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Summary

Oesophagogastric junctional adenocarcinoma (OGJ) is an aggressive malignancy with a
high propensity to metastasise. Response rates to first-line chemo(radio)therapy regimens
remain poor therefore, better treatment options are required to improve clinical outcomes
for OGJ patients. Combining ICB with immunostimulatory chemotherapies to boost
response rates is an attractive approach for converting ‘cold non-inflamed’ tumours into
‘hot inflamed’ tumours, which typically respond better to ICB. This body of work
highlighted the cooperation between ICB and first-line chemotherapy regimens to boost
anti-tumour immunity and decrease the survival of OGJ cells via immune-independent and
immune dependent mechanisms.

FLOT (5-FU, oxaliplatin, docetaxel) and CROSS chemotherapies (CT) (paclitaxel,
carboplatin) regimens induced immunogneic cell death in OGJ cells and icnreaed the
cytotoxic potential of healthy donor T cells. Post-FLOT and post-CROSS CT tumour cell
secretome enhanced lymphocyte-mediated killing of OGJ cells highlighting the
immunostimulatory potentail of first-line chemtoherapy regimens. Pro-inflammatory T cell
cytokine profiles were enhanced by first-line chemotherapy regimens. This body of work
demonstrated that FLOT and CROSS CT regimens decreased co-stimulatory marker CD27
expression and increased co-stimulatory markers CD69 and ICOS expression on the surface
of T cells. However, ICB attenuated chemotherapy-induced downregulation of CD27 on T
cells and promoted differentiation of effector memory T cells into a terminally
differentiated state. Importantly, dual nivolumab-ipilimumab treatment enhanced OGJ
lymphocyte-mediated cytolysis of OE33 cells. This study also profiled immune checkpoint
(IC) expression to help guide design of rational ICB and chemotherapy combinations in the
first-line setting. Expression of ICs on T cells positively correlated with a subsequent poor
response to neoadjuvant treatment and more advanced tumours. First-line chemotherapy
regimens substantially altered IC expression profiles of T cells increasing PD-1, A2aR,
KLRG-1, PD-L1, PD-L2 and CD160 and decreasing TIM-3 and LAG-3 on OGJ donor T
cells. These findings highlight a link between chemotherapy and the development of
immune-resistance, reaffirming the rationale to administer 1CBs concurrently with first-
line chemotherapies to prevent potential IC-mediated suppression of chemotherapy-
induced anti-tumour immunity.

Interestingly, this study also identified that PD-1, PD-L1, A2aR and TIGIT ICs expressed

on the surface of OGJ cells possessed novel immune-independent functions and could



promote a range of hallmarks of cancer including proliferation, DNA repair, metabolism,
pre-survival signalling and chemoresistance. Blockade of PD-1, PD-L1 or A2aR enhanced
the toxicity of FLOT chemotherapy in OGJ cells. In addition, this body of work identified
that blockade of PD-1 signalling in OGJ cells decreased tumour cell survival however,
under glucose deprived or hypoxic conditions PD-1 blockade provided OGJ cells with a
survival advantage. Given that PD-1 blockade enhanced basal respiration and glycolytic
reserve it may be the case that under these conditions PD-1 blockade promoted a metabolic
phenotype that was more adaptable. Collectively, this highlighted an immune-independent
explanation for resistance to PD-1 ICBs in hypoxic tumours other than suppression of
immune responses. In contrast, TIGIT blockade decreased survival of OGJ cells under full
nutrient and normoxic conditions as well as hypoxic and nutrient deprived conditions
suggesting that TIGIT blockade may be a more suitable ICB to target OGJ cells in hypoxic
tumours.

Hostile features of the tumour microenvironment including glucose deprivation, serum
deprivation, hypoxia and acidosis all had profound effects on the IC expression profile of
OGJ patient-derived T cells. A range of ICs were significantly upregulated on the surface
of T cells which may contribute to T cell dysfunction. LAG-3, TIGIT and A2aR have been
implicated in promoting a regulatory T cell phenotype and pre-clinical studies have
demonstrated that blockade of these ICs promoted tumour regression in murine studies.
This body of work demonstrates that hostile features of the tumour microenvironment
create exploitable targets that could be harnessed with the use of novel ICBs targeting
A2aR, TIGIT and LAG-3 in combination with conventional ICBs that target the PD-1 and
CTLA-4 axes. ICB increased IFN-y production by T cells under moderately acidic
conditions this effect was abrogated under severe acidic conditions highlighting the ability
of acidosis to potentially limit ICB efficacy. A rationale for administering oral neutralizing
buffers in conjunction with ICB in OGJ patients to limit the immunosuppressive effects of
tumour acidosis on the efficacy of ICB is highlighted.

Visceral adipose tissue plays a significant role in tumour initiation, development and
progression via generation of chronic systemic low-grade inflammation via release of pro-
inflammatory factors into circulation. Therefore, this study investigated the effect of the
visceral adipose secretome on T cell activation status and IC expression profiles. These
findings demonstrated that adipose conditioned media (ACM) from both early and late
stage OGJ patients enhanced T cell activation status and upregulated CTLA-4 on the

surface of Thl-like cells and Treg cells and increased PD-L1 on the surface of Treg cells.



Thus, creating a therapeutic niche for harnessing anti-cancer immunity with the use of ICB
targeting CTLA-4 and PD-L1. Importantly, the addition of ICB in the presence of ACM
decreased the production of pro-inflammatory tumour-promoting cytokines IL-17 and
TNF-o which have been reported to drive malignant progression.
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and post-CROSS CT tumour cell conditioned media on cytokine production by T cells by
flow cytometry.

Figure A6.6: Gating strategy for assessing direct effects of FLOT and CROSS CT on the

expression of ICs on T cells surfaces by flow cytometry.
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1.1Introduction

Gastroesophageal cancers (GOCs) are comprised of oesophageal cancer (OC) and gastric
cancer (GC) and collectively have one of the highest incidence rates of all cancers, causing
more than one million annual deaths globally?. Despite new therapies, OC has a dismal
prognosis with a 5-year survival rate of 10-20%?3. Five-year survival rates for GC vary from
70-95% in early stage patients and 20-30% in patients with advanced disease®,

The two major histological subtypes of OC are oesophageal adenocarcinoma (OGJ) and
oesophageal squamous cell carcinoma (OSCC), which differ greatly in terms of risk factors,
epidemiology, incidence and geographic distribution®. The main histological subtype of
OC is OSCC, however OGJ is the predominant subtype in Western countries®. The main
histological subtype of GC is gastric adenocarcinoma and comprises 90-95% of GC cases®.
OGJ is more prevalent in males than females likely due to central obesity affecting more
men than women®. Adipose tissue is deposited subcutaneously and below the waste in most
women contributing to a ‘pear-shaped body’’. While in men and some women, fat tissue is
deposited viscerally and above the waste resulting in central or visceral obesity and an
‘apple-shaped’ body’. Visceral fat is more metabolically active than subcutaneous fat and
secretes a range of cytokines and adipokines generating systemic chronic low grade
inflammation and a pro-coagulant insulin-resistant state which promote tumour

development and growth?®.

1.2 Current treatments for OGJ patients

The standard of care for patients with resectable advanced oesophagogastric junctional
adenocarcinoma (OGJ) includes the peri-operative FLOT chemotherapy-based regimen®.
The FLOT regimen includes 4 biweekly cycles of a cocktail of chemotherapies
neoadjuvantly followed by a 6 week break prior to surgery to allow the body to recover
from the toxic side effects associated with these chemotherapies. Six weeks post-surgery
patients receive a further 4 biweekly cycles of FLOT. However, only 35% of OGJ patients
prescribed the FLOT regimen complete the entire 8 cycles of perioperative FLOT
chemotherapy as a result of severe toxic side associated with chemotherapy treatment and
due to the invasive oesophagectomy surgery to remove the tumour the majority of patients
are not ‘fit’ enough to receive further chemotherapy adjuvantly®. FLOT comprises of 5-
fluorouracil (5-FU), leucovorin, oxaliplatin and a taxane (such as the anti-microtubule

agent docetaxel). Leucovorin enhances the binding of 5-FU to thymidylate synthetase and
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prolongs the half-life of 5-FU in vivo!l. 5-FU is an anti-metabolite which inhibits
thymidylate synthetase an enzyme that creates new strands of DNA.

A multimodal approach involving combined chemoradiotherapy is also an option for
OSCC and OGJ patients; the CROSS regimen (paclitaxel and carboplatin with a cumulative
radiation dose of 41.4 Gy over 23 fractions) followed by surgery'?>. CROSS regimen
involves 5 weekly cycles of a combination of chemotherapy and radiation neoadjuvantly
only followed by a 6 week rest period prior to surgery to allow the body to recover!?, 5-FU
is a fluorinated pyrimidine which is an analogue of pyrimidine®®. 5-FU is phosphorylated
to fluorouridine triphosphate, a fraudulent nucleotide (analogue), which is incorporated into
RNA by RNA polymerase, inhibiting RNA synthesis and function generating genotoxic
stress in the cell activating programmed cell death pathways'4. Oxaliplatin and carboplatin
are platinum is an alkylating cytotoxic agent, which inhibits DNA replication by forming
adducts between two adjacent guanines or guanine plus adenine!®®, Docetaxel and
paclitaxel are taxanes which target microtubule polymerisation during the mitotic phase of
the cell cycle!’!®. Docetaxel inhibits microtubular depolymerization and paclitaxel
stabilizes microtubule formation which both ultimately prevent transition of the tumour cell
from the metaphase-anaphase stages of the cell cycle collectively causing cell cycle arrest
in tumour cells'”8, GOC patients with HER2* tumours (~20%) receive trastuzumab (anti-
HER2 monoclonal antibody) in combination with a cisplatin and fluoropyrimidine-based
chemotherapy regimen in the first-line setting®®.

Unfortunately, a significant proportion of GOC patients fail to benefit from the current
standards of care, with only ~30% of OSCC and OGJ patients achieving a complete
pathological response®®. However, immunotherapy which targets the body’s own immune
system to mediate tumour eradication via an army of licensed and mobilised anti-tumour
immune cells is now considered by many as the fifth pillar of cancer therapy along with

surgery, chemotherapy, radiotherapy and molecular targeted therapies?..

1.3 Immune evasion and cancer development

In 1909 Paul Ehrlich postulated for the first time that the immune system could suppress
tumour growth by recognising tumour cells as foreign and eradicating transformed cells,
thus initiating a century long quarrelsome debate over the role of the immune system in
cancer??, Burnet and Lewis proposed the hypothesis of cancer immunosurveillance 50 years

later, which stated that mutations in cancer cells generate neoantigens enabling immune
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cells that constantly survey host tissues to recognise and kill these malignant cells before
growing into a clinically detectable tumour mass?3. In the 1990s Schreiber and colleagues
refined this theory to produce the cancer immunoediting hypothesis, which was a more
nuanced concept based on the knowledge that the immune system can influence the fate of
a developing cancer through either supressing or promoting tumour growth, essentially
acting as a ‘double-edged sword’?*. The immune system not only suppresses tumour
development but it also functions to promote tumour growth by sculpting tumour cell
immunogenicity and facilitating cellular transformation by selecting for less immunogenic
tumour clones and establishing immunosuppressive conditions conducive for tumour
outgrowth®. This hypothesis is divided into three phases: (1) elimination (or
immunosurveillance), (2) equilibrium and (3) escape®. In the elimination phase innate and
adaptive immune cells recognise and kill malignant cells. If the innate or adaptive arms of
the immune system fail to eradicate all neoplastic cells the tumour cells progress to the
equilibrium phase. During the temporary and dynamic equilibrium phase the immune
system exerts a selective pressure by killing susceptible tumour cells. However, in this
phase the tumour cells can evolve acquiring further mutations that enable neoplastic cells
to either evade immune destruction or suppress anti-tumour immunity allowing the tumour
cells to progress to the escape phase and grow into a clinically detectable tumour mass.
Transformed cells express an array of mutated and non-mutated antigens which have the
potential to elicit an anti-tumour T cell immune response. However, through the loss or
mutation of immunogenic tumour antigens or acquisition of defects in antigen presentation
machinery (dysregulation of antigen processing machinery or loss of major
histocompatibility complex (MHC) expression) neoplastic cells can reduce their
antigenicity evading immune destruction and facilitating immune escape?’. Tumour cells
have acquired multiple mechanisms to facilitate immune escape through direct inhibition
of anti-tumour CD4" and CD8* T cells or indirectly via inhibition of DC maturation and
antigen presentation preventing T cell differentiation into IFNy-secreting T cells?,

Neoplastic cells secrete a range of immunosuppressive factors such as interleukin-10 (IL-
10), transforming growth factor-beta (TGF-B), VEGF?, indoleamine-2,3-dehydrogenase
(IDO)¥®, prostaglandins, adenosine and macrophage colony-stimulating factor that inhibit
DC maturation, antigen presentation and cytolytic T cell activity®l. These
immunosuppressive molecules decrease the expression of costimulatory molecules and
MHC, inhibit the cytotoxic function of CTLs and NK cells, prevent T cell activation and

catabolize nutrients essential for T cell activation, ultimately impairing T cell expansion
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and differentiation into IFN-y-producing T cells*}~3, IDO catalyzes the degradation of I-
tryptophan to N-formylkynurenine, an essential amino acid required for T cell function, its
depletion halts the growth of T cells®*. VEGF reduces the expression of adhesion molecules
on the endothelium required by T cells to extravasate from blood vessels into neoplastic
tissue thereby inhibiting T cells from infiltrating the tumour site®>2¢. IL-10, VEGF and
prostaglandin E2 stimulate Fas ligand expression on endothelial cells inducing Fas
receptor-mediated apoptosis of cytotoxic T lymphocytes (CTLs)*". Additionally, tumour
cells express surface FasL and induce T cell and NK cell apoptosis®®®. A recent study
conducted in mouse models demonstrated that polymorphonuclear myeloid-derived
suppressor cells (PMN-MDSC) present in the induced tumour expressed high levels of Fas
Ligand and induced apoptosis in infiltrating adoptively transferred T cells via Fas-Fas-
ligand binding to the Fas receptor expressed on T cell surfaces®°. Blocking this Fas-Fas-
ligand interaction restored the effectiveness of the T cells to kill malignant cells suggesting
that the effect of immunotherapy could be improved through the inhibition of the Fas-Fas-
Ligand interaction.

Modification of damage-associated molecular patterns (DAMPS) such as adenosine
triphosphate (ATP) and high mobility group box 1 (HMGB1) protein by tumour cells
prevents DC maturation thereby, inhibiting T cell priming and activation®'. Such
modifications are mediated through enzymatic degradation of ATP to its subsequent non-
stimulatory products adenosine and adenosine monophosphate (AMP) and post-
translational modification of HMGB13:41, Cancer cells evade NK cell-mediated killing
through the secretion or cleavage of NKG2D ligands (an activating receptor expressed by
NK cells)*2. Tumours decrease MHC | expression to avoid destruction by CTLs however,
downregulated MHC | expression stimulates NK cell mediated killing*®. Collectively,
NKG2D ligand release and decreased MHC | expression may enable tumour cells to escape
both NK cell and T cell detection. Immunosuppressive factors present in the TME promote
the polarization of tumour-associated macrophages (TAMS) into tumour-promoting M-2
like macrophages which secrete more immunosuppressive molecules*. Additionally,
myeloid derived suppressor cells (MDSCs) recruited by tumours inhibit effector T cells
and induce polarization into regulatory T cells (Tregs)®. MDSCs mediate their
immunosuppressive effects through the secretion of inducible nitric oxide synthase (iNOS),
TGF-B and arginase®®. Therefore, it is now widely accepted that the immune system plays
a central role in tumour development, progression and therapeutic resistance. In 2011

Hanahan and Weinberg published an updated version of the hallmarks of cancer to include
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the important role of the immune system in cancer*’. The hallmarks of cancer describe the
key characteristics that work in tandem to initiate cancer development, progression and
therapeutic progression and include sustaining proliferative signalling, evading growth
suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis,
and activating invasion and metastasis*’. These hallmarks of cancer were updated in 2011
to include genomic instability which is responsible for generating the genetic diversity in
tumour cells and inflammation which fosters and promotes several hallmarks of cancer?’.
In the last decade two additional emerging hallmarks of cancer have been added which
include reprogramming of energy metabolism and evading immune destruction.
Furthermore, the role of the tumour microenvironment is increasingly recognised for
supporting and promoting each of these hallmarks of cancer and together all the hallmarks
of cancer along with the tumour microenvironment work in tandem to promote tumour
initiation, progression, dissemination, and therapy resistance. An increased understanding
of these factors to enable careful development of therapeutics to target a multitude of these
factors embodies the fundamental design of emerging and future anti-cancer therapies*’. A
paradigm-shifting therapeutic is that of immunotherapy in particular immune checkpoint
blockers (ICBs) which block inhibitory immune checkpoints (ICs) on immune cells and
cancer cells and reinvigorate anti-tumour immune responses. These therapies have induced
durable responses in lung cancer patients as single agents but also when combined with the
current standards of chemotherapeutic care. Therefore, a significant area of research is
investigating how best to combine ICBs with first-line chemotherapy regimens in OGJ and
which 1Cs would represent the most fruitful targets in boosting response rates in OGJ. One
of the most important cell types that ICBs act on are T cells, reinvigorating exhausted T
cells and promoting robust Thl responses.

1.3.1 T cell phenotypes

T cells are important players in eliminating neoplastic cells*®. T cells are activated by their
cognate tumour antigens which are presented to them by either MHC-1 for CD8 cells or
MHC-I11 for CD4 cells on the surface of antigen presenting cells (macrophages, dendritic
cells)®. If the T cell also receives appropriate co-stimulatory signals via CD28 signalling
expressed on the surface of T cells via binding with its cognate receptor CD80 and CD86
on the surface of a DC, then the T cell receptor will engage intracellular signalling pathways
that induces T cell proliferation and activation®®. The type of polarising cytokines present

in the TME at the time of antigen recognition will dictate what type of T cell the T cell
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differentiates into i.e. IL-12 polarising cytokines induce T helper 1 (Th1) differentiation,
IL-4 and IL-13 induce Th2 differentiation and IL-10 induces regulatory T cell (Treg)
differentiation®. Th1 cells are anti-tumour and secrete pro-inflammatory cytokines such as
IFN-y, TNF-a and IL-2°%. Both IFN-y and TNF-o. directly induce tumour cell death and IL-
2 is an important proliferative cytokine necessary for T cell activation, proliferation, and
function®*®2, However, an overabundance of IL-2 can drive Treg development. Tregs
promote tumour progression and development by dampening anti-tumour immune
responses via secretion of 1L-10 - an immunosuppressive anti-inflammatory cytokine®2. In
addition, Th2 cells secrete IL-10, IL-4 and IL-5 which are also anti-inflammatory cells that
dampen anti-tumour Th1l immune responses®t. Other T helper cells include Th17 cells,
which have contradictory roles in tumorigenesis, conflicting research exists which claims
that Th17 cells can inhibit tumour development and other research demonstrates that Th17
cells can promote tumourigenesis via stimulating pro-inflammatory responses which can
facilitate tumour progression®. Overall, the role of Th17 cells remains to be fully elucidated
in the context of OGJ as to whether this cell type is a poor or good prognostic factor,
however it will likely be very context dependent and really depend on the overall

composition of the tumour microenvironment.

1.4 Immune checkpoint blockers

The activation of naive T cells requires two signals: T cell receptor (TCR) signalling upon
recognition of cognate peptide antigen presented by an MHC molecule and costimulatory
signalling. Co-stimulatory interactions between dendritic cells (DCs) and T cells include:
GITRL:GITR (glucocorticoid-induced tumour necrosis factor-related gene (GITR) ligand
(GITRL)), OX40L:0X40, CD80/CD86:CD28, CD70:CD27 and 4-1BBL:4-1B>. Tumour-
derived immunosuppressive factors downregulate the expression of costimulatory
molecules®!. TCR activation in the absence of appropriate co-stimulation results in
excessive calcium and nuclear factor of activated T cell (NFAT) signalling which renders
T cells unresponsive and induces T cell anergy®®. Immune checkpoint (IC) molecules
tightly regulate T cell responses to antigens by either upregulating or downregulating
coinhibitory or ICs that maintain tolerance to prevent autoimmunity and promote protective
immunity. Inhibitory ICs such as the well-known Cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4) and programmed death-1 (PD-1) restrict the strength and duration of
immune responses thereby regulating inflammation resolution, limiting immune-mediated

tissue damage and maintaining tolerance to prevent the development of autoimmune
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diseases®. However, tumour cells exploit these inhibitory pathways to evade immune
destruction through the upregulation of inhibitory IC ligands on the surface of tumour cells
such as PD-L1 and PD-L2, the ligands for PD-1°’. Therefore, immune checkpoint blockers
(ICBs) were developed as an anti-cancer therapeutic option for treating a range of
malignancies demonstrating remarkable responses in a subset of patients are a promising
new therapeutic for treating GOCs?.

ICBs block immune checkpoint (IC) pathways, reinvigorating anti-tumour immunity?. 1Cs
control the magnitude and duration of the immune response, preventing overactivation of
the immune system, which could lead to the development of autoimmunity®8. ICs include
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), programmed death-1 (PD-1),
lymphocyte activation gene-3 (LAG-3), T cell immunoglobulin-mucin domain-3 (TIM-3),
T cell immunoglobulin and ITIM domain (TIGIT), V-domain immunoglobulin-containing
domain suppressor of T cell activation (VISTA), HHLAZ2, butyrophilin-like 2, B and T
lymphocyte attenuator, 2B4, B7-H3, B7-H4 and adenosine A2a receptor (A2aR)?%. The
receptors for ICs are predominantly expressed on activated T cells. IC ligands, such as PD-
L1and PD-L2 (ligands for PD-1), CD160 (ligand for herpes virus entry mediator), galectin-
9 and carcinoembryonic antigen-related cell adhesion molecule 1 (ligands for TIM-3), and
CD112 and CD155 (ligands for TIGIT), are found on the surface of antigen presenting cells
(APCs)?. However, tumour cells exploit IC pathways to evade immune destruction
through the upregulation of IC ligands, such as PD-L1 and PD-L2 on their surfaces®’.
Tumour cells also secrete adenosine, which binds A2aR on T cells dampening anti-tumour
T cell function?.

Despite the vast array of ICs expressed on the surfaces of immune cells, to date the majority
of related clinical trials in GOCs and other cancer types have largely focussed on testing
the efficacy of blocking PD-1 and CTLA-4 IC pathways (Table 1.1). Anti-CTLA-4, anti-
PD-1 and anti-PD-L1 ICBs have been FDA approved in first-, second- and third-line
settings, spanning a wide range of malignancies, including melanoma, lymphoma, renal
cell carcinoma, lung cancer and microsatellite instability-high (MSI-H) cancers®-®2, They
have been approved as monotherapies, as a dual anti-PD-1/anti-CTLA-4 cocktail or in
combination with chemotherapy or anti-angiogenic drugs (receptor tyrosine kinase
inhibitors against vascular endothelial growth factor receptor 1, 2 and 3)%°%2,

Two ICBs have been FDA approved as part of second and third-line settings for treating
GOCs. In 2017, single agent pembrolizumab (Keytruda), an anti-PD-1 monoclonal

antibody, was FDA-approved for the treatment of advanced or recurrent GC or OGJ cancers



45

in the third-line setting for tumours expressing PD-L1 (combined positive score (CPS)
>1)%3. In 2019, single agent pembrolizumab was also granted FDA approval in the second-
line setting for the treatment of OSCC patients with recurrent, locally-advanced, or
metastatic disease, whose tumours express PD-L1 (CPS >10%)%.

Chen et al., performed a meta-analysis for clinical trials testing the efficacy of anti-PD1,
anti-PD-L1 and anti-CTLA-4 ICBs in advanced GCs and OGJs, which demonstrated that
the addition of ICBs to the second- and third-line setting for treating GOCs improves some,
but not all survival endpoints®. The objective response rates were 9.9%, 12.0% and 2.1%,
respectively and the disease control ratios were 33.3%, 34.7% and 30.1%, respectively®®.
The median progression-free survival (mPFS) was 1.6, 1.6 and 2.9 months, respectively
and the median overall survival (mOS) of the three groups was 6.0, 5.4 and 7.7 months,
respectively®. ICBs targeting the PD-1 pathway were more effective in GC patients who
were PD-L1*, MSI-H, Epstein-Barr virus positive or have a high tumour mutational burden
(TMB)®%. These features have demonstrated the greatest success for distinguishing
responders from non-responders, acting as surrogate markers of pre-existing anti-tumour
immunity®.

Immunogenic ‘hot’ tumours are characterised by T cell infiltration, the presence of effector
mediators, such as granzyme B, in addition to interferon-gamma (IFN-y)-induced PD-L1
expression®. However, ICBs are thought to be largely ineffective in non-immunogenic
‘cold’ tumours, where there is an absence of pre-existing anti-tumour immunity and
therefore no immune response to reinvigorate®”. Thus, it is crucial to elucidate the
underlying cellular and molecular mechanisms that contribute to the generation of non-
immunogenic tumours in order to enable the design of rational therapeutic approaches to
convertcold’ tumours to ‘hot’ tumours, or alternatively be able to stratify these patients to
receive treatments other than circumstantially ineffective ICBs. Immunogenic cytotoxic
chemotherapies are emerging as a valuable tool to convert ‘cold’ tumours to ‘hot’ tumours,
widening the therapeutic window and benefits of ICBs to a greater spectrum of patients®.
Furthermore, resistance to PD-1 ICBs can be mediated through upregulation of other ICs
including TIM-3 in lung cancer®. Therefore, co-blockade of multiple ICs has been
suggested as a method to overcome/prevent IC blockade resistance and enhance the

efficacy of ICBs targeting the PD-1 pathway.
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Table 1.1: Ongoing clinical trials in GOCs testing the efficacy of ICBs as monotherapies or combination therapies.

Trial Treatment regimen ICB(s) tested Cancer-type Clinical outcomes
NCTO02730546 I/11' pembrolizumab + anti-PD-1 resectable OGJ or recruiting, data pending.
neoadjuvant GC
chemotherapy, and
radiation therapy
NCT02735239 I/11'  durvalumab alone anti-PD-L1 and OC active, data pending.
followed by anti-CTLA-4
capecitabine and
oxaliplatin or
combination
durvalumab +
tremelimumab +
oxaliplatin and
capecitabine or

durvalumab + paclitaxel
+ carboplatin +
radiation or durvalumab
+ FLOT (5-FU,
leucovorin, oxaliplatin

and docetaxel)
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NCT02559687 I pembrolizumab anti-PD-1 OC, 0GJ mPFS: 2 months and mOS: 5.8 months™

(KEYNOTE-180)

NCT02564263 i pembrolizumab versus anti-PD-1 OGJ and OSCC mOS for OGJ cohort: 7.1 months

(KEYNOTE-181) paclitaxel + docetaxel + (pembrolizumab) versus 7.1 months
irinotecan (chemotherapy), OSCC cohort: 8.2

months (pembrolizumab) versus 7.1
months (chemotherapy), OGJ/OSCC
cohort with PD-L1 expression CPS >10:
9.3 months (pembrolizumab) versus 6.7
months (chemotherapy). 12-month OS
rates for OGJ cohort: 32%

(pembrolizumab) Versus 24%
(chemotherapy), OSCC cohort: 39%
(pembrolizumab) Versus 25%

(chemotherapy) and for OGJ/OSCC with
PD-L1 expression CPS >10: 42%

(pembrolizumab) Versus 20%
(chemotherapy), (n=628)"".
NCT02340975 Ib/I1 tremelimumab  versus anti-CTLA-4, 0GJ, GC data pending.

durvalumab versus anti-PD-L1
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tremelimumab +
durvalumab

NCT02370498 Il pembrolizumab versus anti-PD-1 0GJ, GC mOS: 9.1 months (pembrolizumab)

(KEYNOTE-061) paclitaxel versus 8.3 months (paclitaxel) and

mPFS: 1.5 months (pembrolizumab)
versus 4.1 months (paclitaxel)’.

NCT02589496 I pembrolizumab anti-PD-1 0GJ, GC overall response rate: 24.6%. 85.7% of

patients with MSI-H responded and
100% patients with Epstein-Barr virus*
responded?®,

NCTO02901301 Ib/I1  triplet pembrolizumab + anti-PD-1 HER2" GC mPFS: 8.6 months, mOS: 18.4 months
trastuzumab + HER2* OC, OGJ, and objective response rate of 76.7%,
chemotherapy GC n=43"4,

(capecitabine +
cisplatin)

NCT02494583 i pembrolizumab versus anti-PD-1 0GJ, GC mOS: 10.6 months (pembrolizumab)

(KEYNOTE-062) pembrolizumab + versus 11.1 months (chemotherapy) and
cisplatin + 5- 12.5 months (combined pembrolizumab
FU/capecitabine or and chemotherapy). mPFS: 2 months
cisplatin + 5- (pembrolizumab) versus 6.4 months

FU/capecitabine
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(chemotherapy) and 6.9 months
(pembrolizumab and chemotherapy)™.

NCT02625610 Il avelumab versus anti-PD-L1 0GJ, GC mOS: 10.4 months (avelumab) versus

(JAVELIN Gastric oxaliplatin + 10.9 months (chemotherapy), objective

100) capecitabine/5-FU response rate: 13.3% (avelumab) versus
14.4% (chemotherapy). mPFS: similar
between arms (HR 1.04 [95% CI 0.85-
1.28]) for n=49976,

NCT02625623 i avelumab versus anti-PD-L1 0GJ, GC mOS: 4.6 months (avelumab) versus 5.0

(JAVELIN Gastric
300)

irinotecan + paclitaxel

months (chemotherapy) and mPFS: 1.4
months (avelumab) versus 2.7 months
(chemotherapy) (n=371)"".

NCT02872116 1

nivolumab +
ipilimumab Versus
nivolumab + oxaliplatin
+  5-FU/capecitabine
(FOLFOX/XELOX)
Versus
FOLFOX/XELOX

anti-PD-1, anti- OGJ, GC
CTLA-4

data unavailable’. Trial ended due to

toxicities and death.

NCT02864381 I

nivolumab Versus
nivolumab + GS-5745

anti-PD-1, MMP- O0OGJ, GC
9 inhibitor

data pending”.
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NCT02340975 Ib/Il second-line patients anti-PD-1, anti- OGJ, GC
received durvalumab + CTLA-4
tremelimumab (arm A),
or durvalumab (arm B)
or tremelimumab
monotherapy (arm C),
and third-line patients
received durvalumab +

tremelimumab (arm D).

overall response rates were 7.4%, 0%,
8.3% and 4.0% in the four arms,
respectively. PFS rates at 6 months were
6.1%, 0%, 20% and 15% and 12-month
OS rates were 37.0%, 4.6%, 22.9%,
38.8%, respectively®®. n=6 in phase Ib
and n=107 in phase Il (arm A: 27; arm B,
24; arm C, 12; arm D, 25) in phase 1.

BSC, best supportive care; CPS, combined positive score; Cl, confidence interval; HR, hazard ratio; MSI-H, microsatellite instability-high; mOS,

median overall survival; mPFS, median progression free survival; OS, overall survival
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1.5 Visceral adiposity promotes immune dysfunction

OGJ is more prevalent in males than females likely due to central obesity affecting more men
than women®. Adipose tissue is deposited subcutaneously and below the waste in most women
contributing to a ‘pear-shaped body’’. While in men and some women, fat tissue is deposited
viscerally and above the waste resulting in central or visceral obesity and an ‘apple-shaped’
body’. Visceral fat is more metabolically active than subcutaneous fat and secretes a range of
cytokines and adipokines generating systemic chronic low grade inflammation and a pro-
coagulant insulin-resistant state which promote tumour development and growth®. It is well-
established that visceral adipose tissue in OGJ patients contributes to tumour development,
progression and treatment resistance via secretion of proinflammatory cytokines, insulin, fatty
acids and leptin, which favours tumour initiation and progression®.82, Visceral obesity plays
an important role in driving cancer development via the pro-inflammatory secretions
interleukin (IL)-6 and tumour necrosis factor (TNF)-from adipocytes and infiltrating immune
cells that reside in the visceral adipose tissue which leak into systemic circulation creating low
grade systemic inflammation increasing the risk of cancer development and progression
(Figure 1.1). An increase in visceral adiposity due to obesity also increases intra-abdominal
pressure, forcing caustic stomach and bile acids into the distal part of the oesophagus giving
rise to the pro-inflammatory condition gastroesophageal reflux disease, which many obese
individuals suffer with and carries an increased risk of developing OGJ®. Approximately 5%
of individuals suffering with gastroesophageal reflux disease progress to the pre-malignant
condition of Barret’s oesophagus which carries an overall 0.05% risk of progressing to OGJ®.
Furthermore, visceral adipose tissue also contributes to the generation of systemic low-grade
inflammation which promotes tumour development, progression and resistance to current
standards of care®. In contrast to lean individuals, adipocytes in obese individuals become
hypertrophic to handle increased lipid storage®®. An expansion of adipocytes leads to hypoxic
areas within adipose tissue, which leads macrophage recruitment and activation, and results in
the generation of a pro-inflammatory environment within adipose tissues®”®8. These
hypertrophic adipocytes can also burst, releasing their contents into the extracellular
environment. Immune cells such as macrophages are recruited to remove the debris, however
lipids can be toxic to immune cells which causes cell death®#. More immune cells are then
recruited, perpetuating this state of chronic systemic inflammation by secretion of IL-6 and

TNF-o® into the circulation and affecting distal organs. IL-6 promotes anti-apoptotic pathways
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and TNF-a activates the transcription of oncogenes contributing to the survival of transformed
cells and development of cancerous lesions®. OGJ patients have higher levels of circulating
IL-6 in their serum compared with healthy controls®. Increased serum levels of 1L-6 positively
correlated with progression from Barret’s oesophagus to OGJ®. IL-6 is one of the key pro-
inflammatory factors that is produced by viscerally obese adipose tissue, playing an important
role in the development of obesity-related systemic low-grade inflammation®2. Receptors for
leptin and adiponectin have been shown to be upregulated in OGJ and correlate with the stage
of the tumour and nodal involvement®3, Leptin promotes tumour development and progression
through promotion cell proliferation and inhibition of apoptotic pathways mediated through
Akt, mitogen-activated protein kinase, and signal transducer and activator of transcription
pathways>+%

Resistance to first-line chemo(radio)therapy regimens is high across all solid malignancies
including OGJ® Despite the unprecedented efficacy of ICBs the majority of the patients do not
respond®. High tumour mutational burden and a ‘hot’ T cell-inflamed tumour
microenvironment correlate with better responses to ICB therapies®. However, the role of
other factors, such as body mass index is now emerging as a favourable indicator of response
to ICB®. In a recent study, Wang et al'®., have found that obesity impairs T cell function
characterized by increased expression of PD-1 in mice, nonhuman primates, and humans. In
addition, obesity resulted in impaired antitumor immunity and subsequently increased growth
of melanoma, lung, and breast tumours in mice. Leptin also upregulated the expression of PD-
1 on the surface of T cells, causally linking obesity with T cell dysfunction'®. These elegant
studies highlight how obesity-induced T cell dysfunction can be exploited for cancer treatment
where the authors demonstrate that the use of ICB improved response rates in melanoma and
lung tumours in obese mice and patients. The development of obesity-associated cancers such
as OGJ also occurs in a background of inflammation acquiring several mutations overtime
which eventually leads to neoplastic transformation®t, Therefore, it’s plausible that obesity-
associated cancers may have a higher level of non-synonymous and immunogenic neo-epitopes
resulting in a more immunologically hot tumour compared to OGJ cancers that did not develop
as a result of obesity-associated inflammation®. Collectively these observations and findings
highlight how the negative effect of obesity creates a vulnerability that can be harnessed for

cancer treatment by ICB.
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Figure 1.1: Summary of cell types, soluble mediators and pathways that promote OC

initiation/development and progression. Chronic inflammation is the central driver of
dysplasia. Acid reflux resulting from GORD is the major risk factor for OGJ while smoking
and alcohol consumption underpins much of the aetiology for OSCC. OGJ originates from
a precursor lesion known as BO in the lower two thirds of the oesophagus while OSCC

most often arises in the upper third. Anti-inflammatory Th2 responses thought to dominate

chronically inflamed, dysplastic tissue whereas Th1 cells are associated with a normal acute

resolving inflammatory response to epithelial injury. Progression of normal cells to

dysplasia and malignancy is further promoted by the TME. Resident Th2 cells promote M2
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macrophage polarisation leading to ROS accumulation. ROS are genotoxic and can
promote genomic instability, engendering dysplasia as well as tumour progression.
Furthermore, ROS activate a plethora of pro-survival signalling pathways such as ERK,
NF-kB and PI3K/Akt dysregulating key cellular controls and advancing cells towards
transformation. Th2 cells also encourage MDSC activity which suppress Thl cells. Treg
cells have a similar effect and can be recruited to the tumour by M2 macrophages. Tumour
cells themselves can further dampen immune surveillance by expressing co-inhibitory
molecules such as PD-L1 which repress cytotoxicity following ligation with their cognate
receptor PD-1 on T cells. Thl7 cells can counterbalance these inhibitory effects by
promoting Thl polarisation; however, they can also facilitate angiogenesis, a key tumour
hallmark. Angiogenesis is primarily driven by hypoxia as well as by the pro-angiogenic
molecule VEGF. Additionally, release of extracellular matrix (ECM) remodelling enzymes
by CAFs and M2 macrophages contributes to tumour invasion and metastasis. In the case
of OGJ, factors outside of the TME are also central in tumour initiation and progression;
expansion of adipose tissue in obese patients creates hypoxic regions recruiting and
activating macrophages which release pro-inflammatory cytokines such as IL-6 and TNF-
a into systemic circulation. Adipocytes complement this pro-tumour cocktail by secreting
a range of growth factors such as leptin. Combined, these signalling molecules exert a

powerful stimulus promoting abnormal cellular growth and transformation. Adapted from®?

1.6 The tumour microenvironment induces immune suppression

It is well-known that the tumour microenvironment (TME) has profound effects on tumou
progression and response to treatments by mediating immune suppression!®?, The TME
consists of a complex array of immunosuppressive stromal cells including cancer-
associated fibroblasts, tumour-associated macrophages, neutrophils, myeloid-derived
suppressor cells, regulatory T (Tregs) cells, T helper (Th) 17 cells, extracellular matrix,
tumour vasculature and soluble immunosuppressive mediators including transforming
growth factor-p, IL-10, indoleamine 2,3-dioxygenase, arginase, vascular endothelial
growth factor and prostaglandins (Figure 1.2)1°%. These TME factors work in tandem
promoting pro-tumourigenic processes such as angiogenesis, hypoxia to generate and
propagate an immunosuppressive milieu facilitating immune escape and tumour

progression’®,
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Figure 1.2: Overview of the TME in OC. Inhibition of anti-tumour immune responses
(immune evasion), chiefly mediated by Thl cells, is critical to tumour development and
progression. Immunosuppressive cells such as regulatory T cells (Treg cells) and myeloid-
derived suppressor cells (MDSCs) work in tandem with co-inhibitory immune checkpoint
molecules including cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and programmed
cell death protein 1 (PD-1) to repress effector T cell activity. PD-1 ligates with programmed
death-ligand 1 (PD-L1) or PD-L2 expressed on tumour cells while the cognate ligand for
CTLA-4 is CD80/86 expressed on dendritic cells (DCs). Additional immune checkpoint
molecules such as TIM-3 and LAG-3 have been reported on Thl cells in OC. Tumour-
associated macrophages (TAMSs) can be polarised to a pro-tumour M2 phenotype by Th2 cell-
derived IL-4 and IL-13. T 12 cells also release I1L-6 which has notable pro-tumour properties.
TAMs along with cancer-associated fibroblasts (CAFs) release factors such as extracellular
matrix (ECM) remodelling enzymes, transforming growth factor-f (TGFB), CXCL12 and
periostin to promote cancer cell invasion and metastatic dissemination to distant sites via the
blood and lymphatic vessels (latter not shown). Angiogenesis, the induction of new

vasculature, is critical to this process as well as for tumour growth. Vascular endothelial growth
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factor (VEGF) released by tumour cells is integral to this process. Th17 cells also promote
angiogenesis, despite boosting anti-tumour Th1 cell activity. Physiological features of the TME
including hypoxia, acidosis and nutrient deprivation promote pro-tumourigenic immune cells
including TAMs, CAFs Th2 cells and Treg cells and inhibit anti-tumour immune cells
including NK cells and Th1 cells. Adapted from®,

1.6.1 Nutrient depletion
The TME imposes profound metabolic restrictions on antitumour T cells, understanding
these insights is important for informing immunotherapeutic anticancer strategies!®,
Therapeutic approaches such as those targeting metabolic restrictions, including low
glucose levels and hypoxia have shown promise as combination therapies for different
types of cancer'®. Both nutrient deprivation and hypoxia have a profound impact on the
cellular composition of the TME - subsequently promoting or hindering anti-tumour
immune responses. The glucose deprived environment is exacerbated by the poorly-
vascularised TME and cancer cells sequestering glucose for glycolysis to facilitate tumour
progression%, A nutrient depleted milieu arises as a result of rapidly growing tumour cells,
which outcompete anti-tumour immune cells for essential nutrients required for their
optimal function®”. The well-known Warburg effect depicts the metabolic hard-wiring of
tumour cells to carry out aerobic glycolysis providing tumour cells with an immediate
source of fuel but in parallel contributes to rapid depletion of essential nutrients such as
glucose, which is essential for effector T cell function'®. Similarly, arginase and
indoleamine 2,3-dioxygenase selectively deplete arginine and tryptophan which are
essential amino acids required by effector T cells'®. These distinct metabolic pathways in
tumour cells cause functional impairment in immune cells and contribute to immune
evasion'®. Glucose is also an essential nutrient for the metabolic demands and function of
anti-tumour immune cells, particularly effector T cells'®. Glucose is an essential nutrient
which plays an important role during the early stages of T cell activation in regulating T
cell differentiation and maintaining activation states'®. T cell activation involves a
dramatic increase in nutrient uptake. Depletion of glucose or glutamine in cell culture
media during the early stages of T cell activation inhibits T cell expansion, cytokine
production and suppresses pro-inflammatory T cell differentiation'!!. Conversely,
regulatory T cells thrive in a glucose depleted environment as these cell types

predominantly rely on fatty acid oxidation to fulfil their energy demands*'?. Metabolic
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reprogramming in T cells during their activation and differentiation have led to an emerging
concept of “immunometabolism”*®, Considering the recent success of cancer
immunotherapy in the treatment of several cancer types, increasing research efforts are
elucidating alterations in metabolic profiles of cancer and immune cells in the setting of
cancer progression and immunotherapy!4. Therefore, immunometabolism is a key factor
in regulating immune responses in the tumour. Immune checkpoint blockade (ICB), in
particular programmed death-1 (PD-1) blockade, promotes the metabolic fitness of
exhausted immune cells, reinvigorating and enhancing anti-tumour effector T cell

responsest®.

1.6.2 Hypoxia

Tumour vasculature is characterised as a chaotic network of tortuous and leaky blood
vessels comprising dysfunctional endothelial cells with decreased expression of adhesion
molecules required for immune cell extravasation to the tumour and aberrant pericyte

coverage!!®

. Oxygen is also consumed by rapidly growing tumour cells generating hypoxic
‘pockets’ within the tumour and in conjunction with nutrient depletion. Tumour hypoxia
profoundly impacts the TME, in part via hypoxia-inducible factor 1-a (HIF1-a)). Hypoxia
increases the expression of HIF1-a which promotes carcinogenesis and tumour growth via
the regulation of genes involved in angiogenesis, glycolytic metabolism and other
biological mechanisms®. Under normoxia HIF remains in an inactivated form by prolyl
hydroxylase enzymes 1-3 using oxygen as a substrate'®*. Once HIF is hydroxylated it binds
to a protein called VVon Hippel Lindau protein for its degradation, whereas under hypoxia
HIF is stabilized and HIF translocates to the nucleus to carry out transcription of oncogenes
to promote angiogenesis, metastasis and glycolytic metabolism by transcribing mediators
such as VEGF, HGF and Met*%!, HIF-1 which is a heterodimer comprising of two forms,
the form o is expressed in manner oxygen dependent, the form P is expressed
constitutively!®. Hypoxia profoundly alters immune cell phenotypes, in particular the
myeloid compartment, which comprises of macrophages and myeloid-derived suppressor
cells that cooperatively promote immune evasion, tumour cell survival and metastatic
dissemination®. Tumour hypoxia promotes the recruitment of regulatory T cells through
induction of the chemokine CC-chemokine ligand 28 which, in turn, promotes tumour

tolerance and angiogenesis!’. Pro-angiogenic processes and hypoxia have profound effects
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on the metabolism of not just cancer cells but also stromal and tumour-infiltrating immune
cells, this subsequent metabolic reprogramming in immune cells ultimately promotes pro-

tumourigenic immune cell phenotypes'®’.

1.6.3 Acidosis

Solid tumours possess regions of acute and chronic hypoxia that can select for metabolic
transformations in cells®°. Tumour cells exposed to chronic or intermittent hypoxia can
transiently express a glycolytic phenotype, which can eventually become hard-wired even

under aerobic conditions'?®

. A rapid rate of glycolysis coupled with poor tumour perfusion
leads to acidification of the extracellular tumour microenvironment, which can be cytotoxic to
both immune cells and tumour cells*?°. However, these harsh conditions select for a phenotype
that enables cancer cells to survive, proliferate, and eventually metastasize to secondary sites
as demonstrated by Moellering et al*?’. In that study Moellering et al., acclimatised human
melanoma cells to low pH growth conditions, which resulted in a substantial amount of cell
mortality. However, re-acclimatisation of the surviving cells to a physiological pH gave rise to
stable populations with an increased invasive phenotype!?!. Furthermore, tumoural acidity
induces tumour cell and stromal cell autophagy, tumour cell genome instability as well
conferring resistance to chemo(radio)therapy*?>1?2, Administering systemic buffer therapies to
neutralize tumour acidity has been shown to inhibit local invasion and metastasis and improve
immune surveillance in a variety of cancer model systems, underlining the prominent and
important role of tumoural acidosis in driving malignant progression and dampening anti-
tumour immunity*2%22, A large body of evidence in the literature indicates that protons present
in the tumour microenvironment as a result of tumour acidification are recognised as a damage-
associated molecular pattern by DCs and subsequently enhance DC maturation and function?3,
However, the opposite has been proven for the effect of acidosis on lymphocyte function,
which has been shown to suppress IFN-y production by Thl cells and CD8" T cell cytolytic

ability!?*, inducing an anergic state'?.

1.70vercoming ICB resistance using conventional chemotherapy regimens

Emerging studies demonstrate that the presence of tumour-associated antigens and neoantigens
is a superior biomarker of response to ICBs compared with the presence of tumoural PD-L1

expression?8. Studies from The Cancer Genome Atlas reveal that only 22% of GCs are MSI-
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H, suggesting that a significant proportion of GC patients are unlikely to respond to ICBs, thus
requiring additional therapeutics to sensitise their tumours to ICBs!?"'?8 As such,
chemotherapies that induce DNA damage in cancer cells, consequently increasing their
immunogenicity through the generation of neoantigen-yielding nonsynonymous mutations, are

emerging as an attractive tool to sensitise TMB-low tumours to ICBs'?®

. However,
chemotherapy also exerts a range of effects on the immune system depending on the agent and
dose given, either leading to an augmentation of anti-tumour immunity or the induction of
immunosuppression'®, The ability of chemotherapy to induce immunogenic tumour cell death
(ICD) determines how the dying tumour cell interacts with the immune system and whether an
anti-tumour immune response will be triggered!3!. Chemotherapy-induced DNA-damage is
associated with increased antigen presentation and the recruitment of APCs to the tumour
microenvironment (TME)*2-134, Therefore, chemotherapy is a potentially useful strategy to
overcome low TMB and enhance anti-tumour immunity. Conventional chemotherapy regimens
are administered using a maximal tolerated dosing schedule, typically resulting in
lymphodepletion and destruction of both anti-tumour and immunosuppressive immune cells®3®.
In response to chemotherapy-induced lymphodepletion, homeostatic T cell reconstitution
occurs, generating new populations of T cells, which are subsequently educated in the
thymus®3®®. This temporal therapeutic window offers an opportunity to shape the T cell
repertoire towards tumour antigens released from tumour cells that have died via
chemotherapy-induced ICD. To support the synergy between chemotherapy and ICB
combinations in OGJ the phase Il CheckMate 649 trial demonstrated that combining
nivolumab with first-line chemotherapy (FOLFOX and XELOX) in previously untreated OGJ
patients (n=1,581), significantly improved overall survival in patients with a PD-L1 combined
positive score of 5 or greater (14.4 months (nivolumab + chemotherapy arm) vs. 11.1 months
(chemotherapy arm))19. Furthermore, the nivolumab + chemotherapy arm also reduced the
risk of death by 29% (HR, 0.71; 98.4% Cl, 0.59-0.86; p<0.0001)**®. The findings from this trial
highlight the potential therapeutic synergy that can be exploited between chemotherapy and
ICB. Several supporting studies have demonstrated that the clinical efficacy of chemotherapy
is not solely due to the direct killing of tumour cells but also results from the restoration of
immunosurveillance'®. Individual chemotherapies have a range of effects on the immune
system; the immunomodulatory mechanisms of each chemotherapy used in the treatment of
GOCs is summarized in Table 1.2.
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Table 1.2: Immunomodulatory mechanisms of chemotherapies used in the treatment of

GOCs.
Chemotherapy Chemotherapeutic Mechanism of immunomodulation

class

5-FU anti-metabolite increases the frequency of tumour-
infiltrating CTLs'®, depletes tumour-
associated MDSCs™*, release of HSPs'*,
enhances DC maturation and cross-

presentation of tumour antigens to T cells'®.

oxaliplatin alkylating agent increases T cell recognition, induces CRT
expression, HMGB1 and ATP release,
increases the CTLs/regulatory T cell ratio,
depletes MDSCs, improves the activity of
neutrophils and macrophages4.

docetaxel taxane regulatory T cell and MDSC depletion®*?,

DC maturation*3.

carboplatin alkylating agent single agent effects unknown.

paclitaxel taxane depletes regulatory T cells!** and MDSCs%,

induces DC maturation3,

ATP, adenosine triphosphate; CRT, calreticulin; CTLs, cytotoxic T lymphocytes; DC,
dendritic cell; 5-FU, 5-fluorouracil; HMGB1, high mobility group box protein 1; HSP, heat
shock protein; MDSCs, myeloid-derived suppressor cells.

Immunostimulatory chemotherapies induce ICD via the release of damage-associated
molecular patterns (DAMPs). ICD is characterized by the induction of tumour cell apoptosis
and concurrent appearance of DAMPs on the cell surface or by the release of DAMPSs into the
extracellular TME¢, DAMPs indirectly trigger anti-tumour immunity via binding to pattern
recognition receptors, such as CD91 and toll-like receptor-4 on APCs, inducing maturation and
activation of DCs and subsequent activation and mobilisation of anti-tumour T cells to the
tumour site!*’. Studies highlighting the different mechanisms of ICD induced by specific
chemotherapies used for treating GOCs are outlined below. Figure 1.3 summarises the

mechanisms that mediate ICD.
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1)

2)

3)

4)

Calreticulin (CRT) is a pre-apoptotic marker which translocates from the endoplasmic
reticulum to the cell surface as a result of endoplasmic reticulum stress**. Membrane
exposure of CRT acts as a phagocytic ‘eat me’ signal and attracts APCs to the tumour site.
Binding of CRT to CD91 on the surface of DCs and macrophages mediates phagocytosis
of the dying tumour cell and subsequent antigen processing and presentation to T cells'4,
Binding and activation of CD91 also induces the production of pro-inflammatory tumour
necrosis factor-alpha (TNF-a) and interleukin (IL)-614°. Oxaliplatin has been shown to
induce cell surface CRT expression in colorectal cancer!*! and murine lung carcinoma®®,
while docetaxel induced CRT cell surface expression in breast, prostate and colorectal
cancer cell lines in vitro®™.

Following, exposure of pre-apoptotic CRT on the cell surface, adenosine triphosphate
(ATP) is released from lysosomes during the blebbing phase of apoptosis into the
extracellular TME®®2, ATP acts through the ATP-purinergic P2Y2 ligand-receptor axis,
functioning as a chemotactic signal attracting DCs and macrophages, leading to their
maturation®2, Oxaliplatin has been shown to induce ATP secretion in colorectal cancer!4!
and murine lung carcinoma®®°.

The release of high mobility group box protein 1 (HMGB1) from dying cancer cells binds
toll-like receptor (TLR)-4 on the surface of APCs, stimulating their activation and
maturation®®, Studies have demonstrated that HMGBL1 is important for ensuring optimal
processing and phagocytosis of tumour peptides'®. HMGB1 also binds the receptor for
advanced glycation end products resulting in downstream activation of NF-xB and MAPK,
promoting DC maturation and subsequent migration to the lymph node!®3. Docetaxel (lung
adenocarcinoma®®*), oxaliplatin (colorectal cancer**! and lung carcinoma®®!) and 5-FU
(colon carcinoma cells*®) all induce tumour cell secretion of HMGBL1. Paclitaxel, but not
carboplatin, was found to induce ICD through the release of HMGB1 and activation of
TLR-4-dependent and -independent pathways in ovarian cancer®®,

ICD results in the increased production and release of inducible heat shock proteins (HSPs),
part of the adaptive stress response, namely HSP70 and HSP90, which enhance DC
maturation via binding to CD91 on their surface®®’. HSPs bind tumour antigens and guide
antigen presentation for T cell activation'®®, HSPs are also known as chaperone proteins
due to their regular function in mediating the refolding of misfolded proteins or in the

degradation of damaged proteins®®’. 5-FU induces production of HSP70 in GC°.
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5) Additionally, chemotherapy can also activate the stimulator of IFN genes (STING)
pathway, which is critical in generating an effective anti-tumour immune response'®®.
Cyclic GMP-AMP synthase detects cytosolic double-stranded DNA, another DAMP,
resulting in the production of cyclic GMP-AMP, which activates STING and induces the
expression of type | interferons'®. Type | interferons induce the release of CXCL10, an
effector T cell chemoattractant that binds CXCR3 on effector T cells!®, Paclitaxel has been
shown to induce the activation of STING in breast cancer cells in vitro®!, while oxaliplatin

induces the production of type I interferons in ovarian cancer in vitro®®?,
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Figure 1.3: Immunogenic chemotherapies stimulate anti-tumour immunity via induction
of ICD. Mechanisms of ICD induced by chemotherapies used to treat gastroesophageal
malignancies. Different chemotherapies induce ICD through diverse pathways and include the
release of tumour antigens from dying cancer cells, translocation of CRT to the tumour cell
surface and the secretion of DAMPs, such as HMGB1 and ATP. CRT, HMGB1 and ATP bind
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their respective receptors calreticulin receptor (CRTR), toll-like receptor-4 (TLR-4), and the
P2RX7 receptor on immature DCs, respectively. The binding of DAMPs to their receptors on
immature DCs results in their maturation and subsequent migration to lymph nodes. In the
lymph nodes, mature DCs activate antigen-specific cytotoxic CD8" T cells (CTLs). Activated
CTLs then migrate to the tumour and Kill tumour cells expressing their cognate tumour
antigens. Certain chemotherapies result in the activation of STING and subsequent production
of type I interferons further enhancing anti-tumour immunity. Adapted from?,

GOCs are highly heterogeneous cancers and emerging evidence suggests that they can be
stratified into unique immune-based subtypes'®*1%®, In a study of 1,524 GC patients, distinct
TME phenotypes were identified and associated with prognosis. The high TME score subtype
was characterized by immune activation and was an independent prognostic biomarker in
predicting response to immunotherapy. Immune activation was defined by enrichment for
genes involved in response to viruses (IFNG, TRIM22, CXCL10, CXCL9, and CD8A),
response to IFN-y (HLA-DPB1, CCL4, CCL5, and IFNG) and T-cell activation (TRBC1,
IDO1, CD2, NLRP3, and CD8A). The low TME score subtype was enriched for genes involved
in extracellular matrix remodelling (DCN, TIMP2, FOXF2, and MYH11), epithelial
mesenchymal transition (EMT) (ACTA2, TGFB1L1, and SFRP1), cell adhesion and
angiogenesis (PDGFRA, GREM1, and TMEM100), which are considered suppressive factors
for T cells and may be responsible for significantly worsening prognosis in GC patients'®*,
Relative to other tumour types, OGJ has a relatively high TMB and ranked 5th of 30 tumour
types in terms of TMB%167 A study of 129 OGJ patients identified 3 subgroups based on
mutational signatures. The “mutagenic” subgroup displayed the highest TMB, neoantigen
burden and CD8" tumour infiltrating lymphocyte density, which may lead to an increased
response to ICBs®,

An additional study of 551 OGJ patients demonstrated a three-way association between
hypermutation, activation of the Wnt pathway and loss of immune signalling genes, such as 32
microglobulin, a component of the major histocompatibility complex-1, which is associated
with T cell exclusion from the tumour!®®. Hypermutation is associated with higher immune
activity, while Wnt dysregulation and loss of 2 microglobulin is associated with immune
escapel’®. This provides an acquired mechanism through which OGJ may prevent immune
surveillance induced by a high TMB, potentially contributing to the lack of response to ICBs
in OGJ.
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Contextually, a “one size fits all” approach will unlikely be suitable for treating GOCs with
ICB, chemotherapy and their combinations. The available evidence to date supports the
premise that certain tumours will likely respond better to ICBs, whereas tailored combination
approaches will be required to sensitise other tumours.

1.8The double-edged sword of chemotherapy provides a therapeutic niche for
ICBs

1.8.1 Chemotherapy upregulates immune checkpoints on the surface of cancer

cells

Chemotherapy may be a double-edged sword in cancer, tumour-promoting or tumour-
inhibiting, depending upon the circumstances. Several studies have highlighted a role for the
immune system in the development of chemoresistance. In particular, chemotherapy-induced
PD-L1 upregulation on the surface of breast cancer cells results in immune evasion via ligation
of PD-L1 to PD-1 on T cells, thereby inducing T cell apoptosis'’t. Additionally, in vitro and in
vivo murine model studies!’? demonstrate that cisplatin upregulates PD-L1 on head and neck
squamous cell carcinoma cells'’? and ovarian cancer cells*”. It has been demonstrated that 5-
FU increases PD-L1 expression on the surface of colorectal and OGJ cancer cells in vitro™.
However, the post-treatment expression levels of PD-L1 on OGJ cells from ex vivo tumour
tissue that received 5-FU, cisplatin and radiation, was not significantly different compared with
matched treatment-naive tumour tissue (n=10)"4. Several studies have demonstrated that DNA
damage signalling upregulates PD-L1 expression on the surface of cancer cells'”>!’® and that
PD-L1 cancer cell-intrinsic signalling mediates DNA repair, including base excision repair in
osteosarcoma, breast and colorectal cancer'’®. This suggests that the 5-FU-induced PD-L1
upregulation on cancer cells in vitro may be as a result of the 5-FU-induced DNA damage,
which would be repaired by the time the biopsy is taken post-treatment!’. In a study by Ng et
al., PD-L1 was expressed in 21% of OSCC tumours, as determined by immunohistochemistry
(n=84)'"". PD-L1 staining positively correlated with advanced stage 11l and IV disease and
lymph node metastasis!’’. Combination cisplatin and 5-FU and combination carboplatin and
paclitaxel significantly upregulated PD-L1 on OSCC cells in vitro via the EGFR/ERK and
MAPK/MEK pathways. The chemotherapy-induced PD-L1 upregulation may be a pro-survival
strategy to protect against chemotherapy-induced cell death and/or the chemotherapy may be
selecting for a more aggressive and resistant clone, highlighting the double-edged sword of
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chemotherapy!’’. A study by Fournel et al., reported significantly increased PD-L1 expression
on both lung cancer cells and tumour-infiltrating immune cells following cisplatin-based
chemotherapy (n=22)!®. Cisplatin treatment also significantly increased PD-L1 expression on
tumour cells in nude and immunocompetent mice bearing lung carcinoma tumourst’®,
Combined anti-PD-L1 antibody and cisplatin significantly reduced tumour growth compared
to single agent treatment and controls in Lewis lung murine modelst®,

Overall, the chemotherapy-induced upregulation of PD-L1 on the surface of tumour cells is
presenting a therapeutic target. It is unclear what mechanisms are regulating the chemotherapy-
induced upregulation of PD-L1; be it in response to chemotherapy-induced cancer cell
secretion of cytokines known to upregulate PD-L1, such as IFN-y1’# and transforming growth
factor-p*’®, or DNA damage signalling'”>1’®. Emerging studies have demonstrated that cancer
cell-intrinsic signalling of PD-L1 and other ICs promote various immune-independent
hallmarks of cancer and that blockade of these pathways may have additional benefits in terms

of reducing overall tumour burden?®-183,

1.9Immune checkpoint signalling promotes cancer hallmarks in addition to

immune evasion

Several studies have identified PD-1182184-186 T|\-3187.188 \/|STAI891% and TIGIT! IC
receptors on the surface of cancer cells across a range of malignancies. Tumour-expressed IC
receptors have novel immune-independent functions associated with various hallmarks of
cancer via cancer cell-intrinsic signalling including glycolysis'®®, DNA repair'®!,

proliferation'®?, invasion and migration (Figure 1.4)8718,
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Figure 1.4: Cancer cell-intrinsic signalling of IC ligands and cognate receptors promotes
a range of immune-independent hallmarks of cancer. Several studies in a range of cancer
types including lung, melanoma, head and neck, colorectal, gastric and oesophageal cancers
have demonstrated that cancer cell-intrinsic signalling of various IC ligands and receptors
promotes a range of hallmarks of cancer other than immune evasion. This figure summarises
the results from a range of studies demonstrating that activation of these pathways promotes
proliferation, invasion, migration, metabolism, DNA repair and confers chemoresistance.
Adapted from?63,

Sustained proliferative signalling is another hallmark of cancer and is mediated by oncogenic
signalling in tumour cells including RAS, MYC, RAF and MAPK signalling pathway*’.
Studies in other cancers, including pancreatic ductal adenocarcinoma have demonstrated that
activation of PD-1 signalling in vitro using recombinant PD-L1 promotes proliferation via
MAPK signalling®®. Similarly, PD-1 overexpressing murine melanoma tumours demonstrate
increased tumourigenlCBty compared with PD-1 knockdown murine melanoma tumours in
NOD SCID gamma mice (IL-2R y-chain (-/-)), identifying an immune-independent role for
cancer cell-intrinsic PD-1 signalling in tumourigenesis®®2.

Cancer cells also possess increased migratory and invasiveness characteristics to promote
metastatic dissemination and is a key hallmark of cancer®’ and one of the principal causes of

mortality in OGJ patients'®. Interestingly, it has been shown that the levels of TIM-3 in GC
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tissue are higher in adjacent normal gastric tissue'8®

. Decreased galectin-9 and increased TIM-
3 correlated with poor prognosis in GC®, Similarly, TIM-3 was also identified on the surface
of HeLa cervical cancer cells in vitro and high expression of TIM-3 on cervical tumour cells
correlated with advanced cancer grade and decreased OS compared with patients who had
lower tumour cell TIM-3 expression'®’. Downregulating TIM-3 using adenoviral mutants
encoding anti-sense TIM-3 significantly decreased the in vitro invasive capacity of HeL a cells,
highlighting an immune-independent role for this 1C87,

It has been shown that the A2aR IC receptor is also expressed on the surface of GC cells.
Activation of A2aR by adenosine promotes GC cell metastasis by enhancing PI3K-AKT-
mTOR signalling'®*. The expression of A2aR positively correlates with TNM stage and is
associated with poor outcomes!®*. Binding of adenosine to A2aR induces migration and
invasion, increases pseudofoot and ciliary growth and increases expression of matrix
metalloproteases, such as MMP-9 and MMP-13, which are required for invasion and migration
in GC cells!®, among others. Adenosine was shown to upregulate stemness-associated and
EMT-like proteins, including SOX2 (SRY-box 2), OCT4 (POU class 5 homeobox 1), Nanog,
CD44, and CD133 via A2aR receptor axis!®. PI3K inhibition significantly inhibited
adenosine-induced EMT, stemness and migration in GC cell lines in vitro'®*, Human GC
tumour xenograft mice injected with A2aR knockout GC cells had significantly reduced
numbers and size of micrometastatic lung lesions compared to mice injected with GC cells
expressing A2aR%,

Cancer stem-like cells (CSCs) play important roles in tumour initiation, treatment resistance,
tumour recurrence and are thought to play a key role in mediating metastatic dissemination a
hallmark of cancer!®®. Cancer stem-like cells are typically resistant to conventional cytotoxic
regimens which selectively target rapidly growing cells, however cancer stem-like cells have a
low proliferative index and often survive chemo(radio)therapy regimens and following
treatment these treatment resistant cancer stem-like cells proliferate giving rise to a treatment
resistant tumour'®®, Kollmann et al., recently reported that PD-1 is expressed on 77% of OGJ
patient tumours (n=168) at levels greater than 5%, as determined by immunohistochemical
analysis'®. Additionally, PD-1 has been found to be preferentially expressed on melanoma
CSCs in melanoma xenografts and melanoma patient biopsies, as characterised by the
expression of tumour-initiating cell determinant ABCB5!. CSCs exist as a small sub-
population of cells within a tumour, which are more resistant to therapies and persist following

conventional chemoradiotherapy*®®. CSCs are thought to be primarily responsible for tumour
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initiation, treatment resistance and disease recurrence®®

and destruction or complete removal
of CSCs is essential for complete tumour eradication®. It remains to be determined if blocking
PD-1 on the surface of CSCs can render them more sensitive to chemotherapy-induced cell
death, or whether this may contribute to the striking clinical efficacy of PD-1 ICBs in
melanoma - a question that certainly warrants further investigation.

A study by Hsu et al., demonstrated that the process of EMT upregulates PD-L1 on CSCs via
the EMT/B-catenin/STT3/PD-L1 signalling axis?®. Induction of EMT promotes N-
glycosyltransferase STT3 transcription through -catenin and subsequent STT3-dependent N-

glycosylation inducing PD-L1 upregulation®

. The enrichment of PD-L1 on CSCs may enable
this aggressive subpopulation of cancer cells.

Collectively, these studies highlight the inhibitory effects of ICBs on the various hallmarks of
cancer (other than immune evasion), including cancer cell metabolism, proliferation,
metastasis and invasion. It is possible that chemotherapy drugs may indirectly activate these
immune-independent pathways via upregulation of IC ligands and receptors on cancer cells
and immune cells. Chemotherapy may predispose patients to respond to ICBs as a result of
higher 1C expression and ultimately enhance response rates. However, recent studies have also
shown that IC cancer cell-intrinsic signalling can confer chemoresistance via immune-

independent mechanisms&-183,

1.10 Immune checkpoint signalling can confer chemoresistance via immune-

independent mechanisms

Several studies have demonstrated that IC cancer cell-intrinsic signalling offers protection to
cancer cells against chemotherapy-induced cell death?®'. One study showed that a 5-FU
resistant GC cell line SGC7901/5-FU expressed significantly higher levels of cell surface PD-
1 than 5-FU sensitive SGC7901 cells?®?. Upregulation of PD-1 in SGC7901 cells protected
against 5-FU chemotherapy-induced cell death, increased proliferation and upregulated the
expression of the Bcl-2 anti-apoptotic protein and chemotherapy efflux pump, ATP binding
cassette subfamily C member 12°2, Downregulating PD-1 expression in SGC7901/5-FU cells
reduced 5-FU resistance demonstrated by a decrease in proliferation and increase in
apoptosis?®?,

Other studies have reported a higher expression of PD-1 and PD-L1 on tumour cells that are

more resistant to cisplatin in small cell lung cancer®® and GC?% in vitro and ex vivo. PD-1 and
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PD-L1 were expressed at significantly higher levels on cisplatin resistant (H69R and H82R)
compared to cisplatin sensitive small cell lung cancer cells (H69P and H82P) in vitro'€®.
Additionally, small cell lung cancer tumour tissue in the treatment-naive setting had lower
expression of PD-1 and PD-L1 than resistant tumours'®. Of significant clinical relevance,
blockade of PD-1 and PD-L1 resensitised cisplatin resistant small cell lung cancer cells to
cisplatin®®®. Several studies have demonstrated that DNA damage signalling upregulates PD-
L1 expression on the surface of cancer cells!’™1762% and that PD-L1 cancer cell-intrinsic
signalling mediates DNA repair?®, including base excision repair in osteosarcoma, breast and
colorectal cancer'’®. Therefore, blockade of PD-L1 on the surface of GOC cells could prevent

repair of chemotherapy-induced DNA damage, thereby enhancing chemotherapy toxICBty.

1.11 Clinical trials assessing ICB-chemotherapy combinations

There is minimal clinical data available to determine if the addition of ICBs to chemotherapy
regimens will enhance the efficacy of chemotherapy in GOCs. However, a range of clinical
trials are ongoing to answer this clinically relevant question.

Results from the phase 111 keynote-062 trial with 763 OGJ/GC patients show the objective
response rate is higher in the combined pembrolizumab and chemotherapy arm (cisplatin + 5-
FU/capecitabine) versus the chemotherapy alone arm. The mOS was 10.6 months
(pembrolizumab) versus 11.1 months (chemotherapy) and 12.5 months (combined
pembrolizumab and chemotherapy). The mPFS was 2 months (pembrolizumab) versus 6.4
months (chemotherapy) and 6.9 months (pembrolizumab-chemotherapy)”®.

The addition of ICBs to chemotherapy for the treatment of lung cancer patients substantially
enhanced the efficacy of chemotherapy inducing synergistic effects with improved and durable
clinical responses?®*. A phase Il study in non-squamous non-small cell lung cancer (n=123)
demonstrated that the addition of pembrolizumab significantly enhanced response rates to
carboplatin and pemetrexed, which led to accelerated FDA approval (overall response rate:
55% for pembrolizumab-chemotherapy arm versus 29% for chemotherapy only arm)?®. The
PFS was 19 months for the pembrolizumab-chemotherapy arm versus 8.9 months for the
chemotherapy only arm (median follow-up of 18.7 months)?%. This is encouraging data for the
use of ICBs to enhance response rates to chemotherapy regimens.

An ongoing phase Il trial demonstrated that 39% of OSCC patients (9/31) achieved a
pathological complete response to combination atezolizumab and CROSS treatment?®,

However, no CROSS only arm was included in the trial design so it is not possible to determine
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if adding atezolizumab to the CROSS regimen enhanced efficacy?®®. However, the authors
suggest that despite the small cohort, this was a promising result as the CROSS trial
demonstrated that 23% of OC patients (47/161) receiving CROSS achieved a pathological
complete response rate compared with 39% of OSCC patients in this phase 11 trial (9/31)%.

An ongoing phase Il study (KEYNOTE-059, NCT02335411) in GC and OGJ patients is
investigating pembrolizumab in three different arms, which include: (1) pembrolizumab, 5-FU
and cisplatin in treatment-naive patients, (2) single agent pembrolizumab in previously treated
patients and (3) treatment-naive patients. Preliminary safety data from the pembrolizumab, 5-
FU and cisplatin arm reported that grade 3-4 treatment related adverse effects were documented
in 37% of patients (n=18, median follow-up was 5.5 months). This trial is forecast to reach

completion in May 202227,

1.12 Co-blockade of multiple immune checkpoints in GOCs to enhance

response rates

The vast array of IC receptors and ligands expressed on immune cells and cancer cells suggests
non-redundant functions with unique roles in immunological tolerance in cancer but ultimately
synergise to inhibit T cell function. Co-expression of PD-1 with other ICs characterizes a more
dysfunctional population of tumour-infiltrating lymphocytes (TILs) compared with TILs
expressing PD-1 alone in GOC patients?®®, Dual blockade of CTLA-4 and PD-1 can achieve a
more effective anti-tumour immune response as both the CTLA-4 and PD-1 pathways inhibit
T cell activation and function using non-redundant mechanisms2%.

PD-1 regulates primed T cells in lymphoid organs, peripheral tissues and tumours where PD-
L1 and PD-L2 are expressed. PD-1 blockade reinvigorates exhausted T cells enhancing their
anti-tumour effector function. CTLA-4 blockade increases the level of IFN-y-producing TILs
which subsequently upregulates IFN-y-driven expression of PD-L1 on immune cells and
tumour cells.

CTLA-4 attenuates initial T cell priming in secondary lymphoid organs inhibiting the
activation of naive and memory T cells?%°, In Treg cells PKC-n kinase is constitutively bound
to the cytoplasmic domain of CTLA-4 and it is believed that this interaction plays a key role in
the function of CTLA-4 in Tregs?*°. The second mechanism involves CTLA-4 expressing T
cells inhibiting activation of neighbouring T cells in a cell-extrinsic fashion?!®. CTLA-4
binding to CD80/CD86 on the surface of DCs stimulates DCs to secrete the
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immunosuppressive tryptophan-degrading enzyme IDO, thereby suppressing the function of
neighbouring T cells?®, Additionally, CTLA-4 binding to CD80/CD86 induces
transendocytosis of CD80/CD86 and intracellular degradation of the ligands by the CTLA-4
expressing cell thereby, reducing the availability of CD80/86 for binding to CD28 required in
T cell activation®'t. The precise mechanisms in which anti-CTLA-4 therapy enhances anti-
tumour immunity have yet to be fully elucidated. It is likely a combination of factors including
an enabling of T cell priming, reduced level of Tregs facilitated by Treg depletion in the TME
via antibody-dependent cell mediated cytotoxicity and decreased level of secreted-
immunosuppressive molecules such as IDO, lowering of the threshold required for T-cell
activation and a broadening of the T cell repertoire in the periphery?'2213, In contrast, PD-1
negatively regulates T cell activation in the periphery maintaining peripheral tolerance®!.
Engagement of PD-1 receptor by its ligands PD-L1 or PD-L2 reduces phosphorylation of TCR
signalling molecules leading to decreased T cell activation and cytokine production. Overall,
PD-1 activation inhibits the phosphatidylinositol-3-kinase (PI3K)/akt signalling pathway
resulting in decreased expression of transcription factors necessary for effector function (T-bet,
Gata3 and Eomes)?'®. Signalling through PD-1 impairs proliferation and cytokine
production?:®.

Combined use of nivolumab and ipilimumab has been FDA-approved in melanoma, MSI-H
and DNA mismatch repair-deficient metastatic colorectal cancer and kidney cancer?!’.
Unfortunately, the majority of patients still fail to benefit from CTLA-4, PD-1 and PD-L1
ICBs. Therefore, co-blockade of novel ICs, such as TIM-3, TIGIT and LAG-3 are being
investigated in clinical trials. These novel IC receptors regulate T cell function, maintain self-
tolerance, regulate ongoing T cell responses at peripheral tissues, and synergistically regulate
autoimmunity and antitumor responses®8.Tim-3, TIGIT and LAG-3 pathways specifically
inhibit pro-inflammatory responses and promote regulatory T cells and DCs responses?8.It
remains to be determined if specific ICs may be co-opted by specific cancer types to evade
anti-tumour immunity depending on the tissue site. A greater fundamental understanding of
the specialized functions of the array of ICs that exist will inform the rational design of
therapeutic strategies for GOC patients.

A study by Zong et al., demonstrated that TILs in GC patients have increased expression of
CTLA-4, TIGIT, TIM-3 and PD-1 and the percentage of peripheral blood PD-1*TIM-3" and
PD-1"TIM-3" T cells was significantly higher than circulating levels in healthy donors®®,

Furthermore, the predominant fraction of TILs was comprised of PD-1" TIM-3" double positive
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cells?®, PD-1 inhibition enhanced cytokine production in vitro and co-blockade of PD-1 and
TIM-3 synergistically enhanced cytokine production (IFN-y, TNF-a and IL-2) in vitro®®,
Additionally, the percentage of CD3" TILs expressing PD-1 positively correlated with tumour
size and lymph node metastasis in GC patients?%, The presence of lymph node metastasis and
larger tumour sizes in patients with a higher percentage of CD3"PD-1" TILs may indicate
immune escape due to immune exhaustion.

Wilms’ tumour 1 (WT1) is often overexpressed in cancer cells and knockdown of WT1 induces
mitochondrial damage and inhibits cancer cell growth?!®. WT1 antigen is a promising target
for DC-based vaccines in several malignancies, including GC?°. The expression of TIGIT,
PD-1 and TIM-3 was upregulated in GC patients with limited WT1-specific CD8" T cell
proliferation and function following administration of a WT1-targeted DC-based vaccine??°.
TIGIT-expressing PD1*Tim3 CD8" T cells comprised the predominant subset of TILs,
however, TIGIT'PD1"Tim3" represented the most dysfunctional subset of WT1-specific CD8*
T cells. Co-blockade of PD-1, TIGIT and TIM-3 enhanced the growth, proliferation and
cytokine production (IFN-y, TNF-a and IL-2) of WT1-specific CD8* T cells in vitro®?°. This
may suggest that the co-expression of TIGIT, TIM-3 and PD-1 may identify exhausted tumour-
antigen specific T cells. Reinvigoration using TIM-3, TIGIT and PD-1 co-blockade may
represent an attractive and tailored therapeutic approach to reinvigorate tumour-antigen
specific T cells in this cohort of GC patients.

An additional study demonstrated that the level of PD-1*, TIM-3" and PD-1"TIM-3" peripheral
blood CD4" and CD8" T cells was significantly higher in oesophageal cancer patients
compared with healthy donors, whereas the expression of TIGIT was significantly lower 22,
While the expression of PD-17, TIM-3*, TIGIT* and PD-1'TIM-3* CD4" T cells was
significantly higher in OC tumour tissue compared with ‘normal’ adjacent oesophageal
mucosa??, This suggests that single agent blockade of PD-1 alone may not be suffICBent to
reinvigorate exhausted T cells and perhaps co-blockade of TIM-3 and PD-1 may be required
in these patients.

Studies in other cancers, such as colon carcinoma and fibrosarcoma tumour models have
demonstrated that dual blockade of PD-1 and LAG-3 synergistically promotes anti-tumour
immunity and reduces tumour growth???, Preliminary data from a phase I/lla clinical trial
testing the efficacy of combined PD-1 and LAG-3 blockade in advanced melanoma patients
demonstrated an objective response rate of 12.5% (n=48)?%3. This patient cohort was heavily

pre-treated and either refractory or had relapsed on anti-PD-1/PD-L1 therapy??. Patients who
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had LAG-3 expression in at least 1% of immune cells within the tumour margin achieved a
higher objective response rate of nearly three-fold compared to those with less than 1%
expression (20% (n=25) versus 7.1% (n=14), respectively)??. This clinical data suggests that
upregulation of other ICs may play a role in immune escape and treatment resistance to other
ICBs and that combined blockade of LAG-3 and PD-1 in PD-1/PD-L1 refractory patients may
help overcome resistance.

Collectively, these studies suggest that co-blockade of multiple ICs, such as TIGIT, PD-1,
LAG-3 and TIM-3, could achieve better reinvigoration of anti-tumour immunity than
monotherapy, which warrants further investigation through clinical trials in GOC patients.
However, the level of immune-related adverse events (irAEs) that accompanies co-blockade of

multiple ICs is an important consideration.

1.13 Administration and timing of chemotherapy-1CB combinations for GOC

patients

The effect of chemotherapy on IC expression on T cells is an important factor that requires
consideration. This information will enable rational design of chemotherapy-ICB combinations
and help guide the appropriate timing of these treatments for trial design in GOC patients. A
study by Zhang et al., demonstrate that following neoadjuvant chemotherapy in GC patients
the majority demonstrated a significant increase in the expression levels of CD4, CD8, PD-1,
PD-L1 and TIM-3, as determined by immunohistochemical analysis (n=60 paired)??*. This
increase in tumour-infiltrating lymphocytes (TILs) further supports the immunogenic
properties of chemotherapies in GC patients?®*. Additionally, the increase in ICs suggests
potential exhaustion of the induced anti-tumour immune response and highlights a role for
ICBs in combination with chemotherapy in the neoadjuvant and the adjuvant setting for GC
patients??*, Interestingly, in this study a small percentage of patients demonstrated a significant
decrease in CD4, CD8, PD-1, PD-L1 and TIM-3 expression following neoadjuvant
chemotherapy treatment, suggesting a subset of patients with a distinct tumour biology resistant
to the immunomodulatory effects of chemotherapies and unlikely to achieve benefit from
ICBs??4, Changes in the expression of PD-1, PD-L1 and TIM-3 revealed strong pairwise
correlation, further supporting the rationale for co-blockade of multiple 1Cs??*. Furthermore,
high expression levels of CD8, PD-1 and PD-L1 following neoadjuvant chemotherapy were

positive prognostic factors of OS2, The increase in cytotoxic T lymphocytes and ICs may
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likely be surrogate markers of ongoing anti-tumour immunity and may stratify patients who
could benefit from ICBs.

IC blockade is a promising therapeutic strategy in GOCs, however, a substantial proportion of
tumours lack TILs or a pre-existing anti-tumour immune response®’. Therefore, the timing of
delivery of ICBs with other treatment modalities is critical. The addition of adjunct therapies,
such as conventional chemotherapy regimens, offers an opportunity to stimulate anti-tumour
immunity, whereby ICBs can prevent exhaustion of the subsequent induced anti-tumour
immunity. Administering ICBs prior to chemotherapy would therefore be less effective as
concurrent or potentially administration of immunogenic chemotherapy with subsequent IC
blockade.

1.14 Immune related Adverse Events (irAEs)

Emerging evidence suggests that ICB-induced irAEs are associated with improved
responses®?®. However, enhancing the efficacy of ICBs by the addition of chemotherapy may
subsequently escalate irAE profiles and may ultimately represent a barrier to advancing dual
ICB combinations and 1CB-chemotherapy combinations in the clinic. It is recognised that the
frequency of irAEs increases with the duration and dose of ICB administered??®. Additionally,
agents targeting CTLA-4 are associated with more frequent irAEs compared to agents targeting
PD-1 and PD-L1, and combinations of both anti-CTLA-4 and anti-PD-1/PD-L1 agents results
in higher incidences of irAEs?%’. Thus, the choice of ICB has a considerable impact on irAE
frequency and intensity. To date, trials in GOCs combining chemotherapy with ICBs indicate
a manageable safety profile, although higher incidences of irAEs in the ICB-chemotherapy arm
compared with ICB alone arm is often reported. In a phase I/11b trial of GC patients testing the
efficacy of anti-PD-1 alone versus combination anti-PD-1-oxaliplatin, 77.6% experienced at
least one irAE and 22.4% experienced a grade 3 or higher irAE in the anti-PD-1 arm. However,
in the anti-PD-1-oxaliplatin arm 94.4% of patients experienced at least one irAE and 38.9%
experienced at least one grade 3 or higher irAE. In the phase Ill keynote-062 trial with 763
OGJ and GC patients, the incidence of grade 3-5 drug-related adverse events was 17% for the
pembrolizumab arm, 69% for the chemotherapy arm and 73% for the combination
pembrolizumab-chemotherapy arm’. However, although an increase in irAEs was observed
with the addition of chemotherapy, the safety profile reported was clinically manageable
highlighting combination chemotherapy-1CB regimens as a clinically feasible option for OGJ
patients??®,
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1.15 Concluding remarks

Research to date highlight both an immune- and non-immune-based rationale for blocking ICs
on cancer cells, either alone or as part of a multimodal chemotherapy regimen. ICBs could
potentially limit immune resistance, but also block the various tumour-promoting functions of
IC cancer cell-intrinsic signalling. Further studies are required to investigate which ICs are
expressed by cancer cells in GOCs and to elucidate the immune-dependent and -independent
functions of these ICs. This will inform the rational design of clinical trials testing ICB
combinations with conventional cytotoxic regimens to achieve better response rates for GOC
patients. Development of clinically applicable prognostic and predictive tools will be crucial in
stratifying patients into suitable treatment arms, such as those likely to benefit from ICB
monotherapy and those who are unlikely to respond. For non-responders, the development of
clinically applicable methods to identify what specific therapeutic combinations, if any, are
required and capable of sensitising immunologically ‘cold’ tumours to ICBs are needed.
Combination chemotherapy and ICB regimens offer a potential strategy to alter the TME
sufficiently to convert ‘cold’ tumours to ‘hot’” tumours with the ultimate outcome of converting
non-responders to responders. Furthermore, understanding the direct effects of features of the
TME on IC expression profiles and T cell function in GOCs will be important for designing

effective immunotherapy regimens to attenuate the immunosuppressive effects of the TME.

1.16 Hypothesis and aims

The specific hypotheses and aims of the research are as follows:

Hypothesis 1: Features of the TME such as nutrient deprivaiton, hypoxia and acidosis
upregulate ICs on the surface of OGJ cells and T cells. Blockade of tumour cell-expressed ICs
will reduce the survival of OGJ cells under these conditions. Blockade of 1Cs on the surface of
T cells under these conditions will enhance anti-tumour T cell acitivity however, these harsh
conditions will likely reduce the efficacy of ICB.

Aim 1: Investigate the effect of features of the TME including nutrient deprivation, hypoxia
and acidosis on IC expression profiles of OGJ cells and T cells derived from OGJ patients and
the effect of features of the TME on the efficacy of ICB - assessing immune-independent and
immune-dependent mechanisms.

Hypothesis 2: The visceral adipose tissue secretome enhances T cell activation and upregulates
inhibitory immune checkpoints on the surface of T cells which may promote T cell dysfunction.
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Aim 2: Investigate the effect of the secretome from visceral adipose tissue derived from OGJ
patients on IC expression profiles of T cells and the effect of this secretome on the efficacy of
ICB to boost anti-tumour T cell function.

Hypothesis 3: First-line chemotherapy regimens signficantly alter 1C expression profiles of
OGJ cells. Tumour-expressed immune checkpoint ligands and receptors provide OGJ cells
with a survivial advantage and blockade of immune checkpoints enhances chemotherapy
toxICBty.

Aim 3: Assess IC expression profiles of OGJ cells and the effect of chemotherapy. Determine
the effect of ICB on OGJ cell viability alone and in combination with first-line chemotherapy
regimens.

Hypothesis 4: First-line chemotherapy regimens significantly alter T cell phenotypes and
immune checkpoint expression profiles and combining immune checkpoint blockade with first-
line chemotherapy regimens will achieve synergistic responses

Aim 4: Profile IC expression on the surface of T cells from OGJ patients in the neoadjuvant
and adjuvant setting. Assess the direct effects of first-line chemotherapy regimens on anti-
tumour T cell phenotypes and the effect of chemotherapy on the efficacy of ICB.
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Chapter 2: Materials and methods
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2.1 Ethical approval

Ethical approval was granted from the St. James’s Hospital Ethics Committee. All patient
samples were collected with prior informed written consent for sample and data acquisition
from patients attending St. James’s Hospital or from healthy donors. This study was carried
out in accordance with the World Medical Association’s Declaration of Helsinki guidelines on
medical research involving human subjects. Patient samples were pseudonymised in line with

GDPR and data protection policies to protect the privacy and rights of the patients.

2.2 Prospective specimen collection

All patients involved in this study were enrolled from 2018-2020. Whole blood and tumour
tissue biopsies were obtained from oesophagogastric junctional adenocarcinoma (OGJ)
patients undergoing endoscopy at St. James’s hospital at time of diagnosis prior to initiation of
any chemotherapy or radiotherapy. Post-FLOT chemotherapy-treated and post-CROSS
chemoradiotherapy-treated whole blood and tumour tissue biopsies were obtained at time of

surgical tumour resection.

2.3 Cell culture

2.3.1 Cell lines

Human normal oesophageal cells (HET-1A), BO cells (QH), OGJ cells (OE33, SK-GT-4 and
OE19 cells) used in this study were obtained from the European Collection of Cell Cultures.
The HET-1A cell line was derived in 1986 from human esophageal autopsy. The BO QH cell
line was derived from an endoscopic biopsy specimen obtained from a region of non-dysplastic
metaplasia. The OE33 cell line was established from a 73-year old female patient from the
adenocarcinoma of the lower oesophagus. The tumour was poorly differentiated and
characterised as stage IIA. SK-GT-4 cell line originated from a well differentiated oesophageal
adenocarcinoma arising in Barrett’s epithelium from an 89-year-old Caucasian male. The
OE19 cell lines was established in 1993 from an adenocarcinoma of gastric cardia/oesophageal
gastric junction of a 72 year old male patient. The tumour was identified as pathological stage
11 (UICC) and showed moderate differentiation. The Jurkat cell line is an IL-2-prodcing
immortalized human T lymphocyte cell line commonly used to study T cell signalling. Jurkat

cells were purchased from the European Collection of Cell Cultures.

2.3.2 Culture of cell lines
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Cells were cultured as monolayers in 75 cm? filtered culture flasks (Thermo Scientific). Cells
were incubated at 37°C at 5% CO2 in a 95% humidified atmosphere in a FORMA water
jacketed CO> incubator (Thermo Forma, Steri-cycle, CO2, incubator, Hepafilter. Sub-culture
was performed when cells reached a confluency of 70-80%. HET-1A cells were grown in flasks
precoated with a solution of fibronectin (0.01 mg/ml, Merck, Germany), collagen type 1 (0.03
mg/ml, Corning, USA) and bovine serum albumin (0.01 mg/ml, Sigma, USA) dissolved in PBS
and cultured in serum free Bronchia/Trachea Epithelial Cell Growth Medium (511-500, Merck,
Germany). HET-1A cells were detached from flask using accutase (Sigma, USA) diluted 1:15
in PBS. QH cells were grown in Bronchia/Trachea Epithelial Cell Growth Medium
supplemented with 1% (v/v) penicillin-streptomycin (50 U/ml penicillin  100pg/ml
streptomycin) and 10% (v/v) foetal bovine serum (ThermoFisher Scientific, Ireland) and
detached from flask using trypsin-EDTA solution (Sigma, USA). OE33 cells, SK-GT-4 cells
and OE19 cells were grown in RPMI 1640 medium with 2 mM L-glutamine (ThermoFisher
Scientific, Ireland) and supplemented with 1% (v/v) penicillin-streptomycin (50 U/ml
penicillin  100pg/ml streptomycin (P/S)) and 10% (v/v) foetal bovine serum (FBS)
(ThermoFisher Scientific, Ireland) and detached using trypsin-EDTA solution. Jurkat cells
were cultured in suspension in a 75 cm? filtered culture flasks (Thermo Scientific) and 25 ml
of cRPMI at 37°C at 5% CO>. Sub-culture was performed using a 1 in 15 splitting density when
cells reached a confluency of 70-80%. All cell lines were maintained in a humidified chamber
at 37°C 5% CO; and were tested regularly to ensure mycoplasma negativity using gPCR. Cell

waste was decontaminated with a 24 h treatment with Haztab chlorine tablets (Guest Medical).

2.3.3 Cell Counting

Trypan blue (0.4%, Sigma-Aldrich) was used to determine cell viability and number. Live cells
with an intact membrane remain impermeable to the trypan blue dye. However, dead cells lack
an intact membrane and are permeable to the dye. This results in dead cells staining blue and
viable cells not staining. The vortexed cell pellet was resuspended in 1 ml cRPMI and 10 pl of
cell suspension was diluted 1 in 20 in 190 pl of diluted trypan blue solution (1:1 ratio of Trypan
blue:PBS). 10 ul of trypan blue/cell suspension was added to a glass hemocytometer,
(Neubauer glass hemocytometer 0.01 mm depth, Marienfeld-Superior) and visualised at X20
magnification under a light microscope (Nikon Eclipse E200). A 9 square, 3 x 3
hemocytometer was used (Figure 2.1). The number of cells in the outer four corner squares

was counted. Cells touching the outer sides of the squares were included and cells touching the
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inner sides of the squares were excluded from the count. The cell count was always performed
immediately because trypan blue is toxic to cells. The total number of viable cells was
determined using the equation. The average number of cells per square was multiplied by the
dilution factor (20) and by 10* (takes into account the volume of the hemocytometer) using the
following formula: average no. cells X dilution factor X 10* = number of cells/ ml. The

optimised seeding densities for cell lines are listed in Table 2.1.

N
3
3

>

corner
square

1 mm

Figure 2.1: Schematic representation of a chamber on a glass hemocytometer. 9 squares

(3 x 3) with a dimension of 1 mm x 1 mm (Taken from?).

Table 2.1 Seeding densities used for cell lines
Cells plate size Seeding density
HET-1A, QH, Flat 96 well plate 5 x 102 cells/ml
OE33, SK-GT-4,
OE19 cells,
Jurkat cells,
Jurkat cells.
HET-1A, QH, Flat 12 well plate 0.1 x 10° cells/ml
OE33, SK-GT-4,
OE19 cells,
Jurkat cells.

2.4 PBMC isolation by density gradient centrifugation
Peripheral blood mononuclear cell (PBMC) isolation was carried out by density gradient
centrifugation using lymphoprep solution (Axis-Shield) at room temperature. The procedure

was carried out under sterile conditions in a laminar flow cabinet (Microflow Biological Safety
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Cabinet) which was turned on 10 mins prior to use to achieve a sterile atmosphere. Blood was
diluted 1:1 in PBS solution (Gibco). The diluted blood solution was carefully layered on top of
lymphoprep solution (Axis-Shield) so as to not break the lymphoprep-blood interface (1:2 ratio
of lymphoprep:diluted blood). The sample was centrifuged at 2000 RPM for 25 mins with the
brake off (centrifuge, Thermo Scientific Heraeus Megafuge 40). Following centrifugation, the
different blood cells separated into distinct layers based on their relative densities (Figure 2.2).
The layer containing the PBMCs was a white cloudy layer (buffy layer) and contained
monocytes and lymphocytes. The buffy layer was removed and washed twice with PBS. The
supernatant was discarded and the resulting cell pellet was vortexed and resuspended in 1 ml
of cRPMI. PBMCs were then counted as described in section 2.5.2. and plated at 1 x 10° cells
in 1 ml of cRPMI per well in a 24 well plate (Sarstedt) or at 2 x 10° cells in 200 ul of cRPMI
per well in a 96 well plate (Sarstedt) and incubated overnight to rest the cells at 37°C, 5% CO>
(ESCO cell culture, CO2 incubator, Medical Supply Company).

Layers before spin Layers after spin

Diluted Plasma
blood
e PBMCs
Lymphoprep

Granulocvtes
\/ Lymphoprep Red
blood

Figure 2.2: PBMC isolation by density gradient centrifugation. Schematic representation of PBMC
isolation using Lymphoprep solution, before and after centrifugation. The different blood cells separate

into distinct layers based on their relative densities (Taken from?).

2.5 Anti-CD3 and anti-CD28 antibody T cell activation

The base of a 96-well flat bottomed plate or 12-well plate was coated with 50 pl and 200 pl,
respectively of goat anti-mouse 1gG (5 pg/ml in PBS) and incubated overnight at 4°C. The well
was washed twice with PBS and coated with 200 pl of anti-CD3/anti-CD28 antibody solution
(anti-CD3 5ug/ml BioLegend and anti-CD28 Ancell diluted 1 in 1000 dilution) and incubated
for 2h at 37°C. Wells were washed with PBS and cells were seeded in 100 ul of cRPMI with

IL-2 (100 units/ml, ImmunoTools, Germany) at a density of 1 x 106 cells/ml.
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2.6 Chemotherapy treatment

2.6.1 Identification of 1Cso doses for treating OGJ cells and T cells

2.6.1.1 Preparation of chemotherapeutic drugs
Chemotherapies used in FLOT (5-FU, oxaliplatin, docetaxel), CROSS (paclitaxel and

carboplatin) and MAGIC (epirubicin, cisplatin and 5-FU (ECF) and epirubicin, cisplatin and

capecitabine (ECX)) regimens were purchased from Sigma Aldrich (country) and were

reconstituted in appropriate vehicles (Table 2.2) and stored at -20°C in the dark. For use in cell

culture chemotherapies were diluted in cRPMI immediately prior to use.

Table 2.2 Single agent chemotherapies and concentration ranges.

Aldrich)

0.5, 1, 20, 100 uM

5, 10, 200, 1000
uM

Chemotherapy Concentration Range Stock conc. Working stock Vehicle
conc.

5-fluorouracil (sigma | 0, 0.01, 1, 10, 50, 100, | 200 mM 0, 0.1, 10, 100, 500, | DMSO (0.1%)
Aldrich) 200 uM 1000, 2000 uM
Cisplatin (sigma 0,0.01,1,1050, 100, |3.3mM 0, 0.1, 10, 100, 500, | 0.15 M sodium
Aldrich) 200 uM 1000, 2000 uM chloride
Capecitabine (sigma 0,0.01, 1.0, 10, 100, 25 mM 0,0.1, 10, 100, Deionised water
Aldrich) 500, 1,000, 2,000 uM 1000, 5000, 1,0000, | (6%)

2,0000 pM
Oxaliplatin (sigma 0, 0.01, 1.0, 10, 50, 12 mM 0, 0.1, 10, 100, 500, | Deionised water
Aldrich) 100, 200 pM 1000, 2000 pM (6%)
Docetaxel (sigma 0, 0.000001, 0.00001, | 16 mM 0, 0.00001, 0.0001, | DMSO (0.1%)
Aldrich) 0.0001, 0.001, 0.01, 10 0.001, 0.01, 0.1,

uM 100 uM

Epirubicin (sigma 0, 0.0001, 0.001, 0.01, | 170 mM 0,0.001,0.01,0.1, | DMSO (0.1%)
Aldrich) 0.5, 1, 20, 100 uM 5, 10, 200, 1000

uM
Carboplatin (sigma 0, 0.0001, 0.001, 0.01, | 26.9 mM 0,0.001,0.01, 0.1, | Deionised
Aldrich) 0.5, 1, 20, 100 uM 5, 10, 200, 1000 water (6%)

uM
Paclitaxel (sigma 0, 0.0001, 0.001, 0.01, | 120 mM 0, 0.001,0.01,0.1, | DMSO (0.1%)
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2.6.1.2 CCK-8 assay to identify 1Cso values of chemotherapies for OGJ cells and T cells
OE33 cells were seeded at 5 x 102 cells/200 ul in cRPMI in a 96-well flat-bottomed plate and
incubated at 37°C, 5% CO> overnight. Media was replaced with 180 ul of fresh cRPMI and
cells were treated with 20 ul of single agent chemotherapy at a range of increasing
concentrations. Table 2.3 shows the chemotherapies and drug concentrations that were used to
treat OE33 cells and Jurkat cells. Vehicle control treated cells were included and cells were
treated with 20 pl of appropriate vehicle depending on the chemotherapy (Table 2.3).

Jurkat cells were used as a T cell model and were seeded at 2.5 x 102 cells/180 ul of cRPMI in
a 96-well flat-bottomed plate. Jurkat cells were treated with 20 ul of single agent chemotherapy
at a range of increasing concentrations (Table 2.3). Vehicle control treated cells were included
and cells were treated with 20 pl of appropriate vehicle depending on the chemotherapy. 20 pl
of cRPMI were added to untreated control cells.

Cells were incubated for 24, 48 or 72h at 37°C, 5% CO. 10 pl of cell counting kit-8 (CCK-8)
assay solution (Sigma-Aldrich) was added to each well after 24, 48 or 72h. Cells were
incubated at 37°C, 5% CO> for 1.5 to 2h until appropriate pink to orange colour development
was observed. Colour development was carefully observed so that the colour development of
the untreated wells did not become saturated. The absorbance was measured at 450 nm and 650
nm (reference wavelength) using a microplate reader (Versa max Medical Devices). Table 2.4
contains the 1Csg values for OE33 and Jurkat cells at 24, 48 and 72h. Experiments were repeated

n=3 times in triplicate.

Table 2.3 I1Cs values for single agent chemotherapies for Jurkat cells and OE33 cells at 24, 48
and 72h time points, determined by CCK-8 assay.

Chemotherapy | Time point | 1Cso jurkat cells ICso OE33 cells
5-FU 24h Not determined Not toxic
48h 0.04223 pM 0.3511 pM
72h Not determined 0.8982 uM
Capecitabine 24h Not toxic Not toxic
48h Not toxic 1,000 uM
72h 1,500 pM 224.7 uyM
cisplatin 24h 30.16 uM 10 uM
48h 2.573 pM 2.39 uM
72h 1.663 pM 1.295 pM
Oxaliplatin 24h 36.44 pM 200 uMm
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48h 2.562 pM 4.18 pM

72h 0.2313 pM 1.705 pM
Docetaxel 24h Not determined Not toxic

48h 0.0001 uM 0.0016 uM

72h Not determined 0.0000653 uM
Epirubicin 24h Not determined 0.5018 pM

48h 0.09559 uM 0.8629 uM

72h Not determined 0.0896 puM
Paclitaxel 24h Not determined Not determined

48h 0.001196 uM 0.0007645 uM

72h Not determined Not determined
Carboplatin 24h Not determined Not determined

48h 150 uM 300 pM

72h Not determined Not determined

2.6.1.3 ldentification of I1Cso values for combination chemotherapy regimens (FLOT,
CROSS CT, MAGIC) for OGJ cells and T cells using CCK-8 assay

OE33 and SK-GT-4 cells were seeded at 5 x 10° cells/200 ul in cRPMI in a 96-well flat-
bottomed plate and incubated at 37°C, 5% CO. overnight. Media was replaced with 140 pul of
fresh cRPMI (for cells receiving FLOT, ECF or EXC regimens) or 160 ul of CRPMI (for cells
receiving CROSS CT regimen). Jurkat cells were seeded at 5 x 102 cells/200 ul in cRPMI in a
96-well flat-bottomed plate and left rest for 2h at 37°C, 5% CO,. OE33, SK-GT-4 or Jurkat
cells were treated with a combination of FLOT (5-FU, oxaliplatin, docetaxel), CROSS CT
(paclitaxel and carboplatin), ECF (epirubicin, cisplatin and 5-FU) and ECX (epirubicin,
cisplatin and capecitabine) chemotherapies at a range of concentrations (ICs, 1C10, 1C20, 1C2s5,
ICs0) as listed in Table 2.4, Table 2.5 and Table 2.6, respectively.

Table 2.4: Concentration of drug combinations FLOT, CROSS CT, ECF and ECX used to treat

OE33 cells for 48h to identify 1Cso concentration of combination regimen using CCK-8 assay.

IC value 5-FU Oxaliplatin Docetaxel
FLOT ICs 0.1303 uM 0.01 pM 0.00001 pM
ICy1wo 0.2750 uM 0.05 uM 0.00005 pM
IC1s 0.4367 pM 0.1 pM 0.0001 pM
ICa0 0.6187 pM 1M 0.0005 pM
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CROSS CT

ECF

ECX

ICas

ICso

IC value
ICs

IC1o

ICis

1C20

ICas

ICso

IC value
ICs

ICywo

ICis

IC20

ICas

ICso

IC value
ICs

ICywo

ICis

ICas

ICso

0.8249 pM
2.475 UM

paclitaxel

0.000001 uM

0.00001 uM
0.0001 pm
0.0005 uM
0.001 pM
0.005 uM
epirubicin
0.2357 pM
0.4977 pM
0.7904 UM
1.120 uM
1.493 pM
4.479 uM
epirubicin
0.2357 pM
0.4977 pM
0.7904 pM
1.493 uM
4.479 yM
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2 uM
3.948 uM
Carboplatin
10 uMm
50 uM
100 uM
500 pM
1000 pM
2000 pM
Cisplatin
0.01 pM
0.05 pM
0.1 pM
1uM

1.5 uM
2.39 uyM
Cisplatin
0.01 pM
0.05 pM
0.1 pM
1.5 uM
2.39 uyM

0.001 uM
0.005 uM

5-FU
0.1303 pM
0.2750 pM
0.4367 pM
0.6187 pM
0.8249 pM
2.475 UM

Capecitabine

1uM

10 pM
50 UM
100 pM
1,500 puM
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Table 2.5: Concentration of drug combinations FLOT, CROSS CT and ECF used to treat SK-
GT-4 cells for 48h to identify 1Cso concentration of combination regimen using CCK-8 assay.

Following chemotherapy treatment 50% of OGJ cells were alive.

FLOT

CROSS CT

MAGIC (ECF)

IC value

IC10

I1Cas

ICso

IC value

IC1o

IC2s

1Cso

IC value

I1C1o

IC2s

1Cs0o

5-FU

2 uM

6 uM

50 uM
paclitaxel
0.00001 uM
0.001 uM
0.005 uM
epirubicin
0.001 uM
0.1uM

0.25uM

oxaliplatin
0.1uMm
1uM

10 uM
Carboplatin
100 uM
250 uM
500 uM
Cisplatin
1uM
3uM

6 uM

docetaxel

0.0000001 uM

0.00001 uM

0.01 uMm

5-FU

2 uM

6 uM

50 uM

Table 2.6: Concentration of drug combinations FLOT, CROSS CT and ECF used to treat Jurkat
cells and PBMCs for 48h to identify 1Cso concentration of combination regimen using CCK-8

assay or AV PI assay. Following chemotherapy treatment 50% of the T cells were alive.

FLOT

CROSS CT

MAGIC (ECF)

IC value
IC1o
IC2s
ICs0
IC value
IC1o
IC2s
ICso

IC value

5-FU

0.001 uM
0.01 uMm
0.04 uM
paclitaxel
0.0001 uM
0.00055 uM
0.001196 uM

epirubicin
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oxaliplatin
0.001 uM
0.01 uM
2.862 uM
Carboplatin
100 uM
120 uM
150 uM

Cisplatin

docetaxel
0.000001 uM
0.00001 uM
0.0001 uM

5-FU
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ICio 0.09399 uM 0.01 uM 0.001 uM
IC2s 0.1461 uM 1uM 0.01uM
ICso 0.2277 uM 2.573 uM 0.04 uM

Table 2.7 contains the optimised ICso combination doses for FLOT, CROSS CT and ECF
chemotherapy treatment for OE33, SK-GT-4 and PBMCs used throughout this thesis for
examining the effects of chemotherapy on cellular phenotype.

Table 2.7: Determined 1Csy drug combinations for FLOT, CROSS CT and ECF used to treat
OE33, SK-GT-4 and PBMC:s for 48h for all experiments in this thesis.

FLOT Cell type 5-FU oxaliplatin docetaxel
OE33 0.8249 pM 2 pM 0.001 UM
SK-GT-4 50 uM 10 uM 0.01 uM
PBMCs 0.01 uM 0.01 uM 0.0001 uM
CROSSCT Cell type paclitaxel Carboplatin
OE33 0.001 pyM 1000 pM
SK-GT-4 0.001 uM 250 uM
PBMCs 0.0001 uM 50 uM
MAGIC Cell type epirubicin Cisplatin 5-FU
(ECF) OE33 1.493 M 15uM 0.8249 UM
SK-GT-4 0.1uM 3 uM 6 uM
PBMCs Not determined Not determined Not determined

2.7 Nutrient deprivation and hypoxia treatment

2.7.1 Nutrient deprivation and hypoxia treatment of OGJ cells

OE33 cells and OE19 cells were cultured in complete RPMI (cRPMI, 10% FBS, 1% P/S),
serum-free RPMI (0% FBS, 1% P/S), glucose-free RPMI (Gibco (11560406), 10% FBS, 1%
P/S), dual glucose-free and serum deprived RPMI (Gibco (11560406), 0% FBS, 1% P/S) under
normoxic conditions (37°C, 5% CO3, 21% atmospheric O2) or hypoxic conditions (37°C, 5%
COo, 0.5% 0O>) for 48h using the H35 Don Whitley hypoxia station.

87



88

2.7.2 Nutrient deprivation and hypoxia treatment of OGJ donor PBMCs

5-day anti-CD3/CD28 expanded PBMCs were seeded at a density of 1 x 10° cells/ml in 100 pl
of media in a 96 well round bottomed plate (not pre-coated with anti-CD3/28) for an additional
24h in complete RPMI (cRPMI, 10% FBS, 1% P/S), serum-free RPMI (0% FBS, 1% P/S),
glucose-free RPMI (Gibco, 10% FBS, 1% P/S), dual glucose-free and serum deprived RPMI
(Gibco, 0% FBS, 1% P/S) under normoxic conditions (37°C, 5% CO2, 21% atmospheric O>)
or hypoxic conditions (37°C, 5% CO2, 0.5% O>) using the H35 Don Whitley hypoxia station.

PBMCs were then harvested for flow cytometry staining.

2.8 Acidosis treatment

2.8.1 Acidosis treatment of PBMCs

PBMCs were isolated from whole blood using density gradient centrifugation and expanded
for 7 days with plate bound anti-CD3 (10 pg/ml, Biolegend, USA), anti-CD28 (10 pg/ml,
Ancell, USA) and recombinant human IL-2 (100 units/ml, Immunotools, Germany) for 7 days
in complete RPMI 1640 medium (cRPMI) (containing 2 mM L-glutamine (Gibco) and
supplemented with 1% (v/v) penicillin-streptomycin ((P/S) 50 U/ml penicillin 100pg/ml
streptomycin) and 10% (v/v) foetal bovine serum (Gibco)). Following a 7 day T cell activation
PBMCs were seeded in cRPMI in a 96 well round bottom plate (not pre-coated with anti-
CD3/28 antibodies) at a density of 0.2 x 10° cells/ml at increasing levels of acidity (oH 7.4, 6.6
and 5.5) in the absence or presence of nivolumab (10 pg/ml), ipilimumab (10 pg/ml) or dual
nivolumab and ipilimumab (10 pg/ml and 10 pg/ml, respectively) at 37°C 5% CO: for an
additionally 48h. The acidity was altered using a pH meter and concentrated hydrochloric acid.
Wu et al??8,, demonstrated that the acidic pH present in lymph nodes does not hinder initial
activation of naive T cells. Typically, T cells spend 5-7 days in the lymph node undergoing
activation before travelling to the tumour site therefore, in this study a 7 day T cell activation
timepoint was chosen followed by an additional 48h culture in acidic conditions to recapitulate

the timing of biological processes in human.
2.8.2 Acidosis treatment of OGJ cell lines

OE33 or OE19 cells were seeded at a density of 0.1 x 10° cells/ml at increasing levels of acidity
(pH 7.4, 6.6 and 5.5) for 48h at 37°C 5% CO».
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2.9 Co-culture of OGJ donor PBMCs with OE33 cells

OE33 cells were seeded at a density of 1 x 10* cells/100 pl in cRPMI in a flat bottomed 96 well
plate and left adhere overnight. Following 24h, 5-day expanded OGJ patient-derived PBMCs
were cultured alone or co-cultured with OE33 cells at a ratio of 5:1 (PBMCs:OE33 cells) for
48h at 37°C 5% CO.,. PBMCs were then harvested for flow cytometry staining.

2.10 Generation of conditioned media

2.10.1 Generation of OGJ patient-derived PBMC conditioned media under nutrient
deprivation and hypoxia

Treatment-naive PBMCs were isolated from whole blood using density gradient centrifugation
and expanded for 7 days with plate bound anti-CD3 (10 pg/ml, Biolegend, USA), anti-CD28
(10 pg/ml, Ancell, USA) and recombinant human IL-2 (Immunotools, Germany) for 5 days in
complete RPMI 1640 medium (cRPMI) (containing 2 mM L-glutamine (Gibco) and
supplemented with 1% (v/v) penicillin-streptomycin ((P/S) 50 U/ml penicillin 100pg/ml
streptomycin) and 10% (v/v) foetal bovine serum (Gibco)). Following 5-day T cell activation
PBMCs were cultured for an additional 24h under nutrient deprivation +/- normoxic/hypoxic
conditions in a separate 96 round bottom plate (not pre-coated with anti-CD3/28 (as described

in Section 2.7.2). The supernatant was harvested and stored at -80°C for later use.

2.10.2 Generation of chemotherapy-treated OGJ cell conditioned media

OE33 or SK-GT-4 cells were seeded at a density of 1 x 10° cells/flask in T25 flasks and the
media was changed the following day. When the flasks reached 40-50% confluency the cells
were treated with a combination of chemotherapies that comprise the FLOT regimen (5-FU,
oxaliplatin and docetaxel), the CROSS chemotherapy (CT) regimen (paclitaxel and
carboplatin) or MAGIC chemotherapy regimen (epirubicin, cisplatin and 5-FU) or a vehicle
control for 48h (0.0001% DMSO, 0.001% H20 and 0.0001% NaCl (0.8% v/v)). These
combination doses were pre-optimised using a CCK8 assay to achieve 50% cell death (as

carried out in??°). The conditioned media was harvested and stored at -80°C.

2.10.3 Generation of tumour biopsy conditioned media
Resected post-FLOT or post-CROSS OGJ tumour explants of ~2—-3 mm? were transferred into

1 ml of serum-free M199 media (Gibco), supplemented with gentamicin and cultured for 24 h
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at 37°C, 5% COz. The resulting tumour conditioned media (TCM) was harvested and stored at
—80°C until required for experimentation (Table 2.8). Protein content was assessed by BCA

assay for normalisation.

Table 2.8 Patient Demographic Table for generating tumour biopsy conditioned media.
Age (years) 65.5
Sex ratio (M:F) 6:4

Diagnosis (no. patients)

0GJ 10

Clinical tumour stage® (no.

patients)
TO
T1
T2
T3
T4

Clinical nodal status? (no.

RN R R e

patients)

Positive 6

Negative 5

Received neoadjuvant 45.5%
FLOT
Received neoadjuvant 54.5%
CROSS CRT
Did not receive 0%

neoadjuvant treatment

2.10.4 Generation of conditioned media for OE33-OGJ PBMC co-culture cytolysis assay
OE33 cells were treated for 48h with vehicle (0.0001% DMSO and 0.0001% H-O), FLOT or
CROSS CT chemotherapy regimens (ICso doses as previously described in??°), washed twice
to remove the chemotherapy drugs and replaced with fresh media and the subsequent OE33
conditioned media was collected 48h later and stored at —80°C until required for

experimentation
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2.11 Co-culture with conditioned media

2.11.1 Co-culture of PBMCs with post-FLOT or post-CROSS CRT tumour biopsy
conditioned media

Healthy donor PBMCs were prepared from whole blood collected in EDTA Vacutainer tubes
(BD Biosciences) by density gradient centrifugation over Lymphoprep™ (Stemcell
Technologies). PBMCs were seeded at a concentration of 1 x 10° cells per ml in complete
RPMI media (10% FBS, 1% penstrep) and activated using plate bound anti-CD3 (10 pg/ml,
Biolegend, USA) and anti-CD28 (10 pg/ml, Ancell, USA) in the absence or presence of 50%
post-FLOT or post-CROSS CRT tumour biopsy conditioned media for 48h. PBMCs were then
harvested and stained for flow cytometry.

2.11.2 Co-culture of PBMCs with post-FLOT, post-CROSS CT or post-MAGIC OGJ cell
line conditioned media

Healthy donor PBMCs were prepared from whole blood collected in EDTA Vacutainer tubes
(BD Biosciences) by density gradient centrifugation over Lymphoprep™ (Stemcell
Technologies). PBMCs were plated at a concentration of 1 x 108 cells per ml in complete RPMI
media (10% FBS, 1% penstrep) and activated using plate bound anti-CD3 (10 pg/ml,
Biolegend, USA) and anti-CD28 (10 pg/ml, Ancell, USA). PBMCs were concomitantly
activated in the absence or presence of 50% OGJ cell conditioned media from 48h vehicle-
treated OE33/SK-GT-4 cells or FLOT, CROSS CT or MAGIC chemotherapy-treated
OE33/SK-GT-4 cells) for 48h. PBMCs were then harvested and stained for flow cytometry.

2.11.3 Co-culture of OE33 cells with supernatants from OGJ patient-derived PBMCs
cultured under nutrient deprivation with or without hypoxia for 24h

OE33 cells were seeded at a density of 1 x 10* cells/100 pl in cRPMI in a flat bottomed 96 well
plate and left adhere overnight. The media was replaced with 100 pl of cRPMI or 100 pl of 1
in 2 diluted supernatant that was collected from OGJ donor PBMCs that had been cultured
under hypoxia +/- nutrient deprivation and cultured for 24h at 37°C 5% CO..

2.12 OGJ tumour tissue dissociation

Tumour tissue was cut into small 2-3 mm? pieces. Tumour tissue biopsy was digested in 5 ml
of collagenase type IV solution (50 ul type IV collagenase (1 mg/ml, Sigma-Aldrich) in 5 ml
of HBSS buffer at 37°C on a shaker for 20-30 mins maximum agitation. The digested biopsy
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solution was filtered using 70 um nylon mesh filter into a 50 ml tube (Fisher Scientific) to
separate released cells from tissue debris. Filter was washed with 5 ml of HBSS buffer. Cells
were washed twice with FACs buffer at room temperature. 100 pl of vortexed cell pellet was
transferred to a FACs tube and cells were stained according to the flow cytometry staining

protocol.

2.13 Visceral adipose tissue culture
2.13.1 Generation of adipose conditioned media
Visceral adipose tissue was obtained from OGJ patients undergoing surgical resection of
tumour post-neoadjuvant treatment at St. James’s between 2014 and 2021. The group consisted
of 25 males and 6 females, with an average age of 66.4 years. The patient demographics are
detailed in Table 2.9. Visceral adipose tissue was minced using a scalpel and cultured in M199
(Gibco) with 0.01% gentamicin for 72h at 37°C 5% CO> (1 gram of adipose tissue per 2 ml of
media). Following 72h incubation the adipose conditioned media (ACM) was filtered using a
70 uM nylon mesh filter (ThermoScientific) and stored at -80°C until required for
experimentation.
Table 2.9 Patient demographic table for ACM cohort.
Mean age (years) 63.9
Sex ratio (M:F) 25:6

Diagnosis (no. patients)

OGJ 31
Pathological tumour stage (no. patients)
TO 3
T1 7
T2 2
T3 19
T4 0
Pathological nodal status (no. patients)
Positive 12
Negative 19

2.13.2 Culturing of PBMCs with ACM
Healthy donor PBMCs were isolated from whole blood using density gradient centrifugation

and expanded with plate bound anti-CD3 (10 pg/ml, Biolegend, USA), anti-CD28 (10 pg/ml,
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Ancell, USA) and recombinant human IL-2 (100 units/ml, Immunotools, Germany) for 2 days
in the absence and presence of ACM (diluted 1 in 2 using M199 media (Gibco) supplemented
with 0.01% gentamicin with or without nivolumab (10 pg/ml), atezolizumab (10 pg/ml),
ipilimumab (10 pg/ml), dual nivolumab-atezolizumab (10 pg/ml and 10 pg/ml, respectively),
or dual nivolumab-ipilimumab (10 pg/ml and 10 ug/ml, respectively). PBMCs were grown in
RPMI 1640 medium with 2 mM L-glutamine (Gibco) and supplemented with 1% (v/v)
penicillin-streptomycin (50 U/ml penicillin 100pg/ml streptomycin) and 10% (v/v) foetal
bovine serum (Gibco) and maintained in a humidified chamber at 37°C 5% CO..

2.14 Flow cytometry staining

2.14.1 Whole blood staining

100 ul of whole blood was added to two FACs tubes with extracellular fluorochrome-
conjugated antibodies and incubated for 15 min at room temperature in the dark. Without
washing off the antibodies, red cells were lysed using red blood cell lysing solution (Biolegend,
USA), according to manufacturer’s recommendations: 500 ul of red blood cell lysing solution
was added to stained and unstained blood at a concentration of 1X and vortexed well (BD
Biosciences, USA, 10X concentration). Red blood cell lysing solution was diluted using
distilled water to diluted a 10X solution down to a 1X solution. Tubes were incubated in the
dark for an additional 15 mins at room temperature. Cells were washed twice with FACs buffer.
Cells were washed with FACs buffer at room temperature. Cells were washed with PBS and
stained with zombie aqua viability dye (BioLegend, USA) for 20 mins (1 in 1000 dilution using
PBS). Cells were washed with FACs buffer at room temperature and resuspended in 300 pl of
FACs buffer. Cells were fixed for 15 min in 1% paraformaldehyde solution (Santa Cruz
Biotechnology, USA) and resuspended in FACs buffer and acquired using BD LSR Fortessa
flow cytometer (BD Biosciences) using BD FACs Diva Software. Data was analysed using

FlowJo v10 software (TreeStar Inc.).

2.14.2 Cell line and PBMC flow cytometry staining

Trypsinised cells, PBMCs, or digested tumour biopsies were transferred to FACs tubes (BD
Biosciences, USA) and washed twice with PBS and stained with Zombie aqua, NIR or violet
viability dye (BioLegend, USA using an overall 1 in 1000 dilution of Zombie viability dye
using PBS) for 15 minutes in the dark at room temperature. Cells were then sequentially stained

with appropriate antibodies for 15 minutes in the dark at room temperature: calreticulin-AF488
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(Bio-techne, USA), HMGB-1-PE, MIC-A/B-APC, CD45RA-PE/Cy7, CD45R0O-BV510,
CD3-APC, CD3-PerCP, CD4-BV510, CD4-APC, CD69-BV605, TIGIT-BV605, PD-L2-
BV421 (Biolegend, USA), CD69-PE, CD62L-FITC, CD8-BV421, CD3-PEefluor610 (BD
Biosciences, USA) or CD4-PerCpCy5.5, CD27-APEefluor780 (eBioscience, USA), A2aR-PE,
B-galactosidase-AF405 (Novus Biologics, USA) (Table 2.10). Cells were washed with FACs
buffer and fixed with 1% paraformaldehyde solution (diluted with PBS), washed with FACs
buffer, resuspended in FACs buffer and acquired using BD LSR Fortessa flow cytometer (BD
Biosciences) or Cells using the BD FACs CANTO Il flow cytometer and BD FACs Diva

Software. Data was analysed using FlowJo v10 software (TreeStar Inc.).

Table 2.10 Volume of extracellular fluorochrome-conjugated antibodies added per sample.

Antibody Company Antibody Clone Volume per
well/tube

PD-L1-FITC BD Biosciences (USA) MIH4 2 ul
PD-L2-PE Biosciences (USA) MIH37 2ul
TIM-3-ViobrightFITC Miltenyi (Germany) F38-2E2 2ul
LAG-3-FITC BioLegend (USA) 11C3C65 2l
PD-1-PE/Cy7 BioLegend (USA) EH12.2H7 2ul
TIGIT-PE/Cy7 or TIGIT-BV650 | BioLegend (USA) A15153G 2l
CD160-PerCpC5.5 BioLegend (USA) BY55 2ul
CTLA-4-PECy5.5 BioLegend (USA) BNI3 2 ul
KLRG1-APC Miltenyi (Germany) REA261 2ul
CD8-BV421 BioLegend (USA) SK1 1l
CD3-PerCpCy5.5 or CD3-APC BioLegend (USA) OKT3 1w
or CD3-FITC or CD3-

PEeluor610

CD4-APC or CD4-BV510 BioLegend (USA) OKT4 1l
CDA4-PercPCy5.5 eBiosciences (USA) RPA-T4 1wl
CD62L-FITC BD Biosciences (USA) SK11 1wl
CD69-PE BD Biosciences (USA) RUO 1wl
CD69-BV605 BioLegend (USA) FN50 1wl
PD-L2-BV421 BioLegend (USA) MIH18 2 ul
HMGB1-PE BioLegend (USA) 3E8 2l
MIC-A/B-APC BioLegend (USA) 6D4 2l
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HLA-DR-FITC BD Biosciences (USA) L243 2ul
Calreticulin-AF405 BioLegend (USA) SK11 2ul
CD45RA-PE/Cy7 BioLegend (USA) H1100 1 ul
CD45R0O-BV510 BioLegend (USA) UCHL1 1 ul
CD27-APCefluor780 eBiosciences (USA) MIH18 1l
A2aR-PE Novus Biologics (USA) BY55 2 ul
[B-galactosidase-AF405 Novus Biologics (USA) MIH4 1wl
CD107a-PE BD Biosciences (USA) 11C3C65 2ul

2.14.3 Intracellular flow cytometry staining

For intracellular cytokine staining PBMCs were treated with PMA (10 ng/ml, Sigma Aldrich,
USA) and ionomycin (1 pg/ml, Sigma Aldrich, USA) for the last 4h of the incubation. 2 ul of
anti-CD107a-PE (BD Biosciences, USA) was added during stimulation. For the last 3h of the
incubation PBMCs were treated with brefeldin A (10 pg/ml, eBiosciences). Cells were
harvested, washed in FACs buffer and intracellular cytokines were assessed using a
Fixation/Permeabilisation kit (BD Biosciences), as per manufacturer’s recommendations. Cells
were stained with cell surface antibodies first (CD8-BV421, CD3-APC or CD3-PerCP, CD4-
PerCP, CD4-APC or CD4-BV510 (Biolegend, USA)) washed, permeabilised, and then stained
for intracellular cytokines: IFN-y-BV510, IL-17A-FITC, IL-4-PE/Cy7, IL-10-PE, IL-2-FITC
(Biolegend, USA) and TNF-a-APC (BD Biosciences, USA) (Table 2.11). Cells were washed
with FACs buffer and fixed with 1% paraformaldehyde solution, washed with FACs buffer,
resuspended in FACs buffer and acquired using the BD FACs CANTO II flow cytometer and
BD FACs Diva Software. Data was analysed using FlowJo v10 software (TreeStar Inc.).

Table 2.11 Volume of intracellular fluorochrome-conjugated antibodies added per sample.

Antibody Company Antibody Clone Volume per well/tube
IL-17A/F-FITC BD Biosciences (USA) 9B10 2 ul
TNF-a-APC BD Biosciences (USA) MADb11 2ul
IL-2-FITC BioLegend (USA) MQ1-17H12 2ul
IFN-y-BV510 BioLegend (USA) 4S.B3 2ul
IL-10-PE BioLegend (USA) JES3-19F1 2ul
IL-4-PE/Cy7 BioLegend (USA) 8D4-8 2wl
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2.14.4 Annexin V and propidium iodide assay

Apoptosis was measured using annexin V (AV)-FITC (BioLegend, USA) and propidium
iodide (PI, BioLegend, USA) staining and was assessed by flow cytometry. Cells were washed
with of 1X binding buffer (diluted in PBS from 10X stock: 11.92 g (0.1 M) HEPES pH 7.4,
40.91 g (1.4 M) NacCl, 1.39 g (25 mM) CaCl2 (Fluka), up to 500 ml in dH20) and then stained
with 0.5 pl of Annexin V-FITC (Biolegend, USA) for 15 minutes at room temperature. Cells
are washed and resuspended in 50 pl of 1X binding buffer. Inmediately before acquisition 50
ul of 1:4000 PI is added to each tube resulting in an overall 1:8000 dilution of PI (diluted in
AV binding buffer, Invitrogen, CA, USA). Samples were acquired using BD FACs CANTO I
(BD Biosciences) using Diva software and analysed using FlowJo v10 software (TreeStar, Inc.,
Ashland, Oregon). AV-FITC and PI are excited by the 488 nm laser and AV-FITC emission
spectrum is detected using a 530/30 nm filter and P1 is detected by a 670-735 nm filter. The
annexin V and Pl dead cell staining assay identifies viable cells and differentiates between cells

which are undergoing early stage apoptosis, late stage apoptosis and necrosis (Figure 2.3).

A 1* 3 Necrotic Late stage
cells apoptotic
3.3% cells

10° E . "12.8%

Pl

Annexin V

Figure 2.3: Representative dot plot illustrating annexin V and Pl staining on the OE33 cancer cell

line.

2.14.5 Detection of Ki67 staining by flow cytometry

Cells were collected by trypsinization, fixed in 2.5 ml of ice-cold 70% ethanol (Merck,
Darmstadt, Germany) and incubated at room temperature for 30 minutes. The fixative was
decanted after centrifugation at 1,300 RPM for 3 mins and cells were resuspended in 100 pl of
FACs buffer and stained with 1 ul of Ki67-AF647 (BioLegend). OGJ cells were washed and
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resuspended in FACs buffer and acquired using BD FACs CANTO Il (BD Biosciences) using

Diva software and analysed using FlowJo v10 software (TreeStar Inc.).

2.14.6 Detection of YH2AX by flow cytometry

After treatment, cells were collected by trypsinization, fixed in 2.5 ml of ice-cold 70% ethanol
(Merck, Darmstadt, Germany), and incubated at room temperature for 30 minutes. The fixative
was decanted after centrifugation at 1,300 RPM for 3 mins with 2 ml of PBS containing 2%
FBS. Cells were resuspended in 100 ul YH2AX-FITC staining (BioLegend, 1:100 dilution of
antibody using FACs buffer) solution [Triton X100 (0.1%), FBS (2%)] for 2h at room
temperature. Cells were washed and resuspended in 100 ul of FACs buffer and acquired using
BD FACs CANTO Il (BD Biosciences) using Diva software and analysed using FlowJo v10

software (TreeStar Inc.).

2.14.7 Aldehyde dehydrogenase (ALDH) assay

Aldehyde dehydrogenase (ALDH) enzyme activity was assessed using the Aldefluor® assay
(Stem Cell Technologies), according to the manufacturer’s instructions. Briefly, cells were
trypsinised and resuspended at a density of 1 x 108 cells/mL in Aldefluor® assay buffer
containing ALDH substrate (bodipy-aminOGJetaldehyde) (5 ul/ml). ALDH is excited by the
488 nm laser. Immediately following this, half of the resuspended cells were added to a tube
containing the ALDH inhibitor diethylaminobenzaldehyde (DEAB) to provide a negative
control. Cells were acquired using BD FACs CANTO Il (BD Biosciences) using Diva software

and analysed using FlowJo v10 software (TreeStar Inc.).

2.15 Cytolysis assay for assessing lymphocyte-mediated killing of OGJ cells

Cytolysis assay was carried out as previously demonstrated in?%

. Treatment naive OGJ patient-
derived PBMCs were isolated using density gradient centrifugation and expanded using plate
bound anti-CD3 (10 ug/ml, Biolegend, USA) and anti-CD28 (10 pg/ml, Ancell, USA) and
recombinant human IL-2 (100 units/ml, Immunotools, Germany) for 5 days, (n=6, duplicate
technical replicates). OE33 cells were seeded at a density of 5 x 10° cells/100 pl of media in a
flat 96 well plate and incubated overnight at 37°C, 5% CO>. The media was replaced and
PBMCs were co-cultured with OE33 cells in an effector:target ratio of 5:1 and 10:1 for 48h in

the absence or presence of post-vehicle, post-FLOT or post-CROSS CT OE33 conditioned
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media (overall 1 in 2 dilution). PBMCs were also cultured alone to use as a control to account
for an increase in viability due to their presence in the well. OE33 cells were also cultured
alone. Following a 48h co-culture 5 ul of CCK8 (Sigma, USA) was added to each well and the
optical density at 450 nm and 650 nm (reference wavelength) was measured using the Versa
Max microplate reader (Molecular Devices, Sunnyvale, CA, USA) to determine a viable cell
number. Formula: (viability OE33 cell-lymphocyte co-culture)-(viability PBMCs alone)/
(viability untreated OE33 cells alone) x 100 = % live cells?*°,

2.16 Human normal, BO and OGJ datasets

Normalized mRNA expression and associated metadata data were obtained and assessed from
the Broad Institute, The Cancer Genome Atlas (TCGA) study of normal oesophageal
epithelium, Barrett's metaplasia, and oesophageal adenocarcinomas as previously described?®!.

2.17 Collection of serum
Whole blood was collected using vacutainer tubes suitable for collecting serum (BD
Biosciences). Tubes were centrifuged at 3,000 RPM for 10 minutes at room temperature and

serum was collected and stored at -80°C to be used later for experimentation.

2.18 Lactate assay

Lactate concentration was assessed in OGJ donor serum samples (n=41) using the lactate
colorimetric/fluorometric assay kit purchased from BioVision (Catalog#K607-100). The assay
was carried out as per Manufacturer’s instructions. In brief, 10 pl of each serum sample was
added to a flat bottomed 96-well plate in duplicate and 40 pl of Lactate Assay Buffer was added
to each sample. To prepare the standard curve the Lactate Standard (MW 90.08) was diluted to
1 nmol/ul by adding 10 pl of the 100 nmol/ul Lactate Standard to 990 pl of Lactate Assay
Buffer and 0, 2, 4, 6, 8 and 10 ul of the diluted lactate standard was added to a series of wells
in duplicate. The standard curve wells were adjusted to a total volume to 50 ul/well with Lactate
Assay Buffer to generate 0, 2, 4, 6, 8 and 10 nmol/well of the L(+)-Lactate Standard. 50 pl
Reaction Mix was added to each well and mixed well. To prepare the reaction mix each well
should receive 46 pl of lactate assay buffer, 2 ul of lactate enzyme mix and 2 ul of the probe
totalling 50 ul of reaction mix per well. A background control was also prepared which
contained 98 pl of lactate assay buffer and 2 pl of probe in duplicate. The plate was incubated

for 30 minutes at room temperature, protected from light and the absorbance was measure
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absorbance at 570 nm using the Versa Max microplate reader (Molecular Devices, Sunnyvale,
CA, USA).

2.19 Quantification of serum immune proteins

Serum was prepared according to the manufacturer’s instructions (Meso Scale Diagnostics,
USA). To assess angiogenic, vascular injury, pro-inflammatory, cytokine, chemokine and
soluble checkpoint secretions from the serum, a 54-plex ELISA kit was used (Meso Scale
Diagnostics, USA). The multiplex kit was used to quantify the secretions of CRP, Eotaxin,
Eotaxin-3, FGF(basic), Flt-1, GM-CSF, ICAM-1, IFN-y, IL-10, IL-12/1L-23p40, IL-12p70,
IL-13, IL-15, IL-16, IL-17A, IL-17A/F, IL-17B, IL-17C, IL-17D, IL-1RA, IL-1a, IL-1B, IL-2,
IL-21, IL-22, IL-23, IL-27, IL-3, IL-31, IL-4, IL-5, IL-6, IL-7, IL-8, IL-8 (High Abundance),
IL-9, IP-10, MCP-1, MCP-4, MDC, MIP-1a, MIP-1B, MIP-3a, PIGF, SAA, TARC, Tie-2,
TNF-a, TNF-B, TSLP, VCAM-1, VEGF-A, VEGF-C and VEGF-D and immune checkpoints
PD-1, PD-L1, TIGIT, TIM-3, CD276 and CD80 from TCM. All assays were run as per
manufacturer’s instructions, with an overnight supernatant incubation protocol used for all
assays except Angiogenesis Panel 1 and Vascular Injury Panel 2, which were run according to
the same day protocol. This was carried out by Fiona O’ Connell and Dr. Margaret Dunne in

the Department of Surgery, TCD.
2.20 BrdU assay

Cells were seeded at 5 x 10% in 100 pl/ well in a flat 96 well plate in complete RPMI (10%
FBS) and were allowed adhere overnight at 37 °C, 5% CO>. The media was removed, and cells
were cultured for 24h in complete RPMI or nutrient deprived media or under hypoxia in the
absence or presence of PD-1 blockade or TIGIT blockade. The cell proliferation was then
assessed using a BrdU cell proliferation ELISA (Roche Diagnostics Ltd., Sussex, UK)
according to the manufacturer’s guidelines. The optical density at 450 nm and 690 nm
(reference wavelength) was measured using the Versa Max microplate reader (Molecular
Devices, Sunnyvale, CA, USA) to determine a viable cell number. Wells containing cells but
no BrdU label were used to subtract the background absorbances and the percentage
increase/decrease in proliferation was calculated relative to the untreated cells. All of the data

were analysed from three independent experiments.
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2.21 Western Blot Analysis for Bcl-2 and Bcl-xL

OE33 and OE19 cells were homogenized in RIPA lysis buffer (150 mM NaCl, 0.1% Triton X-
100, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 50 mM Tris), with added
protease/phosphatase inhibitor cocktails (Sigma-Aldrich, Arklow, Ireland). Protein
concentration of samples was determined using a BCA protein assay (Pierce, Rockford, IL,
USA), and 20 pg samples were boiled in Laemmli buffer and separated on 12 % SDS-PAGE
gels. Proteins were transferred to nitrocellulose membranes using wet transfer. The membranes
were blocked in 5% non-fat milk TBS, 0.1% Tween 20 detergent (TBST) for 1 h at room
temperature prior to being incubated with primary antibodies overnight at 4 °C. The following
primary antibodies were used: rabbit anti-Bcl-xL (1:1,000) (Cat #2764S, Cell Signalling,
Danvers, MA, US); mouse anti-Bcl-2 (1:500) (Cat #sc-7382, Santa Cruz Biotechnology, Santa
Cruz, CA, US); mouse anti-GAPDH (1:1,000) (Cat #MAB374, Sigma-Aldrich) mouse anti-f3-
actin (1:1,000) (Cat #A5441, Sigma-Aldrich). Membranes were then washed three times with
TBST for 5 min prior to being incubated with goat anti-mouse IgG (1:15,000) (#AP124P,
Merck KGaA, Darmstadt, Germany) or goat anti-rabbit IgG (1:5,000) (#AP132P,
Merck KGaA, Darmstadt, Germany) peroxidase-conjugated secondary antibodies for 1 h at
room temperature. Protein bands were visualized using the Immobilon western
chemiluminescent HRP substrate (Millipore Sigma) and images were captured using a LAS-
3000 imager equipped with a cooled 12 bit digital CCD camera (Fujifilm UK Ltd,
Bedfordshire, UK). To guarantee accurate quantifications, special care was taken not to over-
expose the protein bands. Densitometry was carried out on 12-bit raw images using Image
Studio Lite v5.2 (LI-COR Biosciences Ltd., UK). This was carried out by Marie-Claire
Fitzgerald in the Department of Physiology, RCSI.

2.22 Real-time Metabolic analysis

OE33 and OE19 cells were seeded in five wells per treatment group at a density of 10,000
cells/well, in 24-well cell culture XFe24 microplates (Agilent Technologies, Santa Clara, CA,
USA) at a volume of 100 uL and allowed to adhere at 37 °C in 5% CO2/95% air. Five hours
later, an additional 150 pL/well complete cell culture RPMI medium was added. Following 48
h of incubation, media was removed and cells were washed with unbuffered Dulbecco’s
Modified Eagle’s medium (DMEM) supplemented with 10 mM of glucose and 10 mM of
sodium pyruvate, (pH 7.4) and incubated for one hour at 37 °C in a CO2-free incubator. The

oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) were measured

100



101

using a Seahorse Biosciences XFe24 Extracellular Flux Analyser (Agilent Technologies, Santa
Clara, CA, USA). Three basal measurements of OCR and ECAR were taken over 24 min
consisting of three repeats of mix (three min)/wait (2 min)/measurement (3 min) to establish
basal respiration. Three additional measurements were obtained following the injection of three
mitochondrial inhibitors including oligomycin (Sigma Aldrich, Missouri, USA), antimycin-A
(Sigma Aldrich, Missouri, USA) and an uncoupling agent Carbonyl cyanide 4-
(trifluoromethoxy) phenylhydrazone (FCCP) (Sigma Aldrich, Missouri, USA). ATP turnover
was calculated by subtracting the OCR post oligomycin injection from baseline OCR prior to
oligomycin addition. Proton leak was calculated by subtracting OCR post antimycin-A addition
from OCR post oligomycin addition. Maximal respiration was calculated by subtracting OCR
post antimycin addition from OCR post FCCP addition. Non-mitochondrial respiration was
determined as the OCR value post antimycin-A addition. All the measurements were
normalised to cell number using the crystal violet assay, transferring the eluted stain to a 96-

well plate before reading.

2.23 Crystal violet assay

Cells were fixed with 1% glutaraldehyde (Sigma-Aldrich, Missouri, USA) for 15 min at room
temperature. The fixative was removed, and cells were washed with PBS and stained with 0.1%
crystal violet for 30 min at room temperature. Plates were left to air dry and incubated with 50
pL of 1% Triton X-100 in PBS on a plate shaker for 30 min at room temperature. Absorbance
was read at 595 nm on a VersaMax microplate reader (Molecular Devices, Sunnyvale, CA,
USA).

2.24 gPCR

2.24.1 RNA isolation and quantification

Cells were seeded at a density of 3x10° cells in a T75 flask in 11 ml of cRPMI and allowed to
adhere overnight. Following drug treatment RNA was isolated from cell lines using the TRI
Reagent® method (Table 2.12). The RNA pellet was re-suspended in 30 pul RNAase free
molecular grade H20 and stored at —80 °C. RNA quantification was determined
spectrophotometrically, using a Nanodrop 1000 spectrophotometer (version 3.1.0, Nanodrop
technologies, DE, USA). 1 ul RNase-free water was used to blank the instrument prior to RNA
analysis. 1 pl of each sample of isolated RNA was loaded onto the instrument and concentration

was measured in ng/pl.
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Table 2.12 Reagents required for RNA isolation.

Reagent Volume per
sample
Trizol Inhibits RNase activity 0.5mL
Lyses cells
Bromochloropropane Separates the mixture into 3 50 ul
phases.

Upper aqueous phase (Colourless)
Middle DNA phase (white)
Lower organic protein phase

Isopropanol Precipitates RNA 250 ul

2.24.2 cDNA synthesis

For cell line samples, total RNA (1 pg total RNA) was reverse transcribed to cDNA using the
manufacturer’s instructions for the cDNA Reverse Transcription Kit from eBioscienes
(4368814). In brief, to anneal the primers to the RNA, a master mix containing RNaseOUT
25X dNTP Mix 10 mm, (10 mM, prepared as a 1:1:1:1 ratio of dATP, dGTP, dTTP and dCTP),
10x rt random primers, Bioscript reverse transcriptase (200units/ul) and 10X Bioscript
Reaction Buffer in RNase-free water was added to each sample (Table 2.12) and the samples
were incubated for 10 mins at 25 °C, for 120 mins at 37 °C then for 5 mins at 85°C and held at
4 °C. The resulting cDNA was stored at -20 °C.

Table 2.13 Preparation of reverse transcriptase master mix.

Component Volume per sample Vol per master mix (22
samples per plate)

10 X Reaction Buffer 2 ul 44 pl

25X dNTP Mix 10 mm 0.8 ul 17.6 pl

RNase Out 1yl 22 ul

multiscribe  Reverse  Transcriptase 1ul 22 ul

enzyme

Molecular Grade Water 3.2l 70.4 pl

10x rt random primers 2 ul 44 ul
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Total of 10 ul per sample

2.24.3 Quantitative real time PCR and analysis

gPCR was performed using TagMan primer probes (MLH1, SMUG1, PARP1, MMS19
(Roche)) and a Quant Studio 5 real-time thermal cycler (Thermo Fisher Scientific). 18S
(eBioscienes) was used as an endogenous control for data normalization. To prepare the gene
master mix: use 10 pul of Taq man, 8 ul of molecular grade water and 1 pl of primer probe per
sample. Add 19 pl of gene mix to the bottom of each well. Add 1 ul of cDNA-sample to the
top corner of each well. For no template control do in single with 19 pl of gene mix and 1 pl
of molecular grade water instead of the cDNA-sample. Centrifuge for 1 minute to pool
contents. Data analysis was performed using Thermofisher Scientific Connect gPCR

application software.

2.24 Statistical Analysis

Data were analysed using GraphPad Prism 5 software (GraphPad Prism, San Diego, CA, USA)
and was expressed as mean + SEM. Statistical differences between two treatments in a
particular cell line were analysed using a paired parametric Student’s t-test. To compare the
statistical differences between two different cell lines an unpaired parametric t-test was
conducted. To compare differences between patients and different treatments an unpaired non-
parametric t-test was conducted. Statistical differences between treatments within cancer
donors or within healthy donors were analysed using paired non-parametric t-test and statistical
differences between treatments between healthy donors and cancer donors were analysed using
unpaired non-parametric t-tests. Statistical significance was determined as p<0.05. Spearman
correlations were performed to analyse correlation data between clinical characteristics and
flow data and visualised using the R package ‘corrplot’. Correlations analysis was carried out

by Fiona O’ Connell, department of Surgery, TCD.
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Chapter 3 — The effect of features of the tumour
microenvironment on the efficacy of immune
checkpoint blockade; assessing both Immune-

Independent and -dependent effects
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Hypothesis

Features of the TME such as nutrient deprivaiton, hypoxia and acidosis upregulate 1Cs on the

surface of OGJ cells and T cells. Blockade of tumour cell-expressed ICs will reduce the survival

of OGJ cells under these conditions. Blockade of ICs on the surface of T cells under these

conditions will enhance anti-tumour T cell acitivity however, these harsh conditions will likely

reduce the efficacy of ICB.
3.1.1 Highlights

Glucose deprivation and hypoxia upregulate PD-1 and TIGIT on the surface of OGJ
cells in vitro.

PD-1 blockade in OGJ cells enhances basal respiration and glycolytic reserve and
upregulates GLUTL1 on the surface of OGJ cells.

PD-1 inhibition confers a survival advantage to OGJ cells under glucose deprivaiton
and hypoxia.

TIGIT blockade decreases OGJ cell proliferation and induces OGJ cell death under
normoxia, hypoxia and nutrient deprivation.

TIGIT blockade increases ECAR yet decreases a range of metabolic parameters in OGJ
cells.

Culturing OGJ patient-derived PBMCs under dual hypoxia and glucose deprivation,
reflective of the conditions within the hostile TME upregulated an array of 1Cs on the
surface of T cells including PD-1, CTLA-4, A2aR, PD-L1 and PD-L2 and decreased
production of IFN-y by T cells.

Importantly, addition of nivolumab under these hostile conditions decreased the
production of pro-tumourigenic cytokine IL-10.

Acidic conditions substantially altered immune checkpoint expression profiles of OGJ-
derived T cells upregulating TIM-3, LAG-3 and CTLA-4.

Severe acidic conditions (pH 5.5) significantly decrease the percentage of OGJ-derived
central memory CD4" T cells, an effect that was attenuated by ICB treatment.

ICB increases T cell production of IFN-y under moderately acidic conditions (pH 6.6)
but not severe acidic conditions (pH 5.5) and decreases 1L-10 production by T cells

under severe acidic conditions only.
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e Our findings establish that features of the TME induce upregulation of immune
checkpoints on OGJ cells and T cells which may potentially contribute to immune
evasion in OGJ.

e The use of ICB to suppress pro-tumourigenic processes in OGJ cells and enhance anti-
tumour T cell immunity under conditions that recapitulate the harsh TME are

highlighted supporting a rationale for the use of ICB to boost response rates in OGJ.
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Graphical abstract 1: (A) Expression of PD-1 and TIGIT decreases on the surface of oesophageal
epithelial cells along the normal-BO-OAC disease sequence. (B) Glucose deprivation and hypoxia
upregulated PD-1 and TIGIT on the surface of OAC cells. (C) PD-1 blockade decreased OAC cell
survival under normoxia and serum deprived conditions however, conferred OAC cells with a survival
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advantage under glucose deprived and hypoxic conditions. TIGIT blockade decreased OAC cell
survival under nutrient deprivation and hypoxic conditions. (D) PD-1 blockade and TIGIT blockade
decreased the levels of anti-apoptotic proteins Bcl-2 and Bcl-xL in OAC cells basally. E. PD-1 blockade
increased basal respiration, glycolytic reserve, and the surface expression of GLUT1 on the surface of
a subpopulation of OAC cells basally. TIGIT blockade enhanced a glycolytic phenotype in OAC cells
yet decreased other metabolic parameters basally. (F) Inhibition of glycolysis decreased PD-1
expression on the surface of a subpopulation of OAC cells and inhibition of oxidate phosphorylation

decreased PD-1 yet upregulated TIGIT expression on the surface of a subpopulation of OAC cells.
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Graphical abstract 2: Study schematic — PBMCs were isolated from OAC patients (A) and expanded
ex vivo for 7 days using anti-CD3/28+IL-2 T cell activation protocol (B) and further cultured for 48h
under increasing acidic conditions in the absence or presence of immune checkpoint blockade
(nivolumab, ipilimumab or dual nivolumab + ipilimumab) (C). Immunophenotyping was then carried
out to assess immune checkpoint expression profiles and anti-tumour T cell phenotypes (D). Serum
lactate was assessed in OAC patients (E-F) and levels were correlated with patient demographics (G)
and the levels of circulating immune/pro-angiogenic cytokines that were determined by multiplex
ELISA (H). Key Findings — severe acidic conditions upregulated multiple immune checkpoints on T
cells (I). Efficacy of ICB was curtailed under severe acidic conditions (J). Circulating lactate levels
positively correlated with circulating levels of pro-angiogenic factor tie-2 and higher serum lactate

levels were found in patients who had nodal metastasis (K).
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Nivolumab decreased IL-10 production by T cells under
hostile TME conditions

Graphical abstract 3: Study schematic — (A) IC expression profiles were assessed on CD45* cells in
peripheral whole blood and infiltrating tumour tissue from OGJ patients in the treatment-naive setting.
(B) PBMCs were isolated from OAC patients and expanded ex vivo for 5 days using anti-CD3/28+IL-
2 T cell activation protocol and then co-cultured for 48h with OE33 cells. T cell phenotypes were then
assessed by flow cytometry. (C) PBMCs were isolated from OAC patients and expanded ex vivo for 5
days using anti-CD3/28+IL-2 T cell activation protocol and then further cultured under conditions of
nutrient deprivation or hypoxia for 48h and T cell phenotypes were then assessed by flow cytometry.
Key findings — (A) TIGIT, CTLA-4 and PD-L2 were upregulated on stromal immune cells and CTLA-
4 expression on CD45* cells correlated with a subsequent decreased response to neoadjuvant regimen.
(B) Following a 48h co-culture with OE33 cells, T cells upregulated LAG-3 and decreased CD27 co-
stimulatory marker. (C) Nutrient deprivation and hypoxia upregulated a range of 1Cs on T cells and
decreased IFN-y production by T cells. Nivolumab decreased IL-10 production by T cells under nutrient

deprivation-hypoxic conditions.

3.1.2 Introduction

The cellular composition of the TME plays a pivotal role in the development and progression
of oesophagogastric junctional cancer (OGJ), including dictating response to the current

standards of care®®. Targeting inhibitory immune checkpoints (ICs) is an attractive therapeutic
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strategy to reinvigorate exhausted anti-tumour immunity in OGJ. Interestingly, recent studies
have demonstrated that IC ligands and receptors are expressed on the surface of tumour cells
in a range of malignancies such as melanoma, lung, head and neck and colorectal cancer'82184-
186,188-191232 "1y addition 1C tumour cell intrinsic signalling has been shown to promote various

182 invasion and

hallmarks of cancer including glycolysis*®®, DNA repair'®, proliferation
migration?33183, Lju et al., have demonstrated that PD-1 intrinisc signalling in gastric tumour
cells protects against 5-FU induced cell death?®2, However, it remains to be investigated if I1C-
intrinsic signalling in OGJ cells might confer a survival advantage under the harsh
physiological conditions of the tumour microenvironment (TME). Therefore, we investigated
the effect of characteristic features of the hostile TME, such as nutrient deprivation and hypoxia
on IC expression by OGJ cells. Importantly, we assessed if ICB under these TME conditions
might promote or inhibit the surival of OGJ cells. The effect of ICB on the metabolic phenotype
of OGJ cells was also assessed as nutrient deprivation and hypoxia have profound effects on
metabolism in OGJ cells®*** and PD-L1 intrinsic signalling in melanoma cells has been shown
to enhance a glycolytic phenotype in renal cancer cells?*® and non-small cell lung cancer?®,

Importantly, this current study also investigated the expression of a range of inhibitory ICs on
the surface of oesophageal cells along the normal-BO-OGJ disease sequence to determine if
expression is altered as disease progresses. Previous studies have demonstrated that T1M-32%2
and PD-1%%" IC receptors were significantly upregulated along the normal-pre-malignant-
carcinoma disease sequence in cervical cancer and pancreatic cancer, respectively. Therefore,
gaining a deeper insight into the changes in IC expression across the malignant progression
sequence could identify appropriate ICs to target to block disease progression from BO to OGJ.
In addition, the TME imposes profound metabolic restrictions on antitumour T cells,
understanding these insights is important for informing immunotherapeutic anticancer
strategies'®*. Therapeutic approaches such as those that target metabolic restrictions, including
low glucose levels and hypoxia, have shown promise as combination therapies for different
types of cancer®. Firstly, nutrient deprivation and hypoxia, have a profound impact on the
cellular composition of the TME, subsequently promoting or hindering anti-tumour immune
responses. Tumour hypoxia promotes the recruitment of regulatory T cells through induction
of expression of the chemokine CC-chemokine ligand 28 which, in turn, promotes tumour
tolerance and angiogenesis''’. In addition, cancer cells grow rapidly outcompeting anti-tumour

immune cells for essential nutrients subsequently producing metabolic by-products that are
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toxic to immune cells, such as lactate, resulting in a both a nutrient starved and acidic hostile
environment for the anti-tumour immune cells%,

The TME is often described as a glucose deprived environment, attributed to a poorly-
vascularised TME and cancer cells sequestering glucose for glycolysis to facilitate tumour
progression'®, These distinct metabolic pathways in tumour cells cause functional impairment
of immune cells and contribute to immune evasion by cancer'%. Glucose is also an essential
nutrient for the metabolic demands and function of anti-tumour immune cells, particularly
effector T cells!!®. Glucose is an essential nutrient which plays an important role during the
early stages of T cell activation in regulating T cell differentiation and maintaining activation
states!™®. T cell activation involves a dramatic increase in nutrient uptake. Depletion of glucose
in cell culture media during the early stages of T cell activation inhibits T cell expansion,
cytokine production and suppresses pro-inflammatory T cell differentiation'!. Conversely,
regulatory T cells thrive in a glucose depleted environment as these cell types predominantly
rely on fatty acid oxidation to fulfil their energy demands'!?. Moreover, the TME is often
depleted in amino acids, which are also an important fuel for many cellular processes for both
tumour cells and immune cells?*. The amino acid consumption of tumour cells and pro-tumour
immune cells is increased compared with normal cells, creating a nutrient-depleted
microenvironment, which negatively hinders anti-tumour immune cells?%.

Metabolic reprogramming in T cells during their activation and differentiation have led to an
emerging concept of “immunometabolism”!!3, Considering the recent success of cancer
immunotherapy in the treatment of several cancer types, increasing research efforts are being
made to elucidate alterations in metabolic profiles of cancer and immune cells during their
interplays in the setting of cancer progression and immunotherapy!!*. Therefore,
immunometabolism is a key factor in regulating immune responses in the tumour. ICB in
particular PD-1 blockade, promotes the metabolic fitness of exhausted immune cells,
reinvigorating an exhausted phenotype and enhancing anti-tumour effector T cell responses!*®.
However, a substantial number of OGJ patients possess tumours refractory to ICB®%, It is
thought that concurrent targeting of ICs and targeting immunometabolism pathways may have
a greater effect in restoring effector functions to exhausted T cells!'®. However, more in-depth
research is required to study how the nutrient depleted and hypoxic TME might shape immune
T cell function and alter responses to ICB in the context of OGJ.

Furthermore, tissue acidosis (pH 6.0 to 7.0) is typically accompanied with inflammatory

processes in peripheral tissues, where the pH can decrease as low as 5.5'23, Moreover, acidosis
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is a hallmark feature of solid tumours ranging from a pH of 5.7 to 7.04+%42, A combination of
poor tissue perfusion and high rates of lactic acid due to fermentative glycolytic metabolism
contribute to the generation of an acidic tumour microenvironment?®, This acidity also
contributes to tumour progression by substantially altering both the innate and adaptive
immune responses. Overall a low pH has been shown to suppress anti-tumour immunity and
promote the pro-tumourigenic arm of the immune system?*. However, extracellular acidosis
can either stimulate or suppress innate immune responses depending on both the cell type
involved and the particular response analysed®**. However, it has been suggested that a high
concentration of protons as a consequence of a low pH might be recognized by innate immune
cells as a danger-associated molecular pattern?®, Extracellular acidosis (pH 6.5) increased the
endocytic activity of DCs and the expression of MHC class |1, CD40, and CD86%4. Moreover,
DCs pulsed with antigens at low pH values showed an improved efficacy to induce specific
cytotoxic responses mediated by CD8* T cells as well as specific antibody responses in vivo?*®.
DCs derived from monocytes cultured with IL-4 and GM-CSF, transient exposure of DCs to
pH 6.5 markedly increases the expression of HLA-DR, CD40, CD80, CD86, CD83, and CCR7,
improves the T cell priming ability of DCs, and increases the production of I1L-12, stimulating
the synthesis of IFN-y, but not IL-4, by Ag-specific CD4* T cells?*®. Similarly, Tong et al.
further confirmed the ability of extracellular acidosis to induce the phenotypic maturation of
human DCs via activation of acid sensing ion channels, a family of proton receptors?*’.

In contrast, a large body of evidence indicates that low pH has been shown to suppress the
cytotoxic response mediated by CD8" T cells as well as the production of IFN-y by Th1 cells'?,
Calcinotto et al.,*?® have shown that lowering the environmental pH to values of 6.0-6.5
induced an anergic state in human and mouse tumour-specific CD8" T cells, characterized by
impaired cytotoxic activity, inhibition of cytokine production, reduced expression of the alpha
chain of the IL-2R (CD25), and a diminished activation of extracellular signal-regulated kinase
(ERK) and STATS5 upon T cell activation?®. However, buffering the pH to neutral values
restored T cell function'?®>2*8, Moreover, systemic treatment of tumour-bearing mice with
proton pump inhibitors improved the therapeutic efficacy of immunotherapy, suggesting that
proton pump inhibitors might represent useful therapeutic tools to reverse the anergy of
tumour-infiltrating T cells and to improve the performance of immunotherapy approaches used
in cancer?®®,

Glucose deprivation and hypoxia inhibit anti-tumour immune responses in several solid tumour

types which has yet to be investigated in OGJ. Effective anti-tumour immunity is a pre-requisite
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for successful chemotherapy treatment as well not just immunotherapy treatment. Furthermore,
hypoxia treatment promotes more resistant tumour cell types to emerge that are more
aggressive and pro-metastatic?®®. Hypoxia has several knock on effects in promoting other key
hallmarks of cancer such as angiogenesis in an attempt to reoxygenate the poorly vascularised
tumour that is contributing to the hypoxic state?®°. For this reason escape of pro-metastatic
tumour cell clones is facilitated by these new blood vessels, allowing them to migrate to distal
sites in the body to form micrometastatic niches in secondary sites?>°. Hypoxia has also been
described as a key cause of radiation resistance in several tumour types including OGJ?*.,
Therefore, understanding the effects of hypoxia on T cell phenotypes and how ICBs work under
these hostile TME conditions is important for designing more successful treatments for OGJ
patients that could include ICBs.

Importantly, this study also investigates the direct effect of nutrient deprivation (serum
deprivation and glucose deprivation), hypoxia and acidosis on the IC expression profiles of T
cells and T cell function using OGJ patient-derived T cells. Importantly, the ability of
nivolumab to promote anti-tumour T cell-mediated immunity under conditions reflective of the
hostile TME is also explored. Collectively, these findings will help guide the clinical
development of rationale immunotherapeutic strategies to improve immune responses within
the inhospitable TME for treating OGJ patients. We also assess systemic lactate levels in OGJ
patients post-treatment and correlate these levels with clinical characteristics to provide a
deeper insight into how serum lactate levels may be used as a clinical indicator of treatment
response and prognosis. Importantly systemic lactate levels are also correlated with circulating
levels of pro-tumourigenic and anti-tumourigenic immune mediators as well as pro-angiogenic
factors to shed light on potential pro-tumourigenic processes that may be interlinked with the

lactate axis.

3.1.3 Specific aims

1. Investigate IC expression profiles on the surface of oesophageal cells along the normal-BO-
OGJ disease sequence to determine if expression is altered as disease progresses.

2. Investigate the effect of characteristic features of the hostile TME such as nutrient
deprivation (serum deprivation and glucose deprivation) and hypoxia on IC expression on OGJ
cells and if ICB under these conditions might promote or inhibit the surival of OGJ cells.

3. Determine the effect of ICB on the metabolic phenotype of OGJ cells.
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4. Assess the direct effect of nutrient deprivation (serum deprivation and glucose deprivation)
and hypoxia on the function of T cells in particular the expression profile of ICs and the ability
of nivolumab to promote anti-tumour T cell-mediated immunity under these conditions.

5. Examine the direct effects of acidosis on T cell function and the ability of ICB to enhance T

cell immunity under these conditions.

3.2 Results

3.2.1 PD-1 and TIGIT expression on the surface of oesophageal epithelial cells decreases
along the normal-BO-OGJ disease sequence

This study investigated the expression profile of a range of inhibitory ICs along the normal-
BO-0GJ disease sequence. IC expression was assessed at the mRNA level in normal, BO and
OGJ tissue using online RNA sequencing databases obtained from the Broad Institute, The
Cancer Genome Atlas (TCGA) study of normal oesophageal epithelium, Barrett's metaplasia,
and oesophageal adenocarcinomas as previously described?!. RNA-sequenced data was only
available for PD-L2 and CD160 IC ligands and PD-1, LAG-3 and A2aR IC receptors across
the normal-BO-OGJ disease sequence (Figure 3.1A). These tissue samples comprised all the
cells within the TME that might contribute to IC expression in the tissue. Levels of PD-L2
MRNA were significantly reduced in BO tissue compared with normal oesophageal tissue and
trended toward a significant increase in the mRNA levels of PD-L2 in OGJ tissue compared
with BO tissue (normal:14.31 + 1.6% vs. BO:9.6 + 0.9%, 0GJ:13.53 + 0.9% p=0.02 and
p=0.06, respectively) (Figure 3.1A). In addition, mMRNA levels of LAG-3 were significantly
reduced in BO tissue compared with normal oesophageal tissue (normal:139.3 + 21.6% vs.
BO:61.38 + 13.7%, p=0.01), (Figure 3.1A). There were no significant alterations in A2aR,
CD160 or PD-1 across the disease sequence at the mRNA level (Figure 3.1A).

To determine if IC expression profiles on just the oesophageal epithelial cells was altered
across the normal-BO-OGJ disease sequence, cell line models of normal oesophageal epithelial
cells (HET-1A cells), metaplastic BO cells (QH cells) and OGJ cells (OE33 cells and OE19
cells) were screened by flow cytometry for the surface expression of a range of ICs (Figure
3.1B). Interestingly, the surface expression of PD-1 on oesophageal epithelial cells
significantly decreased across the normal-BO-OGJ disease sequence. OE33 cells expressed
significantly less PD-1 compared with the HET-1A cells (8.30 = 3.0% vs. 27.8 £ 5.5%, p=0.02)
(Figure 3.1B). Similar trends were observed in the OE19 cells, in which PD-1 was expressed
at significantly lower levels on OE19 cells compared with the HET-1A cells (5.80 £ 0.5% vs.
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27.8 + 5.5%, p=0.008) (Figure 3.1B). Similarly, TIGIT protein expression significantly
decreased on the surface of epithelial cells across the normal-BO-OGJ disease sequence with
areduction in TIGIT expression on the surface of QH cells compared with HET-1A cells (14.69
+ 2.5% vs. 30.00 = 5.1%, p=0.05). A significantly lower percentage of OE33 cells expressed
TIGIT compared with the HET-1A cells (7.29 £ 1.9% vs. 30.00 + 5.1%, p=0.01), as was the
case for OE19 cells compared with HET-1A cells (3.20 £ 0.4% vs. 30.00 £ 5.1%, p=0.001)
(Figure 3.1B). Furthermore, significantly less OE19 cells expressed TIGIT compared with QH
cells (3.20 £ 0.4% vs. 14.69 * 2.5%, p=0.02). Low levels of the IC ligands PD-L1, PD-L2,
CD160, LAG-3, TIM-3 and A2aR were detected on the surface of HET-1A cells, QH cells,
OE33 cells and OE19 cells, however, there was no significant difference in the expression of
these ICs between the different cell types across the normal-BO-OGJ disease sequence (Figure
3.1B).

Overall, these findings demonstrated that IC expression is significantly altered in oesophageal
tissue across the normal-BO-OGJ disease sequence at the mRNA level. Reductions in PD-L2
and LAG-3 mRNA were found specifically in BO tissue compared with normal tissue however,
the levels of PD-L2 and LAG-3 mRNA were comparable between normal tissue and OGJ
tissue. Interestingly, specific alterations in IC expression profiles on the surface of epithelial
cells was observed, in which PD-1 and TIGIT were significantly decreased across the disease

sequence from normal-BO-OGJ.
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Figure 3.1: The expression of PD-1 and TIGIT on the surface of oesophageal epithelial cells

decreases along the normal-BO-OGJ disease sequence. (A) Schematic workflow for assessing
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mMRNA levels of inhibitory IC ligands and receptors were assessed in 8 normal oesophageal tissue
samples, 8 BO tissue samples and 8 OAC tissue samples from online RNA-sequenced databases?!. The
inhibitory IC ligands available in the database included: PD-L2 and CD160 and the IC receptors
available included: PD-1, LAG-3 and A2aR (C) (PD-L1 and TIGIT were not sequenced so the data was
unavailable). Kruskal-Wallis with uncorrected Dunn’s test. Expression presented relative to GAPDH +
SEM. (B) Schematic workflow for analysing the IC ligand and IC receptor expression on the surface of
HET-1A, QH, OE33 and OE19 cells by flow cytometry. The inhibitory ligands assessed include PD-
L1, PD-L2 and CD160 and the inhibitory IC receptors include PD-1, TIGIT, LAG-3, TIM-3 and A2aR
(D). Pooled analysis of 4 independent biological replicates that were carried out using singlet technical
replicates. Mixed-effects analysis, Tukey’s multiple comparison. *p<0.05 and **p<0.01. Data

expressed as + SEM.

3.2.2 Glucose deprivation and hypoxia upregulate PD-1 and TIGIT on the surface of OGJ
cells

As OGJ cells express significantly less PD-1 and TIGIT compared with normal oesophageal
cells, we sought to investigate if features of the hostile TME including hypoxia and nutrient
deprivation might alter the expression of PD-1 and TIGIT on the surface of viable OGJ cells
invitro (Figure 3.2). Glucose deprivation for 24h significantly upregulated PD-1 on the surface
of viable OE33 cells compared with cells cultured in cRPMI in vitro (cCRPMI:4.86 £ 1.5% vs.
glucose-deprivation:24.9 + 3.2%, p=0.008), (Figure 3.2). In addition, 24h hypoxia and
combined glucose-deprivation with hypoxia significantly upregulated PD-1 on the surface of
viable OE19 cells in vitro (cRPMI:2.46 £ 0.1% vs. hypoxia:4.63 + 0.4%, combined glucose-
deprivation with hypoxia:17.03 = 2.2%, p=0.04 and p=0.01, respectively), (Figure 3.2).
Similarly, 48h combined glucose-deprivation with hypoxia significantly upregulated PD-1 on
the surface of viable OE19 cells compared with cells cultured in cRPMI (cRPMI:5.18 + 0.7%
vs. combined glucose-deprivation with hypoxia:13.77 £ 2.0%, p=0.02).

Furthermore, 24h glucose deprivation and combined glucose-deprivation with hypoxia
significantly upregulated TIGIT on the surface of viable OE33 cells compared with cells
cultured in cRPMI in vitro (cCRPMI:5.43 £ 1.6% vs. hypoxia:24.9 + 3.2, combined glucose-
deprivation with hypoxia:27.50 = 2.0%, p=0.007 and p=0.003, respectively), (Figure 3.2).
Similarly, 24h hypoxia and combined glucose-deprivation with hypoxia significantly
upregulated TIGIT on the surface of viable OE19 cells compared with cells cultured in cRPMI
in vitro (CRPMI:2.2 + 0.1% vs. hypoxia:7.23 £ 0.5%, combined glucose-deprivation with
hypoxia:15.93 = 1.0%, p=0.001 and p=0005, respectively), (Figure 3.2). Similarly, 48h
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combined glucose-deprivation with hypoxia significantly upregulated TIGIT on the surface of
viable OE19 cells compared with cells cultured in cRPMI in vitro (cRPMI:6.38 £ 0.7% vs.
combined glucose-deprivation with hypoxia:12.50 + 1.3%, p=0.01), (Figure 3.2).

In addition, we also assessed whether the levels of mutated HIF-1a in a cohort of OGJ patients
available from TCGA database correlated with survival outcomes, and we found that there was
no significant difference in the survival of OGJ patients who had a mutated HIF-1a gene
compared with wild-type (Figure 3.2L).

Overall, glucose-deprivation, hypoxia, or combined glucose-deprivation with hypoxia
significantly upregulated PD-1 and TIGIT on the surface of OGJ cells in vitro.
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Figure 3.2: Glucose deprivation and hypoxia significantly increase the percentage of viable OGJ
cells expressing PD-1 and TIGIT. (A) Schematic workflow. OE33 and OE19 cells were cultured in

normoxia (white bars), with glucose deprivation, hypoxia (0.5% O,) (grey bars) and combined glucose

deprived hypoxic conditions for 24h and 48h. The surface expression of inhibitory IC receptors PD-1

and TIGIT on viable OAC cells was assessed by flow cytometry. Representative dot plots displayed

showing effect of each condition following 24h treatment on PD-1 and TIGIT expression on the surface
of viable OE33 cells (B) and OE19 cells (E). (C) and (D) depicts PD-1 and TIGIT percentage expression
on OE33 cells and (F) and (G) depicts PD-1 and TIGIT percentage expression on OE19 cells. Median
fluorescence intensity (MFI) for PD-1 (H) and TIGIT () expression in OE33 and OE19 cells following
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24h under each condition. (J) Representative histograms showing MFI levels for PD-1 and TIGIT in
OE33 and OE19 cells under each condition. (K) Displays the MFI levels for PD-1 and TIGIT in
peripheral blood lymphocytes (isolated from n=6 treatment-naive OGJ donor peripheral blood samples)
vs. OE33 (n=3) and OE19 (n=3) cells. Pooled analysis for 3 independent biological replicates carried
out using singlet technical replicates. *p<0.05, **p<0.01 and ***p<0.001. Paired, parametric t-test.
Data expressed as + SEM. (L) details the overall survival of OGJ patients with a mutated copy of the

HIF-1a gene compared with patients who had unaltered HIF-1a using data from TCGA.

3.2.3 PD-1 blockade increases OGJ cell proliferation under hypoxia and TIGIT blockade
reduces OGJ cell proliferation under dual glucose and serum deprivation

Given that hostile features of the TME such as hypoxia and nutrient deprivation upregulated
PD-1 and TIGIT on the surface of OGJ cells, we aimed to investigate if PD-1 or TIGIT
upregulation might provide OGJ cells with a survival advantage under these unfavourable
conditions. Therefore, the effect of single agent PD-1 blockade and TIGIT blockade on the
viability of OGJ cells was assessed under complete RPMI conditions, nutrient deprivation,
hypoxia and combined nutrient deprivation-hypoxia following 24h culture (Figure 3.3A and
Figure 3.3B, respectively).

PD-1 blockade decreased the proliferation of OE33 cells under dual serum deprivation-glucose
deprivation compared with untreated cells cultured in dual serum deprivation-glucose
deprivation (84.8 £ 1.1% vs. 102.0 + 1.2%, respectively p=0.02), (Figure 3.3A). Contrastingly,
PD-1 blockade increased the proliferation of OE33 cells under hypoxia compared with
untreated cells cultured under hypoxia (100.7 + 5.6% vs. 93.21 + 4.5%, p=0.04), (Figure 3.3A).
PD-1 blockade did not have a significant effect on the proliferation of OE19 cells cultured in
complete RPMI conditions, nutrient deprivation, hypoxia, or dual nutrient deprivation-hypoxia
(Figure 3.3A).

Interestingly, TIGIT blockade significantly decreased the proliferation of OE33 cells under
serum deprivation compared with untreated cells cultured in serum deprived media (84.84 +
0.8% vs. 94.06 + 2.4%, p=0.008), (Figure 3.3B). Similarly, TIGIT blockade significantly
decreased the proliferation of OE33 cells under dual serum-glucose deprivation compared with
untreated cells cultured in dual serum-glucose deprivation (90.25 + 0.7% vs. 102.0 £ 1.2%,
p=0.0007), (Figure 3.3B). In addition, TIGIT blockade significantly reduced OE19 cell
proliferation under glucose deprivation compared with untreated cells cultured under glucose
deprivation (73.33 £ 2.3% vs. 90.68 + 1.4%, p=0.002), (Figure 3.3B). TIGIT blockade did not
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significantly affect OE33 or OE19 cell proliferation under hypoxia or combined nutrient
deprivation-hypoxic conditions (Figure 3.3B).

Overall, TIGIT blockade had the greatest effect in reducing OGJ cell proliferation under
glucose deprivation and serum deprivation. PD-1 blockade had similar effects in reducing
proliferation of OE33 cells under dual serum-glucose deprivation however, PD-1 blockade

increased OE33 cell proliferation under hypoxia.
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Figure 3.3: PD-1 blockade increases OGJ cell proliferation under hypoxia whereas, TIGIT
blockade decreases proliferation in OGJ cells under glucose deprivation and serum deprivation.

(A) Schematic workflow. OE33 and OE19 cells were cultured under cRPMI (complete media), serum
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deprivation (no FBS), glucose deprivation, cRPMI under hypoxia and combined serum deprivation-
hypoxia and combined glucose deprivation-hypoxia for 24 in the absence or presence of aPD-1
(pembrolizumab, 10 pg/ml) (B) or aTIGIT monoclonal antibody (C). Pooled analysis for 5 independent
biological replicates carried out in duplicate technical replicates were used for both the OE33 and OE19
cell line. A BrdU assay was used to determine the percentage of proliferating cells. Paired parametric
t-test *p<0.05 and **p<0.01 and ***p<0.001. Data expressed as = SEM.

3.2.4 PD-1 blockade decreases, whereas TIGIT blockade increases OGJ cell death under
hypoxia
To further interrogate the effects of PD-1 blockade and TIGIT blockade on OGJ cell viability
under nutrient deprivation and hypoxia, OE33 and OE19 cells were treated with PD-1 and
TIGIT immune checkpoint inhibitors and OGJ cell death was assessed by AV PI assay.
PD-1 blockade significantly decreased the percentage of early-stage apoptotic OE33 cells
under hypoxia compared with untreated cells cultured under hypoxia (23.82 + 3.2% vs. 28.02
+ 4.1%, p=0.04), (Figure 3.4A). In addition, PD-1 blockade significantly decreased the
percentage of early-stage apoptotic OE33 cells cultured under combined serum-deprivation
with hypoxia compared with untreated OE33 cells cultured under these conditions (56.23 +
2.9% vs. 60.27 * 3.4%, p=0.02), (Figure 3.4A). However, PD-1 blockade did not significantly
affect the percentage of late-stage apoptotic OE33 cells cultured in cRPMI, nutrient-deprived
conditions or hypoxia (Figure 3.4A).
Interestingly, PD-1 blockade under serum-deprivation significantly increased the percentage
of early-stage apoptotic OE19 cells compared with untreated cells cultured under those
conditions (40.20 = 4.5% vs. 24.18 + 3.8%, p=0.003), (Figure 3.4A). However, under glucose-
deprivation PD-1 blockade significantly decreased the percentage of early-stage apoptotic
OEZ19 cells compared with untreated cells cultured under those conditions (28.14 + 1.9% vs.
33.22 £ 1.2%, p=0.01), (Figure 3.4A). Interestingly, under combined glucose and serum-
deprivation in combination with hypoxia, PD-1 blockade significantly decreased the
percentage of late-stage apoptotic OE19 cells compared with untreated cells cultured under
those conditions (27.53 £ 1.3% vs. 53.48 + 11.11%, p=0.05), (Figure 3.4A).
Interestingly, TIGIT blockade significantly increased the percentage of late-stage apoptotic
OE33 cells cultured under serum-deprivation compared with untreated cells cultured under
those conditions (28.24 + 6.0% vs. 17.9 = 2.8%, p=0.03), (Figure 3.4B). Similarly, TIGIT
blockade significantly increased the percentage of late-stage apoptotic OE33 cells under
glucose-deprived conditions compared with untreated cells cultured under those conditions
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(47.10 £ 1,4% vs. 31.72 + 1.8%, p=0.008), (Figure 3.4B). In contrast, TIGIT blockade under
combined serum-deprivation in combination with hypoxia significantly decreased the
percentage of early-stage apoptotic OE33 cells compared with untreated cells cultured under
those conditions (40.38 + 4.2% vs. 60.27 = 3.4%, p=0.001), (Figure 3.4B). Subsequently,
TIGIT blockade significantly increased the percentage of late-stage apoptotic OE33 cells
cultured under combined serum-deprivation in combination with hypoxia compared with
untreated cells cultured under those conditions (26.02 £ 2.5% vs. 22.52 + 2.0%, p=0.02),
(Figure 3.4B).

Complementary findings were observed with the OE19 cell line. TIGIT blockade significantly
increased the percentage of early-stage apoptotic OE19 cells under cRPMI conditions
compared with untreated cells cultured under those conditions (29.32 £ 3.3% vs. 25.70 + 2.6%,
p=0.05), (Figure 3.4B). TIGIT blockade significantly increased the percentage of early-stage
apoptotic OE19 cells under serum-deprivation compared with untreated cells cultured under
those conditions (40.20 £ 4.5% vs. 24.18 + 3.8%, p=0.003), (Figure 3.4B). TIGIT blockade
significantly decreased the percentage of early-stage apoptotic OE19 cells and subsequently
increased the percentage of late-stage apoptotic cells under glucose-deprivation compared with
untreated cells cultured under those conditions (early-stage apoptotic cells:28.14 + 1.9% vs.
33.22 + 1.2%, p=0.01, late-stage apoptotic cells: 43.60 + 8.9% vs. 16.11 + 2.7%, p=0.04),
(Figure 3.4B). TIGIT blockade also induced OE19 cell death under complete RPMI conditions
demonstrated by a significant increase in the percentage of late-stage apoptotic cells (21.63
0.8% vs. 15.75 + 0.8%, p<0.0001), (Figure 3.4B). Similarly, TIGIT blockade significantly
increased the percentage of late-stage apoptotic cells cultured under serum-deprivation, (26.17
+ 3.2% vs. 17.65 + 3.3%, p=0.02), (Figure 3.4B). TIGIT blockade significantly increased the
percentage of late-stage apoptotic cells cultured under dual serum- and glucose-deprived
conditions compared with untreated cells cultured under those conditions (39.3 + 4.5% vs.
25.35 * 2.7%, p=0.004), (Figure 3.4B). Moreover, there was no significant effect of TIGIT
blockade on the percentage of late-stage apoptotic OE19 cells cultured under hypoxia or
combined hypoxia-nutrient deprivation (Figure 3.4B).

Overall, PD-1 blockade induced apoptosis under serum- and glucose-deprivation however,
under hypoxia or combined serum- and glucose-deprivation with hypoxia, PD-1 blockade
conferred OGJ cells with a survival advantage and decreased apoptosis and OGJ cell death.
Whereas, TIGIT blockade induced apoptosis and OGJ cell death under nutrient-deprivation

and hypoxia.
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Figure 3.4: PD-1 blockade decreases OGJ cell death under hypoxia and TIGIT blockade induces
OGJ cell death basally and under nutrient deprivation. (A) Schematic workflow. OE33 cells and
OE19 cells were cultured under in complete media (cCRPMI), serum deprived (no FBS), glucose
deprived, combined serum deprived-glucose deprived, hypoxia and combined serum deprived-hypoxia,
combined glucose deprived-hypoxia and combined serum deprived-glucose deprived-hypoxia for 48h
in the absence or presence of aPD-1 (B) or aTIGIT monoclonal antibody (C). Viability was determined
by annexin V propidium iodide assay by flow cytometry. Viable cells (AV'PI’), early-stage apoptotic
cells (AV*PI"), late-stage apoptotic cells (AV*PI*) and necrotic cells (AV-PI*) were characterised, only
data for early-stage apoptotic and late-stage apoptotic cells shown. Pooled analysis for 5 independent

biological replicates that were carried out in singlet. White bars denote normoxic conditions, grey bars
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denote hypoxic conditions. White bars with dashes denote normoxic conditions with addition of aPD-
1 (B) or aTIGIT (C) and grey bars with dashes denote hypoxic conditions with aPD-1 (B) or aTIGIT
(C). *p<0.05, **p<0.01, ***p<0.001, paired parametric t-test. (D) and (E) display gating strategies for
OE33 and OE19 cells and (F) shows representative dot plots in the OE19 cell line.

3.2.5 PD-1 blockade and TIGIT blockade decreases the levels of anti-apoptotic proteins
Bcl-2 and Bcl-xL in OGJ cells

To further elucidate the effect of inhibiting PD-1 and TIGIT tumour cell intrinsic signalling on
pro-survival pathways in OGJ cells, the levels of anti-apoptotic proteins Bcl-2 and Bcl-xL were
assessed following single agent PD-1 and TIGIT blockade in OE33 and OE19 cells (Figure
3.5). PD-1 and TIGIT blockade significantly decreased the levels of Bcl-2 in OE33 cells
compared with untreated cells (aPD-1:0.77 + 0.1%, aTIGIT:0.58 = 0.1% vs. veh:1.0 = 0.0%,
p=0.03 and p=0.02, respectively) (Figure 3.5). In addition, there were trends toward a
significant decrease in Bcl-2 levels following single agent PD-1 blockade and TIGIT blockade
in OE19 cells (aPD-1:0.60 £ 0.1%, oTIGIT:0.80 £ 0.05% vs. veh:1.0 £ 0.0%, p=0.07 and
p=0.05, respectively), (Figure 3.5).

Similarly, single agent PD-1 blockade and TIGIT blockade significantly decreased the levels
of Bcl-xL in OE33 cells compared with untreated cells (aPD-1:0.51 + 0.1%, oTIGIT:0.54 +
0.1% vs. veh:1.0 + 0.0%, p=0.04 and p=0.02, respectively), (Figure 3.5). In addition, there was
a decrease in Bcl-xL levels following single agent PD-1 blockade and TIGIT blockade in OE19
cells (aPD-1:0.77 £ 0.1%, oTIGIT:0.62 £ 0.1% vs. veh:1.0 = 0.0%, p=0.06 and p=0.05,
respectively), (Figure 3.5).

Overall, both PD-1 and TIGIT blockade significantly decreased levels of two anti-apoptotic

factors Bcl-2 and Bcl-xL in OGJ cells in vitro.
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Figure 3.5: TIGIT blockade decreases the expression of anti-apoptotic factor Bcl-xL in OGJ cells
invitro. (A) Schematic workflow. OE33 cells and OE19 cells were treated with aPD-1 (pembrolizumab,
10 pg/ml) or aTIGIT (10 pg/ml) for 48h. (B) Expression levels of Bcl-2 and Bcl-xL were determined
by western blot. B-actin or GAPDH were used as housekeeping controls to normalise protein expression.
Representative blot images of OE19 cell line. Data expressed as + SEM relative to vehicle (veh) control.
Pooled analysis for 11 independent biological replicates carried out in singlet technical replicates for
the OE33 cell line and pooled analysis for 12 independent biological replicates carried out in singlet
technical replicates for the OE19 cell line. *p<0.05, paired parametric t-test.

3.2.6 Single agent PD-1 blockade and TIGIT blockade in OGJ cells differentially alters
tumour cell metabolism

Given that the findings from this study demonstrated that glucose deprivation and hypoxia
significantly upregulate PD-1 and TIGIT on the surface of OGJ cells in vitro and that these
conditions have substantial effects on the metabolism of cancer cells, we sought to investigate

if PD-1 blockade or TIGIT blockade might alter the metabolism of OGJ cells. Seahorse
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Biosciences XFe24 Extracellular Flux Analyser was used to measure changes in metabolism
in real time (Figure 3.6A).

TIGIT blockade significantly increased ECAR a measure of glycolysis in OE33 cells compared
with vehicle control (veh:100.8 £ 0.7% vs. aTIGIT:131.7 + 5.3%, p=0.03, respectively),
(Figure 3.6B). In contrast, TIGIT blockade significantly decreased OCR a measure of
oxidative phosphorylation in OE33 cells and OE19 cells compared with vehicle control (OE33
cells: veh:100 = 0.0% vs. oTIGIT:56.79 + 6.7% and OE19 cells:veh:100.0 + 0.0% vs.
aTIGIT:7.88 + 0.22%, p=0.02 and p<0.0001, respectively), (Figure 3.6B). TIGIT blockade
also significantly decreased the OCR:ECAR ratio in OE19 cells compared with the vehicle
control (veh:3.25 + 0.14 vs. oTIGIT:0.26 + 0.1, p=0.001), (Figure 3.6D). PD-1 blockade
significantly increased basal respiration in OE33 cells compared with the vehicle control
(veh:100 + 0.0% vs. aPD-1:111.0 + 1.9%, p=0.02), (Figure 3.6E). Contrastingly, TIGIT
blockade significantly reduced basal respiration in OE33 cells (veh:100 + 0.0% vs.
aTIGIT:54.93 + 7.7%, p=0.02), (Figure 3.6E). Similarly, TIGIT blockade significantly
reduced the basal respiration in OE19 cells compared with the vehicle control (veh:100 £ 0.0%
vs. oTIGIT:6.37 £ 1.0%, p<0.0001). Furthermore, TIGIT blockade significantly decreased
OCR-linked ATP turnover in OE33 cells and OE19 cells compared with vehicle control (OE33
cells: veh:100 £ 0.0% vs. oaTIGIT:59.6 £ 9.5% and OEI19 cells:veh:100.0 + 0.0% vs.
aTIGIT:5.9 £ 1.8%, p=0.05 and p=0.0004, respectively), (Figure 3.6F). Maximal respiration
is also significantly reduced following TIGIT blockade compared with vehicle control in both
OE19 cells and OE33 cells (OE33 cells: veh:100 + 0.0% vs o TIGIT 57.57 £ 5.9%. OE19 cells:
veh:100 + 0.0% vs. oTIGIT:2.76 + 0.45%, p=0.01 and p=0.003, respectively), (Figure 3.6G).
TIGIT blockade significantly decreased proton leak in both OE33 and OE19 cells compared
with vehicle control (OE33 cells: veh:100 = 0.0% vs. aTIGIT:46.63 £ 5.5% and OEI19
cells:veh:100.0 + 0.0% vs. aTIGIT:9.9 + 1.3%, p=0.01 and p=0.009, respectively), (Figure
3.6H). Furthermore, TIGIT blockade significantly reduced the spare respiratory capacity in
OE33 cells and OE19 cells compared with the vehicle control (OE33 cells: veh:100 + 0.0% vs.
aTIGIT: 62.35 £ 4.6% and OE19 cells: veh:100.0 = 0.0% vs. aTIGIT: 8.65 + 3.3%, p=0.01
and p=0.02, respectively), (Figure 3.61). PD-1 blockade and TIGIT blockade significantly
increased and decreased the glycolytic reserve in OE33 cells compared with vehicle control,
respectively (veh:100 + 0.0% vs. aPD-1: 112.1 £ 2.6%, oTIGIT: 55.6 + 6.6%, p=0.04 and
p=0.02 respectively), (Figure 3.6J).
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Overall, PD-1 blockade enhanced basal respiration and glycolytic reserve in OGJ cells
compared with the vehicle control. Whereas, TIGIT blockade increases ECAR yet decreased
several metabolic parameters in OGJ cells including oxidative phosphorylation, basal
respiration, OCR-linked ATP turnover, maximal respiration, proton leak, spare respiratory

capacity and glycolytic reserve.
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Figure 3.6: PD-1 blockade increases basal respiration and glycolytic reserve whereas TIGIT
blockade increases ECAR and decreases OCR in OGJ cells.
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OE33 and OE19 cells were treated with and without aPD-1 (pembrolizumab, 10 pg/ml) or aTIGIT
monoclonal antibody (10 pg/ml) for 48h. OCR, a measure of oxidative phosphorylation and ECAR, a
measure of glycolysis was assessed in real-time using the Seahorse Biosciences XFe24 Analyser. (A)
Schematic workflow showing the Seahorse XF Mito Stress Test that was used. A range of metabolic
parameters were then calculated from the mito stress test profile using Seahorse technology including:
OCR (B.), ECAR (C.), OCR:ECAR ratio (D.), basal respiration (E.), OCR-linked ATP turnover (F.),
maximal respiration (G.), H* leak (H.), spare respiratory capacity (I.) and glycolytic reserve (J.) All data
expressed as mean = SEM. Data expressed relative to untreated cells set to 100% (B-J). Pooled analysis
for 3 independent biological replicates conducted using triplicate technical replicates. Paired parametric
t-test, *p<0.05, **p<0.01.

The findings from this study demonstrated that PD-1 blockade significantly enhanced
glycolytic reserve in OGJ cells whereas, TIGIT blockade significantly enhanced a glycolytic
phenotype yet decreased glycolytic reserve in OGJ cells. Therefore, we sought to investigate if
PD-1 blockade or TIGIT blockade affected the surface expression of GLUT1 by OGJ cells,
which is an important transporter of glucose from the external TME into OGJ cells (Figure
3.7). Interestingly, PD-1 blockade significantly upregulated the surface expression of GLUT1
on the surface of OE33 cells and OE19 cells compared with untreated cells (OE33 cells: 5.76
+ 0.5% vs. 4.23 + 0.5%, p=0.008 and OE19 cells: 9.65 + 0.3% vs. 5.39 £ 0.2, p=0.0003),
(Figure 3.7). There was a trend toward an increase in the surface expression of GLUT1 on the
surface of OE19 cells following TIGIT blockade compared with untreated cells (6.84 + 0.6%
vs. 5.39 £ 0.2, p=0.08) (Figure 3.7). Overall, PD-1 blockade had the greatest effect at
upregulating GLUT1 on the surface of OGJ cells in vitro.
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Figure 3.7: Pembrolizumab and oTIGIT significantly increase the percentage of OE19 cells
expressing GLUT1. OE33 and OEI9 cells were treated with vehicle (veh) control, aPD-1
(pembrolizumab, 10 pg/ml) or o TIGIT monoclonal antibody (10 pg/ml) for 48h. The percentage of live
OGJ cells expressing GLUT1 was determined by flow cytometry (n=4). Representative dot plots
showing effect of vehicle control, PD-1 blockade or TIGIT blockade on the percentage of GLUT1
positive OE19 cells. Paired parametric t-test. *p<0.05, **p<0.01 and ***p<0.001. Data expressed
as+ SEM.

3.2.7 Inhibition of oxidative phosphorylation and glycolysis in OGJ cells differentially
alters the surface expression of tumour-intrinsic PD-1 and TIGIT

The findings from this study have demonstrated that both PD-1 and TIGIT blockade
significantly alter OGJ cell metabolism, we therefore sought to investigate if inhibiting
oxidative phosphorylation and glycolysis in OGJ cells might affect the expression of PD-1 or
TIGIT on the surface of OGJ cells in vitro (Figure 3.8). Inhibition of glycolysis or oxidative
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metabolism had no significant effect on the expression of PD-1 in OE33 cells compared with
the vehicle control (Figure 3.8). However, inhibition of glycolysis with a low dose of 2DG
significantly reduced PD-1 expression on the surface of OE19 cells (8.06 + 2.7 vs. 15.05 £
3.2%, p=0.03), (Figure 3.8). Additionally, inhibition of oxidative phosphorylation using a low
dose of oligomycin significantly reduced the expression of PD-1 on the surface of OE19 cells
(7.21 = 1.7 vs. 15.05 £ 3.2%, p=0.02), (Figure 3.8). In contrast, inhibition of oxidative
phosphorylation significantly upregulated TIGIT on the surface of OE33 cells compared with
the vehicle control (17.26 + 3.7 vs. 8.33 = 0.1%, p=0.04), (Figure 3.8). Inhibition of glycolysis
or oxidative phosphorylation had no significant effect on the surface expression of TIGIT in
OE19 cells (Figure 3.8).

Overall, inhibition of oxidative phosphorylation and glycolysis decreased the surface
expression of PD-1 on OGJ cells and inhibition of oxidative phosphorylation significantly
upregulated TIGIT on the surface of OGJ cells.
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Figure 3.8: Inhibition of glycolysis and oxidative phosphorylation decreases PD-1 on the surface
of OE19 cells whereas, inhibition of oxidative phosphorylation increases TIGIT on OE33 cells.
(A) Schematic workflow. OE33 and OE19 cells were treated with vehicle control or 2DG (low dose
(L): 10 mM and high dose (H): 20 mM) or oligomycin (low dose: 3 uM and high dose: 6 uM) for 24h
and the percentage of viable cells expressing PD-1 and TIGIT was determined by flow cytometry (C).
Pooled analysis for 5 independent biological replicates carried out in technical singlets were conducted.
(B) Representative dot plots showing effect of vehicle, high dose 2DG and high dose oligomycin on
PD-1 and TIGIT expression on the surface of OE19 cells and OE33 cells, respectively. Paired
parametric t-test. *p<0.05. Abbreviations: 2DG, 2-deoxy-D-glucose; H, high dose; L, low dose; oligo,

oligomycin.
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3.2.8 TIGIT, CTLA-4 and PD-L2 immune checkpoints were upregulated on stromal cells
within the OGJ TME

The TME is a well-characterised inhospitable environment for immune cells, frequently
nutrient deprived and hypoxic, which has a profound effect on the immune infiltrate typically
promoting an immunosuppressive phenotype. To provide insight into the direct effects of the
OGJ TME on immune checkpoint (IC) expression, a range of IC proteins was assessed on the
surface of CD45" cells in the tumour tissue and in circulation (Figure 3.9).

There was a significantly higher percentage of CD45" cells within the tumour tissue expressing
TIGIT compared with circulating CD45" cells (tumour: 29.65 * 6.5 vs. blood: 10.24 + 2.1%,
p=0.02) (Figure 3.9A). Similarly, CTLA-4 was expressed on a significantly higher percentage
of CD45" cells in the tumour tissue compared with circulation (tumour: 44.55 * 8.9 vs. blood:
12.27 + 4.9%, p=0.008) (Figure 3.9A). In addition, there was a significantly higher percentage
of CD45" cells within the tumour tissue expressing PD-L2 compared with circulating CD45*
cells (tumour: 5.78 £ 0.3% vs. blood: 1.27 + 0.3%, p=0.05) (Figure 3.9A).

IC expression on circulating and tumour-infiltrating immune cells in has been shown to possess
prognostic and predictive value of treatment response in several cancer types including OGJ.
Therefore, we investigated if the frequency of circulating or tumour-infiltrating CD45" cells
expressing ICs correlated with patient demographics or clinical features of the tumour,
including treatment response, tumour stage and adverse features of the tumour which have been
shown to predict poor responses to current standards of care and survival in OGJ patients in a
study by Donlon et al?®2., and include perineural invasion and lymphovascular invasion
(Figure 3.9B).

The frequency of circulating CD45*CTLA-4" cells positively correlated with a subsequent poor
response to neoadjuvant treatment determined by the Mandard tumour regression grade scoring
system (r=0.85 and p=0.007) (Figure 3.9B). In addition, the frequency of circulating
CD45"PD-1" cells negatively correlated with advanced tumour stage determined by PET/CT
(r=0.73 and p=0.02) (Figure 3.9B). Moreover, the frequency of circulating CD45"ICOS™ cells
negatively correlated with adverse tumour features such as lymphovascular invasion which is

indicative of more advanced stage tumours (r=-0.73 and p=0.03) (Figure 3.9B).
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Figure 3.9: TIGIT, CTLA-4 and PD-L2 are expressed at significantly higher levels on the surface
of CD45" cells infiltrating tumour tissue compared with peripheral circulation and frequencies of
CD45'CTLA-4" circulating cells positively correlated with a subsequent poor pathological
response to treatment. (A.) CD45" cells were screened for the surface expression of IC receptors PD-
1, TIGIT, TIM-3, LAG-3, A2aR and CTLA-4 and ligands PD-L1, PD-L2 and CD160 in circulating
whole blood (WB) (n=10) and infiltrating OGJ pre-treatment tumour biopsies (T) (n=7) by flow
cytometry. Mann Whitney test *p<0.05. (B.) The percentage of CD45" cells expressing inhibitory 1Cs
in peripheral blood circulation and infiltrating OGJ tumour tissue in the treatment-naive setting were
correlated with patient demographics and clinical features. Only significant correlations shown in the
corrogram for peripheral circulating CD45" cells expressing 1Cs versus pathologic response to

neoadjuvant treatment determined by the Mandard tumour regression grade (TRG) scoring system,
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clinical tumour (T) stage determined by PET/CT and adverse tumour features such as perineural
invasion and lymphovascular invasion. Spearman correlation *p<0.05. Only significant correlations

shown; red circle: negative correlation and blue circle: positive correlation.

3.2.9 OGJ patient lymphocytes co-cultured with OE33 cells significantly upregulated
LAG-3, altered T cell activation and cytokine profiles

Cancer cells grow rapidly within the TME producing waste by-products such as lactate, which
adversely affects anti-tumour T cell function and can skew T cell phenotypes to a pro-tumour
regulatory T cell. In addition, rapidly dividing cancer cells outcompete anti-tumour immune
cells within the TME for essential nutrients such as glucose, amino acids and glutamine which
also significantly hinders the function of anti-tumour immune populations. Therefore, to
ascertain the direct effect of cancer cell competition on T cell function, OE33 OGJ cells were
co-cultured with OGJ donor PBMCs, and T cell phenotypes were subsequently assessed.
LAG-3 was significantly upregulated on CD8" T cells co-cultured with OE33 cells compared
with PBMCs cultured alone for 48h (11.05 = 3.4 vs. 6.50 + 2.1%, p=0.03) (Figure 3.10). There
was no significant alteration to the expression profile of PD-1, TIGIT, TIM-3, A2aR, CTLA-
4, PD-L1, PD-L2 or CD160 on the surface of T cells following a 48h co-culture with OE33
cells compared with PBMCs cultured alone (Figure 3.10).
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Figure 3.10: Co-culturing OE33 OGJ cells with OGJ donor PBMC:s significantly upregulates
LAG-3 on the surface of T cells. OE33 cells were cultured for 24h in the absence or presence of
PBMCs (OE33: PBMCs, 1:2) isolated from OGJ patients (n=7) that were pre-activated for 5 days with
plate bound anti-CD3/28 and IL-2 prior to culture. CD3*, CD3*CD4" and CD3*CD8* cells were then
stained with a zombie viability dye and the expression of inhibitory immune checkpoint receptors
including PD-1, TIGIT, TIM-3, LAG-3, A2aR, CTLA-4 and KLRG-1 (A) and IC ligands including
PD-L1, PD-L2 and CD160) (B). Paired, non-parametric t test. Expression presented as percentage +

SEM on

live cells. *p<0.05.
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Furthermore, CD69 was significantly upregulated on CD8" T cells co-cultured with OE33 cells
compared with PBMCs cultured alone for 48h (40.32 + 9.8 vs. 21.45 + 3.9%, p=0.03) (Figure
3.11). However, CD27 were significantly decreased on CD4" T cells and CD8" T cells co-
cultured with OE33 cells compared with PBMCs cultured alone for 48h (CD4™ T cells: 29.09
+12.8 vs. 38.51 + 12.4%, p=0.01 and CD8" T cells: 23.06 + 10.49 vs. 39.38 + 11.4%, p=0.03)
(Figure 3.11). Similarly, CD45RA was significantly decreased on the surface of CD8* T cells
following co-culture with OE33 cells compared with PBMCs cultured alone (30.87 + 8.9 vs.
41.17 £ 10.1%, p=0.03) (Figure 3.11). There was no significant change in the expression of
CD62L or CD45RO0 (Figure 3.11.).

Interestingly, changes in T cell differentiation state were also observed following co-culture
with OE33 cells (Figure 3.11). There was a significant increase in the percentage of effector
memory CD4" T cells compared with PBMCs cultured alone for 48h (62.50 + 14.07 vs. 54.65
+ 13.65%, p=0.03) (Figure 3.11). Furthermore, there was a significant decrease in the
percentage of central memory CD8" T cells and a significant increase in the frequency of
terminally differentiated effector memory CD8" T cells following co-culture with OE33 cells
compared with PBMCs that were cultured alone for 48h (central memory CD8" T cells: 22.76
+ 11.13 vs. 31.48 + 13.18%, p=0.03 and terminally differentiated effector memory CD8" T
cells: 64.23 £ 9.5 vs. 49.00 + 9.7%, p=0.01) (Figure 3.11).
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Figure 3.11: Co-culturing OE33 OGJ cells with OGJ donor PBMCs significantly alters the
activation status of T cells. OE33 cells were cultured for 24h in the absence or presence of PBMCs
(OE33: PBMCs, 1:2) isolated from OGJ patients (n=7) that were pre-activated for 5 days with plate
bound anti-CD3/28 and IL-2 prior to culture. CD3*, CD3"CD4" and CD3*CD8" cells were then stained
with a zombie viability dye and the expression of T cell activation markers (CD62L, CD69, CD27 and
CD45RA on the surface of T cells and the frequency of naive (CD45RATCD277), central memory
(CD45RA-CD277), effector memory (CD45RACD27) and terminally differentiated effector memory
(CD45RACD27°) T cells was assessed via flow cytometry. Paired, non-parametric t test. Expression

presented as percentage £ SEM on live cells. *p<0.05.
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There was no significant difference in the frequency of T cells producing of IL-17A/F, IFN-y,

TNF-a, IL-4 and IL-10 cytokines following a 48h co-culture with OE33 cells compared with
PBMC:s cultured alone (Figure 3.12).
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Figure 3.12: Co-culturing OE33 OGJ cells with OGJ donor PBMCs does not significantly alter
the activation status of T cells. OE33 cells were cultured for 24h in the absence or presence of PBMCs
(OE33: PBMCs, 1:2) isolated from OGJ patients (n=7) that were pre-activated for 5 days with plate
bound anti-CD3/28 and IL-2 prior to culture. CD3*, CD3"CD4" and CD3*CD8* cells were then stained
with a zombie viability dye and the expression of IFN-y, IL-17A/F, IL-4, IL-10 and TNF-o was assessed

by flow cytometry. Paired, non-parametric t test. Expression presented as percentage £ SEM on live

cells.

3.2.10 The secretome from OGJ PBMCs upregulates PD-L1 and PD-L2 on the surface of
OE33 cells in vitro
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The nutrient deprived and hypoxic TME has a substantial effect not only on the phenotype of
T cells but also on the T cell secretome, which could in turn alter IC expression by cancer cells
and facilitate IC-mediated immune escape.

The secretome from OGJ patient-derived T cells cultured in cRPMI significantly upregulated
PD-L1 on the surface of OE33 cells in vitro compared with untreated OE33 cells (11.33 + 4.4
vs. 1.71 + 0.4%, p=0.03) (Figure 3.13A). There was a trend toward a significant increase in
the upregulation of PD-L1 on the surface of OE33 cells following treatment with the secretome
of T cells that had been cultured in serum deprived conditions (5.98 £ 2.9 vs. 1.71 + 0.4%,
p=0.06) (Figure 3.13A).

In addition, the secretome from OGJ patient-derived PBMCs that had been cultured in cRPMI,
serum deprivation, dual serum deprivation and hypoxia, glucose deprivation, dual glucose
deprivation and hypoxia and dual glucose and serum deprivation in combination with hypoxia
significantly upregulated PD-L2 on the surface of OE33 cells in vitro compared with untreated
OE33 cells (17.26 + 6.5vs. 10.9+4.1,13.84 £ 6.1, 11.41 £ 3.7, 16.70 £ 8.1, 18.20 + 8.2 and
1.43 £ 0.5%, p=0.03, p=0.03, p=0.03, p=0.03, p=0.03 and p=0.03, respectively) (Figure
3.13A). There was a trend toward a significant increase in the upregulation of PD-L2 on the
surface of OE33 cells following treatment with the secretome of PBMCs cells that had been
cultured under hypoxic conditions compared with untreated OE33 cells (11.95 £ 5.2 vs. 1.47 +
0.5%, p=0.06) (Figure 3.13A).

CD160 and PD-1 expression increased on the surface of OE33 cells following treatment with
the secretome of PBMCs cultured in cRPMI compared with untreated OE33 cells (3.82 + 1.3
vs. 1.58 + 0.1%, p=0.06, Figure 3.13A and 15.00 £ 2.4 vs. 7.51 + 1.6%, p=0.06, Figure 3.13B,
respectively). TIGIT expression was increased on the surface of OE33 cells following
treatment with the secretome of PBMCs cultured under combined serum deprived hypoxic
conditions compared with untreated OE33 cells (27.2 £ 6.8 vs. 18.52 + 8.8%, p=0.06) (Figure
3.13B). TIM-3 and LAG-3 expression decreased on the surface of OE33 cells following
treatment with the secretome of PBMCs that had been cultured under dual glucose and serum
deprived hypoxic conditions compared with untreated OE33 cells (TIM-3: 1.12 + 0.2 vs. 1.86
+ 0.1%, p=0.06 and LAG-3: 1.14 + 0.2 vs. 1.86 + 0.3%, p=0.06) (Figure 3.13B).

Overall, the secretome from OGJ patient-derived PBMCs cultured in cRPMI normoxic
conditions had the greatest effect in upregulating PD-L1 and PD-L2 on the surface of OE33

cells in vitro.
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Figure 3.13: OGJ patient-derived PBMC secretome significantly increased the expression of PD-
L1 and PD-L2 on OE33 OGJ cells under full nutrient and normoxic conditions. PBMCs were

isolated from peripheral blood of treatment-naive OGJ patients (n=6) and expanded for 5 days in the

presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2. Following a 5-day

expansion, PBMCs were cultured for an additional 24h under nutrient deprivation (FBS deprived or

glucose deprived), hypoxia (0.5% O;) and combined nutrient deprivation hypoxic conditions and the

soluble secretome was harvested and cultured with OE33 cells using a 1 in 2 dilution for 24h. OE33

cells were then stained with a zombie viability dye and antibodies specific for a range of ligands (PD-
L1, PD-L2 and CD160) and IC receptors (PD-1, TIGIT, TIM-3, LAG-3 and A2aR) and expression was

assessed by flow cytometry. Paired, non-parametric t test. Expression presented as percentage = SEM
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on live cells. Zombie dye was used to exclude dead cells from analysis. Abbreviations: N: normoxia,

H: hypoxia.

3.2.11 Combination hypoxia and glucose deprivation upregulates PD-1, CTLA-4, PD-L1
and PD-L2 on the surface of OGJ patient-derived T cells

Given the findings demonstrating that OGJ donor lymphocytes co-cultured with OE33 cells
significantly upregulated LAG-3 on the surface of T cells, we sought to investigate the direct
effect of nutrient deprivation, including glucose deprivation and serum deprivation, and
hypoxia on the IC expression profile of OGJ donor lymphocytes. Cancer cells outcompete T
cells for nutrients and oxygen within the TME resulting in a nutrient-deprived, hypoxic
inhospitable microenvironment for T cells. Studies have demonstrated that hypoxia upregulates
PD-L1 on the surface of tumour cells. As there is a wide range of immune checkpoint inhibitors
(ICIs) currently under clinical development that target a wide spectrum of ICs, it is therefore
important to elucidate the effects of the OGJ TME on T cell IC expression. However, little is
known about the effect of nutrient deprivation or hypoxia on the IC expression profile of OGJ
derived T cells. These findings will help guide the rationale selection of ICIs to reinvigorate T
cells within this inhospitable environment.

Hypoxia treatment alone did not significantly affect the expression of ICs on the surface of
OGJ patient-derived T cells (Figure 3.14). However, glucose deprivation significantly
increased the expression of PD-1 on the surface of CD4" T cells compared with cells cultured
in cCRPMI (24.93 + 4.3 vs. 22.40 = 4.25%, p=0.03) (Figure 3.14B). In contrast, serum
deprivation significantly decreased A2aR, CTLA-4 and PD-L2 expression on the surface of
CD4* T cells compared with cells cultured in cRPMI (A2aR: 1.58 + 0.4 vs. 7.43 £ 3.0%,
p=0.03, CTLA-4: 2.19 £ 0.2 vs. 4.5 + 1.0%, p=0.03 and PD-L2: 1.17 £ 0.4 vs. 4.07 £ 1.5%,
p=0.03) (Figure 3.14A). Similarly, serum deprivation significantly decreased A2aR, CTLA-4,
KLRG-1 and PD-L2 expression on the surface of CD8" T cells compared with cells cultured
in cRPMI (A2aR: 1.75 = 0.3 vs. 8.34 £ 2.6%, p=0.03, CTLA-4: 1.74 + 0.2 vs. 4.54 £ 1.2%,
p=0.03, KLRG-1: 27.41 + 8.3 vs. 30.45 * 8.8%, p=0.03, and PD-L2: 1.08 £ 0.2 vs. 5.28 +
1.8%, p=0.03) (Figure 3.14B).

Dual hypoxia and serum deprivation significantly decreased LAG-3, A2aR and CD160 on the
surface of CD4" T cells compared with cells cultured in cRPMI (LAG-3: 2.99 + 0.8 vs. 9.54 +
2.0%, p=0.03, A2aR: 1.97 + 0.6 vs. 7.42 + 3.0%, p=0.03 and CD160: 2.13 £ 0.3 vs. 8.18 +
1.15%, p=0.03) (Figure 3.14A). Furthermore, dual hypoxia and serum deprivation

significantly decreased LAG-3, A2aR and CD160 on the surface of CD8" T cells compared
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with cells cultured in cRPMI (LAG-3: 2.87 £ 0.7 vs. 11.69 * 3.0%, p=0.03 and PD-L2: 1.49 £
0.4 vs. 5.29 + 1.8%, p=0.03) (Figure 3.14B).

Interestingly, dual hypoxia and glucose deprivation significantly increased A2aR, CTLA-4,
PD-L1 on the surface of CD4" T cells compared with cells cultured in cRPMI (A2aR: 14.88 +
6.4 vs. 7.42 + 3.0%, p=0.03, CTLA-4: 11.85 £ 2.6 vs. 4.50 + 1.0%, p=0.03 and PD-L1: 17.99
+6.8Vs. 6.67 +2.1%, p=0.03) (Figure 3.14A). Similarly, dual hypoxia and glucose deprivation
significantly increased A2aR, CTLA-4, PD-L1 and PD-L2 on the surface of CD8" T cells
compared with cells cultured in cRPMI (A2aR: 20.73 + 6.0 vs. 8.33 £ 2.50%, p=0.03, CTLA-
4:15.18 £ 3.6 vs. 4.50 £ 1.2%, p=0.03, PD-L1: 27.63 + 8.3 vs. 8.84 + 2.5%, p=0.03 and PD-
L2:17.42 +7.1vs.5.28 £ 1.8%, p=0.03) (Figure 3.14B). In contrast, dual hypoxia and glucose
deprivation significantly decreased TIGIT expression on the surface of CD8" T cells compared
with cells cultured in cRPMI (36.08 £ 2.8 vs. 47.33 + 5.7%, p=0.03) (Figure 3.14B).
Additionally, dual glucose and serum deprivation significantly increased PD-1 and decreased
KLRG-1 and CD160 on the surface of CD4" T cells compared with cells cultured in cRPMI
(PD-1: 27.65 + 4.3 vs. 22.40 + 4.3%, p=0.03, KLRG-1: 12.84 + 5.6 vs. 18.82 + 7.1%, p=0.03
and CD160: 4.65 = 1.07 vs. 8.18 + 1.1%, p=0.03) (Figure 3.14A). Similarly, dual glucose and
serum deprivation significantly decreased KLRG-1 and CD160 on the surface of CD8" T cells
compared with cells cultured in cRPMI (KLRG-1: 20.67 + 5.7 vs. 30.45 £ 8.7%, p=0.03 and
CD160: 4.08 £ 0.6 vs. 7.75 £ 0.8%, p=0.03) (Figure 3.14A).

Combined hypoxia with both glucose and serum deprivation significantly increased PD-1 and
CTLA-4 on the surface of CD4* T cells compared with cells cultured in cRPMI (PD-1: 26.87
+ 3.8 vs. 22.40 £ 4.3%, p=0.03 and CTLA-4: 8.02 + 1.3 vs. 4.50 + 1.0%, p=0.03) (Figure
3.14A). Contrastingly, combined hypoxia with both glucose and serum deprivation
significantly decreased CD160 on the surface of CD4* T cells compared with cells cultured in
cRPMI (3.79 + 0.7 vs. 8.18 £+ 1.2%, p=0.03) (Figure 3.14A). Moreover, combined hypoxia
with both glucose and serum deprivation significantly increased CTLA-4 and PD-L2 on the
surface of CD8" T cells compared with cells cultured in cRPMI (CTLA-4: 8.45 + 1.0 vs. 4.55
+1.2%, p=0.03 and PD-L2: 5.96 + 1.7 vs. 5.29 + 1.7%, p=0.03) (Figure 3.14B).

Overall, nutrient deprivation and hypoxia had a profound effect on the IC expression profiles
T cells, overall decreasing CD160, TIGIT, LAG-3 and KLRG-1 expression and increasing PD-
1 and PD-L1 expression on T cells. Interestingly, depending on the specific combination of
conditions of nutrient deprivation and hypoxia the expression of PD-L2, A2aR and CTLA-4

were differentially expressed on T cell surfaces.

146



CD4*LAG-3*

CD4A'TIGIT*

CD4'PD-1*

147

()FBS

watfpd ]S B |88 @
ow ow w
= @ zice zlzz =
. " . H_W N HW L
— — —
wHp [ ZIT b zlz =
0 g 0 g
%y T|o t ITim 5
© a P a
L el o zlz o
*
= gt H_W H_m
L]
= Hir= 40 z|%
S 3 & & o
f 8 & 2
uolssaldxa o
. ow 0w
[ T-.l FT|S o m mtT|Sm o0
- S N -TTCM,Hm% Hir =i N gl u T[S
e HMEZIST o . zlzo ou
Bl . ehazics . S T LRSS
(&) o
ll_.ll. " m FI|S o ] lTl._Il_ = mT|5 %)
_mJ ., . —p—in |5 . _g . . _.-T1-Hmu
L=z|~ ~ o
s Sl [ ZIT w.w e el 2|2 2 L LI o I u —py" w Z|T
= 14
[} - = [ ] [} ]
- = TT FT 1] 9] + o I * 9]
1 ,._._“_ i O A - 2 g - 1 Bl
L] el o = = tzle 8] - zlz ] atzlo
2 e zle 8 - o)
LR .H_m . —fin H_m LI H_m s m iy
o
o LR R . ezl .
g 8 & 8 ©° 8 8 8 8 ° 8 8 € K& °
uoissaldxe o uolssaldxa o uoissaldxa %
ow o omm |82 o
T TE T et Bgf=3 8 = rlgg
u Py Lzl ow | =|~=
= - =z £ - wWhzice HE zice
[l o
= nei N H_m . . nff .H_w T -] -y H_m . ,
= + o ™ o o
] — D L] FZ| Q = * [ ] [ ] L=~ I
: H Zle < -HE < g " i rzic = . e =z g 2
0 = " Q o, - Q o 5 3
omen =g S R & . g
w * w
- —~ a | Fzl— a H L=~ [a = P = a
e e, zlz 8 ‘ Fdlo) 8 -W-NL\ 3] " Hoe= zlz § O
B
HE H_m o= wBRFI|E e iy .H_m
e zIl% " WA=l Azl aH . Lzl
8 8 © 8§ f 8 & 12 8§ 8 8 ¢ 8
uolssaldxa o uoissaidxa 9 uoissaldxa % uolssaldxa o
@ e L83 N
n _\1 LT|S 38 on n . S R e
- S I|Sm 2|12% zlzz
= g (2T =i iy rzlce T
- u Lx|S |8
] LS Q e T2 E)
" = T2 + 2 & zl~ «
2 + > b = rzic § < 9
= ws [Z|T N zlz a o fa)
T o %) i
= %) o’
S | Wl FT|B g ) @ LI [Tlm @ Tlo ¢
[ @ £ I|m a L 0O L
= 3 s [ = ey Lz~ © Zlz §
= wps (Z|o ) F4lo) ~
= = n " TS AL z|=
P o 5 o E gl
Lol e (2lg -I& . 21 oy |
© © Q Q Q (= o o
&g 3§ & e ? 8 & § ©° 8 ¢ 8 & 2
. uoissaidxa o
uoissaldxa 9% uoissaidxe 9% uoissaidxa 9 om uoissaldxa 9% % uoissaudxa 9%

Figure 3.14: Combination hypoxia and glucose deprivation upregulated PD-1, CTLA-4, A2aR,
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PD-L1 and PD-L2 on the surface of OGJ patient-derived T cells. PBMCs were isolated from
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peripheral blood of treatment-naive OGJ patients (n=6) and expanded for 5 days in the presence of plate
bound anti-CD3/anti-CD28 and recombinant human IL-2. Following a 5-day expansion, PBMCs were
cultured for 24h under nutrient deprivation (FBS deprived or glucose deprived), hypoxia (0.5% O_) and
combined nutrient deprivation and hypoxic conditions. CD3*CD4* (A) and CD3*CD8" (B) cells were
stained with a zombie viability dye and antibodies specific for a range of inhibitory immune checkpoint
receptors (PD-1, TIGIT, TIM-3, LAG-3, A2aR, CTLA-4 and KLRG-1) and inhibitory immune
checkpoint ligands (PD-L1, PD-L2 and CD160) and expression was assessed by flow cytometry. Paired,
non-parametric t test. Expression presented as percentage + SEM on live cells. Zombie dye was used to
exclude dead cells from analysis. Abbreviations: N, normoxia; H, hypoxia. Gating strategy and

representative dot plots are shown in Appendix Figure A3.1.

3.2.12 Hypoxia treatment decreases the frequency of central memory and effector
memory T cells and promotes a terminally differentiated state

To provide further insight into the effect of nutrient deprivation and hypoxia on T cell
phenotype, we investigated the effect of nutrient deprivation and hypoxia on T cell
differentiation states using OGJ patient-derived T cells (Figure 3.15).

Hypoxia treatment significantly decreased CD27 and CD62L expression on the surface of
CD4" T cells compared with cells cultured under normoxic conditions (CD27: 14.41 + 2.9 vs.
20.83 * 3.4%, p=0.03 and CD62L: 45.93 + 7.5 vs. 61.78 % 6.7%, p=0.03) (Figure 3.15A).
Similarly, hypoxia treatment significantly decreased CD27 and CD62L expression on the
surface of CD8* T cells compared with cells cultured under normoxic conditions (CD27: 11.94
+2.5vs. 17.01 + 3.6%, p=0.03 and CD62L: 33.14 + 6.9 vs.50.52 + 8.09%, p=0.03) (Figure
3.15B). Furthermore, hypoxia treatment significantly decreased the frequency of central
memory CD4" T cells and significantly increased the frequency of effector memory CD4* T
cells compared with cells cultured under normoxic conditions (central memory CD4* T cells:
13.57 £ 3.9 vs. 18.33 * 3.7%, p=0.03 and effector memory CD4"* T cells: 78.60 £ 6.9 vs. 72.95
+ 7.3%, p=0.03) (Figure 3.15A). Similarly, hypoxia treatment significantly decreased the
frequency of naive CD8" T cells and central memory CD8" T cells and significantly increased
the frequency of effector memory CD8" T cells compared with cells cultured under normoxic
conditions (naive CD8" T cells: 1.95 + 0.6 vs. 3.20 + 1.0%, p=0.03, central memory CD8" T
cells: 13.07 + 3.31 vs. 17.15 + 4.2%, p=0.03 and effector memory CD8" T cells: 81.72 + 3.2
vs. 75.45 £ 4.3%, p=0.03) (Figure 3.15B).

Serum deprivation significantly decreased CD62L and CD45RA expression on the surface of
CD4" T cells compared with cells cultured in cRPMI (CD62L: 32.46 + 10.7 vs. 61.78 + 6.7%,
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p=0.03 and CD45RA: 5.37 + 2.3 vs. 8.45 * 4.37%, p=0.03) (Figure 3.15A). However, serum
deprivation did not significantly alter CD4" T cell differentiation states compared with cells
cultured in cRPMI (Figure 3.15A). Similarly, serum deprivation significantly decreased CD27,
CD69 and CD62L expression on the surface of CD8" T cells compared with cells cultured in
cRPMI (CD27: 12.59 + 3.1 vs. 17.01 + 3.6%, p=0.03, CD69: 5.32 + 1.5 vs. 10.19 + 1.3%,
p=0.03 and CD62L.: 31.12 £ 9.7 vs. 50.52 * 8.1%, p=0.03) (Figure 3.15B). In addition, serum
deprivation decreased the frequency of naive CD8" T cells compared with cells cultured in
cRPMI (2.06 + 0.8 vs. 3.19 + 1.0%, p=0.03) (Figure 3.15B).

Interestingly, glucose deprivation alone did not significantly alter the expression of T cell
activation markers or frequency of T cell differentiation states compared with cells cultured in
cRPMI (Figure 3.15).

Dual serum deprivation and glucose deprivation significantly decreased CD62L expression on
the surface of CD4" T cells and CD8* T cells compared with cells cultured under cRPMI (CD4*
T cells: 35.40 + 12.54 vs. 61.78 * 6.6%, p=0.03 and CD8" T cells: 35.66 + 10.9 vs. 50.52 +
8.1%, p=0.03) (Figure 3.15). Furthermore, dual serum deprivation and glucose deprivation
significantly decreased CD69 expression on the surface of CD8" T cells compared with cells
cultured in cRPMI (5.82 + 1.2 vs. 10.19 + 1.3%, p=0.03) (Figure 3.15B). Dual serum
deprivation and glucose deprivation also significantly decreased the frequency of naive CD8*
T cells compared with cells cultured in cRPMI (2.25 £ 0.7 vs. 3.19 + 0.1%, p=0.03) (Figure
3.15B).

Combined serum deprivation and hypoxia treatment significantly decreased CD27 and CD62L
expression on the surface of CD4* T cells compared with cells cultured in normoxic cRPMI
conditions (CD27: 10.06 + 1.1 vs. 20.83 + 3.6%, p=0.03 and CD62L: 22.21 + 5.9 vs. 61.78 +
6.7%, p=0.03) (Figure 3.15A). Similarly, combined serum deprivation and hypoxia treatment
significantly decreased CD27, CD62L and CD45RA expression on the surface of CD8* T cells
compared with cells cultured in normoxic cRPMI conditions (CD27: 10.07 + 2.4 vs. 17.01
3.6%, p=0.03, CD62L: 18.07 £ 4.5 vs. 50.52 + 8.1%, p=0.03 and CD45RA: 4.41 £ 1.2 vs. 7.15
+ 1.7%, p=0.03) (Figure 3.15B). Furthermore, combined serum deprivation and hypoxia
treatment significantly decreased the frequency of central memory CD4" T cells and
subsequently increased the frequency of effector memory CD4" T cells compared with cells
cultured in normoxic cRPMI conditions (central memory CD4" T cells: 10.94 + 1.5 vs. 18.33
+ 3.7%, p=0.03 and effector memory CD4" T cells: 84.02 £ 3.5 vs. 72.95 * 7.2%, p=0.03)

(Figure 3.15A). Similarly combined serum deprivation and hypoxia treatment significantly
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decreased the frequency of naive CD8" T cells and central memory CD8" T cells and increased
the frequency of effector memory CD8* T cells compared with cells cultured in normoxic
cRPMI conditions (naive CD8" T cells: 1.50 + 0.6 vs. 3.19 + 0.9%, p=0.03, central memory
CD8" T cells: 11.12 + 2.9 vs.17.15 + 4.2%, p=0.03 and effector memory CD8" T cells: 84.30
+ 3.1vs. 75.45 + 4.3%, p=0.03) (Figure 3.15B).

Combined glucose deprivation and hypoxia treatment significantly decreased CD27 and
CD62L expression on the surface of CD4" T cells compared with cells cultured in normoxic
cRPMI conditions (CD27: 9.32 + 1.6 vs. 20.83 + 3.7%, p=0.03 and CD62L: 32.53 + 7.6 vs.
61.78 + 6.7%, p=0.03) (Figure 3.15A). Combined glucose deprivation and hypoxia treatment
significantly decreased the frequency of central memory CD4" T cells and subsequently
increased the frequency of effector memory CD4" T cells compared with cells cultured in
normoxic cRPMI conditions (central memory CD4" T cells: 8.49 + 1.5 vs. 18.33 + 3.6%,
p=0.03 and effector memory CD4" T cells: 82.37 + 5.3 vs. 72.95 + 7.3%, p=0.03) (Figure
3.15A). Similar effects were observed in the CD8" T cell compartment, where combined
glucose deprivation and hypoxia treatment significantly decreased CD27 and CD62L
expression on the surface of CD8" T cells compared with cells cultured in normoxic cRPMI
conditions (CD27: 8.12 £ 1.9 vs. 17.01 + 3.6%, p=0.03 and CD62L.: 25.21 + 6.6 vs. 50.52 +
8.1%, p=0.03) (Figure 3.15B). Furthermore, combined glucose deprivation and hypoxia
treatment significantly decreased the frequency of central memory CD8" T cells and
subsequently increased the frequency of effector memory CD8" T cells compared with cells
cultured in normoxic cRPMI conditions (central memory CD8" T cells: 9.35+ 2.9 vs. 17.15 +
4.2%, p=0.03 and effector memory CD8* T cells: 84.72 + 2.3 vs. 75.45 + 4.3%, p=0.03)
(Figure 3.15B).

All three treatments combined, hypoxia with both glucose and serum deprivation significantly
decreased CD62L expression on the surface of CD4" T cells compared with cells cultured in
normoxic cRPMI conditions (CD27: 36.01 + 8.8 vs. 61.78 + 6.7%, p=0.03) Figure 3.15A).
Similarly, combined hypoxia with both glucose and serum deprivation significantly decreased
CD27 and CD62L expression on the surface of CD8" T cells compared with cells cultured in
normoxic cCRPMI conditions (CD27: 10.90 + 2.3 vs. 17.01 + 3.6%, p=0.03 and CD62L.: 28.42
+6.8vs. 50.52 +8.1%, p=0.03) (Figure 3.15B). Although combined hypoxia with both glucose
and serum deprivation did not significantly affect CD4" T cell differentiation state (Figure
3.15A). Combined hypoxia with both glucose and serum deprivation significantly decreased

the frequency of naive CD8" T cells and subsequently increased the frequency of effector
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memory CD8* T cells compared with cells cultured in normoxic cRPMI conditions (naive
CD8* T cells: 1.89 £ 0.5 vs. 3.19 + 1.0%, p=0.03 and effector memory CD8" T cells: 81.47 +
2.6 vs. 75.45 + 4.3%, p=0.03) (Figure 3.15B).

Overall, nutrient deprivation and hypoxia treatment decreased CD27, CD62L and CD45RA
expression on T cells and promoted differentiation of CD4* and CD8" T cells into an effector
memory-like state, whilst subsequently decreasing the frequencies of naive and central memory
CD4" and CD8" OGJ patient-derived T cells.

To provide further insight into the effect of nutrient deprivation and hypoxia on T cell
phenotype, we investigated the effect of nutrient deprivation and hypoxia on T cell
differentiation states using OGJ patient-derived T cells (Figure 3.15).

Hypoxia treatment significantly decreased CD27 and CD62L expression on the surface of
CD4" T cells compared with cells cultured under normoxic conditions (CD27: 14.41 + 2.9 vs.
20.83 * 3.4%, p=0.03 and CD62L: 45.93 + 7.5 vs. 61.78 + 6.7%, p=0.03) (Figure 3.15A).
Similarly, hypoxia treatment significantly decreased CD27 and CD62L expression on the
surface of CD8" T cells compared with cells cultured under normoxic conditions (CD27: 11.94
+ 2.5 vs. 17.01 + 3.6%, p=0.03 and CD62L: 33.14 + 6.9 vs.50.52 £ 8.09%, p=0.03) (Figure
3.15B). Furthermore, hypoxia treatment significantly decreased the frequency of central
memory CD4" T cells and significantly increased the frequency of effector memory CD4" T
cells compared with cells cultured under normoxic conditions (central memory CD4™ T cells:
13.57 £ 3.9 vs. 18.33 + 3.7%, p=0.03 and effector memory CD4" T cells: 78.60 + 6.9 vs. 72.95
+ 7.3%, p=0.03) (Figure 3.15A). Similarly, hypoxia treatment significantly decreased the
frequency of naive CD8" T cells and central memory CD8* T cells and significantly increased
the frequency of effector memory CD8" T cells compared with cells cultured under normoxic
conditions (naive CD8" T cells: 1.95 + 0.6 vs. 3.20 + 1.0%, p=0.03, central memory CD8" T
cells: 13.07 £ 3.31 vs. 17.15 + 4.2%, p=0.03 and effector memory CD8" T cells: 81.72 + 3.2
vs. 75.45 + 4.3%, p=0.03) (Figure 3.15B).

Serum deprivation significantly decreased CD62L and CD45RA expression on the surface of
CD4* T cells compared with cells cultured in cRPMI (CD62L: 32.46 + 10.7 vs. 61.78 £ 6.7%,
p=0.03 and CD45RA: 5.37 + 2.3 vs. 8.45 + 4.37%, p=0.03) (Figure 3.15A). However, serum
deprivation did not significantly alter CD4" T cell differentiation states compared with cells
cultured in cRPMI (Figure 3.15A). Similarly, serum deprivation significantly decreased CD27,
CD69 and CD62L expression on the surface of CD8" T cells compared with cells cultured in
cRPMI (CD27: 12.59 + 3.1 vs. 17.01 + 3.6%, p=0.03, CD69: 5.32 + 1.5 vs. 10.19 + 1.3%,
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p=0.03 and CD62L: 31.12 £ 9.7 vs. 50.52 * 8.1%, p=0.03) (Figure 3.15B). In addition, serum
deprivation decreased the frequency of naive CD8" T cells compared with cells cultured in
cRPMI (2.06 + 0.8 vs. 3.19 + 1.0%, p=0.03) (Figure 3.15B).

Interestingly, glucose deprivation alone did not significantly alter the expression of T cell
activation markers or frequency of T cell differentiation states compared with cells cultured in
cRPMI (Figure 3.15).

Dual serum deprivation and glucose deprivation significantly decreased CD62L expression on
the surface of CD4" T cells and CD8" T cells compared with cells cultured under cRPMI (CD4*
T cells: 35.40 + 12.54 vs. 61.78 * 6.6%, p=0.03 and CD8" T cells: 35.66 + 10.9 vs. 50.52 +
8.1%, p=0.03) (Figure 3.15). Furthermore, dual serum deprivation and glucose deprivation
significantly decreased CD69 expression on the surface of CD8" T cells compared with cells
cultured in cRPMI (5.82 + 1.2 vs. 10.19 + 1.3%, p=0.03) (Figure 3.15B). Dual serum
deprivation and glucose deprivation also significantly decreased the frequency of naive CD8"*
T cells compared with cells cultured in cRPMI (2.25 + 0.7 vs. 3.19 £ 0.1%, p=0.03) (Figure
3.15B).

Combined serum deprivation and hypoxia treatment significantly decreased CD27 and CD62L
expression on the surface of CD4* T cells compared with cells cultured in normoxic cRPMI
conditions (CD27: 10.06 + 1.1 vs. 20.83 £ 3.6%, p=0.03 and CD62L: 22.21 + 5.9 vs. 61.78 £
6.7%, p=0.03) (Figure 3.15A). Similarly, combined serum deprivation and hypoxia treatment
significantly decreased CD27, CD62L and CD45RA expression on the surface of CD8" T cells
compared with cells cultured in normoxic cRPMI conditions (CD27: 10.07 + 2.4 vs. 17.01
3.6%, p=0.03, CD62L.: 18.07 + 4.5 vs. 50.52 + 8.1%, p=0.03 and CD45RA: 4.41 + 1.2 vs. 7.15
+ 1.7%, p=0.03) (Figure 3.15B). Furthermore, combined serum deprivation and hypoxia
treatment significantly decreased the frequency of central memory CD4" T cells and
subsequently increased the frequency of effector memory CD4* T cells compared with cells
cultured in normoxic cRPMI conditions (central memory CD4* T cells: 10.94 + 1.5 vs. 18.33
+ 3.7%, p=0.03 and effector memory CD4" T cells: 84.02 + 3.5 vs. 72.95 £ 7.2%, p=0.03)
(Figure 3.15A). Similarly combined serum deprivation and hypoxia treatment significantly
decreased the frequency of naive CD8" T cells and central memory CD8" T cells and increased
the frequency of effector memory CD8" T cells compared with cells cultured in normoxic
cRPMI conditions (naive CD8" T cells: 1.50 + 0.6 vs. 3.19 + 0.9%, p=0.03, central memory
CD8" T cells: 11.12 + 2.9 vs.17.15 + 4.2%, p=0.03 and effector memory CD8" T cells: 84.30
+ 3.1 vs. 75.45 £ 4.3%, p=0.03) (Figure 3.15B).
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Combined glucose deprivation and hypoxia treatment significantly decreased CD27 and
CD62L expression on the surface of CD4™ T cells compared with cells cultured in normoxic
cRPMI conditions (CD27: 9.32 + 1.6 vs. 20.83 + 3.7%, p=0.03 and CD62L: 32.53 = 7.6 vs.
61.78 = 6.7%, p=0.03) (Figure 3.15A). Combined glucose deprivation and hypoxia treatment
significantly decreased the frequency of central memory CD4" T cells and subsequently
increased the frequency of effector memory CD4" T cells compared with cells cultured in
normoxic cRPMI conditions (central memory CD4" T cells: 8.49 £ 1.5 vs. 18.33 + 3.6%,
p=0.03 and effector memory CD4" T cells: 82.37 + 5.3 vs. 72.95 + 7.3%, p=0.03) (Figure
3.15A). Similar effects were observed in the CD8" T cell compartment, where combined
glucose deprivation and hypoxia treatment significantly decreased CD27 and CD62L
expression on the surface of CD8" T cells compared with cells cultured in normoxic cRPMI
conditions (CD27: 8.12 £ 1.9 vs. 17.01 + 3.6%, p=0.03 and CD62L: 25.21 + 6.6 vs. 50.52
8.1%, p=0.03) (Figure 3.15B). Furthermore, combined glucose deprivation and hypoxia
treatment significantly decreased the frequency of central memory CD8" T cells and
subsequently increased the frequency of effector memory CD8" T cells compared with cells
cultured in normoxic cRPMI conditions (central memory CD8" T cells: 9.35+ 2.9 vs. 17.15 +
4.2%, p=0.03 and effector memory CD8* T cells: 84.72 + 2.3 vs. 75.45 + 4.3%, p=0.03)
(Figure 3.15B).

All three treatments combined, hypoxia with both glucose and serum deprivation significantly
decreased CD62L expression on the surface of CD4" T cells compared with cells cultured in
normoxic cRPMI conditions (CD27: 36.01 + 8.8 vs. 61.78 + 6.7%, p=0.03) Figure 3.15A).
Similarly, combined hypoxia with both glucose and serum deprivation significantly decreased
CD27 and CD62L expression on the surface of CD8" T cells compared with cells cultured in
normoxic cRPMI conditions (CD27: 10.90 + 2.3 vs. 17.01 * 3.6%, p=0.03 and CD62L: 28.42
+6.8 vs. 50.52 £ 8.1%, p=0.03) (Figure 3.15B). Although combined hypoxia with both glucose
and serum deprivation did not significantly affect CD4* T cell differentiation state (Figure
3.15A). Combined hypoxia with both glucose and serum deprivation significantly decreased
the frequency of naive CD8" T cells and subsequently increased the frequency of effector
memory CD8" T cells compared with cells cultured in normoxic cRPMI conditions (naive
CD8" T cells: 1.89 + 0.5 vs. 3.19 *+ 1.0%, p=0.03 and effector memory CD8" T cells: 81.47
2.6 vs. 75.45 + 4.3%, p=0.03) (Figure 3.15B).

153



154

+
A CD4" cells
cD4*CcD27* CD4*CD69* CD4*CD62L* CD4*CD45RA*
* " N
3 3
] x
407 piqg 50 FIO0L N S s—r 40
A s |
40 a go{ & a |
c 30 c c A AA c 304 a
S a S a o % A, o A .
2 A A 2 30 2 60 2
o Y R :
g {r N E ‘i £ 20 A A L2 i_ f s N A
N A
;\t 104 a % % N ; . 5& T %’AA £y ;\2 e {_ ; 10 . x
A L - S T +
A a A
e — S e —— oy : At AfA - =N
N H N H N H N H N H N H N H N H N H N H N H N H N H N H N H N H
cRPMI  noFBS nogluc no gluc CRPMI noFBS nogluc nogluc CcRPMI noFBS nogluc nogluc cRPMI  noFBS nogluc no gluc
no FBS no FBS no FBS no FBS
Naive CD4" cells Central memory CD4 " cells Effector memory CD4 * cells Terminally differentiated effector
memory CD4* cells
*
e |
* g
30 0L N —— 100 N 15
2 2 (| 2 A, 4 Ve A o
: LJET s adpremgras i)
X 20 8 N N et N N 4
g 8 . A e * A A b W 4 A A A
O O 4 A o N A o A A A 4
K > 20 A Aa _% a < P
< < A A <
o o @ 40 = A
[a] 0 104 a4 AA a Er
o o R % L, 9o o % "y
S S A X © A
>0 e ) I Mh g it g
N H N H H N H N H N H N H N H N H N H N H N H
cRPMI noFBS nogluc nogluc cRPMI  noFBS nogluc no gluc cRPMI noFBS nogluc no gluc cRPMI  noFBS nogluc no gluc
no FBS no FBS no FBS no FBS
+
CD8" cells
cD8*CcD27* CD8*CD69* cD8*CD62L* CD8*CD45RA*
*
:__| = 1
% 3 1
409 i 40 807 [ 20
i *
p— [ |
A * A Aa A
k 1 A A
§% . g% : I NV 8% N
73 w 3
§ 20 A 4 A A 8 20 L 1 n 8 20 A A N an 8 10 P a
o N A 2 2 -I— 2 < a
o A A A o A S S A
< A A x A < x 2 A
et ry et T EL RIS £
L 10{ 4 N i— 2 10 S 2 N S s i
A A% a 'E' Ry %“ % & Al % A AL 4 A% 4 hia
X s 2T " & S .
A AA A A A A A
0-t—— —T — T (o — T — O e [ — e N et
N H N H N H N H N H N H N H N H N H N H N H H N H N H N H N H
cRPMI  noFBS nogluc no gluc CcRPMI noFBS nogluc no gluc cRPMI noFBS nogluc no gluc CRPMI  noFBS nogluc no gluc
no FBS no FBS no FBS no FBS
Naive CD8" cells Central memory CD8 * cells Effector memory CD8* cells Terminally differentiated effector
f x ! i . memory CD8" cells
X I x v
gq bt P —— 100, FH 15
2 L o [ %) K] A
© A A T A 3 a A Aa A 3
(2] 3] S 90 A o A N
S N I . a ad A Aah A a
~ ~ A R i~ A A A i~
o A N N A I o 10 A
a A [a) o 80 a A
L . 4 . S 2 © as 4 w2
< < < A 2 A <
x [od X 70 A A o4
5] o] _% ) A A Ad 5 5
< < X <
a2 % {— a 10 '} [a} a
o + o N o 60 o
o A 3 L o
8 P B3 B <
é Ay — ol—22* . - 0
N H N H N H N H N H N H N H N H N H N H N H N H N H N H N H N H
cRPMI  noFBS nogluc no gluc CRPMI noFBS nogluc nogluc CRPMI noFBS nogluc nogluc cRPMI noFBS nogluc no gluc
no FBS no FBS no FBS no FBS

Figure 3.15: Combination hypoxia and glucose deprivation decreases the frequency of CD27* T

cells and central memory T cells while increasing the frequency of effector memory T cells.

PBMCs were isolated from peripheral blood of treatment-naive OGJ patients (n=6) and expanded for 5

days in the presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2. Following a 5-
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day expansion, PBMCs were cultured for an additional 24h under nutrient deprivation (FBS deprived
or glucose deprived), hypoxia (0.5% O,) and combined nutrient deprivation hypoxic conditions.
Expression of a range of markers reflective of T cell activation status was assessed on viable CD3*CD4*
(A) and CD3*CD8" (B) cells by flow cytometry. Markers assessed included: CD62L, CD69, CD27 and
CD45RA. The percentage of viable naive (CD45RA*CD277), central memory (CDRACD27"), effector
memory (CD45RA'CD27) and terminally differentiated effector memory (CD45RA*CD27Y)
CD3*CD4* (A) and CD3*CD8* (B) cells was also determined by flow cytometry. Dead cells were
excluded using a zombie viability dye. Paired, non-parametric t test. Expression presented as
percentages £ SEM on live cells, *p<0.05. Zombie dye was used to exclude dead cells from analysis.
Abbreviations: no gluc: no glucose, N: normoxia, H: hypoxia. Gating strategy and representative dot

plots are shown in Appendix Figure A3.2.

Nivolumab has induced durable response rates in only a subpopulation of OGJ patients and
studies have implicated a role of nutrient depletion and hypoxia for driving resistance to
ICB%23, Therefore, the ability of nivolumab to enhance T cell activation status or T cell
differentiation status was also assessed. However, nivolumab had a minimal effect on the
expression of T cell activation markers, under glucose deprivation under normoxic conditions
nivolumab significantly decreased the expression of CD69 on the surface of CD4" T cells
compared with untreated cells under those condition (9.75 = 0.8 vs. 12.03 £ 0.9%, p=0.03)
(Figure 3.16). Nivolumab did not significantly affect the differentiation status of T cells
(Figure 3.17) under nutrient deprivation or hypoxia.

Overall, nutrient deprivation and hypoxia treatment decreased CD27, CD62L and CD45RA
expression on T cells and promoted differentiation of CD4" and CD8" T cells into an effector
memory-like state, whilst subsequently decreasing the frequencies of naive and central memory
CD4* and CD8" OGJ patient-derived T cells.
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Figure 3.16: Nivolumab significantly decreased CD69 expression on T cells under nutrient

deprivation. PBMCs were isolated from peripheral blood of treatment-naive OGJ patients (n=6) and

expanded for 5 days in the presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2.

Following a 5-day expansion, PBMCs were cultured for 24h under nutrient deprivation (FBS deprived

or glucose deprived), hypoxia (0.5% O2) and combined nutrient deprivation hypoxic conditions in the
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absence or presence of nivolumab (niv). Expression of a range of markers reflective of T cell activation
status was assessed on viable CD3*CD4" (A) and CD3*CD8" (B) cells by flow cytometry (n=3).
Markers assessed included: CD62L, CD69, CD27 and CD45RA. Dead cells were excluded using a
zombie viability dye. Paired, non-parametric t test. Expression presented as percentages + SEM on live
cells. Abbreviations: (-): no nivolumab, (+): nivolumab (10 pug/ml), no gluc: no glucose, N: normoxia,

H: hypoxia.
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Figure 3.17: Nutrient deprivation and hypoxia substantially alter T cell differentiation status,
however addition of nivolumab did not significantly affect T cell differentiation state under these
conditions. PBMCs were isolated from peripheral blood of treatment-naive OGJ patients (n=6) and
expanded for 5 days in the presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2.

Following a 5-day expansion, PBMCs were cultured for 24h under nutrient deprivation (FBS deprived
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or glucose deprived), hypoxia (0.5% O2) and combined nutrient deprivation hypoxic conditions in the
absence or presence of nivolumab (niv). The percentage of viable naive (CD45RA*CD27%), central
memory (CDRACD27"), effector memory (CD45RA'CD27°) and terminally differentiated effector
memory (CD45RA*CD27) CD3*CD4* (A) and CD3*CD8" (B) cells was determined by flow
cytometry. Dead cells were excluded using a zombie viability dye. Paired, non-parametric t test,
*p<0.05. Expression presented as percentages = SEM on live cells. Abbreviations: (-): no nivolumab,

(+): nivolumab (10 pg/ml), no gluc: no glucose, N: normoxia, H: hypoxia.

3.3.13 Serum deprivation and hypoxia treatment decreased both IL-10 and IFN-y
expression by T cells

To determine the effect of nutrient deprivation and hypoxia on OGJ T cell phenotypes the
expression of Th1-like and Th2-like cytokines were assessed following culture of OGJ patient-
derived T cells under nutrient deprived and hypoxic conditions for 24h (Figure 3.18).
Hypoxia or nutrient deprivation did not significantly alter the production of TNF-a, IL-4 or
IFN-y by CD4* T cells (Figure 3.18A). However, the frequency of IL-10 producing CD4" T
cells was significantly decreased following 24h culture under serum deprivation, dual serum
deprivation combined with hypoxia, glucose deprivation, dual glucose deprivation and serum
deprivation and dual glucose and serum deprivation in combination with hypoxia compared
with cells cultured in cRPMI under normoxic conditions (4.89 + 1.7 vs. 4.23 £ 1.6, 6.82 + 2.3,
489+ 1.6, 3.62+1.2and 10.62 £ 3.4%, p=0.03, p=0.03, p=0.03, p=0.03, p=0.03 and p=0.03,
respectively) (Figure 3.18A).

Furthermore, hypoxia or nutrient deprivation did not significantly alter the production of TNF-
a or IL-4 by CD8" T cells (Figure 3.18B). However, the frequency of IL-10 producing CD8*
T cells was significantly decreased following 24h culture under serum deprivation, dual serum
deprivation combined with hypoxia, glucose deprivation and dual glucose deprivation and
serum deprivation compared with cells cultured in cRPMI under normoxic conditions (7.19 +
2.4vs. 563+1.7,10.47 £2.5,7.59 £ 2.2 and 15.42 + 3.6%, p=0.03, p=0.03, p=0.03, p=0.03
and p=0.03, respectively) (Figure 3.18B). In addition, the frequency of IFN-y producing CD8"
T cells was significantly decreased following 24h culture under dual glucose and serum
deprivation and dual glucose and serum deprivation in combination with hypoxia compared
with cells cultured in cRPMI under normoxic conditions (11.50 + 3.9 vs. 9.46 £ 1.3 and 30.00
+ 5.2%, p=0.03 and p=0.03) (Figure 3.18B).
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Figure 3.18: Combination serum deprivation and hypoxia treatment decreases the production of
IL-10 and IFN-y by T cells. PBMCs were isolated from peripheral blood of treatment-naive OGJ
patients (n=6) and expanded for 5 days in the presence of plate bound anti-CD3/anti-CD28 and
recombinant human IL-2. Following a 5-day expansion, PBMCs were cultured for an additional 24h

under nutrient deprivation (FBS deprived or glucose deprived), hypoxia (0.5% O,) and combined
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nutrient deprivation hypoxic conditions. Intracellular staining was conducted to assess CD3*CD4* (A)
and CD3"CD8" (B) cell expression of TNF-a, IL-10, IL-4 and IFN-y by flow cytometry. Paired, non-
parametric t test. Expression presented as percentages + SEM on viable cells. Abbreviations: no gluc:
no glucose, N: normoxia, H: hypoxia. Gating strategy and representative dot plots are shown in
Appendix Figure A3.3.

In addition, the effect of nivolumab on T cell cytokine profiles was also assessed under nutrient
deprivation and hypoxia to determine if PD-1 blockade might enhance an anti-tumour
phenotype in OGJ patient-derived T cells under conditions reflective of a hostile TME.
Interestingly, nivolumab significantly decreased the frequency of IL-10-producing CD4* T
cells under combined glucose deprivation and hypoxic conditions compared with untreated
cells cultured under those conditions (13.08 + 1.3 vs. 16.07 + 1.6%, p=0.03) (Figure 3.19A).
Nivolumab did not significantly affect the frequency of IL-10-producing CD4" T cells under
cRPMI conditions, nutrient deprivation alone or hypoxia treatment alone (Figure 3.19A).
Similarly, nivolumab significantly decreased the frequency of IL-10-producing CD8" T cells
under combined glucose deprivation and hypoxic conditions compared with untreated cells
cultured under those conditions (27.12 + 6.9 vs. 30.53 + 6.4%, p=0.03) (Figure 3.19B).
Nivolumab also significantly decreased the frequency of 1L-10-producing CD8* T cells under
combined glucose and serum deprivation under hypoxic conditions compared with untreated
cells cultured under those conditions (4.80 + 1.6 vs. 5.79 = 1.7%, p=0.03) (Figure 3.19B).
Nivolumab did not significantly affect the frequency of IL-10-producing CD8" T cells under
cRPMI conditions, nutrient deprivation alone or hypoxia treatment alone (Figure 3.19B).
Moreover, nivolumab significantly decreased the frequency of IL-4-producing CD8" T cells
cultured in cRPMI compared with untreated cells cultured under those conditions (2.23 + 0.9
vs. 2.72 £ 1.1%, p=0.03) (Figure 3.19B). However, nivolumab did not significantly affect the
frequency of IL-4-producing CD8* T cells under nutrient deprivation or hypoxia treatment
alone or combined (Figure 3.19B). In addition, nivolumab treatment did not significantly affect
the frequency of IFN-y or TNF-a expressing T cells cultured in cRPMI, nutrient deprivation,
hypoxia treatment or a combination of nutrient deprivation or hypoxia treatment (Figure A3.4).
Overall, nivolumab decreased the production of IL-10 by T cells under combined glucose
deprivation and hypoxia treatment. In addition, nivolumab marginally but significantly
decreased the production of IL-4 by T cells cultured in cRPMI but not nutrient deprived or

hypoxic conditions.
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Figure 3.19: Nivolumab decreases the production of 1L-10 by T cells under combined glucose
deprived and hypoxic conditions and IL-4 production by T cells under normoxic conditions only.
PBMCs were isolated from peripheral blood of treatment-naive OGJ patients (n=6) and expanded for 5
days in the presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2. Following a 5-
day expansion, PBMCs were cultured for an additional 24h under nutrient deprivation (FBS deprived
or glucose deprived) and/or hypoxia (0.5% O;) and combined nutrient deprivation hypoxic conditions
in the absence or presence of nivolumab. Intracellular staining was conducted to assess CD3*CD4* (A)

and CD3*CD8" (B) T cell production of TNF-a, IL-10, IL-4 and IFN-y by flow cytometry. Paired, non-
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parametric t test. Expression presented as percentages £ SEM on viable cells. Abbreviations: (-): no

nivolumab, (+): nivolumab (10 pg/ml), no gluc: no glucose, N: normoxia, H: hypoxia. *p<0.05.

3.2.14 Acidic conditions substantially alter 1C expression profiles of T cells but have
minimal effect on IC expression profiles of OGJ cells

Investigating the effect of acidosis on I1C expression on OGJ-derived T cells and OGJ cells will
help guide identification of rational and novel ICs to target within the tumour
microenvironment for OGJ patients.

There was a trend toward a significant increase in the expression of PD-1 on the surface of
CD8* T cells cultured in pH 5.5 cRPMI compared with cells cultured in pH 7.4 cRPMI (8.25
+ 0.9 vs. 7.07 £ 1.2%, p=0.06) (Figure 3.20D). However, the expression of PD-1 was not
significantly altered on CD4" T cells or on the surface of OE33 cells when cultured in acidic
cRPMI compared with non-acidic cRPMI (Figure 3.20D). Additionally, there was a trend
toward a significant decrease in the expression of TIGIT on the surface of CD4* T cells cultured
in pH 5.5 cRPMI compared with cells cultured in pH 6.6 cRPMI (22.10 £ 1.9 vs. 26.72 £ 1.2%,
p=0.06) (Figure 3.20E). However, the expression of TIGIT was not significantly altered on
CD8" T cells or on the surface of OE33 cells when cultured in acidic cRPMI compared with
non-acidic cRPMI (Figure 3.20E). Interestingly, the expression of TIM-3 was significantly
increased on the surface of CD4" T cells (6.02 + 0.8 vs. 2.90 + 0.7%, p=0.03) and CD8" T cells
(8.09 £ 1.5 vs. 3.45 £ 0.5%, p=0.03) when cultured in pH 5.5 cRPMI compared with pH 7.4
cRPMI (Figure 3.20F). In addition, there was a trend toward a significant increase in the
expression of TIM-3 on the surface of OE33 cells when cultured in pH 5.5 cRPMI compared
with pH 7.4 cRPMI (1.54 + 0.1 vs. 1.12 + 0.1%, p=0.07) (Figure 3.20F). Furthermore, the
expression of LAG-3 was significantly increased on the surface of CD4" T cells (10.87 + 1.9
vs. 3.61 + 0.4%, p=0.03) and CD8" T cells (23.20 + 2.7 vs. 5.40 + 0.3%, p=0.03) when cultured
in pH 5.5 cRPMI compared with pH 7.4 cRPMI (Figure 3.20G). Similarly, the expression of
LAG-3 was significantly increased on the surface of CD4* T cells (10.87 £ 1.9 vs. 4.05 + 0.4%,
p=0.03) and CD8" T cells (23.20 + 2.7 vs. 6.04 + 0.4%, p=0.03) when cultured in pH 5.5 cRPMI
compared with pH 6.6 cRPMI (Figure 3.20G). However, the expression of TIM-3 was not
significantly altered on the surface of OE33 cells when cultured in acidic cRPMI compared
with non-acidic cRPMI (Figure 3.20G). In addition, there was a trend toward a significant
decrease in the expression of A2aR on the surface of CD8" T cells when cultured in pH 5.5
cRPMI compared with pH 7.4 cRPMI (5.41 £ 0.8 vs. 7.56 + 1.3%, p=0.06) (Figure 3.20H).
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Similarly, there was a trend toward a significant decrease in the expression of A2aR on the
surface of CD8" T cells when cultured in pH 5.5 cRPMI compared with pH 6.6 cRPMI (5.41
+ 0.8 vs. 6.98 = 1.1%, p=0.06) (Figure 3.20H). However, the expression of A2aR was not
significantly altered on the surface of OE33 cells when cultured in acidic cRPMI compared
with non-acidic cRPMI (Figure 3.20H).

In addition, KLRG-1 was significantly decreased on the surface of CD8" T cells when cultured
in pH 5.5 cRPMI compared with pH 7.4 cRPMI (3.99 + 0.7 vs. 11.40 £ 2.6%, p=0.03) (Figure
3.201). Similarly, there was a trend toward a significant decrease in the expression of KLRG-
1 on the surface of CD8" T cells when cultured in pH 5.5 cRPMI compared with pH 6.6 cRPMI
(3.99 £ 0.7 vs. 10.76 £ 2.2%, p=0.06) (Figure 3.201). Moreover, CTLA-4 was significantly
increased on the surface of CD4" T cells (7.93 £ 0.6 vs. 5.23 £ 0.4%, p=0.03) and CD8" T cells
(13.65 £ 0.6 vs. 9.75 £ 0.7%, p=0.03) when cultured in pH 5.5 cRPMI compared with pH 7.4
cRPMI (Figure 3.20J). Similarly, there was a trend toward a significant increase in the
expression of CTLA-4 on the surface of CD4* T cells (7.93 £ 0.6 vs. 5.75 *+ 0.5%, p=0.06)
when cultured in pH 5.5 cRPMI compared with pH 6.6 cRPMI (p=0.06) (Figure 3.20J). In
addition, CTLA-4 was significantly increased on the surface of CD8" T cells when cultured in
pH 5.5 cRPMI compared with pH 6.6 cRPMI (13.65 £ 0.6 vs. 9.97 £ 0.8%, p=0.03) (Figure
3.20J).

There was a trend toward a significant increase in the expression of PD-L1 on the surface of
CD4" T cells when cultured in pH 5.5 cRPMI compared with pH 7.4 cRPMI (1.76 £+ 0.1 vs.
1.21 £ 0.1%, p=0.06) (Figure 3.20K). However, the expression of PD-L1 was not significantly
altered on the surface of CD8" T cells or OE33 cells when cultured in acidic cRPMI compared
with non-acidic cRPMI (Figure 3.20K). The expression of PD-L2 was not significantly altered
on the surface of CD4" T cells or CD8" T cells by acidosis. However, there was a trend toward
a significant increase in the expression of PD-L2 on the surface of OE33 cells when cultured
in pH 5.5 cRPMI compared with pH 6.6 cRPMI and pH 7.4 cRPMI (1.05 + 0.1 vs. 0.83 £ 0.1
and 0.84 + 0.2%, p=0.06 and p=0.07, respectively) (Figure 3.20L). Additionally, the
expression of CD160 significantly decreased on the surface of CD4" T cells when cultured in
pH 5.5 cRPMI compared with pH 6.6 cRPMI and pH 7.4 cRPMI (2.94 + 1.1 vs. 10.91 £ 2.8
and 11.67 £ 2.7%, p=0.03 and p=0.03, respectively) (Figure 3.20M). Similarly, the expression
of CD160 significantly decreased on the surface of CD8" T cells when cultured in pH 5.5
cRPMI compared with pH 7.4 cRPMI (2.77 = 0.4 vs. 5.70 = 0.5%, p=0.03) (Figure 3.20M).

In contrast, the expression of CD160 was significantly increased on the surface of OE33 cells
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when cultured in pH 5.5 cRPMI compared with pH 7.4 cRPMI (1.59 £ 0.3 vs. 1.30 £ 0.1%,
p=0.03) (Figure 3.20M).

We also assessed if mutated levels of the LDHA gene which converts pyruvate into lactate and
if levels of the mutate lactate gene corelated with overall survival in OGJ patients and we found
that they did not (Figure 3.20P and Figure 3.20Q).

Overall, while acidosis significantly altered expression profiles of ICs on both the surface of
OGJ-derived T cells and OE33 cells, acidosis had a much greater effect on the T cells. LAG-
3, TIM-3 and CTLA-4 were significantly increased and KLRG-1 and CD160 were significantly

decreased on the surface of T cells under acidic conditions.
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Figure 3.20: Acidic conditions upregulated TIM-3, LAG-3 and CTLA-4 and decreased KLRG-1
and CD160 ICs on T cells ex vivo. PBMCs were isolated from peripheral blood of treatment-naive
OAC patients (n=6) and expanded ex vivo for 7 days in the presence of plate bound anti-CD3/anti-
CD28 and recombinant human IL-2. Following a 7-day expansion, PBMCs were cultured for 48h in
media with increasing levels of acidity (pH 7.4, pH 6.6 and pH 5.5). CD3+, CD3+CD4+ and
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CD3+CD8+ cells were stained with zombie viability dye and antibodies specific for IC ligands and
receptors and expression was assessed by flow cytometry. OE33 cells were cultured for 48h in media
with increasing levels of acidity (pH 7.4, pH 6.6 and pH 5.5) and expression of IC ligands and receptors
was assessed by flow cytometry. (A-C) tSNE plots showing the effect of acidosis on the frequency of
CD4+ and CD8+ cells expressing IC ligands and receptors on viable CD3+ singlet cells. (D-M)
graphically displays the effect of acidosis on the frequency of CD4+ and CD8+ cells expressing IC
ligands and receptors. CLTA-4 and KLRG-1 are typically expressed on lymphocyte cells so their
expression on OE33 cells under acidic conditions was not assessed. Expression presented as percentages
+ SEM. Paired, non-parametric t test for PBMCs (n=6) and paired parametric t-test for OE33 cells
(n=3), *p<0.05. (N) and (O) display the effects of acidic conditions on the MFI of IC ligand and receptor
levels in OE33 and OE19 cells. (P) and (Q) displays the overall survival of OGJ patients who had a
mutated version of the LDHA gene and the lactate gene using TCGA database. Gating strategy and

representative dot plots are shown in Appendix Figure A3.4.

3.2.15 Acidic conditions decrease the frequency of central memory T cells which is
abrogated by ICB ex vivo

Given that acidosis significantly altered the expression profile of ICs on T cell surfaces we
sought to investigate if acidosis might alter the activation status or differentiation status of T
cells using OGJ-derived PBMCs (Figure 3.21).

There was a trend toward a decrease in the frequency of CD4" T cells expressing CD62L when
cultured in pH 6.6 cRPMI compared with cells cultured in pH 7.4 cRPMI (1.45 £ 0.1 vs. 1.93
+ 0.4%, p=0.06) (Figure 3.21A). The frequency of CD8" T cells expressing CD62L was
significantly decreased when cultured in pH 5.5 cRPMI compared with cells cultured in pH 7.4
cRPMI (3.65 = 0.9 vs. 5.28 + 1.3%, p=0.03) (Figure 3.21A). Although, acidosis did not
significantly alter the frequency of CD4" T cells expressing CD69, there was a trend toward a
decrease in the frequency of CD8" T cells expressing CD69 when cultured in pH 5.5 cRPMI
compared with cells cultured in pH 7.4 cRPMI (2.22 + 0.6 vs. 3.39 + 1.3%, p=0.06) (Figure
3.21A). Moreover, there was a trend toward a significant increase in the frequency of CD4* T
cells expressing CD27 when cultured in pH 6.6 cRPMI compared with cells cultured in pH 7.4
cRPMI (2.11 = 0.4 vs. 1.45 £ 0.3%, p=0.06) (Figure 3.21A). However, acidosis did not
significantly alter the frequency of CD8" T cells expressing CD27 (Figure 3.21A). In addition,
there was a trend toward an increase in the frequency of CD3" cells expressing CD45RA when
cultured in pH 5.5 cRPMI compared with cells cultured in pH 6.6 cRPMI (8.08 £ 2.4 vs. 5.76
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+ 1.5%, p=0.06) (Figure 3.21A). However, acidosis did not significantly alter the frequency
of CD4" T cells or CD8" T cells expressing CD45RA (Figure 3.21A).

Although, acidosis did not significantly alter the frequency of naive CD4" T there was a trend
toward an increase in the frequency of naive CD8" T cells when cultured in pH 5.5 cRPMI
compared with cells cultured in pH 7.4 cRPMI (1.34 + 0.2 vs. 1.00 £ 0.1%, p=0.06) (Figure
3.21B). In addition, the frequency of central memory CD4* T cells was significantly decreased
when cultured in pH 5.5 cRPMI compared with cells cultured in pH 6.6 cRPMI (1.94 + 0.5 vs.
2.70 = 0.7%, p=0.06) (Figure 3.21A). However, acidosis did not significantly alter the
frequency of central memory CD8" T cells (Figure 3.21B). In addition, acidosis did not
significantly alter the frequency of effector memory CD4* T cells or CD8" T cells or terminally
differentiated effector memory CD4" T cells or CD8" T cells (Figure 3.21B).

Overall, acidosis did not have substantial effects on T cell activation status or differentiation
state however acidosis did marginally but significantly decrease CD62L expression on the
surface of CD8" T cells and significantly decrease the frequency of CD4" central memory T

cells ex vivo.
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Figure 3.21: The percentage of central memory CD4* T cells decreases under acidic conditions ex
vivo. PBMCs were isolated from peripheral blood of treatment-naive OAC patients (n=6) and expanded

ex vivo for 7 days in the presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2.
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Following a 7-day expansion, PBMCs were cultured for 48h in media with increasing levels of acidity
(pH 7.4, pH 6.6 and pH 5.5) in the absence or presence of ICB. ICB included nivolumab (niv),
ipilimumab (ipi) or dual nivolumab-ipilimumab (niv + ipi). Expression of markers reflective of T cell
activation status was assessed on viable CD3*CD4* (A-H) and CD3*CD8" (I-P) cells by flow cytometry
(n=6). Markers assessed included: CD62L, CD69, CD27 and CD45RA. The percentage of viable naive
(CD45RACD27*), central memory (CD45RACD27%), effector memory (CD45RACD27) and
terminally differentiated effector memory (CD45RA*CD27°) CD3*CD4* (A) and CD3*CD8" (B) cells
was also determined by flow cytometry. Dead cells were excluded using a zombie viability dye. Paired,
non-parametric t test, *p<0.05. Expression presented as percentages + SEM. Gating strategy and

representative dot plots are shown in Appendix Figure A3.5.

To further understand how ICB might improve T cell function under acidic conditions which
are typically found within the tumour microenvironment single agent nivolumab, ipilimumab
or dual nivolumab and ipilimumab treatment were added to the acidic ex vivo culture system
(Figure 3.22).

Nivolumab significantly decreased CD62L expression on the surface of CD4" T cells compared
with untreated cells in pH 7.4 cRPMI (1.56 + 0.4 vs. 1.93 £ 0.4%, p=0.03) (Figure 3.22A).
Interestingly, in pH 5.5 cRPMI CD62L expression is significantly increased on the surface of
CD4" T cells following nivolumab treatment compared with untreated cells (2.01 £ 0.5 vs. 1.54
+ 0.5%, p=0.03) (Figure 3.22A). Moreover, dual nivolumab and ipilimumab treatment
significantly decreased CD27 expression on the surface of CD4" T cells compared with
untreated cells in pH 6.6 cRPMI (1.54 £ 0.3 vs. 2.11 + 0.3%, p=0.03) but not in pH 7.4 or pH
5.5 cRPMI (Figure 3.22A). Interestingly, ipilimumab treatment significantly increased the
frequency of central memory CD4" T cells compared with untreated cells in pH 5.5 cRPMI
(2.77 £ 0.6 vs. 1.94 + 0.5%, p=0.03) but not in pH 7.4 or pH 6.6 cRPMI (Figure 3.22A).
Ipilimumab significantly decreased CD62L expression on the surface of CD8* T cells
compared with untreated cells in pH 7.4 cRPMI (4.15 + 0.9 vs. 5.28 + 1.3%, p=0.03) but not
in pH 6.6 cRPMI or pH 5.5 cRPMI (Figure 3.22B). In contrast, single agent nivolumab and
single agent ipilimumab significantly increased CD62L expression on the surface of CD8" T
cells compared with untreated cells in pH 5.5 cRPMI (5.20 £ 1.3 vs. 4.80 £ 1.1 and 3.65 +
0.8%, p=0.03 and p=0.03) but not in pH 6.6 cRPMI or pH 7.4 cRPMI (Figure 3.22B). In
addition, ipilimumab significantly decreased CD69 expression on the surface of CD8" T cells
compared with untreated cells in pH 7.4 cRPMI (2.49 £ 0.8 vs. 3.39 + 1.3%, p=0.03) (Figure

3.22B). In contrast, ipilimumab significantly increased CD69 expression on the surface of

172



173

CD8* T cells compared with untreated cells in pH 5.5 cRPMI (3.16 + 0.9 vs. 2.22 + 0.6%,
p=0.03) (Figure 3.22B). ICB did not significantly alter the expression of CD69 in pH 6.6
cRPMI (Figure 3.22B). Moreover, there were trends toward a significant increase in the
expression of CD27 on the surface of CD8" T cells in pH 5.5 cRPMI following single agent
nivolumab and ipilimumab treatment compared with untreated cells (4.11 £ 1.1 vs. 4.08 + 1.0
and 3.20 = 0.7%, p=0.03 and p=0.03) (Figure 3.22B).

Single agent ipilimumab significantly decreased the frequency of central memory CD8" T cells
compared with untreated cells in pH 7.4 cRPMI (3.16 + 0.8 vs. 4.63 £ 1.4%, p=0.03) (Figure
3.22B). However, in pH 5.5 cRPMI single agent nivolumab significantly increased the
frequency of central memory CD8* T cells compared with untreated cells (4.52 + 1.3 vs. 3.11
+ 0.8%, p=0.03) (Figure 3.22B). Similarly, in pH 5.5 there were trends toward a significant
increase in the frequency of central memory CD8" T cells compared with untreated cells
following single agent ipilimumab treatment (4.61 + 1.4 vs. 3.11 + 0.8%, p=0.03) (Figure
3.22B).

Overall, nivolumab and ipilimumab single agent treatment marginally but significantly
increased the frequency of central memory-like T cells ex vivo.
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Figure 3.22: ICB increases the percentage of central memory T cells under acidic conditions ex
vivo. PBMCs were isolated from peripheral blood of treatment-naive OAC patients (n=6) and expanded
ex vivo for 7 days in the presence of plate bound anti-CD3/anti-CD28 and recombinant human IL-2.
Following a 7-day expansion, PBMCs were cultured for 48h in media with increasing levels of acidity
(pH 7.4, pH 6.6 and pH 5.5). Expression of markers reflective of T cell activation status were assessed
on viable CD3* cells, CD3*CD4* and CD3*CD8" cells by flow cytometry. Activation markers assessed
included: CD62L(A), CD69(B), CD27(C) and CD45RA(D). tSNE plots depict the spatial distribution
of CD4 and CD8 T cells expressing different activation markers under increasing conditions of acidosis
on viable CD3" singlet cell population (E). T cell differentiation status was also assessed, the percentage
of viable naive (CD45RA*CD27%)(F), central memory (CD45RACD27%)(G), effector memory
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(CD45RACD27)(H) and terminally differentiated effector memory (CD45RA*CD27°)(I) CD3¥,
CD3*CD4* and CD3*CD8" cells were determined by flow cytometry. ). tSNE plots presenting the
spatial distribution of CD4 and CD8 T cell differentiation states under increasing conditions of acidosis
on the viable CD3* singlet cell population (J). Dead cells were excluded using a zombie viability dye.
Paired, non-parametric t test, *p<0.05. Expression presented as percentages + SEM.Gating strategy and

representative dot plots are shown in Appendix Figure A3.6.

3.2.16 ICB enhances anti-tumour cytokine profiles of T cells under acidic conditions ex
Vvivo

The effect of acidosis on anti-tumour and pro-tumour cytokine profiles of OGJ-derived T cells
was investigated to acquire a deeper understanding of the potential immunosuppressive effects
of acidosis in the context of OGJ (Figure 3.23).

Acidosis did not significantly alter the frequency of IFN-y-producing T cells, IL-4-producing
T cells or IL-10-producing T cells ex vivo (Figure 3.23A). However, acidosis had substantial
effects on the frequency of TNF-a-producing T cells (Figure 3.23A). The frequency of TNF-
a-producing CD4" T cells was significantly decreased in pH 5.5 cRPMI compared with cells
cultured in pH 6.6 and pH 7.4 cRPMI (1.28 £ 0.3 vs. 31.10 £ 2.5, 36.57 + 2.5%, p=0.03 and
p=0.03) (Figure 3.23A). In addition, the frequency of TNF-a-producing CD4" T cells was
significantly decreased in pH 6.6 cRPMI compared with cells cultured in pH 7.4 cRPMI (31.10
+ 2.5vs. 36.57 + 2.5%, p=0.03) (Figure 3.23A). Similarly, the frequency of TNF-a-producing
CD8" T cells was significantly decreased in pH 5.5 cRPMI compared with cells cultured in pH
6.6 and pH 7.4 cRPMI (2.26 £ 0.5 vs. 23.48 + 3.6, 25.87 + 3.65%, p=0.03 and p=0.03) (Figure
3.23A). In addition, the frequency of TNF-a-producing CD8" T cells was significantly
decreased in pH 6.6 cRPMI compared with cells cultured in pH 7.4 cRPMI (23.48 + 3.6 vs.
25.87 + 3.65%, p=0.03) (Figure 3.23A).

Furthermore, acidosis did not significantly alter the cytotoxic potential of CD8* T cells
demonstrated by no significant alteration in the degranulation of CD8" T cells ex vivo (Figure
3.23B).
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Figure 3.23: The percentage of TNF-a producing T cells is significantly decreased under acidic
conditions ex vivo. PBMCs were isolated from peripheral blood of treatment-naive OAC patients (n=6)
and expanded ex vivo for 7 days in the presence of plate bound anti-CD3/anti-CD28 and recombinant
human IL-2. Following a 7-day expansion, PBMCs were cultured for 48h in media with increasing
levels of acidity (pH 7.4, pH 6.6 and pH 5.5). Intracellular staining was conducted to assess CD3",
CD3*CD4* and CD3*CD8" cell production of TNF-a (A-B), IFN-y (C), IL-10 (D) and IL-4 (E)
cytokines by flow cytometry. The cytotoxic potential of CD3*CD8* T cells was also assessed using a
CD107a degranulation assay by flow cytometry (F). Paired, non-parametric t test, *p<0.05. Expression

presented as percentages + SEM.
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Use of ICB to enhance anti-tumour cytokine profiles is an attractive therapeutic apprOGJh to
boost response rates for OGJ patients however, the ability of ICB to promote anti-tumour
cytokine profiles under acidic conditions is of utmost importance. Therefore, the effect of ICB
on anti-tumour and pro-tumour cytokine profiles under acidic conditions reflective of the acidic
tumour microenvironment was assessed (Figure 3.24).

Interestingly, single agent nivolumab significantly increased the production of IFN-y in CD4"
T cells compared with untreated cells in pH 6.6 cRPMI but not in pH 7.4 cRPMI or pH 5.5
cRPMI (28.97 £ 3.1 vs. 23.15 = 3.2, p=0.03) (Figure 3.24A). Moreover, single agent
nivolumab significantly decreased the production of TNF-o in CD4" T cells compared with
untreated cells in pH 6.6 cRPMI (19.70 £ 5.4 vs. 31.10 £ 2.5, p=0.03) and pH 5.5 cRPMI (0.95
+ 0.3 vs. 1.28 £ 0.3, p=0.03) but not in pH 7.4 cRPMI (Figure 3.24A). Similarly, single agent
ipilimumab significantly decreased the production of TNF-o in CD4* T cells compared with
untreated cells in pH 6.6 cRPMI only but not in pH 5.5 cRPMI or pH 7.4 cRPMI (28.70 + 2.7
vs. 31.10 £ 2.5, p=0.03) (Figure 3.24A). ICB did not significantly alter the frequency of IL-4-
producing T cells compared with untreated cells in pH 7.4, pH 6.6 or pH 5.5 cRPMI (Figure
3.24A). Furthermore, single agent ipilimumab significantly decreased the production of IL-10
in CD4" T cells compared with untreated cells in pH 5.5 cRPMI only (2.90 £ 0.5 vs. 3.80 +
0.8, p=0.03) but not in pH 7.4 or pH 6.6 cRPMI (Figure 3.24A). In addition, there were trends
toward a significant increase in the production of IFN-y in CD8" T cells compared with
untreated cells following single agent nivolumab and ipilimumab treatment in pH 6.6 cRPMI
only (35.42 + 3.7 vs. 35.70 + 3.5 and 30.13 £ 3.7, p=0.06 and p=0.06) but not in pH 7.4 cRPMI
or pH 5.5 cRPMI (Figure 3.24B). However, dual nivolumab and ipilimumab significantly
increased the production of IFN-y in CD8" T cells compared with untreated cells in pH 6.6
cRPMI only (36.68 + 3.6 vs. 30.13 + 3.7, p=0.03) but not in pH 7.4 cRPMI or pH 5.5 cRPMI
(Figure 3.24B). ICB did not significantly alter the production of TNF-a, IL-4 or IL-10 in CD8"
T cells ex vivo under pH 7.4, 6.6 or 5.5 cRPMI (Figure 3.24B). However, single agent
ipilimumab treatment significantly deceased the degranulation of CD8" T cells compared with
untreated cells in pH 5.5 cRPMI (8.15 £ 1.5 vs. 12.63 + 0.6, p=0.03) but had no effect in pH
6.6 cCRPMI or pH 7.4 cRPMI (Figure 3.24B).

Overall, acidosis significantly decreased the percentage of TNF-a-producing T cells ex vivo.
ICB increased T cell production of IFN-y under moderately acidic conditions (pH 6.6) but not
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severe acidic conditions (pH 5.5) and decreased IL-10 production by T cells under severe acidic

conditions only ex vivo.
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Figure 3.24: ICB increases IFN-y production under moderately acidic conditions only and
decreases IL-10 production by T cells under acidic conditions ex vivo. PBMCs were isolated from

peripheral blood of treatment-naive OAC patients (n=6) and expanded ex vivo for 7 days in the presence
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of plate bound anti-CD3/anti-CD28 and recombinant human IL-2. Following a 7-day expansion,
PBMCs were cultured for 48h in media with increasing levels of acidity (pH 7.4, pH 6.6 and pH 5.5) in
the absence or presence of ICB. ICB included nivolumab (niv), ipilimumab (ipi) or dual nivolumab-
ipilimumab (niv+ipi). Intracellular staining was conducted to assess CD3*CD4* and CD3"CD8* cell
production of TNF-a, (A and G), IFN-y (B-C and H-I), IL-10 (D-E and J) and IL-4 (F and K) cytokines
by flow cytometry. The cytotoxic potential of CD3*CD8" T cells was also assessed using a CD107a
expression by flow cytometry (L). Paired, non-parametric t test, *p<0.05. Expression presented as
percentages + SEM.

3.2.17 Serum lactate levels positively correlate with circulating levels of soluble Lag-3 and
soluble Tie-2 in OGJ patients

Studies have shown that serum lactate levels and tumoural expression of lactate dehydrogenase
A and B have prognostic value in several cancer types®. Therefore, this study assessed the
levels of circulating lactate levels in a cohort of 33 OAC patients and interrogated the
prognostic value of serum lactate levels in oesophageal cancer. The levels of circulating lactate
in the serum of OAC patients ranged from 4.87 to 7.28 mM with a mean value of 5.97 £ 0.08
mM in a cohort of 33 OAC patients post-treatment (Figure 3.25). Serum lactate levels were
correlated with tumour stage and clinical outcomes in a cohort of 33 OAC patients post-
treatment. However, serum lactate levels did not significantly correlate with tumour stage or
clinical outcomes (data not shown). Similarly, analysis of a cohort of 80 oesophageal cancer
patients available from the TCGA showed that levels of lactate dehydrogenase A and lactate
dehydrogenase B were not associated with overall survival or tumour progression-free survival
Figure 3.25D. A recent publication from our group identified nodal metastasis as a superior
prognostic indicator and predictive factor for patient survival compared with pathologic
treatment response. Therefore, we assessed if patients who had presence of nodal metastasis
had higher levels of circulating serum lactate. Interestingly, patients with nodal metastasis had
higher levels of serum lactate compared with patients who’s tumours did not metastasise to
lymph nodes (p=0.07)(Figure 3.25A).

Given the important pleiotropic role of lactate in suppressing T cells, enhancing DC maturation,
promoting angiogenesis and tumour progression, serum lactate levels from a subcohort of
consecutive OAC patients undergoing oesophagectomy in St. James’s Hospital were correlated
with circulating levels of a panel of 54 pro-inflammatory, pro-angiogenic, immunostimulatory
and immunosuppressive molecules in a cohort of 10 OAC patients*”8. Interestingly, serum

levels of lactate in OAC patients positively correlated with circulating levels of soluble LAG-
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3 (r=0.79 and p=0.006, Figure 3.25B) and the pro-angiogenic factor Tie-2 (r=0.68 and p=0.03,
Figure 3.25C).
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Figure 3.25: Levels of circulating lactate positively correlate with soluble levels of LAG-3 and Tie-
2 in the serum of OGJ patients. Serum lactate levels were assessed in OAC patients post-treatment,
pre-operatively at time of surgical resection of tumour using a lactate assay in duplicate technical
replicates (n=33). Serum lactate levels displayed based on negative (n=17) vs. positive nodal status
(n=16) (A) and based on presence of adverse features (nodal metastasis, lymphovascular invasion,

perineural invasion and serosal invasion) (B). Correlation plots demonstrating the significant positive
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correlations between serum lactate levels and circulating soluble LAG-3 levels (C) and circulating
soluble Tie-2 levels (D) (n=10). Mann-Whitney test to compare between 2 groups and Pearson
correlation tests were used, *p<0.05. (D) depicts the levels of LDHA and LDHB mRNA in a cohort of
OGJ patients and overall survival outcomes from TCGA.

3.3Discussion

PD-1 has been identified on the surface of OGJ cells and other tumour cell types such as CRC
and melanoma. Similarly, TIGIT has been identified on the surface of CRC tumour cells,
however its expression in OGJ had not been investigated until this study®!. Importantly, the
expression of these ICs on healthy normal tissues had never been addressed nor had their
expression in a pre-malignant condition such as BO. Given the key role of ICs in maintaining
immune tolerance and inhibition of autoimmunity?* the observed decrease in the expression
of PD-1 and TIGIT on the surface of oesophageal epithelial cells across the normal-BO-0OGJ
disease sequence in this study might reflect a loss of homeostasis and immune tolerance with
disease development and progression, and implicate a specific role in the oesophagus for PD-
1 and TIGIT in maintaining immune tolerance®®. Loss of PD-1 and TIGIT may play a key role
in the uncontrolled amplitude and duration of inflammatory responses in the oesophagus and
may facilitate the generation of pathogenic inflammation that plays a key role in promoting the
conversion of BO to OGJ. Ligation of PD-1 and TIGIT to their respective ligands PD-L1%%
and poliovirus receptor?’ on the surface of dendritic cells promotes a regulatory dendritic cell
or T cell phenotype®®. In addition, ligation of TIGIT to poliovirus receptor (PVR) on the
surface of macrophages induces an M2 anti-inflammatory phenotype which would help resolve
pathogenic inflammation®®®. In contrast, PD-1 expression on epithelial cells was significantly
upregulated along the normal-pre-cancerous-pancreatic ductal adenocarcinoma disease
sequence®®’. These differences may be explained by the distinct differences in cell types and
tissue types between oesophageal epithelial cells and pancreatic epithelial cells highlighting
tissue specific roles for distinct ICs.

Although PD-1 and TIGIT expression on the surface of OGJ cells decreases along the normal-
BO-0GJ disease sequence, stressful conditions that recapitulate characteristic features of the
TME such as hypoxia'®* and glucose deprivation?®® upregulated PD-1 and TIGIT on the surface
of OGJ cells to similar levels of expression on HET-1A and QH cells. Subsequent inhibition
of PD-1 and TIGIT under complete nutrient conditions decreased the levels of anti-apoptotic
proteins, decreased cell proliferation and induced apoptosis in OGJ cells. A complementary
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study by Liu et al, demonstrated that PD-1-intrinsic expression in 5-FU resistant gastric cancer
cells promoted resistance via upregulation of Bcl-22%2, Similar studies in other cancer types
highlighted a similar role for PD-1 intrinsic signalling in pancreatic ductal adenocarcinoma?’,
melanoma?®?, thyroid?®?, liver®®, and head and neck cancer cells, whereby PD-1 signalling
increased tumour cell proliferation and viability. In contrast, PD-1 blockade in non-small cell
lung cancer cells promoted cancer cell proliferation, highlighting the context-dependent role of
PD-1-intrinsic signalling in cancer cells as either a tumour promoter or tumour suppressor?®4,

Interestingly, PD-1 blockade under glucose deprivation or hypoxia enhanced OGJ cell
proliferation and protected against apoptotic-induced cell death. This might be explained by a
deeper insight into the mechanistic functions of PD-1 signalling in OGJ cells provided in this
study. PD-1 inhibition under glucose deprivation or hypoxia is conferring OGJ cells with a
survival advantage and PD-1 inhibition enhanced a range of metabolic parameters in OGJ cells
including basal respiration and glycolytic reserve, which may be enhancing a metabolic
phenotype in OGJ cells, potentially enabling OGJ cells to better tolerate and adapt to the harsh
glucose deprived and hypoxic conditions found within the TME in OGJ. Given that tumour
cells rely on glycolysis for the production of ATP under hypoxia the findings from this study
demonstrate that inhibition of PD-1 intrinsic signalling in OGJ cells upregulates GLUT1 on
the surface of OGJ cells, further supporting the hypothesis that inhibition of PD-1 under
glucose-deprivation or hypoxia in OGJ cells is enhancing glycolysis and subsequent survival
under these harsh conditions. A complementary study demonstrated that PD-1 inhibition in a
mouse model of B16F10 melanoma resulted in an increase in GLUT1 expression and
subsequent increase in the uptake of glucose analogue [*|F]JFDG by cancer cells?®.
Collectively, these findings may suggest that PD-1 inhibitors may promote OGJ cell survival
under hypoxia or glucose deprived microenvironments within the tumour. The lack of efficacy
of PD-1 inhibitors in hypoxic tumours has been attributed to hypoxia-induced
immunosuppression®®® however, these findings suggest an immune-independent mechanistic
rationale for the lack of efficacy of PD-1 inhibitors in hypoxic tumours.

However, this phenomenon was specific to the PD-1 IC receptor pathway as inhibition of
TIGIT intrinsic signalling in OGJ cells under serum deprivation or glucose deprivation or
hypoxic conditions substantially decreased OGJ cell survival. Although TIGIT has been
identified on the surface of colorectal cancer cells!® a role for TIGIT in promoting cancer cell
survival via tumour cell intrinsic signalling has not been identified in previous studies. Given
that PD-1 and TIGIT inhibition significantly altered metabolism in OGJ cells and that

183



184

inhibition of oxidative phosphorylation or glycolysis significantly altered PD-1 and TIGIT
expression on the surface of OGJ cells, this further highlights a role for PD-1 and TIGIT tumour
cell intrinsic signalling in regulating OGJ cell metabolism and might suggest the existence of
a positive/negative feedback loop between the expression of these ICs and regulation of
metabolism in OGJ cells.

Collectively the nutrient depleted and hypoxic milieu has profound effects on the metabolism
of not just cancer cells but also stromal and tumour-infiltrating immune cells, ultimately
promoting pro-tumourigenic immune cell phenotypes!®”. Cham et al., demonstrated that
glucose deprivation or inhibition of glycolysis by 2-deoxy-D-glucose inhibited the production
of IFN-y by T cells derived from healthy donors?®’. Similarly, dual glucose and serum
deprivation under hypoxic conditions significantly decreased IFN-y production in OGJ patient-
derived T cells. In addition to a reduction in IFN-y production by T cells a decrease in the
production of immunosuppressive I1L-10 was also observed under nutrient deprivation and
hypoxic conditions. This may likely be attributed to the depletion of nutrients which are
essential ‘building blocks’ required by T cells to synthesize proteins and subsequent cytokines.
Cohen et al., also reported that nutrient depletion significantly reduces T cell cytokine
production?®,

In this study several ICs were significantly upregulated on the surface of OGJ patient-derived
T cells following dual glucose deprivation and hypoxia treatment, including PD-1, PD-L1, PD-
L2 and CTLA-4 ICs. IC intrinsic signalling in T cells has profound effects on T cell
metabolism, PD-1 intrinsic signalling in T cells inhibits glycolysis and promotes lipolysis and
fatty acid oxidation®®, similarly, CTLA-4 intrinsic signalling in T cells inhibits glycolysis?®.
Glycolysis is essential for effector T cell function therefore, upregulation of PD-1 and CTLA-
4 could be detrimental to anti-tumour immunity and may reflect the skewing of T cells toward
an altered phenotype facilitated by PD-1 and CTLA-4 metabolic reprogramming. However, a
fatty acid oxidative phenotype that could be promoted by PD-1 and CTLA-4 signalling is
utilised by both regulatory T cells?”® and tissue resident memory T cells which are known for
their anti-tumour functions?’*. CTLA-4 expression by regulatory T cells plays a pivotal role in
hindering the anticancer immunity by promoting regulatory T cell function, which suppresses
antigen-presenting cells by depleting immune stimulating cytokines, producing
immunosuppressive cytokines and constitutively expressing CTLA-4%"2. Preclinical murine

models have demonstrated that CTLA-4 blockade promotes cancer regression by increasing
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the frequency of effector T cells within the TME and selectively depleting intra-tumoral
regulatory T cells via an Fc-dependent mechanism?”3,

Glucose consumption by antigenic tumours can metabolically restrict T cells, directly
dampening their effector function and allowing tumour progression®. ICB therapy may
correct this resource imbalance through a direct effect on tumour cells?’*. In particular, PD-L1
blockade on melanoma and lung cancer cells inhibited glycolysis resulting in an increased
availability of glucose in the TME and subsequently promoted anti-tumour T cell function®®.
This study demonstrated that nivolumab treatment significantly reduced the production of IL-
10 by T cells under glucose deprived hypoxic conditions compared with untreated cells under
glucose deprived hypoxic conditions, suggesting that PD-1 blockade may help skew T cells
toward an anti-tumour phenotype within the OGJ TME. However, nivolumab did not decrease
IL-10 production by T cells under complete nutrient conditions, highlighting that nivolumab
was more effective at promoting an anti-tumour T cell phenotype under ‘stressful’ glucose
deprived and hypoxic conditions which are more reflective of the TME than full nutrient
conditions. However, it is important to note that emerging research has shown that 1L-10
cooperates with granzyme B and IFN-y stimulating the cytotoxicity of CD8" T cells to induce
tumour rejection in mice?’®. Therefore, it is important to understand the context dependency of
these pleiotropic cytokines and further research will be necessary in this regard to further
interrogate the effect of ICB on cytokine profiles in humans and how this affects clinical
outcomes, as the immune system in mice is very different to that of humans.

However, tumour cells are able to counteract the activity of PD-1 and CTLA-4 ICBs and can
commission additional inhibitory pathways via expression of other 1Cs/ligands within the
TME?’8, Of particular clinical relevance regarding mechanisms for development of acquired
resistance to therapeutics targeting the conventional PD-1 and CTLA-4 axes, the A2aR IC
receptor was also upregulated on the surface of T cells under nutrient deprivation and hypoxic
conditions. Furthermore, co-culturing OGJ cells with PBMCs upregulated LAG-3 on the
surface of T cells. These novel ICs have been shown to have profound immunosuppressive
effects on effector T cells. Therefore, co-blockade of multiple ICs may be a better strategy to
enhance effector T cell function in OGJ. Clinical trials are ongoing in other cancer types
targeting LAG-3 and A2aR?"’. A2aR elicits profound immunosuppressive effects within the
TME. Regulatory T cells secrete adenosine within the TME, which potently inhibits production
of anti-tumour cytokines?’®, Increased expression of A2aR on tumour infiltrating immune cells

correlated with advanced pathological grade, larger tumour size and positive lymph node status
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in head and neck squamous cell carcinoma (HNSCC)?™, Interestingly, the expression of A2AR
was found to significantly correlate with HIF-1a, CD73, CD8 and Foxp3. Furthermore, the
increased population of CD4"Foxp3* regulatory T cells (Tregs), which partially expressed
A2aR, was observed in an immunocompetent mouse model that spontaneously develops
HNSCC?™. Pharmacological blockade of A2aR by SCH58261 delayed the tumour growth in
the HNSCC mouse model and significantly decreased the population of CD4*Foxp3* Tregs
and enhanced the anti-tumour response of CD8" T cells?’®. These studies highlight the
important role A2aR plays in the TME for promoting tumour progression and the
pharmacologic impact of A2aR inhibition for promoting anti-tumour responses.

Similarly, Grosso et al., also demonstrated that LAG-3 knockout adoptively transferred
antigen-specific CD8 T cells in mice bearing their cognate antigen, as either a self or a tumour
antigen, showed enhanced proliferation and cytokine production?®. Expression of LAG-3 on
regulatory CD4 T cells also identified a more immunosuppressive phenotype, which
subsequently hindered CD8 T cell function in Hodgkin’s lymphoma?®!, melanoma and
colorectal cancer??. Collectively, these studies identify a pivotal role for LAG-3 in dampening
anti-tumour immunity and highlight that LAG-3 blockade can induce durable responses in pre-
clinical models. Of particular clinical relevance for designing combination ICB therapies, co-
targeting LAG-3 in combination with PD-1 inhibition is thought to achieve synergistic
responses. In phase I/11 study evaluating the safety and efficacy of relatlimab (anti-LAG-3) in
combination with nivolumab in patients with advanced melanoma that had progressed during
previous anti-PD-1 or anti-PD-L1 immunotherapy (NCT0198609), the combination of
relatlimab and nivolumab was well tolerated and the objective response rate (ORR) was 11.5%
in 61 patients. ORR was at least 3.5-fold higher in patients with LAG-3 expression in at least
1% of tumour-associated immune cells within the tumor margin (n=33) than that in the patients
with less than 1% LAG-3 expression (n=22) (18% and 5%, respectively)?®. Taken together,
these pre-clinical and clinical studies investigating A2aR and LAG-3 demonstrate that targeting
these novel ICs to enhance anti-tumour immunity is a viable strategy for boosting the efficacy
of conventional PD-1 ICBs.

Our results support the hypothesis that acidity suppresses anti-tumour T lymphocyte function
demonstrated by a significant upregulation of inhibitory immune checkpoints TIM-3, LAG-3,
and CTLA-4 on the surface of OGJ-derived T cells when cultured under low pH conditions ex
vivo. Expression of CTLA-42% TIM-3%% and LAG-3%® immune checkpoints are typically

upregulated on dysfunctional and/or exhausted T cells. This further supports the hypothesis
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that acidic conditions suppress T lymphocyte function perhaps through immune checkpoint-
intrinsic signalling and their blockade may enhance T cell function under acidic conditions. Of
note, CTLA-4 has been shown to play a pivotal role in promoting regulatory T cell functions
which subsequently suppress antigen-presenting cells by depleting immune stimulating
cytokines and producing immunosuppressive cytokines?’2. Ipilimumab treatment significantly
decreased production of IL-10 by CD4* T cells under severe acidic conditions ex vivo.
Moreover, dual nivolumab and ipilimumab treatment significantly enhanced the production of
IFN-y by CD8" T cells under moderately acidic conditions (pH 6.6) but this effect was lost
under severe acidic conditions (pH 5.5). This suggests that dual nivolumab and ipilimumab
treatment might be a promising intervention to limit the immunosuppressive effects of the
acidic tumour microenvironment. However, dual nivolumab and ipilimumab treatment failed
to enhance the production of IFN-y by CD8" T cells under severe acidic conditions (pH 5.5),
highlighting that extratumoural acidity might represent a mechanism of resistance to ICB.
Combining oral bicarbonate therapy to neutralize tumour acidity in combination with anti-
CTLA-4 or anti-PD1 therapy improved antitumor responses in multiple models, including
complete remissions in some subjects?*®.

However, it is important to note that the efficacy of CTLA-4 blockade is limited to a
subpopulation of patients and development of acquired resistance is common?®’. This has
prompted the investigation into additional immune checkpoints such as TIM-3 and LAG-3%%
which are highly expressed on Tregs at sites of tissue inflammation and were significantly
upregulated on the surface of OGJ-derived T cells cultured under acidic conditions in this
study?®. Findings by Deng et al, demonstrated that LAG-3 blockade reduced tumour growth,
potentiated anti-tumour responses of CD8" T cells and decreased the population of
immunosuppressive cells in a murine model of head and neck squamous cell carcinoma?s®.
Similarly, TIM-3 blockade enhances anti-tumour T cell responses, particularly in conjunction
with PD-1 blockade ex vivo and in murine models?%°-2%,

Interestingly, we also found that systemic lactate levels positively correlated with circulating
levels of soluble LAG-3 receptor. However, soluble LAG-3 was a good prognostic marker in
gastric cancer and positively correlated with CD8* T cell frequency and secretion of 1L-12 and
IFN-y in peripheral blood?®*. Fougeray et al?®®., identified soluble LAG-3 protein as an
immunopotentiator for therapeutic vaccines via binding to MHC class Il on dendritic cells and
inducing maturation?®. Whether lactate might be regulating the cleavage of membrane-bound

LAG-3 on the surface of immune cells to enhance DC maturation is unknown. Lactate
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stimulates endothelial cell migration and tube formation in vitro, as well as the recruitment of

circulating vascular progenitor cells and vascular morphogenesis in vivo?®

. Our study further
highlights a link between lactate and angiogenesis in which systemic lactate levels correlated
with an important pro-angiogenic mediator Tie-2. Lactate also binds Tie2 when it is expressed
as a cell surface receptor on endothelial cells activating the PI3K/Akt pathway?®’.

Overall, these findings suggest that TIGIT blockade may be more effective than PD-1 blockade
in reducing the survival of OGJ cells within the nutrient deprived hypoxic TME. A preclinical
rationale is highlighted for the use of ICB to improve T lymphocyte function within the nutrient
deprived hypoxic and acidic TME. Novel ICs including TIM-3 and LAG-3 are also highlighted
as potential therapeutic targets to combine with PD-1 or CTLA-4 ICBs under such conditions

to expand the efficacy of ICB for a greater spectrum of patients.
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Chapter 4 — The effect of the visceral adipose tissue
secretome on anti-tumour T cell immunity and

efficacy of immune checkpoint blockade
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Hypothesis

The visceral adipose tissue secretome enhances T cell activation and upregulates inhibitory

immune checkpoints on the surface of T cells which may promote T cell dysfunction.

4.1.1 Highlights

Visceral adipose conditioned media (ACM) significantly altered T cell activation
status, upregulating co-stimulatory marker CD27 on T cells.

Immune checkpoint expression profiles of T cells were also significantly altered by the
ACM from both early and late stage OGJ patients.

ACM from OGJ patients enhanced a pro-inflammatory T cell phenotype including a
Th1-like, dual Th1/17-like and Th17-like signature.

Use of immune checkpoint blockade attenuated the ACM-induced increase in IL-17A
secretion by T cells.

ACM from early stage OGJ patients was more pro-inflammatory than ACM from late
stage patients, reflected by decreased levels of IL-17A/F, TNF-a, IL-1RA and IL-5.
This could suggest that inflammation induced by excess visceral adipose tissue is more
essential for the early development of cancer rather than sustaining advanced tumours.
The ACM-induced upregulation of immune checkpoints on T cells also highlights a
therapeutic vulnerability that could be exploited by immune checkpoint blockade to
harness anti-cancer immunity and attenuate the visceral adipose tissue-induced

inflammatory phenotype in OGJ.
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Methods (A) . Methods (B)
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