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Introduction Tumour-infiltrating lymphocytes (TIL) are an important prognostic 

indicator in high-grade serous ovarian carcinoma (HGSC).  Certain types of TIL (in 

particular CD8+ effector T cells) predict better outcomes, whereas others (most notably 

CD4+CD25+FoxP3+ regulatory T cells; Tregs) predict worse outcomes. An 

unconventional subset of CD8+FoxP3+ T cells has been reported to be involved in 

autoimmunity and in immune response to several cancers. While the functional 

significance of CD8+FoxP3+ TIL remains poorly understood, they were associated with 

effective anti-tumour responses in a murine tumour model.  

Hypothesis CD8+FoxP3+ TIL are present in a subset of cases of HGSC and correlate 

with a strong immune response and increased patient survival.   

Experimental Design Multi-colour immunohistochemistry (IHC) was performed on a 

cohort of 44 primary HGSC specimens to enumerate and locate CD8+FoxP3+ TIL in 

comparison to CD8+FoxP3- and CD8-FoxP3+ TIL. Triple-colour IHC methodology was 

developed to further assess the phenotype of CD8+FoxP3+ TIL, including the 

measurement of additional markers CD4 and CD25 (classical markers of Tregs), Ki-67 (a 

marker of proliferation), and TIA-1 (a marker of cytotoxic potential). Intraepithelial 

versus stromal location was determined by staining adjacent sections for the epithelial 
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marker pan-cytokeratin. Survival analysis was performed using a cohort of 188 cases of 

HGSC. Multi-colour staining was resolved using the Nuance™ multispectral imaging 

system in conjunction with Metamorph™ software. Survival analysis was performed 

using Kaplan-Meier and log rank tests. 

Results CD8+FoxP3+ cells were found in 60% of 44 cases of HGSC, in variable 

proportions ranging from 0.2 - 7.9% of CD8+ TIL and 0.5 – 12.7% of FoxP3+ TIL. 

CD8+FoxP3+ TIL were found to be either CD4+ (38.8%) or CD4- (61.2%). The majority 

of CD8+FoxP3+ TIL were also found to be CD25-TIA-1+Ki-67-, more closely 

resembling their CD8+FoxP3- counterparts. CD8+FoxP3+ TIL were found mainly in 

intraepithelial regions and were positively associated with patient survival (progression 

free survival; P = 0.0396). 

Conclusions CD8+FoxP3+ TIL are a component of the host immune response to 

HGSC. They appear to have a non-proliferative effector phenotype, consistent with an 

active role in the anti-tumour response. CD8+FoxP3+ TIL are associated with increased 

patient survival. An improved understanding of this new TIL subset may inform future 

immunotherapeutic strategies for this challenging malignancy. 
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Chapter 1: Introduction 

1.1 Prologue 

Ovarian cancer is usually diagnosed at the later stages of progression, leading to very 

poor survival rates. Although initial responses to treatment are often positive, relapses are 

common and therefore new treatments need to be explored. Many believe that the 

immune system can be activated as a new form of treatment. This is predicated on the 

fact that the immune system has an important role in fighting cancer. In fact, patients 

with a strong immune response to their tumours have significantly higher survival rates, 

and certain subsets of immune cells have been identified as correlating with the survival 

of patients with ovarian cancer. Chief among these are effector T cells (Teff), which are 

responsible for killing diseased cells, and regulatory T cells (Tregs), which are 

responsible for controlling the effector T cell response.  

CD8+ killer T cells represent the major subset of Teff with cytotoxic potential. In 

contrast, Tregs are conventionally thought to express the biomolecules CD4, CD25, and 

FoxP3. This thesis will focus on a recently identified CD8+FoxP3+ T cell subset that has 

not yet been reported in ovarian cancer and has characteristics of Teff and Tregs. I 

describe the prevalence, phenotype, and prognostic significance of these cells in ovarian 

cancer with the overarching goal of understanding their contribution to the anti-tumour 

immune response. 
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1.2 Ovarian cancer 

1.2.1 Ovarian cancer outcomes 

Ovarian cancer is the fifth leading cause of cancer deaths among females [1]. This 

deadly disease currently affects women worldwide at a rate of 6.7 per 100,000 females
1
. 

Each year in Canada, there are an estimated 2,300 – 2,600 new cases and 1,750 women 

die of the disease
2
. 

The symptoms of ovarian cancer include abdominal or back pain, bloating, fatigue, 

weight changes, nausea, changes in bowel and urinary functions, difficulty eating and 

menstrual irregularities
2
. Ascites, or an accumulation of fluid including tumour and 

immune cells within the peritoneal cavity, can also occur during most stages of the 

disease [2]. These symptoms are vague and can mimic menopausal symptoms, and as a 

consequence patients are often not diagnosed until the later stages of disease. Failure to 

detect ovarian cancer early has major clinical implications, as the five-year survival rate 

if diagnosed in the late stages (stage III or IV) is only 10 - 30% compared to 80 – 95% if 

diagnosed in the earlier stages (stage I and II).  

1.2.2 Origins of ovarian cancer 

The term epithelial ovarian cancer (EOC) refers to a number of different tumour 

subtypes including endometroid, clear cell, mucinous, transitional, undifferentiated, and 

serous [3]. Each of these diseases has different origins, genetics, cellular morphologies, 

and outcomes. Their common element is that they are all cancers of epithelial cells, and 

therefore a marker for epithelial cells, such as pan-cytokeratin, can be used to distinguish 

between the intraepithelial or tumour tissue, from the tumour-associated stromal or 

normal tissue [4, 5]. These diseases are subclassified as either Type I, which includes 

1 
Source: http://globocan.iarc.fr/ 

2 
Source: http://www.ovariancanada.org/OCC-PDFs/OCC_HealthProFactSheet2011_EN 
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low-grade serous, low-grade endometrioid, clear cell, mucinous and transitional 

carcinomas, or Type II, which includes high-grade serous, high-grade endometrioid, and 

undifferentiated carcinomas [6, 7]. Type II tumours are the most common, representing 

approximately 75% of ovarian cancer cases. They are genetically unstable, highly 

aggressive, and have poor outcomes due to the fact that they are almost always diagnosed 

at an advanced stage. This thesis will focus on the most common type of EOC: high-

grade serous carcinoma (HGSC). 

HGSC was originally thought to originate solely from the single layer of cells covering 

the ovary (called the ovarian surface epithelium) or the epithelium of cortical inclusion 

cysts [4, 8, 9]. However, it is now understood that in many cases HGSC develops from 

the epithelium of the fimbriated portion of the fallopian tube [6]. Therefore, the majority 

of tumours that have traditionally been classified as “ovarian cancer” actually originate in 

the fallopian tubes. In fact, the term ovarian cancer has been used to describe cancers 

involving the pelvis, the peritoneum, the omentum, and other abdominal organs, so long 

as there is 5 mm or more of tumour involving the ovaries [6]. One of the HGSC cohorts 

used in this thesis includes tumour tissue from various locations, including the ovary and 

omentum. 

1.2.3 Treatment of ovarian cancer 

Standard treatment for ovarian cancer is debulking surgery, which reduces the bulk of 

the tumour tissue, together with platinum-based chemotherapy agents such as carboplatin 

and cisplatin in combination with taxanes such as paclitaxel and docitaxel [10]. Although 

initial responses to treatment are often positive with 80% of women achieving a state of 

minimal disease, recurrence occurs in as many as 60-70% of cases [11]. Also, the overall 
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5-year survival rate has not improved very much over the past few decades, going from 

36% in 1975-1977 to 43% in 2002-2008 according to U.S. statistics [12]. Similarily, in 

British Columbia, the 5-year survival rates for ovarian cancer have increased from 35.1% 

from 1995-99 to 44.1% from 2005-07 [13]. In contrast, the 5-year survival rates for 

breast cancer in females increased from 75% in 1975-1977 to 90% in 2002-2008 

according to U.S. statistics [12].  

1.2.4 Prognostic factors for ovarian cancer 

There are several prognostic factors for ovarian cancer, the first of which is how far the 

cancer has progressed, which is as characterized by its stage and grade [14]. The stage of 

the disease refers to the extent of the disease, including the size of the tumour and how 

much it has spread. The grade of the tumour refers to the extent of abnormality of the 

tumour cells when examined by a pathologist. When a patient is diagnosed in late stages 

of the disease or with higher grade tumours, the outcomes are often very poor, with five-

year survival rates as low as 10% [2, 14]. The second prognostic factor is histologic 

subtype. As mentioned earlier, the term EOC refers to several diseases, with HGSC 

having the worst outcomes [6, 14]. Another prognostic factor is debulking status, or the 

amount of residual disease following cytoreductive surgery [15]. Patients who are 

optimally debulked (having less than 1 cm of residual disease) have better outcomes. 

Furthermore, the age of the patient, whether or not they have ascites, how well they can 

tolerate the treatment, and how well they respond to chemotherapy will also affect their 

outcome [14, 15]. Finally, as discussed below, the immune system is an important 

prognostic factor in ovarian and other cancers. 
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1.2.5 Prognostic value of the immune system 

Tumour infiltrating lymphocytes (TIL) in ovarian and other tumours are associated 

with positive outcomes. These consist mainly of T cells and to a lesser extent B cells 

(which are responsible for antibody production and can act as antigen presenting cells). T 

lymphocytes are key players in the body’s defense against cancer. All T cells express 

CD3, a cell-surface signaling molecule that associates with the T cell receptor (TCR) and 

is important for T cell activation. In 2003, Zhang et al showed that the overall five-year 

survival rate was 38.0% for tumours that contained intratumoural CD3+ T cells compared 

to 4.5% for those that did not [16]. The survival analysis was performed on an Italian 

cohort of 186 patients and was confirmed to be an independent factor through 

multivariate analysis. Intratumoural CD3+ T cells were observed in 58.6 % of analyzable 

cases and were found to correlate with increased expression of interferon γ (IFNγ) and 

interleukin-2 (IL-2), which are cytokines involved in the activation and activity of T cells 

[16]. The survival benefit of CD3+ intratumoural T cells was also shown to have a 

greater prognostic impact than other standard prognostic factors such as the debulking 

status (the extent to which tumours are successfully surgically removed from patients) (P 

< 0.001).  

The observation that T cells correlate with favourable outcomes in ovarian cancer has 

recently been confirmed by a meta-analysis of 10 studies involving a total of 1815 

patients from cohorts collected in Japan and across North America and Europe [17]. Two 

of these studies focused their analysis on the HGSC subtype of ovarian cancer, whereas 

the other 8 studies involved a mixture of subtypes. The results of this meta-analysis 

showed a pooled hazard ratio (HR) of 2.24 for patients without intraepithelial CD3+ or 

CD8+ TIL [17]. This means that patients without CD3+ or CD8+ TIL are 2.24 times 
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more likely to die of their disease than patients with CD3+ or CD8+ TIL. The two most 

important subtypes of CD3+ T cells are cytotoxic T cells (CD8+) and helper T cells 

(CD4+). Our lab has previously shown that CD8+ TIL are associated with favourable 

outcomes in HGSC (P < 0.0008) [18]. This study involved a cohort of 199 patients in 

British Columbia all of whom had been optimally debulked.  We found that the survival 

benefit of CD8+ TIL was slightly greater than CD3+ TIL (P < 0.0009). Accordingly, in 

the above-mentioned meta-analysis, cytotoxic CD8+ T cells were shown to have a more 

consistent and stronger association with survival than total (CD3+) T cells [17].  

The organization of lymphocytes within a tumour can also play a role in their 

prognostic significance. For example, TIL can sometimes be found in tertiary lymphoid 

structures (TLS) (also known as ectopic lymph nodes) [19-21]. TLS are dense aggregates 

of immune cells and have been reported to be associated with increased survival in 

several types of cancer [22, 23]. 

1.3 Cytotoxic T cells 

1.3.1 Development of CD8+ cytotoxic T cells 

Lymphocyte development begins in the bone marrow, where committed lymphoid 

progenitor cells arise from hematopoietic stem cells [24]. These progenitor cells can 

either remain in the bone marrow and differentiate into B lymphocytes or migrate via the 

blood to the thymus, a primary lymphoid organ, where they become T cell precursors 

called thymocytes [25].  Thymocytes lose the ability to become B cells due to the 

expression of Notch-1. Thymocytes originally have a CD4- CD8- phenotype and lack 

expression of CD3, the signaling complex associated with the TCR [24]. The T cell 

precursors then rearrange their TCR genes and become CD4+CD8+TCR+. These cells 
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then undergo a selection process and the cells that survive the selection process 

differentiate into either CD8+ or CD4+ single positive cells. The selection process for T 

cells involves exposure to a wide variety of antigens. An antigen is a substance that elicits 

an immune response after binding to a specific TCR or antibody. The distinct region on 

the antigen that binds to the TCR or antibody is called the epitope. The major 

histocompatibility complex (MHC) is a set of cell surface molecules present on nearly 

every cell that are responsible for displaying peptide epitopes created by the breakdown 

of endogenous proteins [24]. In contrast to MHC class-I molecules that are found on all 

cells, the MHC class-II molecules are found only on professional antigen presenting cells 

(APCs) including dendritic cells (DCs), B cells, and macrophages. Immature T cells that 

have not yet exited the thymus will undergo apoptosis if they bind either too weakly or 

too strongly to MHC-presented self antigens. A cell differentiates to a CD8+ phenotype if 

the TCR recognizes MHC class-I-presented antigens or a CD4+ phenotype if the TCR 

recognizes MHC class-II-presented antigens, respectively.  

Although relatively rare, CD8+CD4+ T cells have been shown to exist outside of the 

thymus. CD8+CD4+ T cells exist in very low levels (<5% of lymphocytes) in the 

peripheral blood of healthy donors [26, 27]. These cells may be thymic-derived 

CD4+CD8+ T cells that have been released from the thymus into the blood. Evidence for 

this hypothesis was supported by a study in rats showing that thymic-derived CD8+CD4+ 

T cells continue their maturation to single positive cells in the periphery [28]. However, 

CD8+CD4+ T cells increase in frequency in the blood during viral infections, such as 

those caused by human immunodeficiency virus (HIV) or Epstein Barr virus (EBV) [29-

32]. CD4+CD8+ T cells in the blood may originate from peripheral expansion of mature 
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CD4+ T cells and express CD3 [30, 31, 33]. One study to determine the phenotype of 

CD8+CD4+ in both healthy donors and patients undergoing infections, showed that 

CD8+CD4+ T cells have a mature, antigen-specific, effector memory phenotype and may 

play a role in the immune response to viral infections [27]. CD8+CD4+ T cells with 

cytotoxic functions have also been found in the intestine as intraepithelial lymphocytes 

[34]. 

1.3.2 Differentiation of CD8+ cytotoxic T cells 

Activation of naïve CD8+ T cells in secondary lymphoid organs, such as the spleen and 

lymph nodes, occurs when the TCR of the T cell interacts with the peptide-bound MHC 

class-I molecule on the surface of an APC [35].  A second activation signal is also 

required, which involves the interaction of T cell surface molecules (such as CD28) with 

co-stimulatory molecules (such as CD80 or CD86) on the APC.  Once activated, CD8+ T 

cells undergo clonal expansion and disperse through the body stochastically encountering 

cells presenting that antigen.  

The clonal expansion of T cells is very important in the immune response. A marker 

commonly used to detect proliferating cells is the nuclear protein Ki-67. The Ki-67 

protein is present during all active phases of the cell cycle (G1, S, G2, and mitosis), but is 

absent from non-cycling cells (G0) [36]. Ki-67 expression in EOC tumour cells was 

shown to be associated with poor outcomes [37, 38]. In a cohort of 134 patients with 

HGSC or poorly differentiated EOC, patients with high numbers of CD8+ TIL and low 

expression of Ki-67 survived much longer than patients with high numbers of CD8+ TIL 

and high expression of Ki-67, low numbers of CD8+ TIL and high expression of Ki-67, 

or low numbers of CD8+ TIL and low expression of Ki-67 [38]. Although these and 
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other studies have examined Ki-67 expression by tumour cells [37, 38], Ki-67 can also be 

used to detect proliferating TIL [39-42]. In this thesis, Ki-67 expression was used to 

assess the proliferation of TIL subsets in HGSC. 

The cytokine Interleukin-2 (IL-2) is a T cell growth factor that is important in the 

functional development of CD8+ T cells [35]. The IL-2α receptor subunit, CD25, is 

transiently expressed on activated antigen-specific CD8+ T cells [43]. IL-2 is mainly 

produced by CD4+ helper T cells and plays an important role in CD8+ effector T cell 

terminal differentiation [44]. CD8+ T cells cultured in high-dose IL-2 acquire superior 

effector functions [44]. Moreover, IL-2 promotes the long-term persistence of CD8+ T 

cells [45]. 

1.3.3 CD8+ T cell cytotoxic potential 

Once a CD8+ T cell encounters a cell presenting its specific epitope, the T cell 

becomes activated. Activated CD8+ T cells release cytotoxins such as perforin, and 

granzymes [46]. Perforin creates holes in the cell membrane to allow other cytotoxins to 

enter the target cell [46]. Granzymes have a serine protease function that triggers the 

caspase cascade- a series of cysteine proteases, which, once activated, leads to apoptosis. 

CD8+ T cells also promote anti-tumour activity through the secretion of cytokines, such 

as IFNγ and tumour necrosis factor α (TNFα) [47]. 

There are several markers that indicate a cytotoxic phenotype. A study previously 

conducted in our lab examined the association between the cytotoxic markers granzyme 

B and T cell intracellular antigen 1 (TIA-1) and patient survival [18]. Both of these 

cytolytic granular markers were associated with CD8+ TIL. However, there were overall 

lower numbers of granzyme B+ cells compared to TIA-1+ cells. The presence of TIA-1+ 
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TIL was associated with positive outcomes (P = 0.0003), whereas no correlation with 

survival was observed with granzyme B+ TIL (P = 0.081). Thus, in this thesis, TIA-1 was 

chosen as a marker for cytotoxic T cells.  

 TIA-1 is a multifunctional 15 kDa cytoplasmic granule-associated mRNA binding 

protein that can induce DNA fragmentation leading to apoptosis in target cells [48, 49]. 

Although TIA-1 does not directly induce cell lysis, it is expressed in cells that possess 

cytolytic potential [50]. TIA-1 can therefore be used to detect cells that have cytolytic 

potential and are likely to have antitumour activity. To separate differentiation from 

effector functions, T cells require components of the integrated stress response [51]. 

When a cell is undergoing stress, TIA-1 aggregates into stress granules [52]. A stress 

granule is a collection of protein and translationally repressed mRNA that functions to 

protect mRNAs during stress and as a checkpoint for untranslated mRNAs to be stored or 

degraded [53, 54]. TIA-1 can move in and out of stress granules and it is involved in 

shuttling untranslated mRNA from polyribosomes to stress granules [55].  

1.4 Regulatory T cells 

A second subset of TIL that are important in the immune response to ovarian cancer 

are T regulatory cells (Tregs). Tregs are important in maintaining immune homeostasis 

and preventing autoimmune disease [56]. These cells function in several different ways to 

block the activation and function of CD8+ cells, ultimately preventing their antitumoural 

activity.  

1.4.1 Markers of Tregs 

Tregs belong to the CD4+ T cell lineage, and also typically express high levels of 

CD25. In the first study linking Tregs to clinical outcomes in ovarian cancer, Curiel, et 
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al, showed that the presence of CD4+CD25+ cells were associated with negative 

outcomes [57]. There is a higher prevalence of CD4+CD25+ Tregs in the blood of 

patients with ovarian cancer compared to healthy donors; also, these cells are found in 

higher frequencies in tumours rather than blood of these patients [58]. We showed that 

measuring CD4+ or CD25+ TIL as single markers was not significantly associated with 

survival, although the presence of CD25+ TIL did trend towards increased disease 

specific survival [18]. It is important to note that CD25 is also expressed transiently on 

activated T cells [43], therefore a better marker is needed to uniquely identify Tregs. 

The transcription factor forkhead box protein 3 (FoxP3) has become a popular single 

marker for Tregs. FoxP3 was originally discovered as the gene underlying the X 

chromosome-linked scurfy mutant phenotype in mice [59, 60]. Affected male mice 

present with scaly skin, conjunctivitis, diarrhea, and death at 3-4 weeks [59, 60]. 

Moreover, mice with this mutation succumb to a CD4+ T cell−mediated 

lymphoproliferative disease that is characterized by wasting and multi-organ lymphocytic 

infiltrates [61-63]. The FoxP3 gene shows the hallmarks of a transcription factor due to 

its similarity in sequence to other forkhead/winged-helix/HNF3 family of proteins and 

the presence of sequence features thought to be important for mediating protein-DNA 

contacts [59]. Mutations in human FoxP3 are also associated with deficiencies in Treg 

function [64, 65]. These mutations are associated with the autoimmune syndrome 

referred to as “immune dysregulation, polyendocrinopathy, enteropathy, X-linked 

syndrome” (IPEX).  

In a genome-wide search using chromatin immunoprecipitation to identify the target 

genes of FoxP3, Zheng, et al, [66] found Foxp3 binding regions for approximately 700 
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genes. They found that in FoxP3+ T cells, a large number of Foxp3-bound genes were 

up- or down regulated, suggesting that Foxp3 acts as both a transcriptional activator and 

repressor.  FoxP3 has been shown through studies using mice with the scrufy phenotype 

to play a key role in Treg development and function [59, 67-69]. CD4+CD25+ Tregs and 

not CD4+CD25- T cells were initially thought to express FoxP3. More recently, T cells 

have been shown to transiently express FoxP3 upon activation with no observed gain of 

suppressive activity [43]. Furthermore, FoxP3 is expressed by a unique subset of cells 

with a cytotoxic (CD8+) and regulatory (FoxP3+) phenotype, which will be examined in 

this thesis. Thus, FoxP3 is not expressed exclusively by Tregs.  

1.4.2 Mechanisms of Treg suppression 

The mechanisms used by Tregs to suppress effector T cells remain incompletely 

defined but include 1) release of inhibitory cytokines, 2) cytolysis of effector cells, 3) 

metabolic disruption and 4) indirectly targeting effector cells by targeting DCs [56]. 

Inhibitory cytokines that Tregs use to suppress Teff include IL-10, transforming growth 

factor β (TGFβ) and IL-35, although the importance of these cytokines in the suppressive 

action of Tregs is controversial due to evidence that Tregs function in a contact 

dependent manner [56]. In vitro experiments of human CD4+CD25+ Tregs have been 

performed using neutralizing antibodies or T cells that are unable to produce or respond 

to IL-10 and TGFβ [70-72]. These studies showed that IL-10 and TGFβ are not essential 

for Treg function. In contrast, in vivo studies using animal models of allergy and asthma 

suggest that the control of disease by Tregs is dependent on IL-10 and TGFβ [73, 74].  

Kearley, et al, [75] showed that inflammation in the lung following challenge with an 

allergen could be resolved after adoptive transfer of allergen-specific Treg cells. This 
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occurred through Treg-induced production of IL-10 by CD4+ effector T cells. When an 

IL-10 neutralizing antibody was used, the Treg-mediated control of disease was reversed. 

However, studies using IL-10-deficient Tregs have shown contradicting results regarding 

whether expression of IL-10 by the Tregs themselves is responsible for their suppressive 

functions [75, 76].  

The importance of secreted TGFβ in the function of Tregs has been debated. However, 

IL-10 and TGFβ produced by Tregs lead to suppression of T cells within head and neck 

squamous-cell carcinoma tumours [77]. Also, expression of TGFβ by Tregs limited the 

anti-tumour activity of cytokine-induced killer cells in a mouse model of lung cancer [77, 

78]. Membrane-bound TGFβ can also mediate suppression by Treg cells in a cell-cell 

contact-dependent manner [79]. Tumour cell line exosomes expressing membrane-bound 

TGFβ were shown to enhance the suppressive function of Tregs and skew T cells from 

effector towards regulatory functions [80]. The role of TGFβ was shown through 

experiments using neutralizing TGFβ -specific antibodies. 

IL-35 has recently been described as a suppressive cytokine [81]. It is expressed by 

Tregs and is sufficient for the regulation of naïve T cells and the suppression of T cell 

proliferation [81]. Treg cells that are deficient in IL-35 had significantly reduced 

regulatory activity in vitro and failed to control homeostatic proliferation and cure 

inflammatory bowel disease in vivo. IL-35 is interesting as a Treg marker, but much is 

still unknown about its suppressive capabilities. 

A second way that Tregs can suppress Teff is through cytolysis. Tregs have been 

shown to express granzyme B and can directly kill human cell lines [82]. Tregs from 

granzyme-B-deficient mice had reduced suppressive capacity in vitro [83]. In the cancer 
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setting, granzyme B deficient mice were able to clear both allogeneic and syngeneic 

tumour cell lines better than wildtype mice [84]. Granzyme B expression was seen in 

tumour infiltrating but not naive Tregs. Also, increased tumour burden was observed 

when wildtype Tregs were adoptively transferred into granzyme B knockout mice. In 

contrast, only minimal tumour burden was observed in the granzyme B deficient mice or 

granzyme B-deficient mice given granzyme B-deficient or perforin-deficient Tregs, 

suggesting that Tregs are able to suppress an anti-tumour CD8+ T cell response in a 

granzyme B- and perforin-dependent manner. 

A third way that Tregs suppress Teff is through metabolic disruption. This includes 

sequestration of IL-2. Tregs have been shown to express high levels of CD25, a subunit 

of the IL-2 receptor [85, 86]. This allows Tregs to sequester IL-2 and deprive Teff of IL-

2, resulting in the Teff undergoing apoptosis due to cytokine deprivation. However, this 

suppression by IL-2 deprivation was shown to be insufficient for human Tregs to 

suppress Teff [87]. In this thesis, CD25 will also be used as a marker of Tregs.  

Another mechanism of metabolic disruption is through the release of adenosine 

nucleosides [88-90].  Tregs have been shown to express CD39 (also known as 

diphosphohydrolase 1 (ENTPD1)) and CD73 (also known as 5'-nucleotidase (5'-NT)). 

CD39 hydrolyzes ATP and ADP to AMP, whereas CD73 converts AMP to adenosine. 

The generation of adenosine activates the adenosine receptor 2A (A2AR) that inhibits 

Teff function and promotes the further generation of adaptive Tregs by inhibiting IL-6 

expression and promoting TGFβ secretion [91]. The binding of adenosine to A2AR on 

Teff leads to anergy upon antigen recognition, even in the presence of costimulation. This 

anergy continues even after rechallenge with antigen in the absence of adenosine as these 
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cells fail to proliferate and produce IL-2 and IFN-γ. CD39 will be used in this thesis as a 

marker of Tregs. 

The final known mechanism that Tregs may use to suppress Teff is though targeting 

one of the main APCs of Teff, the DCs. Using intravital microscopy, Tregs have been 

shown in vivo in mice to interact with DCs [92, 93] via cytotoxic T lymphocyte antigen 4 

(CTLA4), which is constituently expressed on Tregs, and CD80 or CD86 on DCs [94-

97]. Through this interaction, Tregs can condition DCs to express indoleamine 2,3-

dioxygenase (IDO), a regulatory molecule that can suppress Teff by inducing the 

production of pro-apoptotic metabolites from the catabolism of tryptophan [96, 97]. 

Tregs can also reduce the capacity of DCs to activate Teff by down-regulating the 

expression of CD80 and CD86 on DCs in vitro [98]. Finally, Tregs have been shown to 

block DC maturation through interaction of the CD4 homologue lymphocyte-activation 

gene 3 (LAG3; also known as CD223) on Tregs and MHC class II on immature DCs [99, 

100].   

1.4.3 Prognostic significance of FoxP3 

There is a discrepancy in the literature in the prognostic value of Tregs as defined by 

FoxP3 expression. This was investigated in a recent review of the literature to which I 

contributed [101]. This review will be summarized in more detail in Chapter 2. Briefly, 

we reviewed 58 papers (encompassing 16 cancer types) that used TIL expression of 

FoxP3 as a marker for clinical outcomes. The only two factors that correlated with the 

survival claims were the tumour type and the use of multiple markers to delineate 

FoxP3+ cells.  
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In ovarian cancer, studies have claimed that FoxP3+ T cells are prognostically 

favourable, poor, or neutral [101].  The use of another marker to classify FoxP3+ T cells 

could help resolve this issue. One study in cervical cancer  classified FoxP3+ T cells as 

either CD8+ or CD4+ and found that up to 25% of the FoxP3+ cells could be CD8+ 

[102]. Therefore, had they used only FoxP3 as a prognostic marker, only 75% of the cells 

counted would be the conventional CD4+FoxP3+ cells. Perhaps it is the presence of 

CD8+FoxP3+ T cells within ovarian cancer that leads to the varying prognostic claims.  

1.5 CD8+FoxP3+ T cells 

1.5.1 CD8+FoxP3+ T cells and cancer 

CD8+FoxP3+ T cells are interesting because they blur the lines between conventional 

T cell subtypes, having markers of cytotoxic and regulatory T cells. T cells with 

suppressive functions were originally discovered in the 1970s as a subset of CD8+ T 

cells, but their characterization was abandoned by the end of the 1980s due to a lack of 

definitive markers [103-105]. CD8+FoxP3+ T cells were first discovered in the thymus 

amongst CD8+CD25+ T cells [106]. FoxP3 expression was found in CD8+CD25+ T 

cells but CD8+CD25- T cells had very little or no FoxP3 expression. Recently, 

CD8+FoxP3+ T cells have been reported in autoimmunity, infection, and several cancers 

[102, 106-116] [117]. Specifically, CD8+FoxP3+ T cells have been found within cancers 

of the cervix, colorectum, prostate, lung, liver, nasopharynx, skin, and mouth; moreover, 

CD8+FoxP3+ T cells have also been observed in metastatic tumour draining lymph 

nodes (TDLN).  

CD8+FoxP3+ T cells have been shown to be more common in tumours than in blood 

of cancer patients or healthy donors [108, 110, 113-115, 118, 119] [117]. This suggests 
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that CD8+FoxP3+ T cells are induced in the tumour microenvironment or in locations 

with cytokines that favor Treg cell induction [113, 118, 120]. CD8+FoxP3+ T cells have 

been shown in vitro to be induced by IL-2 and by DCs [121-123].  

The function of CD8+ Tregs has been tested in many studies, but almost every study 

focused on CD8+CD25+ T cells instead of CD8+FoxP3+ T cells [107, 108, 110, 113, 

115, 124]. This is likely because FoxP3 is a transcription factor and therefore the cells 

need to be permeabilized (and hence killed) in order for them to be sorted for assays. In 

some cases the CD25+ population may overlap with the FoxP3+ population, but that is 

not always the case [107, 108, 115, 124]. Functional studies using CD8+CD25+ cells 

have shown that they can suppress the proliferation and function of CD4+ and CD8+ 

naïve and effector T cells through soluble factors such as IL-10 or via cell-cell contact 

[110, 113, 118].   

In studies that have specifically examined CD8+FoxP3+ T cells, the phenotype of these 

cells has generally been reported to be similar to their CD4+FoxP3+ counterparts [106-

108, 115, 124]. CD8+FoxP3+ T cells have been shown express classic Treg markers such 

as CD25, glucocorticoid-induced tumour necrosis factor receptor (GITR), IL-10, and 

CTLA-4 in multiple different cancer types [107, 108, 110, 113, 118, 120]. In gastric 

cancer, CD8+FoxP3+ T cells were shown to correlate with tumour progression [124]. A 

significant increase in CD8+FoxP3+ T cells was seen in tumours with a late tumour-

node-metastasis (TNM) stage. In contrast, CD8+FoxP3+ T cells from tumour-invaded 

lymph nodes and primary tumours of melanoma patients frequently expressed CD25 but 

did not express the regulatory markers CTLA-4, IL-10 or TGFβ, the exhaustion marker 

programmed cell death 1 (PD-1), or the marker for  senescence (CD57) [117]. Instead, 
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these cells exhibited an antigen-experienced early effector phenotype (CCR7−CD45RA− 

CD28+ CD27+ CD127−KLRG1−HLA-DR+CD38+T-bet+ perforin+). The functionality 

of CD8+FoxP3+ T cells were also examined in this study by flow cytometry [117]. Upon 

activation, CD8+ FOXP3+ T cells produced IFN-γ in vitro and were shown ex vivo to 

express Ki-67, therefore had strong proliferative potential.  CD8+FoxP3+ T cells were 

shown to recognize autologous tumour by measuring the mobilization of CD107a, a 

degranulation marker, to the cell surface. Finally, CD8+FoxP3+ T cells showed further 

competence for differentiation when exposed to autologous tumour plus IL-2 or IL-15. 

To isolate live CD8+FoxP3+ T cells that can be used in functional assays, one group 

used green fluorescent protein (GFP)-tagged FoxP3+ T-cells in mice [125]. These assays 

showed that CD8+FoxP3+ T cells were more abundant in the tumour microenvironment 

of regressing tumours, had an activated effector phenotype, and had both effector and 

suppressive functions. CD8+FoxP3+ T cells were also shown to accumulate in response 

to an effective helper and tumour-specific cytotoxic T cell response. In another murine 

study using GFP to sort CD8+FoxP3+ T cells showed that CD8+FoxP3+ T cells share 

developmental and phenotypic features with CD4+FoxP3+ T cells but lack suppressive 

activity [126]. The main difference between these studies [125, 126] and the others that 

examined the function of CD8+ Tregs mentioned above [107, 108, 110, 113, 115, 124] is 

that they isolated T cells based on FoxP3 expression rather than CD25. Based on these 

murine models, coupled with the favourable prognostic claims reported within our cohort 

for CD8+ and FoxP3+ TIL [18], lead us to hypothesize that CD8+FoxP3+ TIL in HGSC 

may be associated with effective tumour immunity and increased patient survival. 
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1.5.2 CD8+FoxP3+ TIL in ovarian cancer 

 CD8+FoxP3+ TIL in ovarian cancer have not been reported in the literature. However, 

a subset of CD8+ Tregs with suppressive functions have been examined in ovarian cancer 

[127]. In this study CD8+ Tregs were defined as CD8+IL-10+CCR7+CD45RO+T cells 

and were shown to be induced by plasmacytoid DCs. Their induction was shown to be 

independent of CD4+CD25+ TIL. However, no mention in this study was made of their 

FoxP3 status. 

As discussed in Chapter 2, there have been a total of seven studies that have linked 

FoxP3+ TIL with survival in ovarian cancer [101]. The prognostic claims of these studies 

ranged from poor to neutral to good. Due to this variation, we hypothesized that some 

FoxP3+ TIL could belong to the CD8+ T cell subset. A study was therefore conducted in 

our lab to determine if CD8+FoxP3+ TIL are present in HGSC (Dr. Ronald deLeeuw). 

TIL from 12 cases of HGSC were analyzed by flow cytometry. It was shown that 

CD8+FoxP3+ cells were all CD3+ and were present in varying proportions between 

cases. In most cases they represented a small population, however, there was one case 

where the CD8+FoxP3+ TIL represented 25% of the FoxP3+ population. The goal of this 

thesis is to explore the role of CD8+FoxP3+ T cells in the immune response to HGSC. It 

is hypothesized that CD8+FoxP3+ T cells are associated with a strong effector immune 

response and favorable outcomes in HGSC. My objective was to determine the 

prevalence, phenotype, and prognostic significance of CD8+FoxP3+ cells in HGSC, with 

the overarching goal of understanding their role in the anti-tumour immune response. 
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Chapter 2: Prognostic value of FoxP3 

2.1 Prologue 

As part of my thesis I co-authored a review article exploring the controversial 

prognostic significance of FoxP3 in cancer. For this review I was involved in data 

acquisition and analysis, as well as writing and editing the manuscript. The specific 

sections to which I contributed most are highlighted below.  

Adapted from deLeeuw RJ, Kost SE, Kakal JA, and Nelson BH. The prognostic value 

of FoxP3+ (2012) tumour-infiltrating lymphocytes in cancer: a critical review of the 

literature. Clin Cancer Res. 18(11): 3022-3029 [101]. 

2.2 Introduction 

Molecular markers that uniquely define Tregs are of great importance when studying 

Treg biology. As mentioned in Chapter 1, Tregs were initially characterized as being 

CD4+CD25+ [128]. It was later discovered that their function is dependent on a 

transcription factor that they express called FoxP3 [129]. FoxP3 now has become a 

popular single marker for Tregs. However, within the literature there are great 

discrepancies between the prognostic significance of FoxP3 in cancer. We therefore 

performed a comprehensive and critical review of the literature to attempt to determine 

the factors involved in these varying claims [101].  

In this study, we reviewed 58 papers that examined the relationship between FoxP3+ 

TIL and clinical outcomes [101]. These studies encompassed 16 different cancer types. 

The prognostic significance of FoxP3+ TIL claimed within these studies ranged from 

poor (n = 23), to neutral (n = 23), to good (n = 12). Multiple factors were examined 
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between the papers including technical factors such as the specific FoxP3 antibody used, 

scoring strategy, and use of multivariate modeling. Biological factors were also examined 

including use of additional markers to define Tregs and tumour site.  

2.3 Results and discussion 

2.3.1 Technical factors 

Antibodies can exhibit different staining patterns and intensities. Within the 40 studies 

that specified, 11 FoxP3 antibodies were used, with the most commonly used antibody 

being the 236A/E7 monoclonal antibody  [101]. In the 23 studies that used 236A/E7, the 

prognostic significance of FoxP3+ T cells ranged from poor (n = 10), to neutral (n = 8), 

to good (n = 5). Therefore, the antibody used did not make a difference in the distribution 

of the prognostic claims. 

The use of multivariate models is important in correcting for potential confounding 

factors such as included stage, grade, and other clinicopathologic features. Among the 42 

studies that used multivariate modeling, the prognostic significance of FoxP3+ T cells 

ranged from poor (n = 20), to neutral (n = 11), to good (n = 11) [101]. Similar results 

were seen within the studies that used multivariate analysis to correct for the presence of 

other TIL subsets. Therefore, the use of a multivariate model did not make a difference in 

the distribution of the prognostic claims. 

I was responsible for gathering information, analyzing data, and writing the section on 

the cell scoring method. Within this section I examined four main factors involved in cell 

scoring: the cutpoint used, the location counted (general, intratumoural, or both 

intratumoural and stromal counts), the type of tissue used (tumour tissue microarray 

(TMA) or whole sections), and the counting method (computer based counting methods 
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or manual counting). Although there is no standard cutoff point for TIL studies, within 

the 32 studies that used the median number of FoxP3+ T cells as the cutoff point, the 

distribution for prognostic claims was: poor (n = 16), neutral (n = 11), and good (n = 5) 

[101]. Furthermore, the prognostic claims were fairly evenly distributed regardless of the 

type of tissue used, the location of enumerated FoxP3+ T cells, or the counting method.  

2.3.2 Biological factors 

In contrast to the above, two biological factors seemed to influence the prognostic 

significance of FoxP3+ T cells [101]. Although FoxP3 has become a popular single 

marker for Tregs, it is possible that it does not mark a homogenous population. The use 

of a second marker to delineate FoxP3+ T cells was done in 8 studies that collectively 

used the markers CD4, CD8, CD25, and C-C chemokine receptor 4 (CCR4). When a 

second marker was used to further classify FoxP3+ T cells, a skewing towards poor 

prognosis was observed. For example, in oral cancer it was shown that if FoxP3 alone is 

used to mark Tregs their survival claim is neutral [130]. However, if the FoxP3+ T cells 

are separated based on their expression of CCR4, the patients with CCR4+FoxP3+ T 

cells in their tumours did significantly worse. Therefore, it suggests that FoxP3 is not a 

good sole marker for Tregs. 

When tumour type was taken into account, clear prognostic associations were observed 

in some cases [101]. For example, in liver cancer, FoxP3+ T cells were always associated 

with negative outcomes (n = 5), whereas in colorectal cancer there was a trend towards 

FoxP3+ T cells being associated with better outcomes (6 studies reported neutral claims 

and 4 studies reported good claims). Since the microenvironment is likely very different 

between these tissue types, it may explain these differences. For example, the positive 
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effect of FoxP3+ T cells in colorectal cancer may be due to their ability to suppress 

tumour-promoting inflammatory responses to gut microbes [131]. CD4+CD25+ Tregs 

were first shown to be associated with poor prognoses in ovarian cancer [57], however 

subsequent studies using FoxP3 remain controversially split amongst poor (n = 1), neutral 

(n = 4), and good (n = 2) prognostic claims [101].  

2.4 Conclusions 

From this review we concluded that FoxP3 most likely marks a heterogeneous 

population of cells, and the use of multiple markers to define Tregs is recommended. 

Also, when considering therapies involving Tregs, the nature of the cancer type should be 

considered. This review raised critical concepts for this thesis such as the need for a 

closer analysis of the prognostic value of FoxP3+ T cells in ovarian cancer, and the 

various phenotypes that FoxP3+ T cells can possess. This prompted us to study 

CD8+FoxP3+ T cells to determine if they could be involved in the differences in 

prognostic claims in ovarian cancer.  
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Chapter 3: Materials and methods 

3.1 Patient characteristics 

Two cohorts of HGSC patients were utilized in this study. The first is a prospective 

cohort from a study entitled the Immune Response to Ovarian Cancer (IROC) consisting 

of 44 HGSC cases collected on Vancouver Island by the Tumour Tissue Repository at the 

BC Cancer Agency, as described previously [132]. The second cohort is from a 

retrospective study of 200 cases of HGSC collected in Vancouver by the OvCaRe 

Ovarian Tumour Bank at the BC Cancer Agency, as described previously [18, 133]. 

Twelve cases were excluded from analysis due to problems with the sample, including 

missing or destroyed tissue or a lack of intraepithelial regions. All 200 of the patients 

were optimally debulked and tissue was obtained at the primary surgery prior to any other 

treatment. The joint Research Ethics Board of the BC Cancer Agency and the University 

of British Columbia approved all protocols used in this study. 

3.2 Tumour tissue microarrays  

3.2.1 Optimization array 

To ensure proper optimization of each antibody, an optimization tumour tissue 

microarray (TMA) was constructed consisting of duplicate 1 mm cores of three cases of 

HGSC, four cases of breast cancer, and several pelleted single cell suspensions. The latter 

included two ascites samples, sorted CD8+ T cells, the CD4+ Jurkat T cell line, the 

ovarian cancer cell line OVCAR3, healthy donor peripheral blood mononuclear cells 

(PBMCs) (which had been previously analyzed by flow cytometry such that the relative 
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amounts of each cell type are known), expanded T cells isolated from IROC patients, and 

combinations of OVCAR3 cells with PBMCs or expanded T cells.  

Cell pellets were prepared from previously frozen samples (as per [134]) by thawing, 

washing, counting and resuspending cells in phosphate buffered saline (PBS) (Thermo 

Scientific, Waltham, MA). In the case of pellets with a combination of cell types, cells 

were mixed after counting at equal numbers. Cells were then centrifuged in a Sorvall 

Legend RT centrifuge (Mandel Scientific, Guelph, ON) at 650 x g for 10 minutes and all 

the PBS was removed. Cells were then mixed with an equal volume, or no less than 150 

µL of liquid HistoGel™ (Thermo Scientific, Waltham, MA). Pellets were immediately 

placed on ice for 5 minutes and then resuspended in 10% neutral buffered formalin (NBF; 

Sigma-Aldrich, Oakville, ON) for at least 24 hours to insure proper penetration of the NBF 

throughout the sample. Pellets were then embedded in paraffin and cored by the Deeley 

Research Centre Histology Core. 

3.2.2 Experimental arrays 

TMAs were constructed from formalin fixed paraffin embedded (FFPE) tissue and 

contained duplicate 1 mm core for the IROC and 0.6 mm cores for the OvCaRe array [18, 

132]. The location of coring was determined based on a review of hematoxylin- and 

eosin-stained sections by a pathologist. In addition, we examined whole sections of 

selected IROC cases consisting of serial 4 µm sections of FFPE tissue. In the IROC TMA 

between one to four cores were counted per case. To correct for this variation in the 

amount of tissue between cases, the counts were normalized to the number of high power 

fields (hpfs) scored. In this study, a hpf was defined as 91306 µm
2 

(the size of a 400x 

image). 
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3.3 Multi-colour immunohistochemistry 

All IHC reagents and equipment, unless otherwise specified, were purchased from 

Biocare Medical (Concord, CA).  Dual-colour IHC for CD8 and FoxP3 was performed 

by first deparaffinizing tissue. Antigen retrieval was accomplished using Diva 

Decloaking solution in a decloaking chamber in order to break the cross-links formed by 

the formalin during the fixation process. Peroxidased solution was added to block 

inherent peroxidase activity in the tissue. Background sniper solution was then added to 

decrease nonspecific background staining. The primary antibodies anti-CD8 (clone SP16, 

1/400 dilution; Spring Bioscience, Pleasanton, CA) and anti-FoxP3 (clone eBio7979, 

1/100 dilution; Spring Bioscience, Pleasanton, CA) were added and incubated at room 

temperature for one hour. The antibody diluent used was made by mixing 10 g of  bovine 

serum albumin (BSA) (Fraction V; US Biological, Salem, MA), 5 mL of 20% Tween-20 

(Fisher Scientific Company, Toronto, ON), and 100 mL of 10x tris buffered saline (TBS; 

0.5 M Tris amino (VWR, Mississauga, ON) and 1.5 M sodium chloride (Sigma-Aldrich)). 

The final volume was brought to 1 L with distilled water and filtered using a 0.2 µm Steri-

Cup filter (Fisher Scientific Company) before use. To amplify the signal, slides were 

incubated for 30 minutes at room temperature with the secondary antibody polymers 

“MACH-2 double stain”, which are specific to either mouse or rabbit antibodies and 

conjugated to either horseradish peroxidase (HRP) or alkaline phosphatase (AP). The 

chromogens Warp Red and Betazoid 3,3'-diaminobenzidine (DAB) were developed for 

10 and 6 minutes at room temperature, respectively. Two minute washes were performed 

three times between each step of the protocol using 0.2% Tween-20 (Fisher Scientific 

Company) except after the chromogen steps where distilled water was used instead. 
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Finally, the slides were counterstained with hematoxylin and coverslipped using 

Ecomount. A single stain of pan-cytokeratin (clone OSCAR, 1/250 dilution; Cell Marque, 

Rocklin, CA) was performed as above except using the polymer secondary mouse-AP 

and the chromogen Warp Red. 

 Tri-colour IHC for CD8/FoxP3/CD4, CD8/FoxP3/CD39, CD8/FoxP3/TIA-1, and 

CD8/FoxP3/Ki-67 were performed using the same first steps as the dual-colour IHC 

above. The first round of primary antibodies used consisted of anti-CD4 (clone EPR6855, 

1/100 dilution; Epitomics Inc., Burlingame, CA), anti-CD39 (clone 14211-1-AP, 1/500 

dilution; Proteintech Group, Inc., Chicago, IL), anti-TIA-1 (clone ab2712, 1/50 dilution; 

Abcam, Cambridge, MA), or anti-Ki-67 (clone SP6, 1/500 dilution; Spring Bioscience, 

Pleasanton, CA) and anti-CD8 (clone clone C8/144B, 1/200 dilution; Cell Marque, 

Rocklin, CA). Following chromogen development slides were incubated in denaturation 

solution (0.94 g glycine (Fisher Scientific Company), 20% SDS (Sigma-Aldrich), 500 ml 

with distilled water, pH 2) [135] for 45 minutes at 50°C to remove the primary and 

secondary antibodies. The slides were then incubated with the primary antibody anti-

FoxP3 (clone SP97, 1/200 dilution; Spring Bioscience, Pleasanton, CA) for one hour at 

room temperature. The secondary polymer MACH-2 Rabbit-HRP was added for 30 

minutes at room temperature. The chromogen Vina Green was developed for 10 minutes 

at room temperature. Slides were quickly immersed in 70% ethanol to prevent Vina 

Green crystal formation. Finally, slides were counterstained with hematoxylin and 

coverslipped with Ecomount.  

To optimize a tri-colour IHC for CD8/FoxP3/CD25, the first round primary antibodies 

used were anti-CD25 (clone 4C9, 1/50 dilution; Lab Vision, Kalamazoo, MI) and anti-
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CD8 (clone SP16, 1/400 dilution; Spring Bioscience, Pleasanton, CA). The anti-CD25 

antibody was quite weak at a 1/50 dilution and at lower dilutions only increased 

background without increasing signal. To overcome this, anti-CD25 at a 1/50 dilution 

was added in combination with anti-FoxP3 (clone SP97, 1/200 dilution) in the second 

round of primary antibodies. The secondary antibody used in both rounds was MACH-2 

double stain 1. The chromogen Warp Red was also developed a second time for 10 

minutes prior to development with Vina Green. Otherwise, all steps were followed as 

above.  

3.4 Image acquisition and analysis 

Images were captured using an Olympus BX53 microscope equipped with a motorized 

stage (Quorum technologies Inc, Guelph, ON) and the Nuance™ multispectral imaging 

system (CRI, Hopkinton, MA). The Nuance™ camera works by taking a picture of the 

tissue at wavelengths from 440 nm to 720 nm in 20 nm intervals. The 15 images are then 

compressed together to form an image cube. To deconvolute (or “unmix”) the image, the 

distinct spectra due to each chromogen was first determined from single stained reference 

slides. This is accomplished by capturing a cube of tissue stained only for that specific 

chromogen. A unique spectrum for each chromogen was then calculated based on this 

cube. Once the spectra for all of the chromogens have been calculated, they can be used 

to unmix a multi-stain. As stated above, a cube consists of 15 images taken over a range 

of wavelengths. Image cubes of dual and triple stains were unmixed by determining the 

component of each of the 15 images that was due to each individual spectrum for each 

chromogen used in the staining. Image cubes for each chromogen were then created and 

could be manipulated individually to create pseudo-coloured fluorescent images to aid in 
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image analysis. Using Metamorph™ software (Quorum technologies Inc, Guelph, ON) 

images consisting of three chromogens were created and each colour was toggled on and 

off to ease image analysis. 

For the IROC prospective TMA 400x images were taken and stitched together using 

Metamorph™ software to capture the entire core. For the OOU TMA one 200x image 

was taken per core. For the whole sections of IROC tissue 200x images were taken and 

stitched together in groups of 9-100 image panels and each stitched image was analyzed 

independently. For the pan-cytokeratin serial section, 10x images were taken for the 

IROC TMA and whole sections, and one 20x image was taken for the OOU TMA. The 

images were analyzed by opening the tri-colour images in Metamorph™ and cells were 

manually counted. Finally, all cells designated as CD8+FoxP3+ were confirmed by visual 

inspection with bright field microscopy. Scoring was performed without knowledge of 

patient outcomes.  

For the phenotypic analysis, whole sections of one case of HGSC were stained for 

CD8, FoxP3, and a third marker with a hematoxylin counterstain. Large portions of tissue 

were imaged using Metamorph™ and images for each wavelength were stitched together. 

Two tri-colour images were created, one with CD8, FoxP3 and hematoxylin and another 

with CD8, FoxP3, and the third marker of interest. 

3.5 Case selection and scoring strategy  

The IROC array comprises patients with tumours taken from the ovary (n = 16), 

omentum (n = 18), urinary tract (n = 1), unknown (n = 1) or from two different tumours 

sites (n = 8). When two tumour sites were examined the results were pooled and 

presented per patient. For the OvCaRe array only one core was counted per case; we 
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selected the core with the most intraepithelial area based on staining of a serial section 

with pan-cytokeratin.  

A cell was counted as positive for CD8 only if it had clear cellular membrane staining 

surrounding at least 50% of a hematoxylin positive nucleus. For a cell to be counted as 

FoxP3+ it had to match the size and shape of the hematoxylin positive nuclei surrounding 

it. To be counted as CD8+FoxP3+ cells had to meet both these criteria. When 

determining the proportion of CD8+FoxP3+ TIL within the CD8+ or FoxP3+ 

populations, cases were only included if they had at least 10 CD8+ and FoxP3+ TIL. 

To try and limit selection bias, the CD8+, FoxP3+, and CD8+FoxP3+ cells examined 

in the phenotypic analysis were selected using an image that did not contain the third 

marker (for example CD4). An image containing CD8, FoxP3, and hematoxylin was used 

to determine which cells would be scored based on the criteria described above. Selection 

of the cells to be scored was done without prior knowledge of their positivity for the third 

marker. At least 60 CD8+FoxP3+ T cells that matched the above criteria were marked for 

analysis. Then ~300 to 500 CD8+ or FoxP3+ T cells in close proximity to the 

CD8+FoxP3+ were then marked for analysis. The markings (called “regions”) were then 

applied to the image containing CD8, FoxP3, and third marker (for example CD4). The 

positivity of each marked cell for the third marker was then assessed. It should be 

clarified that the CD8/FoxP3/hematoxylin and CD8/FoxP3/“third marker” images are 

combinations of the same true image, just with one chromogen removed. The regions 

created on the former image match perfectly with the same cell on the latter image.  
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3.6 Statistical analysis 

All statistical tests were performed using Prism 5.0 software (GraphPad, La Jolla, CA). 

Paired and unpaired t tests were performed to assess differences in TIL counts between 

ovary and omentum tissues from the same patient or from different patients, respectively. 

A Pearson correlation and regression analysis were performed to assess correlations 

between cell populations. Univariate survival analysis was conducted using a 

conventional Kaplan-Meier and log rank test. A significant P value was defined as <0.05. 
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Chapter 4: Results: Multi-colour immunohistochemistry 

4.1 Outline of steps in multi-colour immunohistochemistry 

As outlined in Chapter 3, each unique multi-stain consists of the same basic steps. 

Briefly, every stain started with deparaffinization, antigen retrieval, and background 

blocking. Then the first round of primary antibodies was added. Here, for the purpose of 

secondary signal amplification, the antibodies for each unique antigen must come from a 

different species. Following this, the first round of secondary antibodies, specific for the 

species of the primary antibody and conjugated to either AP or HRP, were then added; 

followed by development of the chromogens by reacting with the enzymes conjugated to 

the secondary antibodies. Then all of the first round antibodies were denatured and 

removed without removing the developed chromogen using a denaturation solution. The 

second round of primary antibodies were then added, followed by the second round 

secondary antibodies, and finally the second round chromogens –unique from the first 

round – were developed to give a final multi-chromogenic stain. 

4.2 Factors affecting successful staining 

4.2.1 Antibody  

For each multi-stain that is developed there are multiple factors that can be changed to 

ensure the best stain is obtained. The first is the concentration of the primary antibodies 

used. An optimal amount of antibody is important to ensure that there is a good signal to 

background ratio. For example, the un-optimized stain in Figure 1A shows a large 

amount of blue background staining, whereas the optimized stain in Figure 1H has little 

background. The second factor is the species of the animal used to produce the 
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antibodies. Using certain secondary amplification methods, only one mouse and one 

rabbit antibody can be used per round of staining. For certain markers, for example 

FoxP3 and CD8, antibodies are available from both species and can be interchanged 

based on the nature of the other antibodies of interest. For other markers, such as CD4, 

CD25, CD39, Ki-67, and TIA-1, the best antibodies are only developed in a rabbit or 

mouse. 

The method used for secondary amplification can also affect the strength of staining. 

There are two main methods of secondary amplification. The first is the simplest and 

involves a single antibody molecule conjugated to a single enzyme molecule, for example 

a, anti-rabbit antibody conjugated to HRP. This method produces the weakest signal. It 

can, however be useful for very strong primary antibodies. The second secondary 

antibody amplification method involves using polymers. These polymers consist of 

multiple identical antibodies connected to multiple identical enzymes by a polymer 

backbone. Using these polymers allows for multiple enzymatic reactions to occur per 

antibody binding and therefore a stronger signal than the first method mentioned. The 

MACH 2 polymers (Biocare Medical, Concord, CA) were used in this thesis. 

4.2.2 Denaturation and enzymatic reaction 

Another factor to consider in a multi-colour stain is the denaturation after the first 

round antibodies. Epitopes, being protein moieties, can be destroyed due to the harsh 

denaturation conditions resulting in poor antibody binding. In each round of a multi-stain, 

a maximum of two antibodies (that must be different species) can be used due to the fact 

that there are currently only two enzymes, HRP and AP, available for developing 

chromogens. To decrease the likelihood of denaturation issues, if the antibodies on either 
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side of the denaturation step are of the same species, the alternate species-enzyme 

combination was used after denaturation when possible. For example, if an HRP-rabbit 

secondary antibody was used in the first round of staining, then an AP-rabbit secondary 

was used after denaturation. Through an understanding of the biology and prevalence of 

the markers of interest, it is possible to mitigate some of these technical issues. For 

example, Figure 1A shows Ki-67 (red) and CD8 (brown) stained in the first round, and 

CD3 (blue) in the second round. Ki-67 is a nuclear protein and CD3 is a membrane 

marker, so if cells were double positive then the staining pattern should be a blue circle 

with a red interior. However, in Figure 1A the cells with Ki-67+ nuclei appear to be 

purple, indicating a failed denaturation. CD3 was stained in the second round and 

therefore only the CD3+ cells with Ki-67+ nuclei appear purple. The CD3+Ki-67- cells 

appear correctly stained blue. 

4.2.3 Chromogen 

The chromogen used for each marker is another important factor to consider. Certain 

chromogens have properties that make them better suited to certain markers. For 

example, Betazoid DAB has a large molecular structure and therefore care was taken to 

ensure that it was developed second when co-localization was a possibility or used on a 

marker with a different biological morphology to prevent steric hindrance. The 

chromogens Warp Red and Betazoid DAB are the most reliable chromogens and 

therefore are the primary choice for a dual stain or, in the case of a triple or quadruple 

stain, they were used with the weakest antibodies. Although Ferengi Blue is stronger than 

Vina Green, it has a very similar colour signature to hematoxylin and therefore was not 

used in the triple stains. Vina Green was found to only work when it is the last 
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chromogen used and therefore should be used with a strong, reliable antibody that is not 

affected by denaturation. Also, Warp Red and Ferengi Blue are developed using AP, 

whereas, Betazoid DAB and Vina Green are developed using HRP, therefore only one of 

each can be used before or after denaturation. 

Figure 1A shows an example of an issue with chromogen selection showing a lack of 

co-localization between CD3 and CD8. Since CD3 is a pan-T cell marker, all cells that 

are CD8 should be CD3, but not all cells that are CD3 should be CD8. As mentioned 

previously, CD8 was stained in the first round using the DAB chromogen, which is 

known to be a large molecule that can block other staining. Since there is no blue CD3 

staining on the cells that are also stained brown for CD8, and CD8 was stained in the first 

round, we conclude that the CD8 staining using the DAB chromogen blocked the CD3 

antibody from binding. This highlights the importance of the order of staining. DAB 

should always be reacted second if co-localization is expected instead of co-expression.  

4.3 Controls used in multi-colour IHC 

Once a successful multi-colour stain was optimized, several controls were run with 

each experimental stain on serial sections to ensure that the staining occurred correctly 

and that no cross reaction or denaturation artifacts occurred. One of these controls was to 

include a slide with no primary antibodies to ensure that there was no background 

staining from the secondary antibodies or chromogens (Fig 1C). Single stains are 

necessary to ensure that there are no denaturation artifacts from both the colour and 

morphology of the structures stained on the single stains (Fig 1D-G).  

The morphology of the cells and the nature of the markers of interest determine if a 

stain was successful. Figure 1 D – I show the components of a successful multi-stain for 
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CD8, FoxP3, and TIA-1 with a hematoxylin counterstain. CD8 is a cell surface marker 

and therefore should stain a ring surrounding a nucleus (Fig 1D), whereas FoxP3 is a 

transcription factor and most often only stain the nuclei of cells (Fig 1E). TIA-1 on the 

other hand is a granular marker and should have a punctate appearance in its staining 

pattern (Fig 1F) and hematoxylin, a basic dye and should stain the nuclei of every cell 

(Fig 1G). Staining in the correct locations, in combination with staining of the correct 

colour and a lack of staining on the slide with no primary antibodies (Fig 1H, I, and 

Appendix 1A) together indicate that this stain was a success and that the multi-stain can 

be analyzed. 

The use of hematoxylin in combination with the multi-stains was useful for multiple 

reasons. First, since it stains only the nuclei of all cells it was used as a control for 

staining in densely packed areas. Therefore, it was used to distinguish between the 

staining of one cell or several cells in close proximity. As described in Chapter 3, for 

membrane staining to be counted it must surround at least 50% of the nucleus. A cell was 

only called double positive for co-localization if the pattern of staining surrounding the 

nuclei was the same between both stains. The use of hematoxylin in this study is 

particularly important because of the fact that the diameter of the average lymphocyte is 

thicker than the cross section being made and therefore it is possible to slice a cell at only 

the membrane, not exposing its nucleus. In this study the objective was to analyze 

CD8+FoxP3+ T cells and therefore all CD8+ cells without clear nuclei were not scored. 

Hematoxylin is also important because pathologists are accustomed to analyzing 

hematoxylin and eosin stained slides and therefore could be consulted to help with image 

analysis or to distinguish between tumour and associated stromal areas. Alternatively, 
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this can be done by staining a serial section of tissue for the marker pan-cytokeratin and 

comparing those regions to those on the multi-stained slide (Fig 1B).  
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Figure 1: Optimization of the triple stain procedure. 

(caption on following page) 
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Figure 1: (Shown on previous page). Multi-colour IHC of A) a triple stain of CD3 (blue), CD8 

(brown), and Ki-67 (red); B) a single stain of  Pan-Cytokeratin  (red) with a hematoxylin counter 

stain (blue); C) a no primary antibody control; D) a single stain control for CD8 (brown);  E) a 

single stain control for FoxP3 (green); F) a single stain control for TIA-1 (red); G) hematoxylin 

counter stain (blue); H) a  triple stain for CD8 (brown), FoxP3 (green), TIA-1 (red), with a 

hematoxylin counter stain (blue); and I) a false colour unmixed image of H with CD8 (red), 

FoxP3 (green), TIA-1 (yellow), and hematoxylin (blue). Scale bar = 10 µm. 

 

4.4 Use of multi-colour immunohistochemistry in other studies from our 

group 

During my master’s degree I helped develop multi-colour IHC protocols to answer 

multiple research questions that have lead to two publications. Although these projects 

were not directly related to CD8+FoxP3+ T cells, they do increase our understanding of 

the immune response to cancer. 

Our group used multi-colour IHC to test the hypothesis that CD20+ B cells (cells of the 

immune system that are responsible for antibody production and can act as APCs) and 

CD8+ TIL can cooperate in the immune response to HGSC [132]. For this study we used 

dual-colour IHC to determine the relative locations of CD20+ and CD8+ TIL within the 

IROC cohort. For this paper I helped in the development of a dual stain for CD8 and 

CD20. We found that CD8+ TIL and CD20+ B cells were found in close proximity. 

CD8+ TIL and CD20+ TIL as single stains have both been previously shown to be 

associated with good outcomes in HGSC [18]. The most favorable outcomes were seen 

when these cell types are found together. It is possible that CD20+ B cells have a 

supportive role in the CD8+ immune response to ovarian cancer, potentially acting as 

APCs or by organizing TLS [132, 136].  



 

 

39 

In a second study by our group, we tested the hypothesis that FoxP3+ TIL would be 

associated with good outcomes in estrogen receptor (ER)-negative breast cancer [137]. 

For this study I developed a CD4/FoxP3/CD25 stain and used the CD8/FoxP3/CD4 stain 

described in Chapter 3 to examine the phenotype of  FoxP3+ cells in a cohort of 11 cases 

of triple negative breast cancer (any breast cancer that does not express the genes for ER, 

progesterone receptor (PR) and human epidermal growth factor receptor 2 (Her2)/neu). 

FoxP3+ TIL were found to be associated with CD8+ TIL and increased patient survival. 

My IHC staining was used to phenotype the FoxP3+ TIL in terms of their expression of 

the classical Treg markers CD4 and CD25, as well as CD8. We found that the majority of 

FoxP3+ TIL had a conventional CD4+CD25+ phenotype, however there was one case in 

which CD4+FoxP3+CD8+ TIL were also observed. This observation provided evidence 

that CD8+FoxP3+ TIL may also be present in triple-negative breast cancer, but larger 

sample sizes are needed to make any conclusions about their phenotype or possible 

function. 
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Chapter 5: Results: CD8+FoxP3+ TIL in HGSC 

5.1 Presence of CD8+FoxP3+ TIL in HGSC 

5.1.1 CD8+FoxP3+ TIL are present in varying proportions in ovarian cancer 

To determine the prevalence of CD8+FoxP3+ TIL in HGSC, a dual stain for CD8 and 

FoxP3 with a hematoxylin counterstain was optimized and applied to the 44 case IROC 

prospective array (Fig 2; Appendix 1B), and scored for CD8+, FoxP3+, and 

CD8+FoxP3+ TIL. The amount of tissue scored ranged from 6.7 – 57.6 hpfs. Tumours in 

the IROC array were a mixture of ovary (n = 16), omentum (n = 18), urinary tract (n = 1), 

unknown (n = 1) or had tissue from two tumours (n = 8). To determine if the results could 

be combined or if they needed to be considered separately we needed to determine if the 

intraperitoneal location of tumours had an effect on the amount of TIL counted. No 

statistical differences were observed between the CD8+, FoxP3+, or CD8+FoxP3+ TIL 

counts from patients with only ovary or omental samples (P = 0.1266, 0.3861, and 

0.8166, respectively). Moreover, seven cases in the IROC array had cores from ovary and 

omentum, and no statistical differences were observed between the CD8+, FoxP3+, or 

CD8+FoxP3+ TIL counts between two tumour locations (P = 0.0899, 0.4448, and 

0.6512, respectively). Thus, results from primary and metastatic tumour sites were 

pooled, and an average value was presented for each patient.  

Upon examination of the prevalence of CD8+FoxP3+ TIL, at least one CD8+FoxP3+ T 

cell was found in 26 of 44 (59%) cases. CD8+FoxP3+ TIL constituted between 0.2 – 

7.9% of the CD8+ TIL population and 0.5 – 12.7% of the FoxP3+ population (Fig 2C). 

Within the cases that had CD8+FoxP3+ TIL, these represented between 0.02 – 1.8 cells 
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per hpf (Fig 2D). The total numbers of CD8+ and FoxP3+ TIL counted ranged from 0.24 

– 54.9 cells per hpf and 0.08 – 22.0 cells per hpf, respectively. One case, IROC030, had 

an unexpectedly high number of CD8+FoxP3+ TIL (1.8 cells per hpf). Therefore, 

CD8+FoxP3+ TIL are present in a substantial number of HGSC cases, albeit in relatively 

small numbers within most of those cases. 

The location of TIL within a tumour sample in terms of their relationship to each other 

and proximity to intraepithelial regions can provide evidence of their potential functions. 

The location of CD8+FoxP3+ TIL was qualitatively determined. CD8+FoxP3+ TIL were 

dispersed throughout the tumour cores and were most often found as individual cells 

rather than aggregates. They were often found close to CD8+ and FoxP3+ TIL. Most 

CD8+FoxP3+ TIL were found in or near intraepithelial areas, although stromal 

CD8+FoxP3+ TIL were also observed. Thus, CD8+FoxP3+ TIL do not cluster together 

and are found throughout the tumour. 
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Figure 2: CD8+FoxP3+ TIL are present in a subset of HGSC and range in proportions and 

number between cases. 

A) Multi-colour IHC of a dual stain of CD8 (red), FoxP3 (brown), and a hematoxylin 

counterstain (blue); B) a false colour unmixed image of A with CD8 (red), FoxP3 (green), and 

hematoxylin (blue). C) CD8+FoxP3+ TIL varied in proportion within the CD8+ and FoxP3+ 

populations within cases of HGSC that had CD8+FoxP3+ TIL and at least 10 CD8+ or FoxP3+ 

TIL; D) CD8+FoxP3+ TIL were present in 59% of cases of HGSC and range in number per hpf 

between cases. Scale bar = 10 µm. 

5.1.2 CD8+FoxP3+ TIL weakly correlate with CD8+ and FoxP3+ TIL 

A priori, CD8+FoxP3+ TIL could represent either a clonally related subset of CD8+ or 

FoxP3+ TIL or a distinct cell lineage. In the former cases, CD8+FoxP3+ TIL should 

correlate with either CD8+ or FoxP3+ TIL, respectively. To address this, the number of 

cells in each population was compared within the 44 case IROC array using a Pearson 
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correlation and regression analysis. Similar to our prior report [18], CD8+ TIL strongly 

correlated with the presence of FoxP3+ TIL (R
2
 = 0.7599, P < 0.0001; Fig 3A). 

CD8+FoxP3+ TIL showed a weak but significant correlation with CD8+ and FoxP3+ 

TIL (R
2
 = 0.2488, P = 0.0006, and R

2
 = 0.2996, P = 0.0001, respectively; Fig 3B and C). 

The low R
2
 value suggests that CD8+FoxP3+ TIL may not simply represent a fixed 

proportion of CD8+ or FoxP3+ TIL, but this cannot be completely ruled out. 

A

B C

 

Figure 3: CD8+FoxP3+ TIL are weakly but significantly correlated to CD8+ and FoxP3+ 

TIL within HGSC tumours. 

A) Correlation between CD8+ and FoxP3+ TIL in HGSC. B) Correlation between CD8+FoxP3+ 

and CD8+ TIL in HGSC. C) Correlation between CD8+FoxP3+ and FoxP3+ TIL in HGSC. 
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5.2 Analysis of the phenotype of CD8+FoxP3+ TIL 

To further investigate the possible origins and function of CD8+FoxP3+ TIL, triple 

stains for CD8, FoxP3 and a variety of other markers were developed. These included 

other markers of conventional Tregs (such as CD4, CD25, and CD39), proliferating cells 

(Ki-67) and conventional cytotoxic T cells (TIA-1). This analysis was performed using 

whole sections of case IROC030 owing to the high numbers of CD8+FoxP3+ TIL in this 

case (Fig 2D).  

5.2.1 CD8+FoxP3+ TIL are a mixture of CD4+ and CD4- cells 

CD8+FoxP3+ TIL have phenotypic characteristics of cytotoxic T cells and Tregs. We 

first examined whether these cells have other markers characteristic of Tregs. To assess 

CD4 expression, we developed an optimized stain for CD8, FoxP3, and CD4 with a 

hematoxylin counterstain (Fig 4; Appendix 1C). As expected, virtually all of the CD8+ 

TIL counted were negative for CD4 (3.2%; Fig 4C) and virtually all of the FoxP3+ TIL 

were positive for CD4 (96.8%; Fig 4C). Unexpectedly, 38.8% of CD8+FoxP3+ TIL were 

found to co-express CD4 suggesting they could be a unique component of a relatively 

rare subpopulation of CD4+CD8+ (“double positive”) T cells that have been described in 

healthy individuals as well as other disease states [26, 27, 29-34, 138].   
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Figure 4: CD8+FoxP3+ TIL are a mixture of CD4- and CD4+ cells in one case of HGSC.  

A) Multi-colour IHC of a triple stain of CD8 (brown), FoxP3 (green), CD4 (red), and a 

hematoxylin counter stain (blue); B) a false colour unmixed image of A with CD8 (red), FoxP3 

(green), and CD4 (blue) with the hematoxylin channel removed. C) Percentage of CD4+ TIL 

within the CD8+FoxP3-, CD8+FoxP3+, and CD8-FoxP3+ TIL in a case of HGSC. Scale bar = 10 

µm. 

5.2.2 CD8+FoxP3+ TIL are predominantly CD25 negative 

Functional studies involving CD8+ Tregs in the literature often use CD25 expression to 

define a CD8+ Treg [107, 124, 139]. To further evaluate whether CD8+FoxP3+ TIL had 

a phenotype similar to CD8+ Tregs reported in the literature, we examined the classical 

Treg marker, CD25. As mentioned in Chapter 1, CD25 is the IL-2 receptor α subunit, and 

one mechanism by which Tregs are thought to suppress TIL is by sequestering IL-2 [85, 

86]. An optimized stain for CD8, FoxP3, and CD25 with a hematoxylin counterstain is 

shown in Figure 5; Appendix 1D). The majority of CD8+ TIL were negative for CD25 

(93.7%, Fig 5C). The fact that 6.3% of CD8+FoxP3- TIL are CD25+ this was not 

surprising given that activated CD8+ T cells should transiently express CD25 [43]. As for 

FoxP3+ TIL, approximately 50% expressed CD25 and therefore likely represent bona 

fide CD4+FoxP3+ Tregs (Fig 5C); these cells are the focus of a manuscript currently in 
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preparation by our group [140]. CD8+FoxP3+ TIL were predominantly CD25- (86.0%; 

Fig 5C) and hence resembled CD8+ TIL more so than Tregs.  
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Figure 5: CD8+FoxP3+ TIL mainly have a CD25- phenotype in one case of HGSC.  

A) Multi-colour IHC of a triple stain of CD8 (brown), FoxP3 (green), CD25 (red), and a 

hematoxylin counter stain (blue); B) a false colour unmixed image of A with CD8 (red), FoxP3 

(green), and CD25 (blue) with the hematoxylin channel removed. C) Percentage of CD25+ TIL 

within the CD8+FoxP3-, CD8+FoxP3+, and CD8-FoxP3+ TIL in a case of HGSC. Scale bar = 10 

µm.  

5.2.3 CD8/FoxP3/CD39 staining could not be optimized 

As noted in Chapter 1, CD39 hydrolyzes ATP and ADP to AMP, helping in the 

production of adenosine, which inhibits Teff function [88, 89]. Owing to this property, T 

cells expressing CD39 could be Tregs; hence we assessed the expression CD39 on 

CD8+FoxP3+ TIL. Ovarian tumour cells also express CD39 [141], and therefore the 

interpretation of IHC staining is difficult because it is hard to distinguish CD39+ TIL 

from CD39+ tumour cells. Thus, although some FoxP3+ TIL could be classified as 

CD39+ (Fig 6A) or CD39- (Fig 6B), the CD39 status of the majority of FoxP3+ TIL was 

not interpretable (Fig 6C). 
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Figure 6: A stain for CD8/FoxP3/CD39 could not be interpreted in HGSC. 

A) Multi-colour IHC of a triple stain of CD8 (brown), FoxP3 (green), CD39 (red), and a 

hematoxylin counter stain (blue) showing clear FoxP3+CD39+ TIL; B) Multi-colour IHC of a 

triple stain of CD8 (brown), FoxP3 (green), CD39 (red), and a hematoxylin counter stain (blue) 

showing clear FoxP3+CD39- TIL; C) Multi-colour IHC of a triple stain of CD8 (brown), FoxP3 

(green), CD39 (red), and a hematoxylin counter stain (blue) showing FoxP3/CD39 staining that is 

not interruptible; Scale bar = 10 µm. 

5.2.4 CD8+FoxP3+ TIL are predominantly non-proliferative 

Clonal expansion is an important part of an effective immune response and therefore 

we examined the extent to which CD8+FoxP3+ TIL were proliferating. As mentioned in 

Chapter 1, the nuclear protein Ki-67 is a good marker for proliferating TIL and tumour 

cells [37-42]. Due to its localization in the nuclei, and its colocalization with the other 

nuclear markers FoxP3 and hematoxylin, it is easier to distinguish Ki-67 expression on 

TIL versus that on tumour cells unlike CD39. An optimized stain for CD8, FoxP3, and 

Ki-67 with a hematoxylin counterstain is shown in Figure 7; Appendix 1E). For all three 

populations of TIL, 20-30% of cells were Ki-67+ (Fig 7C) showing that TIL were 

proliferating within this patient’s tumour. 

The location of the proliferating TIL within the tumour tissue might provide some 

insight into the role of TIL in the anti-tumour immune response. We examined 
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qualitatively the spatial relationship between the proliferating TIL and proliferating 

tumour cells. Relative to the other TIL in the sample, proliferating CD8+, FoxP3+, and 

CD8+FoxP3+ TIL were observed throughout the tissue and not simply in dense clusters. 

Relative to the proliferating tumour cells, proliferating CD8+, FoxP3+, and 

CD8+FoxP3+ TIL were usually within or close to areas of dense tumour proliferation. 

Thus, proliferation is occurring throughout the tumour microenvironment.  
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Figure 7: CD8+FoxP3+ TIL predominantly have a Ki-67- phenotype and are therefore non-

proliferating in one case of HGSC.  

A) Multi-colour IHC of a triple stain of CD8 (brown), FoxP3 (green), Ki-67 (red), and a 

hematoxylin counter stain (blue); B) a false colour unmixed image of A with CD8 (red), FoxP3 

(green), and Ki-67 (blue) with the hematoxylin channel removed. C) Percentage of Ki-67 TIL 

within the CD8+FoxP3-, CD8+FoxP3+, and CD8-FoxP3+ TIL in a case of HGSC. Scale bar = 10 

µm. 

5.2.5 CD8+FoxP3+ TIL are predominantly TIA-1+ 

Since CD8+FoxP3+ TIL in HGSC do not appear to predominantly have the phenotype 

of conventional Tregs, we examined if CD8+FoxP3+ TIL have the potential to be 

cytotoxic. As mentioned in Chapter 1, TIA-1 is a marker for cytotoxic potential and was 

chosen for this analysis based on its correlation with good outcomes in ovarian cancer 

[18]. An optimized stain for CD8, FoxP3, and TIA-1 with a hematoxylin counterstain can 
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be seen in Figure 8A. An unmixed version of this image with the hematoxylin channel 

turned off can be seen in Figure 8B and Appendix 1F. As expected, CD8+ TIL were 

found to be mainly positive for TIA-1 (74.7%; Fig 8C), and the majority of FoxP3+ TIL 

were negative for TIA-1 (98.6%; Fig 8C). CD8+FoxP3+ TIL were found to be mainly 

TIA-1+ (71.3%, Fig 8C), indicating these cells have cytotoxic potential.  
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Figure 8: Most CD8+FoxP3+ TIL have a TIA-1 phenotype in one case of HGSC.  

A) Multi-colour IHC of a triple stain of CD8 (brown), FoxP3 (green), TIA-1 (red), and a 

hematoxylin counter stain (blue); B) a false colour unmixed image of A with CD8 (red), FoxP3 

(green), and TIA-1 (blue) with the hematoxylin channel removed. C) Percentage of TIA-1+ TIL 

within the CD8+FoxP3-, CD8+FoxP3+, and CD8-FoxP3+ TIL in a case of HGSC. Scale bar = 10 

µm. 

5.3 Prognostic significance of CD8+FoxP3+ TIL in HGSC 

5.3.1 Most CD8+FoxP3+ TIL are found in intraepithelial regions 

In order to determine the prognostic significance of CD8+FoxP3+ TIL, a larger cohort 

of patients was needed.  We decided to examine CD8+FoxP3+ TIL within intraepithelial 

and stromal regions since it has been reported that CD8+ TIL within intraepithelial 

regions correlate better with favourable outcomes in ovarian cancer compared to CD8+ 

TIL within stromal regions [18, 38, 142-146]. Thus, the 188 patient OvCaRe HGSC 
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cohort was stained with the same CD8/FoxP3/hematoxylin stain used in Section 5.1.1 

(Fig 2A). Furthermore, a adjacent section was stained with pan-cytokeratin in order to 

enable us to mark tumour epithelial cells from surrounding stroma (Fig 1B). This pan-

cytokeratin stained adjacent section was used as a guide to distinguish intraepithelial 

from stromal regions in our CD8/FoxP3/hematoxylin stained section. Of the 188 tumour 

cores examined, 38 (20.2%) had at least one CD8+FoxP3+ T cell. Of these 38 cases, only 

two cases had exclusively stromal CD8+FoxP3+, four cases had intraepithelial and 

stromal CD8+FoxP3+ TIL, and the remaining cases (84.2%) had exclusively 

intraepithelial CD8+FoxP3+ TIL. Since so few cases had exclusively stromal 

CD8+FoxP3+ TIL, the stromal and intraepithelial TIL were combined in further 

analyses; however, excluding these cases did not affect the results (data not shown). 

5.3.2 CD8+FoxP3+ TIL are associated with increased survival in HGSC 

Finally we assessed whether CD8+FoxP3+ TIL were associated with survival in 

HGSC.  The CD8, FoxP3 and hematoxylin stain on the 188-case OvCaRe cohort of 

HGSC was used to quantify CD8+, FoxP3+, and CD8+FoxP3+ TIL. The density of each 

cell type was calculated per hpf as before. As expected from our previous study [18], 

CD8+ TIL were significantly associated with progression free survival (P = 0.0006; 

Figure 9A) and disease specific survival (P = 0.0015). Similarly, CD8+FoxP3+ TIL were 

significantly associated with progression free survival (P = 0.0396; Figure 9B) and 

disease specific survival (P = 0.0462) in HGSC.  We considered the possibility that the 

survival benefit of CD8+FoxP3+ TIL might be due to their weak but significant 

correlation with CD8+ TIL. To address this, we removed the cases that did not contain 

CD8+ TIL (as defined as >5 per hpf [17]), which allowed us to assess the influence of 
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CD8+FoxP3+ TIL on the prognostic benefit of CD8+ TIL. In this sub-cohort, 

CD8+FoxP3+ TIL showed no significant correlation with outcome (P = 0.2051; Fig 9C); 

however, there was a trend toward increased progression free survival (Ptrend = 0.0023; 

Fig 9C). Thus, CD8+FoxP3+ TIL are not detrimental to patients with HGSC but a larger 

sample size is needed to confirm their significance in positive outcomes. 

 

Figure 9: CD8+FoxP3+ TIL are correlated with positive outcomes in HGSC.  

A) Kaplan-Meier curve of CD8+ TIL / hpf with a median cutoff showing progression free 

survival. B) Kaplin-Meyer curve of CD8+FoxP3+ TIL / hpf with a digital cutoff showing 

progression free survival. C) Kaplin-Meyer curve of CD8+FoxP3+ TIL / hpf separating out the 

cases with less than five CD8+ TIL / hpf with a digital cutoff showing progression free survival. 
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Chapter 6: Discussion 

6.1 Multi-colour immunohistochemistry 

6.1.1 Advantages of multi-colour immunohistochemistry 

There are several advantages to using multi-colour IHC over other cell characterization 

methods, such as flow cytometry. The first is location information. In flow cytometry, 

single cell suspensions are labeled and detected. Information is gained about co-

expression of markers, but not about spatial relationships among cells within a tumour. 

With IHC, tumour samples are preserved and sectioned in a way that preserves the 

architecture of the tumour microenvironment. Multi-colour IHC allows for information to 

be gained about co-expression of markers, as well as relationships between cell subsets 

and their proximity. An example of the importance of IHC in cancer immunology is the 

discovery of TLS. The presence of dense, immune aggregates  correlate with increased 

survival in lung and breast cancer [22, 23] and could play a role in the immune response 

to ovarian cancer [136].  

The second advantage of multi-colour IHC is the ability to screen multiple tumour 

samples in one experiment through the use of TMAs. This allows for large cohorts to be 

examined in a relatively short time with small amounts of material. The use of a TMA 

provides consistency and minimizes inter-experimental variations, since multiple samples 

can be stained on the same slide. Additionally, the ability to examine large cohorts 

permits study of survival analysis. 

Another advantage of multi-colour IHC is the ability to combine IHC with fluorescence 

in situ hybridization (FISH) [147]. FISH is a technique where fluorescent probes are 
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designed for specific nucleic acid sequences and when these probes are applied to tissue, 

the precise localization of a sequence can be determined [148]. In cancer research, FISH 

has been used to discover cytogenetic aberrations that have led to targeted therapies 

[149]. It is also used to predict if a patient is likely to respond to a certain treatment [149]. 

The combination of multi-colour IHC and FISH allows tissue to be examined for targets 

on protein and DNA/RNA.  

Multi-colour IHC also has similarities to immunofluorescence (IF) microscopy. In IF, 

antibodies against the markers of interest are conjugated to a fluorophore that will emit 

light at a specific wavelength when it is excited by light at a shorter wavelength. Cells 

and tumour tissue naturally emit fluorescence and this intrinsic fluorescence is termed 

autofluorescence [150]. Therefore, when multi-colour IF is being performed, there will 

always be a certain level of background staining and the intensity of the autofluorescence 

could affect the interpretation of the desired staining. This however could be overcome 

using the Nuance™ multispectral imaging system, since the autofluorescence can be 

assigned a spectrum like a chromogen and unmixed from the resulting image.  The 

method of tissue processing used in this thesis leads to a large amount of 

autofluorescence, however a method has been developed to perform multiple IF labeling 

of FFPE involving an IF buffer consisting of PBS with 1% BSA and 2% fetal calf serum 

[151]. The light-sensitivity of the fluorescent antibodies used to be an issue but this is not 

as much of an issue with modern fluorophores. IHC is still the method of choice for 

pathologists since it allows for staining to be visualized unaided with a bright-field 

microscope. However, with the complication introduced by multi-colour IHC, even a 

trained pathologist will need to rely on a system such as the Nuance™ multispectral 
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imaging system. Therefore, multi-colour IF could be a viable alternative that can 

overcome some of the disadvantages of IHC. 

6.1.2 Disadvantages of multi-colour immunohistochemistry 

There are several limitations to the method of multi-colour IHC and multispectral 

imaging presented in this thesis. Some of these include technical or commercial 

limitations that were described in detail in Chapter 4. Briefly, there are constraints with 

the design of the experiment since only one antibody of each species can be presently 

used and there are only two enzymes currently available for reaction with the 

chromogens that can be used in each round of staining. Also, it is possible that two cells 

on top of each other can mimic the staining pattern of co-localization or co-expression. 

The use of a counterstain such as hematoxylin can be used to reduce false positives. 

 The biggest limitations of multi-colour IHC are with sample availability and tumour 

heterogeneity. Sample availability is a huge issue in most histology experiments due to 

the tumour samples being a finite resource. Using TMAs allow for multiple cases to be 

stained all at once and staining can therefore be consistent. The downside to this is that 

the cores are usually small, ranging in size from 0.6 – 1.0 mm in diameter. This is a great 

way to save precious sample, but it can be difficult or misleading when examining rare 

cell subsets. Also, the location that the cores are taken from within the tumour to create 

the TMA can lead to the introduction of bias. For example, certain cell types such as 

granzyme B+ or hypoxic cells may be more prevalent in areas of necrosis, however, 

pathologists usually core areas away from necrotic regions.  

Within tumours there is great heterogeneity. One group performed a study of the 

genomic heterogeneity within ovarian tumours and found that on average only about 50% 
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of the mutations observed were found in every sample taken from that case [139]. 

Heterogeneity in terms of the mutational prolife was even observed between samples 

when a single tumour site was divided into sections in some cases. Thus, if a TMA 

contains only one location from within a tumour, it may not fully reflect the 

characteristics of the entire tumour. To overcome this, whole sections of the tumour can 

be stained but this is very time consuming to count and therefore is not currently feasible 

for larger sample numbers. Moreover, tumours are three-dimensional masses and 

therefore even a whole section, which is a two-dimensional slice through the entire 

tumour mass, may still not be an accurate representation of the entire tumour.  

Another disadvantage of multi-colour IHC over methods such as flow cytometry and IF 

is the low number of markers that can be examined simultaneously.  In this thesis, four-

colour analysis was the technical limit. This means that only three markers could be 

examined at a time while using a hematoxylin counterstain. Further work in our lab has 

shown that up to six markers can be stained simultaneously by introducing a second 

denaturation step (Katy Milne). The current limitations with regards to the number of 

markers that can be stained at once have to do both with the technical limitation 

mentioned previously and with the image analysis software. Chromogens are needed that 

have sufficiently distinct spectra such that they can be successfully deconvoluted. In the 

future the technology surrounding multi-colour IHC could reach that of flow cytometry 

and IF in terms of the numbers of markers that can be examined simultaneously through 

the introduction of new enzymes that develop chromogens or better denaturation methods 

that would allow for more rounds of staining. 
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Furthermore, a disadvantage common to multi-colour IHC and flow cytometry is the 

bias introduced by threshold setting. Some markers, for example CD8 and CD4, should 

be digital in their staining patterns, such that cells should either be positive or negative. 

On the other hand, other markers, most notably CD25, are present in varying levels 

between cells and their staining intensities are more of a continuum. In these cases, there 

is going to be subjectivity for what is called positive and negative. In flow cytometry, 

compensation controls are often included and other controls such as fluorescence minus 

one (FMOs) or isotype controls can be run during an experiment to help with strategic 

gating. In multi-colour IHC, single stain controls are run to ensure the staining worked 

properly but these controls are not always helpful for setting thresholds, as the intensity 

of each stain within a multi-stain can be influenced by the other antibodies in that stain. 

To help minimize bias, scoring should ideally be done by a trained pathologist or by two 

independent observers. 

6.2 CD8+FoxP3+ TIL in HGSC 

6.2.1 Presence of CD8+FoxP3+ TIL in HGSC 

An overall low prevalence of CD8+FoxP3+ TIL was found in HGSC. However, due to 

some individual cases having a relatively large percentage of these cells, simply using 

FoxP3 as a marker of Tregs could lead to characterization of a cell type other than 

conventional CD4+CD25+ Tregs. CD8+FoxP3+ TIL have been found in cervical, 

colorectal, prostate, lung, nasopharyngeal, oral, and liver cancers; as well as metastatic 

TDLN [102, 106, 108, 110, 111, 113-116]. The frequency of these cells within the CD8+ 

or FoxP3+ T cell compartments was not always reported. However, collectively within 

these studies, CD8+FoxP3+ T cells represented approximately 2 – 18% of the CD8+ T 
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cell population and up to around 25% of the FoxP3+ T cell population.  My data for 

HGSC are consistent with these studies.  

In ovarian cancer, studies linking FoxP3+ T cells to survival have claimed that these 

cells can be prognostically ambiguous [101].  In Chapter 1 it was proposed that if 

FoxP3+ TIL were separated based on their CD8 status, CD8+FoxP3+ TIL could possibly 

be leading to these varying claims. However, the rarity of CD8+FoxP3+ TIL observed in 

terms of their cell numbers possibly means that they are not an independent confounding 

factor in the discrepancies in the prognostic claims. 

Although CD8+FoxP3+ TIL were found to be low in number they were seen ~60% of 

cases in the IROC array. There was, however, a discrepancy in the number of positive 

cases observed between the two cohorts analyzed. At least one CD8+FoxP3+ TIL per hpf 

was observed in 59% of cases in the 44 case IROC array, but only 20% of cases in the 

188 case OvCaRe array. This is likely due to sampling error. For the IROC array between 

one and four 1 mm cores were scored per case, whereas for the OvCaRe array only one 

0.6 mm core was scored per case. Greater numbers of CD8+FoxP3+ TIL may have been 

seen in the OvCaRe cohort had more material been analyzed. The amount of material is 

always a major problem when using a TMA. However, the degree to which this may be a 

confounding factor in prognostic studies depends on the prevalence of the cell type of 

interest and the strength of their effect (hazard ratio). There are also technical limitations 

associated with obtaining simultaneously more cases and more material per case. Another 

possible reason for the discrepancies between the prevalence obtained in the arrays could 

be that the OvCaRe array consists of only patients who have been optimally debulked and 

therefore comprises a highly homogeneous population with better outcomes overall.   
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There are several possibilities for the origins of CD8+FoxP3+ TIL. Support for the  

hypothesis that CD8+FoxP3+ TIL could have originated from CD8+ TIL comes from 

mouse models that have shown that around 10% of tumour specific CD8+ T cells became 

FoxP3+ after they were adoptively transferred into tumour-bearing mice [125]. If 

CD8+FoxP3+ TIL in HGSC were a subset of CD8+ TIL, one might expect them to 

correlate with the presence of CD8+ TIL. However, CD8+FoxP3+ TIL were only weakly 

correlated with CD8+ or FoxP3+ TIL. It is possible that not all of the CD8+FoxP3+ TIL 

originated from CD8+ TIL. Further testing is needed to verify this finding. As discussed 

further below, my data may support the alternative possibility that CD8+FoxP3+ TIL are 

a distinct lineage of lymphocytes.  

6.2.2 Phenotypic analysis of CD8+FoxP3+ TIL 

As mentioned in Chapter 1, CD8+ T cells with a suppressive function were originally 

described in the 1970s and 1980s but their characterization was abandoned due to a lack 

of definitive markers [104]. However, despite significant advances since the 1980s, 

finding markers that uniquely identify CD8+ Tregs remains a problem [101, 104]. To 

address this, we tested CD8+FoxP3+ TIL for expression of markers of conventional 

Tregs (such as CD4, CD25, and CD39), proliferating cells (Ki-67) and cytotoxic T cells 

(TIA-1).  

6.2.2.1 CD8+FoxP3+ TIL in HGSC may be suppressive 

Multiple studies to determine the function of CD8+ Tregs have been performed, but in 

the majority of these studies CD25, not FoxP3, is used to define a CD8+ Treg [107, 124, 

125, 139]. CD8+CD25+ Tregs were shown to have a suppressor phenotype in multiple 

disease settings. CD8+CD25+ T cells are thought to be natural Tregs [107]. Similar to 
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CD4+ Tregs they can express CTLA-4, GITR, and FoxP3 and they can suppress CD4+ 

helper T cells in a contact dependant manner via TGFβ and CTLA-4 [107]. However, in 

my data set only a small number of CD8+FoxP3+ TIL were CD25+. It is therefore 

possible that the CD8+FoxP3+CD25+ TIL in HGSC could function like conventional 

CD4+FoxP3+CD25+ Tregs or they could be undergoing activation, as both FoxP3 and 

CD25 are transiently expressed during activation [43].   

I found that CD8+FoxP3+ TIL were a mixture of CD4+ and CD4- populations in 

HGSC. Descriptions of CD8+FoxP3+CD4+ cells are scarce in the literature. 

CD8+FoxP3+CD4+ T cells were reported in response to infection with porcine 

reproductive and respiratory virus (PRRSV) in pigs [152]. They were shown to also be 

CD25+ and produce IL-10 and TGF-β.  As will be discussed below, it is possible that my 

data set could include CD8+FoxP3+CD4+CD25+ cells and from this study it would be 

hypothesized that those cells could have a regulatory function. 

CD8+FoxP3+CD4+ T cells have also been described in humans in the context of 

thymic development [153, 154]. They have been shown to express similar levels of 

FoxP3 as CD8-CD4+ T cells [154].  In the context of T cell development in the thymus, 

CD8+CD4+FoxP3+ cells could either be a developmental precursor to CD8+CD4+ T 

cells or they could be a subset of Tregs [153]. To test this an assumption was made that if 

the CD8+FoxP3+CD4+ T cells were precursor cells, they should be more susceptible to 

apoptosis than the more mature Tregs. It was found that these triple positive cells were 

more susceptible to apoptosis than their CD4+FoxP3+ counterparts and it was concluded 

that the triple positive cells are more likely to be precursors to CD8+CD4+ T cells during 

T cell development than a subset of Tregs. CD8+FoxP3+CD4+ T cells could also be 
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precursors to CD4+CD8-FoxP3+ T cells, however it was found that the frequency of the 

former does not predict the frequency of the latter and these two populations of cells 

showed differences in their TCR repertoire [154]. CD8+FoxP3+CD4+ T cells were also 

found to be low for CD127, similar to mature Tregs. It was concluded that in the context 

of T cell development, expression of FoxP3 at the CD8+CD4+ stage does not necessarily 

mean that these cells will become Tregs.  

Cytotoxic CD4+CD8α+ T cells have been shown to exist in the gut. They represent a 

distinct effector cell population that is formed due to a lack of the helper T cell 

transcription factor, ThPOK. In normal T cells, ThPOK is responsible for suppressing the 

CD8+ lineage program and maintaining the helper T cell fate during development [138]. 

Upon activation, these CD4+CD8+ T cells show potent cytotoxic activity. Although we 

did not test CD8+FoxP3+ TIL for expression of ThPOK, a lack of ThPOK could possibly 

be responsible for the presence of CD8+CD4+FoxP3+ TIL in HGSC. 

In an interesting study, Nakamura, et al,  determined the function of 

CD8+FoxP3+CD4+CD25+ T cell using a CD8+CD4+CD25+FoxP3+ cell line (called 

HOZOT) [155]. These cells were shown to express GITR, cytoplasmic CTLA-4, and 

large amounts of IL-10 (but only when TCR stimulated) and have suppressive functions 

[155-157]. However, HOZOT have also been shown to have cytolytic activities [155, 

158]. 

Unfortunately, in the cancer setting, most studies focusing on CD8+FoxP3+ TIL do not 

comment on their CD4 status. In some studies it is also unclear what criteria they are 

using to define a CD8+ Treg. It is possible that these could be independent populations 

and could have their own distinct functions. Studies have shown that CD8+FoxP3+ Tregs 
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can have both suppressive and effector functions [125]. Thus, one possible interpretation 

of this finding is that CD8+FoxP3+CD4+ TIL may act more like Tregs and have 

suppressor functions, whereas CD8+FoxP3+CD4- TIL may act more like Teff and have 

cytolytic functions. Should a similar mix of CD4 positivity be observed in mouse models 

of CD8+FoxP3+ the functional significance of these cell types could be tested. 

6.2.2.2 CD8+FoxP3+ TIL are mainly non-proliferative 

Proliferation in the cancer setting generally refers to the proliferation of the tumour 

cells and not the TIL. However, the marker Ki-67 detects proliferation in tumour and in 

immune cells [37-42].  Multi-colour IHC is an ideal tool for examining the relationship 

between proliferating TIL and tumour cells. In my data set, KI-67+ cells were seen in 

~20-30% of each T cell subset (CD8+, FoxP3+ and CD8+FoxP3+ TIL). This 

proliferation could either represent a low level of overall proliferation due to 

environmental cues from the tumour microenvironment or could be clonal expansion of 

specific T cells.  

To investigate this we looked at the locations of the proliferating cells relative to each 

other. The location information observed also provides insights into the immune reaction 

against HGSC. If cells were undergoing rapid clonal expansion, in structures such as 

TLS, they would be most likely found in close proximity to one another. However, this 

was not what I saw. Instead, proliferating TIL were often found amongst non-

proliferating TIL, not in dense aggregates. This suggests that the TIL are not undergoing 

rapid clonal expansion. Instead, they may be responding to environmental cues to 

proliferate, since the proliferating TIL were often observed in close proximity to areas of 

dense tumour proliferation.  



 

 

62 

6.2.2.3 CD8+FoxP3+ TIL in HGSC may have effector functions 

As mentioned in Chapter 1, CD8+FoxP3+ TIL have been shown in a mouse model to 

have effector functions [125]. Also, TIA-1 marks cytotoxic potential and stress. Within 

my data set, CD8+FoxP3+ TIL were in fact mainly found to be TIA-1+ and therefore 

have cytolytic potential. This provides further evidence for the idea that CD8+FoxP3+ 

TIL have an effector function in HGSC. From the observation that similar numbers of 

TIA-1+ cells were seen in CD8+ and CD8+FoxP3+ TIL, it is possible that some of the 

CD8+FoxP3+ TIL originated from the CD8+ TIL. It is therefore possible that a strong 

immune response is occurring in this case of HGSC.   

Information can be gained about the possible cytotoxic activities of CD8+FoxP3+ TIL 

in HGSC from the CD8+FoxP3+CD4+CD25+ cell line HOZOT. HOZOT have been 

shown to have cytolytic activity against a number of different cell lines encompassing 

many cancer types including carcinomas, sarcomas, esotheliomas and glioblastomas 

[158]. Inoue, et al, [158], tested two ovarian cell lines; OMC-3, derived from a mucinous 

cystadenocarcinoma [159]; and JHOS-2, derived from a serous cystadenocarcinoma 

[160]. Interestingly, at an effector to target ratio of 4:1 they found that HOZOT had 

nearly 100% cytotoxicity against the mucinous cystadenocarcinoma OMC-3 but around a 

-10% cytotoxicity against the serous cystadenocarcinoma. Although the implications of 

this finding was not discussed anywhere in their paper it may have implications in the 

function of our CD8+FoxP3+CD4+ TIL in HGSC.  

As mentioned above, CD8+ T cells can transiently express FoxP3 and CD25 during 

their activation [43]. It is possible that the CD8+FoxP3+CD4- TIL are simply recently 

activated cytotoxic cells. It is also possible that CD8+FoxP3+ TIL in HGSC could be 

tumour-reactive early effector cells like those reported in melanoma [117]. Flow 
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cytometry analysis of CD8+FoxP3+ TIL from HGSC patients could be done to test this 

hypothesis. However, the observation that 40% of the CD8+FoxP3+ TIL are CD4+ 

suggests that they are a unique subset of cells and may have regulatory functions.  

6.2.2.4 Conclusions from the phenotypic analysis 

Interesting conclusions can be drawn from the relative proportions of the phenotypic 

markers. The CD8+FoxP3+ TIL were ~ 40% CD4+, ~ 15% CD25+, ~ 30% Ki-67+, and 

~ 70% TIA-1+. Since more complicated multi-stains could not be performed, it is not 

possible to explicitly determine how these populations relate to each other. However, it is 

possible that the ~15% that are CD25+ could also be within the ~ 30% that are TIA-1-. 

This would make sense because the CD8+FoxP3+CD25+ TIL are more likely to have a 

regulatory phenotype, whereas the CD8+FoxP3+TIA-1+ TIL are more likely to have a 

cytotoxic phenotype. Likewise, it is possible that the ~ 40% that are CD4+ represent the 

same population measured as ~ 30% TIA-1-. Finally, very different proportions of 

CD8+FoxP3+ TIL were CD4+ and CD25+. It would be interesting to know if the ~ 15% 

of the CD8+FoxP3+ that were CD25+ were all CD4+. If they were then it is most likely 

that these cells would have true regulatory function. If they were not it would be most 

likely that the CD25 was transiently expressed on the CD8+FoxP3+ TIL due to 

activation. Flow cytometry could be used to answer some of these questions. 

It is possible from these results that the majority of CD8+FoxP3+ TIL were likely 

CD4-CD25-Ki-67-TIA-1+ and have effector functions. However, CD8+FoxP3+ TIL 

represent a heterogeneous population and more work is needed learn more about the 

function of these interesting novel subsets in HGSC. 
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6.2.3 Prognostic significance of CD8+FoxP3+ TIL  

When determining if a protein, a mutation, a new treatment, or, in this case, a subset of 

immune cells are associated with improved outcomes in cancer there are three ways of 

determining the clinical endpoint. The first is progression free survival. It gives a report 

of the time to progression and therefore the endpoint (or “event”) is relapse instead of 

death. The second is disease specific survival. In this case events are measured as death 

due to the disease. The third is overall survival and an event is death due to any cause. 

Disease specific survival should be used rather than overall survival if the prognosis of 

the disease is good. For example, when examining prostate cancer disease specific 

survival should be reported rather than overall survival because it is likely that patients 

will live long enough with the disease to die of other causes. On the other hand, 

pancreatic cancer has a poor prognosis and therefore it is most likely that the majority of 

patients will die of the disease. In this case either disease specific or overall survival 

could be used. For this thesis, progression free and disease specific survival were chosen, 

however, since the 5-year survival rate for ovarian cancer is quite low, overall survival 

could have been examined instead.  

CD8+FoxP3+ TIL were found to be associated with progression free and disease 

specific survival. Therefore, CD8+FoxP3+ TIL may play a role in an effective immune 

response against HGSC. However, if the CD8+FoxP3+ TIL are simply a subset of CD8+ 

TIL then their association with survival could be due to the fact that CD8+ TIL in general 

are strongly associated with good outcomes. To address this we removed the cases with 

negligible CD8+ TIL (as defined by <5 cells per hpf). When we did this there was a trend 

(Ptrend = 0.0023) for cases with CD8+FoxP3+ TIL having increased progression free 

survival. Therefore the presence of CD8+FoxP3+ TIL may be beneficial to patients.  
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CD8+FoxP3+ TIL have been shown to be associated with tumour progression in 

gastric cancer [124]. Increased intratumoural CD8+FoxP3+ correlated with advanced 

tumour stage. For their study a cohort of 45 patients was analyzed by flow cytometry. 

CD8+FoxP3+ TIL expressed the Treg markers CD25, GITR, and CTLA-4. CD8+CD25+ 

T cells were also shown to suppress CD4+ T cell function. From these data the authors 

concluded that CD8+FoxP3+ T cells may be involved in tumour immune escape. In my 

data set very few CD8+FoxP3+CD25+ TIL were present, which could be a reason why 

CD8+FoxP3+ TIL are correlated with positive outcome in HGSC.  

6.3 Future Directions 

6.3.1 Phenotypic analysis of CD8+FoxP3+ TIL 

CD8+FoxP3+ TIL were found to have a non-proliferative effector phenotype in the one 

case of HGSC examined, but it is still unclear whether this is also the phenotype of the 

CD8+FoxP3+ TIL in other cases of HGSC. To expand this further 7 more cases were 

selected based on their CD8+FoxP3+ counts on the IROC TMA. Whole sections from 

these cases are being stained and counted. Using the whole sections should allow enough 

CD8+FoxP3+ TIL to be counted in order to determine if the phenotypic analysis of 

IROC030 is consistent with other cases. Also, to learn more about the phenotype of 

CD8+FoxP3+ TIL, other markers can be examined such as CD103, an integrin that is 

thought to mark tumour specific T cells, and granzyme B, an enzyme released from 

CD8+ T cells to kill their target.  

6.3.2 Functional significance of CD8+FoxP3+ TIL 

The results presented in this thesis suggest that the CD8+FoxP3+ TIL in HGSC have 

an effector phenotype, but we did not directly test whether these cells are capable of 
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killing tumour cells. To determine the function of CD8+FoxP3+ TIL ideally these cells 

would be sorted out of tumour samples and subjected to in vitro and in vivo functional 

assays. FoxP3 is a transcription factor, therefore in order to sort these cells they must be 

permeabilized and killed. Many studies [115, 124] have used CD8+CD25+ T cells as a 

surrogate for CD8+FoxP3+ but that approach is not ideal since we showed that most 

CD8+FoxP3+ TIL are CD25-. Moreover, CD25 is transiently expressed on activated 

CD8+ T cells. In order to determine the functional significance of CD8+FoxP3+ TIL in 

HGSC we will turn to a mouse model of ovarian cancer. Previous work in our lab has 

shown in mice implanted with the ID8 ovarian cancer model and given 1x10
6 

tumour 

specific CD8+ T cells at the first sign of ascities, up to 10% of the tumour specific CD8+ 

T cells express FoxP3 5-9 days post adoptive transfer (Dr. Ronald deLeeuw). Transgenic 

mice can be bred to express GFP tagged FoxP3. Using this tag, these cells can be 

harvested and used in functional assays described below.  

Alternatively, within the one case of HGSC studied in our data set, virtually all of the 

CD8+FoxP3- TIL were CD4-. This allows for the opportunity for further studies to be 

done on the CD8+FoxP3+CD4+ TIL. If the cells that are CD4+CD8+ were sorted from 

HGSC samples by fluorescence-activated cell sorting (FACS) an assumption can be 

made that they will also be FoxP3+ within this case. It is unlikely that many cells will be 

obtained from a sample but they should be relatively pure. The tests mentioned above 

could be performed using the sorted cells to determine their function; however this would 

only provide a function for the CD8+FoxP3+CD4+ TIL not the more abundant 

CD8+FoxP3+CD4- TIL. 
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To determine if CD8+FoxP3+ TIL can kill their target cells, a cytotoxic killing assay 

could be performed. In this assay, tumour cells would be loaded with chromium and 

mixed, at various concentrations of target to effector cells, with tumour specific 

CD8+FoxP3+ T cells. The amount of chromium in the media upon death of the tumour 

cell would be measured to determine the killing power of the CD8+FoxP3+ T cells. A 

positive control would be CD8+FoxP3- tumour specific T cells, which should kill all of 

the tumour cells. Negative controls would include CD8-FoxP3+ T cells and non-tumour 

specific CD8+ T cells which should not be able to kill the tumour cells.  

To determine if CD8+FoxP3+ TIL have the function of classical Tregs, a suppression 

assay can be performed. This would test if CD8+FoxP3+ T cells can have the potential to 

act as Tregs. In this test CD8+FoxP3+ T cells would be added to a cytotoxic assay such 

as that mentioned previously. If CD8+FoxP3+ T cells have the ability to act as Tregs and 

suppress the activity of CD8+ T cells against their tumour. A positive control in this 

assay would be to use CD4+FoxP3+ T cells and a negative control would be to only use 

CD8+ T cells.  

6.3.3 Prognostic significance of CD8+FoxP3+ TIL 

CD8+FoxP3+ TIL were found to be associated with increased patient survival in 

HGSC. However, when the cases with no CD8+ TIL were removed, the survival benefit 

of CD8+FoxP3+ TIL was no longer significant. Since CD8+FoxP3+ TIL represent a rare 

population of cells and HGSC tumours are heterogeneous, larger cores should be 

examined. Also, the OvCaRe TMA that was used for survival analysis only had 188 

cases, therefore the survival analysis should be repeated using a large, independent 

cohort. 
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6.4 Conclusions 

FoxP3 is often used as a single marker for Tregs, however the findings of this thesis 

provide further evidence for the heterogeneity of FoxP3+ T cells. Therefore, CD4, CD25, 

and CD8 should be used when examining the prognostic impact of FoxP3+ cells to 

distinguish between bonafide Tregs and unconventional subtypes. Even within the 

CD8+FoxP3+ TIL population a large amount of heterogeneity was observed with their 

phenotype and prevalence amongst patients. CD8+FoxP3+ TIL were found to be a minor 

component of the immune response to HGSC. The CD8+FoxP3+ TIL observed in HGSC 

were different from most of those reported in the literature, most notably in their CD25 

expression. This could have implications on their function, with CD8+FoxP3+ TIL 

functioning differently in HGSC than in other cancer types due to the differing 

microenvironment. CD8+FoxP3+ TIL may represent a subset of tumour reactive TIL. 

Further characterization of these cells could lead to the discovery of tumour reactive 

cytotoxic T cell clones that could be used in therapies for HGSC. Understanding more 

about immune subsets should help with the discovery of new and effective immuno-

therapies for ovarian cancer in the future. 
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Appendix A: CMY versions of unmixed false-fluorescence 

images included in thesis 
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Appendix A: CMY images of the unmixed false-fluorescence figures.  

A) CMY image of Figure 1I  with CD8 (purple), FoxP3 (yellow), TIA-1 (white), and a 

hematoxylin counter stain (cyan); B) CMY image of Figure  2B with CD8 (purple), FoxP3 

(yellow), and hematoxylin (cyan); C) CMY image of Figure  4B with CD8 (purple), FoxP3 

(yellow), and CD4 (cyan); D) CMY image of Figure  5B with CD8 (purple), FoxP3 (yellow), and 

CD25 (cyan); E) CMY image of Figure  7B with CD8 (purple), FoxP3 (yellow), and TIA-1 

(cyan); F) CMY image of Figure  8B with CD8 (purple), FoxP3 (yellow), and Ki-67 (cyan); Scale 

bar = 10 µm.  
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Appendix B: Abbreviations 

5'-NT – 5'-nucleotidase 

A2AR – Adenosine receptor 2A 

ADP – Adenosine diphosphate 

AMP – Adenosine monophosphate 

AP – Alkaline phosphatase 

APC – Antigen presenting cell 

ATP – Adenosine triphosphate 

BSA – Bovine serum albumin 

CCR4 – C-C chemokine receptor 4 

CD – Cluster of differentiation 

CTLA4 – Cytotoxic T lymphocyte antigen 4 

DAB  – 3,3'-diaminobenzidine 

DC – Dendritic cell 

EBV – Epstein Barr virus 

ENTPD1 – Disphosphohydrolase 1 

EOC – Epithelial ovarian cancer 

ER – Estrogen receptor 

FACS – fluorescence-activated cell sorting 

FFPE – Formalin fixed paraffin embedded 

FISH – Fluorescence in situ hybridization 

FMO – Fluorescence minus one 

FoxP3– Forkhead box protein 3 



 

 

87 

GFP – Green fluorescent protein 

GITR – Glucocorticoid-induced tumour necrosis factor receptor 

Her2 – Human epidermal growth factor receptor 2  

HGSC – High-grade serous carcinoma 

HIV – Human immunodeficiency virus 

HOZOT – A CD8+CD4+CD25+FoxP3+ cell line 

hpf – High power fields 

HR – Hazard ratio 

HRP – Horseradish peroxidase 

IDO – Indoleamine 2,3-dioxygenase 

IF – Immunofluorescence 

IFNγ – Interferon γ 

IHC – Immunohistochemsitry 

IL – Interleukin 

IPEX - immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome  

IROC – Immune Response to Ovarian Cancer 

LAG3 – Lymphocyte-associated gene 3 

MHC – Major histocompatibility complex 

NBF – Neutral buffered formalin 

PBMC – Peripheral blood mononuclear cells 

PBS – Phosphate buffered saline 

PD-1 – Programmed cell death 1 

PR – Progesterone receptor 
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PRRSV – Porcine reproductive and respiratory virus  

TCR – T cell receptor 

TDLN – Tumour draining lymph nodes 

Teff – Effector T cell 

TGFβ – Transforming growth factor β 

TIA-1 – T cell intracellular antigen 1 

TIL – Tumour infultrating lymphocyte 

TLS – Tertiary lymphoid structures 

TMA – Tumour tissue microarray 

TNFα – Tumour necrosis factor α 

TNM – Tumour-node metastasis 

Treg – Regulatory T cell 


