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Chapter 1: Introduction

Human Immune System

The human immune system is a complex defense network within the body that protects
the body from infection by foreign substances and organisms. From the initial site of infection or
entry to the eradication of a pathogen, the immune system protects the body through many
different mechanisms and pathways. The attack system works at two levels of immunity — a
primary, immediate, and innate immunity; and a secondary, specific, and memory-inducing
adaptive immunity (Adam, Odhav, & Bhoola, 2003; Post-White, 1996). Both of these
subsystems are composed of multiple cells types and proteins that work in conjunction to
communicate and destroy the “non-self” invaders.

The innate response, present since birth, is the primary, general response that occurs
when the foreign substance first enters the body. It recruits more immune cells to the site of
infection by releasing cytokines. The innate response also activates the adaptive immune system
through multiple means, one of which is antigen presentation.

The adaptive response is the more complex, secondary response. It can recognize a wide
range of foreign substances and retains memory cells that can quickly respond to subsequent
challenges by the same substances (Adam et al., 2003; Post-White, 1996). A crucial component
of the adaptive response is the major histocompatibility complex (MHC), a protein on the surface
of all cells that serves as an identification molecule. This molecule can be recognized by the
adaptive immune system as “self” or “non-self” by presenting a segment of a protein within the
cell, or an antigen, on the cell surface. Selection during immune cell development is what allows

immune cells to distinguish between antigens from normal cells or antigens that have previously



been un-encountered. As T cells mature in the thymus, most of those that are self-reactive, or
recognize and kill “self”’-antigen presenting cells, are eliminated. Those that are not eliminated
may undergo receptor editing, where reactive T cell receptors are replaced by nonreactive
receptors. Other remaining self-reactive cells may lose their functional capabilities upon further
exposure to a “self” antigen (Sakaguchi et al., 2008). The vast majority of cells that complete this
process do not kill normal, healthy, “self’-antigen presenting cells and can kill many previously
un-encountered antigens.

A previously un-encountered antigen can originate from a foreign pathogen infecting the
cell or an altered cell producing foreign proteins, such as certain cancer cells. There are two
main types of adaptive immunity: humoral and cell-mediated. We focus primarily on cell-
mediated immunity because it is the part of the immune system that primarily fights off cancer
cells, a focus of our research.

Cell-mediated immunity involves mostly T lymphocytes, or T cells. T cells include
helper T cells (CD4+ T cells), which enhance the functions of multiple cells in the immune
system, and cytotoxic T cells (CD8+ T cells), which are primarily involved in destroying virus-
infected cells or tumor cells. In order for T cells to recognize “non-self” antigens, cells must have
Major Histocompatibility Complex (MHC) proteins present on their cell surfaces because the
MHC binds and presents the antigen to T cells. In addition to possessing the ability to recognize
harmful cells and substances, a CD8+ T cell must be activated to kill off infected cells.
Activation results in a cytotoxic T lymphocyte (CTL) that is able to recognize one type of
antigen and is also able to kill cells presenting that specific antigen (Verlingue et al., 2014;
Rescigno, Avogadri, & Curigliano, 2007; Post-White, 1996; Restifo et al., 2012; Yee, 2005;

Dermime, Armstrong, Hawkins, & Stern, 2002). Despite the specificity and complexity of the



immune system, some diseases are still able to evade this defense mechanism. One of the most

notable groups of diseases that the immune system struggles to overcome is cancer.

Cancer and the Immune System

Cancer begins with a genetic mutation that can occur in one of any number of genes.
Further mutations of specific genes in a few cells of the body can then lead to uncontrollable cell
growth (Lerman & Shields, 2004). This growth is supported by a process known as angiogenesis,
the formation of new blood vessels, which are used to nourish the tumor (Hanahan & Folkman,
1996). The close proximity of these blood vessels also allows the tumor to metastasize, or
spread, to other locations in the body (Hanahan & Weinberg, 2011; Hollstein et al., 1991).
Metastasis is especially dangerous because many commonly used treatments cannot reach areas
of metastasis and multiple organ systems can then affected by the cancer.

Conventional treatments, such as chemotherapy, and radiation, do not specifically target
cancer cells in the body, and as a result often harm other body cells (Heinemann, Douillard,
Ducreux, & Peters, 2013). Surgery removes tumor or cancerous tissue from the body, but can
leave some undetected cancerous cells or metastasized lesions behind. For certain cancers,
chemotherapy or radiation often follows surgery in an attempt to kill any remaining cancerous
cells. Chemotherapy involves the systemic administration of a drug or multiple drugs that kill
quickly proliferating cells, a characteristic that is not exclusive to cancer cells. Several cell types
in the body that normally proliferate rapidly, including immune cells, hair follicles, bone
marrow, and cells within the digestive tract, can be compromised during chemotherapy
(Mitchison, 2012). Radiation therapy exposes cancerous cells to X-rays, gamma rays, and
charged particles; and kills the cells by damaging the DNA beyond repair (Lawrence, Ten

Haken, & Giaccia, 2008). However, radiation itself, by damaging and mutating DNA, is a



carcinogen and can cause secondary cancers to develop (Sountoulides, Koletsas, Kikidakis,
Paschalidis, & Sofikitis, 2010). These treatments, with their debilitating side effects, have
become standards in medicine because the body alone cannot fight cancer in the same way it can
fight foreign infection. The body’s immune system could have difficulties identifying and killing
cancerous cells because cancers have a variety of mechanisms that suppress or direct the immune

system away from malignant cells.

Immunosuppressive Nature of Cancer

Immunosuppression refers to the weakening and subsequent decrease in efficiency of the
immune system, and is caused by tumor formation and development (Baruch, 2005). The
immunosuppressive nature of tumors and associated cancer cells allow them to largely avoid
detection and killing by the immune system.

The immunosuppressive nature of tumors is partially caused by recruitment of immature
myeloid cells (ImCs) at the site of the tumor (Kusmartsev & Gabrilovich, 2002; Motz & Coukos,
2011). Physiologically, one of ImCs potential functions is to prevent autoimmune actions of T
cells. Secretion and production of reactive oxygen species by immature myeloid cells as well as
factors such as vascular endothelial growth factor (VEGF), IL-10, transforming growth factor
(TGFB) from the tumor cells suppress IFN- y production. Because IFN- y production plays a
critical role in CD4+ and CD8+ T cells’ function in the immune system, antitumor immunity is
compromised. VEGF is a downstream target of HIF-1, and is thus activated by hypoxic factors
(Ankoma-Sey, Wang, & Dai, 2000; Forsythe et al., 1996; Ziello, Jovin, & Huang, 2007). VEGF
leads to vascularization of the tumor environment, while also promoting the immunosuppressive
nature of cancer. Thus, hypoxia indirectly leads to the evasion of cancer cells from antitumor

immunity (Noman et al., 2011; Noman et al, 2015; Sitkovsky, 2008).



Another defense mechanism is that tumor cells are also able to adopt the phenotypic
characteristics of lymphoid cells, cells of the innate immune system. This immunosuppressive
characteristic enables tumor cells to migrate using the same mechanisms as lymphoid cells,
allowing them to penetrate the endothelium and acquire mobility within tissues and blood vessels
to metastasize. However, circulating tumor cells are particularly sensitive to lysis by natural
killer cells or monocytes. Thus, if the immune system of an individual is strong, it may be able
to destroy the migrating tumor cells (Arias et al., 2011).

Immunoediting, a process by which the immune system itself alters tumorigenesis,
further exacerbates the problem of unrecognizable cancer cells. T cells kill tumor cells that they
recognize. Over time, cancer cells that evade detection and killing by the immune system grow
to be a greater proportion of cells in the tumor. Eventually, very few of the remaining tumor cells
are recognizable by the immune system (Dunn et al., 2004, Mittal et al., 2014, Restifo et al.,
2012; Schreiber, Old, & Smyth, 2011).

There are multiple ways that those cancerous cells became unrecognizable. Tumor cells
can be rendered unrecognizable either by the loss of tumor antigen expression, which can occur
with the loss of MHC class I proteins on the tumor, or the loss of antigen processing functions
within the tumor. These processes, in addition to recruitment of ImCs, eventually causes the
tumor to become invisible to the immune system, allowing it to continue growing (Schreiber et
al., 2011). The phenomenon of immunoediting suggests that immune cells can both prevent
tumor formation, by killing nascent tumor cells, and promote tumor progression, by selecting for

tumor cells that can evade immune detection and killing. (Schreiber et al., 2011).



These are some of the immunosuppressive characteristics of tumors. Another
immunosuppressive characteristic of cancerous tumors, the acidic microenvironment, is a focus

of our research.

The Acidic Microenvironment of Cancerous Tumors

Cancerous cells have an abnormal metabolism to accommodate the high-energy they
require (Gillies, Raghunand, Karczmar, & Bhujwalla, 2002; Swietach, Vaughan-Jones, Harris, &
Hulikova, 2014; Warburg, Wind, & Negelein, 1927). Typically only cells in an environment
without oxygen produce energy through glycolysis; cells in aerobic condition primarily produce
energy through cellular respiration. In the 1920s, German researcher Otto Warburg observed that
tumor tissues in aerobic conditions performed glycolysis ten times more frequently than normal
tissues (De Milito et al., 2010; Gillies et al., 2002; Kato et al., 2013; Swietach et al., 2014;
Tannock & Rotin, 1989; Warburg et al., 1927). He also observed that this high rate of glycolysis
and cellular respiration occurred simultaneously (Warburg et al., 1927). Together, glycolysis and
cellular respiration produce more energy than respiration alone. This abnormal metabolic
characteristic of cancer tumors is known as the Warburg Effect.

One result of glycolysis is the production of lactic acid, which has a pKa of 3.9 at pH 7.4
(Phypers & Pierce 2006). At physiological pH, lactic acid, dissociates to lactate and a proton
(Phypers & Pierce 2006, Swietach et al., 2014). For each glucose molecule that undergoes
glycolysis, two protons are produced. Because glycolysis occurs in cancer cells at a rate that is
about 200 times higher than that in normal cells, a very large concentration of protons are
produced and accumulated within the cell, creating an acidic environment (Warburg 1956). The

cell cytosol is sensitive to pH changes and thus, the cell uses proton pumps to send large amounts



of protons out of the cell into the cellular microenvironment. This mechanism maintains the
internal pH of the cell and creates an acidic microenvironment. There is evidence, as discussed
later in the literature review, that immune cells either die or become deactivated in an acidic
environment (Lardner, 2001; Kato et al., 2013; Muller, Fischer, & Kreutz, 2000; Restifo et al.,
2012). It should be noted that immune cells also exhibit the Warburg effect and similar

metabolism to cancerous cells (Palsson-McDermott & O’Neill 2013).

Immunotherapy

Immunotherapy is part of the movement toward cancer treatments that target specific
characteristics of cancerous tumors or the immune cells fighting the cancer (Hinemann et al.,
2013; Riethdorf & Pantel, 2010; Rosenberg, Restifo, Yang, Morgan, & Dudley, 2008; Verlingue
et al., 2014). Immunotherapy involves improving the immune system’s ability to fight cancer.
There are many types of cancer immunotherapy, including antibody therapy, cytokine and
anticytokine therapy, vaccination, oncolytic virus therapy, and adoptive cell transfer therapy
(ACT) (Zhou 2014). Antibody therapy involves using antibodies that can bind to cancer
antigens in order to alter the immune system or deliver drugs to cells presenting cancer antigens
(Scott et al., 2012). Cytokine therapy involves using cytokines, proteins that allow immune cells
to communicate with each other, to stimulate effector and stromal cells as well as promote cancer
recognition by cytotoxic T lymphocytes (Lee & Margolin 2011). Interleukin 2 (IL-2) and
interferon alpha (IFN- a) cytokine therapies have been approved to treat certain cases of
melanoma (Lee & Margolin 2011). Anticytokine therapy involves blocking certain cytokines that

can promote tumor development. It has mainly been researched for use with autoimmune



diseases but one recent study has indicated that reducing the action of Interleukin-6 (IL-6) could
reduce colorectal cancer tumorigenesis (Wang et al., 2013, Zhou 2014).

Another promising form of immunotherapy, vaccination, consists of injecting proteins,
portions of proteins known as peptides, dead cancerous cells, altered white blood cells, or other
biological compounds designed to help the immune system recognize cancer and destroy it. One
vaccine, Sipuleucel-T, is approved by the U.S. Food and Drug Administration (FDA) for use in
patients with metastatic prostate cancer (Schlom 2012). In addition, oncolytic virus therapy is an
emerging type of immunotherapy. In October of 2015, Imlygic became the first oncolytic virus
therapy approved by the FDA. Treatment with Imlygic consists of injecting malignant melanoma
lesions with a modified herpes virus that replicates inside cancer cells, destroying them by
causing them to burst (U.S. Food and Drug Administration, 2015).

Finally, Adoptive Cell Transfer (ACT) Therapy is a cancer immunotherapy that enhances a
patient’s immune system outside of the body (Hawkins et al., 2010; Restifo et al., 2012; Yee et

al., 2002; Yee, 2005). This form of immunotherapy is the model used in this project.

Adoptive Cell Transfer (ACT) Therapy

Adoptive Cell Transfer (ACT) Therapy is a cancer immunotherapy that enhances a
patient’s immune system outside of the body (Hawkins et al., 2010; Restifo et al., 2012; Yee et
al., 2002; Yee, 2005). ACT can take on two forms. One form multiplies and enhances the killing
ability of T cells that are already predisposed to targeting the tumor, known as tumor infiltrating
lymphocytes (TILs). These TILs are purified from a biopsy of the tumor, enhanced with IL-2,
multiplied in vitro, and then returned to the patient (Mondino et al., 2010; Hawkins et al., 2010;
June, 2007; Restifo et al., 2012; Rosenberg et al., 2008). Another form of ACT uses circulating T

cells isolated from a patient’s blood. Since these T cells do not specifically recognize the cancer,



they are then genetically modified with specific receptors that will recognize the tumor (Perica,
Varela, Oelke, & Schneck, 2015; Rosenberg et al., 2008; Yee et al., 2002). In both forms of
ACT, the T cells are extracted, activated with cytokines, given time to multiply and expand, and
reintroduced into the patient’s body (Mordino et al., 2010; June, 2007; Rosenberg et al., 2008;
Yee et al., 2002).

Prior to reintroducing the T cells into the body, the patient goes through immune-
depletion, the process of administering a chemotherapeutic drug or total body irradiation to kill
the majority of the patient’s viable immune cells throughout the body (Perica et al., 2015; June,
2007; Rescigno et al., 2007; Restifo et al., 2012; Rosenberg et al., 2008). The new T cells are
gradually reintroduced to the patient, so the body can adapt over time. IL-2 is also administered
to the patients to aid the expansion of the T cells in vivo (Hawkins et al., 2010; Restifo et al.,
2012; Rosenberg et al., 2008). ACT is considered an advantageous treatment because it utilizes
immune cells with specificity for the cancer. Additionally, the cells in question are from the
patient’s own body, minimizing the chance of the treatment being rejected (Mazzarella et al.,
2012). However, treatment with ACT can be a lengthy, and costly process, as a large volume of
CTLs would need to be cultured: for patients with aggressive cancers, this is time that they may
not have.

Immune cells that are impeded by an acidic microenvironment may result in less
effective immunotherapy treatments that are meant to enhance the immune system’s ability to
differentiate cancer cells from body cells and, thereby, kill cancer cells more efficiently (Ely,
2009; Friedmann-Morvinski & Eshhar, 2006; Hawkins et al., 2010; Restifo, Dudley, &

Rosenberg, 2012).



Our Approach

We were particularly interested in the potentially immunosuppressive nature of the acidic tumor
microenvironment, and its effect on immune cell function and killing ability. Given that tumors
exhibit an acidic microenvironment and such environments inhibit T cell recruitment and
function, manipulating this environment to a physiological pH could potentially improve the
efficacy of ACT by allowing more reintroduced immune cells to reach the tumor and preventing
them from being killed or deactivated. If manipulating the pH of the tumor microenvironment
allows stronger immune cell function, then potentially fewer immune cells would be needed in

ACT, reducing the cost and time necessary for the treatment.

Research Question

What are the effects of pH manipulation on tumor proliferation and the cytotoxic T lymphocyte

response?

Hypothesis
We hypothesized that manipulating the acidic tumor microenvironment toward a
physiological pH would inhibit tumor proliferation and enhance T lymphocyte activation and

killing ability.

Research Strategy

This study consisted of three phases, or aims, each of which took place in vitro. It was
necessary to first observe the effects of pH adjustment on cancer cells and immune cells
individually. To clarify, pH manipulation refers to the external cellular pH of the cell growth

media, not the internal pH of the cell.
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The first aim of this study was to determine the effect of pH manipulation on cancer cell
survival. Two types of cancer cells, EG7 lymphoma and B16-OV A melanoma, were used during
this phase of the experiment to understand whether different cancer types had different behavior
in acidic, neutral, and basic pH environments. These specific cancer models were chosen because
both types of cancer have been used to study immunotherapy previously (Rosenberg et al.,
2008). A secondary pH shock experiment was also set up to determine if differences in cell
growth were due to short-intense periods of pH change or sustained pH differences. Data
collected was total alive cell counts for each group.

The second aim of this study was to determine the effect of pH manipulation on immune
cell survival, activation, and migration ability. Studying the survival of immune cells
independently allowed for the observation of non-cancerous cells in acidic, neutral, and basic pH
environments. Migration assays were conducted to examine how the migration of immune cells
was impacted by the pH of the environment. Comparing the activation and migration ability after
culture in different pH environments determined the impact of pH on the function of immune
cells.

The third aim of this study was to simulate ACT in vitro, with melanoma cells and
activated immune cells cultured in the same dish in various pH environments. Killing assays
were performed to determine the percent killing for each combination of melanoma cells and
activated immune cells.

Naturally, in vivo, CTLs are generated from naive T cells through activation, a three
signal process that triggers proliferation, differentiation, and cytokine secretion (Mescher et al.,
2006). The first activation signal, Signal 1, occurs when a T cell receptor interacts with an

antigenic peptide-bound MHC molecule on an antigen-presenting cell (APC) (Lafferty, Prowse,

11



Simeonovic, & Warren, 1983). Signal 2, costimulation, occurs when B7, a costimulatory
molecule present on the surface of activated APCs, engages with CD28, a costimulatory protein
expressed on surface of T cells (Lafferty et al.,1983; Jenkins et al., 1991; Lenschow et al. 1996).
Signal 2 magnifies Signal 1 and together, these two signals trigger clonal expansion. This
expansion is amplified by Interleukin 2 (IL-2), the production of which increases in response to
antigenic stimulation and costimulation (June et al., 1987; Lanzavecchia & Sallusto, 2001).

The third required signal is inflammatory and signals to T cells that there is a threat in
need of a response. Signal 3 is also important for survival, differentiation, effector function, and
the development of memory T cells. For naive CD8+ T cells, this signal can be provided by
Interleukin 12 (IL-12) and type I interferons (Curtsinger et al., 1999; Valenzuela et al., 2002).
Once activated, antigen-specific CTLs release a variety of molecules, including IFN-y, a
cytokine that regulates pathogen recognition and inhibits proliferation of target cells, and
Granzyme B, a protease that kills pathogens and cancer cells.

The in vitro activation of naive T cells to generate CTLs is similar to the aforementioned
process observed in vivo. We used OT1 CD8+ T cells. OT1 cells express a T cell receptor that
recognizes MHC Class I peptides when they are bound to SIINFEKL, a short amino acid
sequence from chicken ovalbumin protein (Ma et al., 2009). The isolated OT1 cells were plated
in a dish coated with Dimer X, a recombinant MHC Class 1, then B7 was added as a
costimulator. By pulsing the plate with SIINFEKL, signals 1 and 2 were provided, bringing
about proliferation. To provide the third signal, IL-12 was introduced and subsequently improves

the killing ability of the CTL.
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Chapter 2: Literature Review

As previously stated, ACT is a promising treatment as it utilizes the body’s own immune
cells to fight cancer; however, ACT could be improved by improving the immune cells’ ability to
migrate to, function, and kill at tumor sites. Though Adoptive Cell Transfer therapy has been
studied in the past, there are few studies that examine ACT in combination with pH
manipulation. Our approach will examine ACT in melanoma and the effects of various pH levels

on the killing ability of T lymphocytes.

Successes and Drawbacks of ACT

Melanoma is the cancer most commonly studied for ACT because it has been shown to
be one of the most effective treatments for patients with this cancer (Rosenberg et al., 2008).
This treatment is successful because it is relatively easy to isolate tumor-specific T lymphocytes
that are found surrounding melanoma tumors (Hawkins et al., 2010).

Unfortunately, this method has only had modest success, when used as the only
treatment. In addition to having a weaker effect on cancer than desired, ACT requires a large
amount of cells for transfer to be effective (Yee, 2005; June, 2007). While many T cells must be
cultured from biopsied tumors, only a little over one-third of biopsied portions produce viable T
cell populations of adequate quantity. Furthermore, the process from biopsy to re-infusion
requires an intense amount of time, funds and labor (June, 2007). Lastly, the cells enhanced and

expanded in vitro have limited lifespans (Yee, 2005).
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These inefficiencies of treatment also make clinical trials difficult to perform (June,
2007). Finding a way to use fewer T-cells in treatment is thus a promising avenue to make
research and treatment with ACT more practical.

One avenue that has been explored in using fewer T cells is coupling ACT with T Cell
Receptor (TCR) gene therapy. In this system, the T cells are genetically programmed to express
a receptor specific to cancer-testis (CT) antigens, which are predominantly expressed in germ
cells and certain malignancies. This allows for a more targeted therapy, and has shown to be
effective against melanoma through targeting the CT antigen, NY-ESO-1. However, some of
these antigens can be similar to surface proteins elsewhere in the body, causing what is known as
cross-reactivity to occur. Here the T cells attack somatic cells instead as the TCR can react with
the normal proteins, resulting in autoimmune toxicities. This was evident in when TCR gene
therapy was used again with ACT therapy to target melanoma, but the CT MAGEA3 was used
instead and fatal cardiac toxicity resulted (Hinrichs & Rosenberg, 2014).

Another challenge is that the rapidity of the T lymphocyte transfer in ACT may increase
the risk of a proinflammatory immune state (Kalos & June, 2013; Yee et al., 2002). Involved in
proinflammation is cytokine release syndrome (CRS), where proinflammatory cytokines are
produced as a direct consequence of T lymphocyte triggering. This can lead to cytokine
responses similar to that of an acute infection, hypotension, and high-grade cyclical fevers
(Kalos & June, 2013; Yee et al., 2002). A second drawback to ACT is the occurrence of tumor
lysis syndrome (TLS). This is a combination of metabolic complications that occur due to the
destruction of large amounts of tumor. Potassium, phosphate, and nucleic acids are all released

during the destruction, leading to acute renal failure. While this is not extremely prevalent, it has
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been observed in the adoptive T lymphocyte transfer of chimeric antigen receptor (CAR) T cells
engineered to target CD19-positive malignancies (Kalos & June, 2013).

Another major side effect is capillary leak syndrome, which results from IL-2 toxicity.
The circulation of IL-2 in the bloodstream, through multiple mechanisms, causes an increase in
capillary permeability and a decrease in vascular resistance (Assier et al, 2004; Pisani et al.,
1991; Vial, Choquet-Kastylevsk, & Descotes, 2002). This causes the capillaries to leak some
blood into the extravascular space. Eventually, this leakage leads to an accumulation of extra
fluid in this space, putting the body into a hypovolemic state of decreased vascular blood volume
(Vial et al., 2002; Pisani et al., 1991). Patients who suffer from this condition for extended
periods of time may experience weight gain and fluid buildup in the lungs (Assier et al., 2004;
Vial et al, 2002). In addition to capillary leak syndrome, IL-2 toxicity causes additional adverse
side effects, such as fever, chills, and malaise (Vial et al., 2002). In addition, some practical
drawbacks include: the adverse effects resulting from rigorous treatment the patient must
undergo; the lab expertise required; and the labor-intensive nature of the lab work (Restifo et al.,
2012; Rosenberg et al., 2008). These add more complexity and variability to the treatment plans
of the clinical trials.

Finally, a major limitation of ACT that our research seeks to address is the
immunosuppressive environment created by the tumor. Many of the successful research studies
of ACT conclude by addressing this impediment to the efficacy of the ACT therapy (Harlin et

al., 2009; Ménétrier-Caux et al., 2009; Westwood & Kershaw, 2010).
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Acidic Cancer Microenvironment and Immune Cells

Physiological pH, around 7.4, is the pH at which normal cells, including immune cells,
thrive and grow; lowering the pH to a more acidic pH is toxic to cells (Lardner, 2001). Cancer
cells have altered metabolism and cellular processes that induce an acidic extracellular pH. Of
the various cellular mechanisms that are altered, overexpression of factors involved in cellular
metabolism are marked, as cancer cells undergo glycolysis at greater rates than normal cells in
the human body. As tumors proliferate and grow larger, cells interior to the tumor lose access to
blood vessels and are exposed to constantly hypoxic conditions (Masoud and Li, 2015).

Hypoxic conditions increase the rate of glycolysis in tumor cells. Increased glycolysis is
triggered by the overexpression of hypoxia inducible factor 1 (HIF-1), a marked feature of
aggressive cancer cells (Semenza, 2002). HIF-1 can cause these cancer cells to shift from
oxidative phosphorylation to glycolytic metabolism and lactate production to adapt to hypoxic
conditions (Denko 2008). In most healthy cells exposed to oxygen, pyruvate, an intermediate of
glycolysis, is transformed into acetyl CoA. Acetyl CoA is then oxygenated in the Kreb’s cycle
(Cardaci & Ciriolo 2012). In cells lacking oxygen, lactate dehydrogenase converts pyruvate to
lactate, which has a pKa of 3.9 at a pH of 7.4 (Phypers and Pierce 2006). Other cells in the body,
especially muscle cells, produce lactate. However, this lactate production is induced by
anaerobic conditions and cleared naturally from the body (Heiden et al., 2009, Romero-Garcia et
al., 2016). While hypoxia does induce increased glycolysis, cancer cells produce lactic acid in
both anaerobic and aerobic conditions, as established by Warburg in the early twentieth century
(Warburg et al., 1927). Certain oncogenes, or mutated genes that lead to tumorigenesis, such as
protein kinase B (4KT), and MYC, a transcription factor, have been indicated as potential causes

for increased cancer glycolysis in aerobic conditions. The mutation of tumor suppressor genes

16



such as p53 have also been suggested to contribute to the Warburg effect (Kim & Dang 2006).
However, its cause has not yet been fully explained (Denko 2008, Heiden et al. 2009).

In some ways, immune cells can mimic cancer metabolism and the production of lactate.
Both adaptive and innate immune cells produce lactate at various points in their existence.
However, their contribution of lactate to the tumor microenvironment is minimal (Romero-
Garcia et al. 2016). Additionally, normally these cells can secrete the lactate out so that it can
function. However, high levels of lactic acid around tumor sites have been suggested to prevent
lactic acid secretion from T cells. (Fischer et al., 2007, Kato et al., 2013, Sola-Penna, 2008). This
disrupts T cell metabolism and function (Kato et al., 2013; Warburg et al., 1927; Gillies et al.,
2002; De Milito et al., 2010). Specifically, lactate has been found to inhibit some of the pathways
of T cell stimulation, including the release of cytokines (De Milito et al., 2010; Gillies et al.,
2002; Fischer et al., 2007; Lardner, 2001; Mendler et al., 2011; Kato et al., 2013; Warburg et al.,
1927). The findings of these studies are significant because they indicate T cells that arrive at the
tumor are suppressed by lactate, causing their cancer-killing ability to be impeded.

There is also evidence to support that immune cells either die or become deactivated
because of the acidity of the microenvironment (Lardner, 2001; Kato et al., 2013; Muller,
Fischer, & Kreutz, 2000; Restifo et al., 2012). An acidic microenvironment has been found to
impair non-major histocompatibility complex (MHC) restricted killer cells. Natural killer cells
(NK) as well as lymphokine-activated killer cells (LAK) are two types of these non-MHC
restricted killer cells. They are immune cells outside of the tumor that provide an immediate
immune response. Natural killer cells often respond to tumor formation quickly by detecting the
loss or alteration of class | MCH molecules on the tumor cell surface while LAK cells are

stimulated by the presence of IL-2. When exposed to a reduction in extracellular pH from 7.2 to
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7.0, a pH found in certain human cancers, NK cells became less cytotoxic and LAK cells were
not stimulated by IL-2 (Muller et al., 2000; Lardner, 2001). Furthermore, cells subjected to a
more acidic pH of 6.5 were still unable to recover their cytotoxicity after a period of 24 hours
(Muller et al., 2000).

Other studies also confirm that the cytotoxicity of immune cells with IL-2 activation used
against multiple tumor lines were inhibited in the acidic microenvironment of cancer (Lardner,
2001; Redgeld, 1991). In one study, both mouse and human CD8+ T cells became anergic when
cultured in acidic conditions ranging from pH 6.0-6.5. Subsequent buffering at physiological pH
reestablished immune cell function, indicating pH as the main cause for the reduced cytokine
secretion, reduced expression of adhesion molecules, and diminished activation of crucial
pathways observed (Calcinotto et al., 2012). These findings highlight several weaknesses of
immunotherapy in targeting cancerous tumors and are important considerations when evaluating
the field of personalized cancer treatment.

The tumor environment also contributes to the inactivation of other immune-related cells,
such as Myeloid Suppressor Cells (MSCs), which regulate the production of immune cells
(Serafini et al., 2006). MSC cells are often active in autoimmune disease, but tumor derived
factors contribute to the recruitment and maturation of these cells in order to prevent the
production of CD4+ and CD8+ T cells (Serafini et al., 2006). The inhibition of LAK, NK, and
other immune cells by acidity in the tumor microenvironment suggest that an acidic pH could
prevent killing within the tumor microenvironment.

In addition to hindering the cytotoxicity of the aforementioned immune cells, the tumor
microenvironment has also been shown to impair the movement of immune cells (Lardner,

2001). In polymorphonuclear leukocytes, or neutrophils, a type of white blood cell, locomotion
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and chemotaxis were impaired at acidic pH (Lardner, 2001). In additional studies, these
neutrophils were shown to decrease oxygen consumption and O, production by 80-90% in
acidic pH (Gabig, 1979; Lardner, 2001). Overall, an acidic microenvironment can seriously
impair the functions of killer cells, including those involved in ACT, in multiple ways.

While the acidic microenvironment directly impacts immune cell function, the acidic
microenvironment also contributes to the advancement of the cancer to a more aggressive
phenotype (Gillies et al., 2002; Rescigno et al., 2007; Robey et al., 2009; Rosenberg et al., 2008;
Rosenberg, 2001). The low pH alters gene transcription and causes genomic instability within
the cancer tumors (Gillies et al., 2002). As a result of this acidic environment, genes that code for
pro-metastatic, pro-invasive, and pro-survival pathways are expressed (Parks, Chiche, &
Pouysségur, 2011). Many studies have correlated low pH with increased cancer metastases and
invasion, suggesting that the gene expression of these pathways has changed (Estrella et al.,
2013; Gillies et al., 2002; Swietach et al., 2014). Increased metastasis and invasive behavior can
affect the ability of CD8+ T cells to recognize and infiltrate tumors. For example, colorectal
tumors with increased metastasis have been shown to have less tumor infiltrating CD8+ T cells
than those without signs of early aggressive behavior (Pages et al. 2005).

The acidic microenvironment increases cancer metastases and invasion through other
means as well. The low pH induces apoptosis in the cells surrounding the tumors, which clears
out a space in which the cancer can grow into and further invade the tissue. Additionally, an
acidic environment increases the release of angiogenic factors into the area around the tumor,
which serves as a precursor to metastasis (Robey et al., 2009; Warburg et al., 1927). Finally, the
acidic environment has been shown to cause resistance to some chemotherapeutic drugs. This is

because some of the chemotherapeutic drugs used to treat cancer are weakly alkaline, which
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makes them less effective at a low pH and reduces their ability to kill cancer cells (De Milito et
al., 2010; Gillies et al., 2002; Greco, Marples, Joiner, & Scott, 2003; Kato et al., 2013; Swietach
et al., 2014; Tannock & Rotin, 1989).

All of the aforementioned inhibitions caused by an acidic tumor microenvironment
prevent the immune cells from activating and penetrating the tumor, allowing the tumor to
continue to grow and metastasize (Yu, 2007; Serafini et al., 2006). If this acidic
microenvironment were to be manipulated to a more physiological pH, it may increase the

success of immune cells in eradicating the cancer cells.

Manipulation of pH in Cancer Research

Since the acidic tumor microenvironment is a significant factor of immunosuppression,
one area of research has focused on the effects of neutralizing the tumor microenvironment on
metastasis. One recent finding on cancer metastasis found that the most acidic area surrounding
the tumor signifies the direction in which the cancer is growing (Estrella et al., 2013). Thus, the
manipulation of pH has the potential to influence cancer behavior. There are several different
approaches to manipulating the pH of the tumor microenvironment. The most direct way of
altering the extracellular pH is through bicarbonate delivery. The use of sodium bicarbonate
(NaHCO3), commonly known as baking soda, as a systemic buffer can help prevent the growth
of tumors by regulating pH (Parks, Chiche, & Pouysségur, 2013).

One study used NaHCOj; buffer to treat mouse models with metastatic breast cancer,
resulting in an increased pH within the tumor and a reduction of metastases (Robey et al., 2009).
This study was extended to mouse models that spontaneously developed prostate tumors. The

results indicated the success of buffering treatments was dependent on the stage of the tumor;
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systemic buffering is more successful at treating tumors at earlier stages (Ibrahim-Hashim,
2011). In separate studies, injections and oral ingestion of bicarbonate neutralized extracellular
pH and reduced invasive behavior in breast cancer tumors found in mice (Robey et al., 2011).
However, these methods are still in need of improvement for safety. Other compounds, such as
dichloroacetate, have been combined with bicarbonate, but have diminished the effects of the
treatments (Robey et al., 2011).

In a study using a mathematical model to evaluate the safety and efficacy of buffer
therapy to increase extracellular pH, it was found that the volume of bicarbonate needed to
increase the pH would dangerously increase the blood pH (Martin et al., 2012). This model
predicted that using an alternative buffer with an optimal pK, of 7.1-7.2 will be more effective
than bicarbonate, which has a pK, of 6.1. Buffers that may be used are cholamine chloride (pK,
of 7.1) and BES (pK, of 7.15) (Silva et al., 2009). These buffers, however, may have side effects
and toxicity in vivo because, unlike bicarbonate, they are not naturally produced in the body.

Overall, while not completely understood, the Warburg effect plays an important role in
cancer development and progression. Because of increased glycolysis, tumors are surrounded by
a microenvironment with elevated levels of lactic acid and thus lower acidity. While lactic acid is
involved in immunosuppression, the general acidity surrounding tumors also plays a role in
inhibiting immune cell function. Manipulating pH at the sites of these tumors closer to
physiological pH could therefore have important implications of the efficacy of

immunotherapies.
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Chapter 3: General Methods

Cell lines and Cultures

B16-OVA melanoma cells, EG-7 lymphoma cells, and OT-1 cells were provided by Dr.
Zhengguo Xiao (University of Maryland, College Park, MD). OT-1 cells were isolated from OT-
1 transgenic mice peripheral lymph nodes before being cultured and expanded. Cells were
maintained in complete RPMI medium containing 10% FBS and minimally passaged. OVA
expression was selected for by culturing with G418 (200ug/ml). Cells maintained in acidic
conditions were cultured with complete RPMI medium containing 10% FBS, 10mM MES
buffer, and 14mM NaHCOs. Neutral conditions were maintained with RPMI medium containing
10% FBS, 10mM HEPES buffer, and 14mM NaHCO;_Alkaline conditions were maintained with
RPMI medium containing 10% FBS, 10mM Tricine buffer, and 14mM NaHCOs. pH was
adjusted using 1M HCI and 1M NaOH. Appendices A and B includes more information on the

buffer system. Appendix A addresses buffer toxicity; Appendix B addresses media toxicity.

pH Range and Maintenance

For the purposes of this study, the following pH values were used: 6.4, 6.9, 7.4, 7.9, and
8.4. The acidic values of 6.4 and 6.9 were chosen because research has shown that several
cancers survive better in slightly acidic environments (pH 6.9) and the extent of that acidity
warranted exploration. pH 7.4 was selected to identify the effects of culturing the cells in a
physiological environment. Finally, the pH conditions of 7.9 and 8.4 were chosen to see how
increasing the alkalinity of the environment affected cancer cells, as a more alkaline condition

could have been an optimal treatment when combined with immunotherapy.
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All pH measurements were performed using a Mettler Toledo pH probe. pH values were
maintained within + 0.1 the target value using appropriate volumes of 1M NaOH and/or IM
HCI, as needed.

Appendix C includes additional information about the Mettler Toledo pH probe.

Cell Imaging

Images of cells were obtained using the digital Motic Microscope Camera with
accompanying Motic Images 2.0 software

Appendix C includes additional information about the Motic Microscope Camera.
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Chapter 4: In vitro Assessment of pH Manipulation and Cancer Cell
Growth

Purpose

The first aim of this project, also referred to as “Aim 1,” was to observe the effects of pH
manipulation on the growth of EG-7 lymphoma and B16-OVA melanoma cells in acidic, neutral,

and basic conditions.

pH Manipulation of EG-7 in vitro

Methods

EG-7 lymphoma cells were cultured in media at pHs 6.4, 6.9, 7.4, 7.9, and 8.4 for 48
hours. 100,000 cells were initially plated in each well. The pH of the medium in each well was
maintained by adjusting with HCl and NaOH in well every 12 hours over a 48-hour period. All
adjustments were made to & 0.1 of the original pH value using 1M NaOH and/or IM HCI. After
48 hours of incubation, cells were counted using a hemocytometer and trypan blue staining.
Representative pictures for cells at each pH group were taken every 12 hours. Data was analyzed
with a standard one-way ANOVA test using the Post-Hoc Tukey parameter adjustment. The
ANOVA that was used was done through the Data Analysis Toolbox in Microsoft Excel. Based
on this data, a Tukey Post Hoc test was done to assess the significance in the data through
directly comparing two different means in a set of data. This test was only done with data sets

where the ANOVA test returned with a p-value less than 0.05.
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Results
EG-7 lymphoma cells were cultured in media at pH 6.4, 6.9, 7.4, 7.9, and 8.4 for 48
hours. Figure 1 displays representative images of the lymphoma cells from each pH group after

48 hours of incubation.

Figure 1. Representative images of the EG-7 lymphoma cells after 48 hours of incubation at pH 6.4 (A),
6.9 (B),74(C),7.9 (D), and 8.4 (E). Pictures taken at microscope magnification 10X.

Cell counts of both alive and dead EG-7 lymphoma cells for all four wells per pH group
were taken after the 48-hour incubation period. Figure 2 provides a graphical representation of
the cell count data. The error bars depicted in Figure 2 represent the calculated standard
deviation for each pH group. An ANOVA test yielded an F-value of 23.439 and p=2.63x10" so
a Tukey Post Hoc test was performed to determine which groups were statistically different from

one another. Table 1 summarizes the significant findings from this experiment.

25



EG-7 Lymphoma Cell Counts vs. pH conditions
7.00E+05
b
6.00E+05
5.00E+05 [
£ 4.00E+05 c
8 Alive Cell
g 3.00E+05 1ve Lells
ac a Dead Cells
2.00E+05
1.00E+05 1
1 _
0.00E+00 - - 1
6.4 6.9 7.4 7.9 8.4
pH Culture

Figure 2. Cell counts of EG-7 lymphoma plated in pH media at pH 6.4,6.9,7.4,7.9 and 8.4 after 48
hours of incubation. Numbers of alive and dead cells were counted using a trypan blue staining after 48
hours of incubation in respective pH media. Standard deviation was calculated and is represented by the
error bars on the graph. Groups that are not statistically different from one another are designated by the
same letter and groups that are statistically different from one another are designated by different letters.
No statistical difference seen between dead cell counts in each pH group.

Statistically Different pH Groups

6.4<6.9

6.4<7.4

6.9>7.4

6.9>7.9

6.9>8.4

7.4>8.4

Table 1. Statistically different groups from the Tukey Post Hoc Test in EG-7 lymphoma growth.
Relationship between groups indicated by greater than or less than symbol.
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The lymphoma cells appeared to grow best when cultured at a slightly acidic pH of 6.9.
The cells cultured at pH 6.9 showed significantly greater growth than the pH 6.4, 7.4, 7.9, and

8.4 cultures (Table 1)(Figure 2).

Time Interval pH Manipulation of EG-7 Lymphoma in vitro

Methods

To confirm that differences in cell survival were due to sustained pH conditions, rather
than due to pH shock of cells in differing pH media, cell counts were also taken in various time
periods following media pH adjustment. EG-7 lymphoma cells were cultured in media at pH 6.4,
7.5, and 8.6 for 10 minutes, 1 hour and 3 hours and then returned to regular media and allowed to
incubate for 48 hours. After 48 hours of incubation, cells were counted using a hemocytometer
and trypan blue staining. Student’s two-tailed unpaired t-tests were used to compare every
combination of experimental groups and to assess significance at p=0.05. Data was analyzed
with a standard one-way ANOVA test using the Post-Hoc Tukey parameter adjustment. The
ANOVA that was used was done through the Data Analysis Toolbox in Microsoft Excel. Based
on this data, a Tukey Post Hoc test was done to assess the significance in the data through
directly comparing two different means in a set of data. This test was only done with data sets

where the ANOVA test returned with a p-value less than 0.05.

Results

EG-7 lymphoma cells were cultured in media at pH 6.4, 7.5, and 8.6 for 10 minutes, 1
hour and 3 hours and then returned to regular media and allowed to incubate for 48 hours.
Figure 3 displays average cell count data per pH group and incubation time collected after the

cells were returned to regular media for 48 hours. Standard deviation was calculated for each pH
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group and included as error bars on the bar graphs displayed in Figure 3. The ANOVA tests for
the live cell counts yielded F(2,9)=12.615 and p=0.0025 for the 10 minute shock period and
yielded F(2,9)=10.210, p=0.0048 for the 3 hour shock period, so a Tukey Post Hoc test was
performed to determine which groups were statistically different from one another within these
two test conditions. The ANOVA test for live cell counts after the 1 hour shock period yielded
p=0.974, indicating no statistical difference between groups. The ANOVA test for the dead cell
counts yielded F(2,9)=7.893204, p=0.010474 for the 10 minute shock period, F(2,9)=9.176471,
p=-006723 for the 1 hour shock period, and F(2,9)=1.390244, p=.297753 for the 3 hour shock
period. The dead cell counts at the 3 hour time point showed no statistical variance across the

different pH conditions. Statistical differences between groups are represented in Figure 3.
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EG-7 Cell Counts after Incubation in pH media

2.00E+06

1.80E+06 -

1.60E+06 T -

al al
1.40E+06
a2

2 1.20E+06
E :[ a2b2
g 1.00E+06 ]: b2 ¥ 10 minutes
5 bl
© 8.00E+05 I ® | Hour

6.00E+05 3 hours

4.00E+05

2.00E+05 a3b3 3¢3

a3ad4 bd b4
0.00E+00 e B3 . F - I
pH 6.4 Alive pH 6.4 Dead pH 7.5 Alive pH 7.5 Dead pH 8.6 Alive pH 8.6 Dead
pH and viability

Figure 3. Cell counts taken after incubating EG-7 lymphoma cells in each pH (6.4, 7.5, and 8.6) for 10
minutes, 1 hour and 3 hours. After incubation periods, the EG-7 cells were returned to regular cell culture
media for 48 hours and then counted using trypan blue staining. Error bars represent the standard
deviation calculated for each pH group. Groups that are not statistically different from one another are
designated by the same letter/number combinations and groups that are statistically different from one
another are designated by different letter/number combinations.
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A ten minute incubation period led to a statistically greater lymphoma growth in pH 7.5
and pH 6.4 cultures when compared to cells cultured at pH 8.6. There was no statistical
difference in growth between cells cultured in pH 7.5 versus pH 6.4. After a one-hour incubation
period, there was no statistical difference shown between any two-test groups. The results
obtained after the three-hour incubation showed that there was significantly greater lymphoma
growth at pH 6.4 compared to the cells cultured at pH 8.6. There was no statistical difference

between cells cultured at pH 7.5 versus 6.4 and pH 7.5 versus pH 8.6.

pH Manipulation of B16-OVA Melanoma in vitro

Methods

B16-OVA melanoma cells were cultured in media at pH 6.4, 6.9, 7.4, 7.9, and 8.4 for 48
hours. 50,000 cells were initially plated in each well. The pH media in each well was maintained
by adjusting with HCl and NaOH in well every 12 hours. All adjustments were made to + 0.1 of
the original pH value using 1M NaOH and/or IM HCI. After 48 hours of incubation, cells were
counted using a hemocytometer and trypan blue staining. Representative pictures for cells at
each pH group were taken every 12 hours. Data was analyzed with a standard one-way ANOVA
test using the Post-Hoc Tukey parameter adjustment. The ANOVA that was used was done
through the Data Analysis Toolbox in Microsoft Excel. Based on this data, a Tukey Post Hoc test
was done to assess the significance in the data through directly comparing two different means in
a set of data. This test was only done with data sets where the ANOVA test returned with a p-

value less than 0.05.
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Results
B16-OVA melanoma cells were cultured in media at pH 6.4, 6.9, 7.4, 7.9, and 8.4 for 48
hours. Figure 4 displays representative images of the melanoma cells from each pH group after

48 hours of incubation.

Figure 4. Representative images of the B16-OV A melanoma cells after 48 hours of incubation at pH 6.4
(A),6.9 (B),74(C),7.9 (D), and 8.4 (E). Pictures taken at microscope magnification 10X.

Cell counts of both alive and dead B16-OVA melanoma cells for all four wells per pH
group were taken after a 48-hour incubation period. These cell counts were averaged for each pH
group and the standard deviation was calculated as shown by the error bars in Figure 5. An
ANOVA test yielded an F-value of 47.491 and p=2.42x10® so a Tukey Post Hoc test was
performed to determine which groups were statistically different from one another. Table 2

summarizes the significant findings from this experiment.
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Figure 5. Cell counts of B16-OV A melanoma plated in pH media at pH 6.4,6.9,7.4,7.9 and 8 4.
Numbers of alive and dead cells were counted using a trypan blue staining after 48 hours of incubation in
respective pH media. Standard deviation was calculated and is represented by the error bars on the graph.
Groups that are not statistically different from one another are designated by the same letter/number
combinations and groups that are statistically different from one another are designated by different
letter/number combinations.

Statistically Different pH Groups

6.4<6.9

64<74

6.4<79

6.9>84

7.4>8.4

79>8.4

Table 2. Statistically different groups from the Tukey Post Hoc Test in EG-7 lymphoma growth.
Relationship between groups indicated by greater than or less than symbol.

The greatest amount of melanoma cell growth appeared to be in the pH 7.4

(physiological) culture. The cells cultured at pH 6.4 and pH 8.4 showed significantly less growth
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than all of the other pH cultures (6.9, 7.4, and 7.9). There was no statistical difference between
the pH 6.4 and pH 8.4 cultures, the pH 6.9 and pH 7.4 cultures, the pH 6.9 and 7.9 cultures, and

the pH 7.4 and 7.9 cultures (Table 2 and Figure 5).
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Chapter 5: In vitro Assessment of pH Manipulation and CTL Survival,
Activation, and Migration Ability

Purpose

The second aim of this project was to determine the effects of pH on immune cell
activation, killing ability, and migration ability. OT-1 cells were stimulated and cultured at
acidic, physiological, and basic pH conditions and analyzed using Flow Cytometry. In addition, a
migration assay was performed with stimulated OT-1 cells using chemoattractant adjusted to

different pH levels.

CTL Survival and Activation

Methods

Prior to isolation of OT-1 cells from OT-1 mice, 24-well plates were coated with Dimer
X and B7-1 protein and allowed to incubate overnight. Following coating, plates were pulsed
with SIINFEKL peptide for 2 hours. Isolated OT-I cells were then plated in media with pH of
6.4,6.9,7.4,7.9, and 8.4 for 48 hours. At time of plating, a solution containing IL-2 and IL-12
cytokine signaling molecules was added to each well for stimulation. The pH media in each well
was maintained as previously described every 12 hours. Representative pictures for each pH
group were taken every 12 hours during the 48-hour incubation period.

After culturing, cells were harvested and stained. Surface and intracellular antibody
cocktails were added to the cells and incubated for 30 min at 4°C. The stained samples were
sorted and analyzed with FACSCalibur™™ Flow Cytometer and CELLQUEST™ Software for

percent and total OT-1 cells in the sample and expression of interferon gamma (IFN-y),
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Granzyme B (GzB), and IL-2 receptor chain CD25. Appendix D includes specifics about the

antibody cocktails that were prepared.

Results

pH manipulation affects CTL proliferation

Cells cultured at pH 7.4 exhibit a more prominent clustering pattern and growth
compared to the other cell cultures (Figure 6c¢). Cells in the pH 6.4 and pH 8.4 cultures appear to
be fewer in number and have less clustering than seen in the pH 6.9, pH 7.4, and pH 7.9 cultures.
This clustering is a healthy indication of CTL activation. Figure 6(a-e) displays representative

images of immune cells cultured for 48 hours in each pH group.

Figure 6. Representative images of OT1 CD8+ T cells after 48 hours of stimulation in pH of 6.4 (A), 6.9
(B),74(C),7.9 (D), and 8.4 (E). Pictures taken at microscope magnification 10X.

Quantitative cell counts of alive, dead, and fold expansion were taken by the Flow

Cytometer (Figure 7a-c). pH of 7.4 has the greatest number of alive cells and the greatest fold



expansion (Figure 7a-b). More acidic of basic pH from 7.4 show decreased alive cells and fold
expansion. The experimental group cultured at pH 8.4 resulted in the lowest number of alive and
dead cells. These cells also had the lowest fold of expansion when compared to the other cell

cultures (Figure 7a-c).
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Figure 7. Relative magnitude of alive and dead OT1 CD8T+ cells, and ratio of expansion for the immune
cells cultured at each pH value. Cells were initially plated at 300,000 cells per well. Graph (A) displays
the number of alive cells per mL for each pH value, graph (B) displays the ratio of expansion for each set
of cells, and (C) shows the number of dead cells per mL detected for each pH group.

Statistical analysis was performed on the Fold Expansion data in Figure 7b. An ANOVA
test yielded F(4,20)=183.947 and p=2.866, and Tukey showed statistical difference between

various groups. These differences are displayed in Table 3. These statistics support the

conclusion that there is the greatest fold expansion at pH 7.4.
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Statistically Different pH Groups

6.4<6.9

6.4<74

6.4>84

6.9>7.9

6.9>84

7.4>7.9

Table 3. Statistically different groups from Tukey Test in CTL Fold Expansion. Relationship indicated by
a greater than or less than symbol.

PpH manipulation affects CTL activation markers

Flow Cytometry was used to observe IFN-y, GZB and CD25 expression by CTLs in each
pH group. The presence of these three markers are positive indicators of immune cell activation
and function. Representative histograms are show in Figure 8. The histograms display the
intensity of fluorescence signal detected for the respective staining versus the number of events
detected, with each cell being one event. A spike or curve indicates a large number of cells that
have been detected with specific fluorescence. Respective percentages of cells for each pH group

are displayed. This is an indication of protein expression and therefore activation.
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Figure 8. Comparison of expression of IFN-y (A), GzB (B), and CD25 C) for OT1-CD8+ T cells cultured
atpH 6.4,6.9,7.4,7.9, and 8.4. Percentages shown for (A) and (B) only. Results are presented in a
vertical chronology of pH group. X-axis is a log-scale of the intensity of fluorescence detected and Y-axis
is the number of cells with that intensity of fluorescence. The left side of the dotted line on each curve is
regarded as a negative intensity, while the right side of the line indicates a positive result of intensity.
Figure 8a-b displays the relative percent activation of IFN-y and GzB in the cells at each
pH. Differences in expression of these three molecules were observed in different pH conditions.
At pH 7.4, IFN- v is expressed in 72% of the cells compared to 8%, 50%, 62%, and 41% for cells
cultured in pH 6.4, 6.9, 7.9, and 8.4, respectively. GzB expression also appears to have the

highest level of expression in the cells cultured at pH 7.4, with 83% expressing GzB. As 7.4 is

physiological pH, these results are expected.
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Analysis of CD25 expression for each pH condition is represented in Figure 8c. CD25
expression appears to decrease when pH is lowered to 6.9 and 6.4, while expression remains

similar between pH conditions 7.4, 7.9, and 8.4.

CTL Migration

Methods

A Boyden Chamber Transwell migration assay was used to observe the migration ability
of CTLs induced by B16-OV A supernatant or CCL2 in acidic or neutral surroundings. Isolated
OT-1 cells were seeded on 24 well plates and stimulated with antigen, B7, IL-2, and IL-12 for 3
days. B16-OVA supernatant was obtained from B16-OVA cells grown to confluency in RPMI
media and CCL2 (20 ng/mL) was obtained from R&D Systems. Both chemoattractants were
adjusted to pHs 6.4, 6.9, and 7.4 with 1M HCI and 1M NaOH. 24-Well Boyden Transwell
Chambers (5.0 um pore) were used to test migration. 500 ul of chemoattractant was put in the
bottom of the well and 1x10° OT-1 cells were put on the top. One experimental trial lasted 4
hours with both CCL2 and B16-OVA. A second trial lasted 2 and 4 hours with only B16-OVA.
After each time point, OT-1 cells that migrated into the lower chamber were counted using
Trypan Blue staining and a Hemocytometer. Data was analyzed with a standard one-way
ANOVA test using the Post-Hoc Tukey parameter adjustment. The ANOVA that was used was
done through the Data Analysis Toolbox in Microsoft Excel. Based on this data, a Tukey Post
Hoc test was done to assess the significance in the data through directly comparing two different
means in a set of data. This test was only done with data sets where the ANOVA test returned

with a p-value less than 0.05.

The more basic conditions (pH 7.9 and pH 8.4) were not tested in this and further

experiments because previous experiments showed that conditions more alkaline than
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physiological pH (7.4) are extremely detrimental to immune cell survival and activation and

would therefore not serve as a feasible treatment method.

Results
pH manipulation affects migration of OT-1 cells

Results from the 4 hour trial with both CCL2 and B16-OVA are represented in Figure 9.
B16-OVA supernatant shows more overall migration than the CCL2 chemoattractant. The B16-
OVA chemoattractant shows decreased cell migration in acidic environments, with the cells in
the pH 6.4 environment showing significantly less migration than the cells cultured in other pH
environments (6.9 and 7.4). There was no statistical difference in the migration of cells in the pH

6.9 and pH 7.4 environments.
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Figure 9. CTL Migration vs. pH of Chemokine. Chemokines B16-OVA and CCL2. Time point, 4 hours.
Groups that are not statistically different from one another are designated by the same letter/number and
groups that are statistically different from one another are designated by different letter/number
combinations.
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Results from the 2 and 4 hours trial with B16-OVA supernatant are represented in Figure
10. These results show a decrease in CTL migration when B16-OV A melanoma-associated
chemokine is in an acidic environment. A significantly fewer amount of cells migrated in the pH
6.4 environment compared to the migration of the two and three-signal stimulated immune cells
in the pH 7.4 environment. At four hours, the difference in the number of cells migrated in each
test condition was statistically insignificant. This was further confirmed by no statistical
differences found when a Tukey Test was run.

These results suggest that the migration ability of tumor cells is suppressed in an acidic

environment. This could pose a drawback for immunotherapies trying to reach the tumor

microenvironment.
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Figure 10. CTL Migration vs. pH of Chemokine using B16-OV A as the chemokine. Migration cell
counts were taken at time points 2 hours and 4 hours. Groups that are not statistically different from one
another are designated by the same letter and groups that are statistically different from one another are
designated by different letters. No statistical difference seen between cell counts at the 4 hour time point.
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Chapter 6: In vitro Assessment of pH Manipulation on CTL Killing
Ability

Purpose

The third aim of this project was to determine the effects of pH on killing ability of CTLs
against B16-OVA in vitro. A killing assay was performed and cell viability was determined

using a CellTiter-Glo kit ® (Promega).

Aim-Specific Methods

CellTiter-Glo ® Killing Assay

CellTiter-Glo® kit quantifies cell viability through light generated in the reaction of luciferase
with ATP. This reaction uses ATP to oxygenate luciferin and generate light. This light is
measured in Relative Light Units (RLU), which corresponds to the number of viable cells in a
culture. This is because living, viable cells produce large amounts of ATP. Therefore, the
number of viable B16-OVA cells after in vitro treatment with CTLs can be quantified, and cell
viability between experimental groups post-treatment can be compared (Zhang et al., 2014;
Promega, 2015). Once RLU is determined, the percent killing can be determined by the

following equation:
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(RLU of untreated B160VA) — (RLU of CD8" treated B160VA)
RLU of untreated B160VA

% Killing =

This assay was conducted with three different experimental set-ups.

pH Manipulation During Killing and Effector — Target Ratio Optimization

Methods

B16-OVA melanoma cells were cultured in two separate groups for 10 days prior to the
start of the experiment. One experimental group was cultured at a pH of 7.4, with pH maintained
daily. The second experimental group was cultured in pH-unadjusted RPMI media, which was
changed once daily. G418 was added daily at a concentration of 200ug/mL to both groups to
select for OVA expression. At the start of the experiment, B16-OVA cells were plated in
opaque-walled 96 well plates at 30,000 cells per well for each pH group (6.4, 6.9, 7.4, and
unadjusted) and incubated at 37°C, 5% CO; for 15 hours prior to the addition of CTLs.

To prepare the three-signal (3SI) stimulated CTLs, isolated OT-1 cells were seeded on 24
well plates and stimulated in unadjusted-pH media with SIINFEKL peptide, B7, IL-2 and IL-12
for 3 days. The control groups in this experiment were the two-signal (2SI) cell cultures, to
which no IL-12 was added. In vitro activated CTLs were then harvested and added to the 96 well

plate at various pHs, ratios to B16-OVA, and stimulation levels (2SI and 3SI) (Tables 4 and 5).
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Groups CTL original | B16-OVA B16-OVA pH at killing Ratio of
pH (3 days) original Plating pH CTLs to
pH (15 hours prior B16-OVA
(7 days) to treatment)
#1 (2SD Unadjusted 7.4 6.4 6.4 5:1
#2 (2SD Unadjusted 7.4 6.9 6.9 5:1
#3 (3SD Unadjusted 7.4 6.4 6.4 5:1
#4 (3SD Unadjusted 7.4 6.9 6.9 5:1
#5 (3SD Unadjusted 7.4 7.4 7.4 5:1
Table 4. Experimental and control group for pH manipulation during killing
Groups CTL original | B16-OVA B16-OVA pH at killing Ratio of
pH (3 days) original Plating pH CTLs to
pH (15 hours prior B16-OVA
(7 days) to treatment)
#6 (2SI) Unadjusted Unadjusted Unadjusted Unadjusted 5:1
#7 (3SD) Unadjusted Unadjusted Unadjusted Unadjusted 1:1
#8 (3SD) Unadjusted Unadjusted Unadjusted Unadjusted 2:1
#9 (3SD) Unadjusted Unadjusted Unadjusted Unadjusted 5:1
#10 (3SD) Unadjusted Unadjusted Unadjusted Unadjusted 10:1
#11 (B16- NO CTLs Unadjusted Unadjusted Unadjusted NONE
OVA only)

Table 5. Experimental and control groups for effector: target ratio optimization

After overnight incubation, wells were washed three times with RPMI media and

visualized under a microscope to ensure CTLs were removed and B16-OV A remained adhered

to the bottom. Reconstituted CellTiter-Glo ® reagent was added at a 50% concentration by

volume. The plate was placed on an orbital shaker at a setting of 3 for 2 minutes to lyse the cells

(Promega, 2015) and relative luminescence was read using a Wallac 1640 luminometer machine,

quantified as relative light units (RLU). The percent killing was then calculated using the

following equation (Adapted from Zhang et al., 2014):
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Results

Conducting the killing assay previously described assessed the short-term effects of pH
manipulation and effector to target ratio on CTL killing ability. For the two-signal (2SI) controls,
none of the pH groups appeared to exhibit variations in killing ability. However, for the three-
signal (3SI) cultures with a ratio of five effector cells to one target cell, the results showed
greater killing ability of the immune cells in the pH 7.4 group, 60% killing ability, when
compared to the pH 6.9 group, 56% killing ability (Figure 11). The pH 6.4 culture appeared to
exhibit a similar level of killing ability as the pH 7.4 group. The 3SI pH 6.4, 6.9, and 7.4 groups
(5:1 ratio) all showed lower killing ability than the 3SI (5:1 ratio) unadjusted pH group, which

had 80% killing ability (Figure 11).

Effect of pH manipulation and Ratio Optimization on Percent Killing of
B16-OVA Cells by CD8+ Cells
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Figure 11. Comparison of percent killing. B16-OVA cells were cultured for 7 days in unadjusted media.
B16-OVA cells were plated in pH media and incubated overnight. CTLs were isolated, harvested, and
stimulated for three days in unadjusted media. CTLs and B16-OV A cells were plated at various ratios and
killing pH levels and incubated overnight. After washing off CTLs, RLU was measured using a CellTiter-
Glo ® kit. Standard deviation within each group represented by error bars.
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To determine the optimal ratio of effector to target cells, a killing assay was conducted
for groups with varying ratios of CTLs to B16-OV A melanoma cells. For the ratio optimization
groups, little difference was seen in the killing ability of CTLs when plated in a 1:1 or 2:1 ratio.
However, the 5:1 ratio of CTLs to B16-OVA melanoma cells showed greater killing ability
(80%) than the 1:1 (41%) and 2:1 (40%) groups (Figure 11). The 10:1 ratio of immune cells to
melanoma showed a noticeably greater killing ability than the 1:1, 2:1, and 5:1 groups with 87%
of B16-OVA cells killed (Figure 11).

Cells in a 5:1 effector to target ratio at pH 6.4 did not exhibit a difference in killing
ability when grown with 2SI versus 3SI. Cells grown in a 5:1 ratio at a pH of 6.9 appeared to

have a higher killing ability when grown with 3SI (56%) rather than 2SI (41%) (Figure 11).

pH Manipulation in Culture and at Killing

Methods

B16-OVA melanoma cells were cultured at unadjusted-pH, 6.4, 6.9, and 7.4 pH groups
for 7 days prior to the start of the experiment. Media was adjusted every day and G148 was
added, both as previously described. After culturing, B16-OVA cells were plated in opaque-
walled 96 well plates at a concentration of 20,000 cells/well with a total volume of 100uL/well
and incubated overnight.

Isolated OT-1 cells were stimulated with either three or two signals then harvested. CTLs
were then plated in the B16-OVA wells in suspension in effector-to-target cell ratios of 5:1, with
one control well with a ratio of 1:1. pH was maintained in the wells for killing by plating the
CTLs with appropriate pH media adjusted in bottle. Wells containing only B16-OVA also served
as controls (Table 6). Following overnight incubation, RLU was determined as previously

described.
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Groups CTL original B16-OVA pH at killing Ratio of
pH original pH activated CTLs
(3 days) (7 days) to B16-OVA
#1 (3SD) 6.4 6.4 6.4 5:1
#2 (3SI) 6.9 6.9 6.9 5:1
#3 (3SI) 7.4 6.4 6.4 5:1
#4 (3SD) 7.4 6.9 6.9 5:1
#5 (3SI) 7.4 7.4 7.4 5:1
#6 (2S1) Unadjusted 7.4 7.4 5:1
#7 (3SI) Unadjusted 7.4 7.4 1:1
#8 (3SI) Unadjusted 6.4 6.4 5:1
#9 (3SI) Unadjusted 6.9 6.9 5:1
#10 (3SI) Unadjusted 7.4 7.4 5:1
#11 (B16-OV A only) NO CTLs Unadjusted Unadjusted NONE
#12 (Unwashed controls, NO CTLs Unadjusted Unadjusted NONE
B16-OVA only)

Table 6. Experimental groups used for pH manipulation in culture and killing.

Results

For the 3SI groups that killed at a pH of 6.4, the only difference was seen between the
treatment groups for which CTLs were cultured at pH 7.4 (6.4 Culture C, Figure 12) and CTLs
cultured in unadjusted media (6.4 3SI 5:1, Figure 12). Cells cultured in unadjusted pH had a
higher RLU, indicating more viable B16-OVA cells and less killing by the unadjusted CTLs than
the CTLs adjusted to pH 7.4 for three days (33% versus 20% respectively) (Figures 13, 14).

For the 3SI groups that killed at a pH of 6.9, a difference in killing ability was found
between the treatment groups in which CTLs were cultured at pH 7.4 (6.9 Culture C, Figure
13) and CTLs cultured in unadjusted media (6.9 3SI 5:1, Figure 12). The group cultured at pH
7.4 prior to plating appeared to exhibit less killing ability than the treatment with CTLs cultured

in unadjusted media (Figure 12).
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There was no drastic difference between the 2SI control (7.4 2SI, Figure 12) and the 3SI
group that was cultured in unadjusted media and killed at pH 7.4 with 5:1 effector to target cell

ratios (7.4 3SI 5:1, Figure 12).

Effect of pH manipulation Before and During Killing on Percent
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Figure 12. Comparison of percent killing. B16-OV A cells were cultured for 7 days in pH media. Media
was adjusted with 1M HCI and NaOH in bottles and culture media was changed once a day. CTLs were
isolated, harvested, and stimulated for three days. CTLs were cultured in pH media for 3 days and
adjusted once per day with 1M HCI and NaOH. Culture A CTLs were cultured in 6.4, Culture B in 6.9,
and Culture C in 7.4. All other groups were stimulated and cultured in unadjusted media. CTLs and B16-
OVA cells were plated at a effector to target cell ratio of 5:1 (with the exception of a 3SI control
maintained at pH 7.4) and incubated overnight. After washing off CTLs, RLU was measured using a
CellTiter-Glo ® kit. Standard deviation is shown in error bars.

Naive CD8+ T Cell Killing Assay

Methods

A third killing assay was done with naive T cells. Naive T cells have not been stimulated
with any of the three signals and should therefore not be able to kill. B16-OVA melanoma cells

were cultured for 4 days in pH media (6.4, 6.9, and 7.4) and plated at 20,000 cells/well. Naive
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OT-1 cells were plated onto the B16-OV A cells at a ratio of 5:1 and incubated overnight (Table

7). RLU for the naive cells was determined as previously described.

Groups B16-OVA original pH pH at time of | Ratio of naive T cells to B16-OVA cells
(4 days) treatment
#1 6.4 7.4 5:1
#2 6.9 7.4 5:1
#3 7.4 7.4 5:1
#4 Unadjusted Unadjusted None Added

Table 7. Experimental groups used for naive CD8+ T cell killing assay

Results

The killing ability of naive cells appears to be extremely low (<1%) at the pH conditions
tested. The killing ability of the cells cultured at pH 6.4 appeared to be higher than that of the
cells cultured at pH 6.9 and pH 7.4, with the cells cultured at pH 6.9 exhibiting the lowest

amount of killing ability relative to pH conditions 6.4 and 7.4 (Figure 13).

Percent Killing of B16-OV A Cells Naive CD8+ Cells

Percent Killing

Figure 13. Naive killing assay, comparison of percent killing. B16-OV A cells were cultured for 4 days in
pH media. Media was adjusted with 1M HCI and NaOH in bottles and culture media was changed once a
day. OT-1 cells were isolated but were not stimulated. Naive OT-1 cells and B16-OVA cells were plated

at an effector to target cell ratio of 5:1 and incubated overnight. After washing off naive OT-1 cells, RLU
was measured using a CellTiter-Glo ® kit. Standard deviation represented by error bars on the graph.
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Chapter 7: Discussion

Aim 1: In vitro assessment of pH manipulation and cancer cell growth

The goal of aim 1 was to assess the effects of environmental pH on cancer cells in vitro.
In previous work it was demonstrated that human melanoma cells cultured in an acidic pH of 6.8
were more invasive and had increased angiogenic potential in comparison to cells cultured at a
physiological pH of 7.4 (Rofstad et al., 2006). It was also shown that treating mice with breast
cancer using sodium bicarbonate reduced breast cancer metastases (Robey et al., 2009).
However, not many studies demonstrated the effects of pH on growth or looked into the effects
of alkaline conditions.

We found that proliferation of melanoma and lymphoma was considerably inhibited by
alkaline growth conditions of pH 8.4. This is a new finding, as most current research has not
tested such extreme alkaline conditions. This result shows potential for using targeted pH
manipulation to increase the pH of the cancerous microenvironment as a method to slow tumor
proliferation and make tumor cells more susceptible to attack by immune cells. One avenue to
explore would be a pH-neutralizing agent delivered to the site of the tumor using pH-sensitive
hydrogels or nanoparticles. However, raising the tumor microenvironment to a basic pH could
have detrimental side effects on the survival and homeostasis of the surrounding, non-cancerous
tissue. This side effect would need to be minimized for such a delivery system to work.

In addition, results from this study demonstrated that lymphoma cells exhibited greatest
growth in slightly acidic conditions (pH 6.9) compared to physiological (7.4), alkaline (7.9 and
8.4), and extreme acidic (6.4) pH media. This optimal growth at acidic conditions corroborates
the pro-survival characteristics of cancer in acidic conditions, such as the ability of melanoma

cells growing in low pH to establish a higher ratio of oxygen utilization to lactic acid production
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than those growing close to physiological pH (Burd et al., 1990). Additionally, lymphoma cell
growth was most inhibited by alkaline growth conditions, in pH 8.4 growth media. This is a new
finding as most current work does not include alkaline testing conditions. Therefore, growth in
physiological conditions may hamper lymphoma cancer cell growth. A recent study found that
neutralizing the tumor microenvironment with bicarbonate monotherapy impaired the growth of
some mouse tumors (Pilon-Thomas et al., 2015). Their findings corroborate our lymphoma
growth results, suggesting that pH neutralization may serve as a strategy in a lymphoma
immunotherapy approach.

To confirm that differences in cell growth were due to sustained pH conditions, rather
than due to pH shock of the cells in differing pH media, cell growth was quantified after
subjecting the cells to different pH conditions for 10 minutes, 1 hour, and 3 hours. These
experiments exhibited diminished survival due to alkaline pH conditions after pH adjustment for
10 minutes, but no difference between acidic and neutral conditions. Survival at 1 hour was not
different between any pH group, and pH 6.4 showed more survival than pH 8.6 at 3 hours. It is
unlikely, however, that the amount of live cells in the pH 8.6 group would decrease as
dramatically as it appears to have decreased without an equal increase in the amount of dead
cells present. This discrepancy, combined with the extremely large error bars in the one-hour
time point, indicates experimental error. A repeat is necessary to confirm these results.

The findings from the melanoma growth studies did not exhibit the same effects that pH
manipulation appeared to have on lymphoma cells. Past studies have shown that metastasis of
melanoma increases as a result of hypoxic (acidic) condition, as discussed earlier pH (Burd et al.,
1990. The results from this study suggest that extreme acidic and alkaline conditions inhibit

melanoma growth, while slightly acidic, physiological, and slightly alkaline conditions all allow
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for cell survival and proliferation. The number of live cells counted and visualized appeared to
be greatest in the culture grown at pH 6.9, 7.4, and 7.9 when compared to the more acidic (pH
6.4) and more basic (8.4) conditions. The data suggests a trend, however, of greater growth in pH
7.4 than any other pH condition. This experiment needs to be repeated to be able to distinguish
optimal growth conditions between pH 6.9, pH 7.4, and pH 7.9. Past studies have shown that
metastasis increases as a result of hypoxic (acidic) conditions, but have not shown differences in
growth rate (Pilon-Thomas et al., 2015). Therefore, lack of difference in cell growth in different
conditions may be indicative of invasive growth and decreased sensitivity to extracellular pH in
the B16-OVA cell line. Also, greater aggression observed in past studies may be the only feature
of hypoxic conditions in melanoma cells while proliferation is not altered. These findings can be
applied to human melanoma models as the metabolism and effects of extracellular pH are similar
between human melanomas and B16-OVA cells (Bellone et al, 2013).

Evidence of diminished lymphoma cell proliferation at physiological (pH 7.4) and more
alkaline conditions, as well as evidence of diminished metastasis of melanoma in more acidic
and more alkaline conditions in past studies, may prove to be an effective strategy for controlling
tumor growth. Limiting metastasis and cell proliferation by creating a more basic condition
around the tumor, however, is not efficient as a stand-alone treatment option. This treatment
could potentially optimize adoptive cell transfer therapy or forms of chemotherapy and increase
their efficacy in patients. These results also suggest that the effects of a combined treatment of
pH manipulation and ACT would more likely stem from the effect of pH on the immune
system’s ability to function and kill cancer rather than the pH manipulation itself killing the

cancer cells directly.
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Aim 2: In vitro assessment of pH manipulation effects on immune cell survival, activation and

migration

It appears that CD8" T cell survival, activation, and migration is best in physiological
conditions (pH 7.4) when compared to more acidic and more basic environmental conditions. It
has been shown in past studies that the acidic microenvironment of tumors may itself be a
mechanism of immune escape (Bellone, 2013). This study assessed the effects of pH
manipulation on activated immune cell survival, and showed that cell growth and fold expansion
is greatest in physiological conditions. Qualitatively, it appears that the cells grown in
physiological conditions exhibited a greater cell density and clustering pattern than cells grown
in more acidic and basic conditions. Cells cultured in more acidic and more basic conditions
showed decreased cell numbers compared to the cells grown at physiological pH of 7.4,
suggesting that both alkaline and acidic environmental conditions, relative to 7.4, are detrimental
to T cell growth. Fold expansion, on the other hand, was shown not to be significantly different
between pH 6.9 and 7.4, but these groups were significantly different from the more acidic (pH
6.4) and basic (pH 8.4) groups. This indicates that T cell proliferation is hindered at either
extreme basic or extreme acidic conditions.

Flow cytometric analysis was conducted to assess the effect of pH manipulation on the
activation of the CD8" T cells cultured in pH 6.4,6.9,7.4,7.9,and 8.4. A comparison of
cytotoxic effector and receptor expression between the different cell cultures shows that the level
of activation of the CD8" T cells does differ with respect to the pH of the cellular
microenvironment. IFN- v is cytokine produced by activated immune cells to strengthen the
immune system response and Granzyme B (GZB) is a cytokine responsible for inducing

apoptosis in target cells. Expression of these molecules by activated CD8" T cells serves as an
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indication of the T cell’s killing ability. Of the pH conditions tested, the percent expressions of
IFN- vy and GZB in the population of cells cultured at pH 7.4 are the highest. This suggests that a
greater proportion of T cells are better suited to kill target cells when they are activated at a
physiological pH in comparison to the cells activated in more acidic and more basic conditions.

The data obtained from this study also indicates that T cells cultured in very acidic
conditions (pH 6.4) and very basic conditions (pH 8.4) do not possess substantial killing ability.
The percentage of total cells expressing both IFN-y and GZB cytokines in T cells activated at pH
6.4 and pH 8.4 are very low compared to the cells activated in less acidic conditions. These two
extreme conditions also showed very little cell survival. These data suggest that acidic conditions
are detrimental to CD8" T cell killing ability and survival. Similar results have also been found in
other papers. A recent study mentioned previously also found that acidic conditions decreased
IFN-vy production (Pilon-Thomas, 2015). Another group demonstrated that lactic acidosis inhibits
cytokine production (Mendler et al., 2011). In addition, an extremely alkaline microenvironment
appears to be detrimental to CD8" T cell survival, activation, and killing ability. Alkaline
environments such as the ones tested in this project are not common in literature.

After determining how pH manipulation impacts immune cell activation, the effect on the
migration ability of OT-1 cells towards melanoma-associated chemokines was tested. It was
found that cell migration was decreased when the chemoattractants were present in an acidic
environment. These results suggest that the migration ability of T cells is suppressed in a more
acidic environment and that a physiological environment seems to be the optimal environment
for immune cell migration. These results would suggest that the acidic microenvironment of a
tumor inhibits the migration of immune cells toward the tumor. This poses a potential drawback

for immunotherapies such as ACT because the reintroduced immune cells could have difficulty
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migrating through the tumor microenvironment and reaching the cancerous cells. However, this
also suggests that neutralization of the acidic tumor microenvironment could enhance the
migration of an activated T cell around and to the tumor. This could be a potential way to
increase the efficacy of ACT treatment.

Previous work is consistent with these findings. Extreme acidic conditions (pH 6.0-6.5)
have been demonstrated to reduce cytokine secretion as well as negatively impacting the STATS
and ERK pathways (Calcinotto et al., 2012). In another study, CTLs were activated in vitro to a
pH of 6.6 or 7.4 and injected into mice that had received oral bicarbonate treatment three days
prior to melanoma tumor injection (Pilon-Thomas et al., 2016). The purpose of this project was
to combine bicarbonate treatment with ACT in a mouse model. The results showed that the
production of IFN-y was blocked when CD8+ T cells were activated in an acidic pH, providing
some explanation for this phenomenon. The authors also found that mice treated with combined
therapies of oral sodium bicarbonate and immunotherapy had significantly more T cells infiltrate
the tumor and long-term survival rate of the mice was 30% more than mice treated with
immunotherapy alone (Pilon-Thomas et al., 2016). The combination treatment was found to cure
some of the mice completely of the cancer tumor. These significant findings are very promising
for the advancement in this area of cancer and immunotherapy research, and will hopefully move
into clinical trials in the future.

In addition, pH manipulation has also been found to affect more than just T cells of the
immune system, including the cytotoxicity of natural killer (NK) and lymphokine-activated killer
(LAK) cells toward lymphoma. Acidic environments have been shown to decrease surface ligand
expression in these cells as well (Fischer et al., 2000). Therefore, manipulation of pH could

improve ACT by improving cytotoxic cell function as well as improve the body’s general
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response to tumors. The specific mechanism of immunosuppression of this environment is still
unclear; though it has been shown in past studies that lactic acid could be the major
immunosuppressive agent (Fischer et al., 2007; Choi, Collins, Gout, and Wang, 2013). Our study
suggests that lactic acid may not in fact be the major contributor, as lactic acid levels were
constant between different pH buffers. Further experiments need to be conducted to find a clear

mechanism of pH-dependent immunosuppression as independent of lactic acid differences.

Aim 3: In vitro assessment of the effects of pH on CTL killing ability

The results obtained from the studies that tested the killing ability of immune cells under
various conditions contained multiple inconsistencies, making the findings inconclusive. For this
portion of the experiment, two killing assays were performed. In the second killing assay, the
immune cells were stimulated by the three-signal pathway, cultured in unadjusted media, and
placed in a physiological (pH 7.4) killing environment with a 5:1 effector to target ratio. Based
on the high intensity of relative luminescence of the culture, the immune cells did not appear to
kill any of the melanoma cells. This finding is inexplicable and inconsistent with data obtained
from the first killing assay. For the cell cultures stimulated by the three-signal pathway with a
ratio of 5 effector cells to 1 target cell, the cells cultured at pH 7.4 exhibited a higher killing
ability when compared to the cells cultured at pH 6.9. The pH 6.4 group did not appear to differ
in killing ability when compared to the pH 6.9 and pH 7.4 groups. It is surprising that a more
extreme pH value of 6.4 would not show a significant difference in killing ability from the pH
7.4 group because the pH 6.9 group did seem to differ from the pH 7.4 group. However, the
difference in percent killing was relatively small, and therefore most likely short-term pH

manipulation has little effect on killing ability. Repeated trials would be necessary to confirm
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this suggestion. These findings suggest that the adjusted media itself might be decreasing killing
ability or that human error was involved.

As a result, the assay itself needs improvement. One such improvement could be the step
in which the immune cells are washed off of the melanoma cells. The inconsistent results as well
as the observations of unwashed controls that had a much higher RLU than any group (including
the washed control with only B16-OV A) suggest that the wash step of the assay must be
improved. It is possible that the intensity of the wash varied among the wells and may have
caused the removal of B16-OVA cells and CTLs from some wells causing skewed data.

For the ratio optimization groups, the findings suggest than an effector to target ratio of
5:1 is adequate. In addition, three signals should lead to a greater amount of killing than only
two signal activation. Therefore, pH 6.9 group’s data was consistent with expectations whereas
the pH 6.4 group was not. This could be due to an error in adjustment. However, little difference
was seen between the two-signal control and the three-signal group that was cultured in
unadjusted media and placed in a killing environment at a pH of 7.4 with 5:1 effector to target
cell ratios. This finding, along with the other inconsistencies in the data is inexplicable and calls
into question the validity and accuracy of the data. A repeat would be necessary to make
conclusions from this assay. With so many experimental groups being performed
simultaneously, it is also possible that test tubes were accidentally switched or mislabeled.

Protocol improvements and repetition are recommended to better understand the data.

Overview of findings

The table below summarizes the findings of the experiments conducted to test the effects

of pH manipulation on tumor proliferation and the cytotoxic T-lymphocyte response. Optimal
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conditions are represented by a ¥* while * indicates harmful conditions for the aspect of cell

survival that was studied.

pH 6.4 pH 6.9 pH 7.4 pH 7.9 pH 8.4
Lymphoma Growth x v x x x
Melanoma Growth x x v x x
Immune Cell x < v
Survival
Immune Cell x < v
Activation
Immune Cell x < v
Migration

Table 8. Summary of findings
Limitations

This project focused on in vitro manipulation of pH through buffer systems. To be able to
validate these findings in physiological conditions, in vivo data is necessary. Growth rates,
migrations ability, and killing ability of melanoma/lymphoma and CD8+ T-lymphocytes are
limited to largely two-dimensional systems that do not imitate the three-dimensional structure of
a tumor. Furthermore, physiological conditions, such efficacy of carbonic anhydrase surrounding
the tumor or decreased persistence of a basic buffer due to angiogenesis, cannot be accounted for
in an in vitro setting.

pH measurements were taken using a Mettler Toledo pH probe. This pH probe has an
error range of +0.25. There were also a variety of experimental errors introduced in our handling
of the pH probe. For example, the pH probe often fluctuated and required repeated recalibrations
to obtain stable readings. For this reason, a considerable amount of time was required to adjust
the cell culture medium, potentially reducing the integrity of the medium. Furthermore,
adjustment of the medium in culture also required considerable time and, in some experiments,

led to extended periods in which cultures were not in proper growth conditions. To mitigate this
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logistic flaw, experiments were conducted with separated experimental groups in different
culture plates.

Data obtained in all experiments consisted of at least three experimental repeats.
However, these repeats between separate experiments were exposed to different time lapses
outside of growth conditions of the incubator. Therefore, variation between experiments was not
quantified and may be a source of error as well.

Lastly, when counting a small number of cells, the cells suspension was centrifuged and
suspended in a decreased volume of medium. This allowed for more precise cell counts, but
exposed cells to additional stress during centrifugation. This could have affected the number of
live cells counted and thus, small cell counts may have larger range of error than large cell
counts.

One possible way to better quantify cell proliferation is through conducting a
carboxyfluorescein succinimidyl ester (CFSE) staining. For a CFSE staining, a fluorescent dye is
added to an aliquot of cells and is integrated into the cell membrane. When cell proliferation
occurs, traces of dye are present in replicated cells and the intensity of fluorescence decreases
with subsequent replication cycles. This procedure is commonly done with immune cells and can
serve as a more accurate study of how manipulating pH affects immune cell proliferation versus

survival.
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Chapter 8: Conclusion

The results from this study, though preliminary, could have far reaching implications.
From the first part of the study, differences were observed in the growth of melanoma and
lymphoma cultured at different pH levels. Lymphoma grew optimally in a slightly acidic
condition, which suggests that manipulation to a physiological condition could slow its
proliferation and improve patient outcomes. Melanoma responded to the various pH conditions
differently than lymphoma, growing well in slightly acidic, slightly basic, and physiological pHs.
These different responses to pH conditions suggest that pH-based treatments might have
different effects depending on the type of cancer treated and warrants additional research.

The second part of this study demonstrated that pH manipulation could potentially impact
multiple aspects of the immune response. The level of CTL activation and proliferation were
greatest in physiological conditions. This indicates that CTL function could be increased if the
area around a tumor could be manipulated to be less acidic, potentially allowing the body to
better fight cancer cells. Furthermore, the results obtained from the migration assay suggest that
acidic microenvironments suppress CTL migration. Therefore, pH neutralization of those
environments could improve both the function and ability of CTLs to move toward cancerous
targets.

Together, these two parts of the study indicate that neutralizing the acidic
microenvironment of cancerous cells could potentially decrease cancer proliferation while
allowing CTLs to better migrate to the cancerous target and to function optimally. The findings
from this study lay the groundwork for a treatment combining pH manipulation and
immunotherapy — an option that could have the potential to improve the immune response to

cancer and subsequently improve patient outcomes.
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Future Directions

To validate the findings in this project, in vivo experiments need to be conducted in mice.
ACT in tumor-carrying mice must then be further assessed for efficacy across different
administered buffers, as tested by Pilon-Thomas in 2015. pH manipulation has been done largely
through direct administration of bicarbonate (Robey et al., 2009) or a buffer system, as this
project attempted. Tail vein injections can be used to administer non-toxic basic buffers, such as
bicarbonate. Metronomic, or a continuous low-dose approach, delivery of bicarbonate can also
be administered throughout the course of the ACT treatment to maintain the effects of
bicarbonate and avoid side effects (Coleman et al., 2008).

Administration in human subjects would, however, require a highly localized modulation
of pH at the site of the tumor. Hydrogels may be an efficient way to localize the delivery of
buffer or bicarbonate. Hydrogels are polymers cross-linked to one another, and can be activated
by a myriad of physiological conditions, such as temperature. pH sensitive hydrogels are
responsive to pH changes in the aqueous surrounding environment, and de-swell to release
internal aqueous substances. pH sensitive hydrogels can be used to target the acidic
microenvironment of a tumor and release chemotherapeutics along with basic buffers.

Another method to target a tumor site with pH-neutralizing buffers may be to use
nanoparticles. Much like pH-sensitive hydrogels, pH-sensitive nanoparticles are responsive to
higher concentrations of hydrogen ions, which are found in acidic environments (Suthar et al.,
2013). These nanoparticles consist of a corona and core layers (external and middle layers,
respectively) that become soluble in acidic conditions, and release the substances contained
within the core (Shen et al., 2008). This approach may allow for combined, localized delivery of

chemotherapeutics with bicarbonate or basic buffers.
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Implications of pH manipulation extend to clinical use of adoptive cell transfer therapy.
Beyond increasing the ability of immune cells to migrate to the tumor site, reducing an acidic
microenvironment can be used in a multi-stage treatment. Because neutralizing a tumor’s
extracellular pH has been shown to reduce metastasis in mice (Robey et al., 2009), administering
a pH-neutralizing treatment may help decrease metastatic rates of a tumor. Doing so may
improve the manageability of metastasized cells through ACT prior to administration.

Apart from ACT, extracellular pH neutralization can be used as a strategy to decrease
chances of metastasis in early-diagnosis patients. Combination with chemotherapy may also be
promising, and may be able to increase the efficacy of some classes of carbonic anhydrase
inhibitors or proton pump inhibitors. Proton pump inhibitors can also be used to reduce acid
production in vivo and neutralize the environment, a model that has been used to assess the
effects of pH on ACT (Calcinotto et al., 2012). Increasing extracellular pH using carbonic
anhydrases or proton pump inhibitors reduces the production of hydrogen ions in the tumor
boundary (Neri & Supuran, 2011). Combination of these pH-manipulating drugs with a
neutralized extracellular tumor environment would effectively accelerate the neutralization

process of the drugs, which could increase their efficacy.
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APPENDIX A: Buffer Toxicity

Introduction

Buffers used throughout each experiment were verified to ensure their efficacy through a
preliminary buffer toxicity experiment. B-16 OVA were plated at acidic, neutral and basic
conditions with MES, HEPES and Tricine, respectively. Initial pH measurements were measured
at room temperature (25C) before being placed in the incubator at 37C. It was found that the pH
of Tricine increased to 7.8, explaining the trend for cultures initially plated at 8.4 to decrease to
7.6. Thus, Tricine was not determined to be the most effective buffer for basic cultures.

An alternate buffer, TAPS, maintains a pH of 8.62 at 37C, making it a more suitable
buffer. However, because TAPS is typically used for media with a pH value greater than 9, a

second toxicity experiment was performed to determine if TAPS had a toxic effect on B16-OVA.
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Methods
To determine whether TAPS had any more of a toxic effect than Tricine, two separate batches of

media were made with the following recipes:

Unadjusted TAPS Allos Media

Unadjusted Tricine Allos Media

RPMI

FBS

Sodium Pyruvate

Non-Essential Amino Acids (NEAA)
L-Glutamine

.042M TAPS

B-mercaptoethanol

RPMI

FBS

Sodium Pyruvate

Non-Essential Amino Acids (NEAA)
L-Glutamine

.058M Tricine

B-mercaptoethanol

50,000 B16-OVA cells were plated in 12 different wells. 6 wells contained 1.5 mL of one
TAPS, and the other 6 contained Tricine. Each well designated a time point for cell growth over
24 hours: the first well was counted after 24 hours, the second well counted after 48 hours, the
third well after 72 hours, the fourth after 96 hours, the fifth after 120 hours, the sixth after 144
hours. Media was changed every 48 hours, with G418 put into each well both at the start of the

experiment and when the media was changed.
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Introduction

While initial trials with B-16 OVA were cultured with DMEM media, literature found B-

16 OVA to have been successfully grown in Allos. It was hypothesized that eliminating the

difference of media between Lymphoma and B-16 would allow future experiments to be more

comparable. An experiment was performed to determine whether or not B16-OV A could grow

sufficiently in Allos media. Lymphoma was not considered for this experiment because no

literature provided evidence of EG-7 growth in DMEM.

Methods
Unadjusted DMEM Media Unadjusted Allos Media
DMEM RPMI
FBS FBS
Sodium Pyruvate
NEAA
L-Glutamine
.058M HEPES
B-mercaptoethanol

50,000 B16-OVA cells were plated in 12 different wells: 6 wells were cultured with 1.5

mL of DMEM and the other 6 were cultured with 1.5 mL of Allos. Each well designated a time

point for cell growth over 24 hours: the first well was counted after 24 hours, the second well

counted after 48 hours, the third well after 72 hours, the fourth after 96 hours, the fifth after 120

hours and the sixth after 144 hours. Media was changed every 48 hours, and G418 was put into

each well both at the start of the experiment and whenever the media was changed.

Results
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Allos vs DMEM: Alive Cell Allos vs DMEM: Dead Cell
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At the first time point, it was found that our counting procedure for concentrating the
cells was in error, causing us to have unreliable cell counts. However, after the first time point,
the error was resolved and we were able to continue the experiment, obtaining reliable trends
from the latter 5 data points. Based on the curves above, there was little variance between the
two media growth curves in the alive cell counts. However, the dead cell counts are discrepant,
which may be due to user error. Overall, though, this experiment determined that Allos media

performed sufficiently similarly to DMEM media, allowing it to be used in later experiments.
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TAPS Buffer

Unadjusted Regular | 7.2 pH Regular Unadjusted TAPS 8.4 pH TAPS Allos
Allos Media Allos Media Allos Media Media

RPMI RPMI RPMI RPMI

FBS FBS FBS FBS

Sodium Pyruvate
NEAA
L-Glutamine
.0558M HEPES
B-mercaptoethanol

Sodium Pyruvate
NEAA
L-Glutamine
.0558M HEPES**
B-mercaptoethanol

**Add NaOH or HCI
as necessary to
achieve the desired
pH

Sodium Pyruvate
NEAA
L-Glutamine
.0411M TAPS
B-mercaptoethanol

Sodium Pyruvate
NEAA
L-Glutamine
.0411M TAPS**
B-mercaptoethanol

**Add NaOH or HCI
as necessary to
achieve the desired
pH

To determine whether TAPS could be used as a basic buffer, four different media groups

were made as shown above, with three control groups of adjusted Allos with HEPES, unadjusted

Allos with HEPES, and unadjusted Allos with TAPS. 50,000 cells were plated per well in this

experiment, with 3 wells per media per each of the 6 24-hour time points. In total, there were 72

wells were plated, with 1.5 mL of respective media in each well. Therefore, 3 wells per media

type were checked at 24 hours, 3 were checked at 48 hours, 3 were checked at 72 hours, 3 were

checked at 96 hours, 3 were checked at 120 hours, and 3 were checked at 144 hours.

Additionally, the pH of the media was monitored for the first 48 hours at 24-hour time

points to see how well TAPS maintained pH. For this latter part, TAPS media was placed in

wells without any cells to serve as a control. Cells were observed under the microscope in their

wells at each time point.
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Results

Cell media

Day 0 Day 1 Day 2
Timepoint

pH
O R N WD UTOY I O O

B HEPES 7.19 TAPS 8.45 B HEPES unadjusted B TAPS unadjusted

TAPS media

pH
O R N WH UTO I 0 O

Day 0 Day 1 Day 2

Timepoint

B TAPS 8.45 TAPS no cells ™ TAPS unadjusted

Based on this data, Allos with TAPS buffer was not significantly different from the other
media once placed in the incubator. It was unusual to find the pH increase in some cases as the
cell growth progressed, but this increase in pH was not significant and may be secondary to pH
probe user error. Traditional RPMI was also used in this experiment, meaning that the

Bicarbonate concentration could have been a factor.
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Alive Cells
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Overall, the microscope culture observations were consistent with the counts obtained, in
that if the well appeared sparsely populated, the resultant cell counts were low. All media types

changed from their initial color to an acidic yellow except for TAPS 8.4 when the media was
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changed the second time at 120 hours. Before this media change cell counts for TAPS were not
significantly different from the other media. Overall, TAPS proved to be no more effective at
maintaining pH, or being lethal to the cells, than Tricine, and as Tricine was a more established

buffer with this area of science, it was decided to use this buffer with further experiments.
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APPENDIX C: Lab Equipment

pH Probe

A Mettler Toledo InLab pH combination electrode with XEROLYT polymer electrolyte was
used to measure pH of our samples. The pH probe was calibrated before each trial. The pH probe
was able to read pH ranges from 0 to 12 in temperatures from 0 to 100 Celsius. During storage,
the pH probe was submerged in a potassium chloride solution to maintain the integrity of the

electrode.

Microscope Camera

An attachable Motic Digital Microscope Moticam camera was used to take pictures of cells. The
camera had up to 1.3 megapixels of live resolution, and included a 12mm focusable lens.

Graphics of cells were taken at several magnitudes, including 4X, 10X, and 20X.

Luminometer

A Wallac 1640 luminometer machine was used quantitatively detect of light emitting markers.
More specifically, the machine was used in Aim 3 to quantify relative light units in measuring
relative Luminescence. The luminometer is suitable for a variety of settings including measuring

glow luminometry, fluorometry and photometry.
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APPENDIX D: Antibody Cocktails for Surface and Intracellular

Staining

To perform surface staining, the following antibody cocktails were prepared:
Antibody Cocktail 1: PD1 PE, CD62L, CD127 APC, CD25 FitC
Antibody Cocktail 2: KLRG1 APC, CD44 PE, CD27 FitC

Single Staining Controls: CD25 PerCP, CD25 PE, CD25 PB, CD25 APC, and CD25 FitC

To perform intracellular staining, the following cocktails were prepared:
IFN-y Antibody Cocktail: IFN-y PE, TNFa APC

GZB Antibody Cocktail: GZB PE

72



Glossary

Activation- A three signal process that triggers proliferation, differentiation and cytokine

secretion. This process must occur in order to generate cytotoxic T cells from naive T cells.
Angiogenesis- Blood vessel formation. Tumor angiogenesis is the growth of new blood vessels
that tumors need to grow.This process is caused by the release of chemicals by the tumor and by

host cells near the tumor.

Antibody- A protein made by plasma cells (a type of white blood cell) in response to an antigen.

Each antibody can bind to only one specific antigen.
Antigen- Any substance that causes the body to make an immune response against that
substance. Antigens include toxins, chemicals, bacteria, viruses or other substances that come

from outside the body.

Antigen presentation- A process in the body’s immune system by which macrophages, dendritic

cells and other cell types capture antigens, then enable their recognition by T-cells.

Assay- A laboratory test to find and measure the amount of a specific substance.

Biopsy- The removal of cells or tissues for examination by a pathologist.

Carcinogen- Any substance that causes cancer
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CD8+ T Cell- The primary T cells involved in the destruction of the virus-infected or tumor

cells.

CD4+ T Cell- Cells that enhance multiple cells in the immune system, including enhancing the

growth of CD8+ T cells.

Chemoattractant- A chemical (chemotactic) agent that induces an organism or a cell to migrate

toward it.

Chemokines- any group of low molecular weight cytokines identified on the basis of their ability
to induce chemotaxis or chemokinesis in leukocytes (or in a particular populations of leukocytes)

in inflammation.

Costimulation- The delivery of a second signal from an antigen-presenting cell to a T cell, which
rescues an activated T cell from anergy, allowing it to produce the lymphokines necessary for

production of additional T cells.

Cytokine- A type of protein that is made by certain immune and non-immune cells and has an
effect on the immune system. Some cytokines stimulate the immune system and others slow it
down. They can also be made in the laboratory and used to help the body fight cancer, infections

and other diseases.

74



Cytostatic- A substance that slows or stops the growth of cells, including cancer cells, without

killing them. These agents may cause tumors to stop growing and spreading without causing

them to shrink in size.

Cytotoxic- Anything that kills cells, including cancer cells.

Cytotoxic T Cell (CTL)- An immune cell that is able to recognize only one type of antigen and

kill any cell presenting that antigen.

Granzyme B- A protease that kills pathogens and cancer cells.

Hypoxic- Having too little oxygen.

Immunosuppression- Suppression of the body’s immune system and its ability to fight infections

and other diseases. Immunosuppression may be deliberately induced with drugs, as in

preparation for bone marrow or other organ transplantation, to prevent rejection of the donor

tissue.

In vitro- In the laboratory (outside the body).

In vivo- In the body.

Interferon Gamma (IFN-y)- A cytokine that promotes the formation of additional CTLs.
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Lyse- To cause or produce disintegration of a compound, substance, or cell.

Major Histocompatibility Complex (MHC)- A group of genes that code for proteins found on the

surface of cells that help the immune system recognize foreign substances.

Malignant- Cancerous. Malignant cells can invade and destroy nearby tissue and spread to other

parts of the body.

Metastasis- The spread of cancer from one part of the body to another.

Transgenic mice- Mice that have DNA from another source put into their DNA. The foreign

DNA is put into the nucleus of a fertilized mouse egg. The new DNA becomes part of every cell

and tissue of the mouse.

76



References

Adam, J. K., Odhav, B., & Bhoola, K. D. (2003). Immune responses in cancer.
Pharmacology & therapeutics, 99(1), 113-132.

Agostinis, P., Berg, K., Cengel, K. A., Foster, T. H., Girotti, A. W., Gollnick, S. O, ...
Golab, J. (2011). Photodynamic therapy of cancer: An update. CA: A Cancer Journal for
Clinicians, 61(4), 250-281. http://doi.org/10.3322/caac.20114

Ankoma-Sey, V., Wang, Y., & Dai, Z. (2000). Hypoxic stimulation of vascular
endothelial growth factor expression in activated rat hepatic stellate cells. Hepatology, 31(1).

Ankri, C., Shamalov, K., Horovitz-Fried, M., Mauer, S., & Cohen, C. J. (2013). Human T
Cells Engineered To Express a Programmed Death 1/28 Costimulatory Retargeting Molecule
Display Enhanced Antitumor Activity. The Journal of Immunology, 191(8), 4121-4129.
http://doi.org/10.4049/jimmunol.1203085

Aplin, A. E., Howe, A., Alahari, S. K., & Juliano, R. L. (1998). Signal transduction and
signal modulation by cell adhesion receptors: the role of integrins, cadherins, immunoglobulin-
cell adhesion molecules, and selectins. Pharmacological Reviews, 50(2), 197-263.

Arias, J. L., Aller, M. A., Prieto, L., Arias, A., De Julian, Z., Yang, H., & Arias, J. (2011).
The amazing power of cancer cells to recapitulate extraembryonic functions: the Cuckoo's tricks.
Journal of Oncology, 2012.

Ashkenazi, A., & Dixit, V. M. (1999). Apoptosis control by death and decoy receptors.
Current Opinion in Cell Biology, 11(2), 255-260.

Assier, E., Jullien, V., Lefort, J., Moreau, J. L., Di Santo, J. P., Vargaftig, B. B., ... &
Theze, J. (2004). NK cells and polymorphonuclear neutrophils are both critical for IL-2-induced

pulmonary vascular leak syndrome. The Journal of Immunology, 172(12), 7661-7668.

77



Baskar, R., Lee, K. A., Yeo, R., & Yeoh, K.-W. (2012). Cancer and Radiation Therapy:
Current Advances and Future Directions. International Journal of Medical Sciences, 9(3), 193—
199. http://doi.org/10.7150/ijms.3635

Baitsch, L., Fuertes-Marraco, S. A., Legat, A., Meyer, C., & Speiser, D. E. (2012). The
three main stumbling blocks for anticancer T cells. Trends in immunology, 33(7), 364-372.

Bellone, M., Calcinotto, A., Filipazzi, P., De Milito, A., Fais, S., & Rivoltini, L. (2013).
The acidity of the tumor microenvironment is a mechanism of immune escape that can be
overcome by proton pump inhibitors. Oncolmmunology, 2(1).

Ben-Baruch, A. (2006, February). Inflammation-associated immune suppression in
cancer: the roles played by cytokines, chemokines and additional mediators. In Seminars in
cancer biology (Vol. 16, No. 1, pp. 38-52). Academic Press.

Berencsi, K., Rani, P., Zhang, T., Gross, L., Mastrangelo, M., Meropol, N. J., ...
Somasundaram, R. (2011). In vitro migration of cytotoxic T lymphocyte derived from a colon
carcinoma patient is dependent on CCL2 and CCR2. Journal of Translational Medicine, 9, 33.
http://doi.org/10.1186/1479-5876-9-33

Bergeaud, M., Mathieu, L., Guillaume, A., Moll, U. M., Mignotte, B., Le Floch, N., ...
Rincheval, V. (2013). Mitochondrial p53 mediates a transcription-independent regulation of cell
respiration and interacts with the mitochondrial FiFO-ATP synthase. Cell Cycle (Georgetown,
Tex.), 12(17), 2781-2793. http://doi.org/10.4161/cc.25870

Boniol, M., Autier, P., Boyle, P., & Gandini, S. (2012). Cutaneous melanoma attributable
to sunbed use: systematic review and meta-analysis. BMJ, 345(jul24 2), e4757—e4757.

http://doi.org/10.1136/bmj.e4757

78



Boring, C. C., Squires, T. S., & Tong, T. (1991). Cancer statistics, 1991. CA: 4 Cancer
Journal for Clinicians, 41(1), 19-36. http://doi.org/10.3322/canjclin.41.1.19

Bottomley, S. J., & Kassner, E. (2003). Late effects of childhood cancer therapy. Journal
of Pediatric Nursing, 18(2), 126—133. http://doi.org/10.1053/jpdn.2003.13

Bourquin, C., Borch, P. von der, Zoglmeier, C., Anz, D., Sandholzer, N., Suhartha, N., ...
Endres, S. (2010). Efficient Eradication of Subcutaneous but Not of Autochthonous Gastric
Tumors by Adoptive T Cell Transfer in an SV40 T Antigen Mouse Model. The Journal of
Immunology, 185(4), 2580-2588. http://doi.org/10.4049/jimmunol.090323 1

Brannon-Peppas, L., & Blanchette, J. O. (2004). Nanoparticle and targeted systems for
cancer therapy. Advanced Drug Delivery Reviews, 56(11), 1649—1659.
http://doi.org/10.1016/j.addr.2004.02.014

Bray, F., Jemal, A., Grey, N., Ferlay, J., & Forman, D. (2012). Global cancer transitions
according to the Human Development Index (2008-2030): a population-based study. The Lancet
Oncology, 13(8), 790-801. http://doi.org/10.1016/S1470-2045(12)70211-5

Burger, J. A., & Kipps, T. J. (2006). CXCR4: a key receptor in the crosstalk between
tumor cells and their microenvironment. Blood, 107(5), 1761-1767.
http://doi.org/10.1182/blood-2005-08-3182

Calcinotto, A., Filipazzi, P., Grioni, M., Iero, M., De Milito, A., Ricupito, A., . ..
Rivoltini, L. (2012). Modulation of microenvironment acidity reverses anergy in human and
murine tumor-infiltrating T lymphocytes. Cancer Research, 72(11), 2746-2756.

Cappuccio, A., Castiglione, F., & Piccoli, B. (2007). Determination of the optimal

therapeutic protocols in cancer immunotherapy. Mathematical biosciences, 209(1), 1-13.

79



Cardaci, S., Ciriolo, M. R., Cardaci, S., & Ciriolo, M. R. (2012). TCA Cycle Defects and
Cancer: When Metabolism Tunes Redox State, TCA Cycle Defects and Cancer: When
Metabolism Tunes Redox State. International Journal of Cell Biology, International Journal of
Cell Biology, 2012, 2012, e161837. http://doi.org/10.1155/2012/161837, 10.1155/2012/161837

Carr, M. W, Roth, S. J., Luther, E., Rose, S. S., & Springer, T. A. (1994). Monocyte
chemoattractant protein 1 acts as a T-lymphocyte chemoattractant. Proceedings of the National
Academy of Sciences of the United States of America, 91(9), 3652-3656.
ch080002209p - 2209.full.pdf. (n.d.). Retrieved February 29, 2016, from
http://cancerres.aacrjournals.org/content/60/8/2209.full.pdf

Casey, K. A., & Mescher, M. F. (2007). IL-21 promotes differentiation of naive CD8 T
cells to a unique effector phenotype. [The Journal of Immunology]. The Journal of Immunology,
178(12), 7640-7648.

Cavalheiro, S., Di Rocco, C., Valenzuela, S., Dastoli, P. A., Tamburrini, G., Massimi, L.,
... Toledo, S. R.C. (2010). Craniopharyngiomas: intratumoral chemotherapy with interferon-
alpha: a multicenter preliminary study with 60 cases. Journal of Neurosurgery, 28(4).

Chang, A. E., Karnell, L. H., & Menck, H. R. (1998). The National Cancer Data Base
report on cutaneous and noncutaneous melanoma. Cancer, 83(8), 1664—1678.
http://doi.org/10.1002/(SICI)1097-0142(19981015)83:8<1664:: AID-CNCR23>3.0.CO;2-G

Chen, H.-C. (2005). Boyden Chamber Assay. In J.-L. Guan (Ed.), Cell Migration (pp.
15-22). Humana Press. Retrieved from http://dx.doi.org/10.1385/1-59259-860-9%3A015

Chenite, A., Chaput, C., Wang, D., Combes, C., Buschmann, M. D., Hoemann, C. D, ...
Selmani, A. (2000). Novel injectable neutral solutions of chitosan form biodegradable gels in

situ. Biomaterials, 21(21), 2155-2161. http://doi.org/10.1016/S0142-9612(00)00116-2

80



Choi, S. Y. C., Collins, C. C., Gout, P. W., & Wang, Y. (2013). Cancer-generated lactic
acid: a regulatory, immunosuppressive metabolite? The Journal of Pathology, 230(4).

Coleman, M., Martin, P., Ruan, J., Furman, R., Niesvizky, R., Elstrom, R., ... Kaufmann,
T. (2008). Low-dose metronomic, multidrug therapy with the PEP-C oral combination
chemotherapy regimen for mantle cell lymphoma. Leukemia & Lymphoma, 49(3), 447—450.
http://doi.org/10.1080/10428190701837330

Colombo, M. P., & Trinchieri, G. (2002). Interleukin-12 in anti-tumor immunity and
immunotherapy. Cytokine & Growth Factor Reviews, 13(2), 155-168.
http://doi.org/10.1016/S1359-6101(01)00032-6

Cummins, D. L., Cummins, J. M., Pantle, H., Silverman, M. A., & al, et. (2006).
Cutaneous Malignant Melanoma. Mayo Clinic Proceedings, 81(4), 500-7.

Curtsinger, J. M., Schmidt, C. S., Mondino, A., Lins, D. C., Kedl, R. M., Jenkins, M. K.,
& Mescher, M. F. (1999). Inflammatory Cytokines Provide a Third Signal for Activation of
Naive CD4+ and CD8+ T Cells. The Journal of Immunology, 162(6), 3256-3262.

Czene, K., Lichtenstein, P., & Hemminki, K. (2002). Environmental and heritable causes
of cancer among 9.6 million individuals in the Swedish Family-Cancer Database. International
Journal of Cancer. Journal International Du Cancer, 99(2), 260-266.
http://doi.org/10.1002/ijc.10332

De Fabo, E. C., Noonan, F. P., Fears, T., & Merlino, G. (2004). Ultraviolet B but not
ultraviolet A radiation initiates melanoma. Cancer Research, 64(18), 6372—6376.
http://doi.org/10.1158/0008-5472.CAN-04-1454

De Milito, A., Canese, R., Marino, M. L., Borghi, M., lero, M., Villa, A., ... Fais, S.

(2010). pH-dependent antitumor activity of proton pump inhibitors against human melanoma is

81



mediated by inhibition of tumor acidity. International Journal of Cancer, 127(1), 207-219.
http://doi.org/10.1002/ijc.25009

Denko, N. C. (2008). Hypoxia, HIF1 and glucose metabolism in the solid tumour. Nature
Reviews Cancer, 8(9), 705-713. http://doi.org/10.1038/nrc2468

Dermime, S., Armstrong, A., Hawkins, R. E., & Stern, P. L. (2002). Cancer vaccines and
immunotherapy. British medical bulletin, 62(1), 149-162.

DeSantis, C. E., Lin, C. C., Mariotto, A. B., Siegel, R. L., Stein, K. D., Kramer, J. L., ...
Jemal, A. (2014). Cancer treatment and survivorship statistics, 2014. CA: A Cancer Journal for
Clinicians, 64(4), 252-271. http://doi.org/10.3322/caac.21235

De Visser, K. E., Eichten, A., & Coussens, L. M. (2006). Paradoxical roles of the
immune system during cancer development. Nature reviews cancer, 6(1), 24-37.

Drugs in Clinical Development for Melanoma. (2012). Pharmaceutical Medicine, 26(3),
171-183. http://doi.org/10.1007/BF03262391

Dummer, R., Hauschild, A., & Pentheroudakis, G. (2009). Cutaneous malignant
melanoma: ESMO Clinical Recommendations for diagnosis, treatment and follow-up. Annals of
Oncology, 20(suppl 4), iv129—iv131. http://doi.org/10.1093/annonc/mdp152

Dunn, G. P., Old, L. J., & Schreiber, R. D. (2004). The Three Es of Cancer
Immunoediting. Annual Review of Immunology, 22(1), 329-360.
http://doi.org/10.1146/annurev.immunol.22.012703.104803

Eguchi, A., Mulya, A., Lazic, M., Radhakrishnan, D., Berk, M. P., Povero, D., ...
Feldstein, A. E. (2015). Microparticles Release by Adipocytes Act as “Find-Me” Signals to

Promote Macrophage Migration. PLoS ONE, 10(4). http://doi.org/10.1371/journal.pone.0123110

82



Ely, S. (2009). Personalized medicine: individualized care of cancer patients.
Translational Research, 154(6), 303-308. http://doi.org/10.1016/j.trs1.2009.08.001

Friedmann-Morvinski, D., & Eshhar, Z. (2006). Adoptive immunotherapy of cancer
using effector lymphocytes redirected with antibody specificity. Update on Cancer Therapeutics,
1(1), 25-32. http://doi.org/10.1016/j.uct.2006.04.005

Estrella, V., Chen, T., Lloyd, M., Wojtkowiak, J., Cornnell, H. H., Ibrahim-Hashim, A.,
... Gillies, R. J. (2013). Acidity Generated by the Tumor Microenvironment Drives Local
Invasion. Cancer Research, 73(5), 1524—1535. http://doi.org/10.1158/0008-5472.CAN-12-2796

Exadaktylos, A. K., Buggy, D. J., Moriarty, D. C., Mascha, E., & Sessler, D. 1. (2006).
Can anesthetic technique for primary breast cancer surgery affect recurrence or metastasis?
Anesthesiology, 105(4), 660—664.

Fais, S. (2010). Proton pump inhibitor-induced tumour cell death by inhibition of a
detoxification mechanism. Journal of Internal Medicine, 267(5), 515-525.
http://doi.org/10.1111/j.1365-2796.2010.02225.x

Fischer, K., Hoffmann, P., Voelkl, S., Meidenbauer, N., Ammer, J., Edinger, M., ... &
Renner, K. (2007). Inhibitory effect of tumor cell-derived lactic acid on human T cells. Blood,
109(9), 3812-3819.

Ferrara, N., & Kerbel, R. S. (2005). Angiogenesis as a therapeutic target. Nature,
438(7070), 967-974. http://doi.org/10.1038/nature04483

Ferrucci, L. M., Cartmel, B., Molinaro, A. M., Leffell, D. J., Bale, A. E., & Mayne, S. T.
(2012). Indoor tanning and risk of early-onset basal cell carcinoma. Journal of the American

Academy of Dermatology, 67(4), 552—-562. http://doi.org/10.1016/j.jaad.2011.11.940

83



Flaherty, K. T. (2012). Targeting Metastatic Melanoma. Annual Review of Medicine,
63(1), 171-183. http://doi.org/10.1146/annurev-med-050410-105655

Forsythe, J. A., Jiang, B.-H., Iyer, N. V., Agani, F., Leung, S. W., Koos, R. D., &
Semenza, G. L. (1996). Activation of Vascular Endothelial Growth Factor Gene Transcription by
Hypoxia-Inducible Factor 1. Molecular and Cellular Biology, 16(9), 4604-4613.

Fujisawa, Y., Nabekura, T., Nakao, T., Nakamura, Y., Takahashi, T., Kawachi, Y., ...
Onodera, M. (2009). The induction of tumor-specific CD4+ T cells via major histocompatibility
complex class II is required to gain optimal anti-tumor immunity against B16 melanoma cell line
in tumor immunotherapy using dendritic cells. Experimental Dermatology, 18(4), 396—403.
http://doi.org/10.1111/5.1600-0625.2008.00802.x

Gabig, T. G., Bearman, S. ., & Babior, B. M. (1979). Effects of oxygen tension and pH
on the respiratory burst of human neutrophils. Blood, 53(6), 1133—11309.

Gallagher, R. P., Spinelli, J. J., & Lee, T. K. (2005). Tanning Beds, Sunlamps, and Risk
of Cutaneous Malignant Melanoma. Cancer Epidemiology Biomarkers & Prevention, 14(3),
562-566. http://doi.org/10.1158/1055-9965.EPI-04-0564

Galluzzi, L., Vacchelli, E., Fridman, W. H., Galon, J., Sautes-Fridman, C., Tartour, E., ...
Kroemer, G. (2012). Trial Watch. Oncoimmunology, 1(1), 28-37.
http://doi.org/10.4161/onci.1.1.17938

Garcia-Hernandez, M. de la L., Hamada, H., Reome, J. B., Misra, S. K., Tighe, M. P., &
Dutton, R. W. (2010). Adoptive Transfer of Tumor-Specific Tc17 Effector T Cells Controls the
Growth of B16 Melanoma in Mice. The Journal of Immunology, 184(8), 4215-4227.

http://doi.org/10.4049/jimmunol.0902995

84



Gerweck, L. E., & Seetharaman, K. (1996). Cellular pH Gradient in Tumor versus
Normal Tissue: Potential Exploitation for the Treatment of Cancer. Cancer Research, 56(6),
1194-1198.

Gillies, R. J., Raghunand, N., Karczmar, G. S., & Bhujwalla, Z. M. (2002). MRI of the
tumor microenvironment. Journal of Magnetic Resonance Imaging, 16(4), 430—450.
http://doi.org/10.1002/jmri. 10181

Greco, O., Marples, B., Joiner, M. C., & Scott, S. D. (2003). How to overcome (and
exploit) tumor hypoxia for targeted gene therapy. Journal of Cellular Physiology, 197(3), 312—
325. http://doi.org/10.1002/jcp.10374

Green, C. E., Liu, T., Montel, V., Hsiao, G., Lester, R. D., Subramaniam, S., ... Klemke,
R. L. (2009). Chemoattractant Signaling between Tumor Cells and Macrophages Regulates
Cancer Cell Migration, Metastasis and Neovascularization. PLOS ONE, 4(8), e6713.
http://doi.org/10.1371/journal.pone.0006713

Griffiths, J. R. (1991). Are cancer cells acidic? British Journal of Cancer, 64(3), 425—
427.

Gutierrez, L. A., Sanghera, S. S., Skitzki, J. J., & Edge, S. B. (2014). Concepts in Breast
and Melanoma Surgery. In C. E. H. Scott-Conner (Ed.), Chassin’s Operative Strategy in General
Surgery (pp. 969—978). Springer New York. Retrieved from
http://link.springer.com/chapter/10.1007/978-1-4614-1393-6 109

Hanahan, D., & Folkman, J. (1996). Patterns and emerging mechanisms of the angiogenic
switch during tumorigenesis. Cell, §6(3), 353-364.

Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of Cancer: The Next Generation.

Cell, 144(5), 646—674. http://doi.org/10.1016/j.cell.2011.02.013

85



Harlin, H., Meng, Y., Peterson, A. C., Zha, Y., Tretiakova, M., Slingluff, C., ...
Gajewski, T. F. (2009). Chemokine Expression in Melanoma Metastases Associated with CD8+
T-Cell Recruitment. Cancer Research, 69(7), 3077-3085. http://doi.org/10.1158/0008-
5472.CAN-08-2281

Harris, C. C. (1996). p53 tumor suppressor gene: from the basic research laboratory to the
clinic--an abridged historical perspective. Carcinogenesis, 17(6), 1187-1198.

Hawkins, R. E., Gilham, D. E., Debets, R., Eshhar, Z., Taylor, N., Abken, H., ...
ATTACK Consortium, null. (2010). Development of adoptive cell therapy for cancer: a clinical
perspective. Human Gene Therapy, 21(6), 665—672. http://doi.org/10.1089/hum.2010.086

Hayflick, L. (1997). Mortality and immortality at the cellular level. A review.
Biochemistry. Biokhimiia, 62(11), 1180—-1190.

He, J., Vora, M., Haney, R. M., Filonov, G. S., Musselman, C. A., Burd, C. G, . ..
Kutateladze, T. G. (2009). Membrane insertion of the FYVE domain is modulated by pH.
Proteins, 76(4).

Heiden, M. G. V., Cantley, L. C., & Thompson, C. B. (2009). Understanding the
Warburg Effect: The Metabolic Requirements of Cell Proliferation. Science, 324(5930), 1029—
1033. http://doi.org/10.1126/science.1160809

Heinemann, V., Douillard, J. Y., Ducreux, M., & Peeters, M. (2013). Targeted therapy in
metastatic colorectal cancer — An example of personalised medicine in action. Cancer Treatment
Reviews, 39(6), 592—601. http://doi.org/10.1016/j.ctrv.2012.12.011

Henriksen, T., Dahlback, A., Larsen, S. H. H., & Moan, J. (1990). ULTRAVIOLET-

RADIATION and SKIN CANCER. EFFECT OF AN OZONE LAYER DEPLETION.

86



Photochemistry and Photobiology, 51(5), 579—-582. http://doi.org/10.1111/1.1751-
1097.1990.tb01968.x

Hinrichs, C. S., & Rosenberg, S. A. (2014). Exploiting the curative potential of adoptive
T-cell therapy for cancer. Immunol Rev Immunological Reviews, 257(1), 56-71.
doi:10.1111/imr.12132

Hollstein, M., Sidransky, D., Vogelstein, B., & Harris, C. C. (1991). p53 mutations in
human cancers. Science, 253(5015), 49-53. http://doi.org/10.1126/science.1905840

Huber, C., Bobek, N., Kuball, J., Thaler, S., Hoffarth, S., Huber, C., ... Schuler, M.
(2005). Inhibitors of apoptosis confer resistance to tumour suppression by adoptively
transplanted cytotoxic T-lymphocytes in vitro and in vivo. Cell Death & Differentiation, 12(4),
317-325. http://doi.org/10.1038/sj.cdd.4401563

Hunter, T. (1997). Oncoprotein Networks. Cell, 88(3), 333-346.
http://doi.org/10.1016/S0092-8674(00)81872-3

Hurwitz, A. A., & Watkins, S. K. (2012). Immune suppression in the tumor
microenvironment: a role for dendritic cell-mediated tolerization of T cells. Cancer Immunology,
Immunotherapy, 61(2), 289-93. http://doi.org/http://dx.doi.org/10.1007/s00262-011-1181-5

Hussein, M. R., Haemel, A. K., & Wood, G. S. (2003). Apoptosis and melanoma:
molecular mechanisms. The Journal of Pathology, 199(3), 275-288.
http://doi.org/10.1002/path.1300

Ibrahim-Hashim, A., Wojtkowiak, J. W., de Lourdes Coelho Ribeiro, M., Estrella, V.,
Bailey, K. M., Cornnell, H. H., ... Gillies, R. J. (2011). Free Base Lysine Increases Survival and
Reduces Metastasis in Prostate Cancer Model. Journal of Cancer Science & Therapy, Suppl 1(4).

Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3768133/

87



Iwai, K., Soejima, K., Kudoh, S., Umezato, Y., Kaneko, T., Yoshimori, K., ... Goto, S.
(2012). Extended survival observed in adoptive activated T lymphocyte immunotherapy for
advanced lung cancer: results of a multicenter historical cohort study. Cancer Immunology,
Immunotherapy, 61(10), 1781-1790. http://doi.org/http://dx.doi.org/10.1007/s00262-012-1226-4

Jenkins, M. K., Taylor, P. S., Norton, S. D., & Urdahl, K. B. (1991). CD28 delivers a
costimulatory signal involved in antigen-specific IL-2 production by human T cells. The Journal
of Immunology, 147(8), 2461-2466.

Jerant, A. F., Johnson, J. T., Sheridan, C. D., & Caffrey, T. J. (2000a). Early detection
and treatment of skin cancer. American Family Physician, 62(2), 357-368, 375-376, 381-382.

June, C. H. (2007). Adoptive T cell therapy for cancer in the clinic. Journal of Clinical
Investigation, 117(6), 1466—1476. http://doi.org/10.1172/JCI132446

Kalos, M., & June, C. H. (2013). Adoptive T Cell Transfer for Cancer Immunotherapy in
the Era of Synthetic Biology. Immunity, 39(1), 49—-60.
http://doi.org/10.1016/j.immuni.2013.07.002

Karagas, M. R. (2002). Use of Tanning Devices and Risk of Basal Cell and Squamous
Cell Skin Cancers. CancerSpectrum Knowledge Environment, 94(3), 224-226.
http://doi.org/10.1093/jnci/94.3.224

Karia, P. S., Han, J., & Schmults, C. D. (2013). Cutaneous squamous cell carcinoma:
Estimated incidence of disease, nodal metastasis, and deaths from disease in the United States,
2012. Journal of the American Academy of Dermatology, 68(6), 957-966.

http://doi.org/10.1016/j.jaad.2012.11.037

88



Kato, Y., Ozawa, S., Miyamoto, C., Maehata, Y., Suzuki, A., Maeda, T., & Baba, Y.
(2013). Acidic extracellular microenvironment and cancer. Cancer Cell International, 13(1), 89.
http://doi.org/10.1186/1475-2867-13-89

Kerkar, S. P., Muranski, P., Kaiser, A., Boni, A., Sanchez-Perez, L., Yu, Z., ... Restifo,
N. P. (2010). Tumor-Specific CD8+ T Cells Expressing Interleukin-12 Eradicate Established
Cancers in Lymphodepleted Hosts. Cancer Research, 70(17), 6725-6734.
http://doi.org/10.1158/0008-5472.CAN-10-0735

Kim, J., & Dang, C. V. (2006). Cancer’s Molecular Sweet Tooth and the Warburg Effect.
Cancer Research, 66(18), 8927-8930. http://doi.org/10.1158/0008-5472.CAN-06-1501

Khan, N., Afaq, F., & Mukhtar, H. (2010). Lifestyle as risk factor for cancer: Evidence
from human studies. Cancer Letters, 293(2), 133—143.
http://doi.org/10.1016/j.canlet.2009.12.013

Kinzler, K. W., & Vogelstein, B. (1996). Lessons from hereditary colorectal cancer. Cel/,
87(2), 159-170.

Kraus, M., & Wolf, B. (1996). Implications of Acidic Tumor Microenvironment for
Neoplastic Growth and Cancer Treatment: A Computer Analysis. Tumor Biology, 17(3), 133—
154. http://doi.org/10.1159/000217977

Kusmartsev, S., & Gabrilovich, D. I. (2002). Immature myeloid cells and cancer-
associated immune suppression. Cancer immunology, immunotherapy, 51(6), 293-298.

Lawrence TS, Ten Haken RK, Giaccia A. Principles of Radiation Oncology. In: DeVita
VT Jr., Lawrence TS, Rosenberg SA, editors. Cancer: Principles and Practice of Oncology. 8"

ed. Philadelphia: Lippincott Williams and Wilkins, 2008.

&9



Lafferty, K. J., Prowse, S. J., Simeonovic, C. J., & Warren, H. S. (1983). Immunobiology
of tissue transplantation: a return to the passenger leukocyte concept. Annual review of
immunology, 1(1), 143-173.

Lanzavecchia, A., & Sallusto, F. (2001). Regulation of T Cell Immunity by Dendritic
Cells. Cell, 106(3), 263-266. http://doi.org/10.1016/S0092-8674(01)00455-X

Lardner, A. (2001). The effects of extracellular pH on immune function. Journal of
Leukocyte Biology, 69(4), 522-530.

Leiter, U., & Garbe, C. (2008). Epidemiology of Melanoma and Nonmelanoma Skin
Cancer—The Role of Sunlight. In J. Reichrath (Ed.), Sunlight, Vitamin D and Skin Cancer (pp.
89-103). Springer New York. Retrieved from http://link.springer.com/chapter/10.1007/978-0-
387-77574-6 8

Lenschow, D. J., Walunas, T. L., & Bluestone, and J. A. (1996). Cd28/B7 System of T
Cell Costimulation. Annual Review of Immunology, 14(1), 233-258.
http://doi.org/10.1146/annurev.immunol.14.1.233

Lerman, C., & Shields, A. E. (2004). Genetic testing for cancer susceptibility: the
promise and the pitfalls. Nature Reviews Cancer, 4(3), 235-241. http://doi.org/10.1038/nrc1301

Lee, S., & Margolin, K. (2011). Cytokines in Cancer Immunotherapy. Cancers, 3(4),
3856—-3893. http://doi.org/10.3390/cancers3043856

Levine, A. J. (1993). The Tumor Suppressor Genes. Annual Review of Biochemistry,
62(1), 623—-651. http://doi.org/10.1146/annurev.bi.62.070193.003203

Li, C., Xia, J., Wei, X., Yan, H., Si, Z., & Ju, S. (2010). pH-Activated Near-Infrared
Fluorescence Nanoprobe Imaging Tumors by Sensing the Acidic Microenvironment. Advanced

Functional Materials, 20(14), 2222-2230. http://doi.org/10.1002/adfm.201000038

90



Li, Y.-H., & Zhu, C. (n.d.). A modified Boyden chamber assay for tumor cell
transendothelial migration in vitro. Clinical & Experimental Metastasis, 17(5), 423—429.
http://doi.org/10.1023/A:1006614232388

Ljungkvist, A. S. E., Bussink, J., Kaanders, J. H. A. M., & Kogel, A. J. van D. (2007).
Dynamics of Tumor Hypoxia Measured with Bioreductive Hypoxic Cell Markers. Radiation
Research, 167(2), 127-145.

Ma, X., Serna, A., Xu, R., & Sigal, L. J. (2009). The Amino Acid Sequences Flanking an
Antigenic Determinant Can Strongly Affect MHC Class I Cross-Presentation without Altering
Direct Presentation. The Journal of Immunology, 182, 4601-4607.
doi:10.4049/jimmunol.0803806

Marmur, E. S., Schmults, C. D., & Goldberg, D. J. (2004). A Review of Laser and
Photodynamic Therapy for the Treatment of Nonmelanoma Skin Cancer. Dermatologic Surgery,
30,264-271. http://doi.org/10.1111/1.1524-4725.2004.30083.x

Martin, N., Robey, 1., Gaffney, E., Gillies, R., Gatenby, R., & Maini, P. (2012).
Predicting the safety and efficacy of buffer therapy to raise tumour pHe: an integrative modelling
study. British Journal of Cancer, 106.

Martinez, J.-C., & Otley, C. C. (2001). The Management of Melanoma and
Nonmelanoma Skin Cancer: A Review for the Primary Care Physician. Mayo Clinic
Proceedings, 76(12), 1253—1265. http://doi.org/10.4065/76.12.1253

Martinez-Zaguilan, R., Seftor, E. A., Seftor, R. E. B., Chu, Y.-W., Gillies, R. J., &
Hendrix, M. J. C. (1996). Acidic pH enhances the invasive behavior of human melanoma cells.

Clinical & Experimental Metastasis, 14(2), 176—186. http://doi.org/10.1007/BF00121214

91



Masoud, G. N., & Li, W. (2015). HIF-1a pathway: role, regulation and intervention for
cancer therapy. Acta Pharmaceutica Sinica B, 5(5), 378-389.

Matheu, M. P., & Cahalan, M. D. (2007). Isolation of CD4+ T cells from Mouse Lymph
Nodes Using Miltenyi MACS Purification. Journal of Visualized Experiments, (9).
http://doi.org/10.3791/409

Matthew, E., Laskin, J. D., Zimmerman, E. A., Weinstein, I. B., Hsu, K. C., &
Engelhardt, D. L. (1981). Benzodiazepines have high-affinity binding sites and induce
melanogenesis in B16/C3 melanoma cells. Proceedings of the National Academy of Sciences,
78(6), 3935-3939.

Mazzarella, T., Cambiaghi, V., Rizzo, N., Pilla, L., Parolini, D., Orsenigo, E., ... &
Maccalli, C. (2012). Ex vivo enrichment of circulating anti-tumor T cells from both cutaneous
and ocular melanoma patients: clinical implications for adoptive cell transfer therapy. Cancer
Immunology, Immunotherapy, 61(8), 1169-1182.

Medical Dictionary. (n.d.). Retrieved March 29, 2016, from http://medical-
dictionary.thefreedictionary.com/

Mendler, A. N., Hu, B., Prinz, P. U., Kreutz, M., Gottfried, E., & Noessner, E. (2011).
Tumor lactic acidosis suppresses CTL function by inhibition of p38 and JNK/c-Jun activation.
International Journal of Cancer, 131(3), 633—640. http://doi.org/10.1002/ijc.26410

Meénétrier-Caux, C., Gobert, M., & Caux, C. (2009). Differences in Tumor Regulatory T-
Cell Localization and Activation Status Impact Patient Outcome. Cancer Research, 69(20),
7895-7898. http://doi.org/10.1158/0008-5472.CAN-09-1642

Merad, M., Sugie, T., Engleman, E. G., & Fong, L. (2002). In vivo manipulation of

dendritic cells to induce therapeutic immunity. Blood, 99(5), 1676—1682.

92



Mescher, M. F., Curtsinger, J. M., Agrawal, P., Casey, K. A., Gerner, M., Hammerback,
C.D., ... Xiao, Z. (2006). Signals required for programming effector and memory development
by CD8 T cells. Immunological Reviews,211(1), 81-92. doi:10.1111/1.0105-2896.2006.00382.x

Mitchison, T. J. (2012). The proliferation rate paradox in antimitotic chemotherapy.
Molecular biology of the cell, 23(1), 1-6.

Mittal, D., Gubin, M. M., Schreiber, R. D., & Smyth, M. J. (2014). New insights into
cancer immunoediting and its three component phases — elimination, equilibrium and escape.
Current Opinion in Immunology, 27, 16-25. http://doi.org/10.1016/j.c01.2014.01.004

Mondino, A., Dardalhon, V., Michelini, R. H., Loisel-Meyer, S., & Taylor, N. (2010).
Redirecting the immune response: role of adoptive T cell therapy. Human gene therapy, 21(5),
533-541.

Morgan, J. 1., & Curran, T. (1991). Proto-oncogene transcription factors and epilepsy.
Trends in Pharmacological Sciences, 12, 343-349. http://doi.org/10.1016/0165-6147(91)90594-1

Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and survival:
Application to proliferation and cytotoxicity assays. Journal of Immunological Methods, 65(1—
2), 55-63. http://doi.org/10.1016/0022-1759(83)90303-4

Motz, G. T., & Coukos, G. (2011). The parallel lives of angiogenesis and
immunosuppression: cancer and other tales. Nature Reviews Immunology, 11(10), 702-711.

Muller, B., Fischer, B., & Kreutz, W. (2000). An acidic microenvironment impairs the
generation of non-major histocompatibility complex-restricted killer cells. Immunology, 99(3),

375-384. http://doi.org/10.1046/1.1365-2567.2000.00975 .x

93



Neri, D., & Supuran, C. T. (2011). Interfering with pH regulation in tumours as a
therapeutic strategy. Nature Reviews Drug Discovery, 10(10), 767-777.
http://doi.org/10.1038/nrd3554

NCI Dictionary of Cancer Terms. (n.d.). Retrieved March 28, 2016, from
http://www.cancer.gov/publications/dictionaries/cancer-terms

Noman, M. Z., Hasmim, M., Messai, Y., Terry, S., Kieda, C., Janji, B., & Chouaib, S.
(2015). Hypoxia: a key player in antitumor immune response. A Review in the Theme: Cellular
Responses to Hypoxia. American Journal of Physiology, 309(9).

Noman, M. Z., Messai, Y., Akalay, 1., Meron, M., Janji, B., Hasmim, M., & Chouaib, S.
(2011). Microenvironmental Hypoxia Orchestrating the Cell Stroma Cross Talk, Tumor
Progression and Antitumor Response. Critical Reviews in Immunology, 31(5).

Pages, F., Berger, A., Camus, M., Sanchez-Cabo, F., Costes, A., Molidor, R., ... Galon, J.
(2005). Effector Memory T Cells, Early Metastasis, and Survival in Colorectal Cancer. New
England Journal of Medicine, 353(25), 2654-2666. http://doi.org/10.1056/NEJMoa051424

Palsson-McDermott, E. M., & O’Neill, L. A. J. (2013). The Warburg effect then and
now: From cancer to inflammatory diseases. BioEssays, 35(11), 965-973.
http://doi.org/10.1002/bies.201300084

Parks, S. K., Chiche, J., & Pouyssegur, J. (2011). pH control mechanisms of tumor
survival and growth. Journal of Cellular Physiology, 226(2), 299-308.
http://doi.org/10.1002/jcp.22400

Parks, S. K., Chiche, J., & Pouysségur, J. (2013). Disrupting proton dynamics and energy
metabolism for cancer therapy. Nature Reviews Cancer, 13(9), 611-623.

http://doi.org/10.1038/nrc3579

94



Perica, K., Varela, J. C., Oelke, M., & Schneck, J. (2015). Adoptive T cell
immunotherapy for cancer. Rambam Maimonides Medical Journal, 6(1).

Petrella, T., Verma, S., Spithoff, K., Quirt, I., McCready, D., & Melanoma Disease Site
Group. (2012). Adjuvant interferon therapy for patients at high risk for recurrent melanoma: an
updated systematic review and practice guideline. Clinical Oncology (Royal College of
Radiologists (Great Britain)), 24(6), 413—423. http://doi.org/10.1016/j.clon.2011.12.002

Phypers, B., & Pierce, J. T. (2006). Lactate physiology in health and disease. Continuing
Education in Anaesthesia, Critical Care & Pain, 6(3), 128—132.
http://doi.org/10.1093/bjaceaccp/mkl018

Pilon-Thomas, S., Kodumudi, K. N., El-Kenawi, A. E., Russell, S., Weber, A. M., Luddy,
K., ... Gillies, R. J. (2016). Neutralization of Tumor Acidity Improves Antitumor Responses to
Immunotherapy. Cancer Research, 76(6), 1381-1390.

Pisani, C. van H., Kovach, J. S., Kita, H., Leiferman, K. M., Gleich, G. J., Silver, J. E., ...
Abrams, J. S. (1991). Administration of interleukin-2 (IL-2) results in increased plasma
concentrations of IL-5 and eosinophilia in patients with cancer. Blood, 78(6), 1538—1544.

Post-White, J. (1996). The immune system. Seminars in Oncology Nursing, 12(2), 89-96.
http://doi.org/10.1016/S0749-2081(96)80003-9

Promega Corporation. (2015). CellTiter-Glo® Luminescent Cell Viability Assay.
Madison, WI. Promega.

Raghunand, N., He, X., Sluis, R. van, Mahoney, B., Baggett, B., Taylor, C. W., ...
Gillies, R. J. (1999). Enhancement of chemotherapy by manipulation of tumour pH. British

Journal of Cancer, 80(7), 1005.

95



Redegeld, F. A.M., Hofman, G. A., Van De Loo, P. G.F., Koster, A. S., & Noordhoek, J.
(1990). Nephrotoxicity of the glutathione conjugate of menadione (2-methyl-1, 4-
naphthoquinone) in the isolated perfused rat kidney. Role of metabolism by gamma-
glutamyltranspeptidase and probenecid-sensitive transport. The Journal of Pharmacology and
Experimental Therapeutics, 256(2).

Redegeld F, Filippini A, & Sitkovsky M. (1991). Comparative studies of the cytotoxic T
lymphocyte-mediated cytotoxicity and of extracellular ATP-induced cell lysis. Different
requirements in extracellular Mg2+ and pH. Journal Of Immunology (Baltimore, Md. : 1950),
147(10), 3638-45.

Riethdorf, S., & Pantel, K. (2010). Advancing personalized cancer therapy by detection
and characterization of circulating carcinoma cells. Annals of the New York Academy of
Sciences, 1210(1), 66—77. http://doi.org/10.1111/.1749-6632.2010.05779.x

Rescigno, M., Avogadri, F., & Curigliano, G. (2007). Challenges and prospects of
immunotherapy as cancer treatment. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer,
1776(1), 108-123.

Restifo, N. P., Dudley, M. E., & Rosenberg, S. A. (2012). Adoptive immunotherapy for
cancer: harnessing the T cell response. Nature Reviews Immunology, 12(4), 269-281.
http://doi.org/10.1038/nri3191

Robert, C., Thomas, L., Bondarenko, 1., O’Day, S., Weber, J., Garbe, C., ... Wolchok, J.
D. (2011). Ipilimumab plus Dacarbazine for Previously Untreated Metastatic Melanoma. New

England Journal of Medicine, 364(26), 2517-2526. http://doi.org/10.1056/NEJMoal104621

96



Robey, I. F., Baggett, B. K., Kirkpatrick, N. D., Roe, D. J., Dosescu, J., Sloane, B. F., ...
Gillies, R. J. (2009). Bicarbonate Increases Tumor pH and Inhibits Spontaneous Metastases.
Cancer Research, 69(6), 2260-2268. http://doi.org/10.1158/0008-5472.CAN-07-5575

Robey, . F., & Martin, N. K. (2011). Bicarbonate and dichloroacetate: Evaluating pH
altering therapies in a mouse model for metastatic breast cancer. BMC Cancer, 11(1), 235.
http://doi.org/10.1186/1471-2407-11-235

Robinson JK. (2005). SUn exposure, sun protection, and vitamin d. JAMA, 294(12),
1541-1543. http://doi.org/10.1001/jama.294.12.1541

Rofstad, E. K., Mathiesen, B., Kindem, K., & Galappathi, K. (2006). Acidic Extracellular
pH Promotes Experimental Metastasis of Human Melanoma Cells in Athymic Nude Mice.
Cancer Research, 66(13), 6699—-6707. http://doi.org/10.1158/0008-5472.CAN-06-0983

Romero-Garcia, S., Moreno-Altamirano, M. M. B., Prado-Garcia, H., & Sanchez-Garcia,
F. J. (2016). Lactate Contribution to the Tumor Microenvironment: Mechanisms, Effects on
Immune Cells and Therapeutic Relevance. Frontiers in Immunology, 7.
http://doi.org/10.3389/fimmu.2016.00052

Rosenberg, S. A., & Dudley, M. E. (2009). Adoptive cell therapy for the treatment of
patients with metastatic melanoma. Current Opinion in Immunology, 21(2), 233-240.
http://doi.org/10.1016/j.c01.2009.03.002

Rosenberg, S. A., Restifo, N. P., Yang, J. C., Morgan, R. A., & Dudley, M. E. (2008).
Adoptive cell transfer: a clinical path to effective cancer immunotherapy. Nature Reviews
Cancer, 8(4), 299-308. http://doi.org/10.1038/nrc2355

Rosenberg, S. A., Yang, J. C., Sherry, R. M., Kammula, U. S., Hughes, M. S., Phan, G.

Q., ... Dudley, M. E. (2011). Durable Complete Responses in Heavily Pretreated Patients with

97



Metastatic Melanoma Using T-Cell Transfer Immunotherapy. Clinical Cancer Research, 17(13),
4550-4557. http://doi.org/10.1158/1078-0432.CCR-11-0116

Ross, J. S., Fletcher, J. A., Linette, G. P., Stec, J., Clark, E., Ayers, M., ... & Bloom, K. J.
(2003). The Her-2/neu gene and protein in breast cancer 2003: biomarker and target of therapy.
The oncologist, 8(4), 307-325.

Roth, J. A., Swisher, S. G., & Meyn, R. E. (1999). p53 tumor suppressor gene therapy for
cancer. Oncology (Williston Park, N.Y.), 13(10 Suppl 5), 148—154.

Sage, P. T., Varghese, L. M., Martinelli, R., Sciuto, T. E., Kamei, M., Dvorak, A. M., ...
& Carman, C. V. (2012). Antigen recognition is facilitated by invadosome-like protrusions
formed by memory/effector T cells. The Journal of Immunology, 188(8), 3686-3699.

Sakaguchi, S. (2003). The origin of FOXP3-expressing CD4+ regulatory T cells: thymus
or periphery. Journal of Clinical Investigation, 112(9), 1310-1312.
http://doi.org/10.1172/JC1200320274

Sakaguchi, S., Yamaguchi, T., Nomura, T., & Ono, M. (2008). Regulatory T Cells and
Immune Tolerance. Cell, 133(5), 775-787. http://doi.org/10.1016/j.cell.2008.05.009

Sawyers, C. (2004). Targeted cancer therapy. Nature, 432(7015), 294-297.
http://doi.org/10.1038/nature03095

Schlom, J. (2012). Therapeutic Cancer Vaccines: Current Status and Moving Forward.
Journal of the National Cancer Institute, 104(8), 599-613. http://doi.org/10.1093/jnci/djs033

Schmults CD, Karia PS, Carter JB, Han J, & Qureshi AA. (2013). Factors predictive of
recurrence and death from cutaneous squamous cell carcinoma: A 10-year, single-institution
cohort study. JAMA Dermatology, 149(5), 541-547. http://doi.org/10.1001/jam

adermatol.2013.2139

98



Schreiber, R. D., Old, L. J., & Smyth, M. J. (2011). Cancer Immunoediting: Integrating
Immunity’s Roles in Cancer Suppression and Promotion. Science, 331(6024), 1565-1570.
http://doi.org/10.1126/science.1203486

Schiiler, T., & Blankenstein, T. (2003). Cutting Edge: CD8+ Effector T Cells Reject
Tumors by Direct Antigen Recognition but Indirect Action on Host Cells. The Journal of
Immunology, 170(9), 4427-4431.

Scott, A. M., Wolchok, J. D., & Old, L. J. (2012). Antibody therapy of cancer. Nature
Reviews Cancer, 12(4), 278-287. http://doi.org/10.1038/nrc3236

Semenza, G. L. (2002). HIF-1 and tumor progression: pathophysiology and therapeutics.
Trends in molecular medicine, 8(4), S62-S67.

Serafini, P., Borrello, 1., & Bronte, V. (2006). Myeloid suppressor cells in cancer:
Recruitment, phenotype, properties, and mechanisms of immune suppression. Seminars in
Cancer Biology, 16(1), 53—65. http://doi.org/10.1016/j.semcancer.2005.07.005

Serre, K., Cunningham, A. F., Coughlan, R. E., Lino, A. C., Rot, A., Hub, E., ... Mohr,
E. (2012). CDS8 T cells induce T-bet—dependent migration toward CXCR3 ligands by
differentiated B cells produced during responses to alum-protein vaccines. Blood, 120(23),
4552-4559. http://doi.org/10.1182/blood-2012-03-417733

Shariat, S. F., Desai, S., Song, W., Khan, T., Zhao, J., Nguyen, C., ... Slawin, K. M.
(2001). Adenovirus-mediated Transfer of Inducible Caspases A Novel “Death Switch” Gene
Therapeutic Approach to Prostate Cancer. Cancer Research, 61(6), 2562-2571.

Shen, Y., Tang, H., Radosz, M., Van Kirk, E., & Murdoch, W. (2008). pH-Responsive
Nanoparticles for Cancer Drug Delivery. In K. Jain (Ed.), Drug Delivery Systems (pp. 183-216).

Humana Press. Retrieved from http://dx.doi.org/10.1007/978-1-59745-210-6 10

99



Shojaei, F., Wu, X., Zhong, C., Yu, L., Liang, X.-H., Yao, J., ... Ferrara, N. (2007). Bv8
regulates myeloid-cell-dependent tumour angiogenesis. Nature, 450(7171), 825-831.
http://doi.org/10.1038/nature06348

Shou, J., Massarweh, S., Osborne, C. K., Wakeling, A. E., Ali, S., Weiss, H., & Schiff, R.
(2004). Mechanisms of tamoxifen resistance: increased estrogen receptor-HER2/neu cross-talk in
ER/HER2—positive breast cancer. Journal of the National Cancer Institute, 96(12), 926-935.

Silva, A. S., Yunes, J. A., Gillies, R. J., & Gatenby, R. A. (2009). The Potential Role of
Systemic Buffers in Reducing Intratumoral Extracellular pH and Acid-Mediated Invasion.
Cancer Research, 69(6), 2677-2684. http://doi.org/10.1158/0008-5472.CAN-08-2394

Sitkovsky, M. V. (2008). The hypoxia-adenosinergic protection of tumors from anti-
tumor T lymphocytes. Cancer Immunology Research, 8(2).

Situm, M., Buljan, M., Buli¢, S. O., & Simi¢, D. (2007). The mechanisms of UV
radiation in the development of malignant melanoma. Collegium Antropologicum, 31 Suppl 1,
13-16.

Sola - Penna, M. (2008). Metabolic regulation by lactate. [lUBMB life, 60(9), 605-608.

Sountoulides, P., Koletsas, N., Kikidakis, D., Paschalidis, K., & Sofikitis, N. (2010).
Secondary malignancies following radiotherapy for prostate cancer. Therapeutic Advances in
Urology, 2(3), 119—-125. http://doi.org/10.1177/1756287210374462

Stewart, B. W., & Wild, C. P. (2014). World Cancer Report 2014. Lyon, France:
International Agency for Research on Cancer. Retrieved from
http://alltitles.ebrary.com/Doc?id=11014806http://globocan.iarc.fr/Pages/fact sheets cancer.asp

X.

100



Stock, C., Gassner, B., Hauck, C. R., Arnold, H., Mally, S., Eble, J. A., ... Schwab, A.
(2005). Migration of human melanoma cells depends on extracellular pH and Na+/H+ exchange.
The Journal of Physiology, 567(1), 225-238. http://doi.org/10.1113/jphysiol.2005.088344

Su, J., Chen, F., Cryns, V. L., & Messersmith, P. B. (2011). Catechol Polymers for pH-
Responsive, Targeted Drug Delivery to Cancer Cells. Journal of the American Chemical Society,
133(31), 11850—11853. http://doi.org/10.1021/ja203077x

Suthar, K. J., Mancini, D. C., & Ghantasala, M. K. The Swelling Responsiveness of pH-
Sensitive Hydrogels in 3D Arbitrary Shaped Geometry.

Sutradhar, K. B., & Amin, M. L. (2014). Nanotechnology in cancer drug delivery and
selective targeting. ISRN Nanotechnology, 2014.

Svarovsky, S. A., Taraban, M. B., & Joseph J. Barchi, J. (2004). Facile photochemical
synthesis of mixed siloxyacetal glycosides as potential pH-sensitized prodrugs for selective
treatment of solid tumors. Organic & Biomolecular Chemistry, 2(21), 3155-3161.
http://doi.org/10.1039/B405786D

Swietach, P., Vaughan-Jones, R. D., Harris, A. L., & Hulikova, A. (2014). The chemistry,
physiology and pathology of pH in cancer. Philosophical Transactions of the Royal Society B:
Biological Sciences, 369(1638), 20130099. http://doi.org/10.1098/rstb.2013.0099

Symonds, H., Krall, L., Remington, L., Saenz-Robles, M., Lowe, S., Jacks, T., & Van
Dyke, T. (1994). p53-dependent apoptosis suppresses tumor growth and progression in vivo.
Cell, 78(4), 703—711.

Tannock, 1. F., & Rotin, D. (1989). Acid pH in tumors and its potential for therapeutic

exploitation. Cancer Research, 49(16), 4373-4384.

101



Taraboletti, G., D’ Ascenzoy, S., Giusti, 1., Marchetti, D., Borsotti, P., Millimaggi, D., ...
Dolo, V. (2006). Bioavailability of VEGF in Tumor-Shed Vesicles Depends on Vesicle Burst
Induced by Acidic pH. Neoplasia, 8(2), 96—103. http://doi.org/10.1593/ne0.05583

Tavares-Valente, D., Baltazar, F., Moreira, R., & Queiros, O. (2013). Cancer cell
bioenergetics and pH regulation influence breast cancer cell resistance to paclitaxel and
doxorubicin. Journal of Bioenergetics and Biomembranes, 45(5), 467-475.
http://doi.org/10.1007/s10863-013-9519-7

Testori, A., Soteldo, J., Powell, B., Sales, F., Borgognoni, L., Rutkowski, P., ...
Eggermont, A. (2013). Surgical management of melanoma: an EORTC Melanoma Group
survey. Ecancermedicalscience, 7. http://doi.org/10.3332/ecancer.2013.294

transwell guide.pdf. (n.d.). Retrieved February 29, 2016, from
http://csmedia2.corning.com/LifeSciences/Media/pdf/transwell guide.pdf

The Editors of Encyclopaedia Britannica. (2015, January 21). Major histocompatibility
complex (MHC). Retrieved March 29, 2016, from http://www.britannica.com/science/major-
histocompatibility-complex

Tourneau, C. L., Kamal, M., Alt, M., Verlingue, L., Servois, V., Sablin, M. P., ... &
Paoletti, X. (2014). The spectrum of clinical trials aiming at personalizing medicine. Chinese
clinical oncology, 3(2).

Trevani, A. S., Andonegui, G., Giordano, M., Lopez, D. H., Gamberale, R., Minucci, F.,
& Geftner, J. R. (1999). Extracellular Acidification Induces Human Neutrophil Activation. The

Journal of Immunology, 162(8), 4849—-4857.

102



U.S. Food and Drug Administration. 2015. FDA approves first-of-its-kind product for the
treatment of melanoma: FDA news release. [Web Document]. Retrieved May 3, 2016,
from http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm469571.htm

Valenzuela, J., Schmidt, C., & Mescher, M. (2002). The roles of IL-12 in providing a
third signal for clonal expansion of naive CD8 T cells. Journal of Immunology (Baltimore, Md.:
1950), 169(12), 6842—6849.

Valster, A., Tran, N. L., Nakada, M., Berens, M. E., Chan, A. Y., & Symons, M. (2005).
Cell migration and invasion assays. Methods (San Diego, Calif.), 37(2), 208-215.
http://doi.org/10.1016/j.ymeth.2005.08.001

van Engeland, M., Nieland, L. J. W., Ramaekers, F. C. S., Schutte, B., &
Reutelingsperger, C. P. M. (1998). Annexin V-Affinity assay: A review on an apoptosis
detection system based on phosphatidylserine exposure. Cytometry, 31(1), 1-9.
http://doi.org/10.1002/(SICI)1097-0320(19980101)31:1<1::AID-CYTO1>3.0.CO;2-R

Verlingue, L., Alt, M., Kamal, M., Sablin, M.-P., Zoubir, M., Bousetta, N., ... Le
Tourneau, C. (2014). Challenges for the implementation of high-throughput testing and liquid
biopsies in personalized medicine cancer trials. Personalized Medicine, 11(5), 545-558.
http://doi.org/http://dx.doi.org/10.2217/pme.14.30

Vial, T., Choquet-Kastylevsky, G., & Descotes, J. (2002). Adverse effects of
immunotherapeutics involving the immune system. Toxicology, 174(1), 3-11.
doi:10.1016/S0300-483X(02)00051-3

Viana, . M. M. N., de Almeida, M. E. S., Lins, M. P., dos Santos Reis, M. D., de Aratjo

Vieira, L. F., & Smaniotto, S. (2015). Combined Effect of Insulin-Like Growth Factor-1 and CC

103



Chemokine Ligand 2 on Angiogenic Events in Endothelial Cells. PLoS ONE, 10(4).
http://doi.org/10.1371/journal.pone.0121249

Wagle, N., Berger, M. F., Davis, M. J., Blumenstiel, B., DeFelice, M., Pochanard, P., ...
& Meyerson, M. (2012). High-throughput detection of actionable genomic alterations in clinical
tumor samples by targeted, massively parallel sequencing. Cancer discovery, 2(1), 82-93.

Wahl, M. L., Pooler, P. M., Briand, P., Leeper, D. B., & Owen, C. S. (2000). Intracellular
pH regulation in a nonmalignant and a derived malignant human breast cell line. Journal of
Cellular Physiology, 183(3), 373-380. http://doi.org/10.1002/(SICI)1097-
4652(200006)183:3<373::AID-JCP10>3.0.CO;2-S

Wang, K., Grivennikov, S. L., & Karin, M. (2013). Implications of anti-cytokine therapy
in colorectal cancer and autoimmune diseases. Annals of the Rheumatic Diseases, 72 Suppl 2,
11100—-103. http://doi.org/10.1136/annrheumdis-2012-202201

Wang, R., Qin, S, Chen, Y., Li, Y., Chen, C., Wang, Z., ... Wu, Q. (2012). Enhanced
anti-tumor and anti-angiogenic effects of metronomic cyclophosphamide combined with
Endostar in a xenograft model of human lung cancer. Oncology Reports, 28(2), 439—-445.
http://doi.org/10.3892/0r.2012.1828

Warburg, O., Wind, F., & Negelein, E. (1927). The metabolism of tumors in the body.
The Journal of general physiology, 8(6), 519-530.

Warburg, O. (1956). On the origin of cancer cells. Science, 123(3191), 309-314.

Weinberg, R. A. (1995). The retinoblastoma protein and cell cycle control. Cell, 81(3),

323-330.

104



Weiner, L. M., Surana, R., & Wang, S. (2010). Monoclonal antibodies: versatile
platforms for cancer immunotherapy. Nature Reviews Immunology, 10(5), 317-327.
http://doi.org/10.1038/nri2744

Weisenthal, L. M., Dill, P. L., Kurnick, N. B., & Lippman, M. E. (1983). Comparison of
Dye Exclusion Assays with a Clonogenic Assay in the Determination of Drug-induced
Cytotoxicity. Cancer Research, 43(1), 258-264.

Westwood, J. A., & Kershaw, M. H. (2010). Genetic redirection of T cells for cancer therapy.
Journal of Leukocyte Biology, 87(5), 791-803. http://doi.org/10.1189/j1b.1209824

Whiteside, T. L. (2006). Immune suppression in cancer: Effects on immune cells,
mechanisms and future therapeutic intervention. Seminars in Cancer Biology, 16(1), 3—15.
http://doi.org/10.1016/j.semcancer.2005.07.008

Will, M. A, Clark, N. A., & Swain, J. E. (2011). Biological pH buffers in IVF: help or
hindrance to success. Journal of Assisted Reproduction and Genetics, 28(8), 711-724.
http://doi.org/10.1007/s10815-011-9582-0

Woo, E. Y., Yeh, H., Chu, C. S., Schlienger, K., Carroll, R. G., Riley, J. L., ... June, C.
H. (2002). Cutting Edge: Regulatory T Cells from Lung Cancer Patients Directly Inhibit
Autologous T Cell Proliferation. The Journal of Immunology, 168(9), 4272—-4276.

Wu, Q. (2012). Enhanced anti-tumor and anti-angiogenic effects of metronomic
cyclophosphamide combined with Endostar in a xenograft model of human lung cancer.
Oncology Reports. http://doi.org/10.3892/0r.2012.1828

Wyllie, A. H., Kerr, J. F., & Currie, A. R. (1980). Cell death: the significance of

apoptosis. International Review of Cytology, 68, 251-306.

105



Yee, C. (2005). Adoptive T cell therapy: Addressing challenges in cancer
immunotherapy. Journal of Translational Medicine, 3(1), 17. http://doi.org/10.1186/1479-5876-
3-17

Yee, C., Thompson, J. A., Byrd, D., Riddell, S. R., Roche, P., Celis, E., & Greenberg, P.
D. (2002). Adoptive T cell therapy using antigen-specific CD8+ T cell clones for the treatment
of patients with metastatic melanoma: In vivo persistence, migration, and antitumor effect of
transferred T cells. Proceedings of the National Academy of Sciences, 99(25), 16168—16173.
http://doi.org/10.1073/pnas.242600099

Yotnda, P. (2010). Immunotherapy of cancer methods and protocols. New York, N.Y.:
Humana Press. Retrieved from http://www.springerprotocols.com/BookToc/d0i/10.1007/978-1-
60761-786-0

Yu, H., Kortylewski, M., & Pardoll, D. (2007). Crosstalk between cancer and immune
cells: role of STAT3 in the tumour microenvironment. Nature Reviews Immunology, 7(1), 41-51.
http://doi.org/10.1038/nri1995

Zhang, L., Manirarora, J. N., & Wei, C. H. (2014). Evaluation of immunosuppressive
function of regulatory T cells using a novel in vitro cytotoxicity assay. Cell & bioscience, 4(1), 1.

Zhang, T., Somasundaram, R., Berencsi, K., Caputo, L., Gimotty, P., Rani, P., ... Herlyn,
D. (2006). Migration of cytotoxic T lymphocytes toward melanoma cells in three-dimensional
organotypic culture is dependent on CCL2 and CCR4. European Journal of Immunology, 36(2),
457-467. http://doi.org/10.1002/¢j1.200526208

Zhou, J., (2014). Advances and Prospects in Cancer Immunotherapy, Advances and

Prospects in Cancer Immunotherapy. New Journal of Science, New Journal of Science, 2014,

2014, €745808. http://doi.org/10.1155/2014/745808, 10.1155/2014/745808

106



Ziello, J. E., Jovin, I. S., & Huang, Y. (2007). Hypoxia-Inducible Factor (HIF)-1
Regulatory Pathway and its Potential for Therapeutic Intervention in Malignancy and Ischemia.
Yale Journal of Biology and Medicine, 80(2).

Zimmerer, R. M. (2010). Cancer Stem Cell Features in Established Melanoma Cell
Lines. Siidwestdeutscher Verlag fiir Hochschulschriften AG KG.

Zitvogel L, Apetoh L, Ghiringhelli F, & Kroemer G. (2008). Immunological aspects of

cancer chemotherapy. Nature Reviews. Immunology, 8(1), 59-73.

107



