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Abstract

Gastric cancer (GC), the fourth most common malignancy worldwide, has poor
prognosis and treatment innovation is needed. The aims of this project were to
investigate immune targets and treatment strategies for GC. | identified new T-cell
epitopes in three Epstein-Barr virus (EBV) tumour antigens, LMP1, LMP2 and
BARF1, expressed in the 10% of GC cases positive for EBV. T-cell clones showed
that a BARF1-specific CD4 T-cell epitope restricted by HLA-DR51, an allele
common in the population, was presented by an EBV-positive epithelial cancer cell
line.

Analysing blood and fresh tumour from newly diagnosed GC patients, | detected T-
cell responses to MAGEA1, MAGEA4 and NY-ESO-1 tumour antigens in blood but
not tumour. Compared to healthy donors, patients had: higher frequencies of LAG3 or
CTLAM positive CD8 T-cells, TIM-3 or CTLA4 CD4+ T-cells, T-regs, NKT-cells and
gamma-delta T-cells in blood and tissue. Patients also had high granulocytic MDSC
frequencies in PBMC. The CD4:CD8 ratio was low in some patients’ blood,

potentially indicating immunosenesence, but was always higher in tumour tissue.

I successfully generated tumour infiltrating lymphocytes (TILs) from nine patients’
tumours. These comprised high T-cells and NK-cells and low T-reg and MDSC. LAG-
3 was increased, but PD1, was decreased on TIL T-cells. Using 3-dimensional
organoids established from two patients, | showed that TIL NK-cells, but not TIL T-
cells, recognised autologous tumour organoids. My results are the first proof of
principle that TILs can readily be generated from gastric tumours, can target tumour
cells and therefore be used to treat gastric cancer.
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CHAPTER 1

INTRODUCTION



1.1 Hallmarks of Cancer

All cancers, including gastric cancer, possess a range of hallmarks that allow their
uncontrolled growth [1]. According to Berretta and Moscato, the most common
hallmark is the fact that cancer cells have effective growth signals, thus can multiply
without inhibition factors[2]. Cancer cells have the capacity to undergo indefinite
number of cell divisions because of the ability to alter inhibitory factors, such as
enzymes and hormones[3], which control the replication of DNA material. For normal
cells, genetic material can only be replicated a limited number of times since the length
of chromosomal DNA reduces every time new genetic material is formed. It
eventually reaches a point where it cannot be further replicated and the cells die.
Sonnenschein and Soto suggest that chromosomal telomeres are linked to growth
factors that ensure, even after cell division, their initial size is maintained allowing
cancerous cells to be immortal Cancerous cells also become resistant to apoptosis [4],
a process that allows the destruction of damaged cells. In addition, cancerous cells
initiate angiogenesis[5] which allows a growing tumour to develop new blood vessels
allow sufficient nutrients and oxygen for maximum cell growth. Cancerous cells also
have the capacity to undergo dysregulated metabolism [6]. Finally, cancers are able to

evade immune effector cells that would otherwise eliminate them.

1.2 T Cell Biology

Leucocytes comprise multiple types, which can be divided into innate and
adaptive immune cells. Innate cells, including NK and NKT cells have germline coded
receptors and are capable of rapid response to infection. Adaptive immune cells are
more complex and comprise B cells and T-cells, the latter of which will be described

in more detail.



Dendritic cells are professional antigen presenting cells that activate
undeveloped naive T cells, while, macrophages and B cells activate long term memory
T cells that have been initially activated by the dendritic cells. This process is
continually initiated by the presence of foreign antigens or substances that prove toxic
to the body cells. Dendritic cells, part of the innate immune system, are located at the
skin, respiratory tract and gastrointestinal mucosa at a resting state waiting for
engagement with microorganisms, they then migrate to the lymphatic system where
they activate T cells. There two types of signals that have to come from the dendritic
cells; signal one — for specific recognition and signal two-co-stimulatory/positive
signal. Signal one involves interaction with antigen, co-receptor molecules CD-4 and
CD-8 are also involved interaction[7]. Signal two involves CD-28 expressed in resting
T cell and B-71 and B-72 on antigen presenting cells. If only signal two occurs (not
antigen specific) the signal is not recognized as a positive signal, only signal one
occurs T cells recognize the signal are not activated the T-cell become deleted or
allergic but not activated therefore the dendritic cell is able to control T-cell inducing
its activation and promoting peripheral tolerance. Co-stimulation is critical when it
occurs with antigen stimulation; protective and tumor immunity, if absent induction
to harmless environmental allergies does not occur, no autoimmunity and acceptance
of grafted organs occurs.

Based on [8],hematopoietic precursors from hematopoietic stem cells from
which the T cells originate populate the thymus and multiply to bring about large
numbers of immature thymocytes. the initial thymocytes are CD4-CD8- that develop
further to CD4+ CD8+and finally mature to single positive thymocytes (CD4+ CD8+

or CD4-CD8-) that are released into circulation to organs or peripheral tissues[9]. This



is facilitated by the thymus epithelial cells. In addition, the double negative neither
expresses the CD4 nor CD8 co-receptor required for the T cell , but in double negative
two stage its becomes a T-cell precursor by losing its ability to become another type
of lymphocyte (B cell or natural Killer cells) it also begins to develop T cell receptor.
In double negative four stage the thymocytes proliferates becomes a double positive
that is it acquires the CD4 and CD8 co-receptor and the T cell receptor, they can die
(98%) or get into circulation.

There exist several types of T cells with different functions. Helper T-cells
(CD4+) aid other lymphocytes in their immunologic processes by activation and
maturation of B cells into memory B cells and plasma cells. An effective helper T-cell
response is required for an effective long-lived cytotoxic (CD8+) T-cell response.
These cells are associated with transplant rejection and destruction of both tumor and
virus-infected cells. Regulatory T-cells (T reg) preserve immunological tolerance by
suppressing auto reactive T cells. Memory T cells have formerly responded to a
cognate antigen, thus have able to combat the infection or even fight cancer cells.

There are a number of inherited T cell disorders that sehd light on T-cell
function. . To begin with, 22Q/11.2 deletion, the DiGeorge syndrome where 40 genes
in chromosome 22 leading to 3rd and the 4th pharyngeal pouch not developing, which
are essential for thymus development thus reduced T-cell[10]. Decreased IL12
function due to its receptor deficiency resulting to recurrent infection by fungi and
mycobacterium, hyper IgE syndrome due to mutation of STAT 3 mutations that
control cytokines and growth factors[11]. This affects helper T cells 17, thus it cannot
release 1L12, general cytokines and interferon gamma (IFNg), shows as recurrent

infections and cold infections. IL2 deficiency results in reduced T helperl cells and



increased T helper2 cells, the latter causes increase in IgE and eosinophil[12]. Other
diseases due to T-cell deficiencies include, complete insufficiency- cartilage-hair
hypoplasia, severe combined immune deficiency and Omenn syndrome; partial
insufficiency chromosomal breakage syndrome and acquires immune deficiency
syndrome; T cell and B cell combined Wiskott-Aldrich syndrome and ataxia-
telangiectasia[13].
1.3 Cancer Immunology

Cancer immunology deals with the s immune system and how it recognises
and eliminates cancer. Immunosurveillance of cancer is a hypothesis that operates
under the principle that immune system recognizes and kills malignant cells. This
policy was contentious until improved animal models were developed for
experiments. Mouse models were used in which there was a reduction in the tumors
which was a result of elimination of interferons[14]. Hence, Immunoediting was
established to show the action of the immune system against the nascent tumor cells.
This work brought about the the 'three e's' of cancer immunoediting: elimination of
cancer, equilibrium of cancer cells with the host's immune system and, eventually,
escape of the immune response allowing cancer to develop.

Cancers express a range of proteins, known as tumour associated antigens. The
discovery that tumor cells could be identified by T-cells specific for the MAGE-1
protein led to the discovery of more tumor antigens, which is still an ongoing process.,

For cancers associated with viruses, viral proteins also serve as tumor antigens.



1.4  Immune Cells and the Cancer Microenvironment

The Tumor microenvironment is complex with many components. In addition
to malignant cells there are parenchyma cells, mesenchyme cells, fibroblast, blood,
and lymph vessels. The components also constitute cancer-infiltrating immune cells,
cytokines, chemokine, cancer cells, stromal tissue and extracellular matrix [15].

Both innate and adaptive immune cells are present. Focusing on the latter,
CD8 T cells are cytotoxic effectors capable of recognition of tumor antigen-derived
epitopes presented by MHC-I molecules. Their presence in tumours is usually
associated with better prognosis. Lung patients with stage 1 and 2 cancers who do not
have T cell will have a repeat of the disease within five years afterward. Patients with
stage three cancer but who have T cell infiltrate have an extended period without the
disease. A prognostic test based on the presence of T-cells in the tumour has been
developed for colorectal cancer. This immunoscore immune based biomarker
outperforms the traditional TNM staging used to predict patient outcomes [16, 17].

CD4+ T-cells are generally thought to provide help to the CD8 T-cell system,
since in the absence of CD4 T-cells a poor quality CD8 T-cell response results. More
recent work is starting to appreciate that CD4 T-cells may also act as direct effector
cells, with evidence in both mouse models but also humans. Indeed, administration of
an NY-ESO-1 specific CD4 T-cell clone results in durable clinical response in a
patient with melanoma. In Epstein-Barr positive cancers, administration of CD4 T-
cells specific for the EBNAL viral protein resulted in clinical responses in the majority
of patients tested. Therefore CD4 T-cells should also be considered when developing

cancer immunotherapies.



1.5 Cancer Immunotherapy

Immunotherapy is the treatment of cancer using the immune system. The
immune system targets the cancer cells and kills them. In the past, few years
immunotherapy has developed and became an integral part of treating cancer.

Antibodies are a widely used form of immunotherapy. The antibodies attach
to cell surface antigens and, once connected, they can potentially call upon other parts
of the immune system to fight antigen bound cancer cells. There are several types of
monoclonal antibodies which include naked monoclonal, conjugated, and bispecific
antibodies [18]. Naked monoclonal antibodies work alone; that is they have nothing
attached to them like a drug or radioactive material. An example of such an antibody
is alemtuzumab for leukemia[18]. Certain naked antibodies work by boosting the
immune system and these will be discussed later. Conjugated antibodies have
radioactive or chemotherapy particles joined to them. These antibodies circulate in the
body untill they come in contact with specific antigens and bind to them. They then
deliver the toxic substances Further, conjugated monoclonal antibodies can be
radiolabeled such as anti-CD20 (lbritumomab tiuxetan) for lymphoma, or
chemolabelled such as anti-HER2 (Ado-trastuzumab emtansine) for breast cancer.
Bispecific monoclonal antibodies can bind to two different proteins and have been
used to activate immune cells and bring them into close proximity of cancer cells, thus
redirecting the immune system to attack the cancer cells[19].

A rapidly developing immunotherapy area is the use of various checkpoint
inhibitors. The immune system has normal checkpoint processes that act as negative

feedback loops to prevent immune responses from escalating out of control.



Often, cancer cells use these the checkpoints to prevent attack by the immune
system. Interfering with checkpoints is proving to be an extremely promising strategy.
Antibodies targeting two checkpoints, CTLA4 (ipilimumab) or PD-1 (nivolumab,
pembrolizumab) are currently licensed as of May 2018. Additional checkpoints, such
as TIM-3 and LAG-3 amongst others are currently being investigated for cancer
therapy [20].

Chimeric antigen receptors (CAR) T cell therapies are another recently
developed approachto fight cancer. The immune cells are engineered in the lab so that
they are specific for cancer cells. This is done by generate nove hybrid receptors that
redirect T cells to target specific tumor cells[21]. As of 2018, two CD19-specific CAR
T-cell therapies have been licensed to treat B-cell malignancies [22].

Cancer vaccines help the immune system to prevent or fight cancer. Examples
of preventative vaccines are those that protect against particular oncogenic strains of
human papillomavirus, which causes cervical cancer [23]. Liver cancer can also result
from chronic infection withhepatitis B virus, thus a vaccine to prevent HBV also
protects the individual from cancer development [24]. In contrast, treatment vaccines
basically fight the already existing cancer cells. The vaccines are injected into the
patient to increase the immune response to cancer cells. Most of them are combined
with substances called adjuvants that boost immune response. So far, Sipuleucel-t is
the only vaccine licensed to treat cancer [25].

Nonspecific cancer immunotherapies and adjuvants cannot target cancer cells
specifically, but rather improve how another immunotherapy works. Interleukins are
small proteins that are important for signaling in between leucocytes. Interleukin-2

(IL-2) is often used as a single drug treatment because it helps to support T-cell growth



[26]. Interleukins are joined with chemotherapy or with cytokines such as interferon
Alpha (IFNa) [26].
1.6 The role of Tumor Associated Antigens in cancer development

Tumor-associated antigens can be divided into different categories including
differentiation, over-expressed and mutated self-antigens. Cancer antigen 125 is a
product of the MUC16 gene and has found its way to therapy but is very poor in
specificity and sensitivity[27]. Cancer antigen 125 may be overexpresed in other types
of cancers, including endometrial cancer, fallopian tube cancer, and cancer of the
lungs, breast cancer and cancer of the gastro intestinal tract [28]. Prostate-specific
antigen is a tumor-associated antigen[29], which is only identified in the serum of
men. It is used as a tumor marker for prostate cancer. The disadvantage with this
antigen is that it does not adequately distinguish between cancer and benign
enlargement of the prostate gland and its low specificity makes its use as a screening
tool controversial, leading to over treatment.

Her2/neu, MUC1, PRAME, survivin and are overexpressed cancer antigens
that exhibit heterogonous distribution pattern in normal tissues[30, 31]. Mucin
glycosylation pattern antigen is different from tumor cells and healthy cells[30]. CD4
T cells can recognize glycosylated MUCL peptide epitope pattern and differentiate it

from other glycosylated patterns[32].



1.7 Gastric Cancer

The fourth most common cause of cancer-related death in the world is Gastric
Cancer[33]. Gastric cancer results from inflammation within the gut region, a
condition known as gastritis, which encourages the growth of tumor cells in the
stomach lining. This kind of growth may become rapid if the patient is already
suffering from irregular stomach cells growth, referred as polyps. Other surrounding
factors can also increase the chances of being diagnosed with gastric cancer. For
instance, data exists supporting the idea that patients who have underwent stomach
surgery to deal with ulcers are exposed to factors causing cell inflammation [34]. In
addition, a higher number of the reported cases of gastric cancer involve obese
individual because of the extra rectus abdominis layer. These excess fats interfere with
digestion and replacement of cells inside the stomach. Additional risk factors include
smoking, gene alteration and bacterial and viral infection. Early symptoms of gastric
cancer include loss of appetite, indigestion, frequent and severe heartburn, and nausea.
The patient develops serious stomach pain, unaccountable loss of weight, the stomach
swells, general body weakness occurs, and either the eyes or skin turns yellowish[34].
At this stage, the tumor cells increase and can even affect the duodenum region.
Several mechanisms of diagnosis such as blood tests, CT scan, and Upper Gl
endoscopy have been used to detect this tumor. However, treatment of the disease has
often been hindered by the fact that patients are often elderly and unable to tolerate

surgery or aggressive chemotherapy treatments.
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more than 900,000 new cases reported annually[35], the highest mortality of GC
based on its high incidence in Asia, Eastern Europe and South America[36]. In recent
years, even with improvements in prognosis after use the application of cisplatin and
fluoropyrimidine-based chemotherapies, surgery still the main curative therapy[37].
sadly, highly frequent relapse, in addition to distant metastases ensure that five-year
survival of gastric cancer rarely exceeds 10%[36] thus, more effective and efficiency
therapeutic approaches are urgently needed for gastric cancer

Pathogenesis and molecular classification of GC

Several classification systems have been used for gastric carcinoma, The Lauren
classification is based on microscopic tumor morphology and divides GC into two
main types: intestinal type, in which the tumor cells are well differentiated and grow
slowly and diffuse type, in which tumor cells are poorly differentiated. The two
morphological types have significant differences in clinical outcome[38] and possess
different molecular pathogenetic pathways.

The intestinal type is associated with Helicobacter pylori (H. pylori) infection and
involves a multistep molecular pathway driving the normal epithelium to intestinal
metaplasia, dysplasia, and malignant transformation by chromosomal and/or
microsatellite instability (MSI), mutation of tumor suppressor genes, and loss of
heterozygosity among others[39, 40]. Detection of certain genetic markers, such as
matrix metalloproteinases and MSI, may give prognostic information, especially for
intestinal type. The common genetic alterations may provide therapeutic targets for

treatment of GC cases.
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Regarding the role of H. pylori, this agent frequently colonizes the human stomach,
causes gastric ulcers and increases the risk of developing stomach cancer. In addition
to genes that help the bacterium neutralize the acid pH of the stomach, virulent H.
pylori strains contain a CagA pathogenicity island, which encodes the components of
a secretion system that can inject bacterial effectors into adjacent gastric epithelial
cells. One of these injected virulence factors, CagA, is highly associated with peptic
ulcer disease and the development of stomach cancer [41, 42].1t is known that, on
entry into the epithelial cell, host kinases phosphorylate CagA at a specific EPIYA
protein sequence motif, which then interacts with the host SHP2 tyrosine phosphatase.
This interaction increases SHP2 activity, which leads to oncogenic Ras—Erk and Wnt
signalling [42, 43] . The binding of SHP1 results in dephosphorylation of the EPIYA
motif and thus reduces activation of SHP2 indicating that SHP1 normally opposes the

oncogenic activity of SHP2 in these cells [44]

In contrast to the intestinal type, diffuse type GC shows no clear causal relationship
with H. pylori infection, but is instead commonly associated with deficiency of cell-
cell adhesion due to mutation of the E-cadherin gene (CDH1), and a manifestation of
the hereditary gastric cancer syndrome. Thus, the abnormality of CDH1 mutation or
loss of expression of E-cadherin may be found in early diagnosis or screening of
diffuse type GC development [45] . About 50% of diffuse-type gastric cancer harbour
this mutation or gene inactivation[46]. In early hereditary gastric cancer, the wild-type
CDHL1 allele is lost or suppressed in tumour cells with a second hit in at least 50% of
cases, caused by promoter hypermethylation of CDH1. Promoter methylation is

considered part of the major mechanism underlying E-cadherin downregulation in
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sporadic diffuse GC [47]. in diffuse-type GC, chromosome instability includes gains
at 12q, 13q and losses at 49, 159, 169, and 17p[48, 49]. moreover, diffuse type gastric
cancer is associated with the mutations or alterations genes, such as met proto-
oncogene encoding the hepatocyte growth factor receptor and the SC-1 antigen as

apoptosis receptor[50]

An alternative system divides GC into four phenotypes based on mucin (MUC1,
MUC2 and CD10) expression: i) intestinal phenotype (I-type), ii) gastric foveolar
phenotype (G-type), iii) intestinal and gastric mixed phenotype and iv) neither gastric
nor intestinal phenotype[51]. Genetic changes were associated with mucin phenotypic
expressions in gastric cancer include TP53 mutations in I-type GC and microsatellite
instability in G-type. in addition to epigenetic alterations include methylation of
hMLH1 revolving more frequently in MUC2-negative gastric cancer and increase
frequently methylated MGMT in MUC2-positive GC than in MUC2-negative GC[52].
A good understanding of the mechanisms implicating cancerous tumour in gastric is
critical to conquering the tumor and targeting pathogenic mechanisms has led to
improvements in survival [53]. Thus, GC cases can be divided into subtypes defined
by biomarkers, such as the overexpression of epidermal growth factor receptor kinase
2 (HER2) protein and amplification of its gene ERBB2. These biomarkers have been
used to inform targeted treatment approach of GC. Functional genomic alterations,
such as c-MET activation, have also been used as biomarkers to inform personalized
treatments. Other potential targets for gastric cancer therapy include the
P13K/Akt/mTOR pathway, epidermal growth factor receptor (EGFR), fibroblast

growth factor receptor , insulin-like growth factor receptor and VEGF receptor [54] It
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is clear from such work that gastric cancer is characterized by molecular
complexity.[55, 56].

Finally, a recent classification scheme for gastric cancer has been proposed based on
molecular classification of tumor cells. It divides GC into four subtypes: i)
genomically stable tumors (GS), ii) tumors with chromosomal instability (CIN), iii)
tumors with microsatellite instability (MSI) and iv) tumors positive for Epstein-Barr
virus (EBV) (Cancer Genome Atlas Research, 2014)[56]. As might be expected from
a molecular classification each subtype possesses distinct genomic features.

GS tumors are consolidated in both the diffuse histological variant and mutations
of, RHOA , CDH1 or unification of RHO-family GTPase-activating proteins . CIN
tumors are characterised by wide frequencies of CDH1 mutation (37%) and TP53
mutation (71%), marked aneuploidy and focal amplification of receptor tyrosine
kinases which are clinically therapeutic targets[57]. MSI tumors display a high
prevalence of DNA promoter hypermethylation, for example at the MLH1 promoter,
which is different from EBV-associated DNA hypermethylation [58] MSI tumors
show elevated mutation frequencies of genes encoding targetable oncogenic proteins
: TP53, ARID1A, KRAS PIK3CA, ERBB3, PTEN and HLA-B[57] although few clear
targets are noted. Finally, EBV-related tumors are chromosomally stable but, show
extensive minimal demethylation and genome-wide hypermethylationand exhibit
requent ARID1A, PIK3CA BCOR mutations and 9p chromosome amplification. They
have a low rate of TP53 mutations which contrasts with the high TP53 mutation
frequency found in CIN and MSI tumors[57]. The unique features of the EBV+ GC

subset is explored in greater detail below.
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Molecular pathogenesis of Epstein-Barr virus-associated GC

Ten percent of gastric cancer is associated with EBV. The tumour consists of a
monoclonal proliferation of EBV infected epithelial cells and, as described above,
represents a distinct clinicopathologic subset. Key characteristics are: younger age,
male predominance, proximal location, lower rate of lymph node involvement,
marked lymphocytic infiltration, and lace pattern within the mucosa[59]. Frequent loss
of p16 (CDKNZ2A), Fhit, smad4 and CD82 (KAI-1) are found[60]. Global CpG island
methylation in the PTEN promoter region is considered as a characteristic feature
abnormality in EBV-GC[61]. The tumour cells contain non-coding EBV RNAs
including EBV-encoded small RNA (EBERs) and Bam H1-A rightward transcripts
(BARTS). Several EBV latent genes are also expressed within the tumour cells
including EBV nuclear antigen 1, latent membrane protein 2A (LMP2A) and BARF1
[62]. viral gene LMP2A responsible for aberrant hypermethylation through activation
of host DNA methyltransferase 1[63] furthermore, LMP2A upregulates Birc5
(survivin) expression by activation of nuclear factor-kB, activates extracellular signal
regulated kinases (ERK/MAPK1), and inhibits TGF-B-induced apoptosis via
upregulation of the Ras/PI3K/Akt pathway[64] . however, the role of EBV genes in

gastric cancer will discuss next with more details.
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1.7.1 Role of Immune Cells in Gastric Cancer

Immune cells play an important role in the pathogenesis and progression of
many cancer. Several reports suggest the same is true also for gastric cancer[65, 66].
Recently, B cells have been reported to be present at lower levels in cancer patients
with different type of cancers include GC [67]. In the peripheral blood the proportion

of yd T cells in GC patients was found to be higher than healthy controls[68].

1.7.2  Tumor Infiltrating Lymphocytes in cancer therapy

Tumor infiltrating lymphocytes are immune cells in tumor site that can isolated
from a patient’s tumour and expanded in number by culture in vitro. Removal of
immunosuppressive factors present in the tumour microenvironment, and the addition
of growth promoting cytokines such as IL-2, allows lymphocytes to divide and grow
resulting in large numbers of immune cells. The assumption underpinning TIL therapy
is that amongst these cells are effector cells specific for the tumour but unable to act
in the suppressive tumour microenvironment. Growth conditions can readily be
manipulated in vitro to support preferential expansion of desired immune cell types.
Administered back to the original patient, the immune cells can re-infiltrate tumors
and, being present in higher numbers than before, can overcome the barriers that
previously limited their functional capacity to initiate tumor lysis. Most tumor
infiltrating lymphocytes (TILs) are T lymphocytes[69]. Tumor infiltrating
lymphocytes intended for therapy are usually isolated from tissues and cultured with
cytokines such as interleukin 2[70]. This type of adoptive immunotherapy Has proven
effective in a number of patients with melanoma. TIL therapy has surpassed a number
of existing cancer treatment in a number of ways; it is seen to have a higher response

than ipilimumab and works for a longer time than vemurafenib. If there is a therapy
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with promising potential to improve outcomes for melanoma, then it is TILs. In
addition, scientists have used TILs therapy to define ways through which cell based
immunotherapy can be incorporated into cancer treatment[71].

The generation of tumor infiltrating lymphocyte first involves harvesting of a
2 centimeter excisional biopsy. The biopsy is then cut into small fragments that range
between 1-3 millimeters and then incubated in a desired growth medium. Interleukin
2(IL-2) is then added and observations made. The presence of lymphocytes will cause
death to the adherent tumor cells as the TIL proliferates. Approximately after four
weeks, the T-cell phenotype of TILs as well as their action against the patient’s tumor
cells is tested. TILs are then expanded for about two weeks using a cell expansion
protocol; typically these use high concentrations of activating anti-CD3 antibody and
interleukin 2. In total it takes between 2-6 weeks to generate TILs.
1.7.3 Gastric Tumour Associated Antigens

There are several known tumor associated antigens in gastric cancer. For
instance, Ademuyiwa, et al. , indicate that NY-ESO-1 cancer testis (CT) antigen is
one of the most likely antigen to be used for immunotherapy surveys based on the fact
that it has a high immunogenicity potential[72]. Antibodies specific for NY-ESO-
lhave been detected in gastric patients’ blood[73]. This antigen could be a critical
element in improving the immunotherapeutic process for gastric cancer patients.

Another antigen that may be important for the immunotherapy of gastric
cancer is mucin 1 (MUC 1), which is a cell surface protein [74]. MUC 1 is involved
in establishing mucous layers that shield surfaces of the epithelial cells in the body
[75]. Specifically, the protein formed using MUC 1 gene signals the mucous glands to

secrete more mucous on internal surfaces such as the stomach lining and pancreatic
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region. As a result, the mucous protects the stomach from the possibility of a
mechanical breakdown due to excess HCI level. This could be of utmost importance
when used as a signal for the action of immune cells. For example, immunotherapeutic
technique involving MUC 1 induces rapid formation of mucous within the stomach
region[75]. It means that the peptide groups on the surface of these mucous proteins
trigger an immune response against malignant cells forming around this region.

Several tumour antigens from the melanoma associated antigen (MAGE) family are
thought to be expressed in gastric cancer. Melanoma-associated antigen 1 (MAGE 1)
is a protein known to induce the activity of TRIM31, which is inherited in different
forms [76]. The activity taking place in this case is referred as E3 ubiquitin-ligase
action that is viewed as a target immunological threat to the human body. The amino
acid composition of this protein is slightly different from that of the normal proteins
synthesised by the cells. Although it has no effect on the individual, cytotoxic T cells
view it as a foreign antigen. It stipulates that an immune response would be directed
towards the region in which these proteins are synthesized. In addition, MAGEA1 and
TRIM31 combine to form a TRIM31-MAGEA-NSE4 complex[76], which seems to
hinder the progressiveness of cells around their region. However, this complex can be
eliminated within a short duration by reducing the activity of TRIM31. If the same
antigen is produced within the tumor region, it would help expose malignant cells to
the immune system. This means that the immune system will counter the ability of
cancerous cells to protect themselves from being detected by the cytotoxic T cells.
According to Sienel, et al. , melanoma-associated antigen 3 (MAGE-A3) has been
used in the past to initiate the destruction of cancerous cells present in the early stages

of lung cancer[77].
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Carcinoembryonic antigen (CEA) is another common antigen in cancer
therapy[78]. This protein originates within the human body during the early stages of
life. However, levels subsequently decrease as an individual grows. Over the years,
CEA has been important in the field of medicine and health sciences because it
reappears in high levels in cancer patients. A test for CEA has been developed to detect
the presence of cancerous cells [78]. a possibility that cytotoxic T cells might end up
attacking non-cancerous cells.

Prostate-specific membrane antigen (PSMA) has also been a primary research
target for cancer therapy for a long period [79]. This transmembrane protein has
features that can indicate the presence of malignancy. Despite its name, PSMA is
expressed in other cancers including gastric cancer, where there exists a poor
correlation between PSMA expression and survival[80]. Studying the protein could
be helpful for gastric cancer because the compound is present in the malignant tissue.
Chang et al. [79] describe that the 7E11 antibody has been used for years to target the
PSMA. However, the form of this antigen synthesized in cancerous cells is slightly
different from the original one. As a result, new studies are being conducted to
establish anti-PSMA antibodies that will not only recognize but also bind to the
epitope of PSMA around the cancer region. This would suit the process of eliminating

any possible malignancies using immunotherapy.

1.7.4 Role of Immunosuppressive cells

The immunosuppressive cell within tumours include the cancer associated
fibroblasts that are normally identified by the expression of the membrane protein
fibroblast activation protein (FAP). This protein in turn suppresses the anti-tumor

immune response by mainly restricting the T cells from the stroma thereby preventing
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them from accumulating in the vicinity of the gastric cancer cells. CAFs can act as an
immunosuppressive cell through production of a dense extracellular matrix (ECM)
that traps T cells in the stroma thus denying them access to the cancer cells. The other
mechanism used by CAFs is secretion of CXCL12. The CAF-secreted CXCL12 is
known to coat T cells therefore excluding them in the CXCR4-dependent manner[81].

Secondly, tumor associated macrophages (TAMs) are also known to contribute
to the immunosuppressive tumor microenvironment. TAMs are not only mostly
involved in tumor-promoting angiogenesis but also in fibrous stroma deposition as
well as metastasis formation. The two mechanisms that make TAMs have the
immunosuppressive abilities are; TGF-beta production that negatively regulates the
effector T cells function and at the same time induces T regulatory cell differentiation.
EGF and CCL18 production is the second mechanism employed by TAMs that in turn
promotes angiogenesis and tumor progression[82, 83].

Thirdly, regulatory T cells (Tregs) are also among the immunosuppressive
cells that contribute to immune suppression. Tregs are subsets of CD4+ T cells with
suppressive capabilities that are known to have a major role when it comes to
maintaining immune homeostasis and self-tolerance as well as dampening
inflammation. In addition, T-regs helps prevent autoimmunity diseases. T-regs
function by suppressing the function of the effector CD8+ and CD4+ cells and the
antigen presenting cells among other important cells through a number mechanisms
that includes secretion of immunosuppressive cytokines and production of cytolytic
factors[84].

Although immunotherapies have been showing promise in the cancer field,

they have failed to meet their ultimate objective. One possible explanation is the
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availability of the immunosuppressive cells like the regulatory T cells and the MSDCs
that produce signals that prevent tumor associated T cells from effectively attacking
and killing the cancer cells[85]. Immunosuppressive cells are known to facilitate ways
by which tumors can escape the immune response and they effectively achieve this
mostly through stimulation of mechanisms that inhibit anti-tumor immune responses
[85].Furthermore, the immunosuppressive cells contribute to the spread and growth of
tumor cells by not only their suppressive property but also by inducing cell invasion
and intra-vasation. Immunosuppressive cells also establish a pre-metastatic niche and
facilitate the transition of epithelial mesenchyme. In addition, immunosuppressive
cells also induce angiogenesis at certain metastatic sites. Recent studies have shown
that it is possible to inhibit the growth and escape of tumors by blocking the
immunosuppressive cells. In addition, the immunosuppressive mechanisms caused by

the immunosuppressive cells or tumor cells are also eliminated.[86]

1.7.5 Immune Checkpoint Inhibitors

Immune checkpoints are signaling pathways whose function is to down-regulate
immune responses to avoid damage through prolonged immune responses. Cancers
frequently express these checkpoint molecules to prevent their elimination by immune
effectors. Immune checkpoint inhibitors have been developed as drugs that inhibit
these pathways allowing immune responses to act and destroy the cancer cells. The
most common example of immune checkpoints are CTLA-4 and PDL-1. In addition,
there is the PD-1 that is found on the T cells. When PD-1 binds to PDL-1, it prevents
pro-apoptotic signaling and limit T cells function and activation. The immune
checkpoint inhibitor CTLA-4 is most often involved during T cell priming in the

lymph node and it normally prevents T cell proliferation when T cell receptors (TCRs)
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are strongly stimulated with antigen. While PD-1 on the other hand, is involved later
in the immune response and acts to dampen the effector T cells mediated inflammatory
responses[87] .

The use of monoclonal antibodies when it comes to cancer treatment is
currently on the rise, especially those that target the binding of the PD-1 and PD-L1
and block this binding and in turn enhance the immune response against the cancer
cells. Notably, these antibodies have the capacity to attach to their activation sites such
that they inhibit the process of binding. Therefore, immune checkpoint inhibitors are
quite promising in treating certain types of cancer. Examples of drugs that target the
PD-1 pathway include Pembrolizumab and Nivolumab that are generating clinical
responses in a proportion of patients with several different cancer types. For instance,
these two have been used in melanoma of the skin, kidney cancer, and bladder
cancer[88].

1.7.6 Myeloid Derived Suppressor Cells (MDSCs)

Myeloid derived suppressor cells (MDSCs) are defined as a heterogeneous
population of immature myeloid progenitor cells that have failed to mature into
granulocytes, macrophages and dendritic cells. In tumor-bearing hosts, the MDSCs
usually move from their site of generation, the bone marrow, to the peripheral
lymphoid organs. The myeloid derived suppressor cells also display
immunosuppressive properties that are thought to create the immunosuppressive
tumor microenvironment (TME)[89]. When an individual gets an inflammation or
cancer, the population of MDSCs is known to expand rapidly. In addition, MDSCs are

known to regulate the immune responses and facilitate the repair of tissues in healthy
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individuals. MDSCs also contribute to tumor growth and inhibition of anti-tumor
immune reactions.[90]

As immunosuppressive cells, MSDCs exhibit both immunosuppressive and
tumorigenic activities. The functions of MSDCs include but not limited to depriving
the T cell of its essential amino acid for proliferation and anti-tumor activity. In
addition, MSDCs produce nitric oxide (NO) and the reactive oxygen species (ROS)
that causes the nitration of both chemokines that result in lower T cell recruitment as
well as damage to T cell receptors inhibiting T-cell function. Moreover, MDSCs can
produce interleukin 10 to inhibit immune effector cell functions. Lastly, MDSCs
produce growth factors- the matrix metalloproteinase, factors that stimulate the growth
of cytokines and activation of Tregs [91]

There are a number of mechanisms associated with the MDSC-mediated
immune suppressive and they include; production of Arginase 1 (ARG1) and up-
regulation of iINOS. Conversely, ARG1 and iNOS not only metabolize L-arginine but
also causes the loss of the TCR zeta chain as well as promote nitration of TCR, CD3,
CD8 and CCL2. In addition, they also disrupt interleukin 2 signaling and inhibit T cell
proliferation. The second mechanism by the MDSC is the secretion of
immunosuppressive cytokines. These cytokines include interleukin 10 and TGF-beta
leading to the induction of regulatory T cells and inhibition of the functions of natural

killer cells and CD8+ T cells. [90] [91].
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1.7.7 Organoid and Gastric cancer

According to Tan and Barker, organoids are small forms of tissue that
showcase endogenous three-dimensional organ structure, multilineage differentiation,
and stem cells which are in a simple in vitro system[92]. Clevers , indicates that
organoids of the mouse and human are composed of epithelium, which can be
propagated from the previous standard gastrointestinal tissues including the intestines,
pancreas, stomach, and liver. The propagation is defined by growth factors that replace
stromal signals in a matrix geometry. Murine organoids have the opposite in that it’s
been propagated in a non-submerged air-liquid interface and contain the mesenchyme
and epithelium and can grow without growth factor supplementation. Human-induced
stem cells can be divided into intestinal cells and expanded to epithelial or
mesenchyme organoids.[93]

Organoids can be wild-type, which gives an opportunity for oncogene
validation. Mutations in the oncogene can be introduced to the wild-type organoids,

and the effects of the modifications determined[92, 93]

1.8 Epstein Barr Virus: infection and diseases

The Epstein- Barr virus was discovered in 1964 by Epstein and his group in specimens
from patients who had Burkett’s lymphoma. [94]. In 1968 it was discovered that EBV
could immortalize B cell [95]. At this time the link between EBV virus and infectious
mononucleosis was also discovered.

EBV infects about 90% of people around world but small proportion can develop
tumour. For that EBV consider the first human virus that implicated directly in

carcinogenesis[96]. As result EBV associated with different malignancies including

24



Hodgkin lymphoma, Burkett lymphoma and post-transplant lymphproliferative
disease (PTLD) for B cell cancer in addition to T and NK cell lymphoma. Moreover
EBV associated with epithelial tumour such as gastric cancer and nasopharyngeal
carcinoma NPC[97].

EBV is a gamma herpesvirus, also known as Human herpsvirus 4 (HHV4). The
genome is double helix DNA and encodes more than one hundred genes. It is covered
by a protein capsid, which is surrounded by tegument protein. This is wrapped by a
lipid envelop that contain glycoproteins that allow the virus to bind to cells [98].
Initiation of the infection start when EBV attaches to B cells or epithelial cells using
its glycoproteins. EBV interacts with B cells through the binding of EBV glycoprotein
gp350 to complement receptor CD21 on the surface of B cell. After that EBV
glycoprotein gp42 interacts with cellular B Cell-MHC Il molecules. As a result the
envelope of virus and cell membrane fuse after EBV forms gH, gL, gp42 glycoproteins
complexs on B cell membrane. This fusion allows the viral genome to enter the
cytoplasm then the nucleus of the cell. EBV can also infect epithelial cell by the
BMRF2 protein binding to B1 integrin with. After that, gH,gL glycoprotein of EBV
bind to avp6/8 integrin. These interactions lead to fusion of the envelope of the virus
with the cell membrane. [98, 99].

EBV has two separate stages as part of its lifecycle which are lytic and latent cycle.
The induction of lytic cycle involves three sequential phases of protein expression
termed, immediate early, early and late. However (in references Hudnall, S.D. 2014
and Tsurum et al), Lytic cycle starts with immediate early genes which are
transactivators of viral gene expression. This stage includes two EBV encoded

transcription factors, BRLF1 and BZLF1, that bind to lytic origin of replication in
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virus (oriLyt) to initiate replication. BZLF1 acts to inhibit expressing of p53 and NF-
kB when bind to subset genes [100]. [101, 102]. .

Early lytic genes are responsible for viral genome replication and export of RNA to
the cytoplasm such as BNLF2 and BSMLF1. Other early genes, BALF1 and BHRF1
act to prevent apoptosis during replication[103]. The last stage in lytic EBV replication
is expression of late lytic genes that are responsible for DNA synthesis and forming
the structural components of the virion (Tsurumi, Fujita et al. 2005; Hudnall 2014).
There are viral homology genes that particpate during lytic stages of infection such as
BCRF1 and BARF1, to inhibtit immune response [104].[101].

In Latent replication EBV persists in memory B cell without viral production. The
viral genome persists in the nucleus of infected cells as an episome via host DNA
polymerase. In vitro, latent infection of B cells (in the absence of an immune response)
generates transformed B cell lymphoblastoid cell lines (LCL) [105]. Intumours, EBV
persists in the tumour cells as a latent infection characterised by three different EBV
latency programs, termed latency I, Il or 111[98, 106]. Each program expresses
different latent viral genes and EBV early RNAs (EBERL, 2) [101, 105] . These genes
include nuclear proteins EBNA1, 2, 3A, 3B and EBNA leader protein LP in addition
to membrane proteins LMP1, LMP2A and 2B. In EBV latency Ill, activation of naive
B cells and transformation of B cells to proliferating blasts LMP1,2 and EBNA
1,2,3A-C and EBNA-LP are expressed. During the establishment of permanent
infection of the host, EBV induce cells differentiation to memory cells with EBV viral
expression reduced to EBNA1 to maintain the genome and LMP1,2A to prevent

apoptosis to maintain growth of cell among latency Il [107]Hudnall 2014) . Finally
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the virus established a persistent latency | state with just EBNAL expressed, to allow

the EBV genome to be segregated to daughter cells after B cell division [98].
1.8.1 Cell mediated response to EBV

1.8.1.1 CDS8T Cell response to EBV lytic protein

The response of CD8+ T cell to EBV proteins expressed in lytic cycle shows a clear
pattern of recognition, responses to Immediate early proteins are stronger than early
and late cycle proteins [101, 108]. Similarly, testing CD8 T-cell clones specific for
immediate early, early and late lytic protein epitopes against EBV LCLs (which
contain a proportion of lytic cells) showed clear differences in recognition. CD8 T-
cells specific for IE proteins recognised LCLs more efficiently than E with weak
recognition of late lytic proteins[109]. As part of the global research studying the CD8
T-cell response to EBV, a study showed spontaneous CD8+ cell responses to BARF1
protein from patients with undifferentiated nasopharyngeal carcinoma [110].

1.8.1.2 CD8T Cell response to EBV latency proteins

Turning to the latent EBV proteins, early studies showed EBV latent protein (EBNA3
A, B and C) expressed from recombinant vaccinia vectors were recognized by CD8+
cell [111, 112] restricted by certain HLA alleles such as A3 ,All and B7,8,and 44
[113]. Across all the latent proteins, the strongest CD8 responses were to different
HLA | epitopes in the EBV latent proteins EBNA3A, 3B and 3C [114]. Other
subdominant EBV proteins could occasionally elicit strong responses on some
individuals carrying particular HLA alleles, such as epitopes from EBNA2 and
EBNA-LP [115, 116]. Subsequent work on EBNAL, a key target given its expression
in all EBV cancers, showed that an internal glycine alanine repeat domain (GAr)

inhibited HLA class | presentation of EBNAL antigen by the classical pathway [117].
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GAr —deleted EBNAL1 was processed and HLA | epitopes presented to CD8 T-cells
[118]. However, despite its endogenous processing being inhibited, strong CD8 T-cell
responses could be seen to EBNAL in donors possessing certain HLA alleles such as

HLA-B35.01 [119]; such responses being generated by cross presentation.

1.8.1.3 CDA4 T cell response to lytic proteins

A recent study used nine MHC |1 tetramers representing a range of epitopes to identify
human CD4+ T cell responses against EBV proteins during infectious mononucleosis.
They found that EBV induces high frequency responses against the latent protein
EBNAZ2 in addition to four lytic cycle proteins including BFRF1, BARF1, BMRF1
and BZLF1.In contrast, they found that in infectious mononucleosis patients the CD4+
T cell response against epitopes from EBNAL1 were delayed [139]. Another study
found that the CD4+ T cell response to the immediate early protein BZLF1 was higher
than that against the early protein BMLF1 protein [140]. With regard to cell
phenotype, a study detecting CD4+ memory T cell responses in healthy EBV carriers
identified responses against both lytic and latent antigens, but the CD4+ T cells
specific for lytic antigens expressed more CD45RA than those against the latent
proteins, suggesting a later differentiated state [141]. Further studies have identified
CD4+ T cell responses to 110 epitopes derived from different lytic and latent EBV
proteins in blood donors. [142]. Importantly, EBV glycoprotein —specific T helper
cells have been shown to inhibit proliferation and outgrowth of LCLs after primary B
cell infection by EBV. The CD4+ T cells in this study were specific for EBV lytic
glycoproteins including BALF4 (gp110), BZLF1 and BLLF1 (glycoprotein 350/220).

Such a response may implicate their potential as direct effectors in therapy for disease
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associated with EBV [143]. However CD4+ T cells also play a helper role, as they are
important in antibody responses to EBV during infectious mononucleosis[144].

Furthermore, polyclonal CD4+ T cells generated by LCL-stimulation can prevent
primary EBV outgrowth in B cells infected in vitro. These T cells comprised a pool of
CD4+ T cells specific for EBV epitopes from a range of lytic proteins [145]. Patients
with PTLD showed stable remission when infused with CD4+ T cells specific for a
selected set of EBV epitope peptide, such as those derived from BNRF1 protein,
suggesting that CD4+ T cells can have antitumor effects in vivo[145, 146]. This
supports in vitro studies showing strong recognition of LCLs by cytotoxic CD4+ T
cell clones to epitopes from all three stages of the lytic cycle even though only small

fractions of EBV transformed B cell lines contain lytically infected cells .[139, 147]

1.8.1.4 CDAT cell response to latency proteins

Several studies that have attempted to clarify the role of T helper 1 CD4+ T cells in
defence against EBV have analysed the latent protein EBNAL, and showed that
EBNAL specific CD4+ T cells secreted IFN gamma [148, 149]. A study that
determined the magnitude and frequency of Human CD4+ memory T cell response to
pools of peptides derived from four EBV latent proteins in healthy EBV-positive
donors assessed IFN gamma release. However, another study showed that some
EBNAL specific CD4 T cells secreted the Th2 cytokine, IL-4, whereas coincident
responses to the EBNAS3A protein secreted the Thl cytokine IFN gamma[150].
Response to epitopes from EBNA1 and EBNA3C were reported to be stronger than
those against LMP1 and LMP2[151]. In another study, CD4+ T cells were shown to

recognize epitopes from the three latent proteins EBNAL1EBNA2 and EBNA 3C
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antigens [148, 152]. Thus, EBV induces a broad spectrum of CD4+ T cell responses
against multiple viral antigens in the majority of donors.

With regard to their therapeutic potential against human lymphoma, in vitro generated
CD4+ T cell clones produced IFN gamma and had cytotoxic capacity against EBV
transformed B cells, indicating a possible role in controlling the outgrowth of B cell
malignancies [153]. EBNA1 specific CD4+ cells recognized MHC 1l (HLA-DP3)
matched BL cells lines [154]. Furthermore, LMP1 and LMP2 specific CD4+ cytotoxic
T cell recognized EBV transformed B cell lines leading to the production of Thl
cytokines and killing of the target cells by perforin mediated lysis. In addition, this
study also showed that the cytotoxic CD4 cytotoxic specific for LMP1 and 2 epitopes
could control LCL outgrowth, indicating their possible usefulness in therapies against
LMP expressing tumours [155].

With regard to antigen processing for CD4+ T cell recognition, EBNAL specific CD4+
T cell epitopes (SNP, VYG and PQC) that are displayed on the surface of infected
cells were shown to gain access to the MHC Il processing pathway via
macroautophagy when EBNA1 was endogenously expressed [156]. Similarly, an early
study analysising LCL recognition by CD4+ T cell specific for EBNAL found that the
presentation of epitopes derived from ENBA1 peptides was blocked upon addition of
3-methyladenine to inhibit autophagy [157]. However intercellular antigen transfer
has been shown to play an important role in the presentation of the other EBV nuclear
antigens targeted by CD4+ T cells. In this study, presented epitopes that derived from
EBNA2 and ENBA3C were processed by intercellular antigen transfer without any

apparent contribution from autophagy pathways. [158].
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1.8.2 EBV associated Gastric cancer (EBVaGC) and EBV tumor Antigens
Epstein Barr virus (EBV) was the first virus associated with human malignancy.
Multiple studies have shown EBV is involved in a number of different human cancers
such as nasopharyngeal carcinoma (NPC) Hodgkin’s lymphoma, lymphoproliferative
disease and NK/T cell lymphoma. Throughout the world EBV is detected in about
10% of GC cases and around 80,000 new cases of viral-positive disease occur each
year (assuming 10% of 800,000 total cases of gastric cancer) [120].

EBV latency genes play important roles in epithelial malignancies. The following
genes are consistently detected: EBV nuclear antigen 1 (EBNAL), latent membrane
protein 2 (LMP2) and BamH1 A rightward Forward -1 (BARF1). Additional RNA
transcripts are also present, including the EBV early RNA (EBERs), Bam HI A
rightward transcripts (BART) and BART miRNAs. In addition EBV early lytic genes
such as BZLF1 and BFLF1 have been detected in EBVGC. The detection of these
proteins suggests that a proportion of cells in the tumour are in lytic cycle. Regarding
expression levels, the most abundant of the latent genes is EBER then BART, followed
by LMP2A-B. Expression of EBNAL1 is low raising the question of how viral genome
is maintained in EBVGC [121].

EBNAL is expressed in all EBV associated cancers and this gene is responsible for
replication and persistence of viral episomes. However, until now there is little
information about the specific role of EBNAL in EBV associated gastric cancer.
EBNAL is considered the universal target in EBV associated cancers given its
ubiquitous expression.

LMP2A in EBVGC cases have been reported in half of all cases compared with other

EBV latent genes. These findings indicate that LMP2A expression plays important
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roles in oncogene processes during EBV infection in Gastric epithelial cells. Recently,
LMP2A was found to inhibit transformed growth factor bl (TGF) induced cellular
apoptosis in GC cell lines [122] .Moreover cellular survivin gene expression was
unregulated through nuclear factor kb pathways in GC cell lines with LMP2A
infection [123]. Furthermore, LMP2A induces the phosphorylation of STAT3 in
EBVGC, activating DNA methyltransferasel (DNMT1). This leads to promoter
hypermethylation of tumor suppressor gene [124].

BARF1 has been detected in EBVGC by several groups [125]. BARF1 is thought to
act as an antiapoptotic protein in EBVGC by increasing the Bcl-2 to Bax ratio [126].
Moreover, cyclin D1 is overexpressed when BARFL1 is transfected into gastric
epithelial cells. In addition BARF1 increased cell proliferation via upregulated NF-
kB, cyclin D1 and decreased cell cycle inhibitor P21 expression [127]. Initial reports
suggested that BARF1 is expressed in EBV carcinomas but rarely in lymphomas.
More recent studies have reported that BARF1 is expressed in both EBV positive B
cells and B lymphoma [128].

Although not encoding protein, the EBERs are involved in the maintenance of
epithelial malignancy by a apoptosis resistance ,effect on cell proliferation, enhance
cellular signaling and production of autocrine growth factors [129] . In EBVGC, the
expression of insulin like growth factor-1 (IGF1) is induced by the EBERs. Recently
EBERs were reported to suppress E-cadherin in a gastric cell line with cellular
alteration miRNA expression in epithelial to mesenchymal transition (EMT)[130].
Moreover EBER upregulate Interlukin-6 (IL-6) expression in addition to
downregulate cell cycle inhibitor p27 and p21 by activated regulator STATM in

gastric carcinoma cell line [121].
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1.8.3 Epstein-Barr virus BamH1-A Reading Frame-1 (BARF1) Oncogene as

New Immunotherapy Target
1.8.3.1 BARF1 Gene and Structure

The EBV BARFL1 gene encodes a 221 amino acid 31-33kDa protein containing
a secretory sequence at the amino terminus. The 20 amino acid secretory sequence is
cleaved and the remainder of the protein secreted into the intercellular environment
[131]. BARF1 has multiple functions that not only induces malignant transformation
in rodent fibroblasts but also enhancing the ability of certain EBV negative cells to
bring about malignant formation. The N-terminus of the BARF1 genes contains about
54 amino acids that up regulated the Blc-2 protein that has anti-apoptotic activity
[132]. These 54 amino acids are also the reason why BARFL1 is able to form malignant
transformations in a number of cells. Moreover, the BARF1 encoded protein that is
usually secreted as a hexameric molecule possessing immune modulation properties.
In addition, it is a homologue of c-fms and the colony stimulating factor 1 (hCSF-1)
receptor and capable of binding CSF-1, in turn inhibiting interferon-alpha (IFNa)
secretion from the mononuclear cells [133] . Although the immune modulating
capabilities that BARF1 possesses allows EBV-positive cells to escape elimination
by the host immune response, BARF1 is also a potential immune target. Several HLA-
A 0201-restricted cytotoxic T lymphocyte (CTL) epitopes have been identified in
BARF1[134].

The structure of the BARF1 gene is similar to some cellular molecules, for
example the CD80 gene, from which the gene is thought to have originated from
during evolution [135]. However, despite the close similarity, there is a difference in

domain orientation and oligomerization between BARF1 and CD80. The interaction
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between CSF-1 and CSF-1 receptor must be principally different from the binding
between BARFI and hCSF-1[133]. The N-terminal domain and the C-terminal domain
are the immunoglobulin like domains that make up the BARF1 protein[136]. These
domains belong to different families; the N-terminal domain belongs to the variable
domain subfamily whereas the C-terminal domain is related to the constant
immunoglobulin.

Structurally, the unusual BARF1gene hexamerisation involves the contact of
the N terminal that comes first and C terminal domain that comes second. The C-
terminal however gets in contact through a surface extending to beta-sandwich of the
immunoglobulin domain through the second particle. Contrarily, the N-terminal
contact contains the immunoglobulin domains with an unusual relative orientation but
usually with classical contact surface having dimer interactions of immunoglobulin

domains sizes [136].

1.8.3.2 BARFL1 in cancers- Gastric and nasopharyngeal cancers

The BARF1 gene was first identified in 1989 in NPC tumors[137]. BARF1
transcription was demonstrated for first time in NPC tissue from North African
patients using RT-PCR [138]. Later, the BARF1 ORF was expressed and translated
with high p31 protein in the most NPC biopsies [139]. Furthermore BARF1 transcript
MRNA was detected in NPC patient among nasopharyngeal brushings containing high
DNA EBYV loads [140]. Another study that used epithelioid malignancies to study
whether BARF1 is a lytic or latent gene found high expression of BARF1 in gastric
carcinoma and NPC tissues in the absence of lytic gene expression [141].[142].

The BARF1 gene was found to be expressed in EBV+ve gastric carcinoma GC by

Hausen et al [125]. Subsequent work showed that in EBV-GC, BARF1 gene
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expression in the presence of abnormal p53 expression inhibited apoptosis[132]. A
similar study demonstrated an anti apoptotic effect through Bcl-2[126]. A recent study
showed increased cell proliferation of EBV- gastric carcinoma with secreted BARF1
leading to up-regulation of cyclin D1 and nuclear factor kappa B NF-kB [133]. The
above studies all demonstrated BARF1 carcinoma expression occurred without lytic
gene expression. BARF1 mRNA was detected in breast cancer tumours in two studies
with lytic gene expression [143, 144]; this detection is presumably due to the presence
of EBV-infected B cells in the tumour. BARF1 mRNA has been detected in Burkett
lymphoma [145] , NK/T cell lymphoma [146] but this may be a result of lytic cycle

rather than latency [142]
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AIMS AND OBJECTIVES

1-

Undertake a systematic investigation of T cell responses specific for EBV
tumour antigens in healthy donors, to include: EBNA1, LMP1, LMP2 and
BARF.1

Study the T cell response to the BARF1 oncogene, a potentially important

target for immunotherapy:

- Generate BARF1-specific T-cell clones to characterize epitopes

- Explore potential for BARF1-specific T cells to be wused for
immunotherapy.

- Study processing of BARF1 to determine the relative contributions of
endogenous and exogenous antigen processing to BARF1 epitope
presentation.

Characterize the phenotype and frequency of immune cells in gastric cancer

patients’ blood.

Characterize the phenotype and frequency of immune cells in gastric cancer

patients’ tumours.

Determine potential utility of T-cell based therapy for gastric cancer based on

expansion of tumour infiltrating lymphocytes from tumour specimens. To

include ability to recognize autologous tumour cells.
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CHAPTER 2

MATERIALS AND METHODS
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2.1 Tissue and cell culture

2.1.1 culture media and reagents

Standard Culture Media: RPMI 1640 media (Sigma) supplemented with 2 mM L
glutamine (Gibco), 100 pug/ml streptomycin (Gibco) 100 1U/ml penicillin (Gibco), and
10% fetal bovine serum (FBS) (Biosera)

Monkey Leukocyte antigen-144 supernatant (MLA-144): Supernatant is derived
from cultured MLA-144 cells line in RPMI 1640 + 10% FCS and 1% pen/strep then
filtered by Millipore Steritop 0.22um vacuum and stored at -20C°.

T cell cloning media: standard culture media supplemented with 30% MLA144
supernatant, 1% human serum (TCS Biosciences) and 100U/ml Proleukin (IL2)
(Novartis).

TIL media : RPMI, HEPES 25mM, 1% L-Glutamine (Gibco); 100 pg/ml
streptomycin (Gibco); 100 1U/ml penicillin (Gibco); 1% Na Pyruvate (Gibco), 0.1%
(50mM); 2B-mercaptoethanol (Sigma/Gibco), 10% human serum.

T cell media: AIM-V media (Fischer Scientific) 10% human serum 100 pg/ml
streptomycin (Gibco) 100 IU/ml penicillin (Gibco). (Supplemeted with IL-7 and IL-
15)

Freezing media: RPMI media, 20% FBS and 10% Dimethyl sulphoxide (DMSO)
(Fischer Scientific).

Optimen (Gibco): serum free media for preparing cells for transfection

Epithelial cells media .DMEM (Gibco) or RPMI 1640 media (as appropriate for the
cell line) supplemeted with 10% FCS + 100 pg/ml streptomycin (Gibco); 100 1U/ml

penicillin (Gibco)
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Monkey Leukocyte antigen-144 supernatant (MLA-144): Supernatant is derived
from cultured MLA-144 cells line in RPMI 1640 + 10% FCS and 100 pg/ml
streptomycin (Gibco) 100 1U/ml penicillin (Gibco) then filtered by Millipore Steritop
0.22um vacuum and store in -20C°.

Leucocytes Cone cells: Cones and Buffy coat cells were obtained from Birmingham
National Blood Service. PBMCS were isolated and prepared as cell feeders as

described below

2.2 CELL CULTURE:

2.2.1 Growing of Suspension cells:
Suspensions cells (Table 3) were grown in RPMI or DMEM + 10% FCS in 25cm?

flask. Cells were spilt 1:2 and fed two times in week.

2.2.2 Growing Adherent cells
These cells (
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Table 4) were grown in RPMI or DMEM + 10% FCS in 25 cm? flasks or 75 cm? flasks
but some cells needed additional growth factors. Cells were spilt when the confluencyt
was 70% or more . For spilting, the cells were washed two times with PBS then
trypsinsed using TrypLE Express Enzyme (1X), phenol red ( Gibco) for a few minutes
in the incubator. Once detached, media was added to stop enzyme activity . The split

ratio used to establish flasks of cells was dependent on the cell type.

2.2.3 EBV transformed Lymphoblastoid cell lines (LCLS)

LCLs cells were generated by transforming B cells with EBV virus. EBV supernatant
4ml (not fed for at least 3 days) from B95.8 virus producer lines was spin at 1500 rpm
for 5 min to pellet cells then supernatant was then collected and filtered through using
a 0.45um syringe filter. At the same times 5-10 x10° PBMCs were pelleted by
centrifugation and supernatant removed. The B95.8 supernatant was combined with
500ul of FBS then added to PBMCs and incubated at 37C /5% CO2 overnight. The
next day, PBMCs were centrifuged at 1300rpm for 5min and the supernatant was
discarded. PBMCs were suspended in 2ml of CSA media ( RPMI+10% FCS, 1ug/ml
Cyclosporin A + 100 pg/ml streptomycin (Gibco) 100 1U/ml penicillin (Gibco)) and
transferred to 24 well plate for 2 weeks until cells transformed into LCLs . These were
maintained in LCL culture media and spilt as needed. Growing LCLs were transferred

to 25cm flask when there were at least 4 thick wells of LCL cells.

2.2.4 CD4 T cell depletion

The required number of CD4 Dynabeads were washed, added to PBMCS in RPMI

medium then incubated at 4C° for 30min with gentle rotation. The cells-bead mixture

40



was inserted into a magnet for 2 min and the supernatant then transferred to anew tube.

This step was repeated to ensure robust CD4 depletion.

2.2.5 Cryopreservation of Cells

Cells were transferred to sterile cryovial tube, centrifuged and and suspended
autologous plasma or medium RPMI -1640 with 20% Fetal Calf Serum (FCS) and
10% Dimethyl Sulfoxide (DMSO) (sigma). Cryovials were inserted into a controlled
cooling device (Mr Frosty, Thermo) and place into a -80 freezer for 16 hours; this
ensured a slow cooling rate of 1C per minute. Cells were transferred to liquid nitrogen
for long term storage.

To revive cells, cryovials were thawed in 37C waterbath then cells were gently
transferred to 15 ml tube containing 10ml warm standard medium. After 2min cells
were washed by centrifugation at 850 rpm for 10 min, resuspention with standard

medium then centrifuged again at 1300rpm for 5min.

2.3 Cloning EBV-specific T-cells

2.3.1 Reactivation of EBV peptide (BARF1) specific T-cells

The PBMCs were stimulated by adding of 5uM EBV epitope peptides or pepmixes
then incubated at 37C 5%CO, for one hour. Subsequently the cells were washed in
RPMI media to remove any peptides or alternatively cells were used directly without
washing. The cells were cultured with AIM-V %10 human serum in a 24-well plate
at 1x10° cells/ml or a 96 well plate at 0.25x10° cells / 200ul from 10 to 14 days in
present of 10 ng/ml IL-7 and 0.5 ng/ml IL-5 in addition to 20 1U/ml IL-2 . Half of the
media from each well was replaced with fresh media and cytokines on day 5 then

every 2 days depending on media colour. Later, a part of the PBMCs were harvested
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and re-stimulated for 4 hours with 5uM of the same pepmix or epitope peptide to be

tested in a TNFa secreting assay to check T-cell specificity. .

2.3.2 T-cell sorting and cloning

Antigen-specific cells were sorted by FACS using an TNFa secretion assay after re-
stimulation for 4 hours with 5uM of the same pepmix or epitope peptide used to
establish the polyclonal culture in the presence of anti-TNF-APC antibody and TAPI1O
inhibitor of ADAML17. On the day of sorting, 96 well round plates were prepared by
adding 100 ul per well of T cell media (RPMI + 30% MLA ,10% FCS, Human serum
, 50 1U of IL_2 1001U/ml penicillin and 100ug/ml streptomycin and 1/1000 OKT3
antiCD3 antibody (ebioscience) and 4x10° irradiated phytohemagglutinin-treated
(10ug/ml) mixed buffy coat feeder cells (from at least two different donors). After
TNFa antibody (APC) cultured, cells were stained with viability dye eFluor720 and
CD3 BV421 then suspended in cold T cell media on ice. Cells were sorted by FACS
to one cell per well using by the core facility at the University of Birmingham. Plates
were incubated until next day then the media was topped up 100 ul gently with T cell
media. Plate were then incubated for 2 weeks. Any wells icontaining growing cells

were screened for response to specific peptide using IFNy ELISA assay.

2.3.3 T cell Clone Expansion
BARF1-specific T cell clones were expanded from 96 well to 24 well plates in T cell

media containing 1x10° y-irradiated (4000 rads) phytohemagglutinin-treated mixed
allogeneic feeder cells (from three different donors) and 1X10° peptide-pulsed y-

irradiated LCLs.
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2.3.4 T cells clone Maintaining
To maintain T cells clones, clones were fed two times per week. T-cells were split

into new wells when cells reached 1x10° per ml. Every two weeks clones were
stimulated by 1X10° peptide-pulsed y-irradiated LCLs and phytohemagglutinin-

treated (10pg/ml) buffy coat cells from three allogeneic donors.

2.3.5 HLA restriction of T cells clones

To identify T cell clone HLA type, different LCL cells with known HLA types were
stimulated with 5ug/ml specific peptides (or DMSO as control) for 1-2 hours in 37C
incubator. The tubes were flicked every 20 minutes to resuspend cells. Then, cells
were washed 4x with LCL media and resuspended in media. 5X10* LCL cells in 100
ul were added to each well of a 96 well V bottom plates. T cell clone (3000 cells) were
added to each well. T cell clones alone and LCL cells alone were also tested as
controls. Cells were incubated overnight then 50 ul of supernatants were tested with

IFNg ELISA assay.

2.3.6 Characterisation of T cell clones: peptide titration

Stock peptides at 5mg/ ml were diluted to 1/100 in LCL media to make 0.05 mg /ml
which was then used to set up seven wells, diluting ten-fold. In 96 V bottom, well
plates 20 ul of diluted peptide and DMSO as control were plated, then 80ul of 0.5 x10°
HLA matched LCL cells were added to wells to give 0.010 mg/ml (10uM)
concertation in the first well, with lower concentrations in the remained. After 30
minutes — 1hours incubation 100 ul of 3x103 T cell clones were added to wells then
incubated for overnight in 37C/CO2. Supernatants were tested with IFNg ELISA

assay.
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2.4 T cell functional assay

2.4.1 Tumour narcosis factor alpha (TNFa) secretion assay

Briefly, to determine the T cells response after stimulation as describe later, cells were
cultured for 4-6 hours in present of TNFa antibody and TAPIO (Enzo) to ensure TNFa
wsa not released from the surface of the cell producing the cytokine. After harvesting
the cells and washing with PBS, cells were stained with cell surface antibodies then
analysed by flow cytometry. Responding cells were identified by the presence of the

APC-labelled TNFa-specific antibodies.

2.4.2 Enzyme linked immunospot (EL Ispot) assay

Ethanol (35%) was added to a 96 well plate containing nitrocellulose at the bottom of
each well (EMD Millipore) then the plate was washed immediately two times with
filtered Phosphate-buffered saline (PBS). First antibody (1-D1K, Mabtech
Vikdalsagen 50, Sweden) was added to the plate and incubated at 4C° for 24 hours or
at room temperature for 4 hours. After washing the plate four times with filtered PBS,
the plate was blocked with AIM-V medium (Gibco) containing 1% Bovine Serum
Albumin (BSA) (sigma) for 1-2 hours at room temperature. The plate was then washed
with filtered PBS four times and 50 ul of AIM-V medium was immediately added to
each well of the plate to prevent the wells from drying out. Then 10 ul was added from
(DMSO, Pepmix (JPT peptides) or peptides and Phytohemagglutinin (PHA) as
positive control, the cells were added (50 ul) to wells. The plate was incubated for 24
hours in a 37C, 5% CO, incubator. The plate was washed PBS with 0.5% tween 20
(Sigma) eight times. Then the second antibody (7-B6-1-Biotin, Mabtech Vikdalsagen
50, Sweden) was added (50 ul) to each well of the plate and incubated for 2-4 h at

room temperature. After washing, the Streptavidin-Alkaline Phosphatase (Mabtech
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Vikdalsagen 50, Sweden) reagent was added to wach wels and incubated 1-2 hours at
room temperature. The Plate was washed eight times with PBS /tween20 then four
times with PBS to remove tween. Chromogen substrate (Bio-Rad Alkaline
Phosphatase conjugate substrate Kit) was prepared and added to wells then incubated
in dark until 60 min at room temperature. Plates were monitored and, if necessary,
development was stopped once clear spots were visible. The plate was rinsed with tap

water to stop colour development and the plate was left to dry before reading.

2.4.3 IFNy ELISA

ELISA involved pre exposing cell lines to peptide or DMSO as a control for 1-2 hour
then washing three times with standard media. Exposed cells and T cells were co-
cultured overnight at 37°C 5% CO,. The next day the IFNy released into the
supernatant by responding T-cells was measured using the IFNy ELISA protocol
(Thermo Scientific). First, primary IFNy antibody was diluted in coating buffer and
50 ul was added to each well of a 96 well Maxisorp plate (Nunc). The plate was
incubated at 4°C for 4 hours RT or overnight. Then, 200ul of blocking buffer was
added to each well. The plate was washed with PBS/tween and 50ul of test
supernatant or IFNy standard were added. IFNy standard was prepared by double
dilutions from 20,000 pg/ml to Opg/ml in RPMI. After incubation for at least two hour
at room temperature, the pate was washed and 50 ul of diluted secondary antibody
(biotin labelled IFNy) was added to each well and incubated for one hour at room
temperature. The plate was washed four times with PBS/ tween and 50l of Extravidin
(Sigma) was added to each well of the plate. After 30minutes at room temperature was

washed and developed with 50ul of TMB (Life Technologies) To stop colour
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development 50ul of 1M HCL was added to each well. Finally, plate was read on the

Biorad iMark microplate reader at 450nm.

2.5 TIL and organoid co-cultured

2.5.1 Organoid growing medium:

Wnt3A conditioned medium (50%) from Wnt3A-producing cells

= R-spondin conditioned medium (10%) from R-spondin-producing cells

= Noggin conditioned medium (10%) from Noggin-producing cells

= Advanced DMEM/F12 (Life Technologies) (30%),
supplemented with 1x glutamax, 10mM HEPES, 1x Penstrep (all from life
technologies), and primocin 1x (ant-pm-1, invivoGen)

= EGF 50ng/ml

= Nicotinamide 10mM

= B27 without vitamin A 1x (12587-010, Life Technologies)

= LY27632 (Rho kinase inhibitor) (Y0503, Sigma) 10uM

= A83-01 (TGF-B inhibitor) [2 uM] (2939, Tocris)

=  Primocin 1x

Organoid and TIL culture media: 50% Organoid growing medium and 50% TIL
cell media

2.5.2 Preparing organoid

For passaging organoids, matrigel was dissolved by pipetting then spin 300g for 5min
at 4C. after remove the most of supernatant, the spheroids were broken
by pipetting then trypsin added for 5min at 37C. Advanced DMEM/F12

supplementedwith 10% fetal bovine serum (FBS, gibco) was added to quench trypsin.
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After centrifugation, spheroids were washed with medium lacking serum then seeded
drop-wise on 6-well plate. The plate was incubated upside down for at least 15min at
37C. growing medium. Medium was replaced with fresh media every 2-3 days until
the next passaging.

Organoids were prepared and seeded for TIL assay as follows. After passaging pellets
were washed twice in cold PBS then incubated in matrigel dissolving solution
(Corning, 354253) on ice for 1 hour. After washing with PBS, spheroids were
incubated in 96 well pate in organoid growth medium overnight.

The next day, organoid media was replaced with TIL/organoid culture media. TIL
cells (3x10°) were added to organoid at 96 well plate. The response of TIL cells was
measured using the TNFa TAPIOassay after 6 hours. Co-cultures were also left for 10
days then re-tested for antigen specificit as above. During the co-culture, aliquots of
supernatant were collected 6 hours, 1day, ,7 days and 10 days after the start. These

supernatants were saved at -20C for subsequent INFg ELISA.

2.6 Cell transduction and transfection

2.6.1 Retrovirus Production
To prepare cells for retrovirus transfection (Day 0) GP2-293 packing cells line were

washed by PBS then cells were trypsinised and suspended at 4X10°cells /ml in DMEM
10% FCS without antibiotics. Cells were added to 75cm2 flasks and incubated at 37°
C 5% CO; overnight. On dayl, to transfect the packing cell line 24ug of PVSV-G
plasmid (envelope plasmid) and 24ug of PQCXIN plasmid (containing gene of interest
with flag marker or GFP, and no gene with GFP as control) were added to 1.8ml of
optimem media. In a separate tube 80ul of lipofectamine 2000 was added to 1.8ml of

optimem media and incubated at room temperature for 15 minutes. The DNA and
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Lipofectamine were then mied together and incubated at room temperature for 30
minutes. During this time media was removed from GP2-293 cells then DNA
transfection mixture was added to cells. Transfected cells were incubated at 37°C for
5 hours. After that, 18ml of media (DMEM 10% FCS no antibiotics) was added and
the cells incubated at 37C 5%CO, for approximately 64 hours.

On day 4, media was collected from the GP2-293 transfected cells and centrifuged at
2000rpm for 10 minutes. The supernatant was removed and filtered through a 0.45um
filter to remove any cells. Then supernatant was transferred to Beckmann centrifuge
tubes and centrifuged in a Beckmann centrifuge at 19,500rpm for 2hours at 4°C with

deceleration set at slow.

2.6.2 Retroviral Transduction of Suspension Cells using PQCXIN Vector

Cells were counted and 5X10° added to four different 15ml tubes. After centrifugation,
the supernatant was removed and the concentrated retrovirus-containing supernatant
were added to the cells tubes. Polybrene (10ng/ml) was added to this supernatant and
mixed. The cells were then incubated 30min at 370C centrifuge at 3200rpm with 32C
for 2.5 hours to perform spinfection . infected cells were transfer to 24 well plate with
medium to incubate for 72 hours in 37C 5% CO; incubator. G418 geneticin antibiotic

was then added at half of the optimal concentration to select for transduced cells.

2.6.3 Retroviral Transduction of adherent cells using PQCXIN Vector

Cells were seeded in 6 well plate at about 4x10°cells the day before transduction to
produce a 70% confluent monolayer. On the day of transduction, supernatants were
removed from each well of cells and the cells infected with concentrated retrovirus-

containing supernatant and incubated 37C 5%CQO? overnight. The next day, each well
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was topped ip with growth medium. The next day cells were transfer to 75 cm? flasks
and selection with G418 performed using the antibiotic at half of the optimal

concentration.

2.6.4 Selection G418 geneticin antibiotic — Killing carve
To determine the best concentration of G418 geneticin antibiotic to use for retrovirus

selection, serial concentrations of G418 were added to the cells that would be used for
transduction. After two weeks of treatment with antibiotic, the lowest concertation of

antibiotic that can completely kill non-resistant cells was determined.

2.6.5 Transfection of Epithelial Cells: Lipofectamine 2000 Method

Cells were seeded in 6 well plates in RPMI or DMEM + 10% FCS without antibiotic.
The next day, cells at 90% confluent were ready for transfection. For each transfection
5ug of plasmid DNA was diluted in 150 ul of optimem media and 10-12 ul of
Lipofectamine was diluted in 150 optimem media and incubated for 10 minutes at
room temperature. The Lipofectamine and DNA were mixed and incubated for 20-30
minutes at room temperature. While DNA+lipofectamine complexes were forming,
growth media was removed from the cells then 350 ul of optimem media was added
to the cells. The DNA+lipofectamine mixture was gently added to cells which were
incubated at 37C 5% CO; for 4 hours. Medium with no antibiotic was then added to
each well without removing the transfection mixture. Cells were harvested after 24 —

48 hours and use as targets in T cell recognition assays and molecular assays.

2.6.6 Transfection of Suspension cells: Electroporation
This method needed 5-10X10¢ cells per electroporation. Cells were spilt 1:3 the day

before transfection to ensure they were in active growth phase. Media (20% FCS) was

prepared and added to 6 well plate then incubated at 37C 5%CO, to be ready after
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electroporating cells. Cells were washed with PBS and resuspended in 300 ul optimem
medium. Plasmid DNA (10ug) was added to a labelled electroporation cuvette, then
cells added gently to mix the cells with the DNA. Elecroporation was immediately
performed at 240V and 975uf using a Biorad electroporator. Immediately, 1ml of
20%FCS containing media was added to the cuvette and the cells gently transferred

from the cuvette to a well of a 6 well plate for 24 — 48 hours before further use.

2.7 MOLECULAR TECHNIQUES

2.7.1 BARF1 Plasmids

Luria Broth (LB) media: LB powder (Invitrogen) 20g/L was disolved in sterile
distilled water (SDW). The mixture was autoclaved at 121C for 20 minutes at 15psi
for sterilization

LB ager Plates: LB Ager powder (Invitrogen) 20g/L was dissolved in SDW. The
mixture was autoclaved at 121C for 20 minutes at 15psi for sterilization. LB ager
plates were prepared by cooling the LB agar in a 50°C waterbath . After adding
antibiotic, LB agar was poured into plates, allowed to set, dried and then stored at 4°C
until use.

Glycerol solution: Glycerol solution was prepared under sterile conditions by diluting
100 % glycerol in SDW. Diluted glycerol was then stored at 4C.

Antibiotic: Ampicillin powder (1000X stock was prepared at 100mg/ml in distilled
water then stored at - 20°C as aliquots.

Bacterial Strains: XL1-blue complement cells were sorted as aliquots in -80°C.

2.7.1.1 Transformation of bacteria to DNA plasmid
Competent cells (XL1-Blue) were slowly thawed on ice. 10 ng of plasmid DNA was

prepared in a microcentrifuge tube then mixed with 50 ul of competent cells on ice for
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30 minutes. After that, the tube was transferred to waterbath to heat shock for 45
seconds at 42°C and immediately transferred to ice. 950 ul of SOC media was added

to cells tube then incubated with shaking (200 rpm) at 37C for 1 hour.

2.7.1.2 Bacteria culture
20ul of transformed bacteria cells were spread onto rewarmed LB agar plates

containing appropriate antibiotics (usually Ampicillin at 100ug/ml). After leaving
plates to dry at room temperature, the plates were inverted and incubated at 37C
overnight.

The next day, individual colonies were transferred to 5 ml of LB media containing
Ampicillin 100ng/ml then shaken at 37C for 6-8 hours 1ml of the culture was added
to 100 ml of LB media with Ampicillin then incubated in shaker at 37C overnight.
The 100ml of culture ws used to prepare plasmid DNA using commercially available

Maxiprep kits. 500 ul of the culture was stored as a glycerol stock at -70C.

2.7.1.3 Bacterial Glycerol stock
For long term storage500 ul of overnight culture were mixed with 500ul of glycerol

solution then frozen in -80 C freezers.

2.7.1.4 Purification of plasmid DNA
To purify large amount of pure plasmid DNA , 100ml of bacterial culture was

processed using a Purelink Hipure plasmid Filter Maxiprep Kit (Invitrogen) as per the
supplied protocol. The concentration of plasmid DNA pure was measured using a

Nanodrop 1000 (Thermo Scientific).

2.7.1.5 DNA sequencing
10 ng of DNA and 3-10 pg of forward or reverse primer were prepared as a 10 ul

reaction then sent to he functional genomics laboratory at Birmingham University for

diDeoxy sequencing.
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2.7.2 Detection of gene expression by gPCR

2.7.2.1 RNA extraction
Suspension and adherent cells were counted then 1-2 X10° cells were wshed with PBS

and stored at -80C as a dry pellet. RNA was extracted using NucleoSpin RNA
isolation kit (Macherey-Nagel) following the manufacturer's protocol. Isolated RNA
was eluted in RNAse free water then quantified using a Nanodrop 1000 (Thermo

Scientific). RNA was used immediately to make cDNA or frozen at -80C.

2.7.2.2 Synthesis of cDNA
Any contaminating DNA was removed from purified RNA extraction using DNA-free

kit (Ambion). RNA was then reverse transcribed to cDNA using iscript reverse
Transcription Supermix kit (Bio-Rad). The cDNA was frozen at 20C in DNase-free

water until use

2.7.2.3 Determination of EBV Gene expression using PCR
cDNA was analysed using BARF1 and BZLF1 gene specific quantitative PCR assays

and FAM/TAMRA-labelled probes. Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) was used as endogenous control (Life Technologies).

2.7.3 Western Blot

2.7.3.1 Protein Quantification

At least 2x10° cells were washed twice in ice-cold phosphate buffered saline (PBS)
then put on ice. Cells were lysed by adding of 50ul Urea buffer (9M Urea, 5mM
EGTA, 5mM EDTA, 2-4% CHAPS, 1%DTT); after that cells were disrupted by
sonication for 20 seconds.

Protein concentration was determined via the Bio-Rad DDC Protein assay. Briefly,
Urea buffer was used to diluted cell 5-fold. Then 5ul of Samples were added in

duplicat to a 96 well plate in addition to 5ul protein standards (5, 2, 1, 0.5, 0.2 and
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0.1mg/ml BSA to make up a stranded curve.) After that, 200 ul of WR mixture (50:1)
from Reagents A and B were added to each well and incubated for 30 minutes at 37C.
The plate was transferred to a plate reader to measure absorbance at 550nm then the
protein concentration was calculated based on the BSA stranded curve. After adding
Beta-mercaptoethanol (1ul in 20ul), Gel Sample Buffer (GSB) was used to dilute
samples to 2-4mg/ml concentration then protein sample were denatured by heating at

100C for 5 minutes on a heat block.

2.7.3.2 Protein Electrophoresis and Membrane Transfer

Mini-PROTEAN Tetra BIORAD GEL was assembled into Mini Bio-Rad tank. Upper
and lower chamber were filled with 1X running buffer from 10X stock (700ml for 2
gels; 1000ml for 4 gels. Then, 5ul of samples and molecular weight marker were
loaded onto the gel, The gel was electrophoresed at 140V for 30min-1hour. The gel
was then removed from cassettes and placed into a clean dish containing PBS-Tween
solution. The gel was transfered to a PVDF membrane using Midi Trans-blot Turbo
transfer system as per manufacturer’s instructions. After transfer, membrane was
placed in PBS-Tween. For ponceau staining, membrane was washed in dH20 then
ponceau stain solution added so liquid was just covering membrane. After 30s the stain
was removed using dH20 until bands were visible. Excess PVDF membrane was
removed and MWt markers labelled onto the membrane. Ponceau stain was removed

using PBS-Tween.

2.7.3.3 Membrane Blocking and Antibody Detection

After transfer, the membrane was blocked with 5% of milk in PBS-Tween for 1hour

then the membrane washed with PBS-T. Primary antibody was diluted in blocking
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buffer then sealed with the membrane in a plastic bag at RT for 2 hours or cold room
overnight. After washing with PBS-T wash, the membrane was sealed with secondary
antibody for 1 hour on rocker at RT then washed 5 times with PBS-T buffer.
Membrane was covered for 60 second with ECL western blotting detection reagents
(GE healthcare), rapped in Saran wrap and placed in an audoradiograph cassette, with
CL Xposure X-ray film (Thermo Scientific). The exposed film was developed using a

Kodak X OMAT 1000 film processor.

2.8 Healthy Donor and Gastric Cancer Patients Sample Processing

2.8.1 Donor samples
Blood was taken from healthy donors with informed consent. Heparinized and EDTA

tubes were used as appropriate

2.8.2 Patient samples
All blood and tissue samples were collected with informed patient consent from

Gastric cancer patients at Queen Elizabeth Hospital Birmingham. Blood was collected
directly into one EDTA blood tube (4ml) and two heparin tubes (16ml total). All
samples were transferred directly to the laboratory for immediate processing. Fresh
tumor and normal tissue samples were provided by the pathology laboratory at the
Queen Elizabeth Hospital Birmingham. Tissue was stored in serum free RPMI-1640
media for up to 24hr at 4C to allow informed consent to be verified prior to tissue

being released for research.

2.8.3 EDTA blood
Plasma was separated from cells by centrifugation then aliquot and transferred to a -

80C freezer for storage. The cells were then diluted with PBS and the equivalent of

54



1ml blood was lysed 1X RBC lysis buffer (10X RBC Lysis Buffer, ebioscience diluted
to 1X with distilled water). After 10-15 mins incubation at room temperature the cells
were washed two times with PBS buffer and the number of cells determined by

counting using a haemocytometer.

2.8.4 Heparin Blood
Heparin blood was diluted 1:1 with RPMI 1640 (sigma) and layered onto Lymphoprep

media. Following centrifugation at (1900 rpm for 30 mins) plasma was collected and
frozen at -80C. Peripheral blood mononuclear cells (PBMC) were harvested from the
top of the lymphoprep layer, washed and counted. Cells were frozen in 1. 10
autologous plasma or medium RPMI -1640 with 20% Fetal Calf Serum (FCS) and

10% Dimethyl Sulfoxide (DMSO) (sigma) then frozen for subsequent applications

2.8.5 Isolation of cells from Tissue using collagenase D digestion
Tumor tissue was cut into small fragments about 2-3 mm in size then put in 5ml of

LCL media containing 1mg/ml collagenase D in a 15ml conical tube. Tissue was
digested at 37 C for 1 hour with constant gentle mixing. The digested tissue was
transferred into a gentelmacs tube and mechanical dissociated (GentleMACS Miltenyi
Biotec) using program spleen 01.01. The cell mixture was passed through a 70um
filter and washed three times by centrifugation at 1800rpm for 5min. Cells were

counted and frozen as described above

2.8.6 Isolation and expansion of Tumor infiltrating Lymphocytes (TIL) from
tissue biopsy
Small biopsy specimens were cut into small fragments then placed into a single well

of a 24 well tissue culture plate with TIL media comprising RPMI, 25mM HEPES,
U/ml penicillin-streptomycin (Gibco), 1% L-Glutamine, 0.1% sodium pyruvate
(Gibco), 0.1% B-mercaptothanol (Sigma) and 10% Human serum. High dose IL-2

(6000 1U/ml final concentration) was added to wells. Media was changed every 2/3
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days and cells spilt if required. After 3-5 weeks cells were transferred to Gas
Permeable flask G-Rex (Wilson Wolf, USA) with 60001U/ml IL-2 every second day

for TIL rapid expansion.

2.8.7 Tissue for EBV and RNA test
Two fragments of tumor tissue were frozen (-80C) in two separate tubes to allow i)

EBV DNA to be measured by quantitative PCR and ii) RNA to be isolated from the

tissue.

2.9 Flow cytometry

2.9.1 Cell surface staining

Cells were counted and added into FACS tubes., Cells were then washed by
centrifugation at 1600rpm for 5mins with MACS buffer. The supernatant was
decanted and the cells were then stained with a viability dye and antibodies (Table 6).
After that, cells were incubated at 4°C for at least 30 min and washed with MACS
buffer. Cells were fixed for with IC Fixation Buffer (BD bioscience) for 30 min in at
4°C then washed twice or run without fixation by suspending in MACS buffer. Sample

were analysed on an LSR-1I (BD biosciences). Data were analysed using FlowJo.

2.9.2 Intracellular staining

First, cells were stained with surface staining as described above. Then, cells were
fixed with mixture of 1/10 (Fixation/Permeabilization Diluent and concentrated)
(eBioscience) for 30mins at 4°C. After that, 1/10 of Permeabilization Buffer
(eBioscience) were added to cells and cells washed by centrifugation at 1900rpm for

5mins. Cells then were stained with intracellular markers antibodies (Table 6) for at
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least 30min then washed again with perm buffer one time then with MACS buffer two

times before analysis on an LSR-II flow cytometer.

2.9.3 Intracellular staining For Flag
Cells were counted and 2X10° cells added to Eppendorf tubes. Cells were then washed

1x with MACS buffer. Cells were fixed with 200ul of 2%PFA-PBS and incubated in
room temperature 20 min dark. Cells were washed by MACS buffer then washed 1X
by Saponin buffer (PBS, 0.5% saponin, 5% FCS), suspended and incubated in Saponin
buffer for 20 min in dark. Diluted FLAG Ab (sigma F3165) 1/5000 in Saponin buffer
was added to cells (final concentration 1/10000) for 30 min at 37C then cells were
washed with Saponin buffer. After that, 50 ul (1:50) secondary anti-Mouse 1gG-PE
(SEROTEC SRAR76) was added to tubes for 30 min at 37c . Cells were washed with
Saponin buffer then washed by MACs buffer. Cells were suspended in MACs buffer

and analysed by flow cytometry.
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Table 1: EBV peptide pepmixes

pepmix number of stock final source
peptides concertation concentration

EBNA1 158 25ug 5ng/ml JPT

LMP1 94 25ug 5ng/ml JPT

LMP2 122 25ug 5ng/ml JPT

EBNA3A 234 25ug 5ng/ml JPT

BARF1 53 25ug 5ng/ml JPT

Table 2: Tumour Antigens peptide Pepmixes

pepmix number of stock final source
peptides concertation concentration
NY-ESO-1 43 25ug 5ng/ml JPT
MAGEA1 75 25ug 5ng/ml JPT
MAGEA3 76 25ug 5ng/ml JPT
MAGEA4 77 25ug 5ng/ml JPT
CEA 173 25ug 5ng/ml JPT
PSMA 185 25ug 5ng/ml JPT
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Table 3: Suspension cells lines

Name Cell type Source EBV
(o] gelefe [
MS5 lymphoblastoid cell lines (LCLs) T cell group EBV+
MS10 LCLs cells T cell group EBV+
MS13 LCLs cells T cell group EBV+
MsS18 LCLs cells T cell group EBV+
MS-9 LCLs cells T cell group EBV+
MS-17 LCLs cells T cell group EBV+
MS-25 LCLs cells T cell group EBV+
MS-31 LCLs cells T cell group EBV+
AD LCLs cells Graham Lab EBV+
MS LCLs cells Graham Lab EBV+
MC LCLs cells Graham Lab EBV+
HL LCLs cells Graham Lab EBV+
GR LCLs cells Graham Lab EBV+
JZ LCLs cells Graham Lab EBV+
JB LCLs cells Graham Lab EBV+
CsL LCLs cells Graham Lab EBV+
CsD LCLs cells Graham Lab EBV+
bDC LCLs cells Graham Lab EBV+
NK LCLs cells Graham Lab EBV+
oT LCLs cells Graham Lab EBV+
GT LCLs cells Graham Lab EBV+
DCC LCLs cells Graham Lab EBV+
BJAB Human Burkett lymphoma B cell Graham Lab EBV negative
Kem -BL Human Burkett lymphoma B cell B cell group EBV+
SUDHLA4 human B cell lymphoma Alex D EBV negative
SUDHL5 human B cell lymphoma Alex D EBV negative
HL human B cell lymphoma Alex D EBV negative
SUED:\I/A- human B cell lymphoma Alex D EBV positive
SUED:\I/-S- human B cell lymphoma Alex D EBV positive
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Table 4: adherent cell clines

Name or CELL TYPE SOURCE EBV
code INFECTION
C666 Nasopharyngeal carcinoma cell Graham lab EBV positive
line
NP460 Nasopharyngeal cell line Graham lab EBV negative
MKN1 Gastric carcinoma Graham lab EBV negative
MKN28 Gastric carcinoma Graham lab EBV negative
YCCEL Gastric carcinoma Graham lab EBV positive/
negative
NUGC4 Gastric carcinoma Graham lab EBV negative
HEK293 Epithelial Graham lab EBV negative
Table 5: Generating new BARF1 plasmids
Construct gene Indicator Sequence
Constructl empty
MARFIAQLLL LASCVAAGQA VTAFLGERVT
LTSYWRRVSL GPEIEVSWFK LGPGEEQVLI
GRMHHDVIFI EWPFRGFFDI HRSANTFFLV
full-length BARF1 (secretory VTAANISHDG NYLCRMKLGE TEVTKQEHLS
BARF1 Construct2 o a1 of BARF1) VVKPLTLSVH SERSQFPDFS VLTVTCTVNA
g FPHPHVQWLM PEGVEPAPTA ANGGVMKEKD
= GSLSVAVDLS LPKPWHLPVT CVGKNDKEEA
2 HGVYVSGYLS Q
(<3
2 VTAFLGERVT LTSYWRRVSL GPEIEVSWFK
< LGPGEEQVLI GRMHHDVIFI EWPFRGFFDI
. S HRSANTFFLV VTAANISHDG NYLCRMKLGE
BARF1 Construct 3 Delta A-secretory signal of ¥ TEVTKQEHLS VVKPLTLSVH SERSQFPDFS
BARF1 %  VLTVTCTVNA FPHPHVQWLM PEGVEPAPTA
hod ANGGVMKEKD GSLSVAVDLS LPKPWHLPVT
g CVGKNDKEEA HGVYVSGYLS Q
o
Invariant chain (li) targeted ]
BARF1 Construct 4 deltaA BARF1 _E
&
. . . (]
Invariant chain (1 targeted 3 HRSANTFFLV VTAANISHDG NYLCRMKLGE
o . 2
BARF1 Construct 5  minimal BARF1 region v TEVTKQEHLS VVKPLTLSVH SERSQFPDFS
TFF - ISH - QEH I —
o
Invariant chain targeted
BARF1 Construct 6 Mminimal EBNA1 region RRPFFHPVGE ~ADYFEYHQEG GRGQGGSNP
KFENIAEG L RALLARSHV
SNP-VYG-PQC ERTTDEGTWV AGVFVYGGSK TSLYNLRRGT
ALAIPQCRLT PLSRLPFGMA PGPGPQPGP
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Table 6: Flow cytometer surface and intracellular markers antibodies

Antibody conjugated anti source

human

FITC - CD3 Biolegend SK7
FITC - CD8 eBioscience 53-6-7
FITC - CD19 Biolegend HIB19
FITC - CD56 eBioscience MSK39
FITC-CD57 eBioscience HCD56
APC-CY7- CD14 eBioscience 61D3
APC-CY7- CD19 eBioscience HIB19
BV510- CD4 Biolegend RPA-T4
BV510- CD3 Biolegend SK7
PerCP-Cy5.5-CD8 Biolegend HIT8a
PerCP-Cy5.5- NK2GD Biolegend 1D11
PerCP-Cy5.5-CD45 RA Biolegend H1100
PerCP-Cy5.5- CD14 eBioscience 61D3
PerCP-Cy5.5-CCR7 eBioscience G04317
AF 700- CD8 Biolegend SK1
AF 700- CD19 Biolegend HIB19
AF-CD4 Biolegend OKT4
PE- TCR yd eBioscience B1
PE-CD8 Biolegend SK1
PE-PD1 Biolegend EH12.2H7
PE- DR eBioscience L.243
PE-KI167 eBioscience 20Raji
PE- IENy Biolegend 4S.B3
PE-CY7- CD16 eBioscience eBioCB16
PE-CY7-CD4 eBioscience RPA.TA
PE-CY7-TIM3 eBioscience F38-2E2
PE-CY7-FOXP3 eBioscience PCH101
PE-CY7-CD56 Biolegend HCD56
PE-CY7-CD33 eBioscience WH-53
BV421-CD3 Biolegend SK7
BV421-CLTA4 Biolegend BN13
BV421-CD127 Biolegend A019DS
BV421-CD15 eBioscience W6D3
BV421-CD38 Biolegend HB-7
APC-CD56 eBioscience CM55B
APC-CD56 Biolegend HCD56
APC-TNFa eBioscience MADb11
APC-LAG3 eBioscience 3DS223H
APC-CD25 eBioscience BC96
APC-CD11b eBioscience ICRF44
APC- IFNy eBioscience 4S-B3
APC-CD28 eBioscience CD28.2
PE-CF594 - CD27 eBioscience M-T271
PE-CF594 -CD57 eBioscience NK1
PE-CF594 — CD39 eBioscience TU66
PE-CY7 - 45RA eBioscience H1100
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Table 7: EBV-LMP1 B95.8 peptides

LMP1 B95-8 sequence

Peptides
code

position

Concentratio
n
5mg/ml

1 MEHDLERGPPGPRRPPRGPP 1 5
> ERGPPGPRRPPRGPPLSSSL  WA22- A3 5 5
1 3 GPRRPPRGPPLSSSLGLALL  MA22-Ad 11 5
4 PROPPLSSSLGLALLLLLLA MA22- A5 16 5
5 LSSSLGALLLLLLALIFW _ MA22- A6 21 47
6 GLALLLLLLALLFWLYI VNE _ WA22- A7 26 43
7 LLLLALLFWLYI VNEDWIGG _ WA22- AB 31 5
2 8 LLFW Yl VNEBDWGGALLVL _ WA22- Bl 36 5
9 Y1 VNEDWIGGALLVLYSFAL _ WA22- B2 41 23
10 DWIGGALLVLYSFALMLI 1T MA22- B3 6 29
11 ALLVLYSFALMLITTTLITE _ WA22-B4 517 4
12 YSFALMLITITLITFIFRRD _MA22-B5 56 5
3 T13 MIITILITFIFRRDLLCPL  WA22-B6 617 >
14 TLI1Fl FRROLLCPLGALCI  WA22-B7 66 5
15 | FRROLLCPLGALCI LLLM _ WA22- B8 71 5
16 LLCPLGALCI LLLM TLLLI _ MA22-Cl 76 36
17 GALCI LLLM TLLLTALWNL _ WA22- C2 81 5
4 T18 LLLM TLLLIALWNLHGOAL _ WA22-C3 86 5
19 TLLLIALWNLHGOALFLGI vV MA22- CA 91 5
20 ALWNLHGOALFLGI VLFI FG  WA22- G5 9% 5
71 HGOALFLG VLFI FGOLLVL  WA22- 06 101 29
22 FLG VLFIFGCLLVLG WY  WA22-C7 106 5
5 23 [AFGOLLVLGWYLLEM. _ WA22-C8 111 5
24 CLLVLG W YLLEML\WRLGA _ WMA22- DI 116 5
25 G W YLLEMLVRLGATI WOL __ MA22- D2 101 5
26 LLEM_VRLGATI WOLLAFFL _ WMA22- D3 126 5
27  VRLGATI WOLLAFFLAFFLD _ WA22- DA 131 5
6 T28 TIWOLAFFLAFFLDLILLI _ MA22-D5 136 5
29 LAFFLAFFLDLILLITALYL _ MA22-D6 141 5
30 AFFLDLILLITALYLOONWN _ MA23- A2 146 5
31 LILLITALYLOONWMLLVD _ MA23- A3 151 5
32 1 ALYLOOWWWILLVDLLW.L _ MA23- Ad 156 5
7 T33 OONWWWLLVDLLWLLFLAI _ MA23- A5 161 5
34 TLLVDLLWLLFLAI LI W& _ MA23- A6 166 47
35 LLW.LLFLAI LI WWYHGOR _ MA23- A7 171 5
36 LT WWYHGORHSDEHHHDDS — MA23- B1 181 5
37 YHGORHSDEHHHDDSLPHPQ — MA23- B2 186 5
8  T38 HSDEHHHDDSLPHPOOATDD — WA23- B3 101 5
39 HHDDSLPHPOOATDDSGHES — MA23- B4 196 5
20 LPHPOOATDDSGHESDSNSN  MA23- B5 201 5
21 OATDDSGHESDSNSNEGRHH — MA23- B6 206 5
42 SGHESDSNSNEGRHHLLVSG  MA23- B7 211 5
9  T23 DSNSNEGRHHLLVSGAGDGP  WA23- BB 216 51
44 EGRHHLLVSGAGDGPPLCSO  MA23- C1 791 5
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45 LLVSGAGDGPPLCSONLGAP  MA23- C2 226 5
46 AGDGPPLCSONLGAPGGGPD  MA23-C3 731 5
47  PLCSONLGAPGGGPDNGPOD  MA23-CA 236 5
10 —Z8 NLGAPGGGPDNGPODPDNTD  MA23- C5 241 5
49 GOGPDNGPODPDNTDDNGPQ  MA23- 6 246 5
50 NGPODPDNTDDNGPODPDNT  MA23- C7 251 5
51 PDNTDDNGPODPDNTDDNGP  MA23- C8 756 5
52  DNGPODPDNTDDNGPHDPLP  MA23- DL 261 5
11 53 DPDNTDDNGPHDPLPQDPDN  MA23- D2 266 5
54  DDNGPHDPLPODPDNTDDNG  MA23- D3 71 5
55  HDPLPODPDNTDDNGPODPD  MA23- DA 276 5
56 QDPDNTDDNGPODPDNTDDN  MA23- D5 281 5
57  TDDNGPODPDNTDDNGPHDP  MA23- D6 286 46
12 5§  PODPDNTDDNGPHDPLPHSP  MA23-D7 201 5
59 NTDDNGPHDPLPHSPSDSAG  MA23- D8 296 5
60 GPHDPLPHSPSDSAGNDGGP  MA23- EL 301 5
61 LPHSPSDSAGNDGGPPOLTE  MA23- E2 306 5
62 SDSAGNDGGPPOLTEEVENK  MA25- B6 311 5
13 53 NDGGPPOLTEEVENKGGDOG  MA25-B7 316 5
64 PQLTEEVENKGGDQGPPLMI  MA25- B8 321 5
65 EVENKGGDQGPPLMIDGGGG  MA25- CL 326 5
66 GCDQGPPLMIDGGGGHSHDS  MA25- C2 331 5
67 PPLMIDGGGGHSHDSGHGGG  MA25- C3 336 5
14 788 DGGGGHSHDSGHGGGDPHLP  MA25- Ca 341 5
69 HSHDSGHGGGDPHLPTLLLG  MA25-C5 346 5
70 GHGGGDPHLPTLLLGSSGSG  MA25- C6 351 5
71 DPHLPTLLLGSSGSGGDDDD  MA25-C7 356 5
72 TLLLGSSGSGGDDDDPHGPY  MA25- CB 361 5
15 =23 SSGSGeDDDDPHGPVOLSYY  WA25-BS 366 5
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Table 8: LMP2 B95.8 peptides

LMP2 sequence

Peptides
code

Position

Concentratio
n
5 mg/mi

1 MGSLEMVPMGAGPPSPGGDP  M371-A1 3.2
2 MVPMGAGPPSPGGDPDGYDG  M371-A2 6 5
3 AGPPSPGGDPDGYDGGNNSQ  M371-A3 11 5
4 PGGDPDGYDGGNNSQYPSAS  M371-A4 16 55
5  DGYDGGNNSQYPSASGSSGN  M371-A5 21 6.4
6  GNNSQYPSASGSSGNTPTPP  M371-A6 26 35
7 YPSASGSSGNTPTPPNDEER  M394-A2 31 5
8  GSSGNTPTPPNDEERESNEE  M394-A3 36 5
9  TPTPPNDEERESNEEPPPPY  M394-A4 41 5
10 NDEERESNEEPPPPYEDPYW  M394-A5 46 5
11 RESNEEPPPPYEDYWGNGD  M371-B3 50 5
12 EPPPPYEDPYWGNGDRHSDY  M371-B4 55 5
13 YEDPYWGNGDRHSDYQPLGT  M371-B5 60 5
14  WGNGDRHSDYQPLGTQDQSL  M371-B6 65 443
15 RHSDYQPLGTQDQSLYLGLQ  M371-B7 70 5.05
16 QPLGTQDQSLYLGLQHDGND  M371-B8 75 5
17  QDQSLYLGLQHDGNDGLPPP  M371-C1 80 45
18  LGLQHDGNDGLPPPPYSPRD  M394-A6 86 2.7
19 DGNDGLPPPPYSPRDDSSQH  M394-A7 91 5
20 LPPPPYSPRDDSSQHIYEEA  M394-A8 96 5
21  PPYSPRDDSSQHIYEEAGRG  M371-C5 99 5.05
22 RDDSSQHIYEEAGRGSMNPV ~ M371-C6 104 1
23 QHIYEEAGRGSMNPVCLPVI  M371-C7 109 5
24 EAGRGSMNPVCLPVIVAPYL  M371-C8 114 7.2
25  SMNPVCLPVIVAPYLFWLAA  M371-D1 119 5
26 CLPVIVAPYLFWLAAIAASC  M371-D2 124 5
27  VAPYLFWLAATAASCFTASV  M371-D3 129 5
28 FWLAAIAASCFTASVSTWT  M371-D4 134 9.4
29 IAASCFTASVSTVVTATGLA  M371-D5 139 7.8
30 FTASVSTVVTATGLALSLLL  M371-D6 144 5
31 STVVTATGLALSLLLLAAVA  M371-D7 149 9.3
32 ATGLALSLLLLAAVASSYAA  M371-D8 154 75
33 LSLLLLAAVASSYAAAQRKL  M371-E1 158 5.05
34  LAAVASSYAAAQRKLLTPVT  M371-E2 164 6.7
35 SSYAAAQRKLLTPVTVLTAV  M371-E3 169 7.2
37 AQRKLLTPVTVLTAVVTFFA  M381-E4 176 6.7
38 LTPVTVLTAVWTFFAICLTW  M371-E5 179 5
39 VLTAVVTFFAICLTWRIEDP  M371-E6 184 4
40 VTFFAICLTWRIEDPPFNSL  M371-E7 189 49
41 ICLTWRIEDPPFNSLLFALL  M372-A1 194 67.4
42 RIEDPPFNSLLFALLAAAGG  M372-A2 199 5
43 PFNSLLFALLAAAGGLQGIY  M372-A3 204 5
44 LFALLAAAGGLQGIYVLVML  M372-A4 209 5
45  AAAGGLQGIYVLVMLVLLIL  M372-A5 214 15
47 LQGIYVLVMLVLLILAYRRR  M372-A6 219 45
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48  VLVMLVLLILAYRRRWRRLT M372-A7 224 5
49  VLLILAYRRRWRRLTVCGGI M372-A8 229 5
50 AYRRRWRRLTVCGGIMFLAC M372-B1 234 37
51  WRRLTVCGGIMFLACVLVLI M372-B2 239 3.5
52  VCGGIMFLACVLVLIVDAVL M372-B3 244 3.3
53  MFLACVLVLIVDAVLQLSPL M372-B4 249 5
54  VLVLIVDAVLQLSPLLGAVT M372-B5 254 5
55  VDAVLQLSPLLGAVTVVSMT M372-B6 259 5
56  QLSPLLGAVTVVSMTLLLLA M372-B7 264 5
57  LGAVTVVSMTLLLLAFVLWL M372-B8 269 5
58  VVSMTLLLLAFVLWLSSPGG M372-C1 274 5
59  LLLLAFVLWLSSPGGLGTLG M372-C2 279 5
60 FVLWLSSPGGLGTLGAALLT M372-C3 284 5
61  SSPGGLGTLGAALLTLAAAL M372-C4 289 5
62  LGTLGAALLTLAAALALLAS M372-C5 294 5
63  AALLTLAAALALLASLILGT M372-C6 299 5
64  LAAALALLASLILGTLNLTT M372-C7 304 5
65  ALLASLILGTLNLTTMFLLM M372-C8 309 5
66  LILGTLNLTTMFLLMLLWTL M372-D1 314 5
67  LNLTTMFLLMLLWTLVVLLI M372-D2 319 5
68  MFLLMLLWTLVVLLICSSCS M372-D3 324 5
69  LLWTLVVLLICSSCSSCPLS M372-D4 329 5
70  VVLLICSSCSSCPLSKILLA  M372-D5 334 5
71  CSSCSSCPLSKILLARLFLY M372-D6 339 5
72  SCPLSKILLARLFLYALALL m372-D7 344 5
73  KILLARLFLYALALLLLASA  M372-D8 349 2.6
74  RLFLYALALLLLASALIAGG M372-E1 354 2
75  ALALLLLASALIAGGSILQT M372-E2 359 5
76  LLASALIAGGSILQTNFKSL M372-E3 364 5
77  LIAGGSILQTNFKSLSSTEF M372-E4 369 5
78  SILQTNFKSLSSTEFIPNLF M372-E5 374 5
79  NFKSLSSTEFIPNLFCMLLL M372-E6 379 5
80  SSTEFIPNLFCMLLLIVAGI M372-E7 384 5
81 IPNLFCMLLLIVAGILFILA M372-E8 389 5
82  CMLLLIVAGILFILAILTEW M372-F1 394 1.4
83 IVAGILFILAILTEWGSGNR M372-F2 399 5
84  LFILAILTEWGSGNRTYGPV M372-F3 404 5
85 ILTEWGSGNRTYGPVFMCLG M372-F4 409 5
86  GSGNRTYGPVFMCLGGLLTM M372-F5 414 5
87  TYGPVFMCLGGLLTMVAGAV M372F6 419 5
88  FMCLGGLLTMVAGAVWLTVM M372-F7 424 5
89  GLLTMVAGAVMLTVMSNTLL M372-F8 429 5
90 VAGAVWLTVMSNTLLSAWIL M373-A2 434 5
91  WLTVMSNTLLSAWILTAGFL M372-A3 439 5
92  SNTLLSAWILTAGFLIFLIG M373-A4 444 5
93  SAWILTAGFLIFLIGFALFG M373-A5 449 5
94  TAGFLIFLIGFALFGVIRCC M373-A6 454 4.7
95 IFLIGFALFGVIRCCRYCCY M373-A7 459 5
96 FALFGVIRCCRYCCYYCLTL M373-A8 464 5
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97 VIRCCRYCCYYCLTLESEER M373-B1 469 5
98 RYCCYYCLTLESEERPPTPY M499-A8 474 5
99  YYCLTLESEERPPTPYRNTV M394-A1 476 5
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CHAPTER 3

SYSTEMATIC INVESTIGATION OF T CELLS
RESPONSES AGAINST EBVY TUMOUR
ANTIGENS IN HEALTHY DONORS
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3.1 Introduction

EBV infects almost 95% of people worldwide and is associated with almost 200,000
cases of lymphoid and epithelial cancer each year. These include almost all cases of
nasopharyngeal carcinoma, about 10% of gastric carcinoma (GC) cases and several
types of lymphoma that express EBV antigens[120, 147].These antigens are
principally EBNA1 and LMP2. Two other antigens, LMP1 and BARF1 are also
expressed in some cases of EBV-associated cancer[148]. While the T-cell response to
these different antigens has previously been measured, each study has focused only
one or two of these antigens. Furthermore, the different groups have used different
techniques and some have examined only CD8 T-cells or have used epitope prediction
algorithms focusing on only a narrow subset of HLA alleles [149]. Thus, the current
model of immune hierarchy could be biased. Understanding this hierarchy in healthy
people would help inform the development of effective immunotherapies.

To address this problem, | conducted a systematic analysis of the immune response to
the four key EBV tumor antigens in healthy donors. Twenty-five healthy donors were
evaluated, using antigen pepmixes to identity the T cells response to each of the four
EBV antigens (EBNAL, LMP1, LMP2 and BARF1) in an individual in a single assay.
Pepmixes are overlapping pools of 15mer peptides that span the entire protein
sequence; thus, they can stimulate any responses present in an individual regardless
of their HLA type.

An ex vivo interferon-gamma ELIspot was used, as this method is the most sensitive
technique for measuring ex vivo responses. In brief, 0.5x10° PBMCs from each donor
were stimulated by each pepmix in duplicate of triplicate wells. This cell number was

the maximum that can be used in such assays and was chosen to maximise assay
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sensitivity. DMSO was used as negative control and PHA as a positive control. The
mean number of spots in the DMSO wells was subtracted from the mean number of
spots in each pepmix well to calculate the frequency of the pepmix-specific T-cell
response as a continuous variable — the mean adjusted reading expressed per million
PBMC. An antigen-specifc response was scored as being present if the mean number
of spots in the pepmix wells was >2-times and >10 more spots than the mean of the

DMSO negative control.

3.2 T cell response to EBV tumour antigens

As shown in Figure 1 , across all 25 donors studied, the hierarchy of the T-cell
response size to EBV antigens was: EBNAL1 > LMP2 > LMP1 > BARF1. The mean
size of the responses (expressed per 10° PBMC) were: EBNAL1 78 (91SD), LMP2 63
(66SD), LMP1 31(44 SD) and BARF1 10 (15SD). The median size of each response
was: EBNAL, 45; LMP2, 43; LMP1, 20 and BARF1, 2.

Regarding the number of donors scored as having a response, LMP2 was the highest
with 9/25 (36 %) donors having a response, followed by EBNA1 6/25 (24%), LMP1
5/25 (20%) and BARF1 2/25 (8%). Looking at the size of response in those donors
scored as having a response. Result showed that the highest T cells responses to LMP1

(129) and (198) were correlated to EBNA1 (127) and (173) response.
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Figure 1 : Investigation of T cell response in healthy donors against
EBV tumour antigens.

PBMCs from 25 healthy donors were stimulated by four EBV pepmixes:
EBNAL, LMP1, LMP2 and BARFL1. The responses of T cells which released
IFNy were measured by IFNy ELISpot assays, DMSO was used as negative
control and PHA was also included as positive control. The mean spot number
of each donors negative control was subtracted from the pepmix stimulated
test wells. Each bar represents the mean +/- SD of spot number, after
subtraction of the background DMSO response for each individual.
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While T cell responses to BARF1 were rare, | found weak BARF1 responses (63 per
10° PBMC) in a subject who also had an LMP2 response (110 per 10° PBMC) and an
EBNAL response (317 per 10° PBMC) response. A second donors also had a response
to BARF1 | also found a response to BARF1 (49 per 10° PBMC) with LMP2 (92),
LMP1 (128) AND EBNA1 (126) responses also present in that individual.

Interestingly, | found that the highest responses to LMP1 (196 per 10° PBMC) and
LMP2 (216 per 10° PBMC) were from the same subject — donor D2; this donor also
had an EBNAL response (173 per 10° PBMC). Given that LMP1 is typically a poor

T-cell target, | selected this donor for further analysis.

3.3 Analysis of the LMP1 specific T cell response.

To further characterise the LMP1 T-cell response in donor D2, | retested PBMCs using
smaller pools of LMP1 peptides. First, 73 LMP1 20 mer peptides were used to prepare
15 pools, each containing 5 peptides as shown in (chapter 2) . Then, 0.5x10° PBMCs
were tested in ex vivo ELIspot assays as described above, using by LMP1 pepmix or
the above peptide pools in duplicate or triplicate wells for each pool. As shown in
Figure 2 | found LMP1 peptide specific T cell responses with pool numbers 3, 4, 5, 6
and 7.

To identify the specific individual peptide from each pool, | retested PBMCs from
donor D2 with 24 separate peptides. As shown in Figure 3 A, LMP1 peptides A3 and
A4 stimulated interferon-gamma production. To know the type of LMP1 peptide
specific T cell response, CD4 T cells were depleted from PBMCs then the cells (either
undepleted or CD4 depleted) were tested with peptides A3 and A4. The results Figure

3. showed that the T cells responses did not decrease upon CD4 depletion, indeed they

71



increased when CD4 cells were depleted cell indicating that the T-cell response was
CD8 mediated. As shown inTable 9, both LMP1 peptides A3 and A4 contain the

sequence YLQ, a previously defined LMP1 epitope.
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Figure 2 : T cell response to LMP1 peptide pools

PBMCs from donor D2 were stimulated by pepmix or 15 pools of LMP1
peptides prepared from 73 LMP1 20 mer peptides in an ex vivo IFNg ELIspot
assay. Results show the mean of cells secreting IFNg per million PBMC after
subtracting the negative control (DMSO) value.
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Figure 3 identified LMP1 specific- CD8 T cell response.

(a) ldentification of LMP1 T cell responses in donor D2 using ex vivo IFN-g
ELIspot and LMP1 pepmix or 24 individual LMP1 peptides (20 mer). DMSO was
used as a negative control and PHA as a postive control. (b) The LMP1 peptide
specific response was further characterised by stimulated CD4 depleted cells with
LMP1 peptides (A3) or (A4) or pepmix .
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3.4 Identified New LMP2 specific- CD8 and CD4 T cell response.

Due to the strength of the LMP2 T-cell response in donor D2, which was much higher
than all other donors, | also characterised this response. The same approach as used to
test the LMP1 response was used. First, 20 pools of LMP2 peptides were prepared
from 98 individual peptides, each pool containing 5 peptides as shown in (chapter 2)
. Then, 0.5x10° PBMCs were stimulated by LMP2 pepmix or each of the peptides
pools in duplicate or triplicate wells for each pool. As shown in Figure 4 A. after
subtracting the DMSO negative control | found significant LMP2 peptide specific T
cell responses were stimulated by pool numbers 11, 12, 14, 15, 18 and 19.

To identify the specific individual peptides stimulating T-cell activity, 30 individual
peptides from these six pools were used to stimulate PBMCs from donor D2; cells
were also stimulated with pepmix as a control with DMSO and PHA serving as
negative and positive controls respectively. As shown in Figure 4b, LMP2 peptide
specific T cell responses were stimulated by peptides 9,14 , 22, 26 and 27. To identify
the type of LMP2 peptide specific T cell response, CD4 T cells were depleted from
PBMC:s cells then the undepleted and CD4 depleted cells were tested with peptides
C7 and A3 (Figure 4c). The results show that T cell response induced by peptide C7
decreased upon CD4 depletion indicating this response was a CD4 T-cell response. In
contrast, the response induced by peptide A3 increased upon CD4 depletion showing

this response was mediated by CD8 T-cells.
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Figure 4 : Identified New LMP2 specific- CD8 and CD4 T cell response.

(a) PBMCs were stimulated by pepmix and 20 pools of LMP2 peptides were prepared
from 98 individual peptides to recognize T cell response using IFNg ELIspot assay(b)
T cells response to 30 individual LMP2 peptides from responded pools, PHA used as
positive control and DMSO as negative control. (¢) Recognition of T cells type
response to LMP2 peptides with CD4 depletion. When peptide (9) C7 is CD4 response
and peptide (26) A3 is CD8 T cell response
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Table 9 : summary of LMP1 and LMP2 -specific CD4 and CD8 response

antigen B95.8 sequence position phenotype
LMP1 LILLITALYLOQONWWTLLVD 151 CD8
LMP1 IJALYLOONWWTLLVDLLWLL 156 CD8
LMP2
(C7) LAAATALLASLILGTLNLTT 304 CD4
LMP2
(A3) WLTVMSNTLLSAWILTAGFL 439 CD8

Position: the number of the first amino acid in the peptide sequence in the B95.8 strain of

EBV

77



3.5 Identified new novel LMP2A specific CD8 T cells clones.

While studying LMP2 T-cell responses in donor D2, a co-worker produced LMP2-
specific T-cell clones to an unknown, presumably novel, T-cell epitope. | was able to
use these clones in my experiments to study this T-cell response. In total, seven CD4
and CD8 T cell clones specific for LMP2A were studied. Autologous LCL cells were
stimulated with 20 pools of LMP2 peptides then cultured with T cell clones overnight.
T-cell activity was determined by measuring INFy in the cell supernatant by ELISA
(data not shown). Having identified the relevant pools, | tested individual peptides to
identify the specific peptide. | found five T cell clones were specific for two LMP2
peptides (FLY) and (TYG) which had previously been studied and were already
known (data not shown).

Interestingly, | found two new T cell clones which were specific for LMP2. Using
flow cytometry | determined that these were both CD8+ T-cell clones (data not
shown). As shown in Figure 5a ELISA results show that LMP2 pool specific T cell
clone 50 responded to pool 6 when compared to relevant controls: T clones alone,
LCL alone and T+LCL without peptide. CD8 T cell clone 50 specifically recognized
the individual LMP2 peptides (P4) and (P5) within pool 6 (Figure 5b). The result in
Figure 6 shows data from CD8 T cell clone 71. This clone was found to be specific
to individual peptides (P4) and (P5) from LMP2 peptide pool 26. These data show
both clones recognize epitopes that have never been described. These interesting
findings need more research to characterize the clone further, but this was not

performed in my project.
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Figure 5 New LMP2 specific- CD8 T cell response (clone 50).

T cell clones specific for LMP2A were cultured with autologous LCL after pulsing
with LMP2 peptide pools or individual peptides to identify which of these
peptides was reasonable for T cell response. Released INFy was detected by
ELISA. (A) T cell clone (CD50) responds to pool 6, which include five peptides (B)

CD8+ clone CD50 responded to pep 4 (IAA)and pep5 (FTA) LMP2 peptides.
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Figure 6 New LMP2 specific- CD8 and T cell response (clone 71).

T cell clones specific for LMP2A were cultured with autologous LCL after pulsing
with LMP2 peptide pools or individual peptides to identify which of these
peptides was reasonable for T cell response. Released INFy was detected by
ELISA. (A) T cell clone (CD71) responds to pool 6, which include five peptides (B)
CD8+ clone CD50 responded to pep 4 (NFK)and pep5 (SST) LMP2 peptides.



3.6 Novel response of BARF1 specific CD4+ T cell clones as new
immunotherapy target

As shown above, in ex vivo ELispot assays | found weak T cell responses to BARF1
pepmix antigen in 3 of 25 heathy donors. BARF1 plays an important role in EBV
disorders as an oncogene and there is limited information about the immune to this

antigen. Therefore, | decided to further study the T cell response against BARFL.

3.6.1 Selection of T cell response to BARF1 antigen using new TNFa assay.

It is possible that ex vivo ELIspot assays may miss antigen-specific responses that
either: i) secrete other cytokines or ii) consist of central memory responses that do not
produce cytokines in short term assays. | therefore tested 11 donors for BARF1 T-cell
responses using cultured assays with flow cytometry as the assay readout.

Briefly, after isolating PBMCs from a donor, | exposed cells to BARF1 pepmix and
cultured them in T cell media with IL-7 and IL-15 cytokines for 10 days. Cells were
fed on day 3 and day 7 with fresh media and cytokines. At day 10, a part of the culture
was re-stimulated with pepmix in the presence of anti-TNFa-APC antibody and TAPI-
0 for 4-6hours. After staining with phenotype-specific antibodies (anti-C3, anti CD4,
anti-CD8) T cells that produced TNFa were detected by flow cytometry. Remaining
cells in the culture plate were re-stimulated with pepmix and cytokines for 10 days
more, and T cell responses were detected (now on day 20) as described.

The results in Figure 7a show results of one and two stimulations with BARF1 premix.
In general | found BARF1 specific T cell responses after one stimulation and these

increased in size after a second stimulation as shown in Figure 7b.
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In total, 36 patients were tested in either an ex vivo assay or a cultured assay as
described above. | selected 5 healthy donors that appeared to have a BARF1 response

in the above assays for further study.
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Figure 7 Identification of T cell response to BARF1 antigen using new
TNFa assay.

PBMCs from 11 healthy donors were tested in cultured assays with BARF1
pepmix. Cells were cultured for 10 days then part of the culture was stimulated
for 4-6 hours with BARF1 pepmix in the presence of TNFa antibody and TAPI-
0 . Cells were counter stained for CD3, CD4, CD8 and analysed by flow
cytometry. Remaining cells in culture plate were re-stimulated with pepmix
and cytokines for 10 days more and the T cell response to BARF1 was again
measured as before. The results obtained for one donor are shown. Un-
stimulated is the results of culturing cells for 10days without any pepmix. The
results obtained after culturing cells with BARF1 pepmix for 10 or 20 days are
also shown.
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3.6.2 Production of BARF1-specific and T-cell clone

Fresh PBMCs from 5 healthy subjects were cultured with BARF1 pepmix to reactivate
specific epitope T cells for 10 days as discussed above. Then, cells were re-stimulated
and cultured for 4-6 hours in present of TNFa antibody and cells were stained with
viability and CD3 staining then suspended in cold T cell media. Responding cells were
isolated using the TNFa capture assay with positive cells sorted by FACS at one cell
per well into 96 well plates containing T cell media (irradiated PHA -treated mix
cones, anti- CD3 and IL-2). T-cells were grown for two weeks and growing cultures

were tested for specificity.

3.6.3 Donor 2: Characterization of 3 New BARF1-specific and CD4 T-cell
clones: HLA-B*5101

3.6.3.1 Determination of T cell clone specificity

I screened 35 growing microcultures from donor 2 to determine whether they were
specific for BARF1 peptide. | co-cultured the expanded T cells with autologous LCL
pre-exposed to BARF1 pepmix cells DMSO. The next day | measured IFNy in the
culture supernatant by ELISA assay. As shown in Figure 8, three of the growing
microcultures (4,5and 6) produced IFNy in response to BARF1-exposed LCL but not
to unmanipulated LCL. These T cell clones were expanded with irradiated stimulated

autologous LCL and PHA- treated allogeneic mixed cells.
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3.6.3.2 Mapping BARF1 T-cell epitopes using BARF1-specific T-cell clones.

Autologous LCL cells were separately pulsed with 21 individual peptides then
incubated with T cell clones (C4, C5, and C6). T cell clone responses were detected
by ELISA. As shown in Figure 9 all clones responded to exposed — LCL with
BARF1 peptide nine (9). Flow cytometry showed all three clones were CD4 positive

(data not shown).

3.6.3.3 Auvidity of T cell clones

Having identified the cognate 20mer peptide it was possible to determine the avidity
of the T cell clones in titration assays. Because the initial BARF1 peptide library
consisted of 20mers overlapping by 10 amino acids, | designed and had synthesised
additional peptides overlapping these peptides by 5 amino acids to allow finer
identification of the optimal epitope peptide for each clone. The sequences of the
additional peptides (called peptide A and peptide B) are shown in Figure 10.

Data from the titration experiments is also shown in in Figure 10. Each clone was
tested against the individual peptides in the range 1075 to 10~** M and DMSO
control. In this assay, the functional avidity is the peptide concentration that required
to causes half (50%) of the maximal IFNg released by T cell activation. T cell clones
recognized peptide 9 and B but no response was obtained with peptide A. All three
clones (4,5 and 6) recognized pep B slightly more than pep9. Peptide B (TFF , aa 87-
105) was therefore selected as the optimal epitope peptide sequence. T cell clone
avidity to this peptide varied, ranging from 181nM with clone 5 then 1460 nM with

clone 4 and 5.
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Figure 9 :Identified T cell clone response to target individual peptide

Autologous LCL were pulsed with 21 individual peptides then incubated with
T cell clones (C4, C4, and C6). T cell clone responses were detected by ELISA.
All clones responded to the 20 mer BARF1 peptide nine (aa 90-110 ).
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Figure 10: T cell clone avidity

BARF1- specific CD4 T-cell clones 4, 5 and 6 were tested with LCL pulsed with

individual peptides in the range of 107> to 10~** M and DMSO control. In this
assay, the functional avidity is the peptide concentration that causes half (50%)

maximal IFNg release by T cells.
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3.6.3.4 T cell clone HLA restriction

To determine the class Il HLA restriction of the T cell clones | made a panel of LCL
cells that include the autologous LCL and different allogeneic LCLs which were
partially HLA matched to the original donor as shown Table 10 . LCLs were
exposed to BARF1 peptide then cultured with T cell clones before testing the
supernatant by ELISA to measure IFNg release. Figure 11 shows all T cell clones
responded to autologous LCL, DR51 positive (LCLs 3 and 4) but not to any other

LCLs. Therefore all T cell clones (4, 5, and 6) were DR-51 HLA restricted.

Table 10 : Panel of LCL cell lines used for HLA restriction of BARF1-specific CD4 T-cell

clones
LCL DR DQ
1 Autologous 9 i Sl 53 6 9
2 DR-53 4 53 7 9
3 DR-51 12 16 51 52a 5 7
4 DR51-15 15 17 51 52a 2 6
5 DQ-6 13 17 52a 2 6
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Figure 11 :T cell clone HLA restriction

A panel of LCL cells that include the autologous LCL and different cell lines
partially HLA class |1 matched to the original donor were exposed to the BARF1
epitope peptide. LCLs were then cultured with T cell clones (4 , 5, and 6) and
interferon gamma release measured by ELISA. All T cell clones were responsive
( IFNg released) to autologous LCL, DR51 matched LCLs but not to other LCLs.
T cell clones (4, 5, and 6) were thereforeDR-51 HLA restricted.

90



3.6.3.5 Efficiency of T cell clone response to LCL cells lines.

The data shown in Figure 11 clearly showed that BARF1 T-cell clones C4, C5, C6
produced interferon-gamma when exposed to unmanipulated HLA-matched LCLSs. In
other words, LCLs that had not been exposed to synthetic peptides. To quantify this
recognition T cell clones were cultured with a range of matched LCL (DR-51) that
were unmanipulated or, to set a benchmark of maximum interferon-gamma
production, were pre-exposed to synthetic peptide. T-cell activity was determined by
IFNg ELISA. Different number of T cell clones were added per well (3000 or 1000 T
cell clones). The efficacy of T clones response to unmanipulated LCL was expressed
as a percentage of maximal response to the same LCLSs exposed to epitope peptide.

Figure 12 shows a range of efficacies with T cell clones and LCL cells line. In general,
| found that the percentage of efficacy with clone 6 was the highest then clone 5 and
then clone 4 with LCL1 (63 %,53% and 52%), LCL2 (23%,30% and 8%) and LCL3

(35%, 25% and 16%) respectively.
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Figure 12 :Efficiency of T cell clone response to LCL:

T cell clones were cultured with a range of matched LCL (DR-51) that were
unmanipulated or exposed with epitope peptide. T-cell activity was measured by IFNg
ELISA. Different number of T cell clones were added per well (3000, 1000 T cell clones)
The efficacy of T clones response to unmanipulated LCL was expressed as a percentage
of maximal response to the same LCLs exposed to epitope peptide. Note that HLA-

mismatched LCLs were never recognised by the T-cells.
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3.6.3.6 Expression of BARF1 and BZLF1 gene in targeted LCL cell lines

The three BARF1-specific CD4+ T cell clones were clearly capable of recognising B
cells line transformed with the EBV (B95.8) strain, although the efficiency of
recognition varied for the different LCLs. Given that BARF1 has been reported to be
expressed when EBV enters lytic cycle, | undertook a series of experiments to
determine the level of BARF1 gene expression in the LCLs. | also measured the
expression of the BZLF1 gene, which induces LCLs to enter lytic cycle. This was
performed to determine if recognition correlated with lytic cycle activity in the culture,
to begin to examine whether BARF1 was likely to be expressed in lytic cycle or,
potentiall, could be expressed as a latent cycle protein

I made cDNA from RNA that was collected twice at different times (A) and (B)
from a range of LCL cell lines. BZLF1 knockout (K/O) LCLs incapable of entering
Iytic cycle were included as controls to explore if BARF1 was expressed in the
absence of lytic cycle. RNA expression was detected by gPCR assay. As shown in
Figure 13, expression of BARFland BZLF1 were detected in LCL lines (A1-A4)
and (B1-B4) but no detectable expression was seen with BZLF1 K/O cells. This
transcript analysis suggests that BARF1 is expressed only in the presence of BZLF1

suggesting it is a lytic cycle transcript in LCLSs.
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Figure 13 :Detection of BARF1 and BZLF1 gene expression in LCLs:

To measure the expression of BARF1 and BZLF1 genes in LCLs cDNA was made
from RNA that was collected twice at different times (A) and (B) from the same
range of LCL cell lines. The LCLs include BZLF1 knockout K/O cells lines. EBV
positive Akata cells was used as positive control and DNAse free water as

negative control.
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3.6.4 Donor 2: Characterization of 6 new novel BARF1-specific CD4 T-cell
clones

3.6.4.1 T cell specificity
T-cell clones from growing microcultures were tested as described earlier. | screened

13 cultures for their specificity towards BARF1 pepmix. As show in Figure 14 a, seven
expanded T-cell clones produced IFNy in response to BARF1-pepmix loaded LCL.
To identify the specific BARF1 peptide that each clone recognised, autologous LCL
was loaded with one of four different peptide pools each containing 5 peptides table.
These LCLs were then co-cultured with each of the seven expanded T cell clones and
INfg release measured. The result shows that T cell clone C1 responded to pool 1, T
cell clones C2, C4, C7, C10 and C12 responded to pool 3 and T clone 12 responded
to pool 2 peptides as shown in Figure 14b. To detect specific individual epitope
peptides, responding T cell clones were cultured with autologous LCL exposed to each
of the 5 individual peptides within the relevant pool. | found six novel T cell clones to
3 different BARF1 epitopes as shown in Figure 14c. Clone 1 responded to peptides 3
and 4 from pool 1, clones 2, 4, 7 and 10 responded to peptide 2 from pool3 and clone

12 responded to pep5 from pool2 and pepl from pool3 which overlap.
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Figure 14 T cell specificity:

First, 13 expanded cultures were tested to know their specificity towards BARF1
peptide. Expanded T cells were cultured with autologous LCL cells pre-exposed to
BARF1 pepmix or DMSO. The next day IFNy was measured by ELISA assay( A) . To
identify specific peptides generating each response, autologous LCL was exposed to
four pools each containing 5 peptides per pool. These LCL cells were cultured with each
of the 7 expanded T cells and INfg release detected (b) . After that, to detect specific
individual epitope peptides T cell clones were exposed to autologous LCL exposed to
each of the 5 individual peptides within the apporiate pool (c).
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3.6.4.2 Auvidity of T cell clone response:

As performed for clones from donor 1 (3.6.3.3), | performed a series of experiments
to characterise the clones in more detail. I designed and had synthesised additional
20mer peptides to allow more precise identification of the relevant epitope peptide.
These new peptides (called Al, A3, A3, A4, A5, A6, A7) are described in Table 11
Each clone was tested with individual peptides using peptide concentrations within
the range 1075 to 1071 M and DMSO as a control. In this assay, the functional
avidity is the peptide concentration that required to cause half (50%) maximal IFNg
released by T cell activation. Results in Figure 15 show that the functional avidity of
specific T cell clonel to designed peptides A2 (GER) (41nM) was lower than the
response to P4 (82nM) and A3 (357 nM). | therefore identified the epitope peptide for
clone 1 as GER. As shown in Figure 15 the functional avidity of specific T cell clone
12 was 62nM with P4 (VTA), 887nM with P1 (NYL) and 268nM with A5 (ISH) .
Moreover, the result in Figure 16 shows the high avidity of T cell clones (2,7 and 10)
with P2 (TEV) (20 nM , 74nM and 34nM ) compared to the avidity with A7 (QEH)

peptide.
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Table 11: optimal BARF1 peptides for T cell avidity.

clone BARF1 peptide (P) and Designed peptide (A) POSTION
P2 LASCVAAGQAVTAFLGERVT 11-30aa
Al AAGQAVTAFLGERVTLTSYW 16-35aa
- - VTAFLGERVTLTSYWRRVSL 21-40aa
w
=
2 = GERVTLTSYWRRVSLGPEIE 26-45aa
- LTSYWRRVSLGPEIEVSWFK 31-50aa
= RRVSLGPEIEVSWFKLGPGE 36-55aa
P1 NYLCRMKLGETEVTKQEHLS 101-120aa
A6 MKLGETEVTKQEHLSVVKPL 106-125aa
2 TEVTKQEHLSVVKPLTLSVH 111-130aa
™~
e A7
w QEHLSVVKPLTLSVHSERSQ 116-135aa
o]
o - VVKPLTLSVHSERSQFPDFS 121-140aa
A8 TLSVHSERSQFPDFSVLTVT 126-145aa
Pool2 -
‘s | BRSANTFFLVVIAANISHDG 81-100aa
A4 TFFLVVTAANISHDGNYLCR 86-105aa
o VTAANISHDGNYLCRMKLGE 19-110 aa
z
g “ ISHDGNYLCRMKLGETEVTK 96-1152a
NYLCRMKLGETEVTKQEHLS 101-1202a
s MKLGETEVTKQEHLSVVKPL 106-1252a
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Figure 15 :T cell clone avidity

Each clone was tested with LCL exposed to individual peptides from the epitope regions,
for clone (1) peptide 3 (21-40 aa) and Peptide 4 (31-50 aa) (20mers overlapping by 10 aa)
were identified as optimal. Additional 20mer peptides Al (16-35 aa), A2 (26-45 aa) and
A3 (36-55 aa), were designed from peptide P3, P4 and their neighbour P2 and P5 from
pool 1 of BARF1 gene to cover the entire region of BARF1 which may contain the epitope
(all peptides now overlapping by 15aa rather than the original 10aa). For clone 12 two
specific peptides from pool 2, peptide P5 (91-110 aa) and from pool3, peptide P1 (101-
120 aa) were used to design three additional peptides: A4 (86-105 aa), A5 (96-115 aa) A6
(106-125 aa) so all peptides in this region now overlapped by 15aa. Each clone was tested
with LCL and the relevant peptides at concentrations ranging 10> to 10~ M, with
DMSO alone used as a negative control. in this assay, the functional avidity is the peptide
concentration that causes half maximal (50%) IFNg release by each clone.
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Figure 16:T cell clone avidity

Each clone was tested with LCL exposed to individual peptides from the epitope regions,
for clone 2,7 anl10, peptide P2 (111-130 aa) and peptide P3 (121-140 aa) (20mers
overlapping by 10 aa) were identified as optimal. Additional 20mer peptides A6 (106- 125
aa), A7 (116-135 aa) and A8 (126-145aa)), were designed from peptide P2 and P and their
neighbours the BARF1 gene to cover the entire region of BARF1 which may contain the
epitope (all peptides now overlapping by 15aa rather than the original 10aa). Each clone
with LCL and the relevant peptides at concentrations ranging 1075 to 10~ M with
DMSO as a negative control. in this assay, the functional avidity is the peptide
concentration that causes half maximal (50%) IFNg release by each clone.
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3.6.4.3 T cell clone HLA Restriction

To know the relevant HLA restriction allele for each T-cell clone, T-cells were first
stained with CD4 and CD8 antibodies. Flow cytometry showed that all clones were
CD4 positive (data not shown). To identify the class Il HLA restriction of the T cell
clones I designed a panel of LCL cells that include the autologous LCL and different
cell lines which were partially HLA class 11 matched to the autologous donor as shown
Table 12. These LCLs were exposed with each clones BARF1 epitope peptide then
cultured with T cell clones overnight then IFN-g was tested by ELISA. Figure 17
shows the results of this series of experiments. | found that all clones responded to the
autologous cell line (LCL2). Clone 1 responded to LCL4 (DR-53 matched to
autologous) while clones 2, 4 and 7 responded to LCL 5 (DP-2 matched to autologous.
Clone 12 responded to LCL6 (DR-13 matched to autologous). No clone responded

to the LCL that was mismatched at all HLA class Il alleles.
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Table 12 : panel of LCL cell lines used for T cell restriction

DR DQ DP
LCL1 17 52a
LCL2 e 13 53 52c 3 6 2 4
LCL3 4 7 2 4 4
LCLA 9 15 51 53 6 9
LCL5 103 11 52b 4 7 2 4
LCL6 13 15 51 52C 6
Bl CLONE1 Bl CLONE2 W CLONE7 | CLONE10 CLONE 12
8000+
6000
g
o
£ 40007
o
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&=
2000+
c L} L) L] L]
o ) b <o ©
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Figure 17:T cell clone HLA Restriction

A panel of LCL cells that include the autologous LCL (LCL2) a mismatch (LCL1) and
different cell lines overnight partially class Il matched to the autologous donor were
exposed to relevant BARF1 epitope peptides. The various LCLs were then cultured with
T cell clones (1, 2, 7,10 and 12) then tested for IFN-g release by ELISA. All T cell clones
responded (IFNg released) to autologous LCL. Clone 1 responded to LCL4 (DR-53
matched) while clones 2, 4 and 7 responded to LCL 5 (DP-2 matched) and clone 12
responded to LCL6 (DR-13 matched).
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3.6.5 Donor 3: Characterization of four novel BARF1-specific CD4 T-
cell clones: DRB1*0301

3.6.5.1 T cell specificity

I sorted BARF1-specific T-cells from donor 3 into 390 wells of a 96 well plate as
described earlier. Five growing T cell cultures were obtained after two weeks of
expansion. These were tested as described earlier to identify their specificity towards
BARF1 pepmix. T cells were cultured with autologous LCL pre-exposed to BARF1
pepmix or DMSO and IFNy released by T-cells detected by ELISA. As shown in
Figure 18a, 4 T cell cultures produced IFNy in specific response to BARF1 -exposed
LCL while there were no responses with remaining cells cultures because they were
not specific to BARF1 pepmix or exhausted T-cells. To identify specific peptides,
autologous LCL was exposed to four pools of BARF1 peptides each pool containing
5 peptides. LCL cells were then cultured with each of the 4 expanded T cell clones
and IFN-g release detected by ELISA. The result shows that T cell clones 1, 2, 3, and
5) responded to pool 4 as shown in Figure 18b. To detect specific individual epitope
peptides these four were then tested with autologous LCL exposed to each of the 5
individual peptides in pool 4. As shown in Figure 18 c, all clones (1 ,2, 3 and 5)

responded to peptide 4 (pool 1).
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Figure 18: T cell specificity:

All five of the growing T-cell cultures were tested to know their specificity
towards BARF1 peptide. Expanded T cells were cultured with LCL pre-exposed
to BARF1 pepmix or DMSO then IFNy was detected by ELISA assay(A). To
identify specific peptides responsible for the response, autologous LCL was
exposed to four pools each containing 5 peptides from BARF1. LCL cells were
cultured with the 5 clones and INfg release detected (b) . To detect specific
individual epitope peptides, T cell clones were cultured with LCL exposed to each

of the peptides within pool4 or DMSO as a negative control.
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3.6.5.2 Auvidity of T cell clone response:

The peptides in pool 4 were 20mers overlapping by 15aa. To identify each clones
optimal peptide I first designed and synthesized additional peptides so that the peptides
in this region of BARF1 overlapped by 15a. These peptides were used in titration
assays as previously described. The results show that no clones responded to peptide
B2 but all T cell clones responded to peptides P4 and B1. as shown in Figure 19
comparing these two peptides, in three cases the T-cell clones responded better to
peptide P4 compared to B1. Clone 1 (15nM P4, 44nM G1 ), clone 3 (9.5 nM P4, 41
nM B1, clone 2 (106 nM P4, 113nM G1.. Clone 5 was the highest affinity clone and
its response to the two peptides was essentially the same (1.8uM P4, 1.4uM G1).

Together these resuls indicate that P4 (GSL) represented the optimal epitope peptide.

3.6.5.3 T cell clone HLA Restriction

Flow cytometry of T cell clone cells stained with CD4 and CD8 antibodies determined
that all clones were CD4 positive (data not shown). To identify the class Il HLA
restriction of the T cell clones, | designed a panel of LCL cells that included the
autologous LCL and different LCLs partially class Il allele matched to the autologous
donor as shown Table 13. The LCLs were exposed to the BARF1 GSL peptide,
cultured with T cell clones overnight and the supernatant tested by IFN-g ELISA
assay. As shown in Figure 20 all clones responded to the autologous LCL (LCL) and
LCL 2 (DR-17 and DR52a matched) but not LCL3 (DR52a matched). This result

indicates that the GSL epitope is presented to CD4 T-cells by DR-17.
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Figure 19 :T cell clone avidity (donor 3):

Each clone was tested with LCL exposed to individual peptides from the epitope
regions, for clone 1,2 and 5, peptide P4 (181-200 aa (20mers overlapping by 10
aa) were identified as optimal. Additional 20mer peptides B1 (176-195 aa),
peptide B2 (186-105 aa), were designed from peptide P3, P4 and their
neighbours the BARF1 gene to cover the entire region of BARF1 which may
contain the epitope (all peptides now overlapping by 15aa rather than the
original 10aa). Each clone with LCL and the relevant peptides at concentrations
ranging 107> to 10~ M with DMSO as a negative control. in this assay, the
functional avidity is the peptide concentration that causes half maximal (50%)
IFNg release by each clone.
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Table 13 : Panel of LCL cell lines for T cell restriction

DR | DQ |
wiiavto |17z 4. as 4. s s2a 4. 2 4 s ¢
LCL2 17 52a |
LCL3 13 ~ s52a 2 s 4
LCL4 4 16 51 53 5 8
LCL5 4 7 53 24 4
LCL8 4 15 4 51 53 [
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Figure 20 :T cell clone HLA Restriction

A panel of LCL cells that included the autologous LCL and different lines which were
partially class Il allele matched to the autologous line were exposed to the GSL
epitope peptide. The LCLs were then cultured with T cell clones (1, 2, 3 and 5)
overnight and the supernatants tested by ELISA. All T cell clones responded to
autologous LCL and LCL 2 (DR-17 DR52a matched) but not LCL3 (DR52a
matched).
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3.6.6 Donor 4: Characterization of four novel BARF1-specific CD4 T-
cell clones: HLA-DRB1*0103

3.6.6.1 T cell specificity

Following FACS based cloning, sixteen expanding T cell microcultures were
generated. These were tested for BARF1 specificity by culturing them overnight with
autologous LCL cells exposed to BARF1 pepmix or DMSO. The following day, IFNy
in the supernatant was measured by ELISA. As shown in Figure 21a, eight of the
growing T cell microcultures produced IFNy in response to BARF1. To identify the
relevant epitope peptides, autologous LCL was exposed to four pools of BARF1
peptides each containing 5 peptides per pool then cultured with each of the eight T
cells microcultures. INfg release was detected by ELISA. As shown in Figure 21b the
result shows that T cell clones (C1, 2, 6 and 8) responded to pool 3. To detect specific
individual epitope peptides these T cell clones were cultured with autologous LCL
exposed to each of the five individual peptides from the pool. As shown Figure 21c,

T cell clones (1, 2, 6 and 8) responded to peptide 2.

3.6.6.2 Avidity of T cell clone response:

Because the 20mer peptides used in pools and individual to identify peptide 2
overlapped each other by 10aa, I designed and had synthesised additional peptides to
provide a set of 20mer peptides spanning the region of interest and overlapping by
15aa. These peptides were used in a titration assay to identify the optimal epitope
peptide that the clones recognized (Figure 22). The result shows that all T cell clones
responded to peptides P2 and A7 , low avidity was found with clones ; clone 1
(722nM and 4.8uM) clone 2 ( 970nM and 348nM) , clone 6 (443nM ) and clone 8

(2m4nM and 122nM) as shown P2 (TEV) epitope compare to B7(QEH) epitope .
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Figure 21: T cell specificity:

sixteen growing T-cell cultures were tested to know their specificity towards
BARF1 pepmix. Expanded T cells were cultured with autologous LCL cells
exposed to BARF1 pepmix or DMSO and the following day IFNy was measured
by ELISA assay(A). To identify the region of BARF1 recognised by the T-cells,
autologous LCL was exposed to four pools containing 5 BARF1 peptides per pool
and used to stimulate each T-cell clone that had responded to pepmix in the earlier
experiment (b). After that (c), to detect specific individual epitope peptides T cell
clones that responded to the pools were co-cultured with autologous LCL exposed
to each of the 5 individual peptides from the relevant pools. IFN-g release was

measured by ELISA.
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Figure 22: T cell clone avidity ( Donor 4) :

Each clone was tested with LCL exposed to individual peptides from the epitope
regions, for clone 1,2 an5, peptide P2 (111-130 aa) (20mers overlapping by 10
aa) were identified as optimal. Additional 20mer peptides peptide A6 (106-125
aa), peptide A7 (116-135 aa), were designed from peptide P1, P2 and their
neighbours the BARF1 gene to cover the entire region of BARF1 which may
contain the epitope (all peptides now overlapping by 15aa rather than the original
10aa). Each clone with LCL and the relevant peptides at concentrations ranging
1073 to 10~** M with DMSO as a negative control. in this assay, the functional
avidity is the peptide concentration that causes half maximal (50%) IFNg release

by each clone.
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3.6.6.3 T cell clone HLA Restriction

To know the relevant HLA restriction allele for each T-cell clone, T-cells were first
stained with CD4 and CD8 antibodies. Flow cytometry showed that all clones were
CD4 positive (data not shown). To identify the HLA restriction of the T cell clones, |
used a panel of LCL cells that include the autologous LCL and different cell lines
partially class Il matched to the autologous donor as shown Table 14 . These LCLs
were exposed to the BARF1 epitope peptide then cultured with the T cell clones
overnight; the next day IFN-g in the supernatant was measured by ELISA. Figure 23
shows all clones responded to the autologous LCL (LCL1) and LCL 4 (DR-103
matched) demonstrating that this epitope was a DR-103 restricted CD4 T cell

response. The T-cell clones could not be

3.6.7 Donor 5: Characterization of novel BARF1-specific and CD4 T-cell
clones:

3.6.7.1 T cells specificity

Following FACS cloning, twenty growing T-cell microcultures were obtained. These
were tested for specificity by culturing them overnight with autologous LCL pre-
exposed to BARF1 pepmix or DMSO. The following day, IFNy release by the T-cells
was measured by ELISA. As show in Figure 24 a, 16 T-cell microcultures produced
IFNy in response to BARF1 pepmix. To identify the specific peptides reasonable,
autologous LCL was exposed to four pools of peptides each containing 5 BARF1
peptides per pool. The LCL cells were cultured with each of the 16 T cell clones and
INfg in the supernatant measured the following day. The result shows that T cell clone
(C1,2,4,6,78,10,11,12,13,14,16, 17 and 20) responded to pool 3 as shown in Figure

24b. To determine which of the five peptide in pool 3 was recognised by the T-cells,
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I then exposed autologous LCL to each peptide from pool 3 individually then co-
cultured these with each of the clones, testing IFN-g release the following day. As
shown IN Figure 24c, T cell clones (2, 4, 6 and 10, 11, 13, 16, 17, 19, and 20)
responded to peptide 5 from pool 3. This peptide is a new BARFL1 epitope peptide.
These T cell clones were not studied further and additional experiments would be

needed to identify the optimal epitope peptide and HLA restriction.
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Table 14 : Panel of LCL cell lines for T cell restriction

DR 4 DQ
LCL1 103 % 15 51 4. =
LCL2 17 ] | 52a
LCL3 4 : 51 4 53
LcLa 103 4 7 53 2 7
LCL5 12 16 : 52a 5
LCL6 13 17 | 52a 2 :
LCL7 4 16 51 4 53 5 8
LCL7+
LCL6H Il C1
LCL5H+ . co
Il Ccs
LCL3H
Mismatch LCL2 H

Autologous LCL1 E
L] L]

Figure 23 : T cell clone HLA restriction

A panel of LCL cells that include the autologous LCL and different
partially class Il matched LCLs were exposed to BARF1 epitope peptide
then cultured with T cell clones (1, 2,6 and 8). IFN-g release by T-cells
was determined by ELISA. All T cell clones responded to LCL1, the
autologous LCL, and LCL4 (DR-103 matched) but not to the other LCLSs.
. All four clones (1, 2,6 and 8) are therefore restricted by DR103.
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Figure 24 : T cell specificity

Twenty T cell microcultures generated from from donor 5 were tested to know their
specificity towards BARF1 epitope peptide. T cells were cultured with autologous LCL
pre-exposed to BARF1 pepmix or DMSO as a negative control. The next day, IFNy
release by T-cells was measured by ELISA (A). To identify the specific peptide
reasonable for the response, autologous LCL was exposed to four pools of peptide each
containing 5 peptides per pool (b) and IFN-g release by T-cells measured the next day.
To detect the individual peptide from the pool, the autologous LCL was exposed to the
individual epitope peptides, washed and used to stimulate T-cells. IFN-g release by T-
cells was measured the following day by ELISA (c).
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3.7 BARFL1 (TFF) — specific T-cell clone responses to naturally expressed and
presented target epitope

In the above experiments, | found that some BARF1-specific T cell clones made IFN-
g when cultured with the autologous unmanipulated (i.e. not exposed to synthetic
peptide) LCL but not to HLA-mismatched LCL. Examples can be seen for clones in
Figures (Figure 12). Closer examination of this phenomenon for clones established
from donor 1, testing LCLs by gPCR, suggested that BARF1 and BZLF1 genes were
expressed by the LCLs recognised by the T-cells. Such data suggested that T-cells
may be able to recognise biological levels of BARF1 proteins and | investigated this
further using two different types of target cell. First, | used HLA-matched LCLs from
three donors. The LCLs were established using either the B95.8 virus or, for
comparison, an engineered B95.8 virus that lacked the BZLF1 gene (BZLF1 K/O)
essential for EBV entry into lytic cycle. Therefore, | could study whether BARF1
recognition required a proportion of the LCLs within the culture to enter lytic cycle,
or whether cells that were entirely latent could be recognised. Second, I also tested the
EBV positive NPC cell line C666, which | made HLA matched to BARF1-specific
DR51-restricted T-cell clones from donor 1 by transducing HLA-DR51 (data not
shown). The aim was to investigate if an EBV+ve epithelial tumour cell line could
potentially be recognised by BARF1-specific CD4 T-cells.

HLA -matched cell lines (LCL and c666) were exposed to the BARF1 TFF epitope
peptide or an equivalent amount of the DMSO solvent used to dissolve the peptide,
washed well and then incubated with three T cell clones (C4, C5, C6) from donor 1
that were all specific to the TFF epitope. The T-cell responses to the target cells were

measured after overnight culture using IFNg ELISA. The results shown in Figure 25
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suggested that the T cell clones recognized naturally expressed BARF1 in C666 and
LCL cells (cells treated with DMSO solvent only).

Recognition of LCLs treated only with DMSO was consistently highest for clone 6,
the most avid of the three clones in peptide titration assays). This clone also produced
IFN-g when exposed to LCLs that lacked the BZLF1 gene, although this was always
lower than the corresponding B95.8 LCL in which a proportion of cells were in lytic
cycle. This result suggests that BARF1 may be expressed at low level in latent cycle
in LCLs. Interestingly, clone 6 also recognised DR51 transduced C666 cells that were
treated only with DMSO. Importantly, no IFN-g was produced by any of the clones
incubated with the HLA-mismatched control LCL (data not shown) or the C666 cell
line that had not been transduced with DR51 (referred to as mismatch in Figure 25)

that were included as controls in the experiment.
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Figure 25 BARF1 (TFF) — specific T-cell clone responses to LCL and C666 cells
loaded with epitope peptide or DMSO solvent alone. Target cells were LCLs from
three donors, transformed with B95.8 EBV or the same virus lacking BZLF1
(BZLF1 k/o) or C666 cells either transduced with HLA-DR51 (match) or
untransduced (mismatch). Target cells were either loaded with epitope peptide or
the same amount of DMSO solvent, washed and used as targets for three different
T-cell clones from donor 1 specific for the BARF1 epitope TFF. After incubation
overnight, the amount of IFN-g produced by T-cells was measured by ELISA.
Percentage efficiency of recognition was calculated by dividing the amount of IFN-
g produced by cells treated with DMSO by the amount of IFN-g produced by the
dame cells loaded with epitope peptide then multiplying by 100. A representative
result from three independent experiments is shown.
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3.8 Identification of BARF1 Antigen Transfer with epithelial and B cell
lymphoma cells

BARFL1 is a secreted protein that can be detected in culture media and in sera from
NPC patients [150]. It is therefore possible that recognition of cells by BARF1-
specific T-cells may be due to the uptake of BARF1 from the surrounding media. An
alternative endogenous route may also be possible, since secreted proteins such as the
CMV gb protein have been reported to access the HLA class processing pathway
during secretion [151]. Either pathway could be therapeutically relevant for CD4
control of EBV-infected cells within a tumour. Endogenous access would mean that it
is the BARF1-expressing cells themselves that are directly targeted by CD4 T-cells.
Exogenous access would mean that a small number of cells in lytic cycle producing
and secreting BARF1 would sensitise neighbouring cells, of which many would be in
latent cycle or indeed EBV negative cells in the vicinity, for T-cell attack.

I investigated if BARF1 was present in the cell supernatant and could be taken up by
cells and presented to T-cell clones. To produce a source of antigen, | cultured a range
of EBV+ve and EBV-ve cells in serum-free AIM-V medium for three days then
collected and concentrated the supernatant. Concentrated supernatants (S/N) were
obtained from EBV+ve cells (B95.8 LCLs, BZLF1 k/o LCLs cells, C666 NPC
epithelial cells) and as a control an EBV negative cell line (NP460 an epithelial line).
Three different groups of cells, DR51-positive therefore HLA matched to the DR51
restricted T-cell clones, were exposed to the concentrated supernatants for 24-48 hours
and then tested with T-cells. The first group consisted of epithelial cells lines including
two EBV+ve epithelial tumour cell lines (c666 — an NPC cell line and YCCEL - a
gastric carcinoma cell line) and two EBV-ve epithelial tumour cell clines (MKN1 and

MKN28, both gastric carcinoma). Although genetically these lines were DR51
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positive, it was important to confirm that they expressed functional HLA class 11
molecules and these were displayed on the cell surface for recognition by T-cells.
Previous work in the laboratory had showed that the DR51 transduced C666 was
indeed HLA positive, both using T-cell clones (see Figure 25) and by flow cytometry
(data not shown). To check the gastric lines, cells were treated with a range of IFNg
concentration (0-500 ug/ml) for 3 days then surface stained with MHC class Il —-PE
antibody and analysed by flow cytometry. As shown in Figure 26 MNK1 and YCCL1
were strongly HLA class Il positive, even in the absence of IFN-g treatment, and this
level of expression did not increase with IFN-g. Interestingly, the MNK28 cell line
consisted of cells with a wide range of different HLA class Il levels, with some cells
appearing to lack HLA class Il whereas other cells were strongly HLA-class Il
positive. Again, IFN-g treatment did not alter MHC-II expression. The three gastric
cell lines were transduced with the same DR51 expressing retrovirus vector used
previously to make C666 HLA-matched to the DR51-restricted BARF1-specific T-
cell clones. A stably transduced cell line was then established using G418 selection.

The second group of cells were five B cell lymphoma cell line. Two lines were EBV
positive (SUDHL5++ and Kem) and three were EBV negative (HT, SUDHL4 and
SUDHLY5, the negative counterpart to SUDHL5++) Four of these five lines had
previously been transduced with HLA-DR51, | generated the DR51-positive variant
of Kem for use in the transfer experiments as described above. Kem was an important
cell lines as it has previously been shown to uptake EBNA3C from conditioned

supernatant and present epitopes to EBNA3C-specific CD4 T-cell clones [152].
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Figure 26 : Expression of MHC Il in gastric cell lines

Gastric cell line were treated with a range of IFNg concentration (0-500 ug/ml
) for 3 days then stained with MHC class Il —PE antibody to determine the
surface levels of these cells to MHC Il and level of expression.
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The third group of cells were HLA matched LCL cell lines which were used as
controls for the assay. These cells were exposed to BARF1 TFF peptide or DMSO and
included in the assay to confirm correct functioning of the T-cells.

Each experiment tested these different cell lines either unmanipulated or, for the
negative control, the same cell type exposed to concentrated supernatant prepared
from the EBV-ve NP460 cell line. The latter was used as the baseline for each assay.
Cells were also exposed to concentrated supernatant prepared from the EBV+ve B95.8
LCL or the EBV+ve C666 cell line. After 36 hours, the cells were washed and
incubated overnight with T-cells to detect if exposure to concentrated supernatant
resulted in an increase in the level of cell surface BARF1 epitope peptides. | used T-
cell clone 6 from donor 2 as this was the highest avidity clone specific for the DR51-
restricted epitope TFF and, based on its ability to recognise EBV+ve BARFV1+ve
LCLs, it appeared able to detect epitopes generated from BARF1 protein.

The results from exposing the four epithelial cell lines to different concentrated
supernatants is shown in Figure 27a. As seen previously (figure 25) the T-cell clone
produced IFN-g when co-cultured with DR51-transduced EBV and BARFL1 positive
C666 cells. As expected, incubating these cells with concentrated supernatant from
EBV+ve NPC460 cells did not alter this recognition but recognition increased
significantly after the C666 cells had been incubated with concentrated supernatant
from the EBV+ve LCL or C666 cell lines. In contrast, the gastric carcinoma cells were
not recognised and only a small increase observed for YCCEL cells treated with
concentrated supernatant from the LCL (the same supernatant that yielded the largest

increase when applied to C666 cells.
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Figure 28a, shows the results obtained after exposing three different lymphoma cell
lines to the same supernatants. Exposing these cells to concentrated supernatant from
the LCL of C666 significantly increased T-cell recognition for 3/3 or 2/3 cell lines
respectively. An experiment of the same design was performed using LCLs from two
donors, transformed with either B95.8 or a BZLF1 ko EBV, either untreated or treated
with the two different concentrated supernatants. The recognition of unmanipulated
LCLs by the T-cell clone was higher in these experiments, making it harder to detect
a supernatant-induced increase in recognition, but again the LCL supernatant
significantly increased recognition of the four LCLs, with the C666 supernatant

producing smaller increases that were significant for two of the four LCLSs. cell lines
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Figure 27 :BARF1 antigen transfer with epithelial cell line

Concentrated supernatant (S/N) prepared from cultured BZLF1 k/o LCL
cells (EBV positive) , C666 ,NPC epithelial cells (EBV positive ) and NP40
, NPC epithelial ( EBV negative) were used to target transduced (DR-51)
epithelial cells line include three Gastric cell lines YCCEL which known as
EBV positive, MNK1 and MNK28 as EBV negative cell lines, and C666
cell lines EBV positive. After 24-48 hours incubation with , BARF1 (TFF)
— specific T clone (clone 6) were added to all cell lines to recognize of
expressed BARF1 epitope, the response was detected by ELISA IFNg assay.
however, the mean value of recognition ( IFNg released ) was calculated by
compare to mean of control which is NP460 s/n EBV —ve . Target cells were
also exposed with TFF peptide or DMSO as controls.
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Figure 28 :BARF1 antigen transfer with B cell lymphoma lines

Concentrated supernatant (S/N)prepared from cultured BZLF1 k/o LCL cells
(EBV positive) , C666 ,NPC epithelial cells ( EBV positive ) and NP40 , NPC
epithelial ( EBV negative) were used to target transduced (DR-51) B cell
lymphoma cells line include Diffuse Large B Cell Lymphoma Cell Lines,
SUDHLS5, EBV negative and SUDHL5++ as EBV positive , And EBV positive
transduced (DR-51) Burket lymphoma (Kem) . After 24-48 hours incubation with
, BARF1 (TFF) —specific T clone (clone 6) were added to all cell lines to recognize
of expressed BARF1 epitope, the response was detected by ELISA IFNg assay.
however, the mean value of recognition ( IFNg released ) was calculated by
compare to mean of control which is NP460 s/n EBV —ve . Target cells were also
exposed with TFF peptide or DMSO as controls.
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Figure 29: BARF1 antigen transfer with LCL cell line

Concentrated supernatant (S/N) prepared from cultured BZLF1 k/o
LCL cells (EBV positive), C666, NPC epithelial cells (EBV
positive) and NP40, NPC epithelial ( EBV negative) were used to
target two different LCL cell lines include BZLF1 k/o cells . After
24-48 hours’ incubation with, BARF1 (TFF) — specific T clone
(clone 6) were added to all cell lines to recognize of expressed
BARF1 epitope, the response was detected by ELISA IFNg assay.
however, the mean value of recognition ( IFNg released ) was
calculated by compare to mean of control which is NP460 s/n EBV
—ve . Target cells were also exposed with TFF peptide or DMSO as
controls.
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3.9 Study the recognition of endogenously expressed BARF1

To study whether endogenously expressed BARF1 could potentially be recognized by
CD4 T-cells, | transfected YCCEL cells with pcDNA based expression plasmid
containing the full length BARF1 gene (kindly provided by Dr. Jaimin Zuo, University
of Birmingham). The cells were co-transfected with a GFP expressing plasmid to
measure transfection efficiency. | selected YCCL1 cells for these experiments because
its lack of detectable background recognition from the T-cell should make the assay
more sensitive.

As show in Figure 30a YCCLJ1 cells clearly expressed GFP 48 hours after transfection.
These cells were co-cultured with the BARF1 TFF epitope specific clone 6 overnight,
then IFN-g in the supernatant was measured by ELISA. As shown in Figure 30b. there
was no recognition of the transfected cells, although cells that were pulsed with
peptide strongly stimulated the T-cells. To confirm BARF1 was expressed from the
plasmid, | first sequenced the plasmid to confirm it was correct (data not shown). |
then performed western blotting of cell extracts from the transfected cells using a
BARF1 specific antibody (provided by Prof. Jaap Middeldorp, University of
Amsterdam). Because BARF1 is rapidly secreted, complicating its detection. I
incubated some of the transfected cell with brefeldin A to block secretion. The blot in
in Figure 30b shows a band of the predicted size of BARFL1 in the transfected cells
which increased in intensity in the brefeldin A treated cells confirming BARF1

expression.

This result suggested that the lack of background recognition of YCCLL1 by the T-cell

clone may mean that the cell processes and presents the BARF1 epitope from protein
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poorly. This hypothesis is supported by the low recognition achieved after exposing
the cells to concentrated supernatants which dramatically enhance the recognition of
other cell types. | therefore decided to test endogenous BARF1 expression in other
cell types. There was insufficient BARF1 antibody available to biochemically confirm
BARF1 expression in other experiments | used newly produced plasmids provided by
my supervisor, Dr Graham Taylor (University of Birmingham). These new plasmids
expressed full length BARF1 or derivatives of BARFL1 lacking the secretory sequence
or regions of BARF1 (BARF1 delta). These two BARF1 sequences were also fused
to the first 80 amino acids of the invariant chain protein which redirects proteins into
the endolysosomal system[153]. These constructs expressed BARF1 as an amino-
terminal fusion to mClover3, a bright green fluorescent protein, allow BARF1
expression to be readily detected in cells. Also provided by my supervisor was a
positive control plasmid, which expressed a short region of EBNA1 containing a
DR51-restricted epitope (SNP) fused to the invariant chain targeting sequence and
mClover3. This is the same restriction allele as seen by the BARF1 specific TFF clone
6, allowing the same panel of cells to be tested in T-cell assays using a well-
characterized EBNA1-specific CD4 clone (Taylor et al. PNAS). Details of the
constructs are provided in (table 5 method) .

I used BARF1-expressing plasmids to transfect different EBV-negative cells that were
HLA DR51 positive and therefore matched to the TFF T-cell clones. The cells used
included the GC cell line YCCEL, which was previously not recognized after
transfection with pCDNA-BARF1, two other GC lines, MKN1 and MKN28, and the

B cell line SUDHL-5.

127



GC cell lines were transfected with plasmid DNA using lipofectamine 2000 while B
cell lines were transfected by electroporation. After 48 hours, transfected cells were
tested by fluorescent microscopy and flow cytometry as shown in Figure 31 to detect
mClover3 and confirm transfection. Cells transfected with the delta-BARF1 construct
consistently had lower levels of fluorescence than other constructs, even compared
with the full length BARF1 construct that was the same as the delta BARF1 construct
apart from the additional secretory sequence present at the N-terminus of full-length
BARF1.

Cells transfected with the different constructs were tested in T-cell assays using the
BARF1-specific CD4 T-cell clone TFF and the EBNAL1-specific CD4 T-cell clone
SNP (both restricted by DR51). (GSL presented by DR17 and TFF presented by
DR51) with the EBNA1-aspecific CD4 T-cell clone SNPc51 used to detect epitope
presentation from the positive control plasmid. After overnight incubation, the
supernatant was tested for interferon-gamma by ELISA. As shown in Figure 32, the
results show that there was no recognition by the two BARFL1 clones (specific for
epitopes TFF and GSL) to the three transfected GC cell lines with BARF1 constructs
even in present of Invariant chain (In) as we expected. In another hand, EBNA1 SNP
— specific clone was responded to minimal EBNAL construct which contain four

overlap EBNAL epitopes with chain (In) used as positive control.
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Figure 30 : expression of BARF1 epitope from transfected YCCEL and
effect of Brefeldin A in BARF1 presentation

(a) YCEEL cells line was transfected with GFP-pcDNA plasmid (Full BARF
gene). (b) cells were targeted by BARF1 TFF- CD4 T cell clone 6 to
recognize response using IFNg ELISA . (c) transfected YCCEL with or
without Brefeldin A were assayed using w.blot assay .
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Figure 31 : transfected Gastric cell lines with new BARF1 constructs

GC cell lines MKN28 (A) MKN1(B) YCCEL(C) were transfected with six
new constructs contain green fluorescent protein mClover . After transfection
cell were checked by fluorescent microscope and flow cytometer to detect
level of Mclover .

132



In the same study, with B cell lines we found different results as shown in Figure 33,
BARF1-TFF clone 6 clearly recognized targeted transfected B cell with two BARF1
plasmids which contain Full BARF1 gene and Minimal BARF1 — invariant chain,
where recognition level was found increased in present of (In) chain. However, no
response was detected from BARF1 —GSL clone compare to high recognition from

EBNAZ1-SNP clone to minimal EBNA1 plasmid.
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Figure 32 : recognition of BARF1 antigen using new generated constructs
on epithelial cells.

Gastric cell lines were transfected with six new generated BARF1 constructs
as show in (chapter 2) using lipofecamine 2000 method. These cells were
targeted by BARF1 (GSL) -specific clone (DR-17), BARF1 (TFF) and
EBNAL (SNP) (DR-51) to detect recognition by IFNg ELISA assay.
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Figure 33 : Study recognition of BARF1 antigen using new generated
constructs on B cell lines.

SUDHL-5 cell line was transfected with six new generated BARF1
constructs as show in. These cells were targeted by BARF1 (GSL) -specific
clone (DR-17), BARF1 (TFF) and EBNAL1 (SNP) (DR-51) to detect

recogn

ition by IFNg ELISA assay.
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3.10 T cell receptor cloning

Taken together, the results showing TFF clone 6 recognises: i) unmanipulated C666
cells, ii) C666, SUDHL5 and Kem cells exposed to concentrated supernatant from
EBV+ve cells, iii) SUDHLS5 cells expressing BARF1 protein from plasmids suggests
that further work exploring BARF1 as a CD4 target is warranted. Given that DR51 is
a common allele in the human population an effective T-cell response to this peptide
could be therapeutically relevant for the treatment of EBV+ve cancers.

I therefore undertook a final set of experiments to obtain the TCR sequence from clone
6, capable of recognising native BARF1. To further study the T-cell response to this
epitope | also sought to obtain the TCR sequence from the other two clones generated
from the same donor that were specific for the same epitope but had lower avidity in
titration assays.

To obtain the TCR sequence | isolated RNA from all three TFF specific CD4 T-cell
clones (C4, C5 and C6) and amplified the TCR alpha and beta chains by rt-PCR.
Amplified DNA from three clones was then analysed by agarose gel electrophoresis.
As shown in Figure 34, DNA products of the predicted size were generated. The DNA
ws cut from the gel, purified and the TCR alpha and beta chains for all three clones
were sequenced. Analysis of the sequence data using the IMGT website
(http://www.imgt.org/) showed all three clones had the same TCR beta chain usage
(TRBV3-1*01 which is V-beta 9). To confirm this result, the three T-cell clones were
stained with Vbeta.9 -PE antibody with Vbeta.8 — FITC antibody used as a control.
PBMCs were also stained with these antibodies as additional controls to confirm the
antibodies were functional. The flow cytometer results, shown in Figure 35, confirmed

that all three clones were TCR V-beta 9.
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Alignment of the TCR sequences for all three clones showed that not only were they
the same v beta type, there were in fact identical at the nucleotide level. Therefore the
clones appear have identical TCR sequences although there were clear biological
differences between the three in terms of their avidity and ability to recognise EBV+ve

cells, differences that were reproducible across multiple independent experiments.
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C4 C5 C6

Figure 34: RT-PCR amplification of TCR alpha and beta chains

TCR alpha and beta chains were amplified using specific primers and SMART
RACE cDNA Amplification. Amplified DNA from three clones was then analysed
by agarose gel electrophoresis to identify amplification products.
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Figure 35 : Flow cytometry analysis of TCR beta chains.

TFF-specific CD4+ T-cell clones (C4, C5 and C6) were stained with V-beta.9
-PE and Vbeta.8 — FITC antibodies. PBMCs were also stained as a positive
control. All three clones were clearly positive for TCR- beta 9.
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3.11 Summary and Discussion

Epstein—Barr virus (EBV) has been implicated in several lymphoid and epithelial
cancers [120, 147]. These tumours express EBV antigens, principally EBNAL and
LMP2. Two other antigens, LMP1 and BARF1 are also expressed in some cases of
EBV-associated cancer [148]. Understanding the T cell response to these tumor
antigens is very important for immune therapy. However, the T-cell response to these
tumor antigens has previously been measured individually by different groups using
different strategies and techniques. More importantly, some of these studies have
examined only CD8 T-cells or have used epitope prediction algorithms focusing on
only a subset of HLA alleles [149]. Thus, the current model of immune hierarchy could
be biased.

I therefore conducted a systematic analysis of the immune response to the four key
EBV tumor antigens in twenty-five healthy donors. My work has identified that in
terms of the highest T cell response to EBV antigens (the mean adjusted reading in ex
vivo ELIspot assays), the pattern of immunodominance was EBNA1> LMP2> LMP1
>BARF1. Based on the number of donors having an immune response, LMP2 was the
highest of these four antigens. A potential limitation of my work is that | measured the
total T-cell response to each antigen, not further breaking it down into CD8 or CD4
subsets. However, the broad aim of my work was to examine the total magnitude of
the antigen-specific response in an unbiased way.

Interestingly, | found that the strongest response to LMP1 and LMP2 occurred in the
same donor (who also had a high response to the EBNAL antigen). | decided to
characterize T cell responses for both latent membrane antigens in this healthy subject.

I identified an LMPL1 specific- CD8 T cell response after screening seventy-three
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LMP1 peptides that was the already-defined YLQ epitope. Previous experience from
others in the research group is that this response is weak, the strength of the YLQ
response is therefore novel. More interestingly, testing with ninety-eight LMP2
peptides identified novel CD4 and CD8 T-cell responses against LMP2 antigen.
Additional experiments assayed seven uncharacterized CD4 and CD8 T cell clones
specific for LMP2A pepmix. Five T cells clones were specific to two LMP2 peptides
(FLY) and (TYG) which had previously been studied [154, 155] but the other two T
cell clones are specific for novel epitopes. These results clearly show that additional
T-cell reactivity against LMP2 exists and that further screening and characterization
of these key therapeutic antigens is required.

The T cell response to BARFL1 antigen in ex vivo assays was weak in the healthy
donors I studied. It remains to be seen if stronger resposnes exist in patients with EBV
carcinomas which express BARF1. Nevertheless, because the main function of
BARF1 during EBV infection is anti- apoptosis it is important to consider this gene as
a potential immunotherapy target.

The TNFa assay was used to measure T cell responses against BARF1 antigen after
culture. This assay can confirm a weak ex vivo response from is indeed real but also
importantly allows FACS cloning of the T-cells. Using this method | succeeded in
confirming that weak BARF1 T cell responses in ex vivo assays were real, based on
the greater strength of these assays after the first and second stimulations. BARF1-
specific T-cells from 5 healthy subjects were FACS sorted and cloned to classify
specific T cell response. Interestingly, | identified several novel BARF1 — specific
CDAT cell clones; HLA-DR51 restricted BARF1 (TFF) —specific T cell clones, HLA-

DR-53 restricted (GER), HLA-DP-2 restricted (TEV). Moreover, HLA-DR17
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restricted (GSL), HLA-DR-103 restricted (TEV) specific T cell clone response. To
confirm these clones were indeed specific for these peptides, and not cross reactive
low avidity responses, | measured the functional avidity of these T cell clones against
a range of peptide concentration. Avidity varied from clone to clone. With high T cell
avidity determined as (<1nM peptide) , moderate avidity (1nM — 100 nM) and low
avidity (> 100nM) [156, 157] the avidity of BARF1 TFF- specific clones was
low(>100 nM) with three T clones but other clones were high (16-53%). Some of the
high avidity T cell clones appeared able to respond to naturally presented epitope on
LCLs. Using a panel of HLA — matched LCL that include the epithelial NPC c666 cell
line that expresses BARF1, | demonstrated that multiple T clones recognized naturally
presented epitopes from these cell line. Because BARF1 is highly secreted from NPC
cells and latently LCL [150] I then analyzed whether intracellular transfer of BARF1
protein occurred, asking if supernatant from these cells was able to sensitize B cells
and epithelial cells to CD4 T cell recognition. Using concentrated supernatant
prepared from LCL and C666 as BARF1 positive, and supernatant prepared from the
NP460 cells as a BARF1 negative control, | show that BARF1 was transfered from
LCL B cell to epithelial cell (c666) more than epithelial to B cell. ,

The important step in development of TCR-based T cell immunotherapy is selection
of target T cell epitope. Given that DR51 is a common HLA allele in the population,
and that BARF1 (TFF) specific CD4 T-cells restricted by DR51 could recognize EBV-
positive cells, | decided to examine this response in more detail. Reprogramming of
T-cell specificity, by transducing them with a new T cell receptor, is a rapidly
developing area of cancer therapy, including for EBV cancers [147, 158, 159] [160].

I PCR amplified the TCRa/p genes and obtained the TCR sequences. Interestingly,
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all three clones had the same TCR sequence, despite having different avidities in T-
cell assays. It is likely that other factors in the T-cells that contribute to T-cell
binding to target cells, T-cell activation or T-cell effector function account for these
differences. Understanding these factors would help to improve T-cell
immunotherapy, and the clones | generated could assist in this goal.

I generated new BARF1-expressing DNA constructs to further study T-cell
recognition of BARF1 antigen as shown in Table 5 (chapter 2). | found no recognition
by BARF1- specific T clones (TFF) and (GSL) to all three transfected GC cell lines
(YCCEL, MKN1 and MKN28) with BARF1 constructs even when expressed as an
Invariant chain fusion. These epithelial cells were also not recognised after incubation
with BARF1-containing cell supernatants. Interestingly, the B cell (SUDHL-5)
transfected with the minimal BARF1-il- plasmid was recognized by the TFF-specific
T clone.

To further investigate these different results, | transfected YCCEL cells with GFP-
pcDNA plasmid (Full BARF1 gene), but no response has seen from T cell clone. At
the same time, | treated some of the transfected YCCEL with Brefeldin A (BFA) to
stop BARF1 secretion. After that, BARF1 protein was detected by monoclonal
BARF1 antibody. | suggest BARF1 is secreted through the classical pathway when
block protein passage at specific stage with BFA via secretory pathway as shown in
previous report [161] . These finding suggest that BARF1 protein is highly secreted in

epithelial cells more than B cells, so T cells may not recognise the expressed antigen.
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CHAPTER 4: RESULTS

INVOLVEMENT AND FUNCTIONAL OF IMMUNE
CELLS IN PATIENT BLOOD WITH GASTRIC
CANCER: FEATURES OF ANTIGEN -SPECIFIC T
CELL RESPONSE TO EBV AND TUMOUR
ANTIGENS.
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4.1 Introduction

The fourth most common cause of cancer-related death in the world is Gastric
Cancer[33]. In 1990 EBV was linked to Gastric carcinoma (GC) by polymerase chain
reaction and in situ hybridization (ISH) of EBV encoded small RNA (EBER) [162].
Throughout the EBV is detected in about 10% of GC cases , 80,000 cases of EBV+ve

disease occur each year[120]. Subsequent studies have provided further information

about EBV associated GC including: posttranscptional regulation by cellular,

epigenetic abnormalities, role of latent and lytic EBV gene, alteration of genome and
EBV micro RNA[163]. EBV latency genes play important roles in EBVGC.
Expression of the following genes is consistently detected: EBNAL1, LMP2
[164].Additional RNA transcripts are also present, including the EBV early RNA
(EBERS), Bam HI A rightward transcripts (BARTSs) miRNA[165]. In addition, EBV
early lytic genes such as BZLF1 and BFLF1 have been detected in EBVGC, which
may be a result of some of the EBV+ve cells entering lytic cycle[166]. Regarding
levels of the latent gene transcripts, the most abundant are the EBERS, then BARTS,
then LMP2A-B. Expression of EBNA1 appears to be low [121].

However, it is unclear what the status of EBV-specific immunity is in GCa patients.
My project seeks to develop better understanding of how best to harness EBV-specific
immunity to develop immunotherapy for patients with EBV-associated gastric cancer
by measuring T-cell immunity to the EBNA1, LMP1, LMP2 and BARF1 antigens that
are expressed in the malignant cells of GCa. Immunity to EBNA3A, which is not
expressed in the malignant cells, serves as a control. T-cell immunity to EBV antigens
measured in patients with EBV-positive and EBV-negative disease provides an

interesting comparison to explore if the former lack immunity to the virally-encoded
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antigens within their tumour. Comparison to healthy donors of a similar age allows
for general defects in T-cell immunity in gastric cancer patients in general to be
assessed.

There are several known tumors associated antigens in of gastric cancer. Antibody
responses to some of these have been detected in the blood of such patients; it is
currently unknown what the status of T-cell immunity to these antigens is [73, 167,
168]. Therefore, I investigated T cell responses to cellular tumour antigens including
CEA, MUCIN1, MAGEAL, MAGEA3, MAGE4 and NY_ESO-1 which have been
detected in gastric cancer [73, 169-171]

Cancer patients often show perturbations of immune cells in the blood, suggesting that
the disease has wider systemic effects on immunity[172]. However, its remains
unclear the prognostic significance of immune cells in peripheral blood of patients
with advanced GC. To determine if this is also the case for gastric cancer patients I
investigated the frequency and phenotype of immune cells in peripheral blood from
GC patients including effectors and suppressor immune cells. Gastric cancer cells also
produce a range of immunomodulatory cytokines including: IL-1, IL-6, IL-8, TNFa,
Transforming growth factor g (TGF) and monocyte chemoattractant protein (MCP)-
1 with higher levels of some of these detected in plasma from patients [173] [174,
175]. In the present study, | therefore examined systemic cytokine levels in plasma
from GC patients, with healthy donors as controls, to gain a more detailed picture of

systemic immunity in gastric cancer.
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4.2 Detection of antigen-specific T-cells in blood from healthy donors and
gastric cancer patients using a cultured immune assay.

4.2.1 EBV tumour antigen-specific T cell response

To study the level of T cell recognition to EBV antigens in gastric patients’ blood,
PBMCs from patients (n=12) or control healthy donors (n=10) were stimulated with
five latent EBV tumour antigen pepmixs (EBNAL, LMP1, LMP2, BARF1 and
EBNAS3A) using a T-cell culture assay | developed. After ten days, cells were
incubated with TNFa-specific antibody in the presence of TAPIO inhibitor for 4-6
hours. Cells were then surface stained for phenotypic markers and analysed by flow
cytometry. Example results from a single patient are shown in Figure 36 — left hand
side panels. The results from all donors tested are presented in Figure 37. The size of
the T-cell response to each antigen varied from person to person, but there were no
statistically significant differences in response size between gastric cancer patients and

healthy donors.
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Figure 36 ; : gating for detection of T cell response to EBV and Tumor

antigens:

Percentage of T cell response was detected after cultured T cell — TNFa assay.
Response of T cell was gated as CD3+ TNFa+ . Unstimulated PBMCs were
used as negative control. (left groups) are stimulated PBMCs with EBV
pepmixes and (Right group) are stimulated PBMCs with Tumor associated

antigens pepmixes.
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Figure 37 : : EBV tumour antigens specific T cell response in HD and GC

Isolated PBMCs from Healthy Donors (n=10) and gastric cancer patient (n=12)
were stimulated with five latent EBV tumour antigen EBNA1, LMP1, LMP2,
BARF1 and EBNA3A pepmixs using newly development T cell culture assay. After
ten days, cells were cultured with TNFa antibody in present of TAPIO inhibitor
then TNFa-T cell response percentage were measured by flow cytometer after
surface staining. T cell recognition to EBV pepmix, gated as (CD3+ TNFat), is

shown, with unstimulated PBMCs used as negative control.
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4.2.2 Tumour associated antigen specific T cell response

In this study, I have selected several tumour antigens for study: NY-ESO-1, MUCINL1,
MAGEA1, MAGEA3, MAGEA4 and CEA based on prior evidence of expression in
gastric cancer or detection of specific antibodies in patients. T-cell responses to these
antigens were measured by the cultured assay using appropriate pepmixes. Isolated
PBMCs from Gastric cancer patient (n=12) or Healthy Donors (n=10) were stimulated
and cultured with these pepmixes then T cell response was detected by TNFa cultured
assay. A typical result is shown In Figure 1 — right hand side panels. Across the study
cohort, | detected T-cell responses to all six of these antigens. The results from all
donors tested are presented in Figure 37. The size of the T-cell response to each
antigen varied from person to person but there were several key differences between
healthy donors and patients. The mean value of the T cell response in patients specific
for MAGEALl, MAGEA4, and NY-ESO-1 were significantly higher than T-cell
responses in healthy donors (p<0.05 Mann-Whitney U test). Two other interesting
observations are apparent from the data. First, some of the healthy donors has
detectable T-cell responses to the tumour antigens although for 5/6 antigens the mean
size of the detected response was lower than for patients. Second, while patients lacked
a detectable T-cell response to CEA, five healthy donors had T-cell responses to this

protein.
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Figure 38 : Tumour associated antigens specific T cell response HD and GC
Isolated PBMCs from Healthy Donors (n=10) Gastric cancer patient (n=12) were

stimulated with tumour antigen pepmixes; NY-ESO-1, MUCIN1, MAGEA1,
MAGEA3, MAGEA4 and CEA using newly development T cell culture assay.
After ten days, cells were culture with TNFa antibody in present of TAPIO
inhibitor then TNFa-T cell response percentage were measured by flow cytometer
after surface staining. T cell recognition to EBV pepmix gated as (CD3+ TNFa+),
is reported, with unstimulated PBMCs used as negative control .
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4.3 Immunophenotyping immune cells in blood from gastric cancer patients
and healthy donors.

To investigate if there were differences in the frequency and/or properties of immune

cells between gastric cancer patients and healthy donors | used five separate flow

cytometry panels to stain PBMCs or whole blood collected from gastric patients

(n=12) and healthy donors (n=10).

4.3.1 Classification of lymphocytes subsets in GC patients

Antibody panel 1 was designed to detect key lymphocyte subsets including: CD4 and
CD8 T-cells, B-cells, NK cells and gamma/delta T-cells. The gating strategy used and
an example of the quality of the flow cytometry data is shown in Figure 39. Overall
results from all GC patients and donors analysed are presented in Figure 40. The
relative frequencies of CD4 and CD8 T-cells are presented in Figure 5A, median
percentage of GC vs HD, CD4 (44 to 49) and CD8 (31to 44). There was no significant
difference in the frequency of CD4 and CD8 T-cells nor was there a difference in the
CD4:CD8 ratio between GC patients (median 1.2) and healthy donors (1.8). However,
5/12 (42%) gastric cancer patients had a CD4:CD8 ratio of less than 1.0 whereas only
1/10 (10%) of patients had a ratio of less than 1.0.

Figure 40b show the frequency of CD19-positive B cells. The percentage of B cells
in the lymphocyte population was significantly higher in HD than GC (p=0.0109;
median values were 7.7% vs 3.8 %). The frequency of gamma/delta T-cells is shown
in Figure 40c. The mean percentage of gamma delta ( yd ) T cells in CD3-positive
lymphocytes was higher in gastric cancer patients (median GC 1.9% vs 1.4% in
healthy donors) but this difference was not statistically significant. The frequency of

different subsets of NK cells, including NKT cells, is shown in Figure 41.. The median
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percentage of CD3+ CD56+ NKT cells was significantly higher in gastric cancer
patients compared to healthy donors median GC 6% vs 1.8% in healthy donors). There

were no significant differences in the frequency of other NK cell

types.
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Figure 39 : classification of lymphocyte subsets using flow cytometry
A panel of antibodies were used to classify lymphocytes into T cells (CD4 ,
CD8 and gamma delta subsets) , B cell (CD19) and NK and TNK cells ( CD56

, CD16 ) populations
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Figure 40 : Comparison of lymphocytes subsets between GC and HD

Isolated PBMCs from Healthy Donors (n=10) Gastric cancer patient (n=12) were
stained using a panel of antibodies marker for lymphocytes populations. A.
percentages of CD4 , CD8 and the ration of CD4/CD8 . B. percentage of B cell (CD19)
in lymphocytes population. C. percentage of gamma delta T cell in CD3 population.
Bars (grey) is the mean value, the table show that median and Range value (Upper

and lower limit)
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Figure 41 : Comparison of lymphocytes (NK cells) between GC and HD

Isolated PBMCs from Healthy Donors (n=10) Gastric cancer patient (n=12) were
stained using a panel of antibodies marker for lymphocytes populations. Top
figure, show NKT cell and NK cells. Bottom figure, show subtype of NK cells.
Bars (grey) is the mean value, the table show that median and Range value

(Upper and lower limit)
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4.3.2 The distribution of Effector and Memory CD8+ and CD4+ T cell
subsets in GC patients.

Panel 2 was designed to study the phenotype of CD4 and CD8 T-cells using six
markers including: CCR7, CD27, CD28, CD45RA, CD38 and HLA-DR. The gating
strategy and an example of the quality of the staining is shown in Figure 42. It was
not possible to specifically gate on the CD3+ CD8+ T-cells, therefore they are defined
here as CD3+CD4- cells. Comparison with other panels showed this was a valid means
to identify the CD8 T-cell subset (data not shown). The phenotype of the bulk CD3-
positive population as well as the CD3+CD8+ T-cells and CD3+ CD4+ T-cells are
presented in Figure 8. As shown in Figure 43a, results show that the percentage of
markers on total CD3 when the bars clarify the mean of percentage values. comparison
between HD vs GC, | found that the median of percentage (%) value as; CCR7 (25%
vs 14%), CD27 (84 vs 78), CD45RA (64vs 61), CD28 (87 vs 81), CD38 (52 vs 53)
and HLA-DR (7.5 vs 15). Second, memory and effectors CD4 and CD8 T cells were
identified based on expression of CD27 or CCR7 and CD45RA, the results are defined
as naive T cells (Naive: CD45RA+CD27+) or (CD4RA+ CCR7+), central memory T
cells CM; (CD45RA-CD27+) or(CD45RA-CCR7+), effector memory T cells: EM
(CD45RA-CD27-) or(CD45RA-CCR7-) and terminally differentiated effector
memory cells re-expressing CD45RA (CD45RA+CD27-) or (CD45RA+ CCRT7-)

subsets of CD8+ and CD4 T cells, in HD and GC patients.
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Figure 43b, results show that CD45RA CD27 subpopulation of CD8 and CD4 T cells
in HD vs GC, the median with CD8; Naive (46 vs 43), CM (16 vs 13), EM (5 vs 6)
and TEMRA (39 vs 30) while CD4 Naive (50 vs 41), CM (33 vs 48), EM (10 vs 7.4)
and TEMRA (1.6 to 1) . However the results in Figure 43c show that (CD45RA CCR7
) CD8 and CD4 T cells when the median of CD8 population naive ( 21 vs 12), CM (
1.4 vs 1.3) , EM (20 vs 18 ) and TEMRA ( 60 vs 62) while CD4 naive ( 38 vs 28) ,
CM (11vs7),EM (35vs45)and TEMRA( 7 vs 15) .1 found no significant difference
between HD and GC in naive and memory cells in addition to CD27 and CD28

populations as shown in Figure 43d, with CD4 and CD8 T cell.
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Figure 42 : classification of CD4 and CD8 T cell in GC : activation and differentiation
markers.

After gated live cells (CD14- CD19-), the function of CD4 and CD8 T subsets were
classified by six markers include CCR7, CD27, CD28, CD45RA, CD38 and HLA-DR
on total of CD3 T cell. Next, memory and effectors CD4 and CD8 T cell were classified
as naive (Naive: CD45RA+CD27+) or (CD4RA+ CCR7+), CM; (CD45RA-CD27+),
or (CD45RA-CCR7), EM (CD45RA-CD27-) or (CD45RA-CCR7-) and TEMRA
(CD45RA+CD27-) or (CD45RA+ CCR7-) . This gating strategy were determined
depend on three controls; 1) unstained cells control, 2) control for viability, CD3, CD4
T cell ,3) FMO control; CCR7, CD45RA. .
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Figure 43 : The distribution of Effector and Memory CD8+ and CD4+

T cell subsets in GC

PBMCs from GC and HD were stained with T cell activation and differentiation on markers.
The function of CD4 and CD8 T subsets were classified by six markers include CCR?7,
CD27, CD28, CD45RA, CD38 and HLA-DR on total of CD3 T cell (A). Next, (B and C)
memory and effectors CD4 and CD8 T cell were classified as naive (Naive:
CD45RA+CD27+) or (CD4RA+ CCR7+), CM; (CD45RA-CD27+), or (CD45RA-CCRY7)
, EM (CD45RA-CD27-) or ( CD45RA-CCR7-) and TEMRA (CD45RA+CD27-) or
(CD45RA+ CCRY-). (D) classification of CD27 CD28 expression on CD4 and CD8 T cell.
(Bars) are mean of percentage values. All data were analysed statistically using U test
(Mann-Whitney test), (P < 0.05) significantly different.
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4.3.3 Augmentation of immune checkpoint inhibitor receptors in

GC patients
Panel three was designed to analyze expression of immune checkpoint inhibitors on

immune cells in the blood of patients with gastric cancer or healthy controls. Four
immune checkpoints, selected on the basis of therapies targeting them being already
in the clinic or well advanced in clinical trials, were studied: PD1, TIM3, LAG3 and
CTLAA4. The expression of CD57 was also measured to determine whether there was
a difference in the activation status of the T-cells, given that activation increases
checkpoint receptor expression on T-cells; an increased in the expression of CD57 has
been reported in blood of GC patients[176].The gating strategy and an example of the
quality of the staining is provided in Figure 44. The gates were positioned using FMO

controls.

My results (Figure 45) show that there was no difference in the activation status of
CD8+ CD57+ T-cells between GC patients and HD controls (p=0.69). Examination
of PD1 and TIM3 showed there was no significant difference between GC patients
and HD controls (% median 10 vs 12, p=0.81 and 0.673 vs 0.258 p=0.06 respectively)
although two patients has markedly higher frequencies of TIM-3 positive CD8 T-cells.
Interestingly, gastric cancer patients have significantly higher frequencies of LAG-3
positive CD8 T-cells and CTLA4 positive T-cells than healthy donors (p=0.015 and
p=0.001 respectively). Although these differences were significant, it should be noted
that the number of positive cells was always low. With the exception of one patient,
who had 5% of CD8 T-cells positive for LAGS3, the frequency of LAG3 or CTLA4

positive T-cells was always below 3%.
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The results for CD4+ T-cells are shown in Figure 46. As observed for the CD8+ T-
cells, there was no significant difference in expression of CD57 (% median 12.4 vs
6.86, p=0.08640 or PD1 (% median 8 vs 9.13, p=0.465) on CD4 T-cells from patients
vs healthy donors. Like CD8+ T-cells, the frequency of CTLA4-positive CD4+ T-
cells was higher in patients compared to healthy donors (%omedian 2,11 vs 0.35
p=0.0002). In contrast to the CD8 T-cells, patients had no difference in the frequency
of LAG3-positive CD4+ T-cells but did have a higher frequency of TIM3 positive

CD4+ T-cells (1.86 vs 0.594, p=0.0098).
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Figure 44 : Flow cytometry gating for Immune checkpoint receptors

Immune checkpoint inhibitor markers include PD1, TIM3, LAG3 and CTLA4
were gated on CD4 and CD8 T cells. This gating strategy depended on two
controls, unstinted cells and FMO control.
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Figure 45 : Expression of immune checkpoint inhibitor receptors on
CD8+ T cell

Immune checkpoint inhibitor receptors induced PD1, TIM3, LAG3 and
CTLA4 were analysed in GC patients’ blood to identify the level of
expression compare to healthy subjects. Using flow cytometer, the percentage
of expression was detected for every receptor on CD8+ cells population as
show in figures above that represent the mean of percentage to compare
between GC and HD. data were analysed statistically using U test (Mann-
Whitney test), (P < 0.05) significantly different
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Figure 46: Expression of immune checkpoint inhibitor receptors on
CD4+ T cells

% CD4 -CD57

Immune checkpoint inhibitor receptors including PD1, TIM3, LAG3 and

CTLA4 were analysed in GC patients’ blood to identify the level of
expression compare to healthy subjects. Using flow cytometery the
percentage of expression was detected for every receptor on the CD4+
cell population as show in figures above that represent the mean of
percentage to compare between GC and HD. data were analysed
statistically using U test (Mann- Whitney test), (P < 0.05) significantly
different
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4.3.4 Analysis of potentially immunosuppressive cells in gastric
cancer patients blood

4.3.4.1 The frequency and phenotype of regulatory T cells in GC blood.

Panel four was designed to analyze expression of regulatory T cells in the blood of
patients with gastric cancer or healthy controls. The gating strategy is showen in
Figure 47a. the-frequency of CD25+ CD127- T-reg in CD4 T-cells were found to be
significantly higher in GC patients compare to HD controls (mean % + SEM GC vs
HD) 7.89+1.2 vs 3.8 £0.2 , P= 0.0071.A new strategy to identify regulatory T-cells
has recently been described, which uses FoxP3 and CD39 to better identify
suppressive T-reg cells . Using this approach, | found, overall, that gastric cancer
patients had a significantly higher frequency of FoxP3+CD39+ cells compared to
healthy donors (41.26% + 8.112 vs 17.68% + 3.063, P=0.02) as show in Figure 47b.
Closer examination of the data showed that the gastric cancer patients divided into two
groups. Seven patients had a high frequency of FoxP3+ CD39+ cells whereas five
patients had lower numbers of FoxP3 CD39+ cells comparable to the frequency
measured in healthy donors.

Assessment of another T-reg phenotypic marker, CD45RA, showed that T-regs from
gastric cancer patients had a lower frequency of CD45RA negative T-regs (27.17 % +
3.291 vs 38.9% + 5.71 p=0.0419) with four patients having particularly low
frequencies of CD45RA-positive cells. In contrast, there was no significant difference
in the percentage of T-reg that expressed Ki67 (GC 11%z+ 1 vs HD 9.8%=0.6 ,

p=0.221).
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Figure 47,: Monitoring regulatory T cells in GC blood

To examine Treg cells, PBMCs from patients and healthy donors were stained
with a panel of surface (viability, CD3, CD4, CD25, CD127, CD39 and
CD45RA) and intracellular (FOXP3 and Ki67) markers. (A). T reg were gated
as (CD4+ CD25+ CD127-/low FOXP3+ and CD39 +) and T cell non-regulatory
cells as (CD4+ CD25- CD127+) based on FMO and unstained cell controls. (B)
Treg Cells expressing Foxp3 were determined in HD and GC, and expression

of CD45RA and Ki67 in CD25+ CD127-low subpopulation.
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4.3.4.2 The frequency and phenotype of Myeloid-derived suppressor cells
(MDSCs) in whole blood and PBMCs from gastric cancer patients.

Because granulocytes are lost from PBMC preparations, | analysed fresh EDTA blood
from 10 healthy donors and 12 patients to analyse these cells. Whole blood was treated
with RBC lysis buffer and leukocytes stained for MDSC surface markers. The gating
strategy is shown in Figure 48a, Myeloid M-MDSC cells were detected as Lin-, HLA-
DR-, CD33+, CD11b+, CD14+ cells and Granulocytes G — MDSCs as Lin-HLA DR-
, CD33+, CD11b+, CD15+ cells. The absolute numbers of cells were calculated using
count beads as number of cells/100ul of whole blood. As shown in Figure 48b the
median percentage of M-MDSCs in GC blood was not significantly higher than in
healthy donors (p=0.1699) but two patients had markedly higher frequencies of these
cells, which were three times higher than the rest of the patients. The same results
were seen for absolute numbers of M-MDSCS cells. In 100 ul of blood there were
223% 75 cells in gastric patients vs 150+ 22 in healthy donors, a difference that was
not significant (p= 0.4813) Figure 48c. The two patients who had higher frequencies
of M-MDSCs also had higher absolute numbers of these cells. There was no
significant difference in the absolute number of G — MDSCS between patients and
healthy donors (P=0.431) Figure 48d.

It is well documented that cancer patients may have elevated frequencies of low
density granulocytes that co-purify with PBMCs[177]. | therefore also measured M-
MDSCs and G MDSCs in PBMCs. | gated M-MDSCs as shown in Figure 49a. The
results showed an increased frequency of M-MDSCs in some patients as show in
Figure 49b but no significant (P=0.285) differences were seen relative to HD controls.
Interestingly, as shown in Figure 49¢c, G-MDSCs were found significantly greater in

patients ( P=0.0440) than healthy subjects
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Figure 48 : gating strategy and monitoring of MDSCs cells in Fresh Whole
blood

Total cells were analysed after red blood cell lysis of 500ul fresh EDTA blood. MDSC
are defined as: singlet, live, CD3-, CD19-, CD56-, HLA DR -, CD33+CD11b+, CD14+) for
M-MDSCs and) HLA DR-, CD33+, CD11b+, CD15+). A. Gating strategy for MDSCs. B. the
percentage of M-MDSCS. C. the absolute number of M-MDSCs. D. the absolute
number of G-MDSCs
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Figure 49 : gating strategy and monitoring of M-MDSCs in
PBMCs

A. Gating strategy for M-MDSCs (singlet, live, CD3-, CD19-, CD56-
, HLADR -, CD33+CD11b+, CD14+ or CD15 for G-MDSCs.

B. The frequency of M-MDSCs in HD and GC PBMC:s cells

C. the frequency of G-MDSCs in HD and GC PBMC:s cells
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4.4 Summary and Discussion

The fourth most common cause of cancer-related death in the world is Gastric
Cancer[33]. Throughout EBV is detected in about 10% of GC cases and around 80,000
new cases

It is currently unclear what the status of EBV-specific immunity is in GCa patients.
My study sought to understand how best to harness EBV-specific immunity to develop
immunotherapy for patients with EBV-associated cancer by measuring T-cell
immunity to the EBNAL, LMP1, LMP2 and BARF1 antigens that are expressed in the
malignant cells of GCa. Immunity to EBV antigens measured in patients with EBV-
positive and EBV-negative disease would have been desirable, but EBV testing of
patients is not currently performed. Furthermore, the number of patients was too low
to allow a meaningful subgroup analysis to be performed.

Generally, I found that there were no significant differences in T cell response to EBV
antigens between donors and patients according on the mean value of T cell response.
My results also showed the size of T responses in healthy donor (HD) was higher than
patients (GC) except EBNA1, where the response was slightly higher in patients. Like
HD the T cell response was found the higher with EBNA1 and EBNA3A in GC
patients.

I have succeeded through this study in determining the T response in the blood to EBV
antigens using a newly developed TNFa culture assay. However, these results may not
reflect the full response of T cell to EBV tumour antigens in gastric cancer patients, |
need to study more patients, especially as | have had difficulty in obtaining sufficient

blood from the patients recruited to this study.
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There are several known tumor associated antigens in the case of gastric cancer.
Immune responses to most of these antigens have previously been detected in blood
as humoral responses [73, 167, 168]. It is unclear what the status of tumour antigens -
specific immunity is in GC. So, in this study | have investigated T cell response to
cellular tumour antigens including CEA, MUCIN1, MAGEA1, MAGEA3, MAGE4
and NY-ESO-1 antigens which were found expressed in gastric cancer patients. My
study is the first to compare the T response between these tumor antigens in GC
patients’ blood as well as comparing the response to HD blood. My results show that
T cells from patients and donors responded to tumour antigens with variation of
recognition. While the T response level was low, | have seen s differences between
the mean value in GC and HD with some antigens. | found that T cell responses in GC
patients to MAGEAL, MAGEA4, and NY-ESO-1 were more than HD. Interestingly,
significant T cell response to MAGEA1 with GC patients compare to healthy subjects.
Unlike donors, patient’s T cells did not recognize CEA antigens as | expected. So,
from this preliminary finding an important future question to address is why T cell
did not response to CEA with the patients, especially as this antigen is the most
elevated antigen in stomach cancer, as described by previous studies analysisng serum
and Tissue[167, 178]. However, CEA-specific T cell response were generated after
vaccinated colorectal cancer patient with CEA-loaded dendritic cells [179] Howevr,
CEA signalling were found supresses the activation of human T cells[180]. In human
gastric cancer, NY-ESO-1 was defined as being a taret of CD8 T cells that were
negatively regulated by TIM3 and PD1[181]. Where correlation with antibody
response CD4 T cell response to NY-ESO-1 in cancer patients[182] and specific

cytotoxic CD4+ T cells in melanoma patients. Moreover , MAGE-A3 and MAGE-A4
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were naturally detected by specific CD4+ T cell in neck cancer patients[183] .while
spontaneous CD8 T cell response to MAGEAS3 antigens in melanoma patients[184].
The immune system plays an important role in the pathogenesis and progression of
gastric cancer[65, 66]. CD4+ and CD8+ T cells play a central role in the antitumor
immune responses as main types of lymphocytes in cell mediated immunity. in the
peripheral blood, the frequency of CD4+ and CD8+ T cells and the CD4+/CD8+ ratio
was reported changes due to reduced percentage of CD4+ T in patients with different
of cancers[185]. However, other studies have found normal ratio in other cancers. In
my study, | found increased mean percentage of CD8 T-cells in PBMCs of GC Patients
compared to healthy subjects. | also found that the mean of the CD4/CD8 ratio was
lower in GC patients compared to HD but the difference was not significant.

| found that the percentage of B cells CD19+ in the lymphocytes is significantly
different between GC patients and HD control with the results showing decreased B
cells in the former. Recently, B cells have been reported to be present at lower levels
in cancer patients with different type of cancers include GC [67] but also lung and
breast cancers [186]. Moreover, in this study | also studied the incidence of gamma
delta T cells in GC patients and HD control. | found that the mean of percentage
gamma delta (yd )T cells in CD3 population was increased in GC patients but was not
significant t. Previously, in the peripheral blood the proportion of yé6 T cells in GC
patients was found to be higher in compared to healthy controls[68] this may explain

the role of yd T cells as antitumor to gastric cancer.
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Immune checkpoint inhibitor receptors include PD1, TIM3, LAG3 and CTLA4 were
analysed in GC patients. | measured the expression of inhibitory receptors on CD4+
and CD8+ T cells in PBMCs from GC and HD. In this study, the expression of LAG3
and CTLA4 was significantly increased in GC on CD8 T cells where the mean of TIM-
3 was found more in GC, No significant differences were seen with PD1 and CD57
expression. For the CD4 population, expression of TIM3 and CTLA4 were found
significantly evaluated in GC patients. | also found that the mean of PD1 and CD57
was higher in GC patients. However, PD-1 were found expressed on CD4+ and CD8+
T cells from GC patients was significant higher than that from healthy controls in
PBMCS [65] and increased in PD1, TIM3+ CD8 [187]. The frequency of CD4+ and
CD8+ LAGS3 cells were reported increased in blood of GC patients[188]. CD57 T
Lymphocytes is considered correlated in prognosis in cancers[189, 190], moreover, in
the peripheral blood of patients with advanced GC prognostic value of CD57 T

lymphocytes have been reported[176].

Immune suppressor cells include T reg and MDSCs play an important role in cancer
immunity. For that, it’s important to identify the status of these cells in GC patient
peripheral blood. | found that significant increase of Treg cells in GC patients in
compared to HD. Moreover, CD45RA expression was found low in patients which
reflect effector activator Treg cells in blood of patients. To identify the status of
activation of T reg, | studied the expression of Ki67 and found it was slightly increased
in GC patients but not significantly differences. However, there is little information
about the frequency of T reg cells in peripheral blood with GC patients in compare to

other types of cancers. In early study, increased T reg cells in PBMCs from GC

173



patients were reported but using surface markers for CD4 CD25 population[191].
Subsequent studies show accumulated T reg cells in patient blood[192, 193].

I have studied the frequency of MDSCs in whole fresh blood and PBMCs. | found that
the frequency of M- MDSCs in Whole blood was elevated in some GC patients but
not all according to the percentage or absolute number of cells. we also found no
significant differences have seen with G —-MDSCS number cells. in PBMCs, the
results found that increased in the frequency of M-MDSCs in some of patients but no
significant differences have seen compared to HD controls. But interestingly, G-
MDCSs were significantly greater in gastric patients in this study. Recently these cells
have been reported evaluated in PBMCs from cancer patients[177] [194]. Previously,

MDSCs were reported elevated in GC patients as (CD33+ CD11b+) population[195].
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CHAPTER 5: RESULTS

THE FUNCTION AND PHENOTYPE OF
IMMUNE CELLS WITHIN GASTRIC
TUMOURS
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5.1 Introduction

The tumor microenvironment complex [15] comprising of malignant cells but also many other
components including cancer parenchyma cells, mesenchyme cells, fibroblast, blood, and
lymph vessels. Other components are tumor-infiltrating immune cells, cytokines, chemokine,
cancer cells, stromal tissue and extracellular matrix[196].

The lymphocytes are found within the tumor and tumor stroma[197]. They can be isolated and
expanded in the laboratory to generate tumour infiltrating lymphocyte (TIL) preparations.
When these are administered to the original patients, they can re-infiltrate tumors to initiate
tumor lysis. Most TILs are T lymphocytes[69]. In vitro, therapeutic tumor infiltrating
lymphocytes are usually isolated from tissues and cultured with cytokines, such as interleukin
2[70]. In fact, TILs are considered a form of adoptive immunotherapy. Moreover, TIL
dynamically change during tumor progression and in response to antitumor therapy.

In the tumor microenvironment, immune cells play important roles in tumorigenesis and tumor
control[15]. Multiple types of immune cells are involved in tumor control including cytotoxic
T lymphocytes, which can recognize tumour antigens expressed by cancer cells and kill those
cells[198], and NK cells which can kill cancer cells in various cancer models[199, 200].. As
well as direct killing of cancer cells, activated cytotoxic T lymphocytes and NK cells secrete
cytokines including TNFa and IFN-y that have anti-tumour effects [201].

On the other hand, the immune microenvironment plays a role in promoting tumor
progression. The recruitment of MDSC and T reg cells contributes to immunosuppression in
tumor microenvironment[202, 203]. Recently, MDCSs have been reported to be present in
several cancers tissues such as breast cancer, pancreatic adenocarcinoma and
glioblastoma[204-206]. Moreover, MDCS secrete immunosuppressive cytokines like TGF-p
and IL-10 and induce T reg cells [202]. Furthermore, accumulation of T reg cells and tumor
derived factors such as TGF-b and IL-10 within TME were reported with different

cancers[207, 208]. Inhibitory immune checkpoint molecules are also upregulated, such as PD-
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1, TIM-3, CTLA-4 and LAG-3 that limit T cell activation and proliferation during immune
response to cancer cells [209, 210] .

Clinical trials of TIL therapy have been established with some cancers. In metastatic
melanoma patients TIL infusion reduced tumours in half of cases [211]. Moreover, TIL
therapy has been investigated in clinical trials to treat colorectal cancer, cervical cancer, breast
cancer and ovarian cancer with reports of improved patient outcomes [69, 212, 213].

A study investigating the prognostic impact of immune cells in gastric cancer found that low
density of immune cells correlated withthe presence of regional metastasis and poor prognosis
[214]. A small number of studies have also reported the clinical prognostic impact of density
of immune cells in the subset of patients with EBV disease [215] and these show similar results
to the wider group containing all gastric cancers[216] .

Based on the above, In this study | have investigated the phenotype of immune cells in the
tumor microenvironment of gastric cancer patients. | have measured the presence of T-cell
specific for EBV-encoded tumour antigens and cellular tumour associated antigens. | also
have investigated the phenotype of immune cells within the gastric cancer microenvironment
cells, and in some cases compared these to the same cells in the blood of the same patient.
Finally, I have studied whether it is possible to generate TIL cells from gastric tumours to

assess the potential for TIL-based therapy of gastric cancer.
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5.2 Isolation of Tumor infiltrating lymphocytes cells from gastric cancer tissue

To obtain TIL cells from the tumor microenvironment, tissues were processed using

two protocols. The first was digestion of the tissue by collagenase D and dissociation.

The second was to culture tumour tissue in TIL medium, allowing immune cells to

exit the tissue. Following isolation of the immune cells they were expanded as

described to generate TILs. Table 15 presents the results obtained from 14 gastric

cancer tumours using these two methods and the number of TIL after in vitro

expansion.

Table 15: Generation of Tumor infiltrating lymphocytes cells from GC patient

tissue

patient
P2
P3
P4
P5
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22

weight of whole tissue

tumor
0.9
0.8
0.7
0.8
0.5
0.8
0.7
0.8
0.7
0.9
0.7
0.5
0.6
0.4

(gram)
Non- tumor
1.1
0.9
1
1.2
0.9
1
1.1
1.2
0.9
0.8
0.8

Number of digestion

TIL (X10°)

Tumor non-tumor

4
2.3
2.8
3.5
2
3.7
2.9
2.5
3
2.6
2.5
2.6
2.2

5
3

4
3
3.1
3.6
3.2
3.4
2.9
3.8

Number of culture
expanded TIL ( X10°)

tumor

200
250
200
190
250
220
290
180
200
190

Note: three (2-3mm) pieces of tissue were cultured, two pieces were used for DNA extraction where

remaining tissue were digested with collagenase.
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5.3 Study of antigen-specific T-cells in Tumour infiltrated lymphocytes from
gastric cancer tumour tissue using a cultured immune assay.

5.3.1 EBV tumour antigen-specific T cell response from TIL cells

To identify the level of T cell recognition to EBV antigens in gastric cancer patients, immune
cells from patients (n=9) were stimulated with five latent EBV tumour antigen pepmixes
(EBNA1, LMP1, LMP2, BARF1 and EBNA3A) using a T-cell culture assay | developed. The
antigen-specific T-cell response was measured after 6 hours or after ten days of culture.
Results from a single patient is shown in Figure 50.

T-cell responses against EBV antigens were observed in many patients with gastric cancer. A
representative cultured TNFa response within 6 hours is shown in Figure 51a, Overall, T-cell
responses to EBNA3A and LMP2 were detected in 33% (3/9), to EBNAL were 22% (2/29) of
patients with TIL cells. No response was detected to the LMP1 and BARF1 antigens. The
results also showed that the frequency of EBV antigen-specific CD8+ T cells was greater than
antigen-specific CD4+ T cells as show on figure 2a. Next, the size of the T cell responses were
measured after ten days culture in vitro. The results show changes in the level of response to
antigens as shown in Figure 51b. EBNAL — specific T responses were detected in 44% (4/9),
with same number of patients EBNA3A specific response were detected. Specifically, T cell
responses to LMP1 and LMP2 were detected in one patient. No BARF1-specific responses

were detected.
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Figure 50: measuring antigens specific - T cells response on TIL cells

Expanded tumor TILs from patients were stimulated by EBV or tumor antigens
pepmixes . After cultured part of cells for 6 hours with TNFa antibody, cells
were stained with other surface marker then analysis. Remaining cells were
cultured for 10 day then cells were re-stimulated for 6 hours as above before
analysis by flow cytometer. The T cells response gated as CD3+ TNFa+ then
classified to CD4 or CD8. Unstimulated TILs were used as negative control,
TILs and anti-CD3 antibody were used as postive control.
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Figure 51 :EBV tumour antigen specific T cell responses ex vivo or after
10 day in vitro culture.

Cells from gastric cancer patient tumours (n=9) were stimulated with five
latent EBV tumour antigens pepmixes using a newly development T cell
culture assay. Cells were tested for antigen specificity after 6hours or after
10days of culture by flow cytometry. The CD3+ TNFa+ T cells responding to
antigen were then classified as CD4 or CD8. Unstimulated TILs were used
as negative control, TILs treated with anti-CD3 antibody were used as postive
control.
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In general, no significant differences were observed in this study but, interestingly, T cell
responses were found decrease to antigen and increased to other after cultured assay with some
patient’s TIL cells. The frequency of EBV antigens -specific CD8+ T cells was greater than
antigens-specific CD4+ T cells except three control TIL cells when the frequency of CD4 cells

were found higher that CD8 Cells.

5.3.2 Tumor associated antigen-specific T cell response from TIL cells

In this study, several tumour antigens including: NY-ESO-1, MUCIN1, MAGEAL,
MAGEAS3, MAGEA4, CEA and PSMA were selected based on prior evidence of expression
in gastric cancer or detection of specific antibodies in patients. T-cell responses to these
antigens were measured by the cultured assay using appropriate pepmixes. Isolated TIL cells
from tumour tissue of GC patients (n=9) were stimulated and cultured with these pepmixes
then T cell response was detected by developed TNFa cultured assay after six hours and ten
days culture. A typical result is shown In Figure 52. Across the study cohort, after six hours
of culture (figure A), | detected T-cell responses to PSMA antigens in three patients but the
level of was low and not significantly different when compare to unstimulated control cells.
No T cell for other antigens was detected. As shown in figure A, PSAM —specific CD8 T cell
response found greater than CD4 response. After ten day cultured Figure 52b, results found
low level of MUCINL1 - specific CD8 T cell response with one patients but none was been

seen for the other antigens.

182



Tumor antigens- Cultured TIL (6 hours)
157

[
104 A 100
& ] B cos
B 5 o 80 B Cp4
e 1 :
& 107 = 60
8 0.8 O 4
2 067 8
0.4 20
0.2] v
0.0l-0—9—e—o—0—¢—0—0—— 0
5 > N D >y ¢ A v o ¥ o v o
O™ FFF NSO SE F&E S
2NN OONC < < I & &
NS S\ g\ NS [$) S S
Tumor Antigens- Cultured TIL (DAY10)
503 [ ) Il CD8
407
307 V' 4 100 m co4

209 L

%CD3+ TNFa+
or
® O
%CD4 and CD8

0.64 i

imere o o 9 Ge — 0

> O @ o W &\@ o MUCIN1 CONTROL
KL 0‘0 S22 ) e@ &

ST FEW S

Figure 52:tumour associated antigens specific T cell response on TiLs from
tumour tissue

Immune cells from patients (n=9) were stimulated with seven tumour associated
antigens pepmixs using newly development T cell culture assay. After cultured
part of cells for 6 hours with TNFa antibody, cells were stained with other surface
marker then analysed by flow cytometry. Remaining cells were cultured for 10
day then cells were re-stimulated for 6 hours as above before analysis by flow
cytometer. The T cells responding to antigen were gated as CD3+ TNFa+ then
classified to CD4 or CD8. Unstimulated TILs were used as negative control, TILs
and anti-CD3 antibody were used as postive control.
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5.4 Studying the immune cells in gastric cancer patients ex vivo.
In this part of the study | investigated the frequency and properties of immune cells in
Tumor and Non-tumor tissue from gastric cancer patients. | used five separate flow

cytometry panels to stain cells isolated from the tissues of gastric cancer patients.

5.4.1 Classification of lymphocyte subsets in Tissue of GC patients.

5.4.1.1 Comparing infiltrating lymphocytes between Tumor and Non-Tumor
Tissue.

The frequency of lymphocyte subsets including: CD4 and CD8 T-cells, B-cells, NK
cells and gamma/delta T-cells were measured in tumor and non tumor tissue of GC
patients. The results were measured using flow cytometry as described in the previous
results chapter. The relative frequencies of CD4 and CD8 T-cells are presented in
Figure 53a, the percentage of % median in Tumour vs Non-tumour tissue, CD4 (60
vs 22) and CD8 (28 to 51). There was a significant difference in the frequency of CD4
(p=0.0015) and CD8 T-cells (p= 0.014) with CD4 increased and CD8 decreased in
tumour tissue compared to non-tumour tissue. The results show a significan difference
in the CD4:CD8 ratio (P=0.023) between Tumour (median 2.4) and non-tumour (0.4).
However, 100% of non-tumour had a CD4:CD8 ratio of less than 1.0 whereas only

28% of tumour sample had a ratio of less than 1.0. as shown in figure 4a.
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Figure 53b shows the frequency of CD19-positive B cells. The percentage of B cells
in the lymphocyte population was not significantly different between tumor and non-
tumor. The frequency of gamma/delta T-cells is shown in Figure 53c. The mean
percentage of gamma delta (yd ) T cells in the CD3 + lymphocyte population was
higher in 5/7 tumor tissues; this difference was statistically significant compared to
non-tumor tissue (P=0.0256).

The frequency of different subsets of NK cells, including NKT cells, is shown in.
Figure 54 . The median percentage of CD3+ CD56+ NKT cells in tumor tissue (3.5)
compared to non-Tumor (0.6) was significantly higher (p=0.0199). Moreover, the
results showed a significant difference (P=0006) in the frequency of CD16- CD56dim

NK cell which were increased in tumor tissue as shown in Figure 54.
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Figure 53:Classification of lymphocytes subsets on TILs from tumor and
non-tumor fresh tissue

Isolated TILs from fresh tumor and non-tumor tissue were stained using a
panel of antibodies to identify major lymphocyte populations. A.
Percentages of CD4 and CD8 and the ratio of CD4/CD8 on CD3 cells . B.
Percentage of B cell (CD19) in lymphocytes population. C. Percentage of
gamma delta T cell on CD3 population. All data were analysed statistically
using (Mann- Whitney test) , (P < 0.05) significantly different.
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Figure 54: Comparison of NK cells on TiLs from fresh tumor and non-
tumor tissue

TIL cells were stained using a panel of antibodies to detect different NK cells
populations. Top figure, show CD3+ /- CD56 population include NKT cell
and NK cells . Bottom figure, show subtype of NK cells subpopulation.
(Mann- Whitney test) , P < 0.05 significantly different
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5.4.1.2 Analysing the status of lymphocyte subsets between fresh digested TIL
and cultured TIL cells from tumour tissue.

Production of large numbers of Tumor Infiltrating Lymphocytes is necessary for
adoptive T-cell immunotherapy. The phenotype of TIL cells produced by ex vivo
culture (the time when they would be used to treat patients) is clearly important. to
begin optimizing the production of TIL from gastric cancer tumours, | used flow
cytometry to study the immunological status of lymphocytes isolated immediately
after tissue dissociation (dTIL) and the same cells after expansion in culture (eTIL)..

First, the frequency of lymphocytes subsets was analyzed to compare between dTIL
and eTIL. The relative frequencies of CD4 and CD8 T-cells are presented in Figure
55a. There was no significant difference in the frequency of CD4 and CD8 T-cells
nor was there a difference in the CD4:CD8 ratio between eTIL (median 2.33) and
dTIL (2.4).as shown in Figure 55b. Furthermore, the percentage of B cells in the
lymphocyte population was significantly lower in eTIL than dTIL (p=0.0312) as
shown in figure c. The frequency of gamma/delta T-cells is shown in Figure 55c. The
mean percentage of gamma delta (yd) T cells in CD3-positive lymphocytes was lower
in expanded TIL , this difference was significant ( P= 0.0181) compare to digested
fresh TIL. The frequency of different subsets of NK cells, including NKT cells, is
shown in Figure 56. The percentage of CD3+ CD56+ NKT cells was significantly
higher in expanded TIL compared to Fresh dTIL . There were no significant

differences in the frequency of other NK cell types.
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Figure 55: Analysing the status of lymphocytes subsets between
lymphocytes freshly isolated from tumour tissue and after in vitro
expansion.

Expanded TILs and lymphocytes from digested tissue (digested TIL) were
stained using a panel of antibodies to measure lymphocyte subsets.. A. the
frequency of CD4 and CD8 and the ratio of CD4/CD8 on CD3 cells . B. the
frequency of B cell (CD19) in lymphocytes population. C. the frequency
of gammadelta T cell on CD3 population. All data were analyzed statistical
(P < 0.05) significantly different.
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Figure 56: Comparison of NK cells on TILs from fresh digested and
cultured tumor tissue

Eexpanded TILs and fresh TILs cells were stained using a panel of
antibodies marker for NK cells populations. Top figure, show CD3+ /-
CD56+ population include NKT cell and NK cells. Bottom figure, show
subtype of NK cells subpopulation
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5.5 The distribution of Effector and Memory CD8+ and CD4+ T cell subsets in
Tissue of GC patients.

To measure the status of effector and memory cells in Isolated TIL cell from Tumour
and non-tumour tissues in addition to comparing between fresh digested TIL to
Expanded culture TIL | designed a flow cytometry antibody panel to study the
phenotype of CD4 and CD8 T-cells. Six markers were used: CCR7, CD27, CD28,
CD45RA, CD38 and HLA-DR. The gating strategy used is described in the previous

chapter.

5.5.1 Effector and Memory isolated TIL cells from Tumour and non-tumour
Tissue

The phenotype of the bulk CD3-positive population as well as the CD3+CD8+ T-cells
and CD3+ CD4+ T-cells are presented in Figure 57a. In comparison between TIL
from tumour and non-tumor in the bulk of CD3 population, the median percentage of
CD28 and HLA-DR expression were significantly increased on T-cells from tumour
tissue compared to non-tumour (67 vs 46, P=0.0150 and 64 vs 29 respectively). The
frequency of CD27 on T-cells was increased in tumour (55 vs 47) whereas CD45RA
was deceased in tumor (34 vs 50) in comparison to non-tumour although these
differences was not significant. The was no differences in CCR7 and CD38
expression.

The frequency of the CD8+ T-cell population is presented in Figure 57b. Using
CD45RA and CD27 to sub divide CD8 T cells, the results show the frequency of
TEMRA (CD45RA- CD27-) and EM (CD45 CD27) were increased in non- tumor
tissue whereas the frequency of Naive and Effector memory were higher in tumor

tissue.
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These results indicated that significant differences in naive (p=0.0099), CM (p=
0.0011) and TEMRA (p= 0.0005) existed between tumor and non-tumor tissue.
However, according to CD8 (CD45RA CCRY7), the results showed that EM and
TEMRA were significantly increased in tumor tissue (p=0.0113) and both naive and
CM were decreased (p=0.0021) compared to non-tumor.

The frequency of CD4+ T-cells is presented in Figure 57c. According to CD45RA
CD27 staining in both Tissue and non-tumor tissue groups TEMRA cells were
increased but there were no significant differences between groups. However, with
CD45RA and CCR7 staining most of the cells were TEMRA in tumor and non- tumor

tissues with no significant differences
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Figure 57: distribution of Effector and Memory CD8+ and CD4+ TIL cell
subsets in tumor and non-tumor tissue.

Freshly Isolated TILs from fresh tumor and non-tumor tissues were stained with T cell
activation and differentiation markers. The function of CD4 and CD8 T subsets were
classified by six markers include CCR7, CD27, CD28, CD45RA, CD38 and HLA-DR
on total of CD3 T cell (A) . Next, (B and C) memory and effectors CD4 and CD8 T
cell were classified as naive (Naive: CD45RA+CD27+) or (CD4RA+ CCR7+),CM ;
(CD45RA-CD27+ ) , or (CD45RA-CCRY7) , EM (CD45RA-CD27-) or ( CD45RA-
CCR7-) and TEMRA (CD45RA+CD27-) or (CD45RA+ CCR7-).

193



5.5.2 The status of effector and memory cells subsets between Fresh digested
TIL and Cultured TIL cells from Tumour tissue.

In this study, | also compared the phenotype of lymphocytes from freshly digested
tumour tissue and the same cells after expansion in vitro to generate TIL. The relative
frequencies of the CD3+ population are show in Figure 58a. The results show
significant increases of CD45RA (p=0.0022) and CD38 (p= 0.05) expression in
expanded TIL compare to dTIL with. Also, the results show significant decreases in
the frequency of CD27 (p=0.024) and CCR7 (p= 0.011) with expanded TIL.

As shown in Figure 58b, based on the expression of CD8 (CD45RA CDZ27)
populations, the frequency of central memory CM (CD45RA + CD27+) is the largest
population in eTIL which was significantly higher (p= 0.021) than dTIL which had
Naive and EM cells in the same level. However, with CD8 (CD45RA CCRY7) the
highest frequency of EM (CD45RA + CCR7-) was in eTIL (p= 0.006) where TEMRA
were significantly (0.0189) increased compared to dTIL cells. Examining CD4 T-cells
as show in Figure 58c the frequency of TEMRA were greater in both but more in
expanded TIL than dTIL in CD4 (CD45RA CD27) populations. The frequency of EM
was higher (p= 0.0008) with eTIL whereas TEMRA was higher with dTIL cells in

CD4 (CD4RA CCRY) populations.
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Figure 58:the status of effector and memory cells subsets between Fresh
digested TIL and Cultured TIL cells from Tumour tissue.

Expanded TILs and fresh TILs from tumour tissue were stained with T cell activation
and differentiation markers. The function of CD4 and CD8 T subsets were classified
by six markers include CCR7, CD27, CD28, CD45RA, CD38 and HLA-DR on total
of CD3 T cell (A) . Next, (B and C) memory and effectors CD4 and CD8 T cell were
classified as naive (Naive: CD45RA+CD27+) or(CD4RA+ CCR7+), CM ;
(CD45RA-CD27+) , or (CD45RA-CCR7) , EM (CD45RA-CD27-) or ( CD45RA-
CCR7-) and TEMRA (CD45RA+CD27-) or (CD45RA+ CCR7-).
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5.6 Role of immune checkpoint inhibitor receptors in tissue of GC patients

To analyze expression of immune checkpoint inhibitors on immune cells in tumor
and non-tumor from GC patientsl used the flow cytometry panel described in the
earlier chapter. Four immune checkpoints, selected based on therapies targeting them
being already in the clinic or well advanced in clinical trials, were studied: PD1, TIM3,

LAG3 and CTLAA4.

5.6.1 Status of immune checkpoint inhibitor receptors in tumor and non-tumor
tissue of GC patients
The frequency of CD8 cells expressing the different receptors is shown in Figure 59.
Examination of PD1 and TIM3 showed there was no significant difference between
tumor and non tumor (% median 65 vs 60, p=0.602 and p=0.06 respectively) although
one patient had markedly higher frequencies of TIM-3 positive CD8 T-cells.
Regarding LAG3 there was no significant difference between tumor and non tumor
(p= 0.403) although two patients has markedly higher frequencies of LAG3 in tumor
tissue. The results showed increased expression of CD57 on cells from tumor tissue in
5/12 patients (p=0.0787). Interestingly, non-tumor tissues had significantly higher (p=
0.0264) frequencies of CTLA4 positive cells than tumor. The expression of inhibitor
receptors on CD4 is presented in Figure 60, with the results showing that the
percentage median of PD1 expression was higher (%70) in tumor tissue than non-
tumor tissue (60%), but not significantly different(p=0.198).. There were no
significant differences with TIM3 (P=0.3757), CTLA4 (P=0.9408) , LAG3 ( p=
0.3907) or CD57 ( P=0.3775) but the results also that one patient had increased cells

with these receptors in non-tumor tissue
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Figure 59: Expression of immune checkpoint inhibitor receptors on CD8+
cells isolated from tumor and non-tumor tissues

Immune checkpoint inhibitor receptors induced PD1, TIM3, LAG3 and CTLA4
in addition to CD57 were analyzed on CD+ lymphocytes isolated from tumor
and non-tumor. Using flow cytometry, the frequency of expression was
detected for every receptor on CD8+ T cell population. The figures represent
the mean of percentage of for each group. data were analyzed statistically
using Mann- Whitney test, with (P < 0.05) significantly different
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Figure 60: Expression of immune checkpoint inhibitor receptors on
CD4+ TILs between tumor and non-tumor tissues

Immune checkpoint inhibitor receptors PD1, TIM3, LAG3 and CTLA4
in addition to CD57 were analyzed on cells isolated from tumor and non-
tumor tissue. Using flow cytometry, the frequency of expression was
detected for every receptor on the CD4+ T-cell population. The figures
represent the mean of frequency for each group. data were analyzed
statistically using Mann- Whitney test, with (P < 0.05) significantly
different.
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5.6.2 Understanding the expression of immune checkpoint receptors between
fresh digested TIL and expanded culture TIL from tumor tissue.

Before useing in vitro expanded TIL cells in functional studies or as immunotherapy,
it’s important to know their expression of immune checkpoint inhibitors receptors
which can limit tumour-specific immune responses in vivo. These receptors are
upregulated following activation of immune cells and it is therefore possible that TILs
may express one or more of them after expansion in vitro. In this study, | have
measured the expression of immune checkpoint inhibitors receptors in fresh digested
and expanded culture TIL from the same GC patients to identify the differences in
expression resulting from in vitro expansion.

As show in Figure 61, for CD+ T-cells there was a significant decrease in PD1-
expression after TIL expansion (p=0.0002) but no differences for CLTA4 and CD57
expression. Interestingly, the expression of LAG3 was significantly greater with
expanded TIL cells (p=0.007).

However, for CD4+ T-cells there was significantly decreases in the expression of PD1,
CLTA4 and CD57 (p= 0.0391, p= 0.0078 and p= 0.0039 respectively) after TIL
expansion. Unexpected, | found significate increased in LAG3 (p=0.0078) with
expanded TIL cells. the frequency of TIM3 — CD4+ cells show that no significant

differences (p=0.4668) have been noted.
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Figure 61: Understanding the expression of immune checkpoint inhibitors
receptors on CD8 cells from tissue and after in vitro expansion.

Immune checkpoint inhibitor receptors induced PD1, TIM3, LAG3 and
CTLA4 in addition to CD57 were analyzed on TILs to identify expression
between freshly isolated cells and expanded culture TILs. Using flow
cytometer, the frequency of CD8+cells expressing each receptor was measured.
The figures represent the mean of percentage of for each group. data were
analyzed statistically using paired test, (P < 0.05) significantly different.
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5.7 Analysis of potentially immunosuppressive cells in tissue of gastric cancer
patients

5.7.1 The frequency and phenotype of regulatory T cells in tumour and non-
tumour tissue

The frequency of CD25+ CD127- T-reg in the CD4 T-cell population was
significantly higher in tumour tissue compared to non-tumour (% median: 8 to 1, p=
0.0047) as show in Figure 62a. using FoxP3 and CD39 to identify suppressive T-reg
cells . I found, overall, that tumour tissue had a significantly higher frequency of
FoxP3+CD39+ cells compared to non-tumour (% median: 47 to 1 P=0.0012) as show
in Figure 62b. Assessment of another T-reg phenotypic marker, CD45RA, showed
that T-regs from tumour tissue had a higher frequency of CD45RA expression
(median:6.8 to 0.8, p=0.0717) with four patients. Moreover, there was significant
difference (median; 5.4 to 0.7, P=0.002) in the percentage of T-reg that expressed Ki67

in tumour tissue in compared to non-tumour tissue.

5.7.2 The frequency and phenotype of regulatory T cells in fresh digested TIL
and expanded culture TIL from tumor tissue

Comparing expanded cultured TIL and the freshly isolated lymphocytes from the same
patient, |1 found that the frequency of CD25+ CD127- T-reg in CD4 T-cells was
significantly decreased in expanded TIL (p= 0.0156) as show in Figure 63a.. The
results also show that expanded TIL had a significantly decreased frequency of Treg
(FoxP3+CD39+) cells compared to fresh lymphocytes (P=0.0312) as shown in Figure
63b. According to the results in Figure 63c there were differences between expanded
TIL and fresh lymphocytes in the expression of CD45RA which was decreased
(p=0.0781) in expanded TIL cells. In contrast, there was significantly increased (p=
0.0078) percentage of T-reg that expressed Ki67 in expanded TIL cells as shown in

Figure 63d
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Figure 62: The frequency and phenotype of regulatory T cells in tumour and

non-tumour tissue

To identify and phenotype Treg cells in tumor and non-tumor tissue, isolated TILs
were stained with a panel of T reg surface marker (CD3 , CD4 , CD25 , CD127 ,
CD39 and CD45RA) and intracellular (FOXP3 and Ki67 ) markers. T reg were
gated as (CD4+ CD25+ CD127-/low FOXP3+ and CD39 + ) based on FMO and

unstained cell controls .
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Figure 63: The frequency and phenotype of regulatory T cells between fresh
digested and expanded culture TIL cells.

To identify and phenotype Treg cells in tumor and non-tumor tissue, isolated TILs
were stained with a panel of T reg surface marker (CD3 , CD4 , CD25 , CD127 ,
CD39 and CD45RA) and intracellular (FOXP3 and Ki67 ) markers. T reg were
gated as (CD4+ CD25+ CD127-/low FOXP3+ and CD39 + ) based on FMO and
unstained cell controls .
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5.7.3 Myeloid-derived suppressor cells (MDSCs) in tumor and non-tumor
tissue

Myeloid M-MDSC cells were detected as Lin-, HLA-DR-, CD33+, CD11b+, CD14+
cells and Granulocyte G — MDSCs as Lin-HLA DR-, CD33+, CD11b+, CD15+ cells
as described in an earlier results chapter. The median percentage of myeloid M-
MDSCs in GC tumour tissue was not significantly higher than in non-tumor
(p=0.0962) but three patients had markedly higher frequencies of these cells, which
were three times higher than the rest of the patients as show in Figure 64a. According
to the median percentage of granulocytes G-MDSCs there were no differences
(p=0.1888) in tumour tissue (85%) compared to (74%) non-tumour tissue as shown in

Figure 64b.

5.7.4 The expression of Myeloid-derived suppressor cells (MDSCs) between
fresh digested TIL and expanded culture TIL.

Comparing the expression of MDSCs between fresh Isolated lymphocytes and

expanded culture TILs I found significant decreased M- MDSCs in expanded TIL

(p=0.0156). As shown in Figure 64c, in all patients no expression of MDSCs was

detected after expandsion of TIL cells. however, no G-MDSCs have been detected

with all patients with expanded TILs.
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Figure 64: The frequency of MDSCs on lymphocytess from tumour or
non-tumour tissue and expanded cultured TILs.

Cells were stained with antibodies and analysed by flow cytometry. MDSCs
were defined as: live, (CD3- ,CD19- ,CD56-) , (HLA DR - CD33+CD11b+)
CD14+ for M-MDSCs and CD15+ for G-MDSCs . A. The frequency M-MDSCS
between tumour and non-tumor tissue. B. the frequency of G-MDSCs
between tumor and non-tumor tissue. C. The frequency of M-MDSCs
between expanded culture TILs and fresh isolated TIL cells.
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5.8 The expression of immune checkpoint inhibitor receptors on immune cells
in peripheral blood and the tumor microenvironment of GC patients.

To compare the expression of immune checkpoint inhibitor receptors on CD4 and CD8
cells in blood and isolated lymphocytes from fresh tumor tissue, three patients were
studied. Cells from blood and tissue were analysed using flow cytometry as described
earlier. On CD8 T cells, as presented in Figure 65, the frequency of PD1+ was
significantly (P= 0.0002) higher on cells from tissue compared to peripheral blood .
The expression of TIM3+ on CD8 T cells was significantly higher (P= 0.0398) on
cellsin tissue. CLTA4 and LAG-3 expression were higher on CD cells from tissue but
not significantly (P=0.0591, P=0.1015 respectively). As shown. CD57+ CD8+ T cells
were lower (P=0.0659) in tissue in compare to peripheral blood.

The expression of immune checkpoint inhibitor receptors in CD4 T cells is presented
in Figure 66. The results show that the frequency of PD1+, TIM-3+ and LAG3 on
CDA4 T cells were significantly higher in tissues than blood (P= 0.0045, P=0.0386 and
P=0.0436 respectively) . The results also show there were no significant differences

in the expression CTLA-4 (P=0.1603).
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Figure 65: The expression of immune checkpoint inhibitor receptors on
CD8 T cell between peripheral blood and tumor microenvironment in GC
patients.

The frequency of immune checkpoint on CD8 T cells from PBMCs were
compared to matched TIL cells frequency on CD8 T cell from tumor tissue
of patients.
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Figure 66: The expression of immune checkpoint inhibitor receptors
on CDA4 T cell between peripheral blood and tumor microenvironment
in GC patients.

The frequency of immune checkpoint on CD4 T cells from PBMCs were
compared to matched TIL cells frequency on CD4 T cell from tumor tissue
of patients.
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5.9 Summary and Discussion

The immune microenvironment of tumors is critically important, and can be used to
determine prognosis, and inform the use of appropriate immunotherapies, such as
immune checkpoint blockade. Tumor-infiltrating lymphocytes are considered a
demonstration of the host immune response against tumor cells, and studies have
already studied the potential of TIL cells as prognostic parameter for different human
malignancies. My study has successfully isolated TIL cells from tissue of gastric
cancer patients by digestion or culturing tissue in cytokine-containing medium then
expanding the intratumoural immune cells to prepare high number of TILs cells.
However, few studies have investigated the prognostic influence of TIL cells in gastric
cancer. Nevertheless, a limited number of molecular and histological studies have
reported the clinical prognostic impact of density of TIL cells in EBVaGC
patients[215] EBVaGC patients and TIL cells have shown great outcomes in compare
to typical gastric cancer[216] .The presence of EBV antigen specific T-cells in tumors
is encouraging for these of EBV-specific T cells as treatment for the 10% of cases
positive for the virus, although additional work would be needed to determine if virus-
positive cases contain virus-sepecific T-cells.

Considering the specificity of the EBV-specific cells in GC, | found CD8 T cells
specific for EBNA1, EBNA3A, LMP2 and LMP1 but no responses to BARF1 Further
studies are necessary to detect the expression of EBV antigens in these patients.

In Gastric cancer patients, immune response to tumour associated antigen have been
reported in blood [217] but no studies have investigated the immune response in the
tumour microenvironment. In my study, several tumour antigens include: NY-ESO-1,

MUCIN1, MAGEA1, MAGEA3, MAGEA4, CEA and PSMA were selected based on
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prior evidence of expression in gastric cancer[218, 219] or detection of specific
antibodies in serum of patients[73, 220]. In addition, during my project (previous
chapter) | have investigated the specific T cell response in PBMCs cells from GC
patients, the results showed that significant T cell response to some of these antigens
or low response in compare to healthy subjects. In my study, TIL cells responses to
these antigens were measured by the cultured assay using appropriate pepmixes. I
observed low PSMA — specific CD8 T cell responses in three of nine patients after
short ex vivo stimulation of TIL cells but no response was found to the other antigens.
No specific responses were detected after 10 days of in vitro culture except a MUCIN1
— specific CD8 T cell response in one of nine patients. These finding indicate that
tumours infrequently contain T-cells specific for these classical tumour associated
antigens .

To know how immunotherapy could potential be used to treat gastric cancer, it is
important to first characterize the phenotype and subset distribution of the immune
cells in the tumour. In this study, | succeeded in isolating lymphocytes from digested
patient’s tissues and expanding these cells to high numbers in vitro. This allowed me
to measure changes in TIL cells during culture as well as defining the identity and
phenotype of the cells in the tumour. Such information would be valuable for the
future development of TIL therapy to treat gastric cancer patients. My results strongly
support the case for developing TIL therapy to treat this disease which, at present, has
Very poor prognosis.

However, the exact role of TIL immune cells in GC is less clear. The another aim of
my study was to determine the prognostic significance by compare the function and

phenotype of tumor and non-tumor TIL cells, in addition to compare between fresh
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isolated and cultured expanded TIL cells for every patient. The results comparing of
TIL lymphocytes subsets between fresh Tumor and Non-Tumor Tissue show that
significant high CD4/CD8 ratio with isolated TILs from tumor to non-tumor tissues.
whereas no significantly differences existed between fresh and culture expanded TILs.
However, each T cells subset CD4 and CD8 paly role in antitumor response in
different cancers[221], while cytotoxic T cell are main effectors immune cells of
antitumor response , CD4 T cells are important to maintain and induce CD8 T cells
response and can also act as anti-tumour effectors [222] .

The distribution of effector and memory CD8+ and CD4+ T cell subsets in tissue of
GC patients was studied to allow me to be understanding the status of lymphocytes in
tumour and non-tumour tissues in addition to comparing these to expanded TIL. Using
six markers (CCR7, CD27, CD28, CD45RA, CD38 and HLA-DR) my results show
that in comparison between TIL from tumour and non-tumor in the bulk of CD3
population, CD28 and HLA-DR expression were significantly increased in tumour
tissue compared to non-tumour whereas CD45RA was deceased in tumour. On the
hand, with expanded TILs the expression of CD45RA and CD38 increased while the
expression CD27 and CCR7 were decreased on the CD3 population.

Analysing CD45RA+ CD27+ on CD8 T cells, a larger proportion of lymphocytes in
tumour were TEMRA cells whereas CD45+ CCR7+ showed increase EM and
TEMRA cells in tumor tissue compared to non-tumor. For CD4 T-cells high TEMRA
cells were found in tumor and non-tumor tissue. However, after expansion EM of CD4
and CD8 T cell were increase for TILs.

My results showed no change in the frequency of B cells between tumour and non-

tumour TILs but B cells were significantly lower in expanded TIL compard to freshly
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isolated TILs. The role that tumour infiltrating B cells play in tumour progression is
largely unknown, although high frequencies of B cells have been reported to be present
for multiple different cancers including breast, colon, lung, prostate and melanoma
[223-225].

My study found that gamma delta (yd) T cells in CD3 + lymphocytes was statistically
higher in tumor tissue than non-tumor tissue. The frequency of gamma delta cells was
lower in expanded TILs in comparison to fresh isolated TILs. In recent years, a number
of studies have been reported that yo T cells have pro-tumour activity in cancer
development[226, 227] moreover, in the cancer microenvironment, yd T cells produce
IL-17 that can promote tumour growth and induce angiogenesis in some cancers
include gastric cancer[228]. In later stages of cancer, yo T cells could exert antitumor
effects by interacting with other lymphocytes [229] and exhibiting cytotoxicity against
solid tumour[230]

NK cells potentially have the ability to destroy cancer cells. A number of studies have
reported correlations between patient prognosis and the number of infiltrating NK
cells in breast cancer [231] and the prognostic value of NK and NK-T cells in lung
cancer and colorectal carcinoma [232] and gastric cancer[233]. However, nothing is
known about the status of NK cells infiltrating gastric cancer. My study has found a
significant increase in NK-T cells in tumor compared to non-tumor tissues but no
difference in the NK cell population. In addition (CD56°™ CD167) NK were in
identified cells in tumour TIL cells. However, | found that NK-T cells frequency was
increased after in vitro culture but no significant differences occurred for NK cells. .
In cancers, the immune checkpoints play a crucial role in limiting and preventing anti-

tumour T cell response through multiple mechanisms. They lead to reduced
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proliferative and cytotoxic capacity [234]. Antibodies that inhibit these immune
checkpoints, such as CTLA-4 specific antibodies (ipilimumab and tremelimumab) and
PD1 specific antibodies (pembrolizumab and nivolumab) have now become firmly
established as as anticancer agents [235, 236].

My study therefore investigated the expression of four immune checkpoints on
lymphocytes isolated from tumor and non-tumor tissue, and expanded TILs. | also
studied the expression of these receptors on lymphocytes in peripheral blood and
tumor tissue of the same patients. However, my study showed on CD8+ T cells that
there were not significant changes in expression of PD1, TIM3 and LAG3 between
isolated lymphocytes from tumor and non-tumor tissues but the expression of CTLA4
was significantly lower on tumor compared to non-tumor CD T-cells.

Expression of PD1 on CD T-cells was decreased on expanded TILs but LAG3 was ;
increased; the other inhbitors were unchanged. The frequency of immune checkpoint
inhibitors on CD4+ T cells was not significantly different for lymphocytes from tumor
and non-tumor tissue and was lower after in vitro expansion to generate TILS. The
upregulation of LAG-3 expression in expanded TILs strongly suggests expression of
this receptor is regulated differently.

Interestingly, my study also found that the expression of immune checkpoints was
upregulated on both CD4 and CD8 T cells in tumor tissue in comparison to the
expression on immune cells in patient’s peripheral blood. An increase of PD1 has been
documented by a previous study[65]. My results extend this work considerably by
implicating TIM-3 , CLTA4 and LAG-3 as potential immune evasion mechanims in

gastric cancer. Single agent anti-PD1 may therefore not be sufficient to initiate robust
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tumour specific immunity. My data provide a strong basis for rational selection of
immunotherapy combinations in this disease setting.

Regulatory T cells and MDCSs are important components of the tumour
microenvironment [237]. A previous study has reported high frequencies of Treg and
MDSC cells in blood of gastric cancer patients[238]. In my study, | have extended our
understanding of gastric cancer by examing the frequency of such cells in the tumour
itself. 1 also explored the frequencies of these cells in expanded TIL cells to ensure
that such preparations did not contain suppressive cells. Interestingly, | found that the
frequency of T reg CD4 T cells was significantly higher in tumor than non-tumor
tissues. Moreover, the T regs in tumour tissue were antigen experienced (CD45RA)
and had recently proliferated as determined by (KI67). Importantly, after in vitro
culture the frequency of T reg cells significantly decreased in TILs. These results point
to a role for T-reg in the tumour microenvironment.

The frequency of monocytes-MDSCs and granulocyte- MDSCs were greater in some
tumour tissuea in compare to non-tumour tissues from the same patient. Expanded TIL
cells showed downregulation of M-MDSCs.

Overall, my results provide new insights into gastric cancer immunology and new
leads for future investigation, both scientifically but also for immunotherapy

development.
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CHAPTER 6: RESULTS

The functional assessment of Tumour infiltration
lymphocytes with Three-Dimensional Organoid Derived
from Gastric Cancer Patients tissue.
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6.1 Introduction

An organoid is three-dimensions organ produced in vitro, that shows realistic micro-
anatomy. Organoids are formed from one or more cells from embryonic stem cells,
tissue and pluripotent stem cells. These cells can develop into a 3D organ by self-
organizing in specific culture medium and extracellular matrix hydrogel, Matrigel or
collagen [239]. Organoids have been generated from cerebral, thyroid, hepatic,
pancreatic, lung, kidney, cardiac and gastrointestinal organs [240]. Through research
studies organoids were found to be excellent tools to discover basic biological
processes, in addition to providing an opportunity to generate cellular models of
human cancers to understated the causes of cancers and develope possible treatments
[241]. For example, the Clevers group used rectal biopsies to generated intestinal
organoids for modal cystic fibrosis[242]. Gastric organoids were derived and
generated from pluripotent stem cells in three-dimensional culture conditions by the
temporal manipulation of BMP, retinoic acid, WNT, FGF and EGF signaling
pathways[243]. Furthermore, organoids have been formed from LGR5 expressing
gastric adult stem cells[244]. Moreover, Gastric organoids have been involved as
model of the study of cancer [245, 246].

However, organoids models as cells co-cultivation demonstrated interplay functional
between stromal fibroblasts and tumor, identifying the pathways of activated gene that
involved in inflammation, hypoxia and epithelial-to-mesenchymal-transition[247].
Little information is known about the relationship between immune cells and tumor
cells in a 3D environment. Some studies have used organoid + immune cell co-culture
such as lymphocytes and TAM cells, but these have so far been used to study their

influence on gene regulation and tumor cell proliferation[248, 249].
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The interaction between TIL cells and matched gastric tumor organoids have not been
established. This study is therefore the first attempt to study the interaction and
crosstalk between the immune response and 3D organoids in gastric cancer patients.
For that, surgical tissues from GC patients have been shared between and Dr. Claire
Shannon-Lowe's laboratory (University of Birmingham) and myself. As described in
the previous chapter, | succeeded in isolating TIL cells from tumor and non-tumor
tissues and studied the status of the immune cells after expansion. Staff in Dr Shannon-
Lowe's laboratory have been studying how to generate 3D organoids from tumor and
non-tumor tissues. In my study, | have studied TILs in ex vivo and cultured
experiments. The logical extension of this work was to study TIL cells against

organoids generated from the same patient by Dr Shannon-Lowe's team.

6.2 Evaluation of rapid immune responses to 3D cultured gastric organoid.

In this study, autologous TIL cells were cultured with 3D spheroid or early
differentiated organoid to detect the response of immune cells. TNFa responses were
measured after six hours. The cultures were also maintained for ten days to allow low
abundance TILs specific for the organoids to expand; TILs were then re-tested against
fresh organoids to detect such responses. TILs were also stained with fluorescent

antibodies to distinguish T cells and NK cells population and also to measure the
expression of PD1, CD57 and CD107a as degranulation marker. Figure 67 shows

microscopy images of spheroids and early differentiated organoids in addition to co-

cultures between TIL cells and organoid cells in culture plates.
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6.2.1 Patient 22: the response of Tumor TIL cells to Tumor and non-tumor
derived organoid cells.

In this patient, TIL cells were cultured and expanded from tumor tissue as described
in the previous chapter. For functional study, tumor TIL (T TIL) cells were cultured
with matched tumor and non-tumor organoids then the response was detected as
described above. As presented in Figure 68, three immune cell populations were gated
separately to discover the response and status of immune cells after interaction
between TIL and organoid cells. The populations were T cells (CD3+ CD56- ), NK
cells (CD3- CD56+) and NK-T cells (CD3+ CD56+). Three controls were used in this
experiment, unstained TIL cells for gating, TIL alone as negative control and TIL cells

with anti-CD3 antibody as positive control.
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Figure 67 : Imaging of cultured 3D organoid

Organoid were seeded after removing Matrigel in culture plate the day
before test, with organoid medium contain inhibitor and growing reagents.
TIL cells were co-cultured with a mixture of spheroid and early
differentiated organoids in 50/50 of TIL and organoid medium.
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Figure 68 :Gating for Flow cytometer analysis: patient 22

Three cell population were gated based on CD3 and CD56 markers : (CD3+ CD56-) T
cells, (CD3+ CD56+) NK-T cells and ( CD3- CD56+) NK cells . TNF a, PD1, CD107a
and CD57, marker were measured for each population . NK2GD and CD16 were
measured on NKand NK-T cells.
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6.2.1.1 The response of T cell (CD3+ CD56-)

As presented in Figure 69a, there was no significant difference in the frequency of
TNFa positive T-cells exposed to tumour or normal organoids, either after 6 hours or
10 days culture. Moreover, my results showed no differences of PD1 expression on T
cells in between all groups or on TIL cells alone as presented in Figure 69b. The
expression of CD107a on T cells was also analyzed to detect T cell degranulation. As
show in Figure 69c, no cell surface CD107a was detected after six hours culture. In
contrast, after ten days culture high CD107a expression was detected. However,
Tumor TIL cells with tumor and non-tumor organoid had lower CD107a expression
to TIL control. In Figure 69d the frequency of T cell expression of CD57 deceased

after ten-day culture with tumor and non-tumor organoid in comparison with control.

6.2.1.2 The response of NK cell (CD3- CD56+)

Interestingly, as presented in Figure 70a the frequency of NK cells expressing TNFa+
was significantly greater in 10-day culture with tumor organoid (p=0.0007) and non-
tumor organoid (p=0.0018) in comparison to TIL cells control. The level of response
was significantly (p<0.05) increased after co-culture with both tumour and non tumour
organoids cells., The frequency of TNFa positive NK cells with tumor organoid was
higher than non-tumor but was not significantly different. In Figure 70b Immune
checkpoint receptor PD1 expression was found to be increased after 10d culture in
comparison to no expression with six-hour culture. Tthe frequency of PD1 with tumor
organoid was greater than non-tumor. The frequency of CD107a expression on NK
cells was increased after ten-day culture and the expression was found higher with

tumor organoid than non-tumor as show in Figure 70c.
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In Figure 70d, the expression of CD57 was increased after 10d culture but no
differences were present in comparison to control cells. I also analyzed the expression
of NKG2D on the surface of NK cells after co-culturing tumor TIL cells with
organoids cells. My results show that NKG2D slightly increased after 10-day culture
but no differences were seen between tumor and non-tumor organoids as presented in
Figure 70e. After blocking NKG2D the NKG2D level decreased. As showed in
Figure 70f I found that most of the NK cells population was (CD16- CD56 bright)
cells.

6.2.1.3 The response of NK- T cell (CD3+CD56+)

The frequency of NK-T cells expressing TNFa were not-significantly different
between tumor and non tumor organoids and compared to TIL cells control as
presented in Figure 71a. The results indicated that no change in the expression of PD1
on NK-T cells, as has been noted with all groups and with culture time as show in
Figure 71b, The same results were found with the expression of CD107a+ as
presented in Figure 71c. However, my results show increased frequency of
CD57+NK-T cells after co-culture for 10 days with both types of organoids as shown
in Figure 71d. Finally, the results showed that there were no differences in the
frequency of NK activation marker (NKG2D) even after included the blocking

antibody as show Figure 71e.
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Figure 69: T cell response to 3D organoid

Tumor TIL (T TIL ) were cultured with autologous tumor or non-tumor organoid
for 6 hours or 10 days . A. to measure the response of T cells, anti-TNFa-APC
antibody was added to culture well for 6 hrs then TNFa was measured on CD3+
T cells. TIL cells were also co-culture with organoid for 10 days then TIL cells
were re-stimulated with fresh organoid in present of anti-TNFa antibody as
described, all results were compared to negative control (TIL alone) (Sidak's
multiple comparisons test) . B. PD1 expression on T cells. C, CD107a expression
on T cells. D. CD57 expression. TIL cell alone were stimulated by anti-CD3 as
positive control or without as negative control

223



TNFa+
PD1+ (NK cells)

ns 4
0.0007

EA 6 hours —-e- 6 hours

10 days

-=- 10 days

%CD3- CD56+

%CD3- CD56+
= N w
s =TI S BT ]

CD107a+ (NK cells) CD57+ (NK cells)

%CD3- CD56+
%CD3- CD56+

NKG2D (NK cells)

CD16- CD56 Bright
@ CD16+ CD56+

%CD3- CD56+
N W w A
S GO O
%CD3- CD56+

Figure 70 : The response of NK cell to 3D organoid

Tumor TIL (T TIL) were cultured with autologous tumor or non-tumor organoid
for 6 hours or 10. A. to measure the response of NK cells, anti-TNFa-APC
antibody was added to culture well for 6 hrs then TNFa was measured on the
CD56+ NK cell population. TIL cells were also co-culture with organoid for 10
days then TIL cells were re-exposed to fresh organoid in present of TNFa
antibody as described. all results were compared to negative control (TIL alone)
Sidak’s multiple comparisons test). B. PD1 expression on NK cells. C, CD107a
expression on NK cells. D. CD57 expression. E. NKG2D expression on NK
cells. F. Phenotyping of NK cells (CD16). TIL alone were used as negative
control
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Figure 71: The response of NK-T cell to organoid

Tumor TIL (T TIL) were cultured to autologous tumor or non-tumor organoid for 6
hours and 10 days. A. To measure the response of NK-T cells, anti-TNFa-APC
antibody was added to culture well for 6 hrs then TNFa was measured on CD3+CD56+
NK-T cell population. TIL cells were co-culture with organoid for 10 days then re-
exposed to fresh organoid in presence of TNFa antibody as described all results were
compared to negative control (TIL alone) Sidak's multiple comparisons test). B.
PD1 expression on NKT cells. C, CD017a expression on NKT cells. D. CD57
expression on NKT cells. E. NKG2D expression on NK-T cells. TIL alone were used
as negative control or stimulated by Anti-CD3 as positive control.
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6.2.1.4 Detection of intracellular secretion cytokines during TIL cells and
organoid co-culture.

During co-culture of TIL cells with organoids the supernatants were collected at
different times to detect intracellular expression and secretion of IFNg which would
indicate an immune response to organoid. For that, supernatants of culture were
collected in different period times then tested by ELISA. As presented in Figure 72a,
culture supernatant collected after 6 and 20 hours of culture, the concentration of IFNg
indicates significant differences between TILs and organoid and TIL alone cells after
6 hours. The result in the same figure also shows a significant increase in the response
after 20 hours of culture with tumour and non-tumour organoid.

The concentration of IFNg were measured at day1, 7 and 10 as show in Figure 72b,
secreted IFNg was found significantly increased with both tumour and non-tumour
organoids as culture time increased. This indicates a response of immune cells to
organoid. As described above, after 10 days of culture TIL cells were cultured again
with fresh organoids. In these experiments the supernatant was also collected after 6
and 24 hours. In Figure 72c, the results show that the immune cells responded within
24 hours but the concentration of secreted IFNg was greater with tumor organoid in
comparison to non-tumor. These results confirme the previous TNFa response which

detected TNF-a expression on NK-cells, which can produce IFN-g.
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Figure 72 : Detection of intracellular secretion cytokines: patient 22

Cultured supernatants were harvested to measured secreted IFNg from TIL
cells incubated with organoids using ELISA. A. Secreted IFNg was
measured after 6 and 20 hours of culture. B. the supernatant was collected
during co-culture at day 1, 7 and 10 and analysed. C. TIL cells were re-
cultured with fresh organoid and the supernatant collected and tested after
6 and 24 hours. All results were compared to negative control (TIL alone)
(Dunnett's multiple comparisons test)
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6.2.2 Patient 21: the response of Tumor and non- tumor TIL cells to Tumor
and non-tumor derived organoid cells.

In this study, tumor and non-tumor autologous TIL cells were co-cultured with tumor
and non-tumor organoids. In this case, | tried to identify and compare the immune
response from expanded tumor or non-tumor TIL cells to tumor or non-tumor gastric
organoid. As presented in Figure 73 there are two cells population include T cells and

NK cells. in my study, these cells have been analyzed separately as discussed below.

6.2.2.1 The response of T cells to organoid cells

The results showed no significant TNFa response from CD3+ CD56- cells exposed to
tumor and non-tumor organoid as presented in Figure 74a . In Figure 74b , the
expression of PD1 on CD3+ T cells was slightly decreased in tumor TIL after 10 days
culture with organoid but there was no change in the frequency of PD1 in non-tumor
TIL with all groups . The results also show that CD107a expression in tumor and non-
tumor TIL cells were the same with all organoid as show in Figure 74e. Finally, a
high frequency of CD57 was detected on TIL exposed to tumor organoid as shown in
Figure 74d but no differences were present for TIL cells exposed to organoid and TIL

alone.
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Figure 73 :Gating strategy for flow cytometer analysis of TIL cells

This gating is a sample of flow cytometer analysis for patient 21. two cells
populations were gated, T cell (CD3+ CD56-) and NK-T cells ( CD3+ CD56+) .
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6.2.2.2 The response of NK-T cells to organoid

The frequency of TNFa+ NK-T cells indicates no NK-T cells responses were present
in tumor and non-tumour TIL cells exposed to tumor or non-tumor organoids, even
after 10-day co-culture as show in Figure 75a. As presented in Figure 75b, the was
no change the frequency of PD1 expression on NKT cells with tumor and non-tumor
cells exposed to the two different organoids. My result showed that no differences in
the expression of CD107a+ from TIL cells after interaction with organoids as show in
Figure 75c. My result found higher CD57 expression on NKT cells exposed to tumor
TIL cells in comparison to non-tumor TIL cells where the expression slightly
increased with tumor organoid as show in Figure 75d. The results also showe that the
expression of NKG2D was slightly decreased on tumor and non-tumor TIL cells after
culture with organoid as presented in Figure 75e but no differences between organoid

groups were noted.
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Figure 74: T cell response to 3D organoid: tumor and non-tumor TIL

Tumor TIL (T TIL) and non-tumor TIL (N TIL ) were cultured with autologous
tumor or non-tumor organoid for 6 hours and 10 days . A. to measure the
response of T cells, TNFa antibodies were added to culture well for 6 hrs then
TNFa was measured on the CD3+ T cell population. TIL cells were also co-
cultured with organoid for 10 days then TIL cells were re-exposed to fresh
organoid in present of TNFa antibody as described , all results were compared
to negative control (TIL alone) Sidak's multiple comparisons test).. B. PD1
expression on T cells. C, CD107a expression on T cells. D. CD57 expression.
TIL cell alone were stimulated by anti-CD3 as positive control or without as
negative control
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Figure 75 : The response of NK-T cell to organoid

Tumor TIL (T TIL) and non-tumor ( N TIL) were cultured with autologous tumor
or non-tumor organoid for 6 hours and 10 days . A. to measure the response of
NK-T cells, anti-TNFa-APC antibody was added to culture well for 6 hrs then
TNFa expression on CD3+CD56+ NK-T cells measured. TIL cells were co-
culture with organoid for 10 days then TIL cells were re-exposed to fresh organoid
in presence of TNFa antibody as described, all results were compared to negative
control (TIL alone) Sidak's multiple comparisons test). . B. PD1 expression cells
on NK-T cells. C, CD017a expression on NK-T cells. D. CD57 expression on NK-
T cells. E. NKG2D expression on NK-T cells. TIL alone were used as negative

control or stimulated by Anti-CD3 as positive control.
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6.2.2.3 Detection of intracellular secretion cytokines during TIL cells and
organoid co-culture
As described for the earlier patient, supernatant from the TIL+organoid experiments
was analyzed using ELISA. The results in Error! Reference source not found.a show
that no significant immune response was detected from tumor and non-tumor TIL cells
with all groups of organoids after 6 or 20 hours of culture. InError! Reference source
not found.b, there were no significant differences in secreted IFNg in supernatant at
day 1, 7 and 10 but increased IFNg was measured with tumor organoid and non-tumor
organoid at the end of culture period. Finally, these results show that no significant
differences between TIL cells alone and cultured TIL cells existed with all groups of

fresh organoids culture as shown in Figure 76¢

6.3 T cell recognition of expressed MHC molecules by 3D gastric organoid

Because there were no responses from patient 21's T cells to organoid, either tumor or
non-tumor, | analysed the expression of MHC molecules on organoid using T-cell
clones in functional assays. The HLA type of the patients was unknown. Therefore, in
this experiment, the organoid cells were pulsed with known EBV peptides and tested
with CD4 and CD8 T cells clones including BARF1 TFF - specific CD4 cells (DR-
51), GSL - specific CD4 cells (DR-17), LMP2 CLG - specific CD8 T cells (HLA-A2)
and SSC - specific — CD8 T cells (HLA-A11). T cell responses were detected by
measuring IFNg secreted into the supernatant using ELISA. The results showed that
MHC molecules were present on tumor and non- tumor organoids from both patients.
The results also show that HLA-AZ2 restricted CLG- specific CD8 T cell response were
significantly greater in compare to control. this result indicated that organoid

presented MHC-peptides to T cells.
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Figure 76 : Detection of intracellular secretion cytokines: patient 21

Cultured supernatants were harvested to measured secreted IFNg from TIL cells in
organoid co-cultures using ELISA. A. Secreted IFNg was measured after 6 and 20
hours of culture. B. The supernatant was collected during co-culture at day 1, 7 and
10 and analysed. C. TIL cells were re-cultured with fresh organoid then the
supernatant collected after 20 hours and tested. All results were compared to
negative control (TIL alone) (Dunnett's multiple comparisons test)
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Figure 77 :T cell recognition of expressed MHC molecules by 3D
gastric organoid

To study the expression MHC molecules on organoid, the organoid cells
were pulsed with peptides and exposed to EBV-specific CD4 and CD8 T
cells clones include BARF1 TFF - specific CD4 cells (DR-51), GSL - specific
CD4 cells (DR-17), LMP2 CLG — specific CD8 T cells (HLA-A2) and SSC —
specific— CD8 T cells (HLA-A11). Organoid alone and T cell clone alone
were used as controls. IFNg was measured by ELISA.
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6.4 Discussion

Despite the important role played by the interaction between tumor cells and neighbors
in cancer development, only a small number of researchers have studied the interaction
between immune and tumor cells using the 3D organoid co-culture system [249].
Conventionally, 2D monocultures have been used to study tumour cells, disregarding
the importance of the 3-dimensional environment. However, most of those 3D cultures
studies with components of tumor microenvironment depended on culture of
fibroblasts with tumor cells for mimicking the tumor stroma[250, 251].

However, studying reaction of tumor cells in the presence cells which are related to
tumor immunosuppression, progression and therapeutic failure such as infiltrateing
lymphocytes, dendritic cells, MDSCs and TAMs have not been addressed[248, 252,
253]. To date, lymphocytes co-culture studies has mainly focused on tumor cells and
their upregulated expression of markers of resistance to immune responses of T cell
recognition [254] [253].

Until today, the interaction of TIL cells and matched gastric tumor organoid has not
been studied. My work is therefore the first attempt to study the interaction and
crosstalk between the immune response and 3D organoid in the setting of gastric
cancer.

I have attempted to identify the TIL cells responsive to both tumor and non-tumor 3D
organoids using the functional culture assay. In addition, | have analyzed upregulated
expression markers for immunosuppression, activation and degranulation of TIL cells.
My aim here has been to understand the immune response from TIL cells against
organoid that can subsequently be developed as an immune therapy for gastric cancer

patients.
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TIL cells and organoid were isolated from two patients. TIL cells were cultured with
3D spheroid or early differentiated organoid to detect the response of immune cells.
The TNFa response were detected after six hours and then after ten days culture the
TIL cells were interacted with fresh organoid to detect the rapid immune response.
TILs were marked with flow cytometry antibodies to distinguish T cells and NK cells
populations and their response to organoids.

Flow cytometry analysis of patient 22 detected T, NK-T and NK cells whereas patient
21 had only T and NK-T cells. My results found no significant differences in T cells
TNFa or NK —T TNFa responses between tumor and non-tumor organoids This result
agrees with a previous report has showed 3D co-culture was assocaited with increased
resistance to the T cell cytotoxic immune response [253].

Interestingly, NK cells from tumor TIL cells responded (NK+ TNFa+) to co-cultured
tumor and non-tumor organoid. The frequency of TNFa with tumor organoid was
found higher than non-tumor but no significant differences. However NK cells are
considered antitumor immune cell as they have cytotoxic function and produce several
cytokines include TNFa and IFNg [255] and NK cells are involved in tumor
immunosurveillance [256]. The exact role of NK cell responses to tumor organoid
models is still unclear but I have shown that the system can be used to begin to
understand their role.

Expression marker were also analyzed in this study after co-cultureing organoid and
TIL cells including expression of the PD1 immune checkpoint receptor which others
have found increased on isolated tumor TIL cells in gastric cancer tissue [257] and
different tumor tissue such as lung cancer[258]. CD107a expression is a degranulation

marker indicating cytotoxic activity by NK and T cells[259]. The expression of CD57
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as a marker of terminal differentiation and senescence has previously been reported to
be increase on immune cells in gastric cancer[176] My results found no differences
in PD1 and CD107a expression on T or NK-T cells after cultureing TIL cells from
both patients. Whereas on T cells there were no differences with expression of CD57
on NK-T cells the expression of CD57 increased after culture with both types of
organoid.

However, as noted above NK cells in TIL from patient 22 responded after exposure to
the autologous organoids. The expression of PD1 was increased on the NK cell
population incubated with tumor and non-tumor organoid but the expression was
greater with tumor organoid. In a recent report, PD1 were found increase on tumor
infiltrating NK cell in a digestive cancers [260] moreover, CD107a expression were
upregulated on NK cells with tumor organoid but no differences have been seen on
CD57 expression on these cells. A new study found high expression of CD107 and
NKG2D on PD1" NK cells [261] [260]

During TIL cells and organoid co-culture, the supernatants were collected at different
times starting from 6 hours until 10 days to detect expression and secretion of IFNg
which would indicate an immune response to organoid. With patient 22, the results
showed that high concentrations of IFNg was produced when Tumor TIL were co-
cultured with organoids. Moreover, the concentration of secreted IFNg increased with
co-culture time. After 10 day of co-culture, TIL cells were re-exposed to fresh
organoid. IFNg was detected with tumour and non-tumour organoid but the
concentration of IFNg was grater with tumour than non-tumour organoid. In contrast

with patient 21, there were no significant differences in the concentration of IFNg in
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the culture supernatant. These finding confirmed the flow cytometri measurement of
TNFa .

The expression of MHC molecules on 3D organoid were analysed because there were
no responses from T cells to organoid either tumor or non-tumor after cultured with
TIL cells. My results clearly showed that a T cell clone responded to peptide exposed
organoids, indicating that organoids could presented MHC-peptides to T cells.
Altogether, this study suggests that 3D organoid co-culture model will be a valuable
tool to study critical factors affecting the interactions between immune cells and
gastric cancer cells and that NK cells could potentially be useful for the

immunotherapy of gastric cancer.
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Chapter 7:

Conclusions and future work
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7.1 Systematic investigation of T cells responses against EBV tumour antigens
in Healthy Donors

Understanding the T cell response to the EBV tumor antigens is important for immune
therapy. However, the T-cell response to these tumor antigens has previously been
measured individually by different groups using different strategies and techniques. |
therefore conducted a systematic analysis of the immune response to the four key EBV
tumor antigens (EBNA1, LMP1, LMP2 and BARF1) in twenty-five healthy donors.
While defining the immunogenicity of these antigens | found that the strongest
response to LMP1 and LMP2 occurred in the same donor (who also had a high
response to the EBNAL antigen). | decided to characterize T cell responses for both
latent membrane antigens in this healthy subject. Using seventy three peptides
spanning the LMP1 sequence, | identified the LMP1 specific- CD8 T cell response
was the already-defined YLQ epitope. Previous experience from others in the research
group is that this response is weak; the strength of the YLQ response is therefore novel.
Testing with ninety-eight LMP2 peptides identified novel CD4 and CD8 T-cell
responses against the LMP2 antigen. Additional experiments testing seven
uncharacterized CD4 and CD8 T cell clones specific for LMP2A pepmix revealed
additional epitopes in LMP2. An important conclusion from my work is that the EBV
tumour antigen response is incompletely characterised. This limits the ability of
ourselves, and others in the field, to perform comprehensive immunomonitoring of
immunotherapy trials and may also limit the development of effective
immunotherapies. Therefore a concerted effort to map these antigens, both in White
people but also in other ethnic groups that have different HLA alleles but have been

little investigated is justified.
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The T cell response to BARFL1 antigen in ex vivo assays was weak in the healthy
donors I studied. It remains to be seen if stronger responses exist in patients with EBV
carcinomas that express BARF1 and this would be interesting to explore in future
work. Nevertheless, because the main function of BARF1 during EBV infection is
anti- apoptosis it may be difficult for tumours to react to BARF1-specific immune
pressure by downregulating BARF1 expression. It is therefore important to explore
BARF1 as a potential immunotherapy target.

I therefore searched for BARF1 T-cell responses using more sensitive cultured assays.
The aim was to identify epitopes that, although inefficient at inducing T-cell responses
in healthy donors could nevertheless potentially be used for immunotherapy by, for
example, adoptive transfer of T-cells transduced with BARF1-specific T-cell
receptors. Two factors are required for such an approach. First, T-cells bearing
receptors with sufficient affinity need to be isolated. Second, the cognate epitope
peptide needs to be naturally processed and presented on the tumour cells. | sought to
address both rquirements in my work.

Using cultures assays, | confirmed that weak ex vivo T-cell responses to BARF1 were
indeed real, based on the greater strength of these responses after the first and second
stimulations. BARF1-specific T-cells from 5 healthy subjects were clones enabling
me to study these responses in depth. | generated several novel BARF1 — specific CD4
T cell clones and identified the following new epitopes: HLA-DR51 restricted BARF1
(TFF), HLA-DR-53 restricted (GER), HLA-DP-2 restricted (TEV). HLA-DR17
restricted (GSL), and HLA-DR-103 restricted (TEV). To confirm these clones were

indeed specific for these peptides, and not cross reactive low avidity responses, |
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measured the functional avidity of these T cell clones against a range of peptide
concentrations.

The avidity of BARF1 TFF- specific clones was low (>100 nM) with three T clones
but other clones were high (16-53%). Importantly, some of the high avidity T cell
clones were able to respond to naturally presented epitopes on LCLs. Using a panel of
HLA — matched LCL and the epithelial NPC c666 cell line that expresses BARFL1, |
demonstrated that multiple T clones recognized naturally presented epitopes from
these cell line.

BARF1 is a secreted protein. | therefore analyzed whether such recognition was the
result of intercellular transfer of BARFL1 protein, adding supernatant from these cells
(which may contain secreted BARF1 protein) to B cells and epithelial cells and
measuring CD4 T cell recognition. Using concentrated supernatant prepared from
LCL and C666 as BARF1 positive, and supernatant prepared from the NP460 cells as
a BARF1 negative control, | showed that BARF1 was transferred from LCL B cell to
epithelial (c666), and this process yielded greater recognition than the reverse
(epithelial to B cell).

The important step in development of TCR-based T cell immunotherapy is selection
of target T cell epitope. Given that DR51 is a common HLA allele in the population,
and that BARF1 (TFF) specific CD4 T-cells restricted by DR51 could recognize EBV-
positive cells, | decided to examine this response in more detail.

I PCR amplified the TCRa/p genes and obtained the TCR sequences. Interestingly,
all three clones had the same TCR sequence, despite having different avidities in T-
cell assays. These differences were consistent over multiple assays. It is likely that

other factors in the T-cells that contribute to T-cell binding to target cells, T-cell
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activation or T-cell effector function account for these differences. These clones
may be important tools for understanding these factors, which would help to
improve T-cell immunotherapy.

Using newly generated BARF1 plasmids | found no recognition by BARF1- specific
T clones (TFF) and (GSL) to all three transfected GC cell lines (YCCEL, MKN1 and
MKN28) with BARF1 constructs even when expressed as an Invariant chain fusion.
These epithelial cells were also not recognised after incubation with BARF1-
containing cell supernatants. Interestingly, the B cell (SUDHL-5) transfects with the
minimal BARF1-il- plasmid was recognized by the TFF-specific T clone.

I also transfected YCCEL cells with GFP-pcDNA plasmid (Full BARF1 gene), but no
response was seen from T cell clones. At the same time, | treated some of the
transfected YCCEL with Brefeldin A (BFA) to stop BARFL1 secretion. After that,
BARF1 protein was detected by monoclonal BARF1 antibody. | suggest BARFL1 is
secreted through classical pathway when block protein passage at specific stage with
BFA via secretory pathway. these finding suggest that BARF1 protein is highly
secreted in epithelial cells more than B cells, so T cells may not recognise the

expressed antigen.
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7.2 Involvement and Functional of Immune Cells in Patient Blood with
Gastric Cancer: Features of Antigen -Specific T Cell Response to EBV
And Tumour Antigens.

It is currently unclear what the status of EBV-specific immunity is in GCa patients.
My study sought to understand how best to harness EBV-specific immunity to develop
immunotherapy for patients with EBV-associated cancer by measuring T-cell
immunity to the EBV tumor antigens that are expressed in the malignant cells of GCa.
| have succeeded, through my study, in determining the T response in the blood to
EBV antigens using a newly developed TNFa culture assay. However, these results
may not reflect the full response of T cell to EBV tumour antigens in gastric cancer
patients. It would be desirable to study more patients. | found that there were no
significant differences in T cell response to EBV antigens between donors and patients
according on the mean value of T cell responses.

It is unclear what the status of tumour antigens-specific immunity is in GC. So, in my
study | also investigated T cell response to cellular tumour antigens including CEA,
MUCIN1, MAGEAL, MAGEA3, MAGE4 and NY-ESO-1 all of which are reported
to be expressed in gastric cancer tumours. My study is the first to compare the T
response between these tumor antigens in GC patients’ blood as well as comparing the
response to HD blood. My results show that T cells from patients and donors
responded to tumour antigens although there was variation in this recognition. While
the T-cell response level was low, | observed differences between the mean value in
GC and HD with some antigens. | found that T cell responses in GC patients to
MAGEA1, MAGEA4, and NY-ESO-1 were more than HD. Interestingly, significant

T cell response to MAGEAL with GC patients compare to HD.
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In my study | also examined lymphocytes subsets by flow cytometry. | found increased
mean percentage of CD8 T-cells in PBMCs of GC patients compared to HD. I also
found that the mean of the CD4/CD8 ratio was lower in GC patients compared to HD
but the difference was not significant. The percentage of CD19+ B cells in the
lymphocytes was significantly lower in GC patients compared to HD controls, | also
studied the frequency of gamma delta T cells in GC patients and HD control and found
that the mean frequency of gamma delta ( y6 ) T cells in the CD3+ population was
increased in GC patients but this was not significant.

In recent years the field of immune checkpoint inhibition has advanced dramatically,
with these agents now used to effectively treat several cancers. | therefore measured
the expression of inhibitory receptors on CD4+ and CD8+ T cells in PBMCs from GC
and HD. In this study, the expression of LAG3 and CTLA4 was significantly increased
in GC on CD8 T cells whereas the mean of TIM-3 was found more in GC, No
significant differences were seen with PD1 and CD57 expression. For the CD4 T-cell
population, expression of TIM3 and CTLA4 was significantly higher in GC patients.
I also found that the mean of PD1 and CD57 was higher in GC patients

Immune suppressor cells, including T reg and MDSCs, play important roles in cancer
immunity. Analysing blood, | found a significant increase in the frequency of Treg
cells in GC patients compared to HD. Moreover, CD45RA expression was lower on
patients’ T-regs which suggest these cells are effector Treg . Another way to determine
if T-regs have been activated is to examine if they are proliferating, as detected by
Ki67. | found the frequency of Ki67-positive T-reg cells was slightly higher in GC

patients but this wan not significantly different.
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I also studied the frequency of MDSCs, using PBMCs but also whole fresh blood to
allow analysis of granulocytic cells. | found that the frequency of myeloid MDSCs in
whole blood was elevated in some GC patients, but not all, suggesting heterogeneity
in the patient population. In whole blood, I found no significant difference in myeloid
MDSCS cell number. Analysing PBMCs | found that the frequency of myeloid
MDSCs was increased in some patients although this was not significantly different
compared to HD controls. Interestingly, granulocytic MDCSs were significantly
higher in frequency in gastric patients* PBMCs. In cancer patients granulocytic
MDSCs can have lower density and co-purify with PBMCs, and this appears to be the

case in GC patients.

7.3 The function and phenotype of immune cells within gastric tumors

While analysis of blood samples can provide impotant insights into systemic
immunity, arguably analysis of the tumour itself is more relevant for informing
immunotherapy. Therefore, in addition to the blood analysis I also undertook detailed
analysis of gastric cancer samples. | successfully isolated lymphocytes from tissue of
gastric cancer patients by digestion, allowing them to be phenotypes. | was also able
to isolate lymphocyes by culturing tissue in cytokine-containing medium. This
approach allowed me to expand the intratumoural immune cells to prepare high
number of tumour infiltrating lymphocytes (TILS).

A limited number of molecular and histological studies have reported the clinical
prognostic impact of intra-tumoural lymphocytes in EBVaGC patients. Considering
the specificity of the EBV-specific cells in GC, | found CD8 T cells specific for
EBNAL, EBNA3A, LMP2 and LMP1 but no responses to BARF1 Further studies are

necessary to detect whether these antigens were expressed in these tumours, and
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whether such expression was in the tumour cells or in B cells infiltrating the tumour.
Nevertheless, the presence of EBV antigen specific T-cells in tumors is encouraging
for the potential treatment of the 10% of cases of gastric cancer positive for EBV.

No studies have investigated the response to cellular tumour associated antigens in
gastric cancer tumours despite the fact that several antigens are expressed. My study
provided me with the tools and samples to address this gap in our knowledge. |
selected several tumour antigens for analysis (NY-ESO-1, MUCIN1, MAGEAL,
MAGEA3, MAGEA4, CEA and PSMA) based on published evidence of expression
in gastric cancer or detection of antibodies to the antigen in patient serum. | observed
low PSMA—specific CD8 T cell responses in three of nine patients after short ex vivo
stimulation of tumour lymphocytes but no response was found to the other antigens.
No specific responses were detected after 10 days of in vitro culture except a
MUCIN1- pecific CD8 T cell response in one of nine patients. These finding indicate
that tumours infrequently contain T-cells specific for these classical tumour associated
antigens.
Aanother aim of my study was to compare the function and phenotype of lymphocytes
present in tumor and non-tumor tissues. | found the former had significantly higher
CD4/CD8 ratio and higher EM and TEMRA CD4 and CD8 T cells. The frequency of
gamma delta (yd) T cells in the CD3+ population was statistically higher in tumor
tissue than non-tumor tissue. | found no difference in the frequency of B cells between
tumour and non-tumour tissues.

Measuring the expression of four immune checkpoints on lymphocytes isolated from
tumor and non-tumor tissue, | found for CD8+ T cells that there were no significant

differences in PD1, TIM3 or LAG3 expression between tumor and non-tumor tissues
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but the expression of CTLA4 was significantly lower on CD8 T-cells isolated from
tumor. For CD4+ T-cells the expression of immune checkpoint inhibitors was not
significantly different for cells isolated from tumor and non-tumor tissue
comparing checkpoint expression on lymphocytes isolated from tumour tissue or
PBMCs, | found that the expression of immune checkpoints was upregulated on both
CD4 and CD8 T cells in tumor tissue.

Suppressive cells are important modulators of immunity within tumours. | found that
the frequency of T reg CD4 T cells was significantly higher in tumor than non-tumor
tissues. Moreover, the T regs in tumour tissue were antigen experienced (CD45RA)
and had recently proliferated as determined by (KI167). For some patients, the
frequency of monocytes-MDSCs and granulocyte- MDSCs were greater in tumour
tissues compared to non-tumour tissue from the same patient.

Although I found little evidence for the presence of T-cells specific for cellular tumour
antigens in gastric cancer tumours, it is possible that T-cells specific for other antigens,
including private antigens such as neoantigens generated through mutations unique to
the individuals cancer, could be present. Indeed, such T-cells may be more effective
as they have not been negatively selected during the establishment of central tolerance.

My results clearly show that gastric cancer intratumoural lymphocytes can readily be
expanded to high numbers. | therefore examined the phenotype of these cells. My
results show Expression of PD1 on CD T-cells was decreased on expanded TILs but
LAG3 was; increased; the other inhbitors were unchanged.and was lower after in vitro
expansion to generate TILs. The upregulation of LAG-3 expression in expanded TILs

strongly suggests expression of this receptor is regulated differently.
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Importantly, after in vitro culture the frequency of T reg cells significantly decreased
in TILs. These results point to a role for T-reg in the tumour microenvironment.
Expanded TIL cells showed downregulation of M-MDSCs.

Overall, my results provide new insights into gastric cancer immunology and new
leads for future investigation, both scientifically but also for immunotherapy

development.

7.4 The functional assessment of Tumour infiltration lymphocytes with
Three-Dimensional Organoid Derived from Gastric Cancer Patients
tissue.

The ability for TIL cells to recognize gastric cancer cells has not been studied. Asa
parallel project in the research team was generating organoids from gastric cancer, |
decided to perform the first ever analysis of the interaction and crosstalk between the
immune response and 3D organoids in the setting of gastric cancer. Because organoids
are closer to tissues than conventional 2d cell cultures the use of organoids will provide
better evidence for the use of TILs to treat gastric cancer patients.

Interestingly, NK cells in TILs prepared from tumor TIL responded to autologous
tumor and non-tumor organoids. The frequency of TNFa-positive NK cells was higher
after culture with tumor organoids although this was not significantly higher than the
non-tumor organoids. The results found no significant differences in T cells TNFa or
NK —T TNFa responses between tumor and non-tumor organoids.

The phenotype of TILs incubated with organoids was also analysed. The expression
of PD1 was increased on the NK cell population incubated with tumor and non-tumor
organoid and PD1 expression was greater for the former. Moreover, CD107a
expression was higher on NK cells incubated with tumor organoid. During TIL +

organoid co-cultures aliquots of supernatants were collected at different times starting
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from 6 hours until 10 days after the start of the experiment. Detection of IFNg would
indicate an immune response to organoid. The results showed that high concentrations
of IFNg were produced when Tumor TIL were co-cultured with organoids. Moreover,
the concentration of secreted IFNg increased with co-culture time. After 10 day of co-
culture, TIL cells were re-exposed to fresh organoid. IFNg was detected with tumour
and non-tumour organoid but the concentration of IFNg was grater with tumour than
non-tumour organoid. These finding confirmed the flow cytometry data that measured
TNFa.

Because there were no responses from T cells in TILs incubated with organoid,
whether tumour or non tumour, | determined whether the organoids expressed
functional MHC molecules. My results clearly showed that a CD8+ T cell clone
responded to peptide exposed organoids, indicating that organoids could presented
MHC-I restricted peptides to T cells, at least when high concentrations were used. It
remains to be seen whether the efficiency of peptide presentation by tumor organoids
is reduced Or whether defects in antigen processing and presentation are present;
either could explain why T-cells failed to respond to organoids. Another explanation,
of course, could be that TILs in gastric tumours are not specific for the tumour cells.
My data show that is is feasible to study immune control of gastric cancer using the
3D organoid co-culture model. This will be a valuable tool to study critical factors
affecting the interactions between immune cells and gastric cancer cells. My data also
suggest that NK cells could potentially be useful for the immunotherapy of gastric

cancer.
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7.5 Future work

The following experiments naturally lead on from my work:

Characterizing the newly identified LMP1 and LMP2 specific CD8 and CD4
T cell responses.

Stratifying gastric cancer patients into EBV-positive and negative cases, and
assessment of EBV protein expression in the former.

Developing BARF1 as a therapeutic T-cell target in EBV-assocaited cancers,
including further characterization of the cloned T-cell receptor.

Determining if T-cells in TIL preparations are able to recognize autologous
gastric cancer cells

Exploring the value of TIL NK cells to treat gastric cancer.
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