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Abstract  

 

Ovarian cancer has the highest mortality among malignancies of the female reproductive 

tract. Negative regulatory mechanisms within the tumour microenvironment inhibit anti-

tumour T-cell function, leading to evasion from immune responses. The binding of PD-L1, 

expressed on antigen presenting cells to PD-1 on activated T cells, is thought to result in an 

important T-cell inhibitory mechanism and promote immune evasion. 

 

We have shown that increased PD-L1 expression on monocytes correlates with malignancy, 

advanced stage and surgical debulking status in ovarian cancer. We have also studied PD-L1 

expression on T-cells in women with ovarian tumours and it’s relation with diagnosis.  

We have devised a sandwich ELISA to accurately detect the presence of soluble PD-L1 in the 

plasma and ascites of patients with ovarian cancer and have shown increased presence of 

soluble PD-L1 in women with ovarian cancer when compared with benign ovarian tumours 

and healthy female donors. 

 

We have found high expression of PD-L1 at mRNA and protein level in all serous ovarian 

cancer cell lines. We have investigated the role of PD-1/PD-L1 engagement in in vitro T-cell 

responses, using ovarian cancer cell lines. We have shown that PD-L1/PD-1 engagement in 

tumour and T-cell interaction is associated with reduced T cell proliferation. In an in vitro 

model of ovarian cancer cell line and stimulated T-cell co-culture we have shown that 

blocking PD-L1, PD-1 and key cytokines reverse T cell ‘suppression’ and increase 

proliferation. We have also demonstrated that IL-10 and TGF-β play an important role in 

regulation of PD-L1 expression on tumour associated monocytes.  

 

We have also shown that ascitic monocytes suppress the proliferation of both ascitic T-cells 

and healthy stimulated T-cells. This suppression by tumour associated monocytes can be 

completely reversed by combined blocking of PD-L1, PD-1 and IL-10 to the baseline 

proliferation of T-cells cultured.    

 

This research has shown that PD-L1 can be a potential biomarker and therapeutic target in 

ovarian cancer.   
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A significant portion of the functional work carried out in this thesis has been published in 

peer reviewed journal early this year-  

Programmed death ligand-1 over-expression correlates with malignancy and 

contributes to immune regulation in ovarian cancer. 

Maine CJ, Aziz NH, Chatterjee J, Hayford C, Brewig N, Whilding L, George AJ, Ghaem-

Maghami S. Cancer Immunol Immunother. 2014 Mar; 63(3):215-24 

Abstract 

The programmed death-1 (PD-1) pathway is important in the maintenance of peripheral 

tolerance and homeostasis through suppression of T cell receptor signaling. As such, it is 

employed by many tumors as a means of immune escape. We have investigated the role of 

this pathway in human ovarian cancer (OC) to assess its potential role as a diagnostic and/or 

prognostic marker and therapeutic target, following recent clinical trial success of antibody 

therapy directed at this pathway. We show programmed death ligand-1 (PD-L1) expression 

on monocytes in the ascites and blood of patients with malignant OC is strikingly higher than 

those with benign/borderline disease, with no overlap in the values between these groups. We 

characterize the regulation of this molecule and show a role of IL-10 present in ascitic fluid. 

Flow cytometric analysis of T cells present in the ascites and blood showed a correlation of 

PD-1 expression with malignant tumors versus benign/ borderline, in a similar manner to PD-

L1 expression on monocytes. Finally, we demonstrate functional links between PD-L1 

expression on monocytes and OC tumor cells with suppression of T cell responses. Overall, 

we present data based on samples obtained from women with ovarian cancer, suggesting the 

PD-1 pathway may be used as a reliable diagnostic marker in OC, as well as a viable target 

for use with PD-1/PD-L1-directed antibody immunotherapy. 
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Chapter 1 

 

1. Introduction 

There was an estimated 8.2 million deaths in 2012 due to cancer worldwide.  About 14.1 

million new cancer cases were diagnosed and 32.6 million people living with cancer (within 

5 years of diagnosis) was recorded the same year (Globocan 2012 database). Cancer 

continues to be a leading cause of death worldwide and, in 2008, accounted for 13% of all 

deaths (Ferlay, Shin et al. 2010).  This figure is even higher in developed nations. With an 

ageing and industrial population, this figure is projected to continue to rise and despite 

significant advances in diagnosis, cytoreductive surgery and therapeutic intervention, cancer 

remains a global health concern. In developed countries, with the average life expectancy 

rising over the last few decades, it is estimated that almost one in three people will develop 

cancer before the age of 75 (Globocan 2012 database). 

The majority of these people will sadly die from their disease.  The burden of cancer can be 

reduced and controlled by implementing evidence-based strategies for cancer prevention, 

early detection and developing novel management therapies. Many cancers have a high 

chance of cure if detected early and treated adequately. 

The present modalities of conventional treatment of surgery and chemo-radiotherapy need to 

be further challenged in developing curative treatments for metastatic disease in patients who 

have been diagnosed at a late stage. Presently huge amount of research is being done 

worldwide to develop new ways of treating cancer and in developing novel therapeutic 

approaches to improve cancer survival and minimise adverse side effects associated with 

conventional therapies.  

These attempts are more relevant in those cancers where there has been little improvement in 

5 year survival figures despite advances in standard management protocols (2011). Some 

cancers are more difficult to diagnose and treat due to ambiguous presenting symptoms 

leading to delayed diagnosis.  Research into understanding the tumour biology may help in 

developing new molecular targeted therapies which not only treat the disease but prevent 

recurrence which is often the cause of enormous morbidity and ultimately mortality.  

Resistance to formulaic treatment leading to refractory disease is again an aspect of many of 

these cancers. Ovarian cancer is one such fatal disease.  
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1.1 Ovarian Cancer 

Ovarian cancer is the fifth most common cancer in females in the United Kingdom (UK) and 

the fourth most common cause for cancer related death. The lifetime risk for developing 

ovarian cancer is 1 in 50 for women in the UK (Statistical Information Team, Cancer 

Research UK). There are around 7,116  new cases of ovarian cancer diagnosed each year in 

the United Kingdom; that is around 126 women every week (Office for National Statistics, 

Cancer Statistics registrations: Registrations of cancer diagnosed in 2011, England ). Since 

the mid1970s the incidence of ovarian cancer in women over 65 has increased by more than 

40%. Worldwide, there are more than 239,000 new cases of ovarian cancer diagnosed each 

year (Bray, Loos et al. 2005).  

Overall 5 year survival from the disease typically ranges between 30%-50% (Office for 

National Statistics. April 2010). Although recent advances in therapies have improved this 

figure slightly the overall burden of loss of life remains high, accounting for 4.2% of deaths 

worldwide (Ferlay, Shin et al. 2010). One of the paramount reasons for increased fatality 

from this disease is due to its late presentation.  Epithelial ovarian cancer continues to be the 

most fatal of the female genital tract cancers.   Majority of the patients are diagnosed at 

advanced stages with tumours of high grade, so the value of diagnostic and prognostic 

markers is limited (Holschneider and Berek 2000);(Ozols 2000).  However, contrary to the 

commonly held perception, ovarian cancer is neither an asymptomatic disease nor a so-called 

‘silent killer’. The presenting symptoms are often associated with other conditions, especially 

abdominal and gastrointestinal disorders, till they become very obvious in advanced stage 

disease (Hamilton, Peters et al. 2009). Hence a better understanding of symptoms associated 

with ovarian cancer is required to adopt the correct screening strategies for early detection of 

disease.   

Currently the best known tumour marker used for screening, predicting and monitoring 

surveillance of ovarian cancer is cancer antigen -125 (CA-125). The normal range for CA-

125 is < 35 IU/L. CA-125 is raised above the normal range in serous epithelial and 

endometrioid ovarian cancer. CA-125 can be elevated in other cancers such as endometrial, 

breast, pancreatic, gastrointestinal, and lung cancers. CA-125 is also raised in benign 

gynaecological conditions such as pregnancy, inflammation, endometriosis, menstruation, 

and pelvic inflammatory disease (Hogdall, Christensen et al. 2007). In women with pelvic 

mass, an elevated result has a sensitivity of 72% and specificity of 78% for ovarian cancer 

http://www.statistics.gov.uk/statbase/Product.asp?vlnk=8843
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(Patsner, Mann et al. 1988). Of early stage patients, only 50% have increased CA-125 

compared with 90% of advanced stage patients. This means that CA-125 is not a good 

candidate for early screening of EOC (Nossov, Amneus et al. 2008). CA-125 is often not 

elevated in mucinous, clear-cell and borderline tumours. Hence developing an accurate 

biomarker will significantly improve clinical outcome and possibly survival from this cancer.  

Majority of the genetic abnormalities associated with ovarian cancer are not inherited, but are 

acquired during a woman’s lifetime. The commonly noted ‘somatic’ or acquired mutations 

observed in epithelial ovarian cancer include mutations in tumour suppressor genes (such as 

p53 and PTEN), and genes for signalling molecules such as KRAS and the kinases 

(Hennessy, Coleman et al. 2009). 

The standard treatment for ovarian cancer is surgery and chemotherapy.  The current 

international standard of care for ovarian cancer includes primary debulking surgery with the 

initial goals of primary surgery being to diagnose and stage the disease histologically 

(according to FIGO guidelines), together with complete cytoreduction which will determine 

the prognosis.  Optimal cytoreduction is defined as total macroscopic clearance with no 

residual disease. Although the initial response may be good using these modalities of 

treatment, high rate of recurrence soon after initial therapy has hampered progress in 

prolonging survival from the disease. The survival from ovarian cancer is dependent on the 

stage of disease and response to standard treatment. Although high response rates are 

achieved with surgery and chemotherapy, 75% of the patients will die from disease 

progression (Eisenkop, Spirtos et al. 2003) (McGuire, Hoskins et al. 1996). In patients with, 

extra-peritoneal spread of tumour, Stage III & IV disease, the survival decreases from 95% 

(in Stage I disease where disease is confined to the ovary) to 20%-25% five year survival 

despite appropriate treatment (Hoskins, Eisenhauer et al. 2000). Novel strategies for 

treatment are therefore required to improve outcome from this cancer(Bast, Hennessy et al. 

2009).  

Protective immune responses have been associated with better prognosis in ovarian cancer 

(Zhang, Conejo-Garcia et al. 2003), however these responses are suppressed to a large extend 

by regulatory processes (Curiel, Coukos et al. 2004). Although immune responses have been 

shown to be important for prognosis in many tumours including ovarian cancer (Conejo-

Garcia, Benencia et al. 2004, Tomsova, Melichar et al. 2008), no effective immunological 

treatment is currently available. Ovarian cancer enjoys significant immune privilege whereby 
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the effector compartment of the immune system is rendered inactive. A strategy that would 

involve targeting the immune suppressive processes in ovarian cancer would have the 

advantage of adding a new dimension to the treatment of this disease (Curiel, Coukos et al. 

2004). 

1.2 Immune environment in Ovarian Cancer 

The tumour microenvironment is adverse to immune effectors and leads to immune tolerance, 

suppression or anergy. An effective anti-tumour response relies on the cogent interaction 

between the soluble and cellular components of the immune effector pathway. The tumour 

microenvironment composed of immune cells, tumour cells, stromal cells and the 

extracellular matrix create an immunosuppressive environment for the neoplastic process, 

allowing proliferation, survival and migration of tumour cells.  This not only allows tumour 

survival, growth and dissemination but more importantly mimic some of the signalling 

pathways of the immune system and help to propagate conditions that favour ‘tolerizing’ 

conditions so that  the tumour escapes host anti- tumour immunity (Zou 2005). The cellular 

component of the effector system contains the CD4 T-helper cells, cytotoxic T- lymphocytes 

(CTLs), Natural Killer T cells (NKT) and the Dendritic cells (DC).  The Cytotoxic T-cell 

(CTL) along with the T-helper cells plays an important role in anti-tumour response 

(Ochsenbein, Sierro et al. 2001). DCs are potent antigen presenting cells (APCs) in their 

mature form and their functions are heavily influenced by the cytokines in the tumour 

microenvironment (Curiel, Cheng et al. 2004).  

The ovarian immune microenvironment contains a diverse combination of soluble factors and 

a network of cytokines like TGF-β and IL-10 that have a profound suppressive effect on 

immune response by up-regulating inhibitory molecules on antigen presenting cells (APCs) 

and tumour associated macrophages (TAMs) and subsequently inhibiting Cytotoxic T-

lymphocytes (CTLs) (Freedman, Deavers et al. 2004). 

Research has shown that production of chemokine stromal-derived factor 1(SDF-1) is 

enhanced by ovarian tumours which in turn enhance the production of immature dendritic 

cells which have an inhibitory anti-tumour effector response (Zou, Machelon et al. 2001). In 

augmentation of immune response to ovarian cancer antigens, not only is the stimulation of 

CD8 cytotoxic T-cell and CD4 helper T-cell immunity required but the tumour induced 

immune suppression needs to be overcome (Knutson, Curiel et al. 2003).  
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Tumour tolerance is the result of imbalances in the tumour microenvironment as result of 

alterations in antigen presenting cell subsets, co-stimulatory and co-inhibitory molecule and 

changed ratios of effector T cells and regulatory T cells. 

 

1.3. Immune evasion and suppression in ovarian cancer 

The immune evasion process is a complex mechanism of impaired processing and 

presentation of the tumour-associated antigens, suppression of the immune effector cells 

together with release of a host of suppressive factors by the tumour into the serum which may 

have a direct immune inhibitory function or act indirectly by promoting the entry of 

immunoregulatory cells.  

T-cell activation depends on a two signal model with the first signal giving specificity to the 

immune reaction and is initiated by the binding of the antigen-Major Histocompatibility 

Complex (MHC) with the T cell receptor (TCR) (Bretscher and Cohn 1970, Janeway and 

Bottomly 1994). The antigenic independent co-stimulatory B7-CD28 second signal is 

delivered to the T-cell by the APC which increase T-cell clonal expansion, cytokine 

production and effector function.  The B7-CD28 co-stimulatory pathway is an important 

second positive signal essential for T-cell activation. Tumour antigens are taken up and 

processed by antigen presenting cells (APC) and re-presented to class II receptors on T helper 

cells. This requires the co-stimulatory signal, B7, which binds to the CD28 ligand, causing T 

helper cell activation. This leads to secretion of cytokines, which in turn activates cytotoxic 

lymphocytes to bind to tumour cells via class I receptors and causes tumour lysis. CD28 and 

CTLA-4 on the T cell both interact with CD80 and CD86 on the APC to deliver opposing 

signals. CD28 activates T cells whereas CTLA-4 inhibits T cells. These signals are provided 

early in the activation of T cells. PD-1 interacting with its ligands PDL-1 and PDL-2 sends an 

inhibitory signal to the T cell. 

If the second signal is faulty or absent there is ineffective antigen specific lymphocytic 

response by functional inactivation or anergy and subsequent resistance to antigenic 

activation (Schwartz 1990).  This negative second signal has shown to promote T-cell 

tolerance and is an important factor in tumour immunity.   

Indoleamine 2, 3 dioxygenase (IDO) is an enzyme whose activation leads to depletion in 

production of tryptophan which in turn leads to inhibition of T-cells activity (Munn, Sharma 



33 

 

et al. 2002). IDO has also been implicated for its role in drug resistance in ovarian cancer. 

Takao et al reported its association in paclitaxel resistance and also as a poor prognostic 

marker in serous ovarian cancer (Okamoto, Nikaido et al. 2005, Takao, Okamoto et al. 2007).  

Cytokines like IL-6 and macrophage colony-stimulating factor (M-CSF) derived from tumour 

cells and macrophages from the tumour microenvironment were shown to switch DC 

differentiation towards macrophage differentiation by upregulating the expression of the M-

CSF receptor in monocytes (Menetrier-Caux, Montmain et al. 1998). High levels of IL-6 and 

C-reactive protein (CRP) can be found in the peripheral blood and malignant ascites of 

patients with ovarian cancer (Kryczek, Grybos et al. 2000) 

A potent immune suppressor is the CD4+ CD25+ T regulatory cell type.  These cells promote 

tumour tolerance and prevent immune recognition by suppressing the CD4 and CD8 T-cells 

(Woo, Chu et al. 2001). 

As shown in one previous publication, PD-L1 has been shown to be upregulated in ovarian 

tumour cells as well as MDCs. This is partly mediated by IL-10 and VEGF produced by 

tumour associated MDCs and tumour cells respectively (Curiel, Wei et al. 2003). 
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Figure 1.1-Schematic diagram depicting three phases of the T-cell response where 

immunosuppressive influences can act in cancer [adapted from (Lizee, Cantu et al. 2007)] 

  

Activation, proliferation and survival of activated T-cells are suppressed in the tumour 

microenvironment by the lack of various cell mediatory molecules.  The T-cells which 

overcome the suppressive affect, fail to migrate to the tumour to bring about cytotoxic T-cell 

killing due to the absence of important cell migratory factors. Furthermore, activated T-cells 

that reach the tumour fail to initiate their effector response due to various inhibitory factors 

promoted by the tumour.   
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1.4 Immune modulation as a novel target in ovarian cancer 

 Overcoming tolerance to tumour self-antigens is an important step in making immune based 

therapies work in ovarian cancer. Vaccines targeting tumour antigens may be used as an 

immune based approach in prevention and treatment of ovarian cancer. Although several 

tumour antigens like the Mage and MUC-1 protein have been identified in ovarian cancer 

(Mohebtash, Tsang et al. 2011) augmenting the immune response to these self-proteins need 

substantial immune boosting to overcome the immune suppression.  The ultimate aim of 

vaccination against ovarian cancer is to create immunologic memory capable of eliciting an 

immune response to antigenic exposure during early relapse. As mentioned before, majority 

of ovarian cancer patients will relapse after initial treatment within 12-24 months (Ushijima 

2010) . Remission provides the window of opportunity to treat with immune based strategies 

when the tumour burden is reduced with minimal influence of the tumour microenvironment 

on immune responses.  

Various strategies are being tested for efficacy at inducing immune response against cancer 

antigens (using DC based, peptide based, protein based, whole tumour based, viral vector 

based and DNA-based vehicles). Attempt at overcoming tolerance involve the use of a 

powerful adjuvant for ex- or in-vivo stimulation of DCs, which in turn activate memory CD4 

T-helper cells and CTLs to initiate a prophylactic immune response. Vaccination trial 

conducted by Brossart et al in ovarian and breast cancer patients used ex-vivo derived DCs 

pulsed with either HER-2/neu or the MUC-1 peptide (Brossart, Wirths et al. 2001). Hernando 

et al immunized ovarian cancer patients with autologous DCs pulsed with tumour lysates and 

keyhole limpet hemocyanin as a helper antigen (Hernando, Park et al. 2002, Hernando, Park 

et al. 2003). In both these trials there was limited response, due to the inability to overcome 

the tumour induced immune suppression, supporting the hypothesis that vaccines may be 

prophylactic rather than therapeutic agents. 

Adoptive T-cell therapy has been used to augment T-cell responses to levels greater than 

achieved by vaccination alone (Kershaw, Westwood et al. 2006). Difficulties in successfully 

implementing this strategy in human setting in ovarian cancer patients are due to the lack of 

defined tumour antigens for expansion of antigen-specific T-cells and failure to support such 

expansion in in-vitro or in- vivo. Intra-peritoneal delivery of various cytokines like IFN-γ, 

IFN-α or IL2 has been examined for efficacy in ovarian cancer with limited success 

(Freedman and Platsoucas 1996, Edwards, Gooding et al. 1997, Freedman, Lenzi et al. 1998).  
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In more advanced disease with larger tumour burden, monoclonal antibody (mAbs) therapy is 

being more widely used with several un-conjugated antibodies being recently approved 

(Leone Roberti Maggiore, Bellati et al. 2013) .The main benefits of targeted therapies are 

higher selectivity and lower incidence of systemic adverse events. Unregulated proliferation 

of cancer cells is due to the activation of signal transduction pathways by stimulation of 

surface receptors, which are normally not represented by healthy cells. Therefore, a targeted 

action of mAbs on these receptors may stop or reduce uncontrolled growth of cancer cells.  

Recently investigated molecular targets of mAbs therapy in ovarian cancer are VEGF 

(vascular endothelial growth factor), the epidermal growth factor receptor (EGFR) family, 

CA125, MUC1 and EpCAM (Leone Roberti Maggiore, Bellati et al. 2013).  Recently mAbs 

targeting the PD-1/PD-L1 pathway have been tested against solid tumours including ovarian 

cancer (Brahmer 2012, Brahmer, Tykodi et al. 2012, Topalian, Drake et al. 2012, Topalian, 

Hodi et al. 2012). PD-1/PD-L1 antibodies aim to potentiate the antitumor T-cell response at a 

tumour-specific level, by impairing the interaction of the inhibitory receptor PD-1 on T cells 

with PD-L1 expressed on tumour cells 

 

1.5 Co-signalling pathways 

 Most co-signaling molecules are part of immunoglobulin and tumour necrosis factor (TNF) 

super families and are considered to play an important part in immunological synapse. The 

CD28-B7 pathway is now known to be the critical co-stimulatory pathway for T cell 

activation. CD28 is present on T cells and has two known ligands, B7–1 (CD80) and B7–2 

(CD86). Both of which are expressed primarily on activated APC, such as dendritic cells, 

macrophages, and B cells (June, Bluestone et al. 1994). CD28 interaction with B7–1 and B7–

2 sends a positive signal, which results in T cell activation leading to cytokine production, 

clonal expansion, enhanced T cell survival, and provision of B cell help. CTLA- 4, which is 

structurally similar to CD28, has a similar affinity for B7-1 and B7-2 and sends a negative 

co-stimulatory signal to T-cells resulting in cellular anergy, loss of proliferative capacity, and 

reduction of cytokine production (Linsley, Brady et al. 1991, Walunas, Lenschow et al. 1994) 

(Walunas, Bakker et al. 1996). CTLA-4 is induced following T cell activation and suppresses 

T cell response (Rudd, Taylor et al. 2009) . When CTLA4 is up-regulated, CD28 expression 

is subsequently down-regulated by endocytosis. Hence, CTLA-4 acts as an ‘Off’ switch to T-
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cell mediated immune response. These pathways may also be responsible for generating 

regulatory T-cells.  There is growing interest in the possible therapeutic benefits of CTLA-4 

blockade in cancer immune therapy using antagonistic antibodies against CTLA such as 

ipilimumab (FDA approved for melanoma in 2011), as a means of inhibiting immune system 

tolerance to tumours and thereby providing a potentially useful immunotherapy strategy for 

cancer patients. This is the first approved immune checkpoint blockade therapy(Pardoll 

2012).  

For the purpose of this thesis we shall be focusing on B7 co-inhibitory pathways. These 

pathways include CD-80/CD-86-CTLA-4, B7-H1/B7-DC-PD-1, B7-H4 and BTLA (B and T-

lymphocyte attenuator).Recent evidence suggest that there is bi-directional co-signalling for 

the B7- CD28family members. The engagement of B7-1 and B7-2 on dendritic cells by 

CTLA-4 induces expression of indoleamine 2,3-dioxygenase (IDO), which results in 

inhibition of T cell function through tryptophan deprivation (Munn, Sharma et al. 2004). B7-

1 is also expressed on T cells and can transduce an inhibitory signal into T cells following its 

ligation by B7-H1 (Butte, Keir et al. 2007, Park, Omiya et al. 2010). Furthermore, B7-H1 

expression on T cells transduces an inhibitory signal to T cells after interaction with B7-1. It 

remains unclear whether B7-1-B7–H1 interactions occur in vivo during T cell–T cell 

interactions or T cell interactions with other cells such as APCs.  

Bi-directional co-signalling can also occur through B7-H1–PD-1 interactions. PD-1 typically 

sends inhibitory signals to T cells following interaction with B7-H1, but B7-H1 expressed on 

cancer cells can also receive an anti-apoptotic signal from PD-1 expressed on T cells 

(Azuma, Yao et al. 2008, Keir, Butte et al. 2008). However, whether PD-1 can deliver signals 

through B7-H1 expressed on T cells remains unknown. 

Recently a new PD-1 homologue (PD1H; also known as VISTA) has been identified, which 

potentially acts as a co-inhibitory receptor when expressed on T cells (Flies, Wang et al. 

2011). Moreover, it has been shown that when expressed on APCs, PD-1H functions as an 

inhibitory ligand that suppresses T cells through an unidentified T cell counter-receptor. 

Therefore, although the PD-1H counter-receptor has yet to be identified, current data suggest 

that this molecular interaction is also bi-directional.  

 

http://en.wikipedia.org/wiki/Ipilimumab
http://en.wikipedia.org/wiki/Immune_checkpoint_blockade
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1.6 PD-1, its ligands and B7 molecules  

The PD-1 pathway is important in the later stages of the immune response and PD-1 on T 

cells interacts with PD-L1 and PD-L2 on the APC to send a secondary inhibitory signal to the 

T cell. PD-1( Programme Death Molecule 1-PD-1), also known as CD279, is a 288 amino 

acid (aa) type I trans-membrane protein made up of an immunoglobulin domain, a ~20aa 

stalk, a trans-membrane domain  and an intracellular portion containing  an immunoreceptor 

tyrosine-based inhibitory motif (ITIM) and an immunoreceptor  tyrosine-based switch motif 

(ITSM) (Shinohara, Taniwaki et al. 1994, Latchman, Wood et al. 2001). In humans PD-1 is 

coded by Pdcd1 gene on chromosome 2 and consists of 5 exons (Keir, Butte et al. 2008). PD-

1 is substantially induced by activated T-cells. PD-1 has a high expression in T-cells, B-cells, 

NK cells, activated monocytes and dendritic cells and is absent in resting T-cells until they 

are activated.  Its surface protein expression can be detected within 24hours of stimulation 

but the functional effect of PD-1 ligation is seen within hours of T-cell activation. PD-1 is 

monomeric and the process involved in its membrane signal transduction is unclear. T-cell 

activation leads to an upregulation of both CTLA4 and PD-1 and serve to contain the T cell 

response. Both molecules therefore appear to play important roles in the maintenance of 

tolerance. Although PD-1 deficiency leads to some modulation of thymic selection  

(Nishimura, Honjo et al. 2000), it appears to play a more prominent role in peripheral rather 

than central tolerance. 

PD-L1 or B7-H1 is a member of the B7 family of ‘co-stimulatory’ molecules. It is a 290aa 

type I trans-membrane protein encoded by gene CD274 on chromosome 9 in humans. The 

trans-membrane and intracellular domains of the CD274 gene is contained in exons 5, 6 and 

7. The intracellular domain of PD-L1 is highly conserved in all reported species(Keir, Butte 

et al. 2008). B7-H1 was first identified as an Expressed Sequence Tag clone (EST clone or 

cDNA clone)  of human ovarian cancer (Dong, Zhu et al. 1999). 

PD-L1 in humans is highly expressed by Plasmacytoid DCs, Myeloid DCs, and Monocytes 

and activated T-cells.  PD-L1 is also expressed to a lesser extent by both naïve and activated 

B-cells. PD-L1 is expressed in non-hematopoietic cells and non-lymphoid organs like the 

heart, lung, pancreas, muscle and placenta. Despite this broad level of transcription of the 

PD-L1 gene, the protein level is more limited in normal tissue but can be induced under 

inflammatory conditions (Dong, Strome et al. 2002). Both type I and type II interferons can 

upregulate PD-L1 expression (Eppihimer, Gunn et al. 2002, Schreiner, Mitsdoerffer et al. 
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2004). JAK2 has also been implicated in PD-L1 induction (Lee, Jang et al. 2006, Liu, 

Hamrouni et al. 2007). It has been shown that inhibition of phosphate and tension homolog 

(PTEN) and subsequent alteration to the phosphatidylinositol 3-kinase and Akt signalling 

pathway increase post transcriptional PD-L1 expression in cancers (Parsa, Waldron et al. 

2007). 

PD-L2 (B7-DC) is the second ligand for PD-1 receptor and is also a Type I trans-membrane 

protein coded by PdcdIg2 gene. PD-L2 has a more restricted expression and is inducibly 

expressed mainly on DCs, macrophages and bone marrow derived mast cells (Zhong, 

Tumang et al. 2007).  PD-L2 has been shown to be upregulated by IFNγ, GM-CSF and IL-4 

on macrophages and monocytes (Loke and Allison 2003) (Yamazaki, Akiba et al. 2002). 

Another member of the B7 family has also been described in the literature. B7-H3 has all the 

characteristics of a B7 family member and although not constitutively expressed on 

peripheral blood mononuclear cells, can be induced on dendritic cells (DCs) and monocytes 

by inflammatory cytokines and a combination of phorbol myristate acetate ionomycin. It 

binds to an unknown but distinct receptor on activated T-cells and induces proliferation of 

both CD4+ and CD8+ T cells and enhances the induction of cytotoxic T cells (CTLs). In 

addition, B7-H3 selectively increases production of IFN-γ (Chapoval, Ni et al. 2001).  

B7-H4, also known as B7x or B7S1, is also a recently discovered member of the B7 family 

that acts as a negative regulator of T cell responses by inhibiting proliferation, cell-cycle 

progression and cytokine production of CD4 and CD8 positive T cells (Prasad, Richards et al. 

2003, Zang, Loke et al. 2003). B7-H4 over-expression has been implicated in ovarian cancer 

(Salceda, Tang et al. 2005).  

The newly discovered CD28 homologue, ICOS, is a T cell co-stimulatory molecule first 

reported on activated human T cells (Hutloff, Dittrich et al. 1999, Yoshinaga, Whoriskey et 

al. 1999). Human ICOS shares 24% identity (and 39% similarity) with human CD28 and 17% 

identity (and 39% similarity) with human CTLA-4 (Brodie, Collins et al. 2000). The 

MYPPPY motif, which is required for the binding of CD28 and CTLA-4 to B7 ligands 

(Peach, Bajorath et al. 1994), is not conserved in ICOS; instead, it is replaced by a FDPPPF 

motif. Thus, ICOS does not bind B7–1 or B7–2. Similarly, the L-ICOS ligand, B7RP-1 

(which has also been named L-COS, B7h, B7H-2, GL-50) (Yoshinaga, Whoriskey et al. 

1999, Aicher, Hayden-Ledbetter et al. 2000) (Ling, Wu et al. 2000) binds ICOS but not CD28 
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or CTLA-4. In a similar manner to CD28, signaling through ICOS can result in enhanced T 

cell proliferation and cytokine production, induce T cell upregulation of CD154, and 

stimulate T cells to provide help for Ig production by B cells.  

 

 

 

 

 

 

 

 

 

Figure 1.2-The PD-1/PD-L1 interface  

 

Figure 1 is a stereo view of the PD-1/PD-L1 interface showing side chains of residues on β-

strands (CC′FG) of PD-1 (red) and on β-strands (GFCC′, left to right) of PD-L1 (blue) that 

make contacts. Interacting PD-1 side chains (pink) and PD-L1 (light blue) are shown; for 

clarity a few side chains are not shown. Dotted lines (yellow) indicate hydrogen bonds 

formed in the interface and with a water molecule 

 

Reproduced from (Lin, Tanaka et al. 2008)  
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1.6.1 The PD-1/ PD-L1 pathway 

PD-1 activation has more of an effect on cytokine production (IL2, IFNγ and TNF-α) than on 

cellular proliferation. Persistent low levels of antigenic TCR stimulation have greater 

threshold inhibitory effect by PD-1 expression, which can be overcome by CD28 and IL2 co-

stimulation. In addition, it has also been shown that PD-1 signalling can lead to the inhibition 

of the anti-apoptotic Bcl-xL protein in lymphocytes (Chemnitz, Parry et al. 2004). PD1 

inhibits the expression of certain transcription factors like GATA-3, Tbet and Eomes (Trans-

acting T-cell-specific transcription factor) which are associated with effector cell function 

(Nurieva, Thomas et al. 2006). Phosphorylation of the two intracellular tyrosines of the PD-1 

receptor on ligand engagement causes down regulation of the antigen receptor signalling. 

Two phosphatases, SH2 domain containing tyrosine phosphatase 1 (SHP-1) and SHP-2 can 

bind to the ITIM and ITSM motifs of PD-1(Sheppard, Fitz et al. 2004). The ITSM motif 

appears to play the main role in the PD-1 inhibitory function. SHP-2 has a stronger 

interaction with PD-1 receptor than SHP-1, although both are recruited to the antigen receptor 

signalling complex (Okazaki, Maeda et al. 2001).  PD-1 shares 23% homology with CTLA4, 

but it lacks the MYPPPY motif required for B7–1 and B7–2 binding. PD-1 ligation has also 

been shown to reduce Erk (Extra-cellular signal-regulated kinase) activation which in turn 

can be overcome by cytokine receptor signalling through the STAT5 pathway with the help 

of IL-2, IL-7 and IL-15. IL-2 demonstrates an anti-apoptotic and proliferative function 

(Bennett, Luxenberg et al. 2003). 

Recently it was found that PD-1 may also inhibit RAS and, subsequently, its downstream 

targets ERK1 and ERK2 through an SHP-1 and SHP- 2 independent mechanism to inhibit 

cell cycling (Patsoukis, Brown et al. 2012). 

PD-L1 and PD-L2 not only engage with PD-1and modifies TCR or BCR signalling but also 

send signals to PD-L1 and PD-L2 expressing cells. Recent evidence has shown that B7-

1(CD80) as an additional binding ligand for PD-L1. It has been shown that PD-L1, but not 

PD-L2, can bind CD80 (Butte, Keir et al. 2007). PD-L1 expressed on T cells can interact with 

CD80, but not CD86, on the APC. Studies have shown that the interaction has an affinity 

intermediate between that of CD80 and CD28/CTLA-4 and that of PD-L1 and PD-1 (Wang, 

Bajorath et al. 2003). The exact relevance of this interaction is not yet fully known but it has 

been proposed that this pathway may serve to inhibit T cells. T cells express CD80, and it is 

postulated that a reverse signal through CD80, mediated by PD-L1 delivers an inhibitory 
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signal to the T cell (Paust, Lu et al. 2004, Taylor, Lees et al. 2004, Butte, Keir et al. 2007). 

PD-L1 is also present on the T cell and so a bidirectional signalling pathway can be 

established between the APC and the T cell. It has been shown that B7-1 acts specifically 

through PD-L1 on the T-cell in absence of CD28 and CTLA-4. When T-cells lacking PD-1 

receptor were stimulated with anti-CD3 and PD-L1 coated beads, there was reduction in 

cytokine production and T-cell proliferation showing the inhibitory effect of PD-L1 ligation 

with B7-1 on T-cells.  When T-cells lacking both PD-1 and B7-1 receptors were stimulated 

with anti-CD3 and PD-L1 beads there was no impairment in T-cell proliferation. This dual 

signalling may explain the differences observed in functional studies for PD-1 and PD-

L1(Keir, Butte et al. 2008).  

Said et al. showed that cytokines cause an IL-10-dependent inhibition of CD4 T-cell 

expansion and function by upregulating PD-1 levels on monocytes which leads to IL-10 

production by monocytes after binding of PD-1 by PD-L1 in infection (Said, Dupuy et al. 

2010). PD-L2 (B7-DC) expressed by APCs, bind with PD-1 receptor on T-cell and send an 

inhibitory signal (Keir, Butte et al. 2008). 

The identification of these molecules as binding partners increases our understanding of the 

interactions that can occur on T cells and APCs and raises the possibility that PD-L1:B7-1 

binding may not only deliver signals when ligated, but may also serve to segregate binding 

away from previously identified receptors (PD-1, CD28, CTLA-4).  This is important in 

studies involving blocking of the PD-1 pathway for immunotherapy as there has to be 

consideration of whether to block PD-L1 interacting with PD-1 and CD80 or just the 

individual interactions alone. 
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Figure 1.3 Ligation of PD-1on the T-cell surface to PD-L1 on antigen presenting cell 

 

Following ligation of PD-1on the T-cell surface to PD-L1 on antigen presenting cell, there is 

dampening of TCR signalling that can be overcome by CD28 co-stimulation. This 

engagement leads to phosphorylation of PD-1 cytoplasmic tyrosines and increases SHP-2 

association with the ITSM of PD-1. Recruitment of SHP-2 dephosphorylates signalling 

through the PI3K pathway and sends downstream signals through the Akt pathway. This 

ultimately leads to a decrease in induction of cytokines, such as IFN-γ, and cell survival 

proteins, such as Bcl-xL.  
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Figure 1.4 The B7 family and its interactions 

 

a. CD80 and CD86 are the main co-stimulators for naive T cells through binding to CD28. However, they could 

be co-inhibitory for effector T cells after ligation of cytotoxic T lymphocyte antigen 4 (CTLA4). Reverse 

signalling from CTLA4 to CD80/CD86 on dendritic cells (DCs) could lead to functional inhibition. b. B7-H1 

and B7-DC deliver a co-inhibitory signal to effector T cells through ligation of programmed cell death 1 (PD-1). 

They could also bind an unknown co-stimulatory receptor (?) to enhance T-cell responses. Reverse signalling 

through B7-H1 on T cells leads to over activation and programmed cell death. Reverse signalling through B7-

DC, however, activates DCs to enhance T-cell functions. c. B7-H4 binds to a putative receptor (?) to deliver a 

negative signal to T cells. It is still unclear whether this effect is mediated through B and T lymphocyte 

attenuator (BTLA). Therefore, BTLA might recognize an alternative ligand to deliver a negative signal to T 

cells. d. B7-H3 might bind to a putative receptor to deliver an inhibitory signal, in addition to binding its co-

stimulatory receptor. The receptor(s) for B7-H3 is unknown 

 Reproduced from - Co-inhibitory molecules of the B7-CD28 family in the control of T-cell 

immunity – (Chen 2004)  
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1.6.2 Cytokines affecting the PD-1/PD-L1 pathway  

The PD-1/PD-L1 pathway involves a complex network of cytokines that affect the cellular 

components of the immune system and alter immune responses. Cytokines are a family of 

modulatory proteins or glycoproteins that induce different downstream signalling processes 

by binding to their respective receptors on a variety of different immune and cancer cells. 

Curiel et al. ((Curiel, Wei et al. 2003) showed the effect of the tumour environment on PD-L1 

expression on myeloid dendritic cells (MDCs).  The MDCs generated from blood and lymph 

nodes in healthy controls had a significantly lower PD-L1 expression when compared with 

those generated from lymph nodes and ascites of ovarian cancer patients. They also showed 

that culturing MDC precursors with tumour macrophages, which produce IL-10 and VEGF, 

leads to increased PD-L1 expression which can be reduced by IL-10 and VEGF blockade. 

The functional relevance of IL-10 or tumour macrophage presence during MDC 

differentiation meant that the MDCs generated poorly stimulated T cells in a mixed 

lymphocytic reaction (MLR) which was reversed on addition of a PD-L1 blocking antibody.  

Krempski et al (Krempski, Karyampudi et al. 2011) showed that when PD-1 is blocked on 

tumour associated DCs there was a large increase in the release of immune regulatory 

cytokines, such as IL-10, IL-6, and G-CSF. The accumulation of high levels of immune 

regulatory cytokines may explain why PD-1 blockade in vivo had only a partial antitumor 

effect.  However, blockade of PD-1 completely reversed the suppressive activity of the DCs 

in vitro.  In order to accurately investigate the role of PD-1 in immune suppression mediated 

by ovarian tumour associated DCs in in vivo studies, a mouse model selectively depleted for 

PD-1 on DCs (i.e. PD-1 DC knockout mice) is required, and unfortunately, these mice are not 

yet available.  

Coward et al (Coward, Kulbe et al. 2011) showed in a number of studies looking at in vitro 

differentiation of M2 macrophages that when monocytes/immature DCs were exposed to 

supernatant from ovarian cancer cell lines, macrophage differentiation was IL-6 dependent. 

Radke et al (Radke, Schmidt et al. 1996) showed ascites and/or plasma of patients with 

ovarian cancer had significantly higher levels of IL-6, IL-8, IL-10, TNF-alpha and sIL-2R. 

This was further established by Penson et al (Penson, Kronish et al. 2000) who showed high 

levels of IL-6 and IL- 8 expression in peritoneal fluid isolated from ovarian cancer patients. 
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Obato et al (Obata, Tamakoshi et al. 1997) published that IL-6, increased the in vitro 

attachment, migration and invasion of ovarian cancer cells using the SKOV cell line.    

Andorsky et al (Andorsky, Yamada et al. 2011) showed that in Non-Hodgkin’s lymphoma, 

anti-PD-L1 blocking antibody increased IFN- γ production by allogenic T-cells to lymphoma 

cell lines. PD-L1 blockade on tumour cells increased the production IL-1, IL-6, IL-8, IL-13 

and TNF-α. 

Dong et al. (Dong, Zhu et al. 1999) have shown an increase in T cell proliferation and IL-10 

secretion by T cells when stimulated with B7-H1Ig and low levels of anti-CD3. It is unclear 

whether the PD-L1co-stimulation reported by Dong et al. is PD-1 dependent or whether it 

could be mediated by an alternative receptor for PD-L1. Freeman et al (Freeman, Long et al. 

2000) did not find that PD-L1 induces IL-10 secretion. It should be noted that Dong et al. 

noted that neutralizing antibody against IL-2 blocks the PD-L1 mediated increase in IL-10 

production, suggesting that the IL-10 production is IL-2 dependent .Thus, the increase in IL-

10 secretion may be due to the amplification of a population of cells rather than a direct 

induction.  

Dulos et al (Dulos, Carven et al. 2012) showed in Prostate cancer and advanced Melanoma 

that PD-1 blockade increases Th1 cytokines IFN-γ and IL-2 production and they also showed 

that this blockade interestingly effected T-cell proliferation. Salama et al. in autoimmune 

encephalomyelitis and Sakai et al. in tuberculosis (Salama, Chitnis et al. 2003, Sakai, 

Kawamura et al. 2010) showed in the mouse model that PD-1 blockade enhances Th-1 

response and CD4+T-cells in PD-1 deficit mice produced higher IFN- γ and IL-2 following 

infection. 

Recent publication by Quandt et al (Quandt, Jasinski-Bergner et al. 2014) have showed that 

in Renal Cell Carcinoma, IL-4 and TNF-α, which are released by immune cells of the tumour 

microenvironment, are able to control the B7-H1 expression  and alter T cell responses. They 

also found that this cytokine-mediated upregulation of B7-H1 was due to transcriptional 

control as shown by an increased B7-H1 promoter activity in the presence of these cytokines.  

Recent publication by Song et al. (Song, Yuan et al. 2014) suggest that PD-L1 may play an 

important role in TGF-β induced immune dysfunction, which finally results in a failure in the 

anti-tumour responses and the TGF-β–STAT3–PD-L1 signalling pathway may contribute to 

novel therapeutic targets. They showed that TGF-β could upregulate PD-L1 expression in 
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DCs via STAT3 signalling and the DCs with increased PD-L1 by TGF-β, suppressed T cell 

immunity, which in turn led to T-cell anergy and diminished anti-tumour effects. 

The understanding of this complex interplay of tumour cells with immune cells controlled by 

a number of different soluble and membrane bound mediators  is important for the 

implementation of check point antibodies directed against B7-H1. 
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Figure 1.5  

Schematic diagram showing the role of cytokines on different immune and cancer cells, 

thereby altering immune responses by downstream signal transducers and activators of 

transcription 3 (STAT3) signalling  

 

Pro-inflammatory cytokines and chemokines like, IL-6, RANTES (regulated on activation, 

normal-T-cell-expressed and secreted), TNF-α and IFN-γ can be expressing by immune cells 

by blocking STAT3 signalling by tumour cells. In tumours, STAT3 activity promotes the 

expression of vascular endothelial growth factor (VEGF) and IL-10which inhibit the 

functional differentiation and maturation of DCs. Blocking STAT3 signalling can therefore 

stimulate the activation of anti-tumour immune responses. 
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Figure 1.6 

Schematic diagram showing cytokines associated with the PD-1 /PD-L1 pathway in the 

tumour microenvironment 

 

Tumour cells produce cytokines like IL-10, IL-6, IL-8 and TGF–β which act both on T-cells 

and macrophages and prevent successful cancer immunosurveillance by suppressing tumour-

specific Th1-driven inflammation. PD-1 blockade on T-cells increase Th-1 driven cytokines 

like IFN-γ and IL-2 production. IFN-γ is a potent inducer of PD-L1 expression on all cell 

types. PD-L1 upregulation on APC and subsequent ligation with PD-1 on T-cells results in T-

cell inactivation and faulty tumour antigen presentation. M2-polarized TAMs stimulate an 

increased release of IL-10 and promote cancer progression.  
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1.6.3 PD-1 and its ligands in cancer 

PD-L1 expression on tumour promotes immune suppression by preventing host T-cells from 

effectively clearing tumour antigens. PD-L1 is expressed on many solid tumours including 

tumours of the breast, colon, ovary, melanoma, bladder, liver, salivary gland, thyroid, thymic 

epithelial, head and neck (Topalian, Drake et al. 2012). The induction of PD-L1 by TLR 

ligation has been reported for different TLR agonists, in both in vitro and in vivo studies.  

Resiquimod and LPS, both TLR agonists, have been shown to induce PD-L1on DC and 

contribute to the development of tolerogenic APCs (Wolfle, Strebovsky et al. 2011). Tumour 

associated privilege is probably mediated by a number of mechanisms, PD-1/PD-L1 

interaction has been shown to be important in this (Blank and Mackensen 2007).  PD-L1 has 

been shown to be expressed on dendritic cells associated with cancer and on tumour cells 

themselves (Coussens and Werb 2002, Curiel, Wei et al. 2003). These results support the 

growing evidence that the PD-1 pathway may contribute to T cell suppression in cancer via 

exhaustion of antigen specific T cells similar to that observed in chronic infection.  

It has also been suggested that PD-L1 is involved in the development and function of 

regulatory T cells (Tregs). PD-L1+ vascular endothelial cells and gastric epithelial cells have 

been shown to induce the development of Tregs in an in vitro culture system (Krupnick, 

Gelman et al. 2005, Beswick, Pinchuk et al. 2007). Treg function has also been shown to be 

inhibited by blockade of PD-L1 with an antibody (Sharma, Baban et al. 2007). Intratumoral 

Tregs in non-Hodgkins lymphoma have been shown to express PD-L1 and blocking with an 

anti-PD-L1 antibody partially decreased Treg mediated T cell inhibition (Yang, Novak et al. 

2006). Therefore the exact role of the PD-1 pathway in Treg function remains to be 

determined; there is some evidence to suggest that Tregs may be another PD-L1 influenced 

mechanism resulting in suppression of T-cells in cancer. 

Upregulation of PD-1expression on tumour infiltrating lymphocytes is postulated to 

contribute to tumour immunosuppression (Okazaki, Maeda et al. 2001). PD-L1 expression in 

ovarian cancer is inversely correlated with (intraepithelial but not stromal) infiltrating CD8 T-

cells, suggesting it inhibits intra-tumour migration of CD8 T-cells (Hamanishi, Mandai et al. 

2007).   
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Tumour associated APCs control their anti-tumour T-cell response by the PD-1/PD-L1 

pathway. It has been shown that PD-L1 mAB blockade enhances DC-mediated T-cell 

activation (Brown, Dorfman et al. 2003). 

 

 

Figure 1.7 

Imbalance of co-stimulatory and co-inhibitory molecules on antigen-presenting cells 

within the tumour microenvironment  

Antigen-presenting cells (APCs) within the tumour microenvironment express a low level of 

co-stimulatory molecules (B7.1 and B7.2) and a high level of co-inhibitory molecules (B7-H1 

and B-H4). Molecules within the tumour microenvironment selectively stimulate the 

expression of co-inhibitory molecules and inhibit co-stimulatory molecules on APCs. These 

co-inhibitory molecules disable APC immunogenicity and induce APCs to become regulatory 

APCs with diverse suppressive mechanisms.  

(CTL, cytotoxic T lymphocyte; IL, interleukin; TAA, tumour-associated antigen; TH1, T 

helper 1) 



52 

 

1.7 In-vivo studies in murine models to evaluate the immune responses relating to PD-1/ 

PD-L1 expression 

PD-1-/- mice have increased resistance to tumour engraftment, this is coupled with an 

increases in cytokine production and T cell infiltration into the tumour (Iwai, Ishida et al. 

2002). In 2002 Dong et al. carried out experiments using the mastocytoma line P815 to 

further investigate the role of the PD-1 pathway in tumour survival. Expression of PD-L1 in 

B7.1+ P815 cells resulted in increased growth and progression of these tumour cells. The 

authors suggested this demonstrated that even in the presence of strong CD28 costimulation, 

the PD-L1 expression is enough to overcome and evade tumour immunity. Furthermore, 

transplantation of PD-L1+ P815 tumours into RAG-/- 42 mice, followed by injection of P815 

antigen specific T cells still showed tumour evasion and apoptosis of the tumour specific T 

cells. This effect was reversed upon addition of anti-PD-L1 antibody (Dong, Strome et al. 

2002). 

Yu Liu and colleagues showed a direct connection between CTLA 4 its ligand CD80, PD-1 

and it’s ligand PDL-1 and Arginase activity and transcription in an ovarian cancer mouse 

model (Liu, Yu et al. 2009).  The results from their research showed that  Gr-

1+CD11b+MDSCs from mice bearing 1D8 ovarian tumour was functionally different from 

Gr-1+CD11B+MDSCs, from disease free mice in their expression of high levels of not 

onlyPD-1 and CTLA-4 but also expression of their ligands i.e. PD-L1 and CD80. These 

double positive cells also showed a high expression of Arginase I in the murine ovarian 

cancer model. They also went on to show that there was greater transcription and activity of 

arginase I when these MDSCs were exposed to tumour supernatants. Thus they showed that 

Arginase I activity and expression by co-stimulatory or co-inhibitory molecules on MDSCs in 

ovarian cancer mice model could play an important role in inducing and maintaining 

immunosuppression. 

An older study by Curiel et al. (Curiel, Wei et al. 2003) using the murine model, blocking of 

PD-L1 expressing MDCs (myeloid dendritic cell) showed improved anti-tumour activity of 

tumour associated T-cells.  To study this anti-tumour activity, MDC- activated T-cells were 

injected in NOS-SCID mice with ovarian cancer. Mice without T- cell transfusion and mice 

treated with MDC activated tumour T-cells in the presence of control monoclonal antibody 

showed progressive tumour growth, although tumour T-cells partially reduced the tumour 

volume.  Mice treated with MDC-activated tumour T cells in the presence of antibody against 
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PDL-1 showed no tumour growth at each point through day 16 after T-cell transfusion, at 

which time tumours resumed slow growth. On analysis of tumour from mice 12d after T-cell 

transfusion, to look for T-cell infiltration, it was noted IFN-γ positive T-cells in tumours was 

significantly higher in group treated with conditioned T-cells as compared with mice treated 

with non-conditioned T-cells. Blockade of tumour MDC-associated with PDL-1 significantly 

upregulated the infiltration of IFN-γ– secreting CD8+ T- cells that correlate with protection 

against tumour growth 

In mouse tumour models, PD- L1 induction has also been shown to be an important 

mechanism that limits the anti-tumour efficacy of TLR agonists (Webster, Thompson et al. 

2007, Pulko, Liu et al. 2009). 

1.7.1 PD-1/ PD-L1 blockade 

In 2002 it was suggested that even in the presence of strong CD28 costimulation, PD-L1 

expression is enough to overcome and evade tumour immunity. This effect was reversed 

upon addition of anti-PD-L1 antibody ((Dong, Strome et al. 2002).  

Tumour associated APCs control their anti-tumour T-cell response by the PD-1/PD-L1 

pathway. It has been shown that PD-L1 mAB blockade enhances DC mediated T-cell 

activation (Brown, Dorfman et al. 2003). 

Blockade of PD-1 with mAb during in vitro stimulation with melanoma peptide significantly 

boosted the number and effector activity of tumour specific human T-cells. Both Th1 and 

Th2 cytokine production were increased. There was no change in the percentage of apoptotic 

antigen specific human T-cells as a result of the PD-1 blockade, suggesting that the increase 

was primarily due to enhanced proliferation rather than decreased cell death (Berger, Rotem-

Yehudar et al. 2008).  Furthermore, PD-1 has been shown to be expressed on tumour 

infiltrating T cells in patients with melanoma and that the blockade of this PD-1, increased T 

cell proliferation (Wong, Scotland et al. 2007). 

 

Toll-like receptors (TLRs) play an important role in innate immunity and are primarily 

expressed on macrophages and dendritic cells. Following TLR activation on these cells, there 

is cytokine production that induces inflammatory response. Of this class of receptors, TLR4 

has been most closely connected to inflammation-mediated carcinogenesis and tumour 

progression. and cancer (Chen, Huang et al. 2007). 



54 

 

 

A recent publication has suggested activation of TLR4 signalling on M2-polarized TAMs 

stimulates an increased release of IL-10. The positive correlation between serum IL-10 levels 

and cancer progression and the localization of IL-10 in advanced metastases proposes IL-10 

has a crucial role within the tumour (Banerjee, Halder et al. 2011, Sato, Terai et al. 2011). 

 

Said et al. showed that TLR ligands cause an IL-10-dependent inhibition of CD4 T-cell 

expansion and function, by upregulating PD-1 levels on monocytes, which leads to IL-10 

production by monocytes after binding of PD-1 by PD-L1(Said, Dupuy et al. 2010). 

Various mouse studies have demonstrated enhanced antitumor immunity after antibody-

mediated blockade of PD-1 and it’s ligands ((Dong, Strome et al. 2002, Iwai, Ishida et al. 

2002, Blank, Brown et al. 2004, Thompson, Gillett et al. 2004).  The relatively mild 

phenotypes of mice lacking PD-1, PD-L1 or PD-L2 suggest that blockade of this pathway 

may result in less collateral immune toxicity. PD-L1 and PD-L2 knockout mice display 

virtually no phenotype unless challenged with an infection or crossed onto an autoimmune 

prone background (Dong, Zhu et al. 2004, Shin, Yoshimura et al. 2005, Keir, Liang et al. 

2006). PD-1 knockout mice generally begin to develop tissue specific and strain-specific 

autoimmune syndromes after 9 months of age (Nishimura, Nose et al. 1999, Nishimura, 

Okazaki et al. 2001). However, the increased magnitude and speed of onset of tissue 

inflammation and destruction in autoimmune prone strains crossed to PD-1 or PD-L1 ligand 

knockout mice, predicts that patients with underlying autoimmune or inflammatory 

processes, might be more susceptible to immune toxicities upon PD-1 pathway blockade. 
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Figure 1.8  

Schematic diagram showing that PD-1/PD-L1blockade may enhance TLR-based 

immunotherapy by tipping the balance between the immune-stimulatory and inhibitory 

effects of TLR agonists 

 

Treatment with TLR agonists in tumour-bearing host not only induces pro-inflammatory anti-

tumour responses but also induce anti-inflammatory factors (IL-10, Treg andPD-L1) that 

dampen anti-tumour immune responses. 
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1.8 PD-1/PD-L1 expression on t-cells and monocytes in blood and ascites in ovarian 

cancer patients 

Previous work from Dr Ghaem-Maghami and Professor Andrew George’s laboratories has 

shown that there is an increased PD-1 expression on ascitic T-cells in malignant ovarian 

tumour patients when compared to patients with benign/ borderline tumours using flow 

cytometric analysis of immune cells.  This effect in the tumour microenvironment was 

reciprocated to a lesser extend in the peripheral blood of ovarian cancer patients. This has an 

important and exciting prognostic significance as it allows an opportunity to alter immune 

response in the tumour microenvironment by blocking this suppressive pathway.   

It was also noted that PD-L1 expression on monocytes in the ascites and blood of patients 

with ovarian cancer was strikingly higher than those with benign/borderline disease, with no 

overlap in the values between these groups ((Maine, Aziz et al. 2014). 

In the same study ovarian cancer cell lines were co-cultured with peripheral blood T-cells and 

monocytes of healthy individuals to understand the mechanism of upregulation of PD-1 and 

PD-L1 observed in the ascitic T-cells and monocytes respectively.   

It was hypothesized that the reason for this upregulation may be due to the release of soluble 

factors or cell surface molecules in the tumour environment. Although some of these 

interactions have been studied in our laboratory, the real course of immunological events 

leading to the upregulation of PD-L1 and PD-1 on immune cells in ovarian cancer remains 

unclear. 

 

1.9. PD-L1 as diagnostic and prognostic marker  

 A biomarker is a useful clinical tool in monitoring the biological and or pathological 

processes or the response to a pharmacological treatment(Biomarkers Definitions Working 

2001). In cancer the use of biomarkers is for diagnosis, staging, prognosis, treatment 

selection and to evaluate response to treatment and disease course.  

PD-L1 expression by tumour cells is a significant prognostic factor in ovarian cancer and is 

inversely correlated with intraepithelial CD8+ TIL count, a known immunological prognostic 

indicator (Sato, Olson et al. 2005). Both PD-L1 expression and CD8+ TIL count are 
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independent factors among the established prognostic factors, suggesting that immunological 

status is not adequately evaluated by the conventional clinico-pathological prognostic factors 

(Keir, Francisco et al. 2007). A meta-analysis evaluating the prognostic value of tumour 

infiltrating lymphocytes (TILs) in ovarian cancer has shown that intraepithelial CD3+ and 

CD8+ TILs correlates with significantly longer overall survival (hazard ratio of 2.24, 95% 

CI: 1.71-2.91, for TIL-negative cases), regardless of tumour histology, stage or grade of 

disease (Hwang, Adams et al. 2012). 

Interestingly recent studies have also shown PD-L1 expression in Renal Cell Cancer 

(Thompson, Kuntz et al. 2006) and Breast Cancer (Ghebeh, Mohammed et al. 2006) to be 

associated with poor prognosis. Thompson et al. showed that levels of immune cell-

associated PD-1 were increased in high risk RCC and that the presence of tumour-infiltrating 

PD-1+ immune cells predicts adverse pathology and outcome for patients with clear cell RCC 

tumours. Studies also suggest that higher levels of PD-L1 expression on tumours is associated 

with a higher grade and advanced stage of malignancy. 

 IL-6 is also an important prognostic marker and its elevated level in blood is associated with 

poor disease free interval and overall survival in ovarian cancer patients (Obata, Tamakoshi 

et al. 1997). IL-6 has been shown in IL8 producing tumours to be involved in Treg migration 

through induction of IL-8R expression as one of the mechanisms for tumour escape. Recent 

publications have shown that inhibition of Th2 cytokines and chemokines may result in down 

regulation of PD-L1 expression in cancer (Derenzini, Lemoine et al. 2011) and  enhance anti-

tumor immunity by increasing the activity of cytotoxic T cells.  

Hamanishi et al. found expression of PD-L1 and PD-L2 on paraffin embedded sections of 

ovarian tumours significantly correlated with overall survival (5yr survival rate low 

expression vs. high expression of both ligands = 86.2% vs. 43.2%) and was an independent 

prognostic marker for survival. This study also correlated PD-L1 expression to a known 

prognostic marker of ovarian cancer, intraepithelial CD8+ T cells. The results show an 

inverse correlation between PD-L1 expression and CD8 count (Hamanishi, Mandai et al. 

2007).  The same group have recently shown that PD-L1 over expression on tumour cells in 

ovarian cancer leads to peritoneal spread of disease by suppression of cytotoxic t-lymphocyte 

function (Abiko, Mandai et al. 2013).  
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1.9.1 Soluble PD-L1 (sPD-L1) 

 There has been much debate about the presence and role of a soluble form of PD-L1 (sPD-

L1). Recent publication by Chen et al (Chen, Wang et al. 2011) showed the presence of sPD-

L1in healthy human serum and that it had a unique protein form that could be suppressed by 

matrix metalloproteinase inhibitor (MMPI).  They also showed that sPD-L1 could bind to 

PD-1 and play a role in immune regulation. Subsequently numerous studies have been 

published looking at the presence and significance of sPD-L1 in the blood, plasma and serum 

of patients with malignant tumours and autoimmune conditions.  

A recent study has found high concentration of soluble PD-L1 (sPD-L1) in serum of patients 

with aggressive Renal Cell carcinoma to be associated with poor prognosis (Frigola, Inman et 

al. 2011). They showed higher pre-operative levels of sPD-L1was associated with larger 

tumours and tumours of a higher grade, stage and necrosis. The doubling of sPD-L1 levels in 

the serum of Renal Cell carcinoma patients was associated with 41% increased risk of death.  

 Song et al  (Song, Park et al. 2011) showed that sPD-1 enhanced antigen-specific CD8(+) T-

cell responses and in vivo maturation of DCs during activation of naive CD8(+) T cells, 

suggesting that an immunization strategy with sPD-1 as an adjuvant can be used to increase 

antigen-specific T-cell immunity elicited by vaccination 

Frigola et al. further showed in 2012 (Frigola, Inman et al. 2012) that sPD-L1 was produced 

and released by activated mature dendritic cells (mDC). Immature DC, macrophages, 

monocytes or T cells are refractory to releasing sB7-H1. Exposure of CD4+ and CD8+ T 

cells to mDC-derived sB7-H1 molecules induced apoptosis.  They postulated that both 

immune and tumour cells could be the sources of sB7-H1, suggesting that the optimization of 

co-regulatory blockade immunotherapy for solid malignancies will require targeting tumour 

and immune-derived B7-H1 molecules. 

Recently a large multi-centre French clinical trial (Rossille, Gressier et al. 2014) has shown 

that high levels of sPD-L1 in blood impacts overall survival in aggressive diffuse large B-

Cell lymphoma (DLBCL).  They measured soluble PD-L1 in the plasma of 288 patients 

enrolled in a multi-centre, randomized phase III trial that compared 2 different form of 

treatments .The median follow-up was for 41.4 months. A cut off of 1.52 ng/ml of sPD-L1 
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level was determined and related to overall survival (OS). Patients with elevated sPD-L1 

experienced a poorer prognosis with a 3-year OS of 76% versus 89% (P˂0.001). Considering 

clinical characteristics, the multivariate analysis retained this biomarker besides bone marrow 

involvement and abnormal lymphocyte–monocyte score as independently related to poor 

outcome. 

sPD-L1 was detectable in the plasma and not in the serum, found elevated in patients at 

diagnosis compared with healthy subjects and its level dropped back to normal value after 

clinical remission. The intention-to-treat analysis showed that elevated sPD-L1 was 

associated with a poorer prognosis for patients randomized to one of the treatment arms 

(P˂0.001).   They concluded plasma sPD-L1 protein is a potent diagnostic and prognostic 

biomarker in DLBCL and may indicate usefulness in determining therapeutic strategies using 

PD-1 axis inhibitors. 

 

1.9.2 Cancer Immunotherapy 

The value of cancer immunotherapy is in the form of antibodies that block inhibitory 

receptors, on immune effector cells, often referred to as “immune checkpoints”. The 

check-point receptors that have been most actively studied in the context of clinical cancer 

immunotherapy are CTLA-4, PD-1 and PD-L1.  These checkpoint receptors play 

multiple roles on various immune cells to qualitatively and quantitatively regulate immunity. 

Recent clinical results demonstrated significant therapeutic efficacy of antibody-mediated 

blockade of these pathways in patients with advanced cancer and allow us to contemplate the 

use of these therapies to create sustained immune responses that successfully prevent disease 

relapse after completion of the initial therapeutic interventions (Pardoll and Drake 2012, 

Pardoll 2012, Pardoll 2012). 

CTLA-4 was the first immune regulatory receptor to be targeted for clinical immunotherapy. 

Two fully human anti–CTLA-4 antibodies, ipilimumab (developed by Medarex/Bristol-

Myers Squibb) and tremilimumab (developed by Pfizer, recently sublicensed by 

MedImmune), first began clinical testing in Phase I trials in 2000. True objective clinical 

responses (defined formally by shrinkage in cross-sectional area of radiologically measurable 

tumors by ≥30% with no new metastases or growth of defined metastases relative to clinical 

trial entry) was observed with increased dosage for both the antibodies in 10–12% of patients 

with advanced melanoma. However they also produced immune-related toxicities involving 
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various tissue sites in 25–30% of patients (Hodi, Mihm et al. 2003, Phan, Yang et al. 2003) 

(Ribas, Camacho et al. 2005, Beck, Blansfield et al. 2006).   

The first randomized phase 3 clinical trial using the anti–CTLA-4 antibody, tremilimumab     

(Pfizer) in patients with advanced melanoma, was a negative result. No survival benefit was 

seen in the antibody-treated group and the program was abandoned (Ribas 2010). 

However, Medarex, in collaboration with Bristol-Myers Squibb, persisted in the development 

of their anti–CTLA-4 antibody, ipilimumab (now called Yervoy) and showed in 2010 to be 

the first immunotherapy in history to demonstrate a statistically significant survival benefit 

for patients with metastatic melanoma in a randomized phase III clinical trial (Hodi, O'Day et 

al. 2010, Wolchok, Neyns et al. 2010).  

 

Clinical trials using antibodies against PD-1 and PD-L1 started in 2006 and 2009 

respectively.  The initial results from these trails look extremely promising (Brahmer 2012, 

Brahmer, Tykodi et al. 2012). The initial phase 1 trials exclusively involved very late stage 

patients who had refractory tumour progression despite multiple rounds of both conventional 

and experimental chemotherapy. However, encouragingly there were a number of cases with 

objective tumour regression, including mixed responses, partial responses, and a complete 

response. 

 

 
1.9.2.1 PD-1/ PD-L1 antibody therapy 

Presently there are currently six antibodies in clinical trials aimed at inhibiting the PD-1/PD-

L1pathway; three of them are anti-PD-1, two anti-PD-L1 and one anti-PD-L2 monoclonal 

antibodies. Recently, Topalian et al. (Topalian, Hodi et al. 2012) and Brahmer et al. 

(Brahmer, Tykodi et al. 2012) reported results following treatment for solid tumours with 

anti-PD-1 and anti-PD-L1, respectively (the Brahmer study included 17 cases of ovarian 

cancer patients). Both studies report tumour response rates higher than 10–15 %, the highest 

rate of anti-tumour activity from immunotherapy tested in the clinic in the last 30 years 

(Ribas 2012). Interestingly, the objective response observed in these trials correlated with 

PD-L1 expression on tumours (36 % vs 0 % response on PD-L1+ vs PD-L1− tumours), and 

not all tumours were found to respond. Colon and pancreatic cancer patients did not respond 

to either anti-PD-1 or PD-L1 treatment, raising the caveat that factors such as the tumour 
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microenvironment will determine the outcome of the treatment to this pathway. It is 

particularly important, therefore, to characterize the tumour for PD-1 pathway involvement 

and tailor the treatment accordingly.  

Nivolumab (BMS-936558, MDX-1106, ONO-4538) is a fully human Immunoglobulin G4 

(IgG4) monoclonal PD-1 antibody and was the first of its class to be tested in a phase I trial 

of 107 patients with metastatic melanoma (Sosman et al. 2012b).  The results showed an 

overall RECIST response rate of 31% (41% in the 3 mg/kg group). More importantly, the 

median duration of response was over 2 years.  It is now being evaluated in a first-line phase 

III trial of nivolumab versus dacarbazine [ClinicalTrials.gov identifier: NCT01721772] in 

metastatic melanoma.  

Lambrolizumab (MK-3475) is a humanized monoclonal IgG4 PD-1 antibody, which was also 

studied in a phase I trial that included 132 patients with metastatic melanoma (Hamid, Robert 

et al. 2013). The overall response rate was 51% in the 85 patients with melanoma dosed at 10 

mg/kg, using the immune-related response criteria (Wolchok, Hoos et al. 2009). Interestingly 

only 15.9% of the patients with melanoma developed an immune related adverse event and 

only 5.3% of those were grade 3/4. A phase II trial of lambrolizumab at two dose levels 

versus chemotherapy is underway [ClinicalTrials.gov identifier: NCT01704287], and a phase 

III trial is planned. 

Amplimmune, manufactured by GlaxoSmithKline is a recombinant fusion protein comprised 

of the extracellular domain of the PD-1 ligand programmed cell death ligand 2 (PD-L2) and 

the Fc region of human IgG. Unlike other PD-1 mAb molecules, AMP-224 does not act as a 

simple blocking agent (Marshall SA, et al. unpublished data; Amplimmune, Inc.). Following 

murine AMP-224 administration, the population of dysfunctional, PD-1+ T cells is reduced 

leading to increased immune response and tumour regression, which could mechanistically 

distinguish AMP-224 from that of neutralizing mAbs (Mkrtichyan, Najjar et al. 2012). 

Pidilizumab (CT-011) is a humanized monoclonal antibody (mAb), which binds to PD-1 

(Programmed Death-1). Mechanistically, the binding of pidilizumab to PD-1 results in the 

attenuation of apoptotic processed in lymphocytes, primarily effector/memory T cells. 

Pidilizumab also augments anti-tumour activities of NK cells. The enhanced activities of T 

and NK cells results in improved anti-tumour immune response and the generation of 
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tumour-specific memory cells. Pidilizumab is being developed as a treatment for 

haematological malignancies and solid tumours. 

1.9.3 Hypothesis and Aim  

The PD-1/PD-L1 pathway is important in the maintenance of peripheral tolerance and 

homeostasis through suppression of T cell receptor signalling. As such, it is employed by 

many tumours as a means of immune escape. Complex interactions are involved in the 

immune suppression mechanisms employed by the tumour micro-environment and the role 

played by PD-1 and its ligands in ovarian cancer. The role of PD-1 and its ligands in ovarian 

cancer needs further exploration to fully investigate the possibility of using it to identify 

immune biomarkers for prognostic or diagnostic purposes. Dr. Ghaem-Maghami’s (Imperial 

College, Department of Cancer and Surgery,  London) laboratory have regular access to 

blood and ascites from recently diagnosed ovarian cancer patients of different stage, grade 

and histological subtype; the majority of whom undergo primary surgical procedure. Previous 

collaborative work done in Professor Andrew George and Dr Sadaf Ghaem-Maghami’s 

laboratories has shown monocytes expressing PD-L1 are abundantly present in the tumour 

microenvironment in ovarian cancer. Similarly a significantly higher percentage of PD-1+ T-

cells were noted in ascites and peripheral blood of patients with malignant ovarian tumours 

compared to those with benign tumours.  Following recent hypothesis of bi-directional 

signalling for the PD-1/PD-L1 pathway, we wanted to phenotype immune cells both in the 

ascites and blood of patients with ovarian tumours to look for PD-L1 expression and to 

investigate if the PD-1 pathway was a viable target in ovarian cancer for antibody directed 

immunotherapy.  

Specific Aims: 

 Analyse immune cells in ascites and blood of ovarian cancer patients for PDL-1 

expression and look at the drivers for this.   

 Evaluate the correlation of PD-1/PD-L1 related immune markers in blood and ascites 

with diagnosis, prognosis and surgical outcome in patients with ovarian tumours. 

 Validate previous findings related to PD-1/PD-L1 expression on immune cells. 

 What is the role of PD-L1 expression on monocytes and its influence on T-cell 

interaction in ovarian cancer? 

 Characterize the contribution of PD-L1 expressed on tumour cells on T-cell 

dysfunction in ovarian cancer. 
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 Identify the functional role of PD-L1expression on tumour cells with respect to the 

interaction between monocytes and tumour cells 

 Ovarian cancer cell lines that express PD-L1 do not appear to up regulate PD-1 on 

normal T cells; activated T cells in the ascitic supernatant that already express PD-1 

may be inhibited by PD-L1 expressing tumour cells.  Evaluate PD-1/PD-L1 blockade 

in T-cell/tumour cell interaction 

 To develop an assay to measure soluble PD-L1 in plasma of ovarian cancer patients in 

order to devise and evaluate a test of diagnostic or prognostic value  
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Chapter 2 

 

Methods and Materials  

 

2.1 Buffers and Solutions 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.1: Buffers and Solutions used in this project 

Abbreviations: PBS; Phosphate Buffered Saline, BSA; Bovine Serum Albumin, SDS; 

Sodium Dodecyl Sulphate, FCS; Foetal Calf Serum 

 

Solution Recipe 

 

 

PBS  
 

8g NaCl, 0.2g KCl, 1.44g Na2HPO4, 0.24g KH2PO4  

 

PBS Tween 
 

PBS, 0.1% v/v Tween 20  

 

Fox P3 Fix/Perm 

Buffer 
 

 

 

Used for intracellular staining for FoxP3. 

Biolegend (Cat. No. 421401). The FoxP3 Fix/Perm Buffer (4X) is 
freshly diluted to 1X working solution with PBS prior to staining. 

 

 

Fox P3 
Permeabilization 

Buffer 

 

 

Used for intracellular staining of FoxP3. Biolegend (Cat. No. 
421402). The FoxP3 Perm Buffer (10X) is diluted to 1X working 

solution with PBS prior to staining. 

 

 

 

 

 
Ficoll-Histopaque 

 

 

A solution containing polysucrose and sodium diatrizoate, adjusted 

to a density of 1.077 g/mL. This medium facilitates the recovery of 

large numbers of viable mononuclear cells. Centrifugation causes 

the mononuclear cells to form a distinct layer at the plasma-
HISTOPAQUE

®
 interface. 

(Sigma-Aldrich Biotechnology LP and Sigma-Aldrich Co.-10771) 

 

 

Red Cell Lysis 

Buffer  

 

 

8.3g NH4Cl, 1.0g KHCO3, 1.8ml of 5% w/v EDTA  

 

 

Blocking Solution 

(Western Blot)  

 

 

PBS, 5% w/v milk powder, 0.1% v/v  

Tween 20  

 

 

Running Buffer  

 

 

12.5 mM Tris Base, 142 mM Glycine, 0.1% w/v SDS  

 

 

Transfer Buffer  
 

 

 

12.5 mM Tris Base, 142 mM Glycine, 20% v/v methanol  
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2.2 Cell Culture  

2.2.1 Cell Culture Methods  

Cells were cultured in a humid environment at 37°C with 5% CO2. Adherent cells (e.g. 

OVCAR-3) were passaged by trypsinisation [Trypsin (0.05% Trypsin, 0.53 mM EDTA) 

(Invitrogen, Paisley, UK)]. All cell cultures were carried out in a sterile class II cabinet. 

  

2.2.2 Culture Media  

Culture media was supplemented with foetal calf serum (FCS) (PAA Laboratories, Somerset, 

UK), penicillin/streptomycin sulphate (stock 5000U/ml each) (Sigma-Aldrich, Gillingham, 

UK) or L-glutamine (stock 200mM) (Sigma-Aldrich, Gillingham, UK) depending on the cell 

type. Cell Culture media used in this project was R10 (RPMI 1640 +10% v/v FCS +2% v/v 

Pen/Strep +1% v/v L-Glutamine). 

  

2.2.3 Cell Lines  

Cell lines were obtained from American Tissue Culture Collection (ATCC) or European 

Collection of Cell Cultures (ECACC).  Dr Ghaem-Maghami’s laboratory (Imperial College, 

London) provided the human epithelial ovarian tumour cell lines used in the experiments. 

 

2.2.4 Primary Cell Culture  

Primary cells were separated from blood or ascites samples from ovarian tumour patients. 

Patients with suspected ovarian cancer were recruited to the study by the researcher with 

consent and after providing adequate study information as per the study guidelines.  (Study 

Title- Immunological Profiling in suspected Gynaecological cancer patients- Research Ethics 

Committee reference-10/H0707/7). Patients’ blood and ascites were collected over a 36 

month period and tumours were classified as being benign, borderline or malignant. Of those 

patients with malignant ovarian tumour, majority of cases were of serous histology and the 

remaining had other histological type. Each of the patients gave consent for the use of ascites 

and/or blood used in this study and ethical approval for this study was obtained prior to 

collection of samples. Patients were assigned a three-digit code, which is used in this thesis 

e.g. patient number 291. See method 2.2.5- for details of isolation of cell types. Primary cells 

used in this project were human T-cells cultured in R10 media supplemented with CD3/CD28 

beads (see method 2.2.5.1) for stimulation or in R10 media alone in co-culture experiments 
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with ovarian cancer cell lines.  Human monocytes were cultured in R10 media after 

separation (see method 2.2.5.2) and used in functional experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2: Cell Lines used in the study- Abbreviations: EOC- epithelial ovarian cancer; 

OSE- ovarian surface epithelium;

 

Name  

 

 

Origin 

 

Culture Media  

 

 

OVCAR-3  

 

 

Human Epithelial Ovarian Cancer (EOC) cell 

line, serous histology 

 

R10 

 

 

SKOV-3  

 

Human EOC cell line, serous histology 

 

R10 

 

IGROV-1  

 

Human EOC cell line, mixed histology 

 

R10 

 

OSEC-2 

 

Human Ovarian Surface Epithelial Cells 

Benign histology 

 

R10 

 

OVCAR-5  

 

Human EOC cell line, serous histology 

 

R10 

 

CaOV  

 

Human EOC cell line, serous histology 

 

R10 

 

OVISE  

 

 

Human EOC cell line, clear cell histology  

 

 

R10 

 

TOV21G  
 

 

Human EOC cell line, clear cell histology 

 

 

R10 

 

   SMOV 

 

 

Human EOC cell line, clear cell histology 

 

 

R10 
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 2.2.5 Isolation of Human Peripheral Blood and Ascitic Mononuclear Cells  

Blood and ascites obtained from suspected ovarian cancer patients were first centrifuged at 

1500rpm for 5 minutes to separate the plasma and supernatant. The separated plasma and 

ascitic supernatant was collected and stored in cryovials at -20
o
C to -80

o
C for future 

functional studies.  The remaining plasma and ascitic supernatant was discarded. The plasma 

free blood and supernatant free ascites were layered over Histopaque /Ficoll (Axis Shield, 

Cambridge, UK) in a 1:2 ratio (blood and ascites is first diluted with PBS in a 1:1 ratio) and 

centrifuged at 2500 rpm for 25 minutes at room temperature with low brake. The 

mononuclear cells form a white layer or the buffy coat, which was removed using a pipette 

and transferred into a clean tube.  Any red blood cell contaminants were removed by re-

suspending the pelleted cells in red cell lysis buffer (Biolegend) for 10 minutes at room 

temperature; lysed cells were then removed by washing in PBS. Cells were then cultured in 

media or further separated as described later (method 2.2.5.1 and 2.2.5.2). Cell viability was 

checked using 0.4% trypan blue staining (Sigma-Aldrich, UK) and cell counting was done 

using a hemocytometer.  

 

2.2.5.1 Purification of T cells from human peripheral blood (PBMCs) and ascitic mononuclear 

cells (AMCs)  

T cells were isolated using a negative selection technique using the MACs CD14 microbeads 

(Miltenyi Biotech, Surrey, UK), MS columns and magnetic field separation method. The 

CD14 negative fraction obtained after magnetic cell separation from labelled cells was used 

as T-cells in functional experiments. See method 2.6.1 for further details. 

 

2.2.5.2 Purification of monocytes from human peripheral blood (PBMCs) and ascitic 

mononuclear cells (AMCs)  

Monocytes were isolated using a magnetic bead positive selection technique. PBMCs or 

AMCs were re-suspended in pre-chilled PBS and were first Fc Receptor blocked. 1X 10
7
 

cells need 10ul of Fc receptor blocking reagent, incubating at room temperature (RT) for 5-10 

minutes. The cells were washed by adding 10mls of PBS and centrifuged at 1500rpm for 5 

minutes to obtain a cell pellet. The supernatant is discarded and the cell pellet is re-suspended 

in 80ul of cold PBS. 20ul of CD14 microbeads (Miltenyi Biotech, Surrey, UK) were added to 

make up a total volume of 100ul and incubated between temperature of 4
o
C and 8

o
C for 15 

minutes.  The cells were once again washed after incubation and then up to 10
7
 cells were re-

suspended in 1 ml of cold PBS to pass through an MS separation column (Miltenyi Biotech), 
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which was placed in a magnetic field. MS columns were first washed with 500μl of PBS, the 

labelled cell suspension was then applied to the column and the unbound cells were allowed 

to pass through and collected. The column and the bound cells were then washed a further 

three times with 500 μl PBS. The cells were eluted in 1ml of R10 media by adding the media 

to the column and then flushing the column with the plunger provided. CD14 positive cells 

were then used in experiments as monocytes and the CD14 negative cells were used as T-

cells in functional experiments. 

 

2.2.6 Stimulation of human T cells  

Following isolation and counting, human T cells were supplemented with R10 medium. T 

cells were stimulated using anti-CD3/CD28 beads (Dynal/ Invitrogen). Anti-CD3/CD28 

beads were added at 25μl per 1x10
6
 T cells. T cells were then incubated at 37

o
C, 5% CO2, for 

the length of time considered optimal for different cell surface markers to be expressed.  

To select for the unlabelled cells, the cell/bead mixture was placed in a magnetic field and the 

beads were allowed to settle on the side of the tube. The remaining suspension was then 

poured into a fresh tube and this process was repeated to ensure all beads were removed. 

Usually this required 2 repeats, or until no residue could be observed on the tube wall.  

 

2.2.7 Carboxyfluorescein succinimidyl ester (CFSE) labelling  

CFSE (Sigma Aldrich) is diluted to a working concentration of 1 mM in pre-warmed PBS. 

Cells (maximum of 1x10
7
) to be labelled are washed three times in pre-warmed PBS and then 

re-suspended in the 1ml of the diluted CFSE. The cells are incubated in the dark on a roller 

for 8-10 minutes at 37
o
C. To stop the labelling, cells are washed in R10 media. Cells are 

washed twice in PBS and then resuspended in R10 media. CFSE labelling efficiency is 

checked using FL-1 channel on a BD FACSCalibur flow cytometer (Becton Dickinson 

Biosciences, UK). 

 

2.2.8 Flow Cytometry Staining  

Cells were washed and counted and 1x10
5
 cells were re-suspended in 100 μl PBS per well of 

a V-bottomed 96 well plate. Cells were first Fc receptor blocked using Fc receptor blocking 

reagent. Antibodies were added at the appropriate dilution (see Table 2.3), and the cells were 

incubated on ice for 15 minutes. Optimal antibody concentration was based on titration 

experiments. Following washing with PBS, cells were incubated with a secondary antibody, 

or if the primary antibody was directly conjugated, cells were re-suspended in100ul of PBS. 
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Cells, which required a secondary staining, were washed after 15 minutes incubation on ice 

and re-suspended in PBS containing the secondary antibody for a further 15 minutes. Cells 

were then washed a further time in PBS and re-suspended in 100ul of PBS. The antibody 

stained cell suspension was then transferred to flowcytometry tubes containing 300ul of PBS 

for FACS analysis using the FACS calibur (Becton Dickinson) and analysed using the Flowjo 

software (Tree Star, Inc.). Antibodies used for this work are summarised in table 3. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.3: Antibodies used to stain cells for Flow Cytometry. Abbreviations: FITC; 

Fluorescein Isothiocyanate, R-PE; recombinant Phycoerythrin, APC; Allophycocyanin 

Antibody Fluorochrome Concentration Source 

 

 Mouse anti-human CD3 

 

FITC 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-humanCD3 

 

APC 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-humanCD4 

 

R-PE 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-humanCD4 

 

FITC 

 

2μl/10
6 
cells  

 

B D Bioscience 

 

Mouse anti-humanCD8 

 

R-PE 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-humanCD69 

 

FITC 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-humanCD62L 

 

R-PE 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-human PD-1 

 

R-PE 

 

2μl/10
6 
cells 

 

B D Bioscience 

 

Mouse anti-humanCD14 

 

FITC 

 

2μl/10
6 
cells 

 

Serotec 

 

Mouse anti-humanFOXP3 

 

R-PE 

 

2μl/10
6 
cells 

 

Biolegend 

  

Mouse anti- human PD-L1  

  

APC 

 

2μl/10
6 
cells 

 

Biolegend 

 

FcR Blocking Reagent 

 

Pure 

 

1μl/10
6 
cells 

 

Miletenyi Biotec 
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Table 2.4:  

Isotype Control Antibodies used for Flow Cytometry Abbreviations: FITC; Fluorescein 

Isothiocyanate, R-PE; recombinant Phycoerythrin, APC; Allophycocyanin 

 

 

 

1. CD3 FITC / PD-L1APC 

2. CD4 PE / PD-L1APC 

3. CD8 PE / PD-L1 APC 

4. PD-1 PE / PD-L1 APC 

5. CD4 PE / CD 69 FITC / PD-L1APC 

6. CD3 FITC / CD 62-L PE / PD-L1 APC 

7. PD-1 PE / PD-L1 APC 

8. CD4 PE / FOXP3 FITC / PD-L1 APC 

9. CD14 FITC / PD-L1 APC 

 

 

 

Table 2.5: 

Combinations used for immunophenotyping of patient’s PBMCs and ascites.  

 

 

Isotype Conjugate Company 

 

Mouse IgG1  

 

 

FITC and R-PE 

 

Dako 

 

Mouse IgG2b 

 

APC 

 

Biolegend 

 

Mouse IgG1 

 

FITC 

 

BD Bioscience 
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2.2.8.1 Cell sorting by Flow Cytometry 

PD-L1 expressing OVCAR-3 tumour cells were separated in to high and low PD-L1 

expressing OVCAR-3 cells using flow cytometry cell sorting by BD FACS Aria machine.  

1x10
7
cells/ml was prepared using the sorting buffer (Table 2.6) and cells were filtered 

through a 35um filter before the machine sorted it. To ensure that viable cells were analysed 

or collected, a viability dye, propidium iodide (PI) was added to the cells just prior to sorting 

along with the fluorescent marker panel. 3x10
6
cells of two different populations (high and 

low PD-L1 expressing cells) were collected after high throughput FAC sorting in 15ml 

conical tubes with 7ml FBS enriched collection media.  

Compensation Controls used: 

1) Unstained cells 

2) Unstained cells + Stained cells with isotype Antibody in Fluorochrome 4 

3) Unstained cells + Stained cells with PD-L1 Antibody in Fluorochrome 4 

 

 

 

Table 2.6: Composition of basic flow cytometry cell sorting buffer 

 

 

 

 

 

 

 

 

Solution 
 

 

Recipe 
 

 

 

Basic Sorting Buffer 

 

 

1x Phosphate Buffered Saline (Ca/Mg++ free) 

1mM EDTA 

25mM HEPES pH 7.0 

1% Fetal Bovine Serum (Heat-Inactivated) 

0.2um filter sterilize, store at 4
o
C 
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2.3 Tissue sections from tissue microarray blocks 

60 cases were selected as being suitable for tissue microarray (TMA) as shown in Table 2.7. 

The histological distribution for these cases was 28 serous ovarian cancer cases and 11 of 

other histological types (a total of 39 ovarian malignancy cases), compared to 13 benign and 

8 borderline cases. Tissue cores were prepared from ovarian tumours and from normal 

ovaries.  A minimum of 3 cores per case were prepared. Representative cores of the tumour 

(from the centre and from the invasive margin, 0.6 mm and 1 mm in diameter, respectively) 

were removed from paraffin-embedded tissue blocks that had been prepared at the time of 

surgery. For this study 16 TMA blocks were prepared (labelled A to K) and 50 to 100 tissue 

cores were arrayed in each block .A specialist gynaeoncology pathologist performed manual 

tissue microarrayer (Beeher Instruments Inc. Sun Prairie). The advantage of using this 

technique is that TMA slides have the same tissue in the same coordinate positions and 

individual slides can be used for a various analyses, thereby saving cost and labour while 

maintaining uniformity. The investigators analysed them for each of the immune markers. 

The findings were verified by two independent investigators specialising in the ovarian 

cancer pathology.  

 

Table 2.7: Histological distribution for TMA analysis 

 

 

2.4 Immunohistostaining 

The immuno-histochemical staining was done using formalin-fixed and paraffin-embedded 

archived tissues. Formalin-fixed paraffin-embedded sections from ovarian tumours were 

evaluated for the presence of tumour infiltrating lymphocytes and antigen presenting cells 

(APCs) expressing immune markers of interest. Paraffin block tissue sections were 

Histological Subtype Number of patients Number of cores 

Serous 28 84 

Endometrioid 6 18 

Clear Cell 5 15 

Borderline 11 33 

Benign 13 39 
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microwave processed (10 min at 850 W in pH 6.0 citric buffer) for antigen retrieval. 

Subsequently, microtome sections measuring of 5 μm thickness were treated for the 

immunohistochemical demonstration of marker of interest, using the avidin / labeled biotin 

complex (ABC) staining. Markers of interest mAbs (Table 2.8) were incubated on the slides 

for 30 min and the presence of these markers were visualised with the EnVision AP kit 

(Dako, UK) according to the manufacturer‟s instructions. The marker of interest positivity 

was graded according to the presence of <10% (+), 10–50% (++) and >50% (+++) of 

positively stained cells. 

 

 

 

 

Table 2.8 - Antibodies and concentrations used in for immunohistochemistry staining 

 

 

Primary 
antibodies 

Clonality Suppliers Concentration Secondary 
antibodies 

Suppliers Concentration 

CD3 Rabbit 

Polyclonal 

Dako, USA 10ug/ml Biotinylated 

Mouse Ig in 

Goat 

Vectorlabs, 

UK 

1.5mg/ml 

CD4 Mouse 

Monoclonal 

Novocastra, 

UK 

2.5ug/ml Biotinylated 

Mouse Ig in 

Goat 

Vectorlabs, 

UK 

1.5mg/ml  

CD8 Mouse 
Monoclonal 

Novocastra, 
UK 

2.5ug/ml Biotinylated 
Mouse Ig in 

Goat 

Vectorlabs, 
UK 

1.5mg/ml  

FOXP3 Mouse 

Monoclonal 

eBioscience, 

UK 

5ug/ml Biotinylated 

Mouse Ig in 
Goat 

Vectorlabs, 

UK 

1.5mg/ml  

CD68 

KPM 

Mouse 

Monoclonal 

Novocastra, 

UK 

2.5ug/ml Biotinylated 

Mouse Ig in 
Goat 

Vectorlabs, 

UK 

1.5mg/ml  

CD11c Mouse 

Monoclonal 

Novocastra, 

UK 

2.5ug/ml Biotinylated 

Mouse Ig in 

Goat 

Vectorlabs, 

UK 

1.5mg/ml  

PD-L1 Rabbit 

Polyclonal 

Dako, USA 10ug/ml Biotinylated 

Mouse Ig in 

Goat 

Vectorlabs, 

UK 

1.5mg/ml  
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2.5 Quantitative real time - PCR 

Quantitative PCR (qPCR) was performed on DNA harvested from archived fresh frozen 

tissue and from patients specimen recruited during this study. Five micrograms of mRNA 

was used to synthesise cDNA using the First Strand cDNA Synthesis Kit (Roche Diagnostics, 

UK). Experiments with quantitative real time polymerase chain reaction (qrt-PCR) were 

performed with the use of the ABI Prism 7900 Analyzer and SYBR Green I PCR kits 

(Applied Biosystems). Complementary DNA was normalised against housekeeping 

hypoxanthine phosphoribosyltransferase (HPRT). Amplification primers are listed in Table 

2.9. Positive controls of pcDNA hIDO were used in appropriate experiments and negative 

controls were included in each analysis run.  Programme cycles consisted of 50°C for 2 

minutes, 95°C for 10 minutes and then 40cylces of 95°C for 15 seconds, followed by 60°C 

for 60 seconds. A dissociation curve was performed at 95°C for 15 minutes, 60°C for 1 

minute and 95°C for 15 seconds. Experiments were performed in duplicates and average of 

relative mRNA expression was used for analysis. 

 

 

  

 

 

Table 2.9- Forward and reverse primer sequences used in this study 

  

 

 

 

Antibody 

 

 

Sequence (5’ to 3’) 

 

HPRT Forward 

 

GCA GAC TTT GCT TTC CTT GGT C 

 

HPRT Reverse 

 

CTG GCT TAT ATC CAA CAC TTC GTG 

 

PD-L1 Forward 

 

TAT GGT GGT GCC GAC TAC AA 

PD-L1 Reverse 

 

TGC TTG TCC AGA TGA CTT CG 

IDO Forward  

 

GGT CAT GGA GAT GTC CGT TAA  

 

IDO Reverse  

 

ACC ATT AGA GAG ACC AGG AAG AA  
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2.6   Functional experiments with cytokines  

 

2.6.1 Stimulated T-cells co-cultured with tumour cells with PD-1, PD-L1 and IL- 10 

blocking 

Flat sterile 96 cell well plate was coated with 10
4
 tumours cells/well in 100ul of complete 

medium and incubated overnight for 24hours. Tumour cells were pre-incubated for 2hours 

with anti- PD1, anti-PDL1 and anti-IL10 antibodies as per protocol of the experiment, in each 

approach prior to adding stimulated T-cells.T-cells (C14 – cells) were separated from Blood 

from a healthy donor, CFSE labelled and stimulated as described before. 

Stimulated, CFSE labelled T-cells were added after this period of incubation in 10:1 ratio 

with tumour cells. CFSE labelling was checked on Day1 by FACs analysis.  T-cell 

proliferation was checked on Day 5 by FACs analysis by doing CD3 APC staining and 

looking for CFSE labelling on FL1 channel and CD3 expression on FL4 channel. The 

supernatant was collected from each approach on Day 5 and the human IL-6 ELISA kit was 

used for IL-6 quantitative estimation (Human IL6 ELISA kit-BD Bioscience, Catalogue 

Number 550799).  

 

 

Table 2.10 - Blocking antibodies used in this project  

Antibody (Clone) Concentration Source 

 

Goat anti-human PD-1 

 

 

10ug/ml 

 

R&D systems 

 

Mouse Anti-Human PD-L1 

(MIH1) 

 

10ug/ml 

 

eBioscience 

 

Rat Anti-Human IL-10 

(JES3-9D7) 

 

 

1ug/ml 

 

eBioscience 

 

Mouse anti-human IFN-γ 

 

(MD-1 clone) 

 

 

10 ug/ml 

 

Biolegend 
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2.6.2 CD14 positive cells treated with IL-10, TGF-β and IFN-γ to show PD-L1 up-

regulation 

 

CD14 + (positive) cells were isolated as described before from blood of healthy donors and 

incubated with only medium, IL10, TGF-β, IFN-γ and in combinations and at different 

concentrations of the cytokines. PD-L1 up-regulation on monocytes was checked at 0, 2 and 

8-hour intervals. CD14 (FITC) and PD-L1 (APC) staining was done at the different time 

points and analysed by FACs. Isotype controls were used as controls. 

 

2.6.3 CD14 positive cells treated with IL-10 and ascitic supernatant containing high and 

low concentration of IL-10, with and without IL-10 blocking antibody 

 

CD14 + cells were isolated as described before from blood of healthy donors and incubated 

with only medium, media containing 10ng/ml IL-10 and ascitic supernatant.  The ascitic 

supernatant contained high and low concentration of IL-10. This co-culture was further 

interrogated by adding IL-10 blocking antibody (at low and high concentration) and 

incubated for 8hrs to see for PD-L1 expression on these healthy monocytes. 1x10
5
 cells were 

re-suspended in 100 μl R10 per well of a V-bottomed 96 well plate and 100 μl of media, high 

or low IL10 Asc. SN was added before adding IL-10 or Anti-IL10 antibody and incubated. 

CD14 (FITC) and PDL1 (APC) staining was analysed by FACs at 8hours of incubation. 

Isotype controls were used. 

 

Protein/ Cytokine Concentration Source 

 

Recombinant Human TGF-β 

 

10ng/ml 

 

Biovision 

 

Recombinant Human IL-10 

 

10ng/ml 

 

Peprotech 

 

Recombinant Human IFN-γ 

 

10ng/ml 

 

Peprotech 

  

Table 2.11-Proteins/ Cytokine used in up-regulation of PD-L1 on healthy monocytes 
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2.6.4 Preparation of cell culture supernatant using ultra-centrifugation and                             

ultra-filtration 

Cell culture supernatant was collected after desired incubation period and centrifuged at 500-

x g for 10 min to remove floating cells. The resultant supernatant was subjected to filtration 

on 0.22 μm pore filters, followed by ultracentrifugation at 10,000 x g and 100,000 x g for 30 

and 60 minutes respectively (Raposo, Nijman et al. 1996, Thery, Boussac et al. 2001, Conde-

Vancells, Rodriguez-Suarez et al. 2010). This process was used to remove exosomes, dead 

cells and other cell debris, which may interfere with co-culture experiments.  

 

 

2.6.5 Transwell experiments 

1× 10
4
 OVCAR-3 cells were pre-seeded in the bottom chamber of a 24-well plate transwell 

(Corning).  In the top chamber (6.5-mm diameter thickness, 0.4 μM pore-size transwell 

insert), 1 × 10
5
 CFSE labelled CD14- T cells were added the next day in the presence or 

absence of 1.12 μl of anti-CD3/CD28-coated beads.  Blocking antibodies were further added 

to the approaches. After 5 days, CFSE-labelled cells were harvested and flow cytometry 

analysis was performed using FACSCalibur. Cell proliferation was analysed using FlowJo 

software.  

 

2.6.6 Apoptosis Assay 

For the quantification of apoptotic cells, CD14- T cells were stimulated with anti-CD3/CD28 

Coated beads for 5 days in the presence or absence of PD-L1 blocking antibody and co-

cultured in benign and malignant ovarian tumour cell line supernatant.  Seven hours prior to 

harvesting, one of the wells containing stimulated T cells was subjected to ultraviolet (UV) 

treatment using Stratalinker UV Crosslinker 1800 (Stratagene, CA, USA) to induce apoptosis 

at 200 millijoules. This was used as the positive control. After harvesting the T cells from the 

wells, they were washed twice in cold PBS and resuspended at 1 × 106 cells/ml in annexin V-

binding buffer (BD Biosciences). FITC-conjugated, mouse anti-human annexin V, was then 

added at a concentration of 5 μl/10
5
 cells together with 0.5 μg/ml PI and incubated for 15 

minutes at room temperature (RT) in the dark. Cells were analysed immediately by flow 

cytometry. 
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2.6.7 Kynurenine Assay 

In order to see if IDO played a role in T-cell suppression by ovarian tumour cell line 

supernatant, its activity was indirectly determined by measuring the concentration of 

kynurenines in the supernatants. IDO converts tryptophan to kynurenines. A series of L-

kynurenine (Sigma79 Aldrich) standards (0-200 μM) were made. 100 μl of 30% 

trichloroacetic acid was added to 200 μl of the culture supernatant, vortexed, and then 

centrifuged at 10,000 rpm for 5 min. A 125-μl volume of the supernatant was added to 125 μl 

of Ehrlich's reagent (100 mg of p-dimethylbenzaldehyde, 5 ml of glacial acetic acid) in a 

microtiter plate well (96-well format). Samples were read against a reagent blank with a 492-

nm filter in a Multiskan MS (Labsystems) microplate reader. The concentration of the 

unknown sample was determined by comparing with the standard curve generated by known 

concentrations of L-kynurenine (Grant, Nguyen et al. 2010). 

The change in kynurenine concentration was obtained by subtracting control levels (R10 

media) from the sample value.  

 

2.6.8 Cell growth curve  

T25 flasks were plated with 25000 cells of OVCAR-3 cells, High and Low PD-L1 expressing 

OVCAR-3 cells after FACS sorting with more than 90% purity of each cell population. 

Complete Media of R10 was used as the growth media and cells were cultured at 37°C. Cell 

growth was measured at time points of 24hrs, 48 hrs, 60 hrs and 72hrs after initial plating. 

Cells were trypsinised at the above time intervals to obtain cell solution. Cell count was 

performed manually after Trypan blue staining using a haemocytometer to get the viable cell 

count. 

 

2.7 SANDWICH ELISA FOR detection of soluble PD-L1 

Buffers used- 

Assay diluent used was PBS with 10% FCS (heat inactivated), at pH7.0. The coating buffer 

was made up of 0.1M Sodium carbonate, at pH 9.5, 8.40gNaHCO3, 3.56g Na2CO3, q.s to 

1.0L; at pH9.5 

The wash buffer used was PBS with 0.05% Tween-20. Freshly prepared or used within 3 

days of preparation, stored at 2-8
o
C. 

Stop solution used contained 1M H3PO4 or NH2 SO4 and substrate solution was TMB 

Reagent A+B (1+1). 
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Specificity Applications Immunogen Clone Biotynilation Number Company  IgG 

Human  

B7- H1/ PD-L1 / 

CD274  

 

Western Blot 

ELISA 

 

Recombinant  

 

 
Poly 

 

 

No 

 

10084-

RP01 

 

Sino 

Biological 

 

 

Rabbit 

Human  

B7- H1/ PD-L1 / 
CD274 

 

 

Western Blot 
ELISA 

 

Recombinant  

 

Mono ID 

4A7B1 

 

 

No 

 

10084-
MM02 

 

Sino 
Biological 

 

 

Mouse 

Human  

B7- H1/ PD-L1 / 

CD274 

 

 

Western Blot 

ELISA 

 

 

Recombinant  

 

 

Mono 

ID1 

 

No 

 

10084-

R001 

 

Sino 

Biological 

 

 

Rabbit 

Human  

B7- H1/ PD-L1 / 

CD274 

 

Western Blot 

ELISA 

 

 

Recombinant  

 

 

Mono 

MIH1 

 

 

No 

 

16-5983-

82 

 

 

eBioscience 

 

Mouse 

Human  
B7- H1/ PD-L1 / 

CD274 

 

 
Western Blot 

 

NSO-derived 
rhB7-H1 

extracellular 

domain 

 

 

Poly 

 

Yes 

 
BAF 156 

 

 

R&D 

System 

 

Goat 

Human  

B7- H1/ PD-L1 / 

CD274 

 

 

Flowcytometry 

 

 

Recombinant  

 

 

Mono 

 
29E.2A3 

 

No 

 

329704 

 

 

Biolegend 

 

Mouse 

Human  

B7- H1/ PD-L1 / 

CD274 

 

 

Flowcytometry 

Immunohisto-

chemistry 

 

Recombinant  

 

 

Mono 

 
29E.2A3 

 

No 

 

 

329707 

 

 

Biolegend 

 

Mouse 

Human  

B7- H1/ PD-L1 / 

CD274 

 

 

Flowcytometry 

 

 

Recombinant  

 

 

Poly 

 

 

No 

 

ABIN 

298935 

 

 

antibodies-  

online 

 

Mouse 

Human  

B7- H1/ PD-L1 / 

CD274 

 

Immunohisto-

chemistry 

Western Blot 

 

 
(Q9NZQ7) of 

CD274 

 

 

Mono 

MIH1 

 

 

Yes 

 

 

13-5983 

 

 

 

eBioscience 

 

Mouse 

Human  

B7- H1/ PD-L1 / 
CD274 

 

 

ELISA 

 

 

Recombinant  

 

 

Poly 

 

 

No 

 

GTX 
104763 

 

 

GeneTex 

 

Rabbit 

 

Table 2.12- Antibodies used as capture and detection antibodies in chequerboard 

optimisation of PD-L1 sandwich ELISA 
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Antibody   Capture /Coating Capture /Coating Capture /Coating 

Cat. Number 10084- MM02 10084-RP01 LS-C60133/20065 

Clone 4A7B1 poly poly 

Buffer PBS 5% trehalose PBS 5% trehalose PBS 

Company Sino Biological Sino Biological antibodies online 

 

Table 2.13- Antibodies used as capture antibody for PD-L1 ELISA 

 

 

 

Antibody Detection Detection Detection 

Cat. Number 329704 13-5983 BAF156 

Clone 29E.2A3 MIH1 poly 

Buffer PBS PBS 0.1% BSA 

Company Biolegend eBioscience R&D Systems 

 

Table 2.14- Antibodies used as detection antibody for PD-L1 ELISA 

 

 

 

 Standard Standard 

Recombinant Protein 1 2 

Cat. Number 156-B7-100 10084-H08H 

Construct hB7-H1 - H-Fc 

 

hB7-H1- extra 

polyhistidine Tag 

Company R&D Systems Sino Biological 

Buffer PBS and NACL PBS 8% trehalose 

Reconstruction PBS Assay Diluent 

 

Table 2.15- PD-L1 recombinant proteins used to generate standard curve for PD-L1 ELISA  
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Assay Materials- 

(a) Immuno Maxisorb Plate (Nunc)- Surface with a high and uniform immunoglobulin 

binding capacity 

(b) Capture antibody- 

B7-H1 Protein (CD274) Rabbit anti-human polyclonal antibody, 10084-RP01, Sino-

Biological. Concentration used was 0.5-1ug/ml working concentration in coating buffer. 

(c) Plasma- Plasma samples obtained from patients and thawed at RT 

(d) Detection Antibody-   

Biotin- B7-H1 clone, NSO-derived rhB7-H1 extracellular domain, BAF-156, R&D 

System. Concentration used- 0.1ug/ul working concentration in Assay Diluent 

(e) Streptavidin-HRPcomplex- clone Streptavidin, 405210, Biolegend, 1:1000-1:3000 for 

Elisa working dilution (we do a single step incubation of Biotin/Streptavidin reagent) 

Working Detector: Add required volume of detection antibody to Assay diluent. 15 

minutes prior to use add the required volume of Enzyme Reagent and vortex. 

(f) TMB (Tetramethylbenzidine) Substrate Reagent Set- 555214, Becton Dickinson 

(g) Standard- Recombinant Human B7-H1/ PD-L1 construct-hB7-H1 –extra-cellular 

domain with a c-terminal his tag (Standard-R-Protein 10084-H08H -Manufacturer- Sino 

Biological). Buffer-PBS 8% trehalose; reconstruct in sterile water, concentration-

0.4ug/ul. 

2.7.1. Initial standardisation 

A 3000ng/ml of standard is prepared from the stock standard and serial dilutions were done 

by adding in wells 2 to 7 in duplicate. Well number 8 is kept as blank or zero standard 

concentration and contains 100ul of Assay diluent only. 

 

2.7.2. Assay Procedure 

Maxisorb 96 microtiter plates (Nunc, GmbH, Germany) were coated with 100ul of Capture 

Antibody in each well (b), sealed and incubated overnight at 4
o
C. Following this, the plate is 

washed 3 times with wash buffer and after the last wash, inverted and blotted on absorbent 

paper to remove any residual buffer. 200ul of assay diluent is added as a blocking agent to 

each well and incubated for 1 hr at RT.  The plate is washed 3 times and 100ul of standard or 

sample (c and g) is added in duplicates to each plate and incubated for 2 hours at RT. The 

plate is then washed 5 times and 100ul of working detector (e) is added to each well and 

incubated for an hour.  The plate is washed 7 times and 100ul of TMB Substrate is added to 
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each well and incubated for half an hour in the dark. Following this 50ul of Stop solution is 

added to each well to stop the enzymatic reaction and absorbance at 450 nm was measured 

with reduction at 570 nm using ELISA plate reader within 30 minutes. 

 

2.8 PD-L1 shRNA (Short hairpin) knockdown 

Human PD-L1 / CD274 (4 unique 29mer) shRNA constructs in retroviral GFP vector (Gene 

ID = 29126) obtained from Origene, was used to obtain a stable knock-down of PD-L1 gene 

expression in OVCAR-3 cells. Non-effective 29-mer scrambled shRNA cassette in pGFP-V-

RS vector was also used to check knockdown efficacy. In addition to all the useful features of 

pRS, the pGFP-V-RS vector contains the pCMV promoter driven tGFP gene, which 

expresses tGFP protein constitutively in mammalian cells. This feature makes it possible to 

monitor the transfection efficiency. The pGFP-V-RS vector is kanamycin resistant. 

Puromycin selection can be used to generate stable cell lines 

 

 

 

 

 

Figure 2.1 Features for pGFP-V-RS vector 
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2.8.1 Bacterial Tranformation 

Chemo-competent DH5α EColi bacterial cells were mixed with ligation mixture and incubated 

on ice for 30 minutes. 1ul of DEPC (diethylpyrocarbonate) -treated water was used to dilute 

100ng (0.1ug) of plasmid. The mixture was then heat shocked by incubating at 42oC for 30 

seconds followed by a further 2 minutes incubation on ice. Immediately after this heat shock, 250 

μl of LB broth (Sigma-Aldrich) was added and the whole mixture was incubated at 37oC for 1 

hour with shaking. The transformed cells were then plated on LB agar plates containing the 

appropriate antibiotic for selection of the plasmids used (see 2.8). 

 

2.8.2 DNA extraction by Miniprep  

Following transformation and individual colonies were chosen and amplified by growing 

them in 5 ml of LB agar with appropriate antibiotics (Kanamycin sulphate) overnight at 37oC 

with shaking. The bacteria were then pelleted by centrifuging the bacterial LB broth at 

7000rpm/5min using a table centrifuge. The DNA is extracted using a miniprep kit following 

the manufacturer’s protocol [QIAprep Miniprep Spin (50), Qiagen]. Briefly, cells were lysed, 

the protein was precipitated and following micro-centrifugation the supernatant was 

collected. This was then applied to a separation column, which binds DNA. The column was 

then washed and the DNA eluted using DNAse free water.  A two-step elution was done 

using 25ul of eluent buffer for each step. The extracted DNA concentration was measured 

using a nanodrop calculator.  

 

2.8.3 Transfection of plasmids in to cells 

A 6 well plate was plated with 0.5X10
6 

OVCAR-3 cells in 2ml of R10 media and checked 

that the cells were attached and at least 50% confluent after 24 hrs at the time of transfection.  

Effectene kit (EC Buffer, Enhancer, and Effectene from Qiagen) was used for plasmid 

transfection. 

  Plasmid EC buffer Enhancer   
None  (Effectene) 

 

- 100 uL 3.2uL   

Mock Transfection 

 (Scramble) 

 

500 ng 100 uL 3.2uL   

PD-L1 sh- RNA 

constructs (85-88) 

500 ng 100 uL  3.2uL   

 

Table 2.16 - Preparing plasmid solution  
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10 uL of effectene transfection reagent was added to each plasmid solution and incubated at 

room temperature for 15-20 minutes. R10 Media was removed from the OVCAR-3 cells and 

replaced with 1.5 ml fresh antibiotic fee media. 400 uL of R10 media was added to each 

plasmid solution and pipette twice gently up and down.  The plasmid solution was then added 

to each of the labelled wells. Thus giving a working concentration of 250ng/ml plasmid per 

well.  

 

2.8.4 Preparation of protein lysates and protein quantification   

For the preparation of whole protein lysates, cells were collected by trypsinisation and 

combined with the supernatant. Cell pellets were collected by centrifugation, resuspended in 

PBS and centrifuged again. The final cell pellet was resuspended and lysed on ice in NP-40    

(Ipegal) lysis buffer (10mM Tris HCl pH 7.5, 150mM NaCl, 1 mM EDTA, 1% Igepal CA-

630 (NP-40), 0.01% sodium azide, H20) containing 1 protease inhibitor tablet (Roche) per 

20ml buffer. 200µl of lysis buffer was added to each well in a 6 well plate. After 

centrifugation at 13000rpm for 5 minutes, supernatant was transferred to a clean 1.5ml 

eppendorf tube and protein concentration determined using Pierce BCA Protein Assay Kit 

(Thermo-Scientific). Briefly, bovine serum albumin (BSA) (SIGMA) standards were 

prepared by diluting in distilled water and 5l of either standard or sample added per well of 

a 96 well plate in duplicate. 200l of working solution (Reagent A: Reagent B in 50:1 ratio) 

was added per well and incubated at 37C for 30 minutes before reading at 562nm. A 

standard curve of absorbance vs concentration was constructed for the different 

concentrations of BSA and the protein concentration in each sample was calculated from this 

graph. 

Lysates were diluted to either 1g/l or 0.5g/l in RIPA buffer in a total volume of 100l 

containing sample loading dye (5% SDS, 20% buffer IIb (0.5M Tris, 0.2M NaH2PO4 pH 7.8), 

5% -mercaptoethanol, 50% Glycerol, a few grains of bromophenol blue, 20% distilled 

water). Samples were denatured at 100C for 5 minutes and then either used immediately or 

stored at -20C.  
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2.8.5 Western Blotting  

Western blotting was carried out to determine the protein expression level of transfected 

OVCAR-3 cells. Reducing sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS 

PAGE) was carried out using 10% polyacrylamide gels containing SDS. Samples were added 

to loading buffer as described above. The samples were then loaded and run at 80 V until the 

protein migrated to the bottom of the gel.  

Proteins were then transferred to a nitrocellulose membrane by layering the gel on top of the 

membrane and applying a positive electrode underneath the membrane, thereby causing the 

negatively charged proteins to migrate from the gel onto the membrane. The transfer was 

carried out at 100 V for 1 hour. Following the transfer, membranes were blocked in 5% (w/v) 

non-fat milk (Marvel, Dublin, Ireland) in Tris-buffered saline Tween-20 buffer (TBS-T) 

containing 20mM Tris-Hcl pH 7.4, 500mM NaCl and 0.05% Tween-20 for a minimum of 1 

hour at room temperature. Membranes were then rinsed with TBS-T before incubation with 

the primary antibody. Membranes were incubated with the primary antibody overnight at 4C 

with a gentle rocking motion and then washed three times with TBS-T for a minimum of 10 

minutes each time. The appropriate secondary antibody conjugated to horseradish peroxidase 

(HRP) in 3% BSA-TBS-T was added and further 1 hour incubation was carried out at room 

temperature.  This was followed by a further three washes with TBS-T. 

The washed membrane was then developed using ECL reagents (Amersham Biosciences, 

Amersham UK). Solution A was added to solution B in a 40:1 ratio and the resulting mixture 

was spread evenly over the membrane and incubated for 30 seconds at room temperature. 

The membrane was then developed using photographic film (Amersham Biosciences) 

 

 

Antibody 
 

Conjugate 
 

Concentration 
 

Source 
 

Rabbit anti -human PD-L1 Unconjugated 0.1ug/ml Sino Biological  

Goat anti-rabbit IgG Horse Radish Peroxidase  

 

0.02-0.5ug/ml Sino Biological  

Mouse anti-human 

β-tubulin 

Unconjugated 1ug/ul Sigma-Aldrich 

Rabbit anti-mouse IgG Horse Radish Peroxidase 

 

1:80000 dilution Sigma-Aldrich 

 

Table 2.17 List of antibodies used for Western Blotting  
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2.9 Statistical Analysis 

 

Statistical analysis was carried out using Graphpad 6 software (Prism, La Jolla, USA). The 

test used was a Student’s T test, a parametric test assuming normal distribution of the data. 

The test performed was unpaired and two tailed. Results are expressed as mean ± SEM or 

SD. P values were considered significant when p< 0.05.  

 

 

2.9.1 Hierarchical clustering and analysis for candidate biomarkers 

R (version 2.10.1) and SPSS (IBM, version 21) were used to do statistical analysis for 

candidate immune biomarkers.  To assess the differential expression of each biomarker 

between two groups of patients with either benign or malignant tumours, Mann-Whitney U 

test was used and the significant level was set at p<0.05.  

pROC package in R (version 2.10.1) was used to generate a receiver operating characteristic 

(ROC) curve to look at the specificity and sensitivity of each candidate biomarker to 

discriminate between the malignant and benign tumours.   

In the survival analysis, patients with malignant tumours were divided into two groups using 

the median expression level for each biomarker as the cut-off. The difference of relapse free 

survival (RFS) and overall survival (OS) between two groups of patients was examined by 

log-rank test. The association between each biomarker and RFS/OS was further evaluated by 

multivariate Cox proportional-hazards regression model adjusted by clinical parameters 

including histology, stage, grade, and age and debulking status. The expression of biomarker 

was used as a categorical variable in the Cox model. To explore the connection among 

biomarkers, the hierarchical cluster analysis was applied using Euclidean distance and 

average linkage method. The heat map was generated using R package g plots. The stability 

of the biomarker clusters was evaluated via a bootstrap resampling method implemented in 

pvclust package in R (version 2.10.1), which estimated an approximately unbiased (AU) p 

value for each cluster using 1000 times multi-scale bootstrap resampling (Shimodaira, H. 

2004). 
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Chapter 3  

Results 

3.1 Introduction   

Ovarian Cancer continues to be the most fatal gynaecological malignancy (Siegel, 

Naishadham et al. 2013) in the developed world. The 5year survival continues to be poor 

despite the best surgical effort and advances in adjuvant chemotherapy (2011). The tumour 

microenvironment in ovarian cancer uses several mechanisms to evade anti-tumour immune 

response. The B7-H1 pathway plays an important role in disabling the action of the anti-

tumour effectors.  The interaction of PD-L1 (B7-H1) with PD-1 on tumour infiltrating T-cells 

results in immune suppression and tumour progression.  Zhang and colleagues (Zhang, 

Conejo-Garcia et al. 2003) showed that overall survival in ovarian cancer was influenced by 

the presence or absence of circulating TILS (5 year survival; 73.9% versus 11.9%). Thus 

suggesting the immune system to play an important role in ovarian cancer and immune 

molecules involved in regulation of T-cell responses could be interrogated for potential 

diagnostic and /or therapeutic targets.  

The expression of PD-L1 on tumour cells has been described in many tumours such as breast, 

pancreatic, oesophagus, melanoma, kidney, bladder and other hematopoietic malignancies 

(Ghebeh, Mohammed et al. 2006) (Nomi, Sho et al. 2007) (Ohigashi, Sho et al. 2005) (Hino, 

Kabashima et al. 2010) (Thompson, Kuntz et al. 2006, Wilcox, Ansell et al. 2012). In our 

laboratory, we have shown high PD-L1 mRNA expression in malignant ovarian tumours 

compared to benign ones. The PD-1/PD-L1 interaction inhibits T lymphocyte proliferation, 

survival and effector functions (cytotoxicity, cytokine release) and induces tumour specific T- 

cell apoptosis (Tseng, Otsuji et al. 2001) (Dong, Strome et al. 2002). PD-L1 is also known to 

selectively induce IL-10 and promote programmed cell death (Dong, Zhu et al. 1999) 

(Tamura, Dong et al. 2001).  

Hamanishi et al. (Hamanishi, Mandai et al. 2007) have recently showed that PD-L1 is a 

prognostic indicator in ovarian cancer. They showed that there was a significant inverse 

correlation between PD-L1 expressions and the intraepithelial CD8 (+) T lymphocyte count, 

suggesting that PD-L1 on tumor cells directly suppresses antitumor CD8 (+) T cells. 

Multivariate analysis showed the expression of PD-L1 on tumor cells and intraepithelial CD8 

(+) T lymphocyte count are independent prognostic factors. Thus the PD-1/PD-L pathway 

can be a good target for restoring antitumor immunity in ovarian cancer. 
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PD-L1 can be upregulated in various cell types (Mazanet and Hughes 2002). Curiel et al. 

have suggested that blood monocyte derived MDCs in ovarian cancer expressed PD-L1 and 

by blocking it, there was enhanced MDC mediated T-cell activation (Curiel, Wei et al. 2003). 

They also suggested that this was partly IL10 mediated. 

Although PD-L1 expression on T-cells and APCs has been suggested in ovarian cancer, 

however the functional relevance of this need to be further evaluated.  

Cytokines play an important role in the tumour microenvironment in ovarian cancer. Majority 

of women presenting with advanced ovarian cancer have ascites (Ayhan, Gultekin et al. 

2007). The behaviour of tumour cells is influenced by the soluble substances present in its 

surrounding environment, hence, the effect of ascites in tumour progression need to be 

further evaluted in ovarian cancer. Various cytokines have been found to be part of this 

complex network of soluble subtances . IL-6, IL-8, IL-10, TNF-alpha, and sIL-2R have been 

found in significantly higher levels in malignant ascites of ovarian cancer patients (Radke, 

Schmidt et al. 1996) (Penson, Kronish et al. 2000). B7-H1 is upregulated by the  pro-

inflammatory cytokine, IFN-γ, on the surface of tumour cells (Liu, Hamrouni et al. 2007). 

Hence, we need to further evaluate the role of cytokines on the PD-1/PD-L1 pathway in 

ovarian cancer.  

Presently, there are six agents being evaluated in clinical trials, blocking the PD-1/PD-L1 

pathway.  The first –in-human Phase I trial of the MDX-1106 (anti-PD-1 mAb) used 

intermittent dosing of varying dosages, treating 39 patients with advanced metastatic solid 

tumours (Topalian, Hodi et al. 2012).  The anti-PD-L1 mAb (BMS-936559) was used in a 

multicentre Phase I trial in a multiple escalating dose (Brahmer, Tykodi et al. 2012) in a 

similar group of patients.  The findings of both these Phase I trials, suggested responses 

across multiple tumour types, which was greater than those observed with most 

chemotherapies or kinase inhibitors. Interestingly, with anti-PD-L1 antibody, objective 

response was only observed in PD-L1 expressing tumours (36% versus 0%).  Thereby, 

suggesting the need to develop suitable biomarkers that will help us tailor treatment for 

patients who will benefit from such antibody treatment.  
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The results from the following experiments help to further characterise the involvement of 

the PD-1/PD-L1 pathway in human ovarian cancer and suggest that it is an important 

prognostic pathway and an excellent target for antibody immunotherapy.  

3.2 Phenotyping PD-L1 expression on PBMCS from blood and mononuclear cells in 

ascites  

Blood and ascites samples were collected from healthy volunteers, patients with benign, 

borderline and malignant ovarian tumours of differing stages and grades, over a 3 years 

period (2010-2013). The immune cells present in both blood and ascites were separated by 

Histopaque and checked for viability by trypan blue staining and microscopic examination. 

They were then stained and analysed for a number of immunological markers by flow 

cytometry. The main focus for this thesis will be the PD-L1 pathway molecule on the immune 

cells present in ovarian cancer ascites and peripheral blood. 

3.2.1 PD-L1 expression on T-cell subsets in blood  

T cells were separated from peripheral blood and double stained with CD marker (T-cell 

markers) and PD-L1 antibody and analysed for PD-L1 expression by flow cytometry. The 

results were used to compare PD-L1 expression on T-cell subsets in healthy female 

volunteers and patients with benign/borderline tumours to those with malignant tumours. A 

representative flow cytometry profile from each patient group for PD-L1 expression on CD4 

and CD8 T cells is shown in Figure 3.2.1.1. The Figure shows an increase in PD-L1 

expression on both CD4 and CD8 T cells in ovarian cancer compared to benign ovarian 

tumour. The whole data set is represented in Figure 3.2.1.2 and shows a significant 

(p=0.0001, by student’s t-test) increase in total PD-L1 expression on lymphocytes in 

malignant cases compared to benign cases and healthy females (mean percentage of 

lymphocytes expressing PD-L1: 3.62% malignant, 1.32% benign/borderline and 0.95% in 

healthy women). However, there was no significant difference in PD-L1 expression on CD4 

and CD8 T cells in ovarian cancer when compared to benign or borderline ovarian pathology. 

There was however a significant increase in PDL-1 expression on peripheral blood CD8 T-

cells in cancer patients compared to healthy volunteers (p=0.01).  

Other T-cells subsets were also analysed by flow cytometry to further characterise PD-L1 

expression on lymphocytes.   
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Figure 3.2.1.1 - PD-L 1 expression on peripheral blood T cells-  

Figure 3.1 (a facs dot plot) shows PD-L1 expression on CD4 and CD8 T cells using flow cytometry, 

comparing a malignant case to a benign case. These data are representative of multiple experiments, 

which are summarised, in later Figures. Gates were set with appropriate isotype controls 
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Figure 3.2.1.2: PD-L1 expression on T cells in peripheral blood. 

PD-L1 expression was measured by flow cytometry on both CD4+ and CD8+ T cells extracted from 

blood. Healthy female volunteers (green), benign/borderline cases (red) are compared to malignant 

cases (Blue). Overall PD-L1 expression on lymphocytes is significantly higher in ovarian cancer 

(p<0.0001; ***) than on benign/borderline and healthy cases.  PDL-1 expression on peripheral 

blood CD8 T-cells in cancer patients was also significantly increased compared to healthy 

volunteers (p=0.01, *).  

Healthy volunteers n=10, Benign/Borderline cases n=18 and Malignant cases n=36.  

Statistical analysis was done using a Student’s T test. 
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PD-1 is expressed on the surface of activated T-cells (Agata, Kawasaki et al. 1996, Keir, 

Francisco et al. 2007). We have previously found high expression of PD-1 on T-cells both in 

blood and ascites of ovarian cancer patients. We have validated these finding in our sample 

cohort (results shown and discussed later in the chapter).  We have now shown that both PD-

1 and PD-L1 are significantly upregulated on T-cells in ovarian cancer.   

We found no overlap in PD-1/PD-L1 expression on lymphocytes in blood and ascites in 

ovarian cancer patients, suggesting lack of simultaneous double expression of these 

molecules by lymphocytes. 

We also looked for PD-L1 expression on CD4+/FOXP3+ cells (T-regulatory cells), using 

intra-cellular staining both in blood and in ascites and found that there was no expression of 

PD-L1 on T regs as described by other investigators in breast cancer. 

We also tried to validate the previous work done in our laboratory, which showed a high 

correlation of cancer diagnosis with expression of CD69 marker on blood lymphocytes of 

patients. Activated T-cells show surface expression of CD69 molecule. The effect of T-cell 

activation leads to a cascade of molecular events leading to proliferation and clonal 

expansion of tumour associated antigen specific T-cells. Hence, we looked for PD-L1 

expression on CD4+CD69+ T-cells, to investigate if PD-L1 was upregulated on these early 

activated T-cells in human ovarian cancer.  

While the results from our set of samples (figure 3.2.1.3) confirmed that CD69 expression on 

T-cells in blood was significantly associated with ovarian cancer diagnosis (p<0.0001), 

however, there was no difference in expression of PD-L1 on CD4+CD69+cells (after gating 

on CD4 cells) in peripheral blood in patients with ovarian cancer when compared to healthy 

women or women with benign/ borderline tumours. Thus suggesting that, probably the PD-

1/PD-L1 pathway did not play a role in inhibiting early activation of T-cells in ovarian 

cancer. 
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Figure 3.2.1.3 CD69 expression on blood lymphocytes was measured using flow cytometry, 

comparing healthy volunteers (green) and women with benign/borderline tumours (red) to 

women with malignant ovarian tumours (blue). CD69 expression on peripheral blood T-cells 

was significantly (p<0.0001; p=0.003) increased in ovarian cancer when compared with 

healthy women and women with benign/borderline tumours. This significance was also noted 

between healthy donors and benign/borderline tumours (p=0.03).   

Healthy volunteers n=10, Benign/Borderline cases n=18 and Malignant cases n=36.  

Statistical analysis was done using a Student’s T test. 
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CD62L (L-selectin) is expressed on central memory T-lymphocytes. The regulation of 

CD62L plays an important role in controlling the traffic of T lymphocytes to and from 

peripheral lymph nodes.  APCs activate CD62L+T-cells in the lymph node and following 

activation they can re-enter the circulation to exert their effector or helper functions (Galkina, 

Tanousis et al. 2003).   Here we have investigated if PD-L1 is expressed on CD62L+ T-cells 

in ovarian cancer and if it is expressed differentially when compared to healthy women and 

women with benign and borderline tumours.  

 

A representative flow cytometry profile from each patient group for PD-L1 expression on 

CD62L+ T cells is shown in Figure 3.2.1.4. This shows an increase in PD-L1 expression on 

CD62L T-cells (initial gating on CD3 positive cells) in ovarian cancer compared to benign 

ovarian tumour. 

In grouped data analysis, we found PD-L1 was expressed significantly more on 

CD3+CD62L+cells, in the blood lymphocytes, of ovarian cancer patients when compared 

with healthy people and patients with benign/borderline tumours (p<0.0001; p=0.0002). Thus 

suggesting, there may be a role of the PD-1/ PD-L1 pathway in dampening re-activation of 

memory T-cells in ovarian cancer.    
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Figure 3.2.1.4 (a FACS dot plot) PD-L1 expression on CD62L+ T cells using flow cytometry 

(initial gating on CD3+ cells), comparing a malignant case to a benign case. These data are 

representative of multiple experiments, which are summarised, in later Figures. Gates were set with 

appropriate isotype controls 
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Figure 3.2.15 PD-L1 expression on CD62-L cells (initial gating on CD3 expressing cells) in 

blood was measured using flow cytometry, comparing healthy volunteers (green) and women 

with benign/borderline tumours (red) to women with malignant ovarian tumours (blue). 

CD62-L expression on peripheral blood T-cells was significantly (p<0.0001; p=0.0002) 

increased in ovarian cancer when compared with healthy women and women with 

benign/borderline tumours. Healthy volunteers n=10, Benign/Borderline cases n=18 and 

Malignant cases n=36. Statistical analysis was done using a Student’s T test. 
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3.2.2 PD-L1 expression on T-cell subsets in ascites 

 The presence of ascites in ovarian cancer is considered to be a poor prognostic indicator.   

Most women with advanced ovarian cancer present with ascites. The immunological analysis 

of ascites in ovarian cancer provides an opportunity to study the tumour microenvironment in 

greater detail. In order to study the expression of PD-L1 on ascitic T-cells, we obtained 

ascites samples from patients with ovarian tumour, who were admitted for surgery to the 

West London Gynaecological cancer centre over the study period (2010-2013). Mononuclear 

cells were separated as described before and double or triple stained for T-cell subset markers 

and PD-L1 expression.  

 Figure 3.2.2.1 show cumulative data of recruited patients.  Flow cytometry analysis of the 

stained cells was done to look at the surface expression of PD-L1 and T-cell subset markers. 

The gating strategy and isotype control settings are shown in the appendix. All statistics were 

carried out using a Students’ T test. 

We noted significantly higher PD-L1 expression on CD3+, CD8+ and CD69+ t-cells in 

malignant ascites when compared to benign/borderline ascites (Figure3.2.2.1).  We found 

significantly greater difference in PD-L1 expression on ascitic T-cells between malignant and 

benign/borderline tumours when compared with peripheral blood T-cells.    

Total PD-L1 expression on lymphocytes in malignant ascites was significantly higher than in 

benign/borderline ascites (mean percentage of ascitic lymphocytes expressing PD-L1: 2.8% 

malignant and 0.8% benign/borderline)  

These findings suggest that PD-L1 may play an important role in regulation of T cell 

response in ovarian cancer.  These findings formed the basis for carrying out further 

experiments to investigate the functional relevance and molecular mechanism of increased 

PD-L1 expression on these ascitic T-cells.  

The finding of PD-L1expression and upregulation on blood and ascitic T-cell subsets in 

ovarian cancer is new and has not been described previously. 

 

 

 



97 

 

 

C D 3  C D 4  

 

C D 8 C D 6 9 C D 6 2 L To ta l 

P D -L 1

0

2

4

6

8

P D -L 1  e x p re ss io n  o n  T -c e ll  su b se ts  in  a sc ite s

%
 p

o
p

u
lt

a
io

n
 o

f 
ly

m
p

h
o

c
y

te
s

Benign/Borderline =  

 

Malignant=  

 

 

p = 0 .0 0 2

p = 0 .0 0 6
p = 0 .0 0 7

p = 0 .0 0 0 1

 

 

Figure 3.2.2.1 PD-L1 expression on T-cell subsets in ascites from all data collected. 

Benign/borderline cases (n=5) are shown in green and show low expression of PD-L1 

compared to the significantly higher PD-L1 expression on T-cells from malignant patients, 

n=15 (red). The X-axis labelled as “CD3”, “CD4”, “CD8”, CD69” and “CD62L” refers to 

double/triple positive cells e.g. CD4+ PD-L1+; CD3+/CD62L/PD-L1+cells. 

 

 

 

 

 

 

 



98 

 

3.2.3 PD-L1 expression on antigen presenting cells (APCs) in blood  

Previous work done in our laboratory has shown that total PD-L1and CD14+PD-L1+ 

expression on monocytes in the blood correlate significantly with diagnosis of cancer 

and surgical outcome. In order to further strengthen the previous findings, we purified 

monocytes from peripheral blood collected from healthy volunteers, patients with 

benign /borderline and malignant ovarian tumours and looked for the same markers of 

interest.  

The whole data set is represented in Figure 3.2.3.3 and shows a highly significant 

(p=0.0018 and p<0.0001, by student’s t-test) increase in PD-L1 expression on 

monocytes in malignant cases compared to benign cases and healthy females (mean 

percentage of monocytes expressing PD-L1: 15.62% malignant, 4.9% 

benign/borderline and 0.1% in healthy women). 

Similarly figures 3.2.3.4 shows a significant (p=0.0018 and p<0.0001, by student’s t-

test) increase in PD-L1 expression on CD14 positive cells in malignant cases 

compared to benign/borderline cases and healthy females (mean percentage of CD14 

positive cells expressing PD-L1: 13.5% malignant, 3.9% benign/borderline and 0.08% 

in healthy women). 

In the combined dataset (Figure 3.2.3.5 showing combined results from both set of 

samples) PD-L1 expression on blood monocytes was found to highly correlate with 

ovarian cancer diagnosis (mean percentage of monocytes expressing PD-L1: 25% 

malignant, 2.1% benign and 0.05% in healthy women).  Similar findings were noted 

about PD-L1 expression on CD14+ cells (Figure 3.2.3.6). These are important 

findings as PD-L1 expression on blood monocytes or CD14 positive cells can be used 

as potential biomarkers in ovarian cancer to differentiate benign tumours from 

malignant tumours. 
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Figure 3.2.3.1 (a FACS dot plot) PDL1expression on CD14 positive mononuclear cells in 

blood, using flow cytometry, comparing a malignant case to a benign case; Gates were set 

with appropriate isotype controls. 
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Figure 3.2.3.2 Histogram from flow cytometry showing increased PD-L1 cell surface 

expression on monocytes (gated on CD14 positive cells) isolated from PBMCs from 

representative patient with benign and malignant ovarian tumour compared to isotype control 

sample.  
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Figure 3.2.3.3 Percentage of PD-L1 positive cells in the monocytes gate of PBMCs from 

healthy patients (n=8), patients with benign and borderline (n=17) or malignant ovarian 

tumour (n=29). PD-L1 expression is significantly upregulated on blood monocytes in 

malignant tumours compared to benign/borderline tumours and healthy volunteers. 
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Figure 3.2.3.4 Percentage of PD-L1 positive cells in the CD14 gate of PBMCs from healthy 

patients (n=8), patients with benign and borderline (n=17) or malignant ovarian tumour 

(n=29). PD-L1 expression is significantly upregulated on CD14 positive cells in malignant 

tumours compared to benign/borderline tumours and healthy volunteers. 
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Figure 3.2.3.5 Box plot showing combined data from both set of samples. Percentage of PD-

L1 positive cells in the monocyte gate of PBMCs from healthy patients (n=8), patients with 

benign (n=34) or malignant ovarian tumours (n=63) are shown. PD-L1 as a biomarker on 

monocytes in blood was found to correlate strongly with patient’s diagnosis of ovarian cancer 

(p=1.37x10
-11

). 
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Figure 3.2.3.6 Box plot showing combined data from both set of samples. Percentage of PD-

L1 positive cells in the CD14+ gate of PBMCs from healthy patients (n=8), patients with 

benign (n=34) or malignant ovarian tumours (n=63) are shown. PD-L1 as a biomarker on 

CD14 positive cells in blood was found to correlate strongly with patient’s diagnosis of 

ovarian cancer (p=1.15x10
-11

). 
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3.2.4 PD-L1 expression on antigen presenting cells (APCs) in ascites   

Immune cells were separated from ascites and stained for PD-L1 and CD14 

expression. Previous work done in our laboratory has shown that total PD-L1and 

CD14+PDL1+ expression on ascitic monocytes correlate significantly with diagnosis 

of cancer. In order to further confirm the previous findings, we purified ascitic 

mononuclear cells (AMCs) from patients with benign /borderline and malignant 

ovarian tumours and looked for the same markers of interest.  

Figure 3.2.4.1 and 3.2.4.2 show an example of a FACS dot plot and a histogram from 

flow cytometry, illustrating significantly increased PD-L1 expression on CD14+ 

ascitic cells on a patient with benign ovarian tumour compared to a patient with 

malignant ovarian tumour. Both show a significantly large upregulation of PD-L1 

(45% and 54%) in the malignant case compared to the benign case (5% and 3.9%).  

The data for both sets of markers are shown in Figure 3.2.4.3 and 3.2.4.4.  The total 

data from all patients’ ascites is shown in Figure 3.2.4.5 and 3.2.4.6, which again 

shows a significantly higher level of PD-L1 expression on ascitic APCs in malignant 

cases compared to benign cases. 

PD-L1 expression has been previously described on granulocytes. We have also found 

PD-L1 to be equally expressed on granulocytes in healthy women and women with 

benign/borderline and malignant ovarian tumours (data not shown). The presence of 

PD-L1 on granulocytes, equally in cancer and benign disease, suggests that any 

diagnostic test to be developed based on our previous results, need to specifically look 

at monocytes expressing PD-L1 or rely on increased shedding of PD-L1 into 

biological fluids such as plasma.  

We have shown that PD-L1 is upregulated on T-cells and more markedly on APCs in 

blood and ascites in ovarian cancer patients compared to healthy women and women 

with benign and borderline ovarian tumours.  This upregulation is more marked on 

ascitic mononuclear cells compared with peripheral blood mononuclear cells 

suggesting a greater localised effect of ascites in ovarian cancer. Ascitic APCs seemed 

to have the highest surface expression of PD-L1 among all the cell types studied.  

These data suggest that expression of PD-L1 on monocytes strongly correlated with 

malignancy in human ovarian cancer and can be developed as a diagnostic biomarker. 
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PD-L1 expression on monocytes, both in ascites and peripheral blood in ovarian 

cancer patients, strongly correlate with malignancy and is a likely method of 

immunosuppression, used by the tumour to survive and grow. 

Based on the above results it was decided to test the physiological significance of this 

increased PD-L1 level on ascitic monocytes by using an in vitro functional assay 

(described later in the chapter). 
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Figure 3.2.4.1 (a FACS dot plot) PDL1expression on CD14 positive mononuclear cells in 

ascites, using flow cytometry, comparing a malignant case to a benign case; Gates were set 

with appropriate isotype controls. 

 

        

   

 

Figure 3.2.4.2 Histogram from flow cytometry showing increased PD-L1 cell surface 

expression on monocytes (gated on CD14 positive cells) isolated from AMCs from 

representative patient with benign and malignant ovarian tumour compared to isotype control 

sample.  
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Figure 3.2.4.3  Percentage of PD-L1 positive cells in the monocyte positive gate of AMCs 

from patients with benign and borderline (n=5) or malignant ovarian tumour (n=15). 
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Figure 3.2.4.4 Percentage of PD-L1 positive cells in the CD14 positive gate of AMCs from 

patients with benign and borderline (n=5) or malignant ovarian tumour (n=15). 
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Figure 3.2.4.5 Box plot showing combined data from both set of samples. Percentage of PD-

L1 positive cells in the monocyte gate of AMCs from patient’s with benign (n=8) and 

malignant ovarian tumours (n=60). PD-L1 as a biomarker on monocytes in ascites was found 

to correlate strongly with patient’s diagnosis of ovarian cancer. 
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Figure 3.2.4.6 Box plot showing combined data from both set of samples. Percentage of PD-

L1 positive cells in the CD14 positive gate of AMCs from patient’s with benign (n=8) and 

malignant ovarian tumours (n=60). PD-L1 as a biomarker on CD14 positive cells in ascites 

was found to correlate strongly with patient’s diagnosis of ovarian cancer. 

 

 

 

 

 

p=9.59x 10
-6 

n=8 n=60 



110 

 

3.3 PD-1/ PD-L1 expression on T-cell subsets and antigen presenting cells and 

correlation with diagnosis and prognosis in ovarian tumours 

 
Majority of ovarian cancer patients continue to be diagnosed at a late stage. The poor 5 

years survival in ovarian cancer is due to late diagnosis, when the disease has spread 

beyond the ovaries (Stage I) to distant organs like the liver and lungs (Stage IV). The 

prognosis following standard treatment of surgery and chemotherapy in early stage 

ovarian cancer is markedly different (5 year, stage specific relative survival rate-92% for 

Stage I, compared to 5.6% in Stage IV; Anglia Cancer network statistics-2004-2008) 

when compared to late stage disease. To date, CA-125 is the serum marker that has been 

most widely studied in the detection of early stage ovarian cancer. It was initially used 

for prognosis to see response following treatment for ovarian cancer. Serum CA-125 is 

elevated in 50% of early stage and 92% of late stage ovarian cancers. The positive 

predictive value (PPV) of a single CA-125 in early detection of ovarian cancer is 57% 

(Kobayashi, Ueda et al. 2012). It may not be elevated in non-serous ovarian cancers, 

such as clear cell and mucinous histology. Hence, the urgent need to find a biomarker in 

ovarian cancer which must not only have a high sensitivity for detection of early stage 

disease (>75%) but also a very high specificity (99.6%), so that false positive surgical 

procedures are not unnecessarily performed in order to diagnose a case of ovarian cancer.  

Ovarian cancer, being an immune-privileged tumour, gives us an opportunity to 

interrogate the immune responses to identify potential immune biomarkers.  Immune cell 

numbers may not necessarily be indicative of diseased state; however, the functional 

capacity of these cells during disease progression may provide a better understanding of 

the mechanism associated with disease spread in ovarian cancer.  Alternatively, this may 

help in identifying specific immune parameters that can be used as diagnostic markers 

for ovarian cancer.  In the previous section of this chapter, we have shown the highly 

significant correlation between upregulation of the PD-L1 molecule on T-cell and APC 

subsets and ovarian cancer diagnosis.  Here we have explored these immunological 

abnormalities to see if they may serve as biomarkers for diagnosing ovarian cancer.  

One of the potential difficulties in treating women with advanced ovarian cancer (Stage 3 

and 4) with initial surgery is predicting the success of the surgical procedure in removing 

all the visible tumour deposits from the affected organs, leaving behind no residual 

disease (complete cytoreduction).    
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It has been consistently shown that achieving complete cytoreduction following 

surgery is the most powerful determinant of survival in patients with ovarian cancer 

(Chang, Hodeib et al. 2013). Recent meta-analysis of various studies looking at 

survival benefit in ovarian cancer patients following surgical tumour debulking, have 

clearly shown an incremental improvement in survival following greater clearance 

of tumour burden during surgery (Elattar, Bryant et al. 2011).  In other words, 

complete surgical cytoreduction in advanced ovarian cancer gives the patient 

greatest survival benefit. However, these surgical procedures are not without risks of 

extensive surgical morbidity and mortality.  Tumour biology and not only tumour 

bulk and extend of spread, is also thought to be partly responsible for failure to 

achieve complete surgical cytoreduction. Hence, a prognostic biomarker, which will 

be representative of both the tumour biology and spread, and will help us in 

accurately predicting the surgical outcome in achieving complete cytoreduction, 

need to be developed.  This will help us stratify patients at initial presentation who 

will not achieve complete cytoreduction at the time of surgery and hence could be 

offered neo-adjuvant chemotherapy to shrink the tumour.  This will also reduce 

surgical morbidity and mortality by carefully selecting the right patients. At the 

present moment, there is no such biomarker available in ovarian cancer. Hence, we 

have looked at the PD-1/PD-L1 pathway molecules in ovarian cancer and their 

relation to prognosis.  
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3.3.1 Expression of immune biomarkers showing significant difference between    

benign and malignant ovarian tumours in screening set  

Previous investigators in our laboratory, after extensive literature review, have looked 

at the relationship of 23 and 22 related immune biomarkers in the blood (PBMCs) and 

ascites of patients with ovarian tumours.  Mononuclear cells were separated from 

blood and ascites as previously described and after staining for the markers of interest, 

were analysed by flow cytometry. We entered data from these immunological markers 

and 2 clinical parameters (diagnosis of cancer and histological sub-type) for 48 ovarian 

tumour patients in a bioinformatics input for PBMCs and ascites. We produced two 

protein array outputs in heat map format using PBMCs and ascites data using 

bioinformatics software (Figure 3.3.1.1 and Figure 3.3.1.2). The investigators were 

blinded to the actual clinical presentation and outcomes till the final data analysis. The 

result shows 4 groups of biomarkers, were clustered together in PBMC, and 3 groups 

of biomarkers (except for cluster 1) were clustered together in ascites, indicating they 

are functionally related.  Both in PBMCs and ascites, the correlation matrix reveals a 

dominant cluster of immune markers responsible for immune regulation. Patients with 

low expressions of PD-L1 related immune markers had the best prognosis. 

From this initial screening set of samples, we identified 6 immune biomarkers that 

showed highly significant difference in expression when comparing benign (non-

cancer) versus malignant (cancer) ovarian tumours. We named this set as the 

discovery set.  Figure 3.3.1.3 and Figure 3.3.1.4 show the correlation of the 

biomarkers in the discovery set with diagnosis of cancer in blood and ascites of 

patients with ovarian tumours.  These figured have been reproduced with kind 

permission from Dr Nor Has Linda Abdul Aziz – Study of immunomics and immune 

regulation in ovarian cancer (PhD Thesis) who performed the initial screening.  

The six significant biomarkers identified in blood were total PD-L1 + cells in 

monocyte gate (p< 0.0001), CD14+PD-L1+ cells in monocyte gate (p< 0.0001), 

CD11c+PD-L1+ cells in monocyte gate (p< 0.0001), total CD69 +cells in lymphocyte 

gate (p=0.0004), total PD-1+ cells in lymphocyte gate (p=0.0418) and CD4+PD-

L1+cells in lymphocyte gate (p=0.0018). 

Thus five of the six candidate biomarkers in the blood were related to the PD-1/PD-

L1 pathway.  
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Figure 3.3.1.1 (supplementary figure) Heat map of candidate biomarkers in PBMC 

Unsupervised Hierarchical Clustering of candidate biomarkers in healthy controls (HH), 

benign ovarian tumours (BN), borderline ovarian tumour (BT) and malignant cases (SER: 

serous; END: endometrioid; CC: clear cell; MU: mucinous). 23 markers were looked at in 

PBMC samples; * the cluster is well supported by data (AU p>95%); + the cluster is weakly 

supported by data (AU 90% <p <95%). Reference- Dr Nor Has Linda Abdul Aziz – Study of 

immunomics and immune regulation in ovarian cancer 
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Figure 3.3.1.2(supplementary figure) Heat map of candidate biomarkers in ascites 

Unsupervised Hierarchical Clustering of candidate biomarkers in healthy controls (HH), 

benign ovarian tumours (BN), borderline ovarian tumour (BT) and malignant cases (SER: 

serous; END: endometrioid; CC: clear cell; MU: mucinous). 22 markers were looked at in 

ascites samples; * the cluster is well supported by data (AU p>95%); + the cluster is weakly 

supported by data (AU 90% <p <95%). Reference- Dr Nor Has Linda Abdul Aziz – Study of 

immunomics and immune regulation in ovarian cancer 
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Figure 3.3.1.3: Box dot plots showing expression of 6 biomarkers showing significant 

difference in patients with benign (non-cancer) and malignant (cancer) tumours in the 

discovery set, in PBMC samples 

 

 

 

p<0.0001 p<0.0001 p<0.0001 

p=0.0418 p=0.0004 p=0.0018 

%
 c

el
ls

 i
n
 m

o
n
o
cy

te
 g

at
e 

 
%

 c
el

ls
 i

n
 l

y
m

p
h
o
cy

te
 g

at
e 

 



116 

 

 

 

 

 

 

 

 

 

Figure 3.3.1.4  

Box dot plots showing expression of 5 of the 6 biomarkers showing significant difference in 

patients with benign (non-cancer) and malignant (cancer) tumours in the discovery set, in 

ascitic samples (CD11c+PD-L1+ expression was not looked at in ascites) 
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3.3.2 Validation of 4 candidate biomarkers from the discovery set     

We once again collected blood and ascites from a different group of healthy women 

and women with benign/borderline and malignant tumours and after separation and 

staining of the immune cells, looked for the markers previously identified in the 

discovery set by flow cytometry (this is the validation set of samples).  The new 

investigator was blinded to the clinical characteristics and outcome of these women.  

For the purpose of validation, findings from only benign and malignant tumours were 

compared between the discovery set and the validation set. Retrospective analysis of 

the data showed significant differential expression of 4 out of the 6 candidate 

biomarkers previously identified in the discovery set. These 4 biomarkers in blood 

showed significant higher expression in cancer patients when compared to the control 

group of patients with benign tumours (Figure 3.3.2.1).  Hence, we independently 

validated (2 different investigators independently analysing 2 different set of samples) 

4 of the biomarkers from the discovery set in the validation set. 

We interrogated the validation of the initial discovery set biomarkers only in blood, in 

order to see if these findings could be translated in to developing a clinically 

acceptable diagnostic and prognostic immune marker for the future. Similar findings 

we also noted in the ascites (some data have been previously shown in this chapter). 

The 4 biomarkers validated in the validation set are- total PD-L1 + cells in monocyte 

gate (p=0.0019), CD14+PD-L1+ cells in monocyte gate (p=0.0004), total CD69 +cells 

in lymphocyte gate (p=0.0065) and total PD-1+ cells in lymphocyte gate (p=0.0146). 

The clinical characteristics of the complete data set (discovery and validation sets) are 

described in Table below  
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Figure 3.3.2.1- Validation set in blood  

 Box dot plots showing expression of 4 validated biomarkers in blood showing significant 

difference in patients with benign (non-cancer) and malignant (cancer) tumours of the ovary. 
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  Discovery set Validation set 

 

  

Benign 

(n=19) 

Malignant 

(29) 

Benign 

(15) 

Malignant  

(34) 

 Age 

 

44 (29,58) 55 (45, 64) 60 (51,69) 59 (54, 64) 

 

Histology 

Serous na 20 na 22 

 Endometrioid na 4 na 9 

 Clear cell na 4 na 1 

 Mucinous na 1 na 2 

 

Stage 

I na 2 na 12 

 II na 7 na 5 

 III na 19 na 10 

 IV na 1 na 7 

 

grade 

I na 2 na 5 

 II na 5 na 8 

 III na 22 na 21 

 
Debulking status 

Optimal na 19 na 26 

 Sub-optimal na 10 na 8 

 
 

 
    

 
 

 
    

  

 

 

Figure 3.3.2.2 Clinical parameters of the total dataset  

Clinical characteristics of women with benign and malignant ovarian tumours from the 

discovery and the validation set. Age, histology, stage, grade of disease and surgical outcome 

(debulking status) has been described for both the sets.  
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3.3.3 Validation of the significant immune biomarkers, discovered and validated by 

flowcytometry, in tissue microarray (TMA) by immunohistochemistry   

Further validation of PD-L1 related immune markers being diagnostic of ovarian cancer was 

done by staining and histological analysis of immune cells in tissue microarray obtained from 

ovarian tumour tissue. High expression of PD-L1 in TAMs (macrophages and dendritic cells) 

was noted in ovarian cancer tissue (Figure 3.3.3.1). 

To determine the expression of PD-L1 in TILs in the tumour tissues from ovarian cancer 

patients, a tissue microarray of sections containing 60 ovarian tumours (benign and 

malignant) of different histological types were stained for immunological markers. The 

tumour samples in the TMA were selectively matched with the blood and ascites samples of 

the validation and discovery sets.   However, the investigating pathologists were blinded to 

the diagnosis. Sections were surveyed microscopically at times x100 magnification followed 

by positive staining cell counts at times x20 magnification. Ratio of mean T cell counts for 

each sample type was determined. The presence of TILs in tumour tissue was estimated and 

recorded as 0 (absent), 1(focal), 2 (moderate) and 3 (severe).  The intensity of PD-L1 staining 

ranged between + (low) and +++ (high) subjective scores. Adjusted score was calculated by 

multiplying the percentage of PD-L1 expression in TILs by the TIL score. The PD-L1 

expression was checked in TILS and a pathologist quantified the percentage of PD-L1 

expressing cells in 5- 10% increments. The results was further verified independently by a 

second pathologist  

 Figure 3.3.3.2 show high mean PD-L1 expression in inflammatory cells, in malignant 

ovarian tumours compared to benign ones (p=0.0004).  Hence through IHC staining of the 

inflammatory cells of the TMA we have shown high PD-L1 expression to be diagnostic of 

ovarian cancer.  This PD-L1 expression was membranous and /or cytoplasmic but not 

nuclear.   Hence we have shown conclusively, both in the FACS data and the IHC data that 

PD-L1 cell-surface expression and protein expression in immune cells, was much more 

prevalent in ovarian cancer cases compared to non-cancer cases.  

 Thus we have found constitutive expression of PD-L1 not only on the cell surface of various 

T-cell subsets and antigen presenting cells in malignant ovarian tumours but also protein 

expression in the inflammatory cells in ovarian cancer tumour tissue.  The functional 

relevance of PD-L1 expression depend on cell membrane localisation, as it thought that its 

biological effect is only exerted following ligation with a counter receptor at the cell surface.   
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Both the IHC and FACs data would suggest that post transcriptional factors controlling cell 

surface expression of co-stimulatory molecules may be effected by the PD-1/PD-L1 pathway 

in ovarian cancer.    
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Figure 3.3.3.1 

Immunohistostaining for PD-L1 

 Slide showing IHC staining of high PD-L1 expression (positive staining) within macrophages and 

dendritic cells in tumour tissue  

 

 

Figure 3.3.3.2 

 The box dot plot is the validation of FACS data, using immunohistochemistry staining of the 

inflammatory cells on tissue microarray array (TMA).  This figure shows the percentage of 

PD-L1 expression in inflammatory cells in the tumour tissue, comparing benign and 

malignant ovarian tumours. PD-L1 expression is significantly higher in TILs in malignant 

ovarian tumours compared to benign ones (p=0.0004). 
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3.3.4 Correlation of PD-L1 related immune biomarker in peripheral blood with ovarian 

cancer stage and histology  

Some of the difficulties in diagnosing and treating women with ovarian cancer are the 

heterogeneity of the tumour type, absence of clinical symptoms during early stage of disease 

and differential response to standard treatment depending on the histological subtype. 

Majority of the malignant ovarian tumours are high-grade serous tumours (75%-85%). Early 

stage serous ovarian cancer has a significantly better 5-year survival rate that late stage 

disease as mentioned before (90% versus ~10%). The difficulty with the present system of 

screening using CA-125 as a biomarker in ovarian cancer is its high false positive rates 

giving high readings in benign conditions like infection, endometriosis, inflammation, 

pregnancy and pelvic inflammatory disease. CA-125, at a cut off at >35U/L, has a sensitivity 

of 82.2% and a specificity of 67.3% (Hogdall, Christensen et al. 2007). CA-125 is elevated in 

only half of early stage ovarian cancers and   remains falsely normal in non-serous 

histological subtypes.  Hence surveillance of an ovarian tumour, using this tumour marker, 

can be falsely reassuring and at the same time cause undue anxiety among patients.  This is of 

particular importance in young women, in whom fertility conserving approach is of 

significant relevance.  

 As described, before we have found high levels of PD-L1 expression on blood monocytes 

and CD14+ cells to significantly correlate with cancer diagnosis for ovarian tumours. In order 

to justify the use of these immune markers in blood, as a screening tumour marker in ovarian 

cancer, we have investigated to see if it is differentially expressed according to stage and 

histology of the ovarian tumour.  

Figure 3.3.4.1 and 3.3.42 show significant difference in percentage expression of total PD-L1 

and CD14+/PD-L1+ expressing cells (in the monocyte gate) between benign ovarian tumours 

and Stage 1 ovarian cancers (p=0.001). 

Similarly figures 3.3.4.3 and 3.3.4.4 show significant difference in percentage expression of 

total PD-L1 and CD14+/PD-L1+ expressing cells (in the monocyte gate) between Stage 1 and 

Stage 2,3 and 4 ovarian cancers (p=0.0113 and p=0.007). 

Hence both these immune markers in blood are differentially expressed in benign ovarian 

tumours compared to early stage ovarian cancer and also show higher expression in late stage 

disease compared to early stage disease.    
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Figure 3.3.4.1  

Box dot plot comparing % of total monocyte PD-L1+ cells in peripheral blood (in the 

monocyte gate) in patients with benign ovarian tumours and Stage 1 ovarian cancer 

Benign vs. Stage 1 (p=0.001)  

 

Figure 3.3.4.2 

 Box dot plot comparing % of total monocyte CD14+PD-L1+ cells in peripheral blood (in the 

monocyte gate) in patients with benign ovarian tumours and Stage 1 ovarian cancer 

Benign vs. Stage 1 (p=0.001)  

n=30 n=14 

n=30 n=14 

p=0.001 

p=0.001 
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Figure 3.3.4.3  

Box dot plot comparing % of total monocyte PD-L1+ cells in peripheral blood (in the 

monocyte gate) in patients with Stage 1 and Stage 2, 3 &4 ovarian cancer 

Stage 1 vs. Stage 2, 3 & 4 (p=0.0113)  

 

Figure 3.3.4.4  

 Box dot plot comparing % of total monocyte PD-L1+ cells in peripheral blood (in the 

monocyte gate) in patients with Stage 1 and Stage 2, 3 &4 ovarian cancer 

Stage 1 vs. Stage 2, 3 & 4 (p=0.007)  

n=14 n=12 n=29 n=7 

n=14 n=12

0 
n=29 n=7 
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We also investigated to see if our diagnostic markers showed differential expression 

according to histological sub-types in ovarian cancer.    

Majority of early stage ovarian cancer cases diagnosed are of non-serous histology.  This is 

thought to be due to greater aggressiveness of high grade serous tumours compared to non-

serous histological subtypes (Menon 2007). Hence, they are diagnosed at a more advanced 

stage. Some researchers have recently proposed a different site of origin and mechanism of 

spread for these tumours (Kurman and Shih Ie 2010) to account for this. However, 

researchers also feel that the present poor diagnostic model used for screening of ovarian 

cancer are the cause for failure in early detection of these cancers.  Only 20% of all ovarian 

cancer cases are diagnosed as Stage I disease (Hayat, Howlader et al. 2007).    

Figure 3.3.4.5 (A) and 3.3.4.5 (B) show significant difference in percentage expression of 

total PD-L1 and CD14+/PD-L1+ expressing cells (in the monocyte gate) between benign 

ovarian tumours and both serous and non-serous Stage 1 ovarian cancers (p=0.001; p=0.001). 

Although the numbers are small, the results are encouraging to suggest that PD-1/PD-L1 

related immune markers are elevated across histological sub-types in early stage ovarian 

cancer.    
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Figure 3.3.4.5 (A) 

 Box dot plot comparing % of total monocyte PD-L1+ cells in peripheral blood (in the 

monocyte gate) in patients with benign ovarian tumours and serous and non-serous Stage 1 

ovarian cancer 

Benign vs. serous and non-serous Stage 1 (p=0.001; p=0.001)  

 

Figure 3.3.4.5 (B)  

 Box dot plot comparing % of total monocyte CD14+PD-L1+ cells in peripheral blood (in the 

monocyte gate) in patients with benign ovarian tumours and serous and non-serous Stage 1 

ovarian cancer 

Benign vs. serous and non-serous Stage 1 (p=0.001; p=0.001)  
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The specificity and sensitivity of each candidate biomarker to discriminate between 

malignant and benign tumours was measured by a receiver operating characteristic (ROC) 

curve (Figures 3.3.4.6 and 3.3.4.7) and by deriving an AUC (area under curve) value. Of the 

4 candidate biomarkers, PD-L1+ (AUC value=0.94; 95%CI; 0.89, 0.98) and CD14+/PD-L1+ 

(AUC value=0.94; 95%CI; 0.90, 0.98) expression, seem to be better in discriminating 

between benign from malignant ovarian tumours.  When comparing with CA-125 (standard 

tumour marker for ovarian cancer) expression levels (AUC value=0.91; 95%CI; 0.83, 1.00) 

in the same the same cohort of patients, PD-L1+ and CD14+/PD-L1+ expression appeared to 

be better discriminators.  

Thus we have shown that the immune markers that we have validated have a strong 

correlation with diagnosis of cancer for ovarian tumours with a greater sensitivity and 

specificity than the presently used biomarker of CA-125.   
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Figure 3.3.4.6 

ROC curves of candidate biomarkers in the combined dataset including discovery and 

validation set.  The AUC values for PD-L1+ and CD14+/PD-L1+ expression, show these 

biomarkers to be better in discriminating between benign from malignant ovarian tumours.  
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Figure 3.3.4.7  

ROC curves for PD-L1+, CD14+/PD-L1+ (candidate biomarkers) and CA-125 (standard 

tumour marker for ovarian cancer) of the combined dataset including discovery and 

validation set.  The AUC values show both PD-L1+ and CD14+/PD-L1+ to be better in 

discriminating between benign from malignant ovarian tumours than CA-125.  
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3.3.5 Correlation of PD-L1 related immune biomarkers with surgical outcome in patients 

with ovarian tumours 

The goal of primary surgery in ovarian cancer patients is to achieve optimal debulking with 

no residual disease. A recent Cochrane review highlighted the need for achieving optimal 

cytoreduction and where it is not possible then aiming for minimal residual disease (<1cm 

macroscopic disease left behind after surgery). These patients have a better prognosis than 

those with suboptimal cytoreduction (>1cm macroscopic disease left behind after surgery) 

(Elattar, Bryant et al. 2011, Chang, Hodeib et al. 2013). In a recent meta analysis of a large 

number of studies , 10% increase in cytoreduction rates was noted to be associated with a 

5.5% increase in the duration of median survival for the operated cohort. In patient cohorts 

where surgical cytoreduction was complete in 75% of the patients, the median survival was 

39 months and in patient cohorts where cytoreduction was complete in less than 75% of the 

patients, the median survival was 22.7 months (Bristow, Tomacruz et al. 2002). Treatment for 

advanced ovarian cancer is a combination of surgery and chemotherapy. At the present 

moment the available evidence suggests that intial optimal surgery follwed by chemotherapy 

gives the best survival benefit for these patients. As discussed before, the dificulty in 

managing patients with advanced ovarian cancer is the inability in acurately predicting which 

of the patients will be optimally debulked with no residual disease at the time of initial 

presentation. Recent studies (Vergote, du Bois et al. 2013) have suggested that patients with 

advanced ovarian cancer who are initially treated with chemotherapy and then surgery do 

equally well as those who have primary surgery. Hence, there is a stronger argument now to 

try and find a biomarker that will accurately predict surgical outcome at the time of initial 

presentation so that clinicians can decisively advice the right patients about treatment options 

of primary surgery or chemotherapy.  

In our study we have looked at the ability of our 4 biomarkers, which have been validated 

previously in accurately predicting surgical outcome in our discovery and validation cohorts.   

Figure 3.3.5.1 show that the expression of 3 out of our 4 biomarkers (except total lymphocyte 

CD69+) in blood for the total test group (discovery and validation set) significantly correlate 

with surgical outcome.  Increased percentage of expression of total monocyte PD-L1+ 

(monocyte gate), Total monocyte CD14+PD-L1+ (monocyte gate) and Total lymphocyte 

PD1+ (lymphocyte gate) strongly correlated with sub-optimal debulking (p=0.034; p=0.033 

and p=0.011). 
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Figure 3.3.5.1 

 Box dot plots showing surgical debulking outcome and percentage expression of candidate 

biomarkers (in blood) in patients with malignant tumours; Increased expression of total 

monocyte PD-L1+, total monocyte CD14+PD-L1+ and total lymphocyte PD1+ strongly 

correlated with sub-optimal surgical outcome. 
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In our study, due to the small numbers, analysis of surgical outcome based on expression of 

our candidate biomarkers, was not restricted to only patients with advanced stage disease (i.e. 

Stage 3 &4). The whole cohort analysed was a typical representation of patients in the 

general population presenting with ovarian cancer. Of the 59 patient samples analysed, 20% 

had stage 1 disease and 61% had stage 3&4 disease. 

Interestingly, in our combined data set, we found no correlation between level of expression 

of our candidate biomarkers in malignant ascites and predicting surgical outcome (Figure 

3.3.5.2). 

Hence we can conclude that levels of expression of PD-1/PD-L1 related immune markers in 

the blood of patients with ovarian cancer could be used to predict surgical outcome in these 

patients.  These immune markers possibly depict the biology of the tumour and bigger studies 

only restricted to late stage ovarian cancer patients need to be done to conclusively prove this.   
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Figure 3.3.5.2 

 Box dot plots showing surgical debulking outcome and percentage expression of candidate 

biomarkers (in ascites) in patients with malignant tumours; Expression of none of the 

candidate biomarkers was strongly associated with surgical outcome. 
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3.3.6 Progression free survival and disease free survival of patients with ovarian cancer 

stratified by expression of immune biomarkers          

 The 5-year age standardised relative survival for all stages of ovarian cancer is 45% 

(Baldwin, Huang et al. 2012). Various prognostic factors like stage of disease, grade of 

tumour, performance status, surgical debulking status, histology of tumour and response to 

chemotherapy influence both progression free survival (PFS) and overall survival (OS) in 

these patients. Most patients after initial successful treatment for ovarian cancer will relapse 

within 2 years ((Ushijima 2010). 

Here we have looked at the 4 candidate biomarkers in blood for the total patient cohort 

diagnosed with ovarian cancer (discovery and validation set; n=63). Using multivariate 

survival analysis we have tried to determine if the candidate biomarkers had a prognostic 

impact on progression free survival (PFS) and overall survival (OS). Recurrence was defined 

as either clinical or radiological recurrence. Progression free survival is defined as the time 

from surgery to recurrence, while overall survival was defined as the time from surgery to the 

time of death. All outcomes data were retrospectively reviewed and analyzed till close of 

study. 

 Ovarian cancer patients were divided into two groups using the median expression level of 

each biomarker as the cut-off into high and low biomarker-expressing groups. The difference 

of PFS and OS between two groups of patients was examined by log-rank test. The 

association between each biomarker and PFS/OS was further evaluated by multivariate Cox 

proportional-hazards regression model adjusted by clinical parameters including histology, 

stage, grade, age and debulking status. The expression of biomarker was used as a categorical 

variable in the Cox model.  

Figure 3.3.6.1 show that expression of total PD-L1 and CD14+/PD-L1+ biomarkers in blood 

(where median of expression was used as the cut-off)  did not reach significant correlation 

with either PFS or OS in the patient cohort.    

Figure 3.3.6.2 show that total PD-1+ expression significantly correlated with PFS (p=0.023) 

but not OS (p=0.095). CD69+ expression almost reached significant correlation with PFS 

(p=0.058) but not for OS (p=0.449).   
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Although 2 of our 4 candidate biomarkers did not show significant correlation with prognosis 

in our patient cohort, total CD69 and total PD1+ expression did seem to impact PFS.  Even 

though the numbers of “events” in the study cohort were few, this data from ovarian cancer 

patients provide compelling evidence to suggest that tumour biology and patient immune 

response did have an effect on disease progression. Suggesting that such prognostic markers 

may be helpful in the future to evaluate the right group of patients where maintenance 

immunotherapy following initial treatment with surgery and chemotherapy may be 

considered to prevent disease relapse.   

All these results show that the PD-1/PD-L1 pathway play an important role in human ovarian 

cancer and its expression on immune cells in the blood can be used as diagnostic and 

prognostic markers to get a better understanding of the interaction between tumour cells and 

the immune system.  These immune markers give us valuable information of the patient’s 

response to disease and at the same time the aggressiveness of the tumour.     
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Figure 3.3.6.1 

Kaplan-Meier plots of progression free survival (left) and overall survival (right) curves in 

the patients (n=63) with high/low expression of total PD-L1 and CD14+/PD-L1+ biomarkers 

in blood. Median of expression was used as the cut-off. Both the biomarkers did not reach 

significant correlation with either PFS or OS.   
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Figure 3.3.6.2 

Kaplan-Meier plots of progression free survival (left) and overall survival (right) curves in 

the patients (n=63) with high/low expression of total PD-1+ and CD69+ biomarkers in blood. 

Median of expression was used as the cut-off. Total PD-1+ expression significantly 

correlated with PFS (p=0.023) but not OS (p=0.095). CD69+ expression almost reached 

significant correlation with PFS (p=0.058) but not for OS (p=0.449).   
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3.4 PD-L1 in T-cell/Tumour cell interaction 

Tumours that express PD-L1 render the host immune response ineffective by disabling 

the effector functions of cytotoxic T lymphocytes (CTL), through binding with the PD-1 

receptor on their cell surface.  The binding of PD-L1 to PD-1 on activated T-cells send 

an inhibitory signal, which reduces cytokine production and T-cell proliferation. PD-L1 

also dampens the immune response by binding with other molecules like the B7.1 and 

blocking T-cell activation through CD28 binding.  Thus the PD-1/PD-L1 pathway 

promotes immune evasion by inhibition of tumour cell killing.  

The behaviour of tumour cells is influenced by the composition of the surrounding 

tumour environment. Cytokines play an important role in promoting tumourgenesis.  

Various key cytokines have been implicated in ovarian cancer in enhancing the 

immunosuppressive status of the tumour environment by inducing expression of 

members of the B7 co-inhibitory molecules.  

We have shown high expression of PD-1 on activated T-cells in blood and ascites of 

ovarian cancer patients.  We have also shown upregulation of PD-L1 on T-cells in blood 

and ascites of ovarian cancer patients.   In this section we have investigated PD-L1 

expression on ovarian cancer cells in several tumour cell lines. We have then tried to 

elucidate the role of PD-L1 upregulation on tumour cells in human ovarian cancer and 

mechanism of interaction of these tumour cells with stimulated T-cells in in-vitro setting. 

We have also tried to study the significance of blocking the PD-1/PD-L1 pathway in 

these interactions and the soluble factors present in the tumour environment influencing 

them.  
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3.4.1 PD-L1 expression in tumour tissue and ovarian tumour cell lines 

In order to investigate whether ovarian tumour cells expressed PD-L1, we looked at various 

established ovarian cancer cell lines (ATCC) and after growing them in appropriate cell 

culture, harvested and stained the tumour cells with PD-L1 antibody and looked for surface 

expression of PD-L1, using flowcytometry.  The histological sub-types of the cell lines 

included were serous (n = 4), clear cell (n = 3) and endometrioid/mixed (n= 1). Figure 

3.3.4.1show higher expression of PD-L1 on cell lines originating from serous ovarian cancer 

when compared to other histological types. OVCAR-3 shows the highest mean expression of 

PD-L1 and hence has been used an ovarian cancer cell prototype for all our functional 

experiments.  

Using QRT-PCR, we carried out screening for PD-L1 mRNA expression in cDNA generated 

from frozen tumour tissue RNA (n = 60). We included normal ovarian tissues (n = 6) as our 

control. Ovarian cancer tumour tissues of different histological types were used; benign (n = 

13), borderline (n = 8), serous (n = 28), endometrioid (n=6) and clear cell (n = 5). PD-L1 

mRNA expression showed differential expression pattern between normal ovary and different 

histological types of ovarian cancer (Figure 3.4.1.2) as noted with the ovarian cancer cell 

lines. (This work was carried out together with previous investigator Dr Nor Haslinda Abdul 

Aziz) 

 Previous publications (Heiss, Strohlein et al. 2005) have shown over expression of EpCAM, 

a human epithelial surface adhesion molecule, on intra-peritoneal tumour cells isolated from 

ascites in ovarian cancer patients, to be diagnostic of cancer cells. Hence, in order to see if 

EpCAM positive cells expressed PD-L1 in our patients, we isolated cells from ascites and 

after antibody staining, looked for EpCAM and PD-L1 expression by flowcytometry.  

Figure 3.4.1.3 show a representative flow cytometry profile from a patient’s ascites looking at 

PD-L1 and EpCAM expression on ascitic cells using appropriate isotype control. 

Although the percentage of EpCAM+/PD-L1+ cells (1.4%) is low in the whole ascitic cell 

population, it needs to be noted that percentage of EpCAM positive cells is only 5.3 %. This 

is not unusual as the cellularity of ascites in ovarian cancer can be variable. However, this 

provides evidence that PD-L1 is expressed on floating tumour cells in malignant ascites in 

ovarian cancer and needs to be further studied to understand the functional relevance.    
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Figure 3.4.1.1 Ovarian cancer cell lines from serous, mixed or clear cell histological types were 

screened for PD-L1 expression by flow cytometry (n=3). This showed PD-L1 expression was 

significantly higher in cell lines, which originated from serous ovarian cancer than those from other 

histological sub-types.  The bars show mean, error bars=SD. Each experiment was done in triplicates 

and repeated 3 times.   

 

Figure 3.4.1.2 

PD-L1 mRNA expression in ovarian cancer tumour tissues- Six types of tissues included in this 

experiment consist of five different histological types of ovarian tumour tissue and also normal ovary 

as control. The Y-axis shows PD-L1 mRNA expression levels normalised to HPRT mRNA level.  

n=6 n=13 n=8 n=5 n=28 n=6 



142 

 

 

 

 

 

    

 

 

Figure 3.4.1.3 

Figure 3.4.1.3 (a FACs dot plot) show a representative flow cytometry profile from a 

patient’s ascites looking at PD-L1 and EpCAM expression on ascitic cells using appropriate 

isotype control. 

Figure A. Showing staining with EpCAM and PD-L1 isotype antibody for gating strategy.

 (EpCAM+ cells=5.3%) 

Figure B Showing double staining with EpCAM and PD-L1 antibody.   

 (EpCAm+PD-L1+ cells =1.4%) 

 

 

 

 

%
E

P
C

A
M

 p
o
si

ti
v
e 

ce
ll

s 

EPCAM 

Isotype for PDL1 
PDL1 

 A  B 

 

1.4% 
 

0.2% 5.3% 



143 

 

3.4.2 Stimulated T-cell co-cultured with benign and malignant ovarian tumour cell lines 

In order to address the role of PD-L1 on T cell function, we co-cultured stimulated     

T- cells with tumour cells and looked for T cell proliferation. T cells were activated in 

vitro using CD3/CD28 beads after Histopaque separation from blood obtained from 

healthy donor, after CD14 negative bead separation.  

Tumour cells from benign and malignant ovarian tumour cell lines were cultured in a 

1:10 ratio with healthy CD3/CD28 bead stimulated T cells, with and without the 

presence of a blocking anti-PD-L1and anti-PD-1 antibody. T-cell proliferation was 

measured by FACs analysis looking at CFSE expression on CD3 cells on days 5. 

The experiment was repeated by blocking IL-10 which has been previously shown to 

be an important immunosuppressive cytokine abundantly present in blood and ascites 

of patients with ovarian malignancy.  

I have previously demonstrated high surface expression of PD-L1 in ovarian cancer 

cell lines like OVCAR-3, SKOV-3 and IGROV-1 (Figure 3.4.1.1). 

We have previously shown that a high percentage of T cells from ascites are activated 

T cells with high expression of PD-1 and PD-L1. Although we have previously shown 

that ovarian cancer cell lines that express PD-L1 do not appear to up regulate PD-1 on 

normal T cells, activated T cells that already express PD-1 may be inhibited by PD-L1 

expressing tumour cells. In order to assess the effect of PD-1/ PD-L1 blocking on T-

cell/tumour cell interaction we used blocking antibodies to PD-L1and P-D1.  We used 

both benign and malignant tumour cell lines and pre-treated tumour cells using PD-L1 

and PD-1blocking antibody (alone and with IL10 blocking antibody) to assess the 

effect of this on T cell function.  

We repeated the experiment using different known ovarian cancer cell lines and by 

using different tumour cells/activated T-cells ratio to study the quantitative effect.  

The results of the experiments are illustrated below and are representation of 

experiments done in triplicates repeated at least 3 times (Figures 3.4.2.1-3.4.2.5) 
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Figure 3.4.2.1 (FACS dot plots) 

OVCAR-3 (serous ovarian cancer cell line)/ Stimulated T-cell co-culture 

Un-stimulated T cells (A); Stimulated T-cells (B) showing shift to the left upper quadrant 

corresponding to a dilution of CFSE and therefore more proliferation. (A) and (B) were used 

as controls. OVCAR-3 and CFSE labelled anti-CD3/CD28 bead stimulated T-cell co-culture   

(1:10 ratio) showing a suppression of proliferation (C) 

 

      

 

Figure 3.4.2.2 (FACS dot plots) 

SKOV-3 (serous ovarian cancer cell line)/ Stimulated T-cell co-culture 

Stimulated T-cells showing a shift to the left upper quadrant corresponding to a dilution of 

CFSE and therefore more proliferation (A); SKOV-3 and CFSE labelled anti-CD3/CD28 

bead stimulated T-cell co-culture in 1:10 ratio (B) and 1:5 ratio (C) showing a suppression of 

proliferation .  
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Figure 3.4.2.3(FACS dot plots) 

IGROV-1 (mixed histology ovarian cancer cell line)/ Stimulated T-cell co-culture 

 Stimulated T-cells showing shift to the left upper quadrant corresponding to a dilution of 

CFSE and therefore more proliferation (A); SKOV-3 and CFSE labelled anti-CD3/CD28 

bead stimulated T-cell co-culture in 1:10 ratio (B) and 1:5 ratio (C) showing a suppression of 

proliferation.  

 

   

Figure 3.4.2.4(FACS dot plots) 

OSEC-2 (benign surface epithelial ovarian tumour cell line)/ Stimulated T-cell co-culture 

 Stimulated T-cells showing a 65% shift to the left upper quadrant corresponding to a dilution 

of CFSE and therefore proliferation (A); OSEC and CFSE labelled anti-CD3/CD28 bead 

stimulated T-cell co-culture in 1:10 ratio (B) showing minimal suppression of proliferation of 

43%.  
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Figure 3.4.2.5 

Stimulated T-cell/OVCAR-3 co-culture with PD-L1/IL-10 blocking 

Proliferation of CFSE labeled CD3/CD28 bead stimulated T cells cultured alone and un-

stimulated T cells were used as controls. Stimulated T cells were then co-cultured with 

OVCAR-3 cancer cells without and with a PD-L1 blocking mAb and IL-10 blocking mAb. 

Proliferation was measured using CFSE dilution. Bars represent mean of values obtained 

from experiments repeated 3 times (in triplicates). Error bars= SEM 
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We have shown that when stimulated T-cells are co-cultured with malignant ovarian cells 

from OVAR-3, SKOV-3 and IGROV-1cell lines, there is significant suppression of T-cell 

proliferation (Figures 3.4.2.1, 3.4.2.2 and 3.4.2.3). This suppression is more pronounced 

in serous cell lines (OVCAR-3 & SKOV-3) that clear cell derived cell line (IGROV-1). 

By increasing the tumour cell/T-cell ratio (1:5), greater suppression of proliferation was 

noted. Minimal suppression of T-cell proliferation was noted when stimulated T-cells are 

co-cultured with benign ovarian surface epithelial cells (OSEC-2 cell line) (Figure 

3.4.2.4).  

We have also shown that there is a partial reversal of this suppression when we block PD-

L1. This reversal is more noticeable by blocking PD-L1 than PD-1 (data not shown). The 

partial reversal of T-cell suppression by PD-L1 blocking is less pronounced when 

blocking IL10 on its own (Figure 3.4.2.5). So we can conclude that ovarian cancer cell 

lines that express PD-L1 suppress T-cell proliferation, which is partially but significantly 

reversed by blocking PD-L1 and IL-10.   
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3.4.3 Estimation of IL-6 levels in supernatant from co-culture of stimulated T-cell and 

malignant ovarian tumour cell lines 

We also looked at IL-6, a key cytokine previously identified in our laboratory by Luminex 

analysis, to be present in high concentrations in the ascites of ovarian cancer patients.  

We estimated IL-6 concentration by performing IL-6 ELISA of the supernatant of stimulated, 

activated T-cell-and ovarian cancer cell line co-culture experiment as described before. 

We have shown that there is significant expression of IL-6 in the supernatant of the 

approaches with activated T-cell and ovarian cancer cell co-culture (only for OVCAR-3 and 

SKOV-3), showing T-cell suppression (Figure 3.4.3.1). IL-6 is produced in significant higher 

levels by OVCAR-3 and SKOV-3 cells (serous ovarian cancer call lines) than by IGROV-1 

cells (mixed histology derived cell line).  

However, there was no reduction in IL-6 levels observed in the supernatant of the approaches 

with PD-L1 and or IL-10 blockade when compared without (Figure 3.4.3.2). Hence, 

suggesting that IL-6 does not appear to mediate the partial reversal of suppression of T-cell 

proliferation, associated with PD-L1 and IL-10 blockade.  
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Figure 3.4.3.1 IL-6 estimation by ELISA in supernatant from co-culture of activated T-

cells and different ovarian cancer tumour cells (10:1 ratio) (ACT= Activated T-cells). 

This figure shows pooled approaches of the supernatant (triplicates) showing IL-6 is 

produced in significant higher levels by OVCAR-3 and SKOV-3 cells than by IGROV-1 

cells.  

 

 

 

Figure 3.4.3.2 IL-6 estimation by ELISA in supernatant from co-culture of activated T-

cells and Ovcar-3 tumour cells (10:1 and 5:1 ratio) and by blocking PD-L1 and/ or IL10 

This figure shows pooled approaches of the supernatant in triplicates. 

ACT= approach with only Activated T-cells 

OvCa-3= approach with Ovcar-3 ovarian cancer cells 

PD-L1= approach with anti-PD-L1 antibody 

IL-10= approach with anti-IL10 
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3.4.4 Role of PD-L1 in interaction between stimulated T-cell and malignant ovarian tumour 

cell line using a transwell model  

We have previously shown that there is marked suppression of T-cell proliferation when co-

culturing ovarian cancer cells from cell lines and stimulated T-cells. In order to investigate if 

this suppression was due to direct cell-to-cell contact or due to other soluble factors being 

present in the co-culture supernatant, we used a transwell model. T-cells were separated from 

a healthy female donor and bead stimulated and CFSE labelled as before. Tumour cells and 

T-cells were co-cultured separately in the inner and outer well of the transwell and 

proliferation of T-cell was checked by FACs analysis, looking at CFSE expression on CD3 

cells on days 5    

We have also previously shown partial but significant reversal of T-cell suppression of 

proliferation by PD-L1 and IL-10 blocking but not PD-1 blocking in the co-culture. To 

investigate if this was mainly PD-1 or PD-L1 driven on tumour cell or T-cell we used anti- 

PD-1, PD-L1 blocking antibody to both tumour cells and stimulated T-cells in the inner and 

outer well of the transwell.   

Figures 3.4.4.1 show suppression of proliferation of stimulated T-cells when co-culturing 

with ovarian cancer cell line down to 7% in a transwell model. Figure 3.4.4.2 illustrates 

significant but partial reversal of this suppression by blocking PD-L1 on tumour cells and 

PD-1 on T-cells in this model. This reversal was more profound when higher concentration of 

PD-L1 blocking antibody was used to block PD-L1 receptor on tumour cells and did not 

reach statistical significant when low concentration of PD-1 blocking antibody was used to 

block PD-1 receptor on T-cells. We did not see any effect of PD-1 blocking on tumour cells 

or PD-L1 blocking on T-cells in this experiment. Hence T-cell suppression by tumour cells, 

in our transwell model, appears to persist without cell to cell contact driven by soluble factors 

present in the cell supernatant and the PD-1/PD-L1 pathway plays a role in this.    
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Figure 3.4.4.1(FACS dot plots) 

OVCAR-3 (Malignant ovarian tumour Cell line)/ Stimulated T-cell Co-culture in transwell 

(A FACS dot plot) 

(A). CD3/CD28 bead stimulated T cells (outer well) with media (inner well) showing a 57% 

shift to the left upper quadrant corresponding to a dilution of CFSE and therefore more 

proliferation. (B). OVCAR-3 cells (inner well) and stimulated T-cells (outer well) were co-

cultured showing only a 7% proliferation  
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Figure 3.4.4.2 (FACs dot plot) 

(C). CD3/CD28 bead stimulated T cells (outer well) with Ovcar-3 cells and anti-PD-L1 

blocking antibody (inner well) showing a 13% (partial reversal) shift to the left upper 

quadrant corresponding to a dilution of CFSE and therefore some reversal in suppression.  

(D). C with five times the anti- PD-L1 blocking antibody concentration (inner well) were co-

cultured showing 15% proliferation (modest increase in reversal). 

(E). C with anti-PD-1 blocking antibody (inner well) showing an 11% reversal of suppression 

of T-cell proliferation (a non-significant reversal of suppression). 
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Figure 3.4.4.3 

CD3/CD28 bead stimulated T-cells (outer well) were co-cultured with media/or OVCAR-3 

cells (inner well) and anti-PD-1, PD-L1 blocking antibodies were added in high and low 

concentration to both the T-cells and cancer cells. Proliferation of the stimulated T-cells was 

measured using CFSE dilution using flowcytometry.  Graph is representative of experiments 

repeated thrice in triplicates (n=3). Bars show mean, Error bars=SEM  
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3.4.5 Interrogation of the role of PD-L1 in in-vitro stimulated T-cell co-cultured with 

supernatant from benign and malignant ovarian tumour cell line  

In order to further investigate if the suppression of T-cell proliferation by tumour cells noted 

in the transwell model, was mainly by tumour driven soluble factors or by other proteins or 

exosomes in the cell supernatant, we took cell supernatant from OVAR-3 (serous ovarian 

cancer cell line) cells and OSEC-2 cells (benign ovarian surface epithelial cell line) in culture 

and co-cultured bead stimulated and CFSE labelled T-cells in them.  This was also done with 

serial dilution of the OVAR-3 supernatant. T-cell proliferation was checked by FACs 

analysis, looking at CFSE expression on CD3 cells on days 5    

Exosomes are small (40-100nm) membrane like vesicles that originate in the multivesicular 

endosome of many cell types. Exosomes have the potential to promote immunity or tolerance 

in cancer (Ruffner, Kim et al. 2009). Exosomes carry molecules important for antigen 

presentation, such as MHC and B7 family molecules (Sabapatha, Gercel-Taylor et al. 

2006),(Thery, Boussac et al. 2001) and can regulate antigen specific immune responses. 

Exosomes are capable of interacting directly with T cells (Sprent 2005, Admyre, Johansson et 

al. 2006), but also can act as a potential source of antigen or MHC complexes for APC 

presentation. 

OVCAR-3 and OSEC-2 supernatant was purified by ultra-filtration and ultra- centrifugation 

as per protocol (see methods) for separation of exosomes and then co-cultured with 

stimulated T-cells. 

Figure 3.4.5.1 shows suppression of T-cell proliferation by malignant cell line supernatant 

but not by benign cell line supernatant.  Figure 3.4.5.2 show this suppression is significantly 

reversed by diluting the supernatant till a threshold is reached when further reversal of 

suppression is no longer noted.  Thus suggesting soluble factors present to mediate this 

process.   Exosomes or other protein molecules do not seem to play a role in this suppression 

as no increased reversal of suppression was noted when malignant cell supernatant was ultra-

filtered and ultra-centrifuged.  

We also added recombinant PD-L1 and blocking anti-PD-1 and PD-L1 antibody to stimulated 

T-cells co-cultured with OVCAR-3 supernatant in 1:1 dilution (Figure 3.4.5.3). We noted that 

following addition of recombinant PD-L1 to the co-culture of stimulated T-cells with ovarian 

cancer cell line supernatant, there was a significant increase in suppression of T-cell 
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proliferation (p=0.03). Borderline significant reversal of suppression was reached with PD-

L1 blocking antibody (p=0.054) but PD-1 blocking saw no effect. 

These results suggest that recombinant PD-L1 acts as a soluble factor in the co-culture and 

influences the suppression of T-cell proliferation by possibly acting on the PD-1 receptor on 

the T-cells directly or indirectly by influencing the release of immunoregulatory cytokines. 

We saw that there was partial reversal of suppression of borderline significance, when PD-L1 

blocking antibody was added to stimulate T-cell co-culture with OVCAR-3 supernatant, 

suggesting that PD-L1 axis played a role in this process.  
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Figure 3.4.5.1 (a FACS dot plot) 

OVCAR-3 & OSEC-2 Supernatant co-cultured with stimulated T-cell  

 (A) CD3/CD28 bead stimulated, CFSE labeled T cells in media showing a 77% shift to the 

left upper quadrant corresponding to a dilution of CFSE and therefore showing proliferation  

(B). Stimulated T-cells co-cultured with OVCAR-3 supernatant in 1:1 dilution showing 32% 

proliferation. (C) CD3/CD28 bead stimulated, CFSE labeled T cells in media showing a 69% 

shift to the left upper quadrant corresponding to dilution of CFSE and therefore showing 

proliferation. (D) Stimulated T-cells co-cultured with OSEC-2 supernatant in 1:1 dilution 

showing a 66% shift to the left upper quadrant shift  

  

CD3 

CFSE 

77% 

69% 

31% 
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Figure 3.4.5.2 

Stimulated T-cells were co-cultured with media and Ovcar-3 supernatant in serial dilution 

(before and after ultra-filtration and centrifugation). Proliferation of stimulated T-cells in 

media was compared to those co-cultured with OVCAR-3 supernatant.  Proliferation was 

measured using CFSE dilution after 5 days of co-culturing. Bars show mean, Error 

bars=SEM. Each experiment was done in triplicates and repeated 3 times. 
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Figure 3.4.5.3 

Stimulated T-cells were co-cultured in media with Ovcar-3 supernatant in 1:1 dilution.  

Recombinant PD-L1, anti-PD-1 and PD-L1 blocking antibody were added to the co-culture. 

Stimulated T-cells co-cultured with Ovcar-3 supernatant in 1:1 dilution with the addition of a 

non-specific, isotype antibody, was taken as negative control. Proliferation of stimulated T-

cells co-cultured with OVCAR-3 supernatant was compared to the same after addition of 

recombinant PD-L1, anti-PD-1 and PD-L1 blocking antibody.  Proliferation was measured 

using CFSE dilution after 5 days of co-culturing. Bars show mean, Error bars=SD. Each 

experiment was done in triplicates and repeated 3 times. 

 



159 

 

3.4.6 Mechanism of suppression of T-cell proliferation when co-cultured with supernatant 

from malignant ovarian tumour cell line 

We investigated if the decrease in T-cell proliferation was due to increased apoptosis and cell 

death or due to suppression of proliferation by soluble factors in the supernatant .We used the 

same culture conditions and performed CFSE and AnnexinV /PI staining analysis of the 

stimulated T-cells simultaneously. 

Initially an equal number of T cells were stimulated with anti-CD3/CD28-coated beads for 5 

days and co-cultured in media, OSEC-2 and OVCAR-3 supernatant in 1:1 dilution with and 

without PD-L1 blocking antibody.  AnnexinV FITC/PI cell staining was done and flow 

cytometry analysis was carried out to look for relative proportion (as percentage of total 

acquired cells) of induction of apoptosis and cell death.  UV radiation induced apoptosis and 

cell death was used as a positive control (Figure 3.4.6.1) 

 

Figure 3.4.6.2 show the induced apoptotic and dead cell index as the mean percentage of 

apoptosis and cell death in the various co-culture conditions described before. Thus we have 

shown that ovarian cancer cell line supernatant can significantly induce apoptosis of 

stimulated T-cells (p=0.018) when compared with medium and benign ovarian surface 

epithelial cell line supernatant. It appears that this effect is mainly mediated by increasing the 

proportion of late apoptotic cells (those with compromised membrane integrity) and is not 

affected by adding anti-PD-L1 antibody.   

Using the same co-culture conditions as above, CFSE labelling was done to look at the effect 

of supernatant from benign and malignant ovarian cancer cell line with and without PD-L1 

blocking on T-cell proliferation.  CFSE is a dye, which can be stably incorporated into 

lymphocytes through the cell membrane and bind to free amines in the cell cytoplasm. After 

diffusion into the intracellular environment, endogenous esterases cleave off the acetate 

groups, leaving the molecule highly fluorescent and impermeable to the cell membrane. 

CFSE labelled cells can be analysed by flow cytometry upon excitation by the 488 nm argon 

laser. Cell division results in sequential halving of fluorescence and up to 8 divisions can be 

monitored before the fluorescence is decreased to the background fluorescence of unstained 

cells. Therefore, the amount of CFSE fluorescence is approximately halved with each cellular 

division. As the cells divide, the division peaks shift left, corresponding with the reduction in 

fluorescence (Figure 3.4.6.3). The cells, which were originally stained with CFSE at the start 

of the experiment, are called the cohort cells. The cohort cells appear in the extreme right 
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peak with the brightest fluorescence and are said to be in division number 0 since they have 

not divided. Cells, which have divided once, are in division number 1. In brief, cells which 

have divided i times are in division number i. After I divisions, each cohort cell has given rise 

to 2
i
 daughter cells (termed as responder cells). If there were no cell death, the number of 

cohort cells which would have generated the daughter cell population in division number i 

can be determined by  

No of cohort cells in division i=N (i) / 2
i
 

 

Where i is the division number (undivided=0) and N (i) is the number of events in division i 

Cohort cells giving rise to daughter cells in division number 1 onwards are termed as 

responder cohort cells. The total number of responder cohort cells is calculated as follows: 

Total no of responder cohort cells =∑ N (i) / 2
i
 

               
t=1  

In an experiment, only a proportion of the cohort cells will divide as the remaining cells die 

before dividing. Also some cells do not divide and remain in the undivided initial cohort. The 

non-dividing cells may not be sufficiently stimulated and have not started cell division. 

The division index is the average number of cell divisions undergone by the cohort cells 

(including the non-dividing cells, i=0). The proliferation index is the average number of cell 

divisions undergone by the responder cohort cells (ignore cells in the undivided quadrant). To 

calculate proliferation index, start the sum with i =1 instead. The division index shows how 

the whole system is behaving. The proliferation index shows how the responder cells are 

behaving. A lower proliferation index means that the rate of division of the dividing cells is 

low. When calculating the normalised division and proliferation index the CFSE indices of 

the positive control were taken to be 100% and the normalised indices expressed as a 

percentage of the positive control. 
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Stimulated CFSE labelled T-cells were co-cultured with benign and malignant ovarian 

tumour cell line supernatant with isotype and anti-PD-L1 antibody. The four CFSE indices 

(percentage of cells divided, percentage of cohort divided, and proliferation and division 

indices) were calculated and normalised to the values of the positive control, which was 

stimulated CD3+ T cells in media.  

Normalised CFSE Index=
 CFSE index in presence of supernatant    

X 100 

                    
CFSE index with stimulated T-cells only 

 

In general, we noted suppression of T cell proliferation with malignant ovarian tumour cell 

line supernatant compared with benign ovarian tumour cell line supernatant as indicated by 

the smallest normalised values of percentage of cells divided, percentage of cohort divided, 

and proliferation and division indices. 

Figure 3.4.6.5 shows ovcar-3 supernatant causes significant suppression of proliferation of 

the responder cells (p=0.003) and the reversal of suppression by PD-L1 blocking antibody 

appears to be mediated by restoring the proliferating responder cells (p=0.006). This 

suppression also seems to be significantly caused by limiting the division of cohort cells 

(p=0.001).  Malignant ovarian tumour cell line supernatant seems to cause suppression of T-

cell proliferation by a combined mechanism.  On one hand it prevents cell division of the 

dividing cells and at the same time it causes a proportion of the initial parent cells to be inert 

and thereby limiting their capacity to divide.   
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Figure 3.4.6.1  

Supernatant from ovarian cancer cell lines induce apoptosis of stimulated T-cells 

A.UV radiation induced apoptosis and cell death of Stimulated T-cells, B. Stimulated T-cells 

in media only, C. Stimulated T-cells co-cultured with Ovcar-3 supernatant in 1:1 dilution, D. 

Stimulated T-cells co-cultured with Ovcar-3 supernatant in 1:1 dilution with anti-PD-L1 

blocking antibody E. Stimulated T-cells co-cultured with OSEC-2 supernatant in 1:1 dilution

    

An equal number of T cells were stimulated with anti-CD3/CD28-coated beads for 5 days in 

various co-culture conditions (A-E).  The proportion of apoptotic cells was determined using 

a flow cytometry AnnexinV-FITC kit.  

Representative of facs dot plots showing induction of apoptosis of CD3+ T cells with UV 

radiation (positive control=A) and the relative proportion of T cells undergoing apoptosis in 

the presence of media (=B) and OVCAR-3 supernatant without and with PD-L1 blocking 

antibody (=C&D) and using OSEC-2 supernatant in a 1:1 dilution (=E). The top and the 

bottom right quadrant show late apoptotic cells (Annexin V+PI+) and early apoptotic cells 

(Annexin V+PI-). While the top left upper quadrant show dead cells (PI+).  
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Figure 3.4.6.2 (A) & (B) 

Supernatant from ovarian cancer cell lines induce apoptosis of stimulated T-cells 

(A) Represents the apoptotic cell index as the mean percentage of total apoptotic cells as a 

proportion of the total cells in each co-culture condition. Each bar represents the percentage 

of apoptotic CD3+ T cells. Mean ± SEM of at least three independent experiments is shown. 

This shows that supernatant from ovarian cancer cell lines significantly induce apoptosis of 

stimulated T-cells but this is not reversed by anti- PD-L1 blocking antibody.  

(B) Represents the dead cell index as the mean percentage of total dead cells as a proportion 

of the total cells in each co-culture condition. Each bar represents the percentage of dead 

CD3+ T cells. Mean ± SEM of at least three independent experiments is shown. No change 

in proportion of cell death was noted irrespective of the culture condition. 
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Figure 3.4.6.3 Dilution of CFSE with cell division 

Division can be visualised by the sequential halving of CFSE fluorescence, producing equally 

spaced peaks on a logarithmic scale. Cells in division number 0 (cohort cells) were the cells, 

which were originally stained with CFSE. Cells in subsequent peaks have divided i times 

where i=division number i. As the cells divide, the division peaks shift left, corresponding 

with the reduction in fluorescence. 
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Figure 3.4.6.4  

Stimulated CFSE labelled T-cell co-cultured with media and OVCAR-3(Malignant ovarian 

tumour Cell line) Supernatant  

A1. CD3/CD28 bead stimulated T cells in Media showing a 63% shift to the left upper quadrant 

corresponding to a dilution of CFSE and therefore showing proliferation. A2. Histogram with gating 

(R1) on the proliferating cells showing number of cell divisions and each peak corresponding to 

percentage of cells per divisions: S1=(undivided=27.5%), S2 (1 division=11.5%), S3 (2 

divisions=22.5%), S4 = (3divisions=32.3%); B1. CD3/CD28 bead stimulated T cells co-cultured with 

Ovcar-3 SN in 1:1 dilution showing only 32% shift to the left upper quadrant corresponding to a 

dilution of CFSE and therefore showing proliferation. B2. Histogram with gating (R1) on the 

proliferating cells showing number of cell divisions and each peak corresponding to percentage of 

cells per divisions: S1=(undivided=40.7%), S2 (1 division=28.6%), S3 (2 divisions=6.8%), S4 = 

(3divisions=0.9%);  

 

 

CD3 

CFSE 

 A1  A2 

 B1  B2 

 
 



166 

 

 

 

 

 

Figure 3.4.6.5 (A) & (B) 

Stimulated CFSE labelled T-cell co-cultured in media, OSEC-2 and OVCAR-3 supernatant 

with isotype and anti-PD-L1 blocking antibody   

A)  Represents normalised percentage proliferation of CD3+ T cells in different co-culture 

conditions.  Each bar represents the average number of cell divisions undergone by the 

responder cohort cells (ignoring cells in the undivided quadrant). Mean ± SEM of 

three independent experiments is shown. This shows ovcar-3 supernatant causes 

significant suppression of proliferation of the responder cells and the reversal of 

suppression by PD-L1 antibody appears to be mediated by restoring the proliferating 

responder cells. 

B) Represents normalised percentage division of CD3+ T cells in different co-culture 

conditions.  Each bar represents the average number of cell divisions undergone by the 

cohort cells (including the non-dividing cells, i=0). Mean ± SEM of three independent 

experiments is shown. This shows ovcar-3 supernatant causes significant suppression 

of proliferation by limiting division of the cohort cells. 
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3.4.6.1 Does kynurenine play a role in suppression of T-cell proliferation by ovarian cancer cell 

line supernatant? 

 In order to investigate, if other metabolites present in the cancer cell line supernatant were 

responsible for suppression of T-cell proliferation, we looked at the Indoleamine-2, 3-

dioxygenase (IDO) pathway. We have previously found higher IDO m-RNA expression in 

ovarian cancer tissues of different histological subtypes when compared to normal and 

benign ovarian tumour tissue (Figure 3.4.6.1.1).  IDO is an enzyme that catalyzes the first 

and rate-limiting step in the kynurenine pathway of tryptophan catabolism. Pro-

inflammatory cytokines, like IFN-γ and other cytokines can also stimulate IDO induction 

(Fujigaki, Saito et al. 2001). Recently the role of IDO in inducing immune tolerance in 

patients with autoimmune diseases (Labadarios, McKenzie et al. 1978, Brown, Ozaki et al. 

1991, Varga, Yufit et al. 1995, Schroecksnadel, Winkler et al. 2006), chronic infections, 

and cancer (Uyttenhove, Pilotte et al. 2003) has been investigated. It was also reported that 

most human tumours express IDO (Uyttenhove, Pilotte et al. 2003) and that IDO can 

contribute to tumour induced immunosuppression by starving T cells, which are sensitive 

to tryptophan deficiency(Mellor and Munn 2004). In this situation, tumour cells can 

escape immune surveillance via the action of IDO (Munn, Zhou et al. 1998).  

IDO activity was indirectly determined by measuring the concentration of kynurenines in 

the ovarian tumour cell line supernatants. IDO converts tryptophan to kynurenines. A 

series of L-kynurenine standards were made. The concentration of the unknown sample 

was determined by comparing with the standard curve generated by known concentrations 

of L-kynurenine (Figure 3.4.6.1.2). Kynurenines (kynurenine, kynurenic acid, and 3-

hydroxykynurenine) are downstream products of tryptophan metabolism by IDO. A higher 

concentration of kynurenines in the cell line supernatant implies that there is enhanced 

IDO activity.  Cell line supernatant was collected in same culture conditions when the 

cells had reached 80% confluency.  Basal levels of kynurenine was measured in cell line 

supernatants which showed a lower level in OVCAR-3 supernatant compared with media 

and OSEC-2 supernatant (Figure 3.4.6.1.3).  This difference could be attributed to cell 

culture conditions where tryptophan may have been broken down quicker by the OVCAR-

3 cells to end stream metabolites not picked up by the assay.  

 In order to find out if IDO was important in mediating the suppressive effect of Ovcar-3 

supernatant on T-cell proliferation and to control for cell culture conditions, Tryptophan 

was added at low and high concentration of 1 μM or 100 μM to the co-culture of benign 
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and malignant cell line supernatant with stimulated T-cells.  Figure 3.4.6.1.4 show there 

was no difference in Kynurenine concentration measured in each co-culture condition with 

and without Tryptophan supplementation. We further looked at m-RNA expression of 

IDO in the cell lines of OSEC-2 and OVCAR-3 and found no difference in expression 

between them. Hence, although other investigators have found a role for IDO in T-cell 

suppression in ovarian cancer, we did not find similar effects in our co-culture in-vitro 

model.   
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Figure 3.4.6.1.1 IDO mRNA expression in ovarian tissues 

Six types of tissues included in this experiment consist of five different histological types of 

ovarian tumour tissue and also normal ovary as control. The Y-axis shows IDO mRNA 

expression levels normalised to HPRT mRNA level. *No IDO mRNA expressions present in 

normal ovary and benign tumour tissues (this work was done with the collaboration of Dr. 

Nor Has Linda Abdul Aziz). 

 

 

 

Figure 3.4.6.1.2- standard curve generated by known concentrations of L-kynurenine 

Kynurenine concentration 

μM /L 

Absorbance 

(OD=492nm)  
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Figure 3.4.6.1.3 

A basal level of kynurenine was measured in cell line supernatants which showed a 

significantly lower level in OVCAR-3 supernatant compared with media and OSEC-2 

supernatant (p=0.03). Each bar represents the Mean ± SEM of three independent 

experiments.  

 

 

 

 

 

 

 

Figure 3.4.6.1.4 

Measurement of kynurenine concentration in supernatant from benign and malignant ovarian 

tumour cell line with stimulated T- cell spiked with Tryptophan at low and high concentration 

of 1 μM or 100 μM. No difference in Kynurenine concentration was measured in each co-

culture condition with and without Tryptophan supplementation. Each bar represents the 

Mean ± SEM of three independent experiments.  
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3.5 Cytokine mediated regulation of PD-L1 expression on monocytes 

Cytokines present in the tumour microenvironment play a crucial role in immune regulation 

in ovarian cancer. Krempski et al (Krempski, Karyampudi et al. 2011) showed that when PD-

1 is blocked on tumour associated dendritic cells (DCs) there were a large increase in release 

of immune regulatory cytokines such as IL-10, IL-6 and G-CSF.  The blockade of PD-1 

however, completely reversed the suppressive activity of the DCs in vitro. Curiel et al. 

(Curiel, Wei et al. 2003) showed the effect of the tumour environment on PD-L1 expression 

on myeloid dendritic cells (MDCs). He showed that culturing MDC precursors with tumour 

macrophages, which produce IL-10 and VEGF, leads to PD-L1 expression, which can be 

reduced using blocking antibodies against IL-10 and VEGF. Functionally he demonstrated 

that the presence of IL-10 or tumour macrophages during MDC differentiation meant that the 

MDCs generated poorly stimulated T cells in a mixed lymphocytic reaction (MLR), an effect 

which was reversed on addition of a PD-L1 blocking antibody.  Various other cytokines have 

been implicated to play a role in ovarian cancer in suppressing the actions of antitumor 

immune effectors. 

In order to investigate whether there was a difference in the cytokines found in ascites in 

patients with benign/borderline or malignant ovarian tumours, previous investigators in our 

laboratory, collected ascitic supernatant from these groups of patients and analyzed using 

Luminex technology for IL-10, TGF-β, TNFα, IL-1β, IL-8, IL-6, VEGF, IL-4, IL-17, IFN-γ, 

IL-2 and GM-CSF. Only IL-10 and TGF-β showed a significant difference in concentration 

between the two groups of patients, with higher concentrations of both cytokines in malignant 

ascites compared to benign and borderline ascites. 

Subsequently we decided to investigate whether IL-10 and TGF-β were responsible for 

upregulation of PD-L1 on monocytes in ovarian cancer.  

 

 

 

 

 



172 

 

3.5.1 PD-L1 up-regulation on monocytes using key cytokines  

We have previously shown higher expression of PD-L1 on monocytes obtained from blood 

and ascites of patients with ovarian cancer when compared with patients with benign ovarian 

tumours. Previous work in our laboratory has also shown similar increased expression of PD-

L1 on healthy monocytes cultured with malignant ascites supernatant although this was not 

observed with benign tumour ascites.  

In order to understand the key cytokines that drive PD-L1 expression on monocytes, we 

incubated healthy monocytes with cytokines that we have shown previously to be highly 

expressed in the ascitic supernatant. 

Healthy monocytes were obtained using positive bead separation and co-cultured in media 

containing IFN-γ, IL-10, TGF- β and in combination and in increasing concentrations.  IFN-γ 

was used as a positive control. 

PD-L1 expression was measured by flowcytometry analysis at 0, 2 and 8 hours. 

 

PD-L1 up-regulation is observed at 2 and 8 hours of incubation with IL-10 and with TGF- β 

with increasing expression by increasing the concentration of the both the cytokines. The 

highest PD-L1expression is seen with IL-10 at 8hours of incubation.  

Although PD-L1 is significantly up-regulated by 33% when compared with isotype control 

on co-culturing with IL-10 and TGF-β, this effect is not statistically greater than when co-

culturing with IL-10 on its own where there was 26% PD-L1 up-regulation after harvesting 

the monocytes with cytokines at 2 hours. An increase in PD-L1 expression is noted by 

increasing the concentration of the cytokines by 10 times at 2 hours of incubation (Figures 

3.5.1.1 and 3.5.1.2). There was 58% and 22% up-regulation of PD-L1 expression on the 

monocytes at 8hours when the concentration of the IL10 and TGF- β was increased by 10 

times (data not shown). Thus suggesting an increased PD-L1 expression on monocytes can be 

achieved by increasing IL-10 and TGF-β concentration. This increased expression was 

however only observed with IL-10 in low concentration at 8 hours of incubation. 

These experiments suggest a key role of both IL-10 and TGF- β in mediating PD-L1 

expression on monocytes.  

We have also shown that the up-regulation of PD-L1 is a time dependent phenomenon 

reaching a plateau at 8 hours of incubation of the monocytes with the cytokines before 

showing a decline (data not shown here). 
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Figure 3.5.1.3.A and Figure 3.5.1.3.B show the combined results.  Figure 3.5.1.3.A show the 

mean fluorescence intensity (MFI), which refers to the average fluorescence intensity of each 

event (geometric mean), representing the expression quantity of PD-L1 on CD14+cells.  We 

can thus conclude from these experiments that addition of IL-10 or IFN-γ significantly 

upregulated PD-L1 expression on the healthy monocytes. When combining TGF-β and IL-10 

there was no additive effect on PD-L1 expression. Addition of TGF-β alone to the culture 

showed a small increase in the percentage of cells expressing PD-L1, which was significantly 

different to medium alone at 2 hours but not at 8 hours (Figure 3.5.1.3.B); however, the MFI 

of PD-L1 on these monocytes remained unchanged following culture with TGF-β (Figure 

3.5.1.3.A). 
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Figure 3.5.1.1 (a FACS dot plot)  

 

PD-L1 expression as % positive on CD14 + cells at 2 hours when co-culturing    

A. In medium with isotype antibody B. with IL-10 in low concentration (x1 time)  

C. with IL-10 in high concentration (x10 times) 

 

 

 

      
                                                                   

 

 

Figure 3.5.1.2 (a FACS dot plot)  

 

PD-L1 expression as % positive on CD14 + cells at 2 hours when co-culturing    

A. with TGF- β in low concentration (x1 time) B. with TGF- β in high concentration (x10 

times) C. with TGF- β and IL-10 in low concentration (x 1 time) 

 26%  35%  0.8% 

PD-L1 

CD-14 

 A  B  C 

CD-14 

PD-L1 

 18%  25%  33% 

 A B  C 
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Figure 3.5.1.3.A IL-10 or TGF-β can up-regulate PD-L1 on monocytes.  

Monocytes from PBMCs from healthy individuals were cultured in medium containing IFN-

γ, IL-10, TGF-β and IL-10+ TGF-β for 0, 2 and 8 hrs. PD-L1 expression was analyzed by 

flow cytometry (MFI=mean fluorescence intensity was measured) and expressed as mean ± 

SEM of triplicate cultures, and the figure shows a representative experiment of two. 

 

Figure 3.5.1.3.B 

The same experiment as above is expressed as % of PD-L1 positive cells. We have seen 

when using % positive for statistical analysis there was a statistically significant difference 

between PD-L1 up-regulation on monocytes in medium compared with IL10 and TGF- β at 

2hrs and only with IL10 at 8hrs. When combining both IL10 and TGF- β no further 

significant upregulation of PD-L1was noted. Each bar represents the Mean ± SEM of two 

independent experiments done in triplicates (*p < 0.05). 

 

MFI 

PD-L1 
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3.5.2 Monocytes from PBMCs from healthy individuals cultured in medium and ascites 

with high or low concentration of key cytokines 

We have previously shown that key cytokines found in ascitic supernatant of ovarian cancer 

patients significantly up-regulate PD-L1 expression on healthy monocytes. Of these 

cytokines, IL-10 had the most profound effect. In order to see if the up-regulation of PD-L1 

expression on monocytes when co-cultured with IL-10 previously seen in-vitro can be 

replicated when doing the same using ovarian cancer ascitic supernatant with known IL-10 

concentration, we co-cultured healthy monocytes with high and low IL-10 containing ascitic 

supernatant and tried to reverse the effect by blocking IL-10.    

 To test this hypothesis in a more physiological setting, healthy monocytes were cultured in 

the supernatant from ascites. Ascitic supernatants were chosen which contained either high 

(>100 ng/ml) or low (<35 ng/ml) concentration of IL-10, and monocytes were cultured in 

these for 8 h. Compared to medium alone, monocytes cultured in ascitic supernatant 

significantly upregulated the level of PD-L1 on CD14+ cells. This was significantly higher in 

ascitic supernatant containing high IL-10 compared to low IL-10. Addition of an anti-IL-10 

blocking antibody significantly reduced PD-L1 expression on monocytes. The effect was 

however, less marked in the low IL-10 ascitic supernatant, possibly suggesting a threshold 

effect of IL-10 blocking on suppression of PD-L1 up-regulation in malignant ascites of 

ovarian cancer patients. 

Using both % PD-L1 positive cells and MFI of PD-L1 positive cells for statistical analysis 

there was no difference in findings and the conclusions were the same (Figure 3.5.2.1.A & 

Figure 3.5.2.1.B). These data suggest that IL-10 can control PD-L1 expression on monocytes 

and that the IL-10 present in ascites in patients with ovarian cancer is one of the factors 

responsible for PD-L1 upregulation on monocytes in these patients. 
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Figure 3.5.2.1A 

Monocytes from healthy individuals were cultured in medium or ascitic supernatant (Asc Sn) 

from patients with either high IL-10 concentration (>100 ng/ml) or low IL-10 concentration 

(<35 ng/ml). IL-10 blocking antibody was added into the cultures as indicated (anti-IL-10 

mAb was used at 1 μg/ml. “x5” = 5 μg/ml), and PD-L1 expression was measured after 8 h by 

flow cytometry. This experiment was performed in triplicate and repeated twice, and the 

figure shows the mean ± SEM. *p < 0.05, **p < 0.001. 

 

Figure 3.5.2.1B 

The same experiment as above is expressed as MFI of PD-L1 positive cells. This experiment 

was performed in triplicate and repeated twice, and the figure shows the mean ± SEM. *p < 

0.05, **p < 0.001. 
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3.5.3 To interrogate the role of IFN-γ in PD-L1 up-regulation on monocytes in ascites of 

ovarian cancer patients  

IFN-γ is a potent inducer of PD-L1 expression in all type of cells. Hence, in order to see if IFN-γ 

played any role in up-regulating PD-L1 expression on monocytes in ovarian cancer, similar to the 

previous experiment, healthy monocytes were cultured in the supernatant from ascites. Ascitic 

supernatants were chosen which contained either high or low concentration of IL-10 and 

monocytes were cultured in these for 8 h. Although we have previously shown that there is 

very little IFN-γ present in malignant ascites, we wanted to investigate if it had any role in up-

regulating PD-L1 in our experimental setting, as even a small quantity of IFN-γ can have a 

profound effect. Recombinant IFN-γ and IFN-γ blocking antibody (mAb) was added into the 

cultures as indicated and PD-L1 expression was measured after 8 h by flow cytometry.  

 We found that using anti- IFN-γ antibody, no effect of the blocking antibody was observed, 

though addition of the anti-IFN-γ antibody could block upregulation caused by recombinant 

IFN-γ (Fig. 3.5.3.1). This suggests that, in keeping with the observation of low levels of IFN-

γ in ascites, this cytokine plays little or no role in PD-L1 upregulation on monocytes in the 

ascites in ovarian cancer. 

We also investigated if malignant ovarian cancer cell line supernatant up-regulated PD-L1 

expression on monocytes. Healthy monocytes were co-cultured in media and with 

supernatant from benign and malignant ovarian tumour cell line. Recombinant PD-L1 in low 

and high concentrations and PD-L1 blocking antibody was also added to the co-culture 

conditions. PD-L1 expression was measured after 8 h by flow cytometry (Figure 3.5.3.2). No 

significant upregulation in PD-L1 expression was noted in each of the culture condition. 
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Figure 3.5.3.1 IFN-γ does not influence PD-L1 expression in ascitic supernatant. 

Monocytes from healthy individuals were cultured in medium or ascitic supernatant (ascitic 

SN) from patients with either high IL-10 (>100 ng/ml) or low IL-10 (<35 ng/ml). 

Recombinant IFN-γ and IFN-γ blocking antibody (mAb) was added into the cultures as 

indicated, and PD-L1 expression was measured after 8 h by flow cytometry. Statistical 

analysis of indicated groups is compared to the medium only group. The bars show mean, 

error bars = SEM. **p < 0.001, ***p < 0.0001. This experiment was done in triplicates and 

repeated thrice. 
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Figure 3.5.3.2 

Monocytes from healthy individuals were cultured in media and with supernatant from 

benign and malignant ovarian tumour cell line. Recombinant PD-L1 in low and high 

concentrations (RPD-L1 was used at 1 μg/ml. “x5” = 5 μg/ml), and PD-L1 blocking antibody 

was also added to the co-culture conditions and PD-L1 expression was measured after 8 h by 

flow cytometry. This experiment was performed in triplicate and repeated twice, and the bars 

show mean, error bars = SD. 
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3.6  Functional relevance of PD-L1 up-regulation on ascitic monocytes 

We have shown that ascitic monocytes from patients with malignant ovarian tumours have a 

significantly higher level of expression of PD-L1 than patients with benign/borderline 

tumours. We have also shown that key cytokines like IL-10, which is abundantly present in 

malignant ovarian ascites, play an important role in up-regulating PD-L1 expression on 

monocytes. High PD-L1 expression has also been shown on tumour-associated macrophages. 

Through bioinformatics heat map outputs we have shown that these PD-L1 expressing 

macrophage immune markers are closely clustered and hence functionally related to immune 

regulation in ovarian cancer patients.  

Hence in order to investigate the functional role of these high PD-L1 expressing ascitic 

monocytes on T-cell function in ovarian cancer, we carried out various co-culture 

experiments using ascitic monocytes and bead stimulated T-cells from healthy donors. We 

also wanted to investigate in a more physiological environment the interaction of ascitic T-

cells, which are highly activated, with ascitic monocytes.  

 

3.6.1 Stimulated T-cells co-cultured with ascitic monocytes with anti- PD-1, anti- PD-L1 

and anti-IL-10 blocking antibody 

To assess the functional relevance of high PD-L1 expressing ascitic monocytes, we set up 

proliferation assays using ascitic monocytes to investigate their effect on T cell proliferation. 

Monocytes were cultured with T cells isolated from healthy donors’ PBMCs using negative 

magnetic bead selection as described in the methods. T cells were stimulated with anti-

CD3/CD28 beads and cultured with monocytes for 5 days (Figure 3.6.1.1). The presence of 

ascitic monocytes significantly inhibited T cell proliferation on day 5, compared to stimulated 

T cells cultured alone or with monocytes from PBMCs from healthy donors. Addition of PD-

1, PD-L1 or IL-10 blocking antibody alone partially but significantly reverses this 

suppression. However, the combination of blocking antibodies to PD-L1 and PD-1 or PD-L1 

and IL-10 appear to result in almost complete rescue of T cell proliferation. Therefore, 

monocytes derived from the ascites of patients with ovarian cancer can suppress T cell 

responses in a manner that is at least partially dependent on IL-10 and/or PD-1 PD-L1 

interactions.  Hence we think ascitic monocytes suppress T cell proliferation in a partially 

PD-1/PD-L1-dependent manner. 
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 Figure 3.6.1.1  

Ascitic monocytes can suppress T cell proliferation in a partially PD-1/PD-L1-dependent manner 

CFSE-labelled, bead-stimulated T cells (ST) derived from healthy donors were co-cultured 

with ascitic monocytes (AM) or monocytes from a healthy female donor; with and without 

anti-PD-1, anti-PD-L1 and anti-IL-10 blocking antibodies alone or in combination. Each bar 

represents the percentage of stimulated T cells that underwent proliferation after 5 days of co-

culture. Error bars = SEM. This experiment was done in triplicates and repeated thrice. 
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3.6.2 CFSE labelled ascitic T-cells co-cultured with ascitic monocytes and monocytes 

derived from a healthy female donor 

In order to test our previous findings in the natural setting of ovarian cancer ascites, we used 

ascitic monocytes and T cells from ascites of the same patient and co-cultured these two cell 

types under the same conditions as the previous experiment. T cells and monocytes were 

separated from the ascites of an ovarian cancer patient.  Ascitic T cells were then labelled 

with CFSE and cultured with monocytes from the same ascites or from PBMCs of a healthy 

donor for 48 hours (Figure 3.6.2.1). We found ascitic monocytes significantly suppressed 

ascitic T cell proliferation, but monocytes from healthy PBMCs did not show any suppressive 

effect. Thus showing tumour-associated ascitic monocytes are potent suppressors of T-cell 

proliferation and a possible mechanism of immune suppression in ovarian cancer.   
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Figure 3.6.2.1 

CFSE-labelled T cells from the ascites of a patient were co-cultured with monocytes derived 

from either same ascites or from PBMCs of healthy female donor. Each bar represents the 

mean percentage of stimulated T cells that underwent proliferation after 48 h of co-culture. 

Data shown are the mean ± SEM of triplicate cultures and experiment was repeated twice. 
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3.7    Estimation of soluble PD-L1 in ascites, plasma and urine of patients with 

ovarian tumours 

Recent publications have shown that many co-stimulatory molecules of the B7 family, 

assume both membrane bound and soluble forms (Oaks, Hallett et al. 2000, Simon, Zhuo et 

al. 2006). There has been much debate about the presence of the soluble form of these 

molecules in the serum of patients with malignancy, infection and autoimmune disorders 

(Jeannin, Magistrelli et al. 2000, Hebbar, Jeannin et al. 2004, Wong, Lit et al. 2005, 

Thompson, Zang et al. 2008).  Studies showing the presence of soluble PD-L1 (sPD-L1) in 

the sera of patients with autoimmune disorders have been questioned due to poor 

methodologies. Chen et al (Chen, Wang et al. 2011) showed the presence of sPD-L1 in the 

serum of healthy individuals. Recent publication by Frigola and colleagues (Frigola, Inman et 

al. 2011) have shown that in renal cell carcinoma, sPD-L1 retains its’ receptor binding 

capacity and delivers proapoptotic signal to T-cells, thus causing immune suppression and 

tumourgenesis. In the same paper they also showed that elevated levels of serum sPD-L1 

significantly correlated with poor prognosis in renal cell carcinoma patients.   

We have shown in our previous experiments that using recombinant PD-L1 as a surrogate for 

sPD-L1, when co-culturing stimulated T-cells with cell line supernatant, there was significant 

suppression of T-cell proliferation. This suggests a possible functional role of this molecule 

in regulating T-cell responses in our experimental model.  

The need to develop a highly sensitive and specific diagnostic and prognostic test in ovarian 

cancer remains a high priority.  Presently research is on-going looking at various different 

markers to develop a reliable method for early detection among asymptomatic women. 

 

We have shown that PD-L1 expression on monocytes is a highly reliable diagnostic and 

prognostic biomarker in ovarian cancer. However, in order to see if a simpler bedside test 

could be developed, which has the same diagnostic and prognostic accuracy, we investigated 

the role of sPD-L1 in ovarian cancer.  We have identified that there is a high level of PD-L1 

expression both on immune cells and tumour cells in ovarian cancer patients and thus we 

naturally looked for the soluble form of this molecule in the plasma, urine, and ascites of 

patients and cell line supernatants.  We investigated the presence of sPD-L1 in the plasma 

and urine of patient’s with benign and malignant ovarian tumours and supernatant of ovarian 

javascript:%20optionsdisplay('../../glossary/asymptomatic.html')
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tumour cell lines, by developing a novel sandwich enzyme linked immunosorbent assay 

(ELISA) system. 

We wanted to estimate free PD-L1or sPD-L1 in the plasma of patients with ovarian tumours 

and see its co-relation with diagnosis of cancer.  The presence of sPD-L1 in the plasma of 

ovarian cancer patients may be due to shedding of these proteins as biologically active forms 

by the tumour, to promote global immunosuppression.  
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3.7.1 Establishing a soluble PD-L1 ELISA 

The B7-H1 gene (PD-L1) encodes a 290 amino acid (aa) type I membrane precursor protein 

with a putative 18 aa signal peptide, a 221 aa extracellular domain, a 21 aa transmembrane 

region, and a 31 aa cytoplasmic domain (Lazar-Molnar, Yan et al. 2008).  We developed a 

sandwich ELISA assay using monoclonal and polyclonal antibodies raised against the 

extracellular domain of human PD-L1 (Figure 3.7.1.1A). We used several combinations of 

commercially available antibodies as capture and detection antibodies using two different 

recombinant PD-L1 proteins in a checkerboard titration assay, at different concentrations, for 

initial optimisation (see methods, Figure 3.7.1.2). We selected the combination of antibodies 

giving the best standard curve of detection for the protein (Figure 3.7.1.1B). Further 

calibration of the PD-L1 ELISA was done against standard PD-L1 dilution curves using 

known concentration of the recombinant protein ranging from 10µg/ml to 1.2pg/ml, 

independently and consecutively for  twenty times.   

 The use of RP01 mAb as the capture antibody and biotin labelled BAF-156 as the detection 

antibody gave a co-efficient of determination (R
2
=0.986) representing an excellent model fit 

and minimal inter-assay variability (Figure 3.7.1.1B). The result of the standard line gives a 

specificity and reliability of detection for the sPD-L1 sandwich ELISA from 0.00125ng to 

2ng, with a co-efficient of variation of 8%.     

Further optimisation of the assay was done using a spike and recovery assay where a known 

amount of analyte was added (spiked) into the natural test sample and its response is 

measured (recovered) in the assay by comparison to an identical spike in the standard diluent. 

The spike and the recovery assay help us in determining the ability of the assay in accurately 

determining the concentration of the protein of interest in the biological samples when 

compared to the analyte (recombinant protein) in standard diluent ( the standard curve).    

Figure 3.7.1.3 show the spike and recovery assay of recombinant sPD-L1 in a control sample 

of plasma. Low, medium and high amount of recombinant PD-L1 was added to a control 

plasma sample with a known sPD-L1 concentration. The recovery observed for the spikes 

were measured and compared to the expected readings. The recovered readings correlate 

highly to the expected readings suggesting the assay is reliable and sensitive in detecting 

sPD-L1 in plasma. 
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A linearity of dilution experiment gives information on the accuracy of the assay in 

determining the correct concentrations of the tested samples at different levels of dilution in 

the chosen diluent. Linearity is relative to the calculated amount of analyte based on the 

standard curve. If the linearity is good over a wide range of dilutions then the assay can be 

accurately used to read samples with different levels of analyte (i.e. a sample containing high 

amount of the protein of interest can be diluted several fold to ensure its value is within the 

standard curve and can be compared to a low protein containing sample). 

Figure 3.7.1.4 shows the linearity of dilution results for three sPD-L1 samples. Dilutions 

were made in the assay diluent and observed values were relatively assessed to the assay 

standard curve. The expected and observed values with dilution demonstrated a good 

linearity-of- dilution, indicating that the assay standard diluent did not affect the ability of the 

assay to accurately detect sPD-L1.  

In addition, both inter and intra-assay precision was measured using samples of known 

concentration and tested 15 times on the same plate to assess intra-assay accuracy and the 

same samples were tested in 15 different assays to test for inter-assay accuracy.  Both showed 

a good reproducibility of the sPD-L1 sandwich ELISA with a coefficient of variation being 

8% (data not shown).   

Thus we have shown through the various optimisation techniques to develop a highly reliable 

sandwich ELISA assay, capable of detecting human sPD-L1 in biological samples.   

 

 

 

 

 

 

 

 



189 

 

 

 

Figure 3.7.1.1A 

Schematic diagram of the sandwich PD-L1 ELISA 

 

Figure 3.7.1.1B 

The correlated line of OD450nm absorbance and sPD-L1 concentration at different detection 

limits (detection range-0.0125ng to 2ng) is shown. R
2 

represents correlation coefficient. 

Absorbance 

(450nm) 
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Figure 3.7.1.2 

A checkerboard titration assay for sPD-L1 

Combinations of commercially available antibodies used as capture and detection antibodies 

in a checkerboard assay to get the best standard line of detection. The correlated line of 

OD450nm absorbance and rPD-L1 concentration at different detection limits is shown. 

 R
2 
=correlation coefficient 

Absorbance 

(450nm) 

Absorbance 
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Figure 3.7.1.3 

Spike and recovery assay for sPD-L1  

Low, medium and high amount of recombinant PD-L1 was added to a control plasma sample 

with a known sPD-L1 concentration. The recovery observed for the spikes were measured 

and compared to the expected readings. Each bar is the mean and error bars=SEM. This 

experiment was done in triplicates and repeated three times.  
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Figure 3.7.1.4 ELISA linearity of dilution results for three sPD-L1 samples 

Dilutions of samples were made in the assay diluent and observed values were relatively 

assessed to the assay standard curve and compared with expected values. This experiment 

was repeated twice. 
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3.7.2 Soluble PD-L1 detection by ELISA in patients with ovarian tumours 

We wanted to estimate soluble PD-L1 in the plasma, ascites and urine of women diagnosed 

with ovarian cancer when compared with healthy controls by using our self made sandwich 

sPD-L1 ELISA. Samples of plasma, urine and ascitic supernatant were identified which had 

been stored previously and analysed for sPD-L1 expression by ELISA. Previously frozen 

patients samples were thawed and prepared as described before for analysis by the sPD-L1 

ELISA.  

We looked at 102 pre-surgical plasma samples from healthy women and women with benign 

and malignant ovarian tumours who had been admitted to the West London Cancer Centre for 

surgery of their ovarian tumour. Each sample was tested in duplicate or triplicate against the 

standard curve of each assay.  Concentrated samples were diluted to detect the sPD-L1 

against the standard curve and multiplied by the dilution factor. 

We also looked at 10 urine samples (5 from benign and 5 from malignant ovarian tumour 

patients) for the presence of sPD-L1. 

The sandwich ELISA detected significantly higher levels of sPD-L1 in women with ovarian 

cancer compared with healthy female volunteers and women with benign ovarian tumours     

(p<0.0001). There was no significant difference in sPD-L1 levels in women with benign 

tumours compared to healthy volunteers (Figure 3.7.2.1). The mean sPD-L1 level detected in 

healthy volunteers was 0.128ng/ml (n=11; range=0 - 0.7647ng/ml), 0.3238ng/ml in women 

with benign ovarian tumours (n=20; range =0.1ng/ml-1.382ng/ml) and 1.035ng/ml in women 

with ovarian cancer (n=71; range= 0-4.950ng/ml). 

    

 We also investigated the presence of sPD-L1 in malignant ascites of women with ovarian 

cancer to understand if this molecule played a role in the local tumour environment. We 

noted that malignant ascites contained high levels of sPD-L1 and this was significantly higher 

that the levels present in the plasma of ovarian cancer patients (Figure 3.7.2.2.).   

 

We then investigated the presence of sPD-L1 in the urine of ovarian cancer patients and 

compared the levels with patients with benign ovarian tumours. This was done with the aim 

to devise the ideal bedside diagnostic test. Since our protein was of low molecular weight      

(~40-45kDa) we assumed it would be excreted into the urine. Figure 3.7.2.3 shows that we 

detected the presence of very low levels of sPD-L1 by ELISA in the urine of women with 
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ovarian tumours but there no difference in the levels of excreted sPD-L1 between patients 

with benign ovarian tumours and those who had cancer.   

Thus we have devised an ELISA assay that can detect sPD-L1 in the plasma, ascites and 

urine and we have shown that this molecule is present in significantly higher levels in ovarian 

cancer patients than normal controls and could be used as diagnostic assay.  
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Figure 3.7.2.1 

 This dot plot shows the expression levels of sPD-L1 in human plasma from healthy female 

donors and women with benign and malignant ovarian tumours.  The sPD-L1 was detected 

using by the ELISA system. Bar indicate the mean expression for each group and the above 

number is mean ± SD. 

0.1280 ± 0.06697 

1.035 ± 0.1429 

0.3238 ± 0.08300 
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Figure 3.7.2.2 

This dot plot shows the expression levels of sPD-L1 in plasma and ascites from women with 

ovarian cancer.sPD-L1 was detected using the ELISA assay. Bars indicate the mean 

expression for each group and the above number is mean ± SEM. 
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Figure 3.7.2.3 

This scatter plot shows the expression levels of sPD-L1 in the urine of women with benign 

and malignant ovarian tumours. sPD-L1 was detected using the ELISA assay. Bars indicate 

the mean expression and SD for each group and the above number is mean ± SD. 
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3.7.3 Correlation of soluble PD-L1 in plasma of women with ovarian cancer and stage of 

malignancy  

As we have mentioned before, the stage of disease is an important prognostic factor in 

ovarian cancer. We investigated if plasma sPD-L1 levels could be correlated to stage of 

disease.  Plasma sPD-L1 levels measured by ELISA were compared between women with 

benign tumours and women with early ( Stage 1&2) and late stage (Stage 3&4) ovarian 

cancer.  

Figure 3.7.3.1 show plasma sPD-L1 levels are significantly higher in ealy stage ovarian 

cancer compared to women with benign ovarian tumours ( p=0.03). However, no such 

significant difference was observed between early and late stage of ovarian cancer.  The 

mean plasma sPD-L1 level for early stage ovarian cancer was 0.9111ng/ml (n=21) and for 

late stage cancer was 1.090ng/ml (n=51). This shows that sPD-L1 is a better diagnostic 

indicator than a prognostic biomarker.  
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Figure 3.7.3.1 

This scatter plot shows the expression levels of sPD-L1 in plasma of women with benign 

tumours and women with early ( Stage 1&2) and late stage (Stage 3&4) ovarian cancer.  

The sPD-L1 was detected using by the ELISA system. Bars indicate the mean expression for 

each group. Statistical analysis was done using a Student’s T test. 
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3.7.4 Detection of soluble PD-L1 in cell –free supernatant of ovarian tumour cell line 

culture  

We  futher investigated if sPD-L1 was present in cell- free culture supernatant collected from 

cell lines and other modified culture conditions.  Previously in some of our functional 

experiments looking at T-cell proliferaion, we have used recombinant PD-L1 as surrogate for 

its soluble form to investigate its functional relevence. In some of these experiments we have 

used ovarian tumour cell line supernatant to look at the role of soluble factors in T-cell 

proliferaion relating to the PD-1/PD-L1 pathway. We collected cell-free supernatant from cell 

line cultures of benign ovarian tumour cell line, serous cancer cell lines and also from low 

PD-L1 expressing OVACR-3 cells ( after cell-sorting using flowcytometry) and PD-L1 

knocked down OVCAR-3 cells in culture.  This was done following ultra-cenrtrifugation and 

ultra-filtration as described before.  

Figure 3.7.4.1 show that  OVCAR-3 supernatant had the highest amount of sPD-L1 among 

the serous ovarin cancer cell lines and  this was significantly greater than the amount of sPD-

L1 found in OSEC-2 ( benign ovarian tunour cell line) supernatant  (p= 0.001). Interestinly, 

PD-L1 knocked down OVACR-3 cell supernatant did not contain any detectable sPD-L1 and 

the low PD-L1 expressing OVCAR-3 cell supernatant contained similar amounts of sPD-L1 

to OSEC-2 cell supernatant.  These findings suggest that sPD-L1 is present at a higher level 

in the cell supernatant of malignant ovarian tumour cell lines compared to benign ovarian 

tumour cell line. sPD-L1 may be shed by tumour cells and also be directly related to the 

expression of PD-L1 on tumour cells, as we have previously shown high surface expression 

of PD-L1 in serous ovarain cancer cells, particularly in OVCAR-3 cells. The functional role 

of sPD-L1in human ovarian cancer needs to be further investigated.   
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Figure 3.7.4.1 sPD-L1 ELISA of cell line supernatants 

Cell-free supernatant from cell line cultures of benign ovarian tumour cell line, serous cancer 

cell lines and also from low PD-L1 expressing OVACR-3 cells ( after cell-sorting using 

flowcytometry) and PD-L1 knocked down OVCAR-3 cells in culture was collected. 

Sandwich sPD-L1 ELISA was used to measure the presence of sPD-L1 in the cell 

supernatants. Each bar is the mean amount of sPD-L1in pooled triplicate samples. Error 

bar=SD. This experiment was done 3 times.* = undetectable  
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3.8  Functional relevance of PD-L1 expression on tumour cells  

We have shown high expression of PD-L1 on ovarian cancer cell lines. EpCAM (epithelial 

cell adhesion molecules) has been shown to be over expressed on ovarian cancer cells. We have 

shown PD-L1 expression on EpCAM positive cells in malignant ovarian ascites. It is thought 

that cancer cells express PD-L1 as a mechanism to escape host immune response and 

promote tolerance and immune evasion.  Previous attempts made at isolating primary tumour 

cells based on EpCAM expression have been less successful due the presence of high number of 

fibroblasts and poor yield. Hence we chose OVCAR-3 cells as a surrogate of ovarian cancer 

cells as these have shown to have the highest PD-L1 expression and is a serous ovarian 

cancer cell line (the main histological subtype of ovarian cancer).   In order to investigate the 

functional role of these high PD-L1 expressing cancer cells, OVCAR-3 cells were used to 

develop cell lines with low PD-L1expressing or PD-L1 depleted cancer cells and see their 

effect on T-cell function in co-culture experiments. Cancer cells need to evade the tumour 

antigen specific T-cell response in order to escape from immune surveillance and disseminate 

locally and remotely. We investigated if PD-L1 expression on OVCAR-3 cells affected their 

ability to divide. We also produced PD-L1 depleted OVCAR-3 cells by using short hair-pin 

RNA (shRNA) to knockdown PD-L1 gene expression by plasmid transfection.  
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3.8.1 High and Low PD-L1 expressing Ovcar-3 cells (serous ovarian cancer cell line)  

We have previously shown that OVCAR-3 cells (serous ovarian cancer line) have high PD-

L1 expression. In order to investigate the functional role of PD-L1 expression on these cells, 

OVCAR-3 cells were sorted using fluorescence-activated cell sorting (FACS) by BD FACS 

Aria machine into low and high PD-L1 expressing OVCAR-3 cells (see methods). Figure 

3.8.1.1 show facs plots generated during high throughput FAC sorting of OVACR-3 cells 

according to level of PD-L1 expression into low and high PD-L1 expressing cells.  

High and Low PD-L1 expressing OVCAR-3 cells were maintained in culture and 

immediately used in functional experiments.  We also investigated if PD-L1 expression 

levels, affected the rate of cell division of the OCVAR-3 cells. Equal number of OVCAR-3, 

low and high-PD-L1 expressing OVCAR-3 cells were cultured in a 6 well plate and the rate 

of growth was monitored at different time points. Figure 3.8.1.2A show the cell growth curve 

of the three cell lines at different time points. Figure 3.8.1.2B show the growth time and 

doubling time of each cell line. No difference in rate of cell division was noted suggesting 

PD-L1 expression did not affect the ability of tumour cells to divide.  The effect of PD-L1 on 

tumours cells appears to be mediated by binding to its counter receptors on immune cells to 

promote immune regulation. We thus co-cultured these high and low PD-L1 expressing 

OVCAR-3 cells with stimulated T-cells to investigate the effect on T-cell function. 
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Figure 3.8.1.1.A  

FACS sorting of PD-L1 expressing OVCAR-3 cells into Low PD-L1 expressing cells   

These are facs dot plots showing 

A. Pre-sorted unstained control of OVCAR-3 cells (negative control), B. Pre-sorted 

isotype control for Low PD-L1 expressing OVCAR-3 cells (negative control), C. Pre-

sorted PD-L1+ stained OVCAR-3 cells (positive control), D. Sorting Low PD-L1+ 

stained OVCAR-3 cells (lowest third percentile), E. Post-sorted Low PD-L1+ stained 

OVCAR-3 cells (96% purity of sorting) 

 A 
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Figure 3.8.1.1.B  

FACS sorting of PD-L1 expressing OVCAR-3 cells into High PD-L1 expressing cells   

These are facs dot plots showing 

A. Pre-sorted unstained control of OVCAR-3 cells (negative control), B. Pre-sorted 

isotype control for High PD-L1 expressing OVCAR-3 cells (negative control), C. Pre-

sorted PD-L1+ stained OVCAR-3 cells (positive control), D. Sorting High PD-L1+ 

stained OVCAR-3 cells (highest third percentile), E. Post-sorted High PD-L1+ stained 

OVCAR-3 cells (95% purity of sorting) 
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 Figure 3.8.1.2A Cell growth curve showing rate of cell division at different time points  

Equal number of (25000 cells) of OVCAR-3, high and low PD-L1 expressing cells were 

cultured in a 6 well plate. Growth rate of each cell line was measured at 5 time points (24, 48, 

60 and 72 hour plus the first day for seeding), triplicate wells for each time point. After 

plating, cells were trypsinized and the numbers counted at each time point. 
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Figure 3.8.1.2B  

Cell growth curves showing growth rate and doubling rate (DT) for each cell line 

Growth Rate = number of doublings that occur per unit of time 

A, B & C are exponential regression curves measuring the growth rate and doubling time for 

OVCAR-3, high and low PD-L1expressing OVCAR-3 cells in same culture conditions as the 

previous experiment.   
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3.8.2 Co-culture of stimulated T-cells with high and low PD-L1 expressing Ovcar-3 cells 

We co-cultured high and low PD-L1 expressing OVCAR-3 cells with CFSE labelled 

stimulated T-cells to see the effect of differential expression of PD-L1 on tumour cells on T-

cell proliferation. Tumour cells were cultured in a 1:10 ratio with healthy CD3/CD28 bead 

stimulated T cells. T-cell proliferation was measured by FACs analysis looking at CFSE 

expression on CD3 cells on days 5. 

Figure 3.8.2.1 shows that although high PD-L1 expressing OVCAR-3 cells suppressed T-cell 

proliferation to a greater extent that OVCAR-3 cells on its own; this did not reach statistical 

significance (mean % proliferation of T-cells= 5.3% against 8.5%). Likewise, low PD-L1 

expressing OVCAR-3 cells suppressed T-cell proliferation to a lesser extent than OVCAR-3 

cells on its own, reaching borderline significance (mean % proliferation of T-cells= 24% 

against 8.5%; p=0.05). 

This shows that PD-L1 expression on OVCAR-3 cells effect its ability to suppress T-cell 

proliferation. These results can be extrapolated to concur that tumours, which have a high 

expression of PD-L1, are more immunosuppressive than lower PD-L1 expressing tumours.  

Hamanishi and colleagues (Hamanishi, Mandai et al. 2007) have showed high PD-L1 

expression in human ovarian cancer to be associated with poor prognosis. 
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Figure 3.8.2.1 

Stimulated T-cell/OVCAR-3, High and Low PD-L1 OVCAR-3 cells co-culture  

Proliferation of CFSE labeled CD3/CD28 bead stimulated T cells cultured alone and with un-

stimulated T cells were used as controls. Stimulated T cells were then co-cultured with 

OVCAR-3, High and Low PD- L1 expressing OVCAR-3 cells. Proliferation was measured 

using CFSE dilution. Bars represent mean of values obtained from experiments repeated 3 

times. Error bars= SEM 
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3.8.3 PD-L1 knockdown in Ovcar-3 cells using ShRNA 

We wanted to further investigate the functional effect of PD-L1 depleted cell lines on T-cell 

function and used shRNA HuSH-29 constructs for PD-L1 gene silencing in OVCAR-3 cells. 

We tried to create a stable transfection introducing plasmids expressing short hairpin RNA 

(shRNA) and use antibiotic selection to create a selection of OVCAR-3 cells with continuous 

suppression of PD-L1 gene through expression of the construct.  

4 plasmid (85, 86, 88 & 88) constructs targeting PD-L1 were used in our knockdown 

experiments. 2 of these worked (85 &88) in producing an effective knockdown of PD-L1 

expression on OVCAR-3 cells.  Each construct was GFP (green fluorescence protein) 

labelled; hence transfection efficacy was checked both by flowcytometry and fluorescence 

microscopy on day 3 following transfection (Figure 3.8.3.1A &B; see methods).   

Cells were transfected with scramble, construct 85and construct 88 (shRNA) (250ng/ml) in a 

6 well plate. OVCAR-3 cells in media, OVCAR-3 cells in transfection reagent and OVCAR-

3 cells that were transfected with a non PD-L1 targeted scramble shRNA construct were 

taken as negative controls. OVCAR-3 cells that were transfected with construct 85 and 88 sh-

RNA PD-L1 targeted plasmids were analysed for knockdown of PD-L1 expression by 

flowcytometry. All cells were analysed on Day 5 of transfection. 

Figure 3.8.3.2 show flowcytometry analysis of PD-L1 expression on OVCAR-3 in various 

culture conditions to assess PD-L1 knockdown by shRNA. Figure 3.8.3.3 show the 

cumulative results. We noted that using PD-L1 targeted shRNA, we could significantly knock 

down PD-L1 expression on OVCAR-3 cells (p <0.001) when compared with PD-L1 non-

targeted mock knock down. 

 

The Western blot on which the cell lysates were run was then probed using an anti-PD-L1 

antibody; the resulting Western blot is shown in Figure 3.8.3.4. The blot shows a band at 

around 40 kDa in OVCAR-3 cells in media, un-transfected and in the mock-transfected lysate 

(negative controls).  

 While in the PD-L1 shRNA targeted transfected cells the band is much lighter. This is more 

so for construct 88 compared to construct 85.  
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Figure 3.8.3.1A & B 

A. A fluorescence microscopic image showing transfection efficacy by GFP 

incorporation of OVCAR-3 cells  

B. A facs dot plot showing transfection efficacy by looking at GFP expressing OVCAR-

3 cells in the FL-1 (FITC) channel using PD-L1 isotype and un-transfected sample to 

set appropriate gates (negative controls). 
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Figure 3.8.3.2 

Histogram from flow cytometry showing %PD-L1expression on OVCAR-3 cells before and 

after transfection using shRNA 

A. Un-transfected OVCAR-3 cells, B. OVCAR-3 cells after mock transfection using 

scramble shRNA (negative control), C.OVCAR-3 cells after transfection with construct 85 

shRNA (PD-L1 knockdown), D.OVCAR-3 cells after transfection with construct 88 shRNA 

(PD-L1 knockdown) 
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Figure 3.8.3.3 

PD-L1 expression as mean% on OVCAR-3 cells before and after transfection with sh-RNA by 

flowcytometry using appropriate negative controls. 

Cells were transfected with scramble, construct 85and construct 88 (shRNA) (250ng/ml) in a 6 well 

plate. OVCAR-3 cells in media, OVCAR-3 cells in transfection reagent and OVCAR-3 cells that were 

transfected with a non PD-L1 scramble shRNA construct were taken as negative controls. OVCAR-3 

cells that were transfected with construct 85 and 88 shRNA plasmids were analysed for knockdown of 

PD-L1 expression by flowcytometry. Data represents three independent experiments. Error bars= SD.  

 

 

 

  

 

Figure 3.8.3.4 Western blot of transfected OVCAR-3 cells.  

OVCAR-3 cells were transfected with PD-L1 targeted shRNA or a mock empty plasmid. Lysates 

were run on a reducing 10% SDS PAGE and then probed using an anti-PD-L1 antibody. A dark 

band of around 40 kDa is present in the un-transfected and mock transfected cells but a light band 

was noted in transfected PD-L1 knocked down OVCAR-3 cells. Representative of multiple 

experiments (TR= Transfection reagent) 
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3.8.4 Co-culturing PD-L1 knockdown Ovcar-3 cells with stimulated T-cells 

We next co-cultured PD-L1 knocked down OVCAR-3 cells with stimulated CFSE labelled T-

cells and looked for T-cell proliferation by flowcytometry as described before. Figure 3.8.4.1 

show the cumulative results. We found that PD-L1 knocked down OVCAR-3 cells 

suppressed T-cell proliferation to a lesser extent that OVCAR-3 cells on their own 

(p=0.0002). Moreover, we noted that knock down of PD-L1expression on OVCAR-3 cells 

could significantly but partially reverse the suppression of proliferation by OVCAR-3 cells 

(p=0.002). This shows PD-L1 expression on tumour cells effects CD3 + T-cell proliferation 

and is inversely related to it. This finding is important as anti-PD-L1 immunotherapy may be 

used both an immune checkpoint blocker and augment T-cell function in cancer treatment.   

0

2 0

4 0

6 0

8 0

1 0 0

p = 0 .0 0 0 2

p = 0 .0 0 2

S tim u la te d  T -ce lls  w ith  O V C A R -3  c e lls

a fte r  m o c k  tra n s fe c tio n  w ith  s c ra m b le

S tim u la te d  T -c e lls  in  tra n s fe c tio n  re a g e n t

S tim u la te d  T -c e lls  w ith  P D -L 1  k n o c k e d  d o w n

O V C A R -3  c e lls

S tim u la te d  T -c e lls

w ith  O V C A R -3  c e lls

S tim u la te d  T -c e lls  in  M e d ia

u n s tim u la te d  T -c e lls

 

Figure 3.8.4.1 Stimulated T-cell/OVCAR-3, PD-L1 knocked down OVCAR-3 cells co-culture  

Proliferation of CFSE labeled CD3/CD28 bead stimulated T cells cultured alone and with un-

stimulated T cells and with scramble transfected OVCAR-3 cells and stimulated T cells in 

transfection media (negative controls). Stimulated T cells were then co-cultured with 

OVCAR-3 and PD- L1 knocked down OVCAR-3 cells. Proliferation was measured using 

CFSE dilution. Bars represent mean of values obtained from experiments repeated 3 times. 

Error bars= SEM 
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3.9 Future work 

We have shown through our work the complex role PD-1/PD-L1 pathway plays in immune 

regulation in ovarian cancer. We have shown that PD-L1 pathway appears to be a potential 

diagnostic biomarker and immunotherapeutic target in human ovarian cancer. We have 

shown that high PD-L1 expressing macrophages, abundantly present in ovarian cancer, are 

immunosuppressive and can suppress T-cell proliferation in a cytokine dependent manner.  

Our data demonstrates that IL-10 potentiates PD-L1 expression on monocytes and mediates 

their suppressive effect on T-cells. We have also shown that ovarian cancer cells, which 

highly express PD-L1, alter T-cell function by suppression of T-cell proliferation and this 

action can be reversed by blocking PD-L1. PD-L1 blockade seems to have a beneficial effect 

in human ovarian cancer with restoration of T-cell proliferation and reversal of monocyte 

mediated T-cell suppression. PD-L1 blockade both in monocyte- T-cell interaction and 

tumour cell- T-cell interaction, restore T-cell proliferation.  

In order to better understand the regulatory mechanisms of the immune system that are 

affected by the PD-1/PD-L1 pathway in the interaction between tumour cells, T-cells and 

macrophages in human ovarian cancer we need an in-vivo tumour model. 

We will use SCID mice with human ovarian cancer cell line (OVCAR-3 or SKOV-3 as we 

know these cells express high levels of PDL1) in a subcutaneous xenograft model. We will 

carry out adoptive T cell therapy in these animals using ex vivo activated T cells from normal 

individuals. These cells will be labelled with a suitable radioisotope targeting a T cell 

activation marker and injected into the mice either intravenously or intra-tumourally. In a 

group of mice we will block PD-1 molecule on the T cells using an antibody prior to transfer 

into the animal. The animals will then be imaged using small animal PET/SPECT scanner to 

tract the activated T cells infiltrating the tumour.  SCID mice have normal 

monocytes/macrophages and as such will mount a response to the tumour. We hypothesize 

that the animals with activated T cells which have upregulated PD-1 on their surface will 

become inactivated on contact with tumour and tumour associated monocytes/macrophages 

via PD-1/PD-L1 interaction. If PD-1 is blocked the T-cells should remain active for longer 

period of time in the tumour microenvironment. As well as tracing/imaging active T cells in 

the animals we will also measure response to treatment using calliper measurement of S/C 

tumours.  
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Similar model may be used to block PD-L1 in the animal with or without PD-1 blockade. We 

may also use PD-L1 knocked down OVCAR-3 cells (as shown in our previous experiments) 

and see the effect of adoptive T-cell therapy and tumour associated macrophages in our 

model.  
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3.9.1 Animal work 

In order to see the feasibility of our proposed in vivo model we injected OVCAR-3 cells as a 

subcutaneous xenograft into SCID Beige mice. These mice have no T or B-cells and also 

have defective NK cells. Members of Dr Ghaem-Maghami’s laboratory regularly work with 

these mice. Tumour burden was measured by using bioluminescent imaging. Dr L Whilding 

carried out this work. The mice were sacrificed once they developed a high burden of tumour 

and pooled samples were analyzed for PD-L1 expression on mouse macrophages    (Cd11b 

positive cells) in the spleen, peritoneal washings/ascites and tumour after separating immune 

cells (n=5).  We noted a higher PD -L1 expression on CD11b+ cells in the tumour tissue 

compared to cells obtained from spleen and peritoneal washings.  So we can say that mouse 

macrophages appear to upregulate PD-L1 expression in response to ovarian cancer xenograft 

and this model can be used to further investigate the PD-L1 pathway. 
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Figure 3.9.1.1 

Mean % of PD-L1 positive cells in the CD11b gate of mononuclear cells from pooled 

samples of mice spleen, peritoneal washings and tumour tissue. (N=5, in triplicates). Error 

Bars= SD 
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Chapter 4  

Discussion 

PD-L1 is a cell surface immunoglobulin of the B7 super family. PD-L1 has a wide ranging 

expression on cells of hematopoietic lineage, including activated T cells, B cells, monocytes, 

dendritic cells (DCs) and macrophages. It is also detected on surface of many tumour cells. It 

is likely that PD-L1 suppresses antitumor immune response, promotes tumour growth and 

helps tumour cells to escape immune surveillance. 

The tumour microenvironment in cancer can be hijacked by tumour cells and altered to be a 

tumour promoter. The immune system is composed of DCs, CD8+ lymphocytes (cytotoxic T 

lymphocytes), γδ lymphocytes, CD4+ lymphocytes (T helper cells), regulatory T-cells 

(Tregs), monocytes/macrophages, neutrophils, etc. The balance between these immune 

regulatory cells and tumour cells defines the immunosuppressive and pro-tumoural properties 

of this microenvironment. 

4.1 Phenotyping PD-1/PD-L1 expression on immune cells in ovarian cancer   

We have studied PD-L1 expression on freshly isolated immune cells from patients with 

ovarian cancer before any treatment in order to understand the role of this molecule in the 

tumour environment in chemo-naïve ovarian cancer.  In phenotyping PD-L1 expression on T-

cell subsets and monocytes, we have tried to assess its potential role as a diagnostic and 

prognostic marker and therapeutic target. We also applied our findings to test the functional 

relevance of PD-L1 expression on these immune cells in ovarian cancer. 

Potent CD8 T-cell function is essential for effective anti-tumour response.  The presence of 

tumour-infiltrating CD8+ T cells is associated with better prognosis in ovarian cancer 

(Zhang, Conejo-Garcia et al. 2003, Conejo-Garcia, Benencia et al. 2004). 

In a mouse model, Latchman et al. (Latchman, Liang et al. 2004) showed that PD-L1 

deficiency on the T-cell or APC lead to enhanced IFN-γ production by CD4+ T-cells in vitro. 

The same authors showed PD-L1 on both T-cells and dendritic cells (DCs) can regulate 

activation of naive T-cells. They also demonstrated augmented CD8+T-cell response in PD-

L1 deficient mice.  
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Ovarian cancer is an immune-privileged tumour.  Recently Fialova et al. (Fialova, Partlova et 

al. 2013) showed that the composition of the tumour- infiltrating immune cells changed 

according to the stage of disease in ovarian cancer.  In advanced stage of disease (Stage III & 

IV) they detected high levels of activated T regulatory cells, myeloid dendritic cells and 

monocytes/macrophages. They noted a gradual shift from Th17 effector cells in early stages 

to mainly T-regulatory cells in the later stages.  In 2012, Milne et al. (Milne, Alexander et al. 

2012) showed that it was the absolute lymphocyte count in peripheral circulation recorded at 

the time of prognosis, which was strongly associated with disease burden and prognosis, 

rather than the number of CD8+ tumour infiltrating lymphocytes.  

4.1.1. T-cell subsets in blood and ascites 

We have shown for the first time in ovarian cancer, that total PD-L1 expression on peripheral 

blood lymphocytes is significantly increased in malignant tumours when compared with 

benign and borderline tumours (p=0.0001). Moreover, this significance was also seen when 

comparing women with ovarian tumours and healthy female volunteers. We have shown that 

PD-L1 is expressed on both CD4+ and CD8+ T-cell subsets in blood of women with ovarian 

cancer. 

We also noted that PD-L1 was highly expressed on CD8+ T-cells in ovarian cancer women 

when compared with women with benign and borderline tumours. PDL-1 expression on 

peripheral blood CD8+ T-cells in cancer patients was also significantly increased compared 

to healthy volunteers (p=0.01).  Similarly greater PD-L1 expression was seen on CD4+ T-

cells in women with ovarian tumours compared with healthy female volunteers but this was 

not statistically significant. 

Total PD-L1 expression on lymphocytes in malignant ascites was significantly higher than in 

benign/borderline ascites (mean percentage of ascitic lymphocytes expressing PD-L1: 2.8% 

malignant and 0.8% benign/borderline)  

These results suggest that the PD-1/PD-L1pathway plays a role in immune regulation in 

ovarian cancer by up-regulating PD-L1 expression on peripheral blood and ascitic T-cells. It 

appears that the tumour microenvironment in ovarian cancer induces PD-L1 upregulation on 

cytotoxic CD-8+ T-cells and this result in impairment of its functional activity.  
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We have seen very little overlap of both PD-1/PD-L1 expressions on blood or ascitic 

lymphocytes although this has been described by Butte, et al (Butte, Keir et al. 2007) . It is to 

be remembered that so far there has been no description in literature about T cell: T cell 

interaction via the P-D1/PD-L1 pathway during stimulation of naïve T cells in the presence of 

B7 co-stimulus and/or IL2 (Carter, Fouser et al. 2002, Blank, Brown et al. 2004) 

We noted significantly higher PD-L1 expression on CD3+, CD8+ and CD69+ T-cells in 

malignant ascites when compared to benign/borderline ascites .We found significantly greater 

difference in PD-L1 expression on ascitic T-cells between malignant and benign/borderline 

tumours when compared with peripheral blood T-cells.    

Ovarian cancer is the commonest cancer associated with ascites. The ascites in ovarian cancer 

provides an opportunity to closely interrogate the local tumour microenvironment to 

understand the interaction between tumour cells and the various immune molecules and cells 

that contribute to an immunosuppressive environment. Hence it is not surprising to note that 

PD-L1 expression on ascitic T-cells and its subsets is markedly greater than peripheral blood 

lymphocytes in ovarian cancer patients.  

Previous published work (Krupnick, Gelman et al. 2005, Beswick, Pinchuk et al. 2007) has 

proposed a role for PD-L1 in the development and functional control of T regulatory cells (T-

regs). T-regs have been shown to suppress host anti-tumour immunity and their presence is 

associated with poor survival in ovarian cancer.  Furthermore, after purification from tumour 

ascites, these Tregs were shown to suppress Her2-specific T cell responses in vitro (Curiel, 

Coukos et al. 2004). Francisco et al. (Francisco, Salinas et al. 2009) propose that PD-L1 alone 

can induce the conversion of naive CD4+T cells into Foxp3+ induced Treg (iT reg) cells, 

which are the key mediators of peripheral tolerance that actively suppress effector T cells. 

However, we found no expression of PD-L1 on Tregs (CD4+Fox-p3+ cells) in blood and 

ascites in ovarian cancer.  

We have also investigated PD-1 expression on peripheral blood and ascitic T-cells in ovarian 

cancer. We have validated the previous findings in our laboratory, which had shown over-

expression of PD-1 on T-cells to be associated with ovarian cancer by our group.  

CD69 is an early activation marker for T-lymphocytes. CD69 is expressed at very low levels 

on resting CD4
+
 or CD8

+
 T cells in PBMC (<5-10%), and is one of the earliest assessable 

activation markers, being rapidly upregulated on CD4
+
 or CD8

+
 T cells within 1 hour of TCR 
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stimulation. Expression of CD69 peaks by 16-24 hours and then declines, being barely 

detectable 72 hours after the stimulus has been withdrawn. 

We found CD69 expression on peripheral blood T-cells was significantly (p<0.0001; 

p=0.003) increased in ovarian cancer when compared with healthy women and women with 

benign/borderline tumours. This significance was also noted between healthy donors and 

benign/borderline tumours (p=0.03).   

The inability to upregulate CD69 following TCR activation may be associated with T cell 

dysfunction.  Critchley-Thorne et al. (Critchley-Thorne, Yan et al. 2007) showed that PBMC 

T cells from metastatic melanoma patients with lower responsiveness to interferons had 

reduced CD69 upregulation compared with healthy controls, and this corresponded with 

multiple other functional defects in T cells obtained from these patients.  Thus CD69 

expression may be a measure of T cell dysfunction in human disease. 

In order to investigate, characteristics of PD-L1+ CD69+ T-cells in ovarian cancer, we 

looked at PD-L1 expression on CD4+CD69+ T-cells separated from blood and ascites of 

malignant, borderline ovarian tumours and healthy individuals. No difference in expression 

of PD-L1 was noted on these T-cells (CD4+CD69+) in peripheral blood between patients 

with malignant, borderline ovarian tumours and healthy individuals. However, a significant 

difference (p=0.007) was noted in ascites. So we can possibly conclude that PD-L1 does not 

play a role in suppressing early activation of peripheral blood T cells in ovarian 

cancer. However, PD-L1 may dampen the activation of tumour-associated lymphocytes 

(TALs). 

CD62L is a marker for both memory T- cells and naive T-cells. Central memory T-cells show 

surface expression of CD62L and secrete IL2 but not effector cytokines like IFN-γ and IL4. 

Lages et al. (Lages, Lewkowich et al. 2010) showed that PD-1 (+) T cells in the spleen and 

lymph nodes of aged mice was exhausted effector memory T cells with limited proliferative 

and cytokine-producing capacity. 

We looked at PD-L1 expression on CD3+CD62L+ T-cells in blood and ascites of healthy 

control individuals, women with borderline tumours and women with ovarian cancer. We 

found PD-L1 was expressed significantly more on CD3+CD62L+cells, in the blood 

lymphocytes, of ovarian cancer patients when compared with healthy people and patients 
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with benign/borderline tumours (p<0.0001; p=0.0002). This suggest that PD-1/PD-L1  

pathway may play a role in exhausting memory T-cells in ovarian cancer patients so that they 

cannot be re-activated to re-enter the circulation and exert its effector response . 

4.1.2 Monocytes in blood and ascites  

The present method of distinguishing benign and borderline ovarian tumours from malignant 

ovarian masses heavily relies on the use of imaging modalities and serum CA-125.  

Unfortunately even after years of research to improve the sensitivity and specificity of this 

approach little progress has been made in improving the diagnostic accuracy of pre-surgical 

prediction of ovarian cancer in early stages.   

Previous work done in our laboratory has shown that total PD-L1and CD14+PD-L1+ 

expression on monocytes in the blood and ascites correlate significantly with diagnosis of 

cancer in women with ovarian tumours.  To further strengthen these findings we have looked 

for the same immune markers in blood and ascites of a separate cohort of women with 

ovarian tumours.  

 Our results have validated previous finding that there is a highly significant (p=0.0018 and 

p<0.0001, by student’s t-test) increase in total PD-L1 expression on peripheral blood 

monocytes in malignant cases compared to benign cases and healthy females (mean 

percentage of monocytes expressing PD-L1: 15.62% malignant, 4.9% benign/borderline and 

0.1% in healthy women). Thus separate researchers using the same method (FACS) have 

shown similar results to prevent investigator bias.  

Similar significant increase in PD-L1 expression on CD14 positive cells was also seen in 

malignant cases compared to benign/borderline cases and healthy females (mean percentage 

of CD14 positive cells expressing PD-L1: 13.5% malignant, 3.9% benign/borderline and 

0.08% in healthy women). 

In the combined dataset PD-L1 expression on blood monocytes was found to highly correlate 

with ovarian cancer diagnosis (mean percentage of monocytes expressing PD-L1: 25% 

malignant, 2.1% benign and 0.05% in healthy women). High specificity and sensitivity of 

was noted for CD14+/PD-L1+ (AUC value=0.94; 95%CI; 0.90, 0.98) expression to 

discriminate between malignant and benign tumours.  
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We found an even greater significant expression of these immune markers on malignant 

ascitic mononuclear cells when compared to non-malignant ascitic mononuclear cells; 45% 

and 54% in the malignant cases compared to 5% and 3.9% in benign cases.  

Interestingly, we found similar levels of PD-L1 expression on granulocytes in women with 

malignant and non-malignant ovarian tumours. Hence in order to develop a diagnostic test 

based on this immunological phenomenon we need to specifically look at monocytes 

expressing PD-L1 or rely on increased shedding from these monocytes into biological fluids 

such as plasma.  

In this study we have conclusively shown that PD-L1 expression on monocytes from ascites 

and blood of patients with malignant ovarian tumours was significantly higher than those 

patients with benign/borderline tumours. PD-L1 expression on monocytes in patients with a 

malignant ovarian neoplasm showed a clear association with cancer with no overlap in the 

percentage of monocytes expressing PD-L1 between benign/borderline and malignant cases. 

This increased expression was also noted for early stage cancers which often pose the most 

difficult diagnostic challenge in being distinguished from benign, borderline tumours.  

This is an important and novel finding in ovarian cancer, which has not been shown 

previously and could be used to develop a diagnostic immune biomarker to accurately 

distinguish between cancerous and non-cancerous ovarian masses.  

PD-L1 upregulation on ascitic and blood monocytes in ovarian cancer is possibly an 

immunomodulatory mechanism employed by the tumour to subvert the host immune 

response.  

 

 

 

 

 

 



222 

 

4.2 Developing an immune biomarker in ovarian cancer  

Majority of ovarian cancer patients continue to be diagnosed at a late stage, thereby 

potentially losing the opportunity to be cured from the disease.   As discussed previously, the 

present diagnostic use of scanning the pelvis and measuring CA-125 levels in the serum do 

not appear to accurately distinguish cancer from non-cancerous ovarian masses, especially for 

early stage and non-serous ovarian cancer.   

Ultrasound examination of the pelvis has a sensitivity of only 69 % in determining the extent 

of disease spread in ovarian cancer (Davies, Jacobs et al. 1993, Jacobs, Davies et al. 1993).  

CA-125 (cancer antigen 125 or carbohydrate antigen 125), also known as mucin 16 or 

MUC16, is a protein that in humans is encoded by the MUC16 gene(Yin, Dnistrian et al. 

2002) . Normal tissues, including ovarian cells, pancreatic and breast cells, and the lining 

tissue of the abdomen and chest all make and release low levels of CA-125. Since the CA-

125 test reflects the amount of protein (often called antigen) released into the blood stream 

from specific organs, conditions that affect CA-125 producing cells, change the test result. 

Ovarian cancer not only increases the number of cells that make CA-125, but also causes 

inflammation of the abdominal lining, which contains “normal” cells that make and release 

CA-125. Hence CA-125 is elevated in ovarian cancer and in some other cancers in the 

abdomen. But other, non-cancerous conditions can elevate the CA-125 value too, such as 

inflammatory conditions of the abdomen (diverticulitis, peritonitis, pelvic inflammatory 

disease, inflammatory bowel disease, tuberculosis and pancreatitis), liver disease, recent 

surgery, and benign gynaecological conditions such as fibroids, endometriosis, ectopic 

pregnancy or a ruptured cyst. These other diagnoses must be considered in the interpretation 

of an elevated CA 125 value. Serum CA-125 is elevated in only 50 % of early-stage and 92 

% of late-stage ovarian cancers. The positive predictive value (PPV) of a single CA-125 in 

early detection of ovarian cancer is 57 % (Kobayashi, Ueda et al. 2012). 

 

The basis of a good screening test is that it should not only have a high specificity but should 

have a high sensitivity as well so as to exclude false positive outcomes. Given the low 

prevalence of ovarian cancer (16.2/100 000 in UK, 2008) in the general population, 

an effective and acceptable method of screening must not only have a high sensitivity for 

detection of early-stage disease (> 75 %) but also a very high specificity (99.6 %), so that no 
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more than 10 false positive surgical procedures are performed in order to diagnose a single 

case of ovarian cancer (Menon, Gentry-Maharaj et al. 2009). 

In ovarian cancer, we have the ability to interrogate the immune system to develop diagnostic 

tests based on upregulation of immune molecules in the blood and ascites of these patients 

which will give information not only on the stage or volume of disease but also about its 

biological nature to disseminate and respond to treatment.  

The PD-1/PD-L1 pathway is unique in ovarian cancer in that it seems to play an important 

role in altering the immune equilibrium to a pro-inhibitory state by being expressed both by 

immune cells, like helper and cytotoxic T cells, macrophages and by tumour cells.  

4.2. 1 Validating over-expression of immune biomarkers following screening and developing a 

diagnostic predictor in ovarian cancer 

We performed analyses to confirm whether there was an association between the immune 

biomarkers expressed in blood and ascites of patients with ovarian tumours with ‟ histology 

and cancer diagnosis”. Various immune biomarkers were chosen which played a role in 

immune responses in ovarian cancer. We used patient clusters defined by the unsupervised 

analysis. We obtained these patient subgroups by bioinformatics analysis using unsupervised 

clustering on PBMCs and ascites. 

The result showed 4 groups of biomarkers, were clustered together in PBMC, and 3 groups of 

biomarkers (except for cluster 1) were clustered together in ascites, indicating they are 

functionally related and play a role in immune modulation in ovarian cancer.  Both in PBMCs 

and ascites, the correlation matrix revealed a dominant cluster of immune markers 

responsible for immune regulation. Patients with low expressions of PD-L1 related immune 

markers had the best prognosis. 

From this initial screening “discovery set” of samples, 6 immune biomarkers were identified 

that showed highly significant difference in expression when comparing benign (non-cancer) 

versus malignant (cancer) ovarian tumours. 5 of these 6 immune biomarkers were related to 

the PD-1/PD-L1 pathway, thus suggesting the relevance of this pathway in ovarian cancer. 

We subsequently validated these findings in a different cohort of women with ovarian 

tumours (validation set).      
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The clinical characteristics of the discovery and validation group of patients were similar to 

each other and representative of ovarian cancer patients in the general population.  

The results showed independent validation (2 different investigators independently analysing 

2 different set of samples) of 4 of the biomarkers from the discovery set in the validation set. 

These 4 biomarkers were, total PD-L1 + cells in monocyte gate (p=0.0019), CD14+PD-L1+ 

cells in monocyte gate (p=0.0004), total CD69 +cells in lymphocyte gate (p=0.0065) and 

total PD-1+ cells in lymphocyte gate (p=0.0146). 

Thus suggesting PD-L1 expression on monocytes, PD-1 and CD-69 expression on 

lymphocytes could potentially be investigated in the peripheral blood of ovarian cancer 

patients to develop a diagnostic or prognostic test.  

High levels of PD-1 expression have been noted on virus-specific CD8+ T lymphocytes in 

chronic viral infections, such as HIV and HCV. These high PD-1 levels allow interaction 

with APC expressing PD-L1, which triggers immune exhaustion associated with the T cell 

dysfunction (Day, Kaufmann et al. 2006, Fuller, Callendret et al. 2013).  Possibly a similar 

functional role is played by the PD-1/PD-L1 pathway and explains our findings noted in 

blood and ascites in ovarian cancer.  

In order to further validate the flow cytometry findings of PD-L1 related immune markers 

being diagnostic of ovarian cancer, we looked at PD-L1 expression in TILs and TAMs in 

ovarian tumour tissue by staining and histological analysis of immune cells in tissue 

microarray. Infiltration by TILs is a central mechanism of the ‘hosts’ response to several 

types of human carcinomas and the TIL-mediated activity may be directed against tumour 

cell antigens (Parmiani 2005).High expression of PD-L1 in TAMs (macrophages and 

dendritic cells) was noted in ovarian cancer tissue. IHC staining of the inflammatory cells of 

the TMA showed high PD-L1 expression to be diagnostic of ovarian cancer (p=0.0004). Thus 

we have found constitutive expression of PD-L1 not only on the cell surface of various T-cell 

subsets and antigen presenting cells in malignant ovarian tumours but also PD-L1protein 

expression in the inflammatory cells in ovarian cancer tumour tissue.  This suggests that post-

transcriptional factors may be affected by the PD-1/PD-L1 pathway in ovarian cancer. Parsa 

et al. (Parsa, Waldron et al. 2007) showed that expression of the gene encoding PD-L1 

increased post transcriptionally in human glioma after loss of phosphatase and tensin 

homolog (PTEN) and activation of the phosphatidylinositol-3-OH kinase (PI(3)K) pathway. 
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Thus, suggesting loss of the tumour suppressor PTEN as a novel mechanism for promoting 

immune resistance mediated in part by PD-L1. 

Various cancers have showed aberrant expression of PD-L1 in tumour tissue to be a poor 

prognostic indicator (Strome and Chen 2004, Zhang and Strome 2004, Thompson, Kuntz et 

al. 2006, Ghebeh, Tulbah et al. 2007). Hamanishi et al. (Hamanishi, Mandai et al. 2007) have 

shown that patients with ovarian cancer with higher expression of tumoural PD-L1 had a 

significantly poorer prognosis than patients with lower expression. 

Here we report that high expression of PD-L1 in tumour-associated macrophages and 

infiltrating lymphocytes in human ovarian tumours is diagnostic of cancer and may facilitate 

cancer progression by suppressing host anti-tumoural T-cell mediated immunity.  

As previously discussed the present method of screening using CA-125 as biomarker, fails to take 

into account this heterogeneous presentation in ovarian cancer and is ineffective in accurately 

predicting prognosis.  

We investigated if the over expression of the previously validated immune biomarkers in the 

blood of ovarian cancers patients accurately related to the stage and histology of the tumour.  

We have shown that total PD-L1 and CD14+/PD-L1+ expression (in the monocyte gate) in 

the peripheral blood can not only accurately differentiate between benign tumours and Stage I 

malignant ovarian tumours (p=0.001) but they also show significant differential expression 

between early stage and late stage of disease.  

We have also shown in our results that these immune biomarkers are elevated in both Stage I 

serous and non-serous ovarian cancer when compared to benign ovarian tumours and thus 

can be used as a screening test, irrespective of the histological sub-type, in ovarian cancer. 

This distinguishing ability is vitally important in surgical planning, allowing us a more 

conservative approach, when treating young women with suspected ovarian cancer who wish 

to preserve their fertility.    

We also looked at the specificity and sensitivity of each candidate biomarker to discriminate 

between malignant and benign ovarian tumours. We found PD-L1+ and CD14+/PD-L1+ 

expression to be better discriminators between benign and ovarian masses even when 

compared to the presently used standard biomarker of CA-125.  The AUC value for Ca-125 
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was 0.91 (95%CI; 0.83, 1.00) compared to PD-L1+ (AUC value=0.94; 95%CI; 0.89, 0.98) 

and CD14+/PD-L1+ (AUC value=0.94; 95%CI; 0.90, 0.98). 

This has important diagnostic significance as these immune biomarkers can be used to carry 

out appropriate surveillance for a benign ovarian mass without causing anxiety and 

unnecessary surgical intervention. 

4.2.2 Immune biomarkers as a prognostic predictor in ovarian cancer 

The complexity of treating ovarian cancer is due to the diverse presenting features of this 

malignancy. There is a growing appreciation that epithelial ovarian cancers do not behave as 

a single clinical entity. Tumour heterogeneity further complicates management in this cancer. 

Histology and stage are two important prognostic features of this disease. Ovarian cancer is 

surgically staged using the FIGO classification(Prat and Oncology 2014), which is based on 

the volume and extent of tumour spread. Stage I tumours are limited to one or both ovaries. 

Stage II tumours are associated with pelvic extension. Stage III tumours are characterized by 

spreading outside the pelvis into the abdominal cavity or true retroperiteonal lymph node, and 

stage IV tumours present with liver parenchymal metastasis and/or distant metastasis. 

Histologically these cancers can be serous (low grade and high grade), clear cell 

endometrioid, mucinous, and other rare types such as Brenner or undifferentiated (Chuaqui, 

Cole et al. 1998, Gilks and Prat 2009).  Presently it has been postulated that ovarian cancer are 

of two types: type 1 tumours, which are low grade and slowly developing (endometrioid, 

mucinous and low grade serous tumours), and type 2 tumours, which rapidly progress (high grade 

serous).  

Surgical outcome is perhaps the most important prognostic factor in ovarian cancer. 

Predicting surgical “debulkabilty” pre-operatively continues to be a challenge in managing 

ovarian cancer patients. In spite of the advances in new imaging techniques and using novel 

biomarkers, limited progress has been made in this regard (Tempany, Zou et al. 2000). The 

standard treatment for ovarian cancer patients is cytoreductive surgery, during which 

adequate staging is performed. Clinically, the most important prognostic factor is the 

presence of residual disease after initial de-bulking surgery (sub-optimal debulk). Surgical 

treatment should be tailored to the patient and should take into account resectability, age, 

histology, stage and performance status. Various studies have suggested significant morbidity 

to be associated with multi-visceral surgery in advanced ovarian cancer (Aletti, Eisenhauer et 
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al. 2011, Rafii, Stoeckle et al. 2012). Maximal surgical effort should be made so that zero 

residual disease is left behind after surgery. This has continuously been shown to be the best 

predictor for disease recurrence and overall survival (Chang, Hodeib et al. 2013).However, 

complete resectability of the tumour cannot be accurately predicted presently prior to surgery 

in advanced ovarian cancer.   

Patients with advanced disease (stage IC–IV, or stage IA and 1B with adverse histology) will 

receive post-operative chemotherapy ideally within six to eight weeks of debulking surgery. 

About 80 % of the patients respond to chemotherapy but of those, 75–80 % will have tumour 

recurrence, mostly within 24 months of surgery (Ushijima 2010). Recently two large studies 

have proposed that giving chemotherapy upfront as the primary modality of treatment in 

advanced ovarian cancer seems to have same survival and recurrence outcome compared to  

those having primary surgical debulking (MRC CHORUS study- J Clin Onc 31, 2013 ; 

supple; abstract 5500)(Morrison, Haldar et al. 2012, Vergote, du Bois et al. 2013). These 

studies also suggested that resectability of tumour significantly improved after initial 

chemotherapy and more patients had zero residual disease after delayed surgery than those 

who underwent primary surgery. Hence, we need to focus on developing biomarkers that 

predict surgical outcome in these patients so that the appropriate treatment can be given.   

We have shown that increased expression of total monocyte PD-L1+, total monocyte 

CD14+PD-L1+ and total lymphocyte PD1+ in blood, strongly correlated with sub-optimal 

surgical outcome. Although these finding were noted in women with ovarian cancer of all 

stages, this is still an important finding which needs proper validation by comparing the 

surgical outcome in women with only advanced cancer where achieving total macroscopic 

debulking of tumour poses a challenge. These finding suggest that PD-1/PD-L1 pathway 

plays a role in predicting tumour hostility and tumour spread in ovarian cancer. We can 

postulate that more aggressive tumours are more likely to spread beyond the pelvis and express 

more PD-L1 and are responsible for greater expression of PD-L1 on monocytes within the 

tumour environment. Thus more wide spread or more aggressive tumour is less likely to be 

completely excised at surgery. CD69+ expression on lymphocytes did not appear to predict 

surgical outcome in our cohort of patients. Suggesting this is possibly an indirect t-cell 

response rather than one directly mediated by the PD-L1 expressing tumour cells.  

Interestingly, we found no correlation between level of expression of our candidate 

biomarkers in malignant ascites and predicting surgical outcome. This may be because 
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immune cells in ascites are functionally exhausted and expression of our studied biomarkers 

is more of a reflection of the immune response rather than the tumour spread (Sorbe and 

Frankendal 1983, Giuntoli, Webb et al. 2009).  

We have also looked at in our study whether levels of expression of our selected immune 

biomarkers impacted progression free and overall survival in our cohort of ovarian cancer 

patients. Total lymphocyte CD69+ and total PD1+ expression did seem to impact PFS.  

Interestingly, it appears that the lymphocyte related immune markers in blood had a greater 

impact on disease free survival in our ovarian cancer patients than the monocyte related 

biomarkers. We know that T- cell effector response, which includes tumour specific t-cell 

activation, induction of type I T-cell phenotype, T-cell expansion, tumour infiltration and 

development of T-cell memory are thought to be required for an effective anti-tumour 

response. All these processes are lymphocyte driven. In particular, it has been shown that 

high numbers of CD3-positive T cells are indicative of improved survival (Zhang, Conejo-

Garcia et al. 2003, Raspollini, Castiglione et al. 2005, Tomsova, Melichar et al. 2008) and 

that the CD8-positive (cytotoxic) subtype of CD3-positive T lymphocytes is responsible for 

this effect (Sato, Olson et al. 2005, Hamanishi, Mandai et al. 2007, Clarke, Tinker et al. 2009, 

Leffers, Gooden et al. 2009). 

Although this was a retrospective study, the lymphocyte related immune biomarker 

expression data from ovarian cancer patients PBMCs provides stimulating evidence to 

suggest that tumour biology and patient immune response did have an affect towards ovarian 

cancer patient’s survival. 

All these findings show that the PD-1/PD-L1 pathway play an important role as a diagnostic 

and prognostic indicator in ovarian cancer and provides us with the opportunity to understand 

the immune responses related to this pathway in ovarian cancer. This provides us the 

opportunity to target this pathway to derive therapeutic response and improve survival from 

this disease.    

4.3 Role of PD-L1 in in-vitro interaction between T-cells and tumour cells 

 Various publications have shown EpCAM positive expression on ovarian ascitic tumour cells to 

be diagnostic for cancer cells (Latifi, Luwor et al. 2012).   We have shown PD-L1 expression on 

EpCAM positive ascitic tumour cells in ovarian cancer to demonstrate a role for this molecule in 
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immune modulation in the tumour microenvironment. However, due to technical difficulties in 

obtaining fresh tissue samples and low percentage of EPCAM positive cells purified from ascites 

we could not use these cells for both phenotyping and functional experiments. Instead, we 

decided to use panel of ovarian cancer cell lines. We selected ovarian cancer cell lines that were 

generated from the same cell origin (epithelial derived) but of different histological type in order 

for us to look at PD-L1 cell surface expression and chose a surrogate for malignant tumour cells.  

We have shown that PD-L1 is upregulated in some ovarian cancer cell lines, in particular 

those that originated from serous (SKOV3, SMOV1, CaOV3, OVCAR3 and OVCAR5) 

histological type but not clear cells (OVISE and TOV21G clear cell, IGROV1 mixed) .These 

data confirm recent reports of constitutive expression of PD-L1 on human ovarian cancer cell 

lines (Abiko, Mandai et al. 2013). OVCAR-3 showed the highest mean expression of PD-L1 

and hence has been used an ovarian cancer cell prototype for all our functional experiments. 

As human cell lines may not be the best representative of immune marker expression in 

tissues, we used 60 frozen tumour tissue samples of different histological types to study PD-

L1 mRNA expression in ovarian tumours. We used normal ovary as our control. We found 

similar trend of PD-L1 mRNA expression as cell surface expression using ovarian cancer cell 

lines; with serous ovarian cancer tissues showing the highest PD-L1 mRNA level followed 

by endometriod, borderline and the lowest or no PD-L1 mRNA expression noted in clear cell, 

benign and normal ovary. Thus we validated the rationale for using ovarian cancer cell lines 

as an alternative to primary tumour cells for our functional experiments. 

Negative regulatory mechanisms within the tumour microenvironment inhibit antitumor T-

cell function, leading to evasion from immune attack. As discussed before, up-regulation of 

PD-L1 expressed on tumour which binds to PD-1on activated T cells is an important 

inhibitory mechanism in this immune evasion process. PD-1/PD-L1 engagement results in 

diminished antitumor T-cell response which correlates with poor outcome. 

It has been shown by Kitazawa, Y.et al.(Kitazawa, Fujino et al. 2007) that the blockade of the 

PD-1/PD-L1 pathway using anti-PD-L1 mAbs abrogated Treg mediated immune regulation 

in vitro and tolerance induction in vivo in mice.  

Tumour associated PD-L1 has been shown in animal models to inhibit anti-tumour T cell 

responses (Iwai, Ishida et al. 2002) implying PD-L1 to play a pivotal role in tumour evasion 

from antitumor immune responses (Dong and Chen 2003, Blank, Gajewski et al. 2005). 
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Furthermore, it has been shown that activated T cells also express PD-L1, raising the 

possibility of self-restriction of an antitumor T cell response during the priming phase (Blank, 

Brown et al. 2004) (Dong and Chen 2003). We have previously shown that ovarian cancer 

cell lines that express PD-L1 do not appear to up regulate PD-1 on normal T cells (data not 

shown here). However, activated T cells that already express PD-1 may be inhibited by PD-

L1 expressing tumour cells. Keeping with this, our functional work has demonstrated 

suppression of T-cell proliferation when co-cultured with ovarian cancer cell line and also 

partial but significant reversal of T-cell suppression by blocking PD-L1 but not PD-1. This 

suppression was universally seen with tumour cells from different histological ovarian cancer 

cell lines but was found to be more profound with serous ovarian cancer cell lines which had 

the highest expression of PD-L1. No such suppression was seen in the interaction between 

benign ovarian epithelial cell line and activated t-cells. This reversal was no greater by 

blocking IL-10, a key immunosuppressive cytokine in the immune environment. This may be 

explained by the dual pathway of PD-L1 interaction with T-cell. It has been shown that PD-

L1, but not PD-L2, can bind CD80 (Butte, Keir et al. 2007). T-cells express CD80, and it is 

proposed that PD-L1 sends inhibitory signal to T-cells by a reverse signalling pathway 

involving CD80 (Paust, Lu et al. 2004, Taylor, Lees et al. 2004, Butte, Keir et al. 2007). A 

bidirectional signalling pathway may be established between the APC and the T cell 

involving PD-L1. We also looked at expression of CD80 molecule (B7-1; a co-stimulatory 

molecule of the B7 family) on stimulated T-cells. Dampened T-cell activation is associated 

with the weakened APC: T-cell interactions when blocked by using antibodies targeting co-

stimulus molecules CD80 and CD86, suggesting that CD80 and CD86 are important in 

strengthening intercellular interactions and amplifying T-cell functional activation. We 

however found no upregulation of CD80 on stimulated T-cells.  

IL-6 has been identified as a pleiotropic cytokine with wide ranging biological activities in 

various cells, including tumour cells (Penson, Kronish et al. 2000, Nilsson, Langley et al. 

2005). 

In ovarian cancer, IL-6 is highly expressed in serum and also higher levels are associated 

with poorer survival outcomes (Scambia, Testa et al. 1995). We have also shown this in our 

laboratory through Luminex analysis of ascites and blood from ovarian cancer patients. 

IL-6 is expressed significantly in the tumour microenvironment and is associated with tumour 

progression by stimulating tumour associated B7-H4 macrophages (Kryczek, Zou et al. 

2006). In preclinical studies, IL-6 has been shown to increase tumour resistance to 
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chemotherapy in ovarian cancer via the JAK/STAT pathway and IL-6 receptor alpha trans-

signalling of tumour endothelial cells (Duan, Foster et al. 2006, Lo, Chen et al. 2011). IL-6 

also has pro-angiogenic properties (Nilsson, Langley et al. 2005) and regulates immune cell 

infiltration, stromal reaction and the tumour-promoting actions of Th17 lymphocytes 

(Miyahara, Odunsi et al. 2008). 

In our functional experiments looking at activated T-cell suppression by tumour cells we 

found IL-6, possibly tumour cell derived, to be expressed greatly in the supernatant during 

this interaction. However, there was no change in IL-6 level in the supernatant by blocking 

PD-L1 or IL-10, suggesting an alternative pathway of action for this cytokine. 

We have further shown that T-cell suppression by tumour cells, using a transwell model, 

appears to persist without cell-to-cell contact driven by soluble factors present in the cell 

supernatant and the PD-1/PD-L1 pathway plays a role in this.  We found significant but 

partial reversal of this suppression by blocking PD-L1 on tumour cells and PD-1 on T-cells in 

this model.  Moreover, this suppression could be further reversed by increased the blocking 

of PD-L1 on tumour cells and PD-1 on activated t-cells. This suggests that soluble factors 

that promote the immunosuppressive environment in ovarian cancer are possibly affected by 

the PD-1/PD-L1 pathway.  Various soluble factors and membrane bound molecules like 

TGF-β, IL-10, FAS, CTLA-4 ligands, PGE2, TRAIL (tumour necrosis factor- related 

apoptosis-inducing ligand) have been found to be expressed by tumours and postulated to 

mediate immune evasion (Smyth, Godfrey et al. 2001, Dunn, Bruce et al. 2002, Iwai, Ishida 

et al. 2002). Blocking of negative regulatory signals on the tumour and t-cells may alter the 

immune environment and promote tumour specific CD8+ t-cell immunity in vivo. 

4.3.1 Role of PD-L1 in in-vitro stimulated T-cell co-cultured with supernatant from benign and 

malignant ovarian tumour cell line 

We further investigated to see if the suppression of T-cell proliferation by tumour cells noted 

in the transwell model, was mainly driven by tumour derived soluble factors or by other 

proteins or exosomes in the cell supernatant. Exosomes are a type of secreted membrane 

vesicles produced by most cell types including ovarian cancer cells and contain functional 

mRNA and microRNAs molecules and can induce immune suppression by inhibiting t-cell 

proliferation (Taylor and Gercel-Taylor 2008, Anderson, Mulhall et al. 2010). To ensure that 

exosomes did not interfere with the results, cell line supernatant was purified by ultra-

filtration and ultra-centrifugation and then co-cultured with stimulated T-cells. Benign 
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ovarian epithelial cells were used as a control. We found malignant cell line supernatant had a 

profound suppressive effect on T-cell proliferation which was reversed on diluting, 

suggesting this suppression was driven by the soluble factors present in the supernatant.    

We have shown recombinant PD-L1 acts as a soluble factor in the co-culture and increases 

the suppression of T-cell proliferation by possibly acting on the PD-1 receptor on the T-cells 

directly or indirectly by influencing the release of immunoregulatory cytokines. We saw that 

there was partial reversal of suppression of borderline significance when PD-L1 blocking 

antibody was added to the co-culture of stimulated T-cell in OVCAR-3 supernatant, 

suggesting that PD-1/PD-L1 axis played a role in this process.  There has been many 

descriptions in literature about co-stimulatory molecules assuming both membrane bound and 

soluble forms. Several members of B7 super family such as B7-1, B7-2 and B7-H3, have 

been noted to exist in both forms. Soluble PD-L1 (sPD-L1) is thought to be released through 

proteolytic cleavage of its membrane bound protein isoform, although any other source 

cannot be excluded. It had recently been shown that culture supernatants of the PD-L1+ cell 

lines contain high level of sPD-L1 and matrix metalloproteinase inhibitor (MMPI) can reduce 

the production of sPD-L1 (Frigola, Inman et al. 2011). We too have shown high level of sPD-

L1 in PD-L1 + ovarian cancer cell line supernatant as described in the results section. There 

have been two recent conflicting reports that have suggested that sPD-L1 promoted T-cell 

responses through blocking PD-1/PD-L1 pathway. Wan et al. (Wan, Nie et al. 2006) reported 

that sPD-1 and sPD-L1 were elevated significantly in serum and synovial fluid (SF) of 

rhuematoid arthitis (RA) patients. They showed that in vitro, when purified CD4+T cells 

were co-cultured with autologous synovial fluid mononuclear cells (SFMCs), by adding PD-1 

or PD-L1 fusion proteins there was a significantly enhanced T-cell proliferation. Shi et al. 

(Shi, Du et al. 2013) proposed that in patients with type 2 diabetes mellitus, both the 

upregulation of PD-1 on the CD4+CD28+T cells and the increase of sPD-L1 were closely 

associated with the severity of diabetic atherosclerotic macro-vascular diseases. In vitro, T 

cells were co-cultured with PD-L1-transfected L929/PD-L1 cells and PD-L1Ig or anti-PD-1 

mAb was added to the medium. T-cell proliferation was enhanced and this effect could be 

reversed by anti-PD-1 mAb.  

However, in contrast, Frigola et al. (Frigola, Inman et al. 2011) reported that exposure of 

CD4+T and CD8+T cells to either mDC-derived sPD-L1 or tumour cell-derived sPD-L1 

induced apoptosis. They further showed that in clear cell renal cell carcinoma patients, higher 

sPD-L1 level was detected and the higher preoperative level was associated with more 
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advanced stage and grade of tumours and severer necrosis. A doubling of sPD-L1 level was 

associated with a 41% increased risk of death. This suggests that sPD-L1 has opposite  

effect on T cells in autoimmune disease and cancer.  

4.3.2 Mechanism of T-cell suppression when co-cultured with supernatant from malignant 

ovarian tumour cell line 

We further investigated if the suppression in T-cell proliferation by malignant ovarian tumour 

cell supernatant was due to increased apoptosis and cell death or due to decrease in ability to 

proliferate due to soluble factors present in the supernatant. 

We are aware that PD-L1 acts by inducing a co-inhibitory signal in activated T-cells and 

promotes T-cell apoptosis, anergy and functional exhaustion (Butte, Keir et al. 2007, 

Francisco, Salinas et al. 2009).  Activated T-cells that express PD-1, induce the production of 

cytokines such as INF-γ and IL-4, which further up-regulate PD-1 ligands, thereby 

establishing a feedback loop that attenuates immune responses and limits the extent of 

immune mediated tissue damage unless the activation is overridden by strong co-stimulatory 

signals. Dong et al. (Dong, Strome et al. 2002) showed that INF-γ upregulated PD-L1 

expression in tumour cell lines.  They also went on to demonstrate that tumour associated 

PD-L1 increases apoptosis of antigen-specific human T-cell clones in vitro and this apoptotic 

effect was mediated by one or more receptors other than PD-1. In addition, expression of PD-

L1 on mouse P815 tumour increased apoptosis of activated tumour-reactive T cells and 

promoted the growth of highly immunogenic B7-1
+
 tumours in vivo. Recent publications 

have suggested that over-expression of apoptosis inhibitor survivin, promote tumour PD-L1 

protein expression in renal cell cancer (Krambeck, Dong et al. 2007) . Gao et al. (Gao, Wang 

et al. 2009) showed that in hepatocellular carcinoma ( HCC) , PD-L1
+
 HCC cells induced T-

cell apoptosis, which was further augmented by IFN-mediated up-regulation of PD-L1 on 

HCC cells, while in the presence of blocking antibodies to PD-L1, apoptosis in T cells was 

significantly reduced. Other researchers have suggested that PD-L1 mediates a decreased 

proliferation upon TCR stimulation rather than apoptosis (Carter, Fouser et al. 2002, Curiel, 

Wei et al. 2003) 

We have shown that ovarian cancer cell line supernatant can significantly induce apoptosis of 

stimulated T-cells (p=0.018) when compared with stimulated T-cells in medium and benign 

ovarian surface epithelial cell line supernatant. It appears that this effect is mainly mediated 
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by increasing the proportion of late apoptotic cells (those with compromised membrane 

integrity) and is not reduced by adding anti-PD-L1 antibody.  We have further shown that 

ovcar-3 supernatant causes significant suppression of proliferation of the responder cells 

(p=0.003) and the reversal of suppression by PD-L1 blocking antibody appears to be 

mediated by restoring the proliferating responder cells (p=0.006).  Using division and 

proliferation index indicators we have postulated that this suppression also seems to be 

significantly caused by limiting the division of cohort cells (p=0.001).  Malignant ovarian 

tumour cell line supernatant seems to cause suppression of T-cell proliferation by a 

combination of mechanisms involving cell division arrest of the dividing cells and by causing 

a proportion of the initial parent cells to be inactive and thereby limiting their capacity to 

divide.   

4.3.3 Role of IDO in t-cell suppression in co-culture with benign and malignant cell line 

supernatant 

 IDO was first described as an immunosuppressant in mouse placenta that prevented rejection 

of the allogenic fetus (Munn, Zhou et al. 1998).  IDO is expressed by various cancers such as 

gastric, pancreatic, colorectal, and prostate cancers (Uyttenhove, Pilotte et al. 2003).  Takao 

et al. (Takao, Okamoto et al. 2007) showed IDO expression was a poor prognostic factor in 

serous ovarian cancer. Inaba et al. (Inaba, Ino et al. 2009) showed that high IDO expression 

was found in 34 (56.7%) patients with ovarian cancer and correlated with a reduced number 

of CD8+ TIL. Patients with high IDO expression had significantly poor overall and 

progression-free survival compared to patients with no or low IDO expression. 

We thus investigated if IDO played a role in our co-culture experiments which showed t-cell 

suppression by cancer cell supernatant since we had also found a high mRNA expression of 

IDO in our malignant ovarian tumours.   

By measuring the concentration of kynurenines in the ovarian tumour cell line supernatants 

and by supplementing tryptophan in the co-culture experiments we indirectly evaluated IDO 

activity. We found no evidence to suggest that IDO impacted T-cell suppression in our co-

culture model.   
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4.4 Cytokine and soluble factors regulate PD-L1 expression on monocytes  

We have previously shown a significant co-relation between the high expression of PD-L1 on 

monocytes in ascites and peripheral blood with diagnosis of ovarian cancer. We have also 

shown that PD-1/ PD-L1 related immune marker expression in peripheral blood of ovarian 

cancer patients to be significantly associated with surgical outcome and disease survival. 

Various cytokines have been implicated in the PD-1/PD-L1 pathway.  Previous work in our 

laboratory looked at the cytokine profile of malignant ascites in ovarian cancer patients and 

compared this with non-malignant in women with benign and borderline ovarian tumours.  

Only IL-10 and TGF-β showed a significant difference in concentrations between the two 

groups of patients with greater concentration of both these cytokines noted in malignant 

ascites. We thus decided to investigate if IL-10 and TGF- β was responsible for up-regulation 

of PD-L1 on monocytes in ovarian cancer.  IFN-γ was used as a positive control. We have 

previously demonstrated that tumour cells from serous ovarian cancer cell lines failed to up-

regulate PD-L1 on healthy monocytes and un-stimulated T-cells in culture.  We think that 

PD-L1 up-regulation seen on ascitic and blood T-cell and monocytes are caused by the 

soluble factors and cell surface molecules released in the tumour microenvironment by the 

tumour cells in vivo.  It is more likely that cytokines present in the tumour environment are 

responsible for this up-regulation as seen when monocytes are cultured in ascitic supernatant 

(data not shown). 

In our experiment we have shown that PD-L1 is significantly up-regulated by both IL-10 and   

IFN-γ after 2 and 8 hours of harvesting when compared to control.  There was no additive 

effect seen on combining IL-10 and TGF-β on PD-L1 expression on monocytes. Adding 

TFG-β alone resulted in a small increase in the percentage of PD-L1expressing monocytes at 

2 hours of incubation but not at 8 hours However, this effect was not seen when analysis was 

done using mean fluorescence intensity. In order to validate our findings we did analysis 

looking at both percentage of PD-L1 positive monocyte cells and average fluorescence 

expression of PD-L1marker in the cells. Both analyses showed similar results. We further 

tested these findings using ascitic supernatant containing high and low concentration of IL-10 

obtained from ovarian cancer patients.  This showed significantly higher PD-L1 upregulation 

on monocytes cultured in ascitic supernatant with greater concentration of IL-10. 

Furthermore using anti- IL-10 blocking antibody we could reverse this phenomenon. As 

mentioned previously, IFN-γ has been shown to be a significant inducer of PD-L1 expression 

on almost all cell types.  Although we have shown there is a low level of IFN-γ in ovarian 
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cancer ascites, we tested the possibility of this molecule being responsible for PD-L1 up-

regulation on monocytes in our experimental set up. The findings showed that IFN-γ had 

little or no role in upregulating PD-L1 expression on ascitic monocytes in ovarian cancer.     

Our findings suggest that IL-10 is a key cytokine in the tumour microenvironment and is one 

of the factors responsible for up-regulating PD-L1 on APCs in these patients. This may have 

therapeutic significance in treating these patients.  

IL-10 has been previously shown to upregulate PD-L1 expression on dendritic cells in 

patients with chronic infections like HIV and hepatitis-B (Trabattoni, Saresella et al. 2003, 

Geng, Jiang et al. 2006). It has also been shown in viral infections that IL-10 and PD-1/PD-

L1 pathways actively suppress T-cell responses, allowing viral persistence and following 

blockade of  IL-10 or PD-L1- mediated inhibition in vivo, there is rapid enhancement in T-

cell function and reduced viral replication(Barber, Wherry et al. 2006, Brooks, Trifilo et al. 

2006, Ejrnaes, Filippi et al. 2006).  Further experiments need to be done to elucidate if IL-10 

mediated suppression in ovarian cancer via the PD-L1 pathway is due to increased PD-L1 

expression on dendritic cells by IL-10 or PD-L1 signalling resulting in increased IL-10 

production.   
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4.4.1 Functional relevance of PD-L1+monocytes in T-cell interaction with PD-1/PD-L1 blockade 

We have further shown that ascitic monocytes cause significant suppression of t-cell 

proliferation which was not seen when co-cultured with monocytes isolated from the blood of 

a healthy female donor.  Addition of PD-1, PD-L1 or IL-10 blocking antibody alone partially 

but significantly reversed this suppression and in combination appeared to completely reverse 

this suppression and restore normal t-cell proliferation. Therefore, monocytes derived from 

the ascites of patients with ovarian cancer can suppress T cell responses in a manner that is at 

least partially dependent on IL-10 and/or PD-1 PD-L1 interactions.   

 Our findings of high PD-L1 expressing ascitic monocytes being able to suppress ascitic T-

cells suggest that these cells promote T-cell anergy in the tumour microenvironment in a PD-

1/PD-L1 dependent manner.  
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4.5  Soluble PD-L1 ( sPD-L1)  in ovarian cancer 

PD-L1 is encoded in human by the CD274 gene on chromosome 19 and in mouse by 

chromosome 9. There is no evidence to suggest that soluble PD-L1 (sPD-L1) can be encoded 

by the alternative variant, lacking IgV-like domain and thus unable to  bind to PD-1, that has 

been identified in human (He, Xu et al. 2005). There is still considerable uncertainty about 

the presence of soluble PD-L1 (sPD-L1/sB7-H1) in the sera of patients affected with 

malignancy, infection and autoimmune diseases. 

Wan and colleagues (Wan, Nie et al. 2006) showed that sPD-1 is present and elevated in 

patients with rheumatoid arthritis. However, the results were questioned because of the cross-

reactivity of the polyclonal antibodies used. Earlier this year, (Frigola, Inman et al. 2011) 

developed a self made sPD-L1 Elisa and biochemically confirmed the identity of the detected 

protein. They used micro sequencing of sPD-L1 isolated by affinity chromatography with 

2.2b ELISA capture antibody and showed that the extracellular PD-1 binding domain of PD-

L1 is retained by tumour cell lines. They showed a statistically significant correlation 

between sPD-L1 with pathologic features of tumour size, primary tumour classification, 

nuclear grade and tumour necrosis in aggressive Renal Cell Carcinoma. They also related 

high levels of sB7-H1 with poor prognosis and survival. 

As described previously we have shown high expression of PD-L1 on activated t-cells and 

monocytes in blood and ascites of ovarian cancer patients. We have also shown high PD-L1 

expression in ovarian cancer tumour and serous ovarian cancer cell lines. Hence we wanted 

to investigate if the soluble form of this molecule could be identified in the plasma of ovarian 

cancer patients and is it differentially expressed so that it could be developed into a 

diagnostic assay. We used commercially available PD-L1 antibodies and recombinant PD-L1 

protein to develop a sandwich ELISA assay which was optimised by using various methods 

and developed as a reliable, reproducible assay, capable of detecting human sPD-L1 in 

biological samples.  We further tested our assay using biological samples to see if it could be 

developed into a bedside diagnostic assay for ovarian cancer.  

sPD-L1 expression levels were measured by ELISA in previously stored samples of plasma, 

urine and ascitic supernatant from healthy female donors and patients with benign and 

malignant ovarian tumours. We found increased levels of sPD-L1 in plasma significantly 

related to cancer diagnosis in patients with ovarian tumours and when compared with healthy 
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control female volunteers.  This finding is novel and has been shown for the first time in 

ovarian cancer. We also found higher levels of sPD-L1 in ascites than in plasma in women 

with ovarian cancer. This higher level of sPD-L1 in tumour exudates may be a mechanism 

employed by the tumour to locally inactive immune cells and prevent intra-tumoural immune 

response.  We further showed that plasma sPD-L1 was discriminatory between benign and 

early stage ovarian cancer but it did not distinguish between stages and spread of disease. 

This may be because sPD-L1 in plasma is not solely derived from tumour and could be 

derived from a combination of immune cells and tumour sites. Frigola et al (Frigola, Inman et 

al. 2011) showed that sPD-L1 retained its PD-1 binding domain and could send immune 

suppressive signals to T-cells. Hence, plasma sPD-L1 may be an expression of systemic 

immune regulatory mechanisms rather than just tumour volume.    

We subsequently investigated if surface expression of PD-L1 on ovarian cancer cell line 

correlated to sPD-L1 levels in the cell culture supernatant. We have shown ovarian cancer 

cell lines having high and low surface expression of PD-L1 similarly relate to the level of 

sPD-L1 in their cell supernatant. Hence, we can infer that there is direct relationship between 

the membrane bound surface expression of PD-L1 and level of sPD-L1 secretion, at least in 

our  in vitro  model using ovarian tumour cell line. Further experiments need to be done to 

understand the functional relevance of these findings.  

Frigola et al. (Frigola, Inman et al. 2012) suggested that release of sPD-L1 is a feature of 

myeloid populations, suggesting that clearly defined  regulatory mechanism may be 

controlling sPD-L1 production. We investigated to see if malignant tumour cell supernatant 

could upregulated PD-L1 on healthy monocytes and if sPD-L1 played a role in this by using 

recombinant PD-L1 protein as a surrogate (rPD-L1).  We saw no upregulation of PD-L1on 

healthy monocytes in this experiment by malignant supernatant and also when rPD-L1 was 

added; suggesting that tumour cell derived sPD-L1 is probably biologically active only when 

in circulation and induce systemic effects by recirculation of immune cells through PD-L1-

positive tumour sites. 
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4.6 PD-L1 expression on tumour cells 

 The first description of two overlapping expressed sequence tags (EST) with homology to 

B7-1 and B7-2 was in human ovarian tumour (Dong, Zhu et al. 1999) . PD-L1 expression has 

been detected using immunochemical staining in various human cancers of the larynx, lung, 

stomach, colon, breast, cervix, ovary, renal call, bladder, liver, glioma and melanoma 

(Brown, Dorfman et al. 2003) (Dong, Strome et al. 2002, Wintterle, Schreiner et al. 2003). 

Intra-tumoural PD-L1 expression in many cancers including ovarian cancer have been 

associated with adverse prognosis and survival. PD-L1 expression has also been found in 

various human tumour cell lines of the lung, colon, breast, melanoma and glioma (Latchman, 

Wood et al. 2001, Blank, Brown et al. 2004). We too have shown high mRNA PD-L1 levels 

in serous ovarian cancer, high PD-L1 expression both on tumour infiltrated/ associated 

immune cells, on ovarian cancer cell lines and in tumour tissue. Due to the broad expression 

of this molecule in human cancer tissue we can postulate that tumoural PD-L1 related 

interactions promote evasion from host tumour-specific T-cell responses. In vivo studies have 

revealed PD-L1 blockade did not only control tumour growth but also influenced long term 

survival of tumour –bearing animals (Iwai, Ishida et al. 2002, Strome, Dong et al. 2003). A 

major challenge for adoptive T-cell therapy has been the inability of the tumour –specific 

transferred T-cells to expand and survive in vivo.  However, in mouse tumour model it has 

been shown that PD-L1 blockade increased expansion of tumour-specific T-cells and 

decreased apoptotic T-cell early in transfer (Curiel, Wei et al. 2003). Thus tumoural PD-L1 

could play a critical role in suppressing T-cell effector response during recognition and 

processing of PD-L1 negative tumour cells. Thus we investigated the functional role of PD-

L1 over-expression on ovarian cancer cell lines.   

 We used selective output flow cytometry analysis to derive high and low PD-L1 expressing 

OVCAR-3 cells. We then investigated if this differential surface expression of PD-L1 on 

ovarian cancer lines affected their ability to grow and divide.  No difference in rate of cell 

division was noted suggesting PD-L1 expression did not affect the ability of tumour cells to 

divide.   It seems that PD-L1 on tumours cells appear to mediate its immune inhibitory 

functions by binding to its counter receptors on immune cells. Subsequent co-culturing of 

these high and low PD-L1 expressing OVCAR-3 cells with stimulated T-cells showed that 

PD-L1 expression on these cells significantly determined its ability to suppress T-cell 

proliferation. Thus suggesting high PD-L1 expressing tumours are more immunosuppressive 



241 

 

than lower PD-L1 expressing ones.  Hamanishi and colleagues (Hamanishi, Mandai et al. 

2007) have showed high PD-L1 expression in human ovarian cancer to be associated with 

poor prognosis. Interestingly, recent clinical trials using anti- PD-1 and anti- PD-L1 

antibodies have shown that the greatest therapeutic benefits from these immunomodulatory 

agents is derived in patients whose tumours have the greatest expression of these inhibitory 

molecules (Brahmer, Tykodi et al. 2012, Topalian, Hodi et al. 2012). 

We subsequently knocked down PD-L1 expression in ovarian cancer cell line using short 

hair-pin RNA and used the PD-L1 knocked down cells in stimulated T-cell co-culture 

experiments to further validate their functional role. We also wanted to create a stable PD-L1 

knocked down cell line which can be used in future animal work to further interrogate the 

functional role of these non PD-L1 expressing cancer cells in vivo compared to the high PD-

L1 expressing cells.  

 Transfection efficiency by shRNA was tested by flowcytometry and confirmed by western 

blot analysis. In the co-culture experiment we noted that knock down of PD-L1expression on 

OVCAR-3 cells could significantly but partially reverse the suppression of proliferation of t-

cells by OVCAR-3 cells (p=0.002). This further confirms that PD-L1 expression on tumour 

cells effects CD3 + T-cell proliferation and is inversely related to it.   

The presence of tumour-specific T-cells in cancer do not always promote tumour lysis and it 

has been reported in literature that the results of adoptive t-cell therapy in often disappointing 

in such situations (Dudley and Rosenberg 2003, Dudley, Wunderlich et al. 2003).  Blockade 

of PD-L1 on tumour cells may improve stimulation of T-cells and allow efficient lysis of 

targeted cancerous cells in vivo. Augmentation of T-cell function by adoptive t-cell therapy 

or by vaccination at the same time as using antibody therapy may allow a combined 

immunological approach to enhance anti-tumour T-cell effector function in vivo.  Hence our 

findings are important in supporting the theory that anti-PD-L1 immunotherapy may be used 

both an immune checkpoint blocker and augment T-cell function in cancer treatment.   
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5.  Final Conclusion 
 

 We set out to investigate the role of the PD-L1 pathway in human ovarian cancer as a 

diagnostic and prognostic immune biomarker and an immunotherapeutic target.  This thesis 

shows the significance of PD-L1 pathway molecule expression on immune cells in blood and 

ascites, tumour tissue and cell lines in ovarian cancer . We have shown the PD-L1 expression 

on peripheral blood monocytes is a distinct diagnostic biomarker in ovarian cancer. Our 

results in human ovarian cancer add further relevance to data published in mouse models on 

the role of PD-1/PD-L1 in this malignancy. Findings presented in our study confirm a 

suppressive nature of tumour-associated monocytes on T cells in a human disease setting. We 

have shown that over-expression of PD-L1 on the monocytes is accompanied by over-

expression of PD-1 on T cells. In addition, the presence of ascitic monocytes can suppress 

proliferation of T cells (including ascitic T cells from patients with ovarian cancer). This 

suppression could be significantly reversed with anti-PD-1 or anti-PD-L1 blocking antibodies 

and suggests that the PD-1/PD-L1 pathway significantly contributes to the suppression 

observed. Tumour cell lines expressing PD-L1 could suppress T cell proliferation in vitro, in 

a partially PD-L1- and IL-10-dependent manner, suggesting a degree of redundancy in the 

suppressive mechanism. Based on our results, it is likely that tumour PD-L1 expression in 

vivo can suppress tumour-infiltrating T cells. These findings also suggest that the PD-L1 

pathway is not the only target in ovarian cancer as immunosuppressive cytokines present in 

the tumour microenvironment play a role in regulating tumour specific T-cell responses. 

We have also shown for the first time the presence of plasma sPD-L1 as a diagnostic marker 

in ovarian cancer. These findings agree with similar studies in other cancers in the literature 

and suggest that the sPD-1 may play a functional role in ovarian cancer.  

We have shown that serous ovarian cancer cell lines highly express PD-L1. We have also 

demonstrated that the cancer cell line supernatant is directly suppressive to T cell 

proliferation, supporting the idea that there may be multiple suppressive mechanisms present 

in the tumour environment. Future experiments would investigate other potential suppressive 

pathways and molecules, including ones employed by ascitic monocytes, as well as other 

immunosuppressive mechanisms in the tumour microenvironment. This will allow us to 

identify and distinguish between redundant pathways and those that may be of benefit as a 

therapeutic target. Multiple immunological approaches should be employed in order to 

overcome immunosuppression in ovarian cancer.    
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6. Future Work  
 

We have shown in our experiments, suppression of T-cell proliferation when stimulated T-

cell is co-cultured with malignant tumour cells. This has not been observed when benign 

ovarian surface epithelial cells were used. However, this suppression was partially but 

significantly reversed with PD-L1 blockade. We have previously shown that tumour cells do 

not up-regulate PD-L1 on monocytes when co-cultured and neither do they up-regulate PD-1 

on T-cells. We have also shown that this suppression of T-cell proliferation by malignant 

tumour cells is a combined effect of cell to cell contact and other soluble factors. In order to 

understand the function of tumour suppressor genes and their role in the PD-l/PD-L1 

pathway, T-cells from transwell cultures can be taken and gene array analysis performed for 

differential expression of genes, especially ones that are known to play a role in this pathway. 

Validation of this can be done by RT-PCR. 

We have shown that PD-L1 is consistently present and up-regulated on T-cell subsets in 

blood and ascites of ovarian cancer patients. PD-L1 over-expression has been found both on 

CD4+ and CD8+ T-cells. In order to understand the role of PD-L1 on T-cell subsets we can 

do bead separation of CD8+/CD4+ T- cells and assess PD-L1 upregulation by addition of 

various cytokines such as  IL-4, IL10, TGF-β and IFN-γ using FACS analysis. Function of 

these T cells may also be assessed by stimulation of antigen specific T cells and measurement 

of this response using antigen/pentamer analysis by flow cytometry. 

What chemokines do PD-L1 positive monocytes produce? 

We can employ QRT-PCR /intracellular staining and FACS analysis /ELISA to measure gene 

expression and production of chemokines/cytokines such as IL-8, VEGF and IL-1b, CCL22, 

TNF, MCSF, IL-4, IL-10 and IL-13 by these cells. These chemokines/cytokines are thought 

to be inflammatory and/or are involved in transforming and polarising monocytes into tumour 

associated type macrophages (M2).  

What is the potential of the PD-L1 positive monocytes? 

Monocytes isolated from ovarian cancer patients and controls can be stimulated with LPA 

(derived from LPS) and cytokine/chemokine production measured as above. We can compare 

the response of monocytes from cancer patients with that of control patients after LPA 

stimulation.  This will help us understand if the monocytes associated with tumour are able to 

switch to an immunostimulatory phenotype of macrophages (M1) with LPA stimulation.  

We can also look for CD163 (marker of monocyte/macrophage activity in inflammatory 

diseases) expression in these samples in combination with PD-L1 expression. If these 
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macrophages appear to have a high expression of PD-L1 we will then  measure appropriate 

cytokine/chemokines produced by these cells (CCL22, CCL17, CCL18) to characterise them 

as M2 macrophages or otherwise. 

What is the role of cytokines produced by these monocytes in T cell anergy? 

By blocking production of key cytokines/chemokines by PD-L1 expressing monocytes using 

siRNA and co culturing them with T-cells we can demonstrate whether and which 

cytokine/chemokine is important in T-cell anergy in this setting. 

As mentioned before the next step in our work will involve SCID mice with human ovarian 

cancer cell line in a subcutaneous xenograft model.  We have already established a PD-L1 

knocked down high grade serous ovarian cancer cell line in our laboratory.  We can 

interrogate the immune system in this animal model with both high and low PD-L1 

expressing ovarian cancer cells. We plan carry out adoptive T cell therapy using CAR T-cells 

(Chimeric Antigen Receptor) in these animals using ex-vivo stimulated T cells from normal 

individuals. We have the expertise to generate these cells in our laboratory. This will help to 

us to evaluate if by knocking PD-L1 down in tumour cells we can augment antigen specific 

T-cell killing of TAAs. Thus boost T-cell effector response. 

In a group of mice we can block PD-1 molecule on the T cells using an antibody prior to 

transfer into the animal. The animals will then be imaged to tract the activated T cells 

infiltrating the tumour. In this thesis we have shown that activated ascitic t-cells have 

suppressed proliferation when they come in contact with high PD-L1 expressing ascitic 

monocytes. We can use ex-vivo ascitic t-cells from this co-culture after PD-L1 blocking and 

compare them to those without PD-L1 blockade after adoptive transfer. Similar experiments 

may be performed using both PD-L1 and PD-1 blocking on T-cell and macrophages. 
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8. Appendix 

 
Gating strategies  
Below details the gating principles used for flowcytometry analysis 
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Forward and sideward scatter plots were used to set initial gates to identify lymphocytes and 

granulocyte populations. Dead cell population was identified using PI staining.  

Subsequent gates were set using isotype controls for all the fluorochromes used so that the 

bottom left quadrant had at least 99% of the gated cell population. An example of isotype 

gating for lymphocyte population stained using FITC and PE isotype is shown below.   
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