZIP10 expression in ovarian cancer tissue.  

 

In conclusion, none of the antibodies tested were suitable for specific detection and 

quantification of ZIP10 expression in OC cell lines. Therefore, ZIP10 target was not further 

evaluated in subsequent immunoblot experiments.  

The purpose of these preliminary experiments was to determine the best targets in terms of 

ovarian cancer expression. Overall, from these initial in vitro quantification expression 

experiments, TSPAN6 was the only target where expression in OC cell lines could be determined 

with confidence. Therefore, it was concluded that ZIP10, PIEZO2, SUSD2, CEACAM8 and PCSK4 

were not going to be carried forward in more extensive analysis by western blot.  

TSPAN6 was the only target to be used from this point onwards in further western blots using 

more OC cell lines of different subtypes, protein extracted from primary patient cells, protein 

extracted from primary patient tissue and commercial healthy protein lysate from different 

areas of the body. 
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Figure 3-16 below, shows the Abcam anti-TSPAN6 antibody ab80607 used on a western blot 

with eight OC cell lines protein lysates and one non-cancer primary protein lysate extracted from 

a primary 2D cultured monolayer derived from a ‘healthy’ patient biopsy. It’s clear the presumed 

dimer band is still visible, and the predicted band of the monomer is visible at the expected size 

of 27 kDa. Some additional bands can be seen around 15 kDa and these are presumed to be 

small fragments of denatured TSPAN6. There are two small predicted isomers of TSPAN6 

(Uniprot O43657) (199) that could explain the small bands, however these haven’t been verified 

and remain only a prediction. Here the differences in expression of TSPAN6 between the cell 

lines become noticeable. This was a single western blot membrane therefore no statistical 

analysis could be done at this stage. The SKOV-3 homotrimer band at approximately 80 KDa is 

not present on the blot in Figure 3-16, however it was observed in Figure 3-14. This is likely a 

reproducibility issue common with western blots as lysates were harvested from wells of the 

same confluency and passage number.  

Quantification of the TSPAN6 monomer and dimer bands seen in Figure 3-16 was performed 

(Figure 3-17). Looking at the axis of the two graphs the fainter expression of the monomer band 

(Figure 3-17A) is reflected in this quantification by a smaller normalised intensity compared to 

the dimer (Figure 3-17B). Although the graphs do not mirror each other by having the same 

trend, it was decided that the presumed dimer band would be used to quantify the expression 

of TSPAN6 in these cell lysates. TSPAN6 exists in the human body as a part of the tetraspanin 

webs, more often associating with itself and other family members than being alone. If the 

monomer band is added to the dimer band then the trend shown in the dimer graph does not 

change as the monomer is so weakly expressed in comparison. For this reason, the dimer band 

will be used to quantify expression. 
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Figure 3-16 - TSPAN6 antibody ab80607 in western blot on all OC cell lines and non-cancer 
primary cells 

 
The western blot with TSPAN6 antibody ab80607 in eight OC cell lines shows the expression of 

TSPAN6 dimer in all cell lysates and the monomer in some but not all cell lines. This western 
was performed as a single experiment with the intention to perform three replicates for 

statistical analysis. Initially, it can be seen that the bands are clear in all protein lysates using 
this antibody, TSPAN6 is expressed in all cell lines in varying intensities and some cell lines show 
smaller fragment bands. GAPDH was used to normalise this data and the band can be seen at 

the bottom.  
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Figure 3-17 – Quantification of TSPAN6 antibody ab80607 in a western blot on all OC cell lines 
and non-cancer primary cells 

 
Bar graphs showing the normalised intensity quantification of the monomer and dimer band 
from the western blot seen in Figure 3-16. Graph A shows the monomer and B the dimer. No 

statistical analysis was performed as only one experiment was performed with the intention to 
perform further replicates. From this quantification it can be seen that the monomer band is 

much less expressed than the dimer and taking both into account does not change the trend of 
the dimer. As TSPAN6 exists more prevalently as a dimer in the human body, it was decided the 

dimer band would be used for future quantification of expression.  
 

At this stage Abcam discontinued the TSPAN6 ab80607 antibody. An alternative antibody with 

the same epitope was chosen from Creative Diagnostics (USA). The western using Creative 

Diagnostics DPABH-18048 was shown to behave the same way in western blot as can be seen in 

Figure 3-18 below. The antibody produces a western blot so alike to the ab80607 antibody that 

even the cell lines that do not appear to produce a monomer band using ab80607 (IOC, UACC, 
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UWB1) also do not present a monomer band on the Creative Diagnostics DPABH-18048 western. 

Therefore, anti-TSPAN6 antibody Creative Diagnostics DPABH-18048 was used in all future 

experiments from this point onwards.  

Figure 3-18 is a representative example of three biological replicates performed of this western 

blot using the new DPABH-18048 antibody. Due to the former antibody being discontinued, 

replicates were not possible for the previous antibody. In this experiment each cell line was 

grown three separate times and three protein extractions per cell line were carried out to create 

biological replicates. As with the former antibody, TSPAN6 is shown to be expressed in all cell 

lines in both dimer and monomer form. GAPDH was stained as a housekeeper gene for loading 

control normalisation in the quantification. Interestingly, the smaller 15 KDa band is not visible 

here in Figure 3-18 and could be explained by western blot reproducibly issues.  

This figure also shows the first appearance of a band not seen in cell lines, but only in the healthy 

tissue protein extract. The presence of this band is discussed further in this chapter and the 

following chapter.  
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Figure 3-18 – Western using Creative Diagnostics DPABH-18048 
 

A western blot using anti-TSPAN6 Creative Diagnostics DPABH-18048 polyclonal antibody. The 
purpose of this western was to confirm this antibody behaved in the same way as the former 

antibody. This antibody displayed almost identical bands to the former antibody, including the 
absence of the monomer band in the same cell lines (IOC, UWB1, UACC). This gel differs from 

Figure 3-16 in that a commercially available protein lysate from healthy ovary tissue was 
obtained (Novus Bio NB820-59243) and used in this gel instead of a protein lysate from the 

primary patient cell. This resulted in the first appearance of the additional band at 
approximately 60 kDa.  

 
In Figure 3-19 below, the boxplot for the above western (Figure 3-18) can be seen. The box plot 

combines the band intensity from three biological replicates of the same samples. The bands 

from each of the three gels were quantified using Image Labä Version 6.0.1 build 34 standard 

edition ã2017 Bio Rad laboratories, Inc. Each gel was quantified separately before transferring 

to IMBã SPSSã version 26.0.0.0 for statistical analysis. A Kolmogorov-Smirnov test showed the 

data to be not normally distributed with a p value < 0.05. To reveal any significant differences 

between all the samples, a Kruskal Wallis test was carried out. If the data had been normally 

distributed a One-way Anova would have been carried out. The Kruskal Wallis test revealed no 

significant differences between any of the samples. To explore further, the lowest mean (the 

healthy tissue extract) and the highest mean (cell line UACC) were compared in a Mann Whitney 

U test which again showed no significant difference with p=0.200. Although no significance 
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difference was shown the quantification does support THPA by showing less expression in the 

healthy ovary when compared to OC cell lines. The differences in expression between the OC 

cell lines could also prove valuable in future experiments if more replicates revealed a significant 

difference. The sample size here was comparatively small to those in the literature and only 

three biological replicates were carried out.  

 

 
 

Figure 3-19 – Box plot of the quantification of TSPAN6 in various OC cell lines using Creative 
Diagnostics DPABH-18048 polyclonal antibody 

 
This boxplot was produced from three biological replicates of eight OC cell lines. The data is not 
normally distributed p= <0.05 by Kolmogorov-Smirnov test. There was no significant difference 

between any of the samples (Kruskal Wallis test p=0.6). The box plot does show that the 
healthy ovary tissue lysate does have the lowest expression when compared to the OC 

subtypes, although not statistically significantly lower. OC subtype Papillary serous grade 4 
(UACC) and grade 1-2 serous from ascites (SKOV-3) were noticeably higher than the other OC 

subtypes, although not significantly higher.  
 

3.3.8 Differential expression of TSPAN6 in healthy tissue versus ovarian 

cancer cells by immunoblot.  
One of the properties of an ideal ADC target is its low expression in healthy cells compared to 

cancer cells. It was then decided to explore the expression levels of TSPAN6 in healthy tissue 

given the promising results on target expression observed in ovarian cancer cells. Figure 3-20 

below shows the antibody anti-TSPAN6 DPABH-18048 in a western blot on healthy tissue 

purchased from Novus Bio UK. Healthy ovary (NB820-59243), uterus (NB820-59274), breast 

(NB820-59203), lung (NB820-59239), spleen (NB820-59259), brain (NB820-59177), liver (NB820-

59232) and lymph node (NB820-59242) were analysed in this western blot. In addition, the OC 

cell line TOV-112D is shown for comparison. Initial observations are that TSPAN6 is present in 
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all healthy tissues however considerably less so than the OC cell line and the healthy protein 

lysates extracted from tissue all show the presence of the 60 kDa band just as the healthy ovary 

protein lysate did in Figure 3-18. This will be explored in the following chapter, where western 

blot analysis is carried out on protein extracted from primary patient tissue as there may be a 

connection between this 60 kDa band and protein extracted from tissue rather than 2D cells and 

interestingly the healthy brain tissue lysate is the only one that doesn’t express this band.  

 

 

 

Figure 3-20 – TSPAN6 western for healthy protein extracted from the tissue 
 

A western blot showing a lower intensity of TSPAN6 in healthy tissue protein extracts 
purchased from Novus Bio UK. GAPDH can be seen at the bottom as a loading control to 
normalise by for quantification. It can be seen that TSPAN6 is present in all healthy tissue 

samples and the 60 kDa band is present in all of the healthy protein from tissue although much 
less so in the healthy brain.  
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Figure 3-21 – Quantification of TSPAN6 western blot using antibody DPABH-18048 on healthy 
protein lysates from tissue. 

 
Bar graph showing quantification of the TSPAN6 immunoblot of Figure 1-20. This was a single 

experiment and so no statistical analysis was carried out. The Intensity in OC cell line TOV-112D 
is considerably higher than in the various healthy tissues from around the body. 

 

The quantification of the preliminary investigation of TSPAN6 expression in various healthy 

tissues was also performed (Figure 3-21). The intensity of the immunoreactive bands was 

quantified using Image Labä Version 6.0.1 software (BioRad Laboratories, Inc). As shown in 

Figure 1-21, the OC cell line TOV-112D reported higher TSPAN6 expression levels than the 

various healthy tissues analysed. Whilst healthy ovary has the highest expression compared to 

the other tissues the expression on all of them is comparatively low when compared to TOV-

112D. The liver shows the least intense expression of the TSPAN6 dimer, closely followed by the 

lung and the uterus.  

In regard to an ADC target, off target expression in other healthy tissues around the body is not 

ideal. However, it is dependent on the delivery method as to how much of a problem this poses. 

Due to TSPAN6 being expressed in various tissues around the body a systemic ADC treatment 

may produce off target toxicity. If the ADC is administered locally to the ovary only, then off 

target toxicity is potentially less of a problem.  

Overall, TSPAN6 expression in various OC cell lines and healthy protein lysates could be clearly 

determined using polyclonal antibody anti-TSPAN6 DPABH-18048 in western blot analysis. 

Although no statistical significance was seen between the various OC subtypes, further 

replicates could uncover a significant difference.  
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3.4 Target characterisation by immunofluorescence (IF) 
TSPAN6 was the only target out of all six targets explored that showed potential for 

development as ADC target based on expression level measured by immunoblot. However, it 

was decided to assess all the antibodies by immunofluorescence to assess the membrane 

location of the targets as predicted by the literature and THPA and to inform future 

development, beyond the scope of this project, of better antibodies suitable for both 

applications.  

Hence, antibodies were tested to confirm target expression in 2D cultured OC cell by 

immunofluorescence. An appropriate secondary antibody labelled with a Texas Red fluorophore 

(Santa Cruz UK anti-rabbit sc-2780 and anti-mouse sc-2781) was also used and the HEK 293T 

cells were used as cell line not linked to female tissues. In all of the IF figures below, Hoechst 

stain was used to detect the nuclei (in blue), Wheat Germ Agglutinin (Thermo Fisher Scientific 

UK W11261) was used to stain the membrane (in green) and Texas Red fluorophore signal 

indicated the presence of the target proteins (red).  

 As shown in Figure 3-22, TSPAN6 antibody binds to 2D cultured cells from eight OC cell lines, 

non-cancerous primary cells and the immortalised HEK 293T cell lines. TSPAN6 staining was 

localised to the plasma membrane in all cell samples assessed. In particular, TSPAN6 is strongly 

localised to the membrane in IOC, TOV-112D, OVCAR, non-cancer primary and HEK-293T. WGA 

and TSPAN6 staining don’t appear to co-localise. Where a yellow signal should have been seen 

in the case of co-localisation the red and green staining are shown separately. This could be due 

to occupying slightly difference places on the plasma membrane.  

Figure 3-23 shows the cellular location of PCSK4 in the various cell types. There is a lot of 

variation in the expression and localisation of PCSK4. Expression is seen in all cell types with the 

exception of TOV-112D and HEK-293T. Clear membrane localisation is seen in IOC and SKOV. 

Variation in behaviour between different cell types is encouraging as it indicates that PCSK4 

could be used to stratify patients. The antibody used here is the same antibody used in the 

western blot experiments, and therefore non-specific binding is possible. However, in contrast 

here, the localisation is shown to be specifically localised to the plasma membrane as opposed 

to an abundance of general fluorescent signal. This suggests more specificity than in the western 

blot experiments. Differences could be due to antibodies performing differently in different 

applications due to antibody epitope availability.  

The expression and location of PIEZO2 can be seen in Figure 3-24. Expression of PIEZO2 was 

seen in all cell types. In particular, PIEZO2 was located to the membrane mostly in HEK-293T, 

OVCAR, TOV-112D and IOC cells. Overall, there did seem to be a more intense cytoplasmic 
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location of PIEZO2 with some membrane localisation seen. COV cells seem to show diffuse 

cytoplasmic staining of PIEZO2. As long as there is expression on the plasma membrane as well, 

the cytoplasmic expression of PIEZO2 is not a problem for a potential ADC target. The antibody 

in this experiment is the same as the one used in the western blot experiments therefore, as 

discussed above with PCSK4, non-specific binding is possible.  

When looking closely at the colocalization of WGA and target expression, it can be seen these 

don’t always colocalize directly. The rationale behind using the WGA stain was to visualize the 

membrane and ensure it wasn’t damaged by the fixation process. The green on the WGA should 

colocalize with the red of the target stain to produce a yellow colour if the two do colocalize. 

This can be seen to be the case in a small number of images such as in PCSK4 in the IOC cell line, 

however this is not seen in general overall. The target stain does appear to be following the 

membrane (such as in TSPAN6 in the IOC cell line) but not directly colocalizing with the WGA. 

This could be due to the stains occupying slightly different positions on the membrane. WGA 

binds to N-acetyl-D-glucosamine and Sialic acid present on the plasma membrane which means 

there is the potential to be occupying a slightly different space on the plasma membrane.  

Overall, these IF experiments demonstrate membrane location and overexpression in cancer 

cells for these three targets. Hence it was decided to progress them further along the 

characterisation pipeline – protein expression in primary patient derived samples.  

 



 152 

 
Figure 3-22 – Localisation of TSPAN6 in 2D ovarian cancer cell lines in vitro 

 
Representative images of TSPAN6 IF revealed TSPAN6 in all cell types and localisation to the 

plasma membrane is seen most clearly in HEK-293T, non-cancer primary, OVCAR, COV, SKOV, 
TOV112D, TOV21G and IOC cell lines. WGA = green, TSPAN6 = red, co-localised = yellow. 

Magnification = x40, scale bar = 50 µM (n = 3 fields of view). ‘Zoomed in’ refers to a zoomed in 
and cropped version of the x40 image.  
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Figure 3-23 – Localisation of PCSK4 in 2D ovarian cancer cell lines in vitro 
 

Representative images of PCSK4 IF revealed PCSK4 in all cell types except HEK-294T and TOV-
112D and localisation to the plasma membrane. Localisation to the membrane is seen most 
clearly in SKOV, TOV-21G and IOC cell lines. WGA = green, PCSK4 = red, co-localised = yellow. 

Magnification = x40, scale bar = 50 µM (n = 3 fields of view). ‘Zoomed in’ refers to a zoomed in 
and cropped version of the x40 image.  
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Figure 3-24 – Localisation of PIEZO2 in 2D ovarian cancer cell lines in vitro 
 

Representative images of PIEZO2 IF revealed PIEZO2 in all cell types and on the plasma 
membrane, however some show more intense cytoplasmic location. Localisation to the 

membrane is seen most clearly in HEK-293T, OVCAR, TOV-112D and IOC cell lines. WGA = 
green, PIEZO2 = red, co-localised = yellow. Magnification = x40, scale bar = 50 µM (n = 3 fields 

of view). ‘Zoomed in’ refers to a zoomed in and cropped version of the x40 image. 
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Figure 3-25 to Figure 3-27 display the expression and localisation of the remaining targets 

CEACAM8, SUSD2 and ZIP10 by IF. IF to detect CEACAM8 (Figure 3-25) expression in IOC, TOV-

112D, TOV-21G and SKOV-3 revealed weak and cytoplasmic staining. Some membrane 

localisation can be seen on the non-cancer primary patient cells which is an undesirable 

characteristic for a potential ADC target. SUSD2 (Figure 3-26) shows very weak cytoplasmic 

staining in all cell types and no membrane localisation can be seen. Finally, ZIP10 (Figure 3-27) 

shows almost no expression in any of the cell types. Some very weak expression can be seen 

however this is also located in the cytoplasm and no membrane localisation can be seen in 

Figure 3-27. These experiments further confirm CEACAM8, SUSD2 and ZIP10 have either limited 

expression or overwhelming cytoplasmic localisation and hence these targets were not selected 

to progress further along the characterisation pipeline. The antibodies used in Figure 3-25 – 

Figure 3-27 are the same ones used in the western blots, therefore non-specific binding is 

possible. However, in Figure 3-25 – Figure 3-27 no localisation to the membrane is displayed 

and fluorescent signal is weak. This is not consistent with the abundance of non-specific binding 

seen in the western blots when using these same antibodies. This again highlights the 

differences seen in antibodies performance when they are used in different applications 

potentially due to antibody epitope availability from different protein conformations.  
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Figure 3-25 – Localisation of CEACAM8 in 2D ovarian cancer cell lines in vitro 

 
Representative images of CEACAM8 IF revealed CEACAM8 only in non-cancer primary patient 

cells, SKOV-3 TOV-21G and IOC cell line. WGA = green, TSPAN6 = red, co-localised = yellow. 
Magnification = x40, scale bar = 50 µM (n = 3 fields of view). ‘Zoomed in’ refers to a zoomed in 

and cropped version of the x40 image.  
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Figure 3-26 – Localisation of SUSD2 in 2D ovarian cancer cell lines in vitro 

 
Representative images of SUSD2 IF revealed SUSD2 only very weakly in all cell types. 

Localisation to the plasma membrane is not seen clearly. WGA = green, SUSD2 = red, co-
localised = yellow. Magnification = x40, scale bar = 50 µM (n = 3 fields of view). ‘Zoomed in’ 

refers to a zoomed in and cropped version of the x40 image.  
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Figure 3-27 – Localisation of ZIP10 in 2D ovarian cancer cell lines in vitro 

 
Representative images of ZIP10 IF revealed ZIP10 only very weakly in COV, SKOV-3, TOV-21G 

and IOC cell lines. Localisation to the plasma membrane is not seen clearly. WGA = green, ZIP10 
= red, co-localised = yellow. Magnification = x40, scale bar = 50 µM (n = 3 fields of view). 

‘Zoomed in’ refers to a zoomed in and cropped version of the x40 image.  
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This IF analysis was carried out using antibodies that showed evidence of non-specific binding 

by western blot. The decision to continue with the IF experiments despite the negative western 

blot results was made due to different antibodies behaving different in different applications. 

Just because the antibodies were inappropriate for use in western blot did not mean they would 

be poor in IF. The proteins are presented in a 3D conformation in IF compared to the linear 

conformation the proteins in western blot. This different protein conformation could allow for 

differences in antibody binding behaviour. This does, however, highlight a limitation of this 

project in the great need for antibody validation in this ADC target identification process. This 

could be carried out by generating a knockout cell line; however, it is unclear at what point this 

should be carried out. The generation of a knockout cell line is costly and time consuming and is 

not immediately appropriate in the high through put identification of novel targets as this would 

be better carried out when one target is being focused on. However, it could be argued that 

antibody specificity and validation need to be carried out early on to avoid wasting time on non-

specific antibodies. Further work is clearly needed in this instance with a larger sample size to 

avoid over interpretation of the data.  

 

3.5 Summary 
In conclusion, this chapter has introduced six potential novel ADC targets. They were chosen 

due to minimal expression in healthy ovary and a higher expression in OC by IHC on THPA. All of 

the targets looked promising to different degrees in the literature, although as they are such 

novel targets there were minimal publications about these targets in particular, which in itself 

is advantageous in terms of patents, publications and proprietary technology.  

The first stage of screening was the analysis of protein expression levels by western blot. 

Preliminarily, only two cell lines (TOV-112D and SKOV-3) were used and only TSPAN6 produced 

a suitable expression pattern for ADC development. The TSPAN6 antibody was used in a western 

blot with eight OC cell lines and one non-cancer control. At this stage, before any replicates 

could be done, the company discontinued the antibody and it was replaced by an antibody from 

a different company but with the same epitope. The replacement antibody produced the 

same bands on the western blot as the first antibody and was subsequently used for the rest 

of the project. When performed in triplicate there was no significant difference seen in TSPAN6 

expression between various OC cell lines and a non-cancer primary patient sample. In addition, 

expression levels of TSPAN6 were elevated in OC cell line TOV-21G compared to expression in 

various healthy tissues further suggesting its suitability as target for ADC development.  
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All targets and their antibodies were further evaluated by immunofluorescence. TSPAN6 

showed the clearest localisation to the membrane with PCSK4 and PIEZO2 also showing 

acceptable expression and localisation to the membrane. CEACAM8, SUSD2 and SLC39A10 did 

not show satisfactory expression or localisation to the membrane and therefore they were not 

further explored in this project. Although the IF was performed using antibodies which showed 

non-specific binding in western blot, this project was more centred around developing a pipeline 

for potential ADC target discovery and characterisation. Another project could have focused on 

one target and explored multiple antibodies against it whereas this project explored a pipeline 

for the characterisation of several targets.  

The following chapters explore the TSPAN6, PCSK4 and PIEZO2 expression and localisation of 

these three targets in primary patient cells to identify a lead candidate target for ADC 

development.  
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 Expression of putative ADC targets in primary 

samples derived from patient ovarian tissue biopsies 
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4.1 Introduction  
ADC-targets have been described as tumour associated-antigens because most antigens 

expressed in tumours, are expressed in a certain degree in healthy tissues (329, 550). For 

instance, the HER2 receptor targeted by Kadcyla® ADC, is abundantly expressed in breast cancer 

cells but it is also expressed in the skin, heart and on epithelial cells in the gastrointestinal, 

respiratory, reproductive and urinary tracts (551). In addition, an optimal target needs to be 

homogeneously expressed at the cell membrane of all cancer cells (552). Another important 

feature of ADC targets, is their antibody internalisation capabilities allowing the efficient release 

and activation of the cytotoxic payload inside the cell (552).  

In the previous chapter, a literature review of six potential ADC targets was used as a basis to 

further evaluate the expression and location of these targets using a panel of ovarian cancer cell 

lines and commercially available antibodies. Immortalised cell lines offer a very valuable model 

of disease for preliminary experiments; however, it is important to use human primary cells to 

replicate key findings in clinically relevant specimens and to further validate results. 

Immortalised cell lines are invaluable due to being diverse, readily commercially available and 

immortal. They are also easy to compare to data generated by other researchers. TSPAN6 was 

the only target to have both specific binding, as determined by western blotting, and membrane 

localisation determined by immunofluorescence. Although both PIEZO2 and PCSK4 proteins 

were expressed in ovarian cancer cell lines, the quality of the immunoblots was poor, but the 

immunofluorescence images obtained confirmed target expression and location at the cell 

membrane.  

Therefore, this chapter explores the expression of novel ADC targets TSPAN6, PCSK4 and PIEZO2 

in patient biopsy samples to validate previously obtained results in patient’s samples, identify 

significant differences between groups or patients and determine if the targets are suitable for 

further development along the ADC characterisation pipeline. Ultimately, this will increase the 

potential translation of the targets as druggable options for ADC development based on results 

more relevant to human physiology. Additionally, any variation identified between patients 

could open up the possibility to stratify patients in the future with implications for a more 

accurate personalised diagnosis and therapeutic strategy. The number of patients recruited to 

the ovarian biomarker study has the advantage of a large and diverse cohort of patient samples 

with a range of pathologies to introduce diversity into the assays.  

Patient biopsies were processed and utilised in three different ways for experimental analysis in 

this chapter. Firstly, 2D primary cell cultures derived from patient ovarian cells were cultured 

for use in basal expression assays using immunofluorescent microscopy. Secondly, total protein 
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was extracted from these 2D primary cell cultures and additionally from a matching paired piece 

of ovarian tissue biopsy for use in western blot analysis.  

 

4.2 Cellular location of TSPAN6, PIEZO2 and PCSK4 protein in 2D 

primary cell cultures derived from patient biopsies 
Basal expression and subsequent cellular location of each target was assessed in 2D primary cell 

cultures derived from four non-cancer patients, four patients with High Grade Serous (HGS) OC 

pathology and one patient with endometrioid OC pathology. Target proteins must be present 

on the plasma membrane of OC cells for the ADC to bind and have a successful therapeutic effect 

(318). The expression of TSPAN6, PIEZO2 and PCSK4 has been visualised on the plasma 

membrane of commercially available immortalised OC cell lines – this section addresses if that 

expression and localisation to the plasma membrane extends to 2D primary cell cultures and 

total protein derived from patient biopsies. 2D cells derived from patient biopsies were plated 

and incubated with the target antibody and subsequently the appropriate species of antibody 

conjugated to a Texas Red® fluorophore before fixation with paraformaldehyde, 

permeabilization with triton X and viewing on the confocal microscope as described in materials 

and methods Chapter 2. 

Patients were selected based on their clinical history and diagnosis from an anonymised 

database hosted by the RBGO group under ethical approval (LREC Wales 6). Each patient was 

chosen carefully to ensure they did not have any additional comorbidities including diabetes. 

Additional low frequency medical issues, not seen commonly in the dataset, will introduce more 

variables into the data set which should be avoided where possible. In particular, diabetes has 

been linked to inflammation (553, 554), which has been shown to be a hall mark of cancer (529). 

Patients were also chosen based upon a confirmatory diagnosis or HGS or non-cancer. The 

pathologies of the patients the samples were derived from are shown in more detail is shown 

below in Table 4-1.  
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Table 4-1 – Pathologies of patients from which 2D primary cell cultures were derived 
 

Patient number Pathology 

OV7 Ovarian cyst – No cancer 

OV29 Risk reduction surgery familial MSH6 gene mutation – No cancer 

OV82 No ovarian pathology – control 

OV73 No ovarian pathology – control 

OV12 HGS stage 4- OC 

OV57 HGS stage 3c- OC 

OV86 HGS stage 3c-OC 

OV75 HGS-OC 

OV106 Clear cell-OC 

 
The table above shows the corresponding pathologies of the samples used in the immuno-

fluorescent analysis. Specifically, OV29 had no described ovarian pathology or cancer diagnosis 
but did have a familial mutation in a DNA mismatch repair gene MSH6. This has been 
associated with Lynch syndrome and a significantly increased chance of developing a 

gynaecological malignancy (555, 556). For this reason, the patient will have had the ovaries 
removed as a precaution.  

 
Figure 4-1 below shows the visual images obtained from incubating the TSPAN6 antibody with 

2D primary cell cultures derived from patient biopsies of various pathologies. The cell nuclei are 

shown in blue (Hoechst), the cell plasma membrane in green (Wheat Germ Agglutinin-WGA-

Thermo Fisher W11261) and the TSPAN6 antibody in red (Texas Red® secondary antibody). The 

antibody used here is the same as used previously (Creative Diagnostic (USA) DPABH 18048). 

Initial observation of the nucleus and the plasma membrane revealed that the 2D primary cells 

derived from patient biopsies are larger than that of the cell lines and, like all cell types, have a 

different morphology. Instead of being rounded, the primary cells are longer and more fibrous. 

Primary cells could be validated as true ovarian stromal cells by outsourcing to a company who 

would confirm the presence surface markers specific for ovarian stromal cells, however this is 

not yet done as standard. The intensity was not quantified as the aim was to simply show where 

the protein was located in the cell. However, there are variations in intensity observed between 

patients. Each patient derived 2D cells image in Figure 4-1 below, is a representative example of 

several fields of view taken from the single well in which those patient cells were grown. 

Differences in cell morphology and intensity of TSPAN6 can be seen between patients of the 

same pathology.  
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Figure 4-1 – Cellular location of TSPAN6 protein in primary cells by immunofluorescence  
Ovarian biopsies collected from consented patients diagnosed with various pathologies were 

used to isolated ovarian epithelial cells and grown them as 2D monolayers.  
 

Confocal images showing the cellular location of TSPAN6 in the 2D patient derived primary cell 
cultures. TSPAN6 staining can be observed at the plasma membrane of all cells with variations 

on the levels of TSPAN6 within the patient’s samples. The secondary only control was 
performed in the same way as the target protein wells but cells were only incubated with the 

secondary antibody (last column). This shows no non-specific binding from the secondary 
antibody. The 50 µM scale bar is shown in red across the images. Overall, this figure shows 

TSPAN6 present on both cancer and non-cancer cells and the specificity of the primary antibody 
staining as no background staining signal was obtained from incubations with the secondary 

antibody. 



 166 

All images were taken using the same configuration and gain on the confocal microscope and 

differences such as a higher intensity of TSPAN6 can be seen in non-cancer OV82 compared to 

non-cancer OV73, despite both patients being reported as non-cancer with no described ovarian 

pathologies. This highlights the extent of the variation between patients, even within the same 

groups. It is not possible to comment confidently on which patient derived 2D cells have the 

highest expression without quantification, however, it was possible to confirm that TSPAN6 

protein is expressed in ovarian primary cells grown as 2D monolayers. It can be seen that TSPAN6 

is present on the plasma membrane of all types of the ovarian cell shown in Figure 4-1. TSPAN6 

is also present in the cytoplasm in all the cell types, but its confirmed membrane location is key 

to assess the possibility of receptor mediated internalisation to occur. On the membrane, 

TSPAN6 forms higher order complexes with itself and other scaffolding proteins to contribute 

to cell development, activation, growth and motility. TSPAN6 has not reported function in the 

cytoplasm. Due to this result and the positive immunoblot data previously obtained using cell 

lines (Figures in chapter 3), TSPAN6 was selected for subsequent evaluation on patient derived 

protein extracts by western blot in section 4.3.  

Figure 4-2 below shows the cellular location of target PCSK4 in fixed 2D primary cell cultures 

derived from patient biopsies. PCSK4 staining was observed on the plasma membrane of all cell 

types shown in Figure 4-2; validating the cellular location of PCSK4 in 2D primary cell cultures 

derived from patient biopsies. A higher cytoplasmic expression of PCSK4 can be observed in the 

non-cancer samples, although at this point this increase in expression appears to be marginal, 

however quantitation is needed to confirm if a statistical significance exists between cancer and 

non-cancer. The secondary only control image shows no detectable fluorescence suggesting 

there is no off-target binding by the secondary antibody. Variation can be seen between patients 

of the same pathology, once again highlighting the amount of variation observed between 

different patients. Due to PCSK4 showing clear localisation to the plasma membrane in 

commercially available immortalised cell lines and primary 2D cultured cells derived from 

patient biopsies – PCSK4 was selected as a target to assess its receptor mediated internalisation 

capacity in subsequent experiments. In Figure 4-2, WGA staining is not clearly labelling the 

plasma membrane particularly in OV82 and OV7. As cells were healthy and confluent this could 

be explained by differences seen between patient samples even of the same pathology due to 

individual patient differences.   
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Figure 4-2 – Cellular location of PCSK4 protein in 2D primary cell cultures derived from patient 
biopsies of various pathologies by immuno-fluorescent microscopy  

 
Confocal images showing the cellular location of target PCSK4 in 2D primary cell cultures 

derived from patient biopsies of various pathologies. Variation can be seen between patients of 
the same pathology and PCSK4 can be seen on the plasma membrane of all cell types. The 

secondary only control was performed in the same way as the target protein wells but the only 
antibody added was the secondary. This shows no non-specific binding from the secondary 
antibody. The 50 µM scale bar is shown in red across the images. Overall, this figure shows 

PCSK4 present in both cancer and non-cancer cells and no non-specific binding from the 
secondary antibody 
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Next, the expression and location of PIEZO2 protein was assessed in primary OC cell lines in vitro, 

as before (Figure 4-3). In comparison to TSPAN6 (Figure 4-1) and PSCK4 (Figure 4-2), 

overexpression of PIEZO2 at the plasma membrane is less defined in primary patient 2D cells. 

PIEZO2 expression appears to be reduced at the plasma membrane with additional expression 

in the cytoplasm. Additionally, the differences between patients and pathologies appear less 

pronounced for PIEZO2 staining in OC cells (Figure 4-3). Overall, PIEZO2 appears on both the 

plasma membrane and in the cytoplasm of 2D primary cell cultures derived from patient 

biopsies of various pathologies donated by both non-cancer and ovarian cancer patients 

with HGS and Clear cell subtypes assessed. Due to this localisation, PIEZO2 could be 

potentially still able to mediate antibody internalisation and hence it was selected together with 

TSAPN6 and PSCK4 for evaluation in the subsequent internalisation experiments. IF staining 

shows target antibodies in Figures 4-1 – 4-3 are expressed in both non-cancer and cancerous 

cell lines derived from patient biopsies. This could indicate the targets are not successful in 

targeting only malignant cells. However, an ADC against these targets would be used locally in 

the ovary and only on cancer patients.   
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Figure 4-3 - Cellular location of PIEZO2 protein in 2D primary cell cultures derived from patient 
biopsies of various pathologies by immuno-fluorescent microscopy 

 
Confocal images showing the cellular location of target PIEZO2 in 2D primary cell cultures 
derived from patient biopsies of various pathologies. Variation is less apparent between 
patients of the same pathology. PIEZO2 can be seen on the plasma membrane and in the 

cytoplasm of all cell types. The secondary only control was performed in the same way as the 
target protein wells but the only antibody added was the secondary. This shows no non-specific 
binding from the secondary antibody. The 50 µM scale bar is shown in red across the images. 

Overall, this figure shows PIEZO2 present on both cancer and non-cancer cells and no non-
specific binding from the secondary antibody 
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4.3 The abundance of TSPAN6 protein by western blot in total 

protein lysates derived from patient biopsies  
Previously, expression of TSPAN6 protein was confirmed in protein extracts obtained from OC 

cell lines, its membrane location validated on OC cell lines and primary cells grown as 2D 

monolayers hence, it was important to validate the immunoblot results by investigating the 

expression of TSPAN6 in total protein extracts obtained from patient biopsies. Total protein was 

extracted from two different patient derived sources. Firstly, the protein was extracted from 2D 

cultured primary cells isolated from patient biopsies. Primary ovarian cell cultures were grown 

to 100% confluency before protein was extracted and quantified for use in western blot. 

Secondly, the protein was extracted directly from ovarian tissue biopsies before being quantified 

and used in western blot. This allowed a direct comparison between the expression of TSPAN6 

in protein derived from the same patient but from different sources. There are advantages and 

disadvantages to working with 2D primary cells compared to a tissue sample. Once isolated from 

patient tissue, 2D primary cells can produce more protein overall in their lifespan and they have 

a wider variety of uses in other assays. Tissue biopsies generate a lower amount of protein and 

can only be used for one purpose and cannot grow. However, tissues biopsies do have the 

advantage of being from a source closer to real life. 2D cells, once established, can be hardy and 

easy to work with, easy to maintain and they have the ability to grow over their lifespan. For this 

reason, 2D cells are often chosen over single patient tissue biopsies. The advantage of using the 

RBGO Ovarian Biopsy Biomarker bank of samples is that when an ovarian tissue biopsy is 

processed, 2D cells are isolated for primary cell culture and in addition three paired single pieces 

of tissue are set aside specifically for protein, DNA and RNA extraction. When the biopsy piece 

is big enough to allow this, the need to choose the best use for the tissue biopsy is eliminated 

and direct comparisons can be made between 2D primary cells, DNA, protein and RNA derived 

from the same patient. In this case, the piece of tissue designated for protein extraction was 

used and compared against total protein from the matched 2D primary cells.  

Overall, the purpose of extending the analysis to total protein derived from patient tissue 

biopsies is to explore if TSPAN6 is also expressed in samples closer to the clinical setting and to 

see if the trends seen so far remain the same. This will provide more evidence for the suitability 

of TSPAN6 as a novel ADC therapeutic target and insights into biomarker potential. All western 

blots were performed using the antibody from Creative Diagnostic (USA) DPABH 18048. The 

protein expression was normalised by additionally probing for GAPDH and image analysis was 

carried out using Image Lab (BioRad UK) and statistical analysis was carried out using SPSS 

version 26.0.0.0.  
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4.3.1 The abundance of TSPAN6 protein in total protein lysate extracted 

from 2D cultured primary cells derived from patient biopsies by western 

blot 
The pathology of patients from which samples were derived and used in the following analysis, 

can be seen in more detail in Table 4-2 below. TOV-112D was included as a comparison as it had 

previously shown specific bands for TSPAN6 by western blot. The non-OC control samples were 

recruited specifically as ‘normal controls’ with no described ovarian pathology. However, it is 

important to keep in mind that the reason for which the patient came to be recruited for the 

study is not disclosed. There is the option they could have been recruited from hysterectomy 

surgery due to no longer wanting children and/or due to reproductive system related symptoms 

such as heavy bleeding or pelvic pain. At the same time, they could have had no symptoms at 

all and the patient opted for a hysterectomy voluntarily. Another option is they could have 

another non-ovarian gynaecological symptom that was not recorded at the time of biopsy 

collection. Overall, it cannot be assumed that the non-OC patients are totally disease free, it can 

only be confirmed that they are non-cancer patients.  
 

Table 4-2 – Pathologies of patients from which 2D primary cell cultures were derived 
Sample name/patient ID Pathology 

TOV 112D Immortalised endometrioid OC cell line 
OV7 Non-OC control (presence of benign ovarian cyst) 

OV69 Non-OC control 
OV73 Non-OC control 
OV82 Non-OC control 
OV12 OC HGS stage 4 
OV57 OC HGS stage 3C 
OV75 OC HGS 
OV86 OC HGS stage 3C 

 

Analysis of TSPAN6 expression levels on the samples described in Table 4-2 was performed by 

immunoblot (Figure 4-4). In this experiment, the TOV-112 2D cell line protein lysate was used 

as a positive control comparison, on the same experiment together with the 4 non-OC protein 

lysates and 4 HGSOC protein lysates extracted from 2D primary cultured cells derived from 

patient biopsies (Table 4-2). The immunoblot shows specific bands for TSPAN6 as the 

appearance of the monomer and homodimer as described in the literature (539), and in 

accordance with previous data in immortalised cell lines (Figure 3-14). The abundance of the 

monomer and the homodimer between patients is shown to be variable with one non-OC 

patient showing considerably less abundance of the monomer compared to the other patients 
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(lane 5, Figure 4-4). Additionally, there is the appearance of a band at 75 kDa which due its size 

could be the homotrimer, however this has not been reported in the literature so far. Finally, in 

the protein run in lanes 6,7 and 8 on the gel (OC HGS stage 4, OC HGS stage 3 and OC HGS 

respectively) there is a very faint band above the dimer at around 60 kDa. This band has been 

seen previously in the western blot using commercially obtained healthy tissue lysates from 

tissue (Figure 3-20) but is not reported in the literature and is not seen in protein lysate 

extracted from 2D immortalised cell lines. This band could potentially be a post translationally 

modified dimer  

 

 

 Figure 4-4 - Detection of TSPAN6 by Western blot in total protein extracted from 2D primary 
cultures derived from patient biopsies 

 
In the above western blot, TSPAN6 protein was detected using the anti-TSPAN6 antibody DPBH-

18048. Total protein was extracted from 2D cultured primary cells isolated from patient 
biopsies. The same membrane was then probed for target GAPDH, shown at the bottom of the 
figure, for a loading normalisation control. The TSPAN6 homodimer can be clearly seen at 50 
kDa along with the monomer at 25 kDa. There is also the hint of a band at 75 kDa that based 
upon its size could be a TSPAN6 homotrimer. Additionally, there is a very faint band seen just 
above the homodimer at around 60 kDa on only two samples (marked with a question mark). 

GAPDH appears largely stable over the samples and there is a level of variation seen in the 
expression of TSPAN6 between patients. N=1 
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Figure 4-5 below shows the quantification and subsequent statistical analysis of the western 

blot shown above in Figure 4-4. This graph represents the total TSPAN6 expressed and includes 

the monomer and the dimer. The abundance of TSPAN6 in each group was comparable, and not 

statistically significant (HGS 0.2, Non-OC 0.21 (+/- SD). Independent samples T-test p value= 0.6 

n=4. In this case the p value was >0.05 therefore no statistically significant difference is 

indicated. The alternative non-parametric test, the Mann Whitney U test, also showed no 

statistically significant difference with a p value of 0.8.  

Relative to the immunofluorescent images seen in Figure 4-1, there could be some parallels 

drawn between the abundance of TSPAN6 observed on the western blot shown in Figure 4-5. In 

Figure 4-1, there is a higher intensity of TSPAN6 protein in some of the non-cancer cells (OV82, 

OV29 and OV7). Likewise, the abundance of TSPAN6 protein in some non-OC (non-OC-Cyst and 

Non-OC control) is higher (lane 2 and 3 Figure 4-4) than that of HGS , albeit not statistically 

significant.  

 

 
Figure 4-5 - Quantification of TSPAN6 protein (monomer and dimer) abundance in total protein 
extracted from 2D cultured primary cells isolated from HGSOC and non-cancer patient biopsies 

by western blot 
 

The box plot shows densitometry analysis of TSPAN6 expression normalised to GAPDH and 
there is no significant difference between the total TSPAN6 abundance in HGSOC patients (n=4) 

when compared to non-OC patients (n=4). The data was shown to be normally distributed by 
one sample Kolmogorov-Smirnov test for normality with p=0.2. An independent samples T-Test 
showed no significant difference with a p=0.6. Additionally, a non-parametric Mann Whitney 
test also revealed no significant difference with p=0.8. Overall, the total TSPAN6 abundance 

cannot statistically significantly stratify the 8 patients by HGSOC or non-cancer.  
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The abundance of TSPAN6 monomeric and heteromeric forms was also quantified to assess 

differential expression between groups that could lead to patient stratification. Figure 4-6 below 

begins to break down the abundance of TSPAN6 protein by looking at the abundance of the 

monomer band specifically. Densitometry analysis of the monomer band revealed that there 

was no statistically significant difference in the TSPAN6 monomer, although a trend was 

observed for slightly higher expression in the HGSOC patient-derived cells, relative to the non-

cancerous ovarian patient-derived cells. 

 

 

Figure 4-6 - Quantification of TSPAN6 monomer isoform protein abundance in total protein 
extracted from 2D cultured primary cells isolated from HGSOC and non-cancer patient biopsies 

by western blot 
 

The box plot above shows there is no significant difference between the abundance of TSPAN6 
monomer in HGSOC patients (n=4) when compared to non-OC patients (n=4). The data was 

shown to be normally distributed by one sample Kolmogorov-Smirnov test for normality with 
p=0.2. An independent samples T-Test showed no significant difference with a p=0.6. 

Additionally, a non-parametric Mann Whitney test also revealed no significant difference with 
p=0.6. Overall, the abundance of TSPAN6 monomer cannot statistically significantly stratify the 

8 patients by HGSOC or non-cancer.  
 

Looking at the dimeric forms of TSPAN6 specifically, in Figure 4-7, the opposite is observed in 

comparison to the monomer. Normality analysis using the Kolmogorov-Smirnov test indicates 

the data is normally distributed (p=0.2). For the TSPAN6 dimer, data revealed a marked 

increased abundance in the non-OC patient group, however, this increase was not statistically 

significant (independent t-test p-value (p=0.3). Overall, these findings suggest two observations 

could each other out resulting in a non- significant difference when assessing the overall 
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abundance of total TSPAN6. Further work with additional samples is needed to determine if 

TSPAN6 protein levels correlate with OC.  

 

 
Figure 4-7 - Quantification of TSPAN6 dimer isoform protein abundance in total protein 

extracted from 2D cultured primary cells isolated from HGSOC and non-cancer patient biopsies 
by western blot 

 
The box plot above shows there is no significant difference between the abundance of TSPAN6 
dimer in HGSOC patients (n=4) when compared to non-OC patients (n=4). The data was shown 
to be normally distributed by one sample Kolmogorov-Smirnov test for normality with p=0.2. 
An independent samples T-Test showed no significant difference with a p=0.3. Additionally, a 

non-parametric Mann Whitney test also revealed no significant difference with p=0.4. Overall, 
the abundance of TSPAN6 dimer cannot statistically significantly stratify the 8 patients by 

HGSOC or non-cancer.  
 

Overall, the abundance of TSPAN6 cannot stratify the 8 patients reported here into HGSOC or 

non-cancer. Stratification is also not possible when looking specifically at the individual isomers. 

However, it has been confirmed that TSPAN6 is expressed in patient derived cells – therefore it 

is worthwhile furthering the investigation into the abundance of TSPAN6 in total protein lysate 

extracted from patient tissue biopsies.  
 

4.3.2 The abundance of TSPAN6 in total protein lysate extracted from 

patient tissue biopsies by western blot 
Western blots using protein extracted directly from matched patient tissue biopsies are 

reported in this section. When each ovarian tissue biopsy, received from the hospital is 

processed, and the cells from the ovarian epithelial layer and stromal layer are extracted for cell 

culture, three small representative pieces of tissue are cut and set aside for protein, DNA and 
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RNA extraction. In this section the pieces set aside for protein extraction were digested with a 

lysis buffer, manually disrupted and put through freeze thaw cycles in the presence of protease 

inhibitors to extract total proteins from the tissues, as described in Materials and Methods 

Chapter 2. The proteins released from the disrupted cells were collected by centrifugation and 

quantified for use in western blot. Total protein extracts directly derived from tissue biopsies 

are generally considered to be more representative of the in vivo scenario compared to the 

proteins extracted from the 2D cultured cells, however they also include both the stromal and 

epithelial compartments of the tumour which need validating. The proteins present in 2D 

cultured cells could change depending on the environment, cell confluency, media and 

differences introduced by the person maintaining the cells. Previously it was shown that TSPAN6 

was overexpressed in cancer cell lines (Figure 3-16) compared to healthy tissues. In addition, 

these ‘healthy’ protein extracts from different tissues purchased from Novus Biologicals were 

also directly extracted from tissue and showed very low expression of the monomeric isoform 

of TSPAN6, and low expression of an isoform that migrated at 60 KDa (Figure 3-20).  

In total, 33 different patient samples were processed to obtain protein extracts directly from 

tissue as described above. Figure 4-8 shows a preliminary comparison between the protein 

extracted from 2D cultured primary cells derived from patient biopsies and the matched protein 

extracted directly from the tissue biopsy of the same patient. It is observed that the monomer 

is present in all samples apart from protein extracted from the tissue of patient OV73 (Figure 4-

8- lane 4) and the homodimer is only clearly seen in protein extracted from cells (Figure 4-8, 

lanes 1, 3, 5 and 7). For the matched protein samples extracted from tissue, there is either a less 

intense or non-existent homodimer band and instead, a band that have migrated at 60 kDa is 

observed. Additionally, a band at around 75 kDa is visible specifically on the protein extracted 

from 2D cultured primary cells for patients OV7 and OV73 (lane 1 and 3). Only patient OV73 

shows a faint 60 kDa as well as the possible homotrimer band. Finally, an immunoreactive band 

at around 15 kDa is observed with strong intensity in protein extracts obtained directly from 

ovarian tissue biopsies. These differences, such as the 60 kDa band and the protein 

accumulation at 15 kDa, are discussed in more detail below where the full membranes and other 

protein extracts directly from tissue biopsies are shown. Overall, the appearance of an 

immunoreactive band at 60kDa instead of 50kDa homodimer band seems to be the biggest 

difference in expression profile between the 2D and 3D protein sources.  
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Figure 4-8 – Expression of TSPAN6 protein by western blot – a side by side comparison between 
paired protein extracted from 2D cultured primary cells derived from patient biopsies and 

protein extracted directly from patient tissue biopsies  
 

A preliminary comparison between the protein extracted from 2D cultured primary cells derived 
from patient biopsies and the matched protein extracted directly from the tissue biopsy of the 
same patient. The TSPAN6 monomer band can be seen in all samples apart from patient OV73 
protein from tissue. There is a large accumulation of protein detected at the bottom of the gel 

around 15 kDa only on the protein from tissue – this could be a denatured protein from the 
protein extraction process. The TSPAN6 homodimer is present in all protein samples from 2D 

cells but is replaced by a band at 60 kDa in protein from tissue. A band that could represent the 
TSPAN6 homotrimer can be seen in patient OV7 and patient OV73 protein extract from cells. 

OV73 protein from cells is the only samples to show a faint band at 60 kDa which is commonly 
observed in protein from tissue.  

 
Next, protein samples directly extracted from 33 tissue biopsies were analysed for TSPAN6 

expression by immunoblot. In this cohort, eight samples corresponded to patients that were 

given a non-cancer diagnosis. These samples were split over 4 western blot membranes with 2 

non-cancer protein lysate extracts on each membrane for visual comparison (Figure 4-9, Figure 

4-10, Figure 4-11 and Figure 4-12). Overall, the main observations from the immunoblot data of 

these 33 patients were the presence of a previously undetected immunoreactive band above 

the dimer, and a highly abundant, smaller protein detected at the bottom of the immunoblot 

around 15 kDa, (observed before in Figure 4-8). In addition, poor GAPDH expression was 

observed in a small number of patients despite a similar amount of protein is loaded in the gels 

after protein quantification. The homodimer and monomer bands specific to TSPAN6 were also 

observed on all 4 gels.  

Firstly- the additional immunoreactive band observed above the dimer band, between 50 and 

75 kDa (hereafter referred to as the 60 kDa band), has been previously detected on protein 

lysate extracts from healthy tissue (Novus Biologicals) (Chapter 3 Figure 3-20). This band was 
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also observed very faintly in protein lysate extracted from 2D cultures primary cells derived from 

patient biopsies (Figure 4-4) and in the samples described Figure 4-8 where the direct 

comparison of expression profiles is observed. Data from all these experiments indicate this 

60kDa immunoreactive band only associated with protein samples extracted from cells grown 

in a 3D tissue configuration. The inclusion of the stromal compartment in the tissue lysate could 

be a contributing factor due to the presence of active and functioning TSPAN6. This suggests 

that in the 3D environment the protein being detected by the anti-TSPAN6 antibody is 

represented differently from what was observed in any 2D cell cultures. A post translational 

modification is likely occurring on the TSPAN6 dimer that results in a shift in the gel migration 

pattern of TSPAN6 dimers by 10 kDa larger than the others dimer observed in 2D configuration 

and therefore resulting in two bands close to one another. This theory is supported by the 

increasing intensity of the 60 kDa band at the expense of the intensity of the homodimer band 

(Figure 4-9, Figure 4-10, Figure 4-11 and Figure 4-12). Different types of post translational 

modification would result in different size alterations to the protein. The most common types 

of post translational modification, discussed here, are N-linked glycosylation, phosphorylation, 

ubiquitination, and proteolytic cleavage. Consideration of the underlying cause for the 60 kDa 

band in tissue samples is also important in terms of functional consequence. Phosphorylation is 

reversible and principally in serine, threonine or tyrosine residues and is the most well studied 

of all the post translational modifications. The purpose of phosphorylation is to play critical roles 

in the cell cycle, growth, apoptosis, and the signal transduction pathway (557). This does not 

line up with the reported functions of TSPAN6 which suggests the 60 kDa band may not be a 

result of phosphorylation. Glycosylation is acknowledged as one of the most common post 

translational modifications and is reported to have significant effects on protein folding, 

conformation, distribution, stability, and activity. Glycosylation is known to encompass a diverse 

selection of sugar-moiety additions to proteins that range from simple to complex modifications 

(558). TSPAN6 is known to interact readily with itself and other scaffolding proteins to form 

tetraspanin webs, meaning protein folding, conformation and distribution is vital to TSPAN6 

function. To assess what is truly happening here, site directed mutational analysis could uncover 

the importance of specific residues in protein structure and function. A larger sample size would 

greatly improve the reliability of the data, as well as considering the addition of other data sets 

to increase diversity.  
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Figure 4-9 - Detection of TSPAN6 by Western blot in total protein extracted from patient tissue 
biopsies 

 
A TSPAN6 expression western blot showing eight (out of a total of 33) total protein extracts 
from patient tissue biopsies. This is gel one out of a total of 4 gels with a total of 33 protein 

extracts from patient tissue biopsies. On each gel the first two lanes show non-cancer patients 
and the following wells show patients of a HGSOC pathology. This gel shows some variability 

between the GAPDH loading control intensity band at the bottom of the gel suggesting that the 
protein quantification was inaccurate or the loading or preparing was inaccurate for lanes 4, 7 

and 8. The samples on this gel and two samples in Figure 4-12 are the only example of this 
happening and due to the samples being quantified and prepared under uniform conditions 

using master mixes where possible – it is likely that these samples had a poor protein recovery 
and the quantification detected non-specific binding indicating more protein than there was in 

reality. This gel shows the dimer band (2) at approximately 50-54 kDa as expected from 
previous TSPAN6 westerns. The expression of the TSPAN6 dimer is varied between patients of 

different pathologies. The previously unseen band at around 60 kDa is present here (1) and 
appears to be a common in protein extracted from a 3D source. The monomer is seen variably 
between patients (3) and a large accumulation of TSPAN6 or TSPAN6 fragments can be seen at 
the bottom of the gel (4). Quantification and statistical analysis can be seen in Figure 4-14 to 

Figure 4-17 
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Figure 4-10 - Detection of TSPAN6 by Western blot in total protein extracted from patient tissue 
biopsies 

 
A TSPAN6 expression western blot showing eight (out of a total of 33) total protein extracts 
from patient tissue biopsies. This is gel two out of a total of 4 gels with a total of 33 protein 

extracts from patient tissue biopsies. On each gel, the first two lanes show non-cancer patients 
and the following wells show patients of a HGSOC pathology. This gel shows an empty well in 

the middle due to high volume in the neighbouring well. This gel shows a uniform GAPDH at the 
bottom of the gel suggesting an equal loading amount in µg of each protein. This gel shows the 
dimer band (2) at approximately 50-54 kDa, as expected from previous TSPAN6 westerns. The 

expression of the TSPAN6 dimer is varied between patients of different pathologies. The 
previously unseen band at around 60 kDa is present here (1) and appears to be common in 

protein extracted from a 3D source. The monomer is seen variably between patients (3) and a 
large accumulation of TSPAN6 or TSPAN6 fragments can be seen at the bottom of the gel (4). 

Quantification and statistical analysis can be seen in Figure 4-14 to Figure 4-17 
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Figure 4-11 - Detection of TSPAN6 by Western blot in total protein extracted from patient tissue 
biopsies 

 
A TSPAN6 expression western blot showing eight (out of a total of 33) total protein extracts 

from patient tissue biopsies. This is gel three out of a total of 4 gels with a total of 33 protein 
extracts from patient tissue biopsies. On each gel, the first two lanes show non-cancer patients 
and the following wells show patients of a HGSOC pathology. This gel shows a uniform GAPDH 

at the bottom of the gel suggesting an equal loading amount in µg of each protein. This gel 
shows the dimer band (2) at approximately 50-54 kDa, as expected from previous TSPAN6 

westerns. The expression of the TSPAN6 dimer is varied between patients of different 
pathologies. The previously unseen band at around 60 kDa is present here (1) and appears to 

be common in protein extracted from a 3D source. The monomer is seen variably between 
patients (3) and a large accumulation of TSPAN6 or TSPAN6 fragments can be seen at the 
bottom of the gel (4). Quantification and statistical analysis can be seen in Figure 4-14 to 

Figure 4-17 
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Figure 4-12 - Detection of TSPAN6 by Western blot in total protein extracted from patient tissue 
biopsies 

 
A TSPAN6 expression western blot showing eight (out of a total of 33) total protein extracts 
from patient tissue biopsies. This is gel four out of a total of 4 gels with a total of 33 protein 

extracts from patient tissue biopsies. On each gel, the first two lanes show non-cancer patients 
and the following wells show patients of a HGSOC pathology. This gel shows some variability 

between the GAPDH loading control intensity band at the bottom of the gel suggesting that the 
protein quantification was inaccurate or the loading or preparing was inaccurate for samples 

loaded on lanes 5 and 7. This gel shows the dimer band (2) at approximately 50-54 kDa as 
expected from previous TSPAN6 westerns. The expression of the TSPAN6 dimer is varied 

between patients of different pathologies. The previously unseen band at around 60 kDa is 
present here (1) and appears to be common in protein extracted from a 3D source. The 

monomer is seen variably between patients (3) and a large accumulation of TSPAN6 or TSPAN6 
fragments can be seen at the bottom of the gel (4). Quantification and statistical analysis can 

be seen in Figure 4-14 to Figure 4-17 
 

Figure 4-9 to Figure 4-12 in total have an n=33. The western blots were not run in technical 

triplicates due to limited primary patient material. Instead, a higher number of individual 

patients (n=33) was used instead. n=8 non-cancer and n=25 OC.  

 

N-linked glycosylation is the attachment of an oligosaccharide to a nitrogen atom of the amide 

nitrogen of asparagine residue of a protein. The addition of this oligosaccharide can alter the 

tertiary structure of the protein which in turn affects its function (559). Online predictions of 
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post translational modification sites can be found using online calculators such as ExPASy (UK). 

By using the tool ‘FindMod tool’ on ExPASy, a variety of low to high probability of different post 

translational modifications were predicted and added to a schematic (Figure 4-13). There is only 

one N-linked glycosylation site that was marked as a high probability (marked as a yellow square 

on Figure 4-13) with phosphorylation being the most common type of post translational 

modification predicted on the TSPAN6 protein (Figure 4-13, marked as orange square. While N-

linked glycosylation only adds around 2.5 kDa (546) and there could be more N-linked 

glycosylation sites than predicted, phosphorylation adds approximately 1 kDa (560). However, 

multiple phosphorylation sites are predicted with a high probability for TSPAN 6 protein (Figure 

4-13, orange squares).  

 It could be possible that in the protein extracts from tissue, multiple TSPAN6 phosphorylated 

isoforms are present. This could cause some of the standard homodimers to appear at 60 KDa 

rather than the expected 50 KDa. t is notable here that this extra band appears above the dimer 

band but not the monomer. This could suggest that the monomer is not functional and does not 

undergo post translational modification. The reports of tetraspanins in the literature include 

descriptions of them in Tetraspanin Micro Domains (TEMs) or tetraspanin webs (561). 

Suggesting that they do need to exist as a multimer to be functional although further work is 

needed to test this hypothesis.  

It is reported that phosphorylated proteins can migrate slower on a gel (562) and this size 

difference is not always as simple as 1 kDa extra for each phosphate addition. The addition of a 

phosphate group can alter the tertiary structure of a protein such that it does not run true to 

the expected size on a western blot gel (563).  
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Figure 4-13 - Protein schematic showing post translational modifications predicted in TSPAN6 
 

The above Figure shows the predicted post translation modifications in the TSPAN6 protein 
using the ExPASy (UK) online database. The antibody epitope is presented in green and the 

various modifications are represented by the coloured squares in the key. Only those 
modifications with a high probability of occurring are depicted in this Figure. Phosphorylation is 
the most common post translational modification with some cleavage sites that could explain 

small 15 kDa bands seen in the western from Figure 4-9 to Figure 4-12 
 

The large amounts of protein detected by the TSPAN6 antibody on the bottom of the western 

blots in Figure 4-9 to Figure 4-12 indicate the detection of proteins that are approximately 15 

kDa or smaller. There is an isomer of TSPAN6 at 15 kDa, seen on the UniProt database (199). 

However, this isomer would not be detected by the TSPAN6 antibody used due to epitope 

binding. Given the large accumulation of this small protein fragment, it suggests that it is more 



 185 

likely to be a cleaved fragment of protein or denatured protein fragments from protein 

extraction or storage. 

 It can be seen in Figure 4-13 that there are predicted cleavage sites at amino acids 7, 9 and 140 

– where TSPAN6 has the potential to be cleaved by proteolytic activity. The fragment produced 

by proteolytic cleavage at these sites would produce an approximate band at 15 kDa and could 

be produced from either the monomer or any multimer. This may be only happening in protein 

from a tissue lysate because these modifications are only occurring in a 3D environment in 

patient samples. It is agreed in the literature that post-translational modifications do occur in 

2D cells (564, 565) and there are products available specifically to investigate post-translational 

modification using 2D cells (566). This leaves the possibility that more post-translational 

modifications, specifically the ones that could result in the additional 60 kDa band and the large 

accumulation of protein at 15 kDa, are happening in the tissue-derived protein. Being a more 

diverse and complex environment than a 2D cell culture, it would not be surprising that more 

complex protein modifications are taking place. However, the strong immunoreactive signal 

observed at 15kDa only in 3D extracts of OC suggest TSPAN6 may be involved in signalling 

pathway or protein complex only active in primary ovarian cells when grown in a 3D 

configuration. These bands differ from the extra band at 60 kDa because they are not present 

on all the protein gels from 3D sources. The abundant 15 kDa species is only seen on the breast 

healthy tissue protein lysate and not on the other tissues (Figure 3-20) suggesting either this 

band is tissue specific or appears as result of protein degradation. 

Protein extraction from patient samples, involve manually disrupting the tissue with a 

TissueRuptor device in the presence of a lysis buffer and a protease inhibitor to first break open 

the cells and to protect the proteins from proteases inside the cell being released at the same 

time (2.4.2). The next stage to release protein from the tissue and cells was to repeatedly freeze 

thaw the solution using dry ice and a water bath before centrifuging at high speed to separate 

the supernatant containing the protein from the cell debris. This freeze/thaw cycle in particular 

could have caused protein degradation resulting in the large accumulation of small TSPAN6 

protein fragments.  

Interestingly, this 15 kDa immunoreactive band can also be detected (at a lesser intensity) in 

ovarian cancer cell lines grown as 2D monolayers (chapter 3, Figure 3-16-TOV 112D sample; TOV 

21G and the primary non-cancer sample OV2 (risk reduction patient). However, the results for 

cell lines are not consistent given this band is not observed in the TOV 112D sample shown in 

Figure 3-18 or Figure 3-20. Overall, there is a strong possibility of this band resulting from the 
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accumulation of denatured protein due to the disruption and freeze thaw cycles used in our 

protein extraction protocol.  

It is worth mentioning an alternative explanation for these findings. It has been described that 

ubiquitination of TSPAN6 results in smaller immunoreactive bands for this protein. In addition, 

ubiquitinated TSPAN6 interacts with MAVS and disturbs the formation of the MAVS-centred 

signalosome resulting in negative regulation of the RLR signalling pathway by TSPAN6 (527). A 

growing number of studies show that the RLR signalling can be induced in tumour cells and non-

tumour cells within the tumour microenvironment and support innate immune responses 

against tumour cells (567). For example, RIG-I activation in ovarian cancer cells enables NK-

mediated tumour cell killing in culture (568). It is plausible that ubiquitinated TSPAN6 is 

promoting tumour development by inhibiting the RLR signalling in OC cells. In the case of a 

healthy ovary, it is also plausible TSPAN6 protects the ovarian cells from the attack of the 

immune system given ovarian activity increases local inflammatory processes during the ovarian 

cycle.  

The bands representing TSPAN6 in Figure 4-9 to Figure 4-12, were quantified using Image Lab 

(BioRad UK) software and normalised by the corresponding GAPDH band. This was achieved by 

dividing all the TSPAN6 bands by their corresponding GAPDH band to provide a normalised ratio 

value. For this analysis, those samples that did not show a GAPDH band were removed from the 

data set. 

This quantification was done to inform the total expression of TSPAN6 in patient samples to 

explore patient stratification. Moreover, if a novel TSPAN6 ADC were to be applied to the ovary 

of an OC patient, the ADC would seek and bind to all the variants of TSPAN6 detected by the 

anti-TSPAN6 antibody. Therefore, for the westerns described above in Figure 4-9 to Figure 4-12, 

the total TSPAN6 expression from all bands have been quantified and discussed here. Here, it is 

also worth mentioning that an ADC used in vivo would only bind to TSPAN6 associated with the 

plasma membrane and exposed on the cell surface. The total TSPAN6 expression for each 

sample was calculated by adding together the normalised intensity for each of the homodimer, 

the monomer and the 60 kDa band for each sample and using that total to calculate the average 

total TSPAN6 expression for each group. The large accumulation of protein at 15 kDa was not 

included, as it requires future clarification beyond this project. This is likely a degraded protein 

and it will not be considered representative of the TSPAN6 expression in this study.  

The resulting graph shown in Figure 4-14 shows a higher total expression of TSPAN6 in OC 

patients when compared to non-OC patients. A Kolmogorov-Smirnov Test found the data to be 

not normally distributed (p= 0.01) and therefore a non-parametric Mann Whitney test was used 
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to assess statistical significance between the two groups. A p value of 0.05 was obtained 

indicating total TSPAN6 expression is statistically significantly higher in OC tissue samples 

compared to non-cancer samples.  

 

 

Figure 4-14 - Quantification of total TSPAN6 intensity in protein extracted from the patient 
tissue biopsy of OC vs non-OC patients 

 
The box plot above shows the total expression intensity of TSPAN6 in the primary protein 

extracted from the tissue of 8 non-OC and 21 OC patients. The above box plot only quantifies 
all the bands including the dimer, the 60 kDa band and the monomer. From the 29 data points 
by Kolmogorov-Smirnov Test the data was considered not normally distributed (p=0.01). From 

this a non-parametric Mann Whitney revealed a statistically significant difference in the 
intensity of total TSPAN6 in OC and non-OC patients (p=0.05). Note the different markers for 

"out" values (small circle) and "far out" or as SPSS calls them "Extreme values" (marked with a 
star). SPSS uses a step of 1.5×IQR (Interquartile range). 

 

Figure 4-15 shows a box plot of only the homodimer band intensity in protein extracted from 

patient tissue. Due to the homodimer being present and quantified in all previous western blots, 

this western blot can be directly compared to the others. So far, the TSPAN6 dimer has been 

variably statistically significantly different in various OC pathology cell lines and no statistically 

significant difference is seen in Figure 4-15 where TSPAN6 homodimer intensity was compared 

between OC and non-OC patients. Although the p value was close to the cut off point for 

significance, technically there was no significant difference observed. Here in Figure 4-15, no 

significant difference between the intensity of the homodimer band between patients with OC 
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and those with no OC diagnosis was observed. The data was shown to be not normally 

distributed by Kolmogorov-Smirnov Test (p=0.0000013) and therefore a non-parametric Mann 

Whitney test was performed with a p value of 0.06. This shows that using the homodimer band 

only, patients could not be stratified into OC and non-OC.  
 

 

Figure 4-15 - Quantification of TSPAN6 homodimer band intensity in protein extracted from the 
patient tissue biopsy of OC vs non-OC patients 

 
The box plot above shows the expression intensity of the TSPAN6 homodimer in the primary 

protein extracted from the tissue of eight non-OC and 21 OC patients. The above box plot only 
quantifies the homodimer and from the 29 data points by Kolmogorov-Smirnov Test the data 
was considered not normally distributed (p=0.0000013). From this, a non-parametric Mann 

Whitney revealed no statistically significant difference in the intensity of TSPAN6 homodimer in 
OC and non-OC patients (p=0.06). Overall, this graph shows that there is no significant 

difference and therefore patients cannot be stratified using the TSPAN6 homodimer by western 
blot using this anti-TSPAN6 antibody.  

 

TSPAN6 more commonly exists in its active form as a dimer or other higher order complexes 

rather than a monomer however here in the tissue the monomer is clearly present and could be 

a part of the total TSPAN6 expression on OC cells and can therefore aid the targeting of the 

cancer cells by a putative ADC. Although, in comparison to the dimer and the 60 kDa band, the 

expression of the monomer is very weak, the intensity between the two groups can be seen in 

Figure 4-16. 
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Figure 4-16 - Quantification of TSPAN6 monomer band intensity in protein extracted from the 
patient tissue biopsy of OC vs non-OC patients 

 
The box plot above shows the expression intensity of the TSPAN6 monomer in the primary 
protein extracted from the tissue of 8 non-OC and 21 OC patients. The above box plot only 
quantifies the monomer and from the 29 data points by Kolmogorov-Smirnov Test the data 

was considered normally distributed (p=0.2). From this, a parametric T-Test revealed no 
statistically significant difference in the intensity of TSPAN6 homodimer in OC and non-OC 

patients (p=0.7). Overall, this graph shows that there is no significant difference in expression 
levels of the monomeric immunoreactive band recognised by the anti-TSPAN6 antibody.  

 

The data points for the intensity of the monomer were analysed by Kolmogorov-Smirnov Test 

and found to be normally distributed (p=0.2). Therefore, a T-test was carried out to reveal no 

statistically significant difference with a p value of 0.7. This data suggests that the TSPAN6 

monomer in protein extracted from 3D patient tissue is not suitable for stratifying patients and 

suggests the monomer alone would not be able to successfully guide the novel TSPAN6 ADC to 

the cancer cells for targeted therapy.  

However, when looking at the immunoblot images in Figure 4-9 to Figure 4-12 the intensity of 

the homodimer seems to have diminished as a greater intensity of the 60 kDa band, only seen 

in protein extracted from a 3D source. This suggests that perhaps some of the ‘active’ TSPAN6 

formerly shown as a homodimer has been modified so that the majority of the homodimers are 

now showing as a separate band of slightly higher molecular weight – suggesting this new band 

is still the homodimer. Due to this observation, the 60 kDa band will also be quantified and 

discussed in addition to the classic monomer and homodimer.  
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The band seen at 60 kDa has the potential to be the majority of the homodimer band with a 

post-translational modification as a result of the protein originating in a 3D environment. It is 

possible, from the literature, that this is not another separate isoform of TSPAN6 – simply a 

modified version of the homodimer that has been seen formerly. Figure 4-17 shows the average 

of the intensity of the 60 kDa band from primary protein extracted from patient tissue in eight 

non-OC patients and 21 patients with OC. The data is shown to be not normally distributed by 

Kolmogorov-Smirnov Test (p=0.004) and there is a statistically significant difference between 

the two groups from a Mann Whitney test with a p value of 0.02. From this quantification, based 

on the information that this band is the modified homodimer, patients could be stratified using 

protein extracted from primary tissue. Additionally, as the expression here is higher in protein 

extracted from OC tissue, a novel TSPAN6 ADC has the potential to be more effective in OC tissue 

than in non-OC tissue. This TSPAN6 variant is expressed more abundantly in OC tissue which 

could have implications for diagnosis, but it has the potential to bind ADCs targeting TSPAN6 in 

primary human cancer ovarian cells, thus also conferring therapeutic potential. Therefore, 

future experiments are urgently needed to clarify if this band corresponds to a post-

translationally modified TSPAN6 protein.  
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Figure 4-17 - Quantification of TSPAN6 60 kDa band intensity in protein extracted from the 
patient tissue biopsy of OC vs non-OC patients 

 
The box plot above shows a significant difference (p=0.02) in the intensity of the 60 kDa band in 
the protein isolated from patient tissue in OC vs non-OC patients. The data was found to be not 
normally distributed by Kolmogorov-Smirnov Test (p=0.004) therefore a non-parametric Mann 
Whitney test was used. If the 60 kDa band is a modified version of the dimer then it can be said 

that OC and non-OC patients can be stratified by looking at this band in western blot. 
Additionally, an ADC using this TSPAN6 antibody would be more effective as a therapeutic if 
this binding is a reflection of the binding that would occur in primary human ovary in vivo.  

 

Overall, the western blots above on protein lysate extracted from patient tissue biopsies have 

shown that total levels of TSPAN6 stratified HGSOC patients from non-OC patients, as well as 

the 60kDa immunoreactive band. The identification of an isomer capable of stratifying patients 

is crucial to the goals of more effective patient care by treatment and diagnosis.  
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4.4 Conclusions 
Immunofluorescence examination of the three most promising targets from the previous 

chapter (TSPAN6, PCSK4 and PIEZO2) shows expression and localisation to the membrane 

variably for all three targets in 2D cultured cells derived from patient biopsies. This clear, but 

variable between pathologies, expression and localisation to the membrane is a prerequisite for 

the next stage of analysis. A limitation of this section is the lack of cell authentication by methods 

such as Short Tandem Repeat profiling. This process, ideally, would need to be done for each 

cell extraction and is vital to ensure primary cultures are the expected cell type, especially given 

the fibrous morphology observed. A representative light microscope phase contrast image of 

representative 2D cells derived from patient biopsies can be seen in Appendix Figure 3.  It could 

be argued this needs to be addressed before any publications can be submitted. Additionally, 

all cell lines should be tested for mycoplasma before interpreting any results from cell cultures.  

The next stage of analysis as described below is an assessment and quantification of receptor 

mediated endocytosis internalisation of these targets into the cell and subsequent analysis of 

how effective and ADC using this target and antibody would be.  

This chapter concludes the western blot section of the thesis. In the previous chapter, it was 

shown that the creative diagnostics (US) antibody DPABH 18048 can detect TSPAN6 clearly in 

western blot and that TSPAN6 expression varied between OC cell lines of different pathology. 

Furthermore, TSPAN6 was detected in healthy protein lysates from tissue purchased from Novus 

Bio (UK). In this chapter, no significant difference was observed between the intensity of the 

TSPAN6 dimer in protein extracted from 2D cells derived from patient biopsies with no OC 

diagnosis and those with an OC diagnosis. Looking further into the primary samples that were 

available. Protein was extracted directly from a 3D piece of tissue biopsy from ovaries with 

various pathologies including OC and non-OC. The results were more complex to analyse here 

as there was the appearance of an extra band just above the homodimer band (the 60 kDa 

band). As this band grew in intensity the intensity of the homodimer began to diminish, 

suggesting that this new band could be modified homodimer by a post translational modification 

such as phosphorylation or glycosylation. When taken individually, the intensity of the dimer 

and monomer did not show a statistically significant difference between the OC and the non-OC 

group. However, the 60 kDa band on its own did show a statistically significant difference. This 

suggests the 60 kDa band could be used to stratify patients into these two groups. Moreover, 

when comparing total levels of TSPAN6 by immunoblot a higher statistically significant level of 

total TSPAN6 was observed in OC samples compared to non-OC samples. 



 193 

The immunoblots describe here, have proved useful as an extra characterisation step for 

antibody development, securing confidence that the anti-TSPAN6 antibody is indeed binding to 

TSPAN6, that this protein is present in cell lines, healthy protein from tissue, primary protein 

from 2D cells and primary protein from 3D tissue.  

The next stage of exploration for these novel ADC targets is assessing to what extent they 

internalise into the cell and therefore the extent to which the toxic payload of an ADC would 

enter an OC cell using these target antibodies. This next chapter is a good indication of how 

effective a novel ADC would be with these targets.  
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5.1 Introduction 
This chapter further characterises the target proteins by assessing if they can mediate the 

internalisation of antibodies into the target cells and trafficking to the lysosomes. Receptor 

mediated endocytosis is the process by which circulating proteins (ligands) find and attach to 

their protein receptors on the surface of the cell and are subsequently brought into the cell 

(569). Receptor mediated endocytosis can support the nutritional needs of the cell by facilitating 

the internalisation of, for example, the ligands specific for galactose, mannose and LDL receptors 

(570). Some molecules such as transferrin and IgGs are recycled to the plasma membrane where 

they facilitate the transport of vital molecules such as iron (571). Often, ligands are modified 

upon entering the cells, for example by proteolysis for the removal of essential molecules. 

Receptor proteins are highly diverse but can be placed into 4 general categories. Receptors that 

recycle and traffic their ligands to the lysosomes, receptors that recycle but do not traffic their 

ligands to the lysosome, receptors that do not recycle and traffic their ligand to the lysosome 

and receptors that do not recycle and do not traffic their ligand to the lysosome (572). For an 

ADC, trafficking to the lysosomes is essential for the release of the cytotoxic payload and the 

recycling of the receptor back to the plasma membrane is inconsequential as the cell is expected 

to be destroyed.  

The mechanism of action of ADCs showcases the importance of internalisation as a pathway to 

ensure the intracellular release of the cytotoxic payload (Figure 5-1).  
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Figure 5-1 – Receptor mediated endocytosis mechanism of action (Kataoka et al (573)) 
 

ADCs mechanism of action. The ADC will be designed such as the monoclonal antibody will bind 
to and guide the ADC complex to the protein receptor. The binding will initiate the 

internalisation of the whole receptor-ligand complex into the cell (1) as an intracellular vesicle. 
The vesicle will fuse with an endosome (2) whereupon the receptor will be recycled out of the 

cell (3) and the ligand (in this case an ADC) will be trafficked to the lysosome (4). The lysosome 
will degrade the ligand (ADC) (5), where the active drug is released from the antibody to other 

compartments of the cell (6) where exerts its cytotoxic action, generally damaging DNA or 
microtubules and killing cancer cells. 

 

Antibody internalization via receptor mediated endocytosis is a prerequisite for strong ADC 

efficacy because most of the toxic payloads function by disrupting important cellular pathways. 

Hence the initial antibody/receptor binding must initiate receptor meditated endocytosis for 

the toxic payload to be brought into the cell. Several factors can affect the efficiency of ADC 

internalisation. The binding affinity of the antibody to the target has been linked to an efficient 

uptake into the cells. The internalization kinetics is related to binding affinity, with high-affinity 

antibodies exhibited greater internalization potential comparing to low-affinity antibodies (336). 

It has been reported that different antibodies against the same target can show different rates 

of internalisation, potentially due to affinity (574). Logically, rapid internalisation could be 

favourable to reduce the likelihood of off-target toxicity and increase the safety and efficacy of 
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the ADC at the same time. There are different pathways by which the antibody can be 

internalised into the cell and each can have a different effect on ADC processing (575). For 

example, Clathrin-coated Pit-mediated receptor internalisation (576) has been reported to 

traffic the ligand (ADC) to the Golgi or endoplasmic reticulum instead of to the lysosomes. If this 

happens then the ADC is not processed in a way that can release the cytotoxic drug which 

impedes the effect of the ADC.  

Having previously selected suitable targets from the in-silico database and identified antibodies 

targeting the extracellular domain of these targets (Chapter 3) as well as validated the 

differential expression of these targets in healthy versus cancer samples using best antibodies 

candidates (Chapter 4), then this chapter looks deeper into the internalisation capabilities of 

these antibodies/target pairs to determine suitable ADC candidates. For instance, a target can 

be highly expressed on the surface of the cell but have a low antibody internalisation rate. This 

means that to compensate, the ADC payload drug would have to be more potent to have the 

required therapeutic effect and the linker would need to be more stable to reduce systemic 

toxicity (575). With trafficking the lysosomes such a vital part of ADC success, this chapter uses 

a pH sensitive dye (Promega) which only reacts and becomes fluorescent when it is in the acidic 

environment of the lysosomes (577). 

An additional ADC target, the Receptor for Advanced Glycation End Products (RAGE) will be 

introduced in this study, as a well characterised novel ADC target that has been heavily 

researched in the Reproductive Biology and Gynaecological Oncology (RBGO) group in Swansea 

University Medical School. RAGE was the first target developed through the pipeline described 

here for the new potential ADC targets described in this project. Being further ahead, RAGE has 

already been well characterised and validated in vitro and in vivo as a therapeutic target against 

endometrial cancer, with current validation experiments ongoing for its use against ovarian 

cancer (200, 201). Additionally, several new mouse IgG1 monoclonal antibody clones have been 

produced using hybridoma technology and are currently being screened by immuno-

microscopy, western blot and immunohistochemistry to reveal lead candidate antibodies. The 

RAGE monoclonal antibody clone HA9 (Human) has shown evidence of clear specific binding in 

preliminary immunoblots and 2D cell immunofluorescent microscopy (not published, Gonzalez 

et al., personal communication). Therefore, it was chosen to be a part of this study for 

comparison with the new targets to inform development. In addition, it was decided to explore 

whether target internalisation was impeded if antibodies to TSPAN6 and RAGE were added to 

mimic a potential future ADC combination therapy approach.  
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Assessment and quantification of the target-antibody complex internalisation and trafficking to 

the lysosomes will be performed by quantifying the pH Dye fluorescent signal (Promega). The 

acidic pH of the lysosomes will be used to confirm the presence of the Ab-conjugated to pH Dye 

in this compartment given these pH reactive dyes have a dramatic increase in fluorescence as 

the pH becomes more acidic and a very low/non-existent fluorescence at a pH greater than 7.  

This chapter covers data resulting from three main experiments conducted to fulfil the following 

objectives:  

• Evaluate the internalisation capacity of target/antibody-dye complex over time to 

determine the best internalisation time at 37°C using immunofluorescence time point 

assays 

• Evaluate and quantify antibody internalisation abundance in cell lines and 2D cultured 

primary cells derived from patient ovarian tissue biopsies at a defined timepoint 

(selected above) 

• Evaluate how targets abundance influence internalisation capacity using a competition 

assay between the lead target TSPAN6 and an established RBGO group ADC target: the 

Receptor for Advanced Glycation End products (RAGE) 
 

5.2 Antibody-dye conjugations, antibody recovery and Dye to 

Antibody Ratios (DARs) 
The amine pH reactive dye used here is a one-use solution that once reconstituted (directly 

before conjugation), is not recommended to be stored for future use. In addition, once the 

conjugation has taken place the fluorescence is reported to begin diminishing after 1-2 weeks. 

For these reasons, only four conjugations in total took place for the results reported here in this 

chapter (one for each of TSPAN6, PCSK4, RAGE and IgG isotype control) and the internalisation 

experiment was carried out as soon as possible after the conjugation. First the time points, then 

the internalisation in the cell lines and 2D cultured primary cells derived from patient ovarian 

tissue biopsies and lastly the competition assay. All of the internalisation assays shown here 

were carried out within 3 days of the initial conjugation.  

In addition to the cost of the pH reactive dye, the antibody recovery after conjugation makes 

this process expensive. Often, a large proportion of the antibody is lost during the conjugation 

process. This is why six targets were narrowed down to 3 and why the preliminary 

characterisation from the previous chapters had to be in place before internalisation was to be 

attempted here. Recovery could range from 50-90%, with a good chance that 50% of the 

antibody would be lost and each conjugation is unique in terms of recovery and efficiency. This 
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was reflected in a different Dye to Antibody Ratio (DAR) for each individual conjugation. The 

DAR is a ratio of how many dye molecules had conjugated to one antibody molecule. It was 

reported that successful conjugations had a DAR between 3 and 6.  
 

5.2.1 Dye to Antibody Ratios (DARs) 
The DARs of each conjugation was calculated using the equations shown in Figure 5-2 below. 

Due to each conjugation having different DARs, even when the concentration of antibody-dye 

conjugate added to each well was the same, the separate conjugations (individual targets 

targets) cannot be reliably compared to each other. Only wells using the same conjugated 

antibody (and therefore the same DAR) can be compared.  

 

Figure 5-2 – Equations used to calculate the Dye to Antibody Ratio (DAR) 
 

Equations for the calculation of the DAR from individual conjugates were taken from the 
Promega pH reactive dyes handbook (578) 

 

Table 5-1 below shows the DARs for each of the conjugations. The success of the conjugation 

depends on the antibody, the isotype and the concentration of the starting solution. TSPAN6 

had the lowest initial concentration (0.5 mg/ml), PCSK4 had a slightly higher concentration of 

0.6 mg/ml and the RAGE clone and the IgG isotype had the highest concentrations at 1 mg/ml. 

Comparing TSPAN6 to PCSK4 although the starting concentration was similar, PCSK4 had the 

superior DAR and also the superior recovery. PCSK4 recovered 80-90% of antibody after 

conjugation where TSPAN6 only recovered 40-50%. Here a non-specific IgG antibody was 

conjugated as an IgG isotype control antibody and assessed along with the other targets to check 

for any non-specific binding and subsequent internalisation. The IgG results are not displayed in 

this chapter as they all reported no quantifiable or visible fluorescence on the confocal images 

(see Appendix 1).  
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Table 5-1 – Dye to Antibody Ratios calculated for each of the 4 antibody-dye conjugations 
 

 DAR 
TSPAN6 3.9 
PCSK4 6.4 

RAGE HA9 5.5 
IgG Isotype 5.1 

 

The pH response of the antibody-dye conjugates was immediately measured following 

successful conjugation and before adding to the cells. One µl of antibody-dye conjugate was 

added respectively to either 100 µl of 100 mM citrate buffer (pH 4) or 100 µl of 100 mM 

phosphate buffer (pH 8). The fluorescence was read on the FLUOstar Omega plate reader (BMG 

Labtech) at Ex 532/Em 560 nm. A fold increase of fluorescence was observed for all conjugations, 

therefore progression to the internalisation assays was permitted.  
 

5.3 Timepoint assay 
After obtaining antibody-dye conjugates suitable for assessing antibody-target mediated 

internalisation, optimisation experiments were conducted to select the optimal time to assess 

and visualise this process. The optimal time will show the highest intensity of fluorescence which 

allows for easier quantification, comparison and analysis. This assay is also a preliminary 

assessment of how rapidly the target/antibody-dye conjugate complex can internalise which can 

offer insights into the appropriateness of the target for ADC development. For each time point, 

the SKOV-3 cells were plated in triplicate; one for TSPAN6, one for RAGE and one negative 

control as cells only. SKOV-3 cells were chosen due to being a serous subtype, which is the most 

common subtype of OC. During this time point analysis, a non-cancerous cell line would have 

been beneficial to include, however due to a limited amount of antibody-dye conjugate and time 

restrictions just one cell line was chosen. The addition of the antibody-dye conjugate to the cells 

was staggered to ensure each time point was accurate and not held up by the visualisation of 

the previous time point.  

At this stage, the six novel targets selected at the beginning of the study have been narrowed 

down to three: TSPAN6, PIEZO2 and PCSK4. However, the PIEZO2 antibody was discontinued by 

Thermo Fisher (UK) and the replacement used a different epitope sequence. Unlike previously 

with TSPAN6, no other PIEZO2 commercially available antibody had the same epitope and at 

this stage in the project it was decided not to continue with a completely new PIEZO2 antibody, 

hence PIEZO2 was not selected for further evaluation in our pipeline. The RAGE HA9 clone was 

brought in as a replacement of RBGO1 antibody targeting the same epitope, and to act as a 
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positive control of a target mediating antibody internalization (200, 201). For the optimisation 

experiments, TSPAN6 and RAGE only were chosen to preliminarily test the best incubation time 

for internalisation, so as not to waste antibody and pH reactive dye. SKOV-3 cells were chosen 

as they showed expression of the targets on the membrane in past experiments and for this 

preliminary and time sensitive experiment, SKOV-3 are a reliable robust cell line. Once the 

conjugation had been carried out the cells needed to be ready to avoid delay and loss of 

fluorescent properties. The aim was to find a mutually agreeable internalisation time that could 

be extended to all targets. Although each target will have a different internalisation rate and the 

targets could not be directly compared to one another (due to different DARs), keeping the 

incubation times the same allowed for some degree of comparison and reduced the number of 

variables and likelihood of potential mistakes in the assay procedure.  
 

5.3.1 TSPAN6 timepoint 
A visual representation of the internalisation time point assay with TSPAN6 antibody-dye 

conjugate is shown in Figure 5-3. TSPAN6 antibody-dye conjugate was added to live cells and, 

after 30 mins at 4°C, was allowed to internalise for 1, 2, 4, 6, 8 and 24 hours at 37°C before 

staining the nuclei with Hoechst and being taken directly to the confocal microscope for 

visualisation. The images shown below are representative images chosen to display out of a 

minimum of three fields of view taken randomly across the well. From a rapid internalisation 

perspective, it was encouraging to see internalisation from as early as 1 hour which increased 

till 4 hours. After 4 hours the fluorescent intensity decreased with considerably less signal 

detected at 24 hours. Overall, this figure shows that the TSPAN6 antibody-dye conjugate was 

successfully trafficked to an area of high pH, which is assumed to be the lysosomal 

compartment. The solution covering the cells was a mixture of PBS and DAPI, which was shown 

to not trigger red fluorescence. The cytoplasm of the cell is known to be pH 7-7.5 and the lowest 

pH (the most acidic) is agreed to be the lysosome at pH 4.5 (579). Based upon this knowledge 

and the purpose of the product validated by the company (Promega UK) (577), it is concluded 

that the fluorescence seen here does represent the TSPAN6 antibody-dye conjugate reaching 

the lysosomes.  
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Figure 5-3 – Abundance of pH reactive dye fluorescence indicating TSPAN6 antibody-dye 
conjugate internalisation by receptor mediated endocytosis into SKOV-3 cells at various time 

points 
 

The figure above shows a representative field of view from the internalisation TSPAN6 
antibody-dye conjugate into SKOV-3 cells at various internalisation time points. This figure 

shows the internalisation was visible at all time points with the most abundant internalisation 
seen at 4 hours and less than 4 hours. The scale bar can be seen at the bottom of each field in 

white and represents 20 µm. 
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Looking in more detail at the internalisation seen in Figure 5-3, the software CellProfiler (CP) 

was used to quantify the intensity of the fluorescent signal using a programme developed in 

house by Dr David James (RBGO postdoctoral bioinformatician researcher).  

A spreadsheet was made with each image name followed by the normalised intensity of 

fluorescence that was calculated. The intensity was normalised by the number of cells counted 

in the field of view. The data points were compiled in SPSS statistical analysis software and the 

following graph and analysis was produced.  

Figure 5-4 shows the box plot from the quantification of the intensity of fluorescence indicating 

internalisation of TSPAN6 antibody into SKOV-3 cells at various time points. SKOV-3 cell line was 

chosen for two main reasons. Firstly, SKOV-3 is a serous OC subtype which is the most common 

subtype of OC. Secondly, the SKOV-3 cell line is known to be easy to grow and hardy in the 

interest of this time sensitive experiment. In the future, it would be beneficial to include 

additional cell lines in this assessment, particularly a control non-OC cell line. The data was 

shown to be not normally distributed by Kolmogorov-Smirnov Test (p=5.0 x10-8). Several 

statistical tests were performed to identify differences between time points. Firstly, due to the 

data being not normally distributed and there is more than two groups, the Kruskal-Wallis one-

way analysis of variance was performed. The Kruskal-Wallis test is the non-parametric 

alternative to the one-way ANOVA, is considered an extension of the Mann-Whitney U test and 

is used to allow the determination of statistically significant differences between two or more 

groups. The Kruskal-Wallis test alone can only show a significant difference or not in the data 

set – it cannot show where or between what groups it is. The Kruskal-Wallis test showed a p 

value of 0.002, suggesting there was statistically significant differences between the groups. 

Therefore, a post-hoc test was carried out to find out exactly where this difference was. The 

pairwise comparisons of the different time points revealed mainly significant differences 

between the 4-hour time point and the other time points. This is represented on the boxplot 

shown in Figure 5-4.  
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Figure 5-4 – Quantification of abundance of pH reactive dye fluorescence indicating TSPAN6 
antibody-dye conjugate internalisation by receptor mediated endocytosis into SKOV-3 cells at 

various time points 
 

The above boxplot shows the intensity of fluorescence indicative of internalisation of the 
TSPAN6 antibody-dye conjugate into SKOV-3 cells. The statistical analysis (Kruskal-Wallis 
followed by pairwise comparison and Mann-Whitney U) revealed a statistically significant 

difference between the 4-hour time point and all the other time points. This boxplot also shows 
internalisation becoming lower in the 24-hour time point, suggesting the antibody-dye 

conjugate may have been recycled out of the cell after around 24 hours. Overall, this boxplot 
shows that the optimal time to allow TSPAN6 antibody to internalise is 4 hours.  

 

The pairwise comparison showed statistically significant differences between the 4-hour time 

point and the other time points. A follow up Mann-Whitney U test between the samples showed 

a significant difference between the 4-hour time point and all other time points with p values 

between 0.002 and 0.004.  

From this analysis, for the TSPAN6 antibody, 4-hours was the optimal time to allow 

internalisation to provide the highest intensity of fluorescence.  

The same assay was performed using the RAGE HA9 clone to assess the optimal length of time 

to allow RAGE HA9 to internalise. The visual representation of the data can be seen in Figure 5-

5 below. RAGE HA9 clone does internalise into 2D cultured SKOV-3 cells at all six time points to 

varying degrees (Figure 5-5). The images shown below are representative images chosen to 

display out of a minimum of three fields of view taken randomly across the well. It is observed 

that fluorescence is least intense at the 1-hour time point and the most intense at the 4 and 24-
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hour time point. As in Figure 5-4, it is encouraging to see evidence of internalisation at such an 

early time point. This is a good sign for the rapid internalisation of RAGE HA9 clone and its 

success as an ADC. When compared to TSPAN6, the abundance of internalisation does seem to 

be less intense. This could be due to not being able to compare RAGE and TSPAN6 directly due 

to different conjugations and therefore different DARs. Additionally, this is the first time this 

RAGE clone has been evaluated in these cells and it is already known that different antibody 

clones, even against the same target, can differ in binding affinity and internalisation.  
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Figure 5-5 – Abundance of pH reactive dye fluorescence indicating RAGE (HA9) antibody-dye 
conjugate internalisation by receptor mediated endocytosis into SKOV-3 cells at various time 

points 
 

This figure shows a representative image of internalisation from each time point using the 
RAGE HA9 antibody. SKOV-3 cells were incubated with the RAGE HA9 antibody conjugated to a 
pH reactive dye. The dye only fluoresces under acid conditions within the cell (the lysosomes) 

and therefore the red fluorescence is indicative of the amount of antibody-dye conjugate 
successfully internalised into the cell. This figure shows internalisation at all time points. The 

scale bar can be seen at the bottom of each field in white and represents 20 µm. 
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Figure 5-5 shows only the visual representation of one field of view taken within the well. Figure 

5-6 shows the quantification, taking into account all the fields of view. It can be seen that there 

is actually very little difference between the intensity of internalisation at different time points. 

The highest intensity over all fields of view was seen at the 4-hour time point – although this 

was not statistically significantly different. The data was shown to be not normally distributed 

by One-Sample Kolmogorov-Smirnov Test with a p value of 1.2 x10-15. A Kruskal Wallis test 

showed a p value of 0.054 which is close to the significance value cut off point. This suggests 

that one of the mean ranks is almost significantly different from the others. When looking at the 

mean ranks it is shown that the 4-hour time point is the highest and most statistically different 

from the others. Although it is not statistically significantly different from the others this is in 

agreement with the TSPAN6 timepoint data, therefore 4 hours was chosen as the optimal time 

to leave the antibodies to internalise.  

 

Figure 5-6 - Quantification of the abundance of pH reactive dye fluorescence indicating RAGE 
(HA9) antibody-dye conjugate internalisation by receptor mediated endocytosis into SKOV-3 

cells at various time points 
 

The above boxplot shows the intensity of fluorescence indicative of internalisation of the RAGE 
HA9 antibody-dye conjugate into SKOV-3 cells. The statistical analysis (Kruskal-Wallis followed 
by pairwise comparison and Mann-Whitney U) revealed no statistically significant difference 
between the time points. The data was shown to be not normally distributed by One-Sample 

Kolmogorov-Smirnov Test with a p value of 1.2 x10-15. A Kruskal Wallis test showed no 
significant difference with a p value of 0.054. The time point with the highest intensity was 4 

hours therefore 4 hours was chosen as the incubation time for internalisation.  
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5.3.2 Internalisation assay with TSPAN6, RAGE HA9 and PCSK4 
The timepoint assay revealed the most effective time to allow for internalisation was 4 hours. 

Therefore, subsequent experiments explore target mediated internalisation at this time point 

using 8 OC cell lines and 2D primary cell cultures derived from 4 patients (2 non-cancer and 2 

HGSOC). Table 5-2 below shows the different subtypes relating to the 2D cells used in this 

section.  
 

Table 5-2 – Pathology description of 2D cells used in internalisation assay 
Cell name/Sample ID Pathology 

IOC Pre-malignant OC 
TOV 112D Endometrioid OC 
TOV 21G Clear cell OC 

UACC Papillary Serous OC stage 4 
UWB1 Papillary Serous OC stage 4 BRCA1 mutation 
SKOV-3 OC stage 1-2 

COV-664 Mucinous OC 
OVCAR-3 HGSOC 

OV73 (Patient derived) Non-Cancer – Control- No described ovarian pathologies 
OV29 (Patient derived) Non-Cancer -Risk reduction surgery for MSH6 mutation 
OV48 (Patient derived) HGSOC stage 4 
OV12 (Patient derived) HGSOC stage 4 

 

 

Comparisons can only be made between cells where the same antibody-dye conjugate was used. 

For example, the fluorescence of anti-TSPAN6-dye conjugate in IOC and OVCAR cells could be 

compared to each other. But fluorescence in IOC with two different antibody-dye conjugates 

could not be compared due to differences introduced by the individual conjugations and DARs.  

Differences in internalisation fluorescence signal for TSPAN6/antibody-dye conjugate complex 

were observed between the different cell types (Figure 5-7). The initial observation indicated 

evidence of internalisation in all cell types. Secondly, from the images, it can be seen a different 

pattern for each cell line representative of a different OC subtype. DAPI stains the cell nucleus 

and confirms the presence and uniform growth of cells in the well. It is important to note the 

rate of internalisation in the cell lines here and in the following figures. Here the internalisation 

after 4 hours is shown, however because the time point analysis was only done in SKOV-3 cells 

using TSPAN6 and RAGE the other targets and cell lines may internalise much earlier or later, 

which means this wouldn’t have been captured in this experiment. Due to this, further time 

point analysis should be done with more cell lines and all the targets to increase data reliability. 
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Figure 5-7 – Abundance of pH reactive dye fluorescence indicating TSPAN6 antibody-dye 
conjugate internalisation by receptor mediated endocytosis into various 2D cultured cells    

Fluorescence indicating TSPAN6 antibody-dye conjugate internalisation into cells of various 
ovarian pathology and non-OC control cell lines (4 h time point). It is observed that 

fluorescence indicating internalisation is seen in all cell types. The amount of internalisation is 
variable depending on the cell type. Additionally, to display evidence of internalisation more 

clearly, the most intense and clearest field was chosen as the image to display in this figure out 
of all the fields of view replicates. For this reason, it is not possible to comment and compare 

the abundance of internalisation in this figure. This image simply shows the cells are uniformly 
distributed, indicating good health and the fluorescence indicating internalisation is visible in 
all cell types. Figure 5-8 shows the quantification for each cell line, taking into account all the 
fields of view replicates. Figure 5-9 shows the quantification for the internalisation of TSPAN6 

into primary cells derived from patient biopsies.  
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Quantification of all the fields of view from the cells shown above in Figure 5-7 was made and it 

is shown as a box plot (Figure 5-8). Here, it can be seen that receptor-mediated internalisation 

fluorescence signal in OVCAR-3 is statistically significantly higher than in all of the other cell lines 

(Figure 5-8). These results suggest that potentially patients with a HGSOC subtype could benefit 

the most, among all OC subtypes, from an ADC targeting TSPAN6 with this antibody. Previous 

data (Chapter 3) showed the expression of TSPAN6 on the plasma membrane of 2D cultured 

OVCAR-3 cells, supporting the internalisation seen here, however the fluorescence observed 

was not quantified. Furthermore, when TSPAN6 expression was analysed by immunoblot 

(Chapter 3), TSPAN6 did show expression in protein extracted from OVCAR-3 2D cultured cells, 

however OVCAR-3 did not express the most TSPAN6 when compared to the other 8 cell lines. 

This suggests that overall expression of TSPAN6 from immunofluorescent data and immunoblot 

(Chapter 3) is not correlated with the abundance of internalisation seen here in this data. The 

data was considered not normally distributed by one-Sample Kolmogorov-Smirnov Test with a 

p value of 0.000345. Therefore, a non-parametric Mann-Whitney test was used to assess for 

significant difference between the two groups. Table 5-3 shows each individual p value by Mann 

Whitney test for significance in more detail.  
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Figure 5-8 – Quantification of abundance of pH reactive dye fluorescence indicating TSPAN6 
antibody-dye conjugate internalisation by receptor mediated endocytosis into various 2D 

cultured cell lines 
 

A boxplot showing the quantification of fluorescence of TSPAN6 antibody-dye conjugate 
indicating receptor mediated endocytosis into various cell types after 4 hours incubation. 

OVCAR-3 (HGSOC subtype) is statistically significantly different from all the other cell lines in its 
fluorescent intensity. Where *= <0.05 and **= <0.01. A breakdown of the p values by Man-

Whitney can be seen in Table 5-3 below.  
 
 

Table 5-3 – P-Values by Mann-Whitney test for significance of fluorescence values for TSPAN6 
antibody-dye conjugate internalisation into various cell lines 

 IOC 21G 112D UWB1 UACC SKOV COV OVCAR 

IOC  0.724 0.755 0.286 0.662 0.413 0.190 0.016 

21G   0.536 0.368 0.491 0.283 0.283 0.008 

112D    0.927 0.836 0.927 0.230 0.073 

UWB1     0.914 1.000 0.114 0.029 

UACC      0.610 0.352 0.019 

SKOV       0.200 0.029 

COV        0.029 

OVCAR         
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Regarding the fluorescence indicative of internalisation from the 2D cultured primary cells 

derived from patient biopsies shown in Figure 5-7, quantification also indicates TSPAN6 binds 

and internalises antibodies into the cells (Figure 5-9). The boxplot shows the average value of 

fluorescence intensity taking into account all the replicate fields of view from the 2D cultured 

cells derived from 4 different patients – 2 HGSOC and 2 non-cancer as described above in Table 

5-2. The data was found to be normally distributed by one-Sample Kolmogorov-Smirnov Test 

with a p value of 0.2, therefore, a T-test was used to compare means between the two groups. 

The T-test returned a p value of 0.012 – indicating statistically significantly higher fluorescence 

indicative of internalisation in HGSOC patient derived 2D cells. A significant result here means 

that there is statistically significantly more TSPAN6 antibody-dye conjugate being internalised 

into 2D cultured primary cells derived from the biopsies of HGSOC patients than patients with a 

non-OC diagnosis. This indicates an ADC using this TSPAN6 antibody could have internalised 

more effectively in HGSOC cells when compared to non-cancer cells expressing lower amounts 

of target. This could offer a therapeutic advantage in HGSOC patients. In previous data (Chapter 

3), TSPAN6 expression by immunoblot was shown to be statistically significantly higher in OC 

patients versus non-cancer patients. Therefore, the statistically significantly higher indicated 

internalisation of TSPAN6-Ab dye complex into HGSOC cells derived from primary patient 

biopsies is in accordance with these previous observations.  
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Figure 5-9 – Quantification of the abundance of pH reactive dye fluorescence indicating 
TSPAN6 antibody-dye conjugate internalisation by receptor mediated endocytosis into 2D 

primary cultured cells derived from HGSOC and non-cancer patients  
 

The box plot above compares fluorescence from all of the fields of view in 2D primary cultures 
cells derived from HGSOC (n=12) and non-cancer (n=11) patients. The data was found to be 

normally distributed by one-Sample Kolmogorov-Smirnov Test with a p value of 0.2 therefore a 
T-test was used to compare means between the two groups. The T-test returned a p value of 
0.012 – indicating statistically significantly higher fluorescence indicative of internalisation in 

HGSOC patient derived 2D cells. 
 

Next, the internalisation of the PCSK4 antibody-dye conjugate into various OC cell lines and 

patient samples grown as 2D monolayers was evaluated (Figure 5-10). Images show 

fluorescence, indicating successful internalisation and trafficking to the lysosomes, in every cell 

type in Figure 5-10. There is variation seen between cell types which is encouraging for future 

patient stratification using this target. The images seen are representative images of several 

fields of view taken to best represent internalisation.  
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Figure 5-10 – Abundance of pH reactive dye fluorescence indicating PCSK4 antibody-dye 
conjugate internalisation by receptor mediated endocytosis into various 2D cultured cells  

 
Fluorescence indicating PCSK4 antibody-dye conjugate internalisation into cells of various 

ovarian pathology. It is observed that fluorescence indicating internalisation is seen in all cell 
types. The amount of internalisation is variable depending on the cell type. Additionally, to 

display evidence of internalisation more clearly, the most intense and clearest field was chosen 
as the image to display in this Figure out of all the fields of view replicates. For this reason, it is 

not possible to comment and compare the abundance of internalisation in this figure. This 
image simply shows the cells are uniformly distributed, indicating good health and the 
fluorescence indicating internalisation is visible in all cell types. Figure 5-11 shows the 

quantification for each cell line, taking into account all the fields of view replicates. Figure 5-12 
shows the quantification for the primary cells derived from patient biopsies.  
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Quantification analysis of the fluorescence signal observed when 2D OC cell lines of various OC 

subtype were allowed to internalise the PCSK4 antibody-dye conjugate for 4 hours revealed 

differences between groups (Figure 5-11). When compared to TSPAN6 and RAGE there is a 

greater level of variation between the cell lines here in Figure 5-11. A significant difference is 

observed between UACC (papillary serous OC) and 4 of the other cell lines, IOC, SKOV, COV and 

OVCAR. A one-Sample Kolmogorov-Smirnov Test showed the data to be not normally distributed 

with a p value of 0.011. A Kruskal Wallis non-parametric ANOVA revealed statistical differences 

between the groups with a p value of 0.008. Further post hoc testing revealed where these 

significant differences could be seen and are shown in Table 5-4. 

 

 

Figure 5-11 – Quantification of abundance of pH reactive dye fluorescence indicating PCSK4 
antibody-dye conjugate internalisation by receptor mediated endocytosis into various 2D 

cultured cells  
 

A boxplot showing the quantification of fluorescence of PCSK4 antibody-dye conjugate 
indicating receptor mediated endocytosis into various cell types after 4 hours incubation. Cell 

line UACC is significantly different from other OC subtype cell lines. IOC (p=0.02), SKOV (p-0.02), 
COV (p=0.02) and OVCAR (p=0.02). A breakdown of the p values by Man-Whitney can be seen 

in Table 5-4 below.  
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Table 5-4 – Kruskal Wallis post hoc testing pairwise comparison p values of the fluorescence of 
PCSK4 antibody-dye conjugate indicating internalisation by receptor mediated endocytosis into 

various cell types 
 IOC 21G 112D UWB1 UACC SKOV COV OVCAR 
IOC  0.114 0.114 0.057 0.029 1.00 0.343 0.686 
21G   0.886 0.486 0.200 0.057 0.114 0.057 
112D    0.886 0.200 0.114 0.114 0.114 
UWB1     0.200 0.114 0.114 0.057 
UACC      0.029 0.029 0.029 
SKOV       0.486 1.000 
COV        0.486 
OVCAR         

 

In previous data (Chapter 3), PCSK4 was observed to be expressed on the plasma membrane of 

all OC cell lines with the exception of TOV-112D, whereas here it is shown that TOV-112D does 

display low levels of internalisation. The fluorescence observed in chapter 3 was not quantified 

therefore it is assumed the membrane expression of TSPAN6 on TOV-112D 2D cells that allowed 

for the low levels of internalisation seen here, was not visible to the naked eye in the data 

presented in chapter 3.  

Analysis of the internalisation capacity of the target expressed in primary cells derived from 

patient biopsies shown in Figure 5-10, indicates PCSK4 binds and internalises antibodies into the 

cells (Figure 5-10). Quantification analysis shown as boxplot representing the average value of 

fluorescent intensity taking into account all the replicate fields of view was performed (Figure 

5-12). A one-Sample Kolmogorov-Smirnov Test showed each group was not normally 

distributed, hence a Mann Whitney U test was conducted and statistically significant differences 

were observed between groups (p=0.029). This result indicates that PCSK4-mediated antibody 

internalisation is higher in HGSOC patient samples when compared to non-cancer patient 

samples.  
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Figure 5-12 – Quantification of the abundance of pH reactive dye fluorescence indicating PCSK4 
antibody-dye conjugate internalisation by receptor mediated endocytosis into 2D primary 

cultured cells derived from HGSOC and non-cancer patients 
 

The box plot above compares fluorescence from all of the fields of view in 2D primary cultures 
cells derived from HGSOC (n=8) and non-cancer (n=8) patients. Mann Whitney test shows a 

significant difference with a p value of 0.02.  
 

Finally, the ability of the RAGE HA9 clone to internalise antibodies was examined using the pH 

reactive dye internalisation assay (Figure 5-13). As before, the antibody-dye conjugate was 

incubated with the various cells for 30 minutes on ice before being placed to internalise at 37°C. 

Initially it is observed that fluorescence seen is variable between cell types. Most notably, TOV 

112D and TOV 21G doesn’t show any visible fluorescence whereas SKOV looks to have the most 

intense fluorescence observed in this figure. To display internalisation more clearly, the most 

intense and clearest field was chosen as the representative image to display in this figure out of 

all the fields of view replicates. Looking at the primary cells derived from patient tissue biopsies, 

there is more evidence of a wider spread of overall more fluorescence see in 2D cells derived 

from patients who had HGSOC cancer than those with no cancer. The quantification of this 

fluorescence can be seen in Figure 5-14 and Figure 5-15 below.  
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Figure 5-13 – Abundance of pH reactive dye fluorescence indicating RAGE antibody-dye 
conjugate internalisation by receptor mediated endocytosis into various 2D cultured cells  

 
Fluorescence indicating RAGE (HA9) antibody-dye conjugate internalisation into cells of various 

ovarian pathology. It is observed that fluorescence indicating internalisation is not seen in all 
cell types. The amount of internalisation is variable depending on the cell type and TOV 112D 

and TOV 21G showed no visible fluorescence at all. Additionally, to display evidence of 
internalisation more clearly, the most intense and clearest field was chosen as the image to 

display in this figure out of all the fields of view replicates. For this reason, it is not possible to 
comment and compare the abundance of internalisation in this figure. This image simply shows 

the cells are uniformly distributed, indicating good health and the fluorescence indicating 
internalisation is visible variably amongst cell types. Figure 5-14 shows the quantification for 

each cell line, taking into account all the fields of view replicates. Figure 5-15 shows the 
quantification for the primary cells derived from patient biopsies.  
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Figure 5-14 shows a box plot quantifying fluorescence of RAGE HA9 antibody-dye conjugate 

indicating receptor mediated endocytosis into the eight OC cell lines. The quantification 

confirms that there was no detected quantifiable fluorescence in either TOV 112D or TOV 21G 

cell lines. The absence of fluorescence seen in TOV 112D and TOV 21G coupled with SKOV 

showing the highest fluorescence resulted in a statistically significant difference between SKOV 

and TOV112D and between SKOV and TOV21G. Overall, the data was shown to be not normally 

distributed by One-Sample Kolmogorov-Smirnov Test with a p value of 1.6x10-10. A non-

parametric ANOVA, the Kruskal Wallis test, showed there was statistically significant differences 

within the groups with a p value of 0.002. Finally, a pairwise comparison revealed the significant 

differences represented by a * in Figure 5-14 between SKOV, TOV 112 and TOV 21G. By Kruskal 

Wallis test the RAGE internalisation showed the biggest statistical differences between groups 

of cell type when compared to TSPAN6 and PCSK4 and RAGE was the only target to show no 

detectable fluorescence in any cell lines.  

 

 

Figure 5-14 – Quantification of abundance of pH reactive dye fluorescence indicating RAGE 
antibody-dye conjugate internalisation by receptor mediated endocytosis into various 2D 

cultured cells  
 

A boxplot showing the quantification of fluorescence indicating internalisation of RAGE HA9 
antibody-dye conjugate by receptor mediated endocytosis into various cell types after 4 hours 

incubation. Fluorescence indicating internalisation is variably present in all cell lines apart from 
TOV 112D and TOV 21G where there was no detected fluorescence at all. The data was shown 

to be not normally distributed by One-Sample Kolmogorov-Smirnov Test with a p value of 
1.6x10-10. A Kruskal Wallis test revealed a significant difference within the groups with a p 

value of 0.002. A pairwise comparison showed the absence of fluorescence for TOV 112D and 
TOV 21G created a significant difference between these cell lines and the cell line with the 

highest fluorescence- SKOV-3.  
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In addition, Figure 5-15 shows the quantification comparing the fluorescence (indicating 

internalisation) from HGSOC patients (n=7) and from non-cancer patients (n=8). A one-Sample 

Kolmogorov-Smirnov Test showed normally distributed data with a p value of 0.07. A T-test 

revealed a large significant difference with a p value of 0.000108. An outlier was removed from 

the HGSOC data set as it was over 4x bigger than all the other data points. Even with the outlier 

removed the significant difference remained substantial between the two groups. This result is 

not unexpected as RAGE has been studied within the RBGO group for several years and the 

target has already been validated as a strong ADC candidate ((200, 201)). The statistically 

significant difference seen in this result confirms that a higher level of RAGE internalisation in 

HGSOC patients could be used as a therapeutic advantage with a RAGE ADC potentially used as 

an effective treatment in these patients.  

 

Figure 5-15 – Quantification of abundance of pH reactive dye fluorescence indicating RAGE 
antibody-dye conjugate internalisation by receptor mediated endocytosis into 2D primary 

cultured cells derived from HGSOC and non-cancer patients 
 

The box plot above compares RAGE HA9 fluorescence from all of the fields of view in 2D 
cultured primary cells derived from HGSOC (n=7) and non-cancer (n=8) patients. The data was 

found to be normally distributed by one-Sample Kolmogorov-Smirnov Test with a p value of 
0.07. A T-test was used to compare means between the two groups and showed significant 
different with a p value of 0.000108. From the HGSOC data set an outlier was removed from 

the data set as it was over 4x bigger than all the other data points. Even with the large outlier 
removed the significant differences remained large between the two groups.  
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In addition to the internalisation assays completed with TSPAN6, PCSK4 and RAGE – an IgG 

isotype control was also used to ensure no non-specific internalisation was occurring. As 

described in section 5.2.1 and Table 5-1, the IgG isotype control was conjugated to the pH 

reactive dye along with the other antibodies for RAGE, PCSK4 and TSPAN6. The IgG antibody-

dye conjugate was used in exactly the same way as described in section 5.3.2 above however, 

as expected, no fluorescence was visible or detected by quantification (Appendix 1).  
 

5.3.3 Competition internalisation assay between TSPAN6 and RAGE HA9 
The internalisation assays carried out in section 5.3.2 above, showed that TSPAN6 and RAGE 

showed the biggest statistically significant differences in internalisation using ovarian samples 

from patients diagnosed with HGSOC compared to those with no cancer diagnosis. For this 

reason, it was explored whether incubation with both antibodies in combination will impact the 

internalisation of pH-dye conjugated antibodies. It is possible that targets can stratify and 

mediate treatment of patients more effectively if they are used in conjunction with another 

therapy. The first step in that direction is to first understand if internalisation mediated by one 

target impacts the internalisation event mediated by another target. In simple terms, the idea 

is to assess whether there is competition between internalisation events mediated by different 

targets or not, paving the way for multi-ADC formulations that may prove to be more efficacious. 

This experiment assesses the fluorescence (indicative of internalisation) of RAGE and TSPAN6 

whilst in the presence of the other target antibody. SKOV-3 cells were grown in replicates of 4. 

The following indicated what was added to each well containing SKOV-3 cells: 

1. RAGE HA9 antibody-dye conjugate only  

2. TSPAN6 antibody-dye conjugate only  

3. RAGE HA9 antibody-dye conjugate in the presence of 2x excess of TSPAN6 antibody 

4. TSPAN6 antibody-dye conjugate in the presence of 2x excess of RAGE HA9 antibody 

 As before, the cells were incubated on ice for 30 minutes before placing at 37°C for 4 hours to 

allow internalisation to occur. Visual representation of this competition to see how the presence 

of the other target antibody affected the internalisation of the antibody-dye conjugates is shown 

(Figure 5-16). The fluorescence signal was detected in all images, the scale bar can be seen at 

the bottom right of each image and DAPI (Hoechst) staining shows an even distribution of cells 

indicating healthy growth (Figure 5-16).  
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Figure 5-16 – Internalisation competition assay with RAGE HA9 and TSPAN6 
 

The above figure shows the detected fluorescence when RAGE and TSPAN6 antibody-dye 
conjugates were allowed to internalise alone compared to in the presence of the other target 
antibody. The ‘TSPAN6 Ab-dye’ well had only the TSPAN6 antibody-dye conjugate present, the 

‘TSPAN6 Ab-dye + RAGE Ab’ had the TSPAN6 antibody-dye conjugate in the presence of the 
RAGE HA9 antibody, the ‘RAGE Ab-dye’ had the RAGE HA9 antibody-dye conjugate only and 

finally the ‘RAGE Ab-dye + TSPAN6 Ab’ had the RAGE HA9 antibody-dye conjugate in the 
presence of the TSPAN6 antibody. Fluorescence is detected in all 4 wells and the quantification 
can be seen in Figure 5-17. A scale bar is shown in the bottom right corner of each image. Blue= 

DAPI, Red= dye. Internalisation time 4 hours. N values shown in 5-17.  
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The box plot in Figure 5-17 shows the quantification taking into account all the fields of view 

from the assay represented in Figure 5-16. The purpose of quantification was to allow all 

replicates to be represented and to see if the presence of TSPAN6 Ab altered RAGE Ab 

internalisation and vice versa. A one-Sample Kolmogorov-Smirnov Test showed the data to be 

not normally distributed with a p value of 0.000323. Initially a Kruskal Wallis test did show 

significant differences detected in the group with a p value of 0.01, however in a pairwise 

comparison these differences were between the RAGE fluorescence and the TSPAN6 

fluorescence (for example between RAGE only and TSPAN6 only) and the significance was no 

longer present once Bonferroni correction for multiple tests was applied. No significant 

difference was detected between ‘RAGE Ab-dye’ and ‘RAGE Ab-dye + TSPAN6 Ab’ and between 

‘TSPAN6 Ab-dye’ and ‘TSPAN6 Ab-dye + RAGE Ab’. An additional Mann Whitney test was 

performed to assess any significance and no significant difference was observed between ‘RAGE 

Ab-dye’ and ‘RAGE Ab-dye + TSPAN6 Ab’ with a p value of 0.6 and no significant difference 

between ‘TSPAN6 Ab-dye’ and ‘TSPAN6 Ab-dye + RAGE Ab’ with a p value of 1. This suggests 

that these two antibodies do not alter the internalisation of each other. Although they do not 

enhance the internalisation of each other it is encouraging that they do not inhibit each other’s 

internalisation, suggesting these two antibodies could be used in combination with one another 

in the future to potentially produce an additive effect. Future work is needed to confirm this as 

this data only represents one setting and one time point. A limitation of the work here is that 

there is no true negative control. A knockout cell line would be a valuable addition to future 

work to confirm specific binding and validate any antibodies used.  

 

In Figure 5-17, the whiskers on the box and whisker graph represent the range of the data points 

from the lowest point to the highest value. The range of the RAGE Ab-Dye values is the biggest, 

but it is unclear why the fluorescence is so variable here when compared to the others. This 

could influence the findings due to reproducibility.  
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Figure 5-17 -Boxplot showing quantification of internalisation competition assay with RAGE 
HA9 and TSPAN6 antibody-dye conjugate 

 
The boxplot above shows the quantification of the internalisation competition assay with RAGE 
HA9 and TSPAN6 antibody-dye conjugate. A one-Sample Kolmogorov-Smirnov Test showed the 

data to be not normally distributed with a p value of 0.000323. No significant difference was 
observed between the competition and the antibody-dye conjugate only wells by Kruskal Wallis 

followed by pairwise comparison. The pairwise comparison did detect a significant difference 
between RAGE and TSPAN6 however this cannot be compared as they are two different 

conjugations. Mann Whitney test also did not detect any significant difference in RAGE Ab-dye 
and RAGE Ab-dye + TSPAN6 Ab with a p value of 0.6 and no significant difference was detected 
between TSPAN6 Ab-dye and TSPAN6 Ab-dye + RAGE Ab with a p value of 1. This suggests that 
RAGE and TSPAN6 do not alter the internalisation of each other, opening up the possibility that 

could be used in conjunction with each other.  
 

5.3.4 Conclusion 
This chapter explored the internalisation of the target-antibody complexes by receptor 

mediated endocytosis. This internalisation event is crucial for the successful specific elimination 

of malignant cells displaying the target protein. TSPAN6 and PCSK4 protein-antibody 

internalisation was explored here in addition to the previously well-established RAGE ADC 

target. RAGE was included here as a comparison, as the protein has already been through the 

ADC characterisation pipeline. Additionally, the RAGE clone used here (HA9) was included, 

because while RAGE has been investigated in internalisation experiments before the HA9 clone 

was new and had not been explored in internalisation experiments. Unfortunately, the target 

PIEZO2 antibody was discontinued shortly before the internalisation experiments took place and 
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no suitable alternative was available. Therefore, PIEZO2 could not be included in the 

internalisation experiments.  

The first experiment used TSPAN6 and RAGE to reveal that 4 hours was the optimal time to leave 

the antibody to internalise before viewing. The highest intensity of fluorescence was observed 

after 4 hours incubation when compared to 1, 2, 6, 8 and 24 hours. Therefore, in order to 

observe fluorescence most clearly the optimal internalisation incubation time was 4 hours.  

The main TSPAN6 internalisation experiments showed that cell line OVCAR-3 had a statistically 

significantly higher fluorescence intensity indicating OVCAR-3 supported more internalisation 

when compared to the other cell lines. This does not correlate with previous data (chapter 3) 

where OVCAR-3 did not show the highest expression of TSPAN6 by immunoblot. This suggests 

that basal expression doesn’t necessarily correlate with internalisation. The TSPAN6 protein 

more abundantly by immunoblot in other cell lines may not support internalisation. Due to this, 

internalisation rate is key when characterising novel ADC targets. Looking at the internalisation 

in 2D primary cultured cells derived from patient biopsies, cells derived from patients with a 

HGSOC pathology had a higher fluorescent intensity when compared to cells derived from 

patients with no cancer. This data correlates with previous data (chapter 4) where TSPAN6 

expression was shown to be statistically significantly more abundant by immunoblot in OC when 

compared to non-cancer. 

The main PCSK4 internalisation experiments showed some statistically significant differences 

between cell line UACC and several other cell lines. UACC showed statistically significant less 

fluorescent intensity than the other cell lines. Looking at the internalisation in 2D primary 

cultured cells derived from patient biopsies, cells derived from patients with a HGSOC pathology 

exhibited a statistically significantly different fluorescent intensity when compared to cells 

derived from patients with no cancer. This correlates with previous data (chapter 3 and 4) where 

PCSK4 was shown to be expressed on the plasma membrane of all 8 OC cell lines and on the 

membrane of 2D cells derived from patient biopsies. The confirmed expression observed on the 

plasma membrane (seen in chapter 3 and 4) translates to the internalisation of PCSK4 seen here 

in all 8 cell lines and the patient derived 2D cells. Future work is needed to determine the true 

specificity of the PCSK4 antibody. 

RAGE internalisation behaved as expected with variation in the fluorescent intensity between 

cell lines. SKOV-3 cells were statistically significantly different from two other cell lines. RAGE 

showed the largest significant difference between 2D cultured primary cells derived from 

patient biopsies. Cells derived from patients with a HGSOC pathology were statistically 
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significantly higher in fluorescent intensity, when compared to cells derived from patients with 

no cancer diagnosis. This was the biggest significant difference seen out of all three targets.  

Antibody internalisation is vital for ADC development as highlighted by the current ADCs which 

have received approval from the FDA and EMA. Kadcyla is a HER2 based ADC for the treatment 

of recurrent and refractory HER2-positive metastatic or locally advanced breast cancer 

previously treated with trastuzumab and a taxane and has been shown to be present in clathrin 

coated pits suggesting its intracellular trafficking could use this clathrin dependent pathway. 

This pathway would also a plausible pathway of internalisation for the targets reported here due 

to the same antibody dependant cellular toxicity (ADCC) displayed by Kadcyla. In addition, the 

bystander effect could also affect neighbouring cells whereby internalised and degraded drug 

can be recycled out of the cell leaving it free to exhibit toxic effects on nearby cells (580). The 

time point of highest observed internalisation here was chosen to be 4 hours. This 

internalisation time correlated with approved ADC Adcetris where the intracellular levels where 

shown to reach a plateau at 5 hours (581). 

The intracellular trafficking of the ADC to the lysosome is vital as this is where the cytotoxic 

payload is released from the ADC complex and is free to travel to the nucleus where it can carry 

out its cytotoxic activity by creating double stranded DNA breaks or disrupting microtubule 

action whereby preventing cell division. If the ADC complex is not directed to the lysosome, the 

cytotoxic payload will not be released from the monoclonal antibody and it will remain attached, 

stable and unable to have its cytotoxic effects (580).  

The final experiment used the two most promising ADC targets to investigate how they 

internalised in the presence of each other. Internalisation by fluorescent intensity was assessed 

when each target antibody was used alone and in the presence of the other antibody. This 

showed if the presence of the additional target antibody altered the internalisation of the other. 

Overall, it was shown the presence of RAGE antibody in addition to the TSPAN6 antibody-dye 

conjugate did not alter TSPAN6 internalisation. The opposite was also true when the presence 

of the TSPAN6 antibody in addition to the RAGE antibody-dye conjugate did not alter RAGE 

internalisation. This suggests these targets do not negatively impact each other and therefore 

could be used for a potential additive effect. The benefit of combining two ADCs to create a 

bispecific ADC with one arm targeting RAGE and the other TSPAN6 would be to increase the 

specificity of the ADC and increase the amount of drug reaching malignant cells. This increase in 

specificity could increase the risk of adverse side effects if the dose is not regulated. With this in 

mind, future tolerability studies are required.  
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The internalisation assay could be improved by using the time lapse of an instrument such as an 

Incucyte to image live cells in real time. This would allow for a deeper understanding of how the 

antibody-dye conjugate moves and where over 24 hours. 

Overall, internalisation was detected by the fluorescence of the pH reactive dye in all targets 

variably in various 2D cell lines and primary 2D cell cultures derived from patient biopsies. Both 

TSPAN6 and RAGE internalisation was statistically significantly higher in 2D cultured primary 

cells derived from patient biopsies with ovarian cancer relative to non-cancerous primary lines.  

TSPAN6 remains the lead candidate target and RAGE remains a well-established, well 

researched target within the RBGO group. Therefore, both TSPAN6 and RAGE will progress to 

the final stage of analysis in this project where the DNA extracted from the tissue of 96 patient 

biopsies will be used in next generation sequencing to assess the DNA coding region stability of 

the antibody epitopes. 
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6.1 Introduction 
The integrity of the genome is compromised in cancer cells, exhibiting genomic mutations in 

oncogenes and/or tumour suppressor genes (582). These cells are more likely to develop 

additional genetic faults, some of which may give rise to tumour-specific antigens which are 

those only found on the surface of tumour cells or tumour-associated antigens which are 

overexpressed on tumour cells, but also present on normal cells (583). Interestingly 

development of ADCs is based on the identification of both tumour-specific and tumour-

associated antigens uniquely expressed in human cancers cells. These antigens are of great value 

as targets for large molecule, monoclonal antibody (mAb)-based therapy including ADCs and bi-

specifics (584).  

 The ability of antibodies to bind to the extracellular region of these antigens often correlates to 

their efficacy as therapeutic agents. Furthermore, in the case of ADCs special consideration is 

also given to epitopes within the same target that promotes antibody-internalisation, a key 

feature of ADC mechanism of action (585). Previous research has shown that different epitopes 

promote different internalisation rates and binding affinities for the same protein (200). The 

binding of an antibody to an antigen is entirely dependent upon non-covalent interactions. Small 

changes in the antigen structure can profoundly affect the strength of the antibody–antigen 

interaction. Understanding the epitopes recognized by these antibodies provides insight into 

the organization of the antigen–antibody complexes at the cell surface, and opportunities to 

further engineer affinity and selectivity.  

The intent of this study is to analyse the DNA sequence stability of the epitope coding sequence 

for two putative ADC targets in DNA extracted from patient tissue biopsies. This analysis will 

assess the conservation of the DNA coding sequence of the epitope between patients and will 

identify any low frequency mutations with implications for patient stratification and treatment 

efficacy with future potential TSPAN6 /RAGE ADCs.  

DNA was extracted from patient tissue biopsies and the DNA coding sequence for the TSPAN6 

and RAGE antibody epitope was amplified by high fidelity Polymerase Chain Reaction (PCR) using 

specifically designed primers. The amplified DNA was run on an agarose gel and sent for Sanger 

sequencing (LGC) to confirm successful amplification. The amplified DNA was used in Next 

Generation Sequencing (NGS) which was carried out by Dr Matthew Hitchings (Swansea 

University Sequencing Facility). Dr Hitchings performed quality control on the reads which 

removed any reads of poor quality. The sequence reads that were returned were analysed using 

a command line on a virtual machine. The resulting data analysis was reported and discussed in 

the context of known genetic polymorphisms in TSPAN6 and AGER (that encodes RAGE).  
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6.2 Results 

6.2.1 Selection of targets for Next Generation Sequencing Analysis  
As discussed above, the best point in the ADC development pipeline to carry out epitope 

sequencing analysis is still unknown. In this case, time and cost restraints resulted in choosing 

the most promising targets to sequence rather than sequencing them all. RAGE was chosen as 

it is further along the pipeline than the other targets included in this project, and TSPAN6 was 

chosen as overall it was identified to be the most promising novel target from western blots, 

cellular localisation and internalisation assays.  
 

6.2.2 Identification and analysis of published known variants 
There are genetic polymorphisms previously described and identified in the DNA coding region 

of the TSPAN6 epitope. Using the Ensembl online variation resources (release 101) (586), 79 

SNPs were identified by the Genome Aggregation Database (587). A detailed report of these 

variations can be seen below in . The information in Figure 6-1 was constructed using 

information from both the Ensembl database and the Genome Aggregation Database. The 

Genome Aggregation Database provided more detail into the consequences to the protein 

sequence as a result of the variant. Numerous variant types are identified in Figure 6-1 below. 

Some elicited a change in the amino acid sequence (78%) while some are synonymous (22%). 

 

 



 231 

 

Figure 6-1 – Genetic variant types in TSPAN6 antibody epitope coding sequence  
 

Using the same Ensembl (586) and Genome Aggregation Databases (587) any polymorphisms in 

the DNA coding sequence of the RAGE antibody epitope were also identified. There were 

considerably less polymorphisms identified in the RAGE sequence when compared to the 

TSPAN6 sequence. There were 21 polymorphisms identified in the RAGE sequence compared to 

the 79 identified in the TSPAN6 sequence. This suggests that the RAGE sequence is more 

genetically stable in theory than the TSPAN6 sequence.  
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Figure 6-2 - Genetic variant types in RAGE antibody epitope coding sequence 
 

6.2.2.1 Variant Counting  
The main aim of the analysis was to assess the conservation of the DNA coding sequence 

corresponding to the epitope the antibody uses to bind the target protein. The simplest way to 

represent this is by calculating the number of bases that match the reference sequence. This 

frequency was calculated using the command sh ref_freq.sh followed by the command sh 

names.sh. These two commands together put together resulted in a text file that contains two 

columns, the base position in column 1 and the newly calculated and formatted frequency of 

reference bases at each position. The compilation of these statistics was finished using the 

command sh combine_frequencies.sh. Finally, the chart was generated using the command R < 

RAGE_chart.R --no-save for RAGE and R < TSPAN6_chart.R --no-save for TSPAN6. The output was 

a pdf of the frequency graphs shown below in Figure 6-3 and Figure 6-6.  
 

6.2.2.2 Deep amplicon variant analysis of TSPAN6 
The graph in Figure 6-3 below shows the frequency graph of variations in all the TSPAN6 reads 

when compared to the reference sequence. The dotted line represents the epitope sequence 

and the Y axis shows the percentage of reads that match the reference sequence. Each line 

across the graph represents each of the 96 samples sent for sequencing (95 from DNA extracted 

from patient tissue and 1 from DNA extracted from 2D SKOV-3 cells). The X axis of the graph is 

the nucleotide sequence and at each nucleotide, each sample has a percentage match plotted. 

It can be seen that all 96 samples match the reference sequence in >95% of reads.  
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Figure 6-3 – Deep amplicon variant analysis of TSPAN6 antibody epitope DNA coding sequence 
with all samples 

 
The above graph shows the deep amplicon variant analysis of the TSPAN6 antibody epitope 

DNA coding sequence in all 96 samples. The dotted lines indicate the TSPAN6 antibody epitope 
DNA coding sequence. Each coloured line going across the graph is one of the 96 samples. The 

DNA sequence runs along the X axis and the percentage reads that match the reference 
sequence can be seen on the Y axis. The graph shows that all samples match the reference 

sequence in 95% or higher of their reads- indicating no polymorphisms. The majority of samples 
are highly similar to each other with only 9 out of the 96 samples contributing to the variation 

shown by the multicoloured troughs in the epitope region. This graph indicates that the 
TSPAN6 antibody epitope DNA coding sequence is over 95% genetically stable in all 96 patients.  
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The first observation is that, with the exception of a few samples, the vast majority of samples 

match the reference sequence in over 99.6% of reads. There are only 9 samples out of 96 which 

contribute to the variation represented by the coloured troughs seen in Figure 6-3. OV15, OV23, 

OV30, OV42, OV56, OV70, OV82, OV97 and SKOV-3 all deviate more from the reference 

sequence than all the other samples. If these samples are taken away, then the remaining 

sequences are highly similar to one another as shown in Figure 6-4. Looking at these patients 

together, in more detail, they do not appear to have anything in common to explain why they 

are more variable than the others. OV30 is non-cancer risk reduction surgery, OV42 is malignant 

pelvic mass, OV56 is OC stage 2, OV70 is a pelvic mass, OV82 is a control patient with no 

described ovarian pathology and OV97 is an ovarian mass. There is no described patient 

information that link these patients.  

 

 

Figure 6-4 Deep amplicon variant analysis of TSPAN6 antibody epitope DNA coding sequence 
with 9 samples removed 

 
The graph above shows the percentage of genetic stability when 9 samples are removed. This 

shows that only OV15, OV23, OV30, OV42, OV56, OV70, OV82, OV97 and SKOV-3 contribute to 
the mild variation seen in Figure 6-3. The removal of these samples shows the rest of the 
samples more clearly. There is a nucleotide at position 100635659 where all the samples 

display a noticeable drop in match percentage when compared to the rest of the sequence. 
However, a mutation present in 0.4% or less of reads does not constitute a pattern. The 
observation that most of the patients experience slightly more variation here could be a 

comment on the repetitive nature of that region of DNA.  
 

All patients have approximately 0.2-0.5% of reads differing specifically at chromosome location 

100635659 as indicated by an arrow in Figure 6-4 and the flanking nucleotides 100635658 and 

100635660. There are known polymorphisms around that area, a missense mutation 

(rs374431442) and another mutation that is reported to be involved in prostate cancer 

(COSV65957220 – deletion). Additionally, a polymorphism on this graph would show as a much 
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lower percentage of reads matching the reference sequence. With all of the samples matching 

the reference sequence by 95% or above, this does not indicate any polymorphisms in the data.  

The variations at certain chromosome locations seen in OV15, OV23, OV30, OV42, OV56, OV70, 

OV82, OV97 and SKOV-3 are not common between the samples. This is displayed in Figure 6-5 

where the green troughs are OV30 and the gold troughs are OV15. It can be seen that none of 

the variations are common to both samples at any percentage. This remains true when including 

all 9 variable samples on the graph – however, Figure 6-5 shows only two samples to make it 

clearer to see.  

 

Figure 6-5 – Deep amplicon variant analysis of TSPAN6 antibody epitope DNA coding sequence 
comparing OV15 (gold) and OV30 (green) 

 
The graph above shows two samples, OV15 (gold) and OV30 (green), that are more variable 
than the majority of the 96 samples. The graph above compared the variation seen in these 

samples to see if any common variation locations can be identified. It can be seen that none of 
the low frequency mutations seen in these two samples are common between the two. This is 
still true when adding in the other more variable samples (OV23, OV42, OV56, OV70, OV82, 

OV97 and SKOV-3). There are no common points in the variation seen in these samples.  
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6.2.2.3 Deep amplicon Variant Analysis of RAGE 
Figure 6-6 shows the graph representing the deep amplicon variant analysis of RAGE. The dotted 

line represents the RAGE antibody epitope. As with the TSPAN6 deep variant analysis, each 

coloured line across the graph represents 1 or each of the 96 patients. The X axis represents the 

nucleotide sequence and the Y axis represent the percentage match to the reference sequence 

at each nucleotide point.  

The initial observation is that there is a lot less variation seen in the RAGE epitope when 

compared to the TSPAN6 epitope in Figure 6-3. The RAGE epitope is shown to be highly 

conserved when 96 individual samples were subjected to deep amplicon variant analysis. This is 

consistent with the number of variants that were reported in the literature in  and . TSPAN6 

reported 79 variants in the literature whereas only 21 were reported in RAGE. The graph shows 

that the reads from all the samples match the reference sequence in the epitope region in 99.5% 

and higher of cases.  
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Figure 6-6 – Deep amplicon variant analysis of RAGE 

 
The graph above shows that the RAGE antibody epitope DNA coding sequence is highly 

conserved between patients and within reads of the same patient. The epitope sequence is 
represented by the dotted line. The X axis (the amplicon) represents the nucleotide sequence 
and the Y axis represents the percentage of reads in each individual sample that match the 

reference sequence in that particular read. Each line across the graph represents one patient. 
The RAGE epitope is shown to match the reference sequence in over 99.5% of patient reads.  

 
Figure 6-7 shows that three samples (OV120, OV121 and OV72) are responsible for the minor 

variation seen in in Figure 6-6. When these three samples are removed the percentage match 

goes up from 99.5% to 99.8%. Without these samples it can be seen that the rest of the samples 

are highly similar to each other and highly conserved to the reference sequence. There is nothing 

common between these three samples. OV120 and OV121 are both diagnosed as high-grade 

serous OC where as OV72 is an undiagnosed pelvic mass. These patients are not linked by 

another pathology, smoking, diabetes or cancer history.  
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Figure 6-7 Deep Amplicon Variant Analysis of RAGE epitope DNA coding sequences with OV120, 
OV121 and OV72 samples removed 

 
The graph above shows that three samples (OV120, OV121 and OV72) are responsible for most 

the minor variation in the RAGE epitope DNA coding sequence. When these samples are 
removed, the remaining 93 samples are highly similar to each other and match the reference 

sequence in 99.8% of cases and above.  
 

The individual samples shown to be the most variable in the RAGE amplicon (with OV120, OV121 

and OV72) are not the same samples that were the most variable in the TSPAN6 analysis. This 

suggests that it is not the particular patients that are more variable than others.  

The PCR amplification carried out with Qiagen HotStar HiFidelity DNA Polymerase has an error 

rate of 2.3 x 10-6 (per base, per cycle), meaning, one error may occur every 4.5-5 x 105 bases 

(588). The error rate of Illumina NGS is reported to be 0.24% (589) which also explains the low-

frequency mutations seen in the above graphs.  
 

6.3 Conclusion 
In the literature, papers reporting the characterisation of novel ADC targets do not describe 

exploring the variation in the DNA coding sequence of the antibody epitope. In terms of epitope 

conservation, the most common characterisation check is to align the amino acid sequence 

against other species rather than looking for variation in the DNA coding sequence between 

individual patients (590). This kind of analysis does have specific relevance to therapeutics as 

the therapy will potentially be administered to many individuals who may differ in their DNA 

sequence. Sequencing the epitope or the whole coding sequence from a target protein could 

provide an initial screening step for the identification of novel ADC targets. The question 

remains, when the sequencing should be performed. NGS itself can be expensive, therefore it 

could be argued that cheaper characterisation should be carried out to confirm the targets 

cellular location and expression. However, NGS is fast when compared to other techniques such 

as western blotting and immunofluorescent microscopy, therefore it could be argued there is 

no point in engaging in the time-consuming process of confirming cellular location and 

expression if the coding sequence is highly variable within the population or the patient cohort. 

Additionally, unless the whole target is to be sequenced, the antibody epitope needs to be 
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known. The cellular location and expression assays help to choose the best antibody and 

therefore guides which section of the gene to be sequenced.  

With ADCs already present on the market, only Ado-trastuzumab emtansine (Kadcyla) 

mentioned any kind of NGS and that was to identify and confirm the HER2 mutation in patients 

for the trial (591), not the genetic stability of the ADC epitope DNA coding sequence between 

patients. Not all patients in the Kadcyla trial with HER2 mutations all responded to treatment. 

46.2% of patients responded to treatment leaving 53.8% who did not respond. The main causes 

of ADC non-responders include mutations affecting binding and failure to internalise, resulting 

in no therapeutic effect.  

The development of Gemtuzumab ozogamicin did involve sequencing as part of the 

characterisation process. Fultang et al carried-out RNA-sequencing of Monocytic and 

Granulocytic Myeloid-Derived Suppressor Cells (M-MDSC, G-MDSC) from cancer patients and 

identified the ADC target CD33 as a common surface marker but did not look at variation in the 

CD33 epitope between patients (592).  

Some papers discuss deep sequencing of antibody epitopes (593) however the data displayed is 

not looking for low frequency mutations in patient samples. One study uses NGS for the genomic 

characterisation of ERBB2-Driven biliary cancer and its response to ADC Ado-Trastuzumab 

Emtansine. The study used NGS to identify ERBB2 mutations in biliary duct cancers (594). 

Another study modelled biological and genetic diversity in upper tract urothelial carcinomas 

with patient derived xenografts. NGS sequence analysis of a HER2 S310F-mutant patient derived 

xenograft suggest that a HER2 targeting ADC would have better efficacy when compared to 

HER2 kinase inhibitors (595). No other papers mentioned NGS together with ADCs. When 

looking at the use of NGS in general antibody epitope DNA coding region sequencing less than 

ten papers are available on PubMed. Layton et al adapted an Illumina high-throughput 

sequencing chip to display a high diversity of ribosomal translated proteins. They then carried 

out functional assays directly on these flow cells to demonstrate that both sequencing and 

protein assays can be performed on the platform. They discovered a “superFLAG” epitope 

variant when deep sequencing the epitope of the M2 anti-FLAG antibody (596). A study looking 

to improve epitope identification used Illumina NGS to sequence phage-display antigen-specific 

libraries. It was found that as well as the precise identification of the regions was possible, NGS 

could also significantly empower the analysis of antigen specific libraries due to the 

simultaneous processing of dozens of combinations in a short space of time (597).   

Several papers use NGS on patient DNA to diagnose a specific disease by looking for a particular 

gene mutation that is not detected by Sanger Sequencing (598, 599). However, at this time no 
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papers describe using NGS for identifying low frequency mutations in the DNA coding sequence 

of an ADC epitope in a cohort of patients. This opens up a novel method for identifying potential 

ADC targets and patient stratification. 

The genetic stability of the TSPAN6 and RAGE antibody epitope DNA coding sequence is highly 

stable between patients and within patient reads. RAGE is more conserved than TSPAN6, with 

TSPAN6 reporting a match to the reference sequence in over 95% of reads compared to RAGE 

reporting a match in over 99.5% of reads.  

This has great implications for treatment with a RAGE or TSPAN6 targeting ADC. The high genetic 

stability of the two targets makes them both highly promising targets in terms of binding 

efficiency within and between patients. There are benefits of identifying more specific and 

stable epitopes, such as a reduced dose being needed which would therefore potentially 

minimise side effects. Additionally, it would quickly identify any patients which would not 

benefit from a RAGE/TSPAN6 ADC, which would allow more time to find a treatment that does 

work for the patient. A higher genetic stability also suggests that generally, most people would 

benefit from this type of treatment. Furthermore, a high conservation suggests the biological 

importance of both RAGE and TSPAN6, further validating its suitability as an ADC target.  

NGS is, at the present, expensive, and not carried out as standard practice. Currently, it would 

not be reasonable to expect this to become routine for OC patients. However, in the coming 

years as methods improve and become more financially available, it is very possible, and would 

be very beneficial for NGS to be standard practice in the clinic.  

The sequencing does not indicate any groups that patients can be stratified into based upon 

their sequencing data, as the sequence conservation is so high in all patients when compared to 

the reference sequence. This suggests that it is likely that a very high percentage of patients 

treated with a RAGE or TSPAN6 targeting ADC would successfully bind the ADC in a high 

percentage of cells during treatment. This would result in the maximum cytotoxic payload being 

delivered into the malignant cells for maximum efficiency of treatment.  

There is room for discussion as to when this kind of deep amplicon sequencing should be carried 

out. If the ADC target epitope is not known to be genetically stable within the population then 

regardless of its cellular location, expression abundance and internalisation abundance, it will 

not be a good target (584). However, NGS is expensive and from a cost efficiency perspective it 

is arguably better to perform cheaper experiment first, such as western blot and immuno-

fluorescent microscopy to narrow down the targets before more expensive experiments are 

undertaken such as assessment of internalisation with a pH conjugated dye and NGS. 
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Additionally, the literature can provide some indication of the genetic stability of the protein 

target, aiding in the initial selection process.  

From this data, patients are unable to be stratified for diagnosis or treatment method based on 

any low frequency mutations or polymorphisms in the DNA coding sequence of the antibody 

epitope.  

Overall, this data agrees with the literature that TSPAN6 and RAGE epitopes are both highly 

conserved proteins in the population. These results de-risk the TSPAN6 and RAGE ADC 

development pipelines, and probes the suitability of the targets in particular the epitopes 

explored that are conferring and strategic advantage for immunotherapy development.  
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7.1 Introduction  
There are around 7400 new OC cases diagnosed in the UK every year making OC the 6th most 

common cancer. OC is strongly related to age with the highest incidences being in older women 

over the age of 70. In the UK between 2015 and 2017, on average 28% of new cases of OC were 

diagnosed in females over 75 years of age. Age specific incidence rates rise steadily from 15-19 

years of age and more steeply from age 35. In ages above 80 the incidence drops off sharply, 

suggesting if an individual is going to get OC then they are more likely to get diagnosed at around 

age 70 (600).  

For OC, a higher percentage of women are diagnosed at late stage (stage 3 or 4) OC when 

compared to an early stage (stage 1 or 2) OC (601). A late-stage diagnosis is positively correlated 

with age where 77% of women 80 or above are diagnosed with a late-stage OC. This could be 

due to older people disregarding the symptoms, mobility issues, fear to go to the hospital, rather 

than age. Younger people tend to be more proactive in terms of health. In comparison, of those 

aged 60-79, 66% were diagnosed with a late-stage OC. Finally, of women aged 15-59 only 39% 

had a late stage OC diagnosis (304).  

Overall, the statistics show that irrelevant of age, OC is not being diagnosed early enough – 

resulting in a more aggressive, less treatable cancer (602). It is clear a more effective early 

diagnostic tool is desperately required. If diagnosed and treated at an earlier stage, the tumour 

is also more likely to be less aggressive, more localised and less invasive in a younger woman 

resulting in a better prognosis and quality of life.  

A high through-put, minimally invasive, sensitive and OC specific diagnostic test could 

dramatically benefit all women who do not yet know they have OC and to give peace of mind to 

the female population as a whole, who can eliminate the worry of finding out they have late-

stage OC. This has already been achieved for cervical cancer, where a yearly vaginal smear test 

(Pap smear) can quickly and easily establish the presence of malignant cells resulting in a faster 

course of action (135, 136). This improved diagnostic tool highly likely contributed to the 74% 

decrease in mortality rate due to cervical cancer since the 1970’s (137). In epithelial ovarian 

cancer 82% of patients have increased CA125 levels compared to 1.4% of healthy women (603). 

However, only 50% of OC patients with stage I disease have elevated CA125. CA125 has a greater 

ability to distinguish between post-menopausal and pre-menopausal with a sensitivity of 81% 

vs 60%, and specificity of 91% vs 73% ((604-606). Early-stage disease (I/IIa) has a 95% 5-year 

survival rate however 20% of ovarian cancer patients express little or no CA125 (603). The OVA-

1 test was the first FDA approved blood test that evaluates ovarian mass for malignancy prior to 

planned surgery and evaluates the expression levels of the following biomarkers: CA-125 II, 
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transthyretin [prealbumin], apolipoprotein A1, b2-microglobulin, and transferrin. Currently, 

other serum markers are being investigated as a means of detecting early-stage disease.  

This chapter aims to determine whether a soluble, free circulating, well-established ADC target 

protein, RAGE, could be used as a potential biomarker with high specificity and sensitivity in 

detecting early-stage ovarian cancer. TSPAN6 has not been assessed as a potential biomarker in 

this chapter because it has not been reported to exist as a soluble, free circulating isomer in the 

blood.  

The Receptor for Advanced Glycation End products (RAGE) is a membrane bound protein 

implicated in inflammation (284, 607, 608) and various cancers (201, 609-611). RAGE is a protein 

already well-established as an ADC target for OC within the RBGO group and has been 

extensively researched by other members of the group (200-202). The abundance of full-length 

membrane bound RAGE has been indicated to be higher in OC in past data (301) and in Chapter 

6 the abundance of RAGE internalised into the various 2D cultured cells was shown to be 

statistically significantly increased in HGSOC patients. RAGE is a particularly appropriate 

diagnostic target due to its existence as a cleaved or alternatively spliced soluble isoform, 

present in the blood. This enables levels of soluble RAGE (sRAGE) to be detected in the blood 

using assays such as an ELISA. Blood tests are simple, fast, high throughput and are minimally 

stressful for the patient. The key is to avoid difficult medical decisions surrounding a surgical 

diagnosis method by implementing a diagnostic test any one can have.  

sRAGE will be used as an example to develop the ELISA technique as a pipeline for future protein 

biomarkers present in the blood serum, with implications for patient diagnosis, stratification 

and monitoring response to treatment using a high-throughput, minimally invasive diagnostic 

test. The purpose of stratifying patients using serum levels of sRAGE is to improve upon the 

diagnosis for OC already in place, both in terms of sensitivity and accuracy and to provide an 

early-stage diagnostic indicator.  
 

7.2 Results 
The following analysis aims to uncover if:  

• serum levels of sRAGE are correlated with any patient metrics (described in section 7.2.1 

below) 

• serum levels of sRAGE can stratify OC patients from non-OC patients  

• serum levels of sRAGE are correlated with CA125 

Patients who are reported to be diabetic (n=16) were not included in the dataset due to 

evidence that sRAGE expression in the blood significantly correlates with diabetes (612). 
 



 245 

7.2.1 Patient data 
With each patient biopsy and blood sample, a patient data form was provided with answers to 

questions about age, parity, menopausal status, smoking status, history of cancer, diabetic 

status, CA125 levels, Risk of Malignancy Index (RMI) and other metrics.  

Patient metrics are recorded on the patient data proforma by hospital staff at the time of 

surgery. Patient metrics reported are:  

• Age 

• BMI 

• Diabetic status 

• Cancer history 

• Current ovarian pathology 

• Current cancer status  

• Parity 

• Smoking status 

• Menopausal status  

• Endometriosis status  

• Polycystic Ovary Syndrome (PCOS) status 

• Previous ovarian pathologies 

• Post-Menopausal Bleeding (PMB) status  

• Hormone Replacement Therapy (HRT) status  

• Serum CA125 levels 

• Risk of Malignancy Index (RMI) value
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Personal patient data such as name, date of birth and home address are anonymised by ovarian 

biomarker study staff before the above data is made available for use. Not all metrics are 

recorded on the forms and if the data has not been recorded, the field is left blank and that data 

point is not included in that particular analysis. When a blank field is left, no assumptions are 

made. For example, if the cancer history field is left blank then it is not assumed the patient has 

or does not have a history of cancer and the team contacted the RBGO associated clinician to 

confirm the diagnosis given by the pathologist. In this case, if looking at cancer history, any blank 

fields are left out of the analysis.  

These patient metrics and subsequent follow up data, were used to allocate the patient to the 

most appropriate group for analysis as described in Table 7-1.  

Table 7-1 displays the 129 patients have been split into 13 groups. The group with the highest 

number of patients is ‘Cancer’ (ovarian cancer) with 35 patients, followed by High Grade Serous 

Ovarian Cancer (HGSOC) with 30 patients. The groups with the lowest number of patients are 

clear cell and endometrioid OC. This reflects the literature describing serous, particularly HGS, 

as the most common type of OC (613).  
 

Table 7-1 – Number of patients in each group  
 

Group 
Number of  

patients 

Benign Mass 6 

Borderline cancer 2 

Cancer 35 

Cancer clear cell 1 

Cancer Endometrioid 1 

Cancer HGS 30 

Control 5 

Endometriosis 5 

Other Cancer 5 

Ovarian cyst 11 

Pelvic Mass 22 

Risk reduction 6 

Total 129 
 

A benign mass is a mass that is confirmed as not capable of invading neighbouring tissue. 

Borderline cancers are ovarian tumours that are abnormal but not malignant and as for all 

samples their diagnosis is confirmed by the pathologist report. They were formally called 

tumours of low malignant potential (614). ‘Cancer’ is any ovarian cancer that is not specified as 

clear cell, endometrioid or high grade serous. These three OC subtypes have their own category. 
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Patients in the ‘Control’ group are any patients that specifically have no ovarian pathology 

described. Endometriosis is an inflammatory condition where cells from the endometrium grow 

outside of their usual location within the uterus including the pelvic cavity (615). Endometriosis 

patients are at risk of developing OC later in life and as such is included here in this study as at-

risk group (66). The ‘other cancers’ group include patients who have another type of cancer not 

in the ovary. The ovarian cyst group includes patients with benign simple ovarian cysts. The 

pelvic mass group contains patients who have a benign pelvic mass. Patients in the risk reduction 

group were having surgery to remove their ovaries and/or their uterus due to a genetic mutation 

that predisposes them to a significantly higher chance of developing OC.  
 

7.2.2 Normality of data 
The 129 sRAGE values were subjected to a One-Sample Kolmogorov-Smirnov Test for normality. 

The p value returned was 0.000062, indicating not normally distributed data. A Kruskal Wallis 

test is used initially to detect significant differences between all groups and then, if significant 

differences are identified, a Mann Whitney U test is carried out to assess any significant 

difference between two specific groups.  
 

7.2.3 Correlation of sRAGE to patient metrics  
To explore the specificity of sRAGE as a diagnostic indicator for OC, it is important to discover if 

sRAGE correlates to any other patient metrics in this dataset including known risk OC factors. 

The following analysis looks at the abundance of sRAGE by each of the patient metrics described 

above in 7.2.1. It is important to note here than 14 additional samples were added to make the 

total number of samples 130. The patient samples added were simple healthy fertile patient 

serum from a parallel study, the endometrial biomarker study. These samples were chosen to 

increase the sample size and were age and menopausal status matched to the original 116 

patients.  

The risk of developing ovarian cancer increases with age and ovarian cancer is rare in women 

younger than 40. Most ovarian cancers develop after menopause with half of all OC diagnosed 

in women 60 years of age or older. Analysis of sRAGE and age at diagnosis was performed (Figure 

7-1) to determine if the levels of sRAGE correlate with age in the Swansea patient dataset. A 

One-Sample Kolmogorov-Smirnov Test reports that the patient age data is not normally 

distributed with a p value of 0.033. A Spearman Rho correlation analysis between patient age 

and levels of sRAGE show no significant correlation with a p value of 0.69. This suggests that the 

age of the patient has no impact on their sRAGE levels in this dataset.  
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Figure 7-1 – Scatter plot showing no correlation between sRAGE serum levels and patient age 
at diagnosis (in years)  

 
Analysis of sRAGE and Body Mass Index (BMI) at the time of diagnosis was made (Figure 7-2). 

The scatterplot and subsequent tests for correlation aim to reveal if the levels of sRAGE correlate 

with BMI in this dataset. A study published in 2014 found that women with a body mass index 

(BMI) above 28 seem to have a slightly higher risk of developing OC (616). BMI is a measurement 

that considers weight and height to aid in advising if a person’s weight is healthy for their height. 

For adults, an ideal BMI is in the range of 18.5 to 24.9. A healthcare professional will use BMI 

along with other factors such as muscle mass and ethnicity to advise patients on the healthiest 

weight for them (617). In the scatter plot shown in Figure 7-2, patients with OC frequently have 

a BMI of 20-30, with a BMI of over 30 being less common. A Spearman Rho correlation analysis 

showed no significant correlation between patient BMI and their levels of sRAGE with a p value 

of 0.860. This suggests that the serum level of sRAGE does not correlate with BMI.  

 



 249 

 

Figure 7-2 - Scatter plot showing no significant correlation between sRAGE (pg/ml) and Body 
Mass Index (BMI) at time of diagnosis (n=130) 

 

Next, analysis of sRAGE serum level and cancer history at the time of diagnosis was undertaken 

(Figure 7-3). Out of the 130 patients reported in this dataset, 16 had a history of cancer, 73 had 

no history of cancer and 41 were undocumented either way. RAGE is documented to be 

upregulated in cancer (611), potentially from its involvement in inflammation as a known 

hallmark of cancer. Figure 7-3 suggests that after having cancer in the past, the levels of sRAGE 

return to normal and are not significantly different from the levels in patients who have no past 

history of cancer. A Mann Whitney U test showed no statistically significant difference with a p 

value of 0.3. This suggests, in this dataset, having had cancer in the past does not correlate with 

altered sRAGE expression. However statistical power here is low, only 16 patients out of 130 

have a history or cancer, this could affect the findings by not having a representative data set 

due to small samples size. Therefore, to further validate the findings further work is needed. The 

same is true in later graphs with low samples size. Regularly, a certain patient metric would not 

be recorded either way therefore it could not be included in the dataset which lowered the 

overall N number.   
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Figure 7-3 – Box plot showing no significant difference in sRAGE levels (pg/ml) between 
patients with and without cancer history (p=0.3). This indicates that having had cancer in the 

past does not result in aberrant sRAGE abundance. The whiskers on the box and whisker 
diagram indicate the range of the data with the median represented by the centre black line. 

Patient blood serum sources from patients recruited to the ovarian biomarker study.  
 

Next an association between sRAGE levels and parity was evaluated (Figure 7-4). Parity is 

described as the number of times a woman has given birth to a foetus with a gestational age of 

24 weeks or more, regardless of whether the child was born alive or still born (618). A large and 

consistent body of evidence indicates that increased parity and duration of oral contraceptive 

(OC) use are associated with reduced risk of OC (619). The box plot in Figure 7-4 shows that 

there is no significant correlation between parity and sRAGE levels. A Kruskal Wallis Test did not 

report any significant differences between the groups with a p value of 0.565. This suggests that 

parity is not correlated with sRAGE serum levels in this dataset.  
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Figure 7-4 – Box plot showing sRAGE levels in the cohort grouped by parity 
The boxplot above shows there is no altered abundance of sRAGE with parity. A Kruskal Wallis 

test did not report any significant differences between the groups with a p value of 0.565. 
Patients in this dataset most commonly had 1-3 children and the most common number of 

children was 2. This suggests that sRAGE was not correlated with parity in this dataset.  
 

Figure 7-5 shows the levels of sRAGE in patients who smoke compared to patients that do not 

smoke. Smoking is reported to have an inflammatory effect (620) and with RAGE linked to 

inflammation it is important to understand if smoking alters the abundance of sRAGE in patients 

who smoke. In addition, smoking can increase the risk of certain types of ovarian cancer with 

approximately 3% of some types of OC seem to be linked to exposure to tobacco smoke (621). 

Out of the 130 patients 13 reported to be a smoker. Out of 130 people this number does seem 

quite low, however, some people reported to have smoked in the past and had since given up. 

The number 13 represents the number of people who were current smokers at the time of 

biopsy retrieval. Figure 7-5 shows that there is no significant difference in sRAGE levels between 

the patients in this study who were current smokers and those who were not. A Mann Whitney 

test reported a p value of 0.173 indicating no statistically significant difference between the two 

groups. This suggests that sRAGE serum levels are not correlated with smoking status.  
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Figure 7-5 – Comparison of sRAGE levels in the cohort grouped according to smoking status 
The box plot above shows the abundance of sRAGE in patients who smoke versus those who 
are non-smokers. There was no statistically significant difference between the two groups by 
Mann Whitney test (p=0.173). This suggests that sRAGE serum levels are not correlated with 

smoking status. 
 

Endometriosis is an inflammatory gynaecological disorder that is characterised by the presence 

of endometrial tissue growing outside of the endometrium leading to chronic inflammation, 

pain and in some cases infertility (622). Although endometriosis is considered a benign 

gynaecological disease, the association with OC has been frequently described in literature since 

1925. In 1925, Sampson produced the first histopathological criteria for the identification of 

malignant tumours arising from endometriosis (623). A systematic literature review by Ahmad 

Sayasneh reviewed all research publications up till 2010 and 7 out of the 8 papers reviewed 

showed an increased risk of OC from endometriosis (624). With endometriosis being linked to 

an increased risk of OC, both conditions having links to inflammation and RAGE being involved 

in inflammatory pathways it is important to assess sRAGE levels in the patients in this dataset 

who are diagnosed with endometriosis. Figure 7-6 displays a box plot of the levels of sRAGE in 

the 6 endometriosis patients verses the 12 patients who were confirmed to not have 

endometriosis. The remaining patients in the dataset were not described as having or not having 

endometriosis either way. Figure 7-6 shows a slightly higher level of sRAGE in the 6 

endometriosis patients compared to the non-endometriosis patients. However, this increase is 

not considered statistically significantly different (Mann Whitney U t-test p value 0.151. This 
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could be due to a relatively small dataset, and future work is needed to determine if a statistical 

difference exists when assessing a larger sample size. 

 

 

Figure 7-6 – Comparison of sRAGE levels between endometriosis and non-endometriosis 
samples 

The box plot above shows the levels of sRAGE in patients with and without an endometriosis 
diagnosis. Levels of sRAGE are higher in the 6 endometriosis patients but not statistically 

significantly higher with a p value of 0.151 by Mann Whitney U test. The whiskers on the box 
and whisker diagram indicate the range of the data with the median represented by the centre 
black line. Patient blood serum sources from patients recruited to the ovarian biomarker study.  

 
Over 75% of the patients recruited for the ovarian biomarker study are post-menopausal. This 

supports the statistic that women are most commonly diagnosed with OC later in their life (625). 

Only 9% of women recruited to the study were pre-menopausal and 17% were not described 

either way and were under 60 years of age and subsequently, were excluded from pre/post-

menopausal analysis of sRAGE. Figure 7-7 shows no statistically significant difference in the 

levels of sRAGE in post-menopausal women compared to pre-menopausal women in this 

dataset. A Mann Whitney test returned a p value of 0.780 indicating no statistically significant 

difference. Therefore, in this dataset menopausal status did not correlate with sRAGE serum 

abundance.  
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Figure 7-7 – Comparison of sRAGE levels according to the menopausal status 
The box plot above shows the levels of sRAGE in post-menopausal patients compared to pre-

menopausal patients. Over 75% of the patients were post-menopausal which is consistent with 
the literature where women are most commonly diagnosed with OC at 60-65 years of age. The 

analysis reports no statistically significant difference in sRAGE serum levels between the two 
groups. A Mann Whitney U test p value 0.780. 

 

Menopause is diagnosed when a woman over 45 stops having a monthly menstrual cycle for 1 

year or longer (626). Post-menopausal bleeding (PMB) is any vaginal bleeding that occurs after 

this diagnosis (627). It has been reported (628, 629) that the increased abdominal adiposity that 

generally occurs after menopause can contribute to increased inflammatory markers such as 

CRP. Additionally, the process of shedding the uterine lining is an inflammatory process, 

suggesting patients experiencing PMB may have aberrant sRAGE abundance. Figure 7-8 assesses 

the abundance of sRAGE in patients experiencing PMB compared to patients not experiencing 

PMB. Only 10% of patients reported PMB, 50% reported specifically no PMB and 40% of patients 

were not reported as experiencing PMB either way. Figure 7-8 shows a box plot comparing the 

sRAGE levels of patients who experienced PMB compared to those who did not. A statistically 

significantly lower abundance of sRAGE was observed in patients reporting PMB regardless of 

their cancer diagnosis. A Mann Whitney test returned a p value of 0.02 indicating a significant 

difference. sRAGE has been reported to act as a decoy for flRAGE ligands (630). In the case of 

inflammation, flRAGE abundance increases and as a result, inflammatory pathways are 

upregulated. sRAGE has been known to block inflammation by binding flRAGE ligands, 

suggesting an inverse correlation between sRAGE and flRAGE. In the case of PMB, flRAGE could 
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be overexpressed due to inflammation and sRAGE downregulated in turn and therefore not 

having a protective effect against inflammation.  

 

 

Figure 7-8 – Box plot showing a significant difference in sRAGE levels by Post-Menopausal 
Bleeding (PMB) status.  

The above box plot shows a significantly lower expression of sRAGE in those patients reporting 
PMB. In inflammatory conditions, flRAGE is upregulated with RAGE inflammatory pathways. As 

sRAGE has been reported to act as a decoy for flRAGE ligands, it is possible that flRAGE and 
sRAGE inversely correlate with each other in inflammatory conditions. This data suggests that 

sRAGE is correlated with PMB status.  
 

Due to this correlation between PMB and sRAGE, the previous Mann Whitney U tests 

(correlating sRAGE to menopausal status, endometriosis, smoking status, parity, cancer history) 

were repeated for the various patient metrics with the 12 PMB patients removed. This did not 

alter the significance result of any of the previous results.  

Hormone Replacement Therapy (HRT) is a treatment administered to relieve the symptoms of 

menopause such as hot flushes, night sweats, mood swings, vaginal dryness and reduced sex 

drive. It replaces hormones that are present at a lower level as the menopause is approached. 

Many symptoms pass after a few years but taking HRT can provide relief for many women. HRT 

has been reported in a small number of cases to increase the risk of breast cancer depending on 

other patient factors such as race, weight and breast density (631). A Meta-Analysis study on 

the association between HRT and OC was carried out in 2019 (57). The study concluded that 

menopausal HRT may increase the risk of OC, particularly for serous and endometrioid tumours. 

Due to this association, the abundance of sRAGE was assessed in patients who had reported 
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undergoing HRT. No significant difference in sRAGE abundance was observed between patients 

who had undergone HRT and those who had not. A Mann Whitney test reported a p value of 

0.579 suggesting no statistically significant difference between the two groups. In this dataset, 

sRAGE was not shown to correlate with HRT.  

 

 

Figure 7-9 – Box plot showing no significant difference in sRAGE levels by Hormone 
Replacement Therapy (HRT) status 

The box plot above compares the abundance of sRAGE in the blood serum of patients who had 
undergone HRT compared to those who had not. Only 11 patients out of 130 had reported 

having undergone HRT and no statistically significant difference in sRAGE levels was observed 
between those who had HRT and those who did not. A Mann Whitney returned a p value of 

0.579, indicating no statistically significant difference between the two groups. In this dataset, 
sRAGE was not shown to correlate with HRT status.  

 
The results above show that sRAGE serum abundance is not correlated to any of the patient 

metrics apart from PMB. sRAGE is more specific as a biomarker and therefore more useful if it 

is not aberrantly expressed in other conditions and patient metrics. The results show so far, that 

except PMB, sRAGE is not correlated to any of the patient metrics indicating sRAGE is a 

promising biomarker to explore in OC. 

 

7.2.4 Using CA125 serum levels and RMI values to stratify patients in this 

dataset 
Patients with and without OC in this dataset were analysed to see if they could be stratified 

using the existing methods of OC diagnosis - CA125 serum levels and RMI. This way, the 
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abundance of sRAGE in patient stratification can be directly compared to the current standard. 

The CA125 serum levels and the RMI values were obtained directly from the patient data forms 

and not obtained experimentally as part of this project.  

Figure 7-10 shows the levels of serum CA125 in patients with any OC diagnosis compared to 

patients who were confirmed to have no diagnosis of OC. Patients diagnosed with OC had a 

statistically significantly higher CA125 serum level when compared to the patients who were 

confirmed to have no cancer diagnosis. A Mann Whitney U test revealed an extremely low p 

value of 0.0000000817. This shows that the current method to preliminarily indicate OC is 

capable of highly significantly stratifying the patients in this dataset.  

 

 

Figure 7-10 – Box plot showing statistically significantly higher CA125 abundance in OC 
patients compared to non-OC patients 

 
The boxplot above shows that the levels of CA125 as recorded on the patient data sheet, are 

statistically significantly higher in confirmed OC patients than in confirmed non-OC patients. A 
Mann Whitney test revealed an extremely low p value of 0.000000817. This shows that the 

current CA125 metric is capable of stratifying OC from non-OC patients in this dataset.  
 

Figure 7-11 shows the CA125 levels, recorded on the patient data forms, in the same non-cancer 

group but this time compared to patients specifically of a HGSOC subtype. HGSOC is the most 

common subtype of OC. Out of the 47 OC patients, 25 specifically had HGSOC. Figure 7-11 shows 

that, when considering HGSOC patients only, the level of CA125 in the blood serum is still able 

to stratify patients by confirmed non-cancer and HGSOC. A Mann Whitney test returned a p 

value of 0.0000001 suggesting a highly statistically significant difference between the two 
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patient groups. This confirms that, in this dataset, CA125 levels can stratify patients by non-

cancer and HGSOC.  

 

 

 

 

Figure 7-11 – Box plot showing statistically higher CA125 abundance in HGSOC patients 
compared to non-OC patients 

 
The boxplot above shows that the levels of CA125 as recorded on the patient data sheet, are 

statistically significantly higher in confirmed HGSOC patients than in confirmed non-OC 
patients. A Mann Whitney test revealed an extremely low p value of 0.0000001. This shows 
that the current CA125 metric is capable of stratifying HGSOC from non-OC patients in this 

dataset.  
 

With CA125 serum levels being capable of stratifying OC patients from non-OC patients in this 

dataset, Figure 7-12 shows if there is any correlation between CA125 and sRAGE. No statistically 

significant correlation is observed between CA125 and sRAGE levels in this dataset. A Spearman 

Rho test for correlation returned a p value of 0.909, indicating no statistically significant 

correlation. This suggests sRAGE may not be capable of stratifying OC patients from non-OC 

patients in this dataset. 
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Figure 7-12 – Scatter plot showing no significant correlation between sRAGE levels and CA125 
 

The scatter plot above assesses for correlation between levels of sRAGE and the levels of CA125 
recorded on the patient data sheets. A Spearman Rho test for correlation shows no statistically 

significant difference with a p value of 0.909 between serum CA125 and sRAGE. A Pearson’s 
test returned a p value of 0.258, also suggesting no significant difference. This suggests sRAGE 

may not be capable of stratifying OC patients from non-OC patients in this dataset.  
 

The Risk of Malignancy Index (RMI) values of the individual patients are another patient metric 

recorded on the patient data forms. RMI is currently used in the clinic, along with other methods, 

to indicate the presence of OC. The data analysis shown below aims to establish if the RMI values 

of the patients presented in this dataset can successfully stratify these patients by OC and non-

cancer. Out of 130 patients included in this analysis, 45 patients had their RMI calculated. Out 

of this 45, 12 were confirmed to have no cancer and 17 were confirmed have OC and the 

remaining patients were not included. Out of the patients not included, 2 were excluded from 

the graphs due to being dramatically higher than the other values. One outlier was 79049 and 

another was 18522. With all the other RMI values being under 4000 these two data points 

skewed the graphs. Both of these outliers were a part of the OC group therefore the significant 

difference seen would still have been observed but on a larger scale if these data points had 

been included. The other patients who had an RMI value recorded but were not included in the 

analysis were in the ‘pelvic mass’ group. This is a group where a mass has been identified but a 

confirmatory diagnosis was not described on the patient data forms. Therefore, these patients 

could not be assigned to the cancer or non-cancer group.  
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Figure 7-13 shows a boxplot comparing RMI values of 12 non-cancer patients to the RMI values 

of 17 confirmed OC patients. The analysis revealed a high statistically significant difference in 

the RMI values between the OC and non-cancer patients. A Mann Whitney test reports a p value 

of 0.000000732 suggesting a statistically significant difference. This shows that the RMI values 

recorded on the patient data forms are capable of stratifying patients by OC or non-cancer.  

 

 

Figure 7-13 – A boxplot showing a statistically significant increase in RMI in OC patients when 
compared to patients with no OC 

 
The boxplot box above shows that the RMI values recorded on the patient data forms are 

capable of stratifying patients by OC or non-cancer. A Mann Whitney test reports a p value of 
0.000000732 suggesting a statistically significant difference between the two groups. 

 

Figure 7-14 narrows down the 17 OC patients described in Figure 7-13 to 9 patients who were 

specifically confirmed as a HGSOC subtype. HGSOC is the most common subtype of OC. Figure 

7-14 aims to uncover if the RMI values reported on the patient data forms can also stratify the 

12 non-cancer patients from the 8 HGSOC patients. A Mann Whitney test reports a p value of 

0.000016 suggesting a high statistically significant difference. This shows that in addition to the 

RMI values, recorded on the patient data forms, being able to stratify patients with OC from 

those with no cancer – RMI can also stratify patients with a specific HGSOC subtype from those 

with no cancer in this dataset.  



 261 

 

 
Figure 7-14 A boxplot showing a statistically significant increase in RMI in HGSOC patients 

when compared to patients with no OC 
 

The boxplot box above shows that the RMI values recorded on the patient data forms are 
capable of stratifying patients by HGSOC or non-cancer. A Mann Whitney test reports a p value 

of 0.0000016 suggesting a statistically significant difference between the two groups. 
 

Figure 7-15 aims to uncover if there is any correlation between the RMI values recorded on the 

patient data forms and sRAGE. A Spearman Rho test for correlation reports a p value of 0.049, 

suggesting a very small statistically significant correlation. This suggests that sRAGE may not be 

capable of stratifying patients in the way RMI has been shown to in Figure 7-13 and Figure 7-14, 

but if it is capable, that sRAGE expression might be downregulated in OC.  
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Figure 7-15 - Scatter plot showing a significant negative correlation between sRAGE levels and 
Risk of Malignancy Index (RMI) 

 
The scatter plot above shows no statistically significant correlation between the levels of sRAGE 

and the RMI values recorded on the patient data forms. A Spearman Rho test for correlation 
reports a p value of 0.049, suggesting a very small statistically significant correlation. This 

suggests that sRAGE may not be capable of stratifying patients in the way that RMI can, but if 
it can then the expression of sRAGE might be downregulated in the serum of OC patients.  

The data above confirms that CA125 serum levels and RMI values can statistically significantly 

stratify OC and HGSOC patients from those with no cancer diagnosis. In addition, there is no 

correlation between sRAGE serum levels and RMI CA125 serum levels and a very minor 

correlation between sRAGE and RMI. The data so far indicates that serum levels of sRAGE may 

not be capable of stratifying OC patients from non-cancer patients, but the minor correlation 

between sRAGE and RMI indicates that if it can stratify patients then sRAGE abundance might 

be lower in OC patients due to the trend seen in Figure 7-15.  
 

7.2.5 Serum levels of sRAGE in ovarian cancer 
The analysis here uncovers if patients with different OC pathologies, OC, HGSOC and non-cancer 

can be stratified by levels of sRAGE in their blood serum.  

Figure 7-16 shows a box plot of the levels of sRAGE in the serum of patients with various ovarian 

pathologies as described in section 7.2.1. Initially, it can be seen that the levels of sRAGE does 

vary between groups. A Kruskal Wallis H test was carried out to assess if there is any statistically 

significant difference in the levels of sRAGE between the groups. A p value of 0.707 was 
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returned, indicating no statistically significant difference between any of the groups. This 

suggests that patients in these groups cannot be stratified using serum sRAGE levels.  

 

 

Figure 7-16 – A boxplot showing no significant difference in levels of sRAGE in various patient 
groups 

 
The above boxplot shows the varying levels of sRAGE in the blood serum of patients grouped by 
ovarian pathology. A Kruskal Wallis H test reports no statistically significant difference between 
any of the groups with a P value of 0.709. This suggests that levels of sRAGE in the blood serum 

is not capable of stratifying patients by these groups.  
 

Figure 7-17 shows the levels of sRAGE detected in the blood serum in patients with a confirmed 

diagnosis of OC (n=69) compared to those with a confirmed no cancer diagnosis (n=33). No 

statistically significant difference was found between the two groups. A Mann Whitney reported 

a p value of 0.176. This confirms that, in this dataset, the abundance of sRAGE detected in the 

blood serum cannot statistically significantly stratify patients with OC from those with no-OC.  
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Figure 7-17 - Box plot showing no significant difference in sRAGE levels between patients 
diagnosed with OC and those with no OC diagnosis 

 
The above boxplot shows no statistically significant difference in the levels of sRAGE detected in 
the serum in patients diagnosed with OC compared to those patients with no cancer diagnosis. 

A Mann Whitney test retuned a p value of 0.176, indicating no statistically significant 
difference. This confirms that levels of sRAGE detected in the blood serum is not capable of 

stratifying OC patients from non-OC patients in this dataset.  
 

HGSOC is the most common type of OC diagnosed and is also one of the most aggressive 

subtypes. Figure 7-18 compares the levels of sRAGE in HGSOC patients specifically to non-cancer 

patients. Due to being more aggressive, it is possible any significant differences in sRAGE levels 

may be more apparent when considering only HGSOC patients. A Mann Whitney U Test returned 

a p value of 0.03, indicating a statistically significant difference between the two groups. This 

confirms that, in this dataset, levels of sRAGE in the blood can stratify HGSOC patients from non-

cancer patients.  
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Figure 7-18 - Box plot showing significant difference in sRAGE levels between patients with a 
High Grade Serous Ovarian Cancer subtype compared to those with no cancer diagnosis 

 
The boxplot above shows levels of sRAGE in patient serum to be statistically significantly lower 
in HGSOC patients when compared to non-cancer patients. A Mann Whitney U Test returned a 

p value of 0.03, indicating a statistically significant difference between the two groups. This 
confirms that, in this dataset, levels of sRAGE in the blood can stratify HGSOC patients from 

non-cancer patients. 
 

This does contradict what would be expected given that ADAM10 protease cleaves full length 

RAGE to produce sRAGE and the matrix metalloproteinase function is usually higher in advance 

disease. A larger sample size and analysis of additional independent datasets would be beneficial 

to validate findings. It would be interesting for future work to address if sRAGE levels are higher 

in samples with metastatic disease.  

7.3 Conclusions 
Significantly lower abundances of sRAGE in the serum of OC patients could be advantageous for 

diagnosis and treatment. Patients could be diagnosed and stratified by detecting sRAGE in the 

blood serum. sRAGE abundance in the serum could also be used alongside existing methods for 

a more accurate and sensitive diagnosis and response to treatment monitoring. Additionally, a 

lower abundance of sRAGE in the serum will be advantageous if an ADC targeting flRAGE is used. 

sRAGE is reported to act as a decoy in the serum, where RAGE ligands bind sRAGE instead of 

flRAGE. This action prevents ligands from binding to flRAGE and therefore downregulated the 

signalling pathways as a result of this flRAGE-ligand binding. A lower abundance of sRAGE in the 

serum of OC patients means that the ADC targeting RAGE has more chance of binding to flRAGE 
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and delivering its cytotoxic payload to the malignant cell. A lower abundance of sRAGE in the 

serum of OC patients means less sRAGE decoy action and an upregulation of the flRAGE/RAGE-

ADC binding and action. Additionally, sRAGE could be used to stratify patients for treatment 

using a RAGE targeting ADC. If an OC patient has a higher sRAGE abundance in the serum then 

this could be an indication that the RAGE targeting ADC will not work for them as effectively if 

they had a lower serum sRAGE abundance. This could be tested preclinically by a blood test.  

Overall, levels of sRAGE detected in patient serum were not statistically significantly altered in 

any of the patient metrics reported on the patient data form, apart from PMB where there was 

a small but statistically significant difference. This meant that sRAGE abundance in the serum 

remains stable across common differing conditions between patients. This causes the 

correlation of sRAGE to HGSOC to be more specific to HGSOC when considering other common 

patient metrics.  

The patients recruited for the ovarian biomarker study had their CA125 serum levels and RMI 

recorded as part of their recruitment and monitoring. When grouped into OC and non-cancer, 

CA125 and RMI could statistically significantly stratify patients. In addition, when grouped by 

specifically HGSOC and non-cancer, CA125 and RMI could still stratify patients. This confirms 

that the current standard of OC diagnosis in the clinic is capable of determining OC or non-cancer 

in this dataset. This is a baseline to compare sRAGE levels to in the final analysis.  

In the final analysis, sRAGE did not correlate with either CA125 serum levels and had a very 

minor correlation to RMI. The abundance of sRAGE in the serum was also not significantly 

different in any of the ovarian pathology groups as shown in Figure 7-16. sRAGE was not capable 

of statistically significantly stratifying OC patients from non-cancer patients. However, when 

restricted to only the HGSOC patients, sRAGE was capable of statistically significantly stratifying 

patients in each group. This has implications for a more effective treatment with a RAGE-ADC 

and the potential to stratify patients for HGSOC diagnosis, treatment plan and monitoring the 

response to treatment.  

Overall, while sRAGE can stratify the patients in this dataset by HGSOC and non-cancer, sRAGE 

does not appear to be as accurate or as sensitive as RMI and CA125 serum was in this dataset. 

The levels of significance were x102 higher for RMI and CA125 indicating sRAGE is not as good, 

or better, than the current standard. This could be due to a weak sampling of healthy 

participants. Only 5 out of 130 patients were recruited specifically as non-cancer controls with 

no described ovarian pathology. The other non-cancer patients were recruited for anything from 

a cyst, a benign mass to risk reduction surgery and were later confirmed to be non-cancer. This 

means the healthy controls may not have been 100% healthy – highlighting the challenge in 
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obtaining a truly healthy patient sample. However, sRAGE could be used to stratify patients who 

are to receive treatment using a RAGE ADC and a lower abundance of sRAGE in the serum of 

HGSOC patients suggests a greater effect with a RAGE ADC due to less of the decoy effect from 

circulating sRAGE.  

It appears that sRAGE, from what is seen in this dataset, is not a suitable alone as a diagnostic 

tool for OC when compared to the current standards. It is possible that sRAGE could be used in 

conjunction with the current standards for a more accurate and specific diagnosis. The dataset 

is constantly becoming bigger as more patients are recruited for the study. In the future, this 

hypothesis can be tested again with the larger dataset. Additionally, serum could be requested 

from patients who have received treatment to measure their sRAGE in response to their 

treatment. Consideration can be given to increasing the non-cancer control samples to further 

strengthen the dataset. 
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8.1 Identification of overexpressed proteins in OC with potential 

therapeutic value as ADC targets.  
This thesis addresses the urgent need for a more effective therapeutic treatment method and a 

specific, high throughput liquid biopsy method for the early diagnosis of OC. Approximately 4100 

women die from OC each year in the UK and OC accounts for 5% of all cancer deaths in females 

in the UK. This suggests the need for a more effective strategy to combat the high number of 

deaths associated with OC. OC survival is significantly associated with a diagnosis under the age 

of 40. Almost 9 in 10 women in England diagnosed between the ages of 15-39 survive OC for 

more than 5 years compared with only 1 in 5 women when diagnosed over 80 years old (28). 

This highlights the desperate need for a high throughput diagnostic test capable of confidently 

indicating OC at an early stage for increased survival probability.  

Diagnosis is complicated by the absence of early pathognomonic symptoms, leading to late 

recognition of the disease and a high mortality rate. In an effort to stimulate drug development, 

OC, which has a prevalence of approximately 3 in 10,000, has been designated orphan disease 

status. Companies developing drugs for diseases designated orphan indication status to provide 

incentives, such as exclusive licensing rights. As a result, several putative modes of action are 

being explored to develop therapeutics for ovarian and other gynaecological cancers (632).  

Of the different approaches being investigated, monoclonal antibodies targeting cancer specific 

cell-surface markers have shown promise. Bevacizumab (Avastin, Genentech/Roche), a 

humanised antibody targeting vascular endothelial growth factor-A, was first licensed in 2004 

for colorectal cancer, and later for other metastatic cancers including breast, although this latter 

indication was removed by the FDA in 2010 (633). In 2012, Bevacizumab was licensed for OC, 

the first new drug for this indication in fifteen years; but due to the serious side effects, the costs 

and the short extension of life, Bevacizumab is approved only for OC in advanced stages and 

platinum therapy-resistant types (634). There is therefore an unmet demand for a targeted, 

safe, and effective treatment for OCs. 

Antibody-Drug Conjugates (ADCs) are a new class of biologic therapeutics comprising a cancer-

targeting antibody attached through a linker to a cancer-killing payload. Since ADCs selectively 

target specific tumour antigens, higher concentrations of the cytotoxic drug reach the malignant 

tissue and there is less collateral damage within healthy tissues, reducing unwanted side effects 

and expanding the therapeutic window compared to traditional chemotherapy (585). 

This thesis explores the potential of six proteins as suitable targets for ADC development against 

OC. The focus of this study is on the identification process and characterisation prior to pre-

clinical. The development of a successful ADC hinges on the identification of a novel target which 
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is present exclusively on the surface of malignant OC cells and minimally express in healthy 

tissue, while , capable of internalising antibody ligands.  
 

The data of this thesis showed: 

1. Identification of 6 potential targets using in silico database, Human protein Atlas and 

published observations. Specific expression of TSPAN6 in 8 OC cell lines by immunoblot and the 

clear localisation of TSPAN6, PCSK4 and PIEZO2 to the plasma membrane by 

immunofluorescence (Chapter 3) 

2. Cell surface localisation of TSPAN6, PCSK4 and PIEZO2 on primary cells derived from ovarian 

cancer biopsies by immunofluorescence. Identification of a novel immunoreactive band (60 kDa) 

in TSPAN6 immunoblots which was statistically significantly elevated in protein extracts from OC 

biopsy collected from patients (Chapter 4) 

3. TSPAN6 and RAGE proteins expressed at the cell surface are able to internalise antibody-dye 

conjugates into primary ovarian cells isolated from HGSOC biopsies at a statistically significant 

higher rate than non-cancer ovarian cells (Chapter 5).  

4. High genetic stability (>95%) in the antibody epitope DNA coding region for RAGE and TSPAN6 

by Next Generation Sequencing (Chapter 6) 

5. sRAGE levels are statistically significantly higher in the serum of non-cancer patients 

compared to serum of HGSOC patients by ELISA (Chapter 7)  
 

Overall, this thesis successfully screened for novel ADC targets, confirmed the expression and 

cellular location of these targets in protein and 2D cells derived from OC cell lines and patient 

biopsies and confirmed the internalisation and genetic stability of the most promising targets. 

In addition, this thesis explored a successful pipeline for the identification of novel biomarkers 

for the early detection of OC.  

The presence of a target in any healthy organ can provoke on-target toxicity promoted by the 

ADC treatment that could be dose limiting, potentially resulting in failure of the ADC on clinical 

trials (635). TSPAN6 is typically expressed at low levels under normal physiological conditions in 

most tissues (434). This was further confirmed in this study by evaluating TSANP6 expression in 

protein extracts from healthy tissues corresponding to different organs.  

Interestingly, TSPAN6 is not essential to life with data from knockout mouse models suggesting 

loss of TSPAN6 expression is associated with epilepsy and cognitive defects (636). Similarly, 

PIEZO2 is not essential to life with partial or incomplete knockdown of Piezo2 reported to 

significantly reduce touch sensation (637). In the case of PCSK4, inactivation of this gene in mice 

causes male infertility in males and subfertility in females (446). Expression of these 3 targets 

have been previously associated with cancer. TSPAN6 expression has been studied in breast 
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cancer where it has been found that its mRNA levels were not prognostic in patients with ER-

HER2- and ER-HER2+ tumours. In addition, a significant association of TSPAN6 expression with 

metastases-free survival in patients diagnosed with ER+HER2- breast cancer was reported by 

these authors (638). PIEZO channels have been identified as major transducers of mechanical 

stress into Ca2+ dependent signals and are overexpressed in several cancers such as breast, 

gastric and bladder whereas their downregulation has been reported in other cancers. PIEZO 

channels have been shown to have important roles in human homeostasis and 

pathophysiological conditions and studies have shown that the activation of PIEZO channels can 

deliver local Ca2+ influx which modulates key signalling pathways associated with cancer cell 

migration, proliferation and angiogenesis (639). PCSK4 is a favourable prognostic marker in 

endometrial cancer where it is significantly upregulated in endometrial cancer tissue on The 

Human Protein Atlas by IHC (301). In lung cancer, the targeting of Proprotein Convertases, such 

as PCSK4, decreases in vitro and in vivo growth (640).  

In chapter 4, the abundance of the 60 KDa band by western blot was statistically significantly 

higher in protein extracted from 2D cultured cells derived from HGSOC patient biopsies when 

compared to non-cancer patients which was in agreement with a recent report that identified 

TSPAN6 gene expression as a biomarker and included it in a panel of 5 biomarkers that, when 

combined, indicated a favourable outcome in OC (641).  

There are several biomarkers of OC that have been explored as ADC targets due to their 

differential expression including mesothelin, folate receptor 1, ephrin type-A1 receptor and 

mucin1 (421, 642, 643). Like TSPAN6, all these proteins are attractive targets for cancer therapy 

because of their cell surface location and differential expression between normal tissue and 

cancer. Mesothelin was originally identified as a cancer biomarker by the characterisation of an 

antibody targeting OC cells. Like TSPAN6 it is a cell surface receptor that is largely membrane 

bound. Mesothelin binds to MUC16 antigen which is also overexpressed in OCs. Compared to 

mesothelin, TSPAN6 is under researched whilst being similar in terms of cellular location and 

overexpression in OC. Folate receptor 1 is overexpressed in multiple epithelial-derived tumours 

such as ovarian, breast, renal, lung, colorectal and brain. Similar to TSPAN6, folate receptor 1 is 

a membrane bound protein and has been linked to neurological diseases (642). Ephrin-A1 is a 

cell surface protein belonging to a family receptor tyrosine kinases crucial for cell migration, 

repulsion and adhesion during neuronal, vascular and epithelial development (644). Like 

TSPAN6, Ephrin-A1 is upregulated in several cancers including colorectal cancer and breast 

cancer and is minimally expressed in healthy tissues throughout the body (301, 434). Mucin1 is 

an extensively researched cell membrane and secreted protein that is well documented to be 



 272 

involved in promoting tumour progression (645). Compared to TSPAN6, Mucin1 is much more 

extensively researched and a considerably larger protein at 122 kDa compared to the 27 kDa 

TSPAN6 protein but has similarities in terms of cellular location, links to cancer progression and 

cellular signalling. Thus, our data gives confidence that TSPAN6 expression profile fulfils the 

desire properties of ADC target expression profile.  

Data presented here demonstrate that TSPAN6, PCSK4 and RAGE antibodies can be found within 

the lysosomal compartment after 4hrs, demonstrating increased accumulation in lysosomes 

over time. Overall, this data provides further evidence that these antibodies can internalize into 

the cell and traffic to the appropriate subcellular location (late endosome, lysosome) where the 

potential ADC would release the drug payload. This receptor-mediated endocytosis capability is 

key given that it has been reported that non- internalized ADCs can induce significant systemic 

toxicity including a ‘bystander effect’. The enhanced lysosomal accumulation of antibodies 

targeting these proteins is a desirable property of therapeutic targets of ADCs that require 

payload delivery to the intracellular environment. Compared to the optimal time point here of 

4 hours, HER2 has been shown to internalise up to 12 hours before plateauing (646). The 

comparatively earlier internalisation time displayed here with these 3 targets can be 

advantageous by reducing toxicity and a faster mode of action. Therefore, these results suggest 

these targets are suitable for the production of ADCs. 

Interestingly, it was observed that the coincubation of the cells with antibodies against TSPAN6 

or RAGE did not inhibit the internalisation capacity of these receptors. This could be exploited 

for the development of a TSPAN6/RAGE bispecific ADC to enhance the binding specificity of an 

ADC to malignant cells. Binding multiple targets results in a greater likelihood of toxic payload 

delivery specifically to malignant cells. Bispecific antibodies have an advantage over 

monoclonals due to their higher binding avidity to targets, which can interact with more than 

one surface antigen; higher cytotoxic effects because of the direct recruitment of effector cells 

to the site of the disease; and in tumorigenic conditions, have less resistance to development 

due to the targeting of two different antibodies.  

Genetic stability of the DNA coding region of the ADC epitope is paramount to the success of an 

ADC and the antibody epitope DNA coding region of TSPAN6 and RAGE was highly genetically 

stable with 95-99% of the reads matching the reference sequence in all 96 samples. Mutations 

in the DNA coding region of the epitope could result in reduced binding efficiency and therefore 

reduced efficacy as a therapeutic. This is exemplified by the identification of an activating 

mutation in the extracellular domain of HER2 which results in resistance to monoclonal antibody 
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therapy Pertuzumab (647). This highlights the necessity of confirming the genetic stability of the 

DNA coding region of the ADC target epitope as demonstrated in chapter 6.  

Chapter 7 uses sRAGE as a preliminary biomarker to explore a blood serum liquid biopsy pipeline 

using an ELISA for the diagnosis of OC. The lower abundance of sRAGE in the serum of OC 

patients will confer an advantage for ADC development, due to the low quenching activity of the 

circulated target on the concentration of ADC in the bloodstream (318). In addition, given that 

RAGE target could be shredded from the cell membrane the low levels of circulating RAGE could 

indicate this process is not enhanced in OC patients. Thus, decreasing the probability of 

resistance to RAGE ADC therapies due to low target expression. In this context it has been 

reported that breast tumours expressing a truncated form of HER2 (p95HER2) are resistant to 

trastuzumab therefore other therapies and additional anti-HER2–targeting strategies are 

needed for these patients (648). 
 

8.2  Novel ADC pipelines  
High throughput screening for novel ADC targets rather than the in-depth characterisation of a 

new target is a highly under researched area (649). Many new targets are being investigated for 

their implications in various cancers, but little research is put into the large-scale screening of 

proteins for their anomalous expression in various cancers. Recently, a study (650) focused on 

identifying novel ADC targets in a broad range of tumours. In this study, PubMed and 

ClinicalTrials.gov were used to search for ADCs that are or were evaluated in clinical trials. Gene 

expression profiles of patient-derived tumour samples were collected, and Functional Genomic 

mRNA profiling was applied to predict per tumour type, the overexpression rate at the protein 

level of ADC targets. The approach described in this thesis instead used a mathematical 

algorithm to identify cell surface receptors that were overexpressed in OC while being minimally 

expressed in a healthy ovary. Both the approaches used patient-derived samples whereas this 

thesis did not use Functional Genomic mRNA profiling but instead chose to focus on protein 

expression assays and NGS.  

It is clear that there is no consensus on the ‘best’ molecular target for OC. Out of the antibody 

therapies listed in Table 8-1 and Table 8-2 below, 8 of which are ADCs, there are distinct 

molecular targets, just 3 of which are common to more than one product; mesothelin, folate 

receptor 1 and CA125 currently in development . These targets are ‘classical’ tumour markers. 

Folate receptor 1 is also a target for small molecule development programmes, including 

Merck/Endocyte’s vintafolide, which recently failed in Phase III. Farletuzumab, Eisai’s anti folate 

receptor 1 antibody has also recently failed in Phase III.  
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Other targets include more recently discovered markers, such as sodium-dependent phosphate 

transporter protein 2b, the target for MedImmune’s most recent ADC development programme 

in OC (419). This is not an exhaustive list, and it is likely that many more antibodies and ADCs 

are being developed in academic and industrial laboratories for which public domain 

information is not yet available. Furthermore, a subset of the many antibodies in development 

for ‘solid tumours’ may be positioned as OC drugs as they are developed, where the target 

shows tumour selectivity in this indication. For example, MedImmune/AstraZeneca and 

Genentech/Roche’s pipelines show several antibodies in development for ‘solid tumours’ in 

Phase I, with specific cancer indications being investigated in later trials.  

 
Table 8-1 Antibody drug conjugates in development (recently terminated) for OC 

Drug Company Alternative 
names Mode of action 

Current stage 
of 

development 
in OC 

Humanized 
IgG1 anti-

MSLN 
conjugated 
to MMAE 

Roche/Genentech DMOT4039A 
ADC targeting 

mesothelin 

Phase I/IIa 
19 OC patients 
(some efficacy)i 

Anti-CA6-
DM4 

conjugate 
ImmunoGen/Sanofi SAR566658 

ADC Targeting 
CA6 

Phase I in 2010 
(current status 

unknown) 
Maytansinoid 

conjugated 
humanized 
monoclonal 

antibody 
against FOLRI 

ImmunoGen IMGN853 
ADC targeting 

folate receptor 1 

Phase 3 clinical 
trial 

FORWARD1 
results 

announced on 
2019. 

Antibody 
drug 

conjugate 
consisting of 
a humanized 

IgG1 anti-
NaPi2b 

monoclonal 
antibody and 
monomethyl 
auristatin E 

MedImmune  

ADC targeting 
sodium-

dependent 
phosphate 
transporter 
protein 2b 

Phase 1 data 
reported in 

2019 (current 
status 

unknown) 

 
 

Humanized 
IgG antibody 

against 
TROP2 

Immunomedics 
Sacituzumab 

govetican 

ADC targeting 
Trop2, an 

antitrophoblastic 
cell surface 

antigen. 

A phase I trial 
data reported 

for OC, 
approved as 
treatment for 
metastatic 

triple-
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conjugated 
to SN-38, 

a 
camptothecin 

negative 
breast cancer 

(2016) 

 
Calicheamicin 

MedImmune  
ADC targeting 
ephrin type-A4 

receptor 

Terminated 
after phase I 
clinical trials 

due to limited 
response to 

adequate 
exposure of 
the ADC in 

patients 
Thiomab ADC 
made up of a 
humanized 
anti-MUC16 
IgG1 linked 

by a protease 
labile linker 

through 
engineered 
cysteine to 

the 
antimitotic 

payload, 
MMAE. 

Roche DMUC4064A 
ADC targeting 

MUC16 

The phase I 
trial completed 
enrolment of 

35 
patients in 
2018, but 

results are not 
yet reported 

(NCT02146313) 

Humanized 
IgG1 

antibody 
targeting 
protein 
tyrosine 
kinase 7 
(PTK7) 

conjugated 
by a 

cleavable 
valine-

citrulline 
linker to 
MMAE 

Pfizer 
Stemcentrx (now 

AbbVie) 
In collaboration 

with Indiana 
University 

PF-
06647020 

 

ADC targeting 
protein tyrosine 
kinase 7 (PTK7) 

Phase I 
evaluation of 

this drug is 
ongoing, with a 

planned 
expansion in 
patients with 

platinum-
resistant OC 

combining PF-
00647020 with 

Avelumab, 
a PD-1 

inhibitor. 
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Table 8-2 - Unconjugated	antibodies	approved	for	use	in	OC	

	
	
Of the ADCs listed in Table 8-1, the Roche/Genentech’s ADC DMOT4039A is an ADC targeted to 

mesothelin linked to monomethyl auristatin E (MMAE) with a lysosomal protease-cleavable 

valine-citrulline linker (421). A Phase I clinical trial was conducted in ovarian and prostate cancer 

patients (NCT01469793) and preliminary data was presented at the 2014 ASCO Annual Meeting. 

Primarily a safety study, the drug was found to be well tolerated at doses of 2.4 mg/kg. Adverse 

side effects were reported as fatigue, nausea, vomiting, decreased appetite, diarrhoea, and 

peripheral neuropathy. Of 10 OC patients treated at this dose, 3 showed a partial response 

based on RECIST (Response Evaluation Criteria in Solid Tumours: a set of published rules that 

define when cancer patients improve (respond), stay the same (stable) or worsen (progression) 

during treatments). A reduction in CA125 of more than 50% was observed in seven patients. 

They concluded from this trial data that the drug showed encouraging anti-tumour activity in 

Drug Company Alternative 
names 

EU/US 
Orphan 

drug 
register 

OC 

Mode of 
action 

Current 
stage of 

development 
in OC 

Bevacizumab Roche/Genentech Avastin 
EU and 

US 

Antibody 
targeting 

VEGF 

Approved in 
2011 for 
recurrent 
disease. In 

various 
combination 

therapy 
trials. 

Catumaxomab: 
Anti-epithelial 
cell adhesion 

molecule / 
anti-CD3 

monoclonal 
antibody 

Neovii Biotech 
GmbH/ Fresenius 

Removab 
EU and 

US 

Rat/mouse 
hybrid 

trifunctional 
antibody 
targeting 
tumour 

cells, T-cells 
and 

accessory 
cells. 

Phase II/III 
completedii. 
Approved in 
EU (2009) in 

the European 
Union for the 
IP treatment 
of patients 

with 
malignant 

ascites 
(including 

OC) 
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non-resectable pancreatic and OC, supporting further evaluation in these diseases (651). This is 

probably the most advanced ADC in development for OC currently. Bayer is also developing an 

ADC targeting mesothelin for OC, linked to the maytansinoid tubulin inhibitor DM4. Preclinical 

results were published in 2014 (652). 

Sanofi Aventis/ImmunoGen has not published 2010 Phase I data from the ADC targeting CA6, 

SAR566658. In 2013 a new immunoassay was published to support the development of this 

drug, and it appears in the pipelines of both companies. The reason for the hiatus in its 

development is not known.  

ImmunoGen’s ADC targeting folate receptor 1, is the most promising of all ADCs included in 

Table 8-1. Mirvetuximab soravtansine showed impressive results in efficacy and tolerability in 

OC patients, particularly in those with a high folate receptor 1 expression. The randomised phase 

3 trial will see 366 randomised patients receiving either Mirvetuximab soravtansine or a single 

agent chemotherapy. The response rate was documented to be higher for Mirvetuximab 

soravtansine when compared to chemotherapy. Mirvetuximab soravtansine was shown to be 

well tolerated with fewer patients experiencing grade 3 or greater adverse events, fewer dose 

reductions and fewer discontinuations due to drug-related adverse events when compared to 

chemotherapy (653).  

A Phase I/II trial of MedImmune’s ADC, MEDI-547 was started in 2008 (NCT00796055), but 

terminated in 2011 with no published data. This drug, targeting ephrin type-A2 receptor had 

been tested extensively in preclinical studies and showed much promise. MedImmune has also 

withdrawn its orphan drug application for an ADC, targeting ephrin type-A4 (654). 

MedImmune’s most recent addition to its orphan drug portfolio, ADC targeting sodium-

dependent phosphate transporter protein 2b has not yet entered clinical trials, but the detailed 

immunohistochemical analysis was published in 2012 to validate the target prior to its orphan 

drug registration in 2014. 

However, there are two unconjugated antibodies that have achieved market approval for a 

subset of OC patients. Bevacizumab is approved in the US and EU for platinum-resistant 

recurrent disease (but not sanctioned for use in the NHS by NICE). It is still being tested in the 

clinic in combination with other small molecules and biological agents (655). Catumaxomab has 

recently been approved in the EU for the treatment of cancer patients with malignant ascites 

(656).  

These data demonstrate how difficult and challenging the ADC landscape is when even targets 

showing desirable properties in vitro, later failed through the development pipeline.  
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New research regarding proteins involved in various cancers is published at a rapid rate (657, 

658). The ability to regularly screen this cohort of proteins increases the likelihood of finding a 

highly selective ADC target that can specifically stratify malignant cells from non-cancer cells. 

This thesis found the algorithm screening to be effective with 3 out of the 6 initial targets 

showing significant promise.  

A screening and initial characterisation process, such as the one displayed in this thesis, also has 

significance for the development of treatments for other cancers not discussed here. This clinical 

development pipeline focused on the identification of targets suitable for the stratification of 

malignant cells in gynaecological malignancies, however, the same pipeline can also be used to 

identify targets with aberrant expression in many other types of cancer.  

The approval of ADCs to the market has increased rapidly in the last 5 years and with the ability 

to screen, narrow down and characterise more novel ADC targets, this number is expected to 

increase within the next 10 years. To increase the identification of efficacious targets in the 

future further research must be carried out to further understand the roles of various proteins 

in cancers. Further high-throughput screening to identify novel targets based on membrane 

expression and over expression in malignant cells would quickly identify efficacious targets.  

 

8.3 TSPAN6 as a therapeutic target for the development of novel 

Antibody-Drug Conjugates  
TSPAN6 is a novel membrane bound protein that was identified only 23 short years ago (499), 

with scarce information available in the form of publications. Its novelty and lack of research 

data, coupled with its aberrant expression in OC subtypes (301), mark it as significant for 

investigation as a potential ADC target. TSPAN6 is a small, 245 amino acids long protein, which 

could provide an advantage for use as an ADC as smaller targets are shown to internalise more 

effectively (450).  

TSPAN6 was shown to internalise into various OC cells which supports the literature that reports 

that TSPAN6, acting as part of the tetraspanin web, to be involved in the clathrin and caveolin 

internalisation rout for viruses such as HPV16 (509). This supported and confirmed the ability of 

TSPAN6 to internalise itself and its ligand into the cell via receptor mediated endocytosis.  

A high conservation of TSPAN6 between species homologues suggested genetic stability and 

biological importance (533). This has significance for future in vivo experiments as all common 

species conservatively express TSPAN6. Additionally, an ADC directed against TSPAN6 using this 

antibody epitope is highly likely to successfully bind to a very high number of patients, and a 
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very high number of TSPAN6 positive cells within the same patient. This suggests that the vast 

majority of patients could benefit from the effect of a TSPAN6 ADC. TSPAN6 is shown to be 

upregulated in the malignant tissues of patients with breast cancer, cervical cancer, endometrial 

cancer and colorectal cancer (301). This suggests that an ADC targeting TSPAN6 could be 

extended to benefit patients with these additional cancers as well.  

Exosomes are small extracellular vesicles that have been reported to be involved in the 

progression of cancer (537, 659, 660). TSPAN6 has been linked to exosomes in a number of 

studies where TSPAN6 negatively regulates exosome production (534) and where it determines 

exosome release and lysosomal degradation of amyloid precursor protein fragments in 

Alzheimer’s disease (661). With TSPAN6 being involved in exosome production and release and 

exosomes being linked to cancer it is possible that TSPAN6 could be aberrantly expressed in 

cancers due to its association with exosomes and has been linked to cancer progression in a 

number of studies (662, 663).  

RAGE has been used as an example of a well-established ADC target within the group that has 

already been through this pipeline for characterisation (200, 201). TSPAN6, like RAGE, has 

reported association with inflammation and Alzheimer’s Disease. TSPAN6 is reported to be 

involved with Alzheimer’s disease, where the downregulation of TSPAN6 in primary neuronal 

cultures reduced amyloid beta production significantly (540). TSPAN6 is also associated with 

inflammation (527) , a known hall mark of cancer (529), which promotes the significance of its 

investigation. It has been reported that TSPAN6 negatively regulates immune signalling and an 

impaired immune response results in IFNs and inflammatory cytokines not being produced 

causing autoimmune and inflammatory related diseases. There is a possibility that TSPAN6 ADC 

treatment could impact the immune system. By reducing TSPAN6 expression it could increase 

IFNs/cytokines and could promote cancer development. This could be assessed by long term 

studies and toxicity evaluation. ELISAs could also be used to determine if IFNs/cytokine activity 

has changed due to treatment with a TSPAN6 ADC.  

A limitation of the 2D cell data from TSPAN6, and the other novel targets, is that the lack of 

regular mycoplasma testing and no cell verification protocol. Cell validation is particularly 

important for patient-derived cell lines which are notoriously difficult to generate as there is a 

strong likelihood for stromal cells to take over. This will need to be considered if the data is to 

move towards the publication stage. Finally, as with all clinical studies, a larger sample size 

would increase statistical power.  
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8.4 The significance of developing a pipeline for detection of OC 
The significance of developing a pipeline for the detection of OC is invaluably high when it comes 

to the increased chance of survival for OC patients. It is common for blood biomarkers to be 

non-specific and aberrantly expressed in other pathologies (664). The task of finding the protein 

that is specifically aberrantly expressed in the cancer of interest can be described as challenging 

due to the sheer vast number of proteins that are expressed in the blood (665).  

This thesis followed a pipeline from the identification of possible targets to their characterisation 

and finally through to their potential as a diagnostic biomarker for the early detection of OC. 

The significance of this in terms of patient benefits is invaluable. The possibility of having a blood 

test for OC could simplify the current diagnostic pathway and could serve as a screening tool. 

The faster a unique blood biomarker indicative of OC can be found; the more lives will be saved. 

A unique blood biomarker is more likely to be discovered if a fast-screening process to identify 

these targets is developed.  

Presently, CA125 serum levels are the current first line screening test for OC. A recent study 

(666) used the blood serum of 49 women who went onto develop OC and 31 control women, 

who were cancer free, and used proteomics-based biomarker discovery to identify novel 

biomarkers. Multimarker longitudinal models were derived and tested against CA125. The best 

performing models incorporate CA125, HE4. CHI3L1, PEBP4 and AGR2. In comparison to the 

pipeline developed in this thesis, this study used proteomics-based biomarker discovery 

whereas here a mathematical algorithm was used to identify suitable targets.  

It is agreed that whilst much research has been carried out, little progress has been made in the 

identification of novel biomarkers for OC. More recently, in 2019, Russell et al (667) explored 

using four biomarkers, (CA125, phosphatidylcholine-sterol acyltransferase, vitamin K-

dependent protein Z and C-reactive protein) in the early detection of OC. They concluded that 

the biomarker panel has the potential to diagnose OC 1-2 years earlier than the current 

standard. The studies described in the advancement of early diagnosis of OC all have in common 

that they identify a panel of multiple biomarkers. In relation to the preliminary data described 

here, the ELISA is a sensitive and high throughput method of testing any biomarker found in the 

serum in the cohort of patients recruited to the Ovarian Biomarker Study. This approach could 

lead to the discovery of a panel of novel biomarkers to be used in combination with a simple 

blood test that could significantly aid and speed the diagnosis pathway for OC.  

These results are the beginning of a much broader application to OC diagnosis and treatment. 

The data shown here is the preliminary data before animal models and is an essential 

requirement before the progression to clinical trials. The crucial preclinical studies that will need 
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to be carried out include antibody validation using a knockout cell line to enable and strengthen 

a more in-depth target investigation, the production of a monoclonal antibody, the production 

of an ADC and finally the testing of the ADC in animal models. This data has great implications 

for OC but also has potential to expand to how targets for treatment are discovered in other 

cancers and human diseases.  
 

8.5 Soluble RAGE in the blood serum as a diagnostic indicator of 

OC 
The majority of research carried out by members of the RBGO group at Swansea University is 

pertaining to full-length membrane bound RAGE. This thesis explored RAGE in more depth, by 

investigating its soluble isoform in the blood serum of patients recruited to the Ovarian 

Biomarker study.  

RAGE is a multiligand protein of the immunoglobulin super family and is expressed on the 

membrane of multiple cell types and is implicated in the inflammatory response, diabetes, 

Alzheimer’s Disease and various cancers (200-202). Any correlation between full length RAGE 

and soluble RAGE in the blood is not yet fully understood. It is theorised that they are inversely 

correlated due to a reduction in sRAGE in pathologies where full-length RAGE is overexpressed 

(217).  

This is supported by the RAGE ELISA data in chapter 7 where sRAGE was statistically significantly 

reduced in the blood serum of HGSOC patients when compared to non-cancer patients. The 

identification of a protein blood biomarker suitable for the early detection of OC has a high 

significance for the improved survival rate of OC patients because of faster treatment. The 

identification of such a biomarker would not have been possible if the full-length isoform of 

RAGE had not been identified by members of the RBGO group as a promising ADC target (200, 

201). This suggests that the pipeline for identifying novel ADC targets could incorporate the 

screening of any soluble isomers for their use as diagnostic indicators.  

The decreased expression of soluble RAGE shown in the ELISA results can have significant 

implications for subsequent treatment with a RAGE directed ADC. A reduced abundance of 

sRAGE in the blood serum can result in more ADC molecules binding to the full-length membrane 

bound RAGE and having its desired therapeutic effect, rather than binding to decoy sRAGE 

isoform in the blood serum which could reduce the therapeutic effect of the ADC treatment.  

Soluble RAGE abundance in the blood serum also can become part of a panel of biomarkers for 

the early diagnosis of OC. Used alone, in the dataset investigated here, soluble RAGE can only 

stratify HGSOC patients from non-cancer ones. If used in conjunction with other known 
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biomarkers such as CA125 and HE4 then sRAGE could contribute to the development of a more 

reliable diagnostic test for the early detection of OC.  

Soluble RAGE is only capable of stratifying HGSOC patients from non-cancer ones. Interestingly, 

He and colleagues examined the association of circulating sRAGE in multiple types of cancer by 

conducting a comprehensive meta-analysis using the ELISA technique to assess the abundance 

of sRAGE in the blood of various cancer patients (668). The potential role of transmembrane full 

RAGE protein and its ligands in cancer have been widely investigated and supported the notion 

of targeting RAGE directly as part of an effective therapeutic regime against cancer using ADCs 

(200, 669). An effective means to antagonize RAGE is to use its soluble form (sRAGE), with sRAGE 

levels potentially reflecting the activity of the ligand-RAGE axis. Several studies have stressed 

the importance of circulating sRAGE as a protective factor against cancer development by 

inhibiting the unfavourable influence of RAGE–ligand axis in angiogenesis, fibroblasts and 

macrophage activation (277). The sRAGE has been documented as an anti-angiogenic and 

tumour regressive molecular and a low level of circulating sRAGE was reported to be a significant 

risk factor for many types of cancer, such as breast cancer (670) and lung cancer (312). In this 

context data shown in this thesis supports the effect of sRAGE as a protective factor with non-

cancer patients exhibiting high levels of sRAGE in circulation compared to patients suffering 

from aggressive HGSOC. However, in our study levels of sRAGE alone were not able to stratify 

OC in general. However, several possible limitations of our study should be considered. First, 

despite a panel of subgroup analyses had been undertaken, significant heterogeneity persisted 

in some subgroups, limiting the interpretation of the data. Moreover, considering the relatively 

small sample sizes in subgroups, more studies are warranted to quantify the effect reliably. 

Additionally, our study had circulating sRAGE measured only once and did not reflect the long-

term level of sRAGE in the progression of cancer. This data came from only one data set, which 

needs to be acknowledged as a limitation. Independent analysis from multiple larger datasets 

would verify the findings.  

 

8.6 Study limitations 
Despite the volume of data, many of the results presented here are negative results therefore 

the limitations will be discussed here in the context of improving future experiments. Firstly, 

across all the experiments, as with many clinical based studies, the overall sample size would 

benefit from being larger to increase result validation and add statistical power. This is true of 

the sRAGE ELISA experiments, the western blots, the fluorescent microscopy, and the 

sequencing data. Further to this, a limited number of cell lines were used in preliminary 
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experiments such as initial western blots and the internalisation time point analysis. In future 

work, it would be very beneficial to include as many cell lines as time and cost allow to deepen 

the understanding, particularly around internalisation time points and fully optimise the main 

experiment. Furthermore, the antibody specificity for some targets is not definitive and could 

use further exploration to strengthen them as an ADC target. For example, all the targets apart 

from TSPAN6 had a negative western blot. Its likely that the issue was with the antibody chosen 

rather than the target protein or samples themselves. Therefore, it would be beneficial in a more 

focused analysis to acquire and test different antibodies against the same target due to different 

antibodies behaving differently in different applications. Antibody validation could be 

strengthened here by the production of a knockout cell line which would act as a true negative 

control. In terms of the western blot, a true negative and positive control protein sample should 

be obtained to validate the use of the antibodies in western blots where proteins are in a linear 

conformation. This would strengthen all the immunofluorescent work and in particular, further 

validate the internalisation work.  

The whole project is highly focussed on one single data set. All the 2D cells derived from patient 

biopsies, the protein extracted from 2D cells derived from patient biopsies and the serum used 

in the sRAGE ELISA experiments are all from the single data set from the ovarian biomarker 

study. To strengthen, validate and add statistical power to results, the sample size should be 

increased, and other data sets included.  

Finally, cell validation and mycoplasma testing of 2D cells derived from patient biopsies should 

be carried out as routine with all samples obtained. Cell validation is important, especially in 

cancer cells extracted from a tissue source which could easily not be the expected cell. Short 

Tandem Repeat profiling is the test that most journals require, where PCR amplicons are 

generated using primers for that region and visualised using capillary electrophoresis. This can 

be done in house, if the right kit is obtained providing a well-known Short Tandem Repeat is 

available. This avoids the need to buy primers and optimise PCR experiments. Alternatively, the 

cell lines could be sent away and the cell validation outsourced to a different lab. Cancer cell 

lines can have many mutations and deletions which would require careful analysis and data 

interpretation, which may again need to be outsourced if researchers are not experiences with 

this type of molecular biology data analysis.  

Mycoplasma testing is a simple PCR that can be done in house to detect any contamination. 

Mycoplasma is a surprisingly frequent, invisible, contaminant present in around 15-35% of cell 

cultures. Mycoplasma can affect cell metabolism, increase sensitivity to inducers of apoptosis 
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or inhibit cell growth. Mycoplasma can be easily tested for using an in-house PCR. In the future, 

this should be carried out as standard for all cell lines.  

8.7 Future Work  
Two pipelines were explored in this thesis, and these pipelines could be used again to identify 

additional targets of interest. The algorithm could be improved and used again to scan the 

human proteome, which has been updated since 2016 when the spreadsheet list of targets was 

first generated. This can identify new targets for consideration. Many more publications have 

been made available since 2016, shedding light on the functions and pathways these proteins 

are involved in, to further help narrow down and identify promising targets (433).  

One of the biggest advantages of this thesis is the access to the samples from the ovarian 

biomarker study. Having the opportunity to perform analysis in samples derived from patient 

biopsies is an invaluable resource for the characterisation of novel ADC targets. The bank of 

samples only grows larger as the years progress, which brings the advantage to future projects 

of a larger more diverse sample size. The ELISA can be repeated with an increased number of 

samples to uncover more representative results. The number of less common subtypes will also 

increase, allowing for the sample size in experiments involving these samples to increase again. 

The ELISA can quickly and easily be repeated to screen different targets as the algorithm 

generates more possibilities.  

The six targets already identified here can be explored in more detail. The three targets 

eliminated in chapter 3 could be given more time and consideration. Different antibodies with 

different epitope regions targeting these proteins could be tested to identify and optimise an 

antibody that gives a clear specific western blot and clear membrane localisation with a good 

ability to internalise.  

TSPAN6 and RAGE can be characterised in more depth by increasing the sample size and 

diversity in all experiments. TSPAN6 and RAGE can also be further analysed using Illumina NGS 

techniques. Alternative antibodies with different epitope regions may be tested against these 

targets and the DNA coding region of these epitopes could also undergo deep amplicon 

sequence variant analysis to confirm the genetic stability of these targets. The whole TSPAN6 or 

RAGE gene could also can be sequenced to further reveal polymorphisms and genetic stability. 

Once characterised in more depth, any of the promising targets identified here, such as TSPAN6, 

could be moved into an animal model for in vivo toxicity analysis.  

Validation of multiple antibodies against a lead target molecule could be quickly determined 

with the generation of a target knockout cell line. One of the biggest challenges of this project 

was the lack of a true negative control. Validation of the antibody was difficult due to IOC 
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immortalised cell line not truly representing healthy cells coupled with the uncertainty that the 

healthy control patients with no described ovarian pathology had no other undiagnosed 

pathologies. The best agreed way to truly validate the binding specificity of an antibody is to use 

a knockout cell line to identify any non-specific binding. This process however was unsuccessful 

when tried in the past and can be very costly to outsource.  

The identification of the distinct ’60 KDa’ band in the western blots undertaken with TSPAN6 in 

protein derived from a 3D source would be of great interest to follow up. This can stratify 

patients using this previously undocumented isomer. There are doors open to exploring this 

band in a larger number of samples derived from a 3D source and from 3D spheroids grown in 

vitro. Post-translational modification of proteins can be experimentally detected by a variety of 

techniques, including mass spectrometry, Eastern blotting, and Western blotting. This would 

determine if the 60 KDa band was a result of post-translational modifications determine the 

potential predictive value of the 60 KDa band.  

Different antibodies against the targets can be screened for binding affinity and kinetics using a 

Biacore. The difficulty of the pipeline reported here is that it is a balancing act when choosing to 

screen more targets or screen more antibodies against the targets already identified. The 

Biacore could offer a quick screening method for various antibodies purchased against the 

chosen targets. However, this can become expensive as multiple antibodies are purchased 

against several targets.  

There is a potential for preclinical trials to validate the efficacy of the candidate ADCs for the 

treatment of OCs. This can be carried out as tolerability and toxicity studies in 2D and 3D models 

in vitro before further expansion to in vivo animal models. There is a need for further exploration 

on the utility of ADCs against different OC subtypes. The functional consequence of targeting 

the proteins identified needs to be considered as this could affect cancer growth by stimulating 

an inflammatory response. Additionally, the route of delivery needs to be considered. The ADC 

could be administered locally to the affected area or systemically depending on several factors 

including the type of cancer being treated. The bystander effect needs to be considered if the 

ADC is to be administered systemically to avoid off target toxicity. Furthermore, any anticipated 

side effects need to be identified and addressed as the ADC moves through initial animal model 

analysis and eventually human clinical trials.  

To better identify novel ADC targets in the future, the process needs to be comprehensive, easily 

repeatable as new data is released and high throughput. The method using a mathematical 

algorithm to search data bases for appropriate targets should be refined and made user friendly 

to be used by other group members as well as being expanded to include more databases as 
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they become available. The narrowing down of this list is what takes quite some time and 

manual effort on behalf of an individual researcher. Potentially, another algorithm could be 

designed to check for patents and commercially available antibodies to further narrow the list. 

To quickly check both expression and localisation, immuno-fluorescent experiments could be 

done using a high throughput machine such as an in-cell analyser in 96 well plate format on a 

confirmed positive and negative control cell line. Once expression and localisation to the 

membrane has been confirmed using an antibody validated in immuno-fluorescence, more 

focused work can begin on lead candidate targets. Different antibodies should also be 

considered against the selected targets. However, this process would still be long and costly. 

Future work should focus on shortening the time it takes to go through the identification 

pipeline to assess more targets. The focus should be on the over expression of the targets on 

the plasma membrane of OC cells whilst showing minimal expression on the plasma of the 

healthy ovary cells.  
 

8.8 Conclusions  
This thesis demonstrated the ability to identify, screen and characterise six novel ADC targets 

for the treatment of OC. In addition, this thesis took sRAGE and determined it can statistically 

significantly stratify HGSOC patients from non-cancer patients, however sRAGE could not 

confidently diagnose OC in earlier less aggressive stages.  

This thesis identified TSPAN6 as the most promising target due to its confirmed plasma 

membrane location in 2D cell lines and 2D cells derived from patient biopsies. TSPAN6 was also 

shown to have more internalisation in 2D cells derived from HGSOC patients when compared to 

non-cancer patients. TSPAN6 was also the only target to produce a clear specific band in western 

blot which identified its aberrant expression in various proteins derived from 2D OC cell lines, 

patient biopsies and commercially purchased protein lysates. The identification of a previously 

undocumented 60 KDa band was identified when analysing TSPAN6 expression in protein 

derived directly from patient tissue biopsies. Finally, for TSPAN6, the epitope DNA coding region 

was reported to be genetically conserved in over 95% of reads in all 96 patients.  

The results reported in this thesis, from the confirmation of vital ADC characteristics to the 

genetic stability of these targets and the preliminary exploration of a liquid biopsy method for 

the diagnosis and stratification of OC patients has the potential to initiate a programme of 

research with significant impact on the health, quality of life and survival of women with ovarian 

cancer worldwide.  
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Appendix Figure 1 – No visible internalisation of IgG isotype antibody into various OC cell lines 
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Appendix Figure 2 – Quantification of fluorescent intensity of IgG isotype antibody-dye 
conjugates into 2D cultured immortalised cell lines of various OC subtypes  
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Appendix Figure 3 – Representative image of 2D cells derived from patient biopsies (x40 
magnification)  
 
 
 
 
 
 
 




