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Summary 
Lung cancer is the 3rd most common cancer in the UK, accounting for 13% of all new cancer 

cases and is the most common cause of cancer death in the UK, accounting for 21% of all 

cancer deaths. Over recent years, the introduction of immunotherapies targeting the PD-1/PD-

L1 immune checkpoint pathway has revolutionised the treatment of non-small cell lung 

carcinoma (NSCLC) patients; as a tumour with a typically highly infiltrated immune reactive 

tumour microenvironment (TME) rich in neoantigens, NSCLC tumours represent an ideal 

candidate for immunotherapies, as reflected in the durable clinical efficacy seen in some 

responder patients. However, most patients treated with PD-1/PD-L1 immunotherapies either 

demonstrate an initial response followed by disease progression or, in the case of 47-63% of 

patients, demonstrate no response or benefit. Therefore, identification of predictive markers 

of immune checkpoint inhibitor (ICI) therapy response or the generation of multi-modality 

immunological therapies targeting multiple immune checkpoints could greatly improve the 

success of PD-1/PD-L1 ICI therapies in NSCLC. One of the most promising strategies for 

overcoming resistance and prolonging therapeutic benefit from ICIs is the use of dual immune 

checkpoint blockade. Therefore, the aim of this thesis was to determine whether the immune 

checkpoint CD200 may be a relevant immunotherapeutic target in NSCLC patients. 

 

CD200 is a type I transmembrane glycoprotein structurally related to the B7 family of receptors 

that signals through its receptor, CD200R, which is expressed on several immune cell 

populations including those of myeloid lineage, B cells, NK cells and activated T cells. 

Engagement of CD200R results in a negative immunoregulatory signal to maintain immune 

homeostasis and prevent over-activation of the immune system. CD200 is also expressed by 

several solid and haematological malignancies, with its expression correlating with an 

increase in immunosuppressive Treg cells, a decrease in memory T cells, and dysfunction of 

cytotoxic effector NK cells. Furthermore, CD200 is a potent regulator and suppressor of 

myeloid cell function, suggesting that targeting CD200 signalling may decrease immune 

suppression and increase the anti-tumour immune response. As a critical regulator of immune 

homeostasis in normal lung, CD200 may also be expressed by tumour cells to evade immune 

attack and promote tumour growth.  

 

In this thesis, CD200 expression was first characterised in the normal mouse and human lung 

where it was demonstrated to be strongly expressed throughout the distal lung by both type I 

and type II alveolar cells. Upon malignant transformation, CD200 expression was 

demonstrated on both SCC and adenocarcinoma tumours, although to a greater extent in 

adenocarcinoma tumours. We suggest that type II alveolar cells, the predominant cell of origin 
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of adenocarcinoma tumours and some SCC tumours, retain CD200 expression upon 

transformation as a method of immune evasion.  

Furthermore, using a combined RNA-seq and IHC labelling technique the relationship 

between tumour CD200 expression and the absolute and relative frequencies of infiltrating 

immune cells was established. In SCC and adenocarcinoma tumours, CD200 expression 

positively correlated with the frequencies of immunosuppressive Tregs and in 

adenocarcinoma tumours, tumour CD200 expression consistently negatively correlated with 

the frequencies of cytotoxic NK cells. In vitro analysis of CD200R+ NK cell activity 

demonstrated that CD200+ tumour cells induce NK cell dysfunction as characterised by 

decreased degranulation, inhibited cytokine production, altered activating receptor expression 

and a decreased capacity to kill tumour cells. Blocking of CD200 with an antibody was 

sufficient to restore the NK cell anti-tumour response and increase tumour cell death, 

suggesting that blocking CD200 signalling in CD200+ tumours could increase NK cell-

mediated tumour cell killing. Furthermore, single-cell analysis and IHC labelling demonstrated 

that CD200R is expressed on almost all of the infiltrating immune cell subtypes studied, 

suggesting immunoregulatory control of the immune response beyond that which was studied 

in this thesis. Taken together, this data suggests a mechanism by which NSCLC tumour cells 

express CD200 as a mechanism of immune evasion and that blocking CD200 signalling alone, 

or in combination with PD-1 inhibition to synergistically increase immune checkpoint therapy 

efficacy, may represent a novel therapeutic target in NSCLC. 
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1. Introduction  
1.1 Cancer and the immune system 
The existence of a functional relationship between the immune system and cancer was first 

proposed by Virchow in the 19th century upon the observation that tumours often arose at sites 

of chronic inflammation (Balkwill and Mantovani 2001). Although this hypothesis was initially 

overlooked for many years, in the last few decades our knowledge of the complex relationship 

between the immune system and tumorigenesis has rapidly evolved and it is now clear that 

the immune system can impact every stage of tumorigenesis, from initiation to metastasis, 

with infiltrating immune cells possessing both pro- and anti-tumorigenic properties.  
 
Inflammation mediated by cells of the innate immune system is vital to successfully fight 

infections and heal wounds; however, unlike during the course of normal wound healing and 

response to infection where immune cells appear transiently and disappear, the immune 

response associated with cancer is similar to that seen with chronic inflammation (Mantovani 

et al. 2008). This low-grade inflammatory response can be associated with promotion of an 

immunosuppressive tumour microenvironment (TME) and production of growth factors and 

angiogenic factors which stimulate cancer cell survival, progression and metastatic 

dissemination (Shalapour et al. 2015). Many environmental causes and risk factors of cancer 

are associated with triggering chronic inflammation; 30% of cancers are linked to tobacco 

smoking or inhaled pollutants known to trigger chronic inflammation of the lung; 35% can be 

attributed to dietary factors; 12-20% to obesity; and up to 20% are linked to persistent bacterial 

and viral infections such as Helicobacter Pylori and Human papilloma virus  with gastric cancer 

and cervical cancer, respectively (Aggarwal et al. 2009).The inflammatory state of pre-malignant 

and malignant lesions is now identified, along with the genomic instability of tumour cells, as one of the 

two enabling characteristics that drives the acquisition of the six hallmarks of cancer: a set of distinctive 

and complementary capabilities that enable cancer cells to survive, proliferate and metastasise. 

Inflammation can contribute to multiple cancer hallmark capabilities through the tumour-promoting 

effects of infiltrating immune cells, largely of the innate immune system. Immune cells can supply 

bioactive molecules to the tumour microenvironment including survival factors that limit cell death, 

growth factors that sustain proliferative signalling, pro-angiogenic factors, inductive signals that lead to 
the activation of hallmark-facilitating programs such as epithelial-to-mesenchymal transition, and 

extracellular matrix-modifying enzymes that facilitate invasion, metastasis, and angiogenesis. 

Furthermore, inflammatory cells can release chemicals, notably reactive oxygen species, which can 

provide mutagenic signals to cancer cells within the tumour microenvironment to accelerate their 

genetic evolution. The genomic instability of tumour cells, the second enabling characteristic, depends 

on the succession of genetic alterations within the genomes of tumour cells, with certain mutations 

conferring a selective advantage to subclones of cells which enable them to outgrow and dominate the 
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local tissue environment. Together, these genetic alterations which drive tumour progression in 

combination with the inadvertent support of multiple hallmark capabilities from infiltrating innate immune 

cells provide tumour cells with the functional capabilities to survive, proliferate, and metastasise 

(Hanahan and Weinberg 2011).  

 

By contrast, acute vigorous inflammatory reactions as seen during allograft rejection and 

pathogen clearance favour the generation of an immune response capable of inducing tumour 

cell death (Mantovani et al. 2008). The idea that malignantly transformed cells are detected 

and eradicated by the immune system before they clinically manifest was first proposed by 

Ehrlich in 1909; however, this concept of immune surveillance was not fully accepted until the 

observation that mice deficient in lymphocytes were significantly more susceptible to the 

induction of chemically-induced and spontaneous tumours (Shankaran et al. 2001). 

Furthermore, immunosuppression in organ transplant recipients is  associated  with a 

heightened risk (3- to 100-fold) of developing a number of cancers, including those of non-

viral origin, suggesting that the immune system plays a critical role in suppressing tumour 

growth (Buell et al. 2005). In summary, tumour growth may be initiated by an exuberant 

immune response, as occurs in chronic inflammation, yet the process of tumour growth itself 

induces an anti-tumour immune response that must be evaded. Tumour cells have developed 

a number of strategies to avoid immune cell recognition and elimination, allowing them to 

evade immune attack and become stablished in the host. This escape from immunity is now 

recognised as an emerging hallmark of cancer (Hanahan and Weinberg 2011). Therefore, in 

order to delineate the underlying basis for cancer immune evasion, it is essential to understand 

how immune cells and the tumour interact.   

 

1.1.1 The immune system  
The immune system is a complex interactive network comprised of lymphoid organs, cells, 

humoral factors, and cytokines that function to protect the host from foreign antigens such as 

microbes, viruses, mutated cells, and toxins (Turvey and Broide 2010). Composed of cells 

derived from common myeloid and lymphoid progenitors, the immune system can be broadly 

divided into two arms: innate and adaptive immunity (Taylor et al. 2016)(Figure 1.1). The 

innate immune system represents the first response to foreign materials and can be activated 

within hours of encountering an antigen (Marshall et al. 2018). Through a limited number of 

germline-encoded receptors, innate immune cells can detect a broad spectrum of conserved 

microbial structures and damage-associated molecular patterns (DAMPs) released as a 

consequence of infection and inflammation. Innate immune cells also detect mutated or 

infected cells through the detection of “missing self” where molecules expressed by healthy 
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cells that normally provide an inhibitory signal to the innate immune system are lost, providing 

the innate immune system with the capacity to attack the damaged host tissue (Turvey and 

Broide 2010).  Cells of innate immunity are comprised largely of cells of myeloid origin: 

granulocytes (basophils, eosinophils, neutrophils, mast cells), macrophages, dendritic cells 

(DCs), with lymphoid-derived natural killer (NK) cells and innate lymphoid cells (ILCs) 

comprising the lymphoid arm of innate immunity.  

 

As well as providing the initial protective inflammatory response, the innate immune system is 

also responsible for generating an effective adaptive immune response. The adaptive immune 

system consists of T and B cells which, upon presentation of antigens from cells of the innate 

immune system, generate clonal populations which are antigen specific (Rosenberg and 

Huang 2018)(Figure 1.1). Upon resolution of the infection, a small population of clonal cells 

persist as memory cells which provides the host with the ability to mount a more rapid and 

effective antigen-targeted response upon subsequent antigen exposure (Shalapour et al. 

2015).  

 

The innate and adaptive immune effector response can be broadly defined into two categories: 

type 1 and type 2, which ensure a tailored and maximally protective response against a great 

variety of antigens. Type 1 immune responses are pro-inflammatory and are effective against 

intracellular microbes such as bacteria, protozoa and some viruses and are comprised of type 

1 CD4+ helper T cells (Th1), type 17 CD4+ helper T cells (Th17), and cytotoxic lymphocytes, 

namely NK cells and CD8+ cytotoxic T cells.  Type 1 immune responses are characterised by 

the presence the pro-inflammatory cytokines interferon-γ (IFN-γ) and tumour necrosis factor 
(TNF)(Annunziato et al. 2015). Type 2 immune responses are characterised by type 2 CD4+ 

helper T cells (Th2), eosinophils, mast cells, basophils and macrophages and the cytokines 

interleukin-4 (IL-4), IL-5, IL-9, and IL-13. Although responsible for protection against large 

extracellular parasites, elements of the type 2 immune response are also important in 

regulating and suppressing type 1-associated inflammation in order to prevent over-activation 

of the type 1 immune response (Wynn 2015). Th17 cells, a Th subset characterised by production 

of IL-17A, IL-17F, IL-21, and IL-22, play an important role in host defence against extracellular bacterial 
and fungal infection, particularly at mucosal surfaces wherein the production of IL-17 and IL-22 upon 

Th17 cell activation improves mucosal barrier function, recruits neutrophils, and stimulates the release 

of anti-microbial peptides (Waite and Skokos 2012).  
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Figure 1.1 Schematic diagram of the adult haematopoietic cell differentiation hierarchy.   

In this classical model of adult haematopoiesis, long term haematopoietic stem cells (LT-HSCs) sit at 
the top of the hierarchy and possess strong self-renewal capacity. LT-HSCs then differentiate into short 
term HSCs (ST-HSCs), which also possess self-renewal capacity. ST-HSCs subsequently differentiate 
into multipotent progenitors (MMPs) with reduced self-renewal ability. Downstream of MMPs, a strict 
separation occurs between the common myeloid progenitor (CMP) and common lymphoid progenitor 
(CLP) into myeloid and lymphoid branches, respectively. CMPs can generate megakaryocyte-
erythrocyte progenitors (MEPs) which can differentiate into megakaryocytes/platelets and erythrocytes, 
and granulocyte-macrophage progenitors (GMP) which produce granulocytes (mast cells, basophils, 
neutrophils, eosinophils), macrophages and dendritic cells (DCs). CLPs can differentiate into natural 
killer (NK) cells, plasmacytoid DCs, T (CD4+ helper T(Th) cells CD8+ cytotoxic T cells) and B 
cells/plasma cells. The innate immune system is primarily composed of cells of myeloid origin, NK cells 
and plasmacytoid DCs, with the adaptive immune system comprised of T and B cells. Adapted from 
(Cheng et al. 2020). Created in Biorender.com.  
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1.1.2 Innate immune cells 
1.1.2.1 Granulocytes 
Arising from a common granulocyte-macrophage progenitor (GMP), granulocytes are named 

due to the dense granule content within their cytoplasm and are comprised of four main cell 

types: basophils, eosinophils, neutrophils, and tissue-resident mast cells, all of which are 

relatively short lived and produced in increased numbers during the initial immune response 

(Marshall et al. 2018). Although basophils are the least abundant granulocyte population, 

comprising less than 1% of peripheral blood leukocytes, they play a critical role in protective 

immunity against parasitic infection as well as in both allergic and non-allergic disorders. 

Basophils possess basophilic granules, express the allergen- and parasite-responsive high-

affinity Immunoglobulin E (IgE) receptor FcεR and release pro-inflammatory mediators such 

as histamine upon activation (Cromheecke et al. 2014). Furthermore, basophils can be 

induced to produce cytokines which regulate and promote an adaptive immune response 

(Siracusa et al. 2013). Eosinophils represent ~1% of leukocytes and are characterised by 

large secretory granules containing proteases, cytokines, enzymes and growth factors which, 

upon activation, can induce a protective immune response against parasites, viral and 

microbial pathogens (Jacobsen et al. 2012). Eosinophils also express a large number of 

surface molecules which allow them to regulate both the innate and adaptive immune 

response (Rosenberg et al. 2013). Neutrophils are the most abundant immune cell population, 

representing 50-70% of leukocytes, and are one of the primary responders during acute 

inflammation. As part of the first line of defence against pathogens neutrophils are potent 

phagocytes that, upon recruitment to sites of infection, engulf and eliminate microorganisms 

using an arsenal of cytokines, chemokines and cytotoxic substances (Liew and Kubes 2019). 

Unlike the other granulocytes, tissue-resident mast cells are long-lived and act as sentinels of 

their surrounding environment; these mature cells are distributed throughout nearly all human 

tissues and are most abundant in tissues at the host-environment interface. Upon activation, 

mast cells release a wide spectrum of mediators which induce a protective immune response 

against microbial and viral pathogens (Debruin et al. 2014).  

 

1.1.2.2 Monocytes 
Monocytes are mononuclear phagocytic cells with the plasticity to develop into macrophages 

or DCs, representing 5-10% of peripheral immune cells with considerable marginal pools in 

the lung and spleen that can be mobilised on demand. Monocytes are crucial for an effective 

immune response to most pathogens and are equipped with adhesion receptors and 

chemokine receptors that modulate their migration from the blood to sites of infection or injury. 

During inflammation, monocytes are rapidly recruited to sites of injury where they can 
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differentiate into mononuclear phagocytes, including macrophages and DCs, in the tissue 

(Ginhoux et al. 2014). Under inflammatory conditions in the skin, monocytes migrate into the 

epidermis and differentiate into Langerhans cells, whilst in the lung recruited monocytes give 

rise to pulmonary DCs which help to modulate disease progression. Although neutrophils are 

the immediate responders to injury and infection, monocytes have been identified as 

necessary modulators of the inflammatory response through production of cytokines, such as 

IL-6, IL-1β and TNF (Karlmark et al. 2012). 

 
1.1.2.3 Macrophages  
Macrophages are a heterogenous population of terminally differentiated, tissue-resident 

myeloid cells that originate from circulating monocytic precursors. As sentinels of tissue 

homeostasis, macrophages assume a number of roles including pathogen destruction, 

regulation of the adaptive immune response and tissue repair (Gordon and Taylor 2005). 

Broadly speaking, there are two main differentiation states of macrophages: the classically 

activated type 1 macrophage (M1) and the alternatively activated type 2 macrophage (M2), 

the polarisation of which is regulated by cytokines and chemokines in the local environment 

(Mills et al. 2000). M1 macrophages are well adapted to promote a strong immune response. 

Upon activation by bacterial stimuli and Th1 cytokines such as IFN-γ and TNF these cells 

phagocytose and destroy microbes, produce high levels of pro-inflammatory cytokines such 

as IL-12 and IL-23 and present antigens to T lymphocytes to elicit an adaptive immune 

response. Conversely, exposure to Th2 cytokines such as IL-4, IL-10, IL-13 and transforming 

growth factor beta (TGF-β) promotes M2 polarisation. In general, these cells suppress Th1 

mediated-inflammation through production of IL-10 and IL-1β and promote tissue remodelling 

and wound healing through the production of matrix metalloproteinases and pro-angiogenic 

factors (Jayasingam et al. 2020).   

 

1.1.2.4 Dendritic cells 
DCs are a heterogenous group of cells arising from both myeloid progenitors (monocyte-

derived DCs; conventional DCs) and lymphoid progenitors (plasmacytoid DCs (pDCs)) which 

exist within the blood and peripheral lymphoid and non-lymphoid tissues (Lipscomb and 

Masten 2002). In response to danger signals i.e., microbes, tissue damage, and inflammatory 

cytokines, immature DCs migrate towards sites of infection where they take up antigens by 

phagocytosis and process them into peptide fragments (Kaiko et al. 2008). Antigen-loaded 

DCs then begin a maturation process which transforms them into professional antigen 

presenting cells (APCs) which migrate to T cell regions of draining lymph nodes to present 
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these antigenic peptides to T cells and efficiently initiate an adaptive antigen-specific immune 

response (discussed further in Section 1.1.2.2.2a)(Benencia et al. 2012).  

 

1.1.2.5 Natural killer cells 
NK cells are large granular innate lymphoid cells that constitute around 5-15% of circulating 

lymphocytes in healthy individuals. In contrast to cytotoxic T cells which require prior antigen 

exposure to mount an immune response, NK cells are naturally cytotoxic and possess the 

ability to recognise and kill infected cells and provide a rapid early source of immunoregulatory 

cytokines to modulate other aspects of the immune system (Freud et al. 2017). NK cells arise 

from a common lymphoid progenitor and have been shown to mature in the bone marrow and 

in secondary lymphoid organs such as the lymph nodes and tonsils (Abel et al. 2018). 

 

Based on the relative expression of CD16 (FcγRIII), a low affinity receptor for the Fc portion 

of IgG, and CD56, an isoform of neural cell adhesion molecule which mediates homotypic 

adhesion, five NK cell subpopulations can be identified: (1) CD56brightCD16- (~10% circulating 

NK cells), (2) CD56brightCD16dim (rare), (3) CD56dimCD16- (rare), (4) CD56dimCD16bright (~90% 

circulating NK cells), (5) CD56dimCD16- (rare) (Poli et al. 2009). CD56dim cells comprise the 

majority of circulating NK cells and possess significantly higher cytolytic capacity against 

target cells compared to CD56bright cells due to their greater expression of perforin, granzymes, 

cytolytic granules and CD16. In contrast CD56bright cells, which constitute the majority 

population in secondary lymphoid organs, rapidly produce large amounts of cytokines such as 

IFN-γ, TNF-β, IL-10 and IL-13 upon activation (Caligiuri 2008). 

 

1.1.2.5a Regulation of NK cell activity 
NK cells are poised and ready to immediately respond to and attack malignant or infected 

cells. The intrinsic cytotoxic capacity of these cells may present danger to healthy cells in the 

event of inappropriate NK cell activation; therefore, the process of NK cell activation is tightly 

regulated based upon the balance of function of numerous specific inhibitory and activating 

receptors which determine whether an NK cell will exert its effector functions (Pegram et al. 

2011). There are two main mechanisms by which NK cells can detect and destroy infected or 

transformed cells: release of cytotoxic granules, and induction of death receptor-mediated 

apoptosis through expression of cognate ligands, in addition NK cells also possess the 

capacity to secrete immunoregulatory cytokines. All of these effector functions are dependent 

on the presence or absence of ligands for multiple NK cell receptors (Figure 1.2). There is 

sizeable heterogeneity within the different combinations of activating and inhibitory receptors 
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expressed by NK cells, bestowing them with the ability to respond to a large range of stimuli 

and to regulate the immune response under a variety of pathological conditions (Mandal and 

Viswanathan 2015)(Table 1.1).  
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Figure 1.2 Schematic representation of physiological NK cell functions.   
A. NK cells are tolerant to healthy cells as the activating signals they receive are dampened by the 
engagement of MHC class I ligands with inhibitory receptors. B. Cells that lose expression of MHC class 
I molecules (“missing self”) are susceptible to attack by NK cells as they no longer receive inhibitory 
signals. C. Cells can overexpress stress-induced activating ligands upon infection or malignant 
transformation, these override the inhibitory signals and result in “induced-self” NK cell activation. D. 
Antigen-specific antibodies can bind to CD16 and elicit antibody-dependent cytotoxicity (ADCC). MHC, 
major histocompatibility complex; NK, natural killer. Adapted from Vivier et al. (2012) & Morvan and 
Lanier (2016). Created in Biorender.com. 
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Table 1.1 NK cell receptors and their ligands 

Abbreviations: AICL, activation-induced C-type lectin; AIRM1, adhesion inhibitory receptor 1; BAT-3, HLA-B-associated transcript 

3; HA, hemagglutinin; HLA, human leukocyte antigen; HSPG, heparan sulphate proteoglycan; KLRG1, killer cell lectin-like 

receptor G1; LAIR1, leukocyte-associated immunoglobulin-like receptor 1; LILR, leukocyte immunoglobulin-like receptor; LLT-1, 

lectin-like transcript 1; MIC, MHC class I polypeptide-related sequence; NKR-P1A, NK receptor P1A; PR, polo virus receptor; 

ULBP, UL16 binding protein.  

 

1.1.2.5ai Inhibitory receptors 
Inhibitory receptors specific for both major histocompatibility complex (MHC) class I molecules 

(also known as the human leukocyte antigen (HLA) system) and non-MHC molecules are an 

important regulator of NK cell effector function. These ligands are expressed by most healthy 

cells in steady-state conditions and provide NK cells with a mechanism to ensure tolerance 

through inhibition of cytotoxicity (Morvan and Lanier 2016). Cells presenting MHC class I 

molecules interact with inhibitory receptors on NK cells and prevent activation to maintain 

tolerance to healthy cells (Figure 1.2a). One mechanisms of NK cell activation is through the 

‘missing self’ hypothesis; virally infected or malignantly transformed cells often downregulate 

MHC class I expression to escape recognition by cytotoxic T cells however, this results in NK 

cell detection and attack. NK cells will attack any cell which loses or displays aberrant self-

molecule expression due to the loss of inhibitory signals preventing NK cell activation (Kumar 

2018) (Figure1.2b).  

 

NK cells express two major classes of inhibitory receptors: killer cell immunoglobulin-like 

receptors (KIR) and CD94- natural killer group 2 member A (NKG2A) heterodimers. KIRs are 

type I transmembrane glycoproteins of the Ig superfamily which recognise HLA-A/B/C 

expression, while NKG2A is a type II transmembrane receptor with a C-type lectin-like scaffold 

Inhibitory 
receptor 

Ligand Activating 
receptor 

Ligand 

KIR2DL1 HLA-C2 (MHC class I) KIR2DL4 HLA-G (MHC class I) 
KIR2DL2 HLA-C1(MHC class I) KIR2DS1 HLA-C2 (MHC class I) 
KIR2DL3 HLA-C1 (MHC class I) KIR2DS2 HLA-C1 (MHC class I) 
KIR2DL5 Unknown KIR2DS3 Unknown 
KIR3DL1 HLA-Bw4 (MHC class I) KIR2DS4 Unknown 
KIR3DL2 HLA-A3/-A11 (MHC class I) KIR2DS5 Unknown 
IRp60 Unknown CD94 (NKG2C / 

NKG2E) 
HLA-E (MHC class I) 

CD94 (NKG2A) HLA-E (MHC class I) NKG2D MIC-A/-B    ULBP-1/-2/-3/-4 
LILR MHC class I    UL18 NKp30 BAT-3    HSPG    B7-H6 
CD244 (2B4) CD48 NKp44 Viral HA 
KLRG1 Cadherins NKp46 Viral HA, HSPG 
LAIR1 Collagen NKp80 AICL 
NKR-P1A LLT-1 CD244 (2B4) CD48 
AIRM1 Unknown DNAM-1 PVR, CD122 
  CD16 Fc portion of IgG 
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recognising the non-classical HLA-E (Kumar 2018) (Table 1.1). Both inhibitory receptors 

contain an immunoreceptor tyrosine-based inhibitory motif (ITIM) within their cytoplasmic 

domains which, upon receptor-ligand engagement, is phosphorylated by a Src family kinase, 

resulting in the recruitment and activation of tyrosine phosphatase Src homology region 2 

domain-containing phosphatase-1 (SHP-1) and SHP-2. The recruitment of these tyrosine 

phosphatases to the interface between the NK and target cells leads to the suppression of NK 

cell activation through the dephosphorylation of factors which are required by nearby 

activating receptors, resulting in inhibition of degranulation, cytokine production and 

proliferation of NK cells.  This inhibition of NK cell activity is transient and spatially localised 

so as to allow the same NK cell to become re-activated upon encountering a subsequent 

target cell lacking ligands for NK inhibitory receptors (Lanier 2008).  

 

1.1.2.5aii Activating receptors 
The lack of MHC class I expression on target cells is not sufficient to trigger NK cell activation; 

full NK cell activation also requires the expression and recognition of ligands for activating 

receptors whose expression is increased upon viral infection and malignant transformation of 

cells. This upregulation of stress-induced ligands on transformed or distressed cells 

overcomes the inhibitory signals delivered by MHC class I molecules, leading to NK cell 

activation (Paul and Lal 2017) (Figure 1.2c). Much like with inhibitory receptors, NK cells do 

not possess a single dominant activating receptor, but rather rely on a wide combinatorial 

array of activating receptors to initiate effector functions (Lanier 2008) (Table 1.1).  

 

A majority of activating NK cell receptors including CD16, KIRs and the natural cytotoxicity 

receptors (NCRs) NKp30, NKp44 and NKp46 signal through immune-receptor tyrosine-based 

activation motifs (ITAMs) within their cytoplasmic domains. Tyrosine residues within the ITAMs 

associate with gamma chains of the high affinity IgE receptor FcεRI (FcεRI-γ), zeta chains of 

CD3 (CD3-ζ) and DNAX activation protein of 120kDa (DAP12) transmembrane-anchored 

proteins to form homo- and hetero-dimer signalling subunits. Engagement of these receptors 

results in the phosphorylation of the ITAM tyrosine, presumably by Src family members and 

subsequent binding of the tyrosine kinases SYK and zeta-chain-associated protein kinase 70 

(ZAP-70), which in turn leads to signalling through a number of pathways including mitogen-

activated protein kinase/ extracellular signal-related kinase (MAPK/ERK) and 

phosphoinositide 3-kinase/ protein kinase B (PI3K/Akt) to regulate actin reorganisation, 

cytokine and chemokine gene transcription and degranulation (Lanier 2008).  
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NKG2D is a type II transmembrane receptor that is only distantly related to the NKG2 family. 

NKG2D does not form a heterodimer with CD94, but instead forms a hexamer receptor 

complex by associating with two DAP10 homodimer signalling subunits. Ligands for NKG2D 

include homologues of MHC class I molecules which are regulated by both the heat shock 

response and DNA damage pathways (Lanier 2008). Upon activation, the p85 subunit of PI3K 

and the son of sevenless homolog 1 – vav guanine nucleotide exchange factor 1- growth 

factor receptor bound protein 2 (Sos-1-Vav1-Grb2) complex are recruited to the phosphorylate 

motif in the DAP10 domain, leading to the downstream activation of Guanosine-5'-

triphosphate (GTP)ases, ERK, Akt and signal transducer and activator of transcription 5 

(STAT5) which promote NK cell target adhesion and immunological synapse formation 

(Sutherland et al. 2002). 
 

In addition to recognition of stress-related ligands, CD16 expression allows NK cells to 

recognise the constant Fc portion of IgG antibodies bound to specific antigens displayed on 

infected or transformed cells. Upon recognition, NK cells are able to kill these cells through a 

process termed antibody-dependent cell cytotoxicity (ADCC) (Morvan and Lanier 2016) 

(Figure 1.2d). CD16 is a potent activator of NK cells as demonstrated by studies using 

Drosophila cells reconstituted to express individual NK receptor ligands. Of the receptors 

NKG2D, DNAM-1 (CD226), CD244 and CD16, all were able to promote adhesion to the target 

cell upon activation however, CD16 was the only receptor capable of also inducing 

degranulation upon engagement (Bryceson et al. 2005; Bryceson et al. 2009).  

 

1.1.2.5b NK cell activity 
The interaction of an NK cell and a target cell either lacking in the appropriate inhibitory ligands 

for NK cell inhibitory receptors or expressing a number of activating ligands indicative of 

cellular stress results in the generation of an activating NK cell immunological synapse (Figure 

1.2b-d). Contact with the target cell and the subsequent tightly controlled complex process of 

immunological synapse (IS) formation facilitates NK-induced target cell death through two 

critical effector mechanisms: direct lysis of cells through degranulation of lytic molecules into 

the cell and target cell death receptor ligation (Abel et al. 2018).  

 
NK-mediated cytotoxicity can be divided into four major stages (Paul and Lal 2017): (1) 

formation of the IS between NK cell and target cell and stimulation of actin polymerisation and 

accumulation at the synapse; (2) polarisation and translocation of the microtubule organising 

centre towards the IS; (3) docking of secretory lysosome with the NK cell plasma membrane 

and (4) fusion of the lysosome with the plasma cell membrane and release of the lytic granules 
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into the target cell. NK cell lytic granules contain perforin, granzymes, Fas ligand (FasL; 

CD178), TNF-related apoptosis-inducing ligand (TRAIL), granulysin and small anti-microbial 

peptides.  Following the release of these enzymes from the granules, perforin inserts itself into 

the membrane of the target cell where it oligomerises and generates pores which allows the 

subsequent delivery of apoptosis-inducing granzymes into the cytoplasm of the target cells 

(Abel et al. 2018). Granzymes are able to trigger apoptosis by both caspase-dependent and 

independent mechanisms. Granzyme B has been shown to directly cleave and activate 

caspase-3, -7, -8 and -10 (Adrain et al. 2005); in addition, granzymes B and K have also been 

shown to induce apoptosis through initiation of  the mitochondrial apoptosis pathway (Adrain 

et al. 2005; Zhao et al. 2007).  NK cells also induce the extrinsic apoptosis pathway through 

the fusion and expression of FasL and TRAIL on the NK cell membrane.  Death receptors for 

FasL and TRAIL, Fas and TRAIL-R respectively, on target cells are ligated and subsequently 

activated, leading to the formation of the death-inducing signalling complex, activation of the 

caspase cascade and induction of target cell death (Guicciardi and Gores 2009). 
 
In addition to their cytolytic function, activated NK cells are also effective producers of a wide 

range of pro-inflammatory cytokines including IFN-γ, TNF, granulocyte/monocyte colony-

stimulating factor (GM-CSF) and IL-10 and chemokines such as chemokine (C-C motif) ligand  

3 (CCL3), CCL4 and CCL5 (Paul and Lal 2017). These allow NK cells to mediate protective 

immunity by facilitating the activation of other innate immune cells such as neutrophils, 

macrophages and DCs and attracting effector myeloid and lymphoid cells to the sites of 

inflammation. Of these effector cytokines, IFN-γ, whose production and secretion has been 

linked to signalling through NKG2D and IL-12 produced by other innate immune cells, is one 

of the most potent and plays a crucial role in antibacterial, antiviral and anti-tumour immunity 

(Ortaldo et al. 2006). 

 

1.1.3 Adaptive immune cells 
The adaptive arm of the immune system is comprised of T and B cells, both of which arise from a 

common lymphoid progenitor within the bone marrow. Those which are destined to become T cells, 

cells responsible for cellular immunity, migrate to the thymus where they differentiate into early thymic 
progenitors which become reprogrammed into fully mature and functional T cells. B cells have the ability 

to transform into plasma cells responsible for producing antibodies and are therefore responsible for 

humoral immunity. B cell development occurs in the bone marrow within complex niches which provide 

the appropriate stimuli and factors to initiate B cell survival and differentiation. In adults new B cells are 

continually produced in the bone marrow, whilst development of new T cells in the thymus slows down 

and T cell numbers are maintained through division of mature T cells outside of the lymphoid organs 

(Cano and Lopera 2013).  
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1.1.3.1 B lymphocytes  
B cells are the centre of the humoral compartment of adaptive immunity through their 

production of antigen-specific Ig antibodies which are capable of directly neutralising the 

infectivity of pathogens, activating the complement cascade and mediating ADCC and 

phagocytosis of infected cells via cells of the innate immune system (Smith and Crowe 2015). 

Additionally, B cells can act as APCs and secrete cytokines to strengthen innate and adaptive 

immune responses. B cells develop from a common lymphoid progenitor in the foetal liver and 

bone marrow and undergo diversification through the rearrangement of the Ig heavy and light 

chain gene loci to create a complete Ig molecule (Lebien and Tedder 2008). These surface 

IgM class Ig molecules, in association with Igα and Igβ form a unique B cell receptor (BCR) 

for antigen; BCRs which bind to self-antigens within the bone marrow are either deleted or 

edited in order to generate a state of central tolerance. After production in the bone marrow, 

immature IgM+ B cells migrate to secondary lymphoid organs such as lymph nodes and the 

spleen where they differentiate into long-lived follicular (FO) B cells or marginal zone (MZ) B 

cells. Upon binding of an antigen to the BCR by an APC, B cells can undergo either a T cell-

independent or T cell-dependent activation process to form antibody-producing plasmablasts 

and long-lived plasma cells and memory B cells for immediate and more persistent protection, 

respectively (Yam-Puc et al. 2018). A third subtype, B1 cells, predominantly populate the 

peritoneal and pleural cavities and produce low affinity natural antibodies (nAbs) in the 

absence of exogenous antigenic stimulation (Hernandez and Holodick 2017).  

 

1.1.3.2 T lymphocytes  
T cells arise from committed lymphoid progenitors within the bone marrow and migrate to the 

thymus where they lose the potential to become B cells and NK cells and undergo 

differentiation, selection, and proliferation. Once in the thymus, the T cell precursors express 

a pre-T cell receptor (TCR) which is composed of a non-rearranging pre-Tα chain and a 

rearranged TCR β-chain. Successful pre-TCR expression leads to proliferation, upregulation 

of the CD4 and CD8 co-receptors and replacement of the pre-Tα chain with a newly 

rearranged TCR α-chain yielding a complete αβ TCR  (Germain 2002). T cell progenitors can 

also rearrange TCR-γ and TCR- δ chains to generate γδ T cells, accounting for 0.5-5% of all 

T lymphocytes (Zhao et al. 2018). Upon successful rearrangement of a unique TCR, 

CD4+CD8+ double-positive cells interact with endogenous peptides presented on MHC class 

I and II molecules within the thymus to select an appropriate mature T cell repertoire for the 

host environment. Cells expressing TCRs that recognise self-ligands and generate an 

intermediate intensity signal upon TCR:MHC interaction undergo positive selection and 
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differentiate into either CD4+ or CD8+ mature T cells which then migrate into secondary 

lymphoid organs (Germain 2002).   

 

1.1.3.2a Antigen presentation 
T cells are key effector cells in the adaptive immune responses against infected and 

transformed cells and play crucial roles in autoimmunity, allergy, and transplant rejection; 

crucial to almost all of these functions is the activation and programming of T cells by APCs 

of the innate immune system (Pennock et al. 2013). Upon encountering a pathogen, mature 

APCs (DCs, macrophages, B cells) migrate into lymph nodes where they provide naïve T cells 

with three signals that will stimulate differentiation and proliferation of antigen-specific T cells 

with a range of functions appropriate for the immunological challenge (Kaiko et al. 

2008)(Figure 1.3). The first signal is provided through the TCR by antigenic peptides bound 

to MHC class I and II molecules; the TCR is associated with the γ, δ and ε chains of the CD3 

complex which mediates intracellular signalling through its ITAM domains upon TCR ligation. 

The second signal is mediated by co-stimulatory and co-inhibitory ligands on APCs through 

their respective receptors on T cells, the expression of which is programmed by pathogen-

associated molecular patterns (PAMPs) and tissue factors released at the site of infection 

(Chen and Flies 2013). These ligands signal through their respective receptors on T cells and 

provide co-signals that direct T cell function and fine tune the T cell response to fit the 

inflammatory milieu in which it is stimulated. The release of polarising factors from APCs 

represents the third signal; inflammatory cytokine mediators are the predominant factor in 

directing the differentiation of T cells into an effector cell phenotype appropriate for the 

immunological response required (Kaiko et al. 2008).  The successful activation and 

differentiation of antigen-specific T cells leads to clonal expansion of the cell populations as 

they rapidly begin to migrate to the site of infection. Upon successful elimination of the 

pathogen the majority of the T cells die, leaving behind a small population of memory T cells 

which are able to mediate a rapid immune response upon reinfection (Pennock et al. 2013).  
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Figure 1.3 Schematic of antigen presentation and T cell activation by an antigen presenting cell.  
The generation of an antigen-specific T cell requires 3 signals for effective activation: (1) antigen must 
be presented on an MHC class I/II molecule to the TCR; (2) co-stimulatory signals such as that of 
CD80/86 binding to CD28. Co-inhibitory signals such as PD-L1:PD-1 may also be present to fine tune 
the T cell response; (3) polarising factors such as inflammatory cytokines release by the APC. APC, 
antigen-presenting cell; MHC, major histocompatibility complex; PD-1, programmed cell death protein 
1; PD-L1 programmed death ligand 1. Adapted from Willerslev-Olsen et al. (2013). Created in 
Biorender.com. 
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1.1.3.2b CD4+ helper T cells 
CD4+ T cells, also known as Th cells, play a central role in the adaptive and innate immune 

responses; they do so through their capacity to assist B cells in making antibodies, by 

enhancing macrophage microbial activity, recruiting innate immune cells to sites of infection 

and through their production of chemokines and cytokines which augment both cellular and 

humoral immune responses (Zhu and Paul 2009). Naïve Th cells are activated through 

recognition of peptide antigens presented by MHC class II molecules and can differentiate into 

one of 7 phenotypes, with the nature and concentration of antigen, the type of APC, the 

cytokine environment and the presence and quantity of co-stimulatory molecules determining 

this fate decision. The seven lineages of Th cell are Th1, Th2, Th17, Th9, Th22, T follicular 

helper (Tfh) and induced regulatory T cells (Tregs), all of which are defined by their functions 

and cytokine profiles (Kennedy and Celis 2008).  

 

Th1 cell differentiation is induced by IL-18, IL-12, and type 1 IFNs secreted by macrophages 

and DCs upon activation by intracellular pathogens. As critical regulators of type 1 immunity 

through their production of pro-inflammatory cytokines, Th1 cells can stimulate neighbouring 

cells like macrophages and DCs to elevate their phagocytic and antigen-presenting properties, 

further enhancing the immune response (Zhu and Paul 2009). Th2 cells mediate type 2 

immunity and are induced by extracellular pathogens and allergens through secretion of IL-4, 

IL-11, IL-25 and IL-33 by eosinophils and mast cells. Th2 cells can induce immunoglobulin 

class switching to IgE which in turn activates cells of the innate immune system, such as mast 

cells and basophils, alongside stimulation of B cell proliferation and antibody production (Kaiko 

et al. 2008). Th17 cells are induced by IL-6, IL-21, IL-23 and TGF-β, they are responsible for 

mediating responses against extracellular bacteria and fungi through the production of IL-17, 

IL-22, TNF, and CCL20, and appear to be integral to the recruitment and activation of 

neutrophils to sites of infection. Th17 cells are primarily located in the digestive and pulmonary 

mucosa (Guéry and Huges 2015). Th9 cells produce IL-9 and IL-10 and are induced through 

the production of TGF-β and IL-4, with the secretion of IL-9 promoting the growth of mast cells 

and the secretion of pro-inflammatory cytokines. During infections by helminths and allergic 

processes Th9 cells also play an important role in the indirect induction of mucus production 

and eosinophil infiltration. The combination of IL-6 and TNF, with the participation of 

plasmacytoid DCs, is responsible for the generation of Th22 cells. Th22 cells are 

characterised by the production of IL-22 and TNF and are primarily associated with 

inflammation of the skin, with expression of chemokine receptor 4 (CCR4), CCR6 and CCR10 

allowing infiltration into the epidermis wherein they play an important role in anti-microbial 

peptide production and wound healing (Cano and Lopera 2013). Tfh cells are located in the 
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germinal centre of secondary lymphoid tissues, with their differentiation dependent on IL-6, 

IL-12, and IL-21. Tfh cells are important regulators of B cell activity and can induce germinal 

centre formation, transform B cells into antibody-producing plasma cells, aid in the production 

of antibodies with different isotypes and in the production of memory B cells. Of all the Th 

subsets, Tfh cells express the greatest quantity of co-stimulatory molecules and possess the 

TCR with the highest affinity for antigen (King 2009).  

 
1.1.3.2c CD4+CD25+Foxp3+ regulatory T cells 
The existence of a highly immunosuppressive subset of CD4+CD25+ Forkhead box P3 

(Foxp3)+ Tregs that serve to maintain immune homeostasis by actively suppressing the 

function of macrophages, DCs, B and T cells is a key mechanism by which the immune system 

limits excessive and inappropriate immune responses (Workman et al. 2009). Treg cells may 

develop in the thymus as functionally mature cells (natural Tregs; nTregs) as well as 

peripherally from conventional CD4+ T cells (induced Tregs; iTregs). nTregs constitutively 

express Foxp3, a forkhead family transcription factor that is a critical regulator of Treg 

development, function and homeostasis and possess a TCR that is of relatively high auto-

affinity compared to that of conventional T cells. nTregs are predominant in the lymph nodes 

and bloodstream and are mainly involved in providing tolerance to self-antigens (Togashi et 

al. 2019). Peripherally, under certain conditions, CD4+ effector T cells in the presence of IL-2 

and TGF-β begin to express Foxp3 and gain regulatory functions. iTreg TCRs recognise 

foreign antigens with high affinity and are induced in the absence of optimal co-stimulation 

and in states of chronic inflammation; such iTregs are most common in barrier tissues and 

prevent local excessive inflammation in the presence of exogenous antigens (Shevyrev and 

Tereshchenko 2020). The importance of Tregs in immune regulation first became apparent in 

humans, when it was found that deleterious mutations affecting Foxp3 resulted in the 

development of a fatal systemic autoimmune disorder known as Immune dysregulation 

polyendocrinoptahy Enteropathy X linked (IPEX) syndrome due to impaired development 

and/or dysfunction of Tregs (Workman et al. 2009).  Tregs regulate the immune response and 

help maintain immune homeostasis through four modes of action: metabolic disruption, 

cytolysis, release of inhibitory cytokines and modulation of APC function (Workman et al. 

2009; Togashi et al. 2019; Shevyrev and Tereshchenko 2020) (Figure 1.4).  
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Figure 1.4. Schematic representation of the mechanisms of Treg-mediated immunosuppression.   
Tregs possess an arsenal of regulatory mechanisms which can be categorised into 4 groups. (A) 
Metabolic disruption: ATP is degraded to the immunomodulatory metabolite adenosine by CD39/CD73, 
adenosine signals through the Adenosine A2A receptor on DCs and activated effector T cells to inhibit 
antigen presentation and suppress T cell proliferation. Due to high IL-2 receptor (IL-2R; CD25) 
expression, Tregs can deprive T cells of IL-2, thus inhibiting the CD8+ CTL proliferative response. (B) 
Cytolysis: Tregs are able to kill T cells and APCs through perforin-granzyme cytolysis. (C) Inhibitory 
cytokines: Tregs produce the immunosuppressive cytokines TGF-β, IL-10 and IL-35 which can 
suppress the activation and proliferation of effector T and B cells, directly induce iTregs and inhibit 
antigen presentation by APCs, which in turn enables iTreg induction. (D) Modulation of APC 
maturation/function: Tregs suppress effector cell activation by augmenting APC function, primarily 
though interaction of immune checkpoint molecules such as CTLA-4 and LAG3 which interact with 
CD80/86 and MHC class II, respectively, to reduce the ability of APCs to activate T cells.  Tregs also 
mediate the production of IDO, which decreases the concentration of tryptophan available to induce 
effector T cell proliferation. APC, antigen-presenting cell; CTLA-4, cytotoxic T lymphocyte associated 
antigen 4; IDO, Indoleamine 2,3-dioxygenase; LAG3, lymphocyte-activation gene 3; TGF-β, 
transforming growth factor β; Treg, regulatory T cell. Adapted from Workman et al. (2009); Togashi et 
al. (2019); Shevyrev and Tereshchenko (2020). Created in Biorender.com. 
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1.1.3.2d CD8+ cytotoxic T cells 
CD8+ T cells are highly cytotoxic cells which primarily function to kill infected or malignant 

cells in an antigen-dependent manner. Upon recognition of antigenic peptides presented by 

target cell MHC class I molecules, CD8+ T cells rapidly proliferate and differentiate into 

cytotoxic lymphocytes (CTLs) and memory CD8+ T cells (Reiser and Banerjee 2016). 

Terminally differentiated CTLs are IL-2 dependent and are highly cytotoxic, rapidly expressing 

IFN-γ, TNF, perforin and granzymes upon antigen recognition (Pipkin et al. 2010). CTLs can 

kill target cells by one of three distinct mechanisms, two of which involve direct cell-to-cell 

contacts, with the third mediated by cytokines such as IFN-γ and TNF which are produced 

and secreted for as long as TCR stimulation occurs. FasL expressed on the surface of CTLs 

can bind to Fas on target cells to trigger the classical caspase cascade, resulting in apoptosis 

of the target cell. The other mechanism requiring cell-to-cell contact is the synaptic exocytosis 

of lytic granules containing the pore-forming perforin which results in the degradation of the 

target cell membrane, and granzyme proteases which induce target cell apoptosis and 

eventual phagocytosis (Gulzar and Copeland 2005). The production of TNF and IFN-γ 

mediates further triggering of the caspase cascade and transcriptional activation of the MHC 

class I and Fas pathways, resulting in enhanced antigen presentation and Fas-mediated 

apoptosis (Andersen et al. 2006).  

 

The generation of long-term immunity against viral and bacterial agents is dependent on the 

formation of large numbers of long-lived antigen-specific memory CD8+ T cells. These 

memory T cells exist in greater numbers than naïve CD8+ T cells and demonstrate an 

increased ability to survey peripheral sites for the presence of infection. Memory CD8+ T cells 

are poised to rapidly respond to secondary infections as they exist in a “pro-growth” state 

characterised by the maintenance of mRNA expression of several anti-viral cytokines, 

cytotoxic proteins, and chemokines, allowing these memory cells to expand and develop 

effector function faster than naïve CD8+ T cells. In humans, memory CD8+ T cells are 

maintained through self-renewal driven by IL-15 and IL-17 and can survive for over 50 years 

in humans in the absence of antigen (Joshi and Kaech 2008). 

 

1.1.4 The cancer-immunity cycle 
For a successful anti-tumour immune response to occur a series of self-sustaining stepwise 

events, collectively known as the cancer-immunity cycle, must be initiated in order for the 

immune system to obtain efficient control over the growth of the tumour (Chen and Mellman 

2013) (Figure 1.5). In the first step, neoantigens generated through the loss of cellular 

regulatory processes and the accumulation of genetic alterations are released and captured 
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by DCs for processing. In order for this step to generate an anti-tumour immune response, the 

capture of antigens must be accompanied by pro-inflammatory immunogenic signals such as 

those from cell death; in the absence of such signals peripheral tolerance to the tumour may 

be induced. Next, DCs present the captured tumour antigens on MHC class I and II molecules 

to T cells (step 2), leading to the priming and activation of effector T cells (step 3) within 

tumour-draining lymph nodes or tertiary lymphoid structures. It is at this stage that the nature 

of the immune response is determined, in part, through the critical balance between production 

of effector T cells and Tregs which then traffic through the blood to the tumour (step 4). These 

tumour antigen-specific T cells then infiltrate the tumour (step 5) wherein they recognise the 

tumour cells through interaction between the TCR and its cognate antigen presented on a 

cancer cell MHC class I molecule (step 6). This interaction results in killing of the cancer cell 

(step 7) and subsequent release of additional tumour-associated antigens (step 1), thus 

continuing the revolutions of the cancer-immunity cycle (Chen and Mellman 2013; Chen and 

Mellman 2017).  
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Figure. 1.5. The cancer immunity cycle.  
The cancer-immunity cycle is a self-sustaining process which leads to the generation of an anti-tumour 
immune response. APCs, antigen presenting cells; CTLs, cytotoxic lymphocytes; DCs, dendritic cells. 
Adapted from Chen and Mellman (2013) & Pio et al. (2019). Created in Biorender.com. 
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1.1.4.1 Tumour associated antigens  
CTLs are considered major drivers of anti-tumour immunity through their ability to directly kill 

tumour cells by recognition of tumour antigens. The first human tumour antigen recognised by 

CTLs was identified in melanoma and was designated melanoma-associated antigen 

(MAGE)-1 (Van Barren et al. 1991). Subsequently, several other MAGE family antigens and 

other cancer-germline antigen (CGA) families were characterised in a large variety of human 

cancer types, predominantly through isolation of CTL clones that were reactive to tumour cell 

lines (Durgeau et al. 2018). In more recent years, identification of mutations that result in novel 

protein formation have been identified by deep sequencing of the exome of individual tumours; 

these sequences are then analysed for potential MHC binding peptides and the resulting set 

of potential antigens tested for T cell reactivity. This technique has led to the identification of 

a large repertoire of tumour-specific antigens (neoantigens) across a wide range of cancer 

types (Schumacher and Schreiber 2015).  

 

1.1.5 Cancer immunoediting 
Persistent tumour growth may occur when the cancer-immunity cycle does not perform 

optimally. Antigens may not be detected, sufficient pro-inflammatory signals may not be 

present thus resulting in tolerance, T cells may not successfully home to or infiltrate the 

tumours and factors generated in the TME could suppress or alter the phenotype of the anti-

tumour effector cells that are produced (Vinay et al. 2015). The subversion of infiltrating 

immune cell phenotypes combined with the multiple other mechanisms employed by the 

tumour and TME to prevent effective anti-tumour immunity have made it clear that cancer 

immunosurveillance and the cancer immunity cycle represent just one dimension of the 

complex relationship between tumour cells and the immune system.  

 

Developments throughout the last 20 years now clearly demonstrate that the immune system 

can also promote the emergence of tumours with reduced immunogenicity that possess the 

ability to evade immune detection and destruction (Dunn et al. 2004). A landmark study in 

2001 using chemically induced sarcomas grown in RAG2-/- immunodeficient and wild-type 

(WT) mice demonstrated that tumours grown in the presence of an intact immune system were 

capable of establishing tumours upon transplantation into naïve immunocompetent mice. In 

contrast, a majority of the tumours grown in the absence of an intact immune system were 

rejected upon transplantation, thus demonstrating that tumours formed in the face of immune 

pressures are less immunogenic than those arising in immunodeficient mice. This suggested 

that the immune system was responsible for shaping the immunogenicity of the tumours, with 

the immune response ultimately working to select those cells which were capable to surviving 
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immune attack  (Shankaran et al. 2001). These findings prompted the development of the 

cancer immunoediting hypothesis to more broadly acknowledge the potential tumour-

destructive and tumour-sculpting functions of the immune system during tumour development. 

This dynamic process is composed of three phases: elimination, equilibrium and escape 

(Schreiber et al. 2011) (Figure 1.6). 

 

1.1.5.1 Elimination 
The elimination phase represents the original concept of cancer immunosurveillance, in which 

immune cells work to detect transformed cells that have escaped cell-intrinsic mechanisms of 

tumour suppression and eliminate them before they become clinically apparent (Schreiber et 

al. 2011)(Figure 1.6a). This process requires a coordinated and balanced activation of innate 

immune cells, combined with the additional expression of tumour antigens and “danger 

signals” capable of promoting the maturation and migration of DCs to tumour draining lymph 

nodes, resulting in the activation and expansion of effector CD4 and CD8 T cells (Kim 2007).  

If the transformed cells are successfully eliminated this represents the endpoint of the 

immunoediting process.  

 

1.1.5.2 Equilibrium 
In cases where the tumour is not successfully eradicated in the elimination phase the surviving 

tumour subclones enter a dynamic equilibrium phase with the host immune system, wherein 

anti-tumour immunity contains but does not fully eradicate the heterogenous tumour cell 

population (Dunn et al. 2004)(Figure 1.6b). Evidence that the host immune system could hold 

tumour cells in an equilibrium state came from primary tumorigenesis mouse studies in which 

immunocompetent mice treated with low doses of the chemical carcinogen 3’-

methylcholantherene (MCA) harboured tumour cells for extended periods of time without 

developing apparent tumours. Upon ablation of T cells and IFN-γ using monoclonal antibodies 

(mABs), sarcomas rapidly grew at the original injection sites in half of the mice; in contrast 

mABs that depleted NK cells and blocked their recognition and function failed to cause the 

progression of tumours  (Koebel et al. 2007). Therefore adaptive, not innate, immunity is 

responsible for immunologically restraining tumour growth, thus distinguishing the equilibrium 

phase from the elimination phase in which both innate and adaptive immunity are required. 

Clinically, the equilibrium phase has been demonstrated by the transmission of tumours from 

organ donors to organ transplant recipients wherein the pharmacological suppression of the 

host immune system facilitates the progression and outgrowth of donor tumour cells that were 

restrained in the intact immune system of the donor (Chapman et al. 2013).  
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Equilibrium can extend through the life of the host and may represent a second endpoint in 

the process. However, during the equilibrium phase the potent selection pressure exerted onto 

the heterogenous tumour cell population containing genetically unstable and rapidly mutating 

cells can lead to the immune selection of tumour subclones with reduced immunogenicity. 

Those cells which are capable of surviving in an immunocompetent host emerge from the 

equilibrium phase conditioned and shaped by the host immune system into tumour cells which 

can now progress into the escape phase and present as clinically apparent disease (Dunn et 

al. 2002). 

 
1.1.5.3 Escape 
In the final stage of immunoediting, surviving tumour cell variants that have acquired genetic 

and epigenetic changes which provide them with the ability to evade detection and elimination 

by the immune system are able to emerge as clinically apparent disease. This escape from 

detection and elimination in an immunologically intact environment allows for the unrestrained 

growth of the tumour, with the tumours likely to be capable of evading both the innate and 

adaptive immune compartments (Dunn et al. 2004) (Figure 1.6c). The mechanisms of tumour 

cell escape can be classified into three main categories: i) downregulation or loss of  strong 

tumour antigens and antigen-presenting machinery, or a lack of co-stimulatory molecules, 

resulting in reduced immune recognition and stimulation; ii) upregulation of resistance 

mechanisms against the cytotoxic effects of immunity and iii) establishment of an 

immunosuppressive TME through induction of suppressive immune cells, production of anti-

inflammatory cytokines and expression of immune inhibitory ligands such as immune 

checkpoints (Teng et al. 2015).  
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Figure. 1.6 Cancer immune editing.  
The three phases of cancer immunoediting. Normal healthy cells which become mutated following a 
loss of intrinsic tumour suppression mechanism transform into tumour cells. (A) The immune system 
may act as an extrinsic tumour suppressor to identify and eliminate tumour cells. These highly 
immunogenic cells express high levels of cell stress ligands and tumour antigens, making them 
recognisable to both the innate and adaptive immune system. In this elimination phase, cells of the 
innate and adaptive immune system recognise transformed cells and destroy them. However, if the 
immune system is unable to completely eliminate the transformed cells, surviving tumour cell variants 
may enter the equilibrium phase. (B) In the equilibrium phase, tumour cells are either maintained 
chronically in an equilibrium state upon which cells of the adaptive immune system prevent further 
growth of the tumour or become immunologically sculpted into a population of cells with reduced 
immunogenicity. (C) These poorly immunogenic and immunosuppressive cell variants may eventually 
acquire further mutations which allow them to escape from immune control and become clinically 
detectable. There are several mechanisms that the tumour cells can utilise to escape immune control 
including: decreased immune recognition, increased resistant to immune effector responses and the 
generation of an immunosuppressive TME through the recruitment and subversion of 
immunosuppressive immune cells, expression of negative co-stimulatory immune checkpoints and 
immunosuppressive cytokines. CTLA-4, cytotoxic T lymphocyte associated antigen 4; DC, dendritic 
cell; MDSC, myeloid derived suppressor cell; NK, natural killer; NKT, natural killer T; PD-1, programmed 
death receptor 1; Treg, regulatory T cell. Adapted from Vesely et al. (2011) & Vinay et al. (2015). 
Created in Biorender.com.

A. B. C. 
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1.1.6 Mechanisms of immune escape 
Tumour cells undergoing continuous remodelling at the genetic, epigenetic, and metabolic 

levels generate the critical modifications necessary for these cells to escape both innate and 

adaptive immune control, thus leading to the malignant progression and growth of the tumour 

in the face of a competent immune system. Tumour cell escape can result from changes at 

the level of the tumour through inhibition of immune cell recognition and the selection of tumour 

variants that are resistant to immune effectors or through the induction and recruitment of 

distinctive immunosuppressive immune cells and cytokines within the TME which prevent an 

effective anti-tumour immune response, as outlined below. The identification of these escape 

mechanisms and the elucidation of the functional mechanisms underlying the promotion of an 

immunosuppressive TME provides the basis for the generation of several different 

immunotherapeutic strategies (Vesely et al. 2011).   
 

1.1.6.1 Decreased immune recognition 
The ability of the immune system to discriminate malignant cells from healthy ones relies, at 

least in part, on the antigenicity of tumour cells; in other words, the ability of tumour cells to 

express and present antigens in the form of MHC-antigen complexes on their cell surface that 

are recognised by antigen-specific T cells (Allard et al. 2018). Cells which are presenting 

foreign or other immunogenic antigens are subsequently identified and eliminated by T cells. 

Although tumours originate initially from a single transformed cell, the genetic instability 

generally results in a genetically heterogenous tumour with tumour cells expressing a wide 

variety of antigens which are unevenly distributed and induce different immune responses. 

Tumours with high mutational burdens, such as melanoma and non-small cell lung carcinoma 

(NSCLC), are theoretically more antigenic and generate a TME with increased 

immunogenicity. However, in order to avoid recognition and destruction by the immune 

system, many tumours evolve towards reduced antigenicity, often in a dynamic process 

induced by immune attack (Vinay et al. 2015).  There are several mechanisms by which 

tumour cell variants can reduce their recognition by immune cells; through depletion or 

mutation of antigens on their cell surface, reducing the cell surface expression of MHC I or 

through mutations of components of the antigen presentation machinery (APM) (Jhunjhunwala 

et al. 2021). 

 

One of the main mechanisms to reduce tumour antigenicity and subsequent immune 

recognition involves downregulation of MHC class I molecules on the cell surface.  MHC class 

I molecules and most of the other components of the APM are not essential for cell survival 

and growth, therefore tumour cells can down-regulate or mutate various components of the 
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APM to reduce or completely prevent antigen presentation without impairing the ability of the 

tumour to grow and metastasise. Downregulation of expression of MHC class I has been 

observed in 20-60% of patients with melanoma, lung, prostate and breast cancers, with MHC 

class I expression an independent prognostic factor in many cancers (Campoli and Ferrone 

2008; Zhao et al. 2017). Furthermore, several tumour antigens are a by-product of 

dysregulation of expression of their encoding genes and the majority of neoantigens are 

derived from passenger mutations that are dispensable to the tumour. Therefore, if these 

immunogenic antigens presented on the cell surface are non-essential for cell survival, the 

tumour cells can lose or mutate these antigens to decrease their antigenicity and evade 

immune recognition (Jhunjhunwala et al. 2021).  

 

Downregulation of antigen presentation and an enhanced ability to escape from T cell killing 

is also seen in normal tissue stem cells to protect the rare stem cell pool and ensure that the 

functionality of the tissue is sustained during times of physiologic need. Regulation of 

quiescence, differentiation, and self-renewal are all key to ensuring long-lived stem cells can 

evade immune surveillance. Slow-cycling, non-proliferating stem cells of the hair follicle are 

devoid of MHC class I expression and β2-microglobulin expression, which is required for 

proper MHC class I formation and expression at the cell surface, suggesting that these 

quiescent cells demonstrate decreased antigen presenting capacity (Agudo et al. 2018). 

These molecular programs that control the function and phenotype of stem cells are also 

present in subsets of tumour cells termed cancer stem cells. Cancer stem cells (CSCs) are 

cancer-initiating cells responsible for tumour initiation, progression and metastasis through 

their enhanced self-renewal capacity and pluripotent ability. CSCs can derive from normal 

stem cells, suggesting that through co-opting of the immune evasion properties of quiescent 

stem cells, CSCs may be the earliest tumour cells to evade immune surveillance. Indeed, it 

has been demonstrated that the immune evasion of metastatic tumour cells is directly 

correlated with a slow-cycling stem-cell-like state, with the immune privileged status of these 

cells linked to their ability to enter a quiescent state, with MHC class I expression and 

subsequent immune recognition re-instated upon proliferation of these cells (Malladi et 

al.2016) 

 

In principle, MHC class I loss should result in NK cell mediated-killing of these cells through 

the missing self-process and yet there is no evidence that MHC I negative tumours are 

infiltrated with more NK cells than those which are MHC class I sufficient (Lin and Yan 2018). 

Despite NK cells being a potential second line of defence against these tumours, there are 

several mechanisms by which tumour cells effective in downregulation of antigen presentation 
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can also evade NK cells and interfere with the effectiveness of NK cell anti-tumour activity to 

overcome missing-self surveillance by NK cells (Dhatchinamoorthy et al. 2021). 

 

1.1.6.2 Immune resistance  
Tumour cells which continue to express tumour antigens and are unable to avoid immune cell 

detection may develop mechanisms to evade immune-mediated killing. Cell variants can 

become resistant to the cytotoxic effects of immune effector cells through the expression of 

anti-apoptotic molecules such as FLIP and B cell lymphoma extra-large (BCL-XL) or through 

the persistent activation of pro-oncogenic transcription factors such as STAT3. Alternatively, 

cells can become resistant to lysis by CTLs and NK cells through the downregulation and 

mutation of death receptors such as the TRAIL death receptor 5 (DR5) (Vesely et al. 2011). 

 

1.1.6.3 Immunosuppressive TME 
The development of a locally immunosuppressive TME is a primary cause of tumour immune 

escape. The TME is a highly complex and heterogenous ecosystem in which tumour cells co-

exist and interact with the extracellular matrix, fibroblasts, endothelial cells, tumour 

vasculature, lymphatics and infiltrating immune cells. Interactions between the tumour cells 

and the surrounding cells of the TME, in particular the immune cell component, are 

fundamental in determining tumour growth, invasion and metastasis (Giraldo et al. 2019).  A 

variety of innate (macrophages, neutrophils, eosinophils, mast cells, NK cells, DCs) and 

adaptive (T cells, B cells) immune cells can infiltrate tumours, with their composition and 

organisation within the TME strongly associated with the clinical outcomes of patients. The 

abundance and activation state of these cells, along with their production of cytokines, 

chemokines, cytotoxic mediators and immune modulators all affect the balance between anti-

tumour immunity and an inflammatory pro-tumour environment (Hui and Chen 2015). Immune 

cells which have been recruited to the TME can communicate with the tumour via secretion of 

regulatory cytokines, growth factors and proteases which work together to alter the phenotype 

of the immune infiltrate and further recruit regulatory cells to prevent an effective anti-tumour 

immune response (Liu and Cao 2016).  

 

1.1.6.3.1 Innate immune cells in the TME 
Despite being the first effectors against malignantly transformed cells, innate immune cells 

are also one of the major sources of angiogenic factors, growth factors, matrix-remodelling 

enzymes, and anti-inflammatory mediators within the TME. Therefore, although initially 

recruited to these sites to destroy malignant cells, due to the plasticity of these cells, tumours 
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are able to recruit and subvert these cells to promote tumour growth, invasion and metastasis 

(Berraondo et al. 2016). 

 

1.1.6.3.1a Tumour associated neutrophils 
Chemotactic factors such as IL-8, C-X-C motif chemokine ligand 8 (CXCL8) and TGF-β are 

secreted by various cells within the TME to recruit circulating neutrophils which, upon entry 

into an inflammatory and hypoxic TME, become long-lived tumour-associated neutrophils 

(TANs) (Coffelt et al. 2016). TANs have been demonstrated to play an important role in the 

initiation of inflammation-induced tumours and through the production of pro-tumour cytokines, 

reactive oxygen species, and proteinases such as cathepsin G, matrix metalloproteinases 

(MMP)-8/9, proteinase-3 and neutrophil elastase, are capable of promoting tumour 

angiogenesis, growth and invasion (Houghton 2010). TANs possess both pro- and anti-tumour 

functions, with chemical stimuli within the TME determining the TAN response. The presence 

of the anti-inflammatory cytokine TGF-β has been shown to drive the development of pro-

tumour TANs which are capable of suppressing CTL responses; in the absence of TGF-β 

TANs were able to promote CTL responses through the production of pro-inflammatory factors 

such as TNF, nitric oxide and CCL3 (Fridlender et al. 2009).  Furthermore, TANs harvested 

from melanoma and fibrosarcoma tumours in IFN-β deficient mice demonstrated increased 

expression of the pro-angiogenic factors vascular endothelial growth factor (VEGF), MMP9 

and the homing receptor C-X-C chemokine receptor type 4 (CXCR4); the expression of which 

was reduced to control levels upon treatment with IFN- β, suggesting IFN-β inhibits tumour 

angiogenesis and is an important suppressor of angiogenic and homing factors in TANs 

(Jablonska et al. 2010).  These studies highlight the functional plasticity of TANs and gave 

rise to the suggestion that unlike T cells and macrophages, which are associated with 

functional subsets due to transcriptional changes, TANs represent various functional 

activation states; these TAN states are characterised by their levels of activation and 

immunogenic factor production in response to stimuli within the TME rather than committed 

genomic phenotypic changes (Gregory and Houghton 2011). Although the prognostic and 

predictive power of neutrophil infiltration is variable, meta-analysis of tumour gene expression 

profiles from 18 000 patients identified TANs as the most significant adverse cancer-wide 

prognostic immune population (Gentles et al. 2015). 

 

1.1.6.3.1b Tumour associated macrophages 
The high phenotypic plasticity of monocytes recruited to the TME through the production of 

growth factors and chemoattractants results in the generation of classically activated M1 and 

alternatively activated M2 tumour associated macrophages (TAMs). Exposure of monocytes 
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to M-CSF and GM-CSF promotes macrophage differentiation, with Th1 and Th2 cytokines 

present in the TME ultimately resulting in the polarisation of uncommitted M0 macrophages 

into M1 and M2 states, respectively (Noy and Pollard 2014). A TME rich in anti-inflammatory 

mediators such as IL-4, IL-10, IL-13 and TGF-β promotes M2 polarisation whilst IFN-γ and 

TNF are strong stimulators of M1 polarisation (Mantovani et al. 2017). M1 macrophages have 

been observed to produce pro-inflammatory cytokines such as IL-23, IL-2, TNF and IL-2 and 

can promote anti-tumour CD8+ T cell responses. Conversely, M2-like macrophages produce 

anti-inflammatory cytokines such as IL-10 and TGF-β which have been shown to suppress 

CTL activity and facilitate tumour growth, angiogenesis and metastasis (Mantovani et al. 

2017). Although generally greater densities of TAM are associated with advanced disease 

stage and worse overall survival in many cancers, it is suggested that identification of the 

M1:M2 ratio is a more relevant prognostic marker (Jayasingam et al. 2020). In NSCLC, 

patients whose TAMs were predominantly of an M1-like phenotype demonstrated extended 

survival compared to those enriched with M2-like phenotypes (Ohri et al. 2009). Similarly, 

cervical cancer patients with a greater M1:M2 ratio demonstrated greater response to 

chemoradiation and increased survival compared to those with a predominantly M2 phenotype 

(Petrillo et al. 2015).  

 

1.1.6.3.1c Myeloid-derived suppressor cells 
Myelopoiesis is the process which generates activated neutrophils, macrophages and DCs 

from a common myeloid progenitor.  Classic activation of these cells occurs in response to 

strong signals from pathogens, primarily in the form of PAMPs and DAMPs, resulting in robust 

phagocytosis, respiratory bursts, and the production of pro-inflammatory cytokines. This 

response is relatively short-lived and resolves upon cessation of the stimuli. By contrast, 

during unresolved inflammation such as that in persistent infection or cancer, the relatively 

weak and long-lived signals result in the induction of modest but persistent myelopoiesis 

(Gabrilovich 2017). Myeloid cells generated under these conditions possess an immature 

morphology and phenotype, weak phagocytic ability, increased background levels of reactive 

oxygen species and nitric oxide and increased anti-inflammatory cytokine production. These 

pathologically activated myeloid cells, known as myeloid-derived suppressor cells (MDSC), 

support tumour growth and inhibit anti-tumour immunity. MDSCs are a heterogenous group of 

cells consisting of two main types: polymorphonuclear MDSCs (PMN-MDSC) which are 

morphologically and phenotypically similar to neutrophils, and monocytic MDSCs (M-MDSCs) 

which are similar to monocytes (Veglia et al. 2018).  
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Although in the early stages of cancer MDSCs are rarely detected, two distinct types of signals 

from the tumour and surrounding stroma result in the gradual accumulation of MDSCs within 

the TME as the tumour progresses. The first group of signals is driven by tumour-derived 

factors such as GM-CSF,G-CSF and VEGF and are responsible for the expansion of immature 

myeloid cells and the inhibition of their terminal differentiation (Veglia et al. 2018). The second 

group of signals is mediated by inflammatory cytokines such as IFN-γ, IL-1β, IL-4, IL-6, IL-13 

and TNF in the TME and are responsible for the pathological activation of MDSCs and 

subsequent immune suppression and promotion of tumour progression (Gabrilovich 2017). 

MDSCs negatively regulate the immune response through suppression of T cell proliferation, 

attenuation of T cell and NK cell cytotoxicity, and polarisation of immunity towards a tumour-

promoting type 2 response; furthermore, MDSCs can promote tumour angiogenesis and 

metastasis (Rodriguez et al. 2002; Suzuki et al. 2005; Sinha et al. 2007; Condamine et al. 

2015).  

 

1.1.6.3.1d Tumour associated DCs 
The primary role of DCs in tumour immunity is to activate an anti-tumour T cell response by 

endocytosing cellular debris and dead neoplastic cells within the TME to process tumour 

antigens (Gardner and Ruffell 2016). In addition, immature DCs have demonstrated direct 

cytotoxic activity against tumour cells in vitro (Liu et al. 2001; Janjic et al. 2002).  Despite only 

constituting a minority of the myeloid cells within the TME, DCs are significantly associated 

with greater overall survival across multiple cancer types including breast cancer, lung 

adenocarcinoma and head and neck squamous cell carcinoma (SCC)(Broz et al. 2014). 

However, it is now well established that a majority of tumour associated DCs are defective in 

their functional activity and are poor stimulators of an immune response due to a number of 

mechanisms utilised by the tumour and the TME to prevent an anti-tumour immune response 

(Lee and Radford 2019). DC activity can be subverted at an early stage through inhibition of 

initial DC priming through tumour cell secretion of sterol metabolites which suppress 

expression of CCR7 on the surface of DCs, thus disrupting DC migration to the lymph nodes 

(Villablanca et al. 2010). Furthermore, tumour cells can secrete IL-10 which can reduce the 

capacity of DCs to process antigens and skew the generation of T cell responses towards a 

type 2 immune response (Aruga et al. 1997). Signals within the TME can also subvert the 

differentiation of monocytes to macrophages, prevent efficient DC maturation and suppress 

DC function through metabolic dysfunction (Palucka and Banchereau 2012). 
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1.1.6.3.1e Tumour associated NK cells 
Upon neoplastic transformation cells often demonstrate low expression of ligands for NK cell 

inhibitory receptors in combination with increased expression of ligands for activating 

receptors, resulting in direct lysis of the tumour cells by NK cells (Pahl and Cerwenka 2017). 

In addition to spontaneously detecting and killing tumour cells, the release of chemokines such 

as CCL5, XCL-1 and XCL-2 by NK cells has been demonstrated to recruit DCs and prime their 

function to mount an antigen-specific adaptive immune response in vivo (Böttcher et al. 2018). 

The importance of NK cells in anti-tumour immunity was initially highlighted by a number of 

mouse models in which mice lacking NK cell function demonstrated increased tumour growth 

and metastasis of solid and haematological tumours (Talmadge et al. 1980; Cerwenka et al. 

2001; Kelly et al. 2002). Clinically, NK cell activity has been inversely correlated with cancer 

incidence as demonstrated by an 11-year epidemiological study which reported that 

individuals with low NK cell cytotoxic activity had a significantly higher risk of developing 

cancer (Imai et al. 2000). Furthermore in lung, gastric, colorectal and breast cancers high 

numbers of tumour-infiltrating NK cells are significantly associated with better patient 

outcomes, highlighting the fundamental role NK cells play in controlling tumour growth 

(Stojanovic and Cerwenka 2011; Böttcher et al. 2018).  

 

Unlike other tumour associated innate immune cells, NK cells themselves do not appear to 

subvert into a pro-tumour phenotype but rather factors within the TME cause NK exhaustion 

resulting in inefficient anti-tumour effector function. Adoptive transfer of NK cells into NK-

sensitive tumours in vivo failed to suppress tumour growth despite successful homing to the 

TME and an initial enhancement of anti-tumour activity. Isolated NK cells demonstrated a loss 

of IFN-γ production early after transfer, with reductions in activating receptor expression and 

decreased cytotoxic activity progressing with prolonged tumour exposure. These functional 

changes were associated with an increase in homeostatic NK cell proliferation, suggesting 

that factors within the TME caused a proliferation-induced exhausted NK phenotype (Gill et 

al. 2012). Furthermore, NK cells isolated from the TMEs of pancreatic, colorectal, liver and 

NSCLC patients demonstrate reduced cytolytic and cytotoxic activity in vitro, as evidenced by 

a reduction in the cytolytic mediators granzyme, perforin, FasL and TRAIL and an impaired 

ability to produce IFN-γ upon stimulation when compared with NK cells isolated from 

peripheral blood or peri-tumoral regions (Platonova et al. 2011; Peng et al. 2013; Sun et al. 

2017). Factors such as tumour-associated exosomes and TGF-β, and TME characteristics 

such as hypoxia have been identified as mediators of NK cell exhaustion, with their presence 

associated with reductions in activating receptor expression, suppression of IFN-γ and TNF 

production and decreased degranulation (Bi and Tian 2017). 
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1.1.6.3.2 Adaptive immune cells in the TME 
1.1.6.3.2a B lymphocytes 
B cells represent an important proportion of infiltrating immune cells, accounting for up to 25% 

of immune cells within the TME of breast, ovarian, renal and NSCLC tumours (Largeot et al. 

2019). In the majority of cases, B cell infiltration is associated with good prognosis; tumour-

infiltrating B cells were identified as the second-best predictor of increased survival in a study 

of metastatic melanoma and tumour-infiltrating B cells correlated with lower relapse rates and 

increased survival in cervical and lung cancer, respectively (Al-Shibli et al. 2008; Nedergaard 

et al. 2008; Erdag et al. 2012). B cells play critical roles in anti-tumour immunity through the 

production of antibodies, secretion of inflammatory cytokines, and by acting as APCs to trigger 

an active T cell response. Antibodies directed against tumour antigens can lead to tumour cell 

killing through activation of the complement cascade, phagocytosis by macrophages, and NK 

cell lysis via ADCC (Yuen et al. 2016).  

 

Alongside anti-tumour activity, mainly through the production of antibodies, B cells can also 

be mediators of tumour growth. Circulating immune complexes, comprised of antibodies 

bound to a soluble antigen, are detected in the circulation and tumour tissue in many cancers 

and are known to induce tumour-promoting inflammation through their recognition by Fc 

receptors on innate immune cells (Andreu et al. 2010). Furthermore, tumour-associated B 

cells can produce VEGF within the TME, leading to increased angiogenesis (Yang et al. 2013). 

In addition, a diverse subset of regulatory B cells (Bregs) can acquire regulatory activity and 

maintain immune tolerance within the TME, either directly through the secretion of IL-10 or 

indirectly through the prediction of TGF-β and the inhibition of CD4+ T cell proliferation and 

conversion of resting CD4+ T cells into Tregs (Largeot et al. 2019). The differentiation of B 

cells into Bregs within the TME can be directly influenced by metabolites and cytokines 

produced by tumour cells and by tumour-derived extracellular vesicles containing growth 

factors (Ye et al. 2018; Largeot et al. 2019).  The hypoxic condition of the TME can also 

generate hypoxia-inducible factors which suppress anti-tumour B cell proliferation and 

antibody production (Caro-Maldonado et al. 2014).  

 

1.1.6.3.2b T lymphocytes 
1.1.6.3.2bi CD4+ helper T cells 
CD4+ Th cells are highly versatile, polyfunctional cells that can differentiate into one of several 

functional subtypes in response to context-dependent signals within the TME. Th1 cells are 

dependent on IL-2 and IFN-γ for their generation; IL-12 recruits NK cells to produce IFN-γ 

which together leads to the activation of Th1 differentiation by suppressing Th2 and Th17 
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formation (Basu et al. 2021). Th1 cells are primarily responsible for activating and regulating 

the development of an antigen-specific CTL response (Giuntoli et al. 2002). Furthermore, IFN-

γ produced by Th1 cells activates APCs to upregulate MHC class I to increase antigen 

presentation to CTLs and induces the production of opsonising antibodies which further 

enhance tumour cell uptake by APCs (Knutson and Disis 2005). In addition to these indirect 

effects, Th1 cells can also directly kill tumour cells through interaction with MHC class II 

molecules; upon recognition of antigens Th1 cells then use the Fas/FasL and TRAIL apoptosis 

or granzyme-perforin lysis pathways to directly kill tumour cells (Thomas and Hersey 1998; 

Echchakir et al. 2000). Recent comprehensive mass cytometric analysis of immune subsets 

in cancer immunity highlighted that peripheral activated effector memory Th1 cells were 

capable of orchestrating potent anti-tumour immunity, with these cells demonstrating 

significantly greater protection than CD8+ T cells when transplanted into tumour-bearing mice 

(Spitzer et al. 2017).  

 

Th2 cells are not directly cytotoxic and favour a predominantly humoral immune response. 

Promoted by IL-4 signals in the absence of IL-12, Th2 cells mediate effector functions through 

secretion of type 2 cytokines. Whilst IL-4, IL-5 and IL-13 have been demonstrated to contribute 

to tumour growth and metastasis, IL-10 mediates inhibition of APC antigen processing and 

presentation and activates immunosuppressive Tregs within the TME. Conversely, Th2 cells 

can also activate the innate immune system through recruitment of macrophages, 

granulocytes, eosinophils, and NK cells to tumour sites suggesting a role for Th2 cells in anti-

tumour immunity (Chraa et al. 2019).  

 

Although abundant in mucosal tissues, Th17 cell comprise a small population in the peripheral 

blood (~0.1%) (Kagami et al. 2010). However, upon malignant transformation, tumours 

demonstrate a significant increase in Th17 cell infiltration, suggesting that cells within the 

tumour produce factors which promote Th17 cell trafficking to the TME. Although important in 

infectious immunity and the pathogenesis of autoimmune disease, the role of Th17 cells in the 

TME is still ambiguous. Several studies have demonstrated that Th17 cells have dual roles in 

tumorigenesis, with their presence associated with increases in anti-tumour NK and CTL 

activity as well as the promotion of tumour development through activation of tumour 

angiogenesis. Inflammatory cytokines secreted by Th17 cells, such as IL-17A, IL-17F, IL-21 

and IL-22 mediate tumour growth by driving angiogenesis and suppressing anti-tumour 

immunity, whilst secretion of IL-17F, IL-21 and IL-22 has also been associated with anti-

angiogenic activity. The ability of Th17 cells to possess either inflammatory or regulatory 

functions in anti-tumour immunity depends on the stimuli they encounter within the TME. 
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Indeed, in colon and pancreatic cancer patients, Th17 cell infiltration is associated with poor 

prognosis, whilst in ovarian cancers Th17 cells are associated with increased survival, thus 

highlighting the mutable immunological properties Th17 cells possess in tumour immunity 

(Bailey et al. 2014).  

 

Cytokines and factors within the TME are crucial determinants of whether there is an initial 

shift and subsequent agnostic positive cytokine feedback loop for either Th1 or Th2 cells.  A 

prevalence of Th2 cells and a high Th2:Th1 ratio is a predictor for decreased survival in many 

cancer types, whilst a high level of Th1 infiltration and decreased Th17 presence was 

associated with prolonged survival in colorectal cancer (Gabitass et al. 2011; Geng et al. 2015; 

Fridman et al. 2017). Although the dual role of some Th cell subtypes adds more complexity 

to their prognostic significance, in general IFN-γ-producing Th1 cells are associated with a 

favourable prognosis, whilst the prognostic significance of other Th subtypes is cancer type 

dependent (Guisier et al. 2020). 

 

1.1.6.3.2bii Tregs 
To maintain peripheral tolerance, Tregs prevent reactivity to self-antigens; however, tumour 

cells are often seen as self and thus Tregs try to inhibit the development of anti-tumour 

immunity through the suppression of tumour-specific T cells.  The role of Tregs in anti-tumour 

immunity was first demonstrated in mice treated with an anti-CD25 mAb prior to injection of 

eight different tumour types. Administration of the anti-CD25 mAb resulted in a reduction in 

CD4+CD25+ cells and subsequent regression in 6/8 of the tumours, suggesting that 

CD4+CD25+ cells were involved in suppressing anti-tumour immunity (Onizuka et al. 1999).  

 

The TME generally contains an abundance of Tregs, accounting for 10-50% of CD4+ T cells 

within the tumour compared with 2-5% in the periphery of healthy individuals (Togashi et al. 

2019). Tregs can be recruited and accumulate with the TME via several mechanisms.  

Chemokines secreted by tumour cells, innate immune cells and exhausted CD8+ T cells 

recruit Tregs, whilst tumour intrinsic driver mutations such as epidermal growth factor receptor 

(EGFR) have also been demonstrated to promote Treg infiltration primarily by changing the 

local chemokine and metabolic environment. Furthermore, once recruited into the TME, TGF-

β, IL-10 and adenosine can increase Treg proliferation and convert non-suppressive T cells 

into Tregs (Ondondo et al. 2013). Transcriptional analysis of tumour infiltrating Tregs isolated 

from colorectal, breast, gastric and NSCLC patients demonstrated that these cells shared a 

phenotype distinct from that of Tregs in peripheral tissues (De Simone et al. 2016).  Tumour-

infiltrating Tregs overexpress immunosuppressive immune checkpoint molecules such as 
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cytotoxic T lymphocyte antigen 4 (CTLA-4), programmed death ligand 1 (PD-1) and T cell 

immunoreceptor with Ig and ITIM domains (TIGIT) and express high levels of Treg activation 

markers including lymphocyte-activation gene 3 protein (LAG-3), OX40, and T cell 

immunoglobulin mucin receptor 3 (TIM3) (Kim et al. 2020). Tregs isolated from the TME exhibit 

enhanced suppressive capacity compared to Tregs from peripheral blood or healthy tissue, 

this may be due in part to the increased activation of these cells within the TME. One possible 

mechanism for the increased activation of these cells is that dying and proliferating tumour 

cells produce many self-antigens which are recognised by Tregs with a higher affinity than 

other T cells, thus enabling preferential activation (Chaudhary and Elkord 2016). 

 

Tregs can exert their immunosuppressive functions in the TME through various cellular and 

humoral mechanisms which ultimately suppress effective T cell responses (Figure 1.4). By 

competing for the consumption of IL-2, Tregs can limit its availability to activate T cells, whilst 

production of the immunosuppressive cytokines IL-10, IL-35 and TGF-β can further inhibit an 

immune response (Thornton and Shevach 1998; Togashi et al. 2019). Tregs have also been 

shown to convert adenosine triphosphate (ATP) into the metabolite adenosine, which can 

prevent optimal T cell activation and has even demonstrated direct anti-effector cell activity 

through the secretion of perforin and granzymes (Grossman et al. 2004; Deaglio et al. 2007). 

The increased expression of immune checkpoints and inhibitory receptors such as CTLA-4, 

PD-1, and LAG-3, which act to dampen immune responses and prevent excessive T cell 

activation during physiological immune responses, provide Tregs with greater suppressive 

activity. Indeed, a meta-analysis of 76 articles encompassing 17 different solid cancer types 

reported a significant association between high Foxp3+ density and lower overall survival 

rates, further supporting the pro-tumour role of immunosuppressive Tregs in the TME (Shang 

et al. 2015).  

 

1.1.6.3.2biii CD8+ cytotoxic T cells 
Naïve CD8+ T cells are primed by APCs into effector CD8+ T cells primarily in tumour-draining 

lymph nodes but can become primed directly in the TME by cross-presenting APCs and 

tumour cells themselves. Multiple in vitro and in vivo  studies have demonstrated the ability of 

CTLs to recognise and lyse tumour cells; indeed, a meta-analysis of 23 studies determined 

that the presence of CD8+ T cells within the TME of multiple cancers including ovarian, 

colorectal, lung and renal cell carcinoma was associated with good prognosis for all survival 

endpoints tested (Gooden et al. 2011).  
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Therefore, to effectively evade immune attack, the tumour and TME must induce CD8+ T cell 

dysfunction. The TME can influence the fate of CD8+ T cells through the expression of 

cytokines, cell surface immunomodulatory ligands and inhibition of nutrient and oxygen 

availability to cause CD8+ T cell dysfunction and phenotypic changes which facilitate the 

switch from a highly active CTL population to a chronically stimulated dysfunctional states 

(Maimela et al. 2019). The absence of inflammation and/or lack of efficient co-stimulation for 

CD8+ T cells in the TME leads to the generation of a hyporesponsive subset of anergic T cells 

which are characterised by low IL-2 production and decreased effector function (Crespo et al. 

2013). Furthermore, prolonged exposure of CD8+ T cells to their cognate antigen can result 

in an exhausted phenotype, characterised by low IL-2 and IFN-γ production, reduced 

proliferative potential and reduced cytotoxic activity; these cells also upregulate several 

immunosuppressive immune checkpoints on their surface including PD-1, CTLA-4, Lag-3 and 

CD160 which further attenuate the anti-tumour response (Reiser and Banerjee 2016). Soluble 

molecules such as IL-10, IFNs, adenosine, VEGF and TGF-β produced by tumour and 

immune cells within the TME can also mediate T cell dysfunction. Furthermore, the TME 

represents an environment low in glucose, amino acids, oxygen, and pH all of which further 

induce T cell dysfunction and impair the anti-tumour immune response (Thommen and 

Schumacher 2018). 

 

1.1.6.3.3 Immunoregulatory cytokines 
As evidenced above, tumour cells can produce several immune regulatory cytokines which 

cripple anti-tumour immune function and generate a locally immunosuppressive TME through 

the recruitment and subversion of immunosuppressive immune cells. TGF-β is a chief 

mediator of this activity and can simultaneously inhibit multiple stages of anti-tumour immunity 

from the inhibition of DC activation to the direct inhibition of NK and T cell function (Wrzesinski 

et al. 2007). The production of VEGF by tumour and immune cells has also been demonstrated 

to inhibit the differentiation of progenitors within the TME into DCs and inhibit their maturation, 

thus further preventing sufficient uptake and antigen presentation (Gabrilovich et al. 1996). 

VEGF is also a critical factor for the establishment of tumour angiogenesis, a hallmark of 

cancer, with the formation of new abnormal endothelial vessels forming a physical barrier to 

the trafficking and extravasation of effector immune cells into the tumour (Tang et al. 2020).  

 

In addition to the production of cytokines and growth factors which downregulate the anti-

tumour immune response, tumour cells can secrete several enzymes such as indoleamine 

2,3-deoxygenase (IDO) and arginase which may also contribute significantly to tumour 

immune evasion through inhibition of T cell activity (Vinay et al. 2015). T cell activation and 
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proliferation can be restricted by the lack of any single essential amino acid, with the depletion 

of L-tryptophan and L-arginine by IDO and arginase, respectively impacting on T cell activity. 

IDO serves as the rate-limiting enzyme in the conversion of L-tryptophan to kynurenine along 

the kynurenine metabolic pathway. Overexpression of IDO in tumours leads to the depletion 

of L-tryptophan and the expression of kynurenine and downstream catabolites which can 

cause cell cycle arrest and dysfunction of T cells, promotion of CD4+ T cell apoptosis and the 

proliferation and activation of MDSCs (Munn et al. 2005; Holmgaard et al. 2015; Cheong and 

Sun 2018). In addition to metabolising L-arginine to L-ornithine and urea in the hepatic urea 

cycle, arginase is also expressed within the TME where its activity is linked to T cell 

suppression. Depletion of L-arginine by arginase potently inhibits T cell proliferation, 

decreases cytokine production, and affects the formation of immune synapses between T cells 

and APCs (Gryzwa et al. 2020) 

 

1.1.6.3.4 Negative co-stimulatory pathways  
As described above, distinct subsets of adaptive immune cells mediate protective immunity 

against infection and malignant transformation; however, these effector cells must be tightly 

regulated to prevent acute and chronic inflammation which can lead to autoimmunity. Immune 

regulation is mediated by regulatory cells including MDSCs, M2-like macrophages and Tregs, 

regulatory cytokines such as TGF-β and IL-10 and immune checkpoints such as CTLA-4, PD-

1, LAG-3 and TIM-3. Under normal physiological conditions these mechanisms protect the 

host, yet there is evidence that tumour cells can enhance these regulatory mechanisms as a 

form of immune subversion to enable immune escape and growth (Dyck and Mills 2017).  

Immune checkpoints are negative co-stimulatory pathways which interact with their ligands to 

regulate the activation and function of T cells at multiple stages during the immune response. 

CTLA-4, LAG-3, TIM-3 and TIGIT all primarily interact with their ligands during the T cell 

priming stage, thereby limiting T cell activation, whilst PD-1:PD-L1 interactions occur 

predominantly in the periphery to regulate activated T cells during the effector phase (Dyck 

and Mills 2017). The ligation of these receptors on immune cells results in signalling through 

ITIM and immunoreceptor tyrosine-based switch motifs (ITSM) to deliver inhibitory signals, the 

activity of which can be easily inhibited by blocking antibodies which prevent ligand-receptor 

interactions. There are now several monoclonal checkpoint inhibitor antibodies licenced to 

treat a number of cancers including melanoma, NSCLC, renal, bladder and haematological 

cancers which aim to reduce T cell suppression and induce an immune response (He and Xu 

2020). 
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1.1.6.3.4a CTLA-4 
CTLA-4 was the first immune checkpoint to be clinically targeted; it is expressed exclusively 

on Tregs and activated effector T cells where it regulates the amplitude of T cell activation 

during priming. In resting naïve T cells, CTLA-4 is located primarily intracellularly but is rapidly 

induced on the cell surface in a graded fashion upon T cell stimulation, conversely Tregs 

express CTLA-4 constitutively where it appears to be crucial for their suppressive function 

(Linsley et al. 1996; Takahashi et al. 2000). There are several mechanisms by which CTLA-4 

can suppress T cell responses. As discussed in Section 1.2.2.2a, two signals are required for 

T cell activation: TCR recognition of antigen presented by MHC and co-stimulation through 

CD28 binding to the B7 ligands CD80 (B7.1) or CD86 (B7.2) expressed on APCs. Sufficient 

co-stimulatory signalling results in proliferation of T cells, increased cell survival and 

differentiation into effector or memory cells (Chen and Flies 2013)(Figure 1.3). CTLA-4 is a 

structural CD28 homolog which binds to CD80 and CD86 with a higher affinity and at a lower 

surface density than CD28, thereby outcompeting it (Alegre et al. 2001). Binding of CTLA-4 to 

CD80/86 does not produce a stimulatory signal and instead prevents T cell activation, with the 

relative amount of CD28 versus CTLA-4 binding determining whether T cells undergo 

activation or anergy (Buchbinder and Desai 2016). CTLA-4 binding has also been shown to 

inhibit IL-2 production, block T cell proliferation and induce cell cycle arrest (Krummel and 

Allison 1996; Greenwald et al. 2002) (Figure 1.7a). Additionally, Tregs have been shown to 

sequester CD80/86 co-stimulatory ligands on APCs via CTLA-4-mediated binding to prevent 

binding of effector T cells to APCs (Tekguc et al. 2021)(Figure 1.7b). Furthermore, CTLA-4 

has been observed to confer T cell inhibition through the active removal of CD80/86 from the 

surface of APCs through transendocytosis; this results in APCs unable to bind CD28 on 

conventional T cells to provide appropriate co-stimulation (Qureshi et al. 2011)(Figure 1.7c).   
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Figure. 1.7 CTLA-4 mechanisms of T cell inhibition.  
(A) T cells are activated upon TCR binding of antigens displayed on MHC molecules on APCs in 
combination with co-stimulatory signals from CD28:CD80/86. CTLA-4 binds with a higher affinity than 
CD28 to CD80/86 on APCs thus preventing T cell activation and resulting in a net negative signal which 
limits IL-2 production, T cell proliferation, and limits T cell survival. (B) Tregs express CTLA-4 
constitutively and can bind to and sequester CD80/86 on APCs thus preventing T cell antigen 
presentation by APCs. (C) Tregs can physically remove CD80/86 costimulatory molecules from the 
surface of APCs via CTLA-4-meiated transendocytosis to further prevent T cell activation. CTLA-4, 
cytotoxic T lymphocyte associated antigen 4; MHC, major histocompatibility complex; TCR, T cell 
receptor; Treg, regulatory T cell. Adapted from Jain et al. (2010) & Buchbinder and Desai (2016). 
Created in Biorender.com. 
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1.1.6.3.4b PD-1/PD-L1 
The inhibitory receptor PD-1 and its ligands PD-L1 and PD-L2 have gained significance in the 

past few years, with the approval of several checkpoint inhibitors targeting the pathway 

approved for treatment of many cancers. PD-1 and PD-L1/2 are members of the B7 family of 

receptors and ligands; a family of structurally related ligands which bind to their associated 

receptors on T and B cells to initiate downstream co-stimulatory or co-inhibitory signalling 

(Curran et al. 2010). PD-1 is a member of the B7/CD28 family of co-stimulatory receptors and 

is expressed on T cells, B cells, NK cells and certain myeloid cells; although, its role in best 

characterised in T cells wherein its expression is induced on the cell surface following antigen 

stimulation (Dyck and Mills 2017). Similar to CTLA-4 signalling, PD-1 binding with its ligands 

inhibits T cell function by reducing the intensity of IFN-γ, TNF and IL-2 production, reducing T 

cell survival through the inhibition of anti-apoptotic gene production and suppressing T cell 

proliferation (Keir et al. 2008; Buchbinder and Desai 2016) (Figure 1.8). If a T cell experiences 

both PD-1 and TCR signalling, PD-1 signalling will prevent phosphorylation of key TCR 

signalling components, further reducing T cell activation (Bennett et al. 2003). Unlike CTLA-4 

which exerts its function during the early priming phase of T cell activation, PD-1 mainly 

functions during the effector phase in the periphery, where T cells encounter PD-1 ligands. 

Chronic antigen exposure such as that in chronic infection or cancer can result in high levels 

of persistent PD-1 expression on T cells, which upon ligation with PD-L1/2 results in T cell 

anergy and exhaustion (Pardoll 2012). PD-L1 and PD-L2 are expressed on a variety of cell 

types including DCs, T cells, B cell, myeloid cells and can be induced on parenchymal cells 

following inflammatory cytokine exposure. PD-L2 is expressed primarily on DCs and 

monocytes but can also be induced on several other cells depending on the microenvironment 

(Buchbinder and Desai 2016). Furthermore, tumour cells can express PD-L1 to inhibit anti-

tumour T cell responses within the TME where it’s expression is associated with poor 

prognosis in many cancers (Dyck and Mills 2017).  
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Figure. 1.8 PD-1/PD-L1 mechanisms of T cell inhibition.  
PD-1 binding with its ligand PD-L1 inhibits T cell function by reducing the intensity of IFN-γ, TNF and 
IL-2 production, reducing T cell survival through the inhibition of anti-apoptotic gene production and 
suppressing T cell proliferation. If a T cell experiences both PD-1 and TCR signalling, PD-1 signalling 
will prevent phosphorylation of key TCR signalling components, further reducing T cell activation. PD-
1 mainly functions during the effector phase in the periphery, where T cells encounter PD-1 
ligands.Tumour cells have been demonstrated to express PD-L1 to inhibit anti-tumour T cell responses. 
MHC, major histocompatibility complex; PD-1, programmed death protein 1; PD-L1. Programmed death 
ligand 1; TCR, T cell receptor. Created in Biorender.com. 
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1.1.6.3.4c Immune checkpoint inhibitors 
Immune checkpoint inhibitors (ICIs) targeting CTLA-4 and PD-1/PD-L1 have been approved 

for the first- and second-line treatment for several cancers including melanoma, NSCLC, renal 

cell carcinoma, head and neck carcinoma and bladder cancer (Table 1.2). These monoclonal 

antibodies aim to reverse T cell exhaustion, inhibit Treg activity and reinvigorate T cells to 

promote anti-tumour immunity (Dyck and Mills 2017). PD-1/PD-L1 antibodies primarily 

reinvigorate tumour reactive T cells, rather than induce their formation, therefore the best 

responses to these therapies are seen in cancers which have a high somatic tumour mutation 

burden (TMB). With UV- and carcinogen-induced genomically unstable tumours such as 

melanoma and NSCLC demonstrating TMEs rich in neoantigens which can be recognised 

and promote potent anti-tumour T cell responses upon treatment (Vareki 2018). High 

response rates are also seen in colorectal cancers with microsatellite instability or mismatch 

repair as these mutations increase the likelihood of neoantigen formation by the tumours 

(Germano et al. 2017). Furthermore, highly infiltrated immune active TMEs, such as those 

seen in melanoma, NSCLC, head and neck SCC, bladder, renal and hepatocellular 

carcinomas, are evidence of pre-existing anti-tumour immunity that can be reinvigorated upon 

ICI treatment, hence why these antibodies have been approved for use in these cancers 

(Vareki 2018).  
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Table 1.2 Clinically available ICIs and their use.  
Adapted from Robert (2020) & Yang et al. (2020) & Wojtukiewicz et al. (2021) 

Drug Cancer type Indication 

CTLA-4 inhibitors 

Ipilimumab Melanoma 

• Monotherapy for metastatic and 

unresectable disease. 

• As adjuvant therapy for resectable 

high-risk disease. 

PD-1 inhibitors  

Nivolumab 

Melanoma 

• Adjuvant therapy for resectable high-

risk disease 

• As monotherapy for unresectable 

disease 

• As therapy for advanced disease that 

no longer responds to drugs 

NSCLC 
• Metastatic disease that has 

progressed on or after chemotherapy 

Small cell lung 

carcinoma 

• Metastatic disease that has 

progressed on or after chemotherapy 

Head and neck 

SCC 

• Recurrent or metastatic disease that 

has progressed on or after 

chemotherapy 

Bladder cancer 
• Adjuvant therapy for patients at high 

risk after resection 

Renal cell 

carcinoma 

• Metastatic disease 

Hepatocellular 

carcinoma 

• For patients previously treated with 

kinase inhibitors 

Hodgkin lymphoma 
• Classical Hodgkin lymphoma that 

has relapsed or progressed following 
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autologous hematopoietic stem cell 

transplantation 

 Colorectal cancer 

• Microsatellite instability-high or 

mismatch repair deficient metastatic 

disease that has progressed 

following previous treatment 

Pembrolizumab 

Melanoma 

• Adjuvant therapy for lymph node 

involvement following complete 

resection 

• Metastatic disease 

NSCLC 

• First line therapy for metastatic 

disease irrespective of PD-L1 

expression 

 
 

Small cell lung 

carcinoma 

• Metastatic disease 

Head and neck 

SCC 

• Monotherapy for tumours that 

express PD-L1 

• Combination first-line therapy for 

unresectable or metastatic disease 

Bladder cancer 

• Monotherapy for unresponsive high-

risk non-muscle invasive in situ 

disease 

Hodgkin lymphoma 

• Relapsed or refractory classical 

Hodgkin lymphoma 

 
 

Stomach and 

oesophageal 

cancer 

• Recurrent locally advanced or 

metastatic disease 

• Adjuvant therapy for non-resectable 

disease 
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PD-L1 inhibitors  

Atezolizumab 

Urothelial 

cancer of the 

bladder 

• Locally advanced or metastatic 

disease that expresses PD-L1 or is 

not eligible for chemotherapy 

NSCLC 

• Adjuvant therapy following resection 

and chemotherapy whose tumours 

have >1% PD-L1 tumour expression 

• First-line treatment for high PD-L1 

expressing metastatic disease 

• First-line therapy for metastatic 

disease with no EGFR or ALK 

mutations 

• Metastatic disease that has 

progressed on or after chemotherapy 

Small cell lung 

carcinoma 

• First-line combination therapy for 

advanced disease 

Hepatocellular 

carcinoma 

• Combination therapy for 

unresectable or metastatic disease 

Melanoma 

• Combination therapy for BRAF V600 

mutated unresectable or metastatic 

disease 

Durvalumab 

NSCLC 

• Unresectable advanced disease that 

has not progressed on chemotherapy 

or radiation 

Small cell lung 

carcinoma 

• First-line combination therapy for 

advanced disease 

Avelumab 

Merkel cell 

carcinoma 

• Metastatic disease 

Urothelial cancer 

of the bladder 

• Locally advanced or metastatic 

disease that has not progressed with 

first-line chemotherapy 
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Renal cell 

carcinoma 

• First-line treatment for advanced 

disease 

Combined CTLA-4 and PD-1 inhibitors 

Ipilimumab with 

Nivolumab 

Melanoma • Unresectable or metastatic disease  

Renal cell 

carcinoma 

• First-line treatment for previously 

untreated patients with intermediate- 

and poor-risk advanced disease 

Colorectal 

cancer 

• Microsatellite instability high or 

mismatch repair deficient metastatic 

disease that has progressed on other 

treatment 

NSCLC 

• First-line treatment for metastatic 

disease with >1% tumour PD-L1 

expression and no EGFR or ALK 

mutations 
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1.1.6.3.4ci Anti-CTLA-4 antibodies 
CTLA-4 was the first immune checkpoint to be targeted in cancer, with preclinical mouse 

models of melanoma, bladder and brain tumours demonstrating that blocking CTLA-4 lead to 

a regression or delay in tumour growth associated with increased tumour T cell infiltration 

(Grosso and Jure-Kunkel 2013). Ipilimumab, a fully humanised IgG1a CTLA-4 mAb, was the 

first ICI approved by the U.S. food and drug administration (FDA) in 2011 for the treatment for 

metastatic and/or surgically unresectable melanoma following a clinical trial in which treatment 

with Ipilimumab increased median overall survival by 10 months; pooled analysis from 12 

clinical trials has revealed that treatment with Ipilimumab can result in survival of up to 10 

years in some patients (Hodi et al. 2010; Ribas and Flaherty 2015). Furthermore, Ipilimumab 

is now also used as an adjuvant therapy for melanoma patients following surgical resection to 

reduce the risk of disease recurrence (Wojtukiewicz et al. 2021).  

 

The exact mechanism by which CTLA-4 ICIs induce an anti-tumour immune response remains 

unclear, however research to date suggests that blocking CTLA-4 enhances T cell priming by 

promoting activation and proliferation of effector T cells, regardless of TCR specificity, upon 

release of CTLA-4-mediated suppression (Dyck and Mills 2017). Furthermore, there is 

evidence that Treg-mediated suppression is also reduced through the depletion of intra-

tumoral Tregs (Jain et al. 2010) (Figure 1.9). Melanoma and prostate cancer patients treated 

with Ipilimumab demonstrated an increase in the diversity of the peripheral T cell pool following 

CTLA-4 blockade which was continuously evolving throughout treatment, suggesting a 

dynamic response to the tumour over time. Furthermore, there was preferential expansion 

and maintenance of pre-existing high-affinity memory TCR clonotypes, suggesting that 

effective CTLA-4 blockade may be dependent on the ability of a patient to retain pre-existing 

anti-tumour T cells (Cha et al. 2014).  However, despite the long-term responses seen in some 

patients, the broad non-specific activation of the immune system generated by CTLA-4 

blockade generates unusual and sometimes severe immune-related adverse events (IrAEs), 

the incidence of which is positively associated with good clinical outcomes (Petrelli et al. 2020). 

These auto-immune adverse events, such as rashes, endocrinopathies, and gastrointestinal 

problems are consistent with a disruption in immune homeostasis characterised by the clonal 

expansion and activation of new self-reactive T cell clones which are normally prevented by 

CTLA-4-mediated control of CD80/CD86 signalling (De Silva et al. 2021).  

 

1.1.6.3.4cii Anti-PD-1/PD-L1 antibodies  
Increasing evidence from animal models and clinical data suggests that PD-1 plays a crucial 

role in inhibiting the anti-tumour response, with pre-clinical mouse models of melanoma, 
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ovarian, and colon cancer demonstrating that blocking PD-1 or PD-L1 results in a reduction in 

tumour growth associated with a restoration of T cell function (Dyck and Mills 2017). Treatment 

with antibodies targeting PD-1 or PD-L1 targets the T cell effector phase to restore the function 

of exhausted T cells and is associated with an increase in CD8+ T cell activation, an elevation 

in the CD8+ T cell:Treg ratio and an increase in CD8+ T cell infiltration induced by increased 

chemokine production (Curran et al. 2010; Peng et al. 2012; Duraiswamy et al. 2013)(Figure 

1.9). PD-L1 expression has been noted on many cancers but is particularly abundant in 

NSCLC, melanoma, and ovarian cancers (Buchbinder and Desai 2016). The first PD-1 ICI, 

Pembrolizumab, is a humanised IgG4 mAB with 10x higher affinity for PD-1 than other PD-1 

ICIs. Pembrolizumab was first approved for the treatment of advance or unresectable 

melanoma but has since been approved for the treatment of PD-1+ metastatic NSCLC 

tumours following disease progression on first-line treatments, chemotherapy-resistant head 

and neck SCC and several more cancers (Deeks 2016; Lim et al. 2016; Haque et al. 2017) 

(Table 1.2). Similarly, the PD-1 IgG4 humanised mAb Nivolumab has been approved for the 

treatment of many cancers including melanoma, NSCLC, and renal carcinoma. The PD-L1 

inhibitors Atezolizumab, Durvalumab and Avelumab have been approved for the first-line and 

adjuvant treatment of several cancers (Table 1.2); by inhibiting PD-L1 specifically rather than 

PD-1, these ICIs provides a more targeted inhibition as it allows for the preservation of PD-1: 

PD-L2 interactions, thus preserving an aspect of self-tolerance to limit toxicities related to 

over-activation of the immune system (Pardoll 2012).  

 

PD-1 blockade works during the effector stage of the T cell response restoring function to anti-

tumour T cells in the periphery, as opposed to CTLA-4 which functions in the priming stage of 

T cell responses. As PD-1/PD-L1 signalling is typically restricted to the TME, the more targeted 

immune re-activation induced by PD-1 blockade is much less global than that of CTLA-4 

blockade and leads to a decreased incidence of IrAEs. Up to 60% of patients receiving 

Ipilimumab present with IrAEs, with 10-30% of these considered serious, in comparison to 5-

20% of patients receiving anti-PD-1 therapies presenting with IrAEs. This increased toxicity 

has limited the appeal of ati-CTLA-4 therapies as a single agent (Martins et al. 2019). Despite 

this, therapies using Ipilimumab in combination with Nivolumab have now been approved for 

the use in NSCLC, melanoma, colorectal and renal carcinomas, with the differences in the 

timing, location, and non-redundant effects CTLA-4 and PD-1/PD-L1 have on the activation of 

T cells providing additive and potentially synergistic effects in enhancing the anti-tumour 

immune response (Dyck and Mills 2017)(Table 1.2). The combination of immune checkpoint 

inhibitors working in both the priming and effector phases does leads to a significant increase 

in IrAEs, with 54% of patients presenting with severe adverse events such as colitis, 
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dermatological and hepatic events (Martins et al. 2019). However, the improved efficacy seen 

with this dual treatment in combination with efficient monitoring and treatment of these events 

is of great clinical benefit to subsets of patients.  
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Figure. 1.9 Mechanisms of T cell suppression by immune checkpoints and reactivation following immune checkpoint inhibition.  
(A) Binding of CD80/86 co-stimulatory ligands on APCs to CTLA-4 on effector T cells or Tregs results in an inhibition of T cell activation both directly via APCs 
and indirectly through Treg-mediated suppression. Furthermore, PD-1 engagement by PD-L1 on tumour cells leads to exhaustion and anergy of T cells. Overall, 
the presence of immune checkpoint signalling results in a dampened anti-tumour T cell response and ultimately tumour cell escape. (B) Immune checkpoint 
inhibition with monoclonal antibodies against ligands (PD-L1) and receptors (CTLA-4 and PD-1) successfully reinvigorates anti-tumour T cell responses through 
the activation of T cells and suppression and/or depletion of Tregs. CTLA-4, cytotoxic T lymphocyte associated antigen; MHC, major histocompatibility complex; 
PD-1, programmed death receptor 1; PD-L1 programmed death receptor ligand 1; TCR, T cell receptor; Treg, regulatory T cell. Adapted from  Buchbinder and 
Desai (2016) & Ayoub et al. (2019).  Created in Biorender.com.

A. B. 
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1.2. The immune checkpoint CD200 
1.2.1 CD200 
CD200 (cluster of differentiation 200), formerly known as OX-2, is a type I transmembrane 

glycoprotein structurally related to the B7 family of receptors; it is comprised of two Ig-like 

domains, a single transmembrane domain and a short 19 amino acid intracellular domain with 

no known signalling motifs (Clark et al. 1985)(Figure 1.10). CD200 expression was first 

described in the rat and is seen in a variety of cells and tissues including neurons, 

endothelium, epithelium, thymocytes, DCs, B cells and activated T cells (McMaster and 

Williams 1979; Barclay 1981; Barclay and Ward 1982; Webb and Barclay 1984). This 

distribution was found to be well conserved across species, consistent with CD200 having an 

important biological function (Wright et al. 2001).  Constitutive baseline CD200 expression is 

regulated at the transcriptional level by CCAAT/enhancer-binding protein beta (C/EBP-β), 

whilst inducible CD200 expression is regulated through IFN-γ and TNF in an additive manner 

mediated by nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), STAT1 

and interferon-regulatory factor (IRF-1) binding (Chen et al. 2006; Chen et al. 2009). 

Furthermore, CD200 expression is induced by p53-target genes and activated caspases upon 

apoptosis of DCs (Rosenblum et al. 2006).  
 

1.2.2 CD200R 
CD200 receptor (CD200R) was first identified on rat peritoneal macrophages by searching for 

proteins which demonstrated low-affinity interactions on a soluble recombinant form of CD200 

immobilised on fluorescent beads (Preston et al. 1997). Purification from rat splenic lysates of 

a mAb that blocked this interaction and subsequent cloning and sequencing found CD200R 

to also contain two Ig-like domains, a transmembrane domain and a cytoplasmic region, 

however this cytoplasmic domain was larger (67 amino acids) and contained three tyrosine 

residues, suggesting potential signalling capacity (Wright et al. 2000)(Figure 1.10). The 

distribution of CD200R is similar between species, with expression demonstrated on several 

immune cells including those of myeloid lineage, B cells, NK cells and activated T cells (Wright 

et al. 2003; Shiratori et al. 2005; Rijkers et al. 2008).  The broad tissue distribution of CD200 

and the immunologically restricted expression of CD200R is consistent with CD200 

possessing an immunoregulatory function. 

 

To date, five isoforms of CD200R (1-5) have been described, of which only 1 (CD200R1) has 

been identified in humans and is presumed to represent the only functional receptor for 

CD200, with human CD200R1 demonstrating 53% and 52% amino acid homology with rat 

and mouse CD200R, respectively (Kotwica-Mojzych et al. 2021). CD200R2-5 have been 
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described in rodents and lack an intracellular signalling domain but are thought to signal 

through co-opted transmembrane domains that contain consensus docking motifs for 

DAP10/12 adaptor molecules (Wright et al. 2000; Hatherley et al. 2005). The role of these 

alternative CCD200Rs has not been fully characterised but it is suggested that through 

interactions with as yet uncharacterised low-affinity ligands, these receptors could theoretically 

function as activating receptors following binding to the DAP adaptor molecules within the 

transmembrane domains (Voehringer et al. 2004; Jiang and Barclay 2009). Currently, there is 

little evidence that these alternate receptors are present in humans (Wright et al. 2003). 

 

1.2.3 CD200:CD200R signalling 
Unlike most immunoregulatory receptors CD200R does not contain an ITIM domain within its 

cytoplasmic region, instead it mediates its immune inhibitory effects through an NxPY domain 

within its most distal tyrosine residue (Wright et al. 2000)(Figure 1.10). The NxPY domain 

binds to phosphotyrosine-binding domains (PTB) within adaptor proteins, which in turn 

mediate downstream signalling. Studies in human and mouse myeloid cells have shown that 

CD200R signalling is dependent on the most distal tyrosine residue and phosphorylation of 

the proximal tyrosine may function to stabilise interactions with the NxPY domain; the second 

tyrosine residue appears to have no functional role in CD200R signalling (Zhang and Phillips 

2006; Mihrshahi et al. 2009). Activation and tyrosine phosphorylation of CD200R by CD200 

leads to recruitment of downstream of tyrosine kinase 1 (DOK1) and DOK2 which 

subsequently bind SHIP and Ras p21 protein activator 1 (RasGAP), this leads to inhibition of 

the Ras-MAPK pathway (Zhang et al. 2004; Mihrshahi et al. 2009)(Figure 1.10). DOK1 has a 

greater affinity for phosphorylated DOK2 than CD200R, therefore it is likely that DOK1 is 

recruited to the CD200R signalling complex via DOK2. siRNA knockdown of DOK1 and DOK2 

in human myeloid cells demonstrated that the interaction between CD200R and DOK2 is 

essential for initiating CD200R signalling, whereas knockdown of DOK1 or SHIP had no effect 

(Mihrshahi et al. 2009). It is now thought that DOK1 forms a complex with the closely related 

adaptor protein CT10 sarcoma oncogene cellular homologue-like (CrkL) to initiate a negative 

feedback loop on DOK2 and RasGAP to regulate CD200R signalling (Mihrshahi and Brown 

2010). 
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Figure.1.10 Schematic of downstream CD200R signalling following binding with CD200.   
Upon ligand binding, CD200R tyrosine residues become phosphorylated and recruit DOK1 and DOK2 
which subsequently bind the inhibitory effectors SHIP and RasGAP and reduce downstream signalling 
through the RAS-MAPK pathway. CD200R, CD200 receptor; DOK, downstream of tyrosine kinase; 
RasGAP Ras p21 protein activator 1. Created in Biorender.com. 
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1.2.4 Soluble CD200 
Release of membrane-bound immunoregulatory molecules as soluble forms within the 

extracellular environment plays an important role in the control of immune responses. Soluble 

forms of cell-surface receptors can be generated by alternative mRNA splicing, by enzymatic 

cleavage by a distegrin and metalloproteases (ADAMs) and MMPs or by release from the cell 

surface in exosomes. Much like several other membrane-bound immunoregulatory molecules, 

CD200 also exists in a functionally active soluble form (sCD200) within the serum where it is 

believed to play a functional role in a number of disease states, including proliferative diabetic 

retinopathy, bone loss associated with reduced skeletal loading and chronic lymphocyte 

leukaemia (Wong et al. 2012; Kos et al. 2014; Xu et al. 2015). In diabetic retinopathy patients, 

vitreous levels of sCD200 were significantly elevated compared to healthy individuals and 

correlated with different vitreoretinal conditions, whilst in chronic lymphocyte leukaemia patient 

serum sCD200 levels correlated with disease aggressiveness and tumour burden (Wong et 

al. 2012; Xu et al. 2015). 

 

1.2.5 CD200 and immunosuppression  
The generation of C57B/6 mice lacking functional CD200 (CD200-/-) first demonstrated the 

immunomodulatory functions of CD200 in vivo (Hoek et al. 2000). The mice were normal in 

appearance and exhibited normal life span and breeding behaviour. Leukocyte populations 

were phenotypically comparable between CD200-/- and WT mice with the exception of the 

CD11b+ myeloid population. In the spleen there was a doubling of CD11b+ cells with 

significant expansion of both the granulocyte and activated macrophage populations within 

the splenic red pulp region and an increase in activated DCs residing in the white pulp. 

Enlarged lymph nodes containing significantly expanded activated macrophages and 

aggregates of microglia (resident central nervous system (CNS) macrophages) were also 

observed. On the basis that an absence of CD200 resulted in an increase in myeloid cells, a 

population demonstrated to express CD200R, it was hypothesised that CD200-/- mice 

represent a state of persistent myeloid cell activation due to a loss of CD200-mediated control 

of myeloid cell function (Hoek et al. 2000; Rijkers et al. 2008).  

 

1.2.5.1 Autoimmunity  
The importance of CD200-mediated control over myeloid cell activity was further highlighted 

by an increased susceptibility to autoimmune diseases such as collagen-induced arthritis 

(CIA) and experimental autoimmune encephalomyelitis (EAE) in mice lacking functional 

CD200. CIA is an autoimmune model of rheumatoid arthritis, a disease characterised by 

persistent inflammation of synovial joints due to an influx of innate and adaptive immune cells. 
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C57BL/6 mice are normally resistant to CIA however,  both CD200-/- mice and CD200R-Ig-

treated mice developed moderate to severe arthritis with a majority of the activated 

inflammatory cells characterised as CD68+ macrophages, cells which are central to the 

disease process (Hoek et al. 2000; Kinne et al. 2007). Advanced disease mediated by the 

presence of inflammatory macrophages was also demonstrated in the EAE model of multiple 

sclerosis. Disease in both these autoimmune models is dependent upon self-antigen-specific 

T cells, but there was no evidence for T cell dysregulation in either model, suggesting that 

these effects appear to be a result of direct deregulation of CD200-mediated control of  

myeloid/macrophage cells, thus highlighting the importance of CD200 signalling in the 

prevention of autoimmune reactions (Hoek et al. 2000). 

 

1.2.5.2 Transplant tolerance 
Mice overexpressing CD200 due to infusion of CD200-Fc or systemic overexpression of a 

CD200 transgene demonstrated tolerance and long-term survival of skin, renal and cardiac 

allografts, associated with an increase in infiltrating Tregs (Gorczynski et al. 1999; 2009; 

2011). Engagement of CD200R on DCs in vitro altered the phenotype of these cells into cells 

which preferentially induced Treg cells and were capable of inhibiting CTL induction in mixed 

lymphocyte cultures (Gorczynski et al. 2008). Furthermore, CD200-stimulated DCs added to 

mixed lymphocyte cultures stimulated the shift of CD4+ Th cell cytokine production from type 

1 (IL-2, IFN-γ, TNF) to type 2 (IL-4, IL-10, TGF-β), resulting in inhibition of CTL induction and 

T cell proliferation  (Gorczynski et al. 2004). A further synergistic effect was seen upon addition 

of CD200R+ macrophages to these cultures (Gorczynski 2001). These studies identified a 

role for CD200 signallinng in the generation of tolerogenic T cell responses. This role for 

CD200 signalling in altering T cell phenotype and function may be direct or may occur 

indirectly through other CD200R+ cells such as DCs and macrophages, which are implicated 

in shaping T cell responses.  

 

1.2.6 CD200 and immune homeostasis  
Maintenance of immune homeostasis is critical for host survival and as an immune checkpoint 

CD200 is crucial in regulating and maintaining self-tolerance and preventing over activation of 

the immune system. In the CNS, CD200 expression on neurons interacts with CD200R on 

microglia to deliver immune inhibitory signals to prevent pro-inflammatory microglial activation 

under homeostatic conditions. Loss of CD200 in mouse models results in an accumulation of 

activated microglia which enhance the progression of neuroinflammatory disease models such 

as EAE and experimental autoimmune uveoretinitis (EAU) (Wright et al. 2000; Copland et al. 

2007). On the contrary, mice with a spontaneous mutation which increases neuronal CD200 
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expression possess protection against axonal injury, less severe EAE symptoms and 

decreased microglial activation (Chitnis et al. 2007).  Furthermore, during pregnancy CD200 

expression by trophoblast cells at the foetal-maternal interface alters the maternal immune 

response to ensure successful pregnancy, in part through the production of local Th2 

cytokines (Gorczynski et al. 2002; Clark et al. 2003). 

 

1.2.7 CD200 and myeloid cells  
The CD200:CD200R interaction is now considered a direct mechanism by which myeloid cell 

function is controlled. Further studies have demonstrated that ligation of myeloid cell CD200R 

resulted in inhibition of degranulation and inflammatory cytokine release by mast cells, 

monocytes and macrophages as well as decreased histamine release by basophils 

(Gorczynski 2001; Cherwinski et al. 2005; Shiratori et al. 2005). Additionally, engagement of 

CD200R on plasmacytoid, tolerogenic (CD8+) and immunogenic (CD8-) DCs imparted 

suppressive properties to these cells which either reinforced or induced tolerogenic functions 

to these cells (Fallarino et al. 2004). A summary of the immune regulatory effects of 

CD200:CD200R can be found in Figure 1.11.  

 

1.2.8 CD200 and lymphoid cells 
CD200R expression has also been demonstrated on mouse and human T, B and NK cells. In 

humans, CD200R is differentially expressed on T and B cell subsets, with CD4+ T cells 

demonstrating greater expression than CD8+ T cells and CD200R expression increasing as 

B cells mature from naive to memory cells. The differentially regulated expression of CD200R 

on these cells suggests that CD200:CD200R signalling may also be a direct regulator of 

lymphoid cell function (Rijkers et al. 2008).  
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Figure.1.11 Summary of the immunomodulatory effects of CD200 signalling on immune cell 
function.  
Binding of CD200 to CD200R expressed on immune cells results in downstream inhibition of 
RAS/MAPK signalling and changes in immune cell function. Changes in immune cell function through 
CD200 signalling are vital in maintaining immune homeostasis and preventing over-activation of the 
immune system. CD200R, CD200 receptor; IDO, Indoleamine 2,3-dioxygenase; TGF-β, transforming 
growth factor β; Th, T helper cell; NK, natural killer. Created in Biorender.com. 
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1.2.9 CD200 viral homologs  
The identification of CD200-like sequences in the genomes of several evolutionary diverse 

viruses suggests that expression of this immunosuppressive molecule provides a strong 

selective advantage to these viruses that has led to an increase in their evolutionary fitness. 

CD200-like sequences have been identified in human herpesvirus, myxoma virus and 

adenovirus and it has been suggested that these decoy ligands for CD200R play a vital role 

in allowing viruses to evade the immune system (Foster-Cuevas et al. 2004; Cameron et al. 

2005; Shiratori et al. 2005). Despite amino acid homologies of less than 40%, viral CD200 

homologues bind human CD200R with identical kinetics to human CD200 and are able to 

directly mimic CD200 function. The human herpesvirus-8 CD200 homologue downregulates 

macrophage activation, inhibits basophil degranulation and diminishes the cytolytic activity of 

NK cells in vitro (Foster-Cuevas et al. 2004; Shiratori et al. 2005). Moreover, in vivo studies 

have shown that rabbits infected with a myxoma virus harbouring a deletion for the CD200 

homologue made a full recovery due to the increased presence of T cells and activated 

macrophages at the sites of infection. Thus further demonstrating that several viral families 

have evolved to exploit the CD200:CD200R axis to suppress anti-viral innate and adaptive 

immune responses and control the host immune response to infection (Cameron et al. 2005).   

 
1.2.10 CD200 and cancer  
Evidence for a regulatory function for CD200:CD200R interactions in cancer first came from 

studies using EL4 thymoma-bearing mice receiving allogeneic bone marrow transplants. Two 

thirds of the mice generated a graft versus leukaemia response and rejected tumours; 

however, upon infusion of a soluble form of CD200 there was increased mortality due to 

inhibition of tumour immunity and loss of tumour growth suppression (Gorczynski et al. 2001). 

Subsequent analysis of cancer patients has confirmed CD200 expression in a number of 

haematological malignancies including multiple myeloma (MM), acute myeloid leukaemia 

(AML) and chronic lymphocytic leukaemia (CLL) as well as in solid cancers such as ovarian, 

breast, testicular, renal, melanoma, bladder, prostate and lung (Moreaux et al. 2006; Tonks et 

al. 2007; Moreaux et al. 2008; Wong et al. 2010).  

 

1.2.10.1 CD200 and cancer stem cells 
It has been suggested that the enhanced tumour forming capabilities of cancer stem cells 

(CSCs) are due in part to the ability of these cells to evade immune detection and elimination. 

CD200 has been demonstrated to be co-expressed with a number of CSC surface markers 

found on glioblastoma (CD133+), colon (CD133+), breast (CD44+CD24-) and prostate cancer 

cells (CD44+) suggesting that CD200 may serve as a putative marker of CSC populations 



 Chapter 1: Introduction  

 

 

 

61 

(Kawasaki et al. 2007). In addition, a rare subpopulation of basal cell carcinoma (BCC) cells 

identified by CD200 expression possessed increased tumour initiating capacity in vivo 

(Colmont et al. 2013). CD200+CD45- cells isolated from patient tumours represented 1.63% 

±1.11 of the tumour cell population but were capable of initiating tumours in a xenograft model 

with as few as 1 x 104 cells, a tumour-initiating capacity 1500-fold greater than that of CD200- 

BCC cells. CD200 is also a marker of human hair follicle bulge stem cells, a population of 

mesenchymal stem cells which reside within an “immune privileged” site which protects the 

cells from immune attack (Ohyama et al. 2006). Given the role of CD200 in immune tolerance 

and tumour immunity and its association with stem cells, it is hypothesised that CD200 defines 

a population of CSCs equipped with the capacity to evade immune detection (Kawasaki and 

Farrar 2008).  

 

1.2.10.2 CD200 and haematological cancers 
1.2.10.2a CD200 and acute myeloid leukaemia 
CD200 is frequently overexpressed in AML tumour cells where it is associated with poor 

prognosis; patients with high CD200 expression demonstrated significantly worse overall 

survival and an increased risk of relapse (Tonks et al. 2007). CD200-mediated 

immunosuppression in AML is associated with changes in the adaptive immune compartment, 

such changes include the suppression of memory T cell function and an increase in Treg 

frequencies (Coles et al. 2012a; Coles et al. 2012b). When patients were stratified into 

CD200high and CD200low cohorts, CD200 expression significantly correlated with the frequency 

of CD4+CD25++Foxp3+ Treg cells; analysis of Treg cells from CD200high patients demonstrated 

that these cells were capable of suppressing T cell proliferation in vitro (Coles et al. 2012a). 

CD200high patients also demonstrated a significant reduction in the frequency of cytotoxic 

CD8+ memory T cells and type 1 (TNF, IL-2 and IFN-γ producing) CD4+ memory T cells. The 

suppression of memory T cell cytotoxic responses was demonstrated to be due to a direct 

interaction between tumour CD200 and CD200R on patient T cells (Coles et al. 2012c). CD200 

expression in AML is also associated with changes in the innate immune compartment, with 

CD200high patients demonstrating a significant reduction in overall NK cell frequency 

associated with a two-fold reduction in the frequency of CD56+CD16+ cytolytic NK cells. In 

addition, there was a reduction in NCR expression (NKp30, NKp44 and NKp46) on all cytolytic 

NK cell subpopulations and both degranulation and IFN-γ responses to autologous tumour 

cells were significantly reduced in NK cells from CD200high patients (Coles et al. 2011). 

Blockade of CD200:CD200R signalling in AML was sufficient to restore both memory T cell 

and NK cell function, demonstrating a direct role for CD200-mediated immunosuppression in 

AML (Coles et al. 2011; Coles et al. 2012b).    
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1.2.10.2b CD200 and chronic lymphocyte leukaemia  
CD200 expression is found on the surface of all CLL cells but, unlike in AML, conflicting results 

have been reported on its prognostic significance. CD200 expression does not correlate with 

any other clinical parameter and is observed at all disease stages, suggesting that CD200 is 

upregulated early in the disease process and has an important function in CLL (Mcwhirter et 

al. 2006). Direct suppression of patient’s T cell activity by tumour cells is a key event in CLL 

pathogenesis and in vitro studies have shown that tumour CD200 expression is responsible 

for suppression of T cell proliferation, suppression of tumour-antigen specific T cell reactivity, 

Th2 cytokine polarisation and enhancement of Treg populations (Kretz-Rommel et al. 2007; 

Pallasch et al. 2009; Wong et al. 2010). Further evidence for the important role of the 

CD200:CD200R axis in CLL came from the simultaneous injection of CD200+/CD200- CLL 

cells and human PBMCs into immune-deficient mice. CD200 tumour expression resulted in 

significantly less tumour growth inhibition, with  treatment of CD200+ tumours with anti-CD200 

antibody significantly inhibiting tumour growth associated with an increase in cytotoxic CD8+ 

T cells and IFN-γ production, suggesting cytotoxic T cell activation (Kretz-Rommel et al. 2007).  

 

1.2.10.3 CD200 and solid cancers 
Unlike in haematological cancers where CD200 expression is associated with poor prognosis 

and increased tumour growth, its role in solid cancers appears to be more complex. CD200 

expression has been demonstrated in breast, skin, pancreatic, ovarian, colorectal, CNS and 

renal cancers where its interaction with CD200R-expressing immune cells promotes 

suppression of the immune response within the TME (Siva et al. 2008; Moertel et al. 2014; 

Zgodziński et al. 2018; Bisgin et al. 2019; Choueiry et al. 2020; Tronik-Le Roux et al. 2020). 

In general, these studies correlate increasing CD200 expression with tumour progression and 

reduced patient survival; however, the effects of this immune modulation are dependent on 

several factors and vary amongst tumour types, with CD200 demonstrating anti-tumour effects 

in some tumour models.  

 

1.2.10.3a CD200 and breast cancer 
In breast cancer, CD200 signalling appears to have a bidirectional role in tumour development 

and metastasis; the dichotomous role of CD200 in breast cancer immune responses is 

highlighted in mouse models in which the role of CD200 expression appears to be determined 

by the aggressiveness of the tumour and the tumour-induced inflammatory response (Erin et 

al. 2015).  The pro-tumour role of CD200 in breast cancer progression was first established in 

several mouse models using the murine EMT6 breast cancer cell line. It was shown that 

tumour CD200 expression significantly increased upon immune challenge in vivo with CD200 
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levels in immunocompetent mice significantly greater than those from immunocompromised 

mice, suggesting active immune editing. This immune selection for CD200 expression due to 

immune pressure resulted in increased tumour growth and metastasis to tumour-draining 

lymph nodes (TDLN) with the addition of CD200 mAbs negating this effect and leading to 

decreased tumour growth (Gorczynski et al. 2010; Podnos et al. 2012). In a further study using 

CD200-silenced EMT6 cells it was shown that the smaller tumour size and decreased 

metastasis in these mice was due to the increased presence of cytotoxic infiltrating CD8+ T 

cells and myeloid cells (Curry et al. 2017).    

 

Conversely, the pro-tumour role of CD200 in EMT6 breast cancer growth was reversed in 

models of 4THM breast cancer growth, with CD200 expression associated with decreased 

tumour growth and metastasis. 4THM is an aggressive and inflammatory breast cancer cell 

line known to induce a systemic inflammatory response and is suggested to be less 

immunogenic and possess greater metastatic potential than EMT6 cells (Erin et al. 2006). 

Primary 4THM tumour growth and lung and liver metastasis were significantly greater in 

CD200R-/- compared to CD200tg mice, with tumours in CD200R-/- mice demonstrating 

decreased numbers of tumour-infiltrating cytotoxic T cells and increased neutrophil infiltration 

and production of inflammatory cytokines (TNF and IL-6) (Erin et al. 2015). In this highly 

inflammatory breast cancer model, tumour-induced chronic inflammation is a tumour 

promoter; therefore, CD200 exerts a potent anti-tumoral effect through suppression of the 

immune response.    

 

1.2.10.3b CD200 and skin cancer  
CD200 expression in SCC is rarely observed in well-differentiated tumours but rather is 

associated with metastatic lesions and poorly differentiated tumours, especially at the invasive 

front, suggesting a role for CD200 in SCC metastasis (Stumpfova et al. 2010). Injection of 

CD200+ and CD200- metastatic SCC cells into WT mice demonstrated that CD200 expression 

did not affect the growth of primary tumours, yet CD200+ metastatic SCC cells injected into 

tail veins possessed significantly increased metastatic capacity. Within the stroma of these 

metastatic lesions were dense populations of infiltrating CD200R+CD11b+ MDSC-like and 

TAM cells, the activity of which were dependent on engagement of CD200R. Furthermore, 

engagement of CD200R induced these cells to produce the collagen cytesine protease 

cathepsin K (Ctsk), a remodelling enzyme responsible for bulk collagen degradation during 

bone remodelling. Inhibition of Ctsk significantly inhibited cell migration and metastasis, 

suggesting that CD200 signalling stimulates SCC invasion and metastasis via induction of 

Ctsk in infiltrating CD200R+ myeloid cells (Khan et al. 2021).  



 Chapter 1: Introduction  

 

 

 

64 

 

In melanoma, CD200 is expressed in melanocytic lesions and correlates with progression from 

nevi to melanoma, with a marked increase in expression compared to quiescent melanocytes 

(Siva et al. 2008). Furthermore, expression of CD200 on melanoma cells is associated with 

significant inhibition of type 1 cytokine production (IFN-γ, IL-2) and T cell proliferation, with 

blockade of CD200 signalling attenuating this suppression of T cell activation and a shift 

towards type 1 cytokine production (Petermann et al. 2007; Siva et al. 2008).  Yet other models 

exploring the role of CD200 in melanoma have, much like in the case of breast cancer, 

highlighted the complexity of the role of CD200 in tumour growth.  CD200 expression on B16 

melanoma cells significantly inhibited the growth of tumours, formation of lung metastasis and 

promoted survival of tumour-bearing mice, with CD200+ tumours infiltrated with significantly 

greater numbers of CD4+ and cytotoxic IFN-γ producing CD8+ T cells (Talebian et al. 2012; 

Liu et al. 2016). CD200+ tumours grown in CD200R-/- mice were larger and contained a greater 

number of tumour-associated myeloid cells and increased expression of the pro-angiogenic 

factors VEGF and HIF-1a. This suggests a model in which CD200 expression on melanoma 

cells interacts with CD200R on myeloid cells to prevent their accumulation and activation 

within the TME (Talebian et al. 2012). It is hypothesised that in these tumours the suppression 

of CD200R-expressing myeloid cells by tumour CD200 prevents expansion of pro-tumour 

myeloid cells which can promote tumour angiogenesis and inflammation, leading to increased 

tumour growth and metastasis (Liu et al. 2020). Indeed, in another in vivo melanoma model, 

anti-CD200 treatment led to a reduction in T cell responses and failed to show benefits either 

alone or in combination with PD-1 and CTLA-4 inhibitors, suggesting that although melanoma 

has shown good clinical responses to these ICIs, blocking CD200 may not be of clinical benefit 

(Talebian et al. 2021).  

 

Currently it is not known why CD200 appears to have a dual role in some solid tumours but 

appears to only be pro-tumorigenic in haematological malignancies, where its expression is 

often positively associated with worse clinical outcomes. CD200 can possess an anti-tumour 

role in aggressive and inflammatory solid tumours where it can suppress the activity of myeloid 

cells thus suppressing tumour-induced chronic inflammation, a known tumour-promoting 

phenomena. However, studies on the role of tumour CD200 expression on interacting myeloid 

cells in haematological malignancies have been limited. Further investigations into these 

complex interactions may give insights into the potential dual role CD200 may also play in the 

haematological cancers.  
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1.2.10.4 Immune checkpoint inhibition of CD200  
The accumulated evidence for the role of CD200 in the growth and immune evasion of several 

cancers led to the generation of a novel humanised monoclonal antibody that specifically 

blinds to CD200: Samalizumab. Samalizumab is engineered with an Ig constant G2/G4 region 

to minimise effector function and prevent ADCC of CD200-expressing immune cells; instead 

it functions by blocking the interaction between CD200 and CD200R  (Kretz-Rommel et al. 

2008; Mahadevan et al. 2019). The first in human clinical trial looked at the therapeutic benefit 

of CD200 immune checkpoint inhibition in 23 CLL and 3 multiple myeloma patients. After 

multiple dosing cycles there was a dose-dependent decrease in CLL CD200 expression and 

a sustained reduction in CD200+CD4+ T cells at higher doses; 64% of patients demonstrated 

a reduction in tumour burden, with 70% of CLL patients achieving stable disease. One 

chemotherapy naïve CLL patient presented with a durable partial response demonstrated by 

>50% reduction in overall tumour burden with a concomitant increase in CD8+ T cells and a 

reduction in Tregs. All MM patients had disease progression with little change in T cell subsets. 

These positive preliminary results combined with a good safety profile with generally mild to 

moderate adverse events support further development of samalizumab as a CD200 immune 

checkpoint inhibitor (Mahadevan et al. 2019). 

 

1.3 Lung cancer 
Lung cancer is the 3rd most common cancer in the UK, accounting for 13% of all new cancer 

cases, with an average of 48 459 patients diagnosed each year (Cancer Research UK). Lung 

cancer incidence rates remained stable in the UK over the past decade due to a decrease in 

male cases (12%) combined with a slight increase in female cases (13%) and are projected 

to fall by 7% between 2014 – 2035 from 94 in 100 000 cases to 88 cases per 100 000 by 2035 

(Cancer Research UK).  Across the UK and particularly in Wales, lung cancer incidence rises 

steeply with increasing socioeconomic deprivation, with cases 202% higher in the most 

deprived quintile compared to the least deprived quintile (Public Health Wales). Due to the 

high incidence rates and poor long-term survival, lung cancer is the most common cause of 

cancer death in the UK, accounting for 21% of all cancer deaths, with an average of 35 349 

lung cancer deaths per year (Cancer Research UK). This is attributed, in part, to the late stage 

at which most lung cancer cases are diagnosed; with increasing stage, the possibility of 

curative treatment, such as surgery, decreases with over half of patients diagnosed at stages 

I-III receiving palliative or no active treatment (Royal College of Physicians 2021). Lung cancer 

mortality rates are also greater in more deprived groups, with age-standardised deaths per 

100 000 people 290% greater in the most deprived quintile compared to the least deprived in 

Wales (Public Health Wales). This increased incidence and mortality in lower socioeconomic 
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groups has been associated with poorer health-seeking behaviours, increased smoking rates 

and less effective primary healthcare services (Baldwin 2017). 

 

1.3.1 Lung cancer subtypes 
Lung cancers are categorised into two main histological subtypes based on their cellular 

morphology: small cell lung carcinoma (SCLC) and NSCLC which constitute 15% and 85% of 

cases, respectively (Herbst et al. 2018). SCLC is an aggressive high-grade pulmonary 

neuroendocrine tumour arising from the bronchial epithelium of larger airways, tending to arise 

more proximally in the lung (Sabari et al. 2017) (Figure 1.12). The rapid doubling time, high 

growth fraction and propensity to metastasise early in the disease course contributes to the 

poor prognosis of SCLC, with ~90% of patients presenting with metastatic disease to at least 

the regional lymph nodes (Johnson et al. 2014). Among the major lung cancer subtypes SCLC 

has the strongest association with smoking, with just 2% of patients never-smokers. This is  

reflected in the mutational profile of SCLC which demonstrates a strong smoking signature 

associated with the inactivation of the tumour suppressors tumour protein 53 (TP53) and RB 

transcriptional corepressor 1 (RB1) and a high mutational burden (Rudin et al. 2021). This is 

distinct from NSCLC in which oncogenic driver mutations seem to be essential for 

tumorigenesis. The highly aggressive nature of this disease is highlighted by a median overall 

survival rate of less than 10 months, with 5-year survival rates between 1-5% (Nicholson et al. 

2016).  

 

The remaining 85% of cases are comprised of NSCLC of which SCC and adenocarcinoma 

are the most common subtypes, accounting for ~40% and ~50% of cases, respectively 

(Osmani et al. 2018). In general, SCCs arise in the more proximal airways and are more 

strongly associated with chronic inflammation and smoking than adenocarcinomas which arise 

in the more distal airways. A third NSCLC subtype, large cell carcinoma, is diagnosed upon 

the exclusion of adenocarcinoma and SCC based on cell morphology and tumour specific 

biomarkers; however, it is unclear whether large cell carcinomas are genetically distinct from 

SCC and adenocarcinoma (Chen et al. 2014). 
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Figure.1.12 Schematic of the structure of the lung and its associated lymph nodes, the epithelial composition at each level of the lung and the cells 
of origin of the different lung cancer subtypes.  
(A) Structure of the lung and the most common sites of lymph node metastasis. (B) The epithelial structure and composition at each stage of the respiratory 
tree is comprised of specialised cells that carry out essential functions for respiration. (C) Cells of origin of each lung cancer subtype as determined through 
genetic mouse models. PNEC, pulmonary neuroendocrine cell; SCC, squamous cell carcinoma; SCLC, small cell lung carcinoma. Created in Biorender.com. 

A. 
B. C. 



 

1.3.1.1 Squamous cell carcinoma 
SCC tumours are characterised by squamous differentiation reminiscent of the 

pseudostratified columnar epithelium that lines the trachea and larger upper airways and 

positivity for cytokeratins5/6, p40 and desmoglein-3 (Takamochi et al. 2016)(Figure 1.12). It 

has long been hypothesised that SCC tumours arise from basal cells within the trachea and 

bronchi as the tumours predominantly arise in the proximal lung and are positive for the basal 

cell markers p63, SRY-box 2 (SOX2) and keratins 14 and 5 (Chen et al. 2014). Squamous 

tumours arising from lung epithelium have been modelled in mice through germline inhibition 

of nuclear factor-κB kinase subunit-α (IKKα) and through joint liver kinase B1 (Lkb1) and 

phosphatase and tensin homolog (Pten) inhibition (Xiao et al. 2013; Xu et al. 2014). However, 

SCC tumours can also occur in the peripheral lung, with more targeted genetic approaches 

suggesting that club cells and alveolar type II cells can also be induced to form SCCs, although 

it should be noted that the driver mutation combinations and the order in which they 

accumulate plays an important role in tumour initiation (Ferone et al. 2020). Models of biallelic 

deletion of Pten and Cdkn2ab combined with overexpression of Sox2 generated SCC tumours 

from club cells and alveolar type II cells, with models of Kras activation combined with thyroid 

transcription factor 1 (TTF-1) deletion and disruption of Forkhead box a1 (Foxa1) or Foxa2 

also generating alveolar type II derived SCC tumours (Ferone et al. 2016; Camolotto et al. 

2018). 

 

SCC tumours are characterised by their discernible genomic complexity and high overall 

mutation rate of 8.1 mutations per megabase. Almost all tumours demonstrate somatic 

mutations of the tumour suppressors TP53 (~90%) and CDKN2A (>70%) with frequent 

mutations identified in the CDKN2A/RB1,  PI3K/AKT and SOX2/TP63/Notch receptor 1 

(NOTCH1) pathways, suggesting common dysfunction in cell cycle control, apoptotic 

signalling and squamous cell differentiation (Hammerman et al. 2012).  Furthermore, recurrent 

mutations have also been identified in disocdin domain-containing receptor 2 (DDR2), 

fibroblast growth factor receptor 1 (FGFR1), FGFR2, FGFR3, Pten, and genes in the PI3K 

pathway (Hammerman et al. 2012; Chen et al. 2014). Loss of function mutations in the HLA-

A MHC class I gene, suggesting active immune evasion through mutations in antigen 

presentation machinery, have also been identified (Hammerman et al. 2012).  However, unlike 

adenocarcinomas which harbour mutations in receptor tyrosine kinases that can be 

successfully targeted with molecular therapies, these mutations are very rarely seen in SCCs 

(Roy S. Herbst et al. 2018).  

1.3.1.2 Adenocarcinoma 
Adenocarcinomas often demonstrate a glandular histology and express markers consistent 

with an origin in the distal lung such as TTF-1 and keratin 7 (Davidson et al. 2013). Due to 
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their location predominantly in the peripheral lung, adenocarcinomas have historically been 

proposed to arise from bronchial club cells and alveolar type II cells (Chen et al. 2014)(Figure 

1.12). Adenocarcinoma tumours have been generated in models of Kirsten rat sarcoma (Kras) 

activation with and without concomitant Trp53 or Lkb1 tumour suppressor loss and EGFR 

activation with or without TP53 loss (Meuwissen et al. 2001; Kim et al. 2005; Lin et al. 2012; 

Mainardi et al. 2014). For a period, based on the observation that cells at the bronchioalveolar 

junction were the first to hyperprolfierate upon the induction of oncogenic changes, it was 

proposed that a population of multipotent stem cells double positive for markers of club cells 

(club cell secretory protein (CCSP)) and alveolar type II cells (surfactant protein C (SPC)) were 

the cells of adenocarcinoma origin (Kim et al. 2005). However, in more recent studies using 

targeted expression of oncogenic Kras in either CCSP or SPC expressing cells, alveolar type 

II cells were the only cells capable of giving rise to adenocarcinoma tumours, with club cells 

and bronchioalveolar stem cells driving bronchiolar hyperplasia (Xu et al. 2012). Furthermore, 

in models of inflammation and injury such as adenovirus infection or naphthalene-induced 

injury, which more closely mimic human tumour initiation, only alveolar type II cells and club 

cells could produce peripheral adenocarcinoma tumours in the alveolar space (Kim et al. 2005; 

Xu et al. 2012; Sutherland et al. 2014).   

 

The most commonly mutated genes in adenocarcinoma include EGFR (14%), BRAF (7%) and 

KRAS (33%) and the tumour suppressors TP53 (46%), kelch like ECH associated protein 

(KEAP1) (17%), Lkb1 (17%) and neurofibromin 1 (NF1) (11%)(Collisson et al. 2014). 

Furthermore, mutations and amplifications have been identified in human epidermal growth 

factor receptor 2 (HER2), FGFR1, FGFR2, receptor tyrosine kinase (ROS1) and anaplastic 

lymphoma kinase (ALK) (Chen et al. 2014). A majority of adenocarcinoma tumours (~64%) 

possess mutations in one or more receptor tyrosine kinases such as EGFR, ALK and ROS1; 

these oncogenic drivers are targetable and predict sensitivity to tyrosine kinase inhibitors, with 

adenocarcinoma patients greatly benefiting from these targeted therapies in the clinic 

(Collisson et al. 2014; Kris et al. 2014; Roy S. Herbst et al. 2018). 

 

1.3.2 Aetiology 
The most common aetiology for lung cancer is tobacco smoking; 71% of lung cancers are 

caused by smoking in the UK, with a further 1% caused by second-hand smoke (Cancer 

Research UK). Tobacco smoke contains over 50 known carcinogens and demonstrates a 

dose-response relationship between smoking and the risk of developing lung cancer, with 

individuals who smoke 30-times more likely to develop cancer than non-smokers (Walser et 

al. 2008).  Although smoking is associated with all subtypes, the association is stronger with 

SCC and SCLC, with adenocarcinoma being the predominant subtype in never-smokers. Lung 
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cancer in never-smokers is more common in women and is associated with pollution, 

occupational carcinogens, inherited genetic susceptibility and second-hand smoke (Sun et al. 

2007). Never-smoker tumours possess 5-6 times fewer mutations than smokers, demonstrate 

a predominant transition of cytosine to thymine (C>T) nucleotide transversions and an 

increased prevalence of actionable mutations in the receptor tyrosine kinases EGFR, ROS1 

and ALK. Conversely, smoker tumours demonstrate a predominant cytosine to adenine (C>A) 

transversion and an increased frequency of non-actionable mutations such as Kras and TP53 

(Roy S. Herbst et al. 2018). Additional environmental risk factors for lung cancer include 

environmental pollution, exposure to workplace carcinogenic materials such as asbestos, 

silica, mineral oils and arsenic, and indoor ionising radiation exposure to radon (Osmani et al. 

2018). Radon is a natural air pollutant, the concertation of which is greater indoors, arising 

from decay of uranium-238 present in the earth’s crust. Radon levels vary across the country 

but each year around 3.3% of cancer deaths in the UK are related to radon levels in the home 

(Cancer Research UK). In addition to environmental risk factors, lung cancer incidence is also 

increased, independently of smoking status, in those whose sibling or parent has had lung 

cancer, with an increased risk of 82% and 25-37%, respectively (Cancer Research UK). 

Chronic inflammation of the lung, usually associated with smoking, has also been 

demonstrated to increase lung cancer risk, with individuals with a history of emphysema 104-

144% more likely to develop lung cancer whilst chronic bronchitis increases the risk by 47-

52% (Cancer Research UK).  In total, around 20% of cancer-related deaths worldwide could 

be prevented through smoking cessation (Cancer Research UK). 

 

1.3.3 Staging 
Lung cancer cases in the UK are staged using the TNM lung cancer staging system; this 

classification categorises lung cancer tumours based on the size and invasiveness of the 

tumour (T), it’s lymph node involvement (N) and the presence and location of distant 

metastases (M) (Birerley et al. 2017)(Table 1.3).  The TNM stage then relates to an overall 

disease stage from I – IV (Table 1.4). This precise staging system allows for a more accurate 

diagnosis and plays a key role in optimal disease management when it comes to treatment 

options and prognosis (Alexander et al. 2020).  Diagnosis of lung cancer at the earliest stage 

is strongly associated with improved survival, with 1-year survival 87.7% for those diagnosed 

with stage I disease. On the contrary, 1-year survival at stage IV, for which 49% of patients 

present with at diagnosis, is only 19.3% (Cancer Research UK) (Table 1.4). This is further 

highlighted by 5-year survival rates, with 56.6% and 2.9% survival for stages I and stage IV, 

respectively (Table 1.4). Clinically most patients present with locally advanced or metastatic 

disease, with 63% of patients in England diagnosed at stages III or IV in 2020, at which point 

surgical resection may not be an option (Royal College of Physicians 2022). Where possible, 
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patients with early stage (I or II) or locally advanced (IIIa) disease are treated with surgical 

resection with curative intent (15% of patients) followed by systemic and more targeted 

therapies, with the treatment of more advanced disease reliant on systemic and multi-modality 

treatments (Evison 2020). However, due to the late stage of presentation in most patients, 

only 73% of patients receive some form of active treatment with curative intent, with the 

remaining 17% receiving no or palliative treatment (Royal College of Physicians 2022).  
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Table 1.3 Lung cancer TNM staging classification.  
Adapted from Birerley et al. (2017) 

TMN Descriptors  

T Primary tumour 

Tx Primary tumour cannot be assessed, or the tumour has been proven by the 

presence of malignant cells in sputum/bronchial washing but has not been 

visualised 

T0 No evidence of primary tumour 

Tis Carcinoma in situ 

T1 Tumour ≤3 cm in greatest dimension and is surrounded by lung or visceral pleura 

without evidence of invasion more proximal than the lobar bronchus (i.e., not in 

the main bronchus) 

T1a Tumour ≤1 cm in greatest dimension 

T1b Tumour ≥1 cm but ≤2 cm in greatest dimension 

T1c Tumour ≥2 cm but ≤3 cm in greatest dimension 

T2 Tumour ≥3 cm but ≤5 cm in greatest dimension or tumour with any of the following 

features: 

• Involves main bronchus regardless of distance to the carina, but without 

carina involvement 

• Invades visceral pleura 

• Associated with obstructive pneumonitis or atelectasis that extends to the 

hilar region either involving part or the entire lung 

T2a Tumour ≥3 cm but ≤4 cm in greatest dimension 

T2b Tumour ≥4 cm but ≤5 cm in greatest dimension 

T3 Tumour ≥5 cm but ≤7 cm in greatest dimension or directly invades parietal pleura, 

chest wall, phrenic nerve, parietal pericardium; or separate nodule(s) in the same 

lobe as the primary tumour 

T4 Tumour ≥7 cm or of any size that invades diaphragm, mediastinum, heart, great 

vessels, trachea, recurrent laryngeal nerve, oesophagus, vertebral body, carina; 

or separate tumour nodule(s) in a different ipsilateral lobe to the primary 
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N Regional lymph nodes 

Nx Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and 

intrapulmonary nodes, including involvement by direct extension 

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s) 

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or 

contralateral scalene, or supraclavicular lymph node(s) 

M Distant metastasis 

M0 No distant metastasis 

M1 Distant metastasis 

M1a Separate tumour nodule(s) in a contralateral lobe; tumour with pleural or 

pericardial nodules or malignant pleural or pericardial effusion 

M1b Single extrathoracic metastasis in a single organ 

M1c Multiple extrathoracic metastasis in a single or multiple organs 
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Table 1.4 Lung cancer stages based on TNM classification, the % of patients diagnosed at each 
stage and the 1-year and 5-year survival rates.  
Adapted from Birerley et al. (2017) & Cancer Research UK (2021) & Royal College of Physicians (2022) 

Stage Grouping 
Stage at diagnosis  

(England 2020) 
1-year survival  5-year survival 

Stage IA 
T1a N0 M0 

20% 87.7% 56.6% T1b N0 M0 

Stage IB T2a N0 M0 

Stage IIA 

T1a N1 M0 

7% 73% 34.1% 

T1b N1 M0 

T2a N1 M0 

T2b N0 M0 

Stage IIB 
T2b N1 M0 

T3 N0 M0 

Stage IIIA 

T1 N2 M0 

19% 48.7% 12.6% 

T2 N2 M0 

T3 N1 M0 

T4 N2 M0 

T4 N0 M0 

T4 N1 M0 

Stage IIIB 
T4 N2 M0 

Any T N3 M0 

Stage IV Any T Any N M0 44% 19.3% 2.9% 
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1.3.3.1 Improving early detection 
A significant shift in the outcomes of lung cancer could be achieved upon improved early 

detection. Broadly, this can be achieved through improving awareness of lung cancer 

symptoms, clearer referral pathways and an introduction of screening initiatives in patients 

who are deemed high-risk for developing lung cancer (Jones and Baldwin 2018). National lung 

cancer screening using low dose computerised tomography (CT) scanning have been 

suggested by the NHS as a means of reaching their target of diagnosing at least 75% of all 

cancer at stage I/II by 2028 (Royal College of Physicians). The largest trial to date using this 

technique was the National Lung Cancer Screening Trial in America; this randomised trial 

scanned, with either X-ray or CT, 53 454 patients who were 55-74 years old and were current 

or ex-smokers within the last 15 years. A 20% reduction in lung cancer specific mortality was 

demonstrated in the CT group, suggesting that CT scanning of high-risk individuals could 

increase the early detection of lung cancers (National Lung Cancer Screening Team 2011). 

Furthermore, the NELSON (Nederlands-Leuvens Longkanker Scrrenings Onderzoek) trial 

demonstrated a 24% and 33% decrease in 10-year lung cancer mortality for high-risk men 

and women, respectively (de Koning et al. 2020). A similar pilot trail conducted in the UK 

randomised patients to CT or no scanning and, although they saw no statistically significant 

changes in mortality rates, 86% of lung cancer cases diagnosed were of stage I or II, with 83% 

of patients receiving surgical resection (Field et al. 2021). Taken together, these trials suggest 

that low-dose CT screening of high-risk patients significantly increases the number of lung 

cancer cases diagnosed at an early stage and decreases the mortality rate.   However, these 

findings have not been echoed in real world practice, with early detection of lung cancer 

instead still reliant on prompt patient presentation and GP referrals upon symptoms indicative 

of lung cancer (McCutchan et al. 2020). 

 

1.3.4 Lung cancer treatment  
Over the past 20 years treatment options for advanced and non-resectable lung cancer have 

evolved from the use of systemic cytotoxic therapies to multi-modality therapies that target 

specific molecular subtypes or immune checkpoints in combination with chemotherapy and 

radiotherapy (Roy S. Herbst et al. 2018). Lung cancer treatment is dependent on stage at 

diagnosis and in the case of adenocarcinomas, on the presence of genetic mutations in 

receptor tyrosine kinases. In patients where surgical resection is not an option or following 

resection of the primary tumour, the first-line treatment options for SCC tumours are either 

systemic chemotherapy or chemotherapy plus immune checkpoint inhibition, dependent on 

the presence of the immune checkpoint PD-L1 (NICE 2021)(Figure 1.13). PD-1/PD-L1 

immunotherapies are used as single agent first-line therapies for patients with high tumour 

PD-L1 expression or as first-line chemoimmunotherapy for patients with low tumour PD-L1 
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expression. In patients who receive chemotherapy as a first-line treatment, PD-1/PD-L1 

immunotherapies can be used as second-line therapies upon disease progression (NICE 

2021)(Figure 1.13). Conversely, adenocarcinoma treatments are dependent on the presence 

of mutations in EGFR, ALK, and ROS1, with those that are negative for all targetable receptor 

tyrosine kinase mutations then dependent on PD-L1 expression (NICE 2021)(Figures 1.14 & 

1.15). Patients with actionable mutations in the receptor tyrosine kinases are initially treated 

with tyrosine kinase inhibitors (TKIs). Upon disease progression, typically down to acquired 

TKI resistance, patients are treated with a selection of other second- and third-line TKIs; 

further progression is then treated with either chemotherapy combinations, 

immunotherapeutic and targeted therapies in combination with chemotherapy or 

immunotherapies alone (NICE 2021)(Figure 1.14). In tumours harbouring no actionable 

mutations, PD-1/PD-L1 ICIs are offered alone or in combination with chemotherapy and 

targeted therapies, with second- and third-line single agent immunotherapies offered for 

patients who received chemotherapy as a first-line treatment (NICE 2021)(Figure 1.15). 
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Figure 1.13 Treatment options for SCC patients.  
Patient first-line treatment options are dependent on the level of tumour PD-L1 expression and will 
determine whether a patient receives first-line chemotherapy, chemoimmunotherapy or single agent 
immunotherapy. Upon disease progression, patients are either treated with platinum doublet and single 
chemotherapeutic agents or single agent PD-1/PD-L1 ICIs. PD-L1, programmed death-ligand 1. 
Created in Biorender.com. 
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Figure 1.14 Treatment options for adenocarcinoma patients harbouring an actionable mutation 
in a receptor tyrosine kinase.  
First-line targeted treatment options are dependent on the presence of mutations in the targetable 
receptor tyrosine kinases. Following disease progression due to acquired resistance, patients can be 
treated with second- and third- generation tyrosine kinase inhibitors before treatment with 
chemotherapy, chemoimmunotherapy with VEGF targeted therapy, chemotherapy with VEGF targeted 
therapy or single agent immunotherapy. PD-L1, programmed death-ligand 1. Created in Biorender.com. 
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Figure 1.15 Treatment options for adenocarcinoma patients harbouring no targetable receptor 
tyrosine kinase mutations.  
Patient first-line treatment options are dependent on the level of tumour PD-L1 expression and will 
determine whether a patient receives first-line chemotherapy, chemoimmunotherapy, 
chemoimmunotherapy with VEGF targeted therapies or single agent immunotherapy. Upon disease 
progression, patients are either treated with chemotherapy or chemotherapy with VEGF targeted 
therapies or single agent PD-1/PD-L1 ICIs. PD-L1, programmed death-ligand 1. Created in 
Biorender.com. 
 
 

 

 

 

 

1.3.4.1 Surgery 
In medically fit patients with early-stage disease (I-IIIa) surgical resection is the most effective 

therapy in terms of overall survival and cure rates, with lobectomy with systematic nodal 
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dissection the definitive treatment option (Herbst et al. 2018). In the UK resection rates have 

continued to rise slowly, with 59% of patients with stage I/II disease and a good performance 

status i.e., the ability of an individual to undertake everyday tasks, receiving surgery in 2019 

(Royal College of Physicians 2022).  However, despite most patients remaining disease-free 

following surgery, 30-55% of tumours will recur due to the presence or development of 

micrometastases; therefore, following surgery patients also receive adjuvant combination 

chemotherapies (Uramoto and Tanaka 2014; Duma et al. 2019). Neoadjuvant chemotherapy 

can also be used as a first-line treatment prior to surgery where it demonstrates more tolerant 

toxicities than adjuvant therapies and has been associated with tumour shrinkage and a 

decrease in micrometastases (Duma et al. 2019). 

 
1.3.4.2 Radiotherapy and chemotherapy 
The standard therapy for patients with unresectable locally advanced tumours is a 

combination of systemic cytotoxic therapies and thoracic radiation, with a survival advantage 

demonstrated for concurrent regimes over sequential approaches (Herbst et al. 2018). Whilst 

systemic therapies have become increasingly personalised over the past few decades, 

curative radiotherapy is still prescribed according to the TNM stage and performance stage of 

the patient, taking no account for tumour biology (Brown et al. 2019). Stereotactic ablative 

radiotherapy delivers an ablative dose of radiation with high precision to small tumour lesions 

and is primarily used for patients with early-stage disease who are unable/unwilling to undergo 

surgical resection, with 62% of stage Ia-IIb patients who did not undergo surgery receiving 

some form of radiotherapy (Jones and Baldwin 2018; Royal College of Physicians 2022). 

Furthermore, patients with locally advanced disease can receive concurrent 

chemoradiotherapy with curative intent, with palliative radiotherapy offered for late-stage 

patients to relieve patients of symptoms such as pain and cough (Brown et al. 2019).  

 

As mentioned previously, early-stage patients who undergo surgical resection may receive 

neoadjuvant or adjuvant chemotherapy to decrease the likelihood of distant metastases and 

disease recurrence (Duma et al. 2019). In patients presenting with metastatic disease 

systemic treatment with chemotherapy, alone or in combination with radiotherapy, 

immunotherapies or targeted therapies, is required for disease control (NICE 2021).  Platinum-

based doublet therapy using a platinum-based anti-neoplastic agent in combination with a 

second agent targeting the cell cytoskeleton has been the standard chemotherapy regimen 

for patients with advanced stage NSCLC (Evans 2013).  Gemcitabine, Carboplatin and 

Cisplatin are all platinum-based chemotherapeutic agents which inhibit DNA synthesis and 

replication in fast dividing cells, whilst Vinorelbine (microtubule-destabilising), Paclitaxel and 

Docetaxel (microtubule-stabilising) target the cytoskeleton of fast-dividing cells to inhibit 
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mitosis (Jordan and Wilson 2004; Horita et al. 2017). These chemotherapy agents can be 

used alone or in combination with one another or with targeted or immunotherapeutic targets 

at various stages of disease progression (NICE 2021)(Figures 1.12 & 1.13 &1.14). 

 

1.3.4.3 Targeted therapies 
Targeted TKI therapies against clonal genetic alterations in the tyrosine kinases EGFR, ALK 

and ROS1 have demonstrated improved clinical outcomes in a significant proportion of 

adenocarcinoma patients presenting with advanced disease. Molecularly targeted inhibitors 

were first introduced in the 1990s with the use of the EGFR TKI Gefitinib, with the introduction 

of molecular therapies targeting ALK, MET and ROS1 demonstrating favourable and durable 

response rates in many adenocarcinoma subtypes (Alexander et al. 2020). However, these 

high response rates are often short-lived, with acquired resistance to chronic TKI treatment 

often developing within 9-12 months in most patients, hence the need for the use of 

multimodality treatments in advanced NSCLC patients (Chen et al. 2014). 

 

1.3.4.3a EGFR inhibitors 
EGFR is a receptor tyrosine kinase that, upon activation, leads to downstream signalling 

involved in increased cell survival, proliferation, invasion, and angiogenesis (Wheeler et al. 

2010). Heterozygous sensitising mutations clustering around the ATP-binding pocket of the 

tyrosine kinase domain of EGFR are seen in 14% of adenocarcinoma patients and lead to 

constitutive EGFR activation and ligand independence (Collisson et al. 2014). The first-

generation TKIs Erlotinib and Gefitinib are reversible competitive ATP inhibitors that only 

target EGFR, whilst the second-generation TKIs Afatinib and Dacomitinib function through 

irreversibly inhibiting ATP in EGFR, HER2 and HER4 (Roy S. Herbst et al. 2018) (Figure 1.13). 

EGFR mutation-positive adenocarcinoma patients demonstrate an 80% response rate to 

EGFR TKIs, with 10-14 months of progression-free survival (PFS), yet most patients will 

eventually develop disease progression due to acquired resistance (Mok et al. 2009; Wu et 

al. 2014). The most common cause of acquired resistance to these TKIs is a further EGFR 

mutation on the codon 790 (T790M), with further mutations and amplifications in HER2, BRAF 

and P13KCA further limiting the long-term efficacy of these TKIs (Sequist et al. 2011; Camidge 

et al. 2014). Treatment with the third-generation EGFR TKI Osimertinib, a selective inhibitor 

of both the original sensitising mutation and TP790M mutation, binds covalently to codon 797 

thus overcoming the enhanced ATP affinity from the T790M mutation (Roy S. Herbst et al. 

2018). Second-line Osimertinib is effective in patients harbouring the T790M mutation 

following progression after first-line EGFR TKI therapy, with PFS and overall response rate 

significantly greater than second-line platinum chemotherapy alone (Mok et al. 2016) (Figure 

1.13).  Yet despite these good clinical responses, just 14% of stage IIIb-IV non-squamous 
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NSCLC patients in England had their EGFR  mutation status recorded in 2018 (Royal College 

of Physicians 2021) . Furthermore, mutations at codon 797 (C797S) confer further resistance 

to third-generation TKIs, with tumours harbouring an initial sensitising EGFR mutation, 

TP790M and C797S resistant to all EGFR TKIs (Roy S. Herbst et al. 2018).  

 

Interestingly, CD200 expression by cancer-associated fibroblasts (CAFs) appears to augment 

the sensitivity of EGFR mutated lung adenocarcinomas to EGFR TKIs. Using patient-derived 

CAF clones, Ishibashi et al. (2017) demonstrated that clones which highly expressed CD200 

were able to enhance the anti-tumour effect of Gefitinib treatment on PC9 adenocarcinoma 

cells in vitro. Moreover, the PFS after Gefitinib treatment for patients with CD200-positive 

CAFs tended to be longer than in those with CD200-negative CAFs (p=0.057).  PC9 cells do 

not express CD200R, therefore CD200 exerts its effects through an as yet unknown receptor, 

or it may induce conformational changes in other associated molecules thus triggering the 

pro-apoptotic signalling cascade upon EGFR TKI treatment. Although this effect requires 

further investigation, it is interesting to consider the effect potentially blocking CD200 as an 

immunotherapy may have on the other treatment modalities. Currently in adenocarcinoma, 

immunotherapies are used once disease progression has been made on all available EGFR 

TKIs, therefore blocking this interaction further down the treatment pipeline may not affect TKI 

sensitivity.  

 

1.3.4.3b ALK and ROS1 inhibitors 
Gene rearrangements of the transmembrane receptor tyrosine kinase ALK occur in ~5% of 

adenocarcinoma patients (Alexander et al. 2020). The first-generation TKI Crizotinib is an oral 

competitive ATP inhibitor of ALK, MET and ROS1 that is associated with improved objective 

response rates and PFS compared to cytotoxic therapies. Patients who demonstrate acquired 

resistance to Crizotinib benefit from treatment with the second-generation ALK TKIs Certinib, 

Alectinib and Brigatinib (Kwak et al. 2010). Acquired resistance to ALK inhibitors is 

predominantly caused by secondary ALK mutations, or through upregulation of bypass 

signalling pathways such as EGFR and MAPK. The most common secondary ALK mutation 

(G1202R) confers resistance to all ALK inhibitors except Lorlatinib, a potent third-generation 

ALK TKI with activity against most known ALK resistance mutations (Shaw et al. 2017)(Figure 

1.13). ROS1 encodes a receptor tyrosine kinase with a high degree of homology to ALK that 

becomes constitutively activated when rearrangement leads to fusion of its tyrosine kinase 

domain with a partner gene such as CD74 (Facchinetti et al. 2017). Due to the high homology 

in kinase domains between ROS1 and ALK, patients with ROS1 rearrangement (1-2%) can 

be treated with Crizotinib, Entecinib and Lorlatinib (Herbst et al. 2018; Alexander et al. 2020; 

NICE 2021)(Figure 1.13).  
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1.3.4.3c Other targeted therapies 
The identification of oncogenic driver mutations in adenocarcinoma has transformed how 

patients are treated, with chemotherapy no longer a standard of care but a default if patients 

do not present with an actionable driver mutation. In a multicentre Lung Cancer Mutation 

Consortium, targetable oncogenic mutations were observed in 64% of adenocarcinoma 

patients, with those who could be treated with targeted therapies associated with improved 

overall survival over those without targeted treatments (Kris et al. 2014). Of the 7% of 

adenocarcinoma patients that harbour a BRAF mutation, around half present with a single 

transversion at residue 600 of exon 15 (V600E) that can be targeted with the BRAF inhibitors 

Dadrafenib and Vemurafenib as single agents or in combination with the MEK inhibitor 

Trametinib (Collisson et al. 2014; Planchard et al. 2016). Furthermore, somatic mutations in 

MET have been identified, suggesting patients may respond to the MET inhibitors Crizotinib 

and Cabozantinib (Paik et al. 2015). 

 

Adenocarcinoma patients have also shown good responses to the VEGF inhibitor 

Bevaccizumab and the VEGF receptors 1-3, platelet-derived growth factor (PDGF) receptors 

α/β and FGF receptors 1–3 angiokinase inhibitor Nintedanib in combination with 

chemotherapy either following immunotherapy or in combination with the PD-L1 inhibitor 

Atezolizumab (Grohé et al. 2022) (Figures 1.13 & 1.14). These inhibitors of angiogenic factors 

have been demonstrated to be effective in patients who have acquired resistance to ICIs by 

supporting vessel normalisation and improving infiltration of immune cells into the TME, thus 

tipping the balance towards an immune-supportive TME through an angio-immunogenic 

switch (Fukumura et al. 2018). There is clear evidence that angiogenesis is associated with 

the development of an immunosuppressive TME which can promote resistance to ICI 

therapies; moreover, VEGF within the TME can promote immunosuppression by modulating 

immune cell functions and preventing successful immune cell infiltration. The angio-

immunogenic switch theory suggests that adjuvant or combination anti-angiogenic treatment 

could reverse the immunosuppressive angiogenic signals which contribute to the initial failure 

of ICI treatment (Fukumura et al. 2018; Grohé et al. 2022). Indeed, Nintedanib plus docetaxel 

in the third-line setting demonstrated a high response rate and disease stabilisation in patients 

whose disease had progressed on prior chemotherapy and ICI treatment (Grohé et al. 2022). 

Furthermore, patients treated with Atezolizumab combined with Carboplatin + Paclitaxel + 

Bevacizumab demonstrated significantly prolonged PFS and OS than those treated without 

Bevacizumab, suggesting that blocking angiogenesis can benefit NSCLC patients receiving 

ICIs (Reck et al. 2019). 
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1.3.4.4 Immunotherapies 
Despite the success of molecularly targeted therapies in NSCLC treatment, most tumours do 

not harbour an actionable driver mutation; in these patients anti-PD-1/PD-L1 ICI 

immunotherapy either alone or in combination with chemotherapy have become the first-line 

standard of care for advanced SCC and adenocarcinoma tumours (Grant et al. 2021). The 

anti-PD-1 antibodies Pembrolizumab and Nivolumab and the anti-PD-L1 antibody 

Atezolizumab have now been approved for the first- second- and third-line treatment of driver-

negative NSCLC, with these ICIs also approved for the second- and third-line treatment of 

driver-positive NSCLC tumours (Grant et al. 2021; NICE 2021)(Figures 1.13 & 1.14 & 1.15). 

ICIs treatment has had a profound effect on the survival of patients with advanced NSCLC. In 

metastatic patients, first-line ICIs either alone or in combination with platinum doublet 

chemotherapy offered a 15-20% OS benefit at 1 year compared with chemotherapy alone 

(Conforti et al. 2018; Brueckl et al. 2020). Furthermore, second-line ICI therapy increased 1 

year survival by 10% and maintenance PD-L1 ICI with concurrent chemoradiation 

demonstrated a 10% OS benefit at 2 years compared to placebo (Naqash et al. 2020). The 

high somatic TMB, particularly in smokers, of NSCLC tumours makes NSCLC a prime 

candidate for ICI therapy, as reflected in the durable clinical efficacy seen in responder 

patients (Grant et al. 2021). However, despite subsets of patients deriving durable benefits 

with PD-1/PD-L1 ICI therapy overall response rates are 47-63%, with non-responder patients 

demonstrating both cell intrinsic and extrinsic primary resistance mechanisms as described in 

Section 1.1.6 (Doroshow et al. 2019). Furthermore, of those that do show an initial or sustained 

response, disease relapse and progression occurs in most cases due to acquired secondary 

resistance mechanisms within the TME (Popat et al. 2020). Therefore, identification of 

predictive markers of ICI therapy response or the generation of multi-modality immunological 

therapies could greatly improve the success of PD-1/PD-L1 ICI therapies in NSCLC.  

 

1.3.4.4a PD-1/PD-L1 ICIs 
PD-1/PD-L1 antibodies were approved for the second- and third-line treatment of metastatic 

NSCLC without targetable driver mutations in 2015. Since then, PD-1/PD-L1 ICIs have been 

approved for the first-line monotherapy treatment of tumours with PD-L1 ≥ 50% expression or 

in combination with chemotherapy independent of PD-L1 expression (Brueckl et al. 2020; 

NICE 2021). Subsets of patients who respond to these therapies demonstrate exceptionally 

long-lasting responses and survival, with 31.9% of stage IV patients treated with 

Pembrolizumab in the first-line and 16% of stage IV patients treated with Nivolumab in the 

second-line still alive at 5 years following treatment (Reck et al. 2016; Gettinger et al. 2018; 

Shiono et al. 2019). However, although PD-1/PD-L1 ICIs have been approved for the 

treatment of NSCLC patients who harbour targetable driver mutations, these immunotherapies 



 2.. Materials and Methods 

 85 

appear to have limited responses in these patients. In a retrospective analysis, only 3.7% of 

patients with EGFR or ALK mutations demonstrated response to PD-1/PD-L1 ICIs compared 

to 23.3% of driver negative tumours (Gainor et al. 2016). Moreover, a meta-analysis of 5 trials 

looking at PD-1/PD-L1 ICIs in advanced NSCLC saw that among patients with EGFR 

mutations, OS was not improved when compared to Docetaxel alone suggesting that currently 

ICIs are minimally effective in driver mutation positive NSCLC patients (Lisberg et al. 2018). 

 

The observation that tumour PD-L1 expression was a predictor of response to PD-1/PD-L1 

ICI in patients with advanced stage NSCLC led to the implementation of PD-L1 tumour 

expression, as determined by IHC, as a biomarker for determining the optimal immunotherapy 

treatment strategy for patients (Taube et al. 2014; Grant et al. 2021). Monotherapy with 

Pembrolizumab and Atezolizumab is only approved in the first-line setting for patients with a 

PD-L1 tumour expression of ≥ 50%, with tumours demonstrating lower PD-L1 expression 

approved for first-line Pembrolizumab in combination with platinum doublet chemotherapy 

(NICE 2021).  However, despite consideration and validation of the 50% tumour cell PD-L1 

expression cut-off, not all patients with high PD-L1 expression respond to PD-1/PD-L1 

antibodies. Similarly, a subset of patients with low PD-L1 expression have demonstrated good 

clinical responses and long-term disease control (Herbst et al. 2018; Garon et al. 2019; Herbst 

et al. 2020). 

 

The PD-1 IgG4 humanised mAb Nivolumab was the first PD-1 ICI to demonstrate significant 

anti-tumour activity in pre-treated metastatic SCC and adenocarcinoma patients, 

demonstrating extended OS when compared with standard second-line Docetaxel alone.  An 

updated survival analysis demonstrated a median OS of 9.2 months versus 6 months for 

patients with SCC and a median OS of 12.2 months versus 9.5 months for adenocarcinoma 

patients when treated with Nivolumab versus Docetaxel only (Borghaei et al. 2015; Brahmer 

et al. 2015). Furthermore, Nivolumab patients revealed an unprecedented 4-year survival of 

14% compared with 5% for Docetaxel, thus highlighting a durable anti-tumour response for a 

subset of patients (Horn et al. 2017). Subsequently the PD-1 inhibitor Pembrolizumab and the 

PD-L1 inhibitor Atezolizumab were approved for NSCLC treatment and have demonstrated 

durable clinical responses (Grant et al. 2021). Pembrolizumab, when used as a first-line 

treatment in patients with advanced disease and a tumour PD-L1 expression of ≥50% 

demonstrated significant response rates when compared to chemotherapy alone, with a 

median OS of 30 months compared to 14.2 months and a 5-year OS of 32% compared to 

16% in the chemotherapy arm (Reck et al. 2016; Reck et al. 2019). Pembrolizumab has also 

shown an OS benefit in patients with a tumour PD-L1 expression of ≥ 1%, with patients 

receiving ICIs demonstrating extended median OS compared to chemotherapy alone (Lopes 
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et al. 2018). The PD-L1 inhibitor Atezolizumab also demonstrated improved OS when 

compared to chemotherapy alone, with a median OS of 13.8 months compared to 9.6 months 

(Rittmeyer et al. 2017). Moreover, the clinical success of this ICI appears to be associated 

with tumour PD-L1 expression, with patients with the highest PD-L1 tumour expression 

deriving the greatest overall response rates and increases in OS duration (Herbst et al. 2014). 

Pembrolizumab and Atezolizumab have also been approved in combination with platinum 

doublet chemotherapy where they have demonstrated significant improvements in OS (Grant 

et al. 2021).  

 

1.3.4.4b Improving PD-1/PD-L1 ICIs response rates 
Patients treated with PD-1/PD-L1 immunotherapies either demonstrate durable responses, an 

initial response followed by disease progression or, in the case of approximately half of 

patients, demonstrate no response or benefit (Popat et al. 2020). ICIs work by reactivating an 

exhausted and suppressed anti-tumour immune responses through inhibition of negative 

immunoregulatory immune checkpoint pathways (Johnston et al. 2014). Therefore, tumour 

infiltrating immune cells are the most important component for an active response to ICIs, with 

the presence of a prominent T cell infiltration prior to treatment associated with increased 

sensitivity and survival (Schalper et al. 2015; Doroshow et al. 2019). In general, TMEs can be 

classified into three types based on the presence of infiltrating immune cells and the level of 

immunosuppression or immune evasion within the TME (Jenkins et al. 2018). The first is an 

immune inflamed TME characterised by a dense functional CD8+ T cell infiltration; these 

TMEs are most associated with responders (Brueckl et al. 2020).  Patients presenting with 

either acquired or primary resistance tend to have TMEs that either have an excluded immune 

infiltrate, characterised by abnormal angiogenesis and an immunosuppressive stroma that 

prevents immune cell infiltration, or an immune ignorant TME that has a low tumour mutational 

burden and decreased antigen presentation (Hegde et al. 2016; Yi et al. 2019). To overcome 

these mechanisms of immunotherapy resistance, several additional therapies can be used in 

combination with PD-1/PD-L1 ICIs to overcome the boundaries that the reactivated anti-

tumour immune response is faced with.  The use of anti-angiogenic drugs to support vessel 

normalisation and increase immune cell infiltration and/or systemic chemotherapy to induce 

immunogenic cell death and thus increase the antigenicity, immunogenicity, and susceptibility 

of tumour cells have been approved for use in combination with PD-1/PD-L1 ICIs (Zitvogel et 

al. 2013; Yi et al. 2019). However, these combination regimes have only demonstrated 

minimal improvements in increasing response rates and survival.  

1.3.4.4c Combination ICIs 
One of the most promising strategies for overcoming resistance and prolonging therapeutic 

benefit from ICIs is the use of dual immune checkpoint blockade (Jenkins et al. 2018). By 



 2.. Materials and Methods 

 87 

targeting two immunoregulatory pathways at distinct yet synergistic stages in the immune 

response, namely the priming and effector phases of the adaptive immune response for CTLA-

4 and PD-1 respectively, the likelihood of a successful anti-tumour immune response is 

increased (Das et al. 2015). Data from several early phase trials suggests that first-line doublet 

Nivolumab and Ipilimumab increases overall survival for advanced stage NSCLC patients, 

with similar increases in overall survival seen in patients with both PD-L1 positive and negative 

tumours (Hellmann et al. 2019; Ramalingam et al. 2020). The median overall survival of 17.2 

months with combination immunotherapy compared to 12.2 months for Nivolumab and 

chemotherapy is particularly promising, as this subgroup of low PD-L1 patients have 

consistently demonstrated less benefit from PD-1/PD-L1 ICIs (Mariniello et al. 2020). 

Preliminary data also shows that Atezolizumab in combination with the anti-T cell 

immunoreceptor with Ig and ITIM domains (TIGIT) ICI Tiragolumab enhances anti-tumour 

activity when compared with Atezolizumab alone in advanced NSCLC patients (Rodriguez-

Abreu et al. 2020). TIGIT is a coinhibitory receptor that works in the effector phase of the 

adaptive immune response to synergise with PD-1/PD-L1 to potently inhibit effector T cell 

function, suggesting that dual blockade of immune checkpoints that function in the same 

stages of the immune response can also synergise to increase the anti-tumour immune 

response (Johnston et al. 2014). These promising findings from dual checkpoint inhibition 

trials have led to several more novel combination immunotherapy strategies, with trials looking 

at the effects of inhibition of TIM-3 and LAG-3, both immune checkpoints which function during 

the effector phase of the immune response,  in combination with PD-1/PD-L1 ICI currently 

underway (Lipson et al. 2021; ClinicalTrials.gov NCT02817633). 

 

1.4 Aims of this thesis 
PD-1/PD-L1 ICIs have increased overall survival in NSCLC patients, however only a subset 

of patients show durable clinical responses due to primary and acquired resistance 

mechanisms, such as the expression of other immune checkpoint molecules. Therefore, the 

identification of new immune checkpoints to be inhibited in combination with current ICIs may 

benefit these patients by further alleviating the immunosuppressive signals which allow the 

tumour cells to escape anti-tumour immunity. As a critical regulator of immune homeostasis 

in normal lung, the immune checkpoint CD200 may also be expressed by tumour cells upon 

malignant transformation to evade immune attack and promote tumour growth. CD200 is 

expressed by several solid and haematological malignancies, with its expression correlating 

with an increase in immunosuppressive Treg cells, a decrease in memory T cells and 

dysfunction of cytotoxic effector NK cells. CD200 functions in the effector phase of T cell 

responses and therefore blocking CD200 signalling has the potential to synergise with PD-1 

blockade to re-activate an anti-tumour T cell response. Furthermore, CD200 is a potent 
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regulator and suppressor of myeloid cell function, suggesting that targeting CD200 signalling 

may further decrease immune suppression and increase the innate anti-tumour immune 

response.  

 

 

Aims: 
1. Define CD200 expression in the normal human lung and NSCLC tumours 

a.  Determine whether the cells of origin of adenocarcinoma and SCC tumours 

express CD200 in healthy tissue 

b. Define the expression pattern of CD200 in adenocarcinoma and SCC tumours and 

determine whether this has any correlation with patient clinical characteristics and 

survival 

2. Investigate the relationship between CD200 expression and the composition of the 

immune infiltrate in NSCLC tumour tissue using a combined bioinformatics and 

immunohistochemical approach 

a. Explore the relationship between immune cell infiltration and patient clinical 

characteristics and survival  

b. Determine the relationships between tumour CD200 expression and the absolute 

and relative infiltration of cytotoxic and regulatory immune cells 

3. Determine the effects of tumour CD200 expression on NK cell cytotoxic and cytolytic 

activity and investigate whether blockade of CD200 signalling using an anti-CD200 

antibody is sufficient to restore anti-tumour immunity in vitro. 
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2.Materials and Methods 
2.1 Tissue samples 
2.1.1 Mouse tissue samples 
Normal mouse back skin and lung tissue were obtained from wild type (WT) FVB/N mice. All 

animals were maintained on an outbred background and housed in a standard facility in 

accordance with institutional animal care guidelines and UK Home Office regulations (project 

licence P4EF9C98F). All animals were given access to RM3(E) standard diet (Special Diets 

Service UK) and fresh water ad libitum.   

 

2.1.2 Human tissue samples 
Normal human lung, human tonsil, and lung cancer tissue microarrays (TMAs) were obtained 

from US Biomax, Zyagen. Lung cancer tumour sections were obtained from the Wales Cancer 

Bank (WCB project numbers 18/022 & 20/066). Normal human skin sections were obtained 

with a protocol approved by the local independent research ethics committee (09/WSE/02/01). 

 

2.2 Patient data 
Ethical approval for the collection and use of NSCLC tissue was gained by the Wales Cancer 

Bank (project 20/066). Informed consent for the sampling of tumour sections was obtained 

from NSCLC patients undergoing surgical resection, with consent and sample collection 

performed by WCB staff. Histological assessment and diagnosis were performed by a certified 

NHS histopathologist. Relevant patient data for 238 of the 240 patients was obtained from the 

Wales Cancer Bank and is shown in Table 2.1. Overall survival was determined from the date 

of procedure to the date of death (range 0.5 - 126 months); where stated, deaths unrelated to 

cancer were censored. At the time of record collection, all patients still alive were censored at 

126 months.  
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Table 2.1 Primary demographics for samples used in this project  
Demographics All patients with data available = 238 (%) 

Sex 
Male 94 (39.5) 

Female 144 (60.5) 

Age at diagnosis, years 
Median 71 

Range 45 - 91 

Tumour stage 

T1 71 (29.8) 

T2 122 (51.3) 

T3 37 (15.5) 

T4 8 (3.4) 

Node stage 

N0 139 (58.4) 

N1 54 (22.7) 

N2 25 (10.5) 

Nx 20 (8.4) 

Disease Stage 

I 92 (38.7) 

II 104 (43.7) 

III 42 (17.6) 

Smoking status 

Ever 189 (79.4)  

Never 12 (5.1) 

Unknown 37 (15.5)  

Overall survival, months 
Median 71 

Range 0.5 - 126 
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2.3 Immunohistochemistry & Immunofluorescence 
2.3.1 Immunofluorescence (IF) 
Paraffin embedded tissue sections were baked for 30 min at 60˚C and dewaxed and 

rehydrated using the following method: Xylene (10 min x 2), 100% ethanol (5 min x 2), 95% 

ethanol (5 min x 1), 70% ethanol (5 min x 1) then PBS (5 min x 1). For antigen 

retrieval, sections were incubated in citrate buffer (8 mM sodium citrate, pH 6.0) in a pressure 

cooker and heated in a microwave at full power (750 W, 10 min).  Tissue sections were 

surrounded with a hydrophobic barrier using an ImmEdge PAP pen (Vector Laboratories). 

Non-specific binding was blocked with 10% donkey serum in PBS for 1 hour at room 

temperature (RT). Specimens were washed in PBS (5 min x4) and then incubated overnight 

at 4˚C with primary antibodies in 5% serum in PBS. A summary of primary and secondary 

antibodies used can be found in Table 2.2. Sections were washed in PBS-Tween20 (0.05%) 

(5 min x4) and incubated at RT for 1 hour with fluorescence-conjugated secondary antibodies 

diluted in 1:1 volume PBS and BlockAid (Thermo Fisher Scientific) with 1 µl of 20 µg/ml DAPI 

for nuclear staining. Specimens were then washed in PBS-Tween20 (0.05%) (5 min x4) and 

a coverslip mounted using Vectashield mounting medium (Vector Laboratories). Images were 

acquired using a DM6000B upright fluorescence microscope (Leica Microsystems) and a 

Zeiss Axioscan.Z1 slide scanner (Carl Zeiss Microscopy). Image analysis was performed 

using ImageJ (National Institutes of Health) and QuPath  software (Bankhead et al. 2017). 

Hair follicle bulge cells from mouse and human skin sections were used as CD200 positive 

tissue controls and for primary antibody titration. Secondary antibody specificity was confirmed 

by performing the entire procedure in the absence of primary antibody. 

 

Table 2.2 Primary antibodies used for IF 
Primary antibody Dilution Species Isotype Clone Serum Source 
CD200 1:100 Goat IgG Polyclonal Donkey R&D Systems  

Secondary antibody Dilution Species Isotype Clone Fluorochrome Source 

Donkey anti-goat 1:500 Donkey IgG Polyclonal Alexa Fluor 488 Invitrogen  

 

 

2.3.2 Immunohistochemistry (IHC) 
Baking, dewaxing, and rehydration were performed as described above (Section 2.2.1). 

Sections were incubated in Tris-EDTA buffer (10 mM Tris, 1 mM EDTA, 0.05% Tween-20, pH 

9.0) in a pressure cooker and heated in a microwave at full power (750 W, 20 min) for antigen 

retrieval. After cooling, specimens were washed in PBS (5 min x 1) and a hydrophobic barrier 

was drawn around the tissue. Endogenous peroxidase activity was blocked with DAKO Dual 

Endogenous Enzyme-Block (Agilent Technologies) for 10 min at RT followed by blocking for 

1 hour at RT in 10% serum in PBS. Tissue sections were washed (PBS; 5min x 4) and 
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incubated overnight with primary antibodies diluted in 5% serum (list of antibodies and serum 

used is summarised in Tables 2.3a). The next day, sections were washed in PBS-Tween20 

(0.05%) (5 min x 4) and incubated for 1 hour at RT with biotinylated secondary antibodies 

diluted in 5% serum (Table 2.3b). Expression was detected using Vectastain avidin-biotin 

enzyme complex-horseradish peroxidase (ABC-HRP; Vector Laboratories) with 3,3-

Diaminobenzidine (DAB) as the chromogen (DAKO). After washing, sections were incubated 

with ABC-HRP for 30 min at RT and washed again before addition of DAB under the 

microscope until optimal staining was observed (development times for each antibody can be 

found in Table 2.3a). Sections were then washed in PBS-tween, counterstained with 

haematoxylin (Atom Scientific) for 1 minute and then dehydrated using the following method: 

70% ethanol (20 sec x 1), 95% Ethanol (20 sec x 1), 100% ethanol (2 min x 2), Xylene (2 min 

x 2). Slides were mounted with DPX mountant (Merck) and images acquired using either a 

Zeiss Axioscan.Z1 (Carl Zeiss Microscopy) or an Olympus Slideview VS2000 slide scanner. 

Controls for CD200 were as described above (Section 2.2.1). Human tonsil was used as 

control tissue for all immune cell markers with their respective cells as positive controls and 

the remaining cells within the tonsil used as negative controls. Secondary antibody specificity 

was confirmed through no primary antibody controls. 

 

2.3.2a Multi-label IHC 
For multi-label IHC, staining was performed as above with ABC-alkaline phosphatase (ABC-

AP; Vector Laboratories) and Immpact Vector Red (Vector Laboratories) in place of DAB. 

Following staining visualisation, sections were then washed before a 15 min incubation with 

Avidin block, followed by a PBS-Tween20 rinse and then a 15 min incubation with Biotin block 

(Vector Laboratories). Tissue was then blocked in 10% serum for 1 hour before overnight 

incubation at 4˚C with primary antibodies diluted in 5% serum (Table 2.3a). The next day, 

samples were washed and incubated for 1 hour at RT with secondary antibodies diluted in 5% 

serum (Table 2.3b) before washing and addition of ABC-HRP for 30 minutes. Optimal staining 

with DAB was achieved under the microscope before counterstaining, dehydrating and 

mounting as above (Section 2.2.2). Additional controls for multi-label IHC include performing 

the entire first stain to completion, with each control section removing successive steps of the 

second staining process i.e., no primary antibody, no secondary antibody, no ABC etc. to 

confirm there is no cross-reactions between the two visualisation methods.    
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Table 2.3a. Primary antibodies used for IHC 
Antibody Dilution Species Isotype Clone Serum Source Chromogen 

incubation time 

CD200 1:100 Goat IgG Polyclonal Donkey R&D Systems  10 mins (Vector Red) 

TTF-1 1:250 Rabbit IgG EP1584Y Goat Abcam  1 min (DAB) 

CD4 1:100 Rabbit IgG EPR6855 Goat Abcam  30 seconds (DAB) 

CD8 1:100 Mouse IgG1, κ C8/144B Sheep Dako  30 seconds (DAB) 

CD45 1:100 Rabbit IgG1 2D1 Goat R&D Systems  20 seconds (DAB) 

 

CD200R 1:100 Rabbit IgG BC069661 Goat Abcam  30 seconds (DAB) 

Foxp3 1:100 Rabbit IgG D2W8E Goat CST  45 seconds (DAB) 

 

Table 2.3b. Secondary antibodies used for IHC 
Antibody Dilution Isotype Clone Serum Source 

Donkey anti sheep/goat 1:200 IgG Polyclonal Donkey GE Healthcare 

Sheep anti mouse 1:200 IgG Polyclonal Sheep GE Healthcare 

Goat anti rabbit Ready-to-use IgG Polyclonal  Vector Laboratories  

 

2.3.3 Defining TMA CD200 expression 
To determine tumoral CD200 expression, images were opened in Qupath (Bankhead et al. 

2017) and annotations drawn around the tumour sections to exclude any stromal or immune 

cells from the analysis (Figure 2.1a). The number of cells was then determined using the 

automated cell detection tool: nuclei with either a haematoxylin or DAB optical density over 

the defined intensity threshold were counted (Figure 2.1b).  CD200 positivity was then defined 

based on the mean optical density value of the residual (red) stain within the cells; 

representative sections of low (1+), medium (2+) and high (3+) staining were used to 

determine these threshold values (Figure 2.1c). These values were then used to dynamically 

calculate a tumour H-score to semi-quantitively measure tumoral CD200 expression; the H-

score comprises values between 0-300 and captures both the intensity (0-3) and proportion 

(0-100) of CD200 expression, thereby offering a semi-quantitative method of determining the 

dynamic range of CD200 expression (Figure 2.1d). The script for this workflow can be seen in 

Figure 2.1e. 
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𝐻 − 𝑆𝑐𝑜𝑟𝑒 = 	 [1 × (	%	𝑜𝑓	1 + 𝑐𝑒𝑙𝑙𝑠) + 2 ×	(%	𝑜𝑓	2 + 𝑐𝑒𝑙𝑙𝑠) + 3	 ×	(%	𝑜𝑓	3 + 𝑐𝑒𝑙𝑙𝑠)] 
 
 
 
 
 
 
 

 
 

 

 
Figure 2.1 Semi-quantitative scoring of CD200 expression.  
Representative images demonstrating the automated method used to define CD200 tumour H-scores. 
(A)  Annotations were drawn around tumour sections within each core. (B) An automated cell detection 
tool was then run to determine the number of cells within each annotation. (C) CD200 positivity was 
then classified as either 0, 1+ (yellow), 2+ (orange) or 3+ (red) based on pre-determined residual (red) 
values. (D) These values then generated a H-score for tumour CD200 expression (E) The workflow 
script used for automated analysis of the TMA cores.   
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setImageType('BRIGHTFIELD_OTHER'); 

setColorDeconvolutionStains('{"Name" : "H-RED", "Stain 1" : "Hematoxylin", "Values 1" : "0.65111 0.70119 

0.29049 ", "Stain 2" : "DAB", "Values 2" : "0.26917 0.56824 0.77759 ", "Stain 3" : "vector red", "Values 3" : "0.40691 

0.68185 0.60787 ", "Background" : " 255 255 255 "}'); 

runPlugin('qupath.imagej.detect.cells.PositiveCellDetection', '{"detectionImageBrightfield": "Hematoxylin OD",  

"requestedPixelSizeMicrons": 0.5,  "backgroundRadiusMicrons": 8.0,  "medianRadiusMicrons": 0.0,  "sigmaMicrons": 

1.5,  "minAreaMicrons": 15.0,  "maxAreaMicrons": 500.0,  "threshold": 0.1,  "maxBackground": 2.0,  

"watershedPostProcess": true,  "excludeDAB": false,  "cellExpansionMicrons": 5.0,  "includeNuclei": true,  

"smoothBoundaries": true,  "makeMeasurements": true,  "thresholdCompartment": "Cell: vector red OD mean",  

"thresholdPositive1": -0.7,  "thresholdPositive2": 0.1,  "thresholdPositive3": 0.8,  "singleThreshold": false}'); 
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2.3.4 Defining whole section CD200 expression 
Due to the volume of slides being analysed several scripts were written within Qupath 

(Bankhead et al. 2017) in order to enable automated batch analysis. Script 1 (Figure 2.2a) first 

set the image type to brightfield (other) and defined the staining vectors for each of the 3 

stains. In order to separate the haematoxylin, DAB and residual (red) stains within the image, 

annotations were drawn around representative areas of each stain enabling them to be 

digitally separated using the colour deconvolution method (Ruifrok and Johnston 2001).  

 

Next, the script ran a tissue detection tool to draw an annotation around the entire sample, 

seen in red in Figure 2.2aii. Annotations were defined using a pixel value between that of the 

tissue and background. Prior to running of the second script, any artefacts such as tissue folds 

and areas of necrosis were manually removed using the wand tool. 

 

In order to distinguish between tumoral and stromal CD200 expression the Qupath (Bankhead 

et al. 2017) object classification tool was used to classify all detected cells as either tumour 

(green) or stroma (purple). Based on annotations drawn around 5-30 representative tumour 

and stromal areas on each image, the tool used a random trees approach to classify each 

detected cell based on over 140 measurements (Figure 2aii). Once areas had been defined, 

a cell detection command was run to detect each cell in the image (seen in red in Figure 2bi) 

before running cell classification to define each cell as either tumour (green) or stroma (purple) 

(Fig 2.2bii). A CD200 positivity H-score for tumour and stroma was determined as above 

(section 2.2.3), with CD200 staining intensity visualised using a graded colour map; dark blue 

represents the lowest staining intensities and yellow represents the highest (Fig 2.2c).  
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Figure 2.2. Scripted batch analysis of CD200 expression in NSCLC samples.  
Scripts and representative images of each stage of the scripted batch analysis to semi-quantitively 
determine tumoral CD200 expression in NSCLC samples. (A) Script to define and separate the stains 
within the image and draw an annotation around the tissue sample. (B) Annotations were drawn around 
representative tumoral and stromal areas before running the script for cell detection. Once cells were 
detected, the cell classification tool was run (tumour and stroma represented by green and purple, 
respectively). (C) Negative (0), low (1+), medium (2+) and high (3+) CD200 staining intensity was 
determined using pre-determined threshold cell residual OD mean values, with tumoral CD200 
expression presented as a H score (minimum value = 0, maximum value = 300). CD200 staining 
intensity is represented by a heat-map gradient, with dark blue being the weakest and yellow the 
strongest staining intensities.  
 

i. ii. 
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2.3.5 Quantifying immune cell infiltration 
To determine the quantity of specific immune cell populations within each patient sample, 

images were uploaded into Qupath (Bankhead et al. 2017) before separating the staining 

vectors and generating annotations around the tissue as previously described (section 2.24). 

Areas of necrosis, tissue folds and artefacts within the tissue were then manually removed 

from the annotations using the wand tool, prior to running of the positive cell detection script. 

Unlike the CD200 scripts, positivity was based on a single intensity parameter; parameters for 

each immune cell script are presented in Table 2.4a and Table 2.4b. For each stain, a 

minimum of 15 sections were both manually and automatically counted to validate the 

accuracy of the program (Figures 2.3 & 2.4). All manual vs automatic count linear regressions 

had an R2=0.99, suggesting strong correlation in the numbers counted manually and with the 

automatic scripts. Immune cell numbers were presented as either absolute or relative. 

Absolute immune cell positivity was presented as the number of positive cells per mm2. 

Relative immune cell positivity was defined by: 

  

!"#$%&	()	*(+,-,.%	,##"/%	0%11+	*%&	##^3
!"#$%&	()	4567	*(+,-,.%	0%11+	*%&	##^3

  x 100 
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Table 2.4a Workflow parameters for batch analysis of immune cell positivity in SCC samples. 

 

   CD45 CD56 CD8 Foxp3 CD200R 

Script 1 

Colour 

deconvolution 

stains 

Haematoxylin: 0.55215, 0.6842, 0.50915 

DAB: 0.35911, 0.61818, 0.69921 

Background: 255, 255, 255 

H: 0.64715, 0.63815, 0.4171 

D: 0.50982, 0.60279, 0.61378 

B: 255, 255, 255 

H: 0.5892, 0.68723, 0.41214 

D:0 .35721, 0.58835, 0.72543 

B: 255, 255, 255 

H: 0.65732, 0.63731, 0.4022 

D: 0.33184, 0.56472, 0.75563  

B: 255, 255, 255 

H: 0.57642, 0.6854, 0.4325 

D: 0.34569, 0.56765, 0.7609 

B: 255, 255, 255 

Tissue 

detection 

threshold 

220 215 216 218 

Script 
2 

SETUP 

PARAMETERS 

Detection 

image 
Haematoxylin OD sum Optical density (OD) sum 

NUCLEUS 

PARAMETERS 

Background 

radius (µm) 

8 

 

Median filter 

radius (µm) 
0 

Sigma (µm) 1.5 

Minimum 

area (µm2) 
5 10 

Maximum 

area (µm2) 
400 

INTENSITY 

PARAMETERS 

Threshold 0.05 

Maximum 

background 

intensity 

1 

INTENSITY 

THRESHOLD 

PARAMETERS 

Score 

compartment 
Nucleus DAB OD mean Cytoplasm DAB OD mean Nucleus DAB OD mean Nucleus DAB OD sum Cell DAB OD mean 

Threshold 0.2 0.12 0.3 0.2 0.2 



 2.. Materials and Methods 

 100 

Table 2.4b Workflow parameters for batch analysis of immune cell positivity in adenocarcinoma samples. 

 

   CD45 CD56 CD8 Foxp3 CD200R 

Script 1 

Colour 

deconvolution 

stains 

H: 0.53594, 0.66593, 0.51894 

D: 0.32798, 0.66096, 0.67496 

B: 255, 255, 255 

H: 0.75384, 0.60388, 0.25895 

D: 0.3999, 0.61585, 0.67883 

B: 255, 255, 255 

H: 0.68864, 0.64214, 0.3368 

D: 0.21655, 0.65108, 0.72741 

B: 255, 255, 255 

H: 0.68764, 0.62644, 0.31876 

D: 0.37657, 0.64360, 0.68763 

B: 255, 255, 255 

H: 0.64695, 0.67439, 0.43198 

D: 0.38750, 0.64076, 0.72488 

B: 255, 255, 255 

Tissue 

detection 

threshold 

216 220 230 218 

Script 2 

SETUP 

PARAMETERS 

Detection 

image 
Haematoxylin OD sum 

NUCLEUS 

PARAMETERS 

Background 

radius (µm) 
8 

Median filter 

radius (µm) 
0 

Sigma (µm) 1.5 

Minimum area 

(µm2) 
5 

Maximum area 

(µm2) 
400 

INTENSITY 

PARAMETERS 

Threshold 0 0.05 0 0.05 

Maximum 

background 

intensity 

1 2.5 2 1 

INTENSITY 

THRESHOLD 

PARAMETERS 

Score 

compartment 
Cell DAB OD mean Nucleus DAB OD mean Nucleus DAB OD max Cell DAB OD mean 

Threshold 0.13 0.1 0.21 0.2 0.2 
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Figure 2.3 Validation graphs for automatic immune cell counting in SCC in Quapth.  
Simple linear regression with 95% confidence intervals (red dotted lines) and Bland-Altman graphs with 
95% confidence intervals (red dotted lines) of manual vs automatic cell counts of selected areas. All 
R2= 0.99 suggesting strong correlation between manual and automatic counting.  (A) CD45 (B) CD8 
(C) Foxp3 (D) CD56 (E) CD200R. 
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Figure 2.4 Validation graphs for automatic immune cell counting in adenocarcinoma in 
Quapth.  
Simple linear regression with 95% confidence intervals (red dotted lines) and Bland-Altman graphs with 
95% confidence intervals (red dotted lines) of manual vs automatic cell counts of selected areas. All 
R2= 0.99 suggesting strong correlation between manual and automatic counting. (A) CD45 (B) CD8 (C) 
Foxp3 (D) CD56 (E) CD200R. 
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2.4 Online bioinformatic analysis 
2.4.1 The Cancer Genome Atlas (TCGA) cohort 
The gene expression data of lung adenocarcinoma and squamous cell carcinoma was 

downloaded from The Broad Institute up to April 3rd 2020 (https://gdac.broadinstitute.org/) 

using the FireBrowse tool (http://firebrowse.org/). Illimminahiseq-rnaseqv2-

RSEM_genes_normalised data was downloaded for adenocarcinoma (LUAD) and SCC 

(LUSC) consisting of RNA-seq by expectation-maximisation (RSEM) gene-normalised RNA-

seq data for 515 and 501 patients, respectively. Corresponding demographic and clinical 

pathologic data for the patients including age, gender, race, histological classification, tumour 

location and stage, T/N/M stage, overall survival (OS) time, OS status, progression-free 

survival (PFS) time and PFS survival status was retrieved from cBioPortal (TCGA, FireHose 

Legacy) (http://www.cbioportal.org/).  

 

2.4.2 CIBERSORT: Estimating infiltrating immune cell fractions 
CIBERSORT (Cell type identification by estimating relative subset of unknown RNA 

transcripts) is a deconvolution algorithm that analyses the relative expression of 547 genes to 

predict the proportion of 22 types of infiltrating immune cells (Newman et al. 2015). LM22 

provides the annotated gene expression signatures for 22 immune cell subtypes, namely: 

naïve and memory B cells, plasma cells, CD8+ T cells, naïve, memory resting, and memory 

activated CD4+ T cells, Tregs, T follicular helper cells, gamma-delta T cells, resting and 

activated NK cells, M0, M1 and M2 macrophages, resting and activated DCs, resting and 

activated mast cells, eosinophils, and neutrophils. Normalised TCGA data was uploaded to 

the CIBERSORT website (https://cibersortx.stanford.edu/) and the algorithm run based on the 

LM22 signatures with significant results (p < 0.05) selected for subsequent analysis. As the 

LM22 matrix was generated from microarray and the input data sets were from RNA-seq, bulk-

mode batch correction was enabled to minimise the impact of cross-platform variation. 

Quantile normalisation was disabled. The permutations for significance analysis were set to 

500. The fractions of tumour infiltrating immune cells were evaluated as a whole for each 

subtype and as individual samples. The Mann-Whitney test was performed to determine the 

differences in infiltrating immune cell fractions between the upper and lower quartiles of 

CD200 expression in each subtype. Correlation between CD200 expression levels and 

infiltrating immune cell fractions was calculated using the spearman correlation.  

 

2.4.3 iPRECOG: Prediction of clinical outcomes from inferred immune fractions  
iPRECOG (immune prediction of clinical outcomes from genomic profiles) applies the 

CIBERSORT algorithm to PRECOG datasets to deconvolute the contribution of each immune 
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cell expression profile to patient outcomes (https://precog.stanford.edu/iPRECOG.php) 

(Gentles et al. 2015). The inferred immune fractions can then be associated with survival 

outcomes with a meta z-score. The z-score is directly related to a p value but encodes both 

the robustness and directionality of statistical associations; to facilitate cross-cancer analysis 

these z-scores were combined to yield a ‘meta z-score’. Z-scores represent the number of 

standard deviations from the mean of normal distribution e.g., z > 1.96 = p < 0.05. Meta-z 

scores for each infiltrating immune fraction were generated for 902 and 408 cases of 

adenocarcinoma and SCC, respectively.  

 

2.5 Cell lines 
The cell lines used in this project can be found in Table 2.4. The cell lines A549, COR-L32, 

IMR-90, MRC-5 and SKMES-1 were kindly provided by Dr. A Sanders, Cardiff University 

School of Medicine. All other cells were obtained from the American Type Tissue Collection 

(ATCC) or the European Collection of Authenticated Cell Cultures (ECACC). Cultures were 

regularly tested for the presence of mycoplasma. All cell culture products are from Gibco 

unless stated.  

 

2.5.1 Maintenance of cell lines 
2.5.1a Adherent cells 
A summary of the growth media used for each culture can be found in Table 2.5; all culture 

reagents were from Gibco unless specified. Adherent cell lines were maintained in T75 flasks 

in 15 ml of media in a New Brunswick Galaxy 170s CO2 incubator (Eppendorf) at 37˚C in an 

atmosphere containing 5% CO2. Cells were subcultured once they reached 80-90% 

confluency (3-5 days). To subculture adherent cells media was aspirated, and cells washed 

once with phosphate-buffered saline (PBS) before the addition of 5 ml of either Trypsin 

(0.05%) or Versene. Cells were incubated at 37˚C for 5 mins, or until cells became detached; 

cell detachment was confirmed with microscopy. 8 ml of media was then added to the 

suspension to inactivate the dissociation reagents, transferred to a 15 ml falcon tube and 

centrifuged at 200 x g for 5 mins at room temperature to pellet the cells. Supernatant was then 

removed, and cell pellets resuspended and seeded into flasks/culture plates at the desired 

densities. 

 

2.5.1b Non-adherent cells 
The NK-92MI cell line was maintained in a T175 flask with 25-35 ml of media. Cultures were 

maintained by the addition of fresh medium every 2-3 days with cells maintained at a cell 

density between 2x105 – 1x106 cells/ml. Centrifugation and replacement with fresh medium 
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was avoided where possible as the cells prefer to grow in aggregates within conditioned 

medium.  When necessary, cells were centrifuged at 120 x g for 5 mins.  

 

Table 2.5 Summary of cell lines used and their culture conditions 

Cell line name Cell type Growth medium 
Subcultivation 
ratios 

A549 

(ATCC, CCL-185) 

Human lung 

adenocarcinoma 

Dulbecco’s Modified Eagle Medium 

(DMEM) 

• 10% foetal bovine serum (FBS) 
• 1% L-Glutamine 
• 1% Penicillin and Streptomycin 

1:10 

 

BEAS-2B 

(ATCC, CRL-9609) 

Human bronchial 

epithelium 

Bronchial epithelial cell growth medium 

(BEGM; Lonza) 

• BEGM Singlequots supplements 
and growth factors (Lonza) 

• 1% Penicillin and Streptomycin 

1:10 

 

COR-L23 
(ECACC, 92031919) 

Human large cell 
lung carcinoma 

RPMI 1640 

• 10% FBS 
• 1% L-Glutamine 
• 1% Penicillin and Streptomycin 

1:10 

H226 

(ATCC, CRL-5826) 

Human squamous 

cell lung carcinoma 
1:20 

H596 

(ATCC, HTB-178) 

Human 

adenosquamous 

lung carcinoma 

1:10 

H838 

(ATCC, CRL-5844) 

Human lung 

adenocarcinoma 
1:10 

HeLa (ATCC, CCL-2) 
Human cervical 

adenocarcinoma 
1:10 

IMR-90 

(ATCC, CCL0186) 

Human lung 

fibroblasts Minimum Essential Medium (MEM) 

• 10% FBS 
• 1% MEM Non-Essential Amino 

Acids Solution (100X) 
• 1% L-Glutamine 
• 1% Penicillin and Streptomycin 

1:10 

MRC-5 
(ATCC, CCL-171) 

Human lung 
fibroblasts 

1:10 

SK-MES-1 

(ATCC, HTB-58) 

Human lung 

squamous cell lung 

carcinoma 

1:20 

NK-92MI 

(ATCC, CRL-2408) 

Human natural 

killer cells 

RPMI 1640 

• 10% heat-inactivated FBS 
• 10% heat-inactivated horse 

serum (HS) 
• 1% L-Glutamine 
• 1% Penicillin and Streptomycin  
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2.5.2 Cryopreservation of cell lines 
To cryopreserve cells all cell lines were prepared as above for subculturing; once resuspended 

in fresh media 100 µl of cell suspension was taken and cells counted using a Via1-Cassette 

in a NuceloCounter (Chemometec). All adherent cells were frozen at a concentration of 1-2 x 

106 cells/ml in freezing media, NK92MI vials contained 5-10x106 cells/ml. Freezing media for 

adherent cells contained 90% media and 10% of the cryoprotectant dimethyl sulfoxide 

(DMSO); freezing media for NK-92MI was CyroStor CS10 (StemCell Technologies) a serum-

free, animal component-free cryopreservation media containing 10% DMSO designed for 

sensitive cultures. Cells were transferred to 2 ml cryovials and placed in a CoolCell cell 

freezing container (BioCision) at -80˚C to be gradually frozen for 24 hours before being 

transferred to liquid nitrogen for long-term storage. 

 

2.5.3 Thawing of cell lines 
Cells stored in liquid nitrogen were removed and placed on dry ice before being rapidly thawed 

in a bead bath at 37˚C. Thawed cells were then placed in a 15 ml tube with 9 ml of fresh media 

and centrifuged at 200 x g for 7 mins (120 x g for NK92MI). The supernatant was then 

removed, and the cells resuspended and plated at the desired ratios in flasks. 

 

2.5.4 Mycoplasma testing and treatment 
Mycoplasma is the most prevalent microbial contaminant of cell culture systems owing to the 

absence of symptoms or morphological changes within infected cultures. Therefore, it is 

essential that routine mycoplasma testing was undertaken to ensure the validity of cell culture 

results. Cell cultures were routinely tested for the presence of mycoplasma using the 

PromoKine polymerase chain reaction (PCR) mycoplasma test kit. 1 ml of supernatant was 

removed from 90-100% confluent cultures after 48 hours and spun at 500 x g for 5 mins to 

pellet any cellular debris, the supernatant was then transferred to a fresh tube and centrifuged 

at a minimum of 14000 x g for 15 mins before resuspension of the resultant Mycoplasma pellet 

in 100 µl of fresh culture medium. Test reaction tubes containing nucleotides, Hot-Start Taq 

DNA Polymerase, an inert gel loading dye, internal control DNA and a primer set against a 

DNA sequence within the highly conserved region of the Mycoplasma genome were 

rehydrated with 23 µl Rehydration Buffer and either 2 µl of sample or fresh medium (negative 

control) were added to each tube. A pre-prepared positive control tube containing positive 

DNA to assure reproducibility was rehydrated and 2 µl DNAse-free water added. Tubes were 

mixed by flicking and allowed to dissolve by incubating at RT for 5 mins before thermal cycling 

under the following conditions for 40 cycles: 95˚C for 2 minutes, 94˚C for 30 seconds, 55˚C 

for 30 seconds then 72˚C for 40 seconds and cooling to 4˚C. The initial 2 minute high 
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temperature step is required to melt all nucleic acids and to activated the Taq DNA 

Polymerase.  A 200 ml 1.5% standard agarose gel containing 10 µl Safeview nucleic acid stain 

(NBS Biologicals) was loaded with 8 µl of each PCR reaction and run until a 2-3cm run 

distance was achieved. An internal control DNA band at 479 base pairs (bp) indicated a 

successful PCR; mycoplasma-positive samples showed a distinct band at 265-278 bp and 

negative samples showed the internal control band only. All positive cultures were treated for 

14 days with Plasmocin (Invivogen); successful treatment was confirmed with a negative PCR 

reaction after 1 passage post-treatment. 

 

2.5.5 Transduction of GFP+ CD200+ and CD200- cells 
Complementary DNA for CD200 was provided by IMAGE consortium (clone ID 5299899) and 

subsequently subcloned into the PINCO retroviral expression vector which co-expresses 

green fluorescent protein (GFP) from an internal cytomegalovirus (CMV) promoter (both kindly 

gifted from Alex Tonks, Department of Haematology, Cardiff University). Phoneix packaging 

cells were transfected with either PINCO-CD200-GFP (CD200+) or PINCO-GFP (CD200-) 

using calcium phosphatase precipitation and cultured in DMEM +10% FBS +2% 200mM L-

glutamine and 20U/ml Gentamicin. 8 ml of media was added onto sub-confluent cultures and 

the viral media harvested through centrifugation at 450 x g for 10 mins after 48 hours 

incubation at 37˚C. 1.8x106 cells were plated in a 24 well plate and retrovirally transduced by 

incubation with 500 µl of retroviral supernatant for 24 hours. Cells were then washed twice 

with PBS to remove any trace of the virus before being left to grow for 2 weeks in their 

respective media prior to flow cytometric sorting for GFP+ cells. GFP+ cells were then 

expanded. CD200 expression was confirmed in the cell lines by flow cytometry and western 

blot.  

 

2.5.5a Fluorescent-activated cell sorting 
Cells were dissociated with Versene, centrifuged for 5 min at 200 x g and resuspended in cell 

media for counting. A total of 10x106 cells were placed in a FACS tube, centrifuged, and 

washed with 1 ml FACS buffer (PBS containing 10% FBS and 0.1% sodium azide) before re-

pelleting and resuspension in 500 µl of buffer. Cells were then passed through a 70 µm cell 

strainer prior to sorting. A control sample of un-transduced GFP negative cells were used for 

gating. GFP+ cells were sorted into 96 well plates at a concentration of 1x104 cells/well and 

expanded into T75 flasks.  
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2.6 RNA analysis 
2.6.1 RNA extraction 
Cultured cells were washed, dissociated with Versene and pelleted by centrifugation at 200 x 

g for 5 mins.  Cells were counted and 1x106 cells were removed and re-pelleted before being 

placed on ice. RNA was extracted using the RNeasy Mini Kit (Qiagen) as per manufacturer’s 

instructions and quantified using a Nanodrop 2000 spectrophotometer (ThermoFisher). 

 

2.6.2 Preparation of cDNA 
cDNA was synthesised from 1 µg RNA using the QuantiTect Reverse Transcription Kit 

(Qiagen) in a BioRad T100 Thermocycler using the cycling conditions outlined in Table 2.6 for 

1 cycle. 

 

Table 2.6 cDNA synthesis thermocycler conditions 
Stage Temperature Time 
Annealing 25˚C 5 minutes 

Synthesis 42˚C 30 minutes 

Reverse transcriptase inactivation 85˚C 5 minutes 

 

2.6.3 Quantitative real-time polymerase chain reaction (qRT-PCR) 
All qRT-PCR reactions were performed using TaqMan pre-designed probes from 

ThermoFisher (summarised in Table 2.7)(ThermoFisher). All reactions were prepared in either 

96- or 384-well MicroAmp optical plates in technical triplicates using Taqman Universal 

Mastermix (Applied Biosystems) for a final volume of 15 µl and 10 µl respectively. For each 

gene a non-template control reaction with sterile water was run to ensure product specificity 

and lack of contamination. Where possible, two housekeeping genes (GAPDH, b-actin) were 

used as reference genes for each plate. Plates were read using the QuantStudio 7 Flex Real-

Time PCR System (Thermo Fisher Scientific). Cycling conditions can be found in Table 2.8.  

Relative gene expression levels were determined using the ΔCT method with GAPDH and b-

actin as controls for normalisation; values are expressed as arbitrary units. 
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Table 2.7 Probes used for qPCR 
Gene Symbol Exon Boundary Product Length Assay ID 
ACTB 1-2 77 base pairs Hs00357333_g1 

B2M 3-4 81 base pairs Hs00984230_m1 

CD200 5-6 / 6-7 64 base pairs Hs01033303_m1 

GAPDH 6-7 / 7-8 93 base pairs Hs02758991_g1 

 

Table 2.8 Fast qRT-PCR cycling conditions 
Stage Temperature Time Cycles 
Hold 50˚C 2 minutes 

1 
Hold 95˚C 10 minutes 

Melt 95˚C 15 seconds 
40 

Annealing and extension 60 ˚C 1 minute 

 

2.6.3a Identification of stable reference genes for qRT-PCR 
The accuracy of RT-qPCR results strongly depends on a careful selection of appropriately 

stable reference genes for normalisation of gene expression. Many studies have 

demonstrated that the expression of common reference genes varies among different cell 

types and experimental conditions. Since there are no universal reference genes for accurate 

normalisation, it is crucial to specifically select the most suitable reference gene for each 

experimental design. The MIQE guidelines advise that no fewer than three reference genes 

should be used for data normalisation (Bustin et al. 2009).To identify the most appropriately 

stable genes for qRT-PCR analysis, the stability of the mRNA of three reference genes in all 

cell lines was analysed using four different software’s (BestKeeper, Delta-Ct method, geNorm 

and Normfinder) on the web-based tool RefFinder (https://www.heartcure.com.au/reffinder/). 

BestKeeper evaluates the tested reference genes’ inter-gene relationship; the most stable 

genes are the ones which exhibit low coefficient of  variance (CV) and standard deviation 

(SD)(Pfaffl et al. 2004) (Figure 2.5a). The comparative delta-Ct method compares the SD of 

the threshold cycle (Ct) values for each sample; a low SD means the gene is more stable 

(Silver et al. 2006)(Figure 2.5b). The GeNorm programme calculates reference gene stability 

by calculating the average pair-wise variation between the single reference gene and all other 

reference genes; a low M-value defines stable expression of an individual reference gene 

(Vandesompele et al. 2002)(Figure 2.5c). NormFinder uses an ANOVA-based model to 

estimate and take into consideration inter- and intra-group variability to rank the reference 

genes according to their stability (Anderson et al. 2004)(Figure 2.5d). RefFinder then 

integrates the results from each analysis performed by assigning an appropriate weight to an 

individual gene and calculating the geometric mean of their weight; this overall final ranking is 
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used to rank the reference genes from most to least stable (Figure 2.3e). Due to the number 

of samples and genes analysed within each plate preventing the use of three reference genes, 

the top two most stable genes were selected for all subsequent analysis:  β-actin and GAPDH. 
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Figure 2.5 Identifiction of stable reference genes for qPCR using RefFinder. 
The stability of 3 reference genes was analysed in all cell lines using the refFinder software which 
integrates 4 programs to identify the most stable genes. (A) BestKeeper (B) Delta CT (C) Genorm and 
(D) normFinder evaluate the stability of reference genes and rank them from most to least stable; these 
findings are then integrated into a final (E) Comprehensive gene stability ranking to identify the most 
stable for further analysis.  
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2.7 Protein analysis 
2.7.1 Protein extraction 
Cell lysates were prepared by detaching cells with Versene before centrifugation at 200 x g 

for 5 mins. Cells were counted and pelleted again, with the resulting pellet being resuspended 

in 100 µl RIPA buffer per 1 x 106 cells and incubated on ice for 30 mins. Composition of RIPA 

can be found in Table 2.9; RIPA buffer was aliquoted into 5-10 ml volumes and protease 

inhibitor cocktail (Cell Signalling Technologies) added at a 1:1000 dilution. Following 

incubation, the pellet was disrupted by pipetting and then left on ice for a further 30 mins 

before centrifugation at 10 000 x g for 10 mins at 4˚C. The supernatant was collected at stored 

at -80˚C. 

 

Table 2.9 RIPA buffer composition 

 
 

2.7.2 Protein quantification 
The Pierce bicinchoninic acid (BCA) assay (ThermoFisher) was used for the colorimetric 

detection and quantification of total protein.  Samples were diluted 1:2 in RIPA buffer and 15 

µl added in duplicate alongside standards of bovine serum albumin (BSA) at concentrations 

of 5, 25, 50, 125 and 250 µg/ml to a clear flat-bottomed 96 well plate (Corning). 200 µL of BCA 

working reagent (50 parts reagent A to 1 part reagent B) was added to each well and the plate 

covered and incubated at 37˚C for 30 mins. Following incubation, the absorbance of the plate 

was analysed using a CLARIOstar plate reader (BMG Labtech) set at 562 nm. Wells 

containing RIPA buffer and working reagent only served as blanks, with all data corrected to 

these values. A standard curve was generated using the known BSA concentrations and the 

concentration of total protein within the samples extrapolated from the equation generated for 

the curve. 

Reagent Volume/Weight Working concentration 

EDTA 0.4 ml of 0.5 M 2 mM 

NP-40 1 ml 1% 

Sodium chloride 3 ml of 5 M 150 mM 

SDS 0.1 g 0.1% 

Sodium fluoride  0.21 g 50 mM 

Sodium-deoxycholate 0.5 g 0.5% 

Tris hydrochloride (pH 7.4) 5 ml of 1 M 50 mM 

D.H2O Made up to 100 ml 
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2.7.3 Western blotting 
A summary of the reagents used for western blotting can be found in Table 2.10. Samples 

were diluted in RIPA buffer and 5 µl Laemmli buffer (4x) for the desired total protein 

concertation in 20 µl and placed on a heating block at 95˚C for 5 mins. Samples were loaded 

into the wells of a 1.5 mm acrylamide gel (TGX FastCast, Bio-Rad) in addition to 5 µl of pre-

stained molecular weight marker (PageRuler Plus, Thermo Fisher Scientific); empty wells 

were loaded with 20 µl of RIPA and 4x Laemmli  buffer. Gels were run in a 10% sodium 

dodecyl sulphate (SDS) buffer at 300 V until desired marker separation was achieved, and 

proteins transferred onto mini polyvinyledine fluoride membranes using the Trans-Blot Turbo 

Transfer System and Trans-Blot Turbo Mini Ready-to-Assemble Transfer Kit (Bio-Rad). 

Successful protein transfer was confirmed following 5 min incubation with Ponceau S (Thermo 

Fisher Scientific).  Membranes were blocked for 1 hour at RT with 10% skimmed milk or 10% 

BSA (for phosphorylated proteins) in TBST then rinsed for 5 min in TBST. Following blocking, 

membranes were incubated overnight at 4˚C on a roller with primary antibodies (see Table 

2.11a) diluted in 5% milk/BSA. The next day, following 3 x 5 min washes in TBST, membranes 

were incubated for 1 hour at RT with HRP-conjugated secondary antibodies (see Table 2.11b) 

and washed for a further 3 x 5 min in TBST. Antibody binding was detected by incubating 

membranes with Luminate Forte chemiluminescent HRP detection reagent (Milipore) for 10 

seconds and colimetric and chemiluminescent high-resolution images acquired using the Bio-

Rad Chemi-Doc. Where necessary, membranes were stripped with mild stripping buffer for 2 

x 5 min (pH 2.2) then washed, blocked and re-probed to detect other proteins of interest. 

Western blots were quantified by densitometry using the ImageLab software (Bio-Rad). For 

phosphorylated proteins, all steps following transfer were performed at 4˚C. 
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Table 2.10 Reagents used for western blots 
Reagent Composition 

Laemmli Buffer (4x) 

• 0.5 ml b-mercaptoethanol 
• 0.04 g Bromophenol blue 
• 4 ml Glycerol 
• 0.8 g SDS 
• 2.4 ml 1M Tris hydrochloride (pH 6.8) 
• Made up to 10 ml with D. H2O 

7.5% Acrylamide Resolving Gel 

• 4 ml TGX FastCast Acrylamide Resolver 
A 

• 4 ml TGX FastCast Acrylamide Resolver 
B 

• 40 µl 10% ammonium persulfate 
• 4 µl TEMED 

7.5% Acrylamide Stacking Gel 

• 1.5 ml TGX FastCast Acrylamide 
Stacker A 

• 1.5 ml TGX FastCast Acrylamide 
Stacker B 

• 15 µl 10% ammonium persulfate  
• 3 µl TEMED 

10% SDS Running Buffer (pH 6.8) 
• 3.027 g Tris 
• 14.41 g Glycine 
• 10 ml 10% SDS 
• Made up to 1 L with D.H2O 

Trans-Blot Turbo Transfer Buffer 
• 200 ml 5x Trans-Blot Turbo Transfer 

Buffer 
• 600 ml D.H2O 
• 200 ml 85% ethanol 

TBST (0.1% Tween, pH 7.6) 
• 200 ml 5x TBS (30.25 g Tris, 43.8 g 

NaCl, pH 7.6, made up to 1 L with D.H2O) 
• 800 ml D.H2O 
• 3 ml Tween-20 

 

Table 2.11a Primary antibodies used for western blots 
Antibody Dilution Species Isotype Clone Source Size 

(kDa) 
α-tubulin 1:1000 Mouse IgG1 DM1A Sigma-Aldrich  55 

CD200 1:1000 Goat IgG Polyclonal R&D  ~47 

GAPDH 1:10000 Goat IgG Polyclonal R&D 37 

Phospho-p44/42 

MAPK (Erk1/2) 
1:1000 Rabbit 

IgG 
20G11 CST 42, 44 

p-44/42  
MAPK (Erk1/2) 

1:1000 Rabbit 
IgG 

137F5 CST 42, 44 
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Table 2.11b Secondary antibodies used for western blots 
Antibody Dilution Isotype Clone Source 

Gt anti Ms IgG2a HRP 1:5000 IgG Polyclonal Abcam  

Gt anti Rb IgG(H+L) HRP 1:5000 IgG Polyclonal Abcam  

Rb anti Gt IgG (H+L) HRP 1:5000 IgG Polyclonal Abcam  

 

2.8 Flow cytometry 
Cell surface protein expression was analysed using an LSR Fortessa flow cytometer (BD 

Bioscience).  Cells were dissociated with Versene, centrifuged for 5 min at 200 x g and washed 

in 1 ml FACS buffer (PBS containing 1% BSA and 0.1% sodium azide) before re-pelleting and 

resuspension in 100 µl FACS buffer. All antibody incubations were carried out for 30 min at 

4˚C in the dark. Antibodies used are summarised in Table 2.12. Cells were then washed twice 

in 1 ml FACS buffer and resuspended in 500 µl buffer for analysis. All centrifugations were 

carried out at 400 x g for 5 min at 4˚C. 10 000 events per sample were collected on the 

Fortessa. Cells were gated on the basis of forward- and side-scatter to eliminate doublets and 

debris. 1 µl of 10 µg/µl DAPI was added immediately prior to analysis to eliminate dead cells. 

Isotype controls were used to determine background fluorescence and, where necessary, 

single stained samples were used as compensation controls (Fig 2.6). Data was processed 

using FlowJo software (BD).  

 

Table 2.12 Antibodies used for flow cytometry 
Antibody Fluorochrome Dilution Species Isotype Clone Source 

CD16 PerCP/Cy5.5 5 µl per 1x106 cells Mouse IgG1, κ 3G8 BioLegend  

CD200 Alexa Fluor 647 5 µl per 1x106 cells Mouse IgG1 325516 R&D  

CD200R PE 5 µl per 1x106 cells Mouse IgG1, κ OX-108 BioLegend 

CD56 FITC 2 µl per 1x106 cells Mouse IgG1, κ REA196 Miltenyi  

Nkp30 Alexa Fluor 647 5 µl per 1x106 cells Mouse IgG1, κ P30-15 BioLegend  

Nkp44 Alexa Fluor 647 5 µl per 1x106 cells Mouse IgG1, κ P44-8 BioLegend  

Nkp46 PE 5 µl per 1x106 cells Mouse IgG1, κ 9E2 BioLegend 

NKG2D FITC 5 µl per 1x106 cells Mouse IgG1, κ 1D11 BioLegend  

Isotype control PerCP/Cy5.5 5 µl per 1x106 cells Mouse IgG1, κ MOPC-21 BioLegend  

Isotype control Alexa Fluor 647 5 µl per 1x106 cells Mouse IgG1 F8-11-13 AbSerotec  

Isotype control Alexa Fluor 647 5 µl per 1x106 cells Mouse IgG1, κ MOPC-21 BioLegend  

Isotype control PE 5 µl per 1x106 cells Mouse IgG1, κ MOPC-21 BioLegend  

Isotype control FITC 5 µl per 1x106 cells Mouse IgG1, κ MOPC-21 BioLegend  
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Figure 2.6 Gating strategy used to characterise single, live cells prior to elimination of 
background staining using an isotype control. 
Representative pseudo-colour dot plots demonstrating the gating strategy employed for flow cytometry. 
(A, B) gates to eliminate doublets and debris from the analysis followed by (C) selection of target cell 
population and (D) elimination of DAPI positive dead cells. (E) Background staining is then eliminated 
using an isotype control.  
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2.9 ELISAs 
2.9.1 Soluble CD200 ELISA 
2.9.1a Collection of cell-conditioned media  
Cells were subcultured and plated as described above (section 2.4.1) and left to grow to 60-

70% confluency, upon which the media was removed and replaced with 15 ml fresh media for 

48 hours. After 48 hours, the conditioned media containing proteins, metabolites and growth 

factors secreted from the cells was collected and placed in a Pierce™ 3K MWCO 

(ThermoFisher) disposable ultrafiltration centrifugal device for the concertation of the 

conditioned media. Samples were centrifuged at top speed (34 000 x g) for 1-2 hours or until 

~1.5 ml of media remained (10x concentration). Concentrated media was stored at -80˚C. 

Cells were counted using a Via1-Cassette in a NuceloCounter (Chemometec) in order to 

calculate the pg/ml secreted per 1x106 cells. 

 

2.9.1b ELISA 
CD200 in cell culture supernatant was quantified using a CD200-sandwich ELISA with capture 

and detection antibody pairs obtained from Sino Biological; a summary of solutions used can 

be found in Table 2.13. High binding 96-well plates were coated overnight at 4˚C with 100 µl 

of 2 µg/ml monoclonal CD200 capture antibody in PBS. After overnight incubation, the plates 

were washed 3 times in wash buffer, blocked for 1 hour at RT with 300 µl blocking buffer and 

washed a further 3 times. A series of seven standards using 2-fold serial dilutions of 

recombinant human CD200 were prepared in sample dilution buffer. 100 µl of CD200 

standards and supernatant samples were plated in quadruplicate at RT for 2 hours before 

being washed 3 times in wash buffer. CD200 was detected by incubating each well with 100 

µl of 0.5 µg/ml HRP-conjugated polyclonal CD200 detection antibody in detection antibody 

dilution buffer for 1 hour at RT. After 3 washes, 200 µl of substrate solution was added and 

the plate incubated in the dark at RT for 20 min. Colour development was stopped with 50 µl 

stop solution and the absorbance of each well measured at 450nm using a CLARIOstar 

microplate reader (BMG Labtech). Concentration was determined using a standard curve 

derived from the CD200 standards with each supernatant absorbance corrected against 

untreated samples of the cell lines respective culture media. Supernatant CD200 

concentrations are presented as pg/ml sCD200 per 1x106 cells. 
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Table 2.13 Solutions for Sino Biological sCD200 ELISA 
Solution Components 
PBS 136.9mM NaCl; 10.1mM Na2HPO4; 2.7mM KCL; 1.8mM KH2PO4; 

pH 7.4; 0.2µm filtered 

TBS 20mM Tris; 150mM NaCl; pH 7.4 

Wash buffer 0.05% Tween20 in PBS; pH 7.2-7.4 

Blocking buffer 2% BSA in wash buffer 

Sample dilution buffer 0.1% BSA in wash buffer; pH 7.2-7.4; 0.2µm filtered 

Detection antibody dilution buffer 0.5% BSA in wash buffer; pH7.2-7.4; 0.2µm filtered 

Substrate stock solution 10mg/ml Tetramethylbenzidine in DMSO 

Substrate dilution buffer 0.05M Na2HPO4; 0.025M citric acid 

Substrate solution 250µl substrate stock solution in 25ml substrate dilution buffer; 

80µl 0.75% H2O2 

Stop solution 2N H2SO4 

 

2.9.2 IFN-γ ELISA 
2.9.2a Sample collection 
1x106 CD200- and CD200+ H838 cells were plated in a 96-well plate and left to adhere 

overnight. The following day, 100 µl of 1x107 NK-92MI cells/ml suspension was plated alone, 

with 50 ng/ml Phorbol 12-myristate 13-acetate (PMA) and 2 µg/ml ionomycin (stimulated) or 

at a 1:1 ratio with CD200- and CD200+ H838 cells for 4 hours in the presence or absence of 

60µg/106cells of CD200 blocking or mouse isotype control antibodies (0.5 mg/ml). Cell 

suspension was then removed and pelleted at 120 x g for 5 min to allow for collection of 

supernatants. Media alone, media plus PMA and ionomycin or CD200-/CD200+ H838 

supernatants were collected and used for relative blank controls.  

 

2.9.2b ELISA 
IFN-γ release from NK-92MI cells was quantified using an IFN-γ DUOSET sandwich ELISA 

kit per manufacturers instructions (R&D Systems). High-binding white walled 96-well plates 

were coated overnight at 4˚C with 100 µl of 2 µg/ml monoclonal capture antibody in PBS.  After 

overnight incubation, the antibody was aspirated and the plates washed 3 times with 400 µl 

wash buffer (0.05% Tween in PBS) before blocking for 2 hours at RT with 300 µl of reagent 

dilution buffer (RDB; 1% BSA in PBS, pH 7.2-7.4, 0.2µm filtered).  A series of six standards 

(300 pg/ml – 9.38 pg/ml) were generated using 2-fold serial dilutions of IFN-γ stock in RDB. 

Plates were aspirated and washed 3 times before addition of 100 µl of IFN-γ standards or 

supernatants in triplicate for 2 hours at RT. Plates were again aspirated and washed 3 times 

before addition of 100 µl of 200 ng/ml IFN-γ detection antibody diluted in RDB for 2 hours at 
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RT. Following antibody incubation, plates were aspirated, washed 3 times and 100 µl of 

Streptavidin-HRP added for 20 mins at RT before aspiration and washing x 3. Colour 

development was initiated by the addition of 100 µl of substrate solution (1:1 parts A and B; 

R&D systems) for 20 mins at RT in the dark. The reaction was stopped by the addition of 50 

µl of 2N sulfuric acid. Plates were gently tapped to ensure thorough mixing before immediate 

reading of well optical density at 450 nm using a CLARIOstar microplate reader (BMG 

Labtech). Concentration was determined using a standard curve derived from the IFN-γ 

standards with each supernatant absorbance corrected against the relevant blank controls. 

Supernatant IFN-γ concentrations are presented as pg/ml IFN-γ per 1x106 cells. 

 

2.10 IncuCyte live cell imaging 
To observe changes in cell viability and proliferation in real time, the IncuCyte Live Cell 

Analysis System (Sartorius) was used. Tumour cells were washed, dissociated with Versene, 

and plated at 1x104 cells per well in white walled 96-well plates. The following day, cells were 

washed, and fresh media added before being placed in the IncuCyte. Four images of each 

well were taken at 10x magnification every 2 hours for 24 - 48 hours; plates were maintained 

at 37˚c and 5% CO2 for the duration of the experiment. Images were analysed using IncuCyte 

ZOOM software to measure the percentage of the image area that was occupied by cells 

(phase object confluence). 

 

2.11 Cell culture functional assays 
2.11.1 Tumour and NK cell co-incubation 
Cells were washed, dissociated with Versene and counted before being plated at a density of 

5000 cells/well in white walled 96-well plates. Cells were left to adhere overnight; the next day 

sample wells were dissociated and counted to determine the number of cells/well. Supernatant 

was removed and NK cells were then added to each well at the desired effector: target (E:T) 

ratios in NK media. Blank wells received NK media only. Plates were placed back in the 

incubator for 4 hours, after which the supernatant and NK cells were removed, and the wells 

washed with PBS 3 times. The impact of NK cells on tumour cell viability was then assessed 

using Cell-Titer Glo. 

 

2.11.2 Cell viability: Cell-Titer Glo 
To determine cell viability, the CellTiter-Glo assay (CTG; Promega) was used. CTG is a 

luminescence-based assay that quantifies metabolically active cells through the identification 

of ATP. CTG reagent contains the enzyme Ultra-Glo rLuciferase which upon lysis of the cells, 

requires ATP to convert luciferin to oxyluciferin and generate a luminescent output. To assess 
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cell viability after either co-cultures and/or addition of compounds, wells were washed with 

PBS and 100 µl of fresh cell media was added to each well with equal amounts of CTG 

reagent. Plates were covered with foil and mixed on an orbital shaker at RT for 2 minutes to 

induce cell lysis. After incubation in the dark for 10 minutes, luminescence was recorded using 

a CLARIOstar plate reader (BMG Labtech) set at 560/590 nm. Wells containing media and 

CTG reagent only served as blanks with blank-corrected values used to determine cell viability 

compared to untreated wells. 

 

2.11.3 CD200 peptide treatment of NK cells 
NK-92MI cells were plated overnight in a 96-well plate at a density of 1x106 cells/ml. The 

following day, CD200 Fc chimera protein (R&D) was added to each well at a concentration of 

4 µg/106 cells and viability assessed using an Annexin-V antibody (1:1000; IncuCyte) in the 

IncuCyte Live Cell Imaging System over a 48 hour period, with images taken every 2 hours 

for 48 hours. 

 

2.11.4 NK cell degranulation assay: CD107a 
As NK cells are predominantly cytolytic cells, NK cell activity was measured by analysing the 

release of cytotoxic granules. Lysosome-associated membrane protein-1 (LAMP1 or CD107a) 

is found on the membrane of cytotoxic granules; following NK activation and degranulation the 

outer membrane of the granules merges with the NK cell plasma membrane, leading to the 

exposure of CD107a on the cell surface. Measurement of CD107a expression to assess the 

levels of NK cell activity has been previously described  (Lorenzo-Herrero et al. 2019). NK-

92MI cells were co-cultured with tumour cells as described above (Section 2.10.1) at a ratio 

of 5:1 for 4 hours. At the beginning of the co-culture, 10 µl of CD107a antibody (AF647; BD) 

or isotype control (IgG1, κ; BD) was added to the wells. As a positive control for degranulation 

NK cells were activated with a combination of PMA (50 ng/ml) and ionomycin (2 µg/ml). 

Untreated NK cells were used for baseline expression.  After 1 hour, 1x Monensin solution 

(BioLegend) was added to all wells to prevent reinternalization of the protein. Following the 4-

hour incubation, the NK-92MI cell suspension was placed in a FACS tube and pelleted at 120 

x g for 5 minutes. Cells were then washed with FACS buffer (0.5% BSA and 0.05% sodium 

azide in PBS) before re-pelleting and resuspension in 100 µl buffer. Cells were placed on ice 

and either CD56 (PE; BioLegend) or isotype control (IgG1 κ; BioLegend) antibodies added 

and left to incubate in the dark for 30 minutes. Excess antibodies were removed by pelleting 

and washing cells twice at 200 x g for 5 minutes at 4˚C. Cells were gated on the basis of 

forward and side-scatter to eliminate doublets and debris, with dead cells excluded based on 

the addition of 1 µl of 10 µg/µl DAPI. Single stained samples were used for compensation 
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controls and isotype controls were used to determine background fluorescence. NK cells were 

selected on the basis of CD56 positivity. Data was processed using FlowJo software (BD). 

 

2.12 Statistical analysis  
Statistical analyses were performed in Grpahpad Prism 9 software. Normality of data sets was 

tested using the D’Agostino Pearson test and normally distributed data between two groups 

was analysed using an unpaired t test; non-normally distributed data was compared using a 

Mann-Whitney U test. A one-way analysis of variance (ANOVA) was used when comparing 

the means of ≥2 normally distributed groups involving one independent variable with the 

Dunn’s multiple comparisons test used to compare the mean of one group to the mean of 

every other group. When comparing the means of ≥2 non-normally distributed groups 

involving one independent variable, the Kruskal-Wallis test with Dunn’s multiple comparisons 

was used. Correlation between groups was determined using the spearman r test. Univariate 

relationships between clinical characteristics and CD200 expression, immune infiltration or 

overall survival were analysed either by the Fisher’s exact or chi squared test, as appropriate. 

Hazard ratios (HR) and their 95% confidence intervals were calculated using the logrank test. 

Characteristics significantly correlated with overall survival were entered into a Multivariate 

cox regression analysis performed in R studio (Team Rstudio 2021) using the survival, 

survminer, lubrdiate and broom packages and the res.cox command. Forest plots were plotted 

with ggplot. Statistically significant differences were marked as *= p ≤ 0.05; **= p ≤ 0.01; ***= 

p ≤ 0.001 and ****= p ≤ 0.0001 

 

2.12.1 Power calculation for the minimum number of patient samples 
To determine the minimum number of patient samples required for subsequent analysis to 

detect a difference in CD200 expression between SCC and adenocarcinoma tumours, a 

power calculation was performed based on visual classification of 122 NSCLC tumour cores 

as either CD200 positive or negative. A two independent sample dichotomous endpoint power 

calculation was performed at: https://clincalc.com/stats/samplesize.aspx. 
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Figure 2.7 Breakdown of the power calculation performed to determine the minimal sample size 
required to reach sufficient statistical power.  
NSCLC TMA cores were visually classified as either CD200 positive or negative and used to calculate 
the minimum sample size required for subsequent analysis. Alpha is the probability of a type-1 error 
and Beta is the probability of a type II error, false-positive and false-negative rates, respectively. 
Calculations were performed at: https://clincalc.com/stats/samplesize.aspx.  
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3. Characterising CD200 expression in the lung and in NSCLC  
3.1 Introduction 
CD200 expression is highly conserved between species and is distributed on a variety of cells 

and tissues of the body, particularly in sites associated with immune privilege, with high CD200 

expression seen on placental trophoblasts, retinal neurons, the CNS, and hair follicle 

keratinocytes (Clark et al. 2003; Rosenblum et al. 2004; Chitnis et al. 2007; Manich et al. 

2019). These immune privileged sites are areas in which the host immune response is tightly 

controlled and suppressed in order to protect these tissues from inflammation that may impair 

their vital function and threaten the survival of the host (Niederkorn 2006). Cells in the CNS 

and eye have a limited capacity for regeneration whilst the placenta and hair follicle represent 

areas rich in antigenic challenge. The allogenic foetus in the placenta presents the immune 

system with paternal alloantigens which need to be ignored for a successful pregnancy, whilst 

the hair follicle expresses intrafollicular autoantigens during the anagen phase of hair growth 

(Clark et al. 2003; Forrester et al. 2008; Bertolini et al. 2020). CD200 expressed on cells with 

limited regenerative capacity or sites exposed to antigenic challenge signals through its 

receptor CD200R and downregulates the basal level of myeloid cell activation to attenuate 

tissue-specific autoinflammatory responses and maintain immune tolerance (Rosenblum et al. 

2004).  

 

The epithelial surfaces of the lung and airways represent a fragile interface between the 

immune system and an external environment rich in microbial and non-microbial antigenic 

stimuli. Fine control of respiratory immunological homeostasis is critical for maintenance of 

local tissue integrity to ensure efficient gas exchange and host survival (Holt and Strickland 

2008). Thus, tissue resident immune cells must discriminate and prevent unnecessary 

inflammation against inoffensive particles whilst ensuring successful elimination of harmful 

pathogens without causing local tissue damage through excessively intense or prolonged 

immune responses (Snelgrove et al. 2008). To maintain this balance, airway epithelial cells 

express many immunomodulatory molecules, such as CD200, which binds to CD200R on 

tissue-resident immune cells to decrease their activity and increase the activation threshold 

for which an immune response will be activated (Lauzon-Joset et al. 2019). The immune 

‘ignorance’ of these cells is tightly regulated by the lung microenvironment and is key to 

maintaining immune homeostasis. Alveolar macrophages in contact with the airway lumen 

isolated from mouse lungs demonstrated high levels of basal CD200R expression relative to 

that of splenic or local lung interstitial macrophages. Furthermore, interstitial DCs which 

sample airway lumen content through their dendrites also demonstrated abundant CD200R 

expression (Snelgrove et al. 2008). These myeloid cells were adhered to the respiratory 

epithelium by CD200 expressed on the luminal aspect of bronchial epithelial cells and on type 
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II alveolar cells, suggesting that tissue-resident myeloid cell activity and function may be 

regulated by CD200 (Bissonnette et al. 2020).  

 

The importance of CD200-mediated regulation of myeloid cells in the lung was first 

demonstrated in CD200-null mice, in which an influenza dose normally tolerated by WT mice 

resulted in increased disease severity and death. Further studies using a decreased viral dose 

that prevented mortality in the CD200-null mice demonstrated severe illness and respiratory 

tissue damage, associated with increased immune cell infiltration and activation, and a failure 

to resolve inflammation, resulting in collateral tissue damage. The addition of CD200Fc 

decreased the inflammatory response without impeding viral clearance, thus highlighting the 

critical role for CD200 in resolving immune inflammation whilst preserving the anti-viral 

response (Snelgrove et al. 2008). Further evidence for the essential role CD200 signalling 

plays in maintaining lung immune homeostasis comes from models of allergic asthma; an 

inflammatory disease that originates from excessive immune activation. The asthmatic 

response is defined by activation of DCs which subsequently promote an antigen-specific Th2 

response characterised by IL-13 production and the promotion of airway inflammation and 

airway hyperresponsiveness (Lauzon-Joset et al. 2019).  In a mouse model of acute allergic 

asthma, airway delivery of CD200Fc prior to allergen exposure prevented the accumulation of 

mDCs and Th2 cells into the lung, shifted the cytokine balance from IL-13 to the anti-

inflammatory cytokine IL-10 and decreased the contractility of airway smooth muscle, thus 

preventing the development of an asthmatic response (Lauzon-Joset et al. 2015). Further 

evidence for CD200 dysregulation in asthma comes from asthma patients where CD200 

expression on peripheral blood cells was significantly reduced in patients during exacerbation 

compared to controlled asthmatics. Moreover, treatment of patients with anti-inflammatory 

corticosteroids was associated with a significant increase in CD00 expression on bronchial 

epithelial cells, suggesting that CD200 signalling is dysregulated in asthma patients (Aoki et 

al. 2009; Moodley et al. 2013).  

 

The critical role CD200 plays in lung immune homeostasis is reflected in its expression pattern 

in the lung. Using a combination of immunofluorescence labelling and electron microscopy 

Jiang-Shieh et al. (2010) defined CD200 distribution and expression in the rat respiratory 

system under normal conditions. Moving distally through the respiratory tract they 

demonstrated an absence of CD200 in the epithelia of the trachea and bronchus; CD200 

positivity within the apical cilia of some epithelial cells of the respiratory bronchioles; weaker 

CD200 positivity within club cells of the bronchioles; an absence of CD200 in alveolar type I 

cells and weak CD200 expression in some alveolar type II cells confined to the apical plasma 

membrane and microvilli facing the airspace. Intense labelling was seen in the underlying 
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vascular endothelium throughout the lung. Consistent with these findings, Snelgrove et al. 

(2008) demonstrated strong CD200 expression on the luminal aspect of type II alveolar cells 

in the mouse lung. This expression pattern of apical CD200 expression within the respiratory 

tract is consistent with the role of epithelial and endothelial CD200 expression in 

homeostatically regulating luminal or transepithelial CD200R-expressing macrophages and 

DCs to maintain immune homeostasis.  

 

However, despite multiple studies demonstrating dysregulation and changes in expression of 

CD200 during lung inflammation and disease, no studies to date have looked at CD200 

expression in the normal human lung. Data from the Human Protein Atlas suggests that 

CD200 expression is seen at medium levels on basal cells, ciliated cells and club cells within 

the bronchial epithelium and at high levels in alveolar cells, consistent with that seen in animal 

models (proteinatlas.org; Uhlen et al. 2010). CD200 expression is highly conserved between 

species; therefore, the first aim of this chapter was to confirm the pattern of CD200 expression 

in the mouse lung before defining CD200 expression in the human lung. Upon demonstrating 

the pattern of CD200 expression in human lung tissue, the second aim of this chapter was to 

semi-quantitively define CD200 expression in NSCLC to see whether CD200 expression in 

the tumour cells of origin correlated with tumour CD200 expression and to determine if CD200 

was associated with patient clinicopathological characteristics or survival.  

 

To date, there have only been two studies looking at the expression of CD200 and its 

clinicopathological and prognostic implications in NSCLC, yet they present conflicting findings. 

Using IHC labelling of CD200 in 632 NSCLC patients, Yoshimura et al. (2020) determined 

tumoral CD200 expression using the H-score method, assigning each tumour with a value 

between 0 - 300 based on both the number of cells expressing CD200 and the intensity of the 

stain. The mean tumoral CD200 H-score was 42 ± 57.7, with a range from 0 - 295, highlighting 

the variability in CD200 expression in NSCLC tumours. The patients were then split into high 

and low expression groups based on the median H-score and demonstrated that female sex, 

never smoking status, early disease stage and adenocarcinoma were significantly associated 

with high tumoral CD200 expression. High tumoral CD200 expression was also a predictor of 

favourable OS and RFS, wherein CD200 expression was an independent predictor for 

favourable outcome. In contrast, immunofluorescence analysis of 287 early-stage NSCLC 

patients by Vathiotis et al. (2021) demonstrated CD200 expression in 29.7% of patients and 

found no clear association between CD200 expression and clinicopathological characteristics 

or outcomes.  Both studies used TMA cores of tumours; therefore, to determine tumour 

CD200 expression more accurately in this chapter, large tumour sections from 240 NSCLC 

patients were stained and analysed.  
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3.1.1 Hypothesis and aims 
Similar to the murine lung, moderate CD200 expression will be seen on ciliated bronchial cells 

and club cells, with strong expression seen in alveolar epithelium and vascular endothelium.  

In NSCLC sections, CD200 expression will be seen in both adenocarcinomas and SCC 

tumours but may be seen to a greater extent in adenocarcinomas as they predominantly arise 

from alveolar type II cells.  

 

Aims:  

4. Define CD200 expression in the normal human lung and NSCLC tumours 

a.  Determine whether the cells of origin of adenocarcinoma and SCC tumours 

express CD200 in healthy tissue 

b. Define the expression pattern of CD200 in adenocarcinoma and SCC tumours and 

determine whether this has any correlation with patient clinical characteristics and 

survival 

Objectives: 

1. Generate a multi-label immunohistochemical protocol to define CD200 expression in 

mouse and human lung 

2. Define CD200 expression in the normal mouse and human lung 

3. Define CD200 expression in NSCLC tumours 

4. Determine whether CD200 expression correlates with patient characteristics and survival  
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3.2 Results 
3.2.1 CD200 expression in normal lung 
3.2.1.1 Optimisation of CD200 immunofluorescent labelling 
Previous work has shown that CD200 is a marker of hair follicle epithelium in mouse skin and 

hair follicle bulge cells in human skin (Rosenblum et al. 2004; Colmont et al. 2013); therefore, 

to determine the specificity of the CD200 antibody, 8µm sections of paraffin-embedded hair 

follicle-bearing mouse skin (n= 5; Figure 3.1a) and human skin (n= 10; Figure 3.2a) were 

immunofluorescently labelled for CD200. As an immune-privileged site, CD200 promotes 

immune tolerance to protect cell in the hair follicle from an auto-immune response. As 

expected, CD200 expression was seen on the cell membrane of hair follicle epithelium in 

mouse skin and in hair follicle bulge cells (arrows) in human skin. All other cells within the skin 

sections were negative for CD200. Sections stained with secondary antibody alone acted as 

a negative control and yielded no staining demonstrating the specificity of the CD200 antibody 

(Figures 3.1b & 3.2b). Therefore, CD200 could be immunofluorescently labelled in mouse and 

human paraffin-embedded tissue sections.  
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Fig 3.1 Optimisation of CD200 immunofluorescent labelling of mouse hair follicles.  
Representative images (n= 5) of hair follicle-bearing regions of mouse skin were labelled with (A) 
CD200 and DAPI. Top scale bars 50µm, bottom scale bar 10µm. (B) Negative control sections stained 
with secondary antibody only (n= 5). CD200 positivity is seen in the hair follicle epithelium (arrow). Scale 
bars 50µm 
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Fig 3.2 Optimisation of CD200 immunofluorescent labelling of human hair follicles.  
(A) Representative images (n= 10) of hair follicle-bearing regions of human skin labelled with CD200 
and DAPI with CD200 positivity seen in the hair follicle bulge cells (white arrows). (B) Sections stained 
with secondary antibody only acted as negative control and yielded no staining, confirming the 
specificity of the CD200 labelling. Top scale bars 50µm, bottom scale bar 10µm. 
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3.2.1.2 Optimisation of CD200 fluorescent labelling 
Once it was determined that CD200 could be reproducibly labelled on paraffin-embedded 

tissue by immunofluorescence, 5µm sections of paraffin-embedded non-inflated WT mouse 

(n= 5; Figure 3.3) and human lung (n= 16; Figure 3.4) were labelled for CD200. However, 

upon viewing the sections which had been simultaneously labelled with Dapi only (Figure 3.3a) 

it was noted that in unstained tissue both the bronchial and alveolar epithelium demonstrated 

high levels of autofluorescence in the green channel. The autofluorescence was so marked 

that when images were taken on the microscope using the same parameters as the skin 

sections, the intensity of the green throughout the lung was similar to that of the positive 

CD200 staining in the hair follicle. In sections stained with CD200 antibody (Figures 3.3b), the 

visualisation of CD200 labelling was hampered by the autofluorescent nature of the respiratory 

tissue, with sections demonstrating levels of fluorescence similar to that seen in unstained 

tissue. Therefore, in an attempt to quench autofluorescence, tissue sections were pre-treated 

with 1.65% Eriochrome Black T (EBT) for 5 minutes after blocking. EBT is a dark black powder 

that forms a dark blue solution when mixed with water and was determined to be an efficient 

and reproducible treatment for diminishing green wavelength autofluorescence in human 

respiratory tissue (Davis et al. 2014). However, the addition of this step did little to diminish 

the autofluorescence, with green fluorescence intensity virtually unchanged following the 

treatment (Figure 3.3c).  

 

Unstained human lung sections also demonstrated high levels of green wavelength 

autofluorescence, particularly within the alveolar epithelium and septum (Figure 3.4a). Similar 

to the mouse lung, when stained for CD200 the autofluorescence was too strong to accurately 

visualise CD200 labelling within the tissue (Figure 3.4b). Tumours arising from the distal and 

proximal lung also demonstrated autofluorescence, with sections of both adenocarcinoma (n= 

33; Figure 3.5a) and SCC tumours (n= 40; Figure 3.5b) demonstrating strong membranous 

signal in the green channel. The presence of such extensive autofluorescence throughout the 

normal lung and within the tumour and stroma of NSCLC tumours presented a barrier to 

accurate detection and visualisation of CD200 expression by immunofluorescence. 

Autofluorescence was also seen in the red and yellow channels, although to a lesser extent 

(data not shown). Therefore, to accurately and reproducibly label CD200 in the lung an 

immunohistochemical protocol was generated and optimised.  
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Fig 3.3 Mouse lung tissue autofluorescence.  
Representative images (n= 5) of mouse lung stained with DAPI only or with CD200 antibody and AF488-
conjugated secondary antibodies at 488nm excitation. (A) In unstained tissue both the bronchial and 
alveolar epithelium demonstrate high autofluorescence in the green channel. (B) Mouse lung tissue 
stained with CD200 demonstrated similar levels of fluorescence in the green channel as unstained 
tissue. (C) Unstained mouse tissue pre-treated with 1.65% Eriochrome Black T (EBT) for 5 minutes to 
diminish autofluorescence in the green channel. Black areas denote bronchial/alveolar spaces. AE, 
Alveolar epithelium; BE, Bronchial epithelium. Scale bars 20µm. 
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Fig 3.4 Human lung tissue autofluorescence.  
Representative images (n= 16) of human lung alveoli stained with DAPI only or with CD200 antibody 
and AF488-conjugated secondary antibodies at 488nm excitation. (A) In unstained tissue the alveolar 
epithelium demonstrated high autofluorescence in the green channel. (B) Human lung tissue stained 
with CD200 demonstrated similar levels of fluorescence in the green channel as unstained tissue. Black 
areas denote alveolar space. Scale bars 20µm. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig 3.5 Human lung cancer autofluorescence.  
Representative images of unstained adenocarcinoma (n= 33) and SCC (n= 40) at 488nm excitation. 
(A) Adenocarcinoma and (B) SCC tumours and surrounding stroma demonstrate high autofluorescence 
in the green channel. Arrows denote red blood cells within vessels which fluoresce strongly at 488nm 
excitation. S, stroma; T, tumour. Scale bars 20µm. 
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3.2.1.3 CD200 expression in the mouse lung 
To overcome the problem of autofluorescence in the mouse respiratory tract a single label 

immunohistochemical protocol for CD200 was optimised. As with the immunofluorescent 

labelling, hair follicle-bearing sections of mouse skin were stained for CD200 and visualised 

with DAB (n= 5; Figure 3.6). As expected, strong CD200 expression was seen in the hair 

follicle epithelial cells (Figure 3.6a) and no labelling was present in sections stained with 

secondary antibody alone (Figure 3.6b).  
 

With the view to determine CD200 expression throughout the mouse respiratory tract, 5µm 

sections of paraffin-embedded non-inflated WT mouse lungs were immunohistochemically 

labelled for CD200 (n= 5). Weak CD200 labelling was observed within the bronchial epithelium 

of the intrapulmonary bronchi (Figure 3.7a) and bronchioles (Figure 3.7b) with strong labelling 

seen throughout the alveolar epithelium and septum (Figure 3.7c). Strong CD200 expression 

was also noted on the vascular endothelium of associated blood vessels (Figure 3.7a-c; BV).  

Labelling was absent in the sections stained with secondary antibody only, confirming the 

specificity of the CD200 antibody (Figure 3.7d). Hence CD200 expression could be 

characterised in mouse lung by IHC labelling. 
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Fig 3.6 Optimisation of CD200 immunohistochemical staining in mouse skin.  
(A) Representative images (n= 5) of hair follicle bearing mouse back skin stained for CD200. CD200 
positivity is seen within the hair follicle epithelial cells. (B) Sections stained with secondary antibody 
only acted as negative controls. Left scale bars 50µm, right scale bars 20µm. 
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Figure 3.7 CD200 expression in the normal mouse lung.  
Representative images (n= 5) of mouse lung immunohistochemically labelled for CD200 or with 
secondary antibody only and visualised with DAB. Moderate CD200 expression was seen in the 
bronchial epithelium of the (A) intrapulmonary bronchi and (B) bronchioles. (C) Strong CD200 
expression was seen throughout the alveolar epithelium, with positivity seen in both type I and II alveolar 
cells as well as underlying vascular endothelium. Left scale bars 50µm, right scale bars 20µm. (D) 
Sections stained with secondary antibody alone confirmed specificity of CD200 antibody. Scale bars 
20µm. BO bronchiole; BV, blood vessel; IB, intrapulmonary bronchiole. 
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3.2.1.4 CD200 expression in the human lung 
As before, CD200 labelling was confirmed using hair-bearing human skin samples (n= 3; 

Figure 3.8a), with sections stained with secondary antibody alone serving as negative control 

(Figure 3.8b).  

 

To test the hypothesis that CD200-expressing cells within the lung would give rise to CD200 

positive tumours, a multi-label immunohistochemical protocol was developed to also label for 

thyroid transcription factor 1 (TTF-1). TTF-1 is a homeo-domain containing transcription factor 

that is found predominantly within the nuclei of type II alveolar cells, club cells and basal cells; 

it is used routinely by the pathologist as a biomarker for pulmonary adenocarcinomas in the 

lung and throughout the body (Nakamura et al. 2002). TTF-1 staining could then be used to 

decipher between cell types within the bronchial epithelium and alveoli as well as distinguish 

between adenocarcinoma and SCC tumours. Sections of normal human lung alveoli were 

used to confirm the specificity of the TTF-1 antibody (n= 3; Figure 3.8c), with sections stained 

with secondary antibody only acting as negative control (Figure 3.8d). As expected in sections 

of alveolar tissue, TTF-1 positivity was only seen within the nuclei of type II alveolar cells. To 

evaluate possible cross-reactions of the secondary DAB-based TTF-1 staining with the 

primary Vector Red-based CD200 staining, control lung sections were stained and visualised 

for CD200 before staining with TTF-1 secondary antibodies and DAB (Figure 3.8e); likewise, 

control sections were stained with CD200 secondary only and red before full TTF-1 staining 

and visualisation (Figure 3.8f). No cross-reactivity was observed.  

 

To investigate the pattern of CD200 expression throughout the human lung, normal adjacent 

lung sections from a lung cancer TMA (n= 55) and larger normal lung sections from the WCB 

(n= 4) were co-stained for CD200 and TTF-1 (Figure 3.9). Of these samples, only 3 contained 

sections of bronchial epithelium (Figure 3.9a); no CD200 labelling was observed within the 

club cells of the bronchial epithelium (labelled with TTF-1) or in non-club cells of the bronchial 

epithelium. As expected, strong CD200 labelling was seen throughout the alveoli and alveolar 

septum (Figure 3.9b), with type II alveolar cells labelled for both CD200 and TTF-1 (Figure 

3.9c; asterisk). Type I alveolar cells were negative for both CD200 and TTF-1 (Figure 3.9c; 

arrows). In summary, CD200 expression in the human lung was only seen within the alveolar 

type I and type II cells and within the alveolar septum. Unlike in the mouse lung, no CD200 

staining was seen in any cell type of the bronchial epithelium.  
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Fig 3.8 Optimisation of CD200 and TTF-1 IHC staining in human skin and lung.  
(A) Representative images (n= 3) of hair follicle-bearing human skin stained for CD200 and visualised 
with Vector Red. CD200 expression is seen within the hair follicle bulge cells seen in both transverse 
and longitudinal sections of the hair follicle. Left scale bar 20µm, right scale bar 10µm. (B) Sections 
stained with secondary antibody only served as negative controls. Scale bar 20µm. (C) Representative 
images (n= 3) of normal human lung stained for TTF-1 and visualised with DAB. TTF-1 positivity is seen 
within the alveolar Type II cells. Left scale bar 20µm, right scale bar 10µm. (D) Sections stained with 
secondary antibody only served as negative controls. 20µm scale bar. (E) CD200 was stained to 
completion followed by the TTF-1 stain and DAB visualisation minus the TTF-1 primary antibody and 
(F) vice versa in order to determine whether either visualisation method interfered with the other. Scale 
bars 20µm.   
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Fig 3.9 CD200 expression in the human lung.  
Representative images (n= 59) of human lung sections immunohistochemically labelled for CD200 and 
TTF1 and visualised with Vector Red and DAB, respectively. (A) No CD200 labelling was detected in 
the bronchial epithelium. TTF-1 positive club cells were seen interspersed throughout the epithelium. 
Left scale bar 20µm, right scale bar 10µm. (B) Similar to the mouse lung, CD200 labelling was seen 
throughout the alveoli. Left scale bar 100µm, right scale bar 50µm. (C) Type II alveolar cells (*) were 
double positive for CD200 and TTF-1 whilst type I alveolar cells (arrows) were negative for both CD200 
and TTF-1. CD200 positivity was also seen within the alveolar septa. Left scale bar 20µm, right scale 
bar 10µm. BE, bronchial epithelium; BV, blood vessel. 

20µm 
10µm 

100µm 

10µm 

BE 

BE 

20µm 

* 

* 

* 

BV 

BV 
BV 

BV 

BV 

B

V 

* 

10µm 

50µm 

A

. 

B

. 

C

. 



 3.CD200 expression in the lung and NSCLC  

 140 

3.2.2 CD200 expression in lung cancer 
3.2.2.1 Tumour CD200 expression in a preliminary lung cancer tissue microarray  
Having demonstrated CD200 expression within the lung, a preliminary TMA consisting of 122 

NSCLC cores was used to determine CD200 expression in NSCLC tumours (Figure 3.10a). 

Of those cores 62 were SCCs and 60 adenocarcinomas, taken from patients at varying 

disease stages (stages I-III). Tumour CD200 expression was analysed semi-quantitively using 

the H-score method (described in more detail in section 2.2.3). Briefly, tumour sections within 

the cores were manually annotated to exclude stroma, cells were detected and a CD200 

intensity score (0, 1+, 2+, 3+) was assigned to each tumour cell based on pre-determined 

intensity values (Figure 3.10b); this was then used to calculate the final CD200 tumour H-

score.   

 

TTF-1 positivity was seen in 15.3% and 87.1% of SCC and adenocarcinoma tumours, 

respectively. Of the 122 samples analysed, the adenocarcinoma cores (mean CD200 H 

score= 47.26) demonstrated significantly greater tumour CD200 expression than the SCC 

cores (mean= 23.96) (p= 0.0287; Figure 3.10c). Within most CD200 positive tumours, CD200 

expression demonstrated notable intratumoural heterogeneity, with CD200 positivity ranging 

from 1.24% - 99.78% (mean 30.68%).  Additionally, CD200 expression did not correlate with 

disease stage in either subgroup (Figure 3.10d). CD200 positive tumours were both positive 

and negative for TTF-1 and CD200 expression did not correlate with TTF-1 expression in 

either SCC or adenocarcinoma (data not shown). Strong CD200 expression was also seen 

throughout the stroma. In summary, CD200 expression was seen in NSCLC tumours where 

its expression was greater in adenocarcinomas compared to SCCs. Furthermore, CD200 

expression did not correlate with TTF-1 expression or patient disease stage. These 

preliminary findings were then used to determine the minimum number of whole tumour 

patient samples required for further analysis.  
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Figure 3.10 Preliminary analysis of CD200 expression in NSCLC.  
A TMA consisting of 62 SCC and 60 adenocarcinoma cores ranging from Stages I-III was stained for 
CD200 and TTF-1 and tumour CD200 expression semi-quantitively analysed. (A) Whole slide image of 
the TMA which also included normal adjacent lung samples (n= 55). (B) Representative images of 
tumour CD200 intensities ranging from negative (0) to strong (3+) used to calculate the CD200 H-score. 
Scale bars 10µm. (C) CD200 tumour H scores for SCC (n= 62) and adenocarcinoma (n= 60) tumour 
cores. (D) CD200 H score by tumour staging in NSCLC. Significance was tested for using an unpaired 
t test (C) or a one-way ANOVA with Dunn’s multiple comparisons (D). P ≤ 0.05 (*). 
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3.2.2.2 Tumour CD200 expression in NSCLC 
Based on the findings from the preliminary TMA analysis wherein adenocarcinomas 

demonstrated significantly greater tumour CD200 expression, a power calculation was 

performed to determine the minimum number of patient samples required for subsequent 

analysis to detect a difference in CD200 expression between SCC and adenocarcinoma. 

Based on this calculation, a total of 120 adenocarcinoma samples and 120 SCC samples 

consisting of predominantly whole tumour sections ranging from stages I-III were then 

acquired from the Wales Cancer Bank for subsequent immunohistochemical analysis.  

 

A summary of the clinical characteristics of the NSCLC patients can be found in Table 3.1. 

Patient data was incomplete for 2 patients and was therefore excluded. Differences between 

adenocarcinoma (n= 119) and SCC (n= 119) patient characteristics were determined using 

the Fisher’s exact or Chi squared test. Patient ages ranged from 45 – 91 years (median 71 

years) with 60% of patients being female. Over half of the cohort (58.4%) were T stage 2 and 

a majority of the patients had no nodal involvement (N0; 58.4%) with disease stages ranging 

from I to III. No differences were observed in sex, age, or OS between adenocarcinoma and 

SCC patients. Significant differences were seen between adenocarcinoma and SCC patient’s 

tumour stage (p= 0.0002), nodal involvement (p= 0.0006) and overall disease stage (p= 

0.0044), with adenocarcinoma patients demonstrating more advanced disease stage. Of the 

12 patients who had never smoked 11 of them had adenocarcinoma, consistent with this 

subtype being the predominant NSCLC diagnosis in never-smokers. OS was greater in SCC 

(96 months) compared to adenocarcinoma (56 months), which may be due to the differences 

in disease stage (Figure 3.11) 

 

Tumour sections were stained and analysed for tumour CD200 expression using the cell 

classification method described in section 2.2.4. Tumour cell CD200 intensities were again 

classified from 0 to 3+ (Figure 3.12a) to determine a H-score. 94.87% of adenocarcinomas 

and 16.52% of SCCs were TTF-1 positive. Consistent with the preliminary analysis, 

adenocarcinomas (H-score= 61.12 ± 58.37) demonstrated significantly greater CD200 

expression than SCCs (H-score= 32.47 ± 46.56) (p= <0.0001; Table 3.1; Figure 3.12b). SCCs 

demonstrated a greater number of completely or majority negative tumours when compared 

to adenocarcinomas (Figure 3.12c; Figure 3.12d). The number of tumours with 2+ CD200 

expression was also larger in the adenocarcinomas compared to SCCs. These graphs 

highlight the intratumoural heterogeneity of CD200 expression, with CD200 positivity ranging 

from 0.11% – 99.77% and 0.386% - 100% for SCCs and adenocarcinomas, respectively 

(Figure 3.12c-d). CD200 positivity again did not demonstrate any correlation with TTF-1 

expression in either adenocarcinoma (p= 0.3442) or SCC (p= 0.6092) tumours as determined 



 3.CD200 expression in the lung and NSCLC  

 143 

with the Fisher’s exact test. Strong CD200 labelling was again seen throughout the stroma 

and adjacent normal tissue (Supplementary Figure S1). Taken together, tumour CD200 

expression could be successfully semi-quantitively assessed in NSCLC tumours, with CD200 

expression significantly greater in adenocarcinomas than SCCs.   
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Table 3.1 Summary and differences in clinicopathological characteristics between 119 
adenocarcinoma and 119 SCC patients. Differences between groups were tested for using Chi-
square or Fischer’s exact test.  

 

All patients Adeno SCC 

P value 

N (%) 

Sex 
Male 94 (39.5) 47 (39.5) 47 (39.5) 

0.999 
Female 144 (60.5) 72 (60.5) 72 (60.5) 

Age 
Median 71 69.5 72 

0.5633 
Range 45 - 91 45 - 91 52 - 87 

T stage 

T1 71 (29.8) 50 (42.4) 21 (17.5) 

0.0002 
T2 122 (51.3) 51 (43.2) 71 (59.2) 

T3 37 (15.5) 12 (10.2) 25 (20.8) 

T4 8 (3.4) 5 (4.2) 3 (2.5) 

N stage 

N0 139 (58.4) 56 (47.5) 83 (69.2) 

0.0006 N1 54 (22.7) 30 (25.4) 24 (20) 

N2 25 (10.5) 20 (16.9) 5 (4.2) 

Nx 20 (8.4) 12 (10.2) 8 (6.6)  

Disease Stage 

I 92 (38.7) 45 (38.1) 47 (39.2) 

0.0044 II 104 (43.7) 43 (36.5) 61 (50.8) 

III 42 (17.6) 30 (25.4) 12 (10) 

Smoking 
status 

Ever 189 (79.4) 88 (73.9) 101 (84.2) 

0.0023 Never 12 (5.1) 11 (9.2) 1 (0.83) 

Unknown 37 (15.5) 20 (16.8) 17 (14.2 

Overall 
survival 

Median 

(months) 
73.5 56 95 0.4862 

Tumoral 
CD200 H 

score 

Median 23.86 45.72 8.039 

<0.0001 
Range 0 - 279 0.0155 - 279 0 - 264 
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Figure 3.11 Kaplan-Meier survival curves for overall survival of NSCLC patients.  
Overall survival in months for 119 SCC and 119 adenocarcinoma patients. Overall survival was 
calculated in months from the date of procedure to date of death. Non-cancer related deaths were 
censored.  
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Figure 3.13 Tumour CD200 expression in NSCLC.  
120 SCC and 120 adenocarcinoma sections ranging from Stages I-III were stained for CD200 and TTF-
1 and tumoral CD200 expression semi-quantitively analysed. (A) Representative images of tumour 
CD200 staining intensities ranging from negative (0) to strong (3+) used to calculate the H-score. Scale 
bars 10µm. (B) CD200 H-scores for SCC (n= 120) and adenocarcinoma (n= 120). (C)(D) Breakdown 
of the relative number of 0, 1+, 2+ and 3+ CD200 cells within each tumour sample used to calculate the 
H-score, organised from left to right by % of negative cells. Significance tested for using Mann-Whitney 
U test. P ≤ 0.0001 (****). 
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3.2.2.4 Correlations between tumour CD200 expression and patient characteristics 
To determine whether any clinical characteristic was associated with tumour CD200 

expression in NSCLC, patients were grouped into high and low CD200 expression groups 

based on the median H score within each tumour subtype. There were no significant 

differences in patient clinicopathological characteristics between high and low CD200 

expression groups in the SCC (Table 3.2) or adenocarcinoma cohorts (Table 3.3). However, 

in SCC patients, high CD200 expression did appear to trend towards earlier disease stage (p= 

0.0511). 
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Table 3.2 Clinicopathological characteristics of SCC patients according to tumoral CD200 
expression. Differences between groups were tested for using Chi-square or Fischer’s exact 
test.  
 

   Tumoral CD200 expression 
P value 

   Low High 

Sex 

Male 48 (39) 35 (59.3) 36 (61) 

0.9999 

Female 72 (61) 24 (40.7) 23 (39) 

Age 
Median 72 70 73 

0.6782 

Range 52 - 87 54 - 73 52 - 87 

T stage 

T1 21 (17.5) 8 (13.6) 13 (22) 

0.6264 
T2 71 (59.2) 36 (61) 34 (57.6) 

T3 25 (20.8) 13 (22) 11 (18.6) 

T4 3 (2.5) 2 (3.4) 1 (1.7) 

N stage 

N0 83 (69.2) 38 (64.4) 43 (72.9) 

0.2541 N1 24 (20) 14 (23.7) 10 (16.9) 

N2 5 (4.2) 4 (6.8) 1 (1.7) 

Nx 8 (6.6) 3 (5.1) 5 (8.5)  

Disease Stage 

I 47 (39.2) 21 (35.6) 25 (43.4) 

0.0511 II 61 (50.8) 28 (47.5) 32 (54.2) 

III 12 (10) 10 (16.9) 2 (3.4) 

Smoking status 

Ever 101 (84.2) 48 (81.4) 52 (88.1) 

0.4851 

Never 1 (0.83) 1 (1.7) 0 (0) 

Unknown 17 (14.2 10 (16.9) 7 (11.9)  
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Table 3.3 Clinicopathological characteristics of adenocarcinoma patients according to tumoral 
CD200 expression. Differences between groups were tested for using Chi-square or Fischer’s 
exact test. 
 

 

 

   Tumoral CD200 expression 

P value 

   Low High 

Sex 

Male 48 (39) 24 (40.7) 22 (37.3) 

0.8504 

Female 72 (61) 35 (59.3) 35 (62.7) 

Age 

Median 69.5 67 72 

0.9906 

Range 45 - 91 45 - 85 48 - 91 

T status 

T1 50 (42.4) 27 (45.8) 23 (39) 

0.3793 
T2 51 (43.2) 22 (37.3) 29 (49.1) 

T3 12 (10.2) 6 (10.2) 6 (10.2) 

T4 5 (4.2) 4 (6.7) 1 (1.7) 

N status 

N0 56 (47.5) 26 (44.1) 30 (50.8) 

0.1044 N1 30 (25.4) 13 (22) 17 (28.8) 

N2 20 (16.9) 10 (16.9) 10 (16.8) 

Nx 12 (10.2) 10 (16.9) 2 (3.4)  

Disease Stage 

I 45 (38.1) 23 (39) 22 (37.3) 

0.9775 II 43 (36.5) 21 (35.6) 22 (37.3) 

III 30 (25.4) 15 (25.4) 15 (25.4) 

Smoking status 

Ever 88 (73.7) 45 (76.3) 42 (71.2) 

0.7572 

Never 11 (9.2) 5 (8.48) 6 (10.2) 

Unknown 21 (17.5) 9 (15.3) 11 (18.6)  
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3.2.2.5 Patient characteristics and overall survival 
Next, univariate analysis was performed for all clinicopathological characteristics using 

Kaplan-Meier curves to determine if tumoral CD200 had any prognostic value in our NSCLC 

patients (Figures 3.13 & 3.14) and differences assessed by the log-rank test (Tables 3.4 & 

3.5) to see their effects on OS. OS was determined from the date of procedure to the date of 

death; where stated, deaths unrelated to cancer were censored. The median follow-up period 

for the entire cohort was 73.5 months (6.125 years) and ranged from 0.5 to 126 months (10.5 

years). Patients still alive at the time of data collection were censored at 126 months. 

 

In SCC patients, as expected, tumour stage (p= 0.004), node stage (p= 0.005) and disease 

stage (p= 0.0014) were all significant indicators for OS with patients with higher disease stage 

demonstrating significantly worse OS (Table 3.4; Figures 3.13c-e). Although never smoking 

was associated with worse OS (p= 0.0096), it must be noted that only a single patient 

constitutes this never smoked group (Table 3.4; Figure 3.13f). High tumoral CD200 expression 

trended towards better OS although it did not reach statistical significance (HR 0.6129; 95% 

CI 0.3684-1.020; p= 0.0565; Table 3.4; Figure 3.13g).  

 

For adenocarcinoma patients, both node stage (p= 0.015) and disease stage (p= 0.0064) were 

significant indicators for OS, with patients with higher node stage and disease stage 

demonstrating significantly worse OS (Table 3.5; Figure 3.14d-e). Smoking status was also 

significantly associated with OS (p= 0.0371) with patients who had never smoked 

demonstrating better OS (Table 3.5; Figure 3.14f). Patients with high tumoral CD200 

expression demonstrated slightly better OS, although this again did not reach statistical 

significance (HR 0.7713; 95% CI 0.4793-1.241; p= 0.2815; Table 3.5; Figure 3.14g).   
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Table 3.4 Univariate analysis of prognostic clinicopathologic variables as predictors for OS in 
SCC. Differences in survival calculated using log-rank test.   
 

Characteristic 

Median 
survival 
(months) 

P value 

Sex 
Female Undefined 

0.1617 
Male 81 

Age 
≤72 Undefined 

0.1001 
>72 77 

Tumour status 

T1 Undefined 

0.004 
T2 Undefined 

T3 28 

T4 Undefined 

Node status 

N0 Undefined 

<0.0001 N1 42 

N2 14 

Disease stage 

Stage I Undefined 

0.0014 Stage II 93 

Stage III 14 

Smoking status 
Ever 97 

0.0096 
Never 6 

Tumour CD200 
expression 

Low 87 
0.0565 

High Undefined 
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3.13 Kaplan-Meier survival curves for overall survival of SCC patients (n= 119).  
Patients were divided into groups by (A) sex (B) median age (C) tumour stage (D) nodal stage (E) 
disease stage (F) smoked or never smoked status and (G) median tumoral CD200 expression. Overall 
survival was calculated in months from the date of procedure to date of death. Differences in survival 
calculated using log-rank test with p ≤ 0.05 considered significant.  
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Table 3.5 Univariate analysis of prognostic clinicopathologic variables as predictors for OS in 
adenocarcinoma. Differences in survival calculated using log-rank test.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic 

Median 
survival 
(months) 

P value 

Sex 
Female 77 

0.3469 
Male 52 

Age 
≤70 79 

0.1828 
>70 51 

Tumour status 

T1 88 

0.3032 
T2 53 

T3 58 

T4 41 

Node status 

N0 Undefined 

0.0150 N1 37 

N2 42 

Disease stage 

Stage I Undefined 

0.0064 Stage II 58 

Stage III 39 

Smoking status 
Ever 51 

0.0371 
Never Undefined 

Tumour CD200 
expression 

Low 52 
0.2815 

High 99 
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3.14 Kaplan-Meier survival curves for overall survival of SCC patients (n= 119).  
Patients were divided into groups by (A) sex (B) median age (C) tumour stage (D) nodal stage (E) 
disease stage (F) smoked or never smoked status and (G) median tumoral CD200 expression. Overall 
survival was calculated in months from the date of procedure to date of death. Differences in survival 
calculated using log-rank test with p ≤ 0.05 considered significant.  
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3.3 Discussion 
CD200 signalling is critical for the maintenance of lung immune homeostasis, with its 

expression dysregulated during lung inflammation and disease. Therefore, the aim of this 

chapter was to first define CD200 expression in the normal mouse and human lung before 

determining whether CD200 is also expressed in NSCLC tumours.  

 

3.3.1 Autofluorescence in mouse and human lung tissue 
An immunofluorescent protocol for the labelling of CD200 was optimised in mouse and human 

hair follicles prior to characterisation of CD200 in the lung; however, upon labelling mouse and 

human lung and NSCLC tumour sections with secondary antibody only controls, the highly 

autofluorescent nature of the lung tissue became apparent. Strong autofluorescence in the 

green channel was seen in the bronchial epithelium and alveoli of mouse tissue and in the 

alveoli of human lung, with fluorescence levels comparable between dapi only and CD200 

stained tissue, suggesting that the autofluorescence would hamper the successful 

visualisation of labelled targets. Respiratory tissue autofluorescence has been attributed to 

many naturally occurring fluorophores including collagen, elastin, keratin, porphyrins, reduced 

nicotinamide adenine dinucleotide (NADH) and flavin adenine dinucleotide (FAD) (Davis et al. 

2014; Wang et al. 2017). In addition, tissue processing techniques such as formalin fixation, 

antigen retrieval and serum blocking can all contribute to autofluorescence (Wessendorf 

2004). Strong autofluorescence was also seen in NSCLC samples, within tumours arising from 

both proximal (SCC) and distal (adenocarcinoma) lung. Several techniques have been 

developed to quench autofluorescence in respiratory tissue, of which pre-treatment with EBT 

was demonstrated to be the most successful in diminishing fluorescence in a study comparing 

9 different techniques on mouse lung tissue (Davis et al. 2014). However, in our mouse lung 

samples pre-treatment with EBT did little to decrease the fluorescence seen in the green 

channel. Furthermore, although not verified in this study, treatment with EBT consistently 

shifts the autofluorescence from the green to the red wavelength emission range, suggesting 

that this treatment would simply increase autofluorescence in another channel thus preventing 

effective multi-label immunofluorescent labelling in the lung (Davis et al. 2014). Based on 

these findings, the use of immunofluorescent labelling for CD200 in the lung was dismissed in 

favour of a multi-label IHC protocol. 

 

CD200 was successfully immunohistochemically labelled in the mouse and human hair follicle 

and visualised with both DAB and Vector-Red. Unlike immunofluorescence, where multiple 

antigens within the same cell compartment can be visualised on the same sample, multi-label 

IHC requires that the two antigens are localised within different areas of the cell or tissue for 

successful labelling. Therefore, the nuclear type II alveolar cell lineage-specific and 
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adenocarcinoma diagnostic marker TTF-1 was selected. TTF-1 could be successfully labelled 

and visualised with DAB in type II alveolar cells in human lung tissue and could also be 

visualised in combination with CD200 using a sequential multi-label IHC protocol which 

demonstrated high sensitivity and low background staining in human lung. CD200 could be 

successfully visualised on the cell membrane of human lung tissue whilst TTF-1 positivity was 

seen in the nuclei. This multi-label IHC protocol allowed for the successful visualisation of 

CD200 expression, with the addition of the cell lineage and diagnostic marker TTF-1 allowing 

for further classification of CD200 cell types in human lung and NSCLC samples.  

 

3.3.2 CD200 expression in the mouse and human lung  
CD200 is highly conserved amongst species, therefore its expression was first defined in the 

mouse lung. The mouse bronchi and bronchioles are lined with pseudostratified columnar 

epithelium consisting of distinct cell types: goblet cells secrete mucus to entrap particulates; 

ciliated cells expel the mucus; club cells secrete various factors with protective and 

immunoregulatory properties; pulmonary neuroendocrine bodies probe the microenvironment 

and influence smooth muscle tone and basal cells serve as the progenitor cells of the 

respiratory epithelium (Zepp and Morrisey 2019). Within the bronchial epithelium, contrary to 

the rat lung wherein very weak CD200 expression was only demonstrated in club cells and on 

the apical cilia of some epithelial cells, weak CD200 expression was seen throughout the 

proximal and more distal bronchial epithelium, with all cells within the intrapulmonary bronchi 

and pulmonary bronchioles demonstrating weak positivity. However, multi-label IHC protocols 

for specific markers of each of these bronchial epithelial cell types was not performed to 

confirm this. This is the first study to demonstrate CD200 expression in the bronchial 

epithelium of both the larger bronchi and more distal bronchioles in the mouse lung; the cells 

of the bronchial epithelium are in contact with the environment and play a pivotal role in 

immune surveillance and generation of an appropriate immune response through activation 

of immune cells. Therefore, the expression of CD200 on these cells is consistent with the role 

of CD200:CD200R interactions in balancing the severity of an immune response to inhaled 

stimuli.  

 

Strong CD200 expression was seen throughout the more distal mouse lung, with type I and 

type II alveolar cells both appearing to show strong positivity; however, multi-label IHC 

protocols to stain for specific markers of type I (T1α) and type II (surfactant protein C) alveolar 

cells were not performed. The vascular capillary endothelium within the alveolar septa 

separating adjacent alveoli also demonstrated strong CD200 expression. This is consistent 

with the findings of Snelgrove et al. (2008) wherein vascular endothelium and alveolar 

epithelium demonstrated strong CD200 expression by flow cytometry, with immunohistology 
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demonstrating CD200 expression specifically on the luminal aspect of the alveolar cells at 

x400 magnification. In this study, CD200 expression could not be localised to the luminal 

aspect of the alveolar epithelium of the labelled mouse lungs. This may be due to the lower 

magnification power of the microscope or due to differences in tissue processing. Despite this, 

strong CD200 expression in the alveoli is again consistent with the role of CD200:CD200R 

interactions in maintaining lung immune homeostasis through regulation of CD200R-bearing 

immune cells.  

 

For the first time, in this study the expression of CD200 was analysed in the human lung. 

Unlike in the mouse, there was no CD200 positivity observed in bronchial epithelial cells, with 

both TTF-1 positive club cells and TTF-1 negative cells negative for CD200. However, of the 

62 TMA cores and sections of normal human lung stained, only 3 contained sections of 

bronchial epithelium; therefore, further staining and analysis of bronchial epithelium is required 

to confirm this finding. Consistent with the staining in the mouse lung, strong CD200 

expression was also seen throughout the distal human lung. TTF-1 positive type II alveolar 

cells and TTF-1 negative type I alveolar cells both demonstrated strong CD200 expression, 

as did the underlying vascular endothelium within the alveolar septa. Our findings suggest that 

unlike in the mouse lung where CD200 is expressed on bronchial and alveolar epithelium, in 

human lung CD200 is only expressed by alveolar type I and type II cells. A summary of the 

pattern of CD200 expression in the rat, mouse and human lung from the literature and this 

study can be found in Figure 3.15.  
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3.15 CD200 expression in the rat, mouse, and human lung.  
CD200 is an important immunoregulatory molecule in the maintenance of respiratory immune 
homeostasis and its expression is highly conserved between species. High power magnification and 
electron microscopic imaging of (A) rat and (B) mouse lung in the literature demonstrated CD200 
expression on the cilia of some bronchial epithelial cells in the rat and in all ciliated cells in the mouse 
lung. Rat club cells were also weakly positive for CD200. In the alveoli, the apical surface of type II 
alveolar cells were weakly positive for CD200 in the rat and strong for CD200 in the mouse. In this study 
(C) CD200 expression in the mouse lung was weak throughout all bronchial epithelial cells of the more 
proximal bronchi and bronchioles, with strong CD200 expression seen in all alveolar cells. (D) CD200 
in the human lung appeared to be limited to strong expression in the alveolar cells. Differences in 
respiratory anatomy, CD200 homology and variations in tissue processing and imaging techniques 
used may account for the differences in CD200 expression seen between the mouse and human lung 
and between the literature and this study. Taken together, CD200 is expressed in mouse bronchial 
epithelium and alveolar cells and for the first time, strong CD200 expression was characterised in the 
alveolar cells of human lung.  
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3.3.3 CD200 is expressed by NSCLC tumours 
Having determined that CD200 was expressed by both type I and II alveolar cells in the human 

lung, it was hypothesised that tumours arising from these cells would also be positive for 

CD200. Several mouse models have demonstrated that adenocarcinomas arise from club 

cells in the bronchioles and type II alveolar cells, with the latter being the predominant source 

of adenocarcinoma tumours (Xu et al. 2012). On the other hand, SCC tumours can be induced 

from basal epithelial cells, club cells and type II alveolar cells, with cells within the more 

proximal lung the most predominant (Ferone et al. 2020). Therefore, it was hypothesised that 

most adenocarcinomas and those SCCs that arise from alveolar type II cells would be positive 

for both CD200 and the type II alveolar marker TTF-1, with the tumours arising from club and 

basal cells within the bronchial epithelium positive for TTF-1 only. In line with this hypothesis, 

of the 362 NSCLC tumours analysed the adenocarcinomas demonstrated significantly greater 

tumour CD200 H scores than SCCs.  However, there was no correlation between CD200 and 

TTF-1 expression, with CD200 positivity seen in both TTF-1 positive and negative tumours. 

This may be due to tumours arising from alveolar type II cells losing TTF-1 expression or 

through cells which are CD200 negative and TTF-1 positive in the normal lung inducing CD200 

expression upon malignant transformation. Together, our NSCLC cohort demonstrated an 

average tumour CD200 H-score of 48.2 ± 55.13; this is in line with the immunohistochemical 

study of 632 patient TMA core by Yoshimura et al. (2020) which demonstrated an average 

CD200 H-score of 42 ± 57.7. In contrast, an immunofluorescent study of CD200 expression 

in 287 NSCLC patient TMA cores only demonstrated CD200 positivity in 29.7% of tumours, 

much less than that seen with IHC (Vathiotis et al. 2021). This study used a visual cut-off to 

eliminate background fluorescence, therefore this cut-off could have limited the detection of 

weaker CD200 positivity, thus leading to an under-representation of tumour CD200 

expression. Taken together, CD200 is expressed in both adenocarcinoma and SCC tumours, 

suggesting it may play a role in regulating the anti-tumour immune response in NSCLC.   

 

CD200 expression was observed at all disease stages in both SCC and adenocarcinoma, 

suggesting that its expression is either present and therefore transferred during 

transformation, or upregulated early in the disease process. However, unlike the study by 

Yoshimura et al. (2020), tumoral CD200 expression did not have a significant prognostic effect 

on the OS of the patients studied or correlate with any other clinicopathological characteristic 

of the patients. However, although it did not reach significance, high tumoral CD200 

expression in SCC patients did trend towards better OS.  This may be due to the small size of 

the patient cohort in this study compared to the 632 NSCLCC patients used in their study. The 

power calculations done for this study were only based on finding a difference between CD200 

expression between adenocarcinoma and SCC tumours; therefore, increasing the patient 
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cohort size could potentially identify correlations between tumour CD200 expression and 

patient clinical characteristics. Furthermore, this study used large tumour sections rather than 

TMA cores; given the great intratumoural heterogeneity of CD200 expression observed in 

these tumours, this large tumour section approach may have more accurately defined tumour 

CD200 expression.  

 

3.3.4 Conclusions 
In summary, CD200 is expressed throughout the bronchial and alveolar epithelium in the 

mouse but appears to be restricted to the alveolar epithelium in normal human lung, with 

CD200 expression seen in both TTF-1 positive and negative cells. This high expression of 

CD200 within the respiratory tract is consistent with its important regulatory role in sustaining 

lung immune homeostasis and maintaining a level of immune cell tolerance within an immune 

privileged site. CD200 expression was also seen in both adenocarcinoma and SCC tumours, 

with CD200 expression greater in adenocarcinoma tumours. This may be due to the 

predominant cell of origin in adenocarcinoma being alveolar type II cells. Whilst SCC tumours 

can also arise from type II alveolar cells, they predominantly occur in the more proximal lung 

suggesting that the predominant cells of origin are basal and club cells within the bronchial 

epithelium.  This suggests that alveolar type II cells that express CD200 in the normal lung 

may maintain CD200 expression during transformation or CD200 expression is upregulated 

early in the disease process where it signals to modulate the anti-tumour immune response 

during NSCLC tumour growth and progression. To determine whether CD200 signalling has 

any effect on the anti-tumour immune response, the aim of the next chapter was to define 

immune infiltrate in NSCLC tumours and determine whether CD200 expression has any effect 

on immune cell composition.  
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4. Characterising NSCLC immune composition and its relationship with CD200 
expression  
4.1 Introduction 
As an immune checkpoint, CD200 imparts a unidirectional immunosuppressive signal to 

CD200R-expressing immune cells. This signal has been shown to inhibit macrophage and NK 

cell function, induce tolerogenic DC phenotypes, switch T cells from Th1 to Th2 and induce 

Tregs (Hoek et al. 2000; Clark et al. 2003; Gorczynski et al. 2004; Coles et al. 2011; Aref et 

al. 2017). Infiltrating immune cells such as macrophages, neutrophils and lymphocytes play a 

pivotal role in contributing to cancer progression, with the type, density, and location of these 

immune cells within the TME impacting the clinical outcome of patients (Anichini et al. 2018). 

The complexity and composition of the immune infiltrate in NSCLC arises from the interaction 

of several factors, including tumour mutational status, molecular subtype, mutational burden, 

tumour histology, and acquired mechanisms of immune evasion such as the expression of 

immune checkpoints. Therefore, having characterised CD200 expression in 240 NSCLC 

patient samples, we next sought to determine whether tumour CD200 expression had any 

effect on the infiltrating immune response in these patients. 

 

Prior to exploring the relationship between CD200 and the immune response, the first aim of 

this chapter was to estimate the immune cell composition in bulk normal lung and NSCLC 

tumour RNA-seq samples using the CIBERSORT deconvolution algorithm. NSCLC tumours 

have been shown to elicit a robust immune response, characterised by a 3-fold increase in 

CD45+ cells within tumour samples compared to non-adjacent lung tissue (Kargl et al. 2017). 

Most studies looking at the immune composition of NSCLC use flow cytometry and tend to 

vary in their findings due, in part, to differences in staining and gating strategies yielding 

different cell frequencies. Furthermore, large interpatient variations both in individual immune 

cell frequencies and in overall immune composition result in further discrepancies in overall 

findings (Tamminga et al. 2020).  Multiple studies have demonstrated that CD3+ T cells are 

the most abundant cell type representing ~50% of all tumour infiltrating CD45+ cells with CD4+ 

T cells and CD8+ T cells accounting for ~30% and ~20%, respectively. B cells are the third 

most frequent immune cell (~7%), with proliferating B cells observed in 35% of NSCLC 

tumours (Lavin et al. 2017; Wang et al. 2019; Stankovic et al. 2018). Compared to normal 

distal lung, tumour tissue is also enriched for Tregs (~6% of immune infiltrate) and activated 

and memory T and B cells, suggesting the presence of an adaptive immune response (Lavin 

et al. 2017; Wang et al. 2019). Among tumour-infiltrating innate cells, macrophages are the 

most abundant mononuclear phagocytes (~5%), and neutrophils are the most abundant 

granulocyte, constituting anything from 9-20% of all leucocytes. NK cells constitute an average 

of 4.5% of all immune cells, with numbers of NK cells significantly reduced compared to normal 
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lung (Lavin et al. 2017; Stankovic et al. 2018). Having assessed tumour-infiltrating immune 

cell composition from bulk solid tumour samples, the relationship between CD200 expression 

and immune cell composition in the RNA-seq data was explored.  

 

Several studies of haematological malignancies have demonstrated that CD200 expression 

on tumour cells is able to influence the frequency of circulating immune cells, with high CD200 

levels associated with a reduced frequency of NK cells, memory CD8+ and cytotoxic CD4+ T 

cells in AML patients and an increase in Treg frequency in MM patients (Coles et al. 2011; 

Coles et al. 2012a; Aref et al. 2017).  A study in NSCLC noted that tumours with low CD200 

expression had significantly greater infiltration of memory immune cells, CD8+ T cells and 

Tregs compared to those with high CD200 expression (Yoshimura et al. 2020). Furthermore, 

CD200:CD200R signalling between tumour associated macrophages and T cells has been 

identified as a highly enriched signalling motif in the NSCLC TME, with CD200R expression 

significantly upregulated on T cells infiltrating the tumour compared to those in peripheral 

blood (Su et al. 2020; Tøndell et al. 2021). This suggests that CD200:CD200R signalling may 

be an important regulator in interactions between immune cells and NSCLC tumours and that 

tumour CD200 expression can influence the anti-tumour immune response.  Therefore, the 

second aim of this chapter was to analyse the relationship between CD200 expression and 

the relative frequencies of each immune cell of the anti-tumour immune response. 

 

4.1.1 Hypothesis and aims 
Expression of the immune checkpoint CD200 by NSCLC tumour cells is a mechanism of 

immune evasion. CD200 expression will have a negative immunoregulatory effect on the 

composition of the NSCLC immune infiltrate, associated with a reduction in cytotoxic NK cells 

and an increase in immunosuppressive Treg cells.  

 

Aims: 

5. Investigate the relationship between CD200 expression and the composition of the 

immune infiltrate in NSCLC tumour tissue using a combined bioinformatics and 

immunohistochemical approach 

a. Explore the relationship between immune cell infiltration and patient clinical 

characteristics and survival  

b. Determine the relationships between tumour CD200 expression and the absolute 

and relative infiltration of cytotoxic and regulatory immune cells 

 

Objectives: 
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1. Estimate the immune cell composition from bulk RNA-seq data of normal lung and NSCLC 

tumours and determine the differences in immune infiltrate between normal lung and tumour, and 

between SCC and adenocarcinoma tumours 
2. Determine the relationship between CD200 expression and immune cell frequencies in bulk RNA-

seq data 
3. Determine the absolute and relative frequencies of CD45+, CD200R+, CD8+, Foxp3+ and CD56+ 

cells in our patient cohort and determine their prognostic significance 
4. Define the relationship between tumour CD200 expression and the relative and absolute numbers 

of infiltrating immune cells 
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4.2 Results 
4.2.1 Estimating the immune composition of normal lung and NSCLC tumours 
To look at the immune cell composition in normal lung and NSCLC tumours in a large patient 

cohort, a bioinformatics approach was used to analyse TCGA-firehose RNA-seq data for 501 

SCC patients and 518 adenocarcinoma patients, with matched normal distal lung tissue 

available for 109 patients. RNA-seq data was uploaded onto the CIBERSORT platform 

wherein the proportions of 22 infiltrating immune cells were estimated using the CIBERSORT 

deconvolution algorithm. Using a signature immune cell gene matrix comprised of 547 genes, 

CIBERSORT can estimate the relative proportions of 22 infiltrating immune cells through a 

linear support vector regression-based method. Absolute immune cell infiltration was defined 

as the median expression level of all genes in the signature gene matrix divided by the median 

expression level of all genes in the sample (Newman et al. 2015).  

 

The mean estimated relative fractions of each immune cell for matched normal and tumour 

samples can be seen in Figure 4.1a. When comparing normal distal lung samples to matched 

SCC tumour samples, the proportions of M0 macrophages (p= <0.0001), M1 macrophages 

(p= 0.0002), Tregs (p= 0.0025), TFH cells (p= <0.0001) and plasma cells (p= <0.0001) were 

all significantly increased compared to normal lung. The fractions of neutrophils (p= 0.0254), 

resting mast cells (p= <0.0001), monocytes (p= <0.0001), resting NK cells (p= 0.0007) and 

MR CD4 T cell (p= <0.0001) were all significantly reduced in tumours sections (Figure 4.1b). 

In adenocarcinoma tumours the proportions of M1 macrophages (p= 0.0116), Tregs (p= 

0.0006), TFH cells (p= <0.0001), naïve B cells (p= 0.0459), and plasma cells (p= <0.0001) 

were all significantly increased compared to normal lung. Conversely, resting mast cell (p= 

<0.0001), monocyte (p= <0.0001), resting NK cell (p= <0.0001) and MR CD4 T cell (p= 

<0.0001) proportions were all significantly reduced (Figure 4.1c).  

 

The differences in normal lung and tumour immune composition between SCC and 

adenocarcinoma tumours are quite similar, with both tumours demonstrating a decrease in 

resting mast cells and monocytes alongside reductions in the resting NK cell and memory 

resting CD4 T cell fractions (Table 4.1). Moreover, both tumours saw an increase in M1 

macrophages, Tregs, TFH cells and plasma cells.  Taken together, these changes 

demonstrate an active immune response occurring in the tumours with the NSCLC immune 

composition differing from that of normal lung.  However, although they did not reach 

significance, adenocarcinomas saw a decrease in M0 macrophages and SCC tumours saw a 

decrease in memory B cells both in reciprocal changes to what was seen in the other tumours. 

Therefore, in order to identify differences in the immune infiltration of SCC and 

adenocarcinoma tumours, the mean estimated relative fractions were compared between 
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histological subtypes (Figure 4.2). The adenocarcinoma tumours demonstrated a significant 

increase in the proportion of monocytes (p= <0.0001), M2 macrophages (p= <0.0001), resting 

DCs (p= 0.0164), MR CD4 T cells (p= <0.0001), Tregs (p= <0.0001) and memory B cells (p= 

0.0451) and a significant decrease in M0 macrophage (p= <0.0001), M1 macrophage (p= 

0.0007), resting NK cell (p= <0.0001) and TFH cell (p= 0.024) proportions when compared to 

SCCs. These differences between SCC and adenocarcinoma tumours highlight the 

complexity of the interactions between the tumour and immune system and suggest there is 

a tumour subtype-specific modulation of the immune response.  
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Figure 4.1 Estimated relative immune cell composition in normal lung and matched tumour 
samples.  
TCGA RNA-seq data for 51 SCC tumours and matched normal tissue and 58 adenocarcinoma tumours 
and matched normal was entered into the CIBERSORT algorithm to estimate the relative frequencies 
of 22 different immune cells. (A) Summary of average immune cell composition in matched normal and 
tumour samples (B) matched SCC tumours and normal samples (C) matched adenocarcinoma tumours 
and normal lung. Significant differences were seen in the immune compositions between tumour and 
normal samples. Significance was tested for using the Kruskal-Wallis test with Dunn’s multiple 
comparisons. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). DC, dendritic cell; GDT, gamma 
delta T cell; Treg, regulatory T cell; NK, natural killer. 
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Table 4.1 Significant differences in relative immune cell composition between matched normal 
lung and SCC and adenocarcinoma tumour samples as determined by CIBERSORT 
 

 
 SCC Adenocarcinoma 

Tumour vs normal 

↑ 
M0 macrophages 

M1 macrophages 

Tregs 

TFH cells 
Plasma cells 

M1 macrophages 

Tregs 

TFH cells 

Naïve B cells 
Plasma cells 

↓ 
Neutrophils 
Resting mast cells 

Monocytes 

Resting NK cells 

Memory resting CD4 T cells 

Resting mast cells 
Monocytes 

Resting NK cells 

Memory resting CD4 T cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.2 Differences in estimated relative immune cell composition between SCC and 
adenocarcinoma tumours. 
TCGA RNA-seq data for 501 SCC and 518 adenocarcinoma tumours were entered into the 
CIBERSORT algorithm to estimate the relative frequencies of 22 different immune cells between 
NSCLC tumour subtypes. Significant differences were seen in the immune compositions between 
tumour and normal samples and between the two NSCLC subtypes.  Significance was tested for using 
the Kruskal-Wallis test with Dunn’s multiple comparisons. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 
0.0001 (****). DC, dendritic cell; GDT, gamma delta T cell; Treg, regulatory T cell; NK, natural killer.  
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4.2.2 Prediction of clinical outcomes from immune infiltrate in NSCLC 
Having estimated the relative immune composition of normal lung and NSCLC tumours, the 

next aim was to determine the relationship between infiltrating immune cell proportions and 

their prognostic significance in NSCLC using the PRECOG software (Gentles et al. 2015).  

PRECOG applies the CIBERSORT algorithm to microarray and RNA-seq data to analyse the 

associations between clinical outcomes and the abundance of 22 different immune cells, 

several of which have been linked to tumour growth, progression, and survival outcomes in 

NSCLC. 

 

Normalised microarray and RNA-seq data from 408 SCC patients and 902 adenocarcinoma 

patients met the CIBERSORT p-value threshold of 0.05 and were assessed for associations 

between immune cell infiltration and OS by univariate cox regression analysis. For each 

immune cell a meta-z score was calculated (Figure 4.3). Z scores are directly related to p 

values, but they encode both the directionality and robustness of the statistical associations 

between immune cell infiltration and clinical outcomes. The z score represents the number of 

standard deviations from the mean of a normal distribution e.g., z= 1.96 is equivalent to a two-

sided p= 0.05. As z scores are independent of different timescales and of the range/scale of 

predictor variables, they permit direct comparison between studies and sequencing platforms 

(Gentles et al. 2015).  

 

In SCC patients only 1 immune cell type had prognostic significance, with memory B cells a 

predictor of worse survival (Figure 4.3a). In adenocarcinoma, neutrophils, activated DCs, MA 

CD4 T cells, activated mast cells and macrophages (M0, M1, M2) were all significant 

predictors for worse survival, with resting mast cells and MR CD4 T significantly associated 

with better survival (Figure 4.3b). When the prognostic significance of infiltrating immune cells 

was compared between SCC and adenocarcinoma tumours, there were several cell types 

which had reciprocal relationships to survival (Figure 4.3c; yellow and blue boxes). Despite 

being significantly correlated with worse survival in adenocarcinoma, activated DCs, MA CD4 

T cells and M0 macrophages were all associated with better survival in SCC. Furthermore, 

memory B cells and MR CD4 T cells, which were significantly associated with better survival 

in adenocarcinoma, were associated with worse survival in SCC. CD8 T cell and NK cell 

infiltration has been associated with favourable outcomes in several NSCLC studies and yet 

here they have reciprocal relationships in the patients studied and do not reach significance. 

Taken together, this data suggests that the prognostic significance of an immune cell varies 

between NSCLC subtypes, with many cells demonstrating reciprocal relationships with 

survival between SCC and adenocarcinoma patients.  
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Figure 4.3 Estimated prognostic significance of 22 immune cells deconvoluted by CIBERSORT 
in NSCLC tumours.  
Normalised microarray and TCGA RNA-seq data for 408 SCC and 902 adenocarcinoma patients was 
entered into CIBERSORT and the prognostic significance of each immune cell analysed by univariate 
cox regression analysis in PRECOG. (A) Adverse (red) and favourable (green) prognostic significance 
of immune cells in SCC, only memory B cells demonstrated a significant association with survival. (B) 
In adenocarcinoma patients, 2 cells had good prognostic power whilst six immune cells reached the 
meta z score cut-off for significance in predicting worse survival. (C) Upon comparing prognostic 
significance of each immune cell between adenocarcinoma and SCC tumours, 10/22 immune cells 
possessed reciprocal power depending on the tumour subtype. Weighted meta z scores are directly 
related to p values but encode both the directionality and robustness of the statistical associations; z= 
1.96 = p= 0.05. DC, dendritic cell; GDT, gamma delta T cell; Treg, regulatory T cell; MA, memory 
activated; MR, memory resting; NK, natural killer. 
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4.2.3 Estimating the immune composition of SCC tumours based on CD200 expression 
Having observed CD200 expression in NSCLC tumours, the next aim was to determine 

whether CD200 expression influenced the composition of the immune cell infiltrate. Therefore, 

to characterise the effects CD200 expression has on infiltrating immune cells, using the 

CIBERSORT data from 4.2.1, patients were stratified based on normalised CD200 transcripts 

per million mapped reads (TPM) (Figure 4.4a). CD200 TPM reads were significantly greater 

in SCC tumours compared to adenocarcinomas; however, it should be noted that these reads 

are from bulk RNA-seq from the tumour and TME rather than just the tumour tissue 

(Supplementary Figure S2; p= 0.0003).  

 

The patients were subsequently split into three groups based on CD200 expression: low and 

high (lower and upper quartiles, n=125) and intermediate (middle two quartiles, n=252). Mean 

estimated relative immune compositions were then calculated for each group (Figure 4.4b) 

and the differences in immune composition between high and low CD200 expression patients 

analysed (Figure 4.4c). High CD200 expression in SCC tumours was associated with 

increases in the proportions of infiltrating M0 macrophages (p= <0.0001) and TFH cells (p= 

0.001), and a decrease in the frequency of M2 macrophages (p= 0.0172) and MR CD4 T cells 

(p= 0.018). 

 

A non-parametric Spearman correlation analysis was performed to determine the relationship 

between CD200 expression and the relative composition of each immune cell; r values are 

displayed vertically, with corresponding p values on the respective horizontal axis (Figure 

4.4d). The significant differences between low and high CD200 expression groups were also 

significant in correlation analysis; M0 macrophages (r= 0.188, p=<0.0001) and TFH cells 

(r=0.195, p= <0.0001). In addition, Tregs (r= 0.207, p<0.001) and memory B cells (r= 0.151 

p= 0.001) also demonstrated positive correlations with CD200 expression. M2 macrophages 

did not demonstrate a significant correlation with CD200 expression; however,  MR CD4 T 

cells (r= -0.165, p= <0.0001) demonstrated a negative correlation. In addition, the frequency 

of neutrophils (r= -0.15, p= <0.0001), eosinophils (r = -0.11, p=0.012), resting mast cells (r= -

0.135, p= 0.002), monocytes (r= -0.171, p= <0.0001), resting DCs (r= -0.165, p= <0.001), MA 

CD4 T cells (r= -0.154, p= <0.0001), CD8+ T cells (r = -0.097, p=0.026) and GDT cells (r= -

0.126, p=0.004) also demonstrated negative correlations with CD200 expression. Of the 22 

immune cells, Tregs and monocytes demonstrated the strongest positive and negative 

correlations with CD200 expression, respectively. 
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Figure 4.4 Estimated immune composition in SCC tumours and its relationship with CD200 
expression. 
RNA-seq data from 501 SCC patients was normalised and entered into the CIBERSORT algorithm to 
estimate the relative immune fractions of 22 immune cells. (A) Patients were stratified based on their 
normalised CD200 expression level (TPM) and the average immune cell infiltrate plotted from low to 
high CD200 expression. (B) Average immune cell proportions for low (lower quartile n= 125), 
intermediate (middle 2 quartiles n= 252) and high CD200 (upper quartile n= 125) expression groups. 
(C) Comparisons between the immune cell fractions between the upper and lower CD200 expression 
groups demonstrated significant differences in immune cell composition. Significance was tested for 
with the Kruskal-Wallis test with Dunn’s multiple comparisons (D) Spearman correlation matrix of 
CD200 expression and immune cell proportions demonstrates significant relationships between CD200 
expression and immune cell frequencies. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). DC, 
dendritic cell; GDT, gamma delta T cell; Treg, regulatory T cell; NK, natural killer.  
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4.2.4 Estimating the immune composition of adenocarcinoma tumours based on CD200 
expression 
Having determined that there may be a relationship between CD200 expression and the 

relative composition of immune cells in SCC, the same analysis was performed on 

adenocarcinoma patients. RNA-seq data was analysed with CIBERSORT and patients 

stratified based on CD200 expression (Figure 4.5a) before being grouped into low (n= 129), 

intermediate (n= 259), and high (n= 129) groups based on the upper, lower, and intermediate 

two quartiles of normalised CD200 TPM (Figure 4.5b).  

 

The differences in estimated relative infiltrating immune cells fractions were then compared 

between the high and low CD200 expression groups, where no significant differences were 

observed (Figure 4.5c). High CD200 expression was associated with an increase in the 

relative frequencies of neutrophils (p= 0.003), M0 macrophages (p= 0.0365), MA CD4 T cells 

(p= 0.0178) and memory B cells (p= 0.001). CD200 high adenocarcinoma tumours also saw 

a significant decrease in the relative frequencies of activated DCs (p= 0.005) and activated 

NK cells (p= 0.0048). Spearman correlation analysis demonstrated positive correlations 

between CD200 expression and the relative composition of neutrophils (r= 0.12, p= 0.009), 

M0 macrophages (r= 0.11, p= 0.0173), M1 macrophages (r= 0.1, p= 0.012), MA CD4 T cells 

(r= 0.13, p= 0.003) and memory B cells (r= 0.12, p= 0.002). Furthermore, the relative 

proportions of activated DCs (r= -0.16, p= 0.0004), monocytes (r= -0.09, p= 0.045), activated 

NK cells (r= -0.14, p= 0.0015) and TFH cells (r= -0.09, p= 0.048) were negatively associated 

with CD200 expression. Of the 22 immune cells analysed, activated DCs and activated NKs 

demonstrated the strongest correlations with CD200 expression.  

 

  

A summary of the relationships between CD200 expression and immune cell infiltration in 

SCC and adenocarcinoma tumours can be found in Table 4.2.  
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Figure 4.5 Estimated immune composition in adenocarcinoma tumours and its relationship with 
CD200 expression.  
RNA-seq data from 518 adenocarcinoma patients was normalised and entered into the CIBERSORT 
algorithm to estimate the relative immune fractions of 22 immune cells. (A) Patients were stratified 
based on their normalised CD200 expression level (TPM) and the average immune cell infiltrate plotted 
from low to high CD200 expression. (B) Average immune cell proportions for low (lower quartile n=129), 
intermediate (middle 2 quartiles n=259) and high CD200 (upper quartile n=129) expression groups. (C) 
Comparisons between the immune cell fractions between the upper and lower CD200 expression 
groups demonstrated significant differences in immune cell composition. Significance was tested for 
with the Kruskal-Wallis test with Dunn’s multiple comparisons. (D) Spearman correlation matrix of 
CD200 expression and immune cell proportions demonstrated significant relationships between CD200 
expression and immune cell frequencies. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). DC, 
dendritic cell; GDT, gamma delta T cell; Treg, regulatory T cell; NK, natural killer.  
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Table 4.2 Significant correlations between CD200 expression and the relative infiltration of 
immune cells as determined by CIBERSORT in SCC and adenocarcinoma tumours. 
 
  

SCC Adenocarcinoma 

Correlation 
with CD200 
expression 

Positive 

M0 macrophages 

Tregs 

TFH cells 

Memory B cells 

Neutrophils 

M1 macrophages 

M0 macrophages 

MA CD4 T cells 

Memory B cells 

Negative 

Neutrophils 

Eosinophils 

Resting mast cells 

Resting DCs 

Monocytes 

GDT cells 

MA CD4 T cells 

MR CD4 T cells 

CD8 T cells 

Activated DCs 

Monocytes 

Activated NK cells 

TFH cells 
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4.2.5 Characterising immune cell CD200R expression in the NSCLC TME 
In order for CD200 expression to be having a direct effect on infiltrating immune cells in the 

NSCLC TME, these cells must express CD200R. Therefore, to determine the expression of 

CD200R on individual immune cell subtypes, single cell data was explored using the BBrowser 

software (https://bioturing.com/bbrowser). BBrowser is a desktop application that allows 

access and visualisation of published single cell sequencing data, allowing the user to query 

genes of interest, select cell populations for further sub-analyses and perform differential 

expression analysis between cell groups. For the purposes of this study, two datasets were 

chosen: single cell analysis of tumour, stromal and immune cells from 5 untreated non-

metastatic NSCLC patients (Lambrechts et al. 2018) (Figure 4.6a) and a global 

characterisation of T cells within the tumours of 14 NSCLC patients (Guo et al. 2018) (Figure 

4.6c). In the first dataset, all other tumour and stromal cell types were removed, and the 

immune cell clusters were analysed for CD200R expression using the gene query tool (Figure 

4.6b). CD200R expression was detected in macrophages (109/8027 cells), Langerhans cells 

(68/714 cells), cross-presenting DCs (4/192 cells), CD4+ T cells (221/9602 cells), CD8+ T 

cells (536/12038 cells), Tregs (8/1509 cells), NK cells (2/1743 cells), mucosa-associated 

lymphoid tissue derived (MALT) B cells (5/607 cells), plasma cells (9/784 cells), follicular B 

cells (27/2674 cells) and mast cells (25/613 cells).   

 

In the second dataset analysed, consisting of T cells within the NSCLC TME, CD200R 

expression could be demonstrated on all cell types (Figure 4.6d). CD4 T cells demonstrated 

CD200R expression on naïve cells (95/532 cells), a range of effector cells (granulysin (GNLY) 

35/434 cells; granzyme A (GZMA) 217/668 cells; GZMK 152/674 cells, eomesodermin 

(EOMES) 40/161 cells; CD69 260/1084 cells), central memory cells (175/665 cells) and 

exhausted cells (120/342 cells). With changing CD4 phenotype, CD200R expression 

increased significantly from naïve to memory (p= 0.005), and memory to exhausted (p= 

0.0073), with average CD200R expression 2.8 times greater in exhausted CD4 cells 

compared to naive cells (p= <0.0001). Likewise, CD200R expression also increased in 

memory and exhausted CD8 T cells compared to naïve cells. Naïve CD8 cells (57/303 cells), 

effector CD8 cells (102/1192 cells), regulatory-like CD28 CD8 cells (15/206 cells), mucosal 

associated invariant T cells (MAIT) SLC4A10 CD8 cells (10/105 cells), memory (181/832 cells) 

and exhausted CD8 cells (134/493 cells) all demonstrated CD200R expression, with CD200R 

expression significantly greater in exhausted CD8 T cells compared to naïve and memory cells 

(both p= <0.0001). Both suppressive (105/939 cells) and resting Tregs (55/427 cells) also 

demonstrated CD200R expression. Taken together, this demonstrates CD200R expression 

on almost all immune cells infiltrating the NSCLC TME.  
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Figure 4.6 Analysis of 2 single-cell RNA-seq NSCLC tumour datasets for immune cell CD200R 
expression.  
Single cell data of immune cells in the NSCLC TME was analysed for immune cell CD200R expression. 
(A)  38 505 immune cells from 5 NSLC tumours and their (B) log-normalised CD200R expression 
values. CD200R expression was seen on at least one cell in all but two cell types. (C) 8952 T cells from 
14 NSCLC patients and their (D) log-normalised CD200R expression values. CD200R expression was 
seen on all T cell subsets raging from naïve, to multiple effector subtypes to memory and exhausted T 
cells. CD200R expression was also significantly increased from naïve to memory and exhausted 
subtypes. Significance was tested for using the Kruskal-Wallis test with Dunn’s multiple comparisons. 
P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). CM, central memory; DC, dendritic cell; 
Eomes, eomesodermin; GNLY, granulysin; GZMA, granzyme A; GZMK, granzyme K; MALT, mucosa-
associated lymphoid tissue derived; pDC, plasmacytoid DC; Treg, regulatory T cell; TRM, tissue-
resident memory.  
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4.2.6 Characterising absolute immune cell infiltration in SCC and its associations with 
clinical parameters 
Based on this bioinformatic analysis of the presence and prognostic significance of immune 

cells in NSCLC tumours, three immune cells were selected for further investigation in our 240 

patient samples: Tregs, NK cells and CD8+ T cells. Tregs and NK cells possessed two of the 

strongest correlations with CD200 expression, with SCC tumours seeing a positive correlation 

between CD200 expression and Treg infiltration and adenocarcinomas seeing a reduction in 

infiltrating NK cell numbers with increasing CD200 expression. CD8 T cells were selected due 

to their known cytotoxic role in anti-tumour immune responses.   

 

To determine the absolute frequency of these immune cells infiltrating the tumours, serial 

sections were stained for CD45 (all immune cells), CD8, Foxp3 (Treg) and CD56 (NK cells). 

The relative frequencies were then calculated as a percentage of CD45+ cells. Sections were 

also stained for CD200R to determine the frequency of CD200R+ cells within the TME. Each 

immune cell marker stain was first optimised in human tonsil tissue prior to tumour staining 

(Supplementary Figure S3). All five immune cell markers were successfully identified in SCC 

samples, with cells observed both in the stroma and within the tumour nests (Figure 4.7a). 

The frequency of positive cells within each section was automatically counted using the 

method described in section 2.2.5; briefly, annotations were generated around the tumour 

sections and the number of positive cells detected and presented as number of positive cells 

per mm2. Within each sample, the number of CD45+ cells per mm2 ranged from 292 – 4659 

with a mean of 2237; CD200R+ cells an average of 497 (range 5 – 3736); CD8+ cells an 

average of 354 (range 17 - 2433); Foxp3+ cells an average of 191 (range 4 - 732) and CD56+ 

cells an average of 147 (range 5 - 1381) per mm2. The absolute number of CD8+ cells per 

mm2 was significantly greater than that of Foxp3+ and CD56+ cells (p= <0.0001) (Figure 4.7b).  

 

Next, to analyse the relationship between absolute immune cell frequency and clinical 

parameters, patients were split into high and low infiltration groups based on the median 

absolute cell number and assessed for associations using ether the Chi squared or Fisher’s 

exact test (Table 4.3). High numbers of infiltrating CD8+ cells were significantly associated 

(p= 0.0368) with lower tumour stage and trended towards lower disease stage (p= 0.0717) 

compared to those with low CD8+ cell numbers. High absolute numbers of CD200R+ cells 

also correlated with lower tumour stage (p= 0.0092). Moreover, high absolute Foxp3+ cells 

were significantly associated (p= 0.0042) with earlier disease stage. The absolute numbers of 

CD45+ and CD56+ cells did not show any significant associations with patient characteristics 

or disease stage.  

 



 4. NSCLC immune composition and CD200  

 179 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.7 Absolute immune cell infiltrate in SCC patients by IHC.   
Serial sections of 120 NSCLC tumour samples were stained for CD45 (all immune cells), CD200R, CD8 
(CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the absolute number of positive cells 
per mm2. (A) Representative images of positive staining for each cell in tumour and stromal areas of 
the samples. All immune cells were seen in both the tumour nests and within the stroma. Scale bars 
20µm. (B) Absolute number of immune cells in the SCC tumour samples demonstrated significantly 
more CD8+ cells than Foxp3+ and CD56+ cells. Significance was tested for using the Kruskal-Wallis 
test with Dunn’s multiple comparisons.   P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). 
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Table 4.3 Characteristics of SCC patients according to high and low absolute immune cell infiltration. Patients were split at the median value into 
high and low infiltration groups and the differences in patient characteristics between groups analysed by Chi squared or Fischer’s exact test. 

  CD45+ cells 
P value 

Absolute CD8+ cells 
P value 

Absolute Foxp3+ cells 
P value 

Absolute CD56+ cells 
P value 

Absolute CD200R+ cells 

P value 
Low High 

Characteristic Low High Low High Low High Low High 

Sex 

Female 24 (43.6) 25 (26.3) 

0.1728 

22 (36.7) 25 (42.4) 

0.5764 

20 (34.5) 25 (43.9) 

0.3427 

19 (37.3) 21 (42) 

0.6858 

20 (37) 
24 

(44.4) 
0.557 

Male 25 (45.4) 29 (53.7) 38 (63.3) 34 (57.6) 38 (65.5) 32 (56.1) 32 (62.7) 29 (58) 34 (63) 
20 

(55.6) 

Age 

Median 73 72 

0.101 

72 72 

0.9212 

72 70 

0.9409 

71 72 

0.9513 
72 72 

0.9795 
Range 53 - 83 52 - 87 52 - 87 54 - 82 52 - 87 54 - 83 52 - 83 54 - 80 

52 - 83 54 - 82 

Tumour stage 

T1 9 (16.4) 10 (18.5) 

0.8421 

7 (11.7) 14 (23.7) 

0.0368 

8 (13.8) 12 (21) 

0.2409 

9 (17.6) 11 (22) 

0.7989 

5 (9.2) 14 (25.9) 

0.0092 
T2 31 (56.4) 33 (61.1) 33 (55) 37 (62.7) 34 (58.6) 35 (61.4) 31 (60.8) 26 (52) 32 (59.3) 32 (59.3) 

T3 13 923.6) 10 (18.5) 18 (30) 30 (10.2) 13 (22.4) 10 (17.6) 10 (19.6) 11 (22) 17 (31.5) 6 (11.1) 

T4 2 (3.6) 2 (3.9) 2 (3.3) 2 (3.4) 3 (5.12) 0 (0) 1 (2) 2 (4) 0 (0) 2 (3.7) 

Node stage 

N0 37 (67.3) 38 (70.4) 

0.1233 

39 (65) 43 (72.9) 

0.7862 

37 (63.8) 44 (77.2) 

0.2603 

33 (64.7) 40 (80) 

0.3367 

33 (61.1) 40 (74.1) 

0.6346 N1 10 (18.2) 12 (22.2) 13 (21.7) 11 (18.6) 14 (24.1) 9 (15.8) 12 (23.5) 7 (14) 11 (20.4) 9 (16.7) 

N2 4 (7.3) 0 (0) 2 (3.3) 3 (5.1) 3 (5.2) 1 (1.8) 3 (5.9) 2 (4) 3 (5.6) 2 (3.7) 

Disease stage 

Stage I 20 (36.4) 24 (44.4) 

0.6319 

18 (30) 28 (47.4) 

0.0717 

20 (34.5) 26 (45.6) 

0.0042 

21 (41.2) 22 (44) 

0.9301 

17 (31.5) 27 (50) 

0.1343 Stage II 29 (52.7) 26 (48.2) 37 (61.7) 24 (40.7) 28 (48.3) 31 (54.4) 25 (49) 24 (48) 30 (55.5) 23 (42.6) 

Stage III 6 (10.9) 4 (7.4) 5 (8.3) 7 (11.9) 10 (17.2) 0 (0) 5 (9.8) 4 (8) 7 (13) 4 (7.4) 

Smoking 
status 

Ever 45 (81.8) 48 (88.9) 

0.999 

48 (80) 52 (88.1) 

0.4851 

51 (87.9) 49 (86) 

0.999 

43 (84.3) 46 (92) 

0.999 

41 (75.9) 50 (92.6) 

0.4565 

Never 0 (0) 1 (1.9) 1 (1.7) 0 (0) 1 (1.7) 0 (0) 0 90) 0 (0) 1 (1.9) 0 (0) 
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4.2.6a Tumour CD200 expression and absolute immune cell infiltration in SCC 
Having observed correlations between CD200 expression and relative immune infiltration 

through bioinformatic analysis, the relationship between tumour CD200 H score and absolute 

immune infiltrate was assessed (Figure 4.8). Tumour CD200 expression did not correlate with 

CD45+ cell (r= 0.1796, p= 0.0617), CD200R+ cell (r= 0.1023, p= 0.2867) or CD8+ cell (r= 

0.0487, p= 0.6002) infiltration (Figure 4.8a-c). In agreement with the RNA-seq analysis, there 

was a significant positive correlation between the number of Foxp3+ cells per mm2 and tumour 

CD200 expression (r =0.224, p=0.0164; Figure 4.8d). There was also a positive correlation 

between CD200 expression and CD56+ cell infiltration (r=0.2123, p=0.0282; Figure 4.8e). 

However, when patients were split into high and low CD200 expression groups based on the 

upper and lower quartiles of CD200 H score, there were no significant differences in the 

number of infiltrating immune cells (Figure 4.8f).  

 

To further explore the relationship between infiltrating immune cells, spearman correlation was 

performed (Figure 4.8g). As expected, CD45+ infiltration positively correlated with the 

presence of CD8+ (r= 0.42, p= <0.0001), Foxp3+ (r= 0.39, p= <0.0001) and CD56+ cells (r= 

0.21, p= 0.005). CD8+ cells were also significantly positively correlated with the number of 

infiltrating Foxp3+ cells (r=0.24, p=0.029) and CD56+ cells (r=0.29, p=0.009). CD200R+ cells 

did not correlate with CD200 expression or the presence of any other cell.  
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Figure 4.8 Absolute immune cell infiltrate in SCC patients and its relationship with tumour CD200 
H score.   
120 SCC tumour samples were stained for CD200 and tumour CD200 expression semi-quantified as a 
H-score. Subsequent serial sections of tumour samples were stained for CD45 (all immune cells), 
CD200R, CD8 (CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the absolute number of 
positive cells per mm2. The relationship between tumour CD200 H score and absolute (A) CD45+ (B) 
CD200R+ (C) CD8+ (D) Foxp3+ and (E) CD56+ cells was analysed. CD200 demonstrated significant 
positive correlations with Foxp3+ and CD56+ cell numbers. (F) When patients were split into high and 
low CD200 expression groups by the median H score, there were no significant differences in immune 
cell numbers. (G) Spearman correlation matrix of CD200 expression and absolute immune cell numbers 
reveals further significant positive correlations between immune cells. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 
0.001 (***) P ≤ 0.0001 (****). 
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4.2.7 Characterising relative immune cell infiltration in SCC and its associations with 
clinical parameters 
In order to account for the differences in the levels of tumour immune cell infiltration, the next 

step was to determine the relative frequencies of CD200R+, CD8+, Foxp3+ and CD56+ cells 

in SCC tumours. Relative immune cell frequencies were calculated as a % of infiltrating CD45+ 

cells (Figure 4.9). CD200R+ cells constituted an average of 23.37% (range 0.197 – 79.85), 

CD8+ cells comprised an average of 15.1% (range 0.09 - 40.59), with Foxp3+ cells and CD56+ 

cells comprising an average of 5.99% (range 0.3188 - 20.25) and 5.09% (range 0.0003 - 15.1), 

respectively. Again, the relative number of CD8+ cells was significantly greater than that of 

Foxp3+ and CD56+ cells (p= <0.0001; Figure 4.9). Upon splitting the patient cohorts into low 

and high relative infiltration groups based on the median value, again, high relative CD200R+ 

cell infiltration correlated with lower tumour stage (p= 0.0273; Table 4.4).  
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Figure 4.9 Relative immune cell infiltrate in SCC patients by IHC. 
Serial sections of 120 NSCLC tumour samples were stained for CD45 (all immune cells), CD200R, CD8 
(CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) and relative immune cell frequencies were 
determined as the % of CD45+ cells. SCC tumours demonstrated significantly greater proportions of 
CD8+ cells than Foxp3+ and CD56+ cells. Significance was tested for using the Kruskal-Wallis test with 
Dunn’s multiple comparisons.  P ≤ 0.0001 (****). 
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Table 4.4 Characteristics of SCC patients according to high and low relative immune cell infiltration. Patients were split at the median value into high 
and low infiltration groups and the differences in patient characteristics between groups analysed by Chi squared or Fischer’s exact test. 

  CD45+ cells 

P value 

Relative CD8+ cells 

P value 

Relative Foxp3+ cells 

P value 

Relative CD56+ cells 

P value 

CD200R+ cells 

P value 

Characteristic Low High Low High Low High Low High Low High 

Sex 

Female 24 (43.6) 25 (26.3) 

0.1728 

22 (40.7) 20 (37.7) 

0.8446 

20 (38.5) 22 (42.3) 

0.8417 

18 (39.1) 18 (38.3) 

0.999 

18 (36) 23 (56.9) 

0.311 

Male 25 (45.4) 29 (53.7) 32 (59.3) 33 (62.3) 32 (61.5) 30 (57.7) 28 (60.9) 29 (61.7) 32 (64) 26 (53.1) 

Age 

Median 73 72 

0.101 

72 71 

0.1972 

73 70 

0.9606 

72 72 

0.957 

74 72 

0.9662 

Range 53 - 83 52 - 87 52 - 87 51 - 81 52 - 87 53 - 83 52 - 87 52 - 82 52 - 82 54 - 83 

Tumour 
stage 

T1 9 (16.4) 10 (18.5) 

0.8421 

6 (11.1) 13 (24.5) 

0.1647 

9 (17.3) 10 (19.2) 

0.9297 

10 (21.7) 8 (17) 

0.3222 

4 (8) 13 (26.5) 

0.0273 
T2 31 (56.4) 33 (61.1) 32 (29.2) 30 (56.6) 31 (59.6) 30 (57.7) 27 (58.7) 27 (53.2) 33 (66) 27 (55.1) 

T3 13 923.6) 10 (18.5) 15 (27.8) 8 (15.1) 11 (21.2) 10 (19.2) 9 (19.6) 11 (23.4) 13 (26) 7 (14.3) 

T4 2 (3.6) 2 (3.9) 1 (1.9) 2 (3.8) 1 (1.9) 2 (3.9) 0 (0) 3 (6.4) 0 (0) 2 (4.1) 

Node 
stage 

N0 37 (67.3) 38 (70.4) 

0.1233 

36 (66.6) 37 (69.8) 

0.6233 

35 (67.3) 39 (75) 

0.9738 

31 (67.4) 35 (74.5) 

0.7029 

28 (56) 39 (79.6) 

0.0601 N1 10 (18.2) 12 (22.2) 10 (18.5) 12 (22.6) 10 (19.2) 10 (19.2) 11 (23.9) 8 (17) 15 (30) 6 (12.2) 

N2 4 (7.3) 0 (0) 1 (1.9) 3 (5.7) 2 (3.8) 2 (3.8) 2 (4.3) 2 (4.3) 2 (4) 4 (4.1) 

Disease 
stage 

Stage I 20 (36.4) 24 (44.4) 

0.6319 

18 (33.3) 25 (47.1) 

0.1506 

24 (46.1) 20 (38.5) 

0.5008 

21 (45.7) 19 (40.4) 

0.7366 

16 (32) 25 (51) 

0.1377 Stage II 29 (52.7) 26 (48.2) 32 (59.3) 21 (39.6) 25 (48.1) 26 (50) 22 (42.8) 23 (49) 28 (56) 21 (48.9) 

Stage III 6 (10.9) 4 (7.4) 4 (7.4) 6 (11.3) 3 (5.8) 6 (11.5) 3 (6.5) 5 (10.6) 6 (12) 3 (6.1) 

Smoking 
status 

Ever 45 (81.8) 48 (88.9) 

0.999 

42 (79.2) 49 (90.7) 

0.4674 

47 (90.4) 44 (83) 

0.999 

40 (85.1) 42 (91.3) 

0.999 

39 (78) 45 (91.8) 

0.999 

Never 0 (0) 1 (1.9) 1 (1.9) 0 (0) 1 (1.9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
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4.2.7a Tumour CD200 expression and relative immune cell infiltration in SCC 
After seeing correlations between CD200 expression and immune infiltrates in SCC by RNA-

seq and IHC, the relationships between tumour CD200 expression and the relative 

frequencies of CD8+, Foxp3+, CD56+ and CD200R+ cells were assessed. In contrast with 

absolute immune cell numbers, tumour CD200 expression did not significantly correlate with 

the frequencies of any of the immune cells studied; CD8+ (r= -0.03488, p= 0.7213), Foxp3+ 

(r= -0.05808, p= 0.5505), CD56+ (0.06886, p=0.4801), CD200R+ (r= -0.0571, p= 0.5827) 

(Figure 4.10a-d). There were also no significant differences in the relative frequencies of any 

immune cell between high and low CD200 expression groups (Figure 4.10e). Correlation 

analysis between CD200 H score and relative frequencies of immune cells demonstrated a 

significant positive correlation between CD8+ cells and CD56+ cells (r= 0.33, p= 0.0003), 

similar to that seen with absolute infiltrates (Figure 4.10f). Thus demonstrating a positive 

relationship between cytotoxic cells within the TME.  A summary of the relative immune 

compositions of each patient in order of CD200 expression highlights the high variability in 

immune composition between patients (Figure 4.11).  
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Figure 4.10 Relative immune cell infiltrate in SCC patients and its relationship with tumour 
CD200 H score.  
120 SCC tumour samples were stained for CD200 and tumour CD200 expression semi-quantified as a 
H-score. Subsequent serial sections of tumour samples were stained for CD45 (all immune cells), 
CD200R, CD8 (CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the relative number of 
positive cells (% of CD45+ cells). The relationship between tumour CD200 H score and relative (A) 
CD8+ (B) Foxp3+ (C) CD56+ and (D) CD2000R+ cell proportions were analysed. There were no 
correlations between CD200 H score and relative immune cell frequencies. (E) When patients were 
split into high and low CD200 expression groups by the median H score, there also were no significant 
differences in immune cell numbers. (G) Spearman correlation matrix of CD200 expression and 
absolute immune cell numbers reveals further significant positive correlations between immune cells. 
P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****).  
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Figure 4.11 Relative frequencies (% of CD45+) cells of CD8+, Foxp3+, CD56+ and other CD45+ 
cells in SCC patients by IHC. 
Serial sections of 120 SCC patient tumours were stained for CD45, CD8, CD56 and Foxp3 and the 
relative frequencies of each immune cell calculated (% of CD45+ cells). Sections were also stained for 
CD200, and patients were stratified from low to high CD200 expression based on the tumour CD200 H 
score.  
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4.2.8 Prognostic significance of immune infiltrate in SCC 
A large number of studies have shown that there are significant correlations between the 

density and composition of immune cell infiltrate and patient survival in NSCLC. Therefore, to 

investigate whether the immune cell infiltrate in SCC could predict patient outcomes, patients 

were split into high and low infiltration groups based on the median value and differences in 

OS and hazard ratios generated using the log-rank test (Table 4.5; Figure 4.12). OS was 

measured from date of procedure to date of death. Patients whose death was not cancer-

related were censored. OS ranged from 0.5 months – 126 months.  

 

An increased level of immune infiltrate, as measured by the number of CD45+ cells within the 

tumour, was associated with better prognosis (hazard ratio (HR) 0.5176; 95% CI 0.3082-

0.8618; p= 0.0118) (Table 4.5; Figure 4.12a). Furthermore, both high absolute number (HR 

0.4987; 95% CI 0.3026-0.8219; p= 0.0065) and high relative frequency (HR 0.5463; 95% CI 

0.3270-0.9127; p= 0.0178) of CD8+ cells were associated with better OS (Table 4.5; Figure 

4.12b-c). Increased absolute number (HR 1.754; 95% CI 1.007-3.055; p= 0.0494), but not 

relative frequency of CD56+ cells was also associated with better OS (Figure 4.12d-e). 

Foxp3+ and CD200R+ cell infiltration were not associated with OS. (Figure 4.12f-i). 

Subsequent multivariate cox regression analysis of all significant prognostic factors identified 

by univariate analysis in Tables 3.4 and 4.5 identified both low node stage (HR 2.12; 95% CI 

1.01-54.5; p=0.046) and tumour stage (HR 2.64; 95% CI 1.22-5.7; p=0.014) as independent 

prognostic factors in SCC patients (Figure 4.13). 
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Table 4.5 Univariate cox regression analysis of the associations between absolute and relative 
immune cell frequencies and patient overall survival in 120 SCC patients.  

 

Overall survival 

Median survival 

(months) 

Hazard ratio 

(95% CI of HR) 
P value 

CD45+ cells 
LOW 67 0.5176 

0.3082 – 0.8618 
0.0118 

HIGH Undefined 

Absolute 
CD8+ cells 

LOW 58 0.4987 

0.3026 – 0.8219 
0.0065 

HIGH Undefined 

Relative 
CD8+ cells 

LOW 77 0.5463 

0.3270 – 0.9127 
0.0178 

HIGH Undefined 

Absolute 
Foxp3+ cells 

LOW 80 0.6281 

0.3732 – 1.056 
0.0791 

HIGH Undefined 

Relative 
Foxp3+ cells 

LOW Undefined 1.479 

0.8641 – 2.531 
0.1469 

HIGH 67 

Absolute 
CD56+ cells 

LOW 80 0.5701 

0.3274 – 0.9928 
0.0494 

HIGH Undefined 

Relative 
CD56+ cells 

LOW 85 0.6668 

0.3786 – 1.175 
0.1617 

HIGH Undefined 

Absolute 
CD200R+ 

cells 

LOW 80 
0.7489 

0.4439 – 1.266 
0.2798 

HIGH Undefined 

Relative 
CD200R+ 

cells 

LOW 80 
0.8172 

0.4793 – 1.393 
0.4569 

HIGH 106 
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Figure 4.12 Kaplan Meier curves for associations between absolute and relative immune cell 
frequencies and overall survival in 120 SCC patients.  
Serial sections of SCC tumours were stained for CD45, CD200R, CD8, Foxp3 and CD56 and the 
absolute and relative (% of CD45+ cells) number of cells analysed. Patients were then split into high 
and low groups based on the median value and associations with OS determined by univariate cox 
regression analysis. (A) High CD45 infiltration was a predictor for OS. High (B) absolute CD8+ cell and 
(C) relative CD8+ infiltration were also predictors of better OS. High (D) absolute CD56+ cell numbers 
were also a predictor for better OS but not (E) relative CD56+ cells. (F) Absolute Foxp3+ (G) relative 
Foxp3+ (H) absolute CD200R+ and (I) relative CD200R+ cell infiltration were not predictors of patient 
OS. OS was determined as the time from diagnosis to death; deaths unrelated to cancer were censored. 
OS, overall survival. Differences in survival calculated using log-rank test with p ≤ 0.05 considered 
significant.  
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Figure 4.13 Multivariate Cox regression analysis of prognostic factors for overall survival in 120 
SCC patients.  
All prognostic factors identified by univariate Cox regression analysis in Table 3.4 and 4.2 with a p ≤ 
0.05 were analysed together by multivariate Cox regression analysis to identify any independent 
prognostic factors in SCC patients. Both T stage and N stage were identified as independent prognostic 
factors. OS was determined as the time from diagnosis to death; deaths unrelated to cancer were 
censored.  CI, confidence interval; HR, hazard ratio; OS, overall survival. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 
0.001 (***) P ≤ 0.0001 (****). 
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4.2.9 Characterising absolute immune cell infiltration in adenocarcinoma and its 
associations with clinical parameters 
SCC and adenocarcinoma tumours demonstrated significant differences in their relative 

immune compositions based on RNA-seq analysis. Therefore, the absolute infiltration of 

CD45+, CD8+, Foxp3+ and CD56+ cells was analysed in serial sections of 120 

adenocarcinoma samples as before. Sections were also stained for CD200R. All immune 

markers were successfully stained for in adenocarcinoma tumours and positivity was seen in 

both the stroma and within the tumour nests (Figure 4.14a). The average number of CD45+ 

cells infiltrating adenocarcinoma tumours was 1799 per mm2 (range 297-4217), with an 

average of 193 CD200R+ cells per mm2 (range 4 – 1022), 662 CD8+ cells per mm2 (range 31-

1718), 165 Foxp3+ cells (range 14.7-684.8) and 109 CD56+ cells per mm2 (range 0.2-141) 

(Figure 4.14b). The absolute number of CD56+ cells was significantly less than that of CD8+ 

and Foxp3+ cells (p= <0.0001; Figure 4.14b). Analysis for associations between absolute 

immune cell number and clinical parameters established a significant relationship between 

high CD56+ cell number and earlier disease stage (p= 0.0346; Table 4.6).  
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Figure 4.14 Absolute immune cell infiltrate in adenocarcinoma patients by IHC.   
Serial sections of 120 NSCLC tumour samples were stained for CD45 (all immune cells), CD200R, CD8 
(CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the absolute number of positive cells 
per mm2. (A) Representative images of positive staining for each cell in tumour and stromal areas of 
the samples. All immune cells were seen in both the tumour nests and within the stroma.  Scale bars 
20µm. (B) Absolute number of immune cells in the adenocarcinoma tumour samples demonstrated 
significantly more CD8+ cells and Foxp3+ cells than CD56+ cells, with CD8+ cell number also 
significantly greater than Foxp3+ cells.  Significance was tested for using the Kruskal-Wallis test with 
Dunn’s multiple comparisons. P ≤ 0.0001 (****).
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Table 4.6 Characteristics of adenocarcinoma patients according to high and low absolute immune cell infiltration. Patients were split at the median 
value into high and low infiltration groups and the differences in patient characteristics between groups analysed by Chi squared or Fischer’s exact 
test. 

  CD45+ cells 

P value 

Absolute CD8+ cells 

P value 

Absolute Foxp3+ cells 

P value 

Absolute CD56+ cells 

P value 

Absolute CD200R+ cells 

P value 
Characteristic Low High Low High Low High Low High Low High 

Sex 

Female 34 (59.6) 36 (62.1) 

0.8496 

26 (48.1) 35 (64.8) 

0.1201 

30 (51.7) 39 (68.4) 

0.0871 

34 (61.8) 30 (55.6) 

0.5622 

28 (54.9) 34 (66.7) 

0.3106 

Male 23 (40.4) 22 (37.9) 28 (51.9) 19 (35.2) 28 (28.3) 18 (31.6) 21 (38.2) 24 (44.4) 23 (45.1) 17 (33.3) 

Age 

Median 68 70 

0.9732 

69 71 

0.6457 

68 71 

0.9869 

69 70 

0.9571 

68 68 

0.8992 
Range 45 - 91 47 - 90 45 - 90 51 - 81 45 - 90 47 - 91 48 - 91 45 - 90 45 – 91 48 - 86 

Tumour 
stage 

T1 24 (42.1) 25 (43.1) 

0.5388 

21 (38.9) 20 (37) 

0.9788 

24 (41.4) 23 (40.3) 

0.4512 

19 (34.5) 24 (44.4) 

0.4951 

25 (49) 20 (39.2) 

0.4077 

T2 25 (48.9) 24 (41.4) 25 (46.3) 27 (50) 23 (39.6) 28 (49.1) 26 (47.3) 25 (46.3) 17 (33.3) 25 (49) 

T3 7 (12.3) 5 (8.6) 6 (11.1) 5 (9.3) 7 (12.1) 5 (8.8) 7 (12.7) 3 (5.6) 7 (13.8) 4 (7.9) 

T4 1 (1.7) 4 (6.9) 2 (3.7) 2 (3.7) 4 (6.9) 1 (1.8) 3 (5.5) 2 (3.7) 2 (3.9) 2 (3.9) 

Node 
stage 

N0 25 (43.9) 32 (55.2) 

0.2570 

25 (46.3) 27 (50) 

0.8228 

26 (44.8) 31 (54.4) 

0.2213 

23 (41.8) 27 (50) 

0.2196 

25 (49) 21 (41.2) 

0.0899 N1 17 (29.8) 10 (17.2) 14 (25.9) 12 (22.2) 17 (29.3) 10 (17.5) 13 (23.6) 15 (27.8) 16 (31.4) 11 (21.6) 

N2 10 (17.5) 9 (15.5) 11 (20.4) 9 (16.7) 8 (13.8) 12 (21.1) 12 (23.6) 6 (11.1) 5 (9.8) 13 (25.5) 

Disease 
stage 

Stage I 21 (36.8) 25 (43.1) 

0.6792 

19 (35.2) 22 (40.7) 

0.7673 

18 (31) 28 (49.1) 

0.0718 

17 (30.9) 24 (44.5) 

0.0346 

24 (47) 14 (27.5) 

0.1204 Stage II 22 (28.6) 18 (31) 19  (35.2) 19 (35.2) 25 (43.1) 14 (24.6) 18 (32.70 22 (40.7) 16 (31.4) 21 (41.2) 

Stage III 14 (24.6) 15 (25.9) 16 (29.6) 13 (24.1) 15 (25.9) 15 (26.3) 20 (36.4) 8 (14.8) 11 (21.6) 16 (31.4) 

Smoking 
status 

Ever 41 (70.7) 46 (82.1) 

0.1991 

42 (77.8) 37 (68.5) 

0.4685 

44 (75.9) 40 (70.2) 

0.5487 

38 (69.1) 42 (77.8) 

0.5175 

35 (68.6) 40 (78.4) 

0.7304 

Never 8 (13.8) 3 (5.4) 3 (5.5) 6 (11.1) 5 (8.6) 7 (12.3) 6 (10.9) 4 (7.4) 5 (9.8) 4 (7.8) 
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4.2.9a Tumour CD200 expression and absolute immune cell infiltration in 
adenocarcinoma 
Having demonstrated significant relationships between CD200 expression and the relative 

infiltration of immune cells in adenocarcinoma by RNA-seq analysis, the relationship between 

CD200 tumour H score and absolute number of infiltrating immune cells was first analysed. 

CD200 expression did not correlate with CD45+ (r= -0.1675, p=0.0775), CD8+ (r=-0.07024, 

p= 0.4743), Foxp3+ (r= 0.09237, p= 0.3305) or CD200R+ (r= -0.03869, p= 0.6994) cell 

infiltration (Figure 4.15a-d). In line with the bioinformatics analysis, a significant negative 

correlation was observed between CD200 expression and CD56+ cell infiltration (r=-0.2995, 

p=0.0017), suggesting that tumours with greater CD200 expression may have fewer infiltrating 

NK cells (Figure 4.15d). When patients were split based on the upper and lower quartiles of 

CD200 H score, there were significantly fewer CD56+ cells in the CD200 high group (mean 

141.8 cells per mm2) compared to the low (195.7; p=0.032) (Figure 4.15f). The relationship 

between infiltrating immune cells was further explored using spearman correlation analysis 

(Figure 4.15g). As expected, CD45+ infiltration positively correlated with the presence of CD8+ 

(r= 0.55, p= <0.0001), Foxp3+ (r= 0.49, p= <0.0001) and CD56+ (r= 0.26, p=0.007) cells. Like 

with SCC tumours, there was also a strong significant correlation between the absolute 

number of infiltrating CD8+ and Foxp3+ cells (r= 0.51, p= <0.0001). CD200R infiltration 

showed no correlation with the presence of any immune cell.  
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Figure 4.15 Absolute immune cell infiltrate in adenocarcinoma patients and its relationship with 
tumour CD200 H score.  
120 adenocarcinoma tumour samples were stained for CD200 and tumour CD200 expression semi-
quantified as a H-score. Subsequent serial sections of tumour samples were stained for CD45 (all 
immune cells), CD200R, CD8 (CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the 
absolute number of positive cells per mm2. The relationship between tumour CD200 H score and 
absolute (A) CD45+ (B) CD8+ (C) Foxp3+ (D) CD200R+ and (E) CD56+ cells was analysed. CD200 
demonstrated a significant positive correlation with CD56+ cell numbers. (F) When patients were split 
into high and low CD200 expression groups by the median H score, there was a significant difference 
in absolute CD56+ cells. Significance was tested for using the Kruskal-Wallis test with Dunn’s multiple 
comparisons. (G) Spearman correlation matrix of CD200 expression and absolute immune cell numbers 
reveals further significant positive correlations between immune cells. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 
0.001 (***) P ≤ 0.0001 (****). 
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4.2.9b Differences in absolute immune infiltration between SCC and adenocarcinoma 
Adenocarcinoma tumours demonstrated significantly fewer CD45+ (p=0.004), CD200R+ (p= 

<0.0001) and CD56+ (p= <0.001) cells per mm2 than SCC tumours but contained significantly 

greater numbers of CD8+ cells (p= <0.0001; Figure 4.16). When it came to CD200 expression, 

CD200 expression negatively correlated with CD56+ cell infiltration in adenocarcinomas; this 

contrasts with SCC tumours, in which both Foxp3+ and CD56+ cells demonstrated a 

significant positive correlation with CD200 expression. Furthermore, when analysing the 

relationship between immune cell infiltration and patient characteristics, CD56+ cells in 

adenocarcinomas and CD8+ and CD200R+ cells in SCC tumours were associated with earlier 

tumour stage. In SCC tumours, Foxp3+ cells were also associated with earlier disease stage. 

The relationships between immune cell numbers were similar between SCC and 

adenocarcinoma, with CD45+ cells positively correlated with the presence of CD8+, Foxp3+ 

and CD56+ cells; in SCC tumours CD8+ cells were also positively associated with CD56+ 

cells, whilst in adenocarcinomas, CD8+ cells correlated with Foxp3+ infiltration. Taken 

together, this highlights the differences between immune infiltration in NSCLC and 

demonstrates that the immune cell response is subtype dependent. Furthermore, the 

reciprocal relationships between CD200 expression and CD56+ cell infiltration is interesting 

and may suggest that the possible effects CD200 expression has on the immune infiltrate may 

again be subtype dependent.  
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Figure 4.16 Differences in absolute immune cell numbers in adenocarcinoma and SCC tumours 
by IHC.  
Serial sections of 120 adenocarcinoma and 120 SCC tumours were stained for CD45 (all immune cells), 
CD200R, CD8 (CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the absolute number of 
positive cells per mm2. SCC tumours demonstrated significantly greater numbers of CD45+, CD200R+ 
and CD56+ cells and significantly fewer CD8+ cells than adenocarcinoma tumours. Significance was 
tested for using the Kruskal-Wallis test with Dunn’s multiple comparisons. P ≤ 0.001 (***) P ≤ 0.0001 
(****). 
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4.2.10 Characterising relative immune cell infiltration in adenocarcinoma and its 
associations with clinical parameters  
Having observed differences in absolute immune infiltration between SCC and 

adenocarcinoma tumours and demonstrated relationships between CD200 expression and 

absolute immune infiltrate in adenocarcinoma, the relative immune cell frequency was 

analysed. Again, immune cell frequency was determined as the percentage of CD45+ cells 

(Figure 4.17). CD200R+ cells comprised an average of 14.32% (range 0.17 – 90.62) of the 

immune infiltrate, with CD8+ cells comprising 36% (range 3.8 - 80), Foxp3+ cells comprising 

9.56% (range 1.744 - 46.5) and CD56+ cells an average of 1.4% (range 0.01 - 8). Again, CD8+ 

cells constituted significantly more of the immune infiltrate than Foxp3+ and CD56+ cells (p= 

<0.0001), with Foxp3+ immune proportions also significantly greater than that of CD56+ cells 

(p= <0.0001).  Similar to absolute immune cell infiltration, CD56+ cells were the only cell to 

demonstrate any significant association with patient characteristics or disease parameters 

(Table 4.7). High relative numbers of CD56+ cells were significantly associated with lower 

node stage (p= 0.0285), suggesting that tumours with high CD56+ cell infiltration may be less 

likely to metastasise.  
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Figure 4.167Relative immune cell infiltrate in adenocarcinoma patients by IHC. 
Serial sections of 120 NSCLC tumour samples were stained for CD45 (all immune cells), CD200R, CD8 
(CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) and relative immune cell frequencies were 
determined as the % of CD45+ cells. Adenocarcinoma tumour samples demonstrated significantly 
greater proportions of CD8+ cells and Foxp3+ cells than CD56+ cells, with CD8+ cell fractions also 
significantly greater than Foxp3+ cells.  Significance was tested for using the Kruskal-Wallis test with 
Dunn’s multiple comparisons. P ≤ 0.0001 (****).
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Table 4.7 Characteristics of adenocarcinoma patients according to high and low relative immune cell infiltration. Patients were split at the median 
value into high and low infiltration groups and the differences in patient characteristics between groups analysed by Chi squared or Fischer’s exact 
test. 

  CD45+ cells 

P value 

Relative CD8+ cells 

P value 

Relative Foxp3+ cells 

P value 

Relative CD56+ cells 

P value 

CD200R+ cells 

P value 

Characteristic Low High Low High Low High Low High Low High 

Sex 

Female 34 (59.6) 36 (62.1) 

0.8496 

29 (59.2) 30 (62.5) 

0.8359 

33 (60) 36 (65.5) 

0.6936 

30 (60) 32 (64) 

0.8369 

29 (59.2) 31 (63.3) 

0.8359 

Male 23 (40.4) 22 (37.9) 20 (40.8) 18 (37.5) 22 (40) 19 (34.5) 20 (40) 18 (36) 20 (40.8) 18 (36.7) 

Age 
Median 68 70 

0.9732 
66 73 

0.7753 
69 69 

0.9548 
72 66 

0.8243 
68 69 

0.8857 

Range 45 - 91 47 - 90 49 - 85 45 - 90 48 - 90 45 - 91 48 - 87 45 - 91 45 - 91 48 - 86 

Tumour 
stage 

T1 24 (42.1) 25 (43.1) 

0.5388 

22 (44.9) 16 (33.3) 

0.4508 

19 (34.5) 25 (45.5) 

0.2737 

17 (34) 22 (44) 

0.0567 

24 (49) 19 (38.8) 

0.4274 
T2 25 (48.9) 24 (41.4) 21 (42.9) 23 (47.9) 29 (52.7) 21 (38.2) 27 (54) 18 (36) 17 (32.70 24 (50) 

T3 7 (12.3) 5 (8.6) 3 (6.1) 7 (14.6) 3 (5.4) 7 (12.7) 6 (12) 5 (10) 5 (10.2) 5 (10.2) 

T4 1 (1.7) 4 (6.9) 3 (6.1) 3 (6.2) 3 (5.4) 2 (3.6) 0 (0) 5 (10) 3  (6.1) 1 (2) 

Node 
stage 

N0 25 (43.9) 32 (55.2) 

0.2570 

21 (42.9) 26 (54.2) 

0.6084 

23 (41.8) 30 (54.5) 

0.4602 

19 (38) 29 (58) 

0.0258 

24 (50) 20 (40.8) 

0.5062 N1 17 (29.8) 10 (17.2) 14 (28.6) 11 (22.9) 15 (27.3) 11 (20) 17 (34) 8 (16) 14 (28.6) 12 (24.5) 

N2 10 (17.5) 9 (15.5) 6 (12.2) 8 (16.7) 10 (18.2) 9 (16.4) 11 (22) 5 (10) 7 (14.3) 11 (22.4) 

Disease 
stage 

Stage I 21 (36.8) 25 (43.1) 

0.6792 

20 (40.8) 17 (35.4) 

0.6033 

18 (32.7) 25 (45.5) 

0.3822 

16 (32) 23 (46) 

0.3061 

22 (45.9) 13 (26.5) 

0.1052 Stage II 22 (28.6) 18 (31) 19 (38.8) 17 (35.4) 22 (40) 17 (30.9) 19 (38) 17 (34) 14 (28.6) 23 (47) 

Stage III 14 (24.6) 15 (25.9) 10 (20.4) 14 (29.2) 15 (27.3) 13 (23.6) 15 (30) 10 (20) 13 (26.5) 13 (26.5) 

Smoking 
status 

Ever 41 (70.7) 46 (82.1) 

0.1991 

36 (75) 33 (68.8) 

0.155 

42 (73.7) 38 (69.1) 

0.999 

39 (79.6) 31 (62) 

0.3322 

33 (67.3) 39 (79.6) 

0.301 

Never 8 (13.8) 3 (5.4) 2 (4.2) 7 (14.6) 6 (10.5) 5 (9.1) 4 (8.2) 7 (14) 6 (12.2) 3 (6.1) 
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4.2.10a Tumour CD200 expression and relative immune cell infiltration in 
adenocarcinoma 
After demonstrating significant correlations between tumour CD200 expression and the 

absolute number of infiltrating CD56+ cells, the relationship between CD200 H score and the 

relative composition of the immune infiltrate was assessed. As with absolute numbers, the 

relative frequency of CD8+ cells (r= -0.002214, p= 0.8629) and CD200R+ cells (r= -0.09425, 

p= 0.9262) demonstrated no correlation with CD200 tumour H score (Figure 4.18a-b). The 

proportion of infiltrating CD56+ cells were significantly negatively associated with CD200 

expression (r=-0.2191, p=0.0310; Figure 4.18c) and a significant positive association was also 

seen between the relative number of Foxp3+ cells and CD200 expression (r=0.2569, 

p=0.0076; Figure 4.18d). When patients were split into high and low CD200 expression based 

on the upper and lower quartiles, only Foxp3+ cell frequency was significantly different (p= 

0.012; Figure 4.18e). This was reflected in the spearman correlation analysis, with CD56+ cell 

frequency (r= -0.22, p= 0.031) and Foxp3+ cell frequency (r= 0.26, p=0.008) significantly 

correlated with tumour CD200 expression (Figure 4.18f). A positive correlation was again seen 

between the frequencies of CD8+ and Foxp3+ cells (r=0.39, p= <0.0001). A summary of the 

relative immune compositions of each adenocarcinoma tumour arranged by CD200 H score 

can be seen in Figure 4.19, which once again highlights the high interpatient variability in 

tumour immune cell composition.  
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Figure 4.18 Relative immune cell infiltrate in adenocarcinoma patients and its relationship with 
tumour CD200 H score. 
120 adenocarcinoma tumour samples were stained for CD200 and tumour CD200 expression semi-
quantified as a H-score. Subsequent serial sections of tumour samples were stained for CD45 (all 
immune cells), CD200R, CD8 (CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the 
relative number of positive cells (% of CD45+ cells) and the relationship between tumour CD200 H 
score and absolute (A) CD8+ (B) CD56+ (C) Foxp3+ and (D) CD2000R+ analysed. CD200 tumour 
expression positively correlated with relative frequencies of Foxp3+ cells and negatively correlated with 
CD56+ cell frequencies. (E) When patients were split into high and low CD200 expression groups by 
the median H score, high CD200 expression tumours demonstrated significantly greater Foxp3+ cell 
proportions. Significance was tested for using the Kruskal-Wallis test with Dunn’s multiple comparisons. 
(F) Spearman correlation matrix of CD200 expression and absolute immune cell numbers reveals 
further significant positive correlations between immune cells. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) 
P ≤ 0.0001 (****). 
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Figure 4.19 Relative frequencies (% of CD45+) cells of CD8+, Foxp3+, CD56+ and other CD45+ 
cells in adenocarcinoma patients by IHC. 
Serial sections of 120 adenocarcinoma patient tumours were stained for CD45, CD8, CD56 and Foxp3 
and the relative frequencies of each immune cell calculated (% of CD45+ cells). Sections were also 
stained for CD200, and patients were stratified from low to high CD200 expression based on the tumour 
CD200 H score.  
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4.2.10b Differences in relative immune composition between SCC and adenocarcinoma 
As with absolute immune infiltrates, adenocarcinomas demonstrated significantly smaller 

proportions of infiltrating Foxp3+ (p= <0.0001), CD56+ (p= <0.0001) and CD200R+ (p= 

<0.001) cells than SCC tumours (Figure 4.20). In contrast, adenocarcinoma tumour CD8+ 

immune cell proportions were over 6 times greater than that of SCC tumours (36% vs 5.8%, 

p=<0.0001). Unlike SCC tumours which demonstrated no relationship between CD200 

expression and relative immune cell frequencies, CD200 expression in adenocarcinomas 

demonstrated a positive relationship with the proportion of Foxp3+ (r= 0.2569) cells and a 

negative relationship with CD56+ cells (r= -0.2191). As with absolute numbers, the relative 

number of CD56+ cells demonstrated a relationship with disease stage in adenocarcinoma 

tumours. In SCC tumours, relative frequencies of CD200R+ cells again demonstrated a 

relationship with tumour stage. These differences in immune cell proportions once again 

demonstrate the effects tumour subtype have on the composition of the anti-tumour immune 

response, with CD200 expression potentially influencing the infiltration of CD56+ and Foxp3+ 

cells in adenocarcinoma, but not SCC tumours.  
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Figure 4.20 Differences in relative immune cell numbers in adenocarcinoma and SCC tumours 
by IHC.  
Serial sections of 120 adenocarcinoma and 120 SCC tumours were stained for CD45 (all immune cells), 
CD200R, CD8 (CD8 T cells), Foxp3 (Tregs) and CD56 (NK cells) to determine the relative number of 
positive immune cells (% of CD45+ cells). SCC tumours demonstrated significantly greater frequencies 
of Foxp3+, CD56+ and CD200R+ cells and significantly lower proportions of CD8+ cells than 
adenocarcinoma tumours. Significance was tested for using the Kruskal-Wallis test with Dunn’s multiple 
comparisons. P ≤ 0.0001 (****). 
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4.2.11 Prognostic significance of immune infiltrate in adenocarcinoma  
Having established relationships between CD200 expression and the absolute and relative 

infiltrate of Foxp3+and CD56+ cells, the prognostic significance of these cells was assessed 

in adenocarcinoma patients. Differences in OS between low and high infiltration groups and 

the hazard ratios for each immune cell were calculated using the log-rank test. No significant 

associations were observed between the infiltration of CD45+, CD8+, Foxp3+ or CD200R+ 

cells and OS in adenocarcinoma patients (Table 4.8) (Figure 4.21a-g). As with SCC patients, 

absolute, but not relative, high CD56+ cell numbers were significantly associated with better 

OS (HR 0.5798; 95% CI 0.3513-0.9567; p= 0.0352) (Figure 4.21h-i). Multivariate cox 

regression analysis of all significant prognostic factors from Tables 3.5 and 4.7 identified no 

independent prognostic factors, although not smoking almost reached significance (HR 0.26; 

95% CI 0.062-1.1; p= 0.066) (Figure 4.22).  
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Table 4.8 Univariate cox regression analysis of the associations between absolute and relative 
immune cell frequencies and patient overall survival in 120 adenocarcinoma patients.  

 

Overall survival 

Median 

survival 

(months) 

HR 

(95% CI) 
P value 

CD45+ cells 
LOW 74 1.253 

0.7701 – 2.038 
0.8232 

HIGH 49 

Absolute CD8+ 
cells 

LOW 58 0.9862 

0.5859 – 1.6 
0.8991 

HIGH 47 

Relative CD8+ 
cells 

LOW 58 1.172 

0.6872 – 1.997 
0.5595 

HIGH 56 

Absolute Foxp3+ 
cells 

LOW 126 1.437 

0.8766 – 2.350 
0.1443 

HIGH 52 

Relative Foxp3+ 
cells 

LOW 77 1.007 

0.6121 – 1.657 
0.9771 

HIGH 58 

Absolute CD56+ 
cells 

LOW 46 0.5798 

0.3513 – 0.9567 
0.0352 

HIGH Undefined 

Relative CD56+ 
cells 

LOW 53 0.6601 

0.3862 – 1.128 
0.1247 

HIGH Undefined 

Absolute CD200R+ 
cells 

LOW 77 1.41 

0.6819 – 1.909 
0.6150 

HIGH 59 

Relative CD200R+ 
cells 

LOW Undefined 1.457 

0.8585 - 2.472 
0.1640 

HIGH 57 
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Figure 4.21 Kaplan Meier curves for associations between absolute and relative immune cell 
frequencies and overall survival in 120 adenocarcinoma patients. 
Serial sections of adenocarcinoma tumours were stained for CD45, CD8, Foxp3 and CD56 and the 
absolute and relative (% of CD45+ cells) cell numbers analysed. Patients were then split into high and 
low groups based on the median value and associations with OS determined by univariate cox 
regression analysis. (A) CD45 (B) absolute CD8+ cells (C) relative CD8+ cells (D) absolute Foxp3+ 
cells (E) relative Foxp3+ cells (F) Absolute CD200R+ cells (G) relative CD200R+ cells (H) absolute 
CD56+ cells (I) relative CD56+ cell infiltration. Only high absolute CD56+ cell number was a predictor 
of better OS. OS was determined as the time from diagnosis to death; deaths unrelated to cancer were 
censored. OS, overall survival. P ≤ 0.05 (*). 
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Figure 4.22 Multivariate Cox regression analysis of prognostic factors for overall survival in 120 

adenocarcinoma patients.  
All prognostic factors identified by univariate Cox regression analysis in Table3.5 and 4.7 with a p ≤ 
0.05 were analysed together by multivariate Cox regression analysis to identify any independent 
prognostic factors in adenocarcinoma patients. No factors reached independent prognostic 
significance. OS was determined as the time from diagnosis to death; deaths unrelated to cancer were 
censored.  CI, confidence interval; HR, hazard ratio; OS, overall survival.  
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4.3 Discussion 
In recent years the role of the immune system in cancer development and progression has 

been increasingly recognised. Immune cells have been shown to have dual roles in 

tumorigenesis, both suppressing tumour growth through anti-tumour immune responses and 

promoting tumour growth through the supply of survival factors and the suppression of other 

immune cells. This potential of the immune system to functionally contribute to both tumour 

promotion and elimination and its observed significant modulation through immunotherapies 

supports that the immune system can be a significant determinant on patient survival and 

disease progression in NSCLC. The role of infiltrating immune cells is complex, with the 

prognostic value of immune cells in NSCLC generating variable and conflicting results; 

therefore, the first aim of this chapter was to use a combination of bulk RNA-seq and IHC to 

define the composition of infiltrating immune cells within SCC and adenocarcinoma tumours 

and determine their prognostic significance. Having identified CD200 expression in NSCLC 

tumours, the relationship between CD200 expression and immune cell infiltration was then 

explored in order to determine whether tumour CD200 expression is associated with changes 

in the tumour immune response.  

 

4.3.1 Combined bioinformatic and IHC analysis of the immune infiltrate and its 
prognostic significance in normal lung and NSCLC 
Immune cell infiltration is a common feature of many solid human cancers, and it has been 

demonstrated that NSCLC tumours elicit a robust immune response, with a 3-fold increase in 

the number of CD45+ cells compared to distal normal lung (Kargl et al. 2017). Hence, to begin 

to elucidate the immune response in NSCLC, CIBEROSRT analysis was performed on bulk 

RNA-seq data from normal and matched tumour tissue to determine the differences in the 

composition of 22 immune cells upon malignant transformation. The CIBERSORT method 

was chosen as it allowed for the deconvolution of the immune infiltrate of 1019 NSCLC 

patients from publicly available bulk RNA-seq data. Both SCC and adenocarcinoma tumours 

saw a significant increase in the frequencies of M1 macrophages, Tregs, TFH cells and 

plasma cells. Furthermore, SCC tumours demonstrated an increase in M0 macrophage cell 

proportions whilst adenocarcinoma tumours contained greater frequencies of naïve B cells. 

Greater proportions of cytotoxic M1 macrophages, plasma cells and TFH cells suggest an 

active immune response is occurring. The presence of Tregs, cells which are induced upon 

immune activation, and which can suppress the immune system and maintain tolerance to 

self-antigens and tumours, further supports the presence of an active immune response within 

the NSCLC TME. Moreover, both adenocarcinoma and SCC tumours saw a significant 

reduction in resting NK, resting mast cells and memory resting CD4 T cells. Taken together, 

these changes in immune cell composition between normal distal lung samples and tumour 
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demonstrate that the tumour immune infiltrate is different from that of normal lung, suggesting 

the presence of an anti-tumour immune response. 

 

As with other solid tumour malignancies, NSCLC is a heterogenous disease comprised of 

unique histologic subtypes that possess distinct molecular signatures; just as the anatomical 

location and mutational status of NSCLC tumours differ, as does the composition of infiltrating 

immune cells and their function within the TME. Further to identifying changes in immune 

infiltrate between normal lung and tumour tissue, differences between SCC and 

adenocarcinoma tumours were analysed to explore heterogeneity in the immune responses. 

Adenocarcinoma tumours demonstrated significantly greater infiltration of resting mast cells 

and DCs, M2 macrophages, Tregs, and memory resting CD4 T cells and significantly fewer 

M0 and M1 macrophages, resting NK cells, and TFH cells than SCC tumours.  An increase in 

cells known to suppress anti-tumour immune responses (M2 macrophages and Tregs) 

combined with a decrease in activated innate immune cells and activated M1 macrophages 

suggests that the adenocarcinoma TME possesses a greater number of cells which have 

known immunosuppressive and pro-tumorigenic effects.  

 

The presence of tumour-infiltrating lymphocytes, composed mainly of CD8+ T cells, are 

significantly associated with better survival outcomes in NSCLC, with the density of CD8+ 

cells in the stroma an independent prognostic factor associated with improved survival and 

decreased tumour size and grade (Ruffini et al. 2009). Several studies have demonstrated 

that high levels of infiltrating CD8+ T cells, CD4+ T cells and T cells with cytotoxic memory or 

Th1 profile are consistent positive prognostic factors (Bremnes et al. 2016). However, in this 

study using the PRECOG software in combination with CIBERSORT to deconvolute the 

contribution of each infiltrating immune cell to overall survival using univariate cox regression, 

only MR CD4 T cells were identified as significant predictors of better survival in 

adenocarcinoma, with MA CD4 T cells identified as a predictor of worse survival in 

adenocarcinoma and CD8 T cells failing to reach prognostic significance in either tumour type. 

Moreover, the identification of memory B cells as the only cell significantly associated with 

poor prognosis in SCC is in direct contradiction to the literature in which B cell infiltration is 

consistently associated with favourable outcomes in NSCLC (Soo et al. 2018; Wang et al. 

2019). The PRECOG programme further identified resting mast cells as significant predictors 

of better survival and neutrophils, M2 macrophages, activated DCs and M0 and M1 

macrophages as predictors of worse survival in adenocarcinoma. Neutrophils and M2 

macrophages have been shown to possess pro-tumorigenic effects in the TME and have been 

linked to worse prognosis in several solid tumours. In contrast, activated DCs, MA CD4 T cells 

and M1 macrophages are all active anti-tumour effector cells whose presence is normally 
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associated with active antigen presentation and tumour-specific immune responses, with M1 

macrophages associated with improved survival in a meta-analysis in NSCLC (Soo et al. 

2018). Increased NK cell infiltration has also been associated with better prognosis and 

increased OS in NSCLC but in this data, resting NK cells were associated with adverse 

outcomes and activated cells had conflicting roles between tumour subtypes (Platonova et al. 

2011). Furthermore, Tregs have been consistently associated with poor OS in NSCLC patients 

owing to their pro-tumorigenic role in maintaining tumour tolerance and decreasing the 

intensity of the anti-tumour response yet in this data set, PRECOG identified a trend towards 

favourable outcomes for Tregs (Remark et al. 2015). These conflicting results suggest that 

the PRECOG software may not be an accurate and robust predictor of prognostic significance 

in this patient cohort. 

 

Based on this initial bioinformatics analysis and the literature, three immune cells of interest 

were selected for further study in our NSCLC patient cohort to begin to elucidate whether 

tumour CD200 expression has any effect on the absolute and relative frequencies of infiltrating 

CD8+ cells, Foxp3+ (Tregs) cells and CD56+ (NK) cells using IHC. The use of IHC allows the 

stratification of patients based on their tumour CD200 expression alone unlike with bulk RNA-

seq data in which all CD200 within the TME is measured. Furthermore, IHC of immune cell 

markers allows further analysis into the location and pattern of immune cell infiltration. SCC 

tumours demonstrated an immune infiltrate comprising an average of 15.1% CD8+ cells, 

5.99% Foxp3+ cells and 5.1% CD56+ cells. These values were all greater than those seen 

with CIBERSORT, with CD8+ T cells comprising an average of 5.3% of infiltrating immune 

cells, Treg cells an average of 2.6% and active and resting NK cells an average of 2.29%. 

Adenocarcinoma tumour immune infiltrate differed greatly from that of SCC tumours, 

comprised of an average of 36% CD8+ cells, 9.5% Foxp3+ cells and 1.4% CD56+ cells, with 

significantly greater CD8+ cells and fewer numbers and proportions of CD45+, CD56+ and 

Foxp3+ cells, thus again highlighting the differences in immune infiltrate between NSCLC 

subtypes. Similar to in SCC, the values for CD8+ and Foxp3+ cells were much greater than 

those observed with CIBERSORT analysis in which CD8 T cells constituted 5.46% and Tregs 

3.4%.  

 

This increase seen through IHC compared to bioinformatics may be down to the use of a 

single stain to identify each respective immune cell rather than the 68, 64 and 116 genes used 

to classify CD8+ T cells, Tregs and NK cells, respectively (Supplementary Table S1). One 

drawback of using single stain IHC to identify the presence of immune cells within the samples 

is that specific immune cell subsets cannot be fully identified by one marker alone, with smaller 

subsets of immune cells also expressing each of the three markers used in this chapter. CD8, 



 4. NSCLC immune composition and CD200  

 215 

used to identify CD3+CD8+ T cells, is also expressed by a subset of Cd3-CD8+ NK cells; 

Foxp3, used to identify Tregs, is also expressed by CD4+ T cells which do not possess 

immunosuppressive properties and by some immunosuppressive CD8+ T cell subsets, and 

CD56, used to identify NK cells, is also expressed by subsets of DCs, monocytes, GDT and 

αβ T cells which possess strong effector functions and efficient cytotoxic capacity (Devaud et 

al. 2014; Van Acker et al. 2017; Rosenberg and Huang 2018). This non-specific staining of 

other immune cells may have led to an overestimation of the presence of these cells when 

compared to the large number of genes used to classify CD8+ T cells, Tregs and NK cells, in 

CIBERSORT. However, the phenotypes of these subsets, except for some CD4+Foxp3+ cells, 

are consistent with the target cells of interest suggesting they play similar roles within the TME. 

Furthermore, these observed fractions by IHC were consistent and within the ranges observed 

from flow cytometry studies in the literature.  

 

Analysis of patient clinical characteristics and survival revealed that in SCC patients, high 

absolute numbers of CD8+ cells and Foxp3+ cells were associated with lower tumour stage 

and disease stage, respectively. Furthermore, the number of CD45+ cells, absolute and 

relative CD8+ cells and absolute CD56+ cells were all significant predictors of overall survival 

in this patient cohort. These findings are in line with the literature; high infiltration of CD45+ 

immune cells are indicative of an active immune response occurring within the TME, with 

patients demonstrating high immune infiltrate having a better prognosis. Furthermore, the 

presence of cytotoxic CD8+ and CD56+ cells, which are known to have roles in anti-tumour 

immune responses, are also associated with longer OS. This suggests that patients with high 

immune infiltrate, particularly those high in cytotoxic cells, have a more active anti-tumour 

immune response and therefore demonstrate longer OS.  In adenocarcinoma patients, only 

CD56+ cells demonstrated any associations with patient characteristics, with increased 

absolute and relative CD56+ infiltration significantly associated with earlier disease stage and 

decreased lymph node involvement, respectively and high absolute CD56+ infiltration a 

predictor of better OS. In both SCC and adenocarcinoma tumours, high absolute CD56+ cell 

number was a predictor of longer survival, suggesting that NK cells may play a vital role in the 

anti-tumour immune response.  

 

 

4.3.2 Combined bioinformatic and IHC analysis of CD200 expression and the immune 
infiltrate in NSCLC 
To perform its immunoregulatory role, CD200 must bind with CD200R on interacting immune 

cells; therefore, to determine whether cells in the NSCLC TME expressed CD200R and to 

what extent, single cell RNA-seq data from two NSCLC studies was analysed in BBrowser. In 
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the first dataset, CD200R expression was seen on all immune cells expect monocyte-derived 

DCs and granulocytes. In general, the proportion of immune cells that were positive for 

CD200R was low, ranging from 0.114 - 9.52 %, with macrophages and Langerhans cells 

demonstrating the greatest proportion of CD200R+ cells, consistent with the key role CD200 

signalling plays in controlling macrophage activity. Despite this, of the CD200R+ cells, CD4+ 

and CD8+ T cells demonstrated the greatest levels of CD200R expression; therefore, to 

further explore CD200R expression on T cells, a single cell dataset looking at T cell subtypes 

in NSCLC was analysed. Again, the proportion of CD200R+ cells was low, ranging from 7.3-

35.1%, but was greater than that seen with the other dataset. Interestingly, CD200R 

expression significantly varied across T cell phenotypes, with both CD4+ and CD8+ T cells 

demonstrating significant increases in CD200R expression from naïve to memory to 

exhausted phenotypes, suggesting that as T cells mature their CD200R expression increases. 

Although a direct effect of CD200 signalling on T cells has not yet been demonstrated, the 

changes in CD200R expression suggest that CD200 signalling may be a direct regulator of T 

cell function.  

 

To determine the effects of tumour CD200 expression on the infiltrating immune response and 

to confirm that CD200 can directly signal to interacting immune cells, the absolute and relative 

number of CD200R+ cells in our patient cohort were determined. CD200R expression is 

limited to immune cells therefore, it was assumed that all CD200R+ cells were also CD45+. 

SCC immune infiltrate possessed an average of 23.37% CD200R+ cells, whilst 

adenocarcinoma infiltrate was comprised of 14.25% CD200R+ cells, a significant reduction. 

This is within the ranges of CD200R positivity demonstrated in the T cell single cell dataset 

but is slightly greater than that of the other dataset exploring other immune cell subtypes.  

CD200 expression did not show any correlations with absolute or relative CD200R+ 

frequencies in adenocarcinoma or SCC tumours, but interestingly high absolute and relative 

CD200R+ cell numbers were associated with decreased tumour stage in SCC. As an immune 

checkpoint, CD200R expression has been shown to be concurrently overexpressed with PD-

1, CTLA-4, and TIM-3 on tumour-infiltrating T cells in the NSCLC TME (Su et al. 2020), 

therefore it would be of interest to analyse the proportions of CD200R+ cells within normal 

lung samples and matched tumour tissue to determine whether CD200R expression is 

increased within the TME. Moreover, the use of additional immune cell markers to allow the 

identification of which immune cell types expressed CD200R would have been beneficial 

however, as discussed in the previous chapter, the presence of autofluorescence limited the 

use of multi-label immunofluorescence.  
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Having successfully used deconvolution methods to assess the presence of 22 different 

infiltrating immune cells in normal lung and NSCLC tumour tissue bulk RNA-seq data and 

identified that infiltrating immune cells within the NSCLC TME express CD200R, the 

relationship between CD200 expression and immune composition was explored. CD200 

expression has been linked to a significant increase in the frequency of Tregs and a decrease 

in NK cells and active memory T cells in haematological malignancies (Coles et al. 2011; 

Coles et al. 2012a; Coles et al. 2012b; Aref et al. 2017). In agreement with this, CD200 

expression was significantly positively associated with Treg infiltration in SCC tumours. 

Furthermore, adenocarcinoma tumours demonstrated a significant negative correlation 

between CD200 expression and activated NK cells. In SCC tumours, high CD200 expression 

was associated with an increase in Tregs and a decrease in CD4 and CD8+ T cells; this 

increase in Tregs combined with a reduction in effector T cells suggests that TMEs with high 

CD200 expression may be more immunosuppressive. Adenocarcinoma tumours 

demonstrated a positive association between CD200 expression and the infiltration of 

macrophages, MA CD4 cells and memory B cells along with a negative association with 

activated DCs and activated NK cells. This decrease in activated DCs and activated NK cells 

suggests a reduction in antigen presentation and cytotoxic anti-tumour activity, yet the 

increase in anti-tumour memory T and B cells and M1 macrophages indicates the presence 

of an active anti-tumour immune response. These differences in immune cell associations with 

CD200 between tumour subtypes suggest that the effects of CD200 signalling in the TME may 

be tumour type dependent. However, it should be noted that this CIBERSORT analysis is 

performed on bulk RNA-seq data therefore, the CD200 expression values are derived from 

the whole tumour and surrounding stroma. As seen in the previous chapter, CD200 is also 

expressed on vascular endothelium, surrounding alveolar cells and infiltrating immune cells, 

hence in order to determine the associations between tumour CD200 expression and immune 

cell infiltration, IHC analysis of our patient cohort was performed.  

 

Upon analysis of the relationship between tumour CD200 expression and immune 

composition in SCC tumours, the absolute number of CD56+ cells and Foxp3+ cells were 

positively correlated with tumour CD200 expression. Increased absolute Foxp3+ cells were 

associated with lower disease stage whilst high absolute CD56+ cell numbers were a 

significant indicator of better OS in these patients. This suggests that in SCC, tumours with 

increased CD200 expression are associated with increased infiltrate of cells which have a 

positive impact on patient outcomes. This is in line with the data from the previous chapter in 

which tumour CD200 expression was associated with better OS, although this did not reach 

significance. In contrast, in adenocarcinoma, CD200 expression demonstrated a negative 

correlation with both the absolute and relative levels of CD56+ cell infiltration. Increased 
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absolute and relative CD56+ infiltration were significantly associated with earlier disease stage 

and decreased lymph node involvement, respectively and are predictors of better OS in these 

patients. Furthermore, tumour CD200 expression was also positively associated with 

increased Foxp3+ cell infiltration. Although Foxp3+ cell infiltration was not associated with any 

clinical parameter in this adenocarcinoma cohort, increased Treg cell infiltration is associated 

with an immunosuppressive TME and worse patient outcomes in NSCLC (Soo et al. 2018). 

Taken together, this suggests that in adenocarcinoma tumours with increased CD200 

expression there is an increase in Tregs, cells which are known to possess 

immunosuppressive properties, and a decrease in NK cells, cells which have been associated 

with earlier disease stage and better prognosis, suggesting that tumour CD200 expression 

could be negatively impacting the anti-tumour immune response. 

 

4.3.3 Conclusions  
In this chapter, using a combination of bioinformatics analysis on large RNA-seq patient 

cohorts, single cell sequencing of the NSCLC immune infiltrate and IHC staining of 240 

NSCLC patient tumour samples, the composition of the NSCLC immune response and the 

potential effects CD200 expression has on infiltrating immune cell composition were explored. 

All bioinformatic approaches used, with the exception of PRECOG analysis of immune cell 

prognostic significance, were accurate and robust, with immune cell compositions in line with 

the literature. Furthermore, single-cell analysis of CD200R expression on T cells within the 

NSCLC TME demonstrated a significant increase in CD200R expression from naïve to 

memory to exhausted T cells, suggesting a direct role for CD200 in controlling T cell function. 

Furthermore, CD200 expression appears to influence the immune infiltrate in NSCLC but its 

effects on the immune response appear to be tumour subtype dependent. Consistently, in 

either bioinformatics or IHC analysis, CD200 expression was associated with an increase in 

Tregs in both SCC and adenocarcinoma and a decrease in NK cells in adenocarcinoma. 

Commonly in the literature Tregs are associated with worse OS and are indicative of an 

immunosuppressive TME. However, in this SCC patient cohort increased absolute Foxp3+ 

cells were associated with earlier disease stage. This, in combination with a positive 

association between tumour CD200 expression and absolute CD56+ cell infiltrate, cells which 

were predictors of better survival in SCC patients, suggests that increased CD200 expression 

in SCC tumours may be of benefit to the patient as although CD200 expression itself was not 

significantly associated with OS in this patient cohort, its expression was significantly 

associated with an increase in cells which possess good prognostic power. In contrast, CD200 

expression in adenocarcinoma was associated with an increase in Tregs and a decrease in 

NK cells, suggesting tumours with high CD200 expression have an immune infiltrate 
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associated with poorer prognosis, suggesting that blocking CD200 signalling may be of benefit 

to adenocarcinoma patients.  

 

High absolute numbers of NK cells were associated with better survival in both 

adenocarcinoma and SCC patients. In our SCC cohort, CD200 expression positively 

correlated with absolute NK cell numbers, whilst, using the combined bioinformatics and IHC 

approach, both absolute and relative NK cell numbers demonstrated a negative relationship 

with CD200 expression in adenocarcinoma. This suggests that CD200 expression may be 

having a direct effect on interacting NK cells within the NSCLC TME. Therefore, the next aims 

of this project were to begin investigating the effects of tumour CD200 expression on 

interacting NK cells in vitro.  
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5. Characterising the effects of tumour CD200 expression on interacting NK 
cells 
5.1 Introduction 
Absolute and relative frequencies of NK cells were correlated with tumour CD200 expression 

in our patient cohort. Therefore, the effect of tumour CD200 expression on NK cell function 

was explored in vitro to determine whether CD200 expression has an effect on interacting NK 

cells. Targeting immune checkpoints, a source of immune escape for a number of cancers, is 

becoming an important method of treatment for NSCLC patients. In PD-1 blockade, the re-

invigoration of T cells responses has been widely recognised as the primary mediator of the 

anti-tumour immune response (Khan et al. 2020). However, NK cells are becoming a newly 

emerging target, with the observation of strong clinical responses in tumours with low 

expression of MHC class I molecules and low mutational burden suggesting that NK cells are 

a major subpopulation responsible for the therapeutic effects of PD-1 blockade (Cho et al. 

2020). The importance of NK cells in immune checkpoint inhibition is further highlighted by the 

observation that several immune checkpoints including CTLA-4, PD-1 and CD200 all cause 

NK cell phenotypic and cytotoxic dysfunction within the TME of various cancers. In NSCLC, 

NK cells within the TME are dysfunctional and have an impaired ability to kill tumour cells 

(Carrega et al. 2008a; Platonova et al. 2011).  

 

NK cells are rapidly activated against abnormal and virus-infected cells without prior 

sensitisation and are therefore part of the first line of defence to protect the body from 

pathogen invasion and malignant transformation. The activation of these highly cytotoxic 

innate lymphoid cells is tightly regulated by a complex network of cytokines and a diverse 

repertoire of activating and inhibitory receptors. Upon activation, NK cells exocytose cytotoxic 

granules containing perforin and granzymes which perforate target cells. In addition, they 

produce a number of cytokines and chemokines which interact with and regulate various other 

immune cells (Waldhauer and Steinle 2008). NK cells may directly eradicate tumours by 

means of cytolysis and cytokine secretion but may also indirectly contribute to tumour control 

through the production of immunoregulatory cytokines and chemokines which aid in the 

initiation of inflammatory immune responses and recruitment of other immune cells to the TME 

(Sabry et al. 2019). The importance of NK cells in the eradication of tumours has been 

supported by several in vivo studies which demonstrate that mice which are deficient in NK 

cells or NK cell function present with greater tumour growth and metastasis (Kim et al. 2000; 

Smyth et al. 2005). Furthermore, the frequencies of spontaneous and chemically induced 

tumours are significantly higher in mice deficient in key NK cell effector molecules or their 

respective receptors (Shankaran et al. 2001).  
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During the early stages of lung cancer, at least in KRAS-driven tumours in mice, NK cells are 

critical in the anti-tumour immune response, with mice lacking NK cells demonstrating a 

significantly greater lung tumour burden. During the later stages of lung cancer development, 

NK cells within the TME became dysfunctional and demonstrate diminished cytotoxicity, 

decreased responsiveness, and impaired viability (Cong et al. 2018). In NSCLC patients, NK 

cells are present within the TME where they demonstrate a unique phenotype that is not 

detected in distal normal lung or in peripheral blood. In one study, the percentage of NK cells 

was significantly reduced compared to peripheral blood, with the CD56brightCD16- NK cell 

subset dominating. CD56brightCD16- NK cells are a minor subset in the blood which express 

low levels of perforin but secrete large amounts of IFN-γ and TNF upon activation. 

Furthermore, these cells expressed inhibitory KIRs, which are normally absent from this 

subset and are mainly expressed by CD56dimCD16+ NK cells, the dominant subset found in 

peripheral blood. However, despite the tumour-infiltrating NK cells demonstrating significant 

increases in the activating receptor NKp44 and activation markers CD69 and HLA-DR, these 

cells demonstrated impaired cytolytic and cytotoxic activity in vitro (Carrega et al. 2008a). 

Further phenotypic analysis of intra-tumoral NK cells revealed a reduction in the expression 

of the activating receptors NKp30, NKp80, CD16, NKG2D and DNAM-1 and an increase in 

CD69 and NKp44, receptors which are barely detectable on peripheral NK cells. Again, these 

cells demonstrated a limited capacity to degranulate and secrete IFN-γ when co-cultured with 

autologous tumour cells, suggesting that the NSCLC TME alters the phenotype and causes 

dysfunction of infiltrating NK cells (Platonova et al. 2011).  

 

NK cells analyse the expression of both activating and inhibitory ligands on target cells through 

activating and inhibitory receptors and integrate these signals to generate an appropriate 

response. Alongside the classical MHC class I-associated inhibitory receptors, NK cells also 

express several immune checkpoints including CTLA-4, PD-1 and CD200R; the exploitation 

of which results in tumour cells being able to evade immune attack. In line with this, CD200 

expression in AML patients has been demonstrated to have a direct effect on interacting NK 

cells. In CD200 high patients the CD56dimCD16+ subset, which is the dominant cytolytic 

subpopulation, was reduced by 50% compared to CD200 low patients. Moreover, the 

expression of activating receptors was significantly lower in CD200 high patients, with a ~50% 

decrease in NKp44 and NKp46 in the CD56dimCD16+ subset. Like NK cells in NSCLC, these 

NK cells demonstrated significantly reduced cytotoxic and cytolytic activity in vitro. The 

addition of CD200 blocking antibody restored NK cell activity, suggesting that CD200 directly 

regulates NK cell function in AML (Coles et al. 2011).  
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The involvement of CD200 expression in the alterations in NK cell subpopulation frequency 

together with the reduction in cytotoxic and cytolytic function in AML, a phenotype also 

demonstrated in NSCLC, suggest that CD200 within the NSCLC TME may be involved in NK 

cell dysfunction. Therefore, using an in vitro co-culture model comprised of established lung 

cancer cells and the CD200R+ NK cell line NK-92MI, the effect of lung tumour CD200 

expression on the cytotoxicity and degranulation of interacting NK cells was investigated in 

this chapter.  

 

5.1.1 Hypothesis and aims 
CD200 expression by NSCLC tumour cells is responsible for diminishing NK cell cytotoxic 

activity and alters the NK activating repertoire of interacting NK cells, thus enabling CD200+ 

tumour cells to evade NK cell attack. Blocking of CD200 signalling may restore NK cell anti-

tumour function. 

 

Aims: 

6. Determine the effects of tumour CD200 expression on NK cell cytotoxic and cytolytic 

activity and investigate whether blockade of CD200 signalling using an anti-CD200 

antibody is sufficient to restore anti-tumour immunity in vitro 

 

Objectives: 

1. Generate an in vitro CD200R+ NK: CD200+/- tumour co-culture model  

2. Determine the effects of CD200 signalling on the cytotoxic ability of interacting NK cells  

3. Determine the effects of CD200 signalling on the cytolytic ability of interacting NK cells 

4. Define the effects of CD200 signalling on NK cell receptor expression 

5. Determine whether blocking CD200 signalling can reverse these effects 
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5.2 Results 
5.2.1 Generating an in vitro CD200R+ NK: tumour cell co-culture model 
To investigate the effects of tumour CD200 expression on interacting NK cells, an in vitro 

model utilising the immortalised NK cell line NK-92MI and CD200-transduced HeLa cells was 

generated. NK-92MI are a CD56bright IL-2-independent NK cell line derived from NK-92 cells 

that can kill tumour cells without prior sensitisation. NK-92MI cells lack almost all inhibitory 

receptors but express a series of activating receptors and are abundant in perforin and 

granzyme, resulting in cells which exhibit a high degree of cytotoxic activity (Tam et al. 1999). 

Therefore, the first aim was to determine whether NK-92MI cells expressed CD200R and to 

what extent. NK-92MI cells were stained with fluorescence-conjugated CD56 and CD200R 

antibodies and cell surface receptor expression analysed by flow cytometry (Figure 5.1). Cells 

were first gated on forward scatter (FSC) and side scatter (SSC) to identify the NK cell 

population before being gated on FSC area and FSC height to eliminate any doublets or 

clumped cells (Figure 5.1a,b). DAPI was added prior to analysis to eliminate dead cells and 

CD56+ and CD200R+ gates were set based on background fluorescence levels identified with 

fluorescence-matched isotype controls (Figure 5.1c,d). NK-92MI cells were 100% CD56+, with 

91.275% positive for CD200R (n=3; Figure 5.1e).  

 

Having determined that NK-92MI cells expressed CD200R, the next aim was to generate 

tumour cell lines that expressed CD200 as a proof-of-concept prior to analysis with lung cancer 

cell lines. The CD200 negative HeLa cervical adenocarcinoma cell line was stably transduced 

either with a retrovirus co-expressing green fluorescent protein (GFP) under an internal 

cytomegalovirus promoter (T2; HeLa CD200-) or with the same retrovirus also containing 

CD200 DNA (T4; HeLa CD200+). After infection, cells were left to grow until they were 90% 

confluent in a T75 flask before being sorted for GFP+ cells by fluorescence-activated cell 

sorting (Figure 5.2a,b). T2 and T4 cells were gated on FSC and SSC to eliminate debris before 

gating on FSC height and FSC area to gate for single cells. Dead cells were stained with DAPI 

and gated out, with successfully transduced cells identified by GFP positivity.  To confirm 

CD200 expression, T2 and T4 cells were stained for CD200 with a fluorescence-conjugated 

antibody and cell surface ligand expression analysed by flow cytometry (n= 4; Figure 5.2c). 

Successful stable transduction was confirmed, with T2 cells demonstrating an average of 

0.77% CD200 positivity, with 82.74% of T4 cells positive for CD200.  
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Fig 5.1 Analysis of CD200R expression on NK-92MI cells. 
NK-92MI cells are a CD56bright immortalised NK cell line which exhibit a high degree of cytotoxicity to a 
range of tumour cells in vitro without prior sensitisation. NK-92MI cells were stained with fluorescent 
CD56 and CD200R antibodies for analysis of cell surface receptor expression by flow cytometry (n= 3). 
Cells were gated on (A) FSC-A and SSC-A to eliminate debris before gating on (B) FSC-H and FSC-A 
to identify single cells. (C) Dead cells were identified through staining with DAPI before (D) CD56+ and 
CD200R+ gates set based on background fluorescence levels identified using isotype controls; an 
average of 91.275% of cells were positive for CD200R. (E) Histograms of Alexa-Fluor 647 positivity for 
NK-92MI cells stained with isotype control (red) and CD200R (blue and green) antibodies. Positive cell 
numbers presented as % ± standard deviation (SD). 
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Fig 5.2 Stable retroviral transduction of HeLa cells with either GFP alone or CD200 and 
GFP. 
HeLa cells were transduced with either a retrovirus co-expressing GFP from an internal cytomegaloviral 
promoter or the same retrovirus containing cDNA for CD200. (A) T2 cells transduced with the GFP 
alone virus were analysed by FACS to select for the GFP positive population. Briefly, cells were gated 
to eliminate debris, then to eliminate doublets and cell clumps before dead cells being gated out through 
staining with DAPI. GFP (FITC-A) positive cells were selected. (B) T4 cells transduced with the GFP 
CD200 virus were selected for GFP positive cells. (C) CD200 positivity was confirmed in the T4 cell line 
and no CD200 was seen in the T2 cell line by flow cytometry (n= 3). Positive cell numbers presented 
as % ± SD.  

Virus structure? 

FS
C

-A
 

CD200 

T2 T4 

N
or

m
al

is
ed

 to
 m

od
e 

CD200 
T2 Isotype T4 

BD FACSDiva 8.0.1

Global Sheet1 Printed on: Fri Dec 10, 2021 02:36:11 GMT

BD FACSDiva 8.0.1

Global Sheet1 Printed on: Fri Dec 10, 2021 02:36:11 GMT

BD FACSDiva 8.0.1

Global Sheet1 Printed on: Fri Dec 10, 2021 02:36:20 GMT

BD FACSDiva 8.0.1

Global Sheet1 Printed on: Fri Dec 10, 2021 02:36:20 GMT

A. 

B. 

C. 
0.77% ± 0.24 82.73% ± 6.75 



 5. CD200 and NK cells 

 227 

5.2.2 HeLa CD200 expression confers resistance to killing by CD200R+ NK cells  
NK cells are poised and ready to immediately respond to and attack malignant or infected 

cells without prior sensitisation. Upon recognition of a target cell, NK cells facilitates NK-

induced target cell death through two critical effector mechanisms: direct lysis of cells through 

degranulation of lytic molecules into the cell and target cell death receptor ligation (Abel et al. 

2018). To assess the effect of tumour CD200 expression on NK cell cytotoxicity, HeLa cells 

were co-cultured with NK-92MI cells at increasing effector:target ratios for 4 hours and the 

viability of the HeLa cells determined by CellTiter-Glo, with the tumour cell death calculated 

relative to untreated cells (n= 4; Figure 5.3). As expected, with increasing NK:HeLa ratios, the 

percentage of tumour cell death increased, with HeLa cell death at 10:1 almost 4-fold that of 

HeLas co-cultured at a 0.5:1 ratio. CD200- cells also demonstrated significantly greater cell 

death than CD200+ cells at, 2:1 (p= 0.008), 5:1 (p= 0.0011) and 10:1 (p< 0.0001) ratios, 

suggesting that tumour CD200 expression reduces the ability of CD200R+ NK cells to kill the 

cells.  
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Fig 5.3 HeLa CD200 expression confers protection against CD200R+ NK cell 
cytotoxicity. 
CD200+ and CD200- HeLa cells were co-cultured with CD200R+ NK cells at increasing NK:target ratios 
for 4 hours prior to assessing HeLa cell viability with CellTiter-Glo (n= 4). Untreated HeLa cells served 
as control, with tumour cell death calculated relative to untreated cells. With increasing NK;HeLa ratios, 
tumour cell death increased. CD200- HeLa cells demonstrated significantly more tumour cell death at 
all but one ratio, suggesting CD200 confers protection against CD200R+ NK-mediated cell death. 
Significance was tested for using a one-way ANOVA with Tukey’s multiple comparisons. P ≤ 0.01 (**) 
P ≤ 0.001 (***) P ≤ 0.0001 (****). 
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5.2.3 Characterising CD200 expression in NSCLC cell lines 
Having demonstrated that tumour CD200 expression on HeLa cells could confer immune 

resistance against the cytotoxic effects of CD200R+ NK cells in vitro, the next aim was to 

define CD200 expression in NSCLC cell lines to determine whether this could also be relevant 

in NSCLC. CD200 expression in 6 NSCLC tumour and 3 normal pulmonary tissue cell lines 

was determined by qRT-PCR, western blot, and flow cytometry. A summary of the cell lines 

used can be seen in Figure 5.4a. A549 adenocarcinoma cells are part of the NCI-60 panel of 

60 cell lines used by the National Cancer Institute for the screening of novel cancer therapies 

and are a common model used in NSCLC research (Shoemaker 2006). A549 cells harbour 

an activating mutation in RAS but are in turn wild type for other common mutations in 

adenocarcinomas; in contrast, H838 cells harbour mutations in both TP53 and KEAP1 

(Korrodi-Gregório et al. 2016; Rouillard et al. 2016). H596 cells are derived from an 

adenosquamous tumour which demonstrated characteristics of both an adenocarcinoma and 

SCC tumour upon diagnosis; they harbour a mutation in TP53, a mutation which is seen at 

high levels in both NSCLC subtypes (Rouillard et al. 2016). The SCC cell line H226 is also 

part of the NCI-60 panel and carries a mutation in CDKN2A, whilst SK-MES-1 SCC cells 

harbour a mutation in TP53 (Ikediobi et al. 2006; Rouillard et al. 2016). The large cell lung 

carcinoma line COR-L23 carries mutations in both KRAS and ALK (Rouillard et al. 2016). A 

bronchial epithelial cell line (BEAS2B) and two pulmonary fibroblast cell lines (IMR-90 and 

MRC-5) were also assessed.  

 

First, CD200 messenger RNA (mRNA) expression was analysed by qRT-PCR with CD200 

mRNA expression presented as arbitrary units using the ΔCT method with GAPDH and b-actin 

expression as controls (n= 3; Figure 5.4b). Only H226 (339.4 AU), SK-MES-1 (36.55 AU) and 

BEAS2B (61.62 AU) cells demonstrated CD200 mRNA expression, with CD200 levels in H226 

cells greater than that seen in the CD200+ HeLa cells (309.7 AU; ns). Furthermore, H226 and 

CD200+ HeLa CD200 mRNA expression was significantly greater than all other cells analysed 

(p= <0.0001; ####). All other cell lines demonstrated very low to no CD200 expression with 

H838s demonstrating the greatest expression at 4 AU, almost 85-fold less than H226. Next, 

to determine whether mRNA levels correlated with protein expression, CD200 protein levels 

were analysed by western blot and the percentage of CD200+ cells determined by flow 

cytometry (n=3; Figure 5.4c,d). Whole cell lysates were taken and probed for CD200 

expression and CD200 expression presented as AU normalised to ⍺-tubulin expression 

(Figure 5.4c). As with the mRNA analysis, H226 and CD200+ HeLa cells demonstrated the 

greatest CD200 protein expression; however, unlike in the mRNA analysis, only CD200+ 

HeLas demonstrated significantly greater (p= <0.0001; ####) expression than the other cells, 

with CD200 protein expression in CD200+ HeLa over 50% greater than in H226 cells (p= 



 5. CD200 and NK cells 

 230 

0.0014). Despite these differences in protein quantification, H226 cells demonstrated 

significantly greater numbers of CD200 positive cells than CD200+ HeLas (p= 0.0027) and all 

other cells analysed (p= <0.0001; ####) by flow cytometry (Figure 5.4d). Some level of CD200 

positivity was seen in most cells with an average of 1.37% of A549s, 7.57% H838s, 1.973% 

H596s and 1.538% COR-L23s positive for CD200. Furthermore, both IMR-90 and MRC-5 

pulmonary fibroblasts demonstrated an average of 2.487% and 1.150% CD200 positivity, 

respectively.    

 

In addition to being expressed as a membrane bound form, CD200 can also be cleaved from 

the cell membrane and exist as a functional soluble form (sCD200), suggesting that CD200 

may be able to exert its immunoregulatory effects in a non-cell-to-cell contact dependent 

method. Therefore, to determine whether CD200 is shed from the NSCLC cells, a CD200 

sandwich ELISA was performed on cell culture supernatants. Cells were grown until ~50% 

confluency and fresh media added for 48h prior to protein concentration and analysis of 

CD200 expression in the supernatants (n=3 ;Figure 5.4e). sCD200 is presented as pg/ml per 

1x106 cells. H226 cells demonstrated the greatest levels of sCD200 with an average of 7.141 

pg/ml, with CD200+ HeLas the next greatest at 3.871 pg/ml. Both A549s and COR-L23s 

demonstrated low levels of sCD200 in the supernatant at 0.699 pg/ml and 1.472 pg/ml, 

respectively. No sCD200 was detected in H838, H596, SK-MES-1 or CD200- HeLa cells.  
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Fig 5.4 Characterising CD200 expression in NSCLC and normal bronchial epithelium 
and pulmonary fibroblast cell lines.  
6 NSCLC cell lines, 1 bronchial epithelium cell line and 2 pulmonary fibroblast cell lines were assessed 
for CD200 mRNA and protein expression by qRT-PCR, western blot, and flow cytometry (n= 3). The 
levels of soluble CD200 released into the supernatant were also analysed. (A) qRT-PCR analysis of 
the cell lines demonstrated high CD200 mRNA levels in H226 and CD200+ HeLa cells. (B) Western 
blot of CD200 expression from whole cell lysates was quantified relative to ⍺-tubulin expression also 
demonstrated high CD200 protein expression by H226 and CD200+ HeLa cells. (C) The percentage of 
CD200 positive cells was further assessed by flow cytometry, with H226 cells demonstrating more 
CD200 positive cells than CD200+ HeLa cells. (E) Sandwich ELISA for soluble CD200 in cell 
supernatant demonstrated sCD200 in H226 and CD200+ HeLa cells, with low levels seen in A549 and 
COR-L23 cells. Significance was tested for using a one-way ANOVA with Tukey’s multiple 
comparisons. P ≤ 0.01 (**) (B,C,D) #### = p< 0.0001 from H226 and CD200+ HeLa.  
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5.2.4 Characterising NK-92MI cytotoxicity towards NSCLC cells in vitro  
Having extensively characterised CD200 expression in the NSCLC cell lines, the susceptibility 

of these cells to NK-92MI-mediated killing was assessed using tumour:NK co-culture assays. 

Despite NK-92MI cells demonstrating a high degree of cytotoxicity against tumour cells without 

prior sensitisation, not all tumour cells are susceptible to NK cell cytotoxicity, with some cell 

lines resistant to NK-92MI cells. Therefore, in order to investigate the effects of NSCLC CD200 

expression on NK cells, the cells which were susceptible to NK-92MI-mediated cell death were 

first identified (n= 4; Figure 5.5). Both A549 and H838 cells showed susceptibility to NK-92MI 

cells, with cell death increasing with increasing NK:target cell ratios although the percentage 

of tumour cell death plateaued between 2:1 and 5:1, with an average of 40% tumour cell death 

(Figure 5.5a,b). SK-MES-1 cells also demonstrated plateauing of tumour cell death, with 15-

20% of tumour cells dying at all NK:SK-MES-1 ratios (Figure 5.5c). In contrast, H838 cells 

demonstrated a positive correlation between cell death and NK:target ratios, with death 

increasing from 26.52% (0.5:1) to 80.39% (10:1), suggesting that H838 cells were the most 

susceptible of the cell lines analysed to NK-92MI cytotoxicity (Figure 5.5d). Therefore, these 

cells were selected for further analysis. 

 

The CD200+ SCC cell line H226 exhibited increasing cell numbers over the 4 hours co-

cultures at ratios of 0.5:1, 1:1 and 10:1 and 4-12% cell death at 5:1 and 2:1, suggesting a 

resistance to NK-92MI cytotoxicity (Figure 5.5e). A subsequent literature search revealed that 

H226 are an NK-resistant cell line, with reduced susceptibility to target cell lysis also 

demonstrated with isolated primary NK cells and lung interstitial NK cells in vitro (Robinson 

and Morstyn 1987; Robinson et al. 1989). To determine whether this resistance may be 

CD200-dependent, H226 cells were co-cultured with NK-92MI cells at increasing NK:target 

ratios in the presence of a CD200 blocking antibody (Figure 5.5f). Blocking CD200 signalling 

did not increase tumour cell death, suggesting that this resistance to NK cell killing was not 

CD200-dependent.  
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Fig 5.5 Determining the susceptibility of NSCLC cell lines to NK-92MI cytotoxicity. 
The viability of 5 NSCLC cell lines (2 adenocarcinoma, 1 adenosquamous, 2 SCC) after co-culture with 
NK-92MI cells for 4 hours at increasing NK:target cell ratios was assessed to determine which cells 
could be used for further analysis into the effects of CD200 on NK-92MI cell function (n= 4). (A) 
Adenocarcinoma A549 cells were susceptible to NK cell death but plateaued around 20-30% despite 
increasing NK cell numbers. (B) Adenosquamous H596 cells demonstrated increasing cell death from 
0.5:1 to 5:1 but cell death dropped at 10:1 and did not surpass 40%. (C) SCC SK-MES-1 cells 
demonstrated ~20% cell death at all NK:target cell ratios. (D) The adenocarcinoma cell line H838 
demonstrated increasing cell death with increasing NK:target cell ratios, suggesting they are the most 
susceptible to NK-92MI cytotoxicity. (E) The CD200 positive SCC cell line H226 was resistant to NK-
92MI cytotoxicity, with cell numbers increasing at 3/5 NK:target cell ratios. (F) This effect was not 
dependent on CD200 as addition of a CD200 blocking antibody did not increase H226 cell susceptibility.  
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5.2.5 Generating an NK-susceptible CD200+ NSCLC cell line 
H838 adenocarcinoma cells were the most susceptible to NK-92MI cells in vitro however, they 

do not express CD200; therefore, to examine the effect of NSCLC tumour cell CD200 

expression on interacting CD200R+ NK cells, CD200 expression had to be transduced into 

the cells (Figure 5.6). H838 cells were transduced with a GFP retrovirus or a CD200 and GFP 

retrovirus and successfully transduced cells selected by fluorescence activated cell sorting 

(Figure 5.6a). Cells were gated on FSC and SSC to eliminate debris and remove any doublets 

or cell clumps, DAPI positive dead cells were removed and GFP positive cells selected. CD200 

expression by CD200+ H838 cells was confirmed by western blot of whole cell lysates, with 

no CD200 expression identified in the untransduced and CD200- H838 cells (Figure 5.6b). 

Further analysis by flow cytometry confirmed CD200 expression in CD200+ H838 cells, with 

76.1% of cells positive for CD200 compared to 1.26% of CD200- H838 cells (Figure 5.6c).  

 

To confirm that transduction did not affect cell growth, untransduced and transduced H838 

cells were seeded, and their growth measured every 2 hours for 48 hours in the Incucyte live 

cell imaging system (n= 3; Figure 5.7a). Transduction of H838 cells with either virus had no 

effect on the growth of the cells compared to untransduced cells, with no significant differences 

in cell confluence measured at any time point. Next, to determine whether transduction with 

the GFP virus had any effect on the susceptibility of the CD200- H838 cells to NK-92MI 

cytotoxicity, cells were co-cultured for 4 hours and the percenatage of cell death measured 

relative to untreated cells (n= 4; Figure 5.7b). Transduction of H838 cells with the GFP virus 

did not affect the cell’s NK-92MI susceptibility, with no significant differences at any NK:target 

cell ratio tested.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 5. CD200 and NK cells 

 236 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.6 Stable retroviral transduction of H838 cells with either GFP alone or CD200 and 
GFP. 
H838 cells were transduced with either a retrovirus co-expressing GFP from an internal cytomegaloviral 
promoter or the same retrovirus containing cDNA for CD200. (A) Representative fluorescence activated 
cell sorting plots of transduced H838 cells being selected for successfully transduced cells based on 
GFP expression. Briefly, cells were gated to eliminate debris, then to eliminate doublets and cell clumps 
before dead cells being gated out through staining with DAPI. GFP (FITC-A) positive cells were 
selected. (B) CD200 positivity was confirmed in the CD200+ H838 cell line by western blot of whole cell 
lysates. No CD200 expression was seen in untransduced or CD200- H838 cells (n =3). (C) CD200 
expression in transduced H838 cells by flow cytometry (n= 1). (D) Histogram of CD200 expression in 
H838+ empty vector and H838+ CD200 vector (n=1). 
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Fig 5.7 Stable retroviral transduction of H838 cells did not affect cell growth or NK-92MI 
susceptibility. 
To confirm that transfection did not alter the growth of the H838 cells or the susceptibility of the CD200- 
cells to NK-92MI cytotoxicity, their growth over 48 hours and their viability after co-culture with NK-92MI 
cells was assessed. (A) H838 cells were plated in a 96-well plate and left to grow for 48 hours in the 
Incucyte live cell imaging system, with images taken every 2 hours. Cell growth was determined as the 
% increase in confluence in the phase channel relative to 0 hours. No differences in growth were seen 
between transduced and untransduced cells (n= 3). (B) H838 and CD200- H838 cells were co-cultured 
with NK-92MI cells at increasing NK:target cell ratios for 4 hours and H838 cell viability assessed using 
CellTiter Glo. No significant differences in cell death were seen between H838 and CD200- H838 (n= 
4). 
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5.2.6 H838 CD200 expression confers resistance to killing by CD200R+ NK cells  
Having generated a CD200-expresssing NSCLC cell line that is susceptible to NK-92MI cell 

killing and having demonstrated that transduction did not affect cell growth or confer resistance 

to CD200- cells, the effect of NSCLC cell CD200 expression on interacting NK cells was 

assessed (n= 4; Figure 5.8). Again, with increasing NK:target cell ratios, H838 cell death 

increased relative to untreated cells. Moreover, expression of CD200 significantly reduced 

H838 cell death at 2:1 and 10:1 NK:target cell ratios, with death of CD200+ H838 cells less 

than CD200- cells at all ratios; at 2:1, CD200+ cell death was over 2-fold less than CD200- 

cells, with a 1.5-fold decrease in cell death seen at 10:1. Cell death of CD200- H838 cells 

ranged from 34.72% at 0.5:1 to 76.87% at 10:1 whilst CD200+ H838 cells demonstrated 

16.88% and 48.25% cell death at 0.5:1 and 10:1 ratios, respectively. Next, to confirm whether 

this increase in resistance to NK-92MI cell killing was due to CD200 expression, the co-

cultures were performed in the presence of a mouse-anti human CD200 antibody (n= 4; Figure 

5.9). Blocking of CD200 signalling with the antibody significantly increased CD200+ H838 cell 

death by NK-92MI cells at 1:1 and 2:1 ratios, with CD200+ H838 cell death slightly greater 

(39.50%) than CD200- H838 cells (37.69%) at the 1:1 ratio. The addition of a matched mouse 

isotype control antibody did not affect H838 cell death. Taken together, this near restoration 

of CD200+ H838 cell death to CD200- H838 cell levels suggests that blocking CD200 could 

increase the susceptibility of CD200+ NSCLC cells to CD200R+ NK cell cytotoxicity in vitro.  
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Fig 5.8 H838 CD200 expression confers protection against CD200R+ NK cell 
cytotoxicity. 
CD200+ and CD200- H838 cells were co-cultured with CD200R+ NK-92MI cells at increasing NK:target 
ratios for 4 hours prior to assessing H838 cell viability with CellTiter-Glo (n= 4). Untreated H838 cells 
served as control, with tumour cell death calculated relative to untreated cells. With increasing NK:target 
ratios, tumour cell death increased. CD200- H838 cells demonstrated significantly more tumour cell 
death at 2:1 and 10:1 NK:target cell ratios, with CD200- H838 cell death greater at all ratios analysed, 
suggesting CD200 confers protection against CD200R+ NK-mediated cell death. Significance was 
tested for with a one-way ANOVA with Tukey’s multiple comparison test. P ≤ 0.05 (*) P ≤ 0.01 (**). 
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Fig 5.9 Blocking CD200 restores CD200+ H838 cell susceptibility to NK-92MI 
cytotoxicity.  
CD200+ and CD200- H838 cells were co-cultured with CD200R+ NK-92MI cells at 1:1 and 2:1 NK:target 
ratios for 4 hours prior to assessing H838 cell viability with CellTiter-Glo (n= 4). Untreated H838 cells 
served as control, with tumour cell death calculated relative to untreated cells. The addition of a CD200 
blocking antibody significantly increased CD200+ H838 cell death, with cell death restored to CD200- 
H838 cell levels. The addition of an isotype matched control antibody did not affect CD200+ H838 cell 
death by NK-92MI cells, suggesting that blocking CD200 is sufficient to restore CD200+ H838 cell 
susceptibility to NK-92MI cytotoxicity. Significance was tested for with a one-way ANOVA with Tukey’s 
multiple comparison test.  P ≤ 0.05 (*). 
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5.2.7 Assessing NK-92MI cell degranulation 
Blocking of CD200 was sufficient to restore the ability of NK-92MI cells to induce tumour cell 

death; therefore, the next step was to look at the NK cells themselves and investigate the 

effects CD200 had on NK-92MI cell function, namely degranulation in response to stimulation. 

A hallmark of NK cell activation and function is degranulation, wherein lytic granules containing 

perforin and granzymes are trafficked to the cell surface and released onto the target cell 

resulting in direct lysis and cell death. Lysosome-associated membrane protein 1 (CD107a) 

lines the surface of these cytotoxic granules and upon degranulation, CD107a is transiently 

exposed on the surface of NK cells. Externalisation of CD107a is a maker of NK cell 

degranulation; therefore, CD107a expression on NK-92MI cells was assessed as a direct 

measure of NK cell cytotoxic function (Lorenzo-Herrero et al. 2019).  

 

To first optimise the assay, NK-92MI cells were cultured alone (unstimulated) or in the 

presence of PMA and Ionomycin (stimulated) (n= 5; Figure 5.10). PMA and ionomycin are 

used for strong and unspecific stimulation of immune cells; PMA is a protein kinase C activator 

and ionomycin is a calcium ion channel opening antibiotic. PMA increases intracellular 

cytoplasmic free calcium concentration by causing an influx of calcium ions from the 

extracellular space, this increase in calcium is involved in phosphorylation of the transcription 

STAT4 which promotes the expression of numerous genes involved in NK cell function 

(Kaszubowska et al. 2018). As CD107a expression at the cell surface is transient, cells were 

cultured in the presence of a CD107a antibody, and the protein transport inhibitor Monensin 

was added to the cells after 1 hour to prevent re-internalisation of CD107a. Unstimulated cells 

were cultured for 4 hours before staining with CD56 and demonstrated an average baseline 

level of 25.56% degranulation (Figure 5.10a,c). However, upon stimulation with 

PMA/ionomycin over 97.2% of NK-92MI cells expressed CD107a, a significant increase 

compared to unstimulated cells (p= <0.0001; Figure 5.10b,c).  
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Fig 5.10 Optimisation of the CD107a assay to measure NK-92MI cell degranulation.  
Activation of NK cells results in the release of cytotoxic granules containing perforin and granzymes 
which cause direct lysis of target cells. CD107a lines the surface of these granules and is transiently 
expressed on the NK cell surface upon degranulation. Addition of a protein transport inhibitor 
(Monensin) prevents the re-internalisation of CD107a and CD107a expression can be detected by flow 
cytometry as a measure of NK cell degranulation. (A) Gating strategy used: Cells were gated on FSC 
and SSC to eliminate debris, dead cells were excluded through DAPI staining and CD56+CD107a+ cell 
gates determined using fluorescence minus one controls to account for background fluorescence (n= 
5). (B) Unstimulated NK cells. (C) stimulated NK cells were cultured for 4 hours in the presence of a 
CD107a antibody with the addition of Monensin after 1 hour. Stimulated cells were treated with 50ng/ml 
PMA and 2µg/ml Ionomycin. (D) Representative CD107a histograms demonstrate high CD107a 
positivity in the stimulated cells compared to unstimulated cells. (E) Stimulated NK-92MI cells 
expressed significantly more CD107a than unstimulated NK-92MI cells. Significance was tested for 
using an unpaired t test. P ≤ 0.0001 (****). 
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5.2.8 Determining the effects of CD200 expression on NK-92MI cell degranulation  
Having optimised an assay to quantify NK cell degranulation in response to stimulation, the 

effect of CD200 expression on NK-92MI degranulation was assessed. NK-92MI cells were co-

cultured with CD200- and CD200+ H838 cells at a 5:1 NK:target cell ratio for 4 hours with the 

addition of Monensin after 1 hour (n= 4; Figure 5.11). Co-culture with CD200- H838 cells 

induced an average of 38.57% of NK-92MI cells to release cytotoxic granules whilst CD200 

expression by H838 cells induced a slight reduction in NK cell degranulation (35.57%) (Figure 

5.11a-c). There was no significant difference in CD107a expression between CD200+ and 

CD200- H838 cells, although co-culture with H838 cells did significantly increase 

degranulation compared to unstimulated cells (CD200- p= 0.0084; CD200+ p= 0.01) (Figure 

5.11c). This minimal difference in CD107a positivity suggests that CD200 may inhibit NK-92MI 

cell activity towards H838 cells through another mechanism. This was confirmed when 

addition of the CD200 antibody appeared to further decrease the NK-92MI cell degranulation 

when added to stimulated and CD200+ H838 cell co-cultures (n= 4; Figure 5.12a). The 

addition of the CD200 blocking antibody to stimulated cells decreased the average number of 

CD107a positive cells from 76.1% to 61.9% whilst addition of the antibody to CD200+ H838 

cells decreased NK-92MI degranulation from 32.85% to 16.25%, a 2-fold decrease. This 

decrease in NK-92MI cell degranulation was CD200 specific as addition of an isotype control 

matched mouse IgG1,κ antibody did not affect CD107a.  
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Fig 5.11 The effect of H838 cell CD200 expression on NK-92MI cell degranulation.   
Activation of NK cells results in the release of cytotoxic granules containing perforin and granzymes 
which cause direct lysis of target cells. CD107a lines the surface of these granules and is transiently 
expressed on the NK cell surface upon degranulation. Addition of a protein transport inhibitor 
(Monensin) prevents the re-internalisation of CD107a and CD107a expression can be detected by flow 
cytometry as a measure of NK cell degranulation. NK-92MI cells were co-cultured at a 5:1 ratio with (A) 
CD200- H838 and (B) CD200+ H838 cells for 4 hours in the presence of a CD107a antibody with the 
addition of Monensin after 1 hour. Cells were gated on FSC and SSC to eliminate debris, dead cells 
were excluded through DAPI staining and CD56+CD107a+ cell gates determined using isotype controls 
to account for background fluorescence. (C) Representative CD107a histograms demonstrate minimal 
differences in CD107a expression between CD200- and CD200+ H838 cells (D) Both CD200- and 
CD200+ H838 cells induced a significant increase in the number of degranulating cells compared to 
unstimulated NK cells. There was a slight decrease in CD107a positivity in the CD200+ H838 cell group 
compared to the CD200- group. Significance was tested for with a one-way ANOVA with Tukey’s 
multiple comparison test. P ≤ 0.01 (**). 
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Fig 5.12 Addition of a CD200 blocking antibody further decreased NK-92MI cell 
degranulation. 
Activation of NK cells results in the release of cytotoxic granules containing perforin and granzymes 
which cause direct lysis of target cells. CD107a lines the surface of these granules and is transiently 
expressed on the NK cell surface upon degranulation. Addition of a protein transport inhibitor 
(Monensin) prevents the re-internalisation of CD107a and CD107a expression can be detected by flow 
cytometry as a measure of NK cell degranulation. (A) NK-92MI cells were cultured for 4 hours with 
50ng/ml PMA and 2µg/ml Ionomycin or with CD200+ H838 cells at an NK:target cell ratio of 5:1 alone 
or in the presence of a CD200 blocking antibody or isotype matched control (n= 4). Addition of a CD200 
blocking antibody which binds to CD200 decreased NK-92MI cell degranulation compared to untreated 
stimulated or CD200+ H838 co-cultured cells. The presence of an isotype matched antibody did not 
affect NK-92MI cell degranulation, suggesting that this decrease in NK activity is CD200 dependent. 
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5.2.9 Determining the effects of CD200 expression on NK-92MI IFN-γ release  
In addition to their cytolytic function, activated NK cells are also effective producers of a wide 

range of pro-inflammatory cytokines including IFN-γ. NK-92MI cells were cultured alone, in 

the presence of PMA and ionomycin (stimulated), or at a 1:1 ratio with CD200- and CD200+ 

H838 cells for 4 hours, after which the cell suspension was removed, and the NK cells pelleted 

to allow collection of the supernatant. IFN-γ secretion was determined with a sandwich ELISA, 

using pre-determined IFN-γ standards. Absorbance levels were blank corrected to either 

media alone, media plus PMA and ionomycin or H838 cell supernatants (n= 3, Figure 5.13). 

Unstimulated NK-92MI cells produced an average of 8.667 pg/ml IFN-γ per 1x106 NK cells, 

significantly increasing by over 16-fold to 143.795 pg/ml upon stimulation (p= ≤0.0001). 

Stimulation with CD200- H838 cells again significantly increased IFN-γ compared to 

unstimulated cells (87.214 pg/ml; p= 0.0032); however, stimulation with CD200+ H838 cells 

did not significantly increase IFN-γ compared to unstimulated cells. Furthermore, CD200+ 

H838 stimulated NK-92MI cells demonstrated a significant reduction in IFN-γ production 

compared to CD200- H838 cells (27.043 pg/ml; p= 0.0231) suggesting that H838 CD200 

expression had a negative immunoregulatory effect on NK-92MI IFN-γ production. Addition of 

a CD200 blocking antibody to CD200+ H838 co-cultures confirmed this, with NK-92MI IFN-γ 

production restored to 66.205 pg/ml, an over 2-fold increase compared to CD200+ H838 cells 

alone. Moreover, addition of the blocking antibody to stimulated NK-92MI cells and addition of 

an isotype matched mouse IgG1,κ antibody to the CD200+ H838 co-cultures did not affect 

IFN-γ production (p= 0.925 and p= >0.9999) suggesting that this increase in IFN-γ production 

was CD200-specific.  
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Fig 5.13 The effect of H838 cell CD200 expression on NK-92MI IFN-γ production 
In addition to their cytolytic function, activation of NK cells also results in the production of pro-
inflammatory cytokines, including IFN-γ, which bridge innate and adaptive immunity and demonstrate 
anti-tumour activity. NK-92MI cells were cultured for 4 hours alone, with 50ng/ml PMA and 2µg/ml 
Ionomycin (stimulated) or at a 1:1 ratio with CD200- and CD200+ H838 cells before collection of the 
cell suspension and pelleting of the cells to collect the supernatant. IFN-γ production was determined 
with a sandwich ELISA using pre-determined IFN-γ standards. All values were blank corrected to media 
alone, media plus PMA/ionomycin and H838 cell supernatants. IFN-γ production is presented as pg/ml 
per 1x106 NK cells. Stimulated NK-92MI cells demonstrated increased IFN-γ production. CD200 
expression by H838 cells significantly reduced IFN-γ production compared to CD200- H838 cells. 
Addition of a CD200 blocking antibody to CD200+ H838 co-cultures was sufficient to restore IFN-γ 
secretion to close to CD200- H838 cell levels. Addition of the blocking antibody to stimulated NK-92MI 
cells and an isotype matched control antibody to CD200+ H838 co-cultures confirmed that this increase 
in IFN-γ production was CD200-specific. Significance was tested for with a one-way ANOVA with 
Tukey’s multiple comparison test. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.0001 (****). 
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5.2.10 Determining the effects of CD200 expression on NK-92MI activating receptor 
expression  
NK cell activity is tightly regulated based on the balance of signals from numerous activating 

and inhibitory receptors, the expression of which is highly heterogenous, bestowing NK cells 

with the ability to respond to a large range of stimuli and to regulate the immune response 

under a variety of pathological conditions. Intratumoural NK cells in NSCLC demonstrate 

reduced expression of the activating receptors NKp30, NKp80, CD16 and NKG2D and 

increased CD69 and NKp44 expression compared to peripheral NK cells. The expression of 

activating and inhibitory receptors can have significant impacts on NK cell activation and 

function; therefore, the effect of CD200 expression on NK-92MI cell receptor expression was 

assessed.  

 

First, the expression of CD16, CD56 and the activating receptors Nkp30, Nkp44, Nkp46 and 

NKG2D were analysed in unstimulated cells (n= 3; Figure 5.14). CD16 (FcγRIII), a low affinity 

receptor for the Fc portion of IgG and CD56, an isoform of neural cell adhesion molecule which 

mediates homotypic adhesion are used to categorise NK cell phenotypes into 5 categories 

based on their relative expression levels. As an activating receptor, CD16 recognises the 

constant Fc portion of IgG antibodies bound to antigens on target cells, enabling NK cells to 

enact antibody-dependent cell cytotoxicity. As a CD56brightCD16- NK cell line, NK-92MI 

demonstrate strong CD56 expression but no CD16 expression (Figure 5.14a). Nkp30, NKp44 

and Nkp46 are natural cytotoxicity receptors (NCRs) which recognise a diverse set of host- 

and pathogen-encoded ligands which stimulate the activation of NK cells. NK-92MI cells were 

positive for NKp30 (mean 98.03%) and NKp46 (mean 91.53%) but negative for Nkp44 (Figure 

5.14b-d). NKG2D is an activating receptor distantly related to the NKG2 family that recognises 

homologues of MHC class I molecules which are regulated by both the heat shock response 

and DNA damage pathways; activation of NKG2D promotes NK cell target adhesion and 

immunological synapse formation (Lanier 2008). NK-92MI cells were negative for NKG2D 

(Figure 5.14e).  

 

Having characterised NK-92MI cell activating NCR and NKG2D receptor expression (Figure 

5.14f), the effect of tumour CD200 expression on their expression was assessed by flow 

cytometry (n= 3; Figure 5.15). NK-92MI cells were cultured alone or at 5:1 NK:target cell ratio 

with CD200+ and CD200- H838 cells for 16 hours and the percentage of receptor positive 

cells determined (n= 2-3). Stimulation of NK-92MI cells with both CD200- (82.6%; p= 0.0118) 

and CD200+ (67.14%; p= 0.00268) H838 cells significantly reduced Nkp30 expression 

compared to unstimulated cells (92%)(Figure 5.15a). Furthermore, the percentage of Nkp30 

positive NK-92MI cells was significantly less when co-cultured with CD200+ cells compared 
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to CD200- cells (p= 0.0057), suggesting CD200 expression may further decrease Nkp30 

expression. This decrease in the proportion of NKP30 expressing NK-92MI cells was also 

reflected in the intensity of the NKp30 expression, with the median fluorescence intensity (MFI) 

of the cells stimulated with CD200- H838 (p= 0.0363) and CD200+ H838(p= 0.0054) cells 

significantly decreased compared to unstimulated cells (Figure 5.15b).  In contrast, both the 

proportion of NK-92MI cells positive for and the NCRs NKp44 and NKp46 the intensity of their 

expression did not significantly change when cultured with CD200+ or CD200- cells, 

suggesting their expression may not be regulated by ligands expressed on H838 cells or by 

CD200 (Figure 5.15a,b). Unlike the NCRs, the proportion of NK-92MI cells expressing of 

NKG2D was increased upon stimulation with H838 cells, with CD200+ H838 cells inducing 

significantly greater numbers of NKG2D positive NK-92MI cells when compared to 

unstimulated cells (p= 0.032). This increase in NKG2D expression for both H838 cell 

populations suggests that ligands expressed by these tumour cells may stimulate NKG2D 

expression, with CD200 further enhancing this effect. However, no significant changes in 

overall intensity of NKG2D expression was observed, with the overall intensity of NKG2D 

expression unchanged between conditions, suggesting NKG2D expression may not be 

regulated by these cells or by CD200 expression (Figure 5.15b). Expression of the inhibitory 

receptor CD200R has been observed to increase on exhausted immune cells in the NSCLC 

TME, however CD200R expression was similar in unstimulated (98.2%; MFI 529) and CD200+ 

H838 stimulated cells (98.9%; MFI 517.5), with a slight decrease seen for CD200- H838 cells 

(92.27%; MFI 468.3) (Figure 5.15a.b). However, as CD200R expression was almost saturated 

in unstimulated cells it is unsurprising that no significant increases were observed. Taken 

together, ligands on H838 cells increase the expression of the activating receptor NKG2D and 

decrease expression of the NCR Nkp30 on NK-92MI cells, with CD200 expression further 

enhancing these changes.  
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Fig 5.14 Determining NK-92MI activating receptor and NCR expression. 
NK cell activity is tightly regulated by signals from inhibitory and activating receptors on the surface of 
NK cells. The expression of certain activating receptors has been demonstrated to be altered in 
intratumoural NK cells in NSCLC, with CD200 expression in AML shown to affect NK NCR expression. 
Prior to assessing the effects of NSCLC CD200 on NK activating receptor expression, their expression 
in unstimulated NK-92MI cells was assessed by flow cytometry (n= 3). (A) CD16 is not expressed by 
NK-92MI cells. (B) NK92-MI cells demonstrate strong NKp30 expression but no (C) NKp44 expression. 
(D) NKp46 is expressed by most NK-92MI cells, whilst no NK-92MI cells express (E) NKG2D. (F) 
Schematic of the activating and inhibitory receptors expressed (colour) and not expressed (white) by 
NK-92MI cells. Positive cells are presented as % ± SD. 
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Fig 5.15 H838 CD200 expression alters NK-92MI NCR and activating receptor 
expression. 
NK-92MI were cultured alone or at a 5:1 NK:target cell ratio with CD200- and CD200+ H838 cells for 
16 hours before staining for activating and inhibitory receptors by flow cytometry (n= 2-3). (A) The 
number of NK-92MI cells positive for Nkp30 significantly decreased when stimulated with CD200- and 
CD200+ H838 cells, with CD200 expression further decreasing Nkp30 expression. Expression of the 
other NCRS Nkp44 and NKp46 remained unchanged between unstimulated and stimulated cells. In 
contrast, expression of NKG2D increased upon stimulation with CD200- and CD200+ H838 cells, with 
CD200 expression significantly increasing the number of NKG2D+ cells compared to unstimulated cells. 
CD200R expression remained unchanged between conditions. (B) Median fluorescence intensity 
demonstrated a significant decrease in the intensity of NKp30 expression when NK-92MI cells were 
stimulated with CD200- and CD200+ H838 cells, with CD200 expression further decreasing NKp30 
expression. No other significant differences in the intensity of NK-92MI NCR or activating receptor 
expression were observed. Significance was tested for with a one-way ANOVA with Tukey’s multiple 
comparison test P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). 
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5.2.11 Determining the effects of CD200 expression on NK-92MI cell viability 
Thus far, the data suggests that CD200 expression on H838 cells confers resistance to these 

cells from CD200R+ NK-92MI mediated attack, with CD200+ cells demonstrating greater cell 

viability when co-cultured with NK cells compared to CD200- cells. Having demonstrated that 

CD200 expression has an immunomodulatory on NK cell degranulation, IFN-γ release and 

activating receptor expression, the viability of interacting NK-92MI cells was analysed to 

determine whether tumour CD200 expression may be affecting NK cell viability (n= 4; Figure 

5.16). First, CellTiter Glo was used to determine NK-92MI cell viability after co-culture with 

CD200+ and CD200- H838 cells. After 4 hours co-culture, the NK cells were removed and 

plated with equal volumes of CellTiter Glo reagent, with untreated NK cells used as a control 

to determine overall viability and NK cell death (Figure 5.16). At all NK:target cell ratios, the 

percentage of NK-92MI cell death was greater in CD200+ co-cultured cells than CD200- cells. 

The percentage of dead NK-92MI cells from CD200- cultures remained fairly constant at 5:1, 

2:1, 1:1 and 0.5:1 ratios at 30-39%. In contrast, NK-92MI cell death increased with decreasing 

NK:target cell ratios from 12.86% at 10:1 to 63.2% at 0.5:1. Furthermore, at the 0.5:1 NK:target 

cell ratio, NK-92MI cell viability was significantly lower after co-culture with CD200+ cells than 

CD200- cells (p= 0.0358), suggesting that CD200 expression on H838 cells may be inducing 

interacting NK cell death.  

 

To further explore the effects of CD200 on NK-92MI cell viability, NK cells were cultured in the 

presence of a recombinant human CD200 Fc chimera protein peptide. CD200 peptide function 

was confirmed by western blot of whole cell lysates taken from NK-92MI cells cultured in the 

presence of CD200 for 30 minutes and 1 hour (Figure 5.17a,b). Activation of CD200R by 

CD200 results in activation of the inhibitory effectors SHIP and RasGAP which inhibit 

downstream RAS/MAPK signalling. ERK1 and ERK2 are downstream effectors of the RAS-

MAPK pathway and are phosphorylated upon activation of the pathway therefore, the 

expression of p-ERK1/2 was used as a measure of RAS/MAK signalling. Addition of the 

CD200 peptide to NK-92MI cells caused a reduction in p-ER1/2 expression at 30 minutes and 

1 hour, but no changes in total ERK1/2 expression suggesting that the CD200 peptide was 

functional as it could inhibit the RAS/MAPK pathway in NK-92MI cells. Having established that 

the peptide was functional, the viability or NK-92MI cells cultured in the presence of CD200 

was assessed using the Incucyte live cell imaging system (Figure 5.17c). NK-92MI cells were 

cultured in the presence of 4µg of CD200 per 1x106 cells for 48 hours and the number of 

apoptotic cells per mm2 assessed every 2 hours using a Annexin V fluorescent antibody. The 

addition of the CD200 peptide significantly increased the number of apoptotic cells relative to 

untreated NK-92MI cells at 28 (p< 0.0001), 30 (p= 0.0015), 32 (p= 0.0054), 40 (p= 0.014), 42 

(p= 0.0214), 44 (p= 0.0082), 46 (p= 0.294) and 48 hours (p= 0.0135), with an average of 34.86 
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apoptotic cells per mm2 in the CD200 treated cells compared to 8.384 in the untreated group, 

an over 4-fold increase. Taken together, this suggests that CD200 may be inducing apoptosis 

in interacting CD200R+ NK-92MI cells, thus further enhancing the immune resistance CD200+ 

tumour cells possess against NK-induced cell death.  
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Fig 5.16 Co-culture with CD200+ H838 cells induces NK-92MI cell death.  
NK-92MI were cultured at increasing NK:target cell ratios with CD200- and CD200+ H838 
cells for 4 hours and NK cell viability assessed by CellTiter Glo (n= 4). Untreated NK-92MI 
cells served as a control, with NK cell death determined relative to untreated cells. Culture of 
NK-92MI cells with CD200- H838 cells resulted in 15-39% NK cell death between 10:1 to 0.5:1 
NK:target cell ratios, with cell death plateauing at the 5:1 ratio. In contrast, NK-92MI cell death 
increased with decreasing NK:target cell ratios with CD200+ H838 cells, with NK cell death 
significantly greater than CD200- H838 cultured cells at the 0.5:1 ratio. This suggests that 
CD200 may be inducing NK-92MI cell death. Significance was tested for with a one-way 
ANOVA with Tukey’s multiple comparison test P ≤ 0.05 (*). 
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Fig 5.17 Treatment of NK-92MI cells with a CD200 peptide increases NK cell apoptosis. 
NK-92MI were cultured in the presence of 4µg / 1x106 cells of a recombinant human CD200 Fc chimera 
protein peptide. (A) Whole cell lysate western blot analysis of NK-92MI cells cultured in the presence 
of the CD200 peptide for 30 minutes and 1 hour were probed for total ERK1/2 and p-ERK1/2 expression. 
Phosphorylation of ERK1/2 is a marker of RAS/MAPK pathway activation; CD200R activation results in 
downstream signals which inhibit the RAS/MAPK pathway therefore reduced p-ERK1/2 is a marker of 
active CD200R signalling. The CD200 peptide function was confirmed with a reduction of p-ERK1/2 
seen at 30 minutes and 1 hour. (n=3) (B) Quantification of p-ERK1/2 protein expression from western 
blots also demonstrates a decrease in p-ERK1/2 expression at 30 minutes and 1 hour (n=3). (C) NK-
92MI cells were cultured in the presence of the CD200 peptide and their viability assessed using the 
IncuCyte live cell imaging system (n= 3). Cells were cultured in the presence of CD200 and a fluorescent 
caspase-3 antibody for 48 hours with images taken every 2 hours with apoptosis presented as number 
of apoptotic cells per mm2. CD200 treated NK-92MI cells demonstrated significantly greater numbers 
of apoptotic cells compared to untreated NK-92MI cells at some time points. Significance was tested 
for using a repeated measures one-way ANOVA with Holm-Sidak’s multiple comparisons. P ≤ 0.05 (*) 
P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****). ERK, extracellular signal-regulated kinases. 
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5.3 Discussion  
Immunotherapies which inhibit immune checkpoints, a source of immune escape for a number 

of cancers, are becoming an important method of treatment for NSCLC patients. In PD-1 

blockade, the re-invigoration of T cells responses has been widely recognised as the primary 

mediator of the anti-tumour immune response (Khan et al. 2020). However, NK cells are 

becoming a newly emerging target, with the observation of strong clinical responses in 

tumours with low expression of MHC class I molecules and low mutational burden suggesting 

that NK cells are a major subpopulation responsible for the therapeutic effects of PD-1 

blockade (Cho et al. 2020). The importance of NK cells in immune checkpoint inhibition is 

further highlighted by the observation that several immune checkpoints including CTLA-4, PD-

1 and CD200 all cause NK cell phenotypic and cytotoxic dysfunction within the TME of various 

cancers. In NSCLC, NK cells within the TME are dysfunctional and have an impaired ability to 

kill tumour cells (Carrega et al. 2008a; Platonova et al. 2011). 

 

5.3.1 Generating an in vitro model of CD200R+ NK cell CD200+ tumour cell interaction 
In order to explore the effects of tumour CD200 expression on interacting CD200R+ NK cells, 

an in vitro model consisting of an established NK cell line and established CD200 transduced 

tumour cells was generated. The NK-92MI cell line is a CD56brightCD16- IL-2-independent NK 

cell line with phenotypical and functional characteristics of primary human NK cells 

(Konstantinidis et al. 2005). NK-92 cells, the IL-2-dependent form, have been widely used in 

preclinical applications and have been clinically investigated as an allogeneic NK therapeutic 

in breast cancer and NSCLC models (Hodgins et al. 2019). Although the CD56brightCD16- 

subset of NK cells are only a minor subset in the blood, characterised by low levels of perforin 

and high cytokine production, the CD56brightCD16- subset is highly enriched in NSCLC tumour 

infiltrate, suggesting that NK-92MI cells are a clinically relevant model to explore NK cell 

function in NSCLC (Carrega et al. 2008b). Furthermore, NK-92MI cells demonstrated strong 

CD200R+ expression. Having identified a relevant NK cell model, the effect of tumour CD200 

expression on the ability of NK-92MI cells to kill target cells was explored using transduced 

CD200+ and CD200- HeLa cells previously generated in the lab. In this model, CD200 

expression by HeLa cells conferred significant immune resistance to the tumour cells against 

NK-92MI cytotoxicity, with tumour cell viability in CD200+ much greater than that of CD200- 

cells. Having demonstrated the immunosuppressive capacity of CD200 towards CD200R+ NK 

cells in HeLa cells, the effect of NSCLC CD200 expression on interacting NK cells was 

explored.  
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5.3.2 CD200 expression in NSCLC cell lines 
Previous work in this thesis, and the work of others in the literature, has demonstrated that 

CD200 expression is seen in the tumours of both adenocarcinoma and SCC patients. 

Therefore, the first step was to define CD200 expression in several established NSCLC cell 

lines consisting of 2 adenocarcinomas, 2 SCCs, 1 adenosquamous carcinoma and 1 large 

cell carcinoma. Of the 6 tumour cell lines assessed for CD200 expression by qRT-PCR, 

western blot, and flow cytometry, only the SCC cell line H226 consistently demonstrated 

strong CD200 expression, with all other cell lines demonstrating very little to no expression 

consistently. In addition to cell surface CD200 expression, H226 cells also released soluble 

CD200 into the supernatant. However, the ELISA used was based on a CD200 capture 

antibody rather than CD200R; therefore, the capacity of sCD200 to bind to CD200R and the 

functional role of this soluble form released from H226 cells was not specifically evaluated or 

assessed in this thesis. Further studies using the sCD200+ supernatants from these cultures 

would be of benefit to determine whether CD200 could also signal to CD200R+ cells 

independent of cell-cell interactions. Having characterised CD200 expression in the NSCLC 

cell lines and identified a CD200+ SCC line, the susceptibility of each line to NK-92MI 

cytotoxicity in vitro was assessed using NK:target cell co-cultures.  

 

Although NK-92MI cells demonstrate a high degree of cytotoxicity towards a range of tumour 

cells without prior sensitisation, not all tumour cells possess the correct array of activating and 

inhibitory ligands to activate NK-92MI cells. As H226 cells already naturally expressed CD200, 

they were seen as an ideal candidate for the NK:tumour cell model; however, H226 cells 

demonstrated resistance to NK-92MI cells, with H226 cells even increasing in number during 

the 4 hour co-cultures. Antibody-mediated blocking of CD200 did not increase tumour cell 

death and a subsequent literature search found that H226 cells are resistant to lysis by primary 

peripheral blood and interstitial lung NK cells, suggesting that other mechanisms are 

responsible for H226 cell resistance to NK-92MI cytotoxicity (Robinson and Morstyn 1987; 

Robinson et al. 1989). The adenocarcinoma A549, SCC SK-MES-1 and adenosquamous 

H596 cell lines all showed susceptibility to NK-92MI cells but tumour cell death plateaued 

between 20-40% and did not increase with increasing NK:target cell ratios, suggesting that 

although they are susceptible to NK-92MI cytotoxicity, they also possess mechanisms of 

resistance to NK-92MI-mediated cell death. The adenocarcinoma cell line H838 was the only 

NSCLC line to demonstrate increasing cell death with increasing NK:target cell ratios, 

suggesting these cells must express the correct repertoire of activating and inhibitory ligands 

to stimulate NK-92MI cells and activate their cytotoxic function. Therefore, based on this dose-

dependent NK-92MI cell susceptibility, H838 cells were transduced with GFP or CD200+GFP 

retroviruses to produce a stable CD200+ and CD200- adenocarcinoma cell line. 
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5.3.3 Tumour cell CD200 expression suppresses NK-92MI function 
NK cells isolated from the NSCLC TME and NK cells from CD200high AML patients both 

demonstrate reduced cytotoxic function against target cells as determined by decreased 

proportions of CD107a+ degranulating cells and reduced IFN-γ cytokine production. This 

similar phenotype of impaired cytotoxicity suggested that CD200 expression in the NSCLC 

TME may contribute to NK cell dysfunction. Therefore, the effect of tumour CD200 expression 

on interacting CD200R+ NK-92MI cell tumour killing capacity, degranulation and IFN-γ 

production was determined to assess whether CD200 contributes to NK cell immune evasion 

in NSCLC. CD200 expression by H838 cells conferred significant resistance to NK-92MI 

cytotoxicity, with tumour cell viability much greater in CD200+ cells compared to CD200- cells. 

Furthermore, blocking of CD200 signalling with a CD200 antibody reinstated CD200+ H838 

cell susceptibility to NK-92MI cells, restoring tumour cell death back to the same level as 

CD200- cells. The addition of an isotype matched control antibody had no effect on tumour 

cell death, demonstrating that blocking CD200 signalling is sufficient to prevent CD200+ cell 

NK immune evasion. 

 

Although NK cells can kill target cells through ligation of death receptors or the production of 

pro-inflammatory cytokines, NK cell-mediated lysis of target cells is mainly achieved directly 

through release of cytotoxic granules containing effector perforin and granzymes. The 

CD107a flow cytometry assay is a commonly used assay in NK cell research that determines 

the level of NK cell degranulation using CD107a positivity as a measure; CD107a is expressed 

within cytotoxic granules and is expressed on the cell surface upon degranulation. As 

expected, stimulation of NK-92MI cells with PMA and ionomycin significantly increased the 

number of activated degranulating cells. Upon stimulation with CD200+ and CD200- H838 

cells, NK-92MI cells demonstrated a slight reduction in degranulation towards CD200+ cells. 

Addition of a CD200 antibody appeared to further decrease NK-92MI cell degranulation both 

alone and in the presence of CD200+ H838 cells, suggesting that CD200+ tumour cell NK 

immune evasion may be occurring through suppression of a different NK cell function or other 

activation mechanism.  

 

In addition to direct lysis through degranulation, activated NK cells are also effective producers 

of an array of cytokines including IFN-γ, TNF-α, GM-CSF and IL-10 and chemokines such as 

CCL3 CCL4 and CCL5 (Paul and Lal 2017). Of these, IFN-γ is one of the most potent and 

plays a crucial role in bridging innate and adaptive immunity and exerting anti-bacterial, anti-

viral and anti-tumour functions (Ortaldo et al. 2006). Secretion of IFN-γ by NK cells can 

promote the maturation and activation of DCs, macrophages and T cells, promote the priming 

and differentiation of Th1 cells and enhance MHC class II expression on APCs (Martín-
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Fontecha et al. 2004; Walzer et al. 2005; Vivier et al. 2008). In addition, IFN-γ from NK cells 

has been shown to enhance tumour immunogenicity through the upregulation of MHC class I 

molecules on tumour cells and more directly though anti-proliferative, anti-angiogenic and pro-

apoptotic functions (Kaplan et al. 1998; Paul and Lal 2017). As such, IFN-γ is an important 

measure of NK anti-tumour activity. As expected, stimulation of NK-92MI cells with 

PMA/ionomycin significantly increased IFN-γ production, as did co-culture with CD200- H838 

cells. However, stimulation with CD200+ H838 cells did not significantly increase IFN-γ 

secretion compared to unstimulated cells and the IFN-γ produced by NK-92MI cells was 

significantly less than that produced when cultured with CD200- cells. Blockade of this 

signalling with the CD200 blocking antibody restored IFN-γ secretion to CD200- H838 levels, 

suggesting that blocking CD200 alone was sufficient to increase NK-92MI IFN-γ production. 
 

A limitation of the model used in this chapter is the use of 2D cancer cell lines. Despite being 

the most widely used in vitro model, characterised by their low cost and ease of availability, 

cancer cells may undergo genetic alterations and lose the original genetic heterogeneity of 

the tumour; furthermore, monolayer immortalised cancer cells lack the ability to mimic the in 

vivo TME, a driving factor in cancer growth and progression (Xu et al. 2022).  In recent years, 

the development of NSCLC organoids, 3D cell cultures embedded in extracellular matrix which 

critically reflect tumour architecture, cell type diversity and function, have advanced the field 

of pre-clinical NSCLC models. In contrast to 2D cell lines, organoids preserve key histological 

and molecular traits of their parental tumours and provide the opportunity to mimic cell-cell 

communication between tumour cells and other cells within the TME such as fibroblasts and 

immune cells (Yuki et al. 2020). The use of organoid and immune cell co-cultures provides a 

more physiologically relevant model which could more accurately represent the NSCLC TME 

and could be a useful tool in the future to further our understanding of the role of tumour cell 

CD200 expression on interacting NK cells.  

 

5.3.4 Tumour cell engagement alters NK-92MI activating receptor expression 
Having established that tumour CD200 expression suppresses interacting CD200R+ NK cell 

cytotoxic function, the effect of CD200 on NK activating receptor expression was assessed. 

NK cell activation is a complex process involving both the loss of inhibitory receptor-mediated 

signalling and the presence of activating ligands to engage activating receptors such as 

NKG2D and the NCRs NKp30, NKp44 and NKp46. Given that the dynamic expression of both 

inhibitory and activating receptors is crucial for optimal NK anti-tumour activity, defective 

activating receptor expression is likely to contribute to impaired NK cell function. Indeed, 

decreased NK activating receptor expression has been associated with poor prognosis in 

many cancers.  
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Unstimulated NK-92MI cells were positive for the NCRs NKp30 and NKp46 and negative for 

NKG2D and NKp44. Stimulation of NK-92MI cells with CD200- H838 cells for 16 hours 

resulted in a significant decrease the proportion or NKp30 cells and the intensity of expression, 

with CD200+ H838 cell co-culture further decreasing NKp30 expression. This suggests that 

NKp30 expression is downregulated when stimulated with H838 cells but that CD200 

signalling further enhances this effect. Downregulation of NKp30 has been seen on 

intratumoural NK cells from NSCLC patients and in CD200high AML patients, suggesting that 

CD200 expression may be responsible, at least in part, for the altered NKp30 expression on 

NK cells within the NSCLC TME. Studies using a CD200 blocking antibody are needed to 

determine whether blocking this interaction would be sufficient to reverse the decrease in 

NKp30 expression. In contrast, tumour CD200 expression significantly increased the 

proportion of NKG2D expressing NK-92MI cells compared to unstimulated cells; however, it 

should be noted that NKG2D MFI remained unchanged between conditions. This suggests 

that despite a greater proportion of NK-92MI cells expressing NKG2D when stimulated with 

CD200+ tumour cells, that the overall intensity of NKG2D receptor expression remained 

unchanged.  

 

5.3.5 Tumour cell CD200 expression decreases NK-92MI cell viability 
In addition to demonstrating that tumour CD200 expression causes a reduction in NK cell 

degranulation and IFN-y production and alters NK cell activating receptor expression, work in 

the previous chapter demonstrated that CD200 expression negatively correlated with NK cell 

number in NSCLC tumours, suggesting that tumour CD200 expression may reduce the 

number of interacting NK cells. Therefore, the effects of tumour CD200 expression on 

CD200R+ NK cell viability were assessed to determine whether CD200+ tumour cells were 

inducing NK cell death and consequently reducing infiltrating NK cell numbers. Using NK-92MI 

cells taken from H838:NK co-culture experiments, CD200 expression by H838 cells 

significantly decreased NK cell viability at the 0.5:1 NK:target cell ratio, with NK-92MI viability 

reduced at all ratios compared to CD200- H838 co-cultures. Furthermore, treatment of NK-

92MI cells with a functional CD200 peptide, as evidenced by a decrease in p-ERK1/2 

signalling at 30 minutes and 1 hour, significantly increased the number of apoptotic cells 

present when compared to untreated NK-92MI cells at 8 time points, with an average 4-fold 

increase in NK-92MI apoptosis compared to untreated cells. This suggests that CD200 

expression can reduce interacting CD200R+ NK cell viability. To date, CD200 has not been 

implicated in the induction of immune cell apoptosis however, CD200-mediated NK cell 

apoptosis may be another immunoregulatory mechanism by which CD200+ tumours can 

inhibit NK cell function and evade an anti-tumour immune response. This decrease in NK cell 
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viability may explain why tumour CD200 expression negatively correlated with the number of 

infiltrating CD56+ cells in our adenocarcinoma patient cohort. Further studies would be 

required to determine which apoptotic pathway CD200 signalling is inducing and whether this 

could be inhibited by addition of a CD200 blocking antibody.   

 

5.3.6 Conclusions    
NK cells are important mediators of anti-tumour immunity, with their presence associated with 

good prognosis in NSCLC patients, as seen in the previous chapter. Therefore, in order to 

evade immune attack tumours must develop mechanisms to subvert NK cell phenotypes or 

induce NK exhaustion resulting in inefficient anti-tumour effector function. In NSCLC, 

intratumoural NK cells demonstrate reduced cytolytic and cytotoxic activity in vitro, as 

evidenced by a reduction in cytolytic function and an impaired ability to produce IFN-γ upon 

stimulation, and an alteration in activating NK cell receptor expression. This same NK cell 

phenotype is also observed in NK cells taken from CD200high AML patients. Hence, the role of 

tumour CD200 expression on the function and activating receptor repertoire of interacting 

CD200R+ NK cells was investigated in vitro to determine whether CD200 signalling could be 

partly responsible for this defective NK cell phenotype. Tumour CD200 expression resulted in 

dysfunctional interacting NK cells, characterised by a decrease in degranulation and IFN-γ 

production and an alteration in the activating receptor repertoire which resulted in inefficient 

anti-tumour activity and a decreased ability to kill CD200+ tumour cells. Furthermore, tumour 

CD200 expression induced apoptosis in interacting CD200R+ NK cells which could explain 

why NK cell number negatively correlated with tumour CD200 expression in adenocarcinoma. 

Taken together, this suggests that tumour CD200 expression in NSCLC causes phenotypic 

changes in interacting CD200R+ NK cells which results in inefficient anti-tumour effector 

function. Moreover, addition of a CD200 blocking antibody could increase IFN-γ production 

and reverse the increased resistance of CD200+ cells to NK cell cytotoxicity, reverting tumour 

cell death back to CD200- tumour cell levels, suggesting that blocking CD200 signalling may 

be of clinical benefit to NSCLC patients.  
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6. General discussion 
In order to grow in the face of a competent immune system, tumour cell variants must acquire 

a number of genetic and epigenetic changes which provide them with the ability to evade 

detection and elimination by the immune system (Dunn et al. 2004). One such immune 

evasion mechanism is the expression of immunoregulatory immune checkpoint molecules by 

tumour cells. Immune checkpoints are negative co-stimulatory pathways which interact with 

their ligands to regulate the activation and function of immune cells at multiple stages during 

the immune response. Under normal physiological conditions, immune checkpoints protect 

the host by maintaining immune homeostasis and preventing over-activation of the immune 

system, yet there is evidence that tumour cells can enhance these regulatory mechanisms as 

a form of immune subversion to enable immune escape and growth (Dyck and Mills 2017).  

The discovery of tumour cell immune checkpoint expression and the development of ICIs to 

re-invigorate anti-tumour immunity by interrupting this immunosuppressive signal has 

transformed the immunotherapy field in recent years (Darvin et al. 2018). In NSCLC, ICIs 

against the PD-1/PD-L1 immune checkpoint pathway are the standard of care for first-line 

treatment of advanced SCC and adenocarcinoma tumours, with subsets of patients who 

respond to these therapies demonstrating exceptionally long-lasting responses and survival 

(Brueckl et al. 2020; NICE 2021). However, despite subsets of patients deriving durable 

benefits with PD-1/PD-L1 ICI therapy, overall response rates are 47-63%, with many patients 

showing primary resistance mechanisms (Doroshow et al. 2019). Furthermore, of those that 

do show an initial or sustained response, disease relapse and progression occurs in most 

cases due to acquired secondary resistance mechanisms within the TME (Popat et al. 2020). 

Therefore, identification of additional immune checkpoints to be used to generate multi-

modality immunological therapies could greatly improve the success of PD-1/PD-L1 ICI 

therapies in NSCLC.   

  
In this thesis, the expression of the immune checkpoint CD200 was characterised in NSCLC 

and its potential role in immune evasion explored to determine whether CD200 could be a 

potential new immunotherapy target in NSCLC. Using patient samples, bioinformatics analysis 

and in vitro immune cell techniques it was shown that:  
(i) CD200 is expressed in NSCLC tumours and to a greater extent in adenocarcinomas 

(ii) Tumour CD200 expression altered the infiltrating immune cell composition, with CD200 

high adenocarcinoma tumours demonstrating increased Treg and decreased NK cell 

infiltration  
(iii) Tumour CD200 expression induced dysfunction in interacting CD200R+ NK cells that could 

be reversed by blocking CD200 signalling 
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Taken together, these results suggest that CD200 expression by NSCLC tumours may be 

another mechanism of immune evasion utilised by these cells and that blocking CD200 

signalling may represent a novel therapeutic target in NSCLC. 

 

6.1 CD200 is expressed in NSCLC tumours 
CD200 is a highly conserved transmembrane glycoprotein related to the B7 family of receptors 

that functions through interaction with its receptor, CD200R, on immune cells to induce a 

negative immunoregulatory signal to control the immune response  (Rijkers et al. 2008).  

Under normal physiological conditions, CD200 signalling functions to maintain immune 

homeostasis by regulating and maintaining self-tolerance and preventing over activation of 

the immune system; however, its expression on tumour cells has been confirmed in several 

different malignancies where it is associated with suppression of the immune response and 

subsequent immune evasion (Rygiel and Meyaard 2012). CD200 expression has been 

demonstrated in a number of haematological malignancies including MM, AML and CLL as 

well as in solid cancers such as ovarian, breast, testicular, renal, melanoma, bladder and 

prostate (Moreaux et al. 2006; Tonks et al. 2007; Moreaux et al. 2008; Wong et al. 2010). At 

the inception of this project there was little data in the literature on CD200 expression in 

NSCLC, with the limited data available based on bulk microarray analysis. NSCLC tumours 

have a high somatic TMB, making them a prime candidate for ICI therapy. Furthermore, 

CD200 signalling is also a critical mechanism by which lung immune homeostasis is 

maintained (Grant et al. 2021). Airway macrophages and interstitial DCs demonstrate high 

basal CD200R expression relative to their other tissue counterparts, with CD200 expression 

on luminal airway epithelium and type II alveolar cells binding to and preventing their activation 

in the absence of appropriate inflammatory stimulation (Snelgrove et al. 2008; Jiang-Shieh et 

al. 2010). Taken together, this suggested that CD200 signalling may represent another 

mechanism of NSCLC immune evasion. Therefore, the first aim of this thesis was to 

characterise CD200 expression in the normal lung and in NSCLC tumours. 

 

Using immunohistochemistry, CD200 expression was first explored in the mouse lung wherein 

it was seen at a moderate level on all bronchial epithelial cells and at a strong level on all cells 

within the alveolar epithelium, consistent with its crucial role in immune homeostasis. This 

contrasts with the literature in which, using high power magnification and electron microscopy, 

CD200 expression was only noted on the apical surface of ciliated cells of the bronchial 

epithelium and on the apical surface of type II alveolar cells in mouse and rat lungs. 

Differences in respiratory anatomy, CD200 homology and variations in tissue processing and 

imaging techniques used may account for the differences in CD200 expression; however, 

consistently, CD200 expression was demonstrated on type II alveolar cells in the mouse and 
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rat lung. Furthermore, for the first time, CD200 expression was characterised in the normal 

human lung where it was seen to be strongly expressed within both type I and type II cells 

within the alveolar epithelium. Unlike in the mouse lung, CD200 expression appeared to be 

limited to cells within the distal lung, with no CD200 expression seen in any of the bronchial 

epithelial sections analysed. However, further staining and analysis of human bronchial 

epithelium will be needed to confirm this as only three bronchial sections were available in this 

study. Taken together, CD200 is moderately expressed on mouse bronchial epithelium and 

strongly expressed on type I and type II alveolar cells within the mouse and human lung. Type 

II alveolar cells are the predominant cell of origin of adenocarcinomas but have also been 

shown to give rise to some SCC tumours, although cells within the more proximal lung appear 

to be the predominant SCC cell of origin (Ferone et al. 2020). Therefore, based on the strong 

CD200 expression seen in type II alveolar cells it was hypothesised that CD200 expression 

would be maintained upon malignant transformation and would be seen in both 

adenocarcinoma and SCC tumours, although to a greater extent in adenocarcinomas.  

 
Using a multi-label IHC protocol for CD200 and the type II alveolar and adenocarcinoma 

marker TTF-1, tumour cell CD200 expression was semi-quantitively determined in 240 

NSCLC tumours using a semi-automated scripted batch analysis in Qupath (Bankhead et al. 

2017), with each tumour assigned a CD200 H-score based on the intensity and proportion of 

tumour cell CD200 expression. CD200 expression was seen in both adenocarcinomas (H-

score= 61.12 ± 58.37) and SCCs (H-score= 32.47 ± 46.56) with CD200 expression 

significantly greater in adenocarcinomas. Although it was hypothesised that CD200+ TTF-1+ 

type II alveolar cells would give rise to CD200 positive tumours, CD200 positivity was also 

seen in TTF-1 negative tumours, suggesting that some tumours may maintain CD200 but lose 

TTF-1 expression upon transformation, or that CD200 expression is upregulated on CD200 

negative cells early in the disease process. The decision to use a multi-label IHC protocol over 

an immunofluorescent technique was based on initial studies which demonstrated strong 

green channel autofluorescence in the unstained mouse and human lung and lung tumour 

samples. The high autofluorescent signal in these samples would have interfered with 

accurate analysis of CD200 labelling due to the high thresholds necessary to eliminate 

background fluorescence. Of the two studies in the literature exploring CD200 expression in 

NSCLC tumours, one used IF and the other used IHC. In the IF study, the authors used a 

visual fluorescence cut-off value to eliminate background fluorescence and only demonstrated 

CD200 positivity in 29.7% of 287 tumours. In contrast, the IHC study of 632 tumours used a 

CD200 H-score quantification method and demonstrated an average H-score of 42 ± 57.7; 

this is in line with our NSCLC cohort which demonstrated an average tumour CD200 H-score 

of 48.2 ± 55.13. Taken together, this suggests that the cut-off used in the IF study may have 
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been too high and may have resulted in an under-representation of CD200 expression due to 

the limited detection of weaker CD200 positivity amongst the autofluorescent signalling of the 

lung tissue.  

 

In several cancers, tumour CD200 expression is also associated with poor prognosis. In AML, 

high CD200 expression is associated with an increased risk of relapse and significantly worse 

OS, whilst in solid malignancies high CD200 expression is an independent risk factor for poor 

survival in colorectal liver metastases and melanoma, suggesting that CD200 expression may 

play a critical role in disease progression (Tonks et al. 2007b; Lee et al. 2020; Matsuo et al. 

2021). In our patient cohort, CD200 expression was not associated with OS in either 

adenocarcinoma (HR= 0.771) or SCC (HR= 0.613) patients however, high CD200 expression 

did trend towards better survival in our SCC patients (p= 0.0565) with high CD200 expression 

also associated with lower disease stage (p= 0.0511). In one NSCLC study high tumour 

CD200 expression, as determined by IHC, was significantly associated with better OS and 

RFS; in contrast, CD200 expression as determined by IF demonstrated no associations 

between tumour CD200 expression and patient prognosis (Yoshimura et al. 2020; Vathiotis et 

al. 2021). High CD200 tumour expression has been associated with longer RFS in breast 

cancer patients, suggesting that the role of CD200 in disease progression is tumour type 

dependent and that CD200 expression may demonstrate both pro- and anti-tumour functions. 

Further analysis of a larger patient cohort may determine whether CD200 expression does 

hold prognostic significance in our patient cohort.  

 
6.1.2 CD200 expression alters the infiltrating immune response 
NSCLC tumours induce a strong immune response, as evidenced by the significant increase 

in CD45+ cells compared to normal lung, with the contexture of the infiltrating immune 

response a complex and heterogenous feature characterised by the frequency, distribution, 

and phenotype of the innate and adaptive immune cells.  Infiltrating immune cells such as 

macrophages, neutrophils and lymphocytes play a pivotal role in contributing to cancer 

progression, with the type, density, and location of these immune cells within the TME 

impacting the clinical outcome of patients (Anichini et al. 2020). The complexity and 

composition of the immune infiltrate in NSCLC arises from the interaction of several factors, 

including tumour mutational status, molecular subtype, mutational burden, tumour histology, 

and acquired mechanisms of immune evasion such as the expression of immune checkpoints. 

Together, these factors contribute to shape the NSCLC immune infiltrate which impacts 

tumour growth and progression and possesses clear prognostic significance. Prior to 

determining whether tumour CD200 expression has an impact on this immune infiltrate using 

a dual bulk RNA-seq and IHC approach, the immune infiltrate in 1019 NSCLC tumours (109 
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with matched normal tissue) was estimated using CIBERSORT to distinguish differences in 

the immune response upon malignant transformation and between histological subtypes.  

 

Upon malignant transformation, both SCC and adenocarcinoma tumours demonstrated 

changes in the immune cell composition indicative of an active anti-tumour immune response 

occurring. Both tumours saw a significant increase in the frequencies of M1 macrophages, 

Tregs and plasma cells, with SCC tumours demonstrating an increase in TFH cell proportions 

and adenocarcinoma tumours containing greater frequencies of naive B cells. Greater 

proportions of cytotoxic M1 macrophages, B cells, and TFH cells suggest an active immune 

response is occurring. The presence of Tregs, cells which are induced upon immune 

activation, and which can suppress the immune system and maintain tolerance to self-

antigens and tumours, further supports the presence of an active immune response within the 

NSCLC TME. When the immune composition of adenocarcinoma and SCC tumours was 

compared, the heterogeneity of the immune response between histological subtypes was 

highlighted. Adenocarcinoma tumours demonstrated significant increases in cells known to 

suppress the anti-tumour immune response (M2 macrophages and Tregs), combined with a 

decrease in activated innate immune cells and activated M1 macrophages, suggesting that 

the adenocarcinoma TME possessed a greater number of cells which have known 

immunosuppressive and pro-tumorigenic effects. In contrast, when the relative frequencies of 

CD8+, CD56+ and Foxp3+ cells were defined in our patient cohort, adenocarcinoma patients 

demonstrated an over 6-fold increase in CD8+ cell frequencies compared to SCC tumours 

and a significant decrease in CD56+, Foxp3+ and CD200R+ cells. As mentioned previously, 

these discrepancies in results between the RNA-seq and IHC analyses are likely due to the 

greater number of markers used to define immune cell populations in the RNA-seq compared 

to the single marker used in IHC. 
 

The presence of tumour-infiltrating lymphocytes, composed mainly of CD8+ T cells, are 

significantly associated with better survival outcomes in NSCLC, with the density of CD8+ 

cells in the stroma an independent prognostic factor associated with improved survival and 

decreased tumour size and grade (Ruffini et al. 2009). Several studies have demonstrated 

that high levels of infiltrating CD8+ T cells, CD4+ T cells and T cells with cytotoxic memory or 

Th1 profile are consistent positive prognostic factors (Bremnes et al. 2016). In contrast, Tregs, 

M2 macrophages and neutrophils have all been associated with poor prognosis (Gentles et 

al. 2015; Soo et al. 2018). The PRECOG software in combination with CIBERSORT was used 

to deconvolute the contribution of each infiltrating immune cell to overall survival using 

univariate cox regression in the RNA-seq samples. However, this approach identified cells 

with known positive prognostic power (memory B cells, MA CD4 T cells, activated DCs and 
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M1 macrophages) as significant predictors of worse survival. Furthermore, both CD8 T cells, 

cells which are independent prognostic factors associated with improved survival and Tregs, 

cells which have been consistently associated with poor OS in NSCLC, did not demonstrate 

any associations with survival. Therefore, the PRECOG results for this patient cohort should 

be interpreted with some caution as they do not align with more robust studies from the 

literature which use flow cytometric analysis of patient blood to determine the frequencies of 

infiltrating immune cells. In our patient cohort, high absolute numbers of CD45+, CD8+ and 

CD56+ cells and relative frequencies of CD8+ cells were associated with better OS in SCC 

patients, although none reached independent prognostic status. In adenocarcinoma patients 

high absolute CD56+ cell numbers were a predictor of better OS. The association between 

increased absolute and relative frequencies of cytotoxic immune cells with longer patient 

survival is representative of the anti-tumour role these cells possess within the TME and 

highlight the important role the immune response has in controlling tumour growth and 

progression. Despite Tregs being associated with advanced tumour growth and poor 

prognosis consistently in NSCLC (Tao et al. 2012), Tregs did not reach prognostic significance 

in our patient cohort, suggesting the single stain used to identify Treg cells may not be 

sufficient in identifying this population. Tregs are classified as CD4+CD25+Foxp3+ cells, as 

Foxp3 is also expressed by a subset of CD4+ T cells which produce pro-inflammatory 

cytokines. Although these Foxp3+ non-immunosuppressive T cells only account for ~3% of 

CD4+ T cells in healthy young donors, their proportions do significantly increase with age and 

in systemic autoimmune conditions to ~5% and ~10%, respectively (Devaud et al. 2014). This 

suggests that, if present within the TME, these pro-inflammatory Foxp3+ cells may account 

for a proportion of the Foxp3+ cells counted as immunosuppressive Tregs, thus preventing 

accurate identification of Treg frequencies in the patient samples. Furthermore, the patient 

cohort may have been too small to reach sufficient power. 

 

The expression of immune checkpoints by tumour cells is known to alter the composition and 

phenotype of the infiltrating immune response as a method of immune evasion. Tumour 

CD200 expression is associated with a significant increase in Treg frequency in MM and AML 

and a suppression of memory T cell and NK cell function in AML (Coles et al. 2011; Coles et 

al. 2012c; Coles et al. 2012a; Aref et al. 2017). Using CIBERSORT analysis of bulk RNA-seq 

data, CD200 expression in SCC patients was positively associated with the relative 

frequencies M0 macrophages, Tregs, TFH cells and memory B cells and negatively 

associated with MA and MR CD4 T cells, CD8 T cells, GDT cells, monocytes, resting DC and 

mast cells, eosinophils, and neutrophils. In adenocarcinoma patients, CD200 expression was 

positively associated with the frequencies of memory B cells, MA CD4 T cells, M0 and M1 

macrophages and neutrophils and negatively associated with TFH cell, activated NK cell, 
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monocyte and activated DC frequencies. Of the correlations observed with CD200 expression, 

positive associations with memory B cells, Tregs and M0 macrophages and a negative 

association with monocytes were the only relationships observed for both SCC and 

adenocarcinoma patients, once again highlighting the heterogeneity of the immune response 

and suggesting that the immunoregulatory effects of tumour CD200 expression may be 

subtype dependent. Like AML and MM, CD200 expression was positively associated with Treg 

frequencies, suggesting that this relationship may also be present in NSCLC tumours.  

 

One limitation of using bulk RNA-seq data is that the CD200 expression reads were 

determined from the whole tumour sample, resulting in CD200 positive non-tumour cells such 

as immune and stromal cells contributing to the sample’s CD200 expression level. Therefore, 

to explore the associations between tumour CD200 expression and the absolute and relative 

frequencies of CD45, CD8, CD56, Foxp3 and CD200R positive cells, serial sections of tumour 

were labelled and quantified and their relationship with the tumour CD200 H score determined. 

This method allowed for the more accurate analysis of the effects of NSCLC tumour cell 

CD200 expression on the immune infiltrate. In SCC patients, tumour CD200 expression was 

positively associated with absolute numbers of CD56+ and Foxp3+ cells, whilst in 

adenocarcinoma patients, tumour CD200 expression was positively associated with the 

absolute and relative frequencies of Foxp3+ cells and negatively associated with the absolute 

and relative frequencies of CD56+ cells. This increase in Tregs in both adenocarcinoma and 

SCC patients, although only in absolute numbers in SCC tumours, is consistent with the RNA-

seq data, suggesting that tumour CD200 expression in NSCLC does increase the frequency 

of infiltrating Treg cells, in agreement with that seen in haematologic malignancies. Although 

in this patient cohort Treg cell infiltration was not associated with survival, in the literature high 

Treg infiltration is associated with decreased survival and increased tumour growth, 

suggesting that tumour CD200 expression is associated with an increase in 

immunosuppressive cells (Tao et al. 2012). Furthermore, for the first time, a negative 

relationship was demonstrated between tumour CD200 expression and the absolute and 

relative frequencies of infiltrating NK cells in NSCLC tumours. RNA-seq analysis also identified 

a negative relationship between activated NK cells in adenocarcinoma tumours and CD200 

expression. NK cells are cytotoxic cells which can demonstrate potent anti-tumour activity; 

high absolute frequencies of CD56+ cells were associated with better survival in our patient 

cohort, suggesting that tumour CD200 expression is associated with a decrease in anti-tumour 

immune cells. Taken together, this consistent positive relationship between tumour CD200 

expression and the frequency of immunosuppressive Tregs and the negative relationship 

between tumour CD200 expression and cytotoxic NK cells suggests that NSCLC tumour 
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CD200 expression may be altering the composition of the infiltrating immune response as a 

method of immune evasion to prevent tumour cell killing.  

 

To exert its immunoregulatory effects, CD200 must bind to CD200R on interacting immune 

cells. In our patient cohort, 14.32% ±17.55 and 23.37% ±19.53 of infiltrating CD45+ cells were 

CD200R+ in adenocarcinoma and SCC tumours, respectively.  Analysis of single-cell 

sequencing data also demonstrated CD200R expression on infiltrating macrophages, mast 

cells, NK cells and T and B cells, although to a lesser extent than observed in our patient 

tumours.  This single cell data also demonstrated, for the first time, an increase in T cell 

CD200R expression from naïve to effector to memory to exhausted CD4 and CD8 T cell 

phenotypes. Although a direct role for CD200 signalling has yet to be elucidated, this increase 

in CD200R expression as cells mature and become exhausted suggests that CD200 may 

directly signal to these cells. Furthermore, a study on T cells within the NSCLC TME 

demonstrated an exhausted phenotype compared to peripheral blood cells, as characterised 

by increased co-expression of the immune checkpoints CD200R, PD-1, CTLA-4 and TIM-3, 

suggesting that the T cell CD200R expression could be used as a marker of exhaustion in 

NSCLC tumours (Su et al. 2020). Matched patient normal and tumour tissue would have been 

beneficial in determining whether CD200R expression was increased on infiltrating immune 

cells in our patient cohort. In line with the findings from Yoshimura et al. (2020), tumour CD200 

expression did not have an effect on infiltrating absolute or relative numbers of CD200R+ cells, 

suggesting that CD200R upregulation is due to other factors within the TME.  

 
6.1.3 Tumour CD200 expression causes CD200R+ NK cell dysfunction in vitro 
NK cells are potent cytotoxic innate immune cells that can rapidly identify and kill transformed 

cells without prior sensitisation. The importance of NK cells in the eradication of tumours has 

been supported by several in vivo studies which demonstrate that mice which are deficient in 

NK cells or NK cell function present with greater tumour growth and metastasis (Kim et al. 

2000; Smyth et al. 2005). However, despite NK cell infiltration into the TME, tumours are still 

able to grow. Unlike other tumour associated innate immune cells, NK cells themselves do not 

appear to subvert into a pro-tumour phenotype but rather factors within the TME cause NK 

exhaustion resulting in inefficient anti-tumour effector function. In the later stages of NSCLC 

development, NK cells within the TME became dysfunctional and demonstrate diminished 

cytotoxicity, decreased responsiveness, and impaired viability characterised by impaired IFN-

γ production, reduced degranulation and lower anti-tumour cytotoxicity (Cong et al. 2018). A 

similar dysfunctional NK cell phenotype is also seen in AML patients with high tumour CD200 

expression (Coles et al. 2011). Furthermore, tumour CD200 expression was negatively 

associated with the absolute and relative frequencies of CD56+ cells in our NSCLC patients, 
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suggesting CD200 expression may be having an effect on interacting NK cell function and 

viability. Therefore, to explore the effects of tumour CD200 expression on interacting 

CD200R+ NK cells, in vitro models of NK cell activity were generated.  

 

NK cells constituted 2.06% ±2.38 of the adenocarcinoma and 2.59% ±2.66 of the SCC tumour 

immune infiltrate in the RNA-seq cohort and 1.34% ±1.47 and 4.4% ±3.42 of our 

adenocarcinoma and SCC patient cohort, respectively. The use of CD56 alone as a marker 

of NK cells may have resulted in an over-estimation of NK cell frequencies in our SCC patients 

as CD56 is also expressed by cytotoxic subsets of DCs, monocytes, GDT and αβ T cells which 

possess strong effector functions, although this does not explain the reduction seen in 

adenocarcinoma patients (Van Acker et al. 2017). Despite the NK cell frequencies in our 

adenocarcinoma cohort being less than that observed by RNA-seq, this relative frequency is 

still within the expected range as determined by flow cytometry (Lavin et al. 2017; Stankovic 

et al. 2018). The presence of tumours despite this NK cell infiltration suggests that these 

infiltrating NK cells must be dysfunctional and cannot fully exert their anti-tumour properties. 

Upon recognition of a target cell, NK cells undergo a complex and tightly regulated process of 

activation which results in the direct killing of the target cell through release of cytotoxic 

granules and secretion of several cytokines which modulate the function of other innate and 

adaptive immune cells (Morvan and Lanier 2016). Using a preliminary in vitro co-culture model 

of direct CD200R+ NK cell killing of CD200+ and CD200- HeLa cells, expression of CD200 

demonstrated a protective role against NK-92MI cytotoxicity, with CD200+ tumours 

demonstrating significantly improved viability. Upon modifying this model to generate 

CD200+/CD200- adenocarcinoma target cells, the same protective role was seen with 

CD200+ H838 cells demonstrating significantly greater viability than CD200- H838 cells. This 

protection against CD200R+ NK cell cytotoxicity was diminished upon addition of a CD200 

blocking antibody, with CD200+ tumour cell viability decreased back to CD200- tumour cell 

levels, suggesting that evasion of NK cell cytotoxicity was CD200 dependent and that blocking 

CD200 signalling was sufficient to prevent this immunosuppression.  

 

This significant increase in the frequency of viable CD200+ tumour cells in the presence of 

CD200R+ NK-92MI cells also corresponded to a decrease in NK-92MI CD107a expression, 

an indirect marker of NK cell degranulation. Target cell recognition and NK cell activation 

induces the exocytosis of cytotoxic lysosomes containing perforin, which generates pores in 

the target cell, and granzymes which enter the cell through these pores where they cleave 

caspases and induce apoptosis, resulting in target cell lysis (Topham and Hewitt 2009). During 

exocytosis, the lysosome-associated protein CD107a transiently appears on the surface 

where it can be maintained through addition of a protein transport inhibitor and measured by 
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flow cytometry as a marker of NK cell degranulation. CD200 expression on H838 cells did 

decrease NK-92MI cell degranulation, with decreased degranulation corresponding to an 

increased viability of CD200+ target cells, although this did not reach significance. Addition of 

a CD200 blocking antibody was not sufficient to increase degranulation, suggesting that 

CD200 signalling alone may not be responsible for this decrease in degranulation.  This is in 

contrast to studies in AML in which an increase in CD200+ tumour cell viability in combination 

with a decrease in NK cell degranulation was observed, but NK cell cytotoxicity and 

degranulation could be restored upon addition of a blocking antibody (Coles et al. 2011). In 

addition to direct cytotoxicity, upon activation NK cells can also secrete a number of cytokines 

such as IFN-γ, TNF-α, GM-CSF, IL-10, IL-5, and IL-13 and chemokines including MIP-1α, 

MIP-1β, IL-8, and RANTES that can modulate the activation and function of other innate and 

adaptive immune cells (Paul et al. 2016). This immunoregulatory role is particularly apparent 

during the primary immune response in which NK cells are thought to be the primary source 

of IFN-γ, a potent effector cytokine that plays a crucial role in anti-tumour immunity (Krzewski 

and Coligan 2012). CD200 expression by H838 cells significantly reduced NK-92MI IFN-γ 

production and this was restored by the addition of the CD200 blocking antibody, suggesting 

another mechanism by which CD200 can induce NK cell dysfunction and evade the immune 

response. CD200 expression by AML tumour cells also significantly reduced NK cell IFN-γ 

production and could be restored by blocking CD200 signalling (Coles et al. 2011).  

 

Taken together, CD200 expression by lung cancer cells can cause significant dysfunction in 

interacting CD200R+ NK cells by reducing NK cell degranulation and immunoregulatory 

cytokine production. This dysfunction protects the CD200+ target cell from NK cell cytotoxicity, 

resulting in increased tumour cell viability, suggesting that CD200 signalling is an immune 

evasion mechanism utilised to prevent tumour cell death. Furthermore, blocking this signal 

with a CD200 blocking antibody was sufficient to restore NK cell tumour killing abilities and 

increase IFN-γ production. Despite addition of the antibody further decreasing NK cell 

degranulation, tumour cell death was still restored to CD200- levels. The mechanism by which 

tumour cell killing is increased but degranulation appears to also decrease is currently 

unknown and will require further studies to determine whether this increase in tumour cell 

death is due to another NK cell effector function, such as death receptor ligation, or whether 

addition of the blocking antibody interferes with accurate CD107a measurement.  

 

NK cell activation and subsequent effector functions are dependent upon the integration of 

both “missing-self” and “altered-self” mechanisms, the latter of which delivers activating 

signals through activating receptors such as NKG2D and the NCR’s Nkp30, Nkp44 and 

Nkp46, which identify stress signals from virally infected or transformed cells (Platonova et al. 
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2011a). Defective expression of these activating and inhibitory receptors, which maintain tight 

regulation over NK cell function, has been associated with poor patient outcomes in many 

cancers (Coles et al. 2011). In NSCLC, in addition to dysfunctional degranulation and IFN-γ 

production upon stimulation, tumour associated NK cells also demonstrate a distinct activating 

receptor phenotype characterised by a reduction in Nkp30, Nkp46 and NKG2D expression 

(Carrega et al. 2008; Platonova et al. 2011; Russick et al. 2020). Co-culture experiments 

demonstrated that this downregulation of Nkp30 and Nkp46 expression was reversed in 

transwell assays, suggesting that this altered NK phenotype was cell contact dependent 

(Platonova et al. 2011). Furthermore, CD200high AML patients demonstrated significant 

reductions in Nkp44 and Nkp46 expression compared to NK cells taken from CD200low 

patients (Coles et al. 2011). Using 16-hour co-culture experiments, it was demonstrated that 

stimulation of NK-92MI cells with H838 cells significantly reduced Nkp30 expression and this 

was further significantly reduced in the presence of tumour CD200 expression. No differences 

were seen in Nkp44 or Nkp46 expression, and NKG2D expression significantly increased after 

co-culture with CD200+ tumour cells compared to unstimulated cells, although this only 

resulted in a ~2% NKG2D+ NK cell population. This suggests that tumour CD200 expression 

may be responsible for the reduction in NKp30 expression seen in NK cells isolated from 

NSCLC tumours and that NK cells may increase NKG2D expression as a compensatory 

mechanism, although further study using CD200 blocking antibodies and at longer time points 

will be required to confirm this. In contrast to the NSCLC and AML studies, no differences in 

NKp44 or Nkp46 expression were demonstrated; however, it should be noted that those NK 

cells were taken from patient tumours or cultured with tumour cells for 5 days, much longer 

than the 16 hours in this study. Again, studies at longer timepoints and with CD200 blocking 

will determine whether CD200 expression may contribute to the altered activating receptor 

phenotype in NSCLC tumours as another mechanism of NK cell immune evasion.  

 

In addition to tumour CD200 expression inducing NK cell dysfunction and an altered activating 

receptor repertoire, the relative frequencies of activated NK cells and the absolute and relative 

frequencies of CD56+ cells were significantly negatively associated with CD200 expression 

by RNA-seq and IHC analysis. Reduced NK cell frequencies in tumours have been associated 

with poor homing and infiltration into the TME due to interferences with chemotactic signalling 

and through physical barriers to infiltration such as vascular density and the composition of 

the surrounding stroma. (Ben-Shmuel et al. 2020). However, analysis of NK cells taken from 

co-culture experiments demonstrated a significant decrease in interacting NK cell viability 

taken from CD200+ co-cultures, suggesting that tumour CD200 expression was inducing NK 

cell death. Further analysis of NK cell viability in the presence of a CD200 peptide 

demonstrated an increase in apoptotic NK cells over a 48-hour period compared to control. 
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Additional studies looking at which apoptotic pathways are activated and whether blocking 

CD200 signalling prevents NK cell death will be required before it can be stated that tumour 

CD200 expression causes apoptosis of interacting CD200R+ NK cells. However, this may 

explain why tumours with high CD200 expression present with a decreased NK cell infiltrate. 

If tumour CD200 expression does induce NK cell apoptosis, in addition to causing NK cell 

dysfunction, this represents a novel mechanism by which CD200 expression can evade NK 

cell anti-tumour immune attack.  

 

6.2 CD200 as a potential new immunotherapeutic target in NSCLC 
Immune checkpoint inhibitor therapies primarily reinvigorate tumour reactive T cells rather 

than induce their formation, therefore the best responses to these therapies are seen in 

cancers which have a high somatic TMB. As a tumour with a typically highly infiltrated immune 

reactive TME rich in neoantigens, NSCLC tumours represent an ideal candidate for 

immunotherapies, as reflected in the durable clinical efficacy seen in responder patients 

(Maleki Vareki 2018; Grant et al. 2021). However, despite subsets of patients deriving durable 

benefits with PD-1/PD-L1 ICI therapy overall response rates are 47-63%, with many patients 

showing primary resistance mechanisms (Doroshow et al. 2019). Therefore, identification of 

predictive markers of ICI therapy response or the generation of multi-modality immunological 

therapies targeting multiple immune checkpoints could greatly improve the success of PD-

1/PD-L1 ICI therapies in NSCLC. One of the most promising strategies for overcoming 

resistance and prolonging therapeutic benefit from ICIs is the use of dual immune checkpoint 

blockade (Jenkins et al. 2018). Data from NSCLC clinical trials suggests that first-line doublet 

anti-PD-1 and anti-CTLA-4 therapy increases overall survival for advanced stage NSCLC 

patients, with similar increases in overall survival seen in patients with both PD-L1 positive 

and negative tumours (Hellmann et al. 2019; Ramalingam et al. 2020). By targeting two 

immunoregulatory pathways at distinct yet synergistic stages in the immune response, namely 

the priming and effector phases of the adaptive immune response for CTLA-4 and PD-1 

respectively, the likelihood of a successful anti-tumour immune response is increased (Das et 

al. 2015). Furthermore, preliminary data from trials using anti-PD-L1 and anti-TIGIT antibodies 

have demonstrated enhanced anti-tumour activity when compared to anti-PD-L1 therapy 

alone (Rodriguez-Abreu et al. 2020). TIGIT is a coinhibitory receptor that works in the effector 

phase of the adaptive immune response to synergise with PD-1/PD-L1 to potently inhibit 

effector T cell function, suggesting that dual blockade of immune checkpoints that function in 

the same stages of the immune response can also synergise to increase the anti-tumour 

immune response (Johnston et al. 2014).  
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The first clinical trials in CLL using a CD200 blocking antibody have yielded positive results 

and provide evidence that CD200 inhibition with a blocking antibody can be safe and 

efficacious. Samalizumab is a recombinant humanised monoclonal antibody against CD200 

that  is engineered with an Ig constant G2/G4 region to minimise effector function and prevent 

ADCC of CD200-expressing immune cells (Kretz-Rommel et al. 2008; Mahadevan et al. 

2019). The first in human trial looked at the therapeutic benefit of CD200 immune checkpoint 

inhibition in 23 CLL and 3 multiple myeloma patients. After multiple dosing cycles there was a 

dose-dependent decrease in CLL CD200 expression and a sustained reduction in 

CD200+CD4+ T cells at higher doses; 64% of patients demonstrated a reduction in tumour 

burden, with 70% of CLL patients achieving stable disease. One chemotherapy naïve CLL 

patient presented with a durable partial response demonstrated by >50% reduction in overall 

tumour burden with a concomitant increase in CD8+ T cells and a reduction in Tregs. All MM 

patients had disease progression with little change in T cell subsets. These positive 

preliminary results combined with a good safety profile with generally mild to moderate 

adverse events support further development of Samalizumab as a CD200 immune checkpoint 

inhibitor (Mahadevan et al. 2019). 

 

In the UK, anti-PD-1/PD-L1 therapies are now standard therapies for the treatment for 

advanced stage NSCLC patients. PD-L1, known to be expressed by cells in the TME, engages 

its receptor PD-1 on T cells and subsequently triggers inhibitory signalling downstream of the 

TCR, inhibiting effector functions, reducing T cell killing capacity and inducing T cell apoptosis 

(Pardoll 2012). PD-1 blockade induces tumour rejection through reinvigoration of exhausted 

CD8 T cell activity by preventing PD-1-mediated attenuation of proximal TCR signalling, 

allowing for restoration of the functional activity and frequency of CD8 effector T cells (Wei et 

al. 2018). Clinical evidence supports a model in which blockade of PD-1 signalling is most 

effective in tumours in which an endogenous anti-tumour T cell response has already been 

elicited but has been suppressed through PD-1-induced T cell exhaustion (Tumeh et al. 2014). 

CD200 signalling has also been implicated in the control of T cell function and activation 

through both direct and indirect mechanisms, suggesting that dual blockade of CD200 and 

PD-1 signalling could produce a synergistic role in reinvigorating anti-tumour T cell responses.  

In AML, patients with high tumoral CD200 expression demonstrated reduced frequencies of 

cytotoxic CD8 memory T cells and memory CD4 T cells when compared with CD200low 

patients (Coles et al. 2012a). Upon blockade of CD200 signalling in vitro, memory Th1 cells 

taken from CD200high patients demonstrated recovered IFN-γ production. This direct 

suppression of both the magnitude and intensity of the memory Th1 cell response was 

confirmed using a direct T cell model to rule out the role of APCs, in which blockade of CD200 

signalling could significantly recover cytokine production, thus indicating that blockade of 
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CD200 alone is sufficient to recover memory T cell activity. CD200 signalling has also been 

associated with an increased frequency of Treg cells in AML patients and in the NSCLC 

patients analysed in this thesis, suggesting a potential role for CD200 signalling in the 

induction or increased homing of immunosuppressive Tregs to the TME (Coles et al. 2012). 

In addition to its role in memory T cell inhibition and increased Treg frequencies, in this thesis 

CD200R expression was observed on CD4 and CD8 T cells within the NSCLC TME, with its 

expression significantly increasing from naïve to effector to memory to exhausted phenotypes, 

suggesting a role for CD200 signalling in T cell exhaustion. Indeed, in one study approximately 

75% of T cells isolated from NSCLC tumours expressed CD200R and this expression largely 

overlapped with that of other immune checkpoint molecules including PD-1, CTLA-4 and TIM-

3, indicative of an exhausted T cell phenotype (Su et al. 2020). As immune checkpoint 

therapies aim to reinvigorate exhausted T cells, taken together this suggests that blockade of 

CD200 signalling may be a promising additional candidate for immune checkpoint inhibition 

through synergising with PD-1 blockade to increase memory T cell function, decrease Treg 

frequencies and potentially reinvigorate exhausted T cells to increase the anti-tumour immune 

response.  

 
The current paradigm is that CD8 T cells are inhibited by PD-1, and it is widely accepted that 

PD-1 blockade reinvigorates T cells to attack tumour cells; however, many tumours exhibit a 

high incidence of MHC loss and and/or low neoantigen burden which should render tumour 

cells refractory to CD8 T cell recognition (Hsu et al. 2018). The effectiveness of PD-1 blockade 

in some of these tumours suggests the existence and reinvigoration of an anti-tumour immune 

response independent of cytotoxic T cells, such as that mediated by NK cells, in which MHC 

loss and cellular stress ligands activate an anti-tumour immune response independent of 

antigenic stimulation (Trefny et al. 2020). Upregulation of PD-1 expression on intra-tumoral 

NK cells has been observed in several cancers, including NSCLC, where its expression is 

correlated with other inhibitory receptors such as TIM-3 and TIGIT. PD-1+ NK cells isolated 

from NSCLC tumours demonstrated decreased cytotoxicity and significantly reduced 

degranulation and cytokine production compared to their PD-1- counterparts (Trefny et al. 

2020). Furthermore, blockade of PD-1 signalling was sufficient to restore NK cell functional 

capabilities, suggesting PD-1 signalling is an important regulator of anti-tumour NK cell 

function. In this thesis, subsets of NK cells were demonstrated to express CD200R and, using 

a CD200R+ NK cell line, NK cell dysfunction and phenotypic changes were observed upon 

interaction with CD200+ tumour cells. In vitro blockade of this CD200 signalling was sufficient 

to increase IFN-y production and increase tumour cell killing, suggesting blocking CD200 

signalling may reverse NK cell dysfunction and reinstate an innate anti-tumour immune 
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response. Together with PD-1 blockade, CD200 inhibition could function as a synergistic 

therapy in which NK cell function is further restored through a dual mechanism. 

 

In addition to the effects CD200 blockade has on T cell and NK cell function, CD200R 

expression has also been demonstrated on several innate and adaptive immune cells within 

the NSCLC TME, suggesting that tumour CD200 may be delivering negative 

immunoregulatory signals to other infiltrating immune cells within the TME, such as B cells 

and macrophages, and that blockade may further enhance the anti-tumour immune response. 

Furthermore, in our patient cohort up to 79.85% and 90.62% of CD45+ cells were also 

CD200R+ in SCC and adenocarcinoma patients, respectively. In CD200+ pancreatic tumours, 

CD200R expression was significantly increased on MDSC and blocking CD200 in vivo was 

sufficient to limit pancreatic tumour growth and reduce intra-tumoral MDSC frequency 

(Choueiry et al. 2020). Furthermore, CD200 blockade in combination with anti-PD-1 antibodies 

significantly limited tumour growth compared to single agent therapy alone, suggesting that 

CD200 blockade can enhance the efficacy of PD-1 in a preclinical animal model. Further 

evidence for the synergistic role of dual PD-1 and CD200 blockade come from an in vivo model 

of CD200+ head and neck SCC in which localised delivery of an adenovirus expressing 

sCD200R-Ig effectively abolished CD200 signalling, induced a switch from M2 to M1 

macrophage polarisation, increased CD8 T cell infiltration, decreased Treg frequencies and 

demonstrated profound therapeutic efficacy. It was observed that CD200 upregulated PD-L1 

expression on tumour cells and that combined treatment with sCD200R-Ig adenovirus and 

anti-PD-1 antibodies further enhanced the anti-tumour effect, with the growth of the CD200+ 

tumours effectively inhibited, suggesting an increase in the efficacy of both immune checkpoint 

inhibitors (Shin et al. 2021).  

 

Taken together, this data suggests that blockade of CD200, alone or more likely in 

combination with PD-1 blockade, may be of clinical benefit to NSCLC patients. In this thesis, 

adenocarcinoma tumour CD200 expression was associated with an increase in Treg 

frequencies and a decrease in NK cell frequencies, cells with negative and positive prognostic 

power, respectively. Furthermore, interactions between CD200+ tumour cells and CD200R+ 

NK cells resulted in NK cell dysfunction characterised by decreased killing capacity, 

decreased degranulation and cytokine production, and an altered activating receptor 

repertoire. Blockade of CD200 signalling was sufficient to restore NK cell activity and increase 

tumour cell killing and cytokine production. Furthermore, in other studies, blockade of CD200 

signalling was sufficient to increase memory T cell function, decrease Treg and MDSC 

frequencies and inhibit tumour growth in CD200+ tumour models (Coles et al. 2012a; Choueiry 

et al. 2020; Shin et al. 2021). Moreover, dual blockade of CD200 and PD-1 signalling appears 
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to have a synergistic effect on enhancing anti-tumour immunity in solid tumour models, with 

double agent therapy significantly enhancing the efficacy of PD-1 therapies (Choueiry et al. 

2020; Shin et al. 2021). Seeing as most NSCLC patients treated with anti-PD-1/PD-L1 

therapies do not show a durable clinical response, this dual inhibition could be a new promising 

model to explore in NSCLC to increase treatment efficacy in those which present with 

resistance.  

 

Of the NSCLC tumours studied, 95.72% and 80.5% of adenocarcinoma and SCC tumours 

demonstrated ≥ 1% CD200 positivity, suggesting that these patients may benefit from CD200 

inhibition. However, tumour CD200 expression may not be necessary for patients to benefit 

from CD200 blockade. An in vivo study of skin carcinoma in mice demonstrated that CD200-

CD200R signalling was able to suppress the anti-tumour immune response independent of 

tumour CD200 expression, thus suggesting an extension of the therapeutic use of CD200 

blockade to patients with CD200 negative tumours (Rygiel et al. 2012). This is also seen with 

PD-1/PD-L1 ICIs. Monotherapy with Pembrolizumab and Atezolizumab is only approved in 

the first-line setting for patients with a PD-L1 tumour expression of ≥ 50%, with tumours 

demonstrating lower PD-L1 expression approved for first-line Pembrolizumab in combination 

with platinum doublet chemotherapy (NICE 2021). In this thesis, 44.44% of adenocarcinomas 

and 21.19% of SCC tumours demonstrated ≥ 50% CD200 positivity. However, despite 

consideration and validation of the 50% tumour cell PD-L1 expression cut-off, not all patients 

with high PD-L1 expression respond to PD-1/PD-L1 antibodies. Similarly, a subset of patients 

with low PD-L1 expression have demonstrated good clinical responses and long-term disease 

control, suggesting that tumour PD-L1 expression is not a robust biomarker of ICI responses 

(Herbst et al. 2018; Garon et al. 2019; Herbst et al. 2020). Taken together, this suggests that 

NSCLC patients may benefit from CD200 inhibition regardless of tumour CD200 expression. 

Further studies into the optimal tumour CD200 expression cut-off value would be necessary if 

this were to go to the clinic. Whether CD200R and PD-1 are expressed together or on distinct 

subsets of infiltrating immune cells in NSCLC and whether blockade of CD200 alone and in 

combination with PD-1 can enhance the anti-tumour immune response in a NSCLC model will 

also need to be explored. Nonetheless, CD200 blockade represents an exciting new potential 

immunotherapeutic target in the treatment of NSCLC.  

 

6.3 Future directions 
Having demonstrated that CD200 can induce dysfunction of interacting CD200R+ NK cells in 

vitro, it would be of benefit to analyse what percentage of infiltrating NK cells in NSCLC 

tumours are CD200R+, using flow cytometry of patient samples or multi-plex IHC of tumour 

sections, to determine the extent to which CD200-mediated NK cell dysfunction could affect 
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the anti-tumour immune response. Furthermore, the use of freshly isolated NK cells from 

PBMCs in the tumour:NK cell co-culture models would be beneficial to determine whether this 

NK cell dysfunction occurs in a more clinically relevant model. Additionally, initial data 

generated at the end of this project suggests that CD200 may reduce the viability of interacting 

CD200R+ NK cells. Further studies into the mechanisms by which CD200 may be inducing 

NK cell apoptosis, by which pathway, and whether this decreased viability may account for 

the negative relationship between tumour CD200 expression and NK cell frequencies need to 

be explored. The reductions in NK cell frequencies may also be due to ineffective homing of 

the NK cells to the TME due to dysregulated chemokine production. Therefore, functional 

characterisation of NK cell chemokine production after tumour cell stimulation would establish 

whether dysregulation of NK cell migration to the TME is another mechanism by which tumour 

CD200 induces NK cell dysfunction and evades immune attack.  In addition to direct cell to 

cell CD200:CD200R signalling, the detection of sCD200 in the supernatants of CD200+ 

tumour cells suggests that CD200 may also be able to exert its effects on cells not in direct 

contact with the tumour. Functionally active sCD200 has been detected in haematological 

malignancies, therefore functional characterisation of the effects of sCD200 on CD200R+ NK 

cells in transwell experiments will help to determine whether CD200 can cause dysfunction of 

NK cells that are not in direct contact with the tumour.  

 

6.4 Conclusions  
To conclude, in this thesis CD200 expression has been characterised in NSCLC tumours and 

its relationship with the absolute and relative frequencies of infiltrating immune cells 

established, with CD200 expression positively correlating with frequencies of 

immunosuppressive Tregs and negatively with cytotoxic NK cells. In vitro, tumour CD200 

interacts with CD200R+ NK cells to cause NK cell dysfunction as characterised by decreased 

degranulation, inhibited cytokine production, altered activating receptor expression and a 

decreased capacity to kill tumour cells. Blocking of CD200 with an antibody was sufficient to 

restore the NK cell anti-tumour response and increase tumour cell death. Furthermore, 

CD200R is expressed on almost all of the infiltrating immune cell subtypes studied, suggesting 

immunoregulatory control of the immune response beyond that which was studied in this 

thesis. A summary of the key findings of this thesis can be found in Figure 6.1. Taken together, 

this data suggests a mechanism by which NSCLC tumour cells express CD200 as a 

mechanism of immune evasion and that blocking CD200 signalling alone, or in combination 

with PD-1 inhibition to synergistically increase immune checkpoint therapy efficacy, may 

represent a novel therapeutic target in NSCLC. 

 

 



 6. General discussion  

 280 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.1 Summary of the key findings of this thesis investigating the role of CD200 in 
NSCLC immune evasion.  
Tumour cell CD200 expression was semi-quantitatively analysed by IHC in (A) SCC (n= 120) 
and (B) adenocarcinoma (n= 120) tumours. Adenocarcinoma tumours demonstrated 
significantly greater tumour CD200 expression than SCC tumours. In adenocarcinoma 
tumours, tumour CD200 expression was associated with an increase in the infiltration of Tregs 
and a decrease in infiltrating NK cells. (C) In vitro analysis demonstrated that tumour CD200 
expression protected tumour cells from CD200R+ NK cell killing, associated with a dysfunction 
in NK cell activity and phenotype, as characterised by a decrease in IFN-γ secretion, 
decreased NKp30 expression and a reduction in NK cell viability. This dysfunction could be 
rescued by the addition of a CD200 blocking antibody and resulted in restoration of NK cell 
killing of the tumour target cells, suggesting CD200 blockade may be a potential 
immunotherapeutic target to prevent NSCLC immune evasion.   
 

A. 

B. C. 
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Supplementary Figure S1. Representative images of strong CD200 staining in NSCLC 
stroma. (A) CD200 expression on vascular endothelium (B) CD200 within tertiary lymphoid 
structures and (C) CD200 expression throughout the stroma. S, stroma; T, tumour. 
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Supplementary Figure S2. Normalised CD200 expression in the SCC and 
adenocarcinoma TCGA cohort by RNA-seq.  Normalised CD200 expression 
(Log2(transcripts per million)) as determined by RNA-seq in 501 SCC and 518 
adenocarcinoma patients. P ≤ 0.05 (*) P ≤ 0.01 (**) P ≤ 0.001 (***) P ≤ 0.0001 (****).  
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Supplementary Figure S3. Optimisation of IHC labelling of immune cell markers. 
Representative images of human tonsil labelled with immune cell markers and visualised with 
DAB. The absence of labelling in the no primary antibody controls confirms the specificity of 
the labelling. 
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Supplementary Table S1. List of genes used to characterise CD8 T cells, Tregs and NK 
cells by CIBERSORT. 
Cell Gene Cell Gene Cell Gene 

CD8 T cell 

BCL11B 

Treg 

BCL11B 

Nk cell 

APOBEC3G 
CCL5 CD2 APOL6 
CD2 CD247 AZU1 
CD247 CD27 BPI 
CD27 CD3D CAMP 
CD3D CD3E CCL4 
CD3E CD3G CCL5 
CD3G CD6 CCND2 
CD6 CD96 CD160 
CD69 DPP4 CD2 
CD7 GPR171 CD244 
CD8A GZMM CD247 
CD8B ICOS CD69 
CD96 ITK CD7 
CRTAM LCK CD96 
CST7 LTB CDHR1 
CTSW MAP4K1 CDK6 
DPP4 SH2D1A CEACAM8 
DSC1 SIRPG CSF2 
DUSP2 TRAC CST7 
FAIM3 TRAT1 CTSW 
FLT3LG TRBC1 DEFA4 
GNLY UBASH3A DPP4 
GPR171 ZAP70 ELANE 
GRAP2 BARX2 FASLG 
GZMA CD28 GFI1 
GZMB CD4 GNLY 
GZMH CD5 GPR171 
GZMK CD70 GPR18 
GZMM CEMP1 GRAP2 
ICOS CLEC2D GZMA 
IGKC CTLA4 GZMB 
IL7R DGKA GZMH 
ITK EFNA5 GZMK 
KLRB1 FOXP3 GZMM 
KLRC3 FRMD8 IFNG 
KLRC4 GPR1 IL12RB2 
KLRD1 GPR19 IL18R1 
KLRF1 HIC1 IL18RAP 
KLRK1 HMGB3P30 IL2RB 
LAG3 IL2RA KIR2DL1 
LCK IL2RB KIR2DL4 
LEF1 KIRREL KIR2DS4 
LIME1 LAIR2 KIR3DL2 
LTB LILRA4 KLRB1 
LY9 LOC126987 KLRC3 
MAP4K1 MBL2 KLRC4 
MAP9 NPAS1 KLRD1 
NCR3 NTN3 KLRF1 
NKG7 PCDHA5 KLRK1 
PIK3IP1 PLCH2 LCK 
PRF1 PMCH LTA 



 7. Supplementary data  

 286 

PTGDR PTGIR LTB 
PTPRCAP PTPRG MGAM 
PVRIG RCAN3 MS4A3 
RASA3 RYR1 NAALADL1 
RPL3P7 SEC31B NCR3 
SH2D1A SEPT5 NKG7 
SIRPG SIT1 NME8 
TCF7 SKAP1 OSM 
TRAC SPOCK2 PLEKHF1 
TRAT1 SSX1 PRF1 
TRAV12-2 TRAV9-2 PRR5L 
TRAV13-1 TYR PTGDR 
TRBC1     PTGER2 
TRDC     PTPRCAP 
UBASH3A     PVRIG 
ZAP70     S1PR5 

        SH2D1A 
        SOCS1 
        TBX21 
        TEP1 
        TNFSF14 
        TRBC1 
        TRDC 
        TTC38 
        TXK 
        ZAP70 
        ZNF135 
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