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Abstract 

 

In vitro generation of cytotoxic T cells with potential for adoptive tumour 

immunotherapy of Multiple Myeloma. 

 

By Wafaa Seifalnaser Sedik Khalaf 

 

Multiple myeloma (MM) is a life-threatening haematological malignancy, which is 

rarely curable by conventional therapies. Immunotherapy, using autologous antigen 

specific cytotoxic T-lymphocytes (ASCTL), may represent a useful adjunct therapy 

for MM. In this study, I assessed the ability of previously described hybrid cell lines, 

generated by chemical fusion of myeloma tumour cells and the EBV B-

lymphoblastoid cell line (EBV B-LCL) HMy2, to induce ASCTL in vitro from 

peripheral blood lymphocytes from patients with MM (and from healthy 

individuals). The tumour associated antigens (TAAs) hTERT, MUC1, MAGE-C1 

and CS1 were selected as potential inducers of ASCTL, based on their prevalence 

of expression in MM patients. Expression of these TAAs was assessed in four B-

LCL/myeloma hybrid cell lines, using real time PCR and flow cytometry, and two 

of the hybrid cell lines were selected as in vitro stimulator cell lines in long-term 

activated T-cell cultures, using PBMCs from HLA-A2+ healthy donors and multiple 

myeloma patients. Induction of ASCTLs was assessed by HLA-A2-peptide 

pentamer staining and flow cytometry, Europium release cytotoxicity assays, and 

interferon-gamma and perforin ELIspot assays, using known HLA-A2 restricted 

peptide epitopes of the TAAs. The hybrid cell lines induced ASCTLs to the 4 

selected TAAs, after 4 rounds of in vitro stimulation with the hybrid cell lines, in 

PBMCs from both (HLA-A2+) healthy donors and MM patients. In contrast, the 

(HLA-A2+) myeloma cell line, U266, failed to activate ASCTL in vitro. Hybrid cell 

lines, generated by fusion of EBV B-LCL and myeloma tumour cells, can induce 

ASCTL in PBMCs from healthy individuals and multiple myeloma patients in vitro, 

and may represent a novel strategy for use in immunotherapy of MM.  
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1.1 The role of the immune system in development and progression of tumour  

Over the last two decades, improved understanding of constituents of tumour 

microenvironments and immunosurveillance, have paved the way for manipulation of the 

immune system in the treatment of various types of tumours. Many clinical studies have 

demonstrated the existence of tumour specific immune responses in numerous types of 

cancer, proving its role against tumour progression. However, this response is usually 

ineffective to protect the host against cancer progression. This is because, in the tumor 

microenvironment, tumor cells can produce extracellular signals, to promote tumor 

angiogenesis and enhance peripheral immune tolerance, leading to unregulated cell 

growth through which tumor cells can spread to all parts of the body through the 

lymphatic system and blood. Initially, the immune cells present in the tumor 

microenvironment are trying to dampen the growth and evolution of the tumor cells. This 

phenomenon is known as immunosurveillance (Burnet, 1957). Tumor 

immunosurveillance might eradicate various transformed cells before their growth, 

through patrolling of the body by the effector cells of innate and adaptive immunity, 

looking for any microscopic tumors before they become evident (Restifo et al., 2012). 

However, this does not always happen, as in established tumours, the immune cells may 

promote rather than inhibit tumour development (Whiteside, 2008). This is the reason 

why many researchers have tried to develop effective immunotherapy, by using different 

immune system compartments to stimulate antitumor activities of the immune system for 

treatment of various types of tumour, thereby breaching the peripheral immune tolerance, 

which has become established around the tumour.  

By extending the research about tumor immunology and escape mechanisms, the 

immunosurveillance concept has been extended to a wider concept known as tumor 

immunoediting. This process is responsible for the tumour sculpting and host-protective 

immunity actions in cancer (Dunn et al., 2002). During this process, the immune system 

can shape the tumour fate into three phases; elimination, equilibrium and escape, and can 

be abbreviated into the three Es of cancer immunoediting. Each of these phases has 

different features. The first event is Elimination, which relates to immunosurveillance, 

meaning identifying and removal of the cancerous cells by the immune mechanisms. The 

second phase is Equilibrium, that refers to a state of unbiased interaction between tumour 

cells and the immune effectors (tumour remains at a subclinical level without 

development or elimination). During this phase, the tumour cells are being edited into a 

https://en.wikipedia.org/wiki/Angiogenesis#Tumor_angiogenesis
https://en.wikipedia.org/wiki/Angiogenesis#Tumor_angiogenesis
https://en.wikipedia.org/wiki/Immune_tolerance#Peripheral_tolerance
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new variant, which increases resistance of the tumour to the immune system, leading to 

tumour growth. The third step is Escape, which indicates tumour progression after 

evading the tumour immunosurveillance (Mittal et al., 2014). Numerous immune 

compartments are involved during immunosurveillance activity, and are discussed in the 

following sections.  

1.2 Different components of tumour immunosurveillance: 

The immune system, responsible for biological defences against infection or to avoid any 

unwanted biological invasion, is characteristically categorized into innate immunity and 

adaptive immunity. In this section, different components of innate and adaptive immunity, 

which are of crucial importance in detection and removal of the tumour cells, are detailed. 

The following chart (Figure 1.1.) illustrates important compartments of the immune 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Different components of the immune system. While typically the depicted distinction is made 

in relation to the antimicrobial response, all factors have a role in chronic inflammation. There is 

communication between both arms of the immune system, whereby the innate modulates and prepares the 

adaptive immune system.  
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1.2.1 Innate tumour immunosurveillance 

The innate immune response is normally characterised by its non-antigen-specific nature; 

however, it can discriminate self and nonself, and generate fast acting immune responses. 

Many components are involved in innate immunity, for instance physicochemical barriers 

(e.g. tears, mucosa, skin, ciliary movement of the cilia of mucosa, mucous secretions, 

etc.), cytotoxic cells (including natural killer (NK) and NKT cells), phagocytic cells (such 

as neutrophils, macrophages, monocytes), and blood proteins, for example the 

complement system, and a set of chemokines and cytokines, which work cooperatively to 

raise the antitumor immune response. Natural antibodies are low affinity 

immunoglobulins, which are part of the innate system and provide initial reactivity before 

the specific antibody response is mounted. The distinct features of innate cellular 

immunity usually refer to diversity of myeloid and lymphoid cells which can exert an 

effector function through a range of germline-encoded receptors (Vivier et al., 2011).  

1.2.1.1 Natural Killer Cells  

Natural killer (NK) cells originate in the bone marrow from the common lymphoid 

progenitor cell. They can be discriminated from the cells of the adaptive immune 

response, as they lack CD3 and CD19 surface marker expression, and antigen-specific 

cell surface receptors, so they are classified as a component of the innate immune system, 

whose action is completed in the absence of specific antigenic stimulation and can induce 

direct lysis of tumour cells and virus-infected cells, without prior sensitisation with 

specific antigen. So, they are characterised as a direct cytolytic effector cells (Annunziato 

et al., 2007; Vivier et al., 2011). Natural killer cells normally express an array of 

stimulatory receptors such as NKG2D (their ligands are MHC-class-I-related molecules 

expressed on the target cells), in addition to inhibitory receptors such as killer cell Ig-like 

receptors (KIR). The ligands of these receptors are members of HLA class I (Iannello et 

al., 2008; Cooper et al., 2001). Consequently, modification or down regulation of MHC 

class I molecules expression on the surface of the tumour cells, causes reduction of the 

inhibitory signals of NK cells and dominance of their stimulatory molecules (Cooper et 

al., 2001). Also, NK cells can express many lymphoid markers, such as NK1.1 or NK1.2, 

and express CD56 and CD16 (expressed also in neutrophil). The role of CD56 is to 

mediate the adhesion of NK cells to their target cells. NK cells mediate their cytotoxic 

effect either through antibody dependent cellular cytotoxicity or though cytolytic protein 

secretion. The antibody dependant cellular cytotoxicity function of NK cells is fulfilled 
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by using CD16, which can interact with the Fc fragment of the antibody (Watzl and Long, 

2010; Leibson, 1997). The second mechanism of cytotoxicity is mediated through 

secretion of cytolytic granules including perforin and granzymes, leading to either 

osmotic cell lysis or apoptosis of the target cells (Topham and Hewitt, 2009). 

Walzer et al (2005) described NK cells as major producers of many cytokines, including 

interferon-γ (IFNγ), some immunosuppressive and proinflammatory cytokines, for 

instance interleukin (IL)–10 and tumour necrosis factor–α respectively. In addition to that, 

NK cells can secrete some growth factors such as granulocyte macrophage colony-

stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF) and IL-3 

(Walzer et al., 2005). Furthermore, they require some priming factors, such as IL-15, IL-

12 or IL-18, in order to perform their function. Regarding the function of NK cells, in 

addition of their direct cytotoxicity effect, they help to shape the response of T cells, either 

through IFNγ production or through indirect effects on DCs, which cause stimulation of 

T lymphocytes. On the other hand, they can produce some inhibitory cytokines as IL-10, 

which has an inhibitory effect on T cells and macrophages (Vivier et al., 2011). The 

following image (Figure 1.2) shows how NK cells contribute to immunity. 

 

Figure 1.2: The role of NK cells in tumour immunosurveillance. NK cells can stimulate or 

supress T and B cells of the host. In addition to that, NK cells mediate cytokine production and 

cytotoxicity. So, NK cells participate in many different ways in immunity to fulfil these functions. 

Image adapted from (Vivier et al., 2011). 

 

https://en.wikipedia.org/wiki/Apoptosis
http://www.sciencemag.org.ezproxy4.lib.le.ac.uk/search?author1=Eric+Vivier&sortspec=date&submit=Submit
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1.2.1.2 Natural Killer T cells (NK T cells) 

Natural Killer T (NK T) cells are innate lymphocytes, as they function as a part of innate 

immune system, and express NK cell markers including NK1.1 and CD94 (Wu et al., 

2009). They also exhibit features of T lymphocytes, as they can express CD3 cell surface 

marker, and somatically rearranged antigen receptors, however of lower diversity than 

those of T lymphocytes (Brennan et al., 2013). Generally, NK T cells recognise the lipid 

or glycolipid antigens (particularly alpha-galactosylceramide (α-GalCer)) presented in the 

context of CD1d (MHC class I like molecules) (Arrenberg et al., 2009). There are two 

major subsets of NKT cells. NKT cells type 1, play an immunostimulatory role through 

production of Th1- pro-inflammatory cytokines (e.g., IFNγ, TNF-α). NKT cells also can 

play an immunosuppressive role, which is the main function of type II NKT cells, through 

production of Th2- anti-inflammatory cytokines such as IL-10. Hence, type I and type II 

NKT cells counter-regulate each other (Terabe and Berzofsky, 2008; Robertson et al., 

2014). A hallmark of NKT cells upon antigenic stimulation is their production of various 

types of cytokines, such as (IFNγ), granulocyte-macrophage colony-stimulating factor 

(GM-CSF), interleukins (IL)-2, -4, -10, -13, -17, -21, and 22, and TNF-α. Thereby they 

determine the milieu of subsequent immunity. They are mostly CD4 and CD8 double 

negative cells, however a considerable significant portion are CD8α+ positive cells (Wu 

et al., 2009). NKT cells are of importance in protection against tumour growth by 

enhancing tumour surveillance. They can supress tumour through production of IFNγ, 

which activates NK and CD8+ T cells. They also, contribute to tumour surveillance by 

activating dendritic cells to produce IL-12 (Terabe and Berzofsky, 2008). Some reports 

described reduced target cell apoptotic effect of NKT cells after activation with α-GalCer 

and blocking the production of perforin release, suggesting that perforin release was the 

chief mechanism through which NKT cells mediate their cytotoxic effect (Kawano, 

1998). 

1.2.1.3 Antigen presenting cells 

Antigen presenting cells (APCs), including dendritic cells (DC), B cells and macrophages 

(Mφ), are of crucial importance for the innate immune system, and also they are vital for 

effective adaptive immune responses. It is well accepted that MHC class II molecules are 

constitutively expressed on the surface of APCs. In contrast, MHC class I molecules are 

expressed on the surface of all nucleated cells. Moreover, the level of expression of MHCs 

expression on the surface of the APCs is always controlled by the efficiency of their 
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antigen uptake. Furthermore, professional APC constitutively express important 

costimulatory molecules such as CD80 and CD86. The expression of all these molecules 

results in potent ability of APC to present the processed endogenous and exogenous 

antigens (including tumour antigens), using their MHC molecules, in addition to 

delivering of costimulatory signals, leading to activation of antigen specific T 

lymphocytes. However, non-professional APCs express MHC class I, but do not 

constitutively express MHC class II, and lack the ability to express the co stimulatory 

molecules on their surface, so they can only be recognised by previously activated T 

lymphocytes (Jensen, 2007).  

Immature DCs capture antigens, and undergo maturation when inflammatory stimulus 

and danger signals, including PAMPs (Toll like receptor TLR agonists), pro-

inflammatory cytokines, or heat shock proteins are sensed. This maturation leads to 

upregulation of the expression of MHC class II molecules, CD80 and CD86 co-

stimulatory molecules. After that, APCs migrate to the lymph nodes, where they present 

processed antigen to naïve CD8+ and CD4+ T cells specific for the same antigen, which 

elicits their T cell receptors’ signalling and activation. In addition to that, professional 

antigen presenting cells such as mature DC produce many cytokines, including IL-12. 

The produced IL-12 participates in the differentiation of the activated T cells into T 

helper1, which in turn act as effector cells and produce interferon-γ (IFNγ). The produced 

IL-12 also enhances the proliferation of NK and NKT cells. Therefore, APCs lead to 

activation of both innate and adaptive immune system (Medzhitov, 2001; Wilson et al., 

2004). It is possible that activated DCs migrate to a lymphoid structure similar to a lymph 

node that can be found in the vicinity of the tumour (tertiary lymphoid organ). It is thought 

that cancers with this histopathological feature have a better prognosis, because antigen 

presentation is active and elicits tumour antigen specific T cells.  

Dendritic cells (DC) are the most potent antigen presenting cells of the immune system, 

and are the main primers of T cells by presenting antigens processed from other cells, 

such as virus-infected cells or tumour cells. So, they are in focus when developing 

different vaccines to be used in immunotherapy against tumours (Melief, 2003; Ho et al., 

2006; Rosenblatt et al., 2013). Also, DC and macrophages can act as phagocytic cells, 

because their surfaces have many receptors for complement and the Fc region of antibody. 

Therefore, they can undergo a process of opsonisation of tumour cells by engulfment of 

the antibody attached tumour cells (Kelly et al., 2005). Regarding B cells, direct binding 
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of membrane Ig to antigen enhances antigen presentation and dependent T cell activation. 

Helper T cells activate B cells through secretion of lymphokines, which are growth and 

differentiation factors, and additional signals which enhance B cells response to 

lymphokines, such as CD40-CD40 ligand interaction (Parker, 1993).  

1.2.1.3.1 The importance of CD80 and CD86 as costimulatory molecules: 

The costimulatory molecules CD80 and CD86, members of B7 family, are cell surface 

glycoproteins, expressed on the surface of professional APCs, such as DCs, B cells and 

Mϕ. They act as a ligand for CD28 and CTLA4 receptors on the T lymphocytes, and 

regulate their stimulation (Hathcock et al., 1994). Greene and Cosand (1996) described 

the presence of a single binding site of each monomer of CD80 and CD86 for CTLA4 or 

CD28, and that binding of both CD80 and CD86 required homodimers of CD28 or 

CTLA4 for T cell activation. Also, they showed that CD28 and CTLA4 binding are both 

characterised by rapid on and off dissociation rates, and that binding may control the 

signal transduction by regulating the time of receptor occupancy. In addition to that, they 

suggested low affinity of binding of both CD80 and CD86 to CD28, however, their 

binding is of higher affinity with CTLA4. The binding affinity of CTLA4 to CD80 and 

CD86 is 500 to 2500 times stronger than CD28, which suggests that the described 

competitive inhibition is the principal mechanism of inactivation of T cells (Chan et al., 

2014). Also, the dissociation rate of CD86 is higher than that of CD80 (Greene and 

Cosand, 1996). Ellis et al. (1996) identified that the structure of the binding sites of CD80 

and CD86 on CD28 and CTLA4 have some similarity, but are not identical. Additionally, 

the resting T cells express CD28 only, whereas, activated T cells express CD28 and 

CTLA4 (Chan et al., 2014). These costimulatory molecules have been described as the 

most extensively characterised T cell costimulation pathway. 

Resting B cell express little or no costimulatory molecules. However, after activation with 

different stimuli, including ligation of CD40, MHC class II or contact with the antigen 

via antigen receptors, the expression of these two costimulatory molecules is rapidly 

upregulated (Palena, 2004). 

1.2.2 Adaptive immunity 

The adaptive immune system is distinguished by self and non-self-discrimination, antigen 

specificity, and ability to respond more vigorously and rapidly to the secondary exposure 

of the same antigens i.e.: immunological memory (Burmester, 2003). Adaptive immunity 
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is categorised into two types of cellular immunity, B and T lymphocytes. These 

lymphocytes clonally express antigen specific receptors that are produced by somatic 

recombination, which make T cell receptor (TCR) and B cell receptor (immunoglobulin). 

Functionally, naive B and T cells encounter antigens present in specialised lymphoid 

organs and go through a process of cell proliferation and maturation in a suitable 

environment before differentiation into effector cells. 

1.2.2.1 T lymphocytes 

T cells represent the core of the adaptive immune system, with a unique ability to 

recognise and respond to a specific peptide antigen. They represent 48.7–77.1% of 

peripheral blood mononuclear cells (PBMCs) (Autissier et al., 2010). T lymphocytes can 

be mainly categorised into CD4+ or CD8+ lineage, according to their phenotypic 

characterisation and their effector functions. Cytotoxic T cells (CD8+ T cells) mainly 

recognise peptides produced from degraded endogenous (or less commonly, exogenous 

antigen), presented in the context of major histocompatibility complex class I (MHC class 

I) molecules, whilst helper T cells (CD4+ T cells) recognise the peptide presented in the 

context of MHC class II molecules (Kisielow, 1988; Von Boehmer and Kisielow, 1990). 

Usually, T lymphocytes can recognise such antigens through their αβT cell receptor. 

Antigen receptors on T lymphocytes are clonally distributed, meaning that each clone has 

a unique TCR and recognises different specific antigen/MHC complex. Large numbers of 

distinct T cell clones form the entire T cell repertoire (Davis, 1988). To appreciate how 

this vast diversity have been generated, we firstly have to discuss the structure of TCR. 

1.2.2.1.1 T cell receptor (TCR) 

Antigen recognition by naïve T lymphocytes is the initiating step in triggering a specific 

immune response. This recognition is the function of specific membrane bound, 

heterodimeric, T cell receptors, which are comprised of α and β chains. These chains are 

bound together by disulphide bonds. Each α and β chain is composed of a constant (C) 

and a variable (V) region. The variable domains V α and V β are folded together forming 

the monovalent antigen-binding site, which varies between different clones of 

lymphocytes. The constant domain is involved in structural integrity and transmission of 

effector functions; therefore, it is relatively conserved within all clones. However, in the 

variable region, most variability is concentrated in defined stretches, which are called 

complementarity ­ determining regions (CDRs), or hypervariable regions (Figure 1.3). 
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Within the V region of each chain of the TCR, there are three CDRs (CDR1, CDR2 and 

CDR3). Amongst different T cell clones, CDR3 is the most variable domain (Goldrath, 

1999; Wucherpfennig et al., 2010; Smith et al., 2013).  

The maturation of T cells is intimately linked to the generation of the numerous diversity 

of TCR. There are potentially as many as 1011 different clones of T cells which, 

importantly, arise before an encounter with antigenic material. In fact, there are not 

enough genes in the human genome to encode for all of these different clones, however, 

the immune system develops a mechanism which enables a limited number of genes to 

produce these extremely diverse lymphocyte receptors (von Boehmer & Kisielow, 1990). 

The first suggested mechanism to produce such diversity is known as combinational 

diversity. This mechanism occurs in the germ line, where the gene segments responsible 

for encoding the antigen receptors (V, D and J gene segments) are separated, and undergo 

somatic recombination throughout their maturation, ensuring the diversity of the antigen 

receptors produced. This type of diversity is limited by the number of the available V, J 

and D gene segments. The other type of the diversity is the Junctional diversity, where 

the nucleotide sequence of the V, J and D gene segments undergo several changes such 

as deletion or insertion of some nucleotides. This type provides unlimited diversity 

(Goldrath, 1999; Abbas et al., 2014).  

The main function of the somatically rearranged TCR is antigen recognition, however, it 

does not have the ability to transmit the signals to T cells. Therefore, TCR is usually 

associated with a complex of CD3 co-receptor and zeta (ζ) proteins, which have the ability 

of transmitting signals when the TCR recognises its own specific antigen. CD3 is 

expressed on all T cells, and can be used as a cell surface marker for identification of T 

cells (Wucherpfennig et al., 2010; Chlewicki et al., 2005). Moreover, transmitting the 

activation signals to the T lymphocytes requires the association of co-receptor molecules 

CD4 and CD8 that bind to non-polymorphic regions of MHC molecules, leading to 

triggering of antigen-induced cytokine production (Miceli and Parnes, 1991; Li et al., 

2013). 
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       Figure 1.3: T cell receptor structure.  

 

1.2.2.1.2 Development of T cell repertoires 

Commitment of hematopoietic stem cell progenitors to T cell lineage involves three 

different events: proliferation, maturation and selection. Firstly, double negative T cells 

(CD4- and CD8- T cell progenitor) migrate from bone marrow to the thymus (Figure 1.4), 

where they receive numerous micro environmental signals and undergo extensive 

proliferation to express both CD4 and CD8 co-receptors, and become CD4+ and CD8+ T 

cells. Then maturation step; throughout T cell development in the thymus, sequential TCR 

gene rearrangements take place, mainly by varying the sequence of the nucleotide at the 

recombination site, in addition to insertion or deletion of nucleotides at the junctional 

segment between V and J in case of α; or V, J and D loci in case of β ( or gamma γ and 

delta δin case of γδT cells), which lead to more diversity and endless repertoire of 

specific T cell receptors as previously described. The last step is the selection, where T 

cells which recognise self-peptide – MHC complexes with low affinity are positively 

selected, and T cells which recognise self-peptide MHC complexes with high affinity are 

negatively selected or deleted. The positively selected cells whose TCR recognise MHC 

class I reserve the expression of CD8 co-receptor and lose the ability to express CD4, and 

are committed to CD8+ lineage. Conversely, T lymphocytes which recognise MHC class 

II – peptide complex preserve the expression of CD4 co-receptor and lose the ability to 

express CD8, and are committed to the CD4+ lineage (Von Boehmer and Kisielow, 1990; 

Davis, 1988; Shortman, 1996; Goldrath, 1999; Starr et al., 2003). 
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 Figure 1.4: T cell development in the thymus. Figure modifies from (Malmstrom et al., 200). 

1.2.2.1.3 Activation of T cells 

Naive T cells have the ability to recognise the antigen, but they do not have the ability to 

perform effector functions. Recognition of the antigen by naive cells is the initiating event 

in the process of T cell activation. On encounter with the specific antigen presented by 

autologous MHC molecules, naive T cells receive additional signals mediated through the 

interaction of the costimulatory molecules of APCs, such as B7 (CD80 and CD86) and 

CD40 with their receptors (CD28) and CD40 L (CD154) respectively, resulting in their 

proliferation and clonal expansion. A fraction of those activated T cells is converted into 

effector cells, with the ability to perform cytotoxic function (effector CD8+ T cells) or 

cytokine release (effector CD4+ T cells). CD4+ T cells, also, can influence the antibody 

mediated immune response. The other fraction of those cells which experienced the 

antigens are turned into a memory cell pool, which are ready for rapid and vigorous 

response upon repeated exposure to the same antigen. Also, the activation of T cell 

responses is affected by the presence of inflammatory cytokines. Curtsinger et al., (1999) 

studied the effect of some cytokines on naive T cells. They found that the proliferation of 

CD4+ and CD8+ T cells in response to antigen and IL-2 required IL-1 and IL-12 

respectively. These results support the concept that distinct inflammatory cytokines are 

required as third signals on naive CD4+ and CD8+ T, with antigen and IL-2, to activate 

their differentiation and clonal expansion (Curtsinger at al, 1999). After elimination of 

the antigen, all the activation stimuli are downregulated through induction of the 

expression of the regulatory receptor CTLA4, which binds to B7 molecules with higher 
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binding affinity than CD28 molecules. As a result, the activated effector cells die, and the 

immune system is returned to its resting state (Brenchley et al., 2002; Abbas et al., 2012). 

1.2.2.1.4 Major histocompatibility molecules (MHC) and their importance  

Major histocompatibility (MHC) molecules are membrane bound proteins that present 

peptides derived from microbial or tumour antigens, for activation of antigen specific T 

lymphocytes (MHC restriction), as a first step in activation of adaptive immune response. 

There are two main subsets of MHCs, MHC class I and MHC class II. MHC class I 

molecules present the antigen-derived peptide for activation of CD8+ T lymphocytes, 

while the antigen-derived peptide required for activation of CD4+ T lymphocytes are 

presented on the context of MHC class II molecules. MHC molecules were discovered as 

a genetic locus, which was a principal determinant of the graft rejection, in the case of 

graft exchanged between individuals with mismatched MHC molecules (Abbas et al., 

2012; Coico and Sunshine, 2015). In humans, MHC class I is termed HLA class I, and 

encoded by three highly polymorphic genes (HLA-A, HLA-B, and HLA-C). HLA-A2 is 

the most common MHC class I molecule. It is noteworthy that HLA-A2 is of critical 

importance for restriction of antigen specific cytotoxic T lymphocytes recognition in 

tumour immunity (Mimura et al., 2011). The loss of expression of this allele from tumour 

cells may be explained by the escape mechanism from recognition by T cells, which 

suggests its significant role in tumour immunosurveillance (Komlos et al, 1995). 

Moreover, the frequency of HLA-A2 gene expression is high among different ethnic 

groups (Krausa & Browning, 1996). Consequently, HLA-A2-restricted CTL epitopes 

might be valuable for the immunotherapy of many diseases all over the world. 

1.2.2.1.4.1 Structure of MHC class I and MHC class II 

The two classes of MHCs are similar in overall structure, but different in their subunits, 

as shown in Figure (1.5). MHC class I molecules contain a peptide binding cleft, which 

is formed of α1and α2 domains, through which a peptide of 8-11amino acid can be 

accommodated. The polymorphic residues of MHC class I molecules are the amino acid 

located in the α1 and α2 domains, which vary among different individuals’ MHC 

molecules. Variation of these residues either leads to variation in the floor of the peptide 

binding cleft that results in variation of the peptides bound, or variation in the sides or the 

top of the cleft, thus contributing to the selection of the T lymphocytes via their T cell 

receptors. In MHC class I, the α3 domain is the binding site of CD8 co-receptor of T cells, 
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which is important for CD8+ T cell activation. The α3 domain is associated with B2 

microglobulin, which stabilize the binding groove of MHC class I. MHC class I is 

constitutively expressed on almost all nucleated cells. Downregulation of MHC class I 

expression is one of the immune escape mechanisms that can happen during malignant 

conversion (Bjorkman and Parham, 1990; Bubeník, 2004; Janeway Jr et al., 2012; Abbas 

et al., 2012). Regarding the MHC class II molecule, it consists of an α and β chain, and 

the peptide biding cleft is composed of the α1 and β1 domains at the distal end of the 

chains. The peptide binding cleft of MHC class II molecule can accommodate a peptide 

of 10-30 amino acid length. The β2 domain is a non-polymorphic domain, which contain 

the binding site of CD4 coreceptor of T cells. MHC class II molecules are expressed 

mainly on the surface of antigen presenting cells (Bubeník, 2004; Abbas et al., 2012; 

Janeway Jr et al., 2012). 

 

 Figure 1.5: schematic diagram of MHC class I and MHC class II molecules. Figure adapted 

from (Janeway et al., 2012). 

 

1.2.2.1.5 T Lymphocyte categories 

By virtue of the abundant phenotypic and functional variability of T lymphocytes, they 

can be divided into different functional categories. There are two main types of T 

lymphocytes: CD8+ T lymphocytes and CD4+ T lymphocytes. In general, CD8+ T 

lymphocytes mediate the specific and direct cytotoxicity of the target cell, for instance 

virally infected or tumour cells, through responding to specific peptides presented in the 

context of MHC class I of the target cell, as described previously. Two basic approaches 

of CTL mediate their cellular cytotoxic effect. The first pathway is a granule dependent 

cytotoxicity, through release the lytic granules including perforin, which has the ability 
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to polymerise in the presence of calcium and form cylindrical pores in the target cell 

membrane. The perforin pores act as passive conductors of granzyme molecules, and 

allow an ionic exchange, which leads to an osmotic imbalance and cell death. Granzyme 

granules activate the caspase pathway, leading to DNA fragmentation and protein 

hydrolysis. In the second approach, the cytotoxic effect is arbitrated through induction of 

interaction between Fas receptor (expressed on the membrane of the target cell) and Fas-

L (membrane-bound molecule expressed on T cell surface). These different pathways 

induce apoptosis and destroy the target cell (Groscurth, 1998). Additionally, cytotoxic 

CD8+ T cells produce IFNγ, which is important for T helper cell activation, in addition 

to inhibition of viral replication and induction of macrophages activation (Janeway et al., 

2001). 

In contrast, CD4+ T cells play a crucial role in achieving an effective immune response 

through release of cytokines. Naïve CD4+ T cells are activated throughout the interaction 

with peptide- MHC class II complex. CD4+ T cells are differentiated into distinct 

categories, according to modification of specific genes and activation of the appropriate 

lineage specific transcription factors, coupled with the produced cytokine signalling. 

Figure 1.6 shows the major subtypes of CD4+ T lymphocytes, which are T helper1 and T 

helper 2. Beside these categories, other categories have been classified, such as regulatory 

T cells, T-helper 9, T-helper 17 and follicular helper T cells. Each of these lineages 

mediates its effector function through secretion of a particular set of cytokines 

(Luckheeram et al., 2012; Mosmann and Coffman, 1989). The category, Th1 normally 

produces IL-2, IFNγ and TNF-α, and therefore has a principal function in activation of 

CTL, so it is of crucial importance in combating intracellular pathogens and tumour cells. 

Moreover, Th1 cells and IFNγ production can be stimulated in the presence of IL-12. The 

second subset are Th2 cells. These cells principally produce IL-4, IL-5 and IL-13. Th2 

cells activate the antibody mediated immune response through stimulation of B cell 

proliferation. The Th2 cells are also important for clearance of extracellular pathogen 

parasitic infection, by releasing IL-4 and IL-13. Th2 cells are stimulated by cytokines 

such as IL4 (Min et al., 2004).  

Some reports have demonstrated an effector function of Th17 in degradation of cancer 

cells, by activation of CTL through recruitment of the DC to the tumour site (Martin-

Orozco et al., 2009). In addition, Th 17 cells have a protective function against 

extracellular microbes, in particular. Th17 cells are characterised by the release of effector 

http://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2902/
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cytokines, such as IL-17 (or IL-17A), IL-17F, and IL-6 (Weaver et al., 2006). In respect 

to Th9 cells, Kaplan et al. (2015) described the antitumor effect of Th9 cells in melanoma 

and in lung carcinoma by increase lymphocyte infiltration in tumour and increase the 

antitumour activity of mast cells, which is IL-9 dependent. The development of Th9 cells 

requires the presence of TGF-β and IL-4 in order to reprogram T helper cells to produce 

IL-9. IL-9 is a mast cell growth factor, which has a potent anthelminthic effect (Bonilla 

and Oettgen, 2010; Kaplan et al., 2015). 

Another category of CD4+ T cells, whose function is to suppress the deleterious effect of 

CD4+ T cells, is Treg cells. The suppressive activities of T reg cells is antigen-specific, 

just as the rest of T cell subtypes. Regarding the molecular mechanism for their 

development, Hori (2003) described Foxp3, an autoregulatory gene, which encodes a 

transcription factor, important for development of regulatory T cells (Hori & Sakaguchi, 

2003). Treg, also, constitutively express CD25 at high level, whereas, conventional CD4 

T cells transiently express CD25 at low level, following activation. Moreover, Treg 

express low or no IL-7R. So, the presence of FoxP3, and a high expression of CD25 in 

the absence of IL-7 R, can provide good markers to distinguish T reg from the other T 

cells (Zhu and Paul, 2008). Treg cells suppress autoimmunity through cell contact 

dependent and cell contact independent mechanisms. Cell contact dependent mechanisms 

include expression of CTLA4 or inadequate activation of DC. Cell contact independent 

mechanisms include secretion of some inhibitory cytokines such as IL-10 and TGF-β.  

Treg cells have a dual roles in tumour immunology, as they are a significant contributors 

to tumour growth, and enhancement of the immune escape (Whiteside, 2015). The 

suppressor function of T reg is mediated by inhibition of the responder cell activation 

through deactivation of APCs by CTLA-4/B7 interaction, or by secretion of inhibitory 

cytokines, or through competition for cytokines that signal via γ-chain cytokine receptors 

(IL-2, IL-4 and IL-7). On the other hand, they are important to control inflammation and 

tissue damage associated with cancer (Whiteside, 2015; Zou, 2006). 

Another way of characterizing T cells is as naïve or memory T cells. Memory CD4+ and 

CD8+ T cells provide a memory function for the previously experienced antigen, a unique 

feature of adaptive immunity. These cells can respond to the repeated exposure of specific 

antigen faster and much vigorously than naïve cells can do. Memory cells comprise two 

main categories, central memory T cells and effector memory T cells, according to 

expression of CCR7 cell marker. Central memory T cells (CCR7+ T cells) migrate through 
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the lymphoid organs, and can be activated only upon re-exposure to the antigen. The 

effector memory CD8+ T cells (CCR7- memory T cells) migrate to the peripheral tissues, 

and have the capability to produce perforin granules. Effector memory CD4+ T cells can 

produce different cytokines, such as IFNγ and IL-4 (Sallusto et al, 1999; Mueller et al., 

2013).  

Furthermore, memory cells are distinguished from naïve T cells on the basis of expression 

of isoforms of the leukocyte tyrosine phosphatase CD45, thus the cells that express high-

molecular weight isoform (CD45RA) are considered as naïve cells, which circulate in the 

lymphoid organs, and those which express the low molecular weight isoform (CD45RO) 

are considered to be memory T cells, which circulate throughout the body to encounter 

the repeated exposure of specific antigen (Janeway, 1992). 

Within the T lymphocyte repertoire, there are 5% to 10% of T lymphocytes expressing 

TCR with gamma (γ) and delta (δ) chains, instead of α and β chains. These receptors are 

of different specificities, as they can recognise protein and non-protein antigens which are 

not usually presented by MHC molecules, so they can perform non-MHC restricted 

cytotoxicity. This category of T lymphocytes is usually abundant in epithelial tissue, and 

of low frequency in the thymus and peripheral lymphoid organs (Kunzmann et al., 2000; 

Chien et al., 2014). 

 

 

Figure 1.6: Different categories of CD4+ T cells.  Picture modified from (Zhu and Paul, 2008). 
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1.2.2.1.6 Tumour infiltrating lymphocytes and its importance 

There is a growing body of clinical data showing that antigen specific lymphocytes 

infiltrate in tumour (TIL). The majority of TIL are T lmphocytes. This infiltration occurs 

immediately after they encounter their specific cognate tumour antigen in the tumour 

environment, suggesting that T cells play an important role in controlling tumour growth 

(Clark, 1991).  

It is well accepted that tumour infiltrating lymphocytes (TIL) mediate an indirect 

antitumor immune response, through secretion of cytokines, such as interferon γ (IFNγ) 

and tumour necrosis factor (TNF) cytokines, that stimulate the innate immune response 

by inducing the expression of MHC molecules on the surface of both APCs and tumour 

cells. In addition to that, TIL also mediate cytotoxic responses, either through release of 

cytolytic granules or expression of apoptosis inducing molecules (Barth et al., 1991; Finke 

et al., 1994). Numerous reports identified the presence of infiltrated tumour specific 

cytotoxic T lymphocytes in various tumours, including multiple myeloma (Noto et al., 

1997; Noonan et al., 2015), breast and pancreatic carcinoma (Jerome et al., 1993), 

melanoma (Van Eynde et al., 1989) and renal cancer (Finke et al., 1994).  

The low functional ability of tumour infiltrating T lymphocytes in rejection and clearance 

of tumour could be explained by chronic antigen exposure, which could lead to clonal 

exhaustion. In addition to the presence of T lymphocytes in low numbers, as the ratio of 

tumour cell: cytotoxic T lymphocytes is equal or higher than 10:1 (Mantovani et al., 

2008). For these reasons, tumour infiltrating T lymphocytes have been isolated by many 

research groups and expanded in vitro to increase the proportion of T lymphocytes to 

tumour cells, in the presence of T cell growth factor (IL-2), in order to enhance their 

ability to selectively lyse autologous tumour cells and produce cytokines (Barth et al., 

1991; Finke et al., 1994). The produced stimulated T lymphocytes were adoptively 

transferred into humans, as an immunotherapeutic treatment of cancer, with an objective 

rate of improved response (Rosenberg et al., 1988; Dudley et al., 2002). 

On the other hand, diverse tumour antigens have been identified at a molecular level that 

are recognised by tumour specific T cells. The use of HLA class I restricted tumour 

antigenic epitopes of these well characterised antigens, expressed and presented by the 

tumour cell, and recognised by autologous CTL in vitro, has been shown to enhance T 
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cell response and tumour regression (Boon, 1996; Coulie et al., 2014), thereby concluding 

the relevance of T cell immune response and its importance in tumour immunotherapy. 

1.3 Tumour immunogenicity 

The theory of immunoediting suggests that tumours are immunogenic. Initially, at least, 

immunogenicity could be due to the ability of most tumours to express a wide range of 

tumour associated antigens, which are different from self-antigens (Escors, 2014). 

Evidence of the presence of immunogenic TAA was reported about 50-60 years ago 

(Haughton and Amos, 1968). Many years ago, scientists described high levels of tumour 

associated antigens (TAAs) expression by tumours induced by viral infection. However, 

other reports provided evidence that strong immune responses and regression of tumours 

after immunization may possibly be raised against cancers of non-viral origin, which 

supported the existence of TAA expressed in tumours of non-viral origin (Morton et al., 

1992; Ichim, 2005; Escors, 2014). This supports the use of cancer vaccination in treatment 

of a variety types of cancer, tailored to their expression of TAA (Escors, 2014). Up till 

now, a growing body of TAAs has been discovered, which has been used as a target of 

immunotherapy for many tumours, due to their ability to induce antigen specific immune 

responses (Guinn et al., 2007; Cheever et al., 2009). 

The required characteristics of the widely used antigens in tumour immunotherapy are 

worthy of mention here. The ideal antigens to be used in immunotherapy should (1) play 

a vital role in maintenance of tumours; (2) have specific expression in tumour cells, but 

not in normal tissue, to avoid development of autoimmune disease, by limiting the 

immune response possibility to direct against the normal host tissue; (3) be stably 

expressed in the majority of tumour cells; (4) and have the ability to stimulate tumour 

antigen-specific cytotoxic T lymphocytes (Simpson et al., 2005; Krishnadas et al., 2013). 

By taking these requirements into consideration, various antigens have been chosen for 

use as anticancer treatments. These antigens have been divided into different categories, 

as follows: 

1.3.1 Categories of tumour antigens: 

Tumour antigens can be classified into oncofetal antigens (expressed by cancerous 

somatic cells and fetal tissues); oncoviral antigens (caused by tumorigenic transforming 

viruses); cancer-testis antigens (expressed only by germ line tissues and neoplasia); 

accumulated / overexpressed antigens (encoded in both healthy and tumour tissues, with 
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highly elevated level of expression in tumour cells); mutated antigens (expressed as a 

result of genetic mutation in cancer cells); and idiotypic antigens (resulting from highly 

polymorphic genes that result in expression of specific clonotypes by tumour cells, i.e. B 

cells and T cells) (Zarour et al, 2003). Examples of these different antigen categories are 

included in the following table (Table 1.1). 

 

Table 1.1: Different categories of tumour antigens. 

Category Example 

Antigen 

Cancer Histology 

Oncofetal CEA Colorectal carcinoma  
Immature laminin 

receptor 

Renal cell carcinoma 

 
TAG-72 Prostate carcinoma 

Oncoviral HPV E6, E7 Cervical carcinoma 

Cancer-Testis BAGE family Multi  
CAGE family Multi  
GAGE family Multi  
MAGE family Multi  
SAGE family Multi  
XAGE family Multi  
NY-ESO-

1/LAGE-1 

Multi 

 
PRAME Multi 

Overexpressed/accumulated BING-4 Melanoma 

 Ep-CAM Breast carcinoma 

 Her2/neu Multi 

 Telomerase Multi 

 SAP-1 Colorectal carcinoma  
Survivin Multi 

Mutated β-catenin Melanoma, Prostate, 

HCC  
BRCA1/2 Breast, ovarian 

carcinoma  
CML66 CML  
Fibronectin Multi  
MART-2 Melanoma  
Ras Multi  
TGF-βRII Colorectal carcinoma 

Idiotypic Ig, TCR B, T leukemia, 

lymphoma, myeloma 

HPV = human papilloma virus; Ep-CAM = epithelial cell adhesion molecule; CDK4 = cyclin-dependent 

kinase-4 MART-1/-2 = melanoma antigen recognized by T cells; MC1R = melanocortin-1-receptor; 

CML66 = chronic myelogenous leukemia (antigen) 66; SAP-1 = stomach cancer- associated protein 

tyrosinephosphatase-1; BRCA = breast cancer antigen; TAG-72 = tumor antigen-72; TGF-βRII = 

transforming growth factor-β receptor II; TRP = tyrosinase-related protein; Ig = immunoglobulin.Table 

adapted from (Zarour, 2003). 
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1.3.2 Commonly expressed antigens in multiple myeloma 

1.3.2.1 Cancer Testis Antigens 

Cancer Testis Antigens (CTA) are exclusively expressed in the germline tissue such as 

testis, ovaries and placenta, in addition to a variety of tumour types, including various 

solid and haematological tumours such as leukaemia and myeloma (Table 1.2). The 

absence of MHC class I molecule expression by the germline tissues protects them against 

auto immunity, due to lack of the peptide presentation in the context of MHC class I, 

which is necessary for CTL stimulation. In addition, the existence of a blood testis barrier 

guarantees the safety of these germline tissues in case of CTA application (Westbrook et 

al., 2004; Hudolin et al., 2013). The restricted expression and powerful immunogenic 

characters of CTAs offer a research option for developing new tumour immunotherapies, 

which has attracted lots of attention for developing a safe anticancer immunotherapy. 

Atanackovic et al. (2009) explained many reasons for using CTA as immunotherapeutic 

targets for multiple myeloma (MM) patients. Firstly, CTA have the ability to induce T-

cell–mediated immunity and antibody-mediated immune responses in multiple myeloma 

(MM) patients (Atanackovic et al., 2009). Secondly, for these commonly expressed 

antigens, down-regulation is not a regular tumor escape mechanism. Thirdly, a dramatic 

increase of the relapse frequency has been observed after allogeneic stem cell 

transplantation in patients who express MAGE-C1/CT7. MAGE-C1 is a CTA, which has 

high level (about 70%) of expression in MM patients, and it promotes proliferation of 

MM cells. For these reasons, CT antigens are supposed to be promising 

immunotherapeutic agents for multiple myeloma patients (Atanackovic et al., 2009; 

Krishnadas et al., 2013; He et al., 2014). 

Table 1.2: CT antigen families and their proportion of MM patients whose tumours express them.  

Gene family frequency of distribution in MM Antigen members References 

MAGE-A 85-100% MAGE-
A(1,2,3,..,12) 

(Jungbluth and Chen-
Kiang, 2005) 

MAGE-C 70% MAGE-C1 (Jungbluth and Chen-
Kiang, 2005) 

BAGE 14% BAGE- (1,2,3,4,5) (van Baren et al., 1999) 

GAGE-1 41% GAGE- (1,2,...,8) (van Baren et al., 1999) 

NY-ESO 60% NY-ESO-1 (van Rhee et al., 2005) 

PRAME 48%  PRAME (van Baren et al., 1999) 

Table modified from (Meklat et al., 2007). 
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The earliest discovered family of CTA is MAGE, which comprises 25 functional genes, 

located in three regions of the X chromosome, MAGE-A, MAGE-B, and MAGE-C1 

(Chomez et al., 2001; van der Bruggen and Traversari, 1991). The members of the MAGE 

family play an important role in embryogenesis, in addition to their role in the germ cell 

genesis and apoptosis. However, their role in tumour cells is unclear (Xiao and Chen, 

2004). Xiao et al (2004) speculated that after embryogenesis, the gene could be 

deactivated by methylation, then, when a tumour is formed, the methylated genes could 

be reactivated again and produce proteins that can be recognised by the immune system. 

Therefore the presence of the MAGE antigen is not the cause of a tumour, but it is a result 

of tumour genesis (Xiao and Chen, 2004). PRAME, is also considered to be one of the 

CT antigens (Meklat et al, 2007), which functions through interfering with retinoic acid 

receptor signalling. Retinioc acid receptor is important in cell differentiation and 

haemostasis. Therefore, loss of retinoic acid signalling is of benefit to cancer cells (Epping 

and Bernards, 2006). There are some reports of decrease of PRAME expression level with 

the reduction of tumour burden (Turtle et al., 2004; Gaponova, 2009).  

1.3.2.2 Overexpressed antigens 

Self-proteins can be overexpressed, compared with their level of expression in healthy 

tissue, in a wide range of tumours, which reflects their role in tumorigenesis. An example 

of these antigens is mucin 1 (MUC1). The MUC1- oncoprotein is widely expressed (73%) 

in multiple myeloma cells (Yin et al, 2012; Cloosen et al., 2006). In normal cells, the 

function of MUC1 is generally attributed to hydration and lubrication of the cell surface, 

in addition to protection against infection. However, in malignant cells, MUC1 is 

overexpressed, displays an aberrant glycosylation, and inhibits extracellular matrix 

interaction (Brayman et al., 2004). Also, human telomerase reverse transcriptase (h 

TERT), a ribonucleoprotein enzyme, is one of the most commonly overexpressed antigens 

in cancer cells (about 90%) (Weiss et al., 2012). In around 85% of human cancers, 

overexpression of h TERT is associated with immortality of cancer cells (Wu et al., 2003). 

In addition to that, CS1 is highly expressed in primary tumour cells from MM patients 

(about 97%) (Tai et al., 2008). CS1 is a member of the signalling lymphocytic activation 

molecule (SLAM) family. Overexpression of CS1 enhances MM cell growth and survival, 

through promoting the adhesion of myeloma cells to bone marrow stromal cells (Tai et 

al., 2009). Also, the receptor for hyaluronan mediated motility (RHAMM) is 
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overexpressed on the surface of the malignant cells in MM patients. This receptor controls 

the MM cell motility, and therefore enhances the invasiveness of the malignant plasma 

cells in blood or in the bone marrow of the patients (Crainie et al., 1999). In addition, it 

has been shown that MM secrete Dickkopf-1(DKK1), which has a correlation with MM 

associated bone lesions (Gavriatopoulou et al., 2009), as DKK1 has an important role in 

inhibiting pre-osteoblast differentiation (Qiang et al., 2008). 

These antigens are widely expressed throughout both solid and haematological 

malignancies. They are expressed at a greater level in cancerous cells than that of healthy 

tissue, meaning that their use as immunotherapeutic agents could lead to autoimmunity 

against normal cells (Ramanathan et al., 2005). However, Minev et al. (2000) showed that 

hTERT peptide-specific CTL have the ability to recognise similar peptides on tumour 

cells in the absence of killing of normal haematopoietic autologous cells expressing the 

same antigens. This report gives promise for using hTERT in immunotherapy. Also, the 

preliminary vaccination trial using MUC1 peptide in breast and ovarian cancer patients 

did not show any autoimmune reactions (Brossart et al., 2000). More importantly, 

numerous studies demonstrated the effect of MUC1-specific CTLs in treatment of MUC1 

positive tumours, without any apparent infiltration or destruction of normal secretory 

epithelial cells that express MUC1, owing to the low level of MUC1/MHC class 1 

complexes on the normal cells which express this antigen (Gong and Kuf, 2000; 

Ocadlikova et al., 2009). So, overexpressed tumour antigens are used widely as candidates 

for cancer vaccines.  

Based on the previous studies, we conclude that MUC1, hTERT, CS1 and MAGE C1 are 

of high prevalence of expression in MM patients. Moreover, these antigens are potential 

targets for induction of antigen specific CTL responses (Minev et al., 2000; Schmitt et al., 

2008; Lendvai, 2010; Kim et al., 2013; Brossart et al., 2015; Brossart et al., 1999). 

Therefore, we chose these antigens for detection of presence of antigen specific CTL in our 

long term stimulated cultures. 

1.3.3 Processing and Presentation of intracellular and extracellular antigens  

Intracellular antigens are usually displayed in the context of class I MHC molecules, and 

recognized by CD8+ T cells. Cytosolic antigens or intracellular antigens may be produced 

from virus infection, some phagocytosed microbes that are leaked from or transported out 

of the phagosome, or from mutated host genes that encode nuclear or cytosolic proteins 

such as tumour antigens. All of these types of cytosolic antigens are displayed (as short 
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peptides) by MHC class I molecules. For antigen processing, the intracellular protein is 

tagged with a peptide called ubiquitin, then threaded through the proteasome. In the 

proteasome, the proteins are degraded by proteolytic enzymes into peptide sizes that 

enable the produced peptides to bind to MHC class I. Afterward, the transport associated 

with antigen processing (TAP) protein binds to the processed peptide and actively pumps 

them into the endoplasmic reticulum (ER), where they can bind to the newly synthesized 

MHC class I molecules, and form stable complexes, which are transported to the cell 

surface (Bjorkman and Parham, 1990; Abbas et al., 2012).  

In contrast, extracellular protein antigens are internalized by APCs, processed in their 

endocytic vesicles. In the endoplasmic reticulum, the newly synthesized MHC class II 

molecules are complexed with an invariant chain (li) chain, to prevent binding of MHC 

molecule with self-peptide, then transported to endocytic vessels. In the endocytic vessels, 

the cathepsin enzymes cleave the li chain and form CLIP, which remain in the MHC class 

II peptide biding cleft until replaced by antigenic peptide by the aid of HLA-DM. After 

removal of CLIP and form stable MHC class II- peptide complex, the complexes are then 

delivered to the cell surface, and can be recognized by TCR of CD4+ T lymphocytes 

(Abbas et al., 2012; Janeway Jr et al., 2012; Blum et al., 2013).  

1.3.4 Pathogenesis of Multiple Myeloma 

Multiple myeloma is one of the most common hematologic tumours. It represents about 

10% of all hematological malignancies, and around 1% of new cases (Kocoglu and 

Badros, 2016). The MM is a post germinal centre neoplasm, characterised by malignant 

proliferation of plasma cells (Palumbo, 2011). Most commonly myeloma evolves from a 

monoclonal gammopathy of undetermined clinical significance (MGUS), which is an 

asymptomatic state, in which a monoclonal immunoglobulin (Ig), also called paraprotein, 

is found in the serum and urine (Kyle and Vincent Rajkumar, 2006). Genetic alterations 

can occur at the Ig heavy chain locus, which is abnormal in the majority of MM patients 

(Tricot, 2002). The myeloma tumour is formed from clonally diverse subset of myeloma 

cells (Figure 1.7). This diversity evolves during the disease progression, and usually shifts 

between dominant and subdominant clones during therapy or relapse (Röllig et al., 2015). 

During disease progression, myeloma cells produce many immunological inhibitory 

cytokines, for instance IL-10 and TGF-β. These inhibitory cytokines can alter the 

antitumor immune response. For example they can abrogate DC function, by inducing 

constitutive expression and activation of STAT3 (Nguyen-Pham et al., 2012). 

https://en.wikipedia.org/wiki/Invariant_chain
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Figure 1.7: Clonally diverse subsets of myeloma cells. Different subsets evolving during the disease 

progression and therapy. Figure adapted from (Röllig et al., 2015). 

 

The malignant plasma cells crowd out the normal healthy red blood cells and white blood 

cells from the bone marrow, leading to many complications such as anaemia and immune 

suppression. Also, myeloma cells can inhibit the reactive T lymphocytes through the 

interaction with the carcinoembryonic antigen-related cell adhesion molecules 

(CEACAMs ) expressed on the surface of myeloma cells (Witzens-Harig et al., 2013). In 

early stages of MM, the growth and survival of tumour cells are dependent upon their 

tumour microenvironment. The interaction of tumour cells with tumour micro-

environment leads to bone destruction, which is caused by increased osteoclast activity 

and decrease of osteoblast activity, through release of DKK1 that is a major inhibitor of 

osteoblast formation, and also through release of certain cytokines such as tumour 

necrosis factor α (Galson et al., 2012). 

In the advanced stage of MM, the tumour cells become independent of the tumour 

microenvironment through the accumulation of sufficient genetic alterations, which help 

them to grow at the extramedullary sites. Drug resistance is a major feature of myeloma 

cells in the advanced stage, that is caused by resistance to apoptosis which normally 

occurs during cell adhesion-induced growth arrest, and by FAS and TRAIL activation 

(Tricot, 2002).  

1.3.5 Multiple myeloma-mediated suppression of T Cells  

Tumour immune evasion is one of the principal mechanisms of tumour progression and 

metastasis in MM, and is a major obstacle for tumour immunotherapy. Downregulation 

of HLA class I expression by the tumour cells is an important mechanism for survival and 

progression of the disease, due to the importance of HLA class I molecules for induction 
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of the anti-myeloma T cell immune response (Spanoudakis et al., 2009). However, loss 

of HLA class I expression leads to absence of NK cells inhibitory signals, and results in 

their activation against the tumour cells (reviewed in Dahlberg et al., 2015).  

In addition, there are some other reasons described for the T lymphocytes’ 

unresponsiveness in vivo (Figure 1.8). Firstly, MM microenvironment in vivo inhibits DC 

maturation, and also causes DC dysfunction (Pratt et al., 2007). This DC dysfunction 

could lead to T cell inactivation due to absence of the costimulation (Pratt et al., 2007). 

Also, it was reported that some adhesion molecules, such as CEACAMs expressed on the 

cell surface of freshly isolated myeloma cells, upon the interaction with the T cells, can 

result in inhibition of T cell activation and cause their unresponsiveness (Witzens-Harig 

et al., 2013). Moreover, the existence of non-functional T cells could be attributed to the 

interaction of PD-1 on the surface of T cells with PDL1 on the surface of MM cells 

(Fichtner et al., 2015). Furthermore, suppressive factors, such as transforming growth 

factor b1 (TGF-b1), secreted by tumour cell lines, have the ability to suppress dendritic 

cell function and T-cell proliferation through inhibition of their responses to IL-2 (Cook 

et al., 1999). Also, Villunger et al. (1997) described that tumour evasion may arise through 

expression of FAS-L on the surface of malignant myeloma cells, as it leads to activation 

induced cell death of T cells (Villunger et al., 1997). Regarding the cell mediated 

suppression, T regs are one of the major contributors, as they can suppress the immune 

response and induce tolerance through various direct and indirect mechanisms, as 

described previously in section 1.2.2.1.5 (Zou, 2006; Murakami et al., 2004; Whiteside, 

2015). Therefore, tumour immunotherapy using conventional T cells has to overcome all 

of these suppressive mechanisms to efficiently eradicate myeloma tumours.  
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Figure 1.8: Mechanisms of tumour induced T cell suppression of multiple myeloma. Figure 

modified from (Brown et al., 2013).  

1.4 Tumour Immunotherapy 

Failure to stimulate the immune system to eradicate tumours, in spite of the high 

antigenicity of most of tumours, could be attributed to the immune escape mechanisms of 

the tumour cells, as discussed previously. Therefore, most of the on-going researches of 

cancer immunology all over the world aim to harness immune compartments to recognise 

and destroy the tumours through acceleration and increase of the anti-tumour immune 

responses, which may provide an alternative therapeutic approach, termed tumour 

immunotherapy. Tumour immunotherapy is based on using different anti-tumour immune 

effectors with tumour specificity and tolerance to normal tissues. Also, it should lead to 

long lasting prophylaxis, which could prevent tumour recurrence. The first observation of 

the antitumor effect of the immune system was in 1890, when William Coley observed 

regression of sarcoma after severe bacterial infection, the bacteria involved were 

Streptococcus pyogenes, and Serascia marcescens (reviewed in (Bremers and Parmiani, 

2000). The other conventional strategies used for management of tumours, such as 

chemotherapy, which targets rapidly dividing cells, affect normal cells (like 

haematopoietic stem cells, hair follicles and gastric mucosa), leading to many side effects 

such as hair loss, peptic ulcer, and bone marrow suppression leading to aplastic anaemia 

and recurrent infections. The other option is radiotherapy. It also affects both tumour cells 

and normal cells, such as blood cells and their progenitors, leading to considerable side 
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effects. In spite of the effectiveness of these conventional therapies for management of 

many tumours, their significant side effects, in addition to development of resistance 

mechanisms in some tumour cells, lead to limitation of their use, and increase the 

scientists’ interest in trying different immunotherapeutic approaches. 

MM is a haematological malignancy, and is considered incurable by conventional 

therapies. Although its prognosis has been improved recently due to use of novel 

therapeutic agents, relapse occurs in the majority of patients, which is ultimately fatal due 

to immune suppression, anemia, paraproteinemia, and renal function loss. Progress in 

understanding the pathophysiology of MM, and improvement in the knowledge of tumour 

immunology, will be the way to assist these patients. Immunotherapy is thought to be a 

powerful intervention which maintains a long-lasting control without relapse of the 

disease, or even eradicates the disseminated tumour cells (Ruffini and Kwak, 2001; Zhang 

et al., 2012). Some immunotherapeutic approaches used in treatment of MM and other 

tumours are described herein. 

1.4.1 Adoptive cellular transfer 

Adoptive cellular transfer (ACT) is one form of passive immunization, which has been 

used over the past 50 years, and proven to have the potential to improve antitumor 

immunity (June, 2007). The anticancer effect of the immune system was definitely 

identified when Weiden et al. (1979) reported strong anti-leukaemia effect after bone 

marrow transplantation. This effect was raised as a result of graft versus host disease 

(GVHD) (Weiden et al., 1979). The researchers reported that T cells were the main 

mediators of GVHD after bone marrow transplantation (Korngold and Sprent, 1978). 

Adoptive cellular transfer involves various immunotherapeutic approaches such as stem 

cell transplantation and adoptive T cell immunotherapy. 

1.4.1.1 Stem cell transplantation 

Allogeneic hematopoietic stem cell transplantation (HSCT) is the earliest form of 

adoptive cellular transfer used with anticancer purpose. It has been used effectively in the 

treatment of a number of haematological cancers, rather than allogenic whole bone 

marrow transplantation (Fabre, 2001; Welniak et al., 2007). To extend the recovery of 

MM patients who are subjected to allogenic HSCT, donor lymphocyte infusion may be 

used potentially as a saving therapy due to its graft-versus-myeloma effect (Nguyen-Pham 

et al., 2012). However, due to lack of specificity of the allogenic transplant for tumour 
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cells, it is difficult to discriminate its effect on tumour and on host, leading to GVHD 

(Kolb et al., 1995). Also, autologous stem cell transplantation (ASCT) is one of the most 

common methods for treatment of MM (Attal et al., 2007). Nevertheless, ASCT is not 

considered as a perfect treatment, because the majority of patients relapse within 3 years, 

due to the remaining malignant spots (Danylesko et al., 2012). However, Condomines et 

al. (2010) described that certain chemotherapeutic agents such as myeloablative therapy 

can be used before ASCT, showing immunomodulatory activities and reducing risk of 

relapse in treatment of myeloma (Attal et al., 2007; Condomines et al., 2010).  

1.4.1.2 Adoptive T cell immunotherapy 

The use of T cells in cancer immunotherapy has long been of interest, due to their 

numerous beneficial properties such as (1) Their specificity, so they can separate their 

effect on cancerous and normal tissues; (2) After activation of T cells, they expand 

clonally up to 1000 fold; (3) Immunotherapy using T cells may have memory properties, 

therefore their effect can remain for many years after initial therapy; and (4) T cells have 

trafficking properties, so they can travel to the site of antigens, for targeting tumour cells 

in situ (Perica et al., 2015). Therefore, adoptive T cell transfer is a promising approach 

for treatment of various tumours. In ACT, autologous or allogenic T cells are cultured ex 

vivo in the presence of certain cytokines, and infusion of activated T cells into cancer 

patients is undertaken with the goal of targeting and destroying tumour cells (Watanabe 

et al., 1992; Manzo et al., 2015). 

Adoptive leukocyte transfer was first used in the 1960s, when Southam and his colleagues 

established that using leukocyte autografts in cancer patients inhibited tumour growth in 

approximately 50% of patients. They proposed that leukocytes have a definite inhibitory 

effect on growth and implantation of cancer cells, so they can be used as powerful 

candidates of adoptive immunotherapy (Southam et al., 1966).  

For autologous adoptive immunotherapy, T cells are separated from the patient’s PBMCs, 

TILs, or draining lymph nodes. The first trials of isolating T lymphocytes from TILs of 

cancer samples was in 1988, following a study that demonstrated the cytotoxic activity of 

in vitro cultured TILs in presence of IL-2. Responses were seen in 11 of 20 patients with 

metastatic melanoma (Muul et al., 1987; Rosenberg et al., 1988). In another report in 

1994, only 5 out of 29 patients with metastatic melanoma had a complete response, with 

a median duration of response of only four months (Rosenberg et al., 1994). A major 
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breakthrough occurred when researchers suggested that the occurrence of lymphopenia 

after various chemotherapy or immunosuppressive treatments may enhance the efficacy 

of ACT of T cells (Baxevanis et al., 2009). There were various explanations for the 

synergistic effect created by lymphodepletion before adoptive transfer of T cells. Firstly, 

proliferation and activation of CTL improved, by depletion of Treg cells from the tumour 

environment (Lizée et al., 2006). Secondly, increase the production of the endogenous 

cytokines such as IL-2, IL-7, and IL-15 following lymphodepletion generates a more 

favourable condition for lymphocyte activation (Lizée et al., 2006; Baxevanis et al., 

2009). Thirdly, lymphodepletion eliminates tolerogenic APCs, leading to more activation 

of the infused T cells (Noonan et al., 2015). 

Clinical applications of adoptive transfer of antigen specific T cells have various potential 

benefits for treatment of many malignancies, owing to their competence to selectively 

target tumour antigens, through their cognate receptors, and their ability to persist and 

proliferate, to mediate the long-term antitumour protection (Gerdemann et al., 2011; 

Manzo et al., 2015; Redeker and Arens, 2016). Allogeneic and autologous adoptive T cell 

therapies have been used effectively in the management of various solid and 

haematological tumours. Hunder et al. (2008) described long-term complete remission of 

metastatic melanoma, following adoptive transfer of autologous NY-ESO-1–specific 

CD4+ T cell clones (Hunder et al., 2008). Various studies demonstrated the feasibility 

and efficacy of adoptive T cell transfer of antigen specific CD8+ T cells in melanoma 

patients, without adverse effect (Mackensen et al., 2006; Rosenberg and Restifo, 2015). 

Another investigation demonstrated that adoptive transfer of vaccine primed and co-

stimulated autologous T cells for patients undergoing stem cell transplantation (SCT) 

resulted in activation of cellular and humoral immune responses in patients with MM 

(Rapoport et al., 2005). Also, marrow-infiltrating lymphocytes (MILs) were used as an 

ACT in myeloma patients, following ex vivo activation and expansion of MILs, and 

myeloablation of the patients. Using this approach imparts a great reduction in myeloma 

burden, and enhanced the progression-free survival (Noonan et al., 2015). Comoli et al. 

(2004) induced long-term stimulated EBV specific CTLs for clinical trials, using 

allogeneic HLA-matched PBMC, and EBV- LCL as a stimulator for several weeks, then 

infused into the patients with EBV-related nasopharyngeal carcinoma. The infused EBV-

specific CTLs were well tolerated, and caused temporary disease stabilization. Also, a 

marked increase in the TILs were observed (Comoli et al., 2004). In addition, Weber et 
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al. (2013a)  showed their ability to generate potent anti-leukaemia antigen-specific CTLs, 

which successfully expanded in vitro (Weber et al., 2013b). The major concern of 

adoptive antigen specific T cell therapy is the evolution of antigen escape variants, 

however this problem can be circumvented by using multi-epitopic CTL clones 

(Marincola et al., 1999). 

1.4.1.3 Genetically engineered T lymphocytes 

The potential for desired specificity and limitless source of T lymphocytes can be obtained 

using genetically engineered autologous or allogeneic lymphocytes, to modify them to 

express the desired TCR (Kershaw et al., 2013). Tumour reactive TCR must initially be 

identified in isolated T lymphocytes, and then they can be engineered to increase the 

affinity by changing of the complementarity determining regions (Varela-Rohena et al., 

2008). The use of genetically engineered T cells vastly expanded the range of cancers that 

could be treated by using ACT, such as sarcoma, neuroblastoma, and colorectal cancers 

(Pule et al., 2008; Morgan et al., 2013; Parkhurst et al., 2011). However, the concerns of 

this strategy are that the engineered T cells contain both endogenous and engineered TCR 

(dual specificity), which may lead to cross reactivity after activation. Also, the native and 

engineered T cell receptors could be paired together, and create a TCR of a new 

specificity. Moreover, use of engineered T cells may result in decrease in the contribution 

of central tolerance (bypassing normal selection) leading to increase the risk of 

autoimmune toxicity. Additionally, a harmful effect of the engineered cells may be due 

to targeting tumour antigens expressed on healthy tissues (that potentially goes for any T 

cell therapy, but possibly more with TCR engineered to have higher affinity for the 

antigen). In melanoma, use of engineered T lymphocytes did not induce as successful a 

response as the response of TIL-derived ACT (reviewed in Perica et al., 2015). 

1.4.2 Vaccination 

1.4.2.1 Dendritic cell vaccines 

Active immunization using dendritic cells (DCs), the most potent (so called professional) 

APCs known, can induce a strong adaptive immune response, due to activation of CD8+ 

and CD4+ T cells, through presentation of the phagocytosed antigens in the context of 

their HLA class I and class II molecules, in addition to provision of the essential co-

stimulatory molecules required for activation of the naive CTL and T helper cells through 

its ligands (Melief, 2003).  
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Several mechanisms have been proposed to load the antigen on DCs in vitro, such as 

pulsing DCs with peptides (Brossart et al., 2001), DCs pulsed with protein such as 

myeloma-derived heat shock protein (Qian et al., 2005), transfecting DCs with RNA or 

DNA (Milazzo et al., 2003; Vergati et al., 2010), fusion DCs with tumour cells (Hao et 

al., 2004; Vasir et al., 2005), and DC pulsed with cell lysate (Lee et al., 2007). The 

advantage of hybrid formation or pulsing with tumour cell lysate is the presentation of 

multiple antigenic epitopes in the context of MHC on the surface of DCs, so it can induce 

a polyclonal T-cell immune response, and reduce the probability of immune escape from 

a single TAA (Nguyen-Pham et al., 2012). 

On the other hand, if vaccination using DCs results in tumour lysis, this would result in 

release of various tumour antigens, which can be processed and presented by the 

professional APCs, to prime the immune response to these antigens (epitope spreading 

phenomenon). This happened previously in a trial of dendritic cells pulsed with MUC1 

peptide, in treatment of ovarian and breast cancer patients. This resulted in production of 

MUC1 specific T cells, in addition to emergence of CEA and MAGEA-3 specific T cells 

(Brossart et al., 2000). 

Various studies have demonstrated the use of DCs pulsed with idiotype protein or peptide 

for treatment of patients with MM (Houet and Veelken, 2006; Titzer et al., 2000). 

Enhanced immune responses were seen in some patient, but with rare clinical response, 

which was attributed to the weak immunogenicity of the idiotype protein. The idiotype, 

the antigenic determinant of paraproteins secreted by MM cells, is regarded as individual 

specific or tumour specific antigens (Zhang et al., 2012). 

However, a major concern of self-peptide(s) pulsed DCs is the presence of tolerance 

against the self-peptide(s), as they have already been presented to the immune system 

during disease progression. Therefore, using analogue peptides is one of the effective 

methods to circumvent this problem. Hardwick et al (2013), showed that DCs loaded with 

PASD1 analogue peptides enhanced IFN production, using T cells from normal 

individuals and AML patients. They, also, showed expansion of peptide specific T cells 

using PASD1 analogue peptide (Hardwick et al., 2013).  

1.4.2.2 Hybrid cell vaccines 

Use of hybrid cells (autologous or allogeneic APC-tumour cell hybrids) in tumour 

immunotherapy is based on enhancing the immunogenicity of the tumour cell by several 
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means: (1) to provide the co-stimulatory molecules CD40, CD80 and CD86, and HLA 

class II expressed in the APC partner, (2) to provide the antigenic properties of identified 

and unidentified antigens, expressed by the tumour cell partners, and (3) to express 

allogeneic MHC molecules (in case of using allogeneic APC), which may act as potent 

activators of T cell (Trefzer and Walden, 2003; Yasuda et al., 2007). The use of the hybrid 

cells in treatment of various haematological and solid tumours has been examined 

successfully in both mouse models and clinical trials (Homma et al., 2005; Rosenblatt et 

al., 2013; Trefzer and Walden, 2003). Also, fusion cells prepared by fusion of autologous 

myeloma cells and DC induced MHC restricted myeloma specific cytolysis which could 

not be obtained by using the patients’ tumour cells alone or DC alone (Raje et al., 2004). 

Rosenblatt (2013) showed the feasibility of production of autologous hybrid vaccines of 

DC and myeloma cells. The produced vaccine was well tolerated in a phase II trial. In this 

study the patients received vaccination after autologous stem cell transplantation (ASCT), 

aimed to target residual disease. 47% of patients achieved complete response (CR), or a 

near CR, after vaccination, 24% of patients with a partial response following ASCT were 

changed to CR. It was concluded that vaccination with dendritic cell/myeloma fusion, 

when applied at the posttransplant period, caused an expansion of myeloma-specific 

CD8+/ CD4+ T cells, and reduction of the residual disease (Rosenblatt et al., 2013). Some 

clinical trials using DC-tumour fusion cells are summarised in Table 1.3. Vaccination 

using genetically engineered MM cell secreting IL-4, which enhance maturation and 

differentiation of DCs, fused with DC showed enhanced tumour specific CTL response 

in vitro and more efficient protective immunity against tumour challenge in vivo, 

compared with wild type myeloma cells fusion vaccine (Xia et al., 2005). Also, Cao et al 

(1999) transfected DCs with a vector expressing GM-CSF, then fused the transfected DC 

with tumour cells. This transfection enhanced the specific CTL response and caused 

protection of the immunized mice from tumour challenge, more efficacious than the 

untransfected vaccine.  

However, some limitations had been shown for using DC hybrids, such as their low ability 

for replication, short lived nature, and the low number of DCs in PBMC. So, Ahmadi et 

al. (2008) investigated the use of activated B cells to replace DCs as APCs in tumour 

vaccines. 

Activated B cells have some advantages over using DCs in the hybrid formation. 

Activated B cells (such as B cells stimulated with CD40L) can be grown for long periods 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenblatt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23685836
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of time (Ahmadi et al., 2008). Also, activated B cells have the ability to process and 

present antigens using their MHC class I and MHC class II, which are required for 

activation of CD8+ CTL and CD4+ T cells, plus they express co-stimulatory CD80, CD86 

and CD40 molecules, as do DC, which are required for stimulation of cellular immune 

responses (Trefzer and Walden, 2003). Also, there is a higher percentage (5-10%) of B 

cells in PBMC than that of DC (1-2%).  

Kugler et al. (1998) demonstrated the safety and therapeutic activity of autologous and 

allogeneic renal cell carcinoma x B cell fusion vaccines, in a phase I clinical trial in 

patients with metastatic renal cell carcinoma. Moreover, on the basis of the previous 

findings, B lymphocytes have been used successfully for preparation of tumour hybrid 

vaccines, such as tumor B-cell hybridoma (TBH) vaccine for treatment of glioblastoma 

multiforme (GBM). The authors showed that using such vaccines had potent and rapid 

therapeutic response against tumour stem cells' persistence, as four out of twelve patients 

showed complete remission after vaccination and the remaining patients response ranged 

from partial response to unresponsiveness  (Moviglia et al., 2008). 

In contrast to the promising results achieved by using B-cells and DCs as APC fusion 

partner in hybrid cell formation, Souberbielle et al., (1998) did not find any improved 

immune response in mice after immunization with macrophage and melanoma cell 

hybrids. They attributed the absence of the immune stimulatory response of these hybrids 

to the lack of expression of CD80, CD86, MHC class I and MHC class II. This reflects 

the importance of careful phenotypic characterization of the hybrid cells before their use 

in clinical trials. 
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Table 1.3: Summary of some clinical trials using DC-tumour fusion vaccines  

CR: complete response, MR: mixed response, PR: partial response, PD: progressive disease, SD: stable 

disease, N: not evaluated. (Table adapted from (Koido et al., 2010). 

 

1.4.2.3 EBV B-lymphoblastoid cells -based fusion vaccines 

Epstein-Barr virus B-lymphoblastoid cell lines (EBV B-LCL), such as HMY2, have the 

same features of professional APCs (HLA-class I and class II, and co-stimulatory 

molecules expression), as activated B cells and in addition, their growth in tissue culture 

is immortalised. Moreover, expression of EBV gene products, may have an adjuvant anti-

tumour effect through stimulation of EBV specific T cells (Kerr et al., 1992). Dunnion et 

al (1999) selected HMY2 as the parent antigen presenting cell for their fused hybrids for 

several reasons. Firstly, this cell line is sensitive to hypoxanthine, aminopterin and 

thymidine (HAT) and resistant to ouabain (Edwards et al., 1982), allowing hybrid cell 

chemical selection. Secondly, EBV B-LCL are easy to culture and their growth is 

Tumour DCs Tumour 

cells 

Co-administered 

agents 

Patient 

number 

Clinical 

response 

Refrences 

Melanoma Allo Auto  16 1 (CR) 

1 (PR) 

5 (SD) 

9 (PD) 

(Trefzer et al., 2000; 

Trefzer et al., 2005) 

Auto Auto  17 1 (PR) 

1 (SD) 

15(PD) 

(Krause et al., 2002) 

Allo Auto  13 8 (SD) 

3 (SD) 

2 (N) 

(Barbuto et al., 2004) 

Renal cell carcinoma Allo Auto  22 14 (SD) 

2 (PD) 

3 (OR) 

3 (N) 

(Barbuto et al., 

2004)(Barbuto et al., 

2004) 

Auto Auto  13 5 (SD) 

8 (PD) 

(Avigan et al., 2004) 

Breast Cancer Auto Auto  10 2 (PR) 

1 (SD) 

7 (PD) 

(Avigan et al., 2004) 

Auto Auto rh IL-12 2 1 (SD) 

1 (PD) 

(Kikuchi et al., 2004) 

Hepatocellular 

carcinoma 

Auto Auto  1 1 (PD) (Koido et al., 2008) 

Ovarian Cancer Auto Auto rh IL-12 3 2 (SD) 

1 (PD) 

(Kikuchi et al., 2004) 
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continuous, as viral transformation can be carried out using small number of B cells. In 

contrast, dendritic cells proliferate very poorly, and more patient samples are required to 

produce enough DCs to make vaccine, so they were unable to generate adequate numbers 

of the hybrids using DCs as parent APC (Dunnion et al., 1999). A number of solid and 

haematological tumour cell/ cell lines were fused with HMY2, forming hybrids which 

have been used in several studies done previously in my supervisor’s lab, and which 

formed the basis of this project. 

The project started in 1999, when Dunnion et al. made fusions between different 

melanoma and lymphoid tumour cell lines with HMY2, using PEG fusion followed by 

double chemical selection (HAT to exclude unfused HMY2, and ouabain to exclude 

homogenous fused and unfused tumour cells) (Edwards et al., 1982). The produced hybrid 

cell lines grew constantly in tissue culture, had high expression levels of the surface 

markers of their parent-APC, and excellent expression of several immunogenic TAAs. In 

addition, they were able to prime and activate T cells proliferation in mixed lymphocyte 

reaction in vitro, more significantly than their parent tumour cells. The produced hybrids 

activated T cells were able to recognise the cognate parent tumour cells and specifically 

kill them in 51Cr release cytotoxicity assays (Dunnion et al., 1999). 

Following that, Cywinski et al. (2006) showed that T cell responses against hybrid cell 

lines formed by fusion of haematological tumour cells with HMy2 were significantly 

higher than their parents, which was attributed to their expression level of the 

costimulatory molecules, which was significantly lower in hybrids made by fusion of 

HMY2 with non-haematological tumour cells. The response of the hybrids made of non-

haematological tumour cells were higher than their parents, but lower than the hybrids of 

the haematological tumour cells, (Cywinski et al., 2006). 

Afterward, Walewska et al. (2007) generated a group of five stable hybrid cell lines by 

fusion of HMy2 with CD138+ bead-separated myeloma plasma cells. The hybrid cell 

lines produced in these studies were very stable, and maintained their phenotypic and 

functional characteristics, producing self-renewing cell lines with potential for therapeutic 

vaccination. In addition, they showed that these hybrid cell lines consistently expressed 

both MHC class I and class II molecules, as well as expression of a range of T cell co-

stimulatory ligand molecules, including CD80 and CD86, and directly enhanced T cell 

proliferative responses in vitro, by comparison with the parent tumour cell lines 

(Walewska et al., 2007). 
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A number of tumour-associated antigens have been identified in tumour cells from 

multiple myeloma patients. These antigens have the ability to induce a specific immune 

response, as described in section 1.3.2. So, they could be used as targets for 

immunotherapy (Zhang et al., 2012). This is supported by the finding of Atanackovic who 

showed that immune response directed against CT antigens can be induced by the allo-

SCT, which is partly mediated by donor derived T cells (Atanackovic et al., 2009). 

This was confirmed by the work done in my supervisor’s lab by Mohamed et al. (2012a), 

who described that PBLs isolated from healthy, HLA-A2+ individuals can be stimulated 

by the hybrid cell lines, producing tumour antigen-specific CTLs to TAAs, including 

survivin, MAGE-A1, NY-ESO-1 and WT-1. Hybrid cell lines such as those described 

may be a new immunotherapeutic approach for use in the treatment of haematological 

malignancies (Mohamed et al., 2012b). Also, by activation of T cells, we can generate 

from a small number of naive lymphocytes which have predetermined receptors for any 

antigen, a great number of functional effector cells which have the ability to eliminate 

cells expressing that antigen (Abbas et al., 2012). 

On that basis, further immunological studies of these hybrid cell lines, generated by the 

fusion of HMy2 cells and myeloma tumour cells, to produce antigen specific T cells 

isolated from MM patients, formed the basis of my PhD project. 

Hypothesis 

We hypothesised that hybrid cell lines produced by fusion of HMy2 and myeloma cells 

or cell lines are capable of inducing HLA-A2-restricted tumour antigen specific cytotoxic 

T cells (CTL) in vitro, in long-term stimulated peripheral blood lymphocytes isolated 

from both HLA-A2-positive healthy donors and multiple myeloma patients. 

Aims and Objectives 

The current research project aimed to  

1- Demonstrate that the previously described hybrid cell lines can induce HLA-A2-

restricted tumour antigen specific (CTL) in vitro. This aim was done through, 

firstly, identifying the phenotypic characterization of the used hybrid cell lines. 

Then, selection of some TAAs of high prevalence of expression in MM, and 

detecting their expression level in the used cell lines, at mRNA and protein 

expression level. Afterward, the ability of these hybrids to induce antigen specific 

CTL in long-term stimulated cultures was determined using HLA-A2 peptide 
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pentamer staining assay, IFNγ and perforin release ELISpot assays. Furthermore, 

the response of long-term activated T cells in patients’ PBMCs cultures were 

confirmed by CTL-mediated cytotoxicity assays, to ensure their antigen specific 

cytotoxic activity. This objective demonstrates the “proof of concept” that stable, 

allogeneic hybrid cell lines produced by fusion of HMy2 cells and myeloma cells 

can induce antigen-specific CTL in vitro that could be used for adoptive 

immunotherapy of myeloma, if produced to appropriate standards. 

2- The second aim of my project was to optimize the process of antigen specific CTL 

generation and expansion in vitro. To do this, I investigated protocols, through the 

addition of exogenous cytokines, for the optimal in vitro generation of tumour 

antigen specific CTL that could potentially be used for adoptive immunotherapy of 

myeloma, if produced to appropriate standards. 
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2.1 Cell lines and primary cells 

2.1.1 The cell lines 

HMy2 (an EBV- transformed B-LCL, used as APC for fusion with other cells (Edwards 

et al., 1982)), HU266, HIC, HRC, and HCM (hybrid cell lines previously made by fusion 

of HMy2 and different myeloma cells) and U266 (myeloma cell line, used to show the 

phenotypic and functional features of myeloma tumour cells) were grown in tissue culture 

as detailed below. The hybrid cell lines (HIC, HRC, and HCM) were made previously 

using ex vivo myeloma cells, while HU266 was made using MM established cell line 

(U266)(Walewska et al., 2007). T2 is a TAP deficient cell line, characterized by its ability 

to present exogenously loaded peptides in the context of its HLA-A2 molecules (Bossi et 

al., 2013). For this reason, T2 cell line was used, after loading with an appropriate peptide, 

as target for determination of antigen specific IFNγ and perforin release assays, and 

cytotoxicity assay. K562 (chronic myeloid leukaemia cell line) was used as a target, for 

assessment of NK cell activity in the cultures, as it lacks MHC class I expression 

(Nishimura et al., 1994). 

2.1.2 Primary cells 

After informed consent, samples of peripheral blood were obtained from patients with 

multiple myeloma and from healthy HLA-A2+ individuals, after receiving Local Research 

Ethics Committee approval (study number 05/Q2502/26), and University Research Ethics 

Committee approval respectively (study number wssk1-012f). Peripheral blood 

mononuclear cells (PBMCs) were isolated from the blood samples. The details of the 

myeloma patients are summarised in Table 2.1. Fifteen healthy adult donors were 

recruited from staff and graduate students in the Department of Infection, Immunity and 

Inflammation, University of Leicester.  

2.1.2.1 Staining with HLA-A2 antibody: 

The isolated PBMCs were washed in cold PBS, and counted. Then, 1x105 cells were 

resuspended in the least amount of PBS, and stained with 10μl of anti-HLA A2 antibody 

[BB7.2] (Abcam, UK and BD Pharmingen, UK), and incubated in dark on ice for 20 

minutes. The cells were washed twice using 2ml of sterile pre-cooled washing buffer WB 

(1% BSA in PBS) and centrifuged. The pellets were dispensed in 1ml PBS, and flow 

cytometry were carried out using a FACS Canto flow cytometer (Becton Dickinson, UK). 

Fluorescently labelled isotype control antibodies were used as negative controls. 

http://www.abcam.com/hla-a2-antibody-bb72-fitc-ab27728.html
http://www.abcam.com/hla-a2-antibody-bb72-fitc-ab27728.html


 Chapter 2 

 
41 

Table 2.1: Details of MM patients used during this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NBD = no paraprotein band detected in serum.

 

Pt no 

 

Sex 

 

Age 

Paraprotei

n 

isotype 

Paraprotei

n 

Level 

(g/L) 

Current status Current medication 

(myeloma) 

Lymphocyte 

count 

(x10*9/L) 

HLA-A2 

status 

1 M 67 IgGK NBD Complete remission No current medication 

 

2.48 negative 

2 M 67 IgGK 27.7 Stable myeloma No current medication 

 

1.35 positive 

3 M 75 IgAK NBD 2nd relapse 2015 Lenalidomide / 

Dexamethasone 

0.90 negative 

4 F 71 IgGL 8.6 Stable myeloma No current medication 

 

8.95 positive 

5 F 86 IgGK 26.1 3rd relapse 2016 Stopped Lenalinomide March 

2016 (no response) 

1.08 positive 

6 M 61 IgAK NBD 2nd relapse 2015 Lenalinomide / 

Dexamethasone 

2.29 negative 

7 F 61 IgAL NBD Plasmacytoma “watch 

and wait” 

No current medication 1.29 positive 

8 M 76 IgGK 14.7 1st relapse 2016 No current medication 

 

1.14 negative 

9 M 54 IgGK 6.4 Stable remission No current medication 

 

2.46 positive 
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2.1.3 Cell culturing  

The growth of the cell lines was maintained in tissue culture in supplemented growth 

medium (SGM)_RPMI-1640 (with L-glutamine, streptomycin, penicillin and 10% foetal 

calf serum (FCS) (Sigma, UK) in 75 or 25cm3 tissue culture flasks (Nunc, UK) (Fig. 2.1). 

These flasks were incubated at 37°C and 5% CO2 in a humid atmosphere. Every 2-3 days, 

the cells were split 1:4 with fresh SGM to preserve the cells’ growth. 

   

Figure 2.1: The growth and proliferation of HMY2, the hybrid cell lines (HRC, HIC, HCM, and 

HU266), and U266 in the cultures, using 40X magnification.  



 Chapter 2 

 

 

43 

2.1.4 Cell freezing 

Prior to cell freezing, the cells were subjected to trypan blue staining, to evaluate cell 

viability using stained cell exclusion method. Normally, around 5 – 10 X106 viable cells 

were obtained from each flask. Cell cultures were centrifuged at 300 xg for 10 minutes, 

then 1ml of cold freezing medium (10% dimethyl sulfoxide (Sigma, UK) in RPMI 

containing 10% FCS) was added to the cells gradually and mixed gently. After that, the 

cells were transferred to 1.5ml cryovials, and placed in precooled Mr Frosty box (Thermo 

Scientific) in a -80°C freezer. After 24 hours, the cryovials were moved into a cryobox, 

and placed in liquid nitrogen vessel (-196°C). 

2.1.5  Cell thawing 

Cryovials were removed from the liquid nitrogen storage vessel, placed on dry ice, and 

the cells were quickly thawed. Immediately afterward, the cells were washed using 10 ml 

of SGM and centrifuged. After centrifugation, the cell pellets were suspended in 10ml of 

SGM and transferred to tissue culture flasks, and then they were incubated in a humid 

incubator at 37°C, and 5% CO2, in 25 cm3 tissue culture flasks. 

2.2 Phenotypic characterization of hybrid cell lines, HMy2, and U266 

2.2.1 Cell surface markers, HLAs, CS1 and RHAMM immunofluorescent staining  

For investigation of phenotypic characteristics of HMy2, U266 and the hybrid cell lines, 

direct surface immunofluorescence (IF) staining was performed by staining the viable 

cells with specific fluorescently labelled mouse anti-human monoclonal antibodies 

(mAbs), and flow cytometric analysis was carried out to investigate the human leukocyte 

antigen expression and different cell surface markers. 

Firstly, cells were harvested from the culture, washed in cold PBS, then counted and 

distributed as 0.5x106 cells in a least amount of PBS per tube. For staining, 10μl of the 

monoclonal antibody (mAb) was added to each tube, mixed by vortexing, and incubated 

in dark on ice for 20 minutes. After that, the cells were washed twice using 2ml of sterile 

pre-cooled washing buffer WB (1% BSA in PBS) and centrifuged. The pellets were 

dispensed by flicking the tube gently, and pre-cooled 0.5 ml of fixing buffer FB (1% 

paraformaldehyde (Sigma, UK) in PBS) was added. Finally, the tubes were stored at 4°C 

in the dark till flow cytometric analysis. 
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2.2.1.1 Flow cytometric analysis  

Flow cytometry was carried out for each of the five cell lines, after staining with the 

antibodies listed in (Table 2.2), using a FACS Canto flow cytometer (Becton Dickinson, 

UK). Then, the data were analysed using FACS Diva software (Becton Dickinson, UK). 

Fluorescently labelled isotope control antibodies were used as negative controls. During 

the analysis, 1x104 events were acquired, and gates were drawn to identify the living 

populations using forward and side scatter dot plots. 

Table 2.2: Immunoglobulin antibodies used for flow cytometric analysis. 

mAb Label Isotype Source Catalogue 

Number 

Clone 

Isotype control FITC IgG1 BD Pharmingen, 

UK 

551954 MOPC-21 

Isotype control PE IgG1 Beckman Coulter, 

UK 

A07796 679.1Mc7 

HLA-ABC FITC IgG1 Beckman Coulter, 

UK 

IM1838U B9.12.1 

HLA-A2 FITC IgG2a BD Pharmingen, 

UK 

551285 BB7.2 

HLA-DP,DQ, DR PE IgG1 Dako Cytomation, 

UK 

F0817 CR3/43 

CD19 FITC IgG1 BD Pharmingen, 

UK 

555412 HIB19 

CD80 FITC IgG1 Beckman Coulter, 

UK 

IM1853U MAB104 

CD86 PE IgG1 BD Pharmingen, 

UK 

555658 2331(FUN-1) 

 CD138 PE IgG1 Beckman Coulter, 

UK 

IM2757 BB4 

Mouse monoclonal 

isotype control 

PE IgG2b Abcam UK 

 

ab91532 

 

PLPV219 

 Mouse monoclonal Anti-

CS1antibody  

PE IgG2b Abcam UK 

 

Ab95827 162 

Rabbit IgG monoclonal 

Isotype control 

FITC IgG Antibodies online ABIN1586119 polyclonal 

Rabbit monoclonal Anti 

human RHAMM 

FITC IgG US Biological life 

science 

036650 polyclonal 
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2.2.2 Detection of the expression of tumour associated antigens using RT-PCR  

2.2.2.1 RNA extraction 

Extraction of total RNA from about 1×107 cells was done by RNeasyMinikit (Qiagen, 

UK), following the instructions of the manufacturer. RNAase free Falcon tubes were used 

to harvest the cells, centrifuged for 10 min at 300 xg. Then the pellets were loosened and 

washed in PBS. After washing, 600 µl RLT buffer was added and vortexed for complete 

dissolution of the cells. Next, the cells were homogenised using a 23 gauge needle, and 

mixed with an equivalent volume of 70% ethanol. After that, 700 µl of the cell lysate was 

placed in a RNA minicolumn, which was centrifuged for 15 seconds at 8000 xg. 

2.2.2.2 Genomic DNA degradation 

After RNA extraction, 350 µl RW1 buffer was added to the RNeasy column and 

centrifuged for 15 seconds at 8000xg. Then, 10 µl of DNase 1 stock solution was diluted 

with 70 µl RDD buffer. After that, this mixture (80 µl) was added to the RNeasy mini 

column and incubated for 15 minutes on bench top for the digestion of genomic DNA. 

Then, the columns were washed using 350 µl RW1 and centrifuged. Afterward, 500 µl 

RPE buffer was added, and centrifuged at 8000xg for 2 minutes. The column was placed 

in a 1.5ml collection tube, and RNA eluted with 30 µl of RNase free water, then 

centrifuged at 8000xg for 1minute. 

2.2.2.3 First strand Complementary DNA (cDNA) synthesis  

A cDNA SuperscriptTM First-Strand Synthesis kit (Invitrogen, UK) was used for reverse 

transcription of total RNA into cDNA, following the instructions of the manufacturer. Up 

to 2.5 µg RNA was mixed with 4 µl 5X reaction mixture and 2 µl of 10X Superscript 

Enzyme, and the volume was completed to 20 µl with DEPC- treated water. Afterwards, 

the tubes were mixed gently, and incubated for 10 min at 25ᵒC. Then the tubes were 

incubated at 42ᵒC for 60 minutes, and finally the reactions were terminated at 85ᵒC for 5 

minutes. 

2.2.2.4 Reverse transcription- polymerase chain reaction (RT-PCR)  

Reverse transcription-PCR was performed using cDNA template, to examine the 

expression of the TAAs of interest. 2 µl cDNA templates were mixed with 2.5 µl 10X 

buffer, 4 µl 1.25 mM dNTP, 25 mM MgCl2, 2 µl 5 pmol/ µl of forward and reverse 

primers, 0.2 µl Taq-polymerase 5U/μl, and PCR grade water to a final volume of 25μl (all 
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from Sigma, UK). All these ingredients were mixed in a 0.2 ml PCR tube, placed on ice. 

The tubes were mixed and transferred to the Thermo-cycler (T100™ Thermal Cycler BIO 

RAD). After PCR, the products were run by electrophoresis on agarose gel (1.5%) with 

0.5 µg/ml EtBr (ethidium bromide, Sigma, UK), which intercalates with DNA, and then 

visualized under ultraviolet (U.V) light. All the primers used, the amplicon size, and the 

annealing temp are summarized in Table 2.3. 

Table 2.3: primer sequences, annealing temperatures and amplicon product sizes for RT-PCR and 

q- PCR for detection of the examined TAA expression. 

Antigen Primers sequences Prod. 

size 

Anneal-

ing temp 

Reference 

RHAMM 5’CAG GTC ACC CAA AGG AGT CTC G-3’ 

5’CAA GCT CAT CCA GTG TTT GC-3’ 

571 

bp 

60°C Greiner, et al 

,2002 

MAGE-A1 5’CGGCCGAAGGAACCTGACCCAG-3’ 

5’GCTGGAACCCTCACTGGGTTGCC-3 

421 

bp  

 68°C Van Baren et 

al., 1999 

PRAME 5’CTGTACTCATTTCCAGAGCCAGA-3’ 

5’TATTGAGAGGGTTTCCAAGGGGTT3’ 

561 

bp 

67°C Van Baren et 

al., 1999 

MUC1 5’GCTGCTCCTCACAGTGCTTA-3’ 

5’GCTGGGCACTGAACTTCTCT-3’ 

608 

bp 

59°C NCBI: 

FJ226029 

h TERT 5’GCTGTTTGCGGGGATTCGGC-3’ 

5’CCACGCAGCCATACTCAGGGAC-3’ 

137 

bp 

61°C 

 

Mohamed, 

2012 

Survivin 5’CACCGCATCTCTACATTCAA-3’ 

5’CACTTTCTTCGCAGTTTCCT-3’ 

275 

bp 

59°C Schmidt et al., 

2003 

DKK1 5’AGACCATTGACAACTACCAGCCGT-3’ 

5’TCTGGAATACCCATCCAAGGTGCT-3’ 

287bp 59°C NCBI: 

NM_012242.2 

CS1 5’GGACCTTCAACACAACCCCT-3’ 

5’AGGTGCTCGTAGACATGCAG-3’ 

226 

bp 

55°C NCBI: 

NM_00128259

2.1 

MAGE-

C1  

5’AGCGGAGGGAGGAGACTTAT-3’ 

5’TCGGCATCCCAGCAGTAGG-3’ 

278 

bp 

 

55°C NCBI: 

NM_005462.4 

β-Actin 5’GCTCGTCGTCGACAACGGCTC-3’ 

5’CAAACATGATCTGGGTCATCTTCTC-3’ 

353 

bp 

60°C Invitrogen 

http://www.bio-rad.com/en-eh/product/t100-thermal-cycler
http://www.sciencedirect.com/science/article/pii/S0301472X02008743
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=61676924
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=543583694
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=543583694
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=261878499
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2.2.3 Semi-quantitative detection of TAAs expression levels 

Relative detection of the expression level of TAA genes in the examined cell lines 

(different hybrids, HMy2 and U266) was determined by real time PCR, using 7500 Fast 

Real time PCR system (AB Applied Biosystem), following the manufacturer’s 

instructions. Power SYBR green PCR master mix (AB Applied Biosystem) was used for 

amplification of cDNA (Power SYBR green PCR master mix contains fluorescent dye 

(SYBR green), hot start Taq polymerase, dNTP mix and polymerase buffer). 

2.2.3.1 Principle and procedure of q PCR 

The power SYBR green is a fluorescent dye, which can bind to the minor grooves of the 

DNA double helix molecules. The fluorescence of the dye is enhanced when bound to the 

double-stranded DNA, allowing the Light Cycler to estimate the quantity of the double 

stranded DNA formed in each cycle. 

The reaction mixture preparation contained; SYBR green mix 12.5µl, forward primer 0.5 

µl, reverse primer 0.5µl and PCR-grade water 10.5µl. All the reagents were premixed and 

added to 1µl cDNA template in 96 well plates. The standard curve was constructed by 

four tenfold serial dilutions of the positive template, which was made by mixing all the 

samples together. 

The reaction was started by activation of the Taq polymerase at 95˚C for 30 seconds, then 

40 amplification cycles were performed (denaturation at 95˚C for 15 second, annealing 

for 30 seconds at the required temperature, elongation at 60°C for 45 seconds). At the end 

of each cycle, a data acquisition step was performed to estimate the amount of DNA 

amplified. At the end of the run, the temperature was gradually increased, with continuous 

data acquisition, from 60˚C to 95˚C to construct the melting curve, for determination of 

the purity and specificity of the end product. Pure end product should produce a melting 

curve of a single peak (Figure 2.2). 
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Figure 2.2: Dissociation curve with a single peak of HMY2, hybrid cell lines and U266 and base 

line of negative control. 

2.2.3.2 Antigen expression quantification 

The levels of TAA expression were calculated automatically by the software of the 

machine, using the constructed standard curve (Figure 2.3). The standard curve is the 

plotting of log concentration of tenfold dilutions (1, 0.1, 0.01, and 0.001) of the positive 

template versus CT (which is the threshold cycle); it is the cycle number which has a 

detectable increase in the fluorescence of the SYBR green. The standard curve was 

constructed automatically by the software by the completion of the run. Relative mRNA 

expression was estimated using the calculated mRNA concentration, after normalization 

to the beta actin expression value in the same cDNA preparation. 
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Figure 2.3: Representative standard curve of q PCR, straight line demonstrating linear relationship 

between the cycle numbers and log concentrations of the examined samples. 

 

2.2.4 Protein translation level of tumour associated antigens 

2.2.4.1 Detection of RHAMM and CS1 protein  

Detection of RHAMM and CS1 protein level by direct Immunofluorescence Single-color 

Staining for Flow Cytometric analysis was mentioned previously in section 2.2.1. 

2.2.4.2 Detection of MUC1 protein translation level by indirect staining 

Detection of MUC1 protein translation level was done by indirect staining, as there was 

no directly conjugated antibody available. For indirect staining, the cells were harvested, 

washed, counted and adjusted to a concentration of 1 x 106 cells/ ml with 1% BSA/PBS 

buffer and centrifuged. After centrifugation, 10 µl of anti MUC1 mouse monoclonal 

antibody (anti-CD227; Insight Biotechnology Ltd) was added, mixed by pipetting and 

incubated at room temperature for 30 minutes. Then, the cells were washed with 5 ml of 

PBS/BSA buffer, centrifuged and the resulting supernatant was discarded. Next, 10 µl of 

the PE anti mouse Ig G secondary antibody (Sigma Aldrich) at the recommended dilution 

(1:500) was added. Afterwards, the cells were mixed well and incubated at 4ᵒC for 30 
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minutes. Then the cells were washed, fixed and subjected to flow cytometric analysis as 

described previously. 

2.2.4.3 Detection of Intracellular h TERT antigen by Flow Cytometry 

The cells were analysed for expression of the intracellular human telomerase reverse 

transcriptase antigen (h TERT) using Fix and Perm kit (Life Technology.uk), according 

to the manufacturer’s instructions for methanol modification method. Firstly, 100 μl of 

adjusted cell volume (equivalent to 1 x 106 cells) was added to 100 μl of Reagent A 

(Fixation Medium) and incubated at room temperature for 2–3 minutes. Then, 4 ml of 

cooled absolute methanol was added and mixed. After that, the cells were incubated at 

4ᵒC for 10 minutes, centrifuged at 300–350 x g for 5 minutes and washed with the washing 

buffer (PBS + 5% FBS). Afterward, 100 μl of Reagent B (Permeabilization Medium) and 

10 µl of intracellular FITC anti h TERT antibody; Bioss bs-1411R or its corresponding 

FITC Ig G isotype control; Bioss bs-0295P, was added. Then, the cells were mixed and 

incubated for 30 minutes at room temperature. After incubation, the cells were washed 

three times with the previous washing buffer. Finally, the cell pellet was dispersed in 0.5 

ml of fixation buffer (1% paraformaldehyde) and stored in the dark at 4ᵒC. Flow 

cytometric analysis was carried out within 18 hours, as described in section 2.1.1.2.  

2.2.4.4 Western Blotting for detection of MAGE-C1 

Total cell proteins were extracted by lysis of 1×106 cells in 200 µl 2X lysis buffer 

(containing 50 mM Tris-Cl pH 6.8, 10% glycerol, 2% SDS and 0.1% bromophenol blue), 

then incubated for 5 min at 95°C and centrifuged at 300xg for 10 min. After 

centrifugation, protein lysates were separated on 8% polyacrylamide gels (SDS-PAGE) 

at 60 ampere for 60 min and electro-transferred to polyvinylidene difluoride (PVDF) 

membranes (Sigma Aldrich, UK). 

For MAGE-C1 protein detection, the membrane was blocked by incubation at room 

temperature in 5% non-fat dry milk in PBS for 60 min, and then incubated overnight with 

the primary rabbit anti MAGE-C1 polyclonal antibody (Fisher Scientific.UK) at a dilution 

of 1: 1,000 at 4°C. After that, the membrane was washed three times in 0.5% PBST for 

15 min each, and incubated with polyclonal anti- rabbit immunoglobulin HRP (Dako, 

Denmark) for 1 hour at room temperature and washed three times as before. Finally, the 

membrane was washed and developed by using an enhanced chemiluminescence (ECL) 

detection system and visualised using X-ray. 
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After detection of MAGE-C1, the same membrane was used for detection of β actin. The 

membrane washed three times in 0.5% PBST for 15 min, and incubated overnight with 

mouse monoclonal anti- β actin antibody (Sigma – Aldrich UK) in dilution of 1: 5,000 at 

4°C and washed three times in BST for 15 min each. After washing, the membranes were 

incubated with polyclonal goat anti mouse immunoglobulin HRP (Dako, Denmark) at a 

dilution of (1: 5,000) for 1.5 h at room temperature. Then ECL Western Blotting Detection 

Reagent was used as before for detection of antibody binding. 

2.3  In vitro Immunostimulatory assays of PBMCs using the hybrid and parent cell 

lines: 

The purpose of this experiment was to examine the ability of the hybrid and parent cell 

lines to induce lymphoproliferative T cell responses. 

2.3.1 Preparation of HMy2, hybrid and parent tumour cell lines 

The hybrid cell lines, HMy2 and U266 were used as stimulators for allogeneic PBMC in 

separate proliferation assays. The stimulator cell lines were treated with 0.5ml 

Mitomycin-C (50µg/ ml) (Sigma, UK) and incubated at 37°C in 5% CO2 for 30 minutes 

(to inhibit cell division by induction of cross linking of DNA). After that, the cells were 

washed at least twice in warmed RPMI-1640 medium, counted, and then re-suspended in 

SGM at a concentration of 1X106 cells /ml. 

2.3.2  Preparation of the responder cells 

2.3.2.1 Separation of peripheral blood mononuclear cells 

The PBMC were isolated from venous blood of nine patients suffering from MM, and 

from 15 normal healthy individuals, using density gradient centrifugation over 

lymphocyte separation medium, as follows: Firstly, venous blood was collected into 

heparin (10 U/ml of blood) from the donor by venepuncture, and then the blood was 

diluted with an equal volume of sterile PBS. Diluted blood was layered gradually over 

Ficoll Paque plus solution (GE healthCare). Tubes were then centrifuged at 400 xg, at 18-

20ᵒC, for 30-40 minutes. After centrifugation, PBMC were collected from the buffy 

interface between PBS and the Ficoll layer. Next, PBMC were washed twice with PBS 

medium, and centrifuged at 1200 rpm for 10 minutes. A sterile pre-warmed 0.1% BSA in 

PBS solution was used to re-suspend PBMC cells at concentration of 1x106 cells/ ml. 
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2.3.2.2 PBMC labelling with Carboxyfluorescein diacetate succinimidyl ester: 

Carboxyfluorescein diacetate succinimidyl ester (CFSE) is a cell labelling and tracking 

dye that is used for tracking and phenotyping the dividing T cells. This dye can diffuse 

into the cells and interact with the intracellular amines, by its ester groups, forming 

fluorescent dye-protein (with excitation peaks of 492 and emission peaks of 517 nm). This 

fluorescence is well retained by the cells. Accordingly, upon cell division, the dye will be 

divided equally between the new daughter cells; for this reason the intensity of the label 

can be used as an indicator of the cell proliferation level. 

The CFSE dye was prepared according to the manufacturer’s instructions by dissolving 

the components of one vial (50µg lyophilized CFDA-SE powder) of Cell Trace™ CFSE 

Cell Proliferation Kit (Invitrogen, Paisley, UK), in 18µl of DMSO (provided with the kit) 

to obtain 5mM stock solution. The remaining reagent was kept at -20°C in the dark.  

2.3.2.2.1 CFSE labelling 

1µl of 5mM CFSE stock solution was used to label each 1x106 cells/ ml of PBMCs cell 

suspension. After labelling, the cells were incubated at 37°C for 10 minutes in 5% CO2 

in a humid incubator. Five volumes of precooled RPMI-1640 media was added to quench 

the excess dye from the cells, and the tubes were placed for 5 minutes on ice. After 

incubation, the cells were centrifuged for 10 minutes at 1200 rpm then the pellet was 

washed twice with RPMI media. Then, the labelled cells were ready to use as responder 

T cells in the stimulation reaction. 

2.3.2.2.2 Stimulation of the CFSE labelled-PBMC with the hybrid and parent cell lines: 

In a 24 well plate, 2x106 of CFSE-stained PBMCs were mixed with 1x 106 of Mitomycin-

C treated stimulator cell lines (HMy2, HU266, HCM, HIC, and U266). The plate was 

incubated for 5 days at 37°C. Then the cells were used for CFSE/CD markers flow 

cytometric analysis. The unstimulated CFSE-stained PBMC were used as negative 

controls. 

2.3.2.2.3 Characterization of the subpopulations of the proliferating cells: 

The harvested CFSE labelled cells were washed using cold PBS. The cells were 

suspended in the remaining PBS after decantation of the supernatant, and stained 

with10µl of the following mAbs for surface IF staining using CD3-PE; BD Pharmingen, 

UK 555333, CD4-PECY7; BD Pharmingen, UK 557852 and CD8-PerCP 5.5 mAbs BD 
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Pharmingen, UK 341051. Then the cells were vortexed and incubated for 20 minutes in 

the dark at 4°C. After that, the cells were washed in WB twice and then resuspended in 

1ml PBS. To assess the proliferation of T cell subpopulations, cell acquisition was done 

using a FACS Canto flow cytometry system. Data were analysed by FACS Diva software 

(Becton-Dickinson Ltd, UK). Multiple gating was performed on CD3, CD4 or CD8 

populations. 

2.4 Induction of long-term activated tumour antigen specific cytotoxic T 

lymphocyte cell cultures: 

With the intention of examining the ability of HMY2, the hybrid cell lines and U266 to 

induce functional antigen specific T cell responses in vitro (in terms of cytokine release, 

and cytotoxic ability), repeated stimulation of allogeneic T cells using HMy2, hybrid and 

parent tumour cell lines was carried out to establish long-term activated antigen specific 

T cell cultures. 

Long-term activated T lymphocyte cultures were produced by co-culturing an allogeneic 

donor’s PBMCs (isolated from HLA-A2+ normal healthy individuals and MM patients) 

with stimulator cell lines for several successive rounds (each of one week). The stimulator 

cell lines were treated with 0.5 ml (50µg/ml) Mitomycin-C (Sigma, UK) for each 4x106 

cells. In the first round at day 1, PBMCs were isolated and mixed with Mitomycin-C 

treated stimulator cells, as 2x106 responder cells in 2:1 ratio in 6 well plates, in 2 ml/ well 

SGM as total volume, in the presence of 1ng/ ml IL-7 (BD Bioscience, UK). Fresh SGM 

was added on the third and fifth day. In the second round, the cell cultures from the first 

round were centrifuged. After centrifugation, the cells were suspended in fresh SGM, 

counted and re-activated with a new lot of Mitomycin-C treated stimulators in 3:1 ratio, 

and in 2 ml/ well of SGM in presence of 300U/ml rhIL-2 (Prospec, Protein-Specialists) 

and IL-7 (1ng/ml) in 6-well plates. Fresh SGM was added on days nine, eleven, and 

thirteen. In the third week, on day fifteen, the cell cultures from the second round were 

centrifuged as before. After centrifugation, the cells were suspended in fresh SGM, 

counted and re-activated with a new batch of Mitomycin-C treated stimulators in 3:1 ratio, 

and in 2 ml/ well of SGM in presence of rhIL-2, IL-7, and 10ng/ml rhIL-15 (Prospec, 

Protein-Specialists) in 6-well plates, and fresh SGM was added on days seventeen, 

nineteen, and twenty-one (Figure 2.4). By the beginning of the fourth round, cells were 

harvested and counted as before, and in accordance with the number of the produced T 

cells, these cells were either exposed to an additional stimulation round, or used directly 
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in subsequent assays. The activation rounds were carried out for up to 10 rounds for the 

selected hybrids and their available parents in parallel under similar co-culturing 

conditions. The produced activated T cell cultures were used for characterization of the 

proliferating cell populations, and also for IFN releasing and perforin releasing ELISpot 

assays, as responder cells to investigate their activities. Moreover, pentamer staining 

assay was used to examine the production of tumour antigen specific T cell clones.  

  

Figure 2.4: the long-term stimulation protocol. The isolated PBMCs were stimulated weekly with the 

hybrid cell lines, HMY2, and U266. 

2.4.1 MHC Class I Pentamers staining 

2.4.1.1 MHC Class I Pentamers staining principle: 

Pro5® MHC Class I Pentamers (Proimmune, UK) include five MHC class I peptide 

complexes connected together through a coiled-coil domain. In addition, each Pro5® 

pentamer comprises five fluorescent tags for efficient and bright labelling (Figure 2.6). 

The Pro5® MHC Class I Pentamers bind directly to T cell receptors of a particular 
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specificity. This specificity is determined by the Major Histocompatibility Complex 

(MHC) allele and peptide combination. 

Recognition and estimation of tumour antigen-specific CTLs were carried out by staining 

of long-term activated T cells with FITC-labelled anti-CD8 and R-PE-labelled Pro5 MHC 

class I pentamers incorporating different HLA-A2 binding peptides (Proimmune Limited, 

UK). Then, flow cytometric analysis was carried out. The four different HLA-A2-

restricted peptide pentamers of the selected antigens are described in Table 2.5, as well as 

the control peptide. 

Figure 2.5:Pro5® MHC Class I Pentamers structure. Figure from (Proimmune pentamer manual).  

 

 

Table 2.4: HLA-A2-peptide pentamers of relevant TAA, and irrelevant WNF virus peptides, labelling, 

and peptide sequence. 

The antigen HLA-A2-restricted 

peptide 

Peptide 

sequence 

Labelling 

MUC1 MUC1 (12-20) LLLLTVLTV R-PE 

hTERT hTERT (540-548) ILAKFLHWL R-PE 

MAGE-

C1(CT-7) 

MAGE-C1 (959-968) ILFGISLREV R-PE 

CS1 CS1 ( 239-247) SLFVLGLFL R-PE 

WNF WNF ( 294-302) LGMSNRDFL R-PE 
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2.4.1.2 Pro5® MHC Class I Pentamers staining procedure: 

Following the manufacturer’s instructions, the cells were harvested, washed with WB (1% 

BSA in PBS), counted and dispensed as 2.5x106 cells in 50µl of WB, in FACS tubes. The 

new vials of the pentamers were spun for 5 minutes at 14000xg at 4°C to decrease the risk 

of non-specific staining caused by protein aggregates. Next, 10µl of the labelled 

pentamers (Proimmune Limited, UK) were mixed with the cells, and incubated for 10 

minutes in the dark at room temperature. Afterwards, cells were washed once using 2ml 

cold buffer (1% BSA in PBS), and centrifuged for 5 minutes at 500 xg. After 

centrifugation, the pellet was dispensed by gentle flicking and 1µl of FITC-labelled anti-

CD8 mAb, (Proimmune Limited, UK) was added. Cells were incubated for 20 minutes, 

at 4°C, shielded from light. After incubation, cells were washed as before, and the 

resulting pellets were dispensed in 1ml PBS. The tubes were stored at 4°C in the dark 

before flow cytometric analysis, which was carried out within three hours. Unstimulated 

PBMCs were isolated from the same normal healthy donor or the MM patient were stained 

with the same anti-CD8mAb and pentamers and subjected to the same staining conditions 

as the stimulated cells, and used as negative controls. 

Cells were acquired by a FACS Canto flow cytometer, and the analysis was done using 

FACS Diva software (Becton Deckinson, UK). Appropriate gating on living T cells was 

done, and sequential gating, 10,000 events acquired in the appropriate gate for CD8+ T 

cell analysis.  

2.4.2 Enzyme Linked ImmunoSpot (ELISpot) Assays 

The enzyme-linked immunospot assay is a highly sensitive technique that allows 

quantification of the responding cytokine-secreting cells at the single-cell level, by 

detection of lymphocyte cytokine release under certain stimulation conditions. IFNγ is a 

very important cytokine that is released by activated helper and cytotoxic T lymphocytes, 

and it is a feature of their response. Furthermore, IFNγ can adjust immune responses by 

its effect on T cells, APCs, and B cells. Perforin is one of the essential cytolytic proteins 

of cytotoxic T cells. Also, it is known a key effector molecule for T-cell activation.  

2.4.2.1 Perforin and IFNγ ELISpot assays using the long-term activated T cells as 

responder cells. 

The assays were achieved using human IFNγ ELISpot kit and perforin ELISpot kit 

(Mabtech AB, Sweden), in accordance with the manufacturer’s instructions. The 
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Multiscreen PDVF filter 96 well plates (Millipore, USA) were activated by adding 50µl/ 

per well of 70% ethanol, and were incubated for 1 minute at RT. After incubation, the 

plates were washed five times by addition of 200µl/well sterile distilled water. After 

washing the wells were coated by addition of 100µl/ well of the capture antibody (anti-

IFNγ mAb clone 1-D1K diluted to 15µg/ml in sterile PBS or anti-perforin mAb clone Pf-

80/164 diluted to 30µg/ml in sterile PBS). 

Then, the plate was incubated at 4°C overnight. After incubation the excess antibody was 

removed and the plate was washed five times with 200µl/ well of sterile PBS. After that, 

200µl/ well of SGM containing 10 % of the same serum used in cell suspension was added 

for blocking of any non-specific binding, and the plate was left for not less than 30 

minutes at RT.  

The stimulator cells were harvested, counted and treated with Mitomycin-C, to stop cell 

division as described in Section 2.3, and washed twice in RPMI medium. Afterward, cells 

were re-suspended at the desired concentration in SGM, and 100µl was added to each 

well. The responder cells (the long-term activated T cells) were counted, re-suspended in 

SGM and seeded in the desired concentration as 100µl/ well in triplicate wells, and mixed 

with the responder cells in 96-well plates. The ratio of the responder long-term activated 

T cells to stimulator cells was adjusted in a total volume of 200µl per well. Then the plates 

were incubated for 48 hours for detection of IFNγ and 5 days for detection of perforin at 

37°C in a humid atmosphere in 5% CO2. During the incubation time, T cells were 

stimulated and IFNγ and perforin were produced. The produced IFNγ and perforin were 

captured by the coating mAb attached to the surface of the plate. Afterward, the cells were 

removed and the plates were washed with 200 µl/well with sterile PBS for 5 times. Next, 

the secondary (Pf-344-biotin) anti-perforin mAb and the biotinylated anti IFNγ secondary 

antibody (7-B6-1) were diluted in sterile PBS containing 0.5% FCS to 1µg/ ml, and 100µl/ 

well was added and incubated for 2 hours at RT. After that, the excess antibody was 

eliminated, then the plate was washed as described in the last step, and Streptavidin 

conjugated alkaline phosphatase (Streptavidin-ALP; Mabtech, Sweden) diluted 1:500 in 

PBS containing 0.5% FCS, and 100µl was added in each well, followed by incubation at 

RT for one hour. Then, the unbound enzyme was removed by washing the plate as 

described before, and 100µl/ well of filtered substrate solution, TMB (tetra methylated 

benzidine; Mabtech, Sweden), was added, and the plate was incubated at RT for 15 

minutes or until purple spots emerged in the positive wells. Then the plate was washed 
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extensively using nano pure water to terminate the reaction. Then the plate was left to dry 

and the emerged spots were counted using x40 magnification lens under a dissection 

microscope. Figure 2.6 shows schematic illustration of the principle of the ELISpot assay. 

 

Figure 2.6: Schematic illustration of the principle of the ELISpot assay. Figure adapted from Mabtech, 

UK, ELISpot assay principle. 

 

2.4.2.2 Tumour antigen-specific ELISpot assays: 

In order to determine the activity of the produced antigen specific CTL in the long-term 

stimulated cultures, HLA-A2 restricted TAA peptide-pulsed T2 cell line was used as 

target cells in IFNγ and perforin ELISpot assay, and the cytotoxicity test, in order to 

investigate the presence and activity of its cognate antigen specific CTLs. 

2.4.2.2.1 T2 cell line 

T2 cells are a TAP deficient cell line, which is characterized by its incompetence to 

present the endogenous antigens in the context of their HLA class I molecules. However, 

the exogenous antigens of interest can be loaded on HLA-A2 cell surface molecules on 

T2, and used as a target in different antigen specific CTL assays. 

2.4.2.2.2 T2 cell line peptide pulsing 

The candidate peptides; ProImmune, Ltd, UK (Table1.5) were solubilized according to 

the manufacture’s instruction in 10µl DMSO, and then diluted to 1ml using distilled H2O. 

The dissolved peptides were aliquoted into small volumes, and stored in -80⁰C until use.  

https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwjhqNGarZ7TAhXoJMAKHQpACx8QFgg4MAc&url=https%3A%2F%2Fwww.linkedin.com%2Fcompany%2Fproimmune-inc-&usg=AFQjCNFhQ1V_QXpCBmwEZ7QTDg4xxKnTag
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T2 cell line was harvested, spun for 5 min at 1480 rpm, washed in SGM medium and 

counted. The cells were suspended to a concentration of 3X106/ml in serum free SGM, 

and pulsed in a 12 well plate with 50µg/ml of the desired peptide, and 3µg/ml β2-

microglobulin (Sigma, UK). The plates were mixed and incubated at 37°C in a humid 

atmosphere, and 5% CO2 for 4 hours. After incubation the cells were washed twice in 

serum free SGM, and used as a targets in IFNγ and perforin ELISpot assays, as previously 

described in section 2.5.1.1. 

2.4.3 Cell sorting and expansion of the long-term activated cultures 

The hybrid cell lines, HMY2 and U266 long-term stimulated cultures were carried out as 

mentioned in section 2.4, and stained with pentamer staining as described in section 

2.4.1.1.2. The highest percentages of the antigen specific CD8+ T cells were obtained from 

HU266 and HRC long-term stimulated cultures for MUC1, and CS1 antigen specific CD8+ 

T cells respectively. Accordingly, HRC and HU266 stimulated cultures were FACS-sorted 

using FACSAriaII, in an attempt to isolate CS1 and MUC1antigen specific CD8+ T cells, 

respectively. The data analysis was done using FACSDiva software Version 6.1.3 (BD 

Biocsiences, San Jose, USA). The expansion of the sorted cells was carried out using 

Dynabeads® Human T-Activator CD3/CD28/CD137 (Thermofisher Scientific, UK). 

According to the manufacturer’s instructions, the sorted cells were dispensed in different 

wells in 96 well plate, at concentration of 100,000 cells in 100-200µl SGM/well. The 

Dynabeads were added to obtain beads: cell ratio of 1:10, in the presence of IL-2 (300U/ml), 

IL-7 (1ng/ml), and IL-15 (10ng/ml). The plate was incubated in a humidified incubator, at 

37C, and 5% CO2. The culture was examined daily, and re-stimulated after 7 days. 

2.4.3.1 Re-stimulation using Dynabeads® Human T-Activator CD3/CD28/CD137: 

Prior to re-stimulation, the cells were removed from the plate, and transferred into suitable 

tubes. Then the tubes were placed in a magnet for 1-2 min, to allow the beads to move to 

the side of the tube. After that, the supernatants were transferred to a new tube, and the 

cells were dispensed back in the culture medium at a concentration of 1x105 cells in 100-

200 µl in presence of the same cytokines mentioned in section 2.4.4.  

2.4.4 DELFIA EUTDA Cytotoxicity assay: 

The antigen derived-peptide pulsed T2 cells described in section 2.4.3.1.1 were adjusted 

to 1x106 cells/ml, and used as target cells in the cytotoxicity assays. The cells were loaded 

with 2.5 µl of the fluorescence enhancing ligand (BATDA), and incubated for 30 minutes 
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at 37⁰C. Then, the cells were harvested and washed 3-5 times in serum free SGM. After 

washing, the pellet was suspended in the SGM, and adjusted to 5x104 cells/ml. 100 µl of 

target cells were placed in a V-bottom plate, and 100µL of the effector cells (long-term 

stimulated T cells), suspended in the same SGM, of different concentrations (100:1, 50:1, 

and 25:1) was added, then incubated for 2hrs in 5% CO2 humidified atmosphere at 37⁰C. 

After incubation, the cells were centrifuged for 5 min at 500xg. 20 µL of the supernatant, 

and 200 µL of europium solution were transferred to flat bottom plate, and incubated for 

15 min with shaking. After incubation, the fluorescence has measured in the time resolved 

fluorimeter, and the % specific release was calculated using the following formula:  

% Specific release = Experimental release (counts) - Spontaneous release (counts) 

/ Maximum release (counts) - Spontaneous release (counts) ×100 

% Spontaneous release = Spontaneous release (counts) - background (counts) / 

Maximum release (counts) - background (counts) x100. 

Background = media without cells, Spontaneous release = target cells without 

effector cells, Maximum release = lysed target cells. 

2.5 Statistical analysis  

The statistical significance of differences of Pentamer staining experiment data were 

analysed by one way ANOVA, and the ELISpot and cytotoxicity data were analysed by 

two way ANOVA, using GraphPad Prism 7 software (GraphPad Software, San Diego, 

CA, USA). A statistically significant difference between parameter was considered when 

P value was <0.05.
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3.1 Introduction: 

This chapter describes the antigenic and phenotypic characterisation of the hybrid cell 

lines of interest, as well as HMY2 (EBV transformed B-LCL) and U266 (as an example 

of the parent myeloma cells). The hybrid cell lines used in my project were made 

previously by fusion of HMY2 (as professional antigen presenting cell) and myeloma 

cells or cell line (Walewska et al., 2007). The phenotypic characterisation of these hybrids 

included the examination of the expression of HLA class I, HLA-A2, HLA class II, and 

various important cell markers including CD80, CD86, CD19 and CD138. It also 

describes the hybrids’ antigen expression profile of some important TAA, and estimation 

of their expression level by semi quantitative q PCR, in addition to detection of the protein 

expression level of TAA known to be highly expressed by myeloma cells. 

3.1.1 Purpose of Hybridoma formation 

Although almost all tumour cells have a significant capability to express high levels of a 

wide variety of TAA, their ability to induce immune responses, and especially CTL 

responses, is very weak (Dunnion et al., 1999). This is the reason why previous studies 

aimed to increase the immunogenicity of the tumour cell through various techniques, such 

as gene transfection of CD80 and HLA-A1 or A2, for induction of antigen specific (CTL) 

immune responses (Raez et al., 2004; Guckel et al., 2005). These studies showed that the 

efficacy of the immune response not only depends on the presentation of the respective 

immunogenic tumour antigens in the context of MHC molecules, but also depends on the 

expression of costimulatory molecules. Therefore, as an alternative to this strategy, my 

supervisor’s lab fused a panel of tumour cells or cell lines with EBV-associated B-

lymphoblastoid cells (HMY2) to form stable hybrid cell lines. These hybrid cell lines add 

the advantages of the co stimulatory molecules expression to the antigenic expression 

profile of the tumour cell, with the aim of enhancing the stimulation of antigen specific T 

cell responses (Dunnion et al., 1999; Cywinski et al., 2006; Walewska et al., 2007; 

Mohamed et al., 2012b; Mohamed et al., 2012a). 

3.1.2 Importance of phenotypic characterisation of HMY2 and the hybrid cell lines: 

The importance of phenotypic characterisation of Epstein-Barr virus (EBV) transformed 

human B lymphocytes cell line, HMY2 and its derived hybrids has been reported by (Kerr 

et al., 1992). They showed that HMY2 can have two distinct phenotypic forms, caused by 

different transcription of latent EBV, leading to different expression of cell surface 
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markers, adhesion molecules and some virus antigens (Kerr et al., 1992). Also, the 

potential of production of phenotypically stable hybrids produced by fusion of HMY2 and 

lymphoid or non-lymphoid tumour cell has been reported previously (Kerr et al., 1992, 

Dunnion et al., 1999, Cywinski et al., 2006). In a study carried out by Dunnion et al. 

(1999) hybrid cell lines made by fusion of HMY2 cells with a variety of haematological 

tumour cell lines such as promyelocytic (HL-60) and erythroleukaemia (K562) cell lines. 

The produced hybrids expressed MHC class I and class II molecules, high levels of 

adhesion molecules, and a wide range of highly immunogenic TAA, in addition to the 

costimulatory molecules CD40, CD80, and CD86 (Dunnion et al., 1999). Additionally, 

Cywinski et al (2006) produced hybrids, by fusion of HMY2 and three heamaological cell 

lines, that showed a consistent expression of both HLA class I and class II, and expression 

of range of immunologically relevant accessory molecules, including CD80 and CD86. 

whilst the hybrids produced by fusion of HMY2 with solid tumour cell lines cell had the 

same phenotypic characteristics as their parent tumour cells, lacked expression of the 

secondary accessory molecules including CD80 and CD86, and showed MHC class II 

expression only when the parent tumour cell line expressed MHC class II molecules 

(Cywinski et al., 2006). This study indicated that the phenotypic characteristics of the 

hybrids arise as a result of the difference of the type of the parent tumour cell. Extending 

these studies, Walewska et al. (2007) created five hybrid cell lines by hybridisation of 

HMY2 with ex vivo CD138+ bead-separated malignant plasma cells isolated from patients 

with multiple myeloma or MM cell line. These hybrids showed stability for several rounds 

of freezing and thawing in liquid nitrogen, and also they grew continuously in tissue 

culture. In addition, these hybrids retained the phenotypic characteristics of professional 

antigen presenting cells and the functional ability to stimulate autologous and allogenic T 

cell response in vitro (Walewska et al., 2007). 

3.1.3 Tumour-associated antigens: importance in tumour immunotherapy 

The TAAs are promising targets for cancer immunotherapy, when the processed antigen 

is presented by an appropriate HLA class I molecule, and recognised by antigen specific 

CTL. These TAA can be classified into different categories, such as cancer testis antigen 

(CTA), which are expressed in normal testis and different tumours (but not in other 

somatic tissues), and self-antigens which are overexpressed in tumour tissues, as 

described previously (Jäger, 2001). Novellino et al. (2005) listed the epitope sequence of 

different TAAs and their HLA alleles, which restrict their recognition by CTL. These 
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TAAs have a variable role in progression of tumour and immunogenesis. Generally, the 

TAA is considered as a good candidate for immunotherapy only when this TAA is defined 

to be of crucial role in tumour progression and has reliable immunogenic epitopes 

presented in the context of different HLA alleles (Linley et al., 2011).  

All of these studies reflect the importance of both phenotypic characterisation of the cell 

lines involved in the studies and the TAAs they express. The phenotypic and functional 

stability of the myeloma hybrid cell lines described by Walewska et al. (2007) formed the 

basis of my study, with the aim of using these self-renewing hybrids for induction of 

antigen specific CTL with potential for tumour immunotherapy. This is the reason why I 

examined the expression of different TAAs by the used myeloma hybrid cell lines. These 

TAAs are known to be expressed at high prevalence in MM tumour cells, and have ability 

to induce antigen specific CTL, as reviewed in the discussion section of this chapter. In 

addition, I characterized the surface marker profile of the hybrid cell lines, to ensure that 

they had retained an immunogenic phenotype.  

In this chapter, I will present the phenotypic characterisation of the hybrid cell lines of 

interest and their available parents HMY2 (parent APC) and U266 (parent myeloma cell) 

in terms of 

1-  The expression of major histocompatibility class I and II, in addition to HLA-A2, 

which is of crucial importance in the presentation of the antigens to CTL. 

2-  The expression of CD80 and CD86, as important costimulatory molecules in the 

activation of naive T cells.  

3- The tumour associated antigen expression profile, including h TERT, MUC1, 

MAGE-A1, MAGE-A3, MAGE-C1, DKK1, RHAMM and CS1 (and β- actin, as 

a housekeeping gene), and estimation of their levels of expression using q PCR. 

4- Detection of the expression of CS1, MAGE C, h TERT and MUC1 at the protein 

level, using flow cytometric analysis and Western blotting. The expression of 

these antigens was not investigated in any of the previous studies done using these 

hybrid cell lines. 
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3.2 Results  

3.2.1 Phenotypic and genotypic characterisation of HMy2, the hybrid cell lines and 

U266: 

The hybrid cell lines used in my project were made previously by my supervisor’s group 

using HMY2 as partner APC and different ex vivo multiple myeloma cells or cell lines 

(Walewska et al., 2007). These hybrids showed continuous growth in tissue culture, with 

stable phenotypic characterisation. Moreover, they also showed stability for several 

rounds of thawing and freezing in liquid nitrogen (Walewska et al., 2007; Mohamed et 

al., 2012a). Of the previously made five hybrids, I have successfully re-established four 

hybrids in the culture and one failed, may be due to long time storage in liquid nitrogen. 

3.2.1.1  Immunofluorescence staining and flow cytometric analysis: 

Immuno-phenotypic analysis of the expression of a range of important costimulatory 

molecules, MHCs and certain cell surface markers by HMy2, the hybrid cell lines and 

U266 was carried out. Selection of the assessed markers (HLA class I, HLA class II, 

HLA-A2, CD80, CD86) was done based on their significance as immunostimulatory 

agents of CTL. Additionally, CD19 as cell surface marker of B cells, from which HMY2 

has been derived, and CD138 as a plasma cell surface marker. 

The immuno-phenotypic analysis was carried out using direct immunofluorescence (IF) 

staining by specific fluorescently-labelled monoclonal antibodies (mAbs). Fluorescently 

labelled non-specific isotype matched control mAbs were used as negative controls. After 

that, flow cytometric analysis was carried out using a FACS Canto flow cytometer and 

the data were analysed using FACS Diva software, as described in section 2.2.1. 

The flow cytometric histograms shown in Figure 3.1 demonstrate the level of expression 

of HLA class I, class II, HLA-A2, CD80, CD86, CD19 and CD138 by the candidate cell 

lines. For ease of interpretation, mean fluorescence intensities (MFI) of the expression of 

each of the examined cell markers by the used cell lines is summarised in Figure 3.2. The 

data illustrate that the hybrid cell line HU266 showed the highest level of expression of 

HLA class I, followed by HMY2 and the other cell lines HCM, HRC, HIC and U266 in 

descending order. Also, HU266 showed about twice the level of expression of HLA class 

II than HMY2 and HRC, and around one and half times the level of expression of this 

marker than HCM, and six times higher expression level of HLA class II than HIC. 

However, the parent myeloma cell line U266 lacked the expression of HLA class II. 
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Regarding HLA-A2, the highest level of its expression was shown by HMY2 and HU266. 

In addition, low to moderate level of HLA-A2 expression was seen by the hybrid cell 

lines HIC, HRC and HCM, whilst, the parent tumour cell line U266 was the lowest cell 

line concerning HLA-A2 expression level. 

In terms of expression of the costimulatory molecules, CD80 and CD86, HU266 showed 

higher expression of CD80 than HMY2 and the other hybrid cell lines, as HU266 had 

around four times more expression level than HRC, HCM and HIC. Regarding CD86 

expression, HU266 and HCM expressed CD86 at the highest level followed by HMY2. 

The hybrid cell line HRC had relatively low expression level of CD86, while HIC hybrid 

cell line expressed very low levels of CD86. In contrast with the hybrid cell lines, the 

parent cell line U266 lacked expression of both candidate costimulatory molecules, CD80 

and CD86.  

As regards the expression of CD19, HMY2 had slightly higher expression level of CD19 

than the hybrids HU266, HRC, HCM, and HIC, while, U266 lacked the expression of 

CD19. 

In contrast, U266 had the highest level of expression of CD138, compared with all the 

other examined cell lines. The expression of these cell markers by U266 showed 

consistency as a mature plasma cell, as it showed moderate expression level of HLA class 

I, HLA-A2, lacked the expression of the other examined cell markers (HLA class II, and 

the secondary accessory molecules CD80 and CD86), and had high level of expression of 

CD138 ( plasma cell marker). Also, the hybrid cell line HU266 showed an upregulated 

level of expression of CD80, CD86, CD19 and MHC class I (including HLA-A2) and 

class II when compared with its parent cell U266, these results agreed with Walewska et 

al. (2007). The other parent tumour cells were not available for such comparison with 

their hybrids.  

The expression of these cell markers by HMy2 is consistent with the phenotypic 

characteristics of EBV – BLCL and its role as a potential APC, and supports its use as 

fusion partner for the hybrids used for immunogenic stimulation of CD8+ T lymphocytes.  

It is noteworthy that almost all of the hybrid cell lines expressed the co-stimulatory 

molecules CD80 and CD86 and HLA class II, in spite of its absence in the parent myeloma 

cell U266, and these expressions were consistent with the co-stimulatory molecules and 



 Chapter 3 

 

 

67 

HLA class II expression by HMY2. However, the hybrids showed some variability of 

their expression level. 

Overall, all of the hybrids expressed all the candidate cell surface markers at much higher 

level than the tumour cell U266 (shown in Figure 3.2), with the exception of the myeloma 

marker CD138. These data of phenotypic characterisation of the hybrids show agreement 

with the previous studies done on these hybrid cell lines (Walewska et al., 2007; 

Mohamed et al., 2012). 

. 
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 Figure continued overleaf 
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Figure 3.1: Phenotypic characterisation flow cytometric histograms of HMy2, the hybrid cell lines and U266. The plots demonstrate the level of expression of HLA class 

I, class II, HLA-A2, CD80, CD86, CD19 and CD138. Grey histograms show isotype control of mAb stained cells, and blue histograms show the relevant monoclonal antibody 

stained cell line (HMY2, the hybrid cell lines and U266).  
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Figure 3.2: Mean fluorescence intensity of the expression of HLA class I, HLA-A2, HLA class II, 

CD80, CD86, CD19 and CD138 by HMY2, the hybrid cell lines and U266. The presented MFI values 

are (the MFI of examined marker expression - MFI of matched isotype control). The experiment was done 

once only. 
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3.2.2 Detection of TAAs expression by HMy2, the hybrid cell lines and U266 using 

reverse transcriptase-polymerase chain reaction (RT-PCR): 

After detection of expression of a variety of important cell surface markers by the used 

cell lines, I wanted to investigate the expression of some important tumour associated 

antigens (TAA). The selected TAA had been identified before as potent targets for tumour 

immunotherapy, and especially for antigen specific CD8+ T cells (Cloosen et al., 2006; 

Tai et al., 2008; Meklat et al., 2007; Schmitt et al., 2008; Yin, 2012). Therefore, RTPCR 

was carried out to examine the expression of the candidate TAA (MAGE-A1, PRAME, 

Survivin, MAGE-A3, MUC1, RHAMM, DKK-1, CS1, MAGE-C1 and h TERT) by 

HMy2, the hybrid cell lines (HU266, HRC, HCM and HIC) and U266. Firstly, total RNA 

was extracted from each cell line. Then single stranded complementary DNA (cDNA) 

was synthesised and used as a template in PCR reactions as mentioned previously in 

section 2.2.2. Throughout the reactions, examination of β-actin expression (housekeeping 

gene) was done, to confirm the DNA integrity. Two negative controls were used in these 

reactions, the first one was cDNA synthesised from PBMCs of normal healthy 

individuals, which should not express the TAAs, and the second negative control was 

using the reaction mixture without cDNA. U266 was used as positive control.  

The results of RTPCR are shown in Figure 3.3. This figure shows that all the examined 

antigens were expressed by HMy2, the hybrid cell lines and U266, with the exception of 

DKK1, which was expressed only by the tumour cell line U266, and did not show 

expression by any of the hybrid cell lines, even HU266. Expression of the examined 

antigens by PBMCs was negative, except for RHAMM and survivin. β- actin was detected 

in the cDNA from all the cells / cell lines. 
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Figure 3.3: RT PCR bands represent TAAs, and β-actin mRNA expression by the hybrid cell lines and 

HMy2.U266 was used as a positive control, and PBMCs as negative control. First lane shows bands for 

100 bp ladder, and positive bands were of correct band size for the relevant antigen specific TAA, as 

indicated. 

 

3.2.3 Semi-quantitative evaluation of TAA expression: 

Following determination of TAA expression profile by the myeloma hybrid cell lines 

using RT PCR, real time semi-quantitative PCR (q PCR) was used to estimate the level 

of mRNA expression of these tumour antigens in the examined cell lines. The significance 

of this experiment was to validate the PCR result, and to investigate the highest expressed 

antigens by most of the used cell lines. The product of these genes can be used as 

candidates to examine the presence of antigen specific CD8+ T lymphocytes in long-term 

stimulated cultures. Also, determination of mRNA expression of any of these antigens by 

PBMCs (as an example of somatic cell) would indicate limitation of their usage in 

immunotherapy, to prevent development of autoimmune disease. 

Semi-quantitative PCR for relative estimation of mRNA expression levels of MAGE-A1, 

PRAME, MAGE-A3, Survivin, RHAMM, h TERT, MUC1, MAGE-C1 and CS1 by 
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HMY2, hybrid cell lines, U266 (as positive control) and normal PBMCs (as negative 

control ) was done using 7500 fast real time PCR system. PCR master mix was used with 

each antigen specific primer pair. The running conditions were adjusted according to the 

reagents manufacturer’s instructions, and to the primer pairs melting temperature, as 

described in section 2.2.3 

Each q PCR was repeated three times under the same conditions. The mean value of 

mRNA concentration levels from the triplicate runs was normalized against mean values 

of β actin concentration. The individual column of each chart in Figure 3.4 represents the 

mean value ± SEM of each cell line after analysis using GraphPad Prism 5.5 (CA, USA).  

Regarding h TERT, HRC showed strong expression of mRNA, about one hundred fold 

more than the other hybrids, HMY2 and U266. The other hybrid cell lines and HMY2 had 

lower levels of expression of h TERT mRNA, but elevated compared with PBMCs. The 

hybrid cell line HU266 had a slightly lower level of expression than its parent myeloma 

cell line.  

All of the examined cell lines expressed CS1 mRNA. The parent myeloma cell U266 was 

the highest cell line for this TAA expression. However, by comparing the hybrids 

together, HRC showed highest expression of CS1 mRNA, followed by HU266 and HIC, 

whilst HMY2 and HCM expressed CS1 at a relatively low level, but higher than PBMCs. 

Regarding MUC1, HU266 had about half the level of mRNA expression of MUC1 than 

its parent U266, and around thirty-fold higher expression than HMy2, HCM and HIC. 

Additionally, HU266 was followed by HRC, which showed ten times more MUC1 

mRNA expression than HMy2.  

Concerning the candidate members of MAGE family, MAGE-A1, MAGE-A3 and 

MAGE-C1, the hybrid cell line HRC showed elevation of mRNA expression of all of 

these respective antigens, as HRC had around one hundred fold of expression of MAGE-

C1 and MAGE-A1, and about ten time more expression of MAGE-A3 than HMY2. All 

of the other hybrids had lower level of expression of mRNA of these antigens, but more 

than PBMCs. The parent myeloma cell line U266 showed the highest levels of mRNA 

expression for all of these antigens. Normal PBMCs expression levels for all of these 

examined TAA were almost zero.  

The parent APC HMY2 showed low expression level of PRAME mRNA, while U266 

had the highest mRNA expression of this antigen. Also, mRNA of PRAME was expressed 
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at similar level by HU266, HIC and HRC hybrid cell lines, whilst HCM showed very low 

expression level.  

Myeloma cell line U266 expressed RHAMM at a high level, compared with the other 

examined cell lines. HIC had the highest RHAMM mRNA expression of all hybrids, 

while, HU266 showed a very low value of this antigen expression. The hybrid cell lines 

HRC and HIC, and HMY2 had slightly higher values of RHAMM mRNA expression 

level than PBMCs. 

In terms of survivin mRNA expression level, all of the hybrids had nearly the same 

expression level as was seen in PBMCs, while the parent tumour cell U266 showed strong 

elevation of expression of this mRNA, and HMY2 was slightly higher in its expression 

than the hybrids. 

To conclude, relative mRNA expression of most of the candidate TAAs by HMy2 was 

lower than in the hybrid cell lines. U266 showed the highest values of almost all of them. 

However, by comparisons with other hybrids, HRC gives greater values of expression of 

the majority of antigens such as h TERT, MAGE-C1 and CS1, MAGE-A1, MAGE-A3 

and PRAME (Figure 3.4). Normal PBMCs expression level for all of the examined 

mRNA were almost zero, with the exception of RHAMM and survivin. 

Overall, the increases in the mRNA expression of most of these antigens by the hybrid 

cell lines compared with HMy2 indicates that hybridisation may cause stabilisation and 

elevation of the expression of these antigens than their respective expression levels by the 

parent APC, but lower than U266. Most of these results are consistent with the previous 

work undertaken in my supervisors’ lab (Dunnion et al., 1999; Walewska et al., 2007; 

Cywinski et al., 2006; Mohamed et al., 2012). However, Mohamed et al. (2012a) showed 

negative expression of PRAME, MAGE-A1 and MAGE-A3 by HMY2, and I have shown 

weak expression of these mRNAs by HMY2. These discrepancies are discussed in the 

Discussion section of this chapter. 
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Figure 3.4: Relative tumour associated antigen mRNA expression levels of HMY2, the hybrid cell 

lines, U266 and normal PBMCs. The graphs represent nine different TAAs as indicated in the individual 

graph heading. q PCR analysis for each antigen was repeated three times, and the individual column of 

each chart represents mean value ± SEM. 
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3.2.4 Evaluation of protein expression for h TERT, MUC1, CS1, RHAMM and MAGE-C1 

in HMY2, the hybrid cell lines and U266: 

After evaluation of the level of TAA- mRNA expression, and detection of the highest 

relative expression for h TERT, RHAMM, CS1, MAGE-C1 and MUC1 using q RT-PCR, 

the next aim was to estimate the level of protein expression for these antigenic proteins in 

the used cell lines. This is because, although the measurement of mRNA and protein level 

are usually complementary to each other, the direct relationship between gene and protein 

expression does not always happen. This is because the regulation of the process of 

transcription and translation is complex, and mRNA transcripts are of lower stability 

compared to protein stability (Greenbaum et al., 2003; Pascal et al., 2008). So, this 

experiment was done to confirm the PCR and q PCR results, and to investigate the protein 

expression level of h TERT, RHAMM, CS1, MAGE-C1 and MUC1 (the highest 

expressed candidate antigens by the examined cell lines), with the view to use these 

antigens for detection of antigen specific cytotoxic T lymphocytes produced in the long-

term stimulated T cell cultures. 

3.2.4.1 Flow cytometric analysis for estimation of the level of expression of h TERT, 

MUC1, CS1 and RHAMM in the used cell lines: 

Flow cytometric analysis was used to evaluate the protein expression level of h TERT, 

MUC1, CS 1 and RHAMM. These tumor associated antigens have high prevalence in 

multiple myeloma patients (Cloosen et al., 2006; Meklat et al., 2007; Schmitt et al., 2008; 

de Carvalho and Vettore, 2012; Tai et al., 2008; Yin, 2012), and q PCR data presented in 

section 3.2.3 showed high levels of mRNA expression of these antigens by the hybrid cell 

lines. Each of the examined cell lines was stained with the relevant antigen - specific 

antibodies, or their isotype controls as described in section 2.2.4, and the results were 

analyzed using flow cytometry. Additionally, normal PBMCs were included and treated 

under the same staining conditions as the examined cell lines, as a negative control. 

Detection of protein expression in this normal somatic cell may lead to limitation of use 

of certain TAA in immunotherapy, as described previously. 

Flow cytometric histograms of protein expression for HMY2, the hybrid cell lines, and 

U266 are illustrated in Figure 3.5, and for easy interpretation MFI values are presented in 

Figure 3.6, to rank the expression level of these proteins by the used cell lines.  
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Regarding h TERT, the results illustrated that HRC showed highest level of h TERT 

protein expression. Also, HMY2 had a relatively high level, followed by U266. The 

hybrid cell line HU266 showed almost half expression level of its myeloma parent cell 

line U266. The same level of h TERT expression was shown by HU266 and HIC, however 

HCM and PBMCs lacked h TERT protein expression.  

In contrast, HIC hybrid cell line had the highest level of MUC1 protein expression, and 

this value was slightly higher than that of U266 and HRC respectively. However, HU266 

hybrid cell line expressed almost a quarter of the level of expression of its parent U266. 

The parent APC HMY2 and the hybrid cell line HCM expressed MUC1 at a very low 

level. The normal PBMCs showed negative expression of this protein antigen  

In terms of CS1, all of the used hybrid cell lines, except HCM, expressed this antigen at 

a higher level than the parent myeloma cell line U266, and also higher than APC partner 

cell line (HMY2). HRC had the highest level of CS1 protein expression followed by 

HU266. HIC and HMY2 had almost similar level of CS1 expression. No expression was 

detected in the normal somatic PBMCs.  

RHAMM was expressed only by the parent cell line, HMY2, and at low level by U266, 

whilst none of the examined hybrid cell lines showed expression of this protein. This 

could be attributed to switching off the expression of this protein during hybridisation. In 

addition to that, weak expression of this antigen was shown by PBMCs, which could limit 

the usage of this antigen in immunotherapy.  

In summary, the hybrid cell lines generally expressed higher level of h TERT, MUC1, 

and CS1 than PBMCs, although the level of expression was variable between individual 

hybrid cell lines. In contrast, the hybrids did not express RHAMM. HMY2 cells expressed 

relatively high levels of h TERT and RHAMM, with lower levels of CS1 and MUC1. As 

expected, normal PBMCs either lacked expression of the antigens, or expressed them at 

very low levels. 
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Figure 3.5: Flow cytometric histograms representing the level of expression of h TERT, MUC1, CS1 

and RHAMM by HMy2, the hybrid cell lines and U266. The open histograms represent isotype mAb 

stained cells, the dark blue histograms represent HMy2, hybrid and U266 cells stained with the relevant 

mAb. The experiment was dine only once. 
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Figure 3.6: MFI of the expression of h TERT, MUC1, CS1 and RHAMM by the indicated cell lines. 

The presented MFI values are the MFI of examined marker expression minus MFI of matched isotype 

control. The experiment was done once only.  

 

3.2.4.2 Western blot analysis for detection of the expression MAGE-C1 by HMY2, HU266, 

HRC, HIC and U266 

Detection of the expression of MAGE-C1 by the used cell lines was done using Western 

blot by whole protein extraction method as described previously (as there was no available 

antibody suitable for detection of this protein by flow cytometric analysis). Serial dilution 

of the protein was done for detection of the best protein concentration to be used in the 

experiment, as shown in Figure 3.7, using U266 cells. The negative control included in 

this reaction was PBMCs isolated from a normal healthy individual. Also, for true 

normalisation, β-actin was detected on the same membrane as described in section 2.2.4.5. 

. Housekeeping genes, such as β-actin are usually used for loading control; these proteins 

are generally expressed constitutively at high amounts because of their role in cell 

integrity (cyto-skeleton).  
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Figure 3.7: Western Blot for detection of MAGE-C1, using U266 extracted total protein. Different 

protein amount were loaded as indicated. 

 

Based on the results shown in Figure 3.7, 20µg protein were used in the subsequent 

western blots for MAGE-C1. It is of note that MAGE-C1 protein has two isoforms 

produced by alternative splicing. The first one is high molecular weight isoform (123,643 

Da) and the other is low molecular weight (23,747 Da) (uniprotkb - o60732 

(magc1_human)). U266 expressed only the higher molecular weight isoform. 

Subsequently, western blotting for MAGE-C1 protein was carried out on HMY2, the 

hybrid cell lines, U266 and PBMCs, using 20g total protein from cell extracts. 

The result, shown in Figure 3.8, illustrates that HMY2 and the used hybrid cell lines 

expressed the low molecular weight isoform, however only U266 expressed the high 

molecular weight isoform. This may be explained by HMY2 and the hybrid cell lines 

processing the MAGE-C1 protein in the same way, whilst U266 can process it in a 

different way. In addition to that, by comparing the band density (using BioRad imaging 

densitometer), then doing the data analysis using Molecular Analyst software, and 

normalizing the result against β-actin, it is clear that HRC had the densest band (Figure 

3.9), and showed agreement with q PCR result, as HRC was the highest hybrid cell line 
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regarding MAGE-C1 mRNA transcription. HU266 and HIC also expressed MAGE-C1, 

but at lower levels, whilst HCM expressed very low level of MAGE-C1. PBMCs were 

negative for MAGE-C1 (and positive for β actin as expected). 

 

Figure 3.8:(A) Western blot analysis for MAGE-C1 expression in HMY2, the hybrid cell lines and U266, 

using anti MAGE-C1 polyclonal antibody (B) β-actin expression by the same cells, using monoclonal anti- 

β actin antibody. The proteins were resolved on an 8% SDS-PAGE gel. 20µg total protein from cell extracts 

were used. PBMCs were negative for MAGE-C1. The experiment was done only once. 
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 Figure 3.9: Relative MAGE-C1 protein density values for the hybrid cell lines and HMY2, 

after normalisation against β-actin. The values were determined using imaging densitometer. 20µg 

total protein from cell extracts were used. PBMCs were negative for MAGE-C1.  
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3.3 Discussion  

The potential use of the hybrid cell lines (HMY2/ multiple myeloma cell) as immunogens, 

for induction of antigen specific immune responses in tumour immunotherapy is based 

mostly on the APC-derived phenotype and the effective processing and presentation of 

TAA to CTL. This phenotype offers several advantages in stimulation of CTL compared 

with using the tumour cells alone. Firstly, the hybrids effectively process and present 

TAAs in the context of MHC class I and class II, for recognition by CD8+ and CD4+ T 

cells respectively, which is considered as the first signal in activation of T cell immune 

response (Stuhler et al., 1998; Trefzer et al., 1998). Secondly, the expression of certain 

costimulatory molecules by APCs, such as CD80 CD86, and engagement with their 

cognate receptors on T cells (CD28) is another signal required for full activation of naive 

T cells. In contrast, the absence of the signalling pathway of CD28 may lead to induction 

of antigen-specific tolerance (Lenschow et al., 1996). Thirdly, the hybrids enable the 

presentation of a broad spectrum of the processed identified and un-identified antigens, 

using HLA class I and HLA class II, which leads to activation of the respective T 

lymphocytes, providing the opportunities for treatment of tumours of unidentified or 

insufficient number of identified antigens (Kim et al., 2007; Sigal, 2012). For the purposes 

of this study, I investigated T cell responses to a panel of known tumour antigens, and did 

not attempt to identify novel TAAs. Dunnion et al (1999) reported enhanced immune-

stimulatory capacity produced by using LCL like HMY2 hybrid cell lines with 

upregulated expression of HLA I, HLA II, CD80 and CD86 compared with non LCL 

hybrids.  

A panel of hybrid cell lines, used in my study, was made previously by Walewska et al. 

(2007) by fusion of B- LCL HMy2 with different ex vivo myeloma cells or cell lines, 

using the PEG fusion method. These hybrids have the ability to grow in selective growth 

medium containing HAT and ouabain, which maintains the growth of the heterokaryon 

only, and does not support the survival of homokaryon and unfused cells. Also, these 

hybrids survived for long time, including freezing in liquid nitrogen and subsequent 

thawing cycles. By re-establishment in tissue culture, their growth was maintained as 

suspension cells for many weeks or months, and showed retained phenotypic 

characterisation throughout the prior studies (Walewska et al., 2007; Mohamed et al., 

2012a). Furthermore, the fused nature of these hybrids was confirmed previously using 
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the microsatellite analysis that showed incorporation of parental polymorphic alleles from 

both parents in the hybrid cell lines (Walewska et al., 2007). 

The importance of careful phenotypic characterisation of the hybrids has been discussed 

previously in various studies, due to the possibility of chromosomal loss during 

hybridisation, or the potential to produce hybrids of different phenotypes from the same 

hybridisation, or due to the probability to alter the balance of the transcription factors 

during hybridisation (Dunnion et al., 1999; Tripputi et al., 1988; Kerr et al., 1992). So, 

based on this, I have started my study by investigation of the phenotypic and genotypic 

characterisation of the used myeloma hybrid cell lines.  

3.3.1 Costimulatory molecules and antigen presenting molecules expression by the 

hybrid cell lines, HMY2 and U266 

I initially examined the expression of some important markers by HMy2 (the parent 

APC), the hybrid cell lines, and U266 (parent myeloma cell). Some of these markers are 

costimulatory molecules expressed by APC such as CD80, CD86. Also HLA class I and 

HLA class II, which have a pivotal role in the presentation of respective cognate peptides 

for recognition by CD8+ T cells and CD4+ T cells respectively, as mentioned before, were 

investigated. Furthermore, the examination of the expression of HLA-A2 was done, for 

some reasons. Firstly, HLA-A2 is of crucial importance in presentation of multiple HLA-

A2 restricted peptides derived from TAA, for specific recognition and activation of TCR 

of CTL. Secondly, HLA-A2 is expressed constitutively by most ethnic groups and it is of 

high prevalence within HLA class 1 alleles (Player et al., 1996; Sette and Sidney, 1999. 

As a result, using tumour associated antigenic peptides presented by HLA-A2 represent a 

good candidate for induction of antigen specific CTL stimulation during my study based 

on the assumption that HLA-A2+ patients will be suitable for such adoptive 

immunotherapy. Additionally the expression of CD138 (plasma cell marker) and CD19 

(B cell marker from which HMy2 had been derived) were examined for all of the cell 

lines of the study to confirm their original cell line characteristics (Wang and and Liu, 

2012; O’Connell et al., 2004).  

The flow cytometric analysis showed that HMy2 and almost all of the hybrids used in my 

study had high to moderate levels of expression of the major T cell costimulatory 

molecules and antigen presenting molecules. This expression was stable over culture time 

and freeze-thaw cycles, as documented in previous studies (Walewska et al., 2007; 
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Mohamed et al., 2012b). More interestingly, by relating HU266 with its parent cell line 

U266, the data illustrated an elevated level of the examined markers (HLA class I, HLA-

A2) in the hybrid cell line HU266. Moreover, the parent tumour cell U266 lacked the 

expression of HLA class II and the costimulatory molecules (CD80 and CD86), which 

were expressed specifically by the APC and the hybrid cell lines. So, the expression of 

cell markers by U266 showed consistency as a mature plasma cell, as it also expressed 

CD138 (plasma cell marker) at a higher level compared to the hybrid cell lines or HMY2 

(Horst et al., 2002; O’Connell et al., 2004). Additionally, the phenotypic characterisation 

of HMy2 and the hybrid cell lines showed a high level of expression of the examined 

costimulatory molecules (CD80 and CD86). These results suggest that the hybrids have 

unequivocal phenotypes of their parent APC (HMY2), and this phenotype should provide 

the hybrids with the ability to stimulate CD8+
 and CD4+ antigen specific T lymphocytes, 

which requires constitutive and inducible expression of CD80 and CD86 co-stimulatory 

molecules, and HLA expression (Edwards et al., 1982; Gool et al., 1996). Additionally, 

by comparing the hybrids together, I found that HU266 had the most elevated level of all 

the previously mentioned markers. In contrast, HIC was the lowest hybrid in terms of 

expression of HLA class II, HLA-A2, CD80 and almost lacked the expression of CD86. 

These data illustrate the significance of the careful phenotypic characterisation of the used 

cell lines. 

To conclude, nearly all of the hybrids of interest had high to moderate levels of expression 

of the T cell costimulatory molecules and antigen presenting molecules. However, the 

pivotal importance of antigen specific CTL in the rejection of tumour cells is determined 

not only by the level of expression of the co-stimulatory molecules, but also by the 

immunogenicity of the respective TAA and effective presentation of processed peptides 

in the context of the relevant MHCs.  

3.3.2 The importance of TAAs expressed by the hybrid cell lines (HMY2 x MM cell 

hybrids), and the parents 

The second step in my study was the detection of TAA expression profile by the hybrid 

and the parent cell lines (HMy2 and U266) using RT PCR and semi-quantitative RT-PCR. 

Selection of some antigens as potential targets for induction of antigen specific T cells 

immune response was done, such as cancer testis antigens, MAGE-A1, MAGE-A3, 
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MAGE-C1, PRAME or overexpressed antigens such as MUC1, h TERT, RHAMM, CS1, 

Survivin and DKK1. 

It is generally accepted that in normal tissues, CTA are exclusively highly expressed in 

germ line tissues, as they frequently map to chromosome X. The germ line tissues are 

considered as immune privileged tissues, due to presence of blood tissue barriers and the 

lack of expression of HLA class I, as described previously (section 1.3.2). Therefore, the 

use of these antigens as immunotherapeutic targets is usually associated with very low 

autoimmune side effects. Also, Atanackovic at al.(2009) reported the potential use of 

CTAs as prognostic and diagnostic markers, as well as powerful immunotherapeutic 

targets, for multiple myeloma. This could be attributed to many reasons. Firstly, for these 

commonly expressed antigens, down-regulation is not a regular tumour escape 

mechanism (Atanackovic et al., 2009). Secondly, CTAs have the ability to induce T-cell–

mediated immunity and antibody-mediated immune responses in multiple myeloma 

(MM) patients (Atanackovic et al., 2009). Thirdly, (Tajima et al., 2003) found that 

vaccination with different CTAs increased the rate of recovery in up to 70% of the patients 

by using four different antigen specific vaccine. Furthermore, as a consequence of the 

high immunogenicity of the CTAs and their restriction to tumour, many CTA specific 

vaccines of different malignancies were efficiently developed (Meklat et al., 2007). For 

all these reasons, CTAs are supposed to be promising immunotherapeutic agents for 

multiple myeloma patients. 

Wide expression (87.7%) of CTAs in leukaemia and lymphoma patients was reported by 

Nishikawa and Ito (2012) and in multiple myeloma by Atanackovic et al. (2009). In 

myeloma patients, MAGE-C1 and MAGE-A3 are expressed in 80 % and 70 % 

respectively, with increase of MAGE-C1 protein expression up to 77-100% in advanced 

stage of the disease (Jungbluth and Chen-Kiang, 2005; Meklat et al., 2007; de Carvalho 

and Vettore, 2012). Lendvai (2010) identified natural presence of MAGE-C1 specific T 

lymphocytes in MM patients expressing this CTA, suggesting a strong immunogenicity 

of this antigen (Lendvai, 2010). Also, MAGE-C1/CT7 expression is restricted to tumour 

cells, with a dramatic decrease of the relapse time observed after allogeneic stem cell 

transplantation in patients who express MAGE-C1/CT7. So, this antigen seems to be an 

attractive target for MM immunotherapy (de Carvalho and Vettore, 2012). Another well-

known example of CTAs is PRAME, which is expressed in around 62% of multiple 
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myeloma patients, with decrease in its level of expression by the tumour regression 

(Turtle et al., 2004; Gaponova, 2009).  

In certain instances, tumours can up-regulate certain cellular proteins, which support the 

malignant phenotype, such as expression of mucin 1 (MUC1). This antigen is expressed 

by adenocarcinomas and encoded by MUC1 gene. The MUC1- oncoprotein is widely 

expressed (73%) in multiple myeloma cells (Cloosen et al., 2006; Yin, 2012), and its 

tandem repeat is highly immunogenic, so it can elicit both humoral responses, and MHC 

unrestricted and restricted T cells (Brossart et al, 1999 ). Takahashi and Imai (1994) 

generated HLA unrestricted CTL cell lines using MM cells and different types of 

carcinoma cells expressing MUC1 (Takahashi and Imai, 1994). In contrast to other 

tumour antigens, tumour-specific T cells can recognize the intact cell surface protein of 

MUC1 rather than recognition of the processed antigen presented on class I or class II 

MHC molecules (Henderson, 1996). However, the T-cells activated by intact mucin 

expressed on tumour cells have a suboptimal level of proliferation (Henderson, 1996). 

Henderson genetically modified dendritic cells (DC) to express MUC1 at high level, to 

enhance the activation of T cells. More importantly, numerous studies demonstrated the 

effect of MUC1-specific CTLs in treatment of MUC1 positive tumours, without any 

apparent infiltration or destruction of normal secretory epithelial cells that express MUC1, 

owing to the low level of MUC1/MHC class1 complexes on the normal cells which 

express this antigen (Gong et al., 2000; Brossart et al., 2015; Ocadlikova et al., 2009; 

Brossart et al., 1999). Therefore, it is a suitable candidate for cancer immunotherapy.  

Also, human telomerase reverse transcriptase (h TERT), a ribonucleoprotein enzyme 

hTERT, is one of the most commonly expressed antigens in cancer cells (around 90%) 

(Weiss et al., 2012). h TERT has the ability to participate in malignant transformation of 

human cells, consequently, Minev et al. (2000) showed that h TERT peptide-specific CTL 

have the ability to recognise and specifically lyse the tumour cells expressing this antigen. 

This report gives promise for using h TERT in immunotherapy as a broadly applicable 

human universal cancer vaccine (Minev et al., 2000; Ocadlikova et al., 2009). 

In addition to that, CS1 antigen is considered as a promising target for cancer 

immunotherapy, because it is member of the Lymphocyte Activation Signalling Molecule 

family, which is expressed in multiple myeloma cells. CS1 mRNA was highly expressed 

in primary tumour cells from MM patients (about 97%) (Tai et al., 2009). Kim et al. 

(2013) identified specific HLA-A2+ immunogenic peptides derived from the CS1 antigen, 
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which have the ability to stimulate peptide-specific cytotoxic T lymphocytes against 

HLA-A2+ multiple myeloma cells. The CTL exhibited HLA-A2-restricted proliferation, 

antigen-specific cytotoxicity, and degranulation versus both MM cell lines and primary 

MM cells (Kim et al., 2013). 

In addition to the previous antigens, hyaluronic acid-mediated motility (RHAMM) 

antigen, is an over expressed antigen that can elicit both cellular and humoral immune 

responses in both solid tumour and haematological malignancy patients. It is expressed in 

around 80% of MM patients (Schmitt et al., 2008). Schmitt et al. (2008) described a highly 

immunogenic CD8+ T-cell HLA-A2 restricted epitope (R3 antigen) derived from 

RHAMM. CD8+ T cells isolated from acute myeloid leukaemia (AML) patients primed 

by R3 have the ability to lyse autologous AML blasts which express RHAMM. Because 

of these positive characteristics of RHAMM, Schmitt initiated the use of R3 peptide 

vaccination for HLA-A2 positive patients with MM and AML overexpressing RHAMM, 

to assess the feasibility and safety of this therapeutic approach, and found a considerable 

increase of specific CD8+ T cells against the R3 peptide in 80% of patients (Schmitt et 

al., 2008). Another widely overexpressed antigen in cancer cells is survivin, a member of 

the apoptosis inhibitors family. Numerous reports described the immunogenicity of 

survivin and its ability to elicit survivin-specific CD8+ T cells in multiple myeloma 

patients. So, immunotherapeutic strategies targeting survivin might be a good approach 

for treating multiple myeloma patients (Grube et al., 2007; Arber et al., 2015). 

Similarly, Qian et al. (2007) examined a new tumour-associated antigen, Dickkopf-1 

(DKK1) which is expressed only by MM cells. They synthesized DKK1 peptides specific 

for HLA-A2. Then by using peptide tetramers, they detected DKK1-specific CD8-

positive T cells in myeloma patients. Afterward they generated DKK1 peptide-specific 

CD8 T-cell lines and clones from HLA-A2 positive blood donors and myeloma patients. 

These T cells had the ability to lyse peptide pulsed but not un-pulsed T2 cells, DKK1-

positive HLA-A2 myeloma cell line U266 and, more importantly, HLA-A2 primary 

myeloma cells from patients. No killing was observed on DKK1 expressing HLA-A2 

negative primary myeloma cells and myeloma cell lines. Their results indicate that these 

antigen specific T cells were potent cytotoxic cells which identified DKK1 peptides 

presented by HLA-A2 myeloma cells (Pozzi et al., 2013).  

Based on these studies, the antigens described above were considered as candidates for 

immunotherapy in MM, and their expression was assessed in the hybrid cell lines. 
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The result of RT PCR showed that all of the hybrids, HMy2 and U266 expressed mRNA 

for all the examined antigens except DKK1, which was expressed only by U266 and was 

negative for all of the hybrids including HU266. This could be explained by gene shut off 

which may occur during hybridisation (Tripputi et al., 1988).  

A surprising result of this study was the positive expression of most of the candidate 

antigens by HMY2, which can be attributed to the nature of HMy2 (transformed B cells 

infected with EBV and turned into permanently growing immortalized lymphoblastoid B 

cells). In this way, HMY2 may resemble myeloma cells (which are cancerous plasma 

cells) in its antigen expression profile. Also, for all of the examined antigens, PBMCs 

were negative, except for mRNA expression of survivin and RHAMM. Consistent with 

this work, Maxwell et al. (2004) reported expression of different isoforms of RHAMM in 

PBMCs (Maxwell et al., 2004). Also, Fukuda (2006) illustrated the possibility of 

expression of survivin in normal tissues (Fukuda, 2006). However, there are some 

discrepancies between the results of this study and the results of the previous work done 

on these hybrids by (Mohamed et al., 2012b), as he showed that HMY2 lacked the 

expression of PRAME and MAGE-A1, while the present RT PCR result showed positive 

expression of PRAME and MAGE-A1 by HMY2. This discrepancy could be explained 

by the presence of subdominant cells, which expressed PRAME and MAGE-A1 in 

heterogeneous cell population of HMY2, and these cells became dominant in the culture 

overtime. However, the antigen expression profile similarities between HMY2 and 

myeloma cells could be expected, due to the similarity of their origin from B lymphocyte, 

as explained previously. 

Following RT-PCR, qPCR was carried out to investigate the level of mRNA expression 

of TAA by the hybrids, HMY2 and U266. Relative mRNA expression levels of different 

antigens showed that in most cases, HMy2 had a relatively lower level of the expression 

when compared with most of the hybrid cell lines. In contrast, the parent tumour cell, 

U266, had the highest expression values of most of the antigens. The hybrid cell line 

HU266 had lower levels of mRNA expression for all of the examined antigens than its 

parent U266. This can be explained by the effect of hybridisation, which has changed the 

balance of transcription factors within the hybrids compared with U266, leading to 

transcriptional reduction of the examined mRNA.  

Overall, mRNA expression of the examined antigens by the used cell lines was consistent 

with the previous work done in my supervisor’s lab (Walewska et al., 2007; Cywinski et 
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al., 2006; Mohamed et al., 2012), with the exception of low to moderate level of 

expression of MAGE-A1 and PRAME by HMY2, and expression of survivin and 

RHAMM by PBMCs, as previously discussed. 

3.3.3 Protein abundance of h TERT, MUC1, CS1, RHAMM and MAGE-C1 in HMY2, the 

hybrid cell lines and U266 

Real time PCR data analysis revealed that MAGE-C1, MUC1, h TERT and CS1 are the 

highest expressed antigens by the candidate cell lines. In addition, these antigens and 

RHAMM have high prevalence of expression in MM patients. Moreover, these antigens 

are potential targets for induction of antigen specific CTL responses (Minev et al., 2000; 

Schmitt et al., 2008; Lendvai, 2010; Kim et al., 2013; Brossart et al., 2015; Brossart et al., 

1999). However, as mRNA and protein expression levels do not always correlate 

(Greenbaum et al., 2003), so the protein expression level of these antigens by the used 

cell lines were determined.  

The results revealed that protein expression of the examined antigens were positive in 

almost all the used cell lines, in contrast to the lack of expression by PBMCs. These 

antigens represent candidates for stimulation of antigen specific CTL in the long-term 

activated T cell cultures. 

Regarding h TERT, MAGE-C1 and CS1, almost all the used cell lines have a consistent 

order for mRNA and protein expression. HRC showed highest level of mRNA and protein 

expression for all of these antigens. In contrast, HIC hybrid cell line did not follow a 

rational order in terms of mRNA and protein expression of h TERT and MUC1. This 

inconsistency can occur for several reasons. Greenbaum et al. (2003) showed that there 

are three main reasons for such irregularity, The first reason was the complicated post-

transcriptional mechanisms arising during mRNA translation into protein, which 

obstructs the calculation of the exact protein concentration from mRNA expression value. 

The second cause is the significant difference in the protein and mRNA half-lives in vivo. 

The third reason is the error that can occur in the in both mRNA and protein experiments 

(Greenbaum et al., 2003; Pascal et al., 2008).  

In terms of MAGE-C1, the comparison of protein expression of HU266 and its parent 

U266 is not applicable, due to expression of the high molecular weight isoform by U266 

and low molecular weight isoform by all the hybrid cell lines and HMY2. This proteomic 

diversity is frequently caused by alternative RNA splicing events (uniprotkb - 060732 
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(magc1_human), (Wu et al., 2002), and it seems that HMY2 and the hybrid cell lines can 

process it in the same way, producing only the lower molecular weight isoform, whilst 

U266 produced only the high molecular weight isoform. Both isoforms were detected in 

the RT PCR, and have the immunogenic peptide, which used in the subsequent long term 

stimulation experiments. 

Concerning MUC1, HU266 showed higher levels than HMY2, and about half of MUC1 

mRNA and protein expression than its parent U266. Also, U266 has the highest values of 

MUC1 and RHAMM mRNA and protein expression when compared with the other cell 

lines. However, HU266 is negative for mRNA and protein expression of RHAMM. 

RHAMM protein expression was positive only for the parent cell lines U266 and HMY2, 

and negative in all the used hybrids. This can be explained by switching off the expression 

of this protein during hybridisation (Tripputi et al., 1988). Due to the lack of RHAMM 

protein expression by the hybrid cell lines, I ruled RHAMM out of the study. 

From the previous data, it is clear that the hybrids retained the phenotype of the APC 

(HMy2) i.e. co stimulatory molecules, HLA class I and HLA class II expression. At the 

same time, they have the ability to express the examined TAA at high level; however this 

is not a guarantee that they would have the ability to stimulate T cell responses in vitro. 

So, the functional characterisation assays of the hybrid and their parents using allogenic 

and antigen specific stimulation of T lymphocytes will be addressed in the next chapter. 
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4.1 Introduction: 

Harnessing different immune system compartments to identify and destroy malignant 

cells has been the main goal of tumour immunotherapy, either through vaccination of 

tumour bearing patients or through adoptive therapy using ex vivo expanded antigen 

specific lymphocytes (Lam et al., 2015). The use of TAA vaccines to immunize cancer 

patients resulted in induction of antigen specific T cells in most vaccinated patients 

(Timmerman et al., 2002; Smith et al., 2003). However, the magnitude of the antigen 

specific T cell response is usually moderate, with limited effect on cancer progression 

(Montes et al., 2005). On the other hand, induction of antigen specific T cell responses in 

vitro is valuable not only for screening the examined antigen immunogenicity before 

using it for in vivo vaccination, but also for generation of T cell clones, which could be 

used directly in adoptive immunotherapy. The use of tumour and/or antigen specific 

CD8+ T cells clones as an adoptive immunotherapy, based on infusion of the specific T 

cells into cancer patients, could represent an efficient approach for treatment of various 

types of tumours (Ho et al., 2002; Dudley and Rosenberg, 2003). There are numerous 

advantages that make adoptive T cells amenable for cancer immunotherapy, such as their 

antigen specificities, robust expansion after activation and their memory response (Perica 

et al., 2015). Also, there is increasing clinical evidence that adoptive T cell therapy is safe, 

feasible, well tolerated and may result in significant outcome. Also, the immune response 

can be optimized through adjusting the type and number of transferred cells, so high 

number of effector cells can be obtained in vivo (Montes et al., 2005; Ho et al., 2006). 

For induction of antigen specific CTL clones, repeated antigen specific stimulations in 

long-term stimulation protocol are required (Ho et al., 2006; Wolfl and Greenberg, 2014; 

Perica et al., 2015). Using long-term stimulation protocols, the crucial roles of different 

cytokines, such as IL-2, IL-7 and IL-15, have been highlighted. The concentration and 

timing of adding such cytokine, will likely affect the outcome of the priming and 

expansion of T cells (Montes et al., 2005). IL-2 has a vital role during antigen mediated 

clonal expansion of T cells (Keene and Forman, 1982), as it supports the survival 

(Blattman et al., 2003), enhances proliferation of T cells (Bamford et al., 1994), and 

promotes the differentiation of naive T cells into effector cells and memory cells 

(Kamimura and Bevan, 2007). Also, it has a crucial rule in the generation of memory T 

cells, for secondary expansion after re-encounter with the antigen (Bachmann et al., 

2007).  
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In addition, IL-7 is of crucial importance in survival and homeostatic proliferation of 

naive T cells (Schluns et al., 2000; Tan et al., 2001). Schluns et al. (2000) reported that 

IL-7 in vivo could mediate the homeostatic proliferation of naïve and memory CD8+ T 

cells. Furthermore, the cytolytic function of the effector CTLs was retained for up to sixty 

days by using IL-15 in their expansion and maintenance (Lu et al., 2002). IL-15 

responsiveness and expression of its receptors is higher in memory T cells than in naïve 

T cells (Geginat et al., 2003). Therefore, the use of these cytokines could be of practical 

implication for induction of antigen specific T cells in vitro. 

Some reports defined IFNγ as a tool for assessment of activation of T cells stimulated by 

hybrid cell lines of DC and tumour cells (Koido et al., 2007). IFNγ is a cytokine that has 

important physiological roles in stimulating innate and adaptive responses of the immune 

system, especially in preventing progress of primary and transplanted tumours. It is 

produced by many effector cells, for instance CD4+ T cells, CD8+ T cells, NK cells and 

NK T cells. IFNγ plays crucial roles in Th1 development. Firstly, it augments IL-12 

production by APCs during CD4+ T cell expansion. Also, it maintains expression of the 

IL-12 receptors on these cells, to ensure IL-12 responsiveness in developed CD4+ T cells. 

Thirdly, it plays a critical role by inhibiting the development of Th2 subset through 

inhibition of IL-4 production (Ikeda et al., 2002b; Ikeda et al., 2002a; Schroder et al., 

2004). Ghanekar et al. (2001) found a strong correlation between IFNγ expression and 

cytolytic activity of CD8+ T cells, and his findings demonstrated that IFNγ expression 

can be used as surrogate for recognition of CTLs activation (Ghanekar et al., 2001).  

perforin is a degranulation protein released by CTL and NK cells, causing cell apoptosis. 

The killing process involves release of perforin (PFN), which binds to calcium and reacts 

with phospholipid membranes to form poly-PFN pores which enable delivery of 

granzymes (Gr) into the target cell, leading to cell apoptosis, as described in section 

1.2.2.1.5 (Russell and Ley, 2002). The use of PFN ELISpot for evaluation of CTL activity 

could offer an attractive alternative to radioactive-labeled target cells as traditional 

cytotoxicity assays, for several reasons. Firstly, Elispot assays have the ability to measure 

the number of effector perforin or IFN releasing cells. Secondly, their high sensitivity 

allows detection of low numbers of the activated cells. Thirdly, there is no need to label 

the target cells, which is a cumbersome procedure (Caruso et al., 1998; Zuber et al., 2005). 

In my previous chapter, I showed the ability of the hybrid cell lines and HMY2 to express 

HLA class I, HLA class II and the costimulatory molecules CD80 and CD86, which are 
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of crucial importance for induction of naïve T cells. In this chapter, I shall examine the 

hybrid’s ability to induce allogeneic and antigen specific T cells in PBMCs isolated from 

healthy individuals, in the presense of the essential cytokines.  

Aims and objectives of this chapter 

1- To investigate the hybrid cell lines’ ability to induce allogeneic T cell proliferative 

responses in healthy donors’ PBMCs in vitro, using CFSE staining, IFN and 

perforin releasing responses. 

2-  To optimize the process of in vitro generation and expansion of tumour antigen 

specific CTL, through the addition of exogenous cytokines in the long-term 

stimulated cultures.  

3- To address the ability of the hybrids to induce multiple myeloma antigen specific T 

cells in PBMCs taken from normal healthy individuals, using the optimized long-

term stimulated protocols. The cultures were assessed with IF staining with HLA-

A2-restricted peptide pentamers, in which the used peptides were specific to a group 

of antigens that are highly expressed in MM. Additionally, IFNγ and perforin 

release ELISpot assays were carried out, to detect the presence of activated antigen 

specific CTL in the produced stimulated cultures, using T2 cells pulsed with 

relevant and an irrelevant peptide (as negative control).  

4- To use FACS sorting of the long-term activated T cell cultures, and to expand the 

sorted cells using Dynabeads human T activator beads (containing anti CD3, CD28 

and CD137). 
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4.2 Result 

4.2.1 Allogeneic lympho-proliferative response of stimulated PBMC to HMy2, hybrid 

cell lines and U266 

4.2.1.1 Allogeneic lympho-proliferative response of short term stimulated PBMC using 

CFSE staining 

The main aim of this assay was to investigate the capacity of the hybrid cell lines to induce 

T cell allogeneic immune responses in vitro, compared with the parent myeloma cell line 

U266 and the parent APC HMY2. PBMCs were isolated from normal healthy individuals 

and stained intracellularly with carboxyfluorescein diacetate succinimedyl ester (CFSE). 

Then the stained cells were co-cultured with hybrid cell lines, HMy2 and U266 cell lines 

at a ratio of 2:1, and incubated under appropriate tissue culture conditions as mentioned 

in Section 2.3.2.2. This stimulation was followed by flowcytometric analysis for tracking 

the proliferation of the short term stimulated T cell populations. Unstimulated PBMCs 

were used as a negative control. The assay was performed on two separate occasions with 

similar results, and results representative of the assays are shown as part of our pilot 

studies. 

4.2.1.1.1 Gating strategy of flow cytometric data analysis 

After five days of incubation of CFSE stained PBMCs with the hybrid cell lines, U266 

and HMY2, the cells were harvested and stained with monoclonal anti-human antibodies 

for CD3, CD4 and CD8. Flow cytometric analyses were used to identify different subsets 

of T cells and their proliferation level, which has direct proportional relationship with 

their CFSE intensity. The gating strategy for flow cytometric analysis was as follows. 

Firstly, gating on the living cells was done using the forward scatter (FSS) x side scatter 

(SSC) dot plot, then this gate was used to identify the T cell population (CD3+) and its 

intracellular CFSE-content by gating on CFSE x CD3 dot plot. In order to identify the 

sub-populations of CD4+ and CD8+ T cells, I used the population of CD3+ T cells to derive 

two dot plots, one for CD8+ T sub-population and the other for CD4+ T cells (Figure 4.1). 

Afterward, from each of CD3+, CD4+and CD8+ T population, a histogram was derived to 

reflect the level of T cell proliferation, depending on their CFSE content. 
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Figure 4.1: Gating process for flow cytometric data analysis. The first dot plot was used for 

gating on the living cells using the FSC X SSC dot plot, in the second plot for identifying CFSE 

stained CD3+ T cells. In the second line, the plots are derived from P17 (CD3+ T cells): the first 

one was gated for CD8+ T cells and the second plot for CD4+ T cells. 

 

4.2.1.1.2  Phenotypic analysis of the responding T lymphocytes 

The histogram plots were derived for each T cell subtype to investigate the percentage of 

proliferating cells stimulated by the different cell lines (Figure 4.2). 

The following graphs show strong stimulation of T lymphocytes by the hybrid cell lines, 

HMy2 and U266, which indicates their immunogenic ability to stimulate allogeneic 

immune responses, and the efficacy of mismatched major histocompatibility as an 

immune stimulator.  
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Figure 4.2: Flow cytometric analysis of proliferating T cell subtypes using CFSE staining.  

Different hybrid and other cell lines used as stimulators are shown in the left legend. Unstimulated PBMCs 

were used as negative control. Gating on the proliferating population was made to show the percentage of 

the proliferating cells in the cultures. CFSE staining experiments were done only twice as part of our pilot 

experiments. 
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All of the stimulator cell lines induced stronger proliferation in CD8+ T cells than in 

CD4+ T cells. HRC was the highest inducer of CD3+ T cell proliferation, whilst HU266 

was the highest stimulator for proliferation of CD8+ T lymphocytes. HU266 showed one 

and half fold more stimulation of CD8+ T cells (by % of proliferating cells) than its parent, 

U266. That may be explained by the high level of expression HLA class 1, which is 

required for stimulation of CD8+ T cells, and also high level of costimulatory molecules 

CD80 and CD86 expression, by HU266, and the absence of these costimulatory molecules 

in U266. This is supported by high level of stimulation caused by HMy2, which expressed 

these costimulatory molecules at a high level, as an APC. The stimulation of CD8+ T cells 

depends mainly on the expression of MHC class I, which was expressed at high level by 

all of the examined cell lines. So, all of the used cell lines showed good stimulation of 

CD8+ T cells, however, HIC hybrid cell line was the lowest stimulator in terms of CD8+ 

T cell stimulation. Also, HRC and HU266 were the most potent stimulator of CD4+ T 

cells, which were slightly higher than HMY2 and HCM. U266 also, has a comparable 

level of stimulation of proliferation of CD3 + T cell and its subsets. Figure 4.2 shows that 

most of the hybrids and the parent cells can induce a considerable level of allogeneic 

proliferation of T cells; however, there are some variations between their stimulation 

levels, but in all cases, CD8+ T cells showed a higher proportion of proliferating cells 

than CD4+ T cells. Additionally, the level of the proliferating T cell subpopulations, 

stimulated with all of the used cell lines, were much higher than the unstimulated PBMCs, 

which showed little or no proliferation in culture. 

4.2.1.2 Allogeneic lympho-proliferative response of long-term stimulated PBMC using 

ELISpot assays 

Long-term stimulated T cell cultures were carried out to investigate allogeneic stimulation 

of T lymphocytes, by isolating PBMCs from normal healthy HLA-A2+ individuals and 

stimulating them with the myeloma hybrid cell lines, HMY2 and U266 at successive 

weekly intervals in the presence of human recombinant IL-2 and IL-7 for 3-10 weeks as 

described in section 2.4.2. During this time, I examined the IFNγ and perforin releasing 

activity of the responder cells using ELISpot assays. 

ELISpot assays have the ability to assess quantitatively the functional response in the 

examined cultures at an individual cell level. So, after production of the long-term 
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activated T cells, I wanted to estimate their allogeneic activity in terms of IFNγ and 

perforin release using ELISpot assay.  

4.2.1.2.1 Allogeneic IFN Enzyme Linked ImmunoSpot assay (ELISpot) 

IFNγ is a member of the Th1 cytokines, which are released by different immune cells, 

including activated T cells, in response to in vivo cell infection or tumour invasion. In 

vitro detection of the frequency of responding T cells secreting IFN can be measured 

using ELISpot assays. So, IFN ELISpot assays were carried out to estimate the number 

of allogeneic activated lymphocytes following co-culture with stimulator cells. 

After three weeks of stimulation of PBMCs with HMY2, HU266, HRC, HIC and U266 

(HCM slowed down in the culture, in addition to its low level of expression of the 

examined TAA, so I ruled it out of the study), the long-term activated T cells were used 

as responder cells in IFN ELISpot assays. The responder cells were restimulated with 

their respective stimulator cell lines (that were used for activation of the T cell cultures) 

on the multiscreen PDVF filter 96 well plates for 48 hrs, for detection of the released IFNγ 

for quantitative assessment of the functional response of the activated T cell culture. 

Phytohaemaglutinin was included in the experiment as a positive stimulator, and long-

term activated T lymphocytes, without any further activation in ELISpot assay, were 

cultured alone as a background control. After incubation and treatment with the 

appropriate mAb, the developing spots were counted under a dissection microscope for 

detection of the spots. All wells were read without knowledge of the stimulator cells. The 

experiment was repeated three times and the results are shown as mean of the three values 

± SEM.  

Number of the developing spots per 106 responder cells was calculated by using the 

following equation:  

 =
number of the emerged spots

number of responder cells per well
x 1X106 
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Figure 4.3: IFNγ ELISpot assay of long-term stimulated T cell cultures, using HMy2, HU266, HRC, 

HIC and U266. Data are shown as mean of three experiments ± SEM. The stars show the degree of 

significance of difference of the response to hybrid HU266 and its parents HMY2 and U266. The levels of 

significances have been presented as asterisks (* <0.05, and *** ≤ 0.001). 

 

Figure 4.3 illustrates that elevated IFNγ releasing responses were seen by re-stimulating 

the long-term activated T cell cultures in ELISpot assays using HMY2, HU266 and HRC, 

to a greater degree than HIC and U266. Overall, all of the examined cell lines, have a 

significant elevation in IFNγ releasing response compared with stimulated PBMCs with 

no further stimulation in ELISpot assays. HMY2 was the strongest stimulator of the 

responder cells, as it gave significantly higher IFNγ releasing response compared with 

HU266, and there was no significant difference between the response induced by HMY2 

and HRC. HMY2 induced significantly higher response than the response induced with 

HIC. This could be explained by its phenotypic characterization, as HMY2 had high level 

of expression of HLA class II, which is very important for stimulation of CD4+ T 

lymphocytes. By comparing the ELISpot data of the activated cultures using the hybrid 

cell lines, we can see that both HU266 and HRC gave a similar increase in the number of 

spots, which indicates that their activation level of IFNγ release was almost the same. 
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Also, HU266 activated its culture about two folds more than its parent U266. It should be 

noted that this allogeneic response did not imply the presence of antigen and/or tumour 

specific responses, however, these data indicate the ability of the hybrids and HMY2 to 

stimulate allogeneic IFNγ releasing immune responses in vitro. 

4.2.1.2.2 Perforin Enzyme Linked ImmunoSpot assay (ELISpot) 

Perforin (PFN) is a key effector mediator of target cell apoptosis, through granule 

mediated cytotoxicity by T-cell activation, and acts as one of the essential cytolytic 

proteins which are responsible for elimination of infected and tumour cells by CTL (Zuber 

et al., 2005b). Perforin ELISpot assays were carried out to investigate the ability of long-

term activated T cells to release perforin, which indicates the presence of cytotoxic T 

lymphocytes or NK cells in the activated culture. 

The long-term stimulated allogeneic PBMCs from healthy individuals were harvested and 

used in perforin- ELISpot assays by re-stimulation with their respective stimulator cells 

for 5 days as described in section 2.4.2.2. In addition, responder cells without further in 

vitro stimulation were used as background controls, and PHA as a positive stimulator.  
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Figure 4.4: Perforin ELISpot assay of long-term activated responder cells, using HMy2, HU266, HRC, 

HIC and U266. Data are shown as mean of three experiments ± SEM. The stars show the degree of 

significance of difference of the response to hybrid HU266 and its parents HMY2 and U266. The levels of 

significances were presented as asterisks (*** ≤ 0.001and **** ≤ 0.0001). 
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Figure 4.4 shows that HU266 induced significantly enhanced responses of perforin 

release, which was around twice the level of the other hybrids and its parents HMY2 and 

U266. Moreover, for all of the used stimulator cell lines, a significant enhancement of 

perforin releasing responses of the activated T cell cultures were demonstrated, compared 

to that of the background PBMCs. However, the statistical significant difference of 

HU266 and the background PBMCs was much greater than the difference between the 

background PBMCs and the other used cell lines. The most interesting results in this 

experiment is that U266 induced perforin release at a similar level as HMY2, HRC and 

HIC. In addition, PHA induced a relatively lower perforin release than the used cell lines. 

By comparing the IFNγ and perforin ELISpot results for all the used stimulators, we can 

clearly see that the level of IFNγ release is higher than the level of perforin release in 

terms of spots per 106 responder cells for all the used stimuli. Which could be explained 

by release of IFNγ in the cultures by various cell types such as CD4+ T cells, CD8+ T 

cells and NK cells. However, perforin is released only by CD8+ T cells and NK cells.  

To conclude, the elevated perforin releasing responses of the examined cell lines suggests 

stimulation of responses for allogeneic major histocompatibility (MHC) molecules 

expressed by the stimulators. However, the presence of antigen specific response in the 

long-term stimulated cultures cannot be confirmed by this assay, so further experiments 

were required to examine the activation of antigen specific CTL in these cultures. 

4.2.2 Induction of antigen specific CTL in the long-term stimulated cultures: 

Following detection of the ability of the hybrid cell lines (HU266, HRC and HIC) and 

their parents HMY2 and U266 to induce allogenic T lymphocyte responses in the long-

term stimulated cultures, I wanted to investigate the presence of TAA specific CD8+ T 

cells in the stimulated cultures. Therefore, certain TAA (h TERT, MUC1, MAGE-C1 and 

CS1) were selected, based on their expression level by multiple myeloma patients and 

also by their mRNA and protein expression level in the used hybrid cell lines, as 

mentioned in the previous chapter.  

4.2.2.1 Pilot experiment for assessment of presence of antigen specific CD8+ T cells in 

the long-term stimulated cultures 

The evaluation of long-term stimulated cultures for the presence of antigen specific CD8+ 

T cells was done in a pilot experiment, by stimulating PBMCs from normal healthy HLA-
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A2+ individuals with the myeloma hybrid cell lines, HMY2 and U266 for four successive 

weeks, in the presence of human recombinant IL-2 and IL-7. After stimulation the cultures 

were stained with FITC-labelled anti-CD8 and PE-labelled HLA-A2-peptide pentamers 

specific for h TERT, MUC1, MAGE-C1 and CS1 as listed in Table 2.4.1.1. In addition, 

West Nile Fever Virus peptide (irrelevant peptide) pentamer, was used as a negative 

control. Unstimulated PBMCs stained with the same pentamers, and used as another 

negative control.  

Figure 4.5 shows the sequential gating strategy, firstly on the live T cells using the forward 

scatter versus side scatter dot plot, followed by gating on the CD8+ T cells using FITC 

stained CD8+ T cells histogram, and finally determining the percentage of the CD8+ 

pentamer+ double positive T cells on the FITC versus PE dot plot. This gating strategy 

was applied on stimulated and unstimulated cultures (Figure 4.5). 

 

Figure 4.5: sequential gating on the live T cells using SSC X FSC dot plot,  followed by gating the 

positive population of CD8+ FITC histogram to represent CD8+ T cells, and finally determining the 

percentage of the double positive CD8+ pentamer+ T cells on the FITC versus PE dot plot. The pentamer+ 

gate was defined using gating of the unstimulated PBMCs, pentamer+ CD8+ T cells, as a negative control.

P
en

ta
m

er
 P

E
 

Indicate 

CD8+ 

pentam

 

CD8 FITC 

CD8 FITC 



 Chapter 4 

105 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: HLA-A2 peptide pentamer analysis of antigen specific CTL percentages.  After four rounds 

of stimulation of PBMCs isolated from healthy, HLA-A2+ donors with hybrid cell lines, HMY2 or U266, 

cells were stained with (MUC1, h TERT, CS1, MAGE-C1, and WNF) peptide pentamers, followed by 

flowcytometric analysis. 

 

Figure 4.6 shows the antigen specific CD8+ T cells percentages stimulated by all of the 

used hybrid cell lines, HMY2 and U266. The hybrid cell lines HRC, HIC and HU266 

induced higher percentage of MUC1, CS1 and MAGE-C1 peptide specific CD8+ T 
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lymphocytes, compared with their parents HMY2 and U266. Regarding h TERT, HMY2 

induced almost the same level of h TERT antigen specific CTL as HU266 and HRC, 

however, HIC induced a lower level of this antigen specific CTL, compared with the other 

hybrids and HMY2, but higher than U266. The level of the candidate antigen specific T 

cells were very low in the unstimulated PBMCs. Also, data showed no elevation of the 

level of WNF virus antigen specific T lymphocytes in the stimulated cultures than that of 

the unstimulated cultures. To conclude, most of the used hybrid cell lines appeared to 

induce allogenic antigen specific CTL to higher extent than their parents in PBMCs from 

healthy HLA-A2+ donors.  

4.2.2.2 Optimization of the long-term stimulation protocol of antigen specific T 

lymphocytes:  

After determination of the ability of the hybrids, and their parents for induction of antigen 

specific CD8+ T cells in the long-term activated cultures, we intended to identify the best 

culture protocol for efficient and rapid expansion of the activated antigen specific T cells, 

to obtain the highest number of functional T cells required for potential isolation and 

expansion of the antigen specific T cell clones. Therefore, the effect of different cytokines 

on the induction level of antigen specific T lymphocytes was monitored using IFNγ and 

perforin ELISpot assays. The protocol used previously in my supervisor’s lab depended 

on using IL-2 as the main growth factor of T lymphocytes, and IL-7 from the third 

stimulation round. Based on these data, I therefore investigated the effect of some other 

cytokines on the activation level of the induced T lymphocytes, such as IL-7 used from 

the first week (to have its effect in naïve and memory T cells) (Schluns et al., 2000; Surh 

and Sprent, 2008), and IL-15 (due to its antiapoptotic effect) (Lu et al., 2002; Zhang et 

al., 1998), in the presence of IL-2 (300 u/ml).  

The ELISpot assays were set up using either T2 cells pulsed with the candidate TAA-

derived peptides, or with an irrelevant HLA-A2-restricted WNF virus peptide as a 

negative control (the used peptides were detailed previously in table 2.5. The cell line 

K562 was used as a target for NK cells, to estimate their activity in the stimulated cultures, 

and stimulated T cells without any further stimulation were used as a background control 

in the ELISpot assays. 
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4.2.2.2.1 The effect of IL-7 on the activation of antigen specific CTL using IFN -γ and 

Perforin ELISpot assays: 

IL- 7 is of crucial importance for homeostasis and survival of naïve and memory antigen 

specific CD8+ T lymphocytes (Schluns et al., 2000; Surh and Sprent, 2008). I therefore 

intended to optimize the effect of IL-7 in the produced long-term stimulated T cultures. 

Two long-term stimulated cultures were set up at the same time and under the same 

culture conditions in presence of IL-2 (300 u/ml) added from the second stimulation 

round. For one of these cultures, IL-7 was added during the first stimulation round at a 

concentration of 1ng/ml, and the same concentration was used in each repeated 

stimulation afterward. The other culture was done using IL-7 (1ng/ml) in the third 

stimulation round, and remained in the culture for one week. After three weeks of 

continuous weekly stimulation, the cells were harvested and used as responder cells in 

IFNγ and perforin ELISpot assays, as shown in Figures 4.6 and 4.7. 
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Figure 4.7: IFNγ ELISpot assays showing the effect of IL-7 in the in vitro expansion of antigen specific 

CD8+ T lymphocytes. The used cultures were stimulated with HMY2, HU266, HRC, HIC and U266 in the 

presence of IL-2. Panel A were cultured in presence of IL-7 from the start of the culture, while panel B were 

cultured with IL-7 only from the third stimulation. The number of the emerged spots is shown in the y axis, 

and the number of the responder cells is shown on the X axis. For all of the examined ELISpots, 1000 

stimulator cells were used. The experiment was done only once. 
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Figure 4.8: Perforin ELISpot assays showing the effect of IL-7 in the in vitro expansion of CD8+ T 

lymphocytes. The used cultures were stimulated with HMY2, HU266, HRC, HIC and U266 in the presence 

of IL-2. Panel A were cultured in presence of IL-7 from the start of the culture, while panel B were cultured 

with IL-7 only from the third stimulation. The number of the emerged spots is shown in the y axis, and the 

number of the responder cells is shown on the X axis. For all of the examined ELISpots 1000 of the 

stimulator cells were used.  The experiment was done only once. 
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The data show that HMY2, HU266 and HRC induced antigen specific IFNγ and perforin 

releasing responses at higher levels when IL-7 was added from the start of the culture. In 

the culture stimulated with HIC in presence of IL-7, both MAGE-C1 and h TERT specific 

IFNγ and perforin releasing responses were slightly higher than that without IL-7, while 

HIC stimulated MUC1 specific perforin release, slightly dropped in IL-7 contained 

culture in concentration of 105  responder cells than that without IL-7. Slight elevation of 

NK cells activity was observed in HU266 stimulated culture. It is of note that U266 failed 

to induce any antigen specific response with and without IL-7. The stimulated cultures 

have no induced specific response to WNF virus pulsed T2 cells, or to stimulated T cells 

with no further stimulation, which were used as negative controls. Also, all of the used 

cultures lacked NK cells activity, except HU266 stimulated culture, which showed weak 

NK activity. 

To conclude, IL-7 induced a consistent increase of antigen specific IFNγ and perforin 

releasing response for all of the examined TAA when added from the start of the cultures, 

which reflects the effect of IL-7 on the activation of T lymphocytes.  

4.2.2.2.2 The effect of IL-15 on the activation of antigen specific CTL in long-term 

activated cultures using IFNγ and perforin ELISpot assays 

After detection of the effect of IL-7 on the enhancement of the survival, proliferation and 

activation of antigen specific T lymphocytes in the long-term stimulated lymphocytes, I 

investigated the role of another related cytokine, IL-15, as a growth and survival factor of 

memory CD8+ T cells, as reported by many research groups (Lu et al., 2002; Zhang et al., 

1998). Therefore, another two-long-term stimulated cultures were set up under the same 

culture conditions, but one with IL-15 (10 ng/ml) added in the second stimulation round, 

and the other culture without IL-15. After long-term stimulation for three weeks in 

presence of IL-2 (300 u/ml) and IL-7 (1ng/ml) added from the start, IFNγ and perforin 

ELISpot assays were set up using the long-term stimulated T lymphocytes as responder 

cells, and T2 cell line pulsed with either the relevant TAA or an irrelevant WNF virus 

peptide as target cells, as described previously.  
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Figure 4.9: IFNγ ELISpot assays showing the effect of IL-15 on the induction of IFNγ releasing T 

cells. The used cultures were stimulated with HMY2, HU266, HRC, HIC and U266 in the presence of IL-2 

and IL-7. Panel A was cultured in absence of IL-15, while panel B was cultured in presence of IL-15. The 

number of the emerged spots was shown in the y axis, and the number of the responder cells was shown on 

the X axis. For all of the examined ELISpots 1000 stimulator cells were used. The experiment was done 

only once. 

 

Figure 4.8 shows that HMY2 stimulated culture in the presence of IL-15 demonstrates a 

slight increase in the IFNγ releasing response to MAGE-C1 and h TERT peptide pulsed 

T2 cells, however CS1 specific IFNγ releasing response was the same with and without 

addition of IL-15. Also, some decrease of MUC1 specific response was observed in the 

IL-15 containing culture. No specific response was observed against WNF virus pulsed 
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T2 cells, stimulated PBMCS without further stimulation in the ELISpot assay, and no NK 

activity was observed in these cultures. 

In the HU266 induced culture, low to moderate elevation was seen in the specific IFNγ 

releasing response to MUC1, CS1 and h TERT peptide pulsed T2 cells, with addition of 

IL-15. Regarding the used negative controls, no response was stimulated by WNF virus 

pulsed T2 cells, K562 or stimulated PBMCs without additional stimulation in the ELISpot 

assay. 

In the long-term stimulated culture with HRC in presence of IL-15, enhanced IFNγ 

specific releasing response to CS1 and MUC1 was seen. In contrast, there is some 

decrease of IFNγ releasing response to MAGE-C1 in the culture containing IL-15. For 

HIC induced culture, MUC1, h TERT and MAGE-C1 specific IFNγ releasing response 

were slightly higher with addition of IL-15. However, U266 stimulated culture did not 

show any of the examined antigen specific IFNγ releasing response, in either of the 

cultures conditions. In all of the stimulated cultures with HIC, HRC and U266, no specific 

response was seen for the negative controls, WNF virus pulsed T2 cells, stimulated 

PBMCs with no further stimulation, and no stimulation of NK activity. 

Overall, addition of IL-15 had only a mild impact on the induction of IFNγ releasing cells 

in the long-term T cell cultures 
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Figure 4.10: Perforin ELISpot assays showing the effect of IL-15 in the in vitro expansion of perforin-

releasing CD8+ T lymphocytes. The used cultures were stimulated with HMY2, HU266, HRC, HIC and 

U266 in the presence of IL-2 and IL-7. Panel A was cultured in absence of IL-15, while panel B was cultured 

in presence of IL-15. The number of the emerged spots was shown in the y axis, and the number of the 

responder cells was shown on the X axis. For all of the examined ELISpots 1000 stimulator cells were used. 

The experiment was done only once. 
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releasing response, compared with the absence of IL-15, with no recorded elevation in the 

response to any of the used negative controls. In HU266 induced culture in presence of 

IL-15, a sharp increase of CS1 specific perforin release was observed, and slight increase 
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of the specific perforin releasing response to h TERT, MUC1 and MAGE-C1 peptide 

pulsed T2 cells was also recorded in this culture. This experiment also demonstrates low 

level of perforin release response to K562, only at one of the used ratios. 

HRC stimulated culture showed a dramatic increase of h TERT, CS1, MAGE-C1 and 

MUC1 specific response in the culture containing IL-15, compared with the culture 

without IL-15. However, HRC stimulated cultures reported very minimal perforin 

releasing response to K562. 

With HIC stimulation, h TERT peptide pulsed T2 cells had a slight elevation of their 

specific response with addition of IL-15, and no specific effect was observed in case of 

MAGE-C1, CS1 and MUC1 peptide pulsed T2 cells.  

In contrast, U266 failed to induce any of the examined TAA specific perforin release. 

Moreover, in all of the examined cultures of HRC, HIC and U266, no response was 

detected to WNF virus pulsed T2 cell line or to PBMCs without further stimulation. 

To summarize, in contrast to its minimal effect on induction of IFNγ releasing cells, IL-

15 increased the antigen-specific perforin releasing response to most of the candidate 

antigens in the examined cultures, which indicates its effect on the survival of CD8+ T 

cells. However, study of the effect of IL-7 and IL-15 on the induction of antigen specific 

CTL experiment was done only once, so the results are an indication only, and should be 

treated with caution. 

4.2.2.3 T cell-subsets’ proliferation in long-term stimulation using different stimulator 

cell lines: 

Responses of CD3+, CD8+ and CD4+ T cells during the long-term stimulation with HMy2, 

the hybrid cell lines and U266 was investigated, in order to ensure the proliferation and 

increase in the number of activated T cells, and to study further the phenotype of the 

proliferating T cells in the long-term stimulated cultures. In addition, I wanted to show if 

there was a difference in the ability of the used hybrids and their parent cell lines to 

stimulate different subsets of T lymphocytes. The experiment was set up using the 

previously stated protocol for long-term activated T lymphocytes, and cells were 

harvested at weekly intervals up to four weeks, and stained with anti CD3+, CD8+, and 

CD4+ mAb using immunofluorescence technique, followed by flow cytometric analysis. 

The results are shown in Figure 4.10, and were consistent in two separate experiments. 
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Figure 4.11: Tracking of CD3+ T cells, CD8+ T cells and CD4+ T cell populations.  In long-

term stimulated culture for four weeks. The used stimulator cell lines are mentioned in the upper 

legend of each graph. The stimulation was done in the presence of IL-2, IL-7, and IL-15. 
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The data presented in Figure 4.10 show that HMy2 stimulated a strong allogeneic T cell 

proliferative response, with progressive increase in CD3+ and CD8+ T cells in the culture. 

However, HMY2 cells supported the proliferation of CD4+ T cells to a greater degree 

than the proliferation of CD8+ T cells. CD4+ T cell proliferation was almost twice that 

of CD8+ T cells in this particular culture. 

By comparing the hybrids together, HRC and HU266 showed progressive proliferation of 

CD3+ and CD8+ T cells. HU266 supported the proliferation of CD4+ T cells until the 

second week, whereas the other hybrids’ cultures lacked CD4+ T cell population after the 

first week, which may be due to the high level of expression of HLA class II by HU266. 

HIC induced the proliferation of CD3+, CD4+ and CD8+ T cells during the first week 

only, then the number of T lymphocytes dropped gradually, most likely to be due to the 

low level of expression of HLA class II and CD86, leading to low level of interaction of 

CD80/CD86 with CD28/CTLA4. Regarding U266 cultures, it induced a weak allogeneic 

proliferative response of CD3+, CD4+, CD8+ T lymphocytes, which started after adding 

IL-2 in the culture. There was no further proliferation after the second week, which could 

be attributed to absence of the costimulatory molecules expression by U266. These results 

were consistent with the previous findings in section 4.2.1 CFSE experiment; with the 

exception of high proliferation of CD4+ T cells in HMY2 stimulated culture. 

Overall, the hybrid cell lines were able to induce an allogeneic proliferative response in 

CD3+ T cells and CD8+ T cells that was greater than that of U266. CD4+ T cells tended 

to drop down quickly, after initial proliferation. However, HMY2 induced CD4+ T cells 

at a higher level compared with CD8+ T cells. This could be attributed to HMY2 nature 

as an APCs, which are the main inducers of Th1 activity (through release of certain 

cytokines such as IL-12). 

4.2.2.4 Estimation of antigen specific T cell induction in the long-term stimulated cultures 

of PBMCs from healthy HLA-A2+ individuals 

In order to confirm the ability of HMY2, the hybrid cell lines and U266 to induce antigen 

specific T cell immune responses in vitro, PBMCs isolated from allogeneic healthy 

individuals were co-cultured with HMY2, the hybrid cell lines and U266, and stimulated 

weekly by Mitomycin-C-treated stimulator cells using the optimized protocol (in presence 

of IL-2, IL-7, and IL-15), as mentioned in Section 2.4. After four rounds of stimulation, 
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the cells were harvested and used in HLA-A2 peptide pentamer staining and ELISpot 

assays, to assess the induction of antigen specific CTL. 

4.2.2.5 HLA-A2-peptide pentamer analysis 

The evaluation of long-term stimulated T cell cultures for the presence and percentage of 

tumour peptide specific CTLs, after using the optimized protocol, was done by staining 

the culture with FITC-labelled anti-CD8 and PE-labelled HLA-A2-peptide pentamers 

specific for h TERT, MUC1, MAGE-C1 and CS1 as described in section 4.2.2.1. 

Also, two different types of negative controls were involved in the experiment: The first 

one was staining of the unstimulated PBMCs with all the used peptide pentamers under 

the same conditions as cells from the stimulated culture, and used as background to 

indicate the level of induction of antigen specific cell response in the long-term activated 

cultures. The second negative control was staining all the stimulated T cell cultures with 

HLA-A2 peptide pentamer incorporating a HLA-A2 binding WNF Virus peptide as an 

irrelevant antigen, to explore the specificity of the produced activated T lymphocytes, and 

to investigate the binding of the specific pentamers to the stimulated T cells. The same 

gating strategy was applied as mentioned in Figure 4.5. 
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Figure 4.6: HLA-A2-peptide pentamer staining of T cell lines, stimulated by HMy2 cells, or by hybrid cells lines HU266, HRC and HIC or myeloma cell line U266.  

The antigen specific CTL percentages (as a proportion of the total CD8+ T cells gated cells in the culture) are shown in the upper right quadrant. Data shown are representative 

of 3 experiments. 

h TERT MUC1 MAGE-C1 CS 1 WNF 

 

asa 

falciparum 

HIC 

0.7% 

HRC 

U266 

P
en

ta
m

er
  

FITC CD8 

 

 



  Chapter 4 

124 

 

 

Figure 4.7: HLA-A2 peptide pentamer analysis of antigen specific CTL, as percentages of pentamer 

positive CD8+ T cells.  After four rounds of stimulation of PBMCs isolated from healthy, HLA-A2+ donors 

with hybrid cell lines, HMY2 or U266, cells were stained with (MUC1, hTERT, CS1, MAGE-C1, and WNF) 

peptide pentamers, followed by flowcytometric analysis. The experiment was repeated three times. Results 

are presented as mean ± SEM of three experiments, and stars represent the degree of significance (* <0.05, 

**≤ 0.01, *** ≤ 0.001and **** ≤ 0.0001). 
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Figure 4.12 shows CD8 pentamer dot plots taken from one experiment, representative of 

three experiments. For easy interpretation, all data were summarised in Figure 4.13. The 

cumulative data illustrate that the percentage of tumour antigen-specific CD8+ T 

lymphocytes of the unstimulated PBMC gives < 0.5% of the pentamer positive cell. 

Therefore, I arbitrarily established the population of percent 0 - 0.5% of live pentamer 

positive CD8+ T cells as representative of a negative response, populations with 

percentage higher than 1% as positive for an antigen-specific CD8+ T cell response, and 

a population 0.5-1% was described as weak positive response (Mohamed et al., 2012b). 

By following these criteria and comparing the antigen specific CD8+ T cells percentages 

produced by all of the used hybrid cell lines, we can see that HRC gave the highest 

percentage as revealed by pentamer staining of h TERT, CS1 and MAGE-C1 peptide 

specific CD8+ T lymphocytes. HU266 has significant elevation of the stimulation of 

antigen specific T cells compared with its parent U266, for all of the examined antigens 

except MAGE-C1. T cell cultures stimulated with the parent myeloma cell U266, they 

had no statistically significant difference compared with the unstimulated PBMCs for any 

of the antigens used. HMY2 did not induce the production of MUC1, CS1 and MAGE-

C1 antigen specific CD8+ T lymphocytes, compared with unstimulated PBMCs, which 

may be attributed to the low level of the examined protein expression by HMY2 compared 

to the hybrid cell lines. 

The unstimulated T lymphocytes were negative for all of the examined tumour antigenic 

peptides (< 0.5%). Also, the data showed no elevation of the level of WNF virus antigen 

specific T lymphocytes in the stimulated cultures or the unstimulated cultures. To 

conclude, most of the used hybrid cell lines have the ability to induce allogenic antigen 

specific CTL to higher extent than their parents in PBMCs from healthy HLA-A2+ 

donors.  

4.2.2.6    Detection of stimulated antigen specific T Lymphocytes in long-term activated 

cultures using the IFN γ ELISPOT assay: 

After detection of the antigen specific CD8+ T cells in the long-term stimulated culture 

using peptide pentamer staining, I wanted to estimate the activity of the induced antigen 

specific T lymphocytes in these cultures. Therefore, I assessed IFNγ and perforin release 

responses of the activated antigen specific T cells in the cultures, using IFNγ and perforin 

ELISpot assays. ELISpot assays can investigate the frequency and the activity of the 
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induced antigen specific CTL at a single cell level, so this assay can be used to monitor 

antigen specific T cell responses. The induced long-term stimulated T cells were used as 

responder cells in the ELISpot assay. The experiment was set up using T2 cell line pulsed 

with peptides of the relevant cognate antigens, the same antigen derived peptides that 

were used in the pentamer staining experiment, and an irrelevant antigen (WNF virus 

HLA-A2 restricted peptide), as a negative control. The responder cells were incubated 

with the peptide pulsed T2 cells on multiscreen PDVF filter 96 well plates for 48 hrs, as 

described in section 2.4.3. After incubation and treatment with the appropriate antibody, 

the emerged spots were counted using a dissection microscope. Stimulated PBMCS of 

each culture, without any further stimulation in the ELISpot assay, was used to control 

the background response, in addition to using K562 to indicate the activity of NK cells in 

the cultures. The experiment was repeated three times, using PBMCs of different HLA-

A2+ healthy donors. 

Figure 4.14 summarises data of the IFNγ ELISPOT assays. The data show that HU266 

stimulated cultures induced significantly higher IFNγ releasing response to restimulation 

with MUC1 derived peptide pulsed T2 cell line compared with its parents HMY2 and 

U266, and also compared with HU266 stimulated T cells without further stimulation. 

There was no significant difference of U266 stimulated culture response to MUC1 

compared with the response of U266 stimulated culture with no more stimulation in the 

ELISpot assay, which indicates absence of induction of MUC1 specific T cells in U266 

stimulated cultures. Regarding MUC1 specific IFNγ releasing response, HRC stimulated 

cultures had a slightly lower IFNγ release response compared to HU266. HIC induced a 

significant enhanced response at 1:100 T:E ratio only compared with U266, and the 

background response of PBMCs.  

The most significant IFNγ release response induced by h TERT, CS1 and MAGE-C1 

derived peptide pulsed T2 cells was shown in HRC induced cultures, followed by HU266 

and then HIC and HMY2. U266 stimulated cultures did not induce any significant 

increase of IFNγ releasing response upon further stimulation with h TERT, CS1 and 

MAGE-C1 peptide, compared with U266 stimulated PBMCs without further stimulation. 

Lack of NK activity was observed in all of the examined cultures, and no IFNγ releasing 

response was seen with restimulation of any of the stimulated cultures with WNF virus 

peptide pulsed T2 cells, which indicates the specificity of the activated antigen specific T 

lymphocytes. 
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Overall, HMY2 and the hybrid cell lines HU266 and HRC induced antigen specific T 

lymphocytes IFN releasing responses to a significantly enhanced level compared with 

U266. Moreover, U266 induced culture failed to induce antigen specific IFN responses 

exceeding the background levels.  
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Figure 4.8: IFNγ ELISPOT assays using MUC1, h TERT, CS1, MAGE-C1 and WNF derived peptide 

pulsed T2 cells. T2 cells pulsed with the cognate peptides were mixed with long-term stimulated responder 

cells in a ratio 1:25 - 1:100 respectively, and incubated for two days. The emerged spots were counted. 

Data are presented as means of three independent experiments ± SEM. The degree of significance were 

presented as asterisks, and summarised in tables next to each graph (* <0.05, **≤ 0.01, *** ≤ 0.001and 

**** ≤ 0.0001). T:E is Target: Effector ratio.  
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4.2.2.7 Detection of stimulated antigen specific T Lymphocytes in long-term activated 

cultures using the perforin ELISPOT assay: 

The previous experiment showed that the hybrid cell lines induced antigen specific IFNγ 

releasing responses in PBMCs from HLA-A2+ healthy individuals. However, perforin 

ELISPOT assay may represent a more direct analysis of cell-mediated cytotoxicity as 

compared to the IFNγ ELISPOT assay, as perforin is a key mediator of CTL induced 

cytotoxicity. The same experimental set up was used as for the IFNγ release ELIspot 

assay, but with a longer incubation time (5 days). The long-term stimulated T cells were 

used as responder cells, and stimulated with peptide pulsed T2 cells as target cells. The 

responder cells were used without further stimulation as a negative control, and K562 as 

an NK cell target. 

Figure 4.15 illustrates that HU266 and HRC significantly induced perforin release in 

response to restimulation with MUC1 derived peptide pulsed T2 cell lines, compared with 

the parents HMY2, U266 and unstimulated responder cells, at 1:100 and 1:50 T:E ratios. 

However, HIC and HMY2 induced a significant response only at 1:100 ratio compared 

with responder cells with no further stimulation in the ELISpot assay. U266 stimulated 

cultures failed to induce significant perforin release compared with its background 

responder cells. Regarding h TERT specific response, all of the used hybrid cell lines and 

HMY2 stimulated cultures showed significantly enhanced response upon restimulation 

with h TERT peptide pulsed T2 cells, compared with the background response of PBMCs, 

at 1:100 ratio. However, U266 stimulated culture showed no significant difference at this 

T:E ratio, between its response and the background response of the used PBMCs. 

With the respect to the CS1 specific response, HRC and HU266 stimulated cultures 

induced the highest perforin release, followed by the response of HIC. All of the used 

hybrids and HMY2 induced significantly enhanced responses compared with the 

background response of PBMCs. However, U266 failed to induce such significant 

response to CS1 compared with its un-stimulated PBMCs. Restimulation with MAGE-

C1 derived peptide pulsed T2 cell lines induced the lowest perforin releasing response in 

T cells from most of the previously stimulated cultures, compared with the other used 

antigens. However, perforin release induced by the hybrid cell lines and HMY2 was 

significantly higher than that of U266, and PBMCs background responses. No specific 

perforin release was induced by restimulation with WNF pulsed T2 cells or K562 in the 
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ELISpot assay, which indicates the specificity of the activated antigen specific T 

lymphocytes.  
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Figure 4.9: Perforin ELISpot assay, using MUC1, h TERT, CS1, MAGE-C1 and WNF derived peptide 

pulsed T2 cells. T2 cells pulsed with the cognate peptides were mixed with long-term stimulated responder 

cells in a ratio 1:25 - 1:100 respectively, and incubated for five days. The emerged spots were counted. 

Data are presented as mean of three independent experiments ± SEM. The degrees of significance were 

presented as asterisks, and summarised in table next to each graph (* <0.05, **≤ 0.01, *** ≤ 0.001and 

**** ≤ 0.0001). 
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4.2.3 Attempted production of an antigen specific T cell clone 

Adoptive T-cell immunotherapy is a promising potential treatment for cancer. Using this 

approach, T cell clones of known specificity are infused into cancer patients, aiming to 

recognize and destroy tumour cells (Perica et al., 2015). Accordingly, I attempted to 

isolate and selectively expand in vitro antigen specific T cell lines, from the bulk long-

term stimulated T lymphocytes cultures, for potential use in adoptive immunotherapy as 

antigen specific T cell clones. These cultures were not done to GMP standard, therefore 

could not be used to treat patients, so this is therefore only a feasibility study. The induced 

activated T cells had first to be isolated from the stimulated culture and expanded in vitro, 

for production of adequate numbers of the desired antigen specific T cells for infusion 

into tumour patients.  

In an attempt to isolate the tumour antigen specific CD8+ T cells from the bulk cultures, 

I used FACS-sorting of the produced long-term stimulated T cell culture using 

FACSAriaII cell sorter, and the data analysis was done using FACSDiva software Version 

6.1.3 (BD Biocsiences, San Jose, USA). The FACS sorting was done for two antigens 

(MUC1 and CS1), using T lymphocytes stimulated with HU266 and HRC respectively 

(Figure 4.16). The selection of these antigen specific T cells was done based on the level 

of induction of antigen specific T cells in the long-term stimulated T cell cultures used in 

this experiment (results not shown). I was able to isolate 320,000 CS1 specific T cells 

(3% of the live PBMCs in this culture), and 180,000 MUC1 specific T lymphocytes 

(identified as 2.1% of the live PBMCs in the culture), as shown in Figure 4.16. Following 

sorting, CS1 and MUC1 specific T cells were activated using Dynabeads human T 

activator beads (containing anti CD3, CD28 and CD137) in presence of IL-2, IL-7 and 

IL-15, as described in section 2.4.4.1.  

Following the manufacturer’s instructions, using 1:10 beads: cells ratio, and restimuation 

after 7 days, the cells remained alive in the culture for a few days, followed which they 

died out (Figure 4.17). Consequently, I tried to find out the cause of this observed result. 

Firstly, I tried three different beads: cells ratios (1:10, 1:5 and 1:3), using HU266 activated 

cultures (bulk, unsorted culture). Additionally, three different experiments were set up 

using different stimulation time points (after 3 days, one week and 10 days). Figure 4.18 

shows the proliferation of the cell cultures at different time points, following stimulation 

with different ratios of T activator Dynabeads.  
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Figure 4.10: (A) Gating on the living cells using FSC X SSC dot plot. (B) The double positive 

populations were FACS sorted, to isolate CS1 and MUC1 specific T cells from long-term cultures 

stimulated by HRC and HU266 respectively. The sorting was done using a plate sort in single cell mode, 

which has the most stringent settings for sorting. Therefore in theory purity was considered to be 100%. 
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Figure 4.11: The long-term stimulated cultures after cell sorting. 

The first row shows CS1 and MUC1 specific T lymphocytes with high cell density, one day after 

sorting. The second row shows that CS1 and MUC1died out seven days after sorting. The dark dots 

are the Dynabeads in the cultures. 

 

 

Figure 4.18 shows that the highest proliferation rate was obtained by using the beads: 

cells ratio of 1:3 at weekly repeated stimulation, whereas using the ratio of 1:10 (which 

used for the previously sorted cells), leads to a drop in cell numbers after approximately 

three days, which might be explained by insufficient number of the beads used in the 

restimulation experiment. Restimulation after three days and ten days led to decrease of 

the cell number at all of the used ratios compared to restimlation after one week, under 

the revised culture conditions. I was unable to repeat the experiment with FACS-sorted 

antigen specific T cells due to time constraints. 
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Figure 4.12: setting up restimulation experiment using the dynabeads, for stimulation of the activated 

antigen specific T cells after sorting. 
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4.3 Discussion 

The heightened immunogenicity of the hybrid cells compared with their parent tumour 

cells is the principal reason of use the hybrid cells in various types cancer immunotherapy. 

In the previous chapter that dealt on with the phenotypic characterisation of the hybrid 

cell lines, the parent myeloma cell line U266 and HMY2, I showed that the hybrid cell 

lines and HMY2 expressed costimulatory molecules, such as CD80 and CD86, and 

antigen presenting molecules as HLA class I and HLA class II, in addition to expression 

of various TAAs; by contrast U266 lacked the expression of the costimulatory molecules, 

and HLA class II. This raises the question, does the difference of expression levels for 

costimulatory molecules between hybrids and parent tumour cell lines associated with 

increased immunogenicity of the hybrid cell lines compared with unfused tumour cells? 

Dunnion et al. (1999) showed that the hybrid cell lines that expressed the costimulatory 

molecules had markedly enhanced immuno-stimulatory ability compared with the parent 

tumour cells, whereas hybrids that lacked the expression of these costimulatory molecules 

had a diminished immunostimulatory capacity compared with the stimulatory hybrids. 

Basically, the enhanced immunostimulatory ability of the hybrids is attributed to the 

activation of naïve, effector and memory T cells. Stimulation of naïve T cells requires the 

presence of two essential signals. The first one is the recognition of the antigen specific 

peptide in the context of MHC by TCR, and the second signal is the additional stimulation 

mediated by the costimulatory signals such as CD80 and CD86 (Flynn and Müllbacher, 

1996; Mohamed et al., 2012b). 

Taking this further, Cywinski et al. (2006) reported enhanced lymphoproliferative T cell 

responses of allogeneic PBMCs induced by using HMy2 x haematological tumour hybrids 

(which expressed CD80 and CD86), and by HMy2 x solid tumours hybrids (which lacked 

CD80 and CD86 expression), compared with the parent tumour cells. The enhanced 

lymphoproliferative T cell responses were reduced by using CTLA-4 Ig blocking effects, 

even with the hybrids that lacked the costimulatory molecules expression. To explain 

these results, she removed the non-T cell fraction from the allogeneic PBMCs before 

stimulation by the HMy2 x solid tumours hybrids (which lacked the expression of CD80 

and CD86) and as a result, she noticed reduction of the lymphoproliferative response to 

the background level, which was restored by re-addition of the isolated fraction. She 

concluded that the presence of bystander APCs in the removed non-T cell fraction acted 

as a “third party” in providing the co-stimulation, in a phenomenon named “bystander co-
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stimulation” (Cywinski et al., 2006). In addition, Walewska et al. (2007) reinforced the 

role of the costimulatory molecules, HLA class I, class II in the induction of allogeneic 

and autologous T-cell responses in vitro, using the same hybrids as in my study, in a 

mixed lymphocytic reaction. She used monoclonal antibody (mAb) blocking 

experiments, and showed that the enhanced lymphoproliferative responses produced by 

the hybrid cells were dependent on their expression of CD80, CD86, HLA class I and 

HLA class II (Walewska et al., 2007). In a similar way, Mohamed et al. (2012a) 

demonstrated the crucial role CD80 and CD86, HLA class I and HLA class II in the 

induction of the lymphoproliferative responses in naïve T cells in MLR, using CTLA-4 

Ig fusion protein (soluble ligand of CD80 and CD86), W6/32 (HLA class I mAb) and 

L243 (HLA class II mAb) in a group of haematological hybrid cell lines. Based on these 

results, the described hybrids were used for induction of antigen specific CTL in PBMCs 

isolated from healthy individuals, in vitro in long-term stimulated cultures. The induced 

T cells showed enhanced antigen specific activity and cytotoxicity (Mohamed et al., 

2012b; Mohamed et al., 2016). 

Induction of primary immune response of naïve cells is generally difficult due to its 

stringent activation and costimulatory molecule requirements. Most of the target antigens 

in cancer are self-antigens, therefore most of the potentially reactive high affinity T cells 

specific to these antigens have been removed during the thymic selection process, so the 

remaining naïve cells are rare and have lower avidity (Ho et al., 2006). Therefore, the 

major limitation of such therapy is the low frequency of precursor antigen-specific T cells 

repertoire in naïve individuals, which results in difficulties in priming and expansion of 

the antigen-specific T cells. Repeated antigen specific stimulations in long-term 

stimulation protocol are required to obtain the antigen specific T cell clones (Ho et al., 

2006; Wolfl and Greenberg, 2014; Perica et al., 2015). In the long-term stimulation 

protocol, the priming efficiency of the naïve cells is affected by many factors, such as the 

type of a stimulant and method of stimulation and T cell preparation, and effector to target 

ratio at the time of priming (Wolfl and Greenberg, 2014). Ho et al. (2006) described the 

use of peptide-loaded monocyte-derived DC in expanding high-avidity HLA-A2 

restricted WT1-reactive CTL clones, in nearly all the healthy HLA-A2 positive 

individuals involved in this study. These clones have the ability to recognize and destroy 

leukemic cells (Ho et al., 2006). Another study demonstrated the availability of using 

allogeneic WT1 specific CD8+ T cells in leukemia patients relapsed after HSCT. The 
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used clones were produced from an HLA-matched donor, and repeated stimulation with 

WT peptide pulsed autologous DC. The transferred lymphocytes were detectable in the 

patient’s blood for a long time, with stable disease in 3 out of 11 patients, and transient 

response in 2/11 patients (Chapuis et al., 2013). Oelke et al. (2000) successfully induced 

HLA-A2-restricted Melan-A-specific CD8+ T cells, using Melan-A-pulsed DCs, and 

expanded these cells non-specifically up to 600 fold without losing their specificity using 

anti-CD3 and anti-CD28 antibodies. Additionally, adoptively transferred lymphocytes 

were applied in patients with ovarian cancer and melanoma (Muul et al., 1987; Rosenberg 

et al., 1988; Vignard et al., 2005; Chapuis et al., 2012; Perica et al., 2015) and multiple 

myeloma ( Rapoport,et al., 2011). 

 

In keeping with these features, to investigate the competence of the currently used hybrids 

as potential candidate immunotherapeutic agents, various immunostimulatory and 

functional characterization assays were carried out as part of this project.  

4.3.1 Allogeneic lymphoproliferative T cell responses induced by the hybrids  

Firstly, I assessed the allogeneic activation ability of the hybrid cell lines and their parents 

through their mismatched HLAs, which is considered a strong inducer of T lymphocyte 

proliferation and differentiation. Co-culturing of the cell lines with PBMCs from normal 

healthy individuals in CFSE staining experiments, and in IFNγ and perforin ELISpot 

assays, resulted in induction of T cell proliferative immune responses, when compared to 

unstimulated lymphocytes. CFSE is an intracellular dye, which divides equally between 

proliferating daughter cells. CFSE labelling experiments (Fig 4.2) were used to assess the 

proliferation levels of T cell subsets in short term stimulated cultures, which reflect the 

level of immunogenicity of the stimulator cell lines. The results showed that HU266 was 

the highest stimulator of CD8+ T cell proliferation, followed by HMY2. However, their 

parent myeloma cells U266, gave slightly lower values. This may be due to high 

expression level of HLA class I, HLA class II, CD80 and CD86 in HU266 and HMY2, 

which led to higher stimulation of CD8+ T cells. However, U266 the parent myeloma cell 

lines showed an almost comparable level of allogeneic activation of T cells to the other 

used hybrid cell lines (HRC, HCM and HIC) in spite of absence of the costimulatory 

molecules expression, which suggests that the responding T cells were derived from the 

memory T cell pool that could be activated in absence of CD80 and CD86, whereas naïve 
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T cells require the presence of these costimulatory molecules for activation and induction 

of T cell response (Flynn and Müllbacher, 1996). Another possible explanation is the 

presence of the bystander APCs in PBMCs, which provide the appropriate second signals 

(costimulatory molecules) required for T cell activation as previously mentioned 

(Cywinski et al., 2006). Also, U266 stimulated culture had almost the same percentage of 

proliferation of CD4+ T cells, in spite of the absence of HLA class II expression by U266. 

This may be explained by the presence of the bystander APCs in PBMCs, which express 

HLA class II (Cywinski et al., 2006). Also, Swain (2000) reported that CD4+ memory T-

cell can survive in MHC class II deficient host for a short time. The CD8+ T cells were 

stimulated, in all cases, at higher levels than the CD4+ T cell population. This may be due 

to the higher level of HLA class I expression compared with the level of HLA class II 

expression by the used cell lines. In addition, Abbas et al. (2012) attributed the higher 

number of CD8+ T cells after activation than CD4+ T cells to their function, as CD4+ T 

cells act as cytokine producers, which can be performed by low number of the cells, while 

CTL require higher numbers of the cells to perform their cytotoxic function. Overall, these 

results agreed with Mohamed (2011), who detected the presence of activated T cells in 

short term stimulated cultures using similar hybrid cell lines, in CFSE staining 

experiments. Whether or not these allogeneic activated T cells are functional (cytotoxicity 

and/or cytokine release) could not be answered in this experiment. 

The long-term activation of allogeneic PBMCs from healthy individuals with the hybrid 

cell lines and their parents for several successive rounds induced T cell cultures with 

augmented IFN releasing activity, which were detected by IFNγ releasing ELISpot 

assays (Fig 4.3). The results showed that the hybrid cell line, HU266, had significantly 

greater ability to stimulate IFN releasing responder cells than its parent, U266, which 

can be explained by the lack of the costimulatory molecules expression by U266, and the 

presence of the APC costimulatory effect in the hybrid culture. Also, APC are the main 

inducers of Th1 activity (through release of certain cytokines such as IL-12), which are 

the principal producers of IFNγ (Wakil et al., 1998). This suggestion is supported by the 

elevated IFN release in HMY2 (pure APC) stimulated culture. Also, HMY2, HU266 and 

HRC induced almost the same level of allogeneic IFNγ releasing responses as PHA, 

which indicate the strength of the allogenic responses induced by these cell lines. 

However, U266 and HIC showed the lowest level of IFN releasing response. This may 

be related to their level of costimulatory molecules expression, (HIC almost lacked CD86 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1692749/pdf/10794062.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1692749/pdf/10794062.pdf
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expression, and had a very low expression level of CD80 and HLA class II; also U266 

lacked the expression of the costimulatory molcules and HLA class II ), but their IFN 

releasing responses were still significantly higher than the background PBMCs. The 

responding population in HIC and U266 stimulated cultures suggests the presence of 

memory CD8+ T cells and CD4+ T cells in U266 and HIC cultures, which can remain in 

the absence or low expression of the costimulatory molecules and MHC class II (Flynn 

and Müllbacher, 1996; Swain, 2000). In addition, all of the used hybrids induced 

significantly elevated IFN releasing responses than PBMCs. This result supports 

Mohamed et al. (2012b) who showed successful induction of allogeneic long-term 

activated IFN releasing T cell cultures using these hybrids. The importance of detection 

of IFN releasing response in T cell cultures has been demonstrated previously in different 

studies. Ghanekar et al. (2001) found a strong correlation between IFNγ expression and 

cytolytic activity of CD8+ T cells in the CMV system, and his findings demonstrate that 

IFNγ expression can be used as surrogate for recognition of CTL precursor cells. Also, 

IFNγ was defined as a tool for assessment of activation of T cells stimulated by hybrid 

cell lines of DC and tumour cells (Koido et al., 2007).  

Additionally, perforin release by the induced allogeneic long-term activated T 

lymphocytes, as a marker of cytolytic activity, was detected using perforin releasing 

ELISpot assays (Fig 4.4). Several studies have shown the significance of perforin release 

as a tool for assessment of activation of CTL (Zuber et al., 2005a; Hersperger et al., 2008; 

Ranieri et al., 2014). For the long-term stimulated cultures, the data demonstrated that 

HU266 induced significantly elevated perforin release responses, around twice the 

response of its parents, HMY2 and U266. This may be because HU266 has higher 

expression of HLA class I, CD80 and CD86, the essential cell surface markers for CD8+ 

T cell stimulation, than the other cell lines. Also, for all of the used cell lines, there was a 

significant elevation in the perforin release compared with that of PBMCs background 

control. The most interesting result here is that U266 induced about the same level of 

perforin release as HMY2, HRC and HIC, which could be attributed to absence of HLA 

class II expression by U266, this results in their inability to stimulate CD4+ T cells, 

consequently this led to activation of a higher proportion of CD8+ T cells. Another 

plausable explanation for induction of perforin release by U266 is the moderate level of 

expression of HLA class I by U266, which was almost the same for HIC and HRC. 

However, HMY2 has higher MHC class I expression level, but it seems that HMY2, due 
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to its nature as APC, supports the antigen presentation using HLA class II, and growth of 

CD4+ T cells, as discussed in the IFN-γ releasing experiment, and supported by the results 

of T cell subsets tracking expermint, which will be discussed shortly.  

The elevated IFN and perforin releasing responses to the examined stimulator cell lines 

suggests stimulation of responses to allogeneic major histocompatibility (MHC) 

molecules expressed by the stimulators. The possibility that some TAA specific responses 

were stimulated through presentation by MHC cannot be confirmed by these assays, so 

further experiments were required to examine the presence of induction of tumour antigen 

specific CTL in these long-term activated cultures. 

4.3.2 Optimization of the long-term stimulation protocol for induction of antigen 

specific CD8+ T lymphocytes: 

The allogeneic immunostimulatory ability of the hybrid cell lines and their parents, 

HMY2 and U266, to induce activated T cells, of PBMC isolated from healthy individuals 

in short and long-term activated cultures was demonstrated using CFSE and ELISpot 

assays respectively. The induction of HLA-A2 restricted tumour antigen specific CD8+ 

T lymphocytes in PBMC from allogeneic HLA-A2+ normal healthy donors in vitro was 

assessed in the long-term stimulated cultures, using HLA-A2-peptide pentamers 

incorporating known epitopes of the cognate TAAs (MUC1, h TERT, CS1 and MAGE-

C1). The data (Fig 4.5) showed an enhanced ability of the hybrid cell lines and HMY2 to 

expand antigen (MUC1, h TERT, CS1 and MAGE-C1) specific CTL in vitro in PBMCs 

from healthy donors, compared with the parent myeloma cell U266, which could be 

attributed to the expression of the costimulatory molecules by the hybrid cell lines. 

Then, I wanted to demonstrate and optimize the process of antigen specific CTL 

generation and expansion in vitro using the hybrid cell lines, in the presence of different 

cytokines. Recently, numerous reports demonstrated the proficiency of IL-2, IL-7 and IL-

15 in enhancement of activation and proliferation of induced antigen specific cytotoxic T 

lymphocytes in cell cultures, thus suggesting the use of these cytokines in the long-term 

stimulated cultures of my study. Based on the previous protocol used by Mohamed et al 

(2012), using IL-2 as the main growth factor of T lymphocytes, and IL-7 from the third 

stimulation round (Mohamed et al., 2012b), I therefore intended to investigate the effect 

of selected other cytokines on the activation level of the induced T lymphocytes, such as 

IL-7 used from the first week (to have its effect in naïve and memory T cells) (Schluns et 
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al., 2000; Surh and Sprent, 2008), and IL-15 based on its anti-apoptotic effect (Zhang et 

al., 1998; Lu et al., 2002).  

Adding IL-7 in the first stimulation round of the long-term stimulated cultures enhanced 

IFNγ (Fig 4.6) and perforin (Fig 4.7) releasing antigen specific T cells, compared with 

adding it in the third stimulation round. This may be due to the crucial effect of IL-7 on 

the proliferation and survival of naïve and memory T cells, as reported by previous studies 

(Tan et al., 2001; Schluns et al., 2000; Seddon and Zamoyska, 2002; Surh and Sprent, 

2002; Osborne et al., 2007). However, unlike naïve T cells, memory T cells require the 

presence of IL-15 in addition to IL-7 for survival (Boyman et al., 2009).  

Using IL-15 in the long-term stimulated cultures demonstrated much clearer difference in 

perforin ELIspot (Fig 4.9) than in IFNγ ELISpot (Fig 4.8), suggesting that IL-15 has a 

greater effect on CD8+ T cells and/or T cell mediated cytotoxicity. This could be 

attributed to multiple effects of IL-15 on CD8+ T cells in the long-term stimulated 

cultures. Several studies have demonstrated that IL-15 induced the activation and 

proliferation of naïve and memory CD8+ T cells, and memory CD4+ T cells (Kanegane 

and Tosato, 1996; Berard et al., 2003). However, IL-15 failed to induce the proliferation 

of naïve CD4+ T cells (Kanegane and Tosato, 1996). Also, Lu et al. (2002) reported that 

the cytolytic function of effector CTLs can be retained for up to sixty days by using IL-

15 in their expansion and maintenance. They explained that IL-15 has an effect on CD8+ 

T cells, but not on CD4+ T cells, due to the expression of IL-15 alpha chain on the surface 

of CD8+ T cells; by contrast CD4+ T cells lack the expression of this chain (Lu et al., 

2002). Some studies demonstrated the enhancement of cytokine secretion and promotion 

of survival and proliferation of antigen specific CD8+ T cells in the presence of IL-15 

(Schluns and Lefrançois, 2003; Brincks and Woodland, 2010). In addition, Mueller et al. 

(2005) reported enhanced effect of memory CD8+ T lymphocytes and NK cells in 

response to human immunodeficiency virus in the presence of IL-15. However, regarding 

my ELISpot assays, the use of K562 as stimulator indicated absence or very low activity 

of NK cells in the long-term stimulated cultures. The experiments investigating the effect 

of IL-7 and IL-15 were carried out only once, to identify the trend of the effect of these 

cytokines on the induced antigen specific T cells in long-term stimulated culture, and need 

to be repeated to confirm the findings. If I had more time I would repeat these 

experiments. However, based on these data, I used the combination of IL-2/IL-7/IL-15 in 

the subsequent experiments. 
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4.3.3 Immunostimulatory proliferative responses of T cell subsets in the long-term 

stimulated cultures 

Tracking of T cell subtypes in long-term stimulated cultures (Fig 4.10) revealed that the 

hybrid cell lines HRC and HU266 induced the proliferation of CD8+ T cells at a much 

higher level than CD4+ T cells, which could be attributed to high level of expression of 

HLA class I and the costimulatory molecules (CD80 and CD86), in addition to the use of 

IL-7 and IL-15 in the long-term stimulated cultures, as these cytokines enhance the 

survival and proliferation of naïve and memory CD8+ T cell as previously discussed. IL-

7 and IL-15 have a synergistic effect on the homeostatic proliferation of memory 

phenotype of CD8+ T cells, but not on memory CD4+ T cells (Tan et al., 2002). Also, 

administration of recombinant IL-7 in vivo, decreased CD4/CD8 ratio, and increased 

CD8+ T cells proliferation (Komschlies et al., 1994; Faltynek et al., 1992). In contrast to 

CD8+ T cell increase in number, CD4+ T cells tended to drop down quickly, after initial 

proliferation. However, CD4+ T cells proliferated in HU266 stimulated cultures for the 

first two weeks before waning, which may be due to the high level of expression of HLA 

class II by HU266. Another possible explanation of low numbers of CD4+ T cells in the 

long-term activated cultures, is the presence of IL-2, in high concentration, as Blattman 

et al. (2003) showed that the use of IL-2, during T cell expansion in vivo resulted in 

inhibition of CD4+ T cells expansion. In contrast, HMY2 stimulated cultures supported 

the proliferation of CD4+ T cells, which have the upper hand in this particular culture 

over CD8+ T cells. This may be due to the nature of HMY2 as an APC, as it may support 

the antigen presentation using MHC class II. The T cell population stimulated by U266 

showed unresponsiveness to further stimulation rounds, which may be attributed to 

suboptimal co-stimulation by U266, which lead to tolerance (Lenschow et al., 1996; 

Schwartz et al., 1989). In HIC stimulated cultures, all the T cell subsets’ proliferation 

diminished dramatically after the first week, and died out by the fourth week, which could 

be attributed to very low level of CD86 expression, leading to low level of interaction of 

CD80/CD86 with CD28, as CD86 is of crucial importance in the initiation of TCR 

dependent T cell proliferation (Hathcock et al., 1994). Alternatively, this may be due to a 

low ability of HIC hybrid to process and present peptides in the context of its HLA class 

I and HLA class II, or due to the low level of expression of HLA class II, which led to 

diminished CD4+ T cell proliferation. Overall, all of the hybrids and HMY2 induced 
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immunostimulatory proliferation of CD3+ T cells and CD8+ T cells to a greater or lesser 

degree, while U266 stimulated cultures lacked this stimulation. 

4.3.4 Induction of MUC1, h TERT, CS1 and MAGE-C1 specific CD8+ T in the long-term 

stimulated cultures: 

The long-term stimulated culture in presence of IL-2/IL-7/IL-15, was assessed for 

induction of HLA-A2 restricted tumour antigen (MUC1, h TERT, CS1 and MAGE-C1) 

specific CD8+ T lymphocytes in PBMC from HLA-A2+ healthy donors, using HLA-A2-

peptide pentamers staining and IFNγ and perforin ELISpot assays.  

The HLA-A2-peptide pentamers data (Fig 4.13), showed increased ability of the hybrid 

cell lines and HMY2 to induce antigen specific CTL in vitro in PBMCs from healthy 

donors, in most cases, compared with the parent myeloma cell U266. It was noteworthy 

that HRC mostly induced the highest antigen specific CTL percentage (in the cases of h 

TERT, CS1 and MAGEC1), compared with the other hybrids, HMY2 and U266. This can 

be attributed to the high level of expression of these TAAs at protein level by HRC. In 

addition, this reflects the ability of HRC to process and present peptides of the mentioned 

TAAs in the context of HLA-A2. HRC, also, expressed the costimulatory molecules, 

CD80 and CD86. Regarding MUC1, although HIC, HRC and U266 had higher protein 

expression level of MUC1 antigens compared with HU266, HU266 induced significantly 

higher MUC1 peptide-specific CD8+ T cell percentage compared with the other hybrid 

cell lines, HMY2 and U266. This may be explained by the proficiency of HU266 to 

process and present MUC1 peptide better than the other hybrids. Also, the parent cell 

lines HMY2 and U266 induced lower MUC1-specific CD8+ T cell populations than the 

hybrid cell line HU266, which can be rationalized by their incompetence to present the 

examined peptide of MUC1 in the context of HLA-A2, or the low level of expression of 

MUC1 at protein level by HMY2, and absence of the costimulatory molecules in case of 

U266. Overall, all of the hybrid cell lines induced significantly higher levels of the 

examined antigen specific CD8+ T cells, as measured by HLA-A2 peptide pentamers, 

compared with the myeloma parent cell line U266, except in case of MAGE-C1. A 

possible explanation of this will be discussed in the next chapter. In addition, all of the 

used hybrid cell lines induced significantly elevated responses, compared with 

unstimulated PBMCs. However, the parent cell lines, HMY2 and U266, failed to induce 

such significant responses, except with HMY2 in the case of h TERT, which may be 
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explained by high level of protein expression of h TERT by HMY2. Furthermore, 

Mohammad et al. (2012b) successfully used these hybrids previously to induce MAGE-

A1, PRAME, Survivin and WT-1 specific CTL (Mohamed et al., 2012b). 

There was a clear correlation between the TAA protein expression level by the used cell 

lines and their ability to stimulate the relevant CTL, as detected by HLA-A2 peptide 

pentamers. There were 20 cases where the used cell lines expressed the related TAAs at 

protein level, and induced the pentamer positive CD8+CTL populations, whilst the level 

of the candidate TAA at protein expression level had a direct relationship with the level 

of induction of antigen specific CD8+ T cells in 13 out of the 20 occasions (65%). The 

remaining (35%) had no such direct relationship, which may be result from the other 

factors that can affect the level of activation of T cells, such as the levels of protein 

processing by the used cell lines, and the level of presentation of the peptides in the 

context of their MHCs molecules. Additionally, the mRNA expression of the examined 

TAA was positive only for 17 occasions out of 20, whereas the remaining occasions 

(15%), the mRNA expression was absent or very weak. In spite of this, the protein 

expression and the pentamer staining assay were positive. Hence, this reflects the 

significance of determination of protein expression level more than that of mRNA 

expression level (Greenbaum et al., 2003; Pascal et al., 2008).  

However, the main limitation of HLA peptide pentamer assay is the absence of any 

indication of activity of the present antigen specific T lymphocytes. So, IFNγ and perforin 

ELISpot assays were carried out to reflect the presence of functional activated antigen 

specific T cells in the cultures. 

4.3.5 Antigen specific IFNγ and perforin release in the long-term stimulated cultures: 

The results of IFNγ (Fig 4.14) and perforin ELISpot assays (Fig 4.15) reflect the presence 

of functional activated antigen specific T cells in the long-term stimulated cultures, and 

go in agreement with the pentamer staining data. For MUC1, HU266 was the highest cell 

line in terms of induction of MUC1 specific IFNγ and perforin release, as well as in 

MUC1 specific pentamer staining, in spite of its low MUC1 protein expression level as 

previously disscussed. On the other hand, HRC had the highest h TERT, CS1 and MAGE-

C1 specifc IFNγ and perforin release, which reflects its high protein expression level 

compared with the other cell lines of the study. HMY2 showed increased MAGE-C1 

specific perforin release only at 1:100 (target: effector) ratio, which quicky diluted and 
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disappeared at the other used ratios, thus reflecting low functional ability of HMY2 

stimulated T cells to induce MAGE-C1 specific perforin release at the lower used ratios. 

In terms of U266 stimulated cultures, in most cases, they lacked the induction of activated 

antigen specific T cells above the background level, in terms of IFNγ and perforin specific 

responses, in spite of production of comparable levels of antigen specific T cells in the 

pentamer staining assays, which may be explained by presense of the cells in non 

functional (anergic) state due to the absense of the costimulation by U266 (Schwartz, 

2003; Bachmann and Oxenius, 2007). However, U266 induced a low level of MUC1 

specific perforin release. This release could come from MHC unrestricted response to 

MUC1 (Takahashi and Imai, 1994; Wright et al., 2008). However, for unknown reasons, 

there is some MAGE-C1 specific IFNγ release in U266 stimulated culture, which may be 

due to the presence of low level of MAGE-C1 specific T cells in normal individuals 

(Nuber et al., 2010), as they detected MAGE- C1 specific T cells in 1 out of 10 normal 

individuals (Nuber et al., 2010). 

In summary, the level of IFNγ and perforin releasing responses was proportional to the 

responder/ stimulator cell ratios, and in all cases the responses achieved with the hybrid 

cell lines HU266 and HRC were significantly higher than the responses obtained with the 

parent stimulation by HMY2 and U266. Also, I decided not to investigate the 

immunostimulatory properties of HIC any further, because it has the lowest 

immunostimulatory effect amongst the used hybrids. This was slightly higher than U266, 

but similar to HMY2 effect. The hybrid must have higher immunostimulatory effect than 

the parent cell line, HMY2, to have any advantages over the use of the parent. 

4.3.6 FACS sorting of the induced antigen specific T cells: 

Finally, I attempted to isolate the produced antigen specific T lymphocytes using HLA-

A2 peptide pentamer staining and FACS sorting, and to expand the sorted T cells using 

Dynabeads human T activator (containing anti CD3, CD28 and CD137). Unfortunately, 

the FACS sorted cells stopped growing in the cultures after a few days. The possibility 

that pentamer binding to TCR on the sorted cells led directly or indirectly to cell death 

can not be excluded. Therefore, I undertook an experiment to optimize the culture 

conditions to expand activated T lymphocytes (not FACS sorted cells) (Fig 4.18). The 

result demonstrated that excessive stimulation of the isolated culture with Dynabeads 

(every three days) did not work, possibly due to activation induced cell death in the 

culture, and stimulation every 10 days was not enough to keep the cells alive in the culture. 
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The best stimultion condition was obtained with stimulation every week, using 1:3 ratio 

of beads: cells. However, because of the time constraint, I could not repeat the experiment 

using the optimized conditions.  

According to these data, we can see that all of the examined hybrid cell lines have the 

capability to induce the production of antigen specific CD8+ T cells to all the examined 

TAAs, to variable extents, in the long-term stimulated cultures of PBMCs from normal 

healthy individuals. So did (to a lesser extent) HMY2, while U266 was constantly a poor 

stimulator in the long-term stimulated cultures. In addition, it is clear that there was a 

strong correlation between the level of protein expression of the TAA by hybrid cell lines, 

and their ability to stimulate relevant CD8+ T cell populations, as shown by HLA-A2 

pentamer staining and ELISpot assays. 
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Chapter 5 Induction of antigen specific CTL in PBMCs isolated 

from patients with multiple myeloma 
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5.1 Introduction 

Multiple myeloma (MM) represents a malignant tumour of plasma cells, that includes 

many complications, such as monoclonal paraprotein produced in excess by abnormal 

proliferation of plasma cells, haematological disorders (bone marrow failure, anaemia), 

renal dysfunction, and bone erosion (Bladé and Rosiñol, 2007). Additionally, the major 

cause of morbidity and mortality caused by MM is the immune dysfunction, which is a 

crucial feature of this disease (Pratt et al., 2007). Various types of immunodeficiency have 

been described in MM. The most pronounced reason of immunoparesis in MM is the 

depression in primary antibody responses (Pilarski et al., 1986). On the other hand, 

multiple myeloma associated immunodeficiency can result from the alteration of both 

quantity and functional ability of the T lymphocytes in the tumour microenvironment of 

MM. So, there has been a considerable interest in the principal role of T lymphocytes in 

MM. Dosani et al. (2015) reported a decrease in CD4+ CD8+ T cell ratio, which was 

caused by decrease of the absolute and relative number of CD4+ T cells and decrease of 

the relative number of CD8+ T lymphocytes. The decrease in this ratio is mostly 

associated with the progression of the disease and poor prognosis (Dosani et al., 2015). 

The majority of T cell expansion during MM is represented in CD8+ T cells. However, 

the expansion of CD8+ T cells is more frequent in the precursor disease patients (MGUS) 

than in MM patients, in both peripheral blood and bone marrow (Halapi et al., 1997). 

Reduction in CD8+ T cell numbers in MM, compared with MGUS, could be explained by 

increase of the cytotoxic T cell dysfunction and decrease in their proliferation with the 

progression of MM (Halapi et al., 1997). T cell tolerance and unresponsiveness against 

autologous tumor cells have been reported in a variety of tumors and especially with MM. 

Despite the presence of tumor specific memory T cells in blood or in lymphoid organs, 

their capacity to react with the tumor cells is very low (Horna and Sotomayor, 2007). 

There are various reasons described for the T lymphocytes’ unresponsiveness in vivo. 

Firstly, the MM microenvironment in vivo inhibits DC maturation, and also causes DC 

dysfunction (Pratt et al., 2007). This DC dysfunction could lead to T cell inactivation due 

to absence of the costimulatory molecules. Neither DC depletion nor its dysfunction has 

been seen in the MGUS patients, which reflects the existence of T cell mediated 

cytotoxicity in those patients (Pratt et al., 2007). However, Ratta et al. (2002) described 

that the DC unresponsiveness of MM patients can be circumvented through using in vitro 

culture conditions (Ratta et al., 2002). Secondly, it was reported that some adhesion 
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molecules, such as several carcinoembryonic antigen-related cell adhesion molecules 

(CEACAMs) expressed on the cell surface of freshly isolated myeloma cells, upon the 

interaction with the T cells, can result in inhibition of T cell activation and cause their 

unresponsiveness (Witzens-Harig et al., 2013). Thirdly, the observed immunoparesis in 

MM could be attributed to boosted cellular regulatory elements, such as regulatory T cells 

(Treg), myeloid-derived suppressor cells (MDSC), or a T-helper cell imbalance 

(Murakami et al., 2004). The fourth described reason for the existence of nonfunctional 

T cells is the interaction of PD-1 on the surface of T cells with PDL1 on the surface of 

MM cells (Fichtner et al., 2015). These are some respectable explanations of the poor 

ability of CD8+ T cell to react against tumour cells in vivo. These are the reasons why 

successful immunotherapy, using the conventional CD8+ T cell subset for treatment of 

MM, has to overcome T cell and DC dysfunctions.  

In spite of their reaction with the tumour in vivo being very low, the lymphocytes, 

specifically CD8+ T cells, represent the key effectors of anti-tumour immunity, hence, 

they have been used widely in tumour immunotherapy. Kolb et al. (1990) reported 

compelling graft versus leukemia effect after allogenic stem cell transplantation, due to 

the action of effector lymphocytes. So, donor lymphocyte infusion (DLI) can be used, in 

the case of relapse after allogenic stem cell transplantation. However, a major 

complication of DLI is the graft-versus-host disease (GVHD) (Kolb et al., 1990). 

Additionally, an allogeneic T cell immunotherapy based approach was done by Drobyski 

et al. (1992). They tried to treat a chronic myelogenous leukemia patient with donor 

leukocyte infusion, after two successive failed HLA matched bone marrow 

transplantation. The patient had an antileukemic response, which occurred initially in the 

absence of GVHD, but complete disappearance of the leukemic clone did not happen until 

after the onset of GVHD (Drobyski et al., 1992). Also, Biorkstrand et al. (1996) reported 

low survival rate of MM patients after allogenic bone marrow transplantation, which 

could be attributed to GVHD (Bjorkstrand et al., 1996). However, this drawback could be 

circumvented by using identified T cells that target specific tumour antigens (Kolb et al., 

1990).  

Numerous advantages have been reported for using autologous cancer antigen induced 

specific T lymphocytes for adoptive tumour immunotherapy. Firstly, using T 

lymphocytes collected from the patient minimizes the graft versus host disease across 

MHC barriers (Kolb et al., 1990; Bjorkstrand et al., 1996). Secondly, the isolated T 



 Chapter 5 

154 

 

lymphocytes can be stimulated in vitro using a number of identified antigen-derived 

HLA-restricted epitopes, to accelerate production of antigen specific cytotoxic T 

lymphocytes (Wang et al., 2014). Numerous reports described successful treatment of the 

solid and haematological malignancies using autologous and allogeneic T cell adoptive 

immunotherapy (Aqui and June, 2008; Nelson and Paulos, 2015; Ghosh et al., 2014). 

Furthermore, adoptive immunotherapy, using patient derived myeloma cell / DC fusion 

vaccine, was feasible in most of the patients and resulted in a potent antitumour immune 

effect, which led to disease stabilization (Rosenblatt et al., 2011). 

The main limitation of using adoptive autologous T lymphocytes has been the difficulties 

of the development of culture systems for efficient expansion of the functional T cells, to 

obtain a large number of antigen specific T cells for intravenous infusion in those patients. 

Developing an in vitro culture depends on the fact that both antigen stimulation and 

secondary stimulus are necessary for optimal T cell activation, and adequate expansion 

of the effector T lymphocytes in vitro (Turin et al., 2007). Using proficient antigen 

presenting cells as a partner in the fusion with the tumour cells provides the required 

costimulatory molecules, such as CD80 and CD86. These secondary stimuli are a 

principal requirement for activation of T lymphocytes and prevent their anergy, through 

their interaction with CD28 expressed on the surface of T cells. Three evidences ensure 

the role of the costimulatory molecules-CD28 interaction in T cell stimulation. The first 

one is that inhibition of these costimuli by CTLA-4-Ig in vivo leads to massive reduction 

of T cell activation (Grossi et al., 1992). In addition to that, it was shown that activation 

of TCR signalling in the absence of the costimulatory molecules leads to activation 

induced cell death (Groux et al., 1993). The third evidence, described by Boise et al. 

(1995), who demonstrated that intrinsic signals that protect the activated lymphocytes are 

produced upon the interaction of the accessory molecules and CD28. They found that 

CD28–B7 interaction leads to accumulation of Bcl-xL intracellulary, which protects from 

extrinsic and intrinsic death signals (Boise et al., 1995). Furthermore, overexpression of 

Bcl-xL inhibits T cell apoptosis caused by anti- CD3, FAS, or cytokine withdrawal 

(Watts, 2010). 

Using different cytokines that have a critical role in the proliferation of T lymphocytes in 

in vitro cultures, such as IL-2, IL-7 and IL-15, maintains the proliferation and activities 

of these cells in the cultures and prevents their unresponsiveness (Vella et al., 1998; 

Montes et al., 2005). All these cytokines belong to the same family, as their receptors 
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share the common gamma chain of IL-2R. IL-2 is known as the lymphocyte growth factor 

as it maintains the proliferation of T lymphocytes. Also, IL-7 maintains the cell survival 

in vivo and in vitro (Vella et al., 1998). In addition to that, IL-15 has a considerable role 

in activation and proliferation of T lymphocytes to produce long-term memory T cells 

(Lugli et al., 2010). So, the expansion protocol used so far was further optimized to obtain 

a large number of the antigen specific T cells, and this is described in chapter 4.  

In chapter 4, I have shown the ability of the hybrid cell lines to induce antigen specific 

cytotoxic T lymphocytes using long-term stimulated cultures (4-6 weeks) of PBMCs 

isolated from healthy (HLA-A2+) individuals. Moreover, I have examined the activated 

cultures by pentamer staining, IFNγ release and perforin release ELISpot assays, to detect 

the presence of activated antigen specific CTL in the produced stimulated cultures.  

Aims and objectives of this chapter 

1- In this chapter, I addressed the ability of the hybrid cell lines to elicit antigen specific 

cytotoxic T lymphocytes in PBMCs taken from patients with MM, to investigate the 

efficiency of the hybrid cell lines to induce multiple myeloma antigen specific 

cytotoxic T lymphocytes using long-term stimulated culture of the patients’ PBMCs, 

with potential to use such antigen specific T cells as an adoptive tumour 

immunotherapy of multiple myeloma after production to GMP standards.  

2- I assessed the activated cultures with the HLA-A2-peptide pentamer staining, IFNγ 

release and perforin release ELISpot assays, to detect the presence of activated 

antigen specific CTL in the produced stimulated cultures.  

3- T-cell responses were confirmed by CTL-mediated cytotoxicity assays, to ensure 

their cytotoxic activity and absence of tolerance and unresponseveness in the long-

term activated cultures.  

4- Lastly, I wanted to ensure the adequate immunogenicity of the hybrids to induce 

antigen/tumour specific cytotoxic response of CTL in PBMCs of MM patients, given 

previous reports of antigen-specific T cell dysfunction in patients with MM 

(Murakami et al., 2004; Witzens-Harig et al., 2013). 
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5.2 Results: 

In this chapter, two selected myeloma hybrid cell lines (HU266 and HRC), were used as 

stimulators in long-term activated T cell cultures, by co-culturing in vitro with PBMCs 

isolated from MM bearing patient, in the presence of IL-2, IL-7 and IL-15. The long-term 

stimulated culture was carried out to activate antigen specific cytotoxic T cells, with the 

purpose of potential use of the produced antigen specific CTL cell line after production at 

GMP standard as an autologous adoptive immunotherapy of MM (not for my cultures as 

we do not have GMP facilities). The selected hybrid cell lines were chosen based on their 

efficiency in the induction of antigen specific CTL in PBMCs isolated from HLA-A2+ 

healthy donors, as described in the previous chapter, and their level of expression of the 

examined antigens. Nine different MM patient samples were collected, to estimate the 

effect of the used hybrids on the activation of T cells isolated from different MM patients. 

Details of those patients are shown in Table 2.1.2 (five of these patients were HLA-A2+, 

while four patients were HLA-A2-). 

5.2.1 Estimation of allogeneic activation of MM patients’ T cell subsets, using CFSE 

staining: 

Various reports demonstrated the unresponsiveness of T cells isolated from MM patients 

(Pratt et al., 2007; Witzens-Harig et al., 2013). However, other reports illustrated the 

ability of T cells isolated from tumours of myeloma patients to be activated in vitro using 

DC, to enhance the cytotoxic response to the autologous tumour (Dhodapkar et al., 2002; 

Ratta et al., 2002). So, prior to trying to induce antigen specific CTL in MM patients’ 

PBMCs, I wanted to examine the in vitro allogeneic activation of patients’ T lymphocytes, 

after recognition of mismatched HLAs of the hybrid cell lines, to ensure the ability of the 

patients’ T cells to respond to the in vitro allogeneic activation, and the absence of their 

unresponsiveness. The second aim of this experiment was to confirm the ability of the 

hybrid cell lines as immunogens, which have the ability to activate the patients’ T cells. 

The allogeneic stimulation was done using the selected hybrid cell lines, HU266 and 

HRC, in addition to their parents, HMY2 and the parent myeloma cell line U266. The 

experiment was set up using the same method as in section 4.2.1.1. After isolation of 

PBMCs from MM patients, the cells were stained with CFSE and stimulated for five days 

with HMY2, HU266, HRC and U266. Afterwards, the cells were stained with relevant 

monoclonal antibodies for CD3, CD8, and CD4, and subjected to flow cytometric 
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analysis, to indicate T cell subset proliferation after short term stimulation. Unstimulated 

PBMCs were stained in parallel with the stimulated ones, and used as negative controls. 

During the flow cytometric analysis, the same gating strategy was used as described in 

section 4.2.1.1.1. Figure 5.1 shows that the hybrid cell lines and the parent APC (HMY2) 

had the capability to induce proliferation of CD3+ T cells, CD8+ T cells and CD4+ T cells. 

However, the parent myeloma cell line U266 induced very little proliferation of these 

different subsets, which could be attributed to the absence of expression of the 

costimulatory molecules by U266 cell line. HMY2 showed the highest allogeneic 

stimulation of CD8+ T cell proliferation, whereas HU266 demonstrated the most 

enhanced proliferation of CD4+ T lymphocytes and CD3+ T lymphocytes. 
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Figure 5.1: The percentage of proliferating T cells, isolated from MM patient. After CFSE staining and 

allogeneic stimulation with HMY2, HRC, HU266, and U266, for five days. The unstimulated PBMCs were 

used as a negative control. The experiment was done only once, due to limited number of patient samples. 
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5.2.2 Induction of allogeneic long-term activated antigen-specific CTL in PBMCs of MM 

patients  

Multiple myeloma patients’ PBMCs were stimulated in long-term, weekly activated 

cultures (4-7 weeks), using the hybrid cell lines HU266 and HRC, and their parent cells 

HMY2 and U266. The produced long-term stimulated cultures were investigated for the 

presence and percentage of certain antigen specific cytotoxic T lymphocytes. The 

candidate tumour associated antigens (h TERT, MUC1, MAGE-C1 and CS1) were used 

to examine the induction of the antigen specific CTL in the long-term stimulated cultures. 

These antigens were chosen because of their high prevalence of expression in MM 

patients, and also high level of expression of their mRNA and protein by the used cell 

lines, as shown in chapter 3. The specificities of the induced CTL were investigated using 

IF staining by HLA-A2+ restricted peptide pentamers, specific for the previously 

mentioned antigens, followed by flow cytometric analysis. Furthermore, the specificity 

and activity of the produced antigen specific CTL was demonstrated using IFNγ and 

perforin ELISpot assays, and the cytotoxic function was measured using DELFIA® 

EuTDA cytotoxicity assays. 

5.2.2.1 HLA-A2-peptide pentamer analysis  

The produced long-term stimulated cultures were examined, after four weeks of 

continuous weekly stimulation, for the presence and percentage of the induced antigen 

specific CTL using FITC-labelled anti-CD8 and PE-labelled HLA-A2-peptide pentamers 

specific for the previously mentioned antigens. Following staining, the cells were 

analysed by flow cytometry. The same sequential gating strategy was applied as described 

in section 4.2.2.5. Figure 5.2 shows representative examples of the examined HLA-A2+ 

antigen specific CTL in different cultures, and Figure 5.3 shows the percentage of the 

examined HLA-A2+ antigen specific CTLs, in the total CD8+ T cells in each culture. 
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Figure 5.2: Representative examples of the HLA-A2 restricted peptide pentamer staining of different 

antigen specific CD8+ T cell populations, in different cultures. The upper row represents two negative 

control plots of the unstimulated PBMCs of different patients, and the second row represents HU266 and 

HRC stimulated HLA-A2 restricted CS1 and MAGE-C1 specific CD8+ T cell population respectively. The 

lower row represents negative examples of HLA-A2 restricted antigen specific stimulation in PBMCs 

isolated from HLA-A2- patients. 

 

Three sets of negative controls were used in this experiment, to ensure the antigen 

specificity and HLA-A2 restriction of responses. The first one was using PBMCs from 

HLA-A2- patients, as a negative control for the HLA-A2+ restricted responses. The second 

negative control was an irrelevant peptide antigen, West Nile Fever virus peptide, to 

ensure the antigen-specific T cell response against each tumour specific peptide. The third 

negative control was the staining of the unstimulated PBMCs (the same PBMCs used in 
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stimulation experiment) in parallel with the same peptide pentamers as the stimulated T 

lymphocytes. These PBMCs were used as a background, to indicate the induction of the 

antigen specific T lymphocyte in the stimulated cultures. 
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Figure 5.3: Antigen specific CTL percentages of HLA-A2 peptide pentamer analysis, using MUC1, h 

TERT, CS1, MAGE-C1 and WNF peptide pentamers, After four rounds of stimulation of PBMCs 

isolated from patients with MM using the hybrid cell lines HRC and HU266, or the parent cell lines HMY2 

and U266 as stimulators, the cultures were stained with HLA-A2 peptide pentamers incorperating cognate 

peptide antigens, followed by flowcytometric analysis. A- Represents the results of five HLA-A 2 positive 

patients, and figure B- shows the data of three HLA-A2 negative patients. Results are presented as mean ± 

SEM. The levels of significances have been summarized in the table next to each chart and presented as 

asterisks (* <0.05, **≤ 0.01, *** ≤ 0.001and **** ≤ 0.0001). 
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Figure 5.3 (A) shows that HMY2 and the two hybrid cell lines HRC and HU266, but not 

the parent myeloma cell line, U266, induced HLA-A2 restricted MUC1 antigen specific 

CD8+ T cell populations to significantly higher level than that of the unstimulated 

PBMCs. Additionally, both hybrid cell lines (HU266 and HRC) caused a significant 

induction of MUC1 specific response compared with U266. Also, HRC hybrid cell line 

produced a significantly higher antigen specific response to MUC1 compared with 

HMY2, but no significant difference was seen between the level of induction of HLA-A2 

restricted MUC1 antigen specific CD8+ T cell populations by HMY2 and U266. Also, 

the difference between the both hybrid cell lines was not significant. 

The response against h TERT was similar to that of MUC1. The highest HLA-A2 

restricted h TERT antigen specific CD8+ T cell populations were produced by the hybrid 

cell line HRC. HU266 elicited antigen specific T cells more strongly than the 

unstimulated PBMCs, and its parent cell line U266, whilst HMY2 induced a greater 

response to h TERT than was seen in unstimulated PBMCs, but not compared with U266. 

With regard to U266, there was no significant difference between the presence of h TERT 

specific T cell in their culture and that of the unstimulated PBMCs.  

Concerning CS1, the level of induction of HLA-A2 restricted CS1 antigen specific CD8+ 

T cell populations was highly significant with HU266 and HRC, compared with the parent 

myeloma cell U266 and the unstimulated PBMCs. In addition, HRC and HU266 induced 

higher percentages of pentamer positive CD8+ T cells than HMY2. All of the used cell 

lines showed significant induction of CS1 specific CD8+ T cells compared with the 

unstimulated PBMCs, except for U266.  

With respect to MAGE-C1, we can see a similar pattern of induction of MAGE-C1 

specific CD8+ T cell populations, with HRC showing the strongest induction, followed 

by HU266, and then HMY2. There was no significant difference between HMY2 and 

HU266, but HU266 had a significant elevation compared with its parent U266, which was 

not seen with HMY2. U266 stimulation failed to induce a significant increase in MAGE-

C1 specific CD8+ T cells compared with unstimulated PBMCs.  

As regards the negative control, West Nile fever virus peptide pentamer, there was no 

significant difference in the presence of WNF antigen specific CD8+ T cell populations 

between any of the stimulated cultures and the unstimulated PBMCs, confirming the 

specificity of the produced CD8+ T cell population in the other cultures. 
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The examination of the presence of HLA-A2 restricted antigen specific CD8+ T cell 

populations in long-term induced cultures of PBMCs isolated from HLA-A2 negative 

patients (Figure 5.3 B), showed that there was no significant elevation of HLA-A2 

restricted antigen specific CD8+ T cell percentages compared with that of the background 

of the ustimulated PBMCs, or compared with that of the irrelevant antigen (WNF), 

indicating that the elevation levels of antigen specific CD8+ T cells in PBMCs of HLA-

A2+ patients was restricted to the presence of the HLA-A2 molecule. 

Overall, the examined hybrid cell lines have the capability to induce increased numbers 

of antigen specific CD8+ T cells to all of the examined TAAs. HMY2 also induced 

antigen specific CD8+ T cell, but to a lesser extent, whilst U266 failed to induce antigen 

specific CD8+ T cell populations to any of the candidate antigens. 

5.2.2.2 Detection of induced antigen specific CTL using IFNγ ELISPOT assays 

Following the detection of antigen specific CD8+ T lymphocytes in the long-term 

stimulated MM patients’ PBMCs using Pro5 MHC Class I Pentamers, I wanted to 

estimate the activity of the induced antigen specific CTL in the stimulated cultures, using 

the IFNγ enzyme-linked immunospot assay (ELISPOT). This assay has the ability to 

assess both frequency and functional ability of the induced antigen specific CTL, so this 

assay can effectively be used to monitor the T cell response, as discussed in chapter 4. In 

this experiment, I examined the IFNγ releasing response of long-term stimulated CTL, 

co-cultured with HMY2, HU266, HRC and U266, to T2 cells pulsed with the same 

candidate antigens as delineated (MUC1, h TERT, CS1 and MAGE-C1). Moreover, the 

experiment was set up using an irrelevant peptide loaded T2 cell (WNF peptide), as a 

negative control. Additional negative controls that were used were K562 (to examine NK 

cells activation), and stimulated T cells without further stimulation during the ELISpot 

assay, to assess the background response. In addition to that, the same assay was done 

using PBMCs isolated from HLA-A2- MM patients, to assess the restriction of CTL 

response to specific antigens presented in the context of HLA-A2.  

The results illustrated (in Figure 5.4 A) summarise IFNγ release (ELISPOT) assays using 

data collected from five different HLA-A2+ MM patients. The data show that the hybrid 

cell lines (HU266 and HRC) stimulated significant elevation of IFNγ releasing cells in 

response to restimulation with MUC1 derived peptide-pulsed T2 cell line, compared with 

their parent HMY2, the parent myeloma cell line U266, and cultured PBMCs without 
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further re-stimulation. There was no significant difference of this response between 

HMY2 and U266 simulated cultures, at any of the used ratios. Regarding the IFNγ 

releasing response induced by h TERT derived peptide pulsed T2 cells, HRC induced 

culture showed the highest IFNγ releasing response for this antigen, followed by HU266 

and HMY2, with no significant difference between them at the ratio of 1:100, whilst the 

response of HMY2 stimulated culture was diluted very quickly at the ratio of 1:25. The 

parent myeloma cell line, U266 stimulated culture illustrated the lowest response with 

regard to the h TERT specific IFNγ release. Regarding CS1 specific IFNγ release, both 

HU266 and HRC induced a significant increase of CS1 specific IFNγ releasing response, 

more than that of the parents HMY2 and U266. There was no statistically significant 

difference between the responses induced by HRC and HU266. In addition, U266 

stimulated culture failed to induce an antigen specific CS1 IFNγ releasing response. 

HMY2 induced a significant CS1 specific IFNγ releasing response only at the ratio of 

1:100. Regarding the MAGE-C1 specific response, HMY2, HU266 and HRC stimulated 

cultures induced significantly enhanced responses to restimulation with MAGE-C1 

derived peptide pulsed T2 cell line, but U266 failed to induce a significant IFNγ response. 

There was no significant difference between the hybrid stimulated cultures and the parent 

APC (HMY2) stimulated culture for MAGE-C1 induced IFNγ release.  

The use of stimulated PBMCs from each culture, with no further stimulation in the 

ELISPOT assay, acted as a negative control, indicating the antigen specific IFNγ releasing 

response induced by further stimulation with the relevant antigenic peptides. Also, 

restimulation of the long-term stimulated T lymphocytes using WNF derived peptide 

pulsed T2 cells failed to induce any IFNγ releasing response. These data showed that the 

hybrid cell lines and HMY2 induced MM antigen specific responses in long-term 

stimulated T lymphocytes cultures, but U266 failed to induce a significant response. 

Additionally, K562 (NK cell target) stimulation showed a lack of NK cell activity in all 

stimulated cultures.  

Finally, PBMCs from three different HLA-A2- MM patients were stimulated in parallel 

with the HLA-A2+ MM samples, and used as negative controls (Figure 5.4B) in IFNγ 

releasing ELISpot assays. The produced long-term stimulated lymphocytes were used as 

responders to T2 cells pulsed with the same, previously mentioned antigenic peptides in 

IFNγ ELISpot assays.  



 Chapter 5 

166 

 

The data collected from two of HLA-A2 negative patients showed no elevation of any of 

the examined antigen specific responses. However, one of HLA-A2- patients’ samples 

showed apparent weak to moderate antigen specific IFNγ releasing responses, to the 

examined antigens in all the stimulated cultures. I tried to explain this result in the next 

section.  
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Figure 5.4: IFNγ ELISpot assays. Responder cells (allogeneic PBMCs, isolated from MM patients and 

stimulated with HMY2, HU266, HRC and U266) were mixed with T2 stimulator cell lines (after pulsing 

with MUC1, h TERT, CS1, MAGE-C1 and WNF derived peptides) in IFNγ ELISpot assays. Chart A 

represents responses of five HLA-A2+ MM patients, and B represents responses of three different HLA-A2- 

MM patients. Data are presented as mean value of the patients’ responses ± SEM. Stimulated PBMCS in 

the long-term culture of the used cell lines without further stimulation were used as a negative control in 

each corresponding ELISpot assays of the same cell lines. The levels of significances have been summarized 

in the table next to each chart and presented as asterisks (* <0.05, **≤ 0.01, *** ≤ 0.001and **** ≤ 

0.0001). 
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5.2.2.2.1 Explanation of the presence of IFNγ releasing response in one of the HLA A2- 

patients: 

In one of the HLA-A2 negative patient samples, some IFNγ releasing response was 

observed in the IFNγ ELISpot assays, in response to the tumour antigenic peptides, but 

not to WNF peptide (Figure 5.5). Absence of this response to WNF pulsed T2 cells 

suggested a lack of allogeneic (mismatched HLA) response to T2 cells. In addition, 

absence of HLA-A2 expression in this patient (Figure 5.6) suggests that the response 

observed was an allogeneic response to HLA-A2, rather than an antigen-specific HLA-

A2 restricted response (Darrow et al., 1989; Crowley et al., 1990).  

 

Figure 5.5: IFNγ releasing ELISpot assay in one of HLA-A2 negative patient. There are observed 

increases of IFNγ releasing responses in the case of MUC1 (in all of the used ratios), h TERT (in 1:100 and 

1:50), and CS1 only in 1:100 ratio.  
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Figure 5.6: Flowcytometric histograms of HLA-A2 expression by the mentioned HLA-A2 negative 

patient (in the upper row), and one of the HLA-A2 positive patients in the lower row. The left hand 

histogram of each line represents the isotype control staining of this patient, and the right hand histogram 

represents cells stained with the HLA-A2 specific mAb BB7.2. 

 

One possible explanation for the IFNγ ELISpot results was that the presence of some 

antigenic peptides stabilized the HLA-A2 molecule on the surface of T2 cells more 

effectively than the others, which may lead to upregulation of HLA-A2 expression at the 

cell surface, and induction of an HLA-A2- specific allogeneic response. For this reason, 

I examined the actual stability of HLA-A2 expression of the T2 cell line after pulsing with 

all the candidate peptides, using the flow cytometric analysis (Figure 5.7). Unpulsed T2 

cells were used as a negative control. The results showed that MUC1 and h TERT derived 

peptides caused the highest level of HLA-A2 stabilization, followed by CS1and MAGE-

C1, whilst, WNF virus derived peptide caused lowest HLA-A2 stabilization level. 

Moreover, I used Syfpeithi score software (www.syfpeithi.de) to estimate the binding 

avidity of each HLA-A2 loaded peptide of the used MM antigen derived peptides and 

WNF derived peptide. Table 5.1 gives the MFI of HLA-A2 expression on T2 pulsed 

peptide, and the syfpeithi scores. The results indicate that the TAA have a relatively high 

binding avidity for HLA-A2, compared with WNF virus peptide by both level of HLA-

A2 expression and Syfpeithi score. The predicted HLA-A2 binding avidity of MUC1was 

the highest followed by h TERT, CS1, MAGEC1, and WNF in a descending order. 

Accordingly, these data suggest that the increase of HLA-A2 stability caused by the TAA 

The mentioned HLA-A2 

negative patient

http://www.syfpeithi.de)/
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peptide could lead to some HLA-A2 specific allogeneic response in these particular 

cultures, using PBMCs from the HLA-A2- myeloma patients.  

 

Figure 5.7: Flow cytometric analysis of the stability of HLA-A2 molecule of T2 cell 

line pulsed with the examined MM antigens, irrelevant WNF peptide antigen, or unpulsed 

T2 cell line. 

 

Table 5.1: Stability of HLA-A2 pulsed with WNF, MUC1, h TERT, CS1 and MAGE-

C1 using flow cytometric analysis and Syfpeithi score. 

 

Antigen 

 

Peptide sequence 

 

MFI after loading 

on T2 cells 

Binding prediction 

score (Syfpeithi score) 

MUC1 LLLLTVLTV 394 31 

h TERT ILAKFLHWL 403 30 

CS1 SLFVLGLFL 387 25 

MAGE-C1 ILFGISLREV 383 18 

WNF LGMSNRDFL 291 13 

Unpulsed T2 cells N/A 191 N/A 

CS1 MAGE-C1 

WNF Unpulsed T2 
cell 

MUC1 
h TERT 

MFI= 403 
MFI= 394 

MFI= 387 MFI= 383 

MFI= 291 MFI= 191 
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5.2.2.3 Detection of antigen specific CTL in long-term activated cultures using the 

perforin ELISPOT assay: 

The previous experiment showed the suitability of the IFNγ ELISPOT assay for 

monitoring T cell responses in long-term stimulated cultures, and the ability of the hybrid 

cell lines to stimulate functional T cell responses. However, perforin ELISPOT assay may 

represent a more direct analysis of cell-mediated cytotoxicity, as compared to the IFNγ 

ELISPOT, since perforin is a key mediator of target cell death via the granule-mediated 

pathway. The same experimental set up was used as for IFNγ release ELIspot assay. 

However, due to shortage of patients’ PBMCs, the experiment was done using three 

different patient samples from HLA-A2+ MM patients only. There were insufficient cells 

in the cultures of PBMCs from HLA-A2- MM patients to use these as controls in this 

experiment. 

Figure 5.8 shows that the hybrid cell lines HU266 and HRC stimulated strong perforin 

releasing responses to MUC1 derived peptide pulsed T2 cell line, significantly higher than 

HMY2 (not in 1:25 ratio), the parent myeloma cell line U266, and the background 

response of stimulated PBMCs with no more stimulation in ELISpot. U266 stimulation 

did not induce a significant increase of the specific perforin release to this TAA compared 

with the background PBMCs. The difference between the hybrid cell lines (HRC and 

HU266) and their parent APC (HMY2) was significant at most of the used ratios.  

The hybrid cell line HRC stimulated culture caused the most significant elevation of h 

TERT specific perforin release, compared with the other used cell lines and the 

background PBMCs. Also, the hybrid cell line HU266 induced a significant increase in 

perforin release in response to h TERT, when compared with its parent myeloma cell line 

and the background PBMCs. However, no significant difference was seen between 

HU266 and its parent APC, HMY2, regarding h TERT specific perforin release. Also, the 

difference between the responses of U266 stimulated culture and PBMCs was not 

significant.  

The stimulation effect of the hybrid cell lines HU266 and HRC to induce CS1 specific 

perforin releasing cells was almost the same, and their CS1 specific perforin release 

effects were significantly higher than that of the parent myeloma cell line U266 and the 

background PBMCs. Furthermore, the difference between this specific induction level of 

these hybrids and HMY2 was significant at 1:100 (target cells: effectors) ratio. HMY2 
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activated cells showed higher stimulation of perforin release than PBMCs without further 

stimulation, but only induced stronger perforin release in response to CS1 than U266 at 

the highest T: E ratio (1:100).  

It is of note that almost all of the stimulated cultures showed a weaker perforin releasing 

response to MAGE-C1 derived peptide pulsed T2 cells than the other candidate antigens. 

However, it follows the same order, as the hybrid cell lines HRC and HU266 stimulated 

cultures were the highest producers of the perforin releasing response specific to peptide 

derived MAGE-C1 pulse T2 cells, followed by HMY2, and the weakest effect was shown 

by the U266 stimulated cultures.  

The negative controls used in the experiments were stimulated PBMCs taken from each 

culture without further stimulation in ELISpot assays,T2 pulsed with an irrelevant peptide 

(WNF), and K562 (NK cell control). All these negative controls did not induce any 

perforin release, using different long-term stimulated T cells.  
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T:E ratio 

Figure 5.8: Perforin release ELISpot assays. Long-term stimulated responder cells (PBMCs, isolated 

from MM patients and stimulated with HMY2, HU266, HRC and U266) were cocultured with T2 stimulator 

cell lines (after pulsing with MUC1, h TERT, CS1, MAGE-C1 and WNF derived peptides) in perforin 

ELISpot assays. Charts represent responses of three HLA-A2+ different MM patients. Data are presented 

as mean value of the patients’ response ± SEM. Level of significance were indicated as asterisks, and 

summarised in the tables next to each graph. 
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5.2.2.4 Detection of cytotoxic effect of antigen specific CTL in long-term stimulated 

cultures using DELFIA® EuTDA Cytotoxicity assays: 

In the previous experiments, detection of antigen specific CTL in the long-term stimulated 

MM patients’ PBMCs was carried out using Pro5® MHC Class I Pentamer analysis, and 

IFNγ and perforin ELISpot assays. Afterward, I wanted to assess the cytotoxic ability of 

the activated antigen specific CD8+ CTL produced in the long-term stimulated cultures, 

to ensure their activity, using DELFIA® EuTDA Cytotoxicity assays. The experiment 

was set up using T2 cell line pulsed with either the relevant TAA- derived peptides, or 

with an irrelevant, HLA-A2 restricted (WNF) virus peptide, as a negative control, as 

described previously. The cell line K562 was used as a target cells to determine the killing 

activity of NK cells produced in the cultures. Moreover, to examine the antitumour and 

allogeneic activation of the induced T lymphocytes, U266 was used as target cell line in 

the cytotoxicity experiment. 

The cytotoxicity data are shown in Figure 5.9, which summarises the cytotoxicity results 

of long-term stimulated T lymphocytes in vitro, isolated from five HLA-A2+ MM and 

three HLA-A2- patients. The following formula was used to calculate the cytotoxic 

activity observed. 

Regarding the MUC1 specific cytotoxic response, HRC and HU266 induced cultures 

showed the highest cytotoxic response against MUC1 peptide pulsed T2 cell line 

compared with unpulsed T2 cells. HU266 induced CTL exhibited a strong statistically 

significant response at the entire used target: effector ratios compared with its parent 

U266. However, the HU266 induced cultures showed a significantly increased response 

only at 1:100 (target: effector cells) ratio compared with its APC parent, HMY2. The 

hybrid cell line HRC elicited a significant MUC1 specific cytolytic response compared 

with U266. HRC, also, induced a moderate significantly increased cytotoxic response 

compared with HMY2. However, U266 failed to induce MUC1 specific cytotoxic 

response compared with unpulsed T2 cell line. 

Concerning the h TERT specific CTL response, HRC stimulated culture showed the 

highest specific cytotoxic response to T2 cell line pulsed with HLA-A2 restricted h TERT 

peptide. There was no significant difference of the cytotoxic response between the 

cultures induced by HMY2 and HU266. Also, both of the used hybrids (HU266 and HRC) 

activated cultures induced strongly significant cytotoxic responses, compared with U266 
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stimulated culture and with unpulsed T2 cell line. HMY2 also induced significant 

response at all T: E, compared with U266 and unpulsed T2 cells. Regarding U266, no 

significant difference was observed between h TERT derived peptide pulsed T2 cells and 

unpulsed T2 cell line, induced by U266. 

The hybrid cell line HU266 induced the most significantly elevated cytotoxic response to 

CS1 peptide-pulsed T2 cell line compared with unpulsed T2 cells. The response of HU266 

was followed by that of HRC and HMY2. Both of the hybrid cell lines induced a 

significantly elevated response compared with the response of U266 stimulated cells, 

whereas the HMY2 induced cytotoxic effect diluted quickly, at the ratio of 1:25 (target: 

responder cell ratio). Also, the difference between HMY2 and HRC stimulated cultures 

was significant only at the T: E ratio 1:100. U266 did not induce any CS1 specific 

cytotoxic response compared with unpulsed T2 cell line. 

HU266 induced the most significantly upregulated response to MAGE-C1 peptide-loaded 

T2 cells, compared with the other cell lines, except with HRC at 1:25 and 1:100 ratio, 

where there was no significant difference between HU266 and HRC. In addition to that, 

there was a significant increase of the cytotoxic response between the used hybrid cell 

lines stimulated cultures and that of the used myeloma cell line, U266. HMY2 induced 

significantly higher cytotoxic response than that of U266, however, its response was 

significantly lower than that of HU266. No significant difference was seen between 

HMY2 and HRC induced cultures at 1:25 and 1:100 ratios.  

The cytotoxicity experiments were also set up using different negative controls, such as 

WNF virus peptide- pulsed T2 cell line, and K562 (control of NK cells) as a target cells. 

None of the used negative controls induced any cytotoxic response, using any of the 

stimulated cultures. Moreover, the stimulated HLA-A2- PBMCs of three patients did not 

upregulate any cytotoxic response against any of the examined antigens using all of the 

used stimulators, as shown in Figure 5.9 B.  

 

Overall, both HRC and HU266 hybrid cell lines induced significant HLA-A2 restricted 

antigen-specific cytotoxicity against all of the candidate TAAs. HMY2 also induced 

tumour antigen specific cytotoxicity, but at lower level than the two hybrid cell lines. The 

parent myeloma tumour cell lines U266 failed of induce any significant TAA specific 

cytotoxic response to peptide pulsed T2 cells compared with unpulsed T2 cells. 
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Figure 5.9: The cytotoxic activity of the long-term stimulated antigen specific cytotoxic T 

lymphocytes. (A) isolated from HLA-A2+ MM patients, and directed against T2 cell line pulsed with the 

relevant HLA-A2 restricted TAA derived peptides of MUC1, h TERT, CS1 and MAGE-C1, and an irrelevant 

antigen peptide  WNF virus). K562 and WNF pulsed T2 cells were used as negative controls. The hybrid 

cell lines, HU266, HRC and the parent cell lines HMy2 and U266, were used for stimulation of the induced 

antigen specific T cell line. Data are presented as mean ± SEM of % specific lysis of five different HLA-

A2+ MM patients. Statistically significant differences were indicated as asterisks, and summarised in the 

table next to each graph (* <0.05, **≤ 0.01, *** ≤ 0.001and **** ≤ 0.0001). (B) The cytotoxic effect of 

long-term stimulated T lymphocytes isolated from three different HLA-A2- MM patients, using the same 

experimental set up as that of the HLA-A2+ samples. 
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5.2.2.5 Allogeneic cytotoxic response of the produced long-term stimulated antigen 

specific CTL: 

To examine the presence of allospecific cytotoxic response rather than the antigen specific 

cytotoxic response of the produced long-term stimulated cultures, I used U266 in the 

cytotoxicity assay as a target cells. This experiment would detect both allogeneic 

cytotoxic effect, due to mismatched HLAs, as well as the antigen specific response, as 

U266 can express high level of specific TAAs as mentioned in section 3.2.4. 

Unfortunately, due to the shortage of the used patient’s PBMCs, this experiment was done 

using the long-term stimulated PBMCs of two different HLA-A2+ patient’s samples only. 

The results, shown in Figure 5.10, illustrated that HRC induced the most upregulated 

cytotoxic response to U266, followed by HU266 and HMY2. The parent myeloma cell 

line U266 induced a lowest cytotoxic response. The difference of the induction level of 

the cytotoxity is highly significant between the used hybrid cell lines and U266, and the 

difference of HMY2 effect was of low significance, compared with U266. The enhanced 

responses to U266 may imply the presence of allospecific response or shared tumour 

antigen which lead to specific T cell responses. However, which of these responses caused 

the cytotoxic effect could not be answered by this experiment. The levels of killing of 

U266 cells induced by the different stimulator cell lines broadly reflected the hierarchy 

of responses that was seen for the antigen-specific CTL induction. 

To summarise, the efficiency of the used hybrid cell lines to induce antigen specific CTL 

effectors in PBMCs from (HLA-A2+) MM patients was confirmed using the cytotoxicity 

assay. In addition to that, HMY2 induced a moderate cytotoxic response in MM patient’s 

PBMCs, while U266 failed to induce such response in the cultures. 
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Figure 5.10: Cytotoxic response of the long-term stimulated CTL to U266. The induced CTL 

were activated by HMY2, HU266, HRC and U266. Data are presented as mean ± SEM of % specific 

tumour lysis of two different HLA-A2+patients, and the significant differences were summarised in 

the table next to the graph, and shown as asterisks (* <0.05, **≤ 0.01, *** ≤ 0.001and **** ≤ 

0.0001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Chapter 5 

191 

 

5.3 Discussion: 

Immunosuppressive activity of MM micro-environment targets cytotoxicity of T cells 

through different mechanisms: presence of cellular regulatory elements, e.g. T reg 

(Murakami et al., 2004), upregulation of cell adhesion-mediated immune resistance (that 

take place through adhesion of myeloma cells to accessory cells, such as bone marrow 

stromal cells or vascular endothelial cells, which lead to downregulation of Fas, and 

upregulation of survivin) (de Haart et al., 2013), or DC dysfunction (Brimnes et al., 2006; 

Pratt et al., 2007), as delineated in section 5.1. Accordingly, various reports demonstrated 

the unresponsiveness of T cells isolated from MM patients to tumour cells (Pratt et al., 

2007; Witzens-Harig et al., 2013). However, other reports have illustrated the ability to 

enhance the cytotoxic response of T cells to autologous tumour in vivo using tumour 

antigen vaccination or in vitro through activation of T lymphocytes (Dhodapkar et al., 

2002; Hayashi et al., 2003; Rosenblatt et al., 2013).  

Vaccination with tumour antigens has the advantage that screening of the antigen 

immunogenicity and generation of the effector immune cells is done by the patient’s own 

immune system (Ho et al., 2006). Vaccination with self-antigens usually results in low 

memory response and a time limited effect. In a trial to break tolerance to self-antigens, 

Hofmann et al. (2015) used analogue peptides produced by modification of the peptides 

that bind to the anchor residues of MHC, thus enhancing the peptide binding and leading 

to better exposure of the peptide to T cells. Use of these analogue peptide in vaccination 

of patients with acute myeloid leukemia showed a notable success rate with enhancement 

the immunogenicity of these peptides (Hofmann et al., 2015). Rosenblatt et al. (2013) 

reported the efficiency of cellular immunotherapy in MM patients, using DC/MM cell 

fusion vaccine, after transplantation. They showed that this vaccination resulted in 

expansion of MM-specific CD8+ T cells, and reduction of minimal residual disease 

(Rosenblatt et al., 2013). 

The use of tumour antigen based vaccines in tumour immunotherapy induced a moderate 

magnitude of antigen specific T cells, with limited effect on the cancer progression 

(Montes et al., 2005). Moreover, in case of failure to induce a significant tumour-specific 

immune response, it would be difficult to identify reasons of the failure, and how to 

circumvent them (Ho et al., 2006). The presence of dysfunctional antigen presenting cells 

and regulatory T cells in tumour bearing patients limit vaccine efficacy (Rosenblatt et al., 
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2010). This delivers a good rationale for trying to induce antigen specific T cell responses 

in vitro, not only for screening the examined antigen immunogenicity before using it for 

in vivo vaccination, but also for generation of T cell clones, which could be used directly 

in adoptive immunotherapy. There are numerous forms of antigens (such as tumour cell 

lysate or antigen derived peptides), and stimulator cells (APCs) that have been employed 

in vitro, and showed effective expansion of ex vivo T cells that have been primed in vivo 

(Ho et al., 2006). For instance, ex vivo PBMCs were stimulated weekly using autologous 

DCs, pulsed with apoptotic MM bodies, and the stimulated T cells showed significantly 

greater proliferation, compared with PBMCs stimulated with MM cells only, and they 

also showed significant cytotoxicity against autologous MM cells (Hayashi et al., 2003).  

Another study showed that T cells isolated from MM patients at various stages of the 

disease could not induce any response to autologous MM tumour cells. However, after 

stimulation with tumour loaded DCs, specific cytotoxicity and IFNγ release responses to 

autologous tumour cells, was seen in six out of seven patients (Dhodapkar et al., 2002). 

The effector T cells isolated from myeloma patients’ blood and bone marrow tumour 

environment were of similar efficiency after stimulation (Dhodapkar et al., 2002). In 

addition, adoptive cellular transfer of autologous, ex vivo stimulated TIL have been used 

in treatment of melanoma patients, with a success rate of 50%, and lymphodepletion of 

the patients before infusion of TIL resulted in improvement of the rate to 70% (Rosenberg 

and Dudley, 2009). DC/ myeloma cell hybrid cell lines induced ex vivo T cells that had a 

predominantly activated phenotype, showing high percentages of T cells expressing 

CD69 and IFNγ, and high ability to lyse autologous myeloma tumour cells (Rosenblatt et 

al., 2011). In terms of induction of antigen specific responses, the stimulated cultures 

exhibited expansion of T cells with MUC1 specificity (Rosenblatt et al., 2010).  

 

The ability of multiple myeloma hybrid cell lines (HRC, HU266), and HMY2 to induce 

allogeneic lymphoproliferative responses, and TAA-specific IFN and perforin releasing 

responses, using PBMCs isolated from healthy HLA-A2+ donors was shown in vitro, and 

the data were presented in Chapter 4. These cultures induced HLA-A2 restricted CD8+ T 

cells specific for MUC1, h TERT, CS1, and MAGE-C1.  

Consequently, in this chapter I have examined the hybrids’ ability to induce allogeneic 

and TAA specific CTL responses in vitro, in PBMCs isolated from myeloma bearing 
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patients. There were three possible outcomes from these experiments. The first possibility 

was the presence of T cell responses to allogeneic and antigen specific stimulation, thus 

demonstrating the absence of unresponsiveness of T cells isolated from MM patients to 

the hybrid cells stimulation. The second possibility was the occurrence of allogeneic 

responses, but not antigen specific responses. This would indicate that the antigens are 

not sufficiently immunogenic to activate the antigen specific response. The third 

possibility was to obtain negative responses in both allogeneic and antigen specific 

stimulation. This would suggest the unresponsiveness of the T cells from myeloma 

patients, as we knew from the previous data that the hybrids are antigenically strong 

enough to stimulate allogeneic and antigen specific responses in PBMCs from healthy 

donors.  

 

5.3.1 Induction of allogeneic stimulation of T cell subsets in MM patients’ PBMCs 

samples: 

The hybrid cell lines (HU266 and HRC), and HMY2, induced activated allogeneic 

lymphoproliferative T cell responses in CFSE staining experiments, using PBMCs from 

MM patients. In all of the stimulated cultures, the level of induction of CD8+ T cells was 

higher than CD4 + T cells, which could be attributed to the fact that the level of HLA class 

I expression was higher than the level of expression of HLA class II (Figure 3.2), or due to 

their functions (Abbas et al., 2012), as discussed earlier (section 4.3.1). HU266 

demonstrated the most enhanced proliferation of CD3+ T cells and CD4+ T lymphocytes, 

in addition to high level of stimulation CD8+ T lymphocytes. This may be explained by its 

high level of expression of CD80, CD86, HLA class I and HLA class II.  

The parent myeloma cell line, U266, stimulated cultures almost lacked the proliferation of 

these different T cell subsets, which could be attributed to many reasons. Firstly, the 

absence of the costimulatory molecules expression by U266 cell line. Secondly, Horna and 

Sotomayor (2007) described that, in spite of the presence of tumor specific T cells in blood 

or in lymphoid organs of tumor bearing patients, their capacity to react with the tumor cells 

was very low. The third possible explanation is that inactivation of bone marrow derived 

APCs, such as DCs in MM patients (Ratta et al., 2002), could lead to deactivation of T 

lymphocytes due to the absence of bystander antigen presenting cells (Cywinski et al., 

2006) in the patients’ PBMCs. This could address the differences between U266 induced 
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allogeneic stimulation of MM patients’ PBMCs and normal healthy donors’ PBMCs in 

CFSE staining, as U266 induced a high level of allogeneic T cell subsets proliferation in 

healthy individuals’ PBMCs, but not with patient samples. Another difference between 

these two experiments is that CD4+ T cells in MM patients’ PBMCs have been proliferated 

to a higher degree, compared with CD4+ T cells in healthy donors PBMCs, which could be 

explained by the increased level of T reg cells in patients with MM, whilst the other types 

of CD4+ T cells are usually decreased in MM (Brimnes et al., 2010). 

Overall, the presence of allogeneic lymphoproliferative responses in MM patients’ 

PBMCs after stimulation with the hybrid cell lines (HU266 and HRC), and HMY2, 

demonstrates that T cells from MM patients are not anergic. However, this experiment 

was done once only, due to limited number of patient samples, so these results should be 

treated with caution. 

 

5.3.2 Induction of antigen specific T lymphocytes in MM patients’ PBMCs: 

Long-term stimulated T cell cultures were carried out for induction of antigen specific 

CTL in PBMCs from MM patients. The produced long-term stimulated cultures were 

examined for the presence and percentage of the antigen specific CTL using FITC-

labelled anti-CD8 and PE-labelled HLA-A2-peptide pentamers specific for MUC1, h 

TERT, CS1, and MAGE-C1. In HLA-A2+ patients, the hybrid cell line HRC induced the 

highest significant elevation of MUC1, h TERT, CS1, and MAGE-C1 specific CTL, 

compared with U266, and the background PBMCs. This could be explained by the high 

level of the protein expression of these antigens by HRC, or its ability to process and 

present the examined peptides in the context of its HLA-A2. There was no significant 

difference between HU266 and HRC, in terms of induction of antigen specific CTLs, 

except for h TERT, which reflects the difference in their levels of expression of h TERT 

at a protein level. The difference between HU266 and the parent myeloma cell line, U266, 

was significant in all of the examined cultures. This may be due to the expression of the 

costimulatory molecules in HU266, or to appropriate presentation of TAA derived 

peptides by HLA-A2. U266 did not induce any significant elevation of the examined 

antigens specific CTL, compared with the unstimulated PBMCs, which may be due to the 

absence of the expression of the co-stimulatory molecules, as stimulation of T 

lymphocytes in absence of the secondary stimulation signals could lead to tolerance 
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(Bour-Jordan et al., 2011). For all of the examined antigens, HMY2 also induced 

significantly higher antigen specific CD8+ T lymphocytes than the unstimulated PBMCs. 

However, HRC induced responses were significantly higher than the responses induced 

by HMY2, for all of the candidate TAAs. Also, HU266 induced CS1 antigen specific 

CD8+ T cells responses significantly higher than HMY2. This may also reflect the protein 

expression levels in these cell lines, and the higher ability of the hybrids to process and 

present these antigens. 

For each of the candidate antigens, the long-term stimulated cultures induced proportional 

pentamer positive CD8+ T cell populations that correlated with the level of protein 

antigens expressed by each of the stimulating cell lines, except h TERT. Although the 

protein expression level of h TERT in HU266 is much lower than HMY2, there was no 

significant difference between their levels of induction of h TERT antigen specific CTLs, 

as revealed by pentamer staining assays. This contradiction might be due to the stability 

of this peptide, as shown in Table 5.1. So, HU266 was able to induce h TERT specific 

population even at a low protein expression level. Another possible explanation might be 

the proficiency of HU266 in processing and presentation of h TERT, compared with 

HMY2.  

Absence of induction of HLA-A2 restricted antigen specific CD8+ T cells in PBMCs 

isolated from HLA-A2 negative MM patients, confirms the HLA-A2 restricted response 

of the produced antigen specific CD8+ T cells in HLA-A2 positive patients. The 

specificity of the induced antigen specific T lymphocytes was confirmed by the absence 

of induction of irrelevant antigen (WNF) specific T lymphocytes, in both HLA-A2+, and 

HLA-A2- patients’ PBMCs.  

The significant elevation of all of the hybrid stimulated antigen specific T lymphocytes, 

compared with the unstimulated T lymphocytes and U266 stimulated antigen specific T 

lymphocytes, demonstrates the expansion (increase of percentages) of the pentamer 

positive antigen specific CD8+ T cells in the hybrids long-term stimulated cultures. This 

can be explained by high level of expression of the candidate TAAs and the required 

costimulatory molecules in the hybrid cell lines. 

The main limitation of the pentamer staining experiment is its ability only to detect the 

presence and percentages of the antigen specific CD8+ T lymphocytes in the cultures, but 
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does not indicate their activity. So, the presence of functional antigen specific CTLs could 

not be guaranteed by these experiments.  

To answer the question of whether activated, functional antigen specific CTLs were 

generated in the long-term stimulated cultures or not, antigen-specific IFNγ and perforin 

releasing ELISpot assays, and cytotoxic responses were detected, using T2 cell line pulsed 

with the cognate antigen derived peptides.  

 

5.3.3 Enhancement of IFNγ release of the induced antigen specific T cells in clinical 

samples (myeloma patients’ PBMCs): 

In HLA-A2+ patients’ PBMCs IFNγ releasing ELISpot assays, the hybrid cell lines (HRC 

and HU266) induced a significant increase of the IFNγ releasing response, followed by 

HMY2 (with significantly lower response in case of MUC1, h TERT compared with 

HRC, but not HU266; CS1, and MAGE-C1 compared with HRC only at 1:100 ratio, but 

not HU266). These data showed good correlation with the pentamer staining experiments 

data. HMY2 stimulated T cells lacked MUC1, h TERT and CS1 specific IFNγ releasing 

responses at the lower ratio (1:25), whilst the hybrid cell lines still showed enhanced 

responses at this ratio, in spite of h TERT having a high protein expression level in HMY2. 

This indicated a lower ability of HMY2 to process and present these antigens, and to 

induce IFNγ releasing T cell responses, compared with the hybrid cell lines HRC and 

HU266. The U266 cell line did not induce any significant antigen specific elevation of 

IFNγ releasing responses above the background control, which might be explained by 

presence of T cells in an unresponsiveness state due to the absence of the costimulatory 

molecules, as previously discussed (Bour-Jordan et al., 2011).  

In IFNγ releasing ELISpot assays, three HLA-A2- patients’ samples were used as negative 

controls. Two of them showed no elevation of any of the examined antigen specific IFNγ 

releasing responses. However, one of the used HLA-A2- patients’ samples showed weak 

IFNγ releasing response against HLA-A2 restricted TAA peptides pulsed T2 cells, but 

not WNF virus peptide pulsed T2 cells. For explanation of these results, we kept in mind 

that the observed responses were unlikely to be antigen specific responses, due to absence 

of HLA-A2 expression in this patient (Figure 5.6) (Darrow et al., 1989; Crowley et al., 

1990). In addition, absence of this response to WNF virus peptide pulsed T2 cells 

suggested a lack of allogeneic (mismatched HLA) response to T2 cells. However, the 
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response observed might have been an allogeneic response to HLA-A2 itself, which had 

been stabilized by pulsing the TAA peptides on the surface of T2 cells. This stabilization 

led to upregulation of the expressed HLA-A2, and induction of an HLA-A2 allogeneic 

response. Accordingly, I measured the expression of HLA-A2 on T2 cells pulsed with the 

examined antigenic peptides, (and un-pulsed T2 cell lines as a negative control) using 

flow-cytometric analysis. In addition, I used Syfpeithi score software to estimate the 

binding avidity of the TAA peptides and WNF virus peptide for HLA-A2. The results 

indicated that the TAA derived peptides induced a relatively high binding stability and 

avidity for HLA-A2, compared with WNF virus peptide, by both flow cytometry and 

Syfpeithi score. The actual stability of peptide binding HLA-A2 and predicted HLA-A2 

binding avidity of MUC1 and h TERT were higher than CS1, MAGEC1. The WNF was 

the lowest in both flow cytometric and Syfpeithi score data (Table 5.1). Therefore, it was 

suggested that an increase of HLA-A2 stability caused by loading of the TAA peptide led 

to some anti-HLA-A2 allogeneic response in these particular cultures. However, this 

response was not seen in the cytotoxicity assays, as will be discussed later. This implies 

that IFNγ release in this particular patient might come from mismatched allogeneic 

activation of CD4+ T lymphocytes recognising HLA-A2 as an alloantigen (Amir et al., 

2012). Further experiments would be required, however, to confirm that this was the case.  

However, using IFNγ ELISpot assay does not indicate the source of the released IFNγ, 

which could be CD4+ T cells, CD8+ T cells or NK cells. Importantly the use of K562, as 

a control, indicated absence of IFNγ released by NK in the stimulated cultures. 

Furthermore, absence of responses to an irrelevant WNF virus peptide, suggested that the 

released IFNγ came from antigen specific T-lymphocytes.  

 

5.3.4 Enhancement of perforin release responses of the hybrid stimulated antigen 

specific T lymphocytes in MM patients’ PBMCs: 

The antigen specific perforin release induced by the hybrids (HU266 and HRC), 

compared with their parents (HMY2 and U266) was determined in vitro using perforin 

ELISpot assays. For each of the candidate antigens, HU266 and HRC induced 

significantly higher antigen specific perforin release responses, compared with U266, and 

the unstimulated PBMCs. Additionally, at the ratio of 1:100, the hybrid cell lines, induced 

significantly elevated antigen specific perforin release responses, compared with the level 
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of antigen specific perforin release induced by HMY2. The exception was that h TERT 

specific T lymphocytes induced by HU266 were not significantly different, compared 

with HMY2 induced h TERT specific T lymphocytes. This may be explained by the high 

level of h TERT protein expression in HMY2, or HU266 is proficient in processing and 

presentation of this protein, in addition to high level of stability of this protein, as 

discussed in pentamer staining experiments. HMY2 stimulated cultures induced antigen 

specific perforin release responses at significantly higher levels than the responses against 

PBMCs background control, which might be attributed to its expression level of the 

costimulatory molecules and the examined TAAs. To identify which T-cells are making 

the perforin, flow cytometric analysis could be used. 

Absence of perforin release responses to K562 indicated absence of NK activity, and 

suggested that CTLs were the only producers of the perforin in these stimulated cultures. 

Additionally, absence of WNF specific perforin release responses demonstrated the 

antigenic specificity of the induced perforin releasing responses.  

However, assessment of the perforin release in the induced antigen specific T 

lymphocytes does not necessarily show the actual killing ability of these stimulated 

lymphocytes to the target cells expressing these antigens. So, cytotoxicity assays were 

required to prove the cytotoxic ability of the induced antigen specific T lymphocytes.  

 

5.3.5 Cytotoxicity of the induced antigen specific CTL: 

The antigen specific cytotoxic effects of the hybrids induced CTLs, compared with their 

parents (HMY2 and U266), was determined in vitro using DELFIA® EuTDA 

Cytotoxicity assays. The environmental concerns about using radioisotopes, such as Cr 

release assays, for detection of T cell cytotoxicity, suggested using a nonradioactive 

method. Europium (Eu) release assay is a nonradioactive assay, introduced many years 

ago as an alternative to Cr release assays (Blomberg et al., 1986; Bohlen et al., 1994), 

with several advantages. The Eu assay is rapid and easy to carry out, due to the higher 

rate of EU release compared with Cr release; this higher rate of release is because the Eu 

is an inert chemical material, which does not bind to any of the cellular proteins, resulting 

in rapid release from the lysed cells. In contrast, Cr is present in an ionic form, which 

forms an ionic bond with the cellular proteins, leading to difficulty in the release from the 

injured cells (Hemmilä et al., 1984). Von Zons et al. (1997) found that even with reduced 
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incubation time, Eu assays’ results were comparable to standard 51Cr release assays (Von 

Zons et al., 1997). In addition, it eliminates the problem of radioactive waste and health 

risk. 

The Eu release assay showed a significant enhancement of the ability of the hybrid cell 

lines to induce antigen specific CTL responses, compared with the parent myeloma cell 

line U266, and the background control of T2 cells without peptide, or pulsed with WNF 

negative control peptide. In addition, the differences of the cytotoxic response induced by 

HMY2 and the hybrid cell lines were significant at the higher T:E ratio of 1:100, with the 

exception of the cytotoxic response induced by HU266 and HMY2 against h TERT 

peptide pulsed T2 cells, which was not significant. This may be due to the proficiency in 

processing and presentation of h TERT by HU266, in spite of low protein expression level 

of h TERT in HU266, which is supported by pentamer staining and IFNγ and perforin 

releasing data, as mentioned previously. 

The activation of the cytotoxic effect induced by the hybrid cell lines may be rationalized 

by their high level of expression of CD80 and CD86, which are of crucial importance for 

stimulation of CTLs (Boesteanu and Katsikis, 2009). The parent myeloma cell line U266 

failed to induce any significant cytotoxic response, which could be attributed to the 

suboptimal activation of CTLs, due to the absence of the costimulatory molecules 

expression. Additionally, absence of the antigen specific cytotoxicity in the stimulated 

HLA-A2 negative patients’ PBMCs, indicated that the cytotoxic response seen was 

restricted to HLA-A2. 

There was a good correlation between perforin release assay and the Europium (Eu) 

release cytotoxicity assay, as the level of perforin release response was proportional to 

the level of the cytotoxicity in 17 out of 20 cases (85%). This confirms the possibility of 

using perforin release ELISpot assay as a surrogate for the cytotoxicity assays (Malyguine 

et al., 2012), as discussed in section 4.3. The miscorrelation of the remaining three 

instances might be attributed to the presence of other cytotoxicity mechanisms rather than 

perforin mediated cytotoxicity, such as receptor-ligand binding of Fas /Fas L molecules 

(Groscurth and Filgueira, 1998; Janeway et al., 2001).  

However, a very weak response of U266 long-term stimulated culture was observed 

against MUC1 peptide pulsed T2 cell line in all of the used assays. This release might be 

explained by MHC unrestricted response to MUC1, which leads to activation of numerous 
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T cell receptors (Takahashi and Imai, 1994; Wright et al., 2008). The unrestricted 

response to hypo- glycosylated MUC1 antigens expressed on tumour cells leads to 

exposure of previously unidentified repeated antigenic sites on each MUC1 molecule, 

leading to triggering of large number of TCRs, and activation of CTL. This effect can be 

blocked by TCR antibody, but not by MHC antibody (McKolanis and Finn, 2000; Roulois 

et al., 2012). However, I could not confirm if this was the case in my cultures, as data 

from the other HLA-A2 negative patients did not support this explanation. Another 

explanation is that these weak responses might be caused by the high stability of this 

peptide on HLA-A2 (Brossart et al., 1999), and mentioned in Table 5.1, in addition to 

high MUC1 protein expression level in U266, which could led to activation of some 

antigen specific T lymphocytes. The most important finding of all of these experiments 

was that the difference between the hybrid responses and U266 stimulated responses was 

highly significant. 

Additionally, we can see that MAGE-C1 peptide was the lowest TAA peptide, in terms 

of its ability to enhance the stability and expression of HLA-A2 on T2 cells (Table 5.1). 

This may be a possible explanation of why the hybrid cell lines induced relatively low 

responses of MAGE-C1 specific T lymphocytes, in most of the used assays. 

Using patients’ myeloma cells as a target in the ELISpot assays and cytotoxicity assays 

was included in our original plan at the beginning of this study, but we were not able to 

obtain bone marrow patients’ samples for the isolation of autologous tumour cells. Use of 

autologous tumour cells may give different results of activation of T cells, than what were 

seen using T2 cell line pulsed with the antigens derived peptides, for a number of reasons. 

Firstly, presentation of endogenous antigens may be different, compared with pulsed 

exogenous antigens. Secondly, the use of patients’ own myeloma cells enhances the 

antigen specific effect, rather than the allogeneic effect. Thirdly, the myeloma cells may 

express other antigens at higher level (rather than using specific peptides), which may be 

present and activated in the hybrid stimulated cultures, leading to higher responses. The 

cytotoxic responses of the long-term stimulated cultures, induced by the hybrid cell lines, 

and HMY2 was confirmed against U266, in PBMCs of two HLA A2+ MM patients. The 

tumour cell line U266 would act as a source of alloantigens, as well as shared tumour 

antigens, which lead to specific T cell responses. This experiment could not determine 

which of these responses, allogeneic or antigen specific, caused this cytotoxic effect. 

However, the killing responses against U266 induced by the different stimulator cell lines 
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broadly reflected the hierarchy of responses that was seen for the antigen-specific CTL 

induction.  

It is worth noting that PBMCs from MM patients gave higher levels of antigen specific 

CTLs than PBMCs from healthy donors. Therefore, it is likely that patients with myeloma 

are immunologically primed to the examined TAAs expressed by the tumour cells 

(Thurber et al., 2002). However, we planned to collect bone marrow samples from these 

MM patients, as mentioned previously, to ensure that these patients’ tumours expressed 

the examined antigens, but it was difficult to have such samples during the time of the 

study. Also, the higher responses obtained by stimulation of the patients’ PBMCs samples 

using the hybrid cell lines may be attributed to stimulation of both naïve and memory T 

cells, whilst in normal PBMCs, the stimulated cells were most likely to be only naïve 

cells.  

The number of the patient samples (five HLA-A2 positive, and three HLA-A2 negative), 

was enough to confirm the enhanced effect of the hybrid compared with the parent 

myeloma cell line U266, given the highly consistent results. However, more patients’ 

samples will be required in the future to examine the ability to induce different antigen 

specific T lymphocytes, and examine the imunostimulatory effect of the hybrids on other 

haematological or solid cancers. 

To conclude, the hybrid cell lines (HRC and HU266) induced antigen specific CTLs to 

the four selected TAAs in long-term stimulated cultures in vitro, using PBMCs from 

HLA-A2+ MM patients. So did HMY2, but to a lesser extent. In contrast, the myeloma 

cell line, U266, failed to activate antigen specific CTLs in the cultures. These data support 

using these hybrid cell lines as a potential therapeutic agent to induce antigen specific 

CTL, for use in adoptive immunotherapy.
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6.1 Introduction: 

Adoptive cellular immunotherapy, using autologous or allogeneic antigen specific CTL, 

has been of clinical importance in treatment of patients with various haematological 

malignancies, including multiple myeloma (Rapoport et al., 2005; Rosenblatt et al., 2010; 

Rapoport et al., 2011). MM is an ideal target disease for trials of treatment using adoptive 

T cell immunotherapy, for a number of reasons: 1) MM is an incurable disease by using 

conventional therapy regimes. 2) The low toxicity, long lasting activity and better 

specificity of immunotherapy compared with the conventional therapies. 3) The use of 

allogeneic SCT with myeloablative conditioning has a good therapeutic effect on patients 

with MM (Bruno et al., 2009), due to graft-versus-myeloma effects, however, it is 

associated with a high mortality rate. 4) Allogeneic T cell infusions have been used in 

patients with myeloma in case of relapse after allogeneic SCT, or in partial remission, 

which resulted in complete remissions in a number of patients (van de Donk et al., 2006; 

Levenga et al., 2007; Kroger et al., 2009).  

The possibility of generating antigen specific CTL to GMP standards, in vitro, and using 

them in treatment of myeloma patients has been shown previously (Rapoport et al., 2011). 

Rapoport et al. (2011) showed that, in the context of SCT, adoptive transfer of tumour 

antigen vaccine primed and costimulated autologous T cells led to acceleration of cellular 

and humoral immune responses in myeloma patients. Additionally, in in vitro studies 

Rosenblatt et al. (2010) showed that hybrid cell lines (made by fusion of APC and MM 

cells) could induce tumour antigen-specific CTL responses in ex vivo PBMCs, with highly 

activated phenotype, and marked ability to lyse autologous tumour cells. 

The use of hybrid cell lines in immunotherapy is based on their expression of, and ability 

to process and present, TAAs in the context of their HLA class I and HLA class II 

molecules, which are required for stimulation of CD8+ T cells, and CD4+ T cells 

respectively (Browning, 2013; Koido, 2016). There are several advantages of using the 

hybrids in immunotherapy: firstly, the hybrid cell lines express most of the antigen 

spectrum expressed on the parent tumour cells. Therefore, there is no need to identify 

tumour antigens, as the hybrid cell line should express both dominant and subdominant 

antigens. This results in reducing the risk of an epitope loss variant arising. Secondly, any 

defect in T cell costimulation by the tumour cells may be amended through fusion with 



 Chapter 6 

204 

 

the professional APC. Thirdly, the use of allogeneic APCs in the hybrid formation may 

lead to expression of allogeneic MHC class I, and MHC class II by the hybrid cells, which 

may have an adjuvant effect on stimulation of T lymphocytes (Chouaib et al., 1988). 

Fourthly, for using the hybrids in immunotherapy, they must have strong immunogenic 

ability to induce tumour specific immune responses, at a greater level than the responses 

induced by unfused tumour cells (Cywinski et al., 2006; Koido, 2016). 

Gao et al. (1994) showed that immunization using activated B-cells fused with 

hepatocarcinoma cells resulted in eradication of pre-established tumour in rat models, and 

protected against further tumour challenge. Then, the professional APCs (DCs) have been 

used as a fusion partner in hybrid formation, and showed therapeutic effectiveness in a 

number of phase I/II clinical studies of tumour immunotherapy of different tumours, 

including renal cell carcinoma (Kugler et al., 1998; Avigan et al., 2004; Zhou et al., 2009), 

breast cancer (Avigan et al., 2004), metastatic melanoma (Trefzer et al., 1998; Krause et 

al., 2002; Trefzer et al., 2005), and multiple myeloma (Raje et al., 2004; Rosenblatt et al., 

2011; Rosenblatt et al., 2013). 

However, some limitations had been shown for using DC as an APC partner in hybrid 

formation. These limitations include short-lived nature, low fusion efficiency, low ability 

to replicate in culture, the need for hybrids to be tailor made for each patient, with limited 

standardized characterization after fusion, in addition to the low number of DCs in PBMC 

(Phan et al., 2003; Dunnion et al., 1999; Cywinski et al., 2006; Walewska et al., 2007; 

Koido, 2016).  

The EBV B-lymphoblastoid cell line HMY2, has the same features of DCs, in terms of 

HLA-class I and class II, and co-stimulatory molecules expression (Thorley-Lawson and 

Mann, 1985; Gregory et al., 1988). In addition, its immortalised growth in the cell culture 

(Dunnion et al., 1999), and its sensitivity to HAT, in addition to sensitivity of tumour cells 

to ouabain, allow for double chemical selection of the hybrid cells after fusion (Dunnion 

et al., 1999; Cywinski et al., 2006; Walewska et al., 2007). Consequently, it provides a 

suitable alternative to DCs, as APC partner in the hybrid cell formation (Edwards et al., 

1982). Therefore, a group of solid and haematological tumour cell/ cell lines were fused 

with HMY2, forming hybrids which have been used in several studies done previously in 

my supervisor’s lab (Dunnion et al., 1999; Cywinski et al., 2006; Walewska et al., 2007; 

Mohamed, 2011; Mohamed et al., 2012b; Mohamed et al., 2012a), and formed the basis 

of my study. The central aim of the present study was to demonstrate that hybrid cell lines 
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produced (previously) by fusion of HMy2 cells and myeloma cells are capable of inducing 

HLA-A2-restricted tumour antigen specific cytotoxic T cells (CTL) in vitro, in long-term 

stimulated PBMCs isolated from both HLA-A2-positive multiple myeloma patients and 

healthy donors. The second aim of my project was to optimize the process of antigen 

specific CTL generation and expansion in vitro. To achieve these objectives, I started my 

study by phenotypic characterisation of the previously made myeloma hybrids, the parent 

APC (HMY2) and the parent myeloma cell line U266. 

6.2 Phenotypic Characterisation of the Hybrids, HMY2 and U266: 

The data presented in Chapter 3 relies on flow cytometric analysis of the expression of a 

range of important costimulatory molecules, including CD80, CD86, certain cell surface 

markers, CD19, CD138, and antigen presenting molecules HLA class I, class II, and 

HLA-A2 by the hybrid cell lines, HMy2, and U266. This analysis showed that, like the 

APC parent (HMY2), all the hybrid cell lines expressed CD80, CD86, and HLA class II, 

in spite of their absence in the parent myeloma cell U266. In addition, all the hybrid cell 

lines and HMY2 expressed all the candidate cell surface markers at much higher level 

than the parent tumour cell U266, with the exception of the myeloma marker CD138 

(plasma cell marker). These expressions were stable over culture time and freeze-thaw 

cycles as documented previously (Walewska et al., 2007, Mohamed et al., 2012). 

However, the potential use of the hybrid cell lines as immunogens, for induction of 

antigen specific immune response in tumour immunotherapy, is determined not only by 

the APC-derived phenotype, but also by the immunogenicity and effective presentation 

of the TAAs’ peptide in the context of MHC molecules.  

Accordingly, a group of TAAs (MAGE-A1, PRAME, Survivin, MAGE-A3, MUC1, 

RHAMM, DKK-1, CS1, MAGE-C1 and h TERT) were selected for study. These antigens 

are tumour specific, highly immunogenic, of essential importance in tumourigenesis, and 

potent targets for tumour immunotherapy, especially for antigen specific CD8+ T cells 

(Cloosen et al., 2006, Tai et al., 2008b, Meklat et al., 2007, Schmitt et al., 2008, Yin et 

al., 2012b). The expression levels of these candidate antigens by HMy2, the hybrid cell 

lines (HU266, HRC, HCM and HIC) and U266 were assessed using RT PCR, qRT PCR 

(to estimate the level of mRNA expression of these tumour antigens in the examined cell 

lines), and by western blot or flow cytometry (to estimate protein expression).  
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The relative mRNA expression level of most of the candidate TAAs by HMy2 was lower 

than most of the hybrid cell lines, which indicates that hybridization may cause 

stabilisation and elevation of the expression of these antigens than their expression level 

by the parent APC. The myeloma cell line U266 showed the highest values of almost all 

of these TAAs expression. Normal PBMCs lacked the expression of all of the examined 

antigens, with the exception of PRAME and survivin. A surprising result of this study 

was the positive expression of most of the candidate antigens by HMY2. That can be 

attributed to the original nature of HMy2 (EBV transfected B lymphoblastoid cell line). 

So, it may resemble myeloma cells (malignant plasma cells) in its antigen expression 

profile, as both of them were originate from B-lymphocytes. However, the mRNA and 

protein expression level are not colinear in most case, because of complex regulation of 

transcription and translation process (Greenbaum et al., 2003), so the protein abundance 

of the examined antigens by the used cell lines was determined. 

Taking the q PCR data into consideration, it showed that MUC1, h TERT, CS1, MAGE-

C1, and RHAMM were the highest expressed antigens by the hybrid cell lines of interest. 

Additionally, these tumour associated antigens have high prevalence in multiple myeloma 

patients (Cloosen et al., 2006; Meklat et al., 2007; Schmitt et al., 2008; Tai et al., 2008; 

de Carvalho and Vettore, 2012; Yin, 2012). Therefore, the protein expression level of 

these antigens by HMY2, the hybrid cell lines, and U266 was done, with the view to use 

these antigens for detection of presence of antigen specific CTL in cultures stimulated 

with these cell lines (Brossart et al., 1999; Minev et al., 2000; Lendvai, 2010; Kim et al., 

2013). As a result, the level of protein expression of the examined antigens were positive 

for almost all the candidate cell lines compared to level of expression by PBMCs. 

These results suggest that the hybrids have unequivocal phenotypes, as they retain the 

parent HMY2 phenotypic characterization, as well as the tumour cells’ ability to express 

all of the candidate TAAs at the protein level, with the exception of RHAMM, which was 

not expressed by the hybrid cell lines. However, this doesn’t guarantee their functional 

immunogenic ability to stimulate antigen specific T cells in the cultures. 

6.3  Functional characterization of the hybrid cell lines  

Increased hybrid cell lines’ immunogenicity, compared with the parent tumour cell 

(U266), and their ability to induce allogeneic and antigen specific CTL in PBMCs isolated 

from normal healthy HLA-A2+ donors, were demonstrated in chapter 4. The allogeneic 
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activation was confirmed in short-term cultures using CFSE staining, and in long-term 

activated cultures using IFNγ and perforin ELISpot assay. The short-term cultures showed 

induction of T cell proliferative immune responses upon stimulation with the hybrid cell 

lines, compared to unstimulated lymphocytes. Additionally, in all cases, the CD8+ T cells 

were stimulated at higher levels than CD4+ T cell population. For induction of antigen 

specific CTLs, the long-term stimulated cultures were done by co culturing PBMCs from 

normal healthy HLA-A2+ individuals with the myeloma hybrid cell lines, HMY2 and 

U266 in the presence of IL-2 and IL-7 for 3-10 weeks.  

Perforin and IFNγ release assays have been used by many investigators as a tool for 

assessment of activation of T cells (Malyguine et al., 2012; Koido et al., 2007; Zuber et 

al., 2005; Hersperger et al., 2008; Ranieri et al., 2014). The results of allogeneic IFN and 

perforin ELISpot assays indicated that the cell lines of interest induced elevated IFN and 

perforin releasing, compared with that of PBMCs background control, suggesting 

stimulation of responses to allogeneic major histocompatibility (MHC) molecules 

expressed by the stimulators. The possibility that some TAA specific responses were 

stimulated through presentation by MHC, cannot be confirmed by these assays.  

A pilot HLA-A2 peptide pentamer staining experiment investigated the presence of TAA 

specific CD8+ T cells in the long-term stimulated cultures. Certain TAA (h TERT, 

MUC1, MAGE-C1 and CS1) were selected, based on their expression level by multiple 

myeloma patients, and also by their mRNA and protein expression level in the used hybrid 

cell lines, as mentioned previously. 

The second aim of the present study was to identify the best culture protocol for efficient 

and rapid expansion of the activated antigen specific CTLs. Therefore, the effect of 

different cytokines on the induction level of antigen specific T lymphocytes was 

investigated, using IFNγ and perforin ELISpot assays. In my study, I added IL-7 at the 

beginning of the cultures (to have its effect in naïve and memory T cells) (Schluns et al., 

2000; Surh and Sprent, 2008), and IL-15 (due to its antiapoptotic effect) (Lu et al., 2002; 

Zhang et al., 1998). 

IL-7 induced a consistent increase in antigen specific IFNγ and perforin release responses 

for all of the examined TAA when added from the start of the cultures, which reflects the 

effect of IL-7 on the activation of naïve T lymphocytes (Schluns et al., 2000; Surh and 

Sprent, 2008). Regarding IL-15, in contrast to its minimal effect on induction of IFNγ 
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releasing cells, IL-15 increased the antigen-specific perforin releasing response to most 

of the candidate antigens in the examined cultures, which supports its effect on the 

survival of CD8+ T cells (Schluns and Lefrançois, 2003; Brincks and Woodland, 2010; 

Lu et al., 2002; Zhang et al., 1998). IL-7 and IL-15 have been shown to have a synergistic 

effect on the homeostatic proliferation of memory phenotype of CD8+ T cells, but not on 

the memory CD4+ T cells (Tan et al., 2002). 

The long-term stimulated cultures, in presence of IL-2/IL-7/IL-15, were assessed for 

induction of HLA-A2 restricted tumour antigen (MUC1, h TERT, CS1 and MAGE-C1) 

specific CD8+ T lymphocytes in PBMC from HLA-A2+ healthy donors, using HLA-A2-

peptide pentamer staining, and IFNγ and perforin ELISpot assays. Most of the hybrid cell 

lines induced significantly higher levels of antigen specific CD8+ T cells, as measured by 

HLA-A2 peptide pentamers staining, compared with the myeloma parent cell line U266. 

In addition, all of the used hybrid cell lines induced significantly elevated responses, 

compared with unstimulated PBMCs. The hybrid cell line HRC induced significantly 

higher responses, compared with HMY2 in most cases, whilst HU266 induced 

significantly higher levels of MUC1 specific CD8+ T cells, compared with the APC 

(HMY2). The results of IFNγ and perforin ELISpot assays reflected the presence of 

functional, activated antigen-specific T cells in the cultures, and go in agreement with the 

pentamer staining data. The IFNγ and perforin release induced by the hybrid cell lines, 

with the exception of HIC, was significantly higher than that of U266, and PBMCs 

background responses. The hybrid cell lines HRC, and HU266 induced significantly 

elevated responses compared with HMY2 in most cases, whilst HIC, did not induce any 

significant elevation of the response, compared with HMY2, in nearly all of the cases. So, 

I ruled HIC out of the study.  

6.4 Induction of antigen specific CTL in PBMCs isolated from patients with 

multiple myeloma: 

The ability of the hybrids to induce allogeneic and TAA specific CTL responses in 

PBMCs isolated from myeloma bearing patients was demonstrated in chapter 5. The 

hybrid cell lines and HMY2 were capable of inducing the allogeneic activation in PBMCs 

isolated from MM patients, in CFSE staining experiment. This indicates the 

responsiveness of T cells isolated from MM patients, and the immunogenic ability of the 
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hybrid cell lines and HMY2, to activate them, whilst, U266 induced much lower 

proliferation of these T cells subsets. 

In long-term stimulated cultures, the presence of antigen specific T cells in PBMCs 

isolated from MM patients, stimulated with the hybrid cell lines was confirmed by the 

peptide pentamer assays. The presence of functional antigen specific CTLs in the long-

term activated cultures, was confirmed using antigen-specific IFNγ and perforin releasing 

ELISpot assay, and cytotoxic responses. T2 cell line pulsed with the cognate antigen 

derived peptides were used as stimulators in these assays. The examined hybrid cell lines 

have the capability to significantly enhance the production of antigen specific CTLs to all 

of the examined TAAs, compared with the parent myeloma cell line U266, the 

background control, and HMY2 in most cases, whilst U266 failed to induce antigen 

specific CTL populations to any of the candidate antigens compared with the unstimulated 

PBMCs. This may be due to the absence of the expression of the co-stimulatory 

molecules, as stimulation of T lymphocytes in absence of the secondary stimulation 

signals, could leads to tolerance (Bour-Jordan et al., 2011).  

Importantly the use of K562, as a control, indicated absence of NK cells activity in the 

stimulated cultures. Furthermore, the absence of responses to an irrelevant WNF virus 

peptide, suggested that the observed responses obtained from antigen specific T-

lymphocytes. Furthermore, there was a proportional relationship between the level of 

perforin release response and the level of the cytotoxicity in 85% of the cases, which 

indicates the possibility of using perforin release ELISpot assay as a surrogate for the 

cytotoxicity assay (Malyguine et al., 2012).  

Use of autologous tumour cells to activate T cells, may give different results than using 

T2 cell line pulsed with the antigens derived peptides. However, it was difficult to have 

such samples during the time of the study. 

To conclude, these data indicated that HMy2-derived hybrids had the ability to induce 

activated antigen specific CTL in MM patient PBMCs. This suggests that these candidate 

hybrid cell lines, after production under GMP protocols, represent a good target for 

potential use in adoptive T cell immunotherapy. Further in vivo clinical studies are 

necessary as next step to prove hybrid cell competence in tumour immunotherapy, 

Interestingly, some of the examined TAA, such as h TERT and MUC1 are widely 

expressed in various tumours, suggesting the use of its antigen specific CTL may not be 
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exclusive to MM, but may be used in treatment of other tumours that express these shared 

tumour antigens.  

7-  Future plan 

Adoptive tumour immunotherapy has a great scope for treatment of various 

haematological cancers, given the data shown in this study, and other literature studies. 

The hybrid cell lines have a good potential for use in immunotherapy, and warrant further 

investigations. To continue the work on the current project, I would 

- Recruit more myeloma patients’ samples (including, bone marrow samples, 

myeloma infiltrating lymphocytes and PBMCs), to determine the highest expressed 

myeloma associated antigens by the myeloma cells, and see if there are differences 

in stimulating PBMCs and/or MIL, using these antigen-positive hybrid cell lines.  

- Cell sorting of antigen specific T cells from the hybrids stimulated cultures, and 

using the optimized protocol, using the Dynabeads, for expansion of the antigen 

specific CTL clones. 

- Use an immune deficient, humanized mouse model to see the efficiency of the 

induced antigen specific CTL in rejection of the previously established tumours. 

- Follow the GMP standards for production of antigen specific T cells in vitro, for 

trying the adoptive transfer of the induced and expanded antigen specific clinical 

grade CTL clones. 

- Use the hybrid cell lines in long-term stimulation of PBMCs or TIL isolated from 

other haematological and solid tumour bearing patients. 

- Determine if semi autologous (allogenic HMY2 x autologous tumour cells) hybrid 

cells are superior in stimulating T lymphocytes, to allogeneic hybrid cell lines. Semi 

autologous HMY2 x tumour hybrid cell may lead to expression of the relevant 

tumour-antigens, which are presented in the context of allo-MHC, leading to an 

adjuvant effect, and may be more efficacious therapeutically.
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Appendix A: 

A copy of the ethical approval for the present study from the Local Research Ethics 

Committee (Section 2.1.2). 
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Appendix B: 

A copy of PIL and consent form, which each multiple myeloma patient read and signed, 

when they enrolled in this study, before withdrawal of their blood.  

(Section 2.1.2): 

 

 

 

 

 

 

Title of Study: Immunologic studies in haematological malignancies 
 
Principal Investigator:  Dr Michael Browning 
          Consultant Immunologist and Senior Clinical Researcher 
 
You may contact:  Dr Michael Browning on 0116 258 6702 
 
 
Invitation paragraph 
 
 You are being invited to take part in a research study.  Before you decide it is important 
for you to understand why the research is being done and what it will involve.  Please 
take time to read the following information carefully and discuss it with others if you wish.  
Ask us if there is anything that is not clear or if you would like more information.  Take 
time to decide whether or not you wish to take part. 
 
Thank you for reading this. 
 
1. What is the purpose of the study? 
 
The purpose of the study is to gain a better understanding of how the body’s immune 
defence system recognises and responds to cancers of the white blood cells (multiple 
myeloma, lymphoma or leukaemia), and is aimed at identifying ways in which this immune 
response could be made stronger. The study involves a single donation of blood and / or 
bone marrow cells. 
 
Most of the studies will involve examining how your lymphocytes (a type of white blood 
cells that fights infections and cancer cells) recognise and try to eliminate the cancer cells. 
However, some of the may involve genetic analysis of particular targets (“antigens”) that 
allow the immune system to identify the tumour cells as abnormal, or analysis of host 
genes that may directly affect the host’s ability to mount an immune response. These 
tests will help us to identify potential targets for treatment, or possibly groups of patients 
at increased risk of a particular disease. It is not intended to link the results of any genetic 
tests back to an individual, and these will not affect you or your family’s insurance or 
employment prospects. 
 
The samples taken will be stored in the Department of Infection, Immunity and 
Inflammation, University of Leicester until use. If there are any samples remaining at the 
end of the study, these will be disposed of in a safe and anonymous way.  
 
2. Why have I been chosen? 
 
You have been chosen because you have a type of white blood cell cancer that the 
research is interested in studying (myeloma). Up to 24 patients will be asked to take part 
in the study. 
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1. Do I have to take part? 
 
It is up to you to decide whether or not to take part.  If you do decide to take part you will 
be given this information sheet to keep and be asked to sign a consent form. If you decide 
to take part you are still free to withdraw at any time and without giving a reason.  A 
decision to withdraw at any time, or a decision not to take part, will not affect the standard 
of care you receive. 

 
2. What will happen to me if I take part? 
 
Taking part involves donation of blood and / or bone marrow sample. This will be done to 
coincide with a time when blood and / or bone marrow is being taken as part of your 

routine medical care. The size of blood donation we ask for is equivalent to up to 6 
teaspoonfuls, and the amount of bone marrow (if applicable) to a maximum of 2 
teaspoonfuls. You will not be required to make any additional visits to hospital or to your 
GP.  

 
For patients donating bone marrow, this will be done under local anaesthetic by inserting 
a needle into your pelvic bone in order to remove a sample of bone marrow cells. You 
may experience some discomfort during this process, such as a feeling of pushing as the 

needle is inserted, or a sucking sensation as the marrow sample is taken up into the 
syringe. In some cases patients find this procedure quite painful, and bruising may occur 
as a result. In order to minimise the discomfort, we shall only ask for a sample of bone 
marrow for research if your doctor has indicated that a bone marrow sample has to be 
taken as part of your routine management. No patient shall be asked to give a sample of 

bone marrow purely for the purposes of the research. 
 
3. What do I have to do? 
 

You will have no further involvement than allowing the blood and / or bone marrow 
samples to be taken for the research. Your management will not be altered in any way by 
taking part. 
 
4. Will I receive payment for the tissue that I donate for this research study? 
 
You will not receive any payment for the tissue.  The tissue is a gift - neither yourself nor 
your relatives will benefit from any inventions that result from the use of the tissue. 
 
5. What are the possible disadvantages and risks of taking part? 
 
The risks of taking part in the study are essentially those of the discomfort of giving a 
blood or bone marrow sample. To minimise this, the samples for research will be taken 
at the same time as you are having blood or bone marrow taken as part of your routine 
medical care.  
 
6. What are the possible benefits of taking part?  
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There will be no direct benefit to you for taking part in the study. Its purpose is to try to 
improve care for future patients with the same illness as you, by studying your disease in 
more detail. 
 
1. What if new information becomes available? 
 
Sometimes during the course of a research project, new information becomes available 
about the disease that is being studied.  If this happens, and could have an impact on 
your care, your research doctor will tell you about it and discuss its implications with you.   
 
2. What if something goes wrong? 
 
If you are harmed by taking part in this research project, there are no special 
compensation arrangements.  If you are harmed due to someone’s negligence, then you 
may have grounds for a legal action but you may have to pay for it.  Regardless of this, if 
you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, the normal National Health Service 
complaints mechanisms should be available to you. 
 
3. Will my taking part in this study be kept confidential? 
 
All information which is collected about you during the course of the research will be kept 
strictly confidential. Any information about you which leaves the hospital/surgery will have 
your name and address removed so that you cannot be recognised from it. 
 
4. What will happen to the results of the research study? 
 
When the study has been completed and all the data analysed, we would aim to publish 
the results in reputable medical journals, and through presentations at scientific meetings. 
This often takes several years to complete, although some of the data may be published 
or presented earlier than this. Copies of any published reports will be made available to 
participants on request to the Principal Investigator.  
 
No participating patient will be identified in any report/publication. 
 
5. Who is organising and funding the research? 
 
The study is being funded from grants from the Leicester Immunology Research Fund 
and the Egyptian Educational Bureau.  
 
None of the researchers is being paid over and above their normal salaries for conducting 
this research.  
 
6. Who has reviewed the study? 
 

All research that involves NHS patients or staff, information from NHS medical records 
or uses NHS premises or facilities must be approved by an NHS Research Ethics 
Committee before it goes ahead.  Approval does not guarantee that you will not come to 
any harm if you take part.  However, approval means that the Committee is satisfied 
that your rights will be respected, that any risks have been reduced to a minimum and 
balanced against possible benefits and that you have 
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been given sufficient information on which to make an informed decision to take part or 
not. This study has been reviewed and approved by the Leicestershire Research Ethics 
Committee. 
 
1. Contact for Further Information 
 
Dr Michael Browning 
Consultant Immunologist and Senior Clinical Researcher 
Department of Immunology 
Leicester Royal Infirmary 
Leicester LE1 5WW 
 
Tel 0116 258 6702 
Fax 0116 258 6704 
 
Thank you for reading this information leaflet. 
 
 
You will be given a copy of the information sheet and a signed consent form to 
keep. 
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Centre Number: __________ 
Study Number: ___________  

Patient Identification Number for this trial: _________ 
 

CONSENT FORM 
 

Title of Project:   
Immunologic studies in haematological malignancies 

 
Name of Researcher / Principal Investigator: Dr Michael Browning 
 

 Please initial box 

1. I confirm that I have read and understand the information sheet dated 
30.4.13, Version 3 for the above study and have had the opportunity to ask 
questions. 

c 

2. I understand that I may withdraw my consent to my tissue being used at 
any time without justifying my decision and without affecting my normal 
care and medical management. 

c 

3. I agree to donate the tissue samples as detailed below and allow their use 
in medical research as described in the Patient Information Leaflet.   c 

4. I understand that the tissue is a gift and that I will not benefit from any 
intellectual property that results from the use of the tissue. 

 

c 
5. I understand that tissue samples will not be used to undertake any genetic 

tests whose results may have adverse consequences on my or my families 
insurance or employment.  

c 

6. I agree / do not agree to my tissue samples being used to undertake genetic 
research as described in the patient information leaflet  
(patient to delete as applicable) 

 

c 

7. I understand that relevant sections of my medical notes and/or data may 
be looked at by responsible individuals from the study team, Research 
Ethics Committee, NHS Trust or from regulatory authorities where it is 
relevant to my taking part in research.  I give permission for these 
individuals to have access to my records.  

c 

Patient name, address, DOB (or ID label) 
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1. The samples which I hereby consent to donate are:   

Blood…………………………………………………………………………c 

 

Bone marrow…………………………………………………….....…….…c 

 
 

 

          
 

2. I agree to take part in the above study. c 
 
 

 

 
________________________ ________________ ___________________ 
Name of Patient Date Signature 
 
 
 
 
_________________________ ________________ ___________________ 
Researcher Date Signature 
 

 
 

 
 

Original for researcher/site file/CRF 
copy for patient, copy for hospital notes  
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Appendix C: 

A copy of the ethical approval for the present study from the University Research Ethics 

Committee approval respectively (Section 2.1.2). 
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Appendix D: 

A copy of the consent form, which each normal healthy donor read and signed, before 

withdrawal of their blood (Section 2.1.2). 
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Appendics E: Posters presented during the time of the study: 

Posters 1: presented in BSI /NVVI congress (December, 2016). 
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Posters 2: presented in Advanced Cell therapy symposium (March, 

2016) 
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Poster 3: presented in M5 meeting (December, 2015):
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Appendices F: Pentamer staining dot plots of long term stimulated PBMCs, isolated from MM patients: 

1) HLA-A2+ patient 1: 
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 2) HLA-A2+ patient 2: 
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3) HLA-A2+ patient 3: 
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4) HLA-A2+ patient 4: 
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5) HLA-A2+ patient 5: 

  

 

 

 

 

2.4% 0.9%2.7%1.7%

HMY2

HRC

0.5%4.9%7.1%6.5%5.7%

2.7%



  Appendices 

268 

 

 

 

 



  Appendices 

269 

 

 

 

6) HLA-A2- patient 1: 
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7) HLA-A2- patient 2: 
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8) HLA-A2- patient 3: 
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Flow cytometric dot plots of HLA-A2-peptide pentamer staining of CD8+ T cells, isolated from MM patients (5 HLA A2+ and 3 HLA A2- patients), and stimulated by HMy2 

cells, or by hybrid cells lines HU266 and HRC or myeloma cell line U266. The examined antigens are MUC1, h TERT, CS1 and MAGE-C1. WNF virus peptide pentamer 

was used as a negative control. The antigen specific CTL percentages (as a proportion of total CD8+ T cells in the culture) are shown in the upper right quadrant. 


