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Abstract:  
 
The past few years have seen remarkable success in the field of oncology with the 

advent of cancer immunotherapies and checkpoint inhibitors. The effectiveness of 

immunomodulatory strategies has been shown to depend on natural intra-tumoral T 

cell infiltration and on reactivation of pre-existing immunity via inhibition of inhibitory 

checkpoints on T cells. T-cell membrane microdomains are enriched with proteins 

and glycolipids collectively involved in cell activation and signal transduction. 

Tetraspanin-enriched microdomains are an example of such microdomains that have 

been shown to play a pivotal role in T-cell regulation. One such tetraspanin protein is 

TSPAN32 that has not been widely studied. For the purpose of further studying the 

immuno-regulatory role of TSPAN32, especially in its ability to inhibit T cell 

proliferation, we developed an innovative immunisation method using plasma 

membrane glycolipid extraction of TSPAN32 transfected cells to produce an anti-

TSPAN32 antibody. Developing a fully function TSPAN32 monoclonal antibody could 

help further understand its immune function and could also potentially help in the 

development of novel immunotherapies that improve immune response in cancers. 

Among different tumour infiltrating T cells, high levels of CD8 T cell infiltration ï a 

hallmark of immunologically ñhotò tumours - are a favourable indicator for patient 

survival and immunotherapy responsiveness. In colorectal cancer (CRC), the 

Immunoscore index developed based on the density of CD3+ and CD8+ TILs 

infiltrating the centre and invasive margin of the tumour, was found to be a better 

predictor of patient survival than the current histopathological methods. . In our study, 

we aimed to investigate the predictive role of intraepithelial and stromal CD3+ and 

CD8+ T cells in three different regions of the tumour luminal side (LS), the centre of 

the tumour (CT), the invasive margin (IM) and the adjacent normal tissue in CRCs. 

The results showed high infiltration of CD3+ and CD8+ T cells in tumour regions (LS, 
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CT and IM), but not in the adjacent normal tissue was significantly associated with 

better survival in patients with CRC.  

CRC patients are classified based on the occurrence of left or right colon tumours 

which have been shown to have different phenotypic characteristics and tumour 

micro-environment (TME). To define the differences in the immune infiltrates between 

RCRCs and LCRCs, we compared the distribution of CD8+ TILs and tissue-resident 

T cells (CD103+ TILs) between RCRCs and LCRCs. We found that RCRCs were 

associated with significantly higher infiltration of intraepithelial CD8 TILs and CD103 

TILs compared to LCRCs. Furthermore, we have shown that high infiltration of 

intraepithelial CD103 TILs was an independent predictor of patient survival in RCRCs.  

Tumour infiltrating CD8 T cells represent a heterogeneous cell population comprising 

tumour-specific T cells and bystander T cells. In solid tumours, co-expression of CD39 

and CD103 on CD8 T cells has been shown to identify tumour reactive tissue resident 

memory T cells (TRM). Our study presents the largest study (n=1000) yet to compare 

the landscape and prognostic significance of recently activated tumour specific TRM 

cells and other CD8+ TILs phenotypes within the TME of colorectal tumours. Using 

multiplex immunohistochemistry staining, followed by training using advanced image-

analysis software,  CD8+ TILs, co-expressing CD103 and/or CD39 on their surface, 

were detected and quantified within tumour epithelium and stroma of each TMA core. 

CD8 TRM T-cells were shown to be an independent predictor of survival in CRC. We 

further investigated the prognostic role of this unique population between different 

CRC tumour sidedness and showed that in LCRCs, the only CD8 phenotype that 

predicted survival was the recently activated TRM CD8-T cells. In contrast, RCRCs 

with heavily infiltrated tumours regardless of the presence of this TRM subset, still 

had good survival. 
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Chapter 1: Introduction 

 
 

The immune system is a host defence system that helps organisms to protect 

themselves from potentially harmful substances and to combat infections caused by 

pathogenic micro-organisms 1, 2. This complex network of cells, tissues, organs and 

proteins has a multi-faceted role and is even competent in systematically eliminating 

endogenous challenges that arise from genetic and somatic mutations. 

The adaptive immunity is the acquired ability to eliminate infection by proliferation, 

differentiation and coordinated function of antigen-specific B-cells and T-cells that 

demonstrate unique specificity and memory in order to generate faster response upon 

reencounter to the same pathogen1, 3. This process entails recognition of antigen 

following processing and presentation by specialised antigen-presenting cells. B cells 

produce antibodies and regulate the humoral response against the antigen. T cells 

mediate cytotoxicity to eliminate virus-infected cells, assist B-cell differentiation and 

maturation and support the activity of macrophages in eliminating intracellular 

pathogens.2 

 

1.1 T- cells development  

 

Thymus-derived lymphocytes (T-cells) were discovered in the 1960s by Graham 

Mitchell and Jacques Miller as the cell population which could proliferate in response 

to antigen and even though they did not produce antibody, they enabled bone-marrow 

derived B-cells to develop into antibody forming cells. 4, 5 T-cells have been studied 

extensively in the last few decades leading to the identification of multiple T-cell 

subsets with distinct functions. 
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T-cells originate from bone-marrow derived multipotent Haemopoietic Stem Cells 

(HSC) through a stringently regulated process 6. The earliest T-cell specific precursor 

derived from HSC is known as the Early Thymic Progenitor or Early T-cell Precursor 

(ETP). This represents a small cell population in the thymus where the TCR genes 

were maintained in the germline state but differed in HSC as they expressed low level 

of CD-4 which was down-regulated in subsequent developmental stages 7. Recent 

fate-mapping studies indicate that potentially there could be an intermediate state 

between HSC and ETP, termed Thymic Seeding Progenitor (TSP) which migrate from 

bone marrow to thymus and serve as a precursor for ETP. Interestingly, ETP has the 

potential to differentiate into only T-cells in thymus but could give rise to both B-cells 

and T-cells if transferred intravenously into recipient mice8. However, further studies 

supported the observation that ETPs do not retain the potential to develop into 

myeloid lymphocytes under physiological conditions9, 10, 11, 12. With each gradual step 

in the generation of functional T-cells from HSC, the precursor potential to develop 

into multiple progenitor becomes restricted. This is due to intra-thymic environment 

and establishes ETP as the earliest precursor committed to both Ŭɓ and ɔŭ 

T-cell generation.8, 11, 13  

 

ETP progresses to Double Negative cells (DN, CD4- CD8-), which can be further 

divided into multiple subgroups of progenitor cells. The DN subsets are determined 

on the basis of sequential expression CD44 and CD25 where CD44+CD25-, 

CD44+CD25+, CD44-CD25+ and CD44-CD25- are termed as DN1, DN2, DN3 and 

DN4, respectively. At the DN1 stage, Notch1 signalling ensures the lineage 

commitment to T-cell generation by preventing conversion to dendritic cells14, 15. The 

interaction between Notch1 receptor on DN1 with its ligand Delta-like 4 

(DLL4) on Thymic Epithelial Cells (TEC) in the corticomedullary junction 

of the thymus 16, 17 serves as one of the checkpoints in T-cell development from ETP. 
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DN1 cells differentiate to DN2 cells following migration deeper into the cortex, where 

the cells prepare for the TCR gene rearrangement, mediated by RAG1 and RAG2 in 

DN3 cells 18, 19. The extensive gene rearrangement in the ɓ, ɔ and ŭ loci to determines 

the fate of the progenitor cells, emerging as either Ŭɓ, following ɓ-selection or ɔŭ T-

cells occur in the DN3 stage20. Signalling through the pre-TCR and Notch1 pathways 

are essential to progress from DN3 and DN4 to the Double Positive state (DP) 21. 

Here the gene rearrangement in the Ŭ-loci leads to the production of correctly 

assembled Ŭɓ TCR22. 

 

The binding of both CD4 and CD8 on cells that bind to the invariant region of MHC 

class-II and MHC class-I respectively, ensures that useful MHC-restricted TCR 

expressing cells are rescued from death. This occurs as the co-receptors bring Lck 

into physical proximity with cytosolic domains of the engaged TCR to initiate signalling 

that potentially assists with RAG gene repression, long-term survival, migration into 

the medulla, and differentiation into mature T cells in a process called 

positive selection.23, 24, 25  In the last stage, cells go through a negative selection 

process which results in the deletion of self-reactive T-cells before the single positive 

CD4+ and CD8+ T-cells emerge from the thymus and circulate in the periphery. 

 

1.2 Different T cell subsets  

1.2.1 CD8 T cells 
 

The cytotoxic activity of thymus-derived lymphocytes was noted in several early 

studies focusing on allogeneic, MHC-mismatched tissue, tumour transplantation 

models and allogeneic mixed lymphocyte cultures.26, 27, 28 However, it was the 

depletion of Ly-2 (CD8a) and Ly-3 (CD8b) bearing lymphocytes29, 30, 31 as well as  

studies with virus infected animal models which confirmed that specific T-cell 
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receptor-bearing CD8 T-cells recognise fragments of antigen in context of MHC class-

I and mediated the killing of the target cells. 27, 32 33, 34 Naïve CD8 T-cells (or CTLs) 

interact with antigen-presenting DCs in the lymph node 35, 36, 37 and differentiate into 

short-lived effector cells (SLEC), which die after the infection is eliminated. Some 

become memory precursor effector cells (MPEC) which contribute to secondary 

immune response upon encounter with the same antigen 38 39, 40.  

CD8 T-cells not only develop robust immune responses against intracellular 

pathogens 41 42 but they are also capable of responding to exogenous antigenic 

targets by cross presentation. 43 44, 45 46 CD8 T-cells confer their cytotoxicity by two 

direct cell-cell contact dependent mechanism ï i) interaction between Fas-Fas ligand 

, ii) granzyme and perforin mediated cytolysis; and indirectly affect target cells by 

producing pro-inflammatory cytokines including IFN-ɔ, TNF-Ŭ.47  Fas-Fas ligand 

interaction between target cell and CD8 T-cells results in classical apoptosis of the 

target cell48. Granzyme and perforin mediated cytotoxicity to eliminate target cell 

without killing the bystander cells by caspase-dependent and -independent manner.49, 

50 It has also been reported that CD8 T-cells can kill 2-16 virus-infected cells per day51 

and cooperate to increase this rate while demonstrating dual polarity in their ability to 

kill multiple targets simultaneously.51, 52, 53 CD8 T-cells play important role in cancer 

and auto-immune diseases 54 55 56 57. CD8 T-cells specific for neo-antigens expressed 

by tumour cells are critical for anti-tumour immunity. However, chronic antigenic 

exposure might impair activity rendering them ineffective in providing anti-tumour 

immunity.58, 59, 60, 61 On the other hand, self-antigen specific CD8 T-cells are also 

associated with the auto-immune disease initiation in diabetes 62 63 and early-stage 

Multiple sclerosis (MS) 64, 65 It was demonstrated that Myelin basic protein specific 

auto-reactive CD8 induce MS. 66 Depleting CD8 T-cells ameliorated the severity of 

disease by reducing the number of lesions and relapses.67  An altered gene prolife of 

CD8 T-cells were also found to correlate with poor prognosis in systemic lupus 
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erythematosus (SLE) patients. 68 These findings suggest a multifaceted role of CD8 

T-cells in immune system. 

 

1.2.2 CD4 T cells  
 

T-cells were initially identified as supporting cells which were necessary to develop 

antibody responses by B-cells.69, 70, 71, 72, 73 Later it was discovered that a specific 

subset of T-cells, termed CD4 T-cells, produced soluble factor such as IL-4 and 

provided co-stimulation by CD40-CD40L which promoted antibody production against 

foreign antigens by B-cells.74, 75, 76, 77, 78 These CD4 helper T-cells bind to the antigen 

in context of MHC class-II on antigen-presenting cells.79, 80  B cells, when acting as 

antigen-presenting cells, promote the activation of helper cells that in response 

produce cytokines that support B cell development. During activation of CD8 T cells 

by Dendritic cells, the CD4 cells promote the licencing of DCs and support the 

development of memory CD8 responses. 81, 82, 83, 84, 85 In some animal studies, even 

in the absence of CD4 T-cells, primary CD8 T-cell responses were observed against 

viruses, but they failed to mount effective response upon secondary challenge.85, 86, 

87, 88 CD4 T-cells constitutes a major part of PBMCs (25-30%)89 and CD4 Tcell 

population consists of several distinct subpopulations which are: T Helper 1 (Th1) 

cells, T Helper 2 (Th2) cells, Th3 cells, Th9 cells, Th17 cells, Th22 cells, Follicular 

helper T-cells (TFH) and Regulatory T-cells.  

 

1.2.3 ɔŭ T cells 
 

ɔŭ T-cells represent an unconventional T-cells subset which constitute 1-5% of total 

population90  TCR of ɔŭ T-cells are composed of ɔ and ŭ TCR chain instead of a and 

b TCR chain like most of the CD3+ T-cells. ɔŭ T-cells emerge earlier than ab T-cells 

in the thymus during T-cell development 91, 92 ɔŭ T-cells distributed throughout the 
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lymphoid system and they are enriched as part of interepithelial lymphocytes (IEL) 

which are located within the epithelial layer of mucosal and barrier tissues 93, 94, 95  ɔŭ 

T-cells recognising antigens such as phosphoantigens, i.e., phosphorylated microbial 

non-peptide molecules that are metabolic intermediates of the isoprenoid 

biosynthesis96, 97, 98, 99  Vd1+ ɔŭ T-cells also recognise glycolipid antigens as well as 

sulfatides in complex with CD1d 100, 101 that accumulate in lesions in MS patients101 

Interestingly, ɔŭ T-cells were also termed the ñinnate adapter of immune systemò 102 

as they coordinate with neutrophil by releasing chemokines such as CXCL8. 103, 104 

MCP-2105 and promote the differentiation into antigen-presenting cells which in turn 

activate conventional CD4 and CD8 T-cells 104, 105, 106 They also secrete IFN-g and IL-

17 to provide a powerful pro-inflammatory environment thought to be important in the 

development of autoimmune disease107, 108, 109, 110  

 

1.2.4 Natural Killer T-cells (NKT cells) 
 

Natural Killer T-cells (NKT) cells (only ~0.5% of total T-cell population) were first 

identified in 1987 as a distinct CD4-CD8- (Double negative, DN) T-cell population 

which expressed intermediate level of Ŭɓ TCR as well as NK cell marker NK1.1.107, 

111, 112, 113, 114, 115 NKT cells are defined by expression of CD1d-restricted Ŭɓ TCR, 

NK1.1 and recognition of hydrophobic ligand including various lipids and glycolipids 

(e.g. Ŭ-Galactosylceramide, glycosylphosphatidylinositol etc.). 108, 109, 110, 116  The TCR 

of NKT cells predominantly express an invariant Ŭ-chain consisting of Va14 Ja281 

(now known as Ja18) 117, 118 required for the development of NKT Cells.118  NKT cells 

population consists of a heterogeneous population of cells with varied functions. 

CD4+ NKT cells produce both Th1 (IFN-ɔ, TNF-Ŭ , IL-17) and Th2 (IL-4, IL-13) 

cytokines while the CD4-, NKG2D+ NKT cells secrete only Th1 cytokines upon 

activation.119, 120, 121  It was also reported that CD8Ŭ+ NKT cells produce higher amount 

of IFN-ɔ and have more cytotoxic potential in comparison to CD4+ or CD4īCD8ī 
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subsets. Moreover, all NKT subsets upregulate CD40L upon activation with antigen 

and promote IL-12 as well as IL-10 production by dendritic cells.121 

 

1.2.5 Mucosal associated invariant T-cells (MAIT) 
 

Mucosal associated invariant T-cells (MAIT) are non-classical innate-like T-cell 

population which are restricted by highly conserved MHC class-I related molecule 

MR1 and is abundant in intestinal lamina propria (LP) of humans and mice.122, 123 They 

are CD4-CD8- (double negative, DN) T-cells with invariant a-chain - Va7.2-

Ja33/20/12 in humans and Va19- Ja33 in mice, in conjunction with oligoclonal TCRɓ 

chain.122, 123 Further research revealed the existence of CD4+ and CD8+ MAIT cells 

123 The selection and development of MAIT cells require B-cells as B-cells deficiency 

results in absence of MAIT. 124, 125  In human, most of the MAIT cells are dependent 

on the transcription factor Promyelocytic Leukaemia Zinc Finger (PLZF) for 

development. 123 MAIT cells recognise various microbial Vitamin B2 metabolites 

(Riboflavin) and Vitamin B9 (folic acid). 126, 127, 128  However, MAIT can also be 

activated in TCR-independent way by IL-18 in synergy with IL-12, IL-15 and/or 

interferon-a/ɓ.128, 129, 130 Following activation, MAIT cells produce high level of IL-17 131 

132  and IFN-ɔ, IL-4, IL-10, GM-CSF etc.128 MAIT produce granzyme-B (GzB) and 

perforin upon bacterial antigen recognition and mediate the cytotoxic killing of the 

infected cells 133 and have been associated with brain lesions in MS patients.134, 135  

 

1.2.6 Natural regulatory T-cells (nTreg) 
 

Thymus derived natural regulatory T-cells (nTreg), defined as 

CD4+CD25HighCD127LowFoxP3+, are important regulator of immuneresponses 

and they are essential to maintain tolerance and prevent autoimmunity. 136, 137 nTreg 

constitutes up to 10% of peripheral CD4 T-cells 138, 139 CD4 nTregs have been studied 
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extensively in the last few decades and only recently several studies have also 

reported the important role CD8+CD25+FoxP3+ nTreg in immune-regulation.140, 141, 

142, 143  

nTreg cells are currently defined as CD4+FoxP3+CD25HighCD127Low 144, 145, 146, 147. 

These cells also express LAG-3, 4-1BB, GITR, CTLA-4,OX-40, CD73, CD39 and 

neuropilin-1.137, 148, 149, 150  However, none of these markers are exclusively expressed 

by nTreg and a combination of markers are still required to identify these cells. 

Interestingly, nTreg cells could also be divided into two groups based on CD45RA 

and CD45RO expression.151, 152, 153, 154 The CD45RA+ nTreg and CD45RO+ nTreg 

cells are termed naïve and memory nTreg, respectively. CD45RA+ nTreg differ from 

CD45RO+ nTreg in their reduced potential for proliferation and migration.151  It was 

also reported that CD45RA+ nTreg were preferentially located in the bone marrow 

and cord blood whereas CD45RO+ nTreg were predominant in the skin and 

peripheral blood. Moreover, it was also demonstrated that naïve nTreg cells are less 

susceptible to CD95-CD95L (FAS-FASL) mediated apoptosis compared to memory 

nTreg.153 Interestingly, FoxP3+CD25+ regulatory cells with similar suppressive 

potential as nTreg can also develop from naïve CD4+CD25- T-cells in the peripheral 

immune system. These non-thymic FoxP3+CD25+ cells are known as peripheral 

Treg (pTreg) and the induction of pTreg is dependent IL-2 as well as TGF-b.155, 156, 157 

Comparative studies to determine their functional potential also demonstrated that 

pTreg cells were more immune-suppressive compared to nTreg with the same TCR 

specificity.158  It has also been suggested that neuropilin-1 (Nrp-1) could be used as a 

surrogate marker to distinguish nTreg, which express Nrp-1, from pTreg in order to 

further investigate the role of these immune cells in mediating tolerance148, 159, 160.  
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1.3 T cells activation and differentiation 
 

Inactive naïve T-cells migrate to the periphery and continuously recirculate between 

secondary lymphoid organs and blood via the lymphatic system until they encounter 

cognate antigen. Under the appropriate circumstances, with the help of co-stimulatory 

signals and supporting cytokine milieu, naïve T-cell become activated which results 

in proliferation and differentiation into various kind of effector and memory cells.  

 

1.3.1 Naïve T-cells 
 

Thymus derived antigen-inexperienced and inactive cells are usually considered 

naïve T-cells. Until recently, these were perceived to be part of a developmentally 

synchronised and homogeneous T-cell population. However, several studies have 

demonstrated heterogeneity, as they differ on the basis of phenotype, dynamics, 

location and function161. Human naïve T-cells have a considerably longer lifespan of 

6-9 years compared to (6-11 weeks) in mice, where thymic output exclusively sustains 

the naïve T-cell pool throughout their life without any peripheral proliferation162. The 

human naïve T-cell pool is maintained by homeostatic peripheral proliferati on 

of thymic emigrant T cells . This maintains naïve T cell numbers later in life due to 

reduced thymic output and atrophy of thymus with age 162, 163. Naïve human T-cells 

can be defined by combinations of different markers. However, this usually includes; 

CD45RA+CD45RO-CD62L+CCR7+. Expression of the homing receptor such CD62L 

and CCR7 assist the trafficking of naïve T-cells to secondary lymphoid organs after 

exiting the thymus. They also express the intermediate level of CD28 and CD27 co-

stimulatory markers164, 165. Human CD4 and CD8 naïve T-cells can also be divided 

into distinct subpopulations based on the expression of CD31 and CD103, 

respectively.161 
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1.3.2 Effector T-cells 
 
Naïve cells can differentiate to effector cells following antigen recognition and obtain 

the effector phenotype defined as CD45RA+/-CD45RO+CCR7ï CD62Lï. These 

effector T-cells upregulate several activation markers such as CD69, CD71, CD25 

and HLA-DR. Effector cells might also dynamically express proliferation markers, 

such as Ki67166. Effector cells expand rapidly during an immune response, and at the 

end of the immune response, ~90% of effectors die during the contraction phase167. 

 

1.3.3 Central Memory T-cells (TCM cells)                                                                          
 

  After activation, some effector T-cells develop into Effector memory or Central 

memory T-cells which are capable to responding to secondary antigenic challenge. 

Central memory (TCM) are identified by expression of CD45RA- 

CD45RO+CCR7+CD62L+CD27+ CD28+CD127+. The re-expression of homing 

receptor provides them with the potential to relocate to secondary lymphoid organs. 

It has been suggested that TCM might serve as a precursor for effector memory T-

cells (TEM) as TCM have longer telomere and TCM can generate TEM in vitro168, 169. 

 

1.3.4 Effector memory T-cells 
 

Effector T cells can also develop into effector memory (TEM) T-cells which are 

defined as CD45RA-CD45RO+CCR7-CD62L-CD27+/-CD28+/- CD127+. The lack of 

homing receptor CCR7 and CD62L restricts these cells to the peripheral non-

lymphoid tissue 170. TEM cells also express chemokine receptors such as CXCR3, 

CCR4 which allows them to be retained in the inflamed tissue168, 171, 172 and have a 

more rapid response following antigenic restimulation167.  
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1.3.5 Terminally differentiated effector memory cells re-expressing 

CD45RA (TEMRA) T cells 
 

In the recent years, another subset of activated T-cells has been identified which is 

characterised by the apparent re expression of the naïve marker CD45RA+. They are 

CD45RA+CD45RO+/-CCR7-CD27-CD28īPD-1+KLRG1+. TEMRA cells 

demonstrate relatively lower effector function, and it has been suggested that TEMRA 

cells might derive from TCM cells in the absence of antigen and in the presence of 

low Interleukin-2 and high interferon-gamma secretion 173. Although CD8+ TEMRA 

cells have been studied more, CD4+ TEMRA cells have also been identified in 

peripheral blood. These cells have been associated with protective immunity against 

Dengue virus and Cytomegalovirus (CMV) infection 174, 175, 176, 177 . TEMRA cells can 

be further divided into two subsets depending on the expression of CD57 along with 

GPR56+ 178. 

 

1.3.6 Tissue-resident memory T cells (TRM) 
 

In recent years, studies in viral models have discovered a distinct subset of memory 

T cells that retain in peripheral tissues and can provide much greater protection 

compared to their TCM cell counterparts.179 This non-recirculating memory T cell 

subset is defined as Resident Memory T cells (TRM). TRM cells can be either CD4+ 

or CD8+, and they reside in epithelial, connective tissues, muscle and the sinusoids 

of the liver, neuronal tissue, and some were found in secondary lymphoid organs. 180, 

181, 182, 183 

The development of TRM cells is summarised in a two-step model (figure 1.1). 

 TRM cells development is initiated in the lymph nodes by a specific type of DC 

(BATF3+ DCs in mice). This DC subset directs the generation of a putative TRM cell 

precursor (pTRM) but is not necessary to induce other T cell subsets (TCM cells, TE 

cells or TEM cells).184 After reactivation, TCM cells maintain the ability to develop into 
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TRM cells, presumably by the same subset of DCs. A crucial second step in the 

development of TRM cells is recruitment into the tissue. This process is prompted by 

tissue inflammation and IFN-ɔ produced by CD4+ T cells185, which elicit chemokines 

production and the expression of adhesion molecules on the endothelium.186 187 Once 

inside the tissue (parenchyma), precursors of TRM cells further mature under the 

influence of inflammatory signals like type I interferons and acquire markers such as 

CD69. Although TEM cells and TE cells can also enter the tissue, they would not 

develop into TRM cells. TRM cell precursors that enter the epithelial layer upregulate 

CD103 under the influence of local TGF-ɓ188, 189. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1. 1 TRM cells development in two-step model.  

The first step is the initiation of TRM cells development by a specific type of DCs in the lymph node [left]. 

This DC subset induces the production of a putative TRM cell precursor (pTRM) but is not necessary for 

the induction of other T cell lineages (TE cells, TEM cells or TCM cells). The second step of TRM cells 

development is recruitment into the tissue (right). This process is elicited by IFN-ɔ produced by CD4+ T 

cells and tissue inflammation, which enable the production of chemokines and the expression of 

adhesion molecules on the endothelium. Inside the parenchyma, TRM cell precursors further mature 
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under the influence of inflammatory signals (such as type I interferons) and acquire markers such as 

CD69. TE and TEM cells can also enter the tissue, but they do not develop into TRM cells. Under the 

influence of local TGF-ɓ, TRM cell precursors that enter the epithelial layer upregulate CD103. Mū , 

macrophage. TN, naive T cell. (taken from Amsen et al., Nature Immunology, 2018187) 

 

 

The defining characteristic of all TRM cells is the commitment to their tissue of 

residence. This distinguishes them from naive T cells, TE cells, TEM cells and TCM 

cells, all of which recirculate between lymphoid organs and the blood and/or 

lymphatics (figure 1.1). The two major mechanisms used to ensure TRM cells 

retention within the peripheral tissues are the resistance to signals that promote 

homing into the blood or lymphoid tissue and adhesion to their home tissue. TRM 

cells have a low-level expression of receptors for sphingosine-1-phosphate (S1P), a 

chemoattractant produced by endothelial cells.190 Unresponsiveness to S1P is 

amplified by CD69 (C-type lectin),  which hinders the surface expression of the S1P 

receptor. 190 191 Although CD69 is commonly known as a marker of recently activated 

T cells, most TRM cells constitutively express this molecule. It is often used to identify 

these cells within the organs.181, 190, 191  Moreover, TRM cells lack the expression of 

CD62L, an adhesion molecule needed for the entry into lymph nodes, and CCR7, 

which is a chemokines receptor produced in lymphoid tissue.183  

 

The adhesion of TRM cells to the tissue is actively promoted by the expression of 

adhesion molecules. The most important among these is the integrin CD49a (Ŭ 1ɓ 1; 

VLA-1). This integrin binds to the extracellular matrix components laminin and 

collagen. 192, 193, 194 Similar to effector and memory T cells, TRM cells express the 

activation and memory marker CD44, which might allow binding to hyaluronic acid 

(another matrix component).183, 195 Localisation of TRM cells mainly depends on 

tissue-specific retention molecules. For example, the most-studied TRM cells reside 

in epithelial tissue and express CD103 maker. 187 
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CD103 (integrin ŬE), present on intraepithelial or peripheral T cells, some peripheral 

Treg cells and gut mucosal dendritic cells (DC), is a human integrin protein coded by 

ITGAE gene. CD103 is considered to be responsible for better recognition, homing 

and retention of antigen-specific CD8+ T cells in the epithelial tissue and cancer 

tissue. It is usually found on the surface of TILs, and it binds to E-Cadherin on 

epithelial cells. TGF-ɓ has been recognised to be responsible for regulating the 

expression of CD103/ɓ7 on the surface of T lymphocytes.196 TGF-ɓ is a highly 

pleiotropic cytokine expressed in many tissue types and is often overexpressed in 

most cancers. However, TGF-ɓ alone cannot regulate CD103/ ɓ7 expression; 

concurrent signalling through TCR in combination with high levels of TGF-ɓ can cause 

rapid CD103/ ɓ7 expression on T lymphocytes.187, 196 The role of this immune maker 

is further discussed in 1.9. 

 

1.4 T cell activation and inhibition  
 

The development of productive and protective T cell responses requires proper T 

cells activation. T cells polarisation and expansion responses rely on three signals 

provided by DC (figure1.2): antigen presentation in the context of MHC-peptide 

complexes (signal 1);  co-stimulatory signals provided by CD80 and CD86 (signal 2); 

and signal 3  provided by inflammatory cytokines. 197, 198, 199 Some studies have 

proposed a role for chemokines in providing a fourth signal (signal 0) in driving the 

chemotaxis of T cells.197, 198 Signals 0, 2 and 3 are generated by DC on the binding of 

PAMPs (Pathogen associated molecular patterns) or DAMPs (danger-associated 

molecular patterns) to TLRs on DC.199 
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Figure 1. 2 Three signal activation model for T cells. 

Signal 1 comprises the presentation of antigen peptides, in the context of MHC class II 

molecules, which is recognised by the antigen-specific TCR. Signal 2 involves the stabilisation 

of the synapse through adhesion molecules and the generation of signals via co-stimulatory 

molecules present on the surface of APCs and T cells. CD80/CD86 on APCs interact with 

their receptor, CD28, on T cells to generate activatory signals, while interaction with cytotoxic 

T lymphocyte-associated protein 4 (CTLA4) generates inhibitory signals. Signal 3 is produced 

by the secretion of cytokines by APCs, which signal via cytokine receptors on T cells in order 

to polarise them toward an effector phenotype. (taken from Wang et al. , Theranostics, 

2017200) 

 

1.4.1 Signal 1 - T-cell receptor activation 
 

Signal 1 is initiated by binding of TCR complex to MHC peptide complex presented 

by APCs. The TCR signalling is mediated by co-receptors CD4 and CD8. Upon 

engagement of TCR, the extracellular domains of these co-receptors act as an 

auxiliary anchor to stabilise binding between TCR and MHC peptide complex201, 202. 

In contrast, the cytoplasmic domain of CD4 and CD8 interacts with Lymphocyte 

tyrosine kinase (Lck), mediating recruitment of Lck close to the TCR complex once it 
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engages antigen presented by the MHC molecules201, 203, 204. Then Lck 

phosphorylates immunoreceptor tyrosine-based activation motifs (ITAMs) on CD3ɔ 

chain, CD3ŭ chain, CD3Ů chains, and CD3ɕ-chains205. Phosphorylation of these 

ITAMs leads to the recruitment of Zap70 protein (zeta-chain associated protein of 70 

kDa) to the TCR and its phosphorylation and activation by Lck.  

 

Activated Zap70 in turn phosphorylates linker of activation of T-cell protein (LAT) at 

four key tyrosine residues. Activated LAT recruits multiple proteins involved in 

signalling to form a multiprotein complex termed as LAT signalosome205, 206. The key 

signalling proteins within this complex include phospholipase Cɔ1 (PLCɔ1), growth 

factor receptor-bound protein 2 (GRB2), GRB2-related adaptor protein GADS, SLP76 

(SH2 domain-containing leukocyte protein of 76 kDa), adhesion- and degranulation-

promoting adaptor protein (ADAP), interleukin-2-inducible T cell kinase (Itk), NCK1 

and VAV1205. 

 

The LAT signalosome transduces signals to several signalling pathways involved in 

T-cell growth and differentiation, for example, the MAPK kinase pathway, the Ca2+ 

pathway and NF-əB pathway205, 206 . Activation of these signalling pathways leads to 

mobilisation of transcription factors into the nucleus, resulting in the expression of 

genes involved in T-cell effector function, growth, differentiation and survival 206, 207. 

The proteins within the LAT signalosome are also involved in actin cytoskeletal 

reorganisation and activation of integrin inside-out signalling. These two major events 

are important for facilitating T-cell and APC cell surface contact and adhesion and 

immune synapse formation 205, 206. 

 

LAT plays a pivotal role as loss of its expression leads to complete loss of TCR 

signalling 206. In vivo, thymocytes development in LAT-/- mice halted at the double 

negative CD25+ CD44- stage and no mature Ŭɓ T-cells were found in the mice 
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secondary lymphoid organs208. Studies in LAT-deficient Jurkat T-cells showed that 

several TCR signalling events were defective, including Ca2+ mobilisation, Ras 

activation, CD69 expression, and Erk activation 209. The role of LAT as a nucleating 

site for other adaptor proteins involved in TCR signalling has made it indispensable 

in TCR signalling.  

 

1.4.2 Signal 2- Co-stimulation/Co-inhibition  

 

TCR stimulation alone without signal 2 and 3 on TCR-MHC-peptide complex binding 

renders T cell anergic or cause apoptosis due to inadequate activation. This is 

considered a peripheral T cell tolerance mechanism against self-antigens. Mature DC 

upregulate the expression of co-stimulatory molecules, which provide signal 2 on 

ligation210, 211, 212. The most prominent T-cell co-stimulatory molecule is CD28213. It is 

constitutively expressed on naive T-cells and binds to B7-1 (CD80) and B7-2 (CD86) 

expressed on the cell surface of APCs. The B7-CD28 co-stimulatory pathway is the 

best characterised to date and is the most commonly used pathway in T cell studies. 

The B7-CD28 interaction on DC and T cells yields the strongest co-stimulatory signal 

for amplifying T cell activation214.  Nearly all human CD4+ T cells express CD28, while 

only half the CD8+ T cell express CD28. It has been suggested that the rest of the 

CD8+ T cells do not express CD28 due to exhaustion by chronic activation and they 

become regulatory in nature. CD28 ligation leads to the production of cytokines like 

IL-4, IL-5, IL-13, IFN-ɔ and TNF-Ŭ, as well as chemokines like IL-8 and RANTES215, 

216. 

 

In order to balance T-cell responses, there is a negative secondary signal exerted by 

inhibitory molecules expressed on T-cells. The most prominent example of a T cell 

co-inhibitory molecule is CTLA-4. Expression of CTLA-4 is induced 24-48 hours after 

TCR triggering on naive conventional T-cells. However, it is also constitutively 
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expressed on CD4+CD25+FOXP3+ Treg cells217, 218. In naive conventional T-cells, 

CTLA-4 is found mainly in the intracellular vesicles by interacting with the  ɛ2 subunit 

of clathrin adaptor protein complex AP-2218. T-cell activation induced trafficking of 

CTLA-4 to the cell surface; however, it is constitutively endocytosed from the plasma 

membrane and is either recycled back to the cell surface or subject to degradation in 

the lysosomes218.  

 

CTLA-4 shares the same ligands as CD28: B7-1 (CD80) and B7-2 (CD86). However, 

CTLA-4 binds to both ligands with higher affinity and avidity than CD28 does218. It is 

thought that this is one of the CTLA-4 mechanisms of action, which is to outcompete 

CD28 for binding to the ligands, thus attenuating T-cell responses217. T-cells of CTLA-

4-deficient mice exhibited hyperproliferation and multiorgan infiltration, and the mice 

died within 3-4 weeks after birth218, suggesting its negative regulatory role in T-cells. 

Autoimmune pathology observed in CTLA-4-deficient mice has been shown to be 

CD28-dependent, with specific CD28 binding motifs in the CD28 cytoplasmic tail 

responsible for disease development has now been identified 219. This shows that 

CTLA-4 functions by opposing CD28 effects on T-cell signalling.  

 

Previous studies using CTLA-4 specific antibodies have shown that crosslinking of 

CTLA-4 caused inhibition of T cell activation and proliferation, thus proving CTLA-4 

involvement in transducing negative signals to T cells218. Tregs are the major CTLA-

4-expressing cell type 220. It has been shown that CTLA-4 is required in mediating 

Tregs functions of suppression, hyposignalling and anergy 221. Mice lacking CTLA-4 

on their Tregs have been shown to develop autoimmunity, further supporting the role 

of CTLA-4 in Tregs suppressive function218. 

 

Multiple co-stimulatory and co-inhibition molecules have since been described and 

used as targets for immunotherapy in disease and cancer (figure 1.3). The PD-1 
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(Programmed cell death receptor-1) is another co-inhibitory molecule expressed on 

T cells that shares homology with CD28. The Interaction of PD-1 with its ligands PD-

L1 and PD-L2 induce immunosuppression of T cell responses, and hence this 

pathway is being targeted to reverse immunosuppression in cancer. DC constitutively 

express CD40, which is further upregulated on maturation and binds to CD40L on 

CD4+ T cells. CD40 ligation to CD40L (CD154) further upregulates MHC Class II 

expression on DC and increases cytokine and chemokine production by DC by 

process of reverse co-stimulation.215, 216  

 

The co-stimulatory pathways either fall into the immunoglobulin (Ig) superfamily, T 

cell immunoglobulin and mucin (TIM) domain family or the tumour necrosis factor 

TNF/TNFR superfamily. So far, seven members of the B7 family have been identified 

(B7.1, B7.2, ICOS-L (B7-H2), PD-L1, PD-L2, B7-H3 and B7-H4). Whereas six co-

stimulatory molecules belonging to the TNF/TNFR family have been described so far, 

namely, HVEM, BTLA, CD70, CD30, 4-1BB-L (also called CD137) and OX-40L. The 

interaction of co-stimulatory molecules with their ligands triggers expression and 

transcription of cytokine genes, stabilises cytokine mRNA, increases glucose uptake 

and utilisation (also necessary for CCR7 oligomerisation), promotes T cell viability 

and promotes memory responses by ensuring that T cells remain responsive upon 

re-stimulation215, 216, 222  
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Figure 1. 3 Costimulatory and co-inhibitory molecules expressed on the surface of T-
cells and their ligands/counter receptors expressed on APCs.  

(taken from Chen et al., Molecular mechanisms of T cell co-stimulation and co-inhibition. 

Reviews, 2013223 ) 

 

The balance between co-stimulation and co-inhibition is required to provide immunity 

while avoiding undesirable autoimmunity. This can be achieved in several ways. 

Regulation of cell surface expression is the primary mode of achieving balance223. 

Most co-stimulatory and co-inhibitory molecules are induced following activation, and 

their expression might be overlapping during the course of T-cell activation and 

differentiation.214, 223  

 

 

Co-stimulation                                                 
of T cells following interaction with 

counter-receptors on APCsc 

 

Co-inhibition                                           
of T cells following interaction with 

counter-receptors on APCs 
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1.4.3 Signal 3  
 

The absence of signal 3 cytokines on the binding of TCR-MHC-peptide complex and 

co-stimulation leads to impaired T cell effector functions, poor survival and the cells 

do not develop or differentiate into a responsive memory subset. Signal 3 cytokines, 

type I IFN and IL-12, have been described as critical factors required for CD8+ T cell 

survival and expansion. They also promote cytolytic activity and IFN-ɔ production by 

CD8+ T cells210, 211, 212, 224. Similarly, signal 3 in the form of inflammatory cytokines is 

also required for optimum CD4+ T cell activation and this has been proposed to be 

mediated by IL-1 cytokine211, 225. IL-12 can provide an early signal necessary for the 

development of the effector and central memory T cell population. However, 

prolonged signalling by antigen and IL-12 can lead to the development of short-lived 

effector cells (SLEC) instead211. This concept has been challenged by Pham et al.210 

who demonstrate that signal 3 cytokines are needed for clonal expansion of CD8+ T 

cells but not for differentiation into effector/memory T cells.    

 

Signal 3 cytokines govern the polarisation and differentiation of T cell subsets into 

different effector and memory T cell populations. The pattern of cytokine expression 

and the nature of the immune function of T cells induced depends on the cytokine 

milieu generated by DC on exposure to microbial PAMPs211. For example, IL-12 

produced by DC exposed to intracellular bacteria induces Th1 differentiation, while 

parasites drive DC to produce cytokines that induce Th2 differentiation. Once a Th1 

or Th2 response develops, it inhibits the differentiation of naïve T cells into the other 

type of T helper cell. IFN-ɔ produced by Th1 cells inhibits the development of Th2 

cells, while IL-4 and IL-10 produced by Th2 cells inhibit the development of Th1 

cells198, 227. 
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1.5 Tumours 
 

Tumours are defined by the uncontrolled growth of cells, the invasion of surrounding 

tissue and metastasis. Tumours are considered one of the leading causes of death in 

the modern world, with 367,000 new cases of cancer diagnosed in the UK between 

(2015- 2017). Breast, bowel, lung and prostate cancers accounted for over half (53%) 

of all new cancer cases in the UK in 2017. There were 166,000 deaths from cancer 

in the UK in 2018. Breast, bowel, lung and prostate cancers account for 45% of all 

cancer deaths in the UK in 2018. 

 

1.6 Overview of Immune system in the tumour 

microenvironment 
 

The tumour microenvironment contains different soluble factors like chemokines and 

cytokines, lymph and blood vessels, immune cells and diverse cell types, such as 

fibroblasts. The metastatic capacity, survival and growth rate of tumours are 

controlled by these components. 228 

The expression of neoantigens or cancer-testis antigens or overexpressed antigens 

can be a result of the genetic alterations associated with cancer cells, which will 

enable the immune system to distinguish between normal and cancer tissue via the 

interactions of the different antigens and major histocompatibility class I (MHCI) 

molecules on the surface of tumour cells.229 This process of immune system 

participation in cancer cells recognition and elimination is defined as tumour 

immunosurveillance.228 

Protecting the host against cancer development can be accomplished by the innate 

and adaptive immune systems via mechanisms of immunosurveillance.230  NK cells 

attack the first few transformed cells by detecting specific ligands on the surface of 
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the tumour cells. Then the destruction of the transformed cells due to that interaction 

will facilitate dendritic cells (DC) and macrophages uptake of the fragments and 

process it. Simultaneously, when dendritic cells and macrophages are activated, 

different inflammatory cytokines will be secreted, and cancer cell-derived molecules 

will be presented on DC and macrophages to interact with T cells. Additional 

cytokines are produced due to T- and B cells activation, which will further enhance 

innate immunity activation and promote the expansion of tumour-specific T cells and 

antibodies production. Therefore, remaining tumour cells will be eliminated and 

destroyed by the adaptive immune system through the generation of immune memory 

to certain cancer components, which may prevent the recurrence of that tumour in 

the future. 231  Although several publications illustrated, using mouse models, that 

tumours growth and militancy were associated with immune deficiencies. Tumour-

infiltrating T cell association with favourable prognosis in various human cancers is 

the most convincing proof of tumour immunosurveillance.232, 233  

 

 

1.7 Role of T cells in the antitumour immune response  

 

Tumour -infiltrating T cells are part of the cancer immunity cycle. The cytotoxic T cell 

infiltration into cancer tissue from the bloodstream recognise and kill cancer cells by 

the interaction between cancer cells MHCI and T cell receptor (TCR) (figure.1.4). 234 

Antigen expressing target cells can be destroyed directly and indirectly by different 

types of T cells. CD4 T helper, which differentiates into different subsets: Th1, Th2, 

Th22, Th17, Th9, and Treg (regulatory T cells), indirectly participate in cancer 

immunity through increasing cytotoxic anti-tumour response mediated by CD8 T cells.  
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Cytotoxic CD8 T cells are known as the critical effector cells, which are responsible 

for the direct removal of target cells. Several studies investigated the prognostic 

significance of CD8+ T cells in different types of cancers.235, 236, 237. For instance, some 

studies conducted on patients with colorectal, liver and oesophageal cancers showed 

significant disease-free survival with intratumoral CD8+ T cells compared to stromal 

areas within the tumour. 238 

 

 

Figure 1. 4 The seven main steps Cancer-Immunity cycle. 

The cycle starts with cancer cells releasing specific antigens and ends by killing them. Each 

step is described in the figure, with the location and primary cell types involved in each step.  

CTLs: cytotoxic T lymphocytes, APCs: antigen-presenting cells.  [Taken from Mellman et al. 

Oncology Meets Immunology: The Cancer-Immunity Cycle. Immunity. 2013234 ] 
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1.8 Immunoscore: Hot tumours vs cold tumours  

 

Galon et al. studies239, 240, 241, 242 on the immune cell infiltration in tumour in-situ and 

the ability of T cells to predict prognosis lead to the development of the system called 

óImmunoscoreô. Immunoscore is a system that quantifies the number of lymphocytes, 

particularly CD3 TILs and CD8 TILs, in both centre of the tumour (CT) and invasive 

margin (IM). The Immunoscore provides a scoring system ranging from low CD3 and 

CD8 TILs densities found at both the CT and the IM, Immunoscore 0 (I0) to high 

immune cell densities stratified as Immunoscore 4 (I4), with increasing score 

correlating with better disease prognosis. This system has been approved for 

colorectal cancer patients and is used to provide important prognostic information 243, 

244  

According to Galon et al., tumours can also be classified based on their 

immunological data into four categories: hot (highly infiltrated, Immunoscore I4), 

excluded, immunosuppressed, and cold (non- infiltrated, Immunoscore I0) tumours 

(Figure 1.5). The óexcludedô phenotype is characterised by high T cell density at the 

edge of tumour sites without infiltrating them within the tumour nest. This reflects the 

intrinsic ability of the host immune system to mount a T cell effectively- mediated 

immune response and the ability of the tumour to escape such response by physically 

hindering T cell infiltration. In contrast, tumour sites are associated with a low degree 

of immune infiltration, are identified as óimmunosuppressedô phenotype.  

Immunosuppressed tumours are characterised by the absence of physical barriers 

and the presence of an immunosuppressive environment that limits further 

recruitment and expansion.245 Depending on the pre-existing immunity of the tumour 

microenvironment, different therapeutical approaches were recommended to treat 

such tumours with combination immunotherapies, including checkpoint inhibitors. 

Regarding combination immunotherapy, it is critical to understand the mechanisms 
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responsible for hot, altered or cold immune tumours in order to effectively treat 

patients with weak antitumour immunity. 

 

  

 

 

 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 5 Illustrative examples of óhotô, óalteredô and ócoldô immune tumours 

 Immunoscore as a new approach for the classification of cancer. A, B, C and D represent hot, 

cold, excluded, and immunosuppressed tumours, respectively. [taken from Galon et al., 

Approaches to treat immune hot, altered and cold tumours with combination immunotherapies. 

Nature reviews Drug discovery, 2019 245] 

 
 

 

A) Hot tumours (high immunoscore) 

C) Excluded tumours                                               

(intermediate immunoscore) 

D) immunosuppressed tumours                                               

(intermediate immunoscore) 

B) Cold tumours (Low immunoscore) 
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1.9 The role of CD103+ TRM cells as a positive prognostic 

factor in solid tumours  
 

 
Solid tumours, most of which are of epithelial origin, often show enrichment for 

epithelial TRM cells, which are marked by the expression of the integrin CD103 (Ŭ Eɓ 

7).246 Among tumours with similar degrees of T cell infiltration, those with the greatest 

proportion of CD103+ TRM cells have the best prognosis.247, 248, 249, 250 In a state of 

viral infection, CD103+ TRM play an essential role in providing protection to human 

epithelial tissues by the expression of CTLA-4 and PD-1 inhibitory receptors and 

maintain peripheral tolerance251. In a cancerous setting, the adhesive interaction 

between CD103 and E-Cadherin allows the CTL to release their cytotoxic granules, 

causing lysis of the tumorigenic epithelial cell. Thus, CD103 interaction with E-

Cadherin promotes CTL effector function by promoting the formation of an 

immunological synapse, subsequent polarisation and release of cytotoxic granules. 

187In addition to this, the interaction is also responsible for intracellular signalling: E-

Cadherin interacts with ɗ-catenin, which further interacts with actin cytoskeleton, 

which can change the motility and shape of the lymphocyte. Cross-linking of surface 

CD103 also affects the shape and motility of lymphocytes, leading to increased T cell 

proliferation and lysis of target cells.132 

 

In high-grade serous ovarian cancer (HGSC) patients, CD103+ TILs are usually 

activated CD8+ T cells and NK cells. These TILs are strongly associated with patient 

survival. Tumours that contained CD8+CD103- TILs showed a poor prognosis 

compared to CD103+ CD8+ TILs.252 In patients with NSCLC, CD103+ TIL density is 

associated with patient survival in an early stage of the disease. These TILs also 

expressed high levels of PD-1, a biomarker of tumor-specific T cells.246, 247 CD103 

TILs were reported to be present in all breast cancer types, but the highest numbers 

were seen in ER-negative tumours. These TILs were indicative of a good prognosis 
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in basal like breast cancer.250 In endometrial cancer, CD103 is a good marker to 

differentiate between intraepithelial and stromal T cell populations. The total number 

of CD103+ TILs in high risk endometrial adenocarcinoma patients was an 

independent predictor of improved survival.249 CD8 TILs enriched with high densities 

of CD103 showed higher cytotoxicity and proliferation, suggesting that in patients with 

high CD103 density, there was a more robust immune response to the tumour and 

this can affect the clinical outcome. Lung cancer patients with higher 

densities of cells with the CD103 marker had better survival.246 CD103+ T cells are 

also a prognostic factor for survival in patients with cervical cancer. Cervical cancer 

patients who had undergone chemotherapy or radiotherapy had fewer numbers of 

CD103+ TILs. This number decreased further with higher stages of the disease.248 

Several studies have reported that CD8 TILs in CD103hi tumours produce higher 

quantities of granzyme B when compared to CD103low tumours. This suggested that 

in tumours rich with TRM cells, there is more robust anti-tumour immunity - the tumour 

harboured actively proliferating CD8+ T cells, and there is higher production of 

cytotoxic granules.252 

 

 

1.10 The role of CD39 marker within the tumour 

microenvironment. 
 

 
CD39 is a cell surface enzyme encoded by the ENTPD1 gene, responsible for the 

conversion of pro-inflammatory extracellular adenosine triphosphate (eATP) to 

adenosine monophosphate (AMP).253 CD73 further hydrolyses AMP into adenosine. 

This whole conversion cycle plays a very important role in regulating immune 

responses. Adenosine is a very potent immune-suppressor of cells that express A2 

and A3 receptors. It binds to the A2A receptors present on lymphocytes and thus 
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prevents effector responses. According to van Duijn et al , adenosine accumulation 

resulting from CD39 upregulation inhibits cytokine responses in CD39+CD8+ TILs 

and CD39-CD8TILs. (figure 1.6). 254 

 

 

 
 
Figure 1. 6 Upregulation of CD39 marker on the surface of CD8TILs due to chronic 
TCR stimulation. 

 Adenosine molecules, which result from the conversion of ATP via CD39, inhibit cytokine 

responses. Therefore, these molecules are considered immunosuppressive molecules.  

[taken from van Duijn et al., CD39 identifies a microenvironment-specific anti-inflammatory 

CD8+ T-cell population in atherosclerotic lesions. Nature Communications. 2019254] 
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CD39, the rate-limiting enzyme in this cycle, plays a very important role in tumour 

progression. It is considered a marker for exhausted T cells. CD8+ T cells expressing 

high levels of CD39 on their surface are considered to be terminally exhausted in 

chronic viral infections and also in cancer. CD39hiCD8+ TILs express higher levels 

of effector and exhaustion-associated transcription factors such as  Blimp-1, Eomes 

and Tbet when compared to CD39-CD8+ TILs.255 CD39+CD8+ T cells have been 

reported in both- tumours and metastatic lymph nodes in patients with melanoma and 

breast cancer. These cells are predominantly present in the tumour and metastatic 

lymph nodes and are usually absent in peripheral tissue, but if present, their 

frequencies are low. This cell type also showed impaired IL-2 and IFN-ɔ production 

in the patient cohort.256 

 

Expression of CD39 marker in CD8+ TILs defines a population as highly exhausted 

and absence of the CD39 marker defines a population of TILs that have undergone 

chronic antigen stimulation at the site of the tumour. Previous studies have shown 

that CD8+ TILs show highly heterogenous frequencies of CD39 expression in 

colorectal and lung cancer.255 

 

CD39 is constitutively expressed by Foxp3+ Treg cells and suppression of Th1 and 

Th17 responses in an adenosine-dependent manner have been well documented for 

CD39+ Treg cells. Moreover, CD39+ Treg cells also express CD25, activation 

markers, co-inhibitory molecules, and suppressive cytokines but lower levels of 

CD127 compared with CD39- Treg cells125. According to Zhao et al. CD39hi 

CD25low Tregs, exhibit sustained Foxp3 levels and functional abilities, indicating it 

could represent a new specific marker of Tregs. This indicates that CD39 would be a 

novel checkpoint inhibitor target in preventing adenosine-triggered immune-

suppressive effect. 257 
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1.11 Recently activated Tumour specific memory resident 

CD8 T-cells. 
 

 
Intratumoral CD8+ T cell population can be divided into two types based on their 

antigen specificities - tumour-reactive T cells and bystander T cells. Within the 

population of CD8+ TILs, CD103+CD39+ cells are considered tumour-reactive T 

cells, and bystander cells are absent in CD39, indicating the role of CD39 as a tumour 

specific marker. 255  A study in human lung cancer patients has shown that 

CD103+CD8+ TILs express much higher levels of CD39 protein than CD103-CD8+ 

TILs. 246 As discussed earlier, concurrent signalling through TCR in combination with 

high levels of TGF-ɓ can cause rapid CD103 expression on T lymphocytes.  

 

The co-expression of markers CD103 and CD39 identify a unique T cell population 

with an exhausted TRM signature. Although there is limited information in the 

literature regarding this specific cell type, a study conducted by Duhen et al. has 

shown that these cells have a very high expression of exhaustion markers such as 

Tim-3, TIGIT, CTLA-4, PD-1. Also, it was reported that Triple positive (TP) TILs, 

CD103+CD39+CD8+ TILs, are frequently found in high frequencies in primary tumour 

nests and tumour-infiltrating lymph nodes, suggesting that CD103+CD39+ 

expression on CD8 T cells identifies a population of cells found predominantly in the 

tumour microenvironment with a distinct T-cell receptor (TCR) repertoire. It was 

reported that TP clones expanded in the tumour but were present at low frequencies 

in the periphery (Figure 1.7). In the same study, TP TILs had an increased cytotoxic 

potential as demonstrated by a significantly higher frequency of granzyme B 

positive cells. In head and neck cancer patients, higher infiltration of CD103+CD39+ 

CD8 TILs was associated with better overall survival.258 Based on the aforementioned 

findings, the markers CD103 and CD39 can be used to identify recently activated 
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tumour-specific TRM cells in solid tumours, suggesting that CD39+CD103+ TRM 

could be a suitable biomarker for immunotherapy. 

 

 

 

 

 
 
Figure 1. 7 Co-expression of CD39 and CD103 on CD8+ T cells in human solid 
tumours.  

The upregulation of CD39 and CD103 on CD8TILs is governed by the presence of TGF-ɓ and 

chronic TCR stimulation. The upregulation of CD39 and CD103 on CD8 TILs resulted in clonal 

expansion of TP TILs (CD8+CD103+CD39+). TP TILs are tissue-resident cells. Therefore, 

these cells will not recirculate into the blood compared to other CD8 TILs subsets.  [taken from 

Duhen et al., Co-expression of CD39 and CD103 identifies tumour-reactive CD8 T cells in 

human solid tumors. Nature Communications. 2018 258]  
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1.12 Colorectal cancers. 

 

Colorectal cancer (CRC) is the second leading cause of cancer-related deaths and 

the third most commonly diagnosed cancer worldwide.259 In 2017, CRC was reported 

as the 4th most common cancer in the UK, accounting for 11% of all new cancer 

cases (CRUK, 2017). Colorectal adenocarcinoma occurs when glandular epithelial 

cells in the large intestine acquire several genetic or/and epigenetic mutations, giving 

rise to abnormally hyperproliferating cells. There is evidence that CRC is not only 

caused if one has a genetic predisposition for the disease but also because of strong 

risk factors including a western diet, smoking and alcohol consumption, therefore, 

CRC is most often seen in individuals from developed nations. Also, unbalanced gut 

microbiome, acromegaly, inflammatory bowel disease (IBD), and hamartomatous 

polyposis syndrome are considered high-risk factors for developing CRC. Hereditary 

CRC syndromes are bowel-related genetic disorders that increase the risk of 

developing CRC. The most common familial colon cancer syndromes include Lynch 

Syndrome (also known as hereditary nonpolyposis colorectal cancer) and familial 

adenomatous polyposis (FAP). Together, these two syndromes account for about 5% 

of all CRC cases. Totally, 75% of CRC tumours are sporadic (no family history for 

CRC).259 

 

Surgery, chemotherapy, radiotherapy and targeted therapies are currently the four 

approaches used for colorectal cancer treatments. For stage I colorectal cancer, 

surgical excision is usually the only treatment, as the recurrence rate for node-

negative T1 colorectal cancer is rare.260  For stage II and III colorectal patients, 

adjuvant therapy is the standard treatment. Stage IV patients require chemotherapy 

or targeted therapies combined with surgery, where appropriate.  



 

53 
 

 

Better understanding of the molecular pathology of cancer has helped to develop a 

number of targeted agents which have demonstrated improved outcomes in 

metastatic colorectal cancer patients, with combination chemotherapy. Among the 

first of these drugs to be developed and approved for use by the food and drug 

administration (FDA) in metastatic colorectal cancer is Bevacizumab 261, Cetuximab 

262 and Panitumumab.263  

Bevacizumab is a humanised IgG1 mAb that specifically targets vascular endothelial 

growth factor (VEGF). Bevacizumab competes with VEGF from interacting VEGF 

receptors in vascular endothelial cells. As a result, cell signalling pathways that 

enhance angiogenesis, and thus the blood supply for tumours, are diminished. In 

2004, Bevacizumab was approved by FDA as a first line treatment for patients with 

metastatic colorectal cancer. Bevacizumab is commonly used in combination with 

standard chemotherapeutic agents such as 5-FU as the first treatment for patients 

with metastatic colorectal cancer and improves the overall survival of these patients 

by approximately five months. 264, 265  

Cetuximab is a chimeric IgG1 mAb and panitumumab is a human IgG2 mAb that 

specifically recognises epidermal growth factor receptor (EGFR).  EGFR is a 170kDa 

glycoprotein located in chromosome 7266  and it is known to be overexpressed in 

tumours of epithelial origin, including colorectal cancer. EGFR activation is triggered 

by the binding of EGF to the extracellular domain of the EGFR and subsequently 

initiates both the RAS/RAF/MAPK and the phosphatidylinositol 3-kinase (PI3K) 

signalling pathways. As a result, EGFR is directly involved in cell proliferation and 

survival and therefore contributes to metastatic progression. Cetuximab and 

Panitumumab act as competitive antagonists of EGF and induce tumour cell death 
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via antibody dependent cell-mediated cytotoxicity (ADCC) and complement 

dependent cytotoxicity (CDC). 267  

 

1.13 Microsatellite Instability in colorectal cancers. 
 

Mismatch repair (MMR) system plays a crucial role in correcting DNA sequence 

mismatches that may arise during DNA replication. This repair system is principally 

composed of four proteins (MLH1, MSH2, MSH6 and PMS2). These proteins interact 

to identify mismatches and excise them, permitting the resynthesis and religation of 

DNA strands by DNA ligase and DNA polymerase ŭ 268. Microsatellites are short-

tandem DNA repeat sequences of 1ï6 bases distributed throughout the genome. 

Microsatellites were found to be prone to replication errors because of their repeated 

structure, which is typically repaired by the MMR system.269 Therefore, Microsatellite 

instability (MSI) is due to a DNA mismatch repair (MMR) system deficiency. This 

deficiency can be caused by two possible mutations - epigenetic silencing of a DNA 

mismatch repair associated gene, MLH1, or a germline mutation of a DNA repair gene 

along with somatic inactivation of the second allele of the same gene (Lynch 

syndrome). This leads to errors in DNA replication which cause insertion or deletion 

of DNA sequences at random at the microsatellite region. These gene mutations 

result in frameshift mutations (mutations that change the reading frame of subsequent 

codons), considered a potential source of immunogenic neo-antigens recognised by 

the immune system.270 MSI is reported in sporadic colon, sporadic endometrial, 

gastric and the majority of other cancers.271 Approximately, 15-20 % of colorectal 

cancers display MSI. In CRC, determining the MSI status of the tumour has 

prognostic and therapeutic implications. 272 The most common method for MSI 

detection is via PCR-based amplification of specific microsatellite repeats. Also, an 
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indirect method to detect MSI status is by the analysis of MMR protein expression 

using Immunohistochemical (IHC) staining. 273  

 

 In MSI tumours, the cancerous cells undergo constant immuno-editing. Thus a very 

high number of tumour specific antigens are produced. This gives MSI tumours a 

higher neoantigen mutational burden (highly immunogenic) when compared to 

microsatellite stable (MSS) tumours as MSS tumours arise in a less immunologically 

stimulating environment. Several studies have shown that MSI tumours have higher 

number of TILs infiltrating the tumour when compared to MSS tumours and this is 

attributed to the fact that there a higher neoantigen burden in MSI tumours, thus 

attracting more TILs. Galon and colleagues have confirmed in their study that there 

is significantly higher intratumoral CD8 T cell density in the tumour glands, both - in 

the CT and IM of the tumour, in MSI patients compared to MSS tumours.274 Moreover, 

Galon et al. showed in the same study that MSI tumours had a higher number of 

proliferating T cells and increased cytokine expression in the IM and lymphoid islets 

(Lls) and total density in the CT compared to MSS tumours. 274 

 

1.14 Different characteristics and treatment approaches 

between Right-sided colon, left-sided colon and rectal 

cancers. 
 

Tumours arising from the colon and rectum are often grouped together and generally 

categorised as colorectal cancer (CRC). However, growing evidence suggests that 

CRC should be considered a heterogeneous disease due to the distinctly different 

clinical behaviours and management requirements needed for patients with different 

primary tumour sidedness. Therefore, CRCs are composed of two different types 

based on the anatomical positioning of the tumorï right sided CRC tumors (RCRC) 
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and left sided CRC tumors (LCRC)275. Considering the differences in origin, RCRC 

tumours arise from the ascending colon and proximal two-thirds of the transverse 

colon. In contrast, the LCRC tumors arise from the descending colon, sigmoid colon 

and distal one third of the transverse colon. RCRC tumours have a different blood 

supply and embryological origin from LCRC tumours. Midgut structures from the mid-

duodenum to the mid-transverse colon is supplied by the superior mesenteric artery, 

while hindgut structures from the mid-transverse colon to the rectum is supplied by 

the inferior mesenteric artery. 276  

Tumours in the right colon and left colon exhibit different characteristics on a 

molecular level and also have different histology (figure 1.8). RCRC tumours often 

have high numbers of mutations in the DNA mismatch repair pathway/genes and are 

associated with BRAF mutations, CpG island hypermethylation and microsatellite 

instability (MSI), with flat histology and poorly differentiated cells in most of the cases, 

whereas LCRC tend to have mutations related to chromosomal instability (CIN) 

pathways ï KRAS, APC, p53, PIK3CA mutations - giving these tumours a more 

polypoid-like morphology, which makes it is easier to detect them with colonoscopy 

in the early stages of carcinogenesis.277, 278  

Therapy responses are different between these tumour entities. LCRC patients often 

respond to adjuvant chemotherapies such as 5-fluorouracil (5-FU)-based regimes 

and targeted therapies such as anti-epidermal growth factor receptor (EGFR) 

therapy. In contrast, RCRC patients do not respond well to conventional 

chemotherapies. However, RCRC patients do show promising results in response to 

immunotherapy due to the high mutational burden and MSI tumours within right-sided 

colon. 275, 279 The efficiency of pembrolizumab (Anti-PD-1 inhibitor) was evaluated with 

multi-centered KEYNOTE study that demonstrated promising results in MSI-high 

tumours280, 281. Moreover, the effectiveness of anti-PD-1 antibody (nivolumab) had 

been investigated in a large cohort of CRC patients. Nivolumab has shown promising 
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results in MSI-high tumours 282. The combination of two immunotherapies, Ipilimumab 

and Nivolumab was also evaluated among the CRC population that showed a better 

survival benefit and was found to be well-tolerated by patients283.  

The immune landscape differences between RCRC and LCRC  tumour 

microenvironment was demonstrated by Zhang et al. 284 They found that RCRC 

tumours were associated with enhanced CD8+ T cell infiltration, higher cytotoxic 

activity and higher IFN-ɔ signature compared to their LCRC counterparts. In contrast, 

higher CD56bright natural killer cell infiltration and active 4-1BB/IFN-ὄ signalling were 

associated with LCRC  tumours (figure 1.8).   
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Figure 1. 8 CRCs tumour sidedness mutational alterations, immune landscape and implications for immunotherapy. 

Right-side colon (cecum to transverse colon) cancer and left colorectal (splenic flexure to rectum) cancer have different blood supplies, mutation loads and immune infiltration; 

Moreover, different signalling pathways,  immune cell infiltration profiles and effector molecule in left-side CRC and right-side colon cancer might lead to different treatment 

responses. [ Adapted from salem et al.275 and  Zhang et al.284]
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1.15 Immunotherapy (Checkpoint inhibitors). 

 

As discussed earlier in (1.4.2), checkpoint signalling is used to reduce the activation 

of T cell responses. Many signalling pathways with immune regulatory functions such 

as T cell membrane protein 3 (TIM3), B7-related protein 1 (B7RP1), inducible T cell 

co-stimulatory (ICOS), B and T lymphocyte attenuator (BTLA),  herpesvirus entry 

mediator (HVEM) and galectin 9 (GAL9)  were identified. Immune checkpoint is a 

term used to describe these signalling pathways, and they are considered to be a 

potential target for cancer immunotherapy.285
  So far, one of the most well-known 

immune checkpoints is CTLA4, which competes with CD28 for CD80/86 in order to 

cause inhibition instead of co-stimulation response in order to prevent prolonged or 

inappropriate T-cell activation286.   

 

According to CTLA-4 function as a negative regulator of adaptive immune responses, 

it was thought that blocking CTLA-4 using a monoclonal antibody ñCheckpoint 

inhibitorò might facilitate CD28 interaction with CD80/86 and lead to increased T-cell 

activation and proliferation. However, few studies demonstrated that anti-CTLA-4 

antibodies may increase intratumoral effector/regulatory T-cell ratios via   Fcɔ-

receptor-dependent intratumoral depletion of Treg cells.286
 Ipilimumab and 

Tremelimumab are two commercial checkpoint inhibitors for CTLA-4.  Although 

Tremelimumab had no significant impact on the survival rate of advanced melanoma 

patients. A randomised double blind Phase III study demonstrated that when 

ipilimumab was given as an adjuvant therapy in high-risk stage III melanoma, 

recurrence free survival rates were significantly improved (25%) comparing to 

patients who only had the conventional therapy. 287 

In addition to CTLA-4, PD-1 is another example of immune checkpoints. The cell-

surface receptor PD-1 is expressed by T cells on activation during priming or 
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expansion and binds to one of two ligands, PD-L1 and PD-L2. Many types of cells 

can express PD-L1, including tumour cells and immune cells after exposure to 

cytokines such as interferon (IFN)-ɔ; however, PD-L2 is expressed mainly on dendritic 

cells in normal tissues. The binding of PD-L1 or PD-L2 to PD-1 generates an inhibitory 

signal that attenuates the activity of T cells. Overactivation of tumours and poor 

patient prognosis is associated with a high frequency of PD-1/PD-L1 axis288. PD-1 

monoclonal antibodies such as Nivolumab and Pembrolizumab target epitopes on the 

PD-1 molecule with high specificity and affinity. Blocking the interaction between PD-

L1 and PD-1 can promote T-cell responses.289  

 

The therapeutic efficacy of PD-1 mAbs was observed in different studies and different 

types of cancers. For instance, a randomised, double-blind, phase 3 trial was 

conducted on patients with complete resection of stage IIIB, IIIC, or IV melanoma 

treated with either Nivolumab or Ipilimumab as adjuvant therapy. The findings 

showed that better recurrence-free survival was with Nivolumab group (70.5%) in 

comparison to Ipilimumab group (60.8%, P<0.001). While treatment-related grade 3 

or 4 adverse events of Nivolumab and Ipilimumab were reported as 14.4% and 

45.9%, respectively.290  However, in more advanced trials, the combination of 

Nivolumab and Ipilimumab had even better clinical outcomes than each regimen 

separately because both inhibitors activate the immune system in different pathways, 

which may produce a synergistic antitumor effect.285  
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Table 1. 1 Comparison of anti-CTLA-4 and anti-PD1 checkpoint inhibitors different 
pathways, targets and functions. 

 (Adapted from Wei et al.291 and Sharma et al.292) 

 

 

1.16 Tetraspanins as a target for T-cell immunoregulatory 

antibodies 
 

Apart from costimulatory and coinhibitory molecules discussed earlier, there are other 

potential receptors on T-cells that could be targets for therapeutic antibodies. These 

include tetraspanin protein family residing in their own specialised microdomains 

within the T-cell plasma membrane. 

Tetraspanins are ubiquitously expressed across all cell types. Human genomic 

studies have revealed about 20 tetraspanins that can be expressed on the surface of 

leukocytes293. Some of these tetraspanins have restricted leukocytes expression for 

example CD37, CD53 and TSPAN32, while others are more widespread (CD9, CD63, 

CD81 and CD82) 294. Table 1.2 shows the expression of various tetraspanins on 

Anti-CTLA-4 Anti-PD-1 

Hard wired. Induced resistance. 

Targets CD28 pathway. Targets TCR pathway. 

Works mainly during priming. Works mainly on exhausted T cells. 

Expands clonal diversity. Does not expand clonal diversity. 

Primarily affects CD4 T cells. Primarily affects CD8 T cells. 

Can move T cells into cold tumours. Does not move T cells into tumours. 

Responses are often slow. Responses are usually rapid. 

Adverse events are relatively frequent. Adverse events less frequent. 

Disease recurrence after response is rare. Disease recurrence after the response is 
significant. 
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immune cells. They play roles in cellular adhesion, motility, activation and tumour 

invasion 293. 

 

Table 1. 2 Expression of tetraspanins on blood cells  

(adapted from Tarrant et al.293) 

               
Tetraspanin  

 

      
Expression  

 
CD9  B-cells, activated T-cells, granulocytes, MO, DCs, megakaryocytes, 

platelets, blood proginetors, widespread  

CD37  B-cells, T-cells, MO, DCs, granulocytes  

CD53  B-cells, T-cells, MO, DCs, granulocytes, NK cells  

CD63  B-cells, T-cells, MO, DCs, granulocytes, platelets, widespread  

CD81  B-cells, T-cells, MO, DCs, granulocytes, NK cells, blood progenitors, 
widespread  

CD82  B-cells, T-cells, granulocytes, MO, CD34+ progenitors, widespread  

CD151  B-cells, T-cells, granulocytes, megakaryocytes, platelets, 
erythroleukemia and T-cell lines, widespread  

TM4-B B-cells, T-cells, erythroleukemia, myeloid cell lines, widespread 

CD231  T-cell line, Burkitt lymphoma cell lines, various tissues  

Co029  Burkitt lymphoma cell lines, colon carcinoma  

NAG-2  B- and T-cell, erythroleukemia, and megakaryocytes cell lines; DCs, 
lymphocytes, widespread  

NET-2  B- and T-cell and myeloid cell lines, various tissues  

NET-5  B- and T-cell and myeloid cell lines, various tissues  

NET-6  B- and T-cell and myeloid cell lines, various tissues  

NET-7  B- and T-cell and myeloid cell lines, various tissues  

SAS  Burkitt lymphoma cell lines, sarcoma  

Tspan-2  T-cell, pre-B and myeloid cell lines, various tissues  

Tspan-3  B-cells, T-cells, DCs, NK cells, MO, widespread  

Tspan-5  T- and pre-B-cell and myeloid cell lines, widespread  

Tssc6 (Tspan-
32)  

B-cells, T-cells, granulocytes, MO, DCs, erythroid cells, blood progenit  

 

 

1.16.1 Tetrasapnins structure 
 

Tetraspanins are best characterised by their four-transmembrane domains. What 

differentiates them from other protein families consisting of four transmembrane 

domains is the highly conserved CCG and PXSC motifs in their major extracellular 

domain (EC2)293. Tetraspanins contain four transmembrane domains, a small 

extracellular domain/loop (SEL/EC1), a large extracellular domain/loop (LEL/EC2), a 
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very short intracellular loop and short N- and C-terminal cytoplasmic tails. The 

LEL/EC2 can be further divided into two regions: a constant region that is conserved 

among tetraspanins and a highly variable region that is a site for various protein-

protein interactions, including monoclonal antibody epitope binding295. Cysteine 

residues within EC2 form between 2-4 disulphide bonds, depending on the specific 

tetraspanin. Membrane-proximal cysteines located near the four transmembrane 

domains contribute to sites for palmitoylation. This post-translational modification 

contributes to tetraspanin-tetraspanin interactions and assembly of tetraspanin-

enriched microdomains (TEMs). Mutagenesis studies have shown that palmitoylation 

of CD9 mediates its interaction with CD81 and CD53 296 while palmitoylation-deficient 

CD151 showed decreased association with CD81 and CD63, and also weakens the 

interaction of integrin Ŭ3ɓ1 with TEMs297 . Most tetraspanins display N-linked 

glycosylation sites at the extracellular domains. The functional relevance of 

tetraspanin glycosylation has been shown in CD82 and CD9 in which these 

tetraspanins could only influence motility or apoptosis when glycosylated298, 299. 

Glycosylation has also been implicated in the proper folding of tetraspanin Tspan-1 

and its transition through the endoplasmic reticulum300 . However, some tetraspanins 

like CD81 are not glycosylated. 

Tetraspanins function by associating with themselves or with various other proteins, 

including integrins, immunoreceptors, signalling molecules through the large 

extracellular domain EC2. These associations can be via lateral, extracellular, and 

intracellular interactions 301. General functions of tetraspanins include facilitating the 

trafficking of partner proteins to the cell surface and regulation of these partners 

lateral mobility and clustering within the plasma membrane302. Moreover, tetraspanins 

are thought to associates with/among themselves or partner proteins in a specialised 

microdomain within the cell membrane. This microdomain is termed tetraspanin-

enriched microdomain (TEM). TEM serves as a platform for signal transduction, as 
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proteins converge together to perform a specific function. TEM constituents vary 

among cell type as tetraspanins associate with different partner proteins to exert 

different functions303. In B-cells for example, CD81 associates with CD19 whereas in 

T-cells, CD81 associates with CD4 and CD8. 

 

 

1.16.2 Tetraspanins on T-cells 

1.16.2.1 CD81  

 

CD81, originally named target of anti-proliferative antibody (TAPA-1), was first 

identified for its anti-proliferative effect on lymphoma cells. Expression of CD81 is 

widespread across various normal tissues. It is also expressed by a number of 

immune cells, including B-cells, T-cells, MO, DCs, granulocytes and NK cells 293. 

CD81 associates with several partner proteins and this association is cell-type 

specific. For example, CD81 interacts with CD4 and CD8 on T-cells and this 

association only requires the cytoplasmic domain of CD4 304, 305. In B-cells CD81 

associates with CD19 and also indirectly with CD21, as discussed earlier.  

One of the roles of CD81 in T-cell has been demonstrated in the formation and 

maturation of the immune synapse (IS). The immune synapse is a dynamic structure 

formed at the T-cell-APC contact area. TCR and other key molecules localise at the 

central supramolecular activation cluster (cSMAC) of the IS, while adhesion proteins 

and integrins localise in the peripheral activation cluster (pSMAC) 306. In a study done 

by Rocha-Peruginiôs laboratory, CD81 was shown to colocalise with CD3 at the 

cSMAC shortly after contact of T-cell and B-cell (early IS)306 . The interaction between 

CD81 and CD3 is maintained as the IS matures (late IS). Impaired CD3 clustering to 

the IS was observed in CD81-silenced cells, suggesting CD81 role in CD3 dynamics. 

CD81 also plays a role in the control of T-cell activation threshold as CD81-silenced 
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cells showed reduced surface expression of CD69, reduced IL-2 secretion, as well as 

reduced phosphorylation of TCR key signalling molecules, including CD3ŭ, Zap-70, 

LAT and ERK306 .  

The role of CD81 in T-cell costimulation has been shown in antibody ligation studies. 

It is well documented that the full activation of T-cells requires two signals, one from 

the engagement of TCR:MHC: peptide complex and the second from the engagement 

of costimulatory molecules on T-cells. Todd et al. were the first to demonstrate the 

ability of immobilised anti-CD81 mab (clone 5A6) to induce proliferation in human 

thymocytes, in combination with anti-CD3 mab305. No proliferative response was 

observed when the mab was used soluble, either alone or with anti-CD3 mab. The 

activation markers CD69 and CD25 expression were upregulated following a 3-day 

culture. CD81 costimulation was shown to be IL-2 dependent as the addition of 

blocking anti IL-2R inhibits cell growth. Todd et al., however did not show whether IL-

2 was produced in his study. Engagement of T-cells with anti-CD81 antibody bias 

towards Th2 response307  .It involves interaction between T-cell and its cognate B-cell 

as APC. IL-4 synthesis by T-cells was impaired in CD81 null mice.  

Costimulation via CD81 is independent of CD28 as shown in murine studies in 

Witherdern laboratory308. Costimulation via both CD28 and CD81 showed additive 

effects, and costimulatory ability of CD81 was not altered in CD28 deficient mice, 

suggesting that the molecules function in different pathways. To prove this 

hypothesis, Witherden et al. treated cells with cyclosporine A and found that 

costimulation via CD81 was inhibited, but it did not affect CD28 costimulation. They 

also reported no IL-2 was produced during CD81 costimulation, which was strikingly 

different than CD28 costimulation. This further support the distinct pathways 

employed by these two costimulatory molecules in T-cell activation.  

Although CD81 expression is widespread, its loss of expression in humans mostly 

affects B-cells, while T cell function was not affected. CD81-null mice had normal T-



 

66 
 

cell development but were hyperproliferative in response to various stimuli when 

compared to the wild-type animals 309. On the other hand, although B-cell 

development was normal, mice lacking CD81 showed a variable effect on humoral 

response. Stimulation of null mice with anti-CD40 antibody or LPS resulted in 

enhanced proliferation in comparison to wildtype mice, but the opposite was observed 

when cells were stimulated by BCR crosslinking309 . This could partly be due to the 

effect of CD81 on CD19 expression on B-cells. As demonstrated by van Zelm and 

co-workers, CD81-deficient patients had an absence of CD19 expression on B-cells 

leading to impaired specific antibody responses310 . These differences further support 

the notion that the function of CD81 is cell-type specific. 

 

1.16.2.2 CD9  

 

Another tetraspanin that has been shown to have a role in T cell costimulation is CD9. 

A CD9 mab (clone 9D3) has been demonstrated to costimulate murine T-cells in the 

absence of APCs 311. Immobilised or soluble 9D3 mab alone did not exert any 

proliferative response. Costimulation with anti-CD9 mab is comparable to that of 

CD28 costimulation, and is independent of CD28 as the proliferative response was 

still enhanced in CD28-/- deficient mice. In another murine study done by Yashiro-

Ohtani and co-workers, CD9 was shown to be localised in lipid raft, together with 

other non-CD28 costimulatory molecules such as CD5, CD44 and CD2312 Coligation 

of CD3 and CD9 with mAbs induced CD3 association with the lipid rafts as well as 

enhanced LAT phosphorylation. These findings further support the role of CD9 in T-

cell costimulation. However, the localisation of tetraspanins in lipid raft is still not fully 

understood as discussed earlier.  

A study carried out by Kobayashi and colleagues seek to understand the expression 

and function of CD9 in human T-cells. They demonstrated using anti-5H9 mAb, 

developed by immunising mice with erythroleukemia cell line K562, that CD9 is 
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preferentially expressed on human naive T-cells (CD4+CD45RA+CD62L+) 313. They 

also highlighted that engagement of CD9 with anti-5H9 mAb induced T-cell 

proliferation in combination with anti-CD3 mAb. However, anti-5H9 costimulation 

induced weaker proliferative activity on human peripheral blood T-cells compared to 

CD28 costimulation. This could be due to the restricted expression of CD9 as 

compared to CD28 expression, which is more widespread among all T-cell subsets.  

The role of CD9 in T-cell activation has been elucidated by Rocha-Perugini and co-

workers314. They demonstrated that CD9 is enriched in the cSMAC of the IS, 

colocalising with CD3, upon contact of primary T-lymphoblasts/J77 cell line with 

CMAC-labeled Staphylococcus enterotoxin E (SEE)-loaded Raji B cells (Raji/SEE). 

Knockdown of CD9 gene using small-interfering RNA (siRNA) resulted in reduced 

CD69 activation marker expression and IL-2 production, two key events following 

TCR stimulation. Silenced CD9 showed impaired relocalisation of integrin Ŭ4 and ɓ1 

into the IS, as well as reduced focal adhesion kinase (FAK) and extracellular signal-

regulated kinase 1/2 (ERK1/2) phosphorylation, suggesting its role in mediating 

integrin signalling, which in turn leads to proper T-cell activation.  

 

1.16.2.3 CD37  

 
While many tetraspanins have broad expression across the tissues, several have 

more restricted expression, including CD37. CD37 expression is restricted on 

leukocytes- B-cells, T-cells, monocytes, macrophages, neutrophils, and DCs. It is not 

expressed by NK cells, platelets or erythrocytes 295, 315. CD37 is highly expressed on 

mature B-cells; however its expression is absent during the early stage of B-cell 

development and terminally differentiated plasma cells295 . CD37-deficient mouse 

showed normal lymphocyte development316; however, its absence suggests 

its regulatory role in T-cells 315. T-cells isolated from CD37-/- mice showed 

enhanced T-cell proliferation and upregulation of cytokine IL-2 and IL-4 
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compared to the control mice upon TCR stimulation. Meanwhile, IFN-ɔ 

expression was not altered. Hyperproliferative response of CD37-/- T-cells 

could be due to increased Lck phosphorylation, as evidenced in vitro kinase 

activity assay. Van Spriel et al. demonstrated that antibody engagement of 

CD37 on human T-cells inhibited proliferation. This further supports the 

regulatory role of CD37 in T-cells [130]. Sheng and co-workers also showed 

that CD37 might have a regulatory role in T-cell activation by demonstrating 

that CD37-deficient DCs were hyperstimulatory towards T-cells. In their work, 

CD37 was shown to regulate DC function by mediating peptide/MHC 

presentation 317. 

 

1.16.2.4 TSPAN32  

 

TSPAN32 was first known as Phemx (Pan hematopoeitic expression) identified in 

mice318. The name was given due to the restricted expression of TSPAN32 on 

hematopoietic progenitors. Expression of human TSPAN32 is expressed at low levels 

in child thymus, blood T-cells, Jurkat cells, with higher levels of expression in bone 

marrow mononuclear cells, blood monocytes and cultured dendritic cells 318. It is also 

found in multiple hematopoietic cell lines 319. However, due to an absence of mAb this 

has only been demonstrated at the RNA level.  

 

A previously published study on the function of TSPAN32 on T-cell was conducted 

by  Tarrant and colleagues showed that mice deficient in TSAPN32 gene showed 

normal T-cell and B-cell development320 . However, Tspan32 null mice showed an 

elevated T cells proliferative response compared to the wild-type animals, suggesting 

itôs negative regulatory role on T lymphocytes. 320 Furthermore, double knockout mice 
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(Tspan32-/ CD37-) was used to determine the functional correlation between both 

tetraspanins. The role of these tetraspanins in cellular immunity was identified by the 

responses of dendritic cell stimulation and T cell proliferation in vitro, which were 

significantly higher with both tetraspanins absence in comparison to counterparts with 

a single knockout. However, the risk of inducing autoimmune adverse events is 

similar in both cases.321 These observations suggest that TSPAN32 can be a potential 

target for novel immune checkpoint inhibitors. However, the functional role of 

TSPAN32 is still unclear due to the lack of functional mAb that identifies the natural 

structure of that protein.  
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1.17 Hypothesis and Aims. 
 

The immune system can identify and eliminate tumour cells through T-cell-mediated 

mechanisms. Hence, various therapeutic approaches have focused on boosting 

and/or restoring T-cell function in cancer patients. Immunotherapies such as ICB have 

shown great success in treating patients with hot tumours such as melanoma. 

However, some patients did not respond to these checkpoint inhibitors. Therefore, a 

combination of ICB inhibitors or developing a novel checkpoint inhibitor is needed to 

improve the responsiveness to immunotherapies. Some tetraspanin proteins 

expressed on T cells, such as TSPAN32 have shown an immunoregulatory effect on 

T cells in knockout mice experiment similar to CTL-A and PD-1. The functional role 

of TSPAN32 on T cell activation and proliferation is still unclear due to the lack of mAb 

that recognises the native structure TSPAN32.  

 

 An effective immune response involves the concerted action of several different cell 

types, among which CD8 T cells are key players that can specifically recognise and 

kill cancer cells via the release of cytokines and cytotoxic molecules. However, not all 

Tumour infiltrating CD8 T cells recognise tumour-associated antigens or are 

considered tumour specific. Some CD8 TILs were identified as óbystandersô, which 

can recognise epitopes unrelated to cancer even when presented within the tumour 

microenvironment. These bystander CD8 TILs were found to have diverse 

phenotypes that overlap with tumour specific cells but lack CD39 expression 

indicating the role of CD39 as a tumour specificity marker. Recently, a unique CD8 

TILs subset co-expressing CD103 and CD39 with enhanced cytolytic potential was 

identified as recently activated tumour-specific TRM cells.  

 

In colorectal cancer, the analysis of the location, density and functional orientation of 

the different immune cell populations termed as óimmune contextureô were found to 



 

71 
 

be a better predictor of patient survival than the histopathological methods currently 

used to stage colorectal cancer. Nevertheless, only right-sided CRC patients 

demonstrate more promising results with immunotherapies because of the increased 

mutational burden and higher presence of TILs within these tumours compared to left 

colorectal tumours. In the light of these observations, this study investigates the 

prognostic role of TILs (CD3 and CD8) when located in the luminal side (LS), the 

centre of the tumour (CT), the invasive margin (IM) and the adjacent normal tissue in 

CRCs. We further evaluate the predictive role of different CD8+ TIL subsets between 

different tumour sidedness to identify a tumour-specific CD8+ subset with the best 

predictive impact to be a potential target for cancer immunotherapies.  With these 

aims established for the study, we hypothesise that: 

 

1. High infiltration of intraepithelial and stromal CD3+ and CD8+ T cells in any 

region within the tumour (LS, CT and IM), but not in the adjacent normal tissue, 

is associated with prolonged disease-free survival time in CRC patients.   

 

2. Right-sided colon tumours, which are considered as hypermutated tumours 

with increased neoantigens generation, are associated with higher infiltration 

of intraepithelial CD103+ TILs, and that the presence of CD103+ TILs in high 

levels within right-sided colon tumours would show better prognostic value 

compared to left-side colon and rectal cancers.  

 

3. Heavily infiltrated tumours with recently activated tissue-specific TRM cells 

(CD8+CD103+CD39+) uniquely predict survival in both left and right-sided 

colon tumours.  

 

4. Using innovative immunisation methods such as DNA immunisation or 

immunising with PM glycolipid extraction of cells expressing TSPAN32 would 

produce a mAb against TSPAN32. The development of a functional anti-
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TSPAN32 mAb would help to understand the role of  TSPAN32 on T cells 

proliferation and might be a potential checkpoint inhibitor. 
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Chapter 2: Materials and Methods 

 

2.1 Ethical Approval 
 

Blood was collected from each donor after all donors provided written 

consent according to the Ethical rules of Nottingham City Hospital and 

University of Nottingham. Blood taken from healthy donors was covered 

by Nottingham Research ethics approval: 161-1711.  

 

2.2 Cell Lines and Cell Culture      

                                                                               
NIH 3T3 cell line was obtained and brought up from liquid nitrogen storage. NIH 3T3 

cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM) (Sigma) with 

10% heat inactivated foetal bovine serum (Sigma), 1% penicillin/streptomycin 

(Sigma) and 2% HEPES Buffer 1M (Sigma). Cells were kept in a humidified incubator 

at 37ºC and 5% CO2.  

NIH 3T3 cells were split every two days. They were placed in 1x Tyrpsin-EDTA 

(sigma, T4174) for 2-3 minutes. After adding the selected media, Cells were 

centrifuged and split by 1:10 dilutions. Every two days, cells were split in 1:3, cultured 

in a 75cm2 culture flask and topped up to 20ml of fresh media. 

 

2.3 DNA Plasmids and Maxi Prep 
 

A DNA plasmid with Tetraspanin 32 gene (GeneCopoeia, cat# H2264) was used to 

transfect NIH 3T3 cell lines. The plasmid quantities were amplified using the QIAGEN 

plasmid Maxi kit (see Appendix .1). Plasmid concentrations were as follows: EX-NEG-

M61 (control; DNA plasmid with GFP only) = 1117.8ng/µl, EX-H2264-M61 (DNA 

plasmid with GFP AND Tspan32) = 1411.5ng/µl. 
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2.4 DNA restriction                                                                                                                      

Cutting our circular DNA plasmid in one restriction site was conducted by using 

ScaI-HF® (BioLabs, cat # R3122S) restriction enzyme using PCR at 37 °C for 4 hr. 

Agarose gel electrophoresis was used to evaluate DNA restriction procedure. In 

contrast, we used ethanol precipitation protocol, with 1:2 ratio of 0.3 M Sodium 

Acetate to 100% ethanol, to obtain the cut and uncut of both EX-NEG-M61 and EX-

H2264-M61 DNA plasmid. The concentrations were as follows: EX-NEG-M61 

(Uncut)= 241.8 ng/µl,  EX-NEG-M61 (Uncut)= 221.8ng/µl, EX-H2264-M61 (Uncut)= 

485.5ng/µl    EX-H2264-M61 (cut)= 592.1ng/µl.           

 

2.5 NIH 3T3 cells transfection with TSPAN32 :                                                                                                                 

70% confluent NIH 3T3 cells were transfected with 10ɛl of LipofectamineÈ 2000 

Transfection Reagent (Life Technologies), 2.5ɛg of DNA plasmid and 500ɛl Opti-

MEM (Life Technologies) per well, in 6 well plates. The cells were maintained in the 

selected media of each cell line with G418 Geneticin (InvivoGen, cat# 08321-42-2) 

as a selective antibiotic and were incubated at 37ºC with 5% CO2 . The optimum 

concentration of G418 was determined by performing a sensitivity selection by using 

different concentrations of G418 antibiotic in order to determine the optimum 

concentration of G418 to achieve a successful selection (Table. 2.1).  According to 

the findings, the lowest concentration that gave massive NIH 3T3 cells death after 

four days and killed all the cells after seven days was 500µl/ml, which was used to 

select transfected cells and kill the non-transfected ones. 
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Table 2. 1 Geneticin Sensitivity Selection of Un-transfected NIH 3T3 Cells. Cell 
viability was compared for five concentrations at days 2,4 and 11 of adding Geneticin 
on 70% confluent NIH 3T3cells.    

 Day 2 

Cell confluence 

Day 4 

Cell confluence 

Day 11 

Final cell count 

Plate #1 (0ɛl/ml) 100% >100% 6.42x106 

Plate #2 (0ɛl/ml) 100% >100% 5.71 x106 

Plate #1 

(300ɛl/ml) 

70-80% 75-80% 6.6 x106 

Plate #2 

(300ɛl/ml) 

70-80% 80-85% 6.7x105 

Plate #1 

(400ɛl/ml) 

40% 20% 1.2 x105 

Plate #2 

(400ɛl/ml) 

20-30% 25-30%  1.68 x105 

Plate #1 

(500ɛl/ml) 

10-20% *10%    0 

Plate #2 

(500ɛl/ml) 

10-20% *10%    0 

Plate #1 

(700ɛl/ml) 

5-10%     0%    0 

Plate #2 

(700ɛl/ml) 

5-10%     0%    0 

 

 

2.6 Single-cell cloning 
 

After transfecting cells with the optimum transfection conditions, single cloning, which 

was conducted by transferring a single transfected cell into each well of a 96-well 
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plate was required to confirm that the cells can yield antibiotic-resistant colonies and 

obtain a pure transfected cell population. In order to ensure that only one cell in each 

well, serial dilution was conducted. 96-well plates were incubated and observed for 

two weeks.   

 

2.7 Western Blot 
 

TSAPN32 NIH 3T3 cells and other control cells were lysed using NuPAGE® LDS 

Sample Buffer (Life Technologies), reduced with the NuPAGE® (10x) reducing agent 

and diluted to desired quantity using PBS. Samples were stored at -20ÜC. 25ɛl of the 

sample from each day mixed with 7ɛl of sample buffer and 3ɛl of reducing agent and 

heated at 100°C for 5 minutes. SDS-PAGE (ThermoFisher) placed in the running 

tank and inner chamber filled with running buffer and antioxidant. An equal amount 

(8ɛl) of pre-heated samples and SeeBlueÊ Plus2 Pre-stained Protein 

(ThermoFisher- LC5925) and MagicMark XP standard loaded onto the gel and ran 

at 160V for an hour. 

For transferring proteins from gel to nitrocellulose membrane (Sigma- GE10600002), 

the prepared sandwich located in the chamber filled with transfer buffer and ran at 

25V for 2 hours. The membrane was blocked in blocking buffer (5% dried non-fat 

milk diluted in PBS-Tween) for an hour, followed by overnight incubation at 4°C with 

primary antibodies on two different gels: TSPAN32 polyclonal antibody [PA5-18045] 

from ThermoFisher (1:2500) and TSPAN32/TSSC6 antibody (2B4) [H00010077-

M02] from Abnova (1:3000). We added 1/1000 diluted mouse anti-human anti-Beta 

tubulin antibody (Abcam). Primary antibodies were detected by donkey anti-rabbit 

(1/2500- 800CW) (Licor) and donkey anti-mouse (1/5000- 680CW) (Licor). 
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2.8 Isolation of PBMCs from fresh human blood  
 
Whole blood from a healthy donor was collected in heparin tubes and diluted with 

serum-free RPMI 1640 medium. Diluted blood 25 ml of blood was overlaid onto a 

15ml layer of Lymphocyte Separation Medium purchased from GE Healthcare (Little 

Chalfont, UK) and centrifuged at 425 g for 20 minutes with minimal accelerator and 

break using Jouan C3i Multifunction Centrifuge (Thermofisher, Paisley, UK). The 

buffy coat was collected into a fresh tube and washed with sterile PBS twice.  

 

 

2.9 Isolation of PBMCs from leukocyte reduction system 

(LRS) cone  
                                                                                                                                

PBMCs were obtained from LRS cone of healthy donors. Cells were collected in a 

50-ml tube, and 20 ml of Hanks Salt Balanced Solution (HBSS) purchased from 

Sigma was passed through the cone using a 23G needle and a syringe. Cells were 

washed with up to 50ml HBSS. PBMCs were isolated as previously described. 

 

2.10 T cell activation after isolating PBMCs   
                                                                  

175 x 106 cells of PBMCs were cultured in a T-175 flask purchased from Corning 

(Flintshire, UK) in a 37°C incubator for 1 hour. After 1 hour, medium containing non-

adherent cells/lymphocytes was transferred to a new T-175 flask pre-coated with 

1ɛg/ml anti-CD3 antibody and 5ɛg/ml anti-CD28 antibody in RPMI 1640 medium 

supplemented with 10% FBS, HEPES buffer, penicillin, streptomycin and sodium 

pyruvate for 48 hours at 37°C in a humidified atmosphere of 5% CO2. 
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2.11 Flow Cytometry Analysis  
 

MACS Flow Cytometry and FC 500 were used to evaluate transfection efficacy, due 

to the presence of green fluorescent protein (GFP) in the DNA plasmid transfected 

cells were detected on FITC (fluorescein) channel. For T cell activation screening, 

1x105 cells were stained for different markers such as CD3-FITC, CD8-PE, CD4-APC, 

CD69-PE and CD25-APC (Miltenyi), 2ɛl of each marker was added to 100ml of PBS 

in a U shape well for 30 min at 4°C. For antibody detection after each immunisation, 

mice sera were screened with goat anti-mouse IgG (Biotin) (ab97263) (1:500) at 4°C, 

then washed and incubated with Streptavidin, (APC) (SA1005) (1:100) at 4°C. 

 
 
 

2.12 Immunisations  
 

2.12.1 Gene gun immunisation (DNA immunisation) 

 
The bullet manufacture reagents were: 2.5mg PVP, 0.5M spermidine, 1M CaCl2 

sdH2O, Gold (16.6mg aliquots) and Anhydrous EtOH (100%). We weighted out 

16.6mg of gold 2.5mg of PVP into a large eppendorf. The PVP stock was prepared 

by adding 1ml EtOH to the 2.5mg PVP and vortexed to dissolve. Then, PVP stock 

was diluted to 1/100 in EtOH. 2ml of PVP diluted solution was needed per batch of 

bullets. Spermidine was also diluted to 1/10 in sdH2O (200ɛl/bullet batch). Tefzel 

tubing was cut to length and put on prepping station to dry With N2. We added 200ɛl 

of diluted spermidine to gold aliquot and sonicated. Next, the DNA was added (36ɛg 

per bullet batch) dropwise to gold whilst sonicating. Then 200ɛl of CaCl2 (1M) was 

also added dropwise whilst sonicating. The mixture was left at room temperature for 

10 mins, after washing the pellet gold three times. Then the pellet was resuspended 

with 800ɛl diluted PVP and transferred transfer to falcon tube. The solution was made 

up to 2ml with diluted PVP and sonicated well. The N2 was turned off on the bullet 
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station. Using a syringe, the gold was removed from the tube and left to settle for 10 

mins. Once gold appeared visibly dry, we turned on the rotator for approximately 5 

mins. Then the bullets were cut to size. 

 
 

2.12.2 Plasma membrane glycolipid extraction 

  
TSPAN32 transfected NIH 3T3 (5 x 107 cells) or activated T cell (1 x 108 cells) pellets 

were resuspended in 500ɛl of Mannitol/HEPES buffer (50mM Mannitol; 5mM HEPES, 

pH7.2, both Sigma) and passed through 3 needles (23G, 25G, 27G) 30 times each. 

5ɛl of lM CaCl2 was added to the cells and passed through 3 needles 30 times each 

as above. Sheared cells were incubated on ice for 20 min then spun at 3,000g for 15 

min at room temperature. The supernatant was collected and spun at 48,000g for 30 

min at 4°C, and the supernatant was discarded. The pellet was resuspended in 1ml 

methanol followed by 1ml chloroform and incubated with rolling for 30 min at room 

temperature. The sample was then spun at 1,200g for 10 min to remove precipitated 

protein. The supernatant containing plasma membrane glycolipids was collected and 

stored at -20°C. (All work with chloroform and methanol was carried out in a fume 

hood). 

 

2.12.3 Liposome preparation 
 

TSPAN32 transfected NIH 3T3 or activated T cell plasma membrane (PM) glycolipid 

extract was mixed with a total concentration of 10 mg of lipids [Cholesterol, 

dihexadecyl phosphate (DHP), 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 

and Ŭ-GalCer] in a round bottom flask at various ratios (Table 2.2). The lipid mixture 

was then dried down using a rotary evaporator at 60°C until the solvent had 

evaporated, leaving a uniform lipid film on the wall of the flask. The flask was allowed 

to cool-down to room temperature before the addition of 100ɛl of sterile PBS. The 

opening of the flask was covered with parafilm and then immersed in an ultrasonic 
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bath for 10 min to generate liposomes. (All work with chloroform and methanol was 

carried out in a fume hood). For immunisation of animals with anti-CD40 mAb, the 

mAb (in PBS) was added to the liposome after it was made. 

 

Table 2. 2 Liposome constituents for the immunisation of one mouse.  Four 
components were mixed with plasma membrane (PM) glycolipid extract was mixed 
with a total concentration of 10mg of lipids.  [DHP: dihexadecyl phosphate, DOPC: 
1,2-dioleoyl-sn-glycero-3-phosphocholine, Brij97: polyoxyethylene-(10)-oleyl-
etherand, Ŭ-GalCer: Ŭ-galactosylceramide ] 

 

Liposome Cholesterol 

(mg) 

DHP  
 
(mg) 

DOPC 

(mg) 

Brij97 

(mg) 

Ŭ-GalCer 

(mg) 

Total 

(mg) 

TSPAN32 transfected 
NIH 3T3 (5 x 107 cell 
equiv.) plasma 
membrane lipid 
extract + Ŭ-GalCer 

 

2.44 0.36 6.92 0.02 0.26 10 

 
Activated T cells        
(1 x 108 cell equiv.) 
plasma membrane 
lipid extract + Ŭ-
GalCer 

2.44 0.36 6.92 0.02 0.26 10 

 
TSPAN32 transfected 
NIH 3T3 (5 x 107 cell 
equiv.) plasma 
membrane lipid 
extract + anti-CD40 
mAb (10ɛg) 

2.52 0.44 7 0.02 0 10 

 
Activated T cells        
(1 x 108 cell equiv.) 
plasma membrane 
lipid extract + anti-
CD40 mAb (10ɛg) 
 

2.52 0.44 7 0.02 0 10 

 

 

2.12.4 Immunisation protocol 
 

BALB/c mice were between 6 to 8 weeks old (Charles.River, UK). Prior to 

immunisation, normal mouse serum (NMS) was collected via tail bleed extraction and 
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stored at -20°c. The NMS was used in the latter experiments as negative controls. 

Mice were immunised intraperitoneally (IP) with either liposomes or cells at two 

weekly intervals using 1ml insulin syringe (BD Bioscience, Spain). Seven days after 

the third immunisation, and every seven days for subsequent immunisations, anti-

sera was collected via tail bleed extraction and screened for lgG antibody responses. 

Once an animal with a high titre of lgG response was identified, it was boosted 

intraperitoneally (i.p.) with liposome in the presence of a-GalCer or cells and 

sacrificed 5 days later.  

 

2.13 Generation of mAb 

2.13.1 Isolation of splenocytes 
 

Mice were sacrificed and sterilised using 70% ethanol. The spleen was collected 

using sterilised dissecting instruments (scissors and forceps) and transferred to a 

sterile petri dish (100mm). The spleen was washed with 5ml serum-free medium 

(RPMI 1640) using a 25-gauge needle and then agitated with sterile forceps gently to 

harvest splenocytes. 5ml of splenocytes were collected into a sterile 25ml universal 

tube while excess fat and connective tissues were discarded. The total fluid volume 

containing the splenocytes was increased to 25ml with serum-free medium (RPMI 

1640) and centrifuged at 100g for 10 min. The supernatant was removed, leaving 1ml 

of medium and the splenocytes. The splenocytes were then resuspended in 5ml 

serum-free medium (RPMI 1640) and counted using a haemocytometer with trypan 

blue, staining for viability assessment. 

 

2.13.2 Fusion of splenocytes with NS0 myeloma cells. 
 

Washed splenocytes were combined with healthy NS0 myeloma cells in a ratio of 

1:10 (NS0: splenocytes; 1 x 107: 1 x 108 cells) in a 25ml universal tube and centrifuged 

at 150g for 5 min. The supernatant was aspirated and the combined cell pellet was 
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resuspended in 800ɛl of polyethylene glycol (PEG) gently and gradually over 1 min. 

The cell mixture was agitated gently for 1 min prior to the addition of 1ml of serum-

free medium (RPMI 1640) over 1 min while continuing to agitate. A further 20ml of 

serum-free medium (RPMI 1640) was added over 1 min while agitating. Then the cell 

mixture was centrifuged at 150g for 5 min. The supernatant was removed and the cell 

mixture was resuspended in 15ml of hybridoma medium  

 

[500 ml hybridoma serum-free medium (Gibco): 10ml HT (hypoxanthine thymidine) 

supplement (50x Hybri-Max; Sigma): 31ɛI (31ɛg) methotrexate (1mg/ml; Sigma): 

25ml of Hybridoma cloning factor (Opti-Clone II; MP): 50ml of filtered NS0 spent 

medium]. The cell suspension was spread evenly across a 96 well flat bottom plate 

and incubated at 37°C in cell culture incubator (5% CO2). 

 

2.14 Immunohistochemistry  
 

2.14.1 Colorectal Cancer Tissue Micro-Array (TMA) 
 

Tissue  microarrays  (TMAs)  represent a  powerful method for undertaking large-

scale tissue-based biomarker studies. In this study, a colorectal  TMA was kindly 

provided from Queen's Medical Centre by  Professor Mohammad Ilyas. This TMA 

ǿŀǎ ǇŀǇŜǊŜŘ ōȅ ǘŀƪƛƴƎ ŀ ŎƻǊŜ ƻŦ ǘƛǎǎǳŜ ŦǊƻƳ ŀ ΨŘƻƴƻǊΩ ǘƛǎǎǳŜ ōƭƻŎƪ ǿƛǘƘ ŀ ƴŜŜŘƭŜ 

ŀƴŘ ǘǊŀƴǎŦŜǊǊƛƴƎ ƛǘ ǘƻ ŀƴ ŜƳǇǘȅ ΨǊŜŎƛǇƛŜƴǘΩ ōƭƻŎƪ ǳǎƛƴƎ  TMA Guidelines by Ilyas et 

al., Histopathology 2013. The TMA consisted of 1000 CRC patients randomly 

selected in chronological order with a mean follow-up period of 53.6 months (year 

2008 ï2012). There are three tumour cores (0.6 mm) and one core for adjacent 

normal epithelium from each case. All cases were adenocarcinoma, and 89% were 

moderate histological grade. Sixteen per cent of the patient cohort were TNM stage 
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I, 40% were stage II, 32% were stage III, and 12% were TNM stage IV, comparable 

with previously published national numbers. 368, 369  

 

2.14.2 Chromogenic Immunohistochemistry (IHC) 
 

Immunohistochemistry was performed for CD3+, CD8+, and CD103+ cells detection 

at room temperature. This procedure was performed on 4µm thickness of formalin-

fixed paraffin-embedded (FFPE) human tonsil (whole sections) and colorectal 

cancer tissue (TMA cores) sections embedded in paraffin. For antibodies studied, 

NovolinkÊ Polymer Detection System (RE7150-K) was used to stain the sections. 

To confirm adhesion of tissue sections with the slide surface, sections were placed 

on a hot plate (60 °C) for 10 minutes and left to cool. Slides were dewaxed and 

rehydrated using the Autostainer through xylene and graded alcohols, and then 

antigen retrieval was performed by placing the slides in EDTA (pH:9) for 35 min in a 

steamer. Then the slides were cooled down in TBS for 10 minutes. Endogenous 

peroxidase was blocked by 0.3% hydrogen peroxide in Tris-buffered saline (TBS) 

for 5 minutes. To block nonspecific binding of the primary antibody, all sections 

were treated with the protein block for 5 min, then incubated for one hour at room 

temperature with anti CD3, CD8 and CD103 antibodies with 1/300, 1/300 and 1/250 

dilution of antibody, respectively. Anti CD3-rabbit monoclonal antibody [SP7], 

Abcam (ab16669)), anti- CD8 mouse monoclonal antibody, DAKO Clone (C8/144B) 

and Anti CD103 -rabbit monoclonal antibody [EPR4166(2)] (Abcam) were used for 

this study. 

Primary antibody was detected by prediluted anti-rabbit poly HRP antibody in animal 

serum and TBS and incubated for 30 minutes. Chromogenic visualisation was 

performed with 3,3'-diaminobenzidine (DAB) for 5. Slides were counterstained with 

hematoxylin and dehydrated in xylene. 
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Figure 2. 1 IHC staining of CD3, CD8 and CD103 biomarkers on human tonsil and colorectal cancer tissue.  

Microscopic images were obtained at (A) (x10) and (B) (x20) magnifications of the whole tonsil section stained with negative control, CD3 

(1:300), CD8 (1:300) and CD103 (1:250), respectively. (C) Microscopic images (x10) of colorectal cancer TMA cores stained with negative 

control, CD3 (1:300), CD8 (1:300) and CD103 (1:250), respectively. 
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2.15 Scanning and scoring 
 

TMA slides for standard IHC were captured digitally and stored as high-resolution 

image files and viewed by NDP viewer software (U12388-02). All markers were 

counted by Halo software and confirmed by two assessors who were blind to 

patients' data. We had 3 TMA core samples from each patient. For scoring, we 

determined tumour and stomal areas and counted positive cells in each part 

separately. For calculating density, we combined all three cores from each patient. 

The density of the positive cells per area of tumour or stroma is calculated by the 

following formula: 

Density of positive cells=  Total number of counted cells in tumour tissue or stroma  

 Area of tumour or stroma (mm²) 

 

 

 

2.16 Multiplex immunohistochemistry 
 

Multiplex immunohistochemistry/immunofluorescence (mIHC/IF) enables 

simultaneous antibody-based detection and quantification of the expression of up to 

six protein markers and a nuclear counterstain on a single tissue section. For this 

study, we used mIHC/IF to perform a simultaneous detection of CD8, CD103 and 

CD39 biomarkers on the same CRC TMA core using Opal 4-colour IHC kit 

(NEL810001KT). Although this method provides high sensitivity and prevents Ab 

crossreactivity, some challenges are associated with this technique, like the umbrella 

(blocking) effect. In this study, we minimised these effects to obtain reliable and 

reproducible data by optimising the multiplex staining procedure. Opal 690 dye has 

the least fluorescence intensity compared to Opal 520 and Opal 570. Therefore, it 

was recommended to use Opal 690 to detect targets with high density. In this study 
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and according to the observations of standard IHC staining, intratumoral CD103+ 

cells were more abundant than CD8+cells and CD39+cells. Opal fluorophores 520 

(green) ,570 (yallow) and 690 (red) were paired with CD8,CD39 and CD103, 

respectively.  

The Multiplex procedure (summarised in figure 2.2) was initiated by placing the slides 

on 60 °C hot plate for an hour, then deparaffinised in xylene and rehydrated in three 

baths of 100%, 90%, and 70% ethanol by auto-strainer machine. Next, slides were 

subjected to 96°C warmed Bond Epitope retrieval solution (EDTA, pH 9) for 35 

minutes for antigen retrieval and cooled down in TBS for 10 minutes. Endogenous 

peroxidase was blocked by 0.3% hydrogen peroxide in Tris-buffered saline (TBS) for 

5 minutes. To block nonspecific binding of the primary antibody, all sections were 

treated with the protein block for 5 min. Then, the slides were incubated with anti-

CD39 (1:300) AT 4C overnight. The next day, the attached primary antibody was 

detected by HRP conjugated secondary antibody (slides incubated for 30 min). Then 

slides were washed and incubated Opal 570 (1:100) for 10 min. After the signal 

amplification step, antibody stripping was performed via microwave treatment with 

Tris-EDTA (pH9) (PerkinElmer, AR900250ML). The same steps were repeated with 

anti-CD103 primary antibody (1 hour, room temperature), which was detected and 

paired with Opal 690 and stripped. Finally, the slides were stained with anti- CD8 

primary antibody (1 hour, room temperature), followed by the secondary antibody 

and Opal 520. Then slides were incubated for 10 min with DAPI for counterstaining.   

Following the mIHC/IF staining, the CRC TMA slides were scanned by PerkinElmer 

Vectra microscope. To confirm the quilty of staining, the slides were viewed in 

singleplex and multiplex settings, as shown in figure 2.3. The scanned images were 

then analysed by Phenochat and InForm software (version 2.4.6). The densities of 

the detected phenotypes were calculated automatically and extracted from 

PhenoRepots. (refer to chapter 6 for more details).
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Figure 2. 2 Multiplex IHC staining for simultaneous detection of CD8, CD103 and CD39 
biomarkers on the same CRC TMA core.  

Opal fluorophores 520 (green) ,570 (yellow) and 690 (red) were paired with CD8, 

CD39 and CD103, respectively. The first staining cycle targeted CD39, the second 

targeted CD103 and the final cycle targeted CD8. At the end of each cycle, the 

primary and secondary antibodies were stripped for the addition of the next primary 

antibodies.  
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Figure 2. 3 Multiplex IHC staining of CD8, CD103 and CD39 on human tonsil and 
colorectal cancer tissue.  

Slides stained by: (A) DAPI alone (CRC tissue), (B) Staining CD8 by Opal 520 alone 

(Tonsil tissue), (C) Staining CD103 with Opal 690 and DAPI (CRC tissue), (D) staining 

CD39 by Opal570 and DAPI (CRC tissue), (E) Dual staining for CD8 and CD39 (CRC 

tissue). Green cells are CD8+ and yellow ones are CD39+ cells. Red arrow shows a 

dual positive cell. (F) and (G) Detecting all 3 markers on one slide (CRC tissues). Red 

cells are CD103+, yellow and green cells are CD39+ and CD8+, respectively. Red 

arrow shows CD8+CD39+ cell. The yellow arrow shows CD103CD39+ cell. 

 



 

89 
 

 

 

2.17 Statistical Analysis 
 

The optimal cut-off point for TILs density was defined using X-tile bioinformatics 

software (Yale University, version 3.6.1). TILs were classified into high and low 

infiltration depending on these cut-off points. For assessing factors influencing overall 

survival statistical analysis, we used Kaplan- Meier curves via SPSS software 

(version 24 for windows). Pearson's ɢ2-tests were used to determine the significance 

of association between categorical variables. Disease-specific survival calculations 

included all patients whose death related to CRC and deaths from other causes 

censored at the time of death.  Multivariate analysis was used to determine the 

relative risk and independent significance of each factor. P-values <0.05 were 

considered as statistically significant.  

The comparations between different TILs densities was done using GraphPad PRISM 

version 8. Summary statistics show 25 percentile, median and 75 percentile, unless 

stated otherwise. Statistical difference between two groups was assessed by the two 

tailed paired t-test with Wilcoxon adjustments for non-parametrically distributed 

variables or by comparing ranks using the Mann Whitney test for unpaired and non-

parametric variables. Test performed for measuring the statistical difference has been 

mentioned with the graphs. Also, GraphPad PRISM version 8 was used to perform 

Bland-Altman test to analyse the agreement between HALO and the manual counting 

methods. 
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Chapter 3: Generating a functional  monoclonal 
antibody against TSPAN 32 to reactivate T cell 
proliferation  

 

 

3.1 Introduction  
 

Tetraspanins are a superfamily consisting of 33 members of small transmembrane 

proteins in the human species, many of which are widely expressed in human tissue 

(CD9, CD151, CD63, CD81, CD82). In contrast, others are restricted to hematopoietic 

cells (TSPAN32, TSPAN33, CD53 and CD37).322  Tetraspanin proteins have been 

shown to regulate fundamental cellular processes like proliferation, fusion, survival, 

signalling, invasion and migration.323 In immune cells, tetraspanins interact with 

crucial leucocyte proteins such as integrins and immunoreceptors [CD19, MHC 

molecules, CD3, CD4, CD8 and BCR complex].310, 324, 325, 326, 327 These interactions 

enable the modulation of immune responses and processes like leukocyte migration 

and extravasation, antibody production and antigen presentation.317, 328, 329, 330 In 

addition to that, tetraspanins can regulate the activation of T cells positively or 

negatively depending on how they will control the process of Ag- presentation on 

antigen-presenting cells, which has a powerful effect on anti-tumour immunity.331  

Several members of the tetraspanin superfamily (CD53, CD37, CD9, CD151, CD82, 

CD81 and TSPAN32) have been implicated in T cell co-stimulation and TCR- 

mediated proliferation. Numerous studies investigated the association of tetraspanin 

knock out mice with T cell proliferation.  For example, Van Spriel and co-workers have 

shown that CD37 knockout mice had a hyperproliferative T cell response on 

stimulation, suggesting a negative regulatory role of this tetraspanin in T cells.332 Also, 

CD81 knockout mice showed increased T cell proliferation following T-cell antigen 

receptor (TCR) interaction in CD81 knockout mice compared to the control mice. 
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Moreover, CD151 null T cells showed a significant increase in stimulation when cross-

linked with CD3 and CD28 antibodies, which indicates the regulatory role of CD151 

T lymphocyte proliferation. 333 The immune-modulatory role of the previously 

mentioned tetraspanins on T cell co-stimulation has been studied extensively.334 

However, limited data have been published regarding the pathophysiological role of 

TSPAN32 (a.k.a. Tssc6) in the regulation of immune responses. 

 

TSPAN32 is a tumour suppressor gene discovered on the same gene as CD81, 

human chromosome 11p15.335 The expression of TSPAN32 is known to be restricted 

to hematopoietic cells, while its exact functional role is still undefined. 336 In a previous 

study, T cells bearing a null mutation of the TSPAN32 gene showed enhanced 

responses to stimulation due to increased interleukin 2 production, indicating that 

TSPAN32 may play a role in the negative regulation of peripheral T cell proliferation. 

320 Furthermore, Gartlan and colleagues determined the functional correlation 

between CD37 and TSPAN32 using double knockout mice (TSPAN32-/ CD37-). They 

reported that the role of these tetraspanins in cellular immunity was identified by the 

responses of dendritic cell stimulation and T cell proliferation in vitro, which were 

significantly higher with both tetraspanins absent than in counterparts with the single 

knockout. However, the risk of inducing autoimmune adverse events is similar in both 

cases.321  

 

The previous data highlights the importance of TSPAN32 in regulating immune 

responses and suggest that a functional anti-TSPAN32 mAb might co-stimulate T cell 

activation and proliferation, acting as a potential checkpoint inhibitor. However, the 

role of TSPAN32 is undefined yet due to the lack of mAb that recognises the tertiary 

structure of TSPAN32. The difficulty in raising antibodies to tetraspanins lies behind 

their small size and structure, protruding only 4-5nm above the membrane, as well as 

their associations with larger proteins, making them inaccessible for detection 294. On 
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top of that, tetraspanins are highly conserved between species, making it difficult to 

raise the antibodies by conventional mice immunisation. For example, TSPAN9 has 

amino acid sequence homology of 97% for humans compared with mouse 337. 

However, new immunisation approaches have managed to develop a functional mAb 

to CD81 (tetraspanin protein). For instance, Fofana and colleagues used genetic 

Immunisations to generate a functional anti-CD81 mAb that efficiently blocks 

Hepatitis C virus spread and dissemination during liver transplantation. 338 Moreover, 

a previous doctoral student in our research group has developed an in house mAb 

that recognises CD81 via mice immunisation with plasma membrane lipid extract from 

four NSCLC cell lines. (unpublished data)  

 

In this study, we aimed to develop a functional mAb against TSPAN32 using different 

immunisation methods. It was hypothesised that using a novel immunisation method 

such as DNA immunisation or immunising with PM glycolipid extraction of cells 

expressing TSPAN32 would generate an anti-TSPAN32 IgG response within the 

immunised mice. The development of a functional anti-TSPAN32 mAb would help to 

confirm the regulatory role of TSPAN32 on T cells and the possibility of being a 

potential checkpoint inhibitor.  

 

 

3.2 Results  
 

3.2.1 Stable transfection of TSPAN32 in NIH 3T3 cells  
                                                                                                                                       

In order to determine the efficacy of the immunisation methods used to produce IgG 

response to TSPAN32, it was essential to use cells expressing TSPAN32 to screen 

mice sera for the presence of IgG antibodies. Here, we demonstrate the optimisation 

steps to obtain mouse embryonic fibroblast (NIH 3T3 cells) stably transfected with 

TSPAN32. A successful stable transfection needs an effective DNA delivery and a 
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proper method to select cells that have integrated the DNA plasmid. For every 

104 transfected cells, one cell is found to integrate DNA stably. However, the 

efficiency varies depending on the type of the cells and whether circular or linear DNA 

plasmid is used.339 Several studies reported that DNA integration is most efficient 

when transfection is performed with linear DNA.340, 341 Thus, TSPAN32 DNA construct 

was linearised using Scal restriction enzyme to ensure better DNA integration (Figure 

3.1). TSPAN32 DNA plasmid contained neomycin resistant gene; therefore, G418 

was used as a selectable marker, which is required to select cells that stably express 

TSPAN32. Also, green fluorescent protein (GFP) was part of the DNA construct as a 

marker for gene expression and protein localisation in eukaryotic cells.342 

 

 

 

 

 

 

 

 

 

 

Figure 3. 1 Linearisation of TSPAN32 circular DNA vector into a linear shape DNA 
plasmid using Scal restriction enzyme.  

Abbreviations: ORF- open reading frame, IRES- internal ribosome entry site, CMV- 

Cytomegalovirus, GFP - green fluorescent protein, Poly A- Polyadenylation, Neomycin ï 

antibiotic resistance gene 

CMV 

Scal 
restriction 
enzyme  

ORF IRES2 GFP Poly A Neomycin 
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TSPAN32 DNA transfection was initiated by adding DNA-Lipofectamine® mixture to 

70% confluent NIH 3T3 cells plated in a six-well plate.339 Forty-eight hours following 

transfection, a selective medium containing 500 µl/ml of G418 (optimum 

concentration was determined using a sensitivity selection experiment (refer to 

chapter 2)  was added to the transfected cells. To determine the transfection 

efficiency, the expression of GFP was analysed by flow cytometry, as shown in figure 

3.2.  The transfection of NIH 3T3 cells with TSPAN32 DNA gave 25.9% cells positive 

for GFP at day 8, and at day 12 the transfected cells were 53.6%. Although The 

transfection of NIH 3T3 cells with GFP only as a positive control gave a higher 

percentage of transfected cells than transfection with TSAPN32 at day 8, the per cent 

of transfected cells was similar at day 12 due to the presence of G418 in the medium, 

which eliminates the non-transfected cells and helps G418-resistant clones to grow 

faster.   
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  3. 2 NIH 3T3 cells transfected with TSAPN32.   

Dot plots represent the GFP expression level of NIH 3T3 cells transfected with TSAPN32 

compared with the non-transfected NIH 3T3 cells (negative control), and NIH 3T3 transfected 

with GFP only (positive control) at two-time points; day 8 and day 12 after transfection to 

determine transfection efficacy.    

 

 
In order to obtain pure stably transfected clones, single-cell cloning from both the 

positive control and TSPAN32 transfected NIH 3T3 was performed on day 12 after 

transfection.  A 96-well plate was seeded with a single cell for each well and incubated 

with a growing medium containing G418 for two weeks.  Out of 96 wells, 25 wells 

showed antibiotic-resistant pure clones. The two wells which gave the highest GFP 

expression under the fluorescent microscopy were chosen from the positive control 

and TSPAN32 transfected cells (Figure 3.3 A).  Using flow cytometry, these cells were 

confirmed to be a single population expressing high GFP levels with MFI of  27350 

and 66564 for the positive control and TSPAN32 transfected cells, respectively 

(Figure 3.3 B and C).   

NIH 3T3 cells transfected with 

Tspan32  

NIH 3T3 cells transfected with  

GFP only (positive control) 

D
a

y
 8

 a
ft

e
r 

T
ra

n
s
fe

c
ti
o

n
  

 

D
a

y
 1

2
 a

ft
e

r 

T
ra

n
s
fe

c
ti
o

n
  

 

GFP 

S
S

C
-A

 

Non-transfected NIH 3T3 

cells (negative control) 



 

96 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 
Figure 3. 3 Pure clones of TSPAN32 transfected NIH 3T3 cells were obtained using 
single-cell cloning.  

Two clones of the positive control and TSPAN32 transfected cells with the highest GFP 

expression were chosen out of 25 antibiotic-resistant pure clones. A, B and C represent the 

         Subset Name MFI 
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microscopic images, FACs dot plots, histograms of these pure stably transfected clones, 

respectively. MFI: median fluorescence intensity.  

 

  

In order to confirm the expression of TSPAN32 protein on the transfected cell line, 

two different commercial antibodies were purchased: TSPAN32/TSSC6 antibody 

(2B4) [H00010077-M02] from Abnova and TSPAN32 polyclonal antibody [PA5-

18045] from ThermoFisher and used to perform western blots, which are shown in 

figure 3.4 A and B, respectively. Both these antibodies produced a band on western 

blots, at approximately 34 KDa. This is the expected weight for TSPAN32. However, 

these bands were also present in the negative controls (Non-transfected NIH 3T3 

cells and NIH 3T3 cells transfected with GFP only). As a loading control, the western 

blots were also probed for ɓ-tubulin. These bands appeared around 50 KDa in figure 

3.4 B. Unfortunately, these results showed that the commercially available TSPAN32 

antibodies were not specific enough to confirm the expression of TSPAN32 on the 

transfected cell line. However, this indicates the urgent need to develop a highly 

specific mAb to recognise TSPAN32 using innovative immunisation approaches, 

which will be discussed next in this chapter.  
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Figure 3. 4 Western blots to confirm the expression of TSPAN32 on the transfected 
NIH 3T3 cells at the protein level.  

Two WB were performed using two different commercial antibodies: A) TSPAN32/TSSC6 

antibody (2B4) [H00010077-M02] from Abnova; B) TSPAN32 polyclonal antibody [PA5-

18045] from ThermoFisher. In both western blots, non-transfected NIH 3T3 cells and NIH 3T3 

cells transfected with GFP were used as negative controls. In contrast, HELA cells and T cells 

were used as a positive control for TSPAN32 expression. Non-specific binding of both 

antibodies produced bands at approximately 34 KDa, the expected weight for TSPAN32, for 

TSPAN32 transfected cells, the negative and positive controls.  ɓ-tubulin was used as a 

loading control (~50 KDa). 

 

 

 

3.2.2  TSPAN32 mice immunisation approaches: Particle-Mediated DNA 

Immunisation (Gene gun immunisation) 

 
Genetic immunisation has applications in both vaccine development 343 and 

producing high-quality monoclonal antibodies. 344  According to Hansen et al., gene 

gun immunisation is the obvious route to produce antibodies against membrane 

proteins because the membrane protein antigen is expressed, folded, and modified 

within a native membrane environment by the gene-immunised host. Therefore, DNA 

immunisation is expected to permit immune recognition of the myriad in-membrane 
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interactions with other macromolecules as well as of intermediate assembly states of 

the membrane protein. 345   

Gene gun Immunisation is a highly efficient method for biolistic delivery of DNA-gold 

micronanoplexes. These complexes consist of micron-sized gold particles that enable 

dermal penetration and nanometer-sized gold particles, which allow better DNA 

binding by providing a higher surface area than micron gold alone. Upon delivery, the 

DNA-gold complex is propelled through bullets via a high-pressure burst of helium 

gas. The DNA-gold particles penetrate the epidermal cells, which include dendritic 

cells and keratinocytes. Upon exposure to antigen, an adaptive immune response is 

elicited due to the migration of dendritic cells into the lymph nodes.346 Therefore, DNA-

gold micronanoplex method leads to direct DNA transfection of dendritic cells and in 

vivo expression of the protein in both the dermal tissues and the lymph nodes.346, 347  

In this study, the gene gun immunisation method was used to produce mAb against 

TSPAN32 using gold bullets coated with pEF6/Myc-His (Invitrogen) plasmid cloned 

with TSPAN32 (figure 3.5  A). This plasmid was gifted by Dr. Michael Tomlinson from 

the University of Birmingham. The immunisation procedure was initiated by bleeding 

three female BALB/c mice (1R, 1P and 1L) to obtain the normal untreated mouse 

serum (NMS) as a negative control for the serum screen process. Next, 1R, 1P and 

1L mice were immunised with two bullets (1 ɛg of TSPAN32 DNA per bullet) using a 

gene gun every two weeks (figure 3.5  B). Mice were immunised four times then 

boosted with TSPAN32 transfected NIH 3T3 cells via intraperitoneal injection (IP). 

The immunisation protocol is shown in Table 3.1. 
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Figure 3. 5 TSPAN32 Gene Gun immunisation.  

(A) represents the attachment of TSPAN32 circular plasmid to gold nanoparticles, then 

combined to form nanocomplexes. The nanocomplexes are then introduced into mice with a 

gene gun via a high-pressure burst of helium gas to inoculate the mice. (B) Mice immunisation 

scheme over a period of 9 weeks, immunisations were performed every two weeks, and serum 

screening (tail bleed) was conducted after a week of the 3rd, 4th immunisations and the boost.   
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Table 3. 1 Immunisation schedule of TSPAN 32 DNA bullets using a gene gun. Mice 
[1R,1P and 1L] were immunised four times with two DNA bullets each time for each 
mouse. The mice were boosted with TSPAN32 transfected NIH 3T3 cells via 
intraperitoneal injection (IP).  

 

 

To assess whether the immunised mice (1R, 1P and 1L) generated anti-TSPAN32 

antibody responses, anti-sera were screened against TSPAN 32 transfected NIH 3T3 

cells after the third immunisation, fourth Immunisation and the boost and analysed 

using flow cytometry. Figure 3.6 represents histograms of TSPAN 32 transfected NIH 

3T3 cells treated with three serum dilutions 1/100, 1/500, 1/1000 of normal mouse 

serum as a negative control and mouse serum after the third and fourth 

immunisations of 1R, 1P and 1L mice. An anti-mouse IgG Fc secondary antibody was 

used to detect the presence of IgG antibodies within the mice sera. According to the 

flow cytometric analysis, a shift in MFI was observed for all three immunised mice at 

1/100 dilution but not at the 1/500 and 1/1000 serum dilutions. This indicates that a 

low IgG titre is generated even after four immunisations.  

 
 

Mouse 1R Mouse 1P  Mouse 1L 

1st Immunisation 
 
  

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 
DNA in each 
bullet) 

2nd Immunisation 
 
 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 
DNA in each 
bullet) 

3rd Immunisation  
 
 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 
DNA in each 
bullet) 

4th Immunisation 
 
 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 5b! 
in each bullet) 

2 xTspan32 DNA 
bullets όм˃Ǝ ƻŦ 
DNA in each 
bullet) 

Boost 
 
 

 
 
        ----- 

1x 106 of NIH 3T3 
cells transfected 
with  Tspan32 in 
250ul PBS via I.P. 
injection   

1x 106 of NIH 3T3 
cells transfected 
with  Tspan32 in 
250ul PBS via I.P. 
injection   
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Figure 3. 6 IgG responses to TSPAN32 after 3rd and 4th DNA immunisation with 
TSPAN32 DNA.  

The histograms represent the binding of TSPAN32 transfected cells (1x105 cells per well) with 

1R,1L, and 1P mice sera at 1/100,1/500, 1/1000 dilutions after 3rd and 4th immunisation.  An 

anti-mouse IgG Fc secondary antibody was used to detect anti-TSPAN32  IgG antibodies 

within the mice sera. Black line represents the negative control (normal mouse serum before 

immunisations); the blue line represents mice sera after third immunisation, and the orange 

line represents mice sera after fourth immunisation.  
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In order to improve IgG titre, two mice  (1P and 1L) were boosted with TSPAN32 

transfected NIH 3T3 cells via IP injection. A week after the boost, mouse sera were 

screened for the presence of IgG antibodies. Flow cytometry histograms shown in 

Figure 3.7 demonstrate that there was a minimal shift in MFI of IgG levels in the serum 

of the immunised mice at lower dilutions compared to the negative control, while there 

was no shift at higher dilutions. Therefore, due to the weak shift in MFI observed 

across all dilutions, the immunisation procedure was not pursued, and another 

immunisation method was required to obtain a highly specific anti- TSPAN32 

antibody.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 7 1L and 1P mice IgG responses to TSPAN32 after IP boost. 

TSPAN32 transfected NIH 3T3 cells (1x105 cells per well) were immunolabelled with 1L and 

1P mice serum screening after the boost at serum dilutions 1/100,1/500, 1/1000, as presented 

in the histograms above. Then cells were incubated with secondary anti-mouse IgG 

Fc antibody to detect anti-TSPAN32  IgG antibodies within the mice sera. Red line represents 

the negative control (normal mouse serum before immunisations); the blue line represents 

mice sera after the boost.  
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3.2.3 TSPAN32 mice immunisation approaches: Immunising with 

plasma membrane glycolipid extraction  
 

Immunisations with plasma membrane (PM) lipid extract is a novel immunisation 

method that has been successfully used by our colleagues in The University Of 

Nottingham Academic Oncology department to produce two mAbs (FG88.2 and 

FG88.7), recognising novel tumour-associated glycans with potent anti-tumour 

activity. 348 These mAbs were raised from mice immunised with PM lipid extract of 

COLO205 colorectal cancer cell line incorporated in liposomes as the immunogen 

formulation. Liposomes were used in these studies to immobilise antigens in order to 

protect them from degradation, creating the ódepotô effect as well as to help in antigen 

presentation. ŬGalCer was also incorporated in the liposomes as an adjuvant. 

ŬGalCer, a lipid extracted from marine sponge Agelas mauritianus, is a ligand for 

natural killer T-(NKT) cells. NKT cells are T-cells that express CD1d-restricted, lipid-

specific T cell receptor. CD1d molecules are MHC-like molecules, expressed on 

APCs, that specialise in presenting lipid antigens to T-cells.349 By incorporating both 

the lipid extracts and ŬGalCer in the liposomes, it is hypothesised that B-cell receptor 

would recognise the antigens presented on the liposomes and internalise them. 

Following that, B cells would process ŬGalCer and present it to NKT cells via CD1d 

molecules. Subsequently, activated NKT cells will provide help for B-cell activation, 

differentiation to plasma cells and eventually production of high titre specific 

antibodies. 350 This immunisation method was also used to develop functional anti-

CD81 IgG antibodies. Hence, we decided to use a PM glycol-lipid extract of cells 

expressing TSPAN32 (activated T cells or TSPAN32 transfected NIH 3T3 cells) as 

an alternative immunisation method to gene gun immunisation to develop a mAb that 

recognises TSPAN32.  
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3.2.3.1 Immunising with plasma membrane glycolipid extraction of activated T 

cells  

 

As previously mentioned, TSPAN32 is known to be restricted to hematopoietic cells, 

including T cells. The studies using TSPAN32 knockout mice suggest an 

immunoregulatory role of TSPAN32 on T cell proliferation similar to  CTL-4 and PD-

1.320, 321  Therefore, we hypothesised that in vitro activation of T cells will increase the 

expression levels of TSPAN32, which will improve the chances to obtain an anti-

TSPAN32 IgG response from mice immunised with PM glycolipid extract of these 

cells.  

In this study, T cells were isolated from healthy donors and LRS cones, activated by 

anti-CD3 antibody and co-stimulated by anti-CD28 antibody for 48 hours.  Flow 

cytometry dot plots in figure 3.8 A confirm that the majority of the isolated PBMCs 

used for the immunisations were T cells (CD8 and CD4) which also expresses CD69 

and CD25 activation markers. Figure 3.8 B. represents the microscopic view of 

activated T-cells after 48 hours incubation with anti CD3/CD28 antibodies. These 

activated T cells were collected, and 1x108 T cells were used to prepare PM lipid 

extract for each sample. The PM lipid extract was then incorporated into DOPC/DHP 

liposomes together with ŬGalCer as an adjuvant. Following sample preparations, 

three female BALB/c mice (2R, 2P and 2L) were bled to obtain the normal untreated 

serum, then they were immunised with the PM lipid extract of activated T cells via IP 

injection. Over 12 weeks, 2R, 2P and 2L mice were treated with six immunisations 

and boosted with TSPAN32 transfected NIH 3T3 cells. The immunisation scheme is 

shown in figure 3.8 C.  
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Figure 3. 8 Mice immunisation with PM glycolipid extract of activated T-cells.  

(A) Dot plots represent the majority of PBMCs after activation (by anti-CD3/CD28 antibodies) 

for 48 hr are T-cells (CD4 and CD8) that express activation markers CD69 and CD25; (B) 

Microscopic view of activated T cells used to prepare PM glycolipid extract; (C)Immunisation 

scheme for 2R, 2P and 2L mice showing that mice were immunised six times with IP injection 

of PM glycolipid extraction of activated T cells and boosted with NIH 3T3 cells transfected with 

TSPAN32. 

 

The PM lipid extraction of activated T cells was prepared and used to immunise mice 

via IP injection. The immunisation schedule is represented in table 3.2. The adjuvant 

ŬGalCer was incorporated with PM glycolipid extract for all the immunisations except 

the second immunisation due to its ability to aid B cell activation and differentiation 

into plasma cells needed to produce high antibody titres. For the second 

immunisation, we used anti-CD40 as the adjuvant to further enhance B cell 

maturation after the first immunisation. From the third immunisation onwards, mice 

were bled one week after each immunisation and sera were then screened for IgG 

(fc) binding to TSPAN 32 transfected NIH 3T3 cells by flow cytometry (figure 3.9 A). 

B 

C 

        1st             

immunisation 

14 days   7 days 14 days   7 days 7 days 7 days 7 days 

Tail bleed              

(serum 

screening) 

Tail bleed              

(serum 

screening) 

Tail bleed              

(serum 

screening) 

2P 

2L 2R 

Tail bleed              

(serum 

screening) 

7 days 7 days 7 days 7 days 

Tail bleed              

(serum 

screening) 

Boost 

 

        2nd             

immunisation 

        3rd             

immunisation 

        4th             

immunisation 
        5th             

immunisation 

        6th             

immunisation 



 

108 
 

 

Table 3. 2 Immunisation schedule of plasma membrane glycolipid extraction of 
activated T-cells for three mice [2R, 2P and 2L]. Mice were exposed to six 
immunisations of activated T cell pm glycolipid extract with the adjuvant, then 
boosted with NIH 3T3 cells transfected with  TSPAN32 via IP injection.  

 όǇƳΥ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜΤ ʰ-GalCer: alpha-galactosylceramide) 

 

 

 

 

 

 

 
 

 
Mouse 2R 

 
Mouse 2P  

 
Mouse 2L 

1st immunisation 
 
  

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + h -GalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

2nd Immunisation 
 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 
Anti-CD40  
 

Activated T cell pm 
glycolipid extract 
(1x108) + 
Anti-CD40  
 

Activated T cell pm 
glycolipid extract 
(1x108) + 
Anti-CD40  
 

3rd immunisation  
 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + h -GalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

4th immunisation 
 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + h -GalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

 
5th immunisation 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + h -GalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

 
6th immunisation 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + h -GalCer 
 

Activated T cell pm 
glycolipid extract 
(1x108) + 

-hGalCer 
 

Boost 
 
 

 
 
        ----- 

1x 106 of NIH 3T3 
cells transfected 
with  Tspan32 in 
250ul PBS via I.P. 
injection   

 
 
        ----- 
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Figure 3. 9 IgG responses to TSPAN32 transfected cells after mice immunisation with 
PM glycolipid extract from activated T cells.  

(A) Histograms of mice 2R, 2P and 2L sera screened for the presence of IgG after the third 

(blue line), fourth (orange line), fifth (light green line) and sixth (dark green line) 

immunisations binding to TSPAN32 transfected cells compared to the negative control 

         Subset Name 
 

MFI 

 TSPAN32 transfected  
NIH 3T3 cells incubated 
with 2P mouse serum 
after boost 
 

41.6 

 GFP only transfected  
NIH 3T3 cells incubated 
with 2P mouse serum 
after boost 
 

64.5 

 TSPAN32 transfected  
NIH 3T3 cells incubated 
with Normal untreated 
mouse serum (negative 
control) 
 

24.4 

B 

 Anti-mouse IgG (Fc specific) 

(1:500) 

Serum dilution   

(1:100) (1:1000) A 

 Anti-mouse IgG (Fc specific) 

C
o

u
n

t 

2
R

 
2

P
 

2
L
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(Normal untreated mouse serum; red line) ; (B) Histograms of 2P mouse serum screened for 

the presence of IgG after the boost (orange line) compared to the negative control (Normal 

untreated mouse serum; red line)  binding to TSPAN32 transfected cells and GFP 

transfected cells (blue line) 

 

 

Among all three mice, 2P mouse serum showed a slight increment of IgG levels after 

the sixth immunisation at 1/100 dilution compared to the negative control. Therefore, 

2P mouse was boosted via IP injection with TSPAN32 transfected cells. 

Unfortunately, no significant difference in the MFI between the negative control and 

mouse serum after the boost was found. Hence, the procedure was terminated. 

(figure 3.9 B). 

 

 

3.2.3.2 Immunising with plasma membrane glycolipid extraction from 

TSPAN32 transfected NIH 3T3 cells 

 

The plasma membrane lipid extract of 5x107 NIH 3T3 cells transfected with TSPAN32 

was used to immunise 3R,3P and 3L mice.  Six immunisations were performed, and 

mice sera were screened a week after the third, fourth, fifth and sixth immunisations. 

Immunisation scheme and schedule of 3R, 3P and 3L mice are shown in figure 3.10 

and table 3.3, respectively. Upon serum screening for the immunised mice, 3P mouse 

showed a positive immune response at serum dilutions (1/100 and 1/500). The 

highest mouse IgG level was found after the sixth immunisation (figure 3.11 A). Based 

on these results, mice 3R and 3L were not pursued further. Mouse 3P was boosted 

with TSPAN32 transfected NIH 3T3 cells via IP injection.  

Figure 3.11 B shows a considerable difference in the MFI between TSPAN32 

transfected NIH 3T3 cells incubated with 3P negative control and the ones incubated 

with 3P mouse serum after the boost. Also, a significant mouse serum IgG binding 

was observed to TSPAN32 transfected NIH 3T3 cells compared to itôs binding to GFP 

only transfected counterparts, indicating that 3P mouse serum IgG antibodies are 
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specific to TSPAN32. Following successful induction of an anti-TSPAN32 IgG 

immune response, the responding mouse (3P) was sacrificed, and its splenocytes 

fused for hybridoma generation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 10 Immunisation scheme for 3R, 3P and 3L mice with PM glycolipid 
extraction of TSPAN32 transfected NIH 3T3 cells.   

The scheme shows that mice were immunised six times with IP injection of PM glycolipid 

extraction from TSPAN32 transfected NIH 3T3 cells and boosted with NIH 3T3 cells 

transfected with Tspan32. Mice were immunised every two weeks, and from the third 

immunisation onwards, mice were bled one week after each immunisation to determine the 

mice anti-TSPAN32 IgG response after each immunisation and the boost. Splenocytes from 

the boosted mouse with a positive anti-TSPAN32 IgG response were fused with mouse 

myeloma, NS0 
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7 days 
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Table 3. 3 Immunisation schedule of PM glycolipid extraction of TSPAN32 transfected 
NIH 3T3 cells for three mice [3R,3P and 3L]. Mice were exposed to six immunisations 
of TSPAN32 pm glycolipid extract with the adjuvant, then boosted with NIH 3T3 cells 
transfected with TSPAN32 via IP injection. 

(PMΥ ǇƭŀǎƳŀ ƳŜƳōǊŀƴŜΤ ʰ-GalCer: alpha-galactosylceramide)                                                                                                                             

 
 

Mouse 3R Mouse 3P  Mouse 3L 

1st Immunisation 
 
  
 

PM glycolipid 
extract of 
TSPAN32 trans. 
NIH cells (5x107) +            

-hGalCer 

                                                                                                                           

PM glycolipid extract 
of  TSPAN32 trans. 
NIH cells (5x107) + h -
GalCer 

                                                                                                                           

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 

-hGalCer                                                                                                           

2nd immunisation 
 
 
 

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 
Anti-CD40  
 

PM glycolipid extract 
of  TSPAN32 trans. 
NIH cells (5x107) + 
Anti-CD40  
 

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 
Anti-CD40  

3rd immunisation  
 
 

PM glycolipid 
extract of 
TSPAN32 trans. 
NIH cells (5x107) +            

-hGalCer 

                                                                                                                           

PM glycolipid extract 
of  TSPAN32 trans. 
NIH cells (5x107) + h -
GalCer                                                                                                                

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 

-hGalCer 

                                                                                                                           
4th immunisation 
 
 

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 
Anti-CD40  
 

PM glycolipid extract 
of  TSPAN32 trans. 
NIH cells (5x107) + 
Anti-CD40  
 

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 
Anti-CD40  
 

 
5th immunisation 
 

PM glycolipid 
extract of 
TSPAN32 trans. 
NIH cells (5x107) +            

-hGalCer 
                                                                                                                           

PM glycolipid extract 
of  TSPAN32 trans. 
NIH cells (5x107) + h -
GalCer 
                                                                                                                           

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 

-hGalCer 
                                                                                                                           

 
6th immunisation 
 
 

PM glycolipid 
extract of 
TSPAN32 trans.   
NIH cells (5x107) +            

-hGalCer 
                                                                                                                           

PM glycolipid extract 
of  TSPAN32 trans. 
NIH cells (5x107) + h -
GalCer 
                                                                                                                           

PM glycolipid 
extract of  
TSPAN32 trans. 
NIH cells (5x107) + 

-hGalCer 
                                                                                                                           

Boost 
 
 

 
 
        ----- 

1x 106 of NIH 3T3 
cells transfected with  
Tspan32 in 250ul PBS 
via I.P. injection   

 
 
        ----- 



 

113 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

         Subset Name 
 

MFI 

 TSPAN32 transfected  
NIH 3T3 cells 
incubated with 3P 
mouse serum after 
boost 
 

5232 

 GFP only transfected  
NIH 3T3 cells 
incubated with 3P 
mouse serum after 
boost 
 

372 

 TSPAN32 transfected  
NIH 3T3 cells 
incubated with NMS of 
3P mouse (negative 
control) 
 

78.2 

B 

 Anti-mouse IgG (Fc specific) 

3
P

 
3

L
 

 Anti-mouse IgG (Fc specific) 
3

R
 

Serum dilution   

(1:100) (1:1000) (1:500) 
C

o
u

n
t 

A 
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Figure 3. 11 IgG responses to TSPAN32 transfected cells after mice immunisation 
with PM glycolipid extract from TSPAN32 transfected NIH 3T3 cells.  

(A) Histograms of mice 3R, 3P and 3L sera screened for the presence of IgG after the third 

(blue line), fourth (orange line), fifth (light green line) and sixth (dark green line) immunisations 

binding to TSPAN32 transfected cells compared to the negative control (Normal untreated 

mouse serum; red line) ; (B) Histograms of 3P mouse serum screened for the presence of IgG 

after the boost (red line) compared to the negative control (Normal untreated mouse serum; 

blue line)  binding to TSPAN32 transfected cells and GFP transfected cells (orange line) 

 

 

 

3.2.4 Assessment of hybridoma supernatants  
 

For the purpose of developing mAb, splenocytes were isolated after the boost and 

fused with healthy NS0 myeloma cells to generate hybridoma. Following the first 

hybridoma screen, TSPAN32 transfected NIH 3T3 cells were stained with the 

supernatants of 188 hybridomas. Five hybridomas showed a positive IgG response 

to TSPAN32 transfected cells (figure 3.12 A and B). Hybridoma sample number 3, 

which had the best binding response, was single cloned into a 96- well plate while the 

rest of the hybridoma samples were stored. After two weeks of single cloning, four 

clones survived. Out of the four, three clones did not produce IgG specific to 

TSPAN32 transfected NIH 3T3 cells, while one clone was still producing specific IgG 

antibodies (figure 3.13 A). Unfortunately, the single positive clone was lost upon 

expanding it and was therefore not pursued further.  

It should be noted that the single clone obtained from sample number 3 that was 

found to be producing IgG specific to TSPAN32 was selected using TSPAN32 

transfected NIH 3T3. In order to confirm that the IgG produced by this single clone 

can recognise TSPAN32 expressed naturally on T cells, we treated activated T cells 

with the supernatant of the respective single clone (figure 3.13 B). Contrary to our 

expectations, no significant shift was observed on treating activated T cells with the 

supernatant of the positive clone.  
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Figure 3. 12 Mouse 3P splenocytes fusion resulted in five hybridomas with positive 
IgG response to TSPAN32 transfected cells.  

(A) Histograms of the supernatant of each hybridoma screened for the presence of anti-

TSPAN32 IgG response compared to the negative control (normal untreated moue serum) 

and positive control (3P mouse serum after boost). (B) Histograms of the five hybridomas 

         Subset Name 
 

MFI 

 
 

TSPAN32 transfected  
NIH 3T3 cells incubated with the supernatant of 
sample no.5 

640 

 
 

TSPAN32 transfected  
NIH 3T3 cells incubated with the supernatant of 
sample no.4 

897 

 
 

TSPAN32 transfected  
NIH 3T3 cells incubated with the supernatant of 
sample no.3 

1285 

 
 

TSPAN32 transfected  
NIH 3T3 cells incubated with the supernatant of 
sample no.2 

742 

 
 

TSPAN32 transfected  
NIH 3T3 cells incubated with the supernatant of 
sample no.1 

818 

 TSPAN32 transfected  
NIH 3T3 cells incubated with 3P mouse serum 
after boost 
 

10834 

 TSPAN32 transfected  
NIH 3T3 cells incubated with NMS of 3P mouse 
(negative control) 

266 

A 

SAMPLE NO.1  SAMPLE NO.2

SAMPLE NO.3 SAMPLE NO.4 SAMPLE NO.5

B 

 Anti-mouse IgG (Fc specific) 

 Anti-mouse IgG (Fc specific) 
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together with the negative control and positive control to identify the hybridoma sample with 

the highest MFI shift compared to other hybridomas in order to use it for single-cell cloning 

procedure.  

 

 

 

 

 

 

 

Figure 3. 13 Single-cell cloning of hybridoma no. 3 resulted in a single cell clone with 
positive IgG response to TSPAN32 .  

Dot plots represent the binding of the supernatant from a single clone of sample no.3 with (A) 

TSPAN32 transfected NIH 3T3 and (B) activated T cells compared to the negative control and 

positive control (3P serum after boost).   
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3.3 Discussion: 
 

Tetraspanins are cell membrane proteins that have been shown to be involved in 

regulatory actions within the immune system. The knockout mice of some 

tetraspanins resulted in the hyperproliferation of T cells, similar to effects seen in 

CTLA-4 and PD-1 KO mice. TSPAN32 is a member of tetraspanin superfamily. In a 

TSPAN32 KO mouse model, T cell activation was altered, indicating its role in the 

negative regulation of peripheral T-lymphocyte activation. In addition to that, the 

presence of TSPAN32 in high levels within T lymphocytes compared to other immune 

cells makes it a potential candidate to be a novel immune checkpoint. In this chapter, 

we have demonstrated three immunisation methods to develop a functional mAb 

against TSPAN32; Gene gun immunisation, immunisation with PM lipid extraction of 

activated T cells and immunisation with PM lipid extraction of TSPAN32 transfected 

NIH 3T3 cells. Among all immunisation approaches used, the most successful 

method involves the immunisation of mice with the purified extract of glycolipid 

enriched plasma membrane of NIH 3T3 cells transfected with TSPAN32. In contrast, 

DNA immunisation and the immunisation of PM lipid extraction of activated T cells did 

not yield an IgG response against TSPAN32. It is important to note that all the 

screening was done for IgG antibodies but not IgM , as IgG antibodies offer long and 

stable immunity, and their small size enables better infiltration into the tumour 

microenvironment. 

Several studies have reported that antibody production against membrane proteins, 

including tetraspanin proteins, present unique difficulties due to the constrained three-

dimensional presentation and limited solvent exposure of the available epitopes.351, 

352  However, successful attempts of developing a highly specific mAb to membrane 

proteins were reported using novel immunisation methods such as genetic 

immunisation345, 346 and plasma membrane glycolipid immunisations.353  In the 

present study, we have demonstrated that DNA- immunisation method was not 
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successful in producing anti-TSPAN32 antibody responses within the immunised 

mice. According to Liu et al., many critical factors might affect the efficacy of the DNA 

immunisation technique, such as immunogen design, immunisation schedule delivery 

approach, the role of final boost immunisation and the use of immune modulators.344 

In this study, we have immunised mice with two bullets of DNA-gold nanocomplex in 

the abdominal area. In contrast, Hansen et al. have generated polyclonal antibodies 

for 17 membrane proteins expressed on two Biosafety Level 3 pathogens (Francisella 

tularensis and African swine fever virus) using a gene gun to immunise mice with two 

DNA-gold bullets through the ear skin.354 The difference of the immunisation site 

might be a potential explanation why DNA immunisation was not effective to produce 

an immunogenic response to TSPAN32. However, there is yet no published data to 

compare the efficacy of antibody production or quality (e.g., affinity, specificity, or 

percent conformation-dependence) between the various DNA-based methods or 

using different immunisation sites (ear; abdomen; etc.). 

Following the unsuccessful  DNA immunisation,  glycolipid from activated T cell PM 

was extracted and used for immunisation. The idea behind using this method of 

immunisation was that TSPAN32 is expressed naturally on T cells. The assumption 

that TSPAN32  was upregulated on T cell activation was based on studies that 

showed hyperproliferation of T cells in TSPAN32  knockout mice.320, 321 However, PM 

lipid extract from active T cells did not result in a positive IgG response against 

TSPAN32. Interestingly, a recently published study by Lombardo et al.355 showed that 

in vitro activation of T cells with anti-CD3/CD28 resulted in a downregulation of 

TSPAN32. This might explain the low IgG response observed in our study. The study 

by Lombardo et al. further went on to show that naïve T helper cells expressed higher 

levels of TSPAN32 compared to cytotoxic T cells.355These observations indicate that 

it might be beneficial to use PM glycolipid extract from naïve T cells to generate 

monoclonal IgG response specific to TSPAN32.  
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Though immunisation with PM glycolipid extract from activated T cells did not yield a 

positive TSPAN32 specific IgG response, immunisation with PM glycolipid extract 

from TSPAN32 transfected NIH 3T3 did yield a positive anti-tspan32 IgG response. 

Five hybridomas were obtained after the first screening process. Out of which one, 

sample number 3, was used further for single cloning. Out of the single clones 

obtained, only one single clone produced IgG specific to TSPAN32. This was 

confirmed using the supernatant of the single positive clone on TSPAN32 transfected 

NIH 3T3 cells. However, when the same supernatant was used to confirm this result 

on activated T cells, it did not yield a positive response. One of the reasons for this 

could be that activation of T cells resulted in downregulation of TSPAN32 expression, 

rendering them undetectable by the anti-TSPAN32 IgG antibodies present in the 

supernatant. 

Furthermore, unpublished data shared kindly by Dr. Michael Tomlinson lab showed 

that tetraspanin mAbs generated using transient transfect cell lines, were unable to 

recognise or bind to the natural conformation of tetraspanins. They believe that 

overexpression of tetraspanins on transfected cells caused clustering of tetraspanins 

resulting in the generation of antibodies recognising only the clustered conformation 

of tetraspanins. These could be the possible explanations for the observation in figure 

3.13. We recommend that the mAb developed against TSPAN32 be tested on naïve 

T cells and should be developed to recognise the native conformation on T cells. 

Developing a functional anti - TSPAN32 antibody would enable and support further 

studies looking at the immunoregulatory functions of TSPAN32.  
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Chapter 4: The prognostic role of tumour-infiltrating 
CD3+ and CD8+ T lymphocytes within different 
tumour regions 

 

4.1 Introduction 
 

The recent demonstration of the immune infiltrates characterisation (e.g. density, 

type, location within the tumour, phenotype and activation status) in patients treated 

with immunotherapy such as checkpoint blockade, could provide information to 

predict tumour progression and patient survival. 239, 356 Lymphocytes are located in 

specific areas within the tumour- microenvironment. For example, In non-small-cell 

lung cancer, colorectal cancer, head and neck cancers, T cells were found in the 

invasive margin and the tumour core. Whereas NK cells were distributed in the 

stroma, immature dendritic cells in the tumour core and B cells were mainly found in 

the invasive margin of growing tumours. 357, 358  

The density of intratumoral lymphocyte infiltrates in solid tumours is associated with 

good clinical outcome. High densities of CD3+ T cells and CD8+ cytotoxic T cells 

have been shown to be associated with prolonged disease-free survival. 237, 358, 359 In 

colorectal cancer, Simpson at el. 360 has previously published results showing that 

CD3+ T cells within the tumour nest and in the stromal region were significantly 

associated with improved prognoses. The role of  CD8+T cells was examined on 133 

CRC patients. The findings indicated that higher proliferative activity of CD8+ T cells 

was observed within cancer cell nests and that intratumoral CD8+TILs have a positive 

prognostic value in colorectal cancer. 236 

In 2006, Galon and colleagues investigated the relationship between the clinical 

outcome of CRC patients and the immune contexture (analysis of the functional 

orientation, location and density) of total T lymphocytes, CD8 T cell effector and 
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memory T cells (CD45RO) within the centre of the tumour (CT) and the invasive 

margin (IM). 239 The observations of the study showed a higher number of CD3+, 

CD8+ and CD45RO T cells within both CT and IM regions in patients without tumour 

recurrence in comparison with patients whose tumours had recurred. Moreover, a 

better prediction of patient survival was reported when the combined analysis of CT 

and IM [High density in CT and IM (HiHi) vs Low density in both regions (LoLo)] was 

used as compared to single region analysis (Hi vs Lo). 239, 240, 358 

In continuance with the above findings, Kirilovsky et al. have developed a prognostic 

score (Immunoscore) which depends on the distribution of CD3+ lymphocytes and 

CD8+ cytotoxic T cell density in the centre  and invasive margin  of the tumour. 

Patients were categorised from (I0 to I4) depending on the Immunoscore. 241, 361  For 

example, I0  refers to a tumour with low densities of CD3+ and CD8+ cells in CT and 

IM regions. I1, I2, I3 refers to tumours with one, two and three high densities, 

respectively. Whereas, patients with high densities of CD3 and CD8 in both tumour 

regions is classified I4. The results of this study concluded that patientsô clinical 

outcome in terms of overall survival (OS) and disease-free survival (DFS), were 

significantly associated with the density and distribution of CD3+T cells and CD8+T 

cells in two tumour regions (CT and IM). Moreover, better clinical outcomes were 

observed with patients who had high immune cell density in both tumour regions (I4) 

compared to patients with (I3, I2, I1 or I0) Immunoscore. 356  

In addition to CRC, the prognostic value of the Immunoscore was significant and 

independent from other prognostic parameters in hepatocellular carcinoma and brain 

metastasis. 362, 363 Consequently, these initiatives will permit the implementation of the 

Immunoscore as a prerequisite necessary to use in a clinical setting to obtain an 

accurate prediction of a patientôs prognosis and clinical response.   

The importance of the distribution and location of T cell densities was further studied 

in a small cohort of CRCs patients with liver metastases. Detailed analysis of CD3+ 
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cells, CD8+ cells and cytotoxic Granzyme B densities within different distance classes 

between the border of the tumour and adjacent normal tissue were performed. The 

findings of this study emphasised the localisation-dependent prognostic relevance of 

CD3+ and CD8+T cells, where a significant association of high cell densities and 

prolonged OS was observed in the proximal distance class (< 10 mm from tumour 

border). In contrast, no significant differences between high and low T cell infiltrates 

were found in other classes closer to the normal adjacent liver than tumour epithelium. 

364 

Although many studies have been conducted to identify the proportion, distribution 

and function of different immune cells types in CT and IM regions of the tumour 242, 

356, 365, 366 and distant metastasis 367 in colorectal cancer, the immune contexture of 

luminal side of the tumour (LS) and the adjacent normal tissue were yet unclear. In 

this study, the density of CD3+ cells, and CD8+ cells were quantified in three regions 

of the tumour  (LS, CT and IM) and the adjacent normal tissue by using a validated 

image analysis workstation after immunostaining with specific antibodies to get a  

comprehensive evaluation of CD3+ and CD8+ T cells spatial heterogeneity within the 

tumour microenvironment and its clinical implication. It was hypothesised that the 

density of CD3+T cells and CD8+T cells in the LS of the tumour would have a 

prognostic value in colorectal cancer patients similar to CT and IM of the tumour. 

Thus, adding the information of immune cells proportion in LS into the combined 

regional analysis along with CT and IM will improve the prediction of patientsô survival. 

Also, it was thought that CD3+ and CD8+T cells in the adjacent normal tissue of the 

tumour would function differently in comparison to the ones that  exist or are in direct 

contact with tumour cells 
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4.2 Results: 

 

4.2.1 Patient characteristics 
 

The study cohort (Cohort 1) comprised 1000 cases of primary invasive CRC tissue. 

Samples were randomly selected in chronological order (year 2008 ï2012). From 

each case, 3 cores of different regions of the tumour and one core from the adjacent 

normal epithelium (see figure 4.1) were collected to build a tissue microarray (TMA) 

with 4000 cores. 

The patient cohort consisted of 568 men (57%) and 432 women (43%). The median 

age was 69 years (range 16-94). The mean follow-up period was 53.6 months. All 

cases were adenocarcinoma, and 89% were of moderate histological grade. (see 

table 4.1). Sixteen per cent of the patient cohort were TNM stage I, 40% were stage 

II, 32% were stage III, and 12% were TNM stage IV, comparable with previously 

published national numbers. 368, 369  
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Figure 4. 1 TMA construction consisted of three Colorectal tumour regions. 

LS is selected from the nearest area to the lumen; CT is selected from the middle area 

between the lumen and the edge of the tumour; IM is selected from the deepest area of the 

tumour, and adjacent normal tissue were collected from each case. 

Adjacent Normal tissue 

Luminal side (LS) 

 

Centre of Tumour (CT) 
Invasive Margin (IM) 
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At the time of censoring for data analysis, 62% were alive, 18% of patients had died 

from cancer, and 20% had died from other causes. Evidence of extramural vascular 

invasion was documented in 49% of all tumours. Among all the clinicopathological 

parameters scored, tumour stage, nodal status, grade, the absence or presence of 

vascular invasion had a strongly significant influence on survival. The prognostic 

value of these factors is consistent with our previously published data. 360, 370 

 
 

Table 4. 1 Summary of the clinicopathological characteristics of the patient cohort (1). 
The correlation of the Clinic-pathological parameters such as sex, age, N -Regional 
lymph nodes, metastases, primary tumour location, TNM stage, extramural vascular 
invasion and microsatellite status, and the patientôs survival. The log-rank test was 
used to test for significance. p- values <0.05 were considered statistically significant.    

 
 
 
 
 
Clinic-pathological 
parameters 

 
 
 
 
 
 
 
   
  N (%) 

 
 
 
 
 
  
Mean 
(DSS)  
month
s 

 
 
 
 
 
 
 
                                  
SE 

 
 
 
95% confidence 
interval  

Survival 
distribution  
(Log Rank- Mantel 
cox) of overall 
colorectal patients 

 
 
Lower 

 
 
Upper 

  
Chi-
Square 

 
P-value 

 
 
 
 
Sex 

Male  568 
(56.8%) 

99.9 
1.861 92.9 100.2 

1.51 0.219 

Female  432 
(43.2%) 

96.6 1.853 96.3 103.6 

Overall 1000 
(100%) 

101.2 1.39 98.5 104 

 
 
 
 
Age  

 
(Ò69) 

 
489 

101.2 1.91 97.48 104.9 
0.004 0.95 

(>69) 511 
96.65 1.88 92.98 100.3 

Overall 1000 
101.2 1.39 98.51 103.9 

N -Regional 
lymph nodes 
 

N0 (no 
lymph node 
metastasis)       

570 
(58.5%) 

106.8 1.23 104.4 109.2 
 
103.35 

 
<0.001 

N1 

(Regional 

lymph 

node 

metastasis) 

405 
(41.5%) 

78.79 2.36 74.18 83.42 
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Overall 
975 
(100%) 

96.26 1.313 93.69 98.83 

Metastases 
(M) 
 

M0 (no 
distant 
metastasis) 

881 
(88.1%) 

107.6 1.28 105.0

5 

110.0

7 

 
272.73 

 
<0.001 

M1 (Distant 

metastasis) 

119 
(11.9%) 

45.3 4.037 37.4 53.22 

Overall 
1000 
(100%) 

101.2

4 

 
1.39 

 
98.51 

 
103.97 

Site of 
primary 
tumour  
 
 
 
 
 
 
 
 
 

Right colon 
461 
(46.1%) 

93.07 1.87 89.41 96.74 
 
 
3.995 

 
 
0.262 

Left colon 
363 
(36.3%) 

99.53 2.33 94.95 104.1

17 

Rectal 
147 
(14.7%) 

98.02 2.76 92.61 103.4

4 

Unknown 
29 (2.9%) 

103.8

2 

5.08 93.85 113.8 

Overall 
1000 
(100%) 

101.2

4 

1.39 98.51 103.9

7 

TNM stage  
I 161 

(16.1%) 

119.2 1.28 116.7 121.7 
307.78
1 

<0.001 

II 402 

(40.2%) 

103.7 1.41 100.9 106.5 

III 319 

(31.9%) 

88.8 2.36 84.15 93.43 

IV 118 

(11.8) 

45.4 4.08 37.43 53.45 

Overall 1000 

(100%) 

101.2

4 

1.39 98.51 103.9 

Extramural 
vascular 
invasion 

Absence 502 

(50.9%) 

110.9 1.48 108.0 113.8 
56.655 <0.001 

Present 483 (49%) 84.1 2.07 80.13 88.3 

Overall 985 

(100%) 

101 1.404 98.32 103.8 

Microsatellite 
status 

Microsatellit
e stable 
(MSS)  

818  
100.6 1.54 97.59 103.6 

2.082 0.149 

Microsatellit
e instable 
(MSI) 
  

160 
95.07 2.66 89.85 100.2 

Overall 978 
101.5 1.398 98.75 104.2 
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4.2.2  CD3+ and CD8+ T lymphocytes expression and scoring in 

colorectal tumours. 
 

Immunohistochemical staining of CD3 and CD8 biomarkers was conducted on 4000 

colorectal TMA cores. Examples of cores with high and low CD3 and CD8 expression 

are shown in figure 4.2. The distribution of CD3+ and CD8+ T cell expression differs 

from case to case. Figure 4.2 A and B represent high intratumoral and stromal  CD3+ 

and CD8+ Tcell densities, respectively. Furthermore, figure 4.3 C and D represent 

low intratumoral and stromal  CD3+ and CD8+ Tcell densities, respectively.   

   

 

  

 

 

 

 

  

 

 

 

 

 

 

Figure 4. 2 Colorectal TMA cores stained with CD3 and CD8 biomarkers.  

(A) Core with high CD3+ density; (B) Core with high CD8+ density; (C) Core with Low CD3+ 

density; (D) Core with Low CD8+ density. All ×100 original magnification (insets ×400 

magnification) 

B 

C D 

A 
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Moreover, CD3+ and CD8+T cell numbers were counted per area of tumour seen in 

each core using the following formula, which we used in a previously published 

study 360 :            

    

¶ T cell density = Total number of T cells 

                                                   Total size of the area (mm2) 
 
 
 
Intratumoral CD3+ and CD8+ Tcell densities were calculated by counting the total 

number of the positive cells in the area selected with blue (tumour) [shown in figure 

4.3], then divided on the total size of that area. In contrast, stromal CD3+ and CD8+ 

T cell densities were calculated by counting the total number of the positive cells 

between the red (core outline) and blue areas then divided on the size of the stromal 

area (total size of the core minus size of the tumour). The scoring procedure was 

performed using an automated image analysis software (HALO®) due to the large 

size of our cohort (1000 patients, 4000 cores). 
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Figure 4. 3 CD3 and CD8 immunohistochemical staining of FFPE colorectal cancer 
cores using the ABC method.  

Blue indicates specific tumour area; Red indicates total core areas. Cells within the tumour 

area (blue) are considered intratumoral. All other cells were counted as stromal. (A) Core with 

high intratumoral CD3+T cell level; (B) core with low intratumoral CD3+ T cell level; (C) Core 

with high intratumoral CD8+ T cell level; (D) core with low intratumoral CD8+ T cell level.   

 

4.2.3 Training and validating digital image analysis software to count 

positive cells in different tissue segments 
 

New digital pathology approaches have been adopted in recent years to replace 

conventional time-consuming manual scoring methods. Many studies utilised and 

validated HALO® software as a high-throughput and quantitative tissue analysis tool 

371, 372, 373, 374. In this study, HALO software was used to determine immune cell 

densities by classifying different tissue segments (tumour and stroma), and 

A B 

C D 
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automatically counting the number of positive cells within each distinct area and the 

size of that area. HALO® Tissue Classifier procedure is shown in figure 4.4. Tissue 

segmentation was performed using a machine learning algorithm based on texture, 

colour and contextual features of each segment. The software generates reports 

summarising the information (tissue types, number of positively stained cells, area 

size, etc.)  of each core. Software training and generating data were kindly 

performed by Auġrinǟ Nestarenkait and  Arvydas Laurinaviļius from Vilnius 

University in Lithuania. 

 

We manually scored 670 cores out of 4000 to validate HALO® scoring results. 

Intratumoral CD3+ and CD8+ T cell counts from both methods (manual and 

HALO®) were compared using Bland-Altman plots (Figure 4.5 A). These plots 

showed that there was no significant difference (p >0.05) between zero and the mean 

difference of the two measurements for intraepithelial CD3, stromal CD3, 

intraepithelial CD8 and stromal CD8. The agreement bais with 95% confidence 

intervals (bais, SD±1.96) for intraepithelial CD3, Stromal CD3, intraepithelial 

CD8 and Stromal CD8 were [-1.405, (-7213,+69.32)], [-36, (-219.6,+146.4)], 

[- 1.129, (-27,+25.32)] and [-9.7, (-78.38,+58.96)], respectively. Also, we 

used Pearson correlation and linear regression plots (Figure 4.5.B) and found a 

significant positive correlation (Pearson, r > zero ) between the manual scoring 

and HALO® scores  for intraepithelial and stromal CD3+ and CD8+ T cells 

(P<0.0001). 
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Figure 4. 4 Colorectal TMA cores classified using HALO® Tissue Classifier into three 
areas. 

Red ï tumour; green ï stroma; black ï background. Tissue types identification was based 

on texture, colour and contextual features. HALO software was trained to automatically 

count the number of positive cells within each distinct area and the size of that area. 
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Figure 4. 5  Evaluation of the agreement between HALO and manual scoring methods 
using 

(A) Bland-Altman plots with 95% confidence intervals on the limits of agreement and (B) 

Pearson correlation and linear regression plots for intraepithelial CD3, stromal CD3, 

intraepithelial CD8 and stromal CD8 manual counts vs HALO counts. R represents Pearson 

correlation co-efficient; p value <0.05 (shows a significant difference between zero and r) ; 

R2 (co-efficient of determination) evaluates the scatter of the data points around the fitted 

regression line (red dotted line).    

A B 



 

133 
 

 

4.2.4 Data distribution of CD3+ and CD8+ T cell densities in different 

tumour locations  
 

Normality distribution tests were conducted to choose the most appropriate statistical 

analysis tests accordingly. We tested eight variables (Intratumoral CD3+ T cells and 

intratumoral CD8+ T cells in LS, CT, IM and adjacent normal tissue). A summary of 

normality distribution tests is shown in table 4.2. Z-values of Skewness and Kurtosis 

tests were more than 1.96, which indicates the data differ significantly from normality. 

375 Shapiro-Wilkôs test with p values <0.05 for all variables and the visual inspection 

of their histograms (figure 4.6) showed that intratumoral CD3+ and CD8+Tcell 

densities in LS, CT, IM and adjacent normal tissue were non-normally distributed 

(Skewed distribution).  

 

Table 4. 2 Normality distribution tests of intratumoral CD3+ and CD8+T cells in LS, CT, 
IM and adjacent normal tissue. Skewness, Kurtosis and Shapiro-Wilkôs tests were 
used to identify the normality of the distribution. Z-values >1.96 and p values <0.05 
indicates that the data differ significantly from normality (non-normal distribution). 

 

 Tumour 

region  

skewness Kurtosis Shapiro-Wilk  

statistics Std. 

error 

z- 

vlaue 

statistics Std. 

error 

z- 

vlaue 

statistics Sig. 

Intratumoral 

CD3+ T 

cells 

LS 3.822 .085 44.9 22.269 .17 130.9 .617 <.001 

CT 4.475 .086 52.03 32.251 .171 188.6 .574 <.001 

IM 4.383 .085 51.6 25.849 .171 151.1 .553 <.001 

Adjacent 
normal 
tissue  

9.043 .085 106.4 138.763 .17 816.2 .494 <.001 

Intratumoral 

CD8+ T 

cells 

LS 3.659 .083 44.08 16.323 .167 97.7 .553 <.001 

CT 4.091 .085 48.12 20.322 .17 119.5 .510 <.001 

IM 5.123 .085 60.27 34.883 .17 205.1 .454 <.001 

Adjacent 
normal 
tissue 

3.733 .088 42.4 20.742 .176 117.8 .661 <.001 

 
 



 

134 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

 
 
  
 
  
 
 
 
 
 
 
  
 
 
 
 
 
 

 

Figure 4. 6 Positively skewed histograms of intratumoral CD3+ and intratumoral CD8+ 
T cell densities in LS, CT, IM and Adjacent normal tissue.  

 

 

 



 

135 
 

 

4.2.5 Survival prediction of intraepithelial and stromal CD3+ and CD8+ T 

cells  within three different tumour regions and adjacent normal tissue  
 

The prognostic value of tissue infiltrating CD3+ and CD8+T cells in the tumour nest 

and stroma has been previously reported in CRCs patients. 236, 360 Moreover, Galon 

et al.239, 366 performed a single regional analysis in two tumour regions (CT and IM) 

for CD3+ and CD8+ T cells each separately. They observed that high CD3+ or CD8+ 

T cell levels in either tumour region were associated with better patient survival rates. 

In continuous with these findings, the research of CD3+ lymphocytes heterogeneity, 

distribution and functional impact within the tumour was expanded in this study by 

performing a single regional analysis of CD3+ and CD8+T cell densities in LS, CT 

and IM tumour regions and the adjacent normal tissue from each patient. Similar to 

Galon et al.239 and Anitei at el.366, the minimum p-value approach was applied to 

obtain the cut-off points which give the best separation between the groups of patients 

(low vs. high) related to their disease-free survival outcome.  The cut-off points for 

CD3+ and CD8+cell densities for LS, CT, IM and the adjacent normal tissue were 

estimated and used to divide patients into low and high groups of CD3+ and CD8+ 

infiltration. The expression of intraepithelial and stromal CD3+ and CD8+ 

lymphocytes in all regions, the number of patients in each group, mean survival data 

and cut-off values are summarised in table 4.3 and table 4.4.  

       

Kaplan-Meier plots and the log-rank p-values in figure 4.7 and 4.8 show that the 

presence of high intraepithelial or stromal CD3+ cells or CD8+ T cell levels in LS, CT 

and IM regions correlate with improved disease-specific survival compared with low 

levels (P-values <0.05 were considered statistically significant). In contrast, no 

significant difference between high and low CD3+ or CD8+ cell infiltration were 

observed in the adjacent normal tissue. 
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Table 4. 3 Expression level of intraepithelial and stromal CD3+ T cells in LS, CT, IM 
and Adjacent normal tissue with mean survival (months) and cut-off values for all 
patient groups. CRC patients were categorised into high and low-density groups 
according to the cut off points of CD3 T cell density in each tumour location.                                    
[DSS: Disease-specific survival]   

 

 

 

 

 

 

 

 
 
 

Expression  Number Mean 
DSS 
(Months) 

Mean 
survival 
difference 
(Months) 

Cut off 
point 
(cells/mm2) 

 
LS 

 
 
 

Intraepithelial 
CD3+ T cells 

Low 
 
 

89 79.3 24.5 <=8.9  
 

High 
 
 

741 103.8 

Stromal 
CD3+ T cells 

Low 
 

493 98.9  3 <=814 

High 
 

335 101.9 

 
CT 

Intraepithelial 
CD3+ T cells 

Low 
 
 

432 91.7 16 <=132.32 

High 381 107.7 

Stromal 
CD3+ T cells 

Low 
 

531 91.9 19.7 <=826 

High 
 

285 111.6 

 
IM 
 
 

Intraepithelial 
CD3+ T cells 

Low 
 

415 91.3 14.7 <=121.2 

High 402 106 

Stromal 
CD3+ T cells 

Low 
 

414 87.9 21.9 <=527 

High 418 109.8 

 
Adjacent 
normal 
tissue 

 
 

Intraepithelial 
CD3+ T cells 

Low 
 

176 94.3 7.3 <=180 

High 
 

654 101.6 

Stromal 
CD3+ T cells 

Low 305 92.2 11.4 <=582 

High 
 

532 103.6 
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Table 4. 4  Kaplan-Meier survival analysis of correlations between expression of 
intraepithelial and stromal CD8+T cells in LS, CT and IM and adjacent normal tissue 
and disease-specific survival. CRC patients were categorised into high and low-
density groups according to the cut off points of CD8 T cell density in each tumour 
location.  [DSS: Disease-specific survival]    

 

 

 

 Expression  Number Mean DSS 
(Months) 

Cut off point 
(cells/mm2) 

      
         LS 
 
 
 

Intraepithelial 
CD8+ T cells 

Low 
 

331 89.6 <= 17 

 
High 
 

529 105.4 

Stromal CD8+ T 
cells 

Low 
 

746 99.5 <=585 

High 
 

104 107.1 

      
         CT 

Intraepithelial 
CD8+ T cells 

Low 

 
585 96.4 <=85 

High 

 
238 104.6 

Stromal CD8+ T 
cells 

Low 
 

666 98.5 <=382 

High 
 

160 103.9 

     
 
         IM 
 
 
 
 

Intraepithelial 
CD8+ T cells 

Low 

 
710 98.3 <=260 

High 

 
113 105.7 

Stromal CD8+ T 
cells 

Low 
 

641 96.7 <=325 

High 209 105 

 
Adjacent 
normal 
tissue  

 
 

Intraepithelial 
CD8+ T cells 

Low 
 

377 96.6 <=115 

High 
 

393 99.3 

Stromal CD8+ T 
cells 

Low 
 

183 92.1 <=105 

High 
 

595 102.3 
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Figure 4. 7 Kaplan-Meier plots for disease-specific survival for intraepithelial and 
stromal CD3+T cells in three tumour regions 

 Intraepithelial and stromal infiltration of CD3+ T cells was significantly associated with DFS 

of CRC patients in the three tumoural regions but not the adjacent normal tissue. Log-rank 

test was used to test the statistical significance. p-value <0.05 was considered significant. 

LS: Luminal area; CT: Centre of the Tumour; IM: Invasive Margin and adjacent normal 

tissue. 

p<0.001 

p<0.001 p<0.001 

p<0.001 p<0.001 

p=0.812 p=0.063 

p=0.006 
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Figure 4. 8 Kaplan-Meier plots for disease-specific survival (DFS) for intraepithelial 
and stromal CD8+T cells in three tumour regions 

Intraepithelial and stromal infiltration of CD8+T cells was significantly associated with DFS of 

CRC patients in the three tumoural regions but not the adjacent normal tissue. A log-rank 

test was used to test the statistical significance. P-value <0.05 was considered significant. 

LS: Luminal area; CT: Centre of the Tumour; IM: Invasive Margin and adjacent normal 

tissue. 

 

p=0.001 p<0.001 

p<0.001 p=0.002 

p<0.001 p<0.001 

p=0.286 p=0.255 
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4.2.6 Relationship between intratumoral CD3+ and CD8+ Tcell density 

and tumour recurrence within different tumour locations 

 

The association between high CD3+ and CD8+ T cell infiltrates and lower frequency 

of tumour recurrence has been reported in several studies. 235, 376, 377 Galon and 

colleagues 239 compared the densities of CD3+and CD8+ T cells in CT and IM regions 

from patients with tumour recurrence and patients without tumour recurrence. They 

found that patients without recurrence had higher CD3+ and CD8+ T cell densities in 

each tumour region (CT and IM) than patients whose tumours had recurred. In order 

to confirm and expand on these findings, the median of CD3+ and CD8+ T cell 

densities in four tumour regions (LS, CT, IM and adjacent normal tissue) were 

estimated and compared between patients with tumour recurrence and 

patients without recurrence. Expectedly, the median of CD3+ and CD8+ T cell 

densities in LS, CT and IM regions was significantly higher in patients with no 

recurrence compared to the others (Figure 4.9. A and B). In contrast, no significant 

difference between the medians of the two patient groups was observed in the 

adjacent normal tissue. Mann Whitney (non-parametric) test was performed for this 

comparison, and p values < 0.05 were considered statistically significant. 
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Figure 4. 9 Comparison of the median of (A) CD3+ T cell densities and (B) CD8+ T cell 
densities in the LS, CT, IM and Adjacent normal tissue from patients with tumour 
recurrence (red bars) or without tumour recurrence (black bars). The density of the 
cells was recorded as cells per mm2. The middle line represents median densities.   
Mann Whitney U test was used for statistical comparisons. p-values <0.05 were 
considered statistically significant. (**** represents p Ò 0.0001, NS: non significant ) 
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4.2.7 Immunoscore and combined regional analysis of intraepithelial 

CD3 and CD8 T cell densities in LS, CT and IM  regions  

 

The role of Immunoscore as a predictive marker that supports and outperforms the 

AJCC/UICC TNM classification was evident in colorectal cancer by many studies. 241, 

356, 366, 377 Thus, direct replication of the previous research and results of the 

Immunoscore and its association with patientsô disease-free survival was performed 

on the new colorectal cohort to ensure data consistency and validate the scoring 

methods of this study. Patients were stratified according to their Immunoscore from 

I0 to I4. The classification was dependent on the total number of high densities 

observed (Figure 4.10 A). For example, the Immunoscore of patients with high 

densities of CD3+ and CD8+ T cells in CT and IM regions (4-Hi) was referred to as 

I4. Tumours with three high densities were classified as I3, and patients with low 

densities of both markers in CT and IM regions were referred to as I0 (0 Hi). 242, 366  

KaplanïMeier plot (Figure 4.10 B) visualises the differences between disease-free 

survival for different Immunoscore categories (I0-I4). The log-rank test was used to 

calculate the significance among patient groups. Significant differences between 

patient groups for survival times were observed between different Immunoscore 

categories (p <0.001). Patients with Immunoscore (I4) had prolonged survival time in 

comparison to other categories. Whereas, patients with Immunoscore (I0) 

experienced the poorest clinical outcome. Moreover, a combined regional analysis 

for each marker (CD3+ and CD8+) was conducted and expanded by combining the 

immune cell densities in three tumour regions (LS, CT and IM) instead of CT and IM 

regions only. 239, 366  
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Figure 4. 10 Combined regional analysis of intra-epithelial CD3 and CD8+ T cell 
densities in LS, CT and IM  regions.  

(A) The Immunoscore stratifies tumour cores based on both CD3 and CD8 densities in CT 

and IM. The score ranges from (I0 to I4) depending on the total number of high densities 

observed of the two markers in two tumour regions. (Adapted from Galon.et al., 2012 242)  

(B) Kaplan-Meier curve showing the duration of disease-specific survival for Immunocore 

strata (I0, I1, I2, I3, I4). p values less than 0.05 were considered significant.  (C) and (D) 

represents the combined analysis of intraepithelial CD3 and CD8 density in LS, CT and IM 

regions, respectively: orange line indicates high densities in all regions; green line indicates 

heterogeneous densities (2 regions with high density and one with low density); pink line 

A 

 

B Immunoscore Survival  

Intraepithelial CD3+T cells Intraepithelial CD8+T cells C D 

Hi Hi Hi Hi 

Hi Hi Hi 

Hi Hi 

Hi 

I4 

I3 

I2 

I1 

I0 

Immunoscore 

Lo 

Lo Lo 

Lo Lo Lo 

Lo Lo Lo Lo 

P=0.000 

I4 

I3 

I2 

I1 

I0 

CD3 & CD8 in CT & IM regions 

Hi   Hi   Hi     

 Het (2Hi,1Lo)   

Het (1Hi, 2Lo)   

P=0.000 

LS CT IM 

LS CT IM 

Lo  Lo  Lo     

P=0.000 

Hi   Hi   Hi     

 Het (2Hi,1Lo)   

Het (1Hi, 2Lo)   

LS CT IM 
Lo  Lo  Lo     

LS CT IM 

p<0.001 

p<0.001 p<0.001 
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indicates heterogeneous densities 2 regions with low density and one with high density; blue 

line indicates low density in all regions. 

 
 
According to the combined regional analysis, patients were divided into four groups: 

patients with high density of a marker in LS, CT and IM regions were classified ( HiLS 

HiCT HiIM ); patients with low density of such marker in all tumour regions were 

classified ( LoLS LoCT LoIM ); patients with heterogenous density (high density in two 

regions and low in one region) were classified ñ(2Hi,1Lo)ò  and patients with 

heterogenous density (high density in one region and low in two regions were 

classified ñ(1Hi,2Lo)ò. KaplanïMeier plots (Figure.10 C and D) indicate that the 

combined regional analysis of immune cells in LS plus CT plus IM regions is more 

efficient to discriminate patientôs outcome in comparison to single region analysis. 

Patients with high densities in all regions showed better association with patientsô 

disease-free survival time compared to other patient groups ( log-rank test, p <0.000)    

 
 
 
4.2.8 Significant association of average CD3 and CD8 densities from 

three tumour regions and patient disease-free survival  
 

Average CD3+ and CD8+ T cell densities in the tumour nest and stroma from LS, CT 

and IM regions were estimated to minimise the effect of immune cells heterogeneity 

and distribution on the prognostic role of CD3+ and CD8+ T cells on CRC patientsô 

survival. The difference in survival probability between patients with low and high 

average density of  Intraepithelial CD3+ T cells, stromal CD3+ T cells, Intraepithelial 

CD8+ T cells and stromal CD8+ T cells are shown in Figure 4.11.  High average 

densities of intraepithelial and stromal CD3+ and CD8+ T cells were associated with 

improved survival compared to low average density of these markers. The association 

was statistically significant as the p values of the log-rank test were less than 0.05. 
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Figure 4. 11 The association of average CD3 and CD8 T cell densities from three 
tumour regions and patient disease-free survival.   

Kaplan-Meier graphs for the duration of DFS according to (A) and (B) average of 

intraepithelial and stromal CD3+ cell density from LS, CT and IM tumour regions. (C) and (D)              

average of intraepithelial and stromal CD8+ T cell density from LS, CT and IM tumour 

regions. Log-rank test was used to test the statistical significance. P-value <0.05 was 

considered significant. 

 
 
 
 

Average Intraepithelial CD3+T cells Average Stromal CD3+T cells 

Average Stromal CD8+T cells Average Intraepithelial CD8+T cells 

High  (n)= 632                                 

Low (n)=  340                                   

Cutoff point (70 cell/mm2)                            

P<0.001 

High (n)= 296                            

Low (n)=  676                             

Cutoff point (977 cell/mm2)                                                       

P<0.001 

High (n)= 272                             

Low (n)= 706  Cutoff 

point (299 cell/mm2)                             

P<0.001 

High (n)= 204                            

Low (n)=774                            

Cutoff point (165 cell/mm2)  

P<0.001 

A B 

C D 



 

146 
 

 
4.2.9 Correlation between intraepithelial CD3+ and CD8+T cells within 

different tumour regions and adjacent normal tissue 
 
Following the above results, Chi-square tests were used to identify the correlations 

between CD3+ and CD8+ T cells within different tumour regions and the adjacent 

normal tissue. A strong correlation was seen between the average density of CD3+ 

and CD8+T cells from the three tumour regions (P<0.001; table 5). One hundred 

eighty-five tumours (94%) showed dense infiltrate of CD3+ and CD8+ T cells, while 

only 11 (6%) had a low level of CD3+ TILs and high CD8+ T cells. In contrast, 324 

tumours (42%) had a low density of both markers. The correlation between CD3+ and 

CD8+T cells in the adjacent normal tissue was statistically significant (P<0.001; table 

4.5). However, no significant correlation between CD3+ and CD8+T cells was found 

when one was in the tumour regions, and the other was in the adjacent normal tissue.  

 

 
Table 4. 5 Correlations between average Intraepithelial CD3+ and CD8+ T cell 
densities from LS, CT and IM regions, and Intraepithelial CD3+ and CD8+ T cells in the 
adjacent normal tissue. The average density of each maker was calculated by dividing 
the total cell number of all tumour regions into the total tumour areas.  Pearson's ɢ2-

tests were used to determine the significance of the correlation between different 
markers. p- values <0.05 were considered statistically significant.      

 

 Average Intraepithelial  
CD8+ T cells  

CD8+ T cells in adjacent 

normal tissue  

Low (%) High (%) P-

value 

Low (%) High (%) P-Value  

Average 
Intraepithelial  
CD3+ T cells  

 
Low  

324 (42%) 11 (6%) <0.001 137  
(37%) 

119  
(31%) 

0.080 

 
High 

441 
(58%) 

185 
(94%) 

233  
(63%) 

265  
(69%) 

CD3+ T cells in 

adjacent normal 

tissue 

 

Low  
142 

(21.8%) 

30 

(17.9%) 

0.262 101 
(27.8%) 

39 
(10.1%) 

<0.001 

 

High 
509 

(78.2%) 

138 

(82.1%) 

263 
(72.2%) 

347 
(89.9%) 
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4.2.10 Correlations with clinicopathological criteria and multivariate 

Cox regression models of average intraepithelial CD3+T cells and 

CD8+T cells in CRCs 

 
The correlation of clinicopathological data with the average expression of CD3+ and 

CD8+T cells in the tumour nest is shown in table 4.6. A positive association was found 

between the prevalence of CD3+ and CD8+T cells, and microsatellite instability 

(p<0.001),  the absence of regional lymph node metastasis (p<0.001), right-sided 

colon tumours (p= 0.023; p= 0.002, respectively.), lower TNM stage (p<0.001) and 

the absence of extramural vascular invasion (p<0.001). Also, a  positive correlation 

was observed between the average intraepithelial and stromal CD3+ T cells 

(p<0.001), indicating that the more T cells found in the tumour tissue, the more likely 

T cells were to be found in the surrounding stroma. This observation is consistent with 

previously published data. 360 A similar significant correlation was seen between the 

average intraepithelial and stromal CD8+ T cells (p<0.001) 

 

A multivariate Cox regression model integrating the influences of extramural vascular 

invasion, TNM stage, tumour grade and microsatellite status with intraepithelial CD3+ 

T cells, adjusting for their collective effect, indicates that the latter factor maintained 

its significant influence on prognosis (table 4.7) (HR=0.639, 95% CI 0.44 to 0.93; 

p=0.021). As CD3+ T cells, the expression of CD8+ T cells in the tumour tissue was 

shown to be a prognostic factor independent of the clinicopathological characteristics 

in table 4.8. (HR=0.38, 95% CI 0.195 to 0.74; p=0.004) 
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Table 4. 6 Summary of the correlations between clinicopathologic features (sex, age, 
N -Regional lymph nodes, metastases, primary tumour location, TNM stage, 
extramural vascular invasion and microsatellite status) and the expression of average 
Intraepithelial CD3+ and average Intraepithelial CD8+T cells in colorectal cancer. 
Pearson's ɢ2-tests were used to determine the significance of the correlation between 
different markers. p- values <0.05 were considered statistically significant.       

 Average Intraepithelial CD3+ T 

cells  

Intraepithelial CD8+ T cells  

Low (%) High (%) P-

value 

Low (%) High (%) P-

Value  

Sex                          
Male  
female 

 
244 (44.6) 
189 (44.3) 

 
303 (55.4) 
238 (55.7) 
 

 
0.914 

 
456 (82.6) 
339 (79.6) 

 
96 (17.4) 
87 (20.4) 

 
0.228 

Age diagnosis  
<=69 
>69 

 
223 (45.3) 
210 (43.6) 

 
269 (54.7) 
272 (56.4) 

 
0.581 

 
403 (81.6) 
392 (81) 

 
91 (18.4) 
92 (19) 

 
0.814 

Tumour site  
Right colon  
Left colon 
Rectal  
unknown 

 
179 (39.3) 
175 (50) 
66 (46.8) 
13 (46.4) 

 
276 (60.7) 
175 (50) 
75 (53.2) 
15 (53.6) 

 
0.023 

 
348 (76.7) 
300 (85.2) 
123 (86) 
24 (82.8) 

 
106 (23.3) 
52 (14.8) 
20 (14) 
5 (17.2) 

 
0.002 

Tumour grade 
(differentiation) 
well 
Moderate 
poor 

 
 
6 (30) 
393 (45.5) 
33 (37.1) 
 

 
 
14 (70) 
471 (54.5) 
56 (62.9) 

 
 
0.204 

 
 
19 (100) 
708 (81.6) 
67 (74.4) 

 
 
0 (00) 
160 (18.4) 
23 (25.6) 

 
 
0.097 

Microsatellite status 

Negative  

Positive  

 
392 (48.9) 
34 (21.7) 

 
409 (51.1) 
123 (78.3) 

 
<0.001 

 
683 (85.1) 
99 (62.7) 

 
120 (14.9) 
59 (37.3) 

 
<0.001 

Vascular invasion 

Absent 

Present  

 
163 (33.3) 
266 (56.6) 

 
326 (66.7) 
204 (43.4) 

 
<0.001 

 
373 (76) 
412 (87.1) 

 
118 (24) 
61 (12.9) 

 
<0.001 

TNM stage 
1 
2 
3 
4 
 

 
43 (27.7) 
163 (41.8) 
160 (50.8) 
67 (58.8) 

 
112 (72.3) 
227 (58.2) 
155 (49.2) 
47 (41.2) 

 
<0.001 

 
115 (72.3) 
312 (79.2) 
268 (85.6) 
100 (89.3) 

 
44 (27.7) 
82 (20.8) 
45 (14.4) 
12 (10.7) 

 
<0.001 

N -Regional lymph 

nodes 

N0 (no lymph node 
metastasis)       
N1 (Regional lymph 
node metastasis) 

 
 
 
219 (39.7) 
 
212 (53.1) 

 
 
 
332 (60.3) 
 
187 (46.9) 

 
 
 
<0.001 

 
 
 
433 (77.6) 
 
344 (86.6) 

 
 
 
125 (22.4) 
 
53 (13.4) 

 
 
 
<0.001 
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Table 4. 7  Multivariate Cox regression analysis model for vascular invasion, TNM 
stage, tumour grade, MSI status and average Intraepithelial CD3+ T cells. Multivariate 
analysis was performed by Cox regression proportional hazard analysis to test for 
confounders and the predictive independency of Intraepithelial CD3+ T cell infiltration 
from standard prognostic/predictive factors. The log-rank test was used to test for 
significance. p- values <0.05 were considered statistically significant.    

 

 

 

 

 

 
Table 4. 8 Multivariate Cox regression analysis model for vascular invasion, TNM 
stage, tumour grade, MSI status and average Intraepithelial CD8+ T cells. Multivariate 
analysis was performed by Cox regression proportional hazard analysis to test for 
confounders and the predictive independency of Intraepithelial CD8+ T cell infiltration 
from standard prognostic/predictive factors. The log-rank test was used to test for 
significance. p- values <0.05 were considered statistically significant.    

  

                                                                           

 

4.3 Discussion   
 
The present study demonstrated a comprehensive analysis of CRC patients cohort, 

to validate the prognostic value of the clinicopathological parameters and immune cell 

heterogeneity in colorectal tumours. A significant influence on patientsô survival was 

observed with tumour stage, grade and the absence or presence of vascular invasion. 

The majority of these predictive factors were reported previously by several studies. 

Variable  HR 95% CI p-value 

Lower Upper 

TNM stage 3.304 2.561 4.263 <0.001 

Vascular invasion 1.464 0.967 2.217 0.071 

Tumour grade 1.946 1.15 3.294 0.013 

MSI status 0.816 0.429 1.551 0.535 

Intraepithelial CD3 T 
cells  

0.582 0.406 0.833 0.003 

Variable  HR 95% CI p-value 

Lower Upper 

TNM stage 3.266 2.514 4.243 <0.001 

Vascular invasion 1.472 0.963 2.25 0.074 

Tumour grade 2.114 1.248 3.583 0.005 

MSI status 0.90 0.478 1.696 0.745 

Intraepithelial CD8 T 
cells  

0.38 0.195 0.740 0.004 
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360, 370 Digital image analysis software (HALO®) was utilised to estimate immune cell 

densities in a timely and efficient manner. HALO® scoring was validated by a 

manually scored sample group (n=670 cores). Consequently,  HALO® was 

considered as a reliable and reproducible scoring method.  

 

As the immune infiltration in tumours is heterogeneous 356, 358, 367, this study 

investigated the role of intraepithelial and stromal CD3+ and CD8+ T cells in three 

different regions of the tumour and the adjacent normal tissue. The results of the 

single regional analysis for each location showed a significant association of 

intraepithelial and stromal CD3+ and CD8+ T cells with disease-free survival time 

when these markers were present in any region within the tumour but not in the 

adjacent normal tissue. In line with this observation, high intraepithelial CD3+ and 

CD8+ T cell infiltrate in LS, CT and IM regions were found in patients without tumour 

recurrence.  Whereas, no relationship was seen between intraepithelial CD3+ and 

CD8+ T cell densities in the adjacent normal tissue and tumour recurrence. The 

prognostic value of Immunoscore and combined regional (LS plus CT plus IM) 

analysis of intraepithelial CD3+ and CD8+ T cell densities were demonstrated and 

shown to have an additive beneficial impact on predicting patientsô survival over the 

single regional analysis of each tumour location.   

 

Furthermore, the average densities of intraepithelial and stromal CD3+ and CD8+ T 

cells in all tumour regions were significantly associated with disease-free survival time 

depending mainly on immune cell density and excluding the distribution effect of these 

cells. The correlation between intraepithelial CD3+ and CD8+ T cells was shown to 

be statistically significant only when both the markers are present within the tumour 

regions or the adjacent normal tissue. Some of the prognostic clinicopathological 

parameters of this study were significantly associated with intraepithelial CD3+, and 
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CD8+ T cells present in the tumour regions. However, it was shown that these 

biomarkers (CD3 and CD8) are independent prognostic factors  

 

The synergistic or opposing effects of the immune cell populations infiltrating human 

tumours may affect tumours differently depending on their molecular type and 

histological, their stage, the nature of the primary tumour or its metastases, or the 

microenvironment of the organ in which they grow. Additionally, the effect of each 

factor may be buffered by the existence of other immune cell populations at different 

densities. Hence, a comprehensive analysis to integrate immune cell-associated, 

tumour cell-associated, and microenvironment-associated parameters with clinical 

data (including treatment history, staging evolution and tumour histology) from large 

patient cohorts is required. 358, 378 In this study, a newly constructed, large cohort 

(n=1000) of CRC patients was analysed to assess the prognostic role of CD3+ and 

CD8+ infiltrates in patientsô clinical outcome and to validate the predictive value of 

some clinicopathological parameters previously known as prognostic factors, to 

confirm the accuracy and efficacy of the scoring method and the analysis used in the 

current study.  

In recent years, digital image analysis has emerged as a reliable, less time-

consuming and reproducible alternative to manual scoring. 373 Several studies show 

high concordance between digital image analysis and manual scoring, especially with 

small tumour areas like tissue microarrays (TMAs) cores. 379, 380, 381 Therefore, a digital 

image analysis tool called (HALO®) was used in the study cohort, which consisted of 

4000 TMA cores representing 1000 CRC patients. The software was trained to count 

CD3+ and CD8+ T cells within different tissue types (tumour tissue or stroma).  In 

order to validate HALO scoring results, more than 15% of the study cohort was scored 

manually. HALO® scores significantly agreed and correlated with the manual scores 

of the sample group. As a result, this tool was utilised as the main scoring method for 

the whole cohort.  
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The effect of the host immune response on tumour recurrence, metastasis and 

invasion was evident by performing analyses of the in situ immune components and 

how these are distributed within human tumours. Indeed, immune infiltrates are 

heterogeneous between tumour types and are very diverse from patient to patient. 358 

Accordingly, Galon et al. studied a series of tumours and concluded that the density, 

type and location of immune cells in CRC had better prognostic value than TNM stage 

classification. 240 Subsequently, several studies continued to investigate the previous 

observation by measuring the density of immune cells, and their distribution in the 

tumour core (CT) and the invasive margin (IM) of the tumour 239, 242, 356, 366, 377, and 

some were interested with the distance metastases of CRCs. The superiority of 

combined regional (CT plus IM) analysis over a single analysis of CD3+ and CD8+ T 

cells in each region in predicting the disease-free survival in CRC patients, had 

contributed to develop the Immunoscore, which can be measured by combining the 

density of CD3+ and CD8+T cells in the CT and IM regions. 356 Due to the prognostic 

impact of Immunoscore in patients with colon cancer, patients were stratified 

according to their immunoscore (I0 to I4) in the current study. Similar to the findings 

by Kirilovsky at el. 356 and Anitei at el. 366, a significant difference in patient survival 

time was shown between patients with different immunoscore, with an increase in 

disease-free survival time from I0 to I4. 

 

 Although a sufficient number of studies investigated immune cell density and 

distribution in CT and IM regions, there is a paucity of data regarding other sites of 

the tumour (such as the Luminal side of the tumour) or the normal epithelial tissue 

surrounding colorectal tumours. Therefore, the work of Galon and colleagues239 was 

continued and expanded by measuring single and combined regional analysis of 

CD3+ and CD8+ T cells for LS, CT and IM tumour regions and the adjacent normal 

tissue of each tumour. In compliance with previous research and results, it was 
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shown, by performing the single regional analysis, that high intraepithelial and stromal 

CD3+ and CD8+ T cell infiltration in LS, CT or IM regions is associated with better 

clinical outcome. In contrast, the presence of dense intraepithelial and stromal CD3+ 

and CD8+ T cell infiltration in the adjacent normal tissue had no significant influence 

on patientsô survival. This observation indicates that CD3+ and CD8+ T cells are 

considered as prognostic factors when they are located at any site within the tumour 

tissue (epithelium or stroma). Nevertheless, the predictive importance of the immune 

cells diminishes when found in the adjacent normal tissue from the tumour epithelium. 

 

The present study illustrated that for each biomarker (CD3 and CD8), the combined 

analysis of LS plus CT plus IM regions improved the accuracy of prediction of DFS 

time for the different patient groups when compared to single-region analysis. 

Interestingly, patients were stratified into four distinctive groups by adding the immune 

cells density information of LS region into the combined analysis, showing better 

separation between the groups of patients according to DFS outcome in comparison 

to the combined analysis of two tumour regions (CT and IM) preformed by previous 

studies.239, 366, 367  

 

A number of studies have been done to study the correlations between different types 

of immune cells, immune cells in different tissue types (epithelium and stroma), and 

immune cells and clinicopathological parameters.235, 237, 360, 376, 382 Thus, the average 

density of intraepithelial and stromal CD3+ and CD8+ in LS, CT and IM regions were 

estimated, in order to minimise immune cell heterogeneity and distribution effect, and 

to compare the correlations performed in the current study with the literature. Our 

data have shown a strong positive correlation between intratumoral and stromal 

CD3+ cells, and the same observation was noted for  CD8+ T cells. These 

observations align with Simpson et al. findings.360 However, the same study 

suggested that the presence of high immune cell infiltration in the stromal area does 
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not correlate with patients survival. The opposite of this was shown in the current 

study, that is, high infiltration of CD3+ and CD8+ T cells in the stroma was associated 

with prolonged survival time in CRC patients. We believe that the reason for the 

contradictory results is that Simpson and colleagues used a semiquantitative scoring 

method in which cases were classified visually, according to the density of CD3+ cell 

infiltration in the stroma, as sparse, moderate or dense. In contrast, in the present 

study, validated automated software was used to measure the density of CD3+ cells 

by counting the number of cells per stromal area. Therefore, we suggest that our 

observation is more accurate and reproducible in comparison to the other.   

 

 A significant positive correlation between intraepithelial CD3+ and CD8+ T cells was 

shown in this study when both markers were present in any site of tumour regions or 

the adjacent normal tissue. However, no correlation was found between CD3+ cells 

density within the tumour tissue and CD8+ T cell density in the adjacent normal tissue, 

indicating that CD3+ and CD8+ T cell proportions correlate only when both are 

present in the same tissue type (cancerous or normal tissue). Although some 

clinicopathological parameters such as TNM stage, extramural vascular invasion, 

regional lymph node metastasis and microsatellite instability were shown to be 

strongly associated with the prevalence of CD3+ and CD8+T infiltrates, the results of 

intraepithelial CD3+ and CD8+ T cell Cox regression models indicate that these 

markers retained their significant influence on prognosis and were identified as 

independent prognostic factors. 
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Chapter 5: Investigating the predictive value of CD103 
biomarker in colorectal cancer patients 

 

 

5.1 Introduction 

 
Accumulating evidence has shown the value of tumour-infiltrating lymphocytes (TIL) 

as a diagnostic, prognostic, and predictive biomarker in a wide range of cancers239, 

246, 383, particularly in colorectal cancer. 236, 360 Among different TIL types, CD8+ TILs 

are the major anti-tumour effector cells due to their direct role in killing the cancer 

cells by releasing cytotoxic molecules and cytokines. 384, 385  However, it was believed 

that some intratumoral CD8 T cells are not active participants in the immune response 

to the tumour and were considered as bystanders, while the ones which are 

functionally relevant to the anti-tumour response cells are CD8 cells that have recently 

engaged antigen (cytotoxic effector T cells) or previously engaged antigen (tissue-

resident T cells).386 In compliance with that, Ganesan et al. performed transcriptomic 

profiling of tumour-infiltrating CTLs from treatment-naive patients with lung cancer. It 

was shown that tumours with high TIL infiltration were associated with the 

upregulation of transcripts encoding products involved in TCR activation, concordant 

with the enrichment for presumed tumour-associated antigens specific CD8+T cells. 

They also found that tumours with a high CTL infiltration showed enrichment for 

transcripts linked to Tissue-resident T cells, such as CD103.246 

Tissue-resident memory T cells (TRM) is an important subclass of TILs. Unlike the 

effector memory T cells that recirculate in the blood and can enter peripheral lymph 

nodes and non-lymphoid tissues, TRM cells influx peripheral tissues during primary 

responses and persists there (non-recirculating). In addition to their unique migratory 
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pattern, TRM cells express receptors and integrins such as CD69 and CD103 that 

help them maintain in tissue and distinguish them from circulating memory T cells. 385  

CD103 also referred to as (Integrin ŬE ), binds to the epithelial cell marker E-cadherin, 

hence favouring the location and retention of TRM in epithelial tumour regions in close 

contact with malignant cells. The CD103-E-cadherin interaction not only induces 

antigen recognition by enhancing T cell adhesion to certain cancer cells but also, 

promotes co-stimulation in activated cytotoxic T cells via the cooperation between the 

triggering signals and signalling mediated by TCR. 387   

An increased number of studies in various human cancers have shown a positive 

correlation between the presence of CD103+ population in the tumour tissues and 

survival of cancer patients. For example, a study carried out by Webb and colleagues 

showed that dense infiltration of CD103+ cells in the tumour was strongly associated 

with overall patient survival in high-grade ovarian cancer. 252 Moreover, Wang et al. 

presented that the presence of CD103+ tumour infiltrating lymphocytes is associated 

with tumour grade, size and ER/PR status of breast cancer, especially in basal like 

subtype. It should be noted that the same study claimed that CD8 status of tumour 

infiltrating lymphocytes showed less significant associations. In contrast, dual IHC 

staining for CD8+ and CD103+ tumour infiltrating lymphocytes proved to be a strong 

prognostic marker for relapse-free and overall survival. Similarly, the predictive value 

of CD103+ T cells was also demonstrated in non-small-cell lung cancer, bladder 

cancers, colorectal cancer and cervical cancer. 247, 248, 249, 388  

In colorectal cancer, several studies investigated the genomic, genetic and immune 

landscapes of the right-sided colon, left-sided colon and rectal cancers which may 

affect the clinical behaviour and patient treatment plan for each site. Many studies 

have reported that higher rates of microsatellite instability (MSI) and increased 

mutational burden was observed in right-sided colon cancers (RCRC) compared to 

the left-sided colon and rectal cancers (LCRC).275, 389 Therefore, RCRCs are 
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predominantly characterised by microsatellite instability, while LCRCs are 

characterised by chromosomal instability.279 The increment in the mutational and 

neoantigenic load in MSI-high CRCs is related to the defect in DNA mismatch repair 

mechanisms. These tumours have been associated with high levels of tumour-

infiltrating lymphocytes, better survival rates and decreased risk of metastasis.389 In 

2015, a phase II study reported that mismatch-repair-deficient CRCs were found to 

respond to checkpoint inhibition, while no responses were observed with 

microsatellite stable counterparts.390 Due to the high presence of such tumours in 

RCRC, it is believed that immunotherapies demonstrate more promising results with 

right-sided colon cancers than left-sided ones.279  

 

Furthermore, Mlecnik et al. revealed, by performing integrative analyses of MSI and 

MSS colorectal tumours, that increased expression of immune-related genes was 

found with MSI patients. Nevertheless, a few MSI patients had a low expression of 

these genes in comparison to the rest of the MSI patients. Also, they reported that 

MSS patients were heterogeneous; some of these patients were found with high 

expression of immune genes, similar to MSI patients. Consequently, there was no 

significant difference in OS and risk of relapse in patients with MSI, and those with 

MSS and high immune expression (MSS-Hi), which demonstrate the superiority of 

Immunoscore over MSI in predicting survival and the presence of functional mutation-

specific cytotoxic T cells.274  

The Immune landscape of CRCs tumour microenvironment from different primary 

tumour location (right-sided, left-sided colon and rectal cancers) was further studied 

by Zhang and colleagues. Due to the similarities in gene expression and immune 

infiltration between left colon tumours and rectal tumours, they considered rectum 

cancer as left-side CRC in their subsequent analysis. Their findings illustrated that  
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the immune cell infiltration in right-side and left-side colorectal cancer is 

heterogeneous. For example, RCRCs were associated with higher levels of  T 

lymphocyte subpopulations and enhanced cytotoxic potential compared to LCRCs. 

However, higher levels of CD56 NK cell infiltration were found in the left-side CRC, 

compared with that in right-side colon cancer. Interestingly, CD56 NK cell infiltration 

correlated strongly with good prognosis only in left-side CRC patients. The distinct 

immune landscapes between LCRC and RCRC could explain the primary CRC 

location-specific differences in disease prognosis and responses to treatments. 284  

Numerous studies have confirmed the predictive value of TRM cells in different 

cancer types. However, the role of TRMs in colorectal cancer, particularly between 

different primary locations of CRCs is still unclear. Thereby, a comprehensive 

analysis of the density, distribution and prognostic impact of CD103+ TILs on right-

sided colon cancer, left-sided colon cancer and rectal cancer was conducted in this 

study. It was hypothesised that RCRCs would be associated with higher CD103+ TILs 

infiltration and the that CD103+ TILs would show better prognostic value in the right-

sided colon tumours than those in the left-sided colon and rectal cancers. 

 

5.2 Results 

5.2.1 Patient cohorts 
 

This study was conducted on two independent cohorts of CRC patients [Cohort (1), 

n= 1000; Cohort (2), n=462], to validate and confirm the results of the analysis. Patient 

characteristics and information of cohort (1) were discussed earlier in chapter 4 

(4.2.1).  

Patient characteristics of Cohort (2)  

A tissue microarray (TMA) series of 462 primary invasive colorectal tumours were 

used. The samples were collected from January 1994 to December 2000. The mean 
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follow-up period was 58 months (range 1-200). Cohort (2) consisted of 266 men 

(58%) and 196 women (42%). The median age was 72 years (range 57-93).  Patient 

characteristics of cohort (2) are summarised in Table 5.1. The majority of tumours 

(77%) were of a moderate histological grade, and 85% were adenocarcinomas. 

Sixteen percent of tumours in Cohort (2) were TNM stage I, 38% were TNM stage II, 

34% were TNM stage III, and 12% were TNM stage IV. Evidence of extramural 

vascular invasion was documented in 76% of all tumours. Some clinicopathological 

parameters such as tumour stage, the presence or absence of vascular invasion and 

nodal status were strongly associated with patientsô survival (p-value <0.001). The 

predictive impact of these factors was also noted in Cohort (1).  

 
 
Table 5. 1 Summary of the clinicopathological characteristics of CRCs patient in 
cohort (2). The correlation of the Clinic-pathological parameters ( sex, age, Tumour 

histological type, N -Regional lymph nodes, Nodal status, metastases, primary tumour 
location, TNM stage, extramural vascular invasion and microsatellite status, and the 
patientôs survival. The log-rank test was used to test for significance. p- values <0.05 
were considered statistically significant.    

 
 
 
 
 
Clinic-
pathological 
parameters 

  
 
 
 
 
 
 
   
  N (%) 

 
 
 
 
 
  
Mean 
(DSS)  
month
s 

 
 
 
 
 
 
 
                                  
SE 

 
 
 
95% confidence 
interval  

Survival 
distribution  
(Log Rank- 
Mantel cox) of 
overall colorectal 
patients 

 
 
Lower 

 
 
Upper 

  
Chi-
Squa
re 

 
P-value 

Sex Male  266 (58%) 
 

    
106.91 

6.07 95.00

7 

118.827 
0.107 0.743 

Female  196 (42%) 
 

107.8

5 

6.55 95.01

7 

120.695 

Total 462 (100%) 
 

109.9

7 

4.54 101.0

68 

118.875 

Age  (<72) 243 
(52.6%) 
 

110.7

4 

5.97 99.04

1 

122.445 
.072 0.788 

(Ó72) 219 
(47.4%) 

100.2

7 

6.15 88.20

6 

112.345 

Total 462 (100%) 
109.9 4.54 101.0

68 

118.875 

Adenocarci
noma 

392 
(85%) 

106.8 4.63 97.71 115.895 
11.27
6 

0.024 
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Tumour 
histological 
type 

Mucinous 
adenocarci
noma 

51 
(11%) 

115.9

08 

13.6

8 

89.09

6 

142.719 

Columnar 
adenocarci
noma 

4 
(1%) 

87.25

0 

39.8

85 

9.076 165.424 

Signet ring 
mucinous 
adenocarci
noma 

7 (1.5%) 30.42

9 

10.9

50 

8.966 51.891 

Unknown 
8 (1.7%) 32.00

0 

10.7

74 

10.88

3 

53.117 

Total 462 (100%) 
109.9

72 

4.54

3 

101.0

68 

118.875 

Nodal status 
(UICC) 

0 
242 (52.4%) 

144.7

90 

5.69

7 

133.6

23 

155.957 
93.91
9 

<0.001 

1 
109 (23.6%) 

80.87

7 

8.29

6 

64.61

8 

97.136 

2 
84  

(18.2%) 
49.83

9 

8.07

5 

34.01

1 

65.666 

unknown 
27 (5.8%) 

45.56 10.3 25.26 65.869 

Total 
462 (100%) 

109.9

72 

4.54

3 

101.0

68 

118.875 

TNM stage  
I 

 

72 (16%) 143.5

7 

8.19

5 

127.5

1 

159.63 
91.50
9 

<0.001 

II 

 

174 (38%) 144.8

7 

6.94

3 

131.2

7 

158.48 

III 

 

155 (34%) 82.56 6.96 68.90 96.207 

IV 

 

54 (12%) 9.304 1.21 6.92 11.68 

Overall 

 

462 (100%) 109.9

7 

4.54

3 

101.0

68 

118.87 

Extramural 
vascular 
invasion 

Absence 224 (48%) 121.8

09 

5.87

7 

110.2

91 

133.327 
42.45
9 

<0.001 

Present 128 (28%) 65.91

1 

7.57

3 

51.06

8 

80.753 

Unknown 110 (24%) 120.9

74 

9.26

2 

102.8

21 

139.128 

Overall 462 (100%) 109.9

72 

4.54

3 

101.0

68 

118.875 

Microsatellite 
status 

Microsatellit
e stable 
(MSS)  

211 (90%) 
114.7 6.78 100.7 127.356 

1.250 0.263 

Microsatellit
e instability 
(MSI)  

24 
(10%) 

86.03 16.4 53.80 118.268 

Overall 235 (100%) 
111.9 6.40 99.39 124.517 
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5.2.2 CD103+ T lymphocytes expression and scoring in 

colorectal tumours. 
 

Immunohistochemical staining of CD103 was conducted on Cohort (1) and Cohort 

(2). Antibody optimisation was determined by staining a set of whole tissue sections. 

The optimal staining of CD103+ TILs in human tonsil tissue and colorectal cancer 

whole tissue sections is shown in Figure 5.1. (A) and (B). The distribution of CD103+ 

TILs in the normal tonsil tissue was observed mainly in the interfollicular area, similar 

to CD3 and CD8 T cell distribution pattern shown earlier in chapter 4. Figure 5.1 (C) 

and (D) represent a high and low CD103+ expression in colorectal TMA cores, 

respectively. Furthermore, CD103+ TIL densities in the tumour tissue and the 

surrounding stroma were calculated using the same formula we used to score CD3+ 

and CD8+ T cells previously (total number of CD103+ TILs per area divided on the 

total size of that area). Figure 5.2 shows the intratumoral CD103+ TILs (positive cells 

within the blue selected area) and stromal CD103+ TILs (positive cells located in the 

area between the red outline and blue selected area).  
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Figure 5. 1 (A) CD103+ expression in tonsil whole tissue section. The black arrows 

represent (1) follicular region and (2) interfollicular region; (B) CD103+ expression in 

whole colorectal tumour section; (C) Colorectal TMA Core with high CD103+ density;      

(D) Colorectal TMA Core with low CD103+ density. Red arrows show samples of 

positive cells. All ×200 original magnification (insets ×400 magnification) 

 

In Cohort (1), the average density of intratumoral and stromal CD103+ TILs was 

calculated (combining the density of CD103+ TILs from LS, CT and IM tumour 

regions). Due to the similarity between the function and distribution of Immune cells 

within different tumour regions demonstrated earlier. The intratumoral and stromal 

CD103+ TILs density for Cohort (2) were determined from one core per patient, and 

then CD103+ scores from both cohorts were compared to validate the prognostic 
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