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Abstract

Abstract

High levels of regulatory T cells (Treg cells) restrict immune responses against
cancer cells and are associated with adverse outcomes in patients with ovarian
cancer. Treg cell development and function is regulated by the transcription factor
Foxp3. Studies into the regulation of Foxp3 may identify therapeutic targets that
reduce the suppressive functions of Treg cells and enhance immune responses
against cancer cells. Immune cells express TNF-related apoptosis-inducing ligand
(TRAIL) which can induce the death of cancer cells, whilst sparing normal tissues.
The TRAIL receptor (R) agonistic drug Apo2L/TRAIL/Dulanermin, and the TRAIL-R2-
specific antibody, conatumumab (AMG 655), are potential treatments for ovarian
cancer. The first part of the study investigated the role of Foxo and Kruppel-like factor
2 (KIf2) transcription factors in the regulation of Foxp3. It was found that the
overexpression of Foxo factors promoted TGFB-mediated induction of Foxp3
expression in activated CD4 T cells. However, the overexpression of KIf2
antagonised the induction of Foxp3 expression by TGFB and PI3K/Akt/mTOR
inhibition. The second part of the study investigated the potential of TRAIL as a
treatment for ovarian cancer. Although most primary ovarian cancer cells were
resistant to TRAIL-induced apoptosis, the majority could be sensitised to TRAIL by
SMAC (second mitochondrial-derived activator of caspases) mimetic treatment or
proteasome inhibition. Fcy Receptors (FcyR) are expressed on immune cells within
the ovarian cancer tumour microenvironment. The in vivo agonistic, apoptosis-
inducing activity of TRAIL-R2-specific antibodies, such as AMG 655, is dependent on
FcyR mediated crosslinking. However, FcyR-expressing immune cells were
inefficient at enabling AMG 655-induced apoptosis. It was investigated whether AMG
655 could block recombinant forms of TRAIL and thus prevent immune cells from
killing cancer cells. However, potent synergy was found between AMG 655 and
Apo2L/TRAIL in killing cancer cells via TRAIL-R2. These results suggest that AMG
655 and Apo2L/TRAIL/dulanermin could be combined with a SMAC mimetic drug or
proteasome inhibitor to introduce a highly active TRAIL-R agonistic therapy into the
cancer clinic. Therapeutic strategies that target Foxo factors or KIf2 in Treg cells; and
those that combine AMG 655 and Apo2L/TRAIL/dulanermin have the potential to

lead to improved outcomes in patients with ovarian cancer.
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Chapter 1: Introduction

Chapter 1. Introduction

1.1 Ovarian cancer

Ovarian cancer affects around 6500 women and is responsible for around 4000
deaths in the United Kingdom each year. Patients with ovarian cancer typically
present with non-specific symptoms such as abdominal pain, bloating, constipation,
urinary symptoms and back pains, which often delays diagnosis and referral for
treatment. Around 30% of patients with ovarian cancer are diagnosed with early
stage FIGO (International Federation of Gynaecology and Obstetrics) stage | ovarian
cancer, that is curable in around 90% of patients with surgery and adjuvant
chemotherapy. However, the majority of patients are diagnosed with advanced
ovarian cancer (FIGO stage Ill and 1V) where survival is limited to only around 20% of

all patients at 5 years after diagnosis.

Outcomes for patients with ovarian cancer have changed little since the introduction
of cisplatin-based chemotherapy regimens in the 1980’s (Omura et al., 1986), with
only 37% of patients surviving 5 years after diagnosis (Coleman et al., 2011).
Therefore despite decades of scientific research and clinical studies, there is

currently a significant need for new treatments for ovarian cancer.

1.1.1 The pathology of ovarian cancer

The major histological subtypes of epithelial ovarian cancer are high-grade-serous
(about 68% of total cases), low-grade-serous (about 3% of total cases), endometrioid
(about 11% of total cases), clear cell (about 12% of total cases), mucinous (about 3%
of total cases), and rare subtypes (about 1% of total cases) (Seidman et al., 2004,
Kobel et al., 2010). For many decades the cellular origins of the different subtypes of
ovarian cancer were obscure and all lesions were thought to arise from the ovarian
surface epithelium. This was despite differences in the clinical outcomes of the
different subtypes of ovarian cancer, different histopathogical, and molecular
characteristics or each subtype of the disease, and the lack of precursor lesions
within the ovary. This has led to a clinical paradigm in which all patients with ovarian
cancer are currently offered the same treatment, regardless of their subtype of

ovarian cancer (Kobel et al., 2008).



Chapter 1: Introduction

1.1.2 The origins of ovarian cancer

Recent studies have shown that the majority of the different subtypes of ovarian
cancer do not arise from the ovary, but in fact arise from neighbouring tissues. It has
now become widely accepted that ‘ovarian cancer’ is an umbrella term that describes
a group of diseases with distinct pathological and molecular characteristics that affect

the ovaries of women (Vaughan et al., 2011, Berns and Bowtell, 2012).

High-grade serous ovarian cancer (HGS-ovarian cancer) is the most common and
lethal of all the subtypes of ovarian cancer. The cellular origins of HGS-ovarian
cancer were determined from pathological and molecular studies of fallopian tubes
which were removed from women with familial BRCA1 (breast cancer 1, early onset)
or BRCA2 (breast cancer 2, early onset) mutations who were undergoing
prophylactic ovarian cancer risk-reduction surgery. Pathological analysis of the
surgical specimens led to the identification of ovarian cancer precursor lesions within
the fallopian tube. The precursor lesions were characterised by evidence of DNA
damage, strong p53 (protein 53 or tumour protein 53) immunostaining within the
targeted secretory cells of the fimbriae, and the presence of p53 mutations which are
also found in established ovarian cancers (Lee et al.,, 2007). These p53 driver
mutations have been found in all patients with early and advanced HGS-ovarian
cancer suggesting that they are an early and defining event in the development of
HGS-ovarian cancer (Ahmed et al., 2010).

Other forms of ovarian cancer such as clear cell and endometrioid ovarian cancer are
thought to arise from the transformation of endometriosis (Kuo et al., 2009, Wiegand
et al., 2010). Mucinous ovarian carcinomas arise from metastasis from the

gastrointestinal tract (Kelemen and Kobel, 2011).

1.1.3 The molecular classification of ovarian cancer

Ovarian cancer can be classified into distinct molecular subtypes using gene
expression profiling. A recent study identified six different molecular subtypes of
ovarian cancer, which have different clinical characteristics (Tothill et al., 2008). Low-
grade serous ovarian cancer is characterised by low expression of proliferation
markers such as Ki-67. Low-grade endometrioid subtypes of ovarian cancer have
overexpression of mitogen-activated protein kinase pathway genes. High-grade
serous and endometrial ovarian cancer can be categorised as having a high stromal

9
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response, high immune signature, mesenchymal expression, and low stromal
response expression signatures (Tothill et al., 2008). A subsequent study by the
Cancer Genome Atlas Research Network described mRNA expression, microRNA
expression, promoter methylation, and DNA copy number in 489 cases of ovarian
cancer (Cancer Genome Atlas Research, 2011). The study identified four
transcriptional subtypes of ovarian cancer, namely ‘immunoreactive’, ‘differentiated’,
‘proliferative’ and ‘mesenchymal’ which are similar to previous reports of ovarian

cancer subtypes (Tothill et al., 2008).

These studies suggest that specific treatments will be required for each different
subtype of ovarian cancer. Although there are many new potential drugs in
development for ovarian cancer (Perren et al., 2011, Ledermann et al., 2011), tumour
heterogeneity makes rational trial design and drug development difficult (Bast et al.,
2009). This has led to questions about whether it will be possible to develop
treatments that will benefit a wide variety of patients with the different subtypes of

ovarian cancer.

1.1.4 The management of ovarian cancer

The standard treatment for ovarian cancer is bilateral salpingo-oophorectomy,
hysterectomy, and cytoreductive debulking surgery to remove all visible metastatic
deposits of ovarian cancer from the pelvis and peritoneum (Vergote et al., 2010).
Surgery is often followed by platinum-based chemotherapy treatment to kill any
remaining cancer cells within the abdomen (McGuire et al., 1996b, International
Collaborative Ovarian Neoplasm, 2002). Patients can either undergo initial primary
debulking surgery before chemotherapy treatment or debulking surgery after 3 or 6
cycles of neoadjuvant chemotherapy. However, there is no overall survival advantage

to recommend one approach over another (Vergote et al., 2010).

The current standard first-line chemotherapy treatment for ovarian cancer is
platinum-based chemotherapy, which was introduced in the 1980’s when the addition
of cisplatin, to the then standard chemotherapy regimen of doxorubicin and
cyclophosphamide, was shown to improve response rates and overall survival (Neijt
et al., 1984, Omura et al., 1986). Subsequent studies showed that the addition of

doxorubicin to cisplatin and cyclophosphamide did not offer any significant survival

10
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benefits (Conte et al., 1986, Omura et al, 1989); and cisplatin and

cyclophosphamide chemotherapy became the standard therapy for around 10 years.

The next major change in the 1990’s was the introduction of paclitaxel and cisplatin
combination regimens. The initial landmark studies reported that, when compared to
cyclophosphamide/cisplatin chemotherapy, the addition of paclitaxel to cisplatin,
improved the overall response rates and overall survival (38 versus 24 months)
(McGuire et al., 1996a) and (35.6 versus 25.8 months) (Piccart et al., 2000). These
studies lead to the widespread adoption of paclitaxel and cisplatin-based

chemotherapy regimens.

However, the addition of paclitaxel to platinum-based chemotherapy, in the setting of
first-line treatment for ovarian cancer, remains controversial after a large study of
2074 women with advanced ovarian cancer did not report a survival advantage for
the addition of paclitaxel to cisplatin chemotherapy (International Collaborative
Ovarian Neoplasm, 2002). In the United Kingdom carboplatin-based chemotherapy is
used instead of cisplatin for the treatment of ovarian cancer, as carboplatin is better

tolerated and of similar efficacy (du Bois et al., 2003).

Subsequent studies have investigated different first-line chemotherapy regimens
(Pignata et al., 2011, du Bois et al., 2010), the timing, route of administration, and
scheduling of current chemotherapy regimens without leading to any major changes
in clinical practice (Thigpen et al., 2011). However, a recent Japanese phase Il study
of dose-dense carboplatin based chemotherapy showed a modest improvement in
progression-free survival of 28.0 months versus 17.2 months when compared to
standard treatment. The dose-dense regimen was associated with an improvement in
overall survival at 3 years (72.1%) when compared the standard treatment (65.1%)
(Katsumata et al., 2009). Dose-dense carboplatin-based chemotherapy is currently
being evaluated in Caucasian patients in an international phase Ill randomised trial
(ICON8) that is currently recruiting patients (ClinicalTrials.gov Identifier:
NCT01654146).

The role of the angiogenesis inhibitor bevacizumab (which inhibits vascular
endothelial growth factor A (VEGF-A)) as a potential treatment for ovarian cancer is
currently under investigation. In the first-line setting, the addition of bevacizumab to
carboplatin chemotherapy does not improve overall survival (Perren et al., 2011,

Burger et al., 2011). However, a subgroup group analysis has suggested that
11
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bevacizumab may offer a survival benefit for women, who are at high risk of disease
progression, of around 36.6 months with bevacizumab versus 28.8 months for

women who receive standard treatment (Perren et al., 2011).

1.1.5 Second line therapies for ovarian cancer

The majority of patients with ovarian cancer relapse after first-line platinum-based
chemotherapy and require further treatment. Patients whose disease progresses
during platinum-based chemotherapy treatment or relapses within 6 months after
completion of platinum-based treatment are considered to be platinum-refractory and
have a very poor prognosis. Patients who relapse within 6 to 12 months of
completing platinum-based therapies are considered partially-platinum-sensitive; and
those who relapse after 12 months of platinum-based chemotherapy are considered
platinum-sensitive (Markman et al., 1991, Markman and Bookman, 2000, Gore et al.,
1990).

The standard second-line chemotherapy for patients with platinum-sensitive ovarian
cancer is paclitaxel plus platinum-based chemotherapy (Parmar et al., 2003). Other
commonly used combinations include cisplatin and gemcitabine (Aghajanian et al.,
2012) and pegylated liposomal doxorubicin and carboplatin (Pujade-Lauraine et al.,
2010). The addition of bevacizumab to gemcitabine and carboplatin for relapsed
platinum-sensitive ovarian cancer increases response rates (78.5% versus 57.4%)
and is associated with a modest increase in progression-free survival of 12.4 versus
8.4 months (Aghajanian et al., 2012).

For patients with platinum-refractory ovarian cancer the therapeutic options include
pegylated liposomal doxorubicin and topotecan (Gordon et al., 2001), weekly
paclitaxel (Markman et al., 2006), dose-dense paclitaxel, weekly dose-dense
paclitaxel/carboplatin (Sharma et al., 2009b), and bevacizumab (Burger et al., 2007).
Although many chemotherapy drugs have activity in platinum-resistant ovarian
cancer, treatment responses are typically short-lived, and there is an urgent need for

new treatments for this group of patients (Thigpen et al., 2011).

Around 14% of all patients with ovarian cancer have germ-line BRCA mutations
(Alsop et al., 2012), which leads to defects in DNA repair by homologous
recombination (HR). In HR deficient cells, inhibition of Poly ADP-ribose polymerase

(PARP) stimulates error-prone non-homologous end-joining which leads to death of

12
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the cancer cells (Patel et al., 2011). The oral PARP inhibitor olaparib (AZD2281) has
significant activity against tumours with  BRCA1 and BRCA2 mutations,
demonstrating that PARP inhibitors are a treatment option for patients with BRCA

mutations or dysfunction in ovarian cancer (Audeh et al., 2010).

1.1.6 Ovarian cancer ascites

Ascites is a medical term which refers to the accumulation of excessive fluid within
the peritoneal cavity. The development of ascites is one of the most frequent and
distressing complications of advanced ovarian cancer. Ascites is usually treated by
therapeutic drainage, often requiring frequent visits to hospital (Harding et al., 2012).
Currently, the best way manage ovarian cancer ascites is by therapeutic drainage of

the fluid and treatment of the underlying ovarian cancer with chemotherapy drugs.

Symptomatic benefits Potential therapeutic benefits | Research benefits

Reliable source of primary ovarian

Relief of bloating In vitro assessment of drug sensitivity

cancer cells for research

Permits multiple tissue collections
Relief of respiratory distress The testing of personalised therapies without the need for biopsies during

the disease process

Easier than taking a biopsy for

Relief of dyspepsia establishing the diagnosis of ovarian May allow tumour cell profiling
cancer
. . Could allow the isolation of immune May allow immune cell profiling within
Relief of pain )
cells for immunotherapy treatment the tumour microenvironment

Table 1: The advantages of therapeutic drainage of ovarian cancer ascites. Although the relief of
symptoms is the primary goal of drainage of ovarian cancer ascites, there are also a number of
additional potential therapeutic and scientific benefits.

There are a number of hypotheses about why ovarian cancer leads to the formation
of ascites. The seeding of ovarian cancer cells within the peritoneum and the
peritoneal lymphatic system may prevent the drainage of peritoneal fluid, which then
accumulates (Kipps et al., 2013). This hypothesis is supported by studies in mice
which showed that radiolabelled erythrocytes injected into the ascites of tumour
bearing mice failed to egress into the blood stream (Feldman et al.,, 1972). This
suggests that obstruction of the Ilymphatic channels contributes towards the

development of ascites (Feldman et al., 1972). However, ascites can be seen in

13



Chapter 1: Introduction

patients with low tumour volumes, suggesting that other mechanisms contribute

towards the development of ascites.

It is possible that ovarian cancer cells increase the vascular permeability of the
peritoneum, leading to the accumulation of fluid within the peritoneum. This
hypothesis is supported by studies that have shown that higher levels of VEGF are
associated with the development of ascites (Zebrowski et al., 1999). Additional
studies have shown that ovarian cancer cells that overexpress VEGF are associated
with an increase in the production of ascites in murine models of ovarian cancer
(Byrne et al., 2003).

Ovarian cancer ascites is a rich scientific research resource (Table 1). Ovarian
cancer ascites contains a mixture of immune, cancer, and stromal cells, as well as
growth factors, chemokines and cytokines, which may promote or inhibit the growth
of tumour cells. It is relatively easy to isolate tumour and immune cells from ascites
as the cells are already in suspension within the ascites. As ascites is often a
manifestation of active advanced ovarian cancer, its recurrence at different time
points during the disease process has allowed investigators to study drug resistance
by deriving multiple cell lines from patients after exposure to different lines of
treatment (Langdon et al., 1988b).

1.1.7 Harnessing the immune system to treat patients with ovarian cancer

The idea of using the immune system to eliminate established cancers has been
around for over 100 years; after William Coley, an American surgeon in New York,
began infecting tumours with inoculations of erysipelas, a streptococcus pyogenes
bacteria that causes skin infections (Coley, 1991). The toxin, later termed ‘Coley’s
Toxin’, could induce tumour necrosis (Nauts et al., 1946, Nauts et al., 1953). Despite
interest in this early work, the discovery of radiotherapy and the subsequent
development of chemotherapy took centre stage in the race to develop more effective

treatments against cancer (Balkwill, 2009).

Interest in immunotherapy was rekindled with the discovery of tumour necrosis factor
(TNF); the factor in Coley’s toxin that was later found to induce tumour cell necrosis
(Carswell et al.,, 1975). TNF increases endothelial permeability and improves
chemotherapy penetration within tumour tissues, and selectively kills angiogenic

endothelial cells (Lejeune et al., 2006). Although TNF is effective at killing tumour
14
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cells, the systemic administration of TNF rapidly leads to the development of
endotoxic shock, which has limited its clinical use to isolated limb perfusion for the

treatment of sarcoma and melanoma (Cherix et al., 2008).

The discovery of the potential of the immune system to kill cancer cells via molecules
such as TNF has promoted the investigation of multiple strategies to harness immune
cells to treat cancer. These strategies can be divided into those that stimulate anti-
tumour immunity, impair immune tolerance to tumours, administer tumour-specific
immune cells, deplete or reprogramme harmful tumour-associated immune cells, or
directly administer immune molecules that either kill or stimulate the elimination of the

tumour cells.

1.1.8 The effect of immune cells on the prognosis of patients with ovarian

cancer

Ovarian cancer is an immunogenic tumour and the ovarian cancer tumour
microenvironment contains tumour specific CD8 cytotoxic T lymphocytes that can Kkill
autologous tumour cells (Santin et al., 2000, Peoples et al., 1995). The presence of
anti-p53 antibodies within the serum of patients with ovarian cancer is associated
with improved overall survival of around 51 months, versus 24 months for patients
without anti-p53 antibodies (Goodell et al., 2006). In 2003, a landmark study showed
that higher levels of intratumoral CD3 T cells were found in around 55% of patients
with ovarian cancer and were associated with a clinically significant improvement in
survival of around 38% versus 4.5% of patients at 5 years after diagnosis (Zhang et
al., 2003).

High levels of CD4'CD25'Foxp3* regulatory T (Treg) cells are found within the
ovarian cancer tumour microenvironment. Treg cells are found in the ascites, solid
tumours, and serum of patients with advanced ovarian cancer. Treg cells within the
ovarian cancer tumour microenvironment secrete immunosuppressive cytokines such
as transforming growth factor-beta (TGF@) which promote tumour growth (Woo et al,
2001). Treg cells suppress T cell activation and are associated with a significant
reduction in the survival of patients with advanced ovarian cancer (Curiel et al., 2004).
On the other hand, a high ratio of intraepithelial CD8 tumour-infiltrating lymphocytes
to Treg cells is associated with a favourable prognosis in ovarian cancer (Sato et al.,
2005).
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Higher expression of Foxp3 within solid deposits of ovarian cancer is associated with
significantly worse overall survival in patients with advanced ovarian cancer (27.8
versus 77.3 months) (Wolf et al, 2005). These data suggest that inhibiting the
suppressive functions of Treg cells has the potential to improve outcomes in patients
with ovarian cancer. The development of novel therapeutic strategies that specifically
target Treg cells in ovarian cancer requires a detailed understanding of Treg cell

development and the regulation of Foxp3.

Tumour Microenvironment
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Figure 1: Cell fate decisions within the tumour microenvironment. The fates of immune and
cancer cells within the tumour microenvironment are linked. Cancer cells secrete factors that promote
their self-renewal, survival and resistance to cell death induction. These same factors can also affect
the differentiation of immune cells, proliferation of immune cell subsets, which can be associated with
adverse outcomes in patients. Immune cells affect cancer cells by secreting factors, which in turn
promote survival, metastasis or even induce the death of cancer cells.

1.1.9 Regulatory T cell development

The adaptive immune system defends against pathogens, but requires regulation by
Treg cells to prevent the development of autoimmunity. Treg cells express the
lineage-specific transcription factor Foxp3, which is required for their development
and function (Fontenot et al., 2003, Hori et al., 2003, Williams and Rudensky, 2007).
Foxp3 was initially identified in Scurfy mice where an X-linked mutation in the Foxp3
gene leads to fatal autoimmunity (Brunkow et al., 2001, Bennett et al., 2001). In
humans, mutations within the Foxp3 DNA binding domain cause the IPEX syndrome
(X-linked neonatal diabetes mellitus, enteropathy and endocrinopathy) (Wildin et al.,

2001). Foxp3 represses immune responsiveness by regulating numerous target
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genes such as CTLA-4 (cytotoxic T-lymphocyte-associated protein 4), IL-2Ra
(interleukin-2 receptor a) and by inhibiting transcription factors such as T-bet (T-box
transcription factor TBX21), Gata3 (GATA binding protein 3), and RORyT (RAR-
related orphan receptor gamma T) that control the production of proinflammatory
cytokines such as IL-2 (interleukin-2), IFN-y (Interferon gamma), IL-17, and TNF
(Zheng and Rudensky, 2007, Zheng et al., 2007).

Effector T cells have unique T cell receptors (TCR) that recognise foreign antigens as
short peptide fragments from intracellular proteins, that are displayed at the cell
surface on major histocompatibility complexes (MHC). The diversity of the TCR
repertoire is generated by the rearrangement of the T cell receptor genes during
thymocyte development. TCR gene rearrangement is a random process which

generates TCRs with specificities for both self and foreign antigens.

Thymocytes with self-reactive TCRs are removed by apoptosis, which is triggered by
the display of self-antigens on thymic stromal and bone marrow derived cells. The
mature naive CD4 and CD8 T cells leave the thymus and circulate in the peripheral
lymphoid tissues, where upon contact with their specific foreign antigen, they
differentiate into immune effector cells. Peripheral tolerance mechanisms, including
Treg cells, are required because the thymic negative selection processes are
imperfect and self-reactive T cells with the potential to cause autoimmunity escape

into the peripheral immune system.

There are two principle types of Treg cells which both play a role in regulating
immune responses. Natural Treg cells (nTreg cells) develop within the thymus,
whereas induced Treg (iTreg cells) cells develop in the peripheral immune system in
response to a variety of stimuli (Figure 2). In the thymus, nTreg cells arise and
differentiate from single positive CD4 T cells in a two-step process, where high
affinity TCR signalling confers competence for the induction of Foxp3 expression by
IL-2 (Burchill et al., 2007, Lio and Hsieh, 2008, Sakaguchi et al., 2006, Wirnsberger
et al., 2009) through the binding of STATS (Signal Transducer and Activator of
Transcription 5) to the Foxp3 promoter (Burchill et al., 2007). nTreg cells have a
diverse TCR repertoire that can recognise both self-peptide-MHC complexes and
foreign antigen peptide-MHC complexes (Hsieh et al., 2004, Hsieh et al., 2006,
Jordan et al., 2001, Pacholczyk et al., 2006).
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Figure 2: Natural and induced Treg cell development. a) Thymic nTreg cell differentiation starts at
the double positive stage with TCR signalling. Double positive CD4°CD8" thymocytes that have
undergone successful TCR rearrangement can become single positive CD4 or CD8 thymocytes. CD4
thymocytes with a very high affinity self-reactive TCR are eliminated; whereas those with a lower
affinity self-reactivate TCR can be induced to differentiate into nTreg cells by IL-2. nTreg cells
suppress immune effector cells within the peripheral immune system. b) Peripheral iTreg development:
naive CD4 T cells can be induced to become Foxp3 positive Treg cells by TCR stimulation, CD28
costimulation, and by cytokines such as TGFf3 and IL-2.

Treg cells can develop in vivo in the peripheral immune system from mature immune
cells by low-dose antigen stimulation in the absence of inflammation in tolerogenic
microenvironments such as within the gut (Bilate and Lafaille, 2012). TCR stimulation
and cytokines such as TGFB and IL-2 can induce the in vitro differentiation of naive
CD4 T cells into Foxp3 positive iTreg cells (Chen et al., 2003, Sauer et al., 2008).

Both nTreg cells and iTreg cells contribute towards immune tolerance (Bilate and
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Lafaille, 2012). However, iTreg cells are frequently used to study Treg cell

development as they can be readily induced in in vitro assays.
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Figure 3: Mechanisms of Treg cell mediated immune suppression. Treg cells express CD25
which binds and sequesters IL-2, which prevents T cell proliferation. Treg cells secrete cytokines such
as IL-35, IL-10, and TGFB and adenosine which supress effector T cells (TEff) (Vignali et al., 2008).
Treg cells may directly kill target immune effector cells using TRAIL or CD95L or granzyme-dependent
or perforin-dependent mechanisms. CTLA-4 on Treg cells suppresses dendritic cell (DC) activation by
binding and removing of CD80 and CD86 from the surface of antigen presenting cells. Treg cells can
stimulate DC’s to produce indoleamine 2,3-dioxygenase (IDO) by DCs which suppresses T cell
activation by tryptophan depletion (Grohmann et al., 2002).

Treg cells have been reported to use a number of different mechanisms to suppress
immune cells (Figure 3). Treg cells produce inhibitory cytokines such as TGFj3, IL-10,
and IL-35 which suppress the activation of neighbouring immune cells (Vignali et al.,
2008). Activated human Treg cells also have cytotoxic activity and can induce target
cell killing via perforin and granzyme B (Grossman et al., 2004b). Treg cells have
also been shown to induce the death of immune effector cells through the induction
of cell death via death ligands, such as TNF-related apoptosis-inducing ligand (TRAIL)
and CD95L (Ren et al., 2007). Treg cells also express CTLA-4 (Cytotoxic T-

lymphocyte-associated antigen 4) which suppresses T cells activation by binding
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CD80 and CD86 which prevents CD28 from activating T cells (Pardoll, 2012). The
Treg cell specific deletion of CTLA-4 results in the development of systemic
autoimmunity in mice, suggesting that this may be an important mechanism of
regulation of autoimmune responses by Treg cells (Wing et al., 2008). Galectin is
overexpressed by Treg cells which can induce cell cycle arrest, T cell death and

inhibition of proinflammatory cytokine release (Garin et al., 2007).

1.1.10 The regulation of Foxp3

TCR stimulation activates multiple signalling pathways which lead to the binding of
multiple transcription factors such as NFAT (Nuclear factor of activated T-cells),
CREB (cAMP response element binding)/ATF (Activating transcription factors), c-Rel,
and AP1 (activator protein 1) to the Foxp3 promoter and enhancer regions (Kim and
Leonard, 2007, Tone et al., 2008, Long et al., 2009, Isomura et al., 2009). Runx
(Runt-related transcription factor) transcription factors play an important role in the
initiation of Foxp3 in conventional CD4 T cells and in the maintenance of Foxp3
expression in nTreg cells (Bruno et al., 2009, Rudra et al., 2009, Kitoh et al., 2009,
Klunker et al., 2009, Ono et al., 2007). The cytokine TGF induces Foxp3 expression
by down-regulating the expression of Smad7 (Mothers against decapentaplegic
homolog 7) (Fantini et al., 2004), and activating Smads2/3 which cooperate with
NFAT to induce Foxp3 expression (Josefowicz and Rudensky, 2009).

1.1.11 A role for PI3 kinase signalling, Foxo factors and Kif2 in Treg cell

development

Several lines of evidence link phosphatidylinositide 3-kinase (PI3K) signalling with
Foxp3 expression. The withdrawal of TCR signalling after 18 hours of T cell activation
cooperates with the inhibition of PI3K or the mammalian target of rapamycin (mTOR)
to induce Foxp3 expression, and a Treg-like gene expression profile in activated CD4
T cells (Sauer et al., 2008). Treg cells require mTOR signalling to maintain both
homeostasis and alloantigen-driven proliferation (Wang et al., 2011). Moreover CD4
cells that are deficient in negative regulators of PI3K signalling such as phosphatase
and tensin homologue (PTEN) and the E3 ubiquitin ligase Cbl-b, have reduced
Foxp3 expression in response to TGFf signalling (Sauer et al., 2008, Wohlfert et al.,
2006).
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The retroviral expression of a constitutively active form of Akt substantially reduces
TGFB mediated induction of Foxp3 expression (Haxhinasto et al., 2008). The
phosphorylation of Akt (Protein Kinase B) at Serine 473 by mTORC2 (mammalian
target of rapamycin complex 2) activates Akt, and the loss mTORC2 activity
promotes Treg cell differentiation (Delgoffe et al., 2009). Restoration of Akt activity in
human Treg cells via a lentiviral expression system leads to a loss in Treg

suppressive function (Crellin et al., 2007).

The Forkhead box O (Foxo) class of transcription factors regulates immune
responses, cellular proliferation, metabolism, and cell fate decisions. Foxo factors are
canonical targets of Akt-mediated phosphorylation (Burgering, 2008), which leads to
their nuclear exclusion and inactivation (Brunet et al., 1999, Huang and Tindall, 2007).
In naive CD4 T cells, Foxo1 controls the expression of L-selectin and the chemokine
receptor CCRY7 (Kerdiles et al., 2009). In mouse models, loss of Foxo factors causes
autoimmunity and spontaneous T cell activation (Ouyang et al., 2009). These findings
suggest that Foxo factors could have a role in regulating immune tolerance and the

expression of Foxp3.

PI3K signalling and Foxo factors have been reported to regulate the expression of
the transcription factor Kruppel-like Factor 2 (KIf2) (Finlay et al., 2009, Fabre et al.,
2008). KIf2 controls T cell migration by regulating sphingosine-1-phosphate receptor
1 (S1P1) and CD62L (L-selectin) expression (Carlson et al., 2006), and restricts
chemokine receptor expression and cytokine production in naive CD4 T cells
(Sebzda et al., 2008, Weinreich et al., 2009). S1P1 receptor expression has been
reported to regulate Treg cell differentiation (Li et al., 2011b), and other Kruppel-like
family members, such as KIf10, maintain Treg cell suppressive function (Cao et al.,
2009).

KIf2 expression is reduced in Foxo deficient Treg cells (Ouyang et al., 2010), and in
PTEN deficient cells (Finlay et al., 2009). HMG-CoA (3-Hydroxy-3-Methylglutaryl
Coenzyme A) reductase inhibitors or 'Statins', which modulate in vitro Treg cell
differentiation, induce Kif2 expression in T cells (Bu et al., 2010, Kim et al., 2010,
Kagami et al., 2009). Genome-wide analysis has shown that Foxp3 binds to the
regions that encode Kif2 and the KLF family members KIf3, and KIf6 (Zheng et al.,
2007). These data suggest that KIf2 may have a role in Treg cell development and

function.
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Although Foxp3 is a specific marker of Treg cells in mice, Foxp3 can be transiently
expressed during the activation of human CD4 T cells which does not result in the
acquisition of regulatory functions (Walker et al., 2003, Allan et al., 2007, Morgan et
al., 2005, Wang et al., 2007, Gavin et al., 2006). The TGFB mediated induction of
Foxp3 expression in naive human CD4 T cells, by T-cell receptor stimulation, does

not confer a regulatory phenotype in human T cells (Tran et al., 2007).

Therefore, Foxp3 expression in human CD3 T cells cannot be thought of as a truly
specific marker of Treg cells. In humans, the expression of the IL-7 receptor (CD127)
is down-regulated in Treg cells and can be used to distinguish Treg cells from other
immune subsets (Liu et al., 2006b). Although there is uncertainty as to the best
human Treg cell marker, high levels of Foxp3 expressing CD4 T cells are associated
with adverse outcomes in patients with ovarian cancer (Curiel et al., 2004). Therefore
strategies that reduce the expression of Foxp3 may have therapeutic benefits, even if

the effects of targeting Foxp3 are not restricted to Treg cells.

1.1.12 Overcoming the adverse effects of regulatory T cells in ovarian

cancer

There is considerable interest in the development of therapies that enhance or inhibit
Treg cell function; as such therapies would have wide ranging therapeutic
implications for the treatment of autoimmunity and cancer. Recent clinical studies
have suggested that therapeutic strategies that reduce immune tolerance to tumours

have the potential to improve outcomes in patients with cancer.

The first definitive proof of this concept was recently shown by the demonstration that
the treatment of patients with ipilimumab, an anti-CTLA-4 antibody, enhances anti-
tumour T cell immune responses, which improves survival in patients with advanced
melanoma (Hodi et al., 2010). There is pre-clinical evidence that CTLA-4 blockade
may be effective in enhancing immune responses against ovarian cancer cells
suggesting that such strategies may be effective in treating ovarian cancer (Hodi et
al., 2003, Hodi et al., 2008).

1.1.13 Treg cell depletion

The chemotherapy drug cyclophosphamide has been used to preferentially deplete
Treg cells in patients with cancer. However, clinical trials using this approach have
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thus far been disappointing (Vermeij et al., 2011). The depletion of Treg cells using
an interleukin 2/diphtheria toxin conjugate (DAB/IL-2; denileukin diftitox; ONTAK) has
been shown to enhance immune responses to cancer vaccines (Litzinger et al., 2007,
Morse et al., 2008), and can cause regression of melanoma metastases in humans
(Rasku et al., 2008).

Encouraging clinical results have been obtained from a recently published phase Il
trial of denileukin diftitox which depleted Treg cells and expanded melanoma-specific
CD8 T cells in patients. The treatment was associated with responses in 16.7% of 60
patients with advanced melanoma (Telang et al., 2011). Patients who responded to
the treatment survived significantly longer than those with chemotherapy naive
disease (Telang et al., 2011). However, Treg cell depletion strategies may remove
activated immune effector cells such as CD4 and CD8 T cells which may have

unique anti-tumour specificities which may be beneficial for patients with cancer.

1.1.14 Treg cell reprogramming

An alternative to Treg cell depletion is the reprogramming of Treg cells into Foxp3iow,
so called ‘exTreg’ cells with immune effector functions. The principle advantage of
such approaches is that they could harness potentially unique tumour cell-specific T
cell receptors on tumour-associated Treg cells. Several studies have shown that Treg
cells can be reprogrammed by antigen plus Toll-like receptor 9 ligand into a
phenotype expressing proinflammatory cytokines after vaccination (Sharma et al.,
2010).

The immunoregulatory enzyme IDO can regulate Treg cell suppressive functions.
The inhibition of IDO and an antitumor vaccine was sufficient to cause up-regulation
of IL-6 in murine plasmacytoid dendritic cells which was also sufficient to allow the
conversion of Treg cells to an inflammatory TH17 phenotype (Sharma et al., 2009a).
Given that several IDO inhibitors are currently in early phase clinical trials in patients
with cancer, it is possible that this approach could also be tested in patients with

ovarian cancer.

An alternative approach to changing the lineage of Treg cells is to directly target key
transcription factors that regulate Treg cell function. Recent studies have shown that
Runx proteins regulate the initiation and the maintenance of Foxp3 expression
(Bruno et al., 2009, Rudra et al., 2009, Kitoh et al., 2009, Klunker et al., 2009). Foxp3
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expression can be down-regulated by genetic deletion of the Runx partner protein
core-binding factor beta (Cbf), which is essential for Runx protein—DNA interaction
(Durst and Hiebert, 2004); and by retroviral expression of dominant negative versions
of Runx which antagonise the DNA binding of Runx transcription factors (Bruno et al.,
2009). As loss of Foxp3 expression in Treg cells has been shown to lead to
autoimmunity in mice, dominant negative versions of Runx could reprogramme
tumour-associated Treg cells into Foxp3i,w ‘exTreg’ cells with immune effector
functions such as the production of proinflammatory cytokines such as IL-17, IL-4, or
IFN-y.

It is also likely that other transcription factors and/or Foxo factors or KIf2 may regulate
the expression of Foxp3, and therefore regulate the suppressive functions of
regulatory T cells. If Treg cells can be successfully reprogrammed into immune
effector cells by inhibition of the function of key lineage specific transcription factors,
then these cells could potentially generate immune responses against cancer cells.
Therefore a deeper understanding of the role of the different signalling pathways and
transcription factors that regulate the expression of Foxp3 may identify novel

therapeutic targets which have the potential to enhance anti-tumour immunity.

1.1.15 Integrating immune cell functions and apoptosis-based therapies

for the treatment of ovarian cancer

The aim of most therapies for ovarian cancer is the induction of cancer cell-specific
death. This is usually achieved by the administration of chemotherapy, radiotherapy,
or by inhibiting key oncogenic signalling pathways. The ultimate goal is the
elimination of all cancer cells and cure of the patient. Although this goal has been
achieved in a number of haematological and epithelial malignancies (Savage et al.,
2009), cure remains a distant goal for the majority of patients with metastatic

epithelial cancers like ovarian cancer.

Most chemotherapy drugs lead to the initiation of apoptosis, a form of regulated
programmed cell death, associated with typical morphological changes such as cell
shrinkage, nuclear fragmentation, chromatin condensation, and cell membrane
blebbing. Apoptosis is a normal cellular process and is essential for the development
of multicellular organisms. Metazoans have two pathways of apoptosis induction; the
‘intrinsic’ or mitochondrial pathway is mediated by cellular damage via a p53
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dependent mechanism, and is regulated by the actions of members of the Bcl-2 (B-
cell lymphoma 2) family. The ‘extrinsic’ pathway is triggered by extracellular stress
signals that are initiated via the binding of death ligands such as CD95L (Fas
Ligand/FasL) or TNF or TRAIL to specific transmembrane death receptors on the cell
surface (Galluzzi et al., 2012b).

Both the intrinsic and extrinsic apoptosis pathways are coordinated by caspases, a
family of cysteine proteases (Slee et al., 2001). The apoptotic caspases can be
divided into initiator caspases such as caspase-2, -8, -9, and -10 and executioner
caspases such as caspase-3, -6, and -7 which are responsible for the death of the
cell (Slee et al, 2001). After the binding of a death ligand to its receptor, initiator
caspases become aggregated at the death receptor signalling complex which leads
to the activation of downstream executioner caspases which kill the cell. In the
mitochondrial apoptotic pathway, the release of cytochrome C into the cytoplasm is
detected by Apaf-1 (apoptosis activating factor 1) which leads to the recruitment and
cleavage of caspase-9 at the apoptosome complex. This leads to the activation of

executioner caspases-3, -6, and -7 that kill the cell (MacKenzie and Clark, 2012).

Conventional chemotherapy agents that are used for the treatment of ovarian cancer,
such as cisplatin or paclitaxel, target DNA and microtubules, leading to DNA damage
or mitotic arrest which triggers the induction of apoptosis through the mitochondrial
pathway. Cisplatin induces cell death by covalently binding to DNA, forming DNA
adducts. This process leads to the activation of DNA-damage checkpoints, the
induction of cell cycle arrest, and the induction of apoptosis (Kelland, 2007, Siddik,
2003). Paclitaxel is a tubulin binding agent that stabilises microtubules resulting in

prolonged mitotic arrest and cell death (Kavallaris, 2010).

Despite decades of use, it is currently unclear how most chemotherapy drugs induce
apoptosis in cancer cells whilst sparing normal tissues. One explanation is that
chemotherapy kills rapidly dividing cells whilst sparing normal cells (Skipper and
Perry, 1970). However, chemotherapy drugs are active against slowly dividing
cancers such as follicular lymphoma and chronic lymphocytic leukaemia suggesting
that treatment responses are not restricted to the cell cycle. Although chemotherapy
is the most effective treatment for advanced ovarian cancer, the majority of tumours

become resistant to chemotherapy drugs. Furthermore, the maijority of chemotherapy
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drugs for ovarian cancer have significant side effects such as myelosuppression, hair

loss, and nerve damage which impair the quality of life of patients.

The integration of an immunotherapy treatment with an apoptosis inducing therapy
has the potential to kill the cancer cells, whilst leading to the development of long
lasting immunological memory to guard against future relapse. This could be
achieved by depleting Treg cells, which could stimulate anti-tumour immunity and

enhance the sensitivity of the cancer cells to chemotherapy (DeNardo et al., 2011).

An alternative approach to treat ovarian cancer is to use an apoptosis-inducing
therapy, which also stimulates the induction of anti-tumour immunity. Two of the most
successful cancer therapies of all time are the monoclonal antibodies herceptin and
rituximab (Tuthill et al., 2009), which target HER-2 (Human Epidermal Growth Factor
Receptor 2) on breast cancer cells and CD20 on B cells, respectively. The
effectiveness of herceptin and rituximab has been shown to partly depend on
effector-cell-mediated cytotoxicity for their in vivo effects against cancer cells (Clynes
et al., 2000). Therefore, therapeutic strategies that target the cancer cells and
harness the immune system have the potential to be highly effective anti-cancer

therapies.

Immune cells use membrane-bound death receptor signalling molecules such as
TNF, CD95L (Fas/APO-1), and TRAIL to induce the death of target cells
(Falschlehner et al., 2009). Treg cells have been shown to use both the
perforin/granzyme pathway (Grossman et al., 2004b, Grossman et al., 2004a) and
TRAIL to Kill target cells (Ren et al., 2007). Cytotoxic T cells can secrete performin
and granzymes within an immunological synapse with the target cells which leads to

the activation of caspases and the induction of cell death (Cullen and Martin, 2008).

1.2 TRAIL

TRAIL is a 281 (human) and 291 (murine) amino acid cytokine, originally identified in
1995, based around its high sequence homology to TNF and CD95L (Wiley et al.,
1995, Pitti et al., 1996). The discovery that TRAIL can preferentially kill tumour cells,
whilst sparing normal tissues (Walczak et al., 1999) has led to considerable interest

in developing TRAIL as a potential cancer therapy (Newsom-Davis et al., 2009).
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Although there are five known TRAIL receptors (TRAIL-Rs), only TRAIL-R1 (also
known as Death Receptor [DR] 4) and TRAIL-R2 (also known as DRS, KILLER, and
TRICK2) are able to induce cell death (Pan et al., 1997, Wu et al., 1997, Walczak et
al., 1997, Sheridan et al., 1997, Screaton et al., 1997, MacFarlane et al., 1997). This
is because only TRAIL-R1 and TRAIL-R2 contain a Death Domain (DD); a
structurally defined motif which is required for the induction of cell death (Lahm et al.,
2003).

TRAIL-R3 lacks a cytoplasmic DD and does not induce apoptosis; and is only
expressed within peripheral blood lymphocytes and the spleen (Degli-Esposti et al.,
1997, MacFarlane et al., 1997). TRAIL-R4 has an incomplete DD and induces NF-kB
(nuclear factor kappa-light-chain-enhancer of activated B cells) activation and can
protect cells against TRAIL-mediated apoptosis (Degli-Esposti et al., 1997). Although
it has been suggested that TRAIL-R3 and TRAIL-R4 may act as decoy receptors
(Merino et al., 2006), it is not clear whether these experiments accurately reflect the

physiological role of these receptors (Pan et al., 1997, Sheridan et al., 1997).

1.2.1 The role of TRAIL within the immune system

Apoptosis has an important role in the normal functioning of the immune system,
allowing removal of autoreactive B and T cells during lymphocyte development, viral
or bacterially infected cells, and unwanted immune cells (Opferman and Korsmeyer,
2003). TRAIL deficiency in mice leads to a severe defect in TCR induced thymocyte
apoptosis and TRAIL deficient mice are hypersensitive to collagen-induced arthritis,
streptozotocin-induced type | diabetes and develop heightened autoimmune
responses (Lamhamedi-Cherradi et al., 2003a, Lamhamedi-Cherradi et al., 2003b).
TRAIL is required for the pathogenesis of thymic-graft versus host disease (Na et al.,
2010), which is a common complication after bone marrow transplantation
(Hatzimichael, 2010).

Human dendritic cells use TRAIL to kill tumour cell targets (Fanger et al., 1999).
Activated Natural Killer (NK) cells express TRAIL (Kayagaki et al., 1999c) and have
been shown to suppress tumour metastasis via a TRAIL-dependent mechanism
(Takeda et al., 2001). Human monocytes express TRAIL after stimulation with LPS
(Lipopolysaccharide) and interferon (IFN)-B (Halaas et al., 2000, Ehrlich et al., 2003),
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and acquire the ability to kill tumour cells after activation with IFN-a and CD3 (Griffith
et al., 1999).

CD4 T cells have been shown to use TRAIL to induce cytotoxic target cell death
(Kayagaki et al., 1999b). TRAIL is rapidly induced on the cell surface of CD4 and
CD8 T cells upon stimulation with an anti-CD3 monoclonal antibody and type |
interferons, suggesting that TRAIL may play a role in mediating the effects of type |
interferons against tumour cells (Kayagaki et al., 1999a). TRAIL has also been shown
to delay cell cycle progression in activated lymphocytes (Lunemann et al., 2002,
Song et al., 2000). Treg cells can suppress activated CD4 T cells in vivo via a TRAIL-

R2 dependent mechanism (Ren et al., 2007).

More recent studies have shown that TRAIL prevents autoimmunity in mouse models
of autoimmune encephalomyelitis and thyroiditis through the inhibition of T helper (Th)
1 cells and by promoting the proliferation of Treg cells (Hirata et al., 2007, lkeda et al.,
2010, Wang et al., 2009). Treg cells have been reported to regulate the TRAIL-
dependent cytotoxicity of tumour-infiltrating dendritic cells in rodent models of colon
cancer, suggesting a complex interplay between TRAIL expressing cells within the
tumour microenvironment. Interestingly, this effect could be overcome by the
depletion of Treg cells or by the addition of BCG (Bacillus Calmette—Guérin), which
activates the innate immune system via Toll-like receptor (TLR) signalling (Roux et al.,
2008).

1.2.2 TRAIL signalling

TRAIL is a trimeric molecule and its binding to TRAIL-R1 or TRAIL-R2 leads to
receptor homo- or heteromeric multimerisation (Mongkolsapaya et al., 1999),
resulting in the formation of a death-inducing signalling complex (DISC). TRAIL
contains an internal zinc atom at the trimer interface, which is bound by cysteine
residues at position 230 of each subunit, which is crucial for trimer stability and
biologic activity (Bodmer et al., 2000, Hymowitz et al., 2000). The binding of TRAIL to
TRAIL-R1 or to TRAIL-R2 leads to the formation of a stable trimeric complex, which
triggers the apoptotic signal through the precise positioning of transmembrane
helices and the cytosolic death domains (Mongkolsapaya et al., 1999, Jones et al.,
1989).
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The TRAIL DISC is comprised of the Fas-associated death-domain containing protein
(FADD/Mort1), which recruits caspase-8, caspase-10, and cellular FLICE-like
inhibitory protein (cFLIP) (Kischkel et al., 1995, Sprick et al., 2000, Kischkel et al.,
2000). Caspases (cysteine-dependent aspartate-directed proteases), the main
executioners of apoptosis, are recruited to the DISC via death-effector domains
(DED). The recruitment of caspase-8 and caspase-10 to the DISC results in their
autocatalytic cleavage, which initiates the activation of ‘executioner’ caspases 3, 6,
and 7, resulting in nuclear fragmentation, chromatin condensation and DNA
fragmentation (Figure 4) (Slee et al., 2001, Stennicke et al., 1998).
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Figure 4: The TRAIL apoptotic signalling pathway. The binding of TRAIL to TRAIL-R1/R2 induces
receptor trimerisation and the recruitment of FADD via death domains (DD) and death-effector
domains (DED) to the TRAIL DISC. This leads to the recruitment and cleavage of c-FLIP, pro-
caspase-8 and pro-caspase-10 (Pro-CASP 8/10) at the TRAIL DISC. In type | cells, the recruitment of
caspase-8 and caspase-10 to the DISC results in their autocatalytic cleavage, which initiates the
activation of ‘executioner’ caspases 3, 6, and 7. Type Il cells require changes at the mitochondrial
membrane to induce apoptosis. Activated caspase 8 cleaves full length BID (Bcl-2 homology domain
3-interacting domain death agonist) into truncated BID (tBID) which activates Bax (bcl-2-like protein 4)
and Bak (Bcl-2 homologous antagonist/killer) resulting in the release of cytochrome C, and the pro-
apoptotic molecule second mitochondria-derived activator of caspases/direct IAP binding protein with
low isoelectric point (SMAC/DIABLO) which antagonises inhibitor of apoptosis proteins (IAPs). Latent
Apaf-1 (Apoptotic protease activating factor 1) within the cytoplasm is bound by cytochrome C and
forms the apoptosome by recruiting and activating caspase-9.

29



Chapter 1: Introduction

Although the binding of TRAIL to TRAIL-R1 and TRAIL-R2 can trigger apoptosis, it
can also induce the activation of other signalling pathways, suggesting that TRAIL
may also exert non-apoptotic functions in cancer cells. The binding of TRAIL to
TRAIL-R1, -R2, and -R4 can induce the activation of NF-kB (Schneider et al., 1997),
c-Jun N-terminal Kinase (JNK) (Muhlenbeck et al., 2000, Hu et al., 1999), and protein
kinase C, which may contribute to resistance of cancer cells to TRAIL-induced

apoptosis (Trauzold et al., 2001).

TRAIL-induced NF-kB signalling has been shown to promote the survival and
proliferation of TRAIL-resistant cancer cells (Ehrhardt et al., 2003). TRAIL has been
shown to induce the migration and invasion of apoptosis-resistant
cholangiocarcinoma cells via the NF-kB signalling pathway (Ishimura et al., 2006).
TRAIL has also been shown to induce the proliferation of human glioma cells via the
c-FLIP_-mediated activation of ERK (extracellular signal-regulated kinases) 1/2
signalling (Vilimanovich and Bumbasirevic, 2008). These data suggest that although
TRAIL has the potential to kill cancer cells, particularly at supra-physiological
concentrations; however, endogenously expressed TRAIL may have important non-

apoptotic functions in cancer cells.

1.2.3 The effect of TRAIL-R and TRAIL on the prognosis of patients with

cancer

A large pathological study of 382 cases of ovarian cancer showed that the majority of
ovarian cancer cells express both TRAIL-R1 and TRAIL-R2, with about 70%
expressing both TRAIL-R1 and TRAIL-R2, and approximately 27% expressing either
TRAIL-R1 or TRAIL-R2 (Duiker et al., 2010). The expression of TRAIL is associated
with lower grade tumours and better progression-free survival in patients with ovarian
cancer (Duiker et al.,, 2010). The majority of ovarian cancers that express both
TRAIL-R1 and TRAIL-R2 also express c-FLIP, which suggests that ovarian cancer
cells are intrinsically resistant to TRAIL. These data suggest that the modulation of c-
FLIP levels may enhance the sensitivity of ovarian cancer cells to TRAIL (Duiker et
al., 2010).

A similar study found that higher TRAIL-R2 expression was associated with more
advanced stage ovarian cancer, when compared to tumours that expressed lower
levels of TRAIL-R1 and TRAIL. Furthermore higher expression of TRAIL-R2 was

30



Chapter 1: Introduction

associated with poor survival in grade 3 ovarian cancer (Ouellet et al., 2007). In other
cancers, such as renal cell carcinoma (RCC), higher TRAIL expression and low
TRAIL-R1 is associated with reduced disease-free survival (Macher-Goeppinger et
al., 2009). In breast cancer, higher TRAIL-R1 expression is associated with better
differentiation of tumours; however TRAIL-R2 and TRAIL-R4 are associated with
higher tumour grade, a higher Ki-67 proliferation index, HER-2 overexpression, and
lymph node metastasis. Higher TRAIL-R4 expression is associated with a poor
prognosis in patients with breast cancer (Ganten et al., 2009, Sanlioglu et al., 2007).
Expression of TRAIL-R1 and TRAIL-R2 is not prognostic in patients with cervical
cancer; however higher TRAIL expression is associated with reduced pathological

responses to radiotherapy treatment (Maduro et al., 2009).

There have been conflicting results from clinical studies of the effect of TRAIL and
TRAIL-R2 expression in colorectal cancer. Studies have reported that FLIP), but
not TRAIL-R1 or TRAIL-R2 is associated with a poor prognosis in colorectal cancer
(Ullenhag et al., 2007). On the other hand, a larger study, which used tissue from 376
patients with stage Ill colon cancer, treated in a randomised trial of adjuvant
chemotherapy, found that higher expression of TRAIL-R1 was associated with a
worse disease-free survival and overall survival, and that TRAIL-R2 and TRAIL
expression had no effect on the prognosis of patients with colon cancer (van Geelen
et al., 2006).

Higher expression of TRAIL-R1 or TRAIL-R2 is associated with longer disease-free
survival in patients with bladder cancer (Li et al., 2012). Expression of TRAIL-R1 and
TRAIL-R2 is also associated with a better prognosis in patients with acute myeloid
leukaemia (Pordzik et al., 2011). Loss of either TRAIL-R1 or TRAIL-R2 expression is
associated with a significantly worse outcome in patients with hepatocellular
carcinoma (HCC) (Kriegl et al., 2010).

1.2.4 Clinical TRAIL receptor agonistic drugs

Two different approaches have been taken to target the apoptotic TRAIL-R1 and
TRAIL-R2 in the cancer clinic. The bioactivity of soluble forms of TRAIL is dependent
on the spontaneous oligomerisation of the protomers that permit receptor crosslinking
(Wiley et al., 1995, Walczak et al., 1999). Recombinant highly active soluble forms of
TRAIL have been developed that promote stable trimer formation by the addition of
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leucine zipper (LZ) or isoleucine-zipper (iz) tags to the amino terminus of human trail
(iz—TRAIL). Whilst these potently induce tumour cell apoptosis in vitro and in vivo
(Walczak et al., 1997, Walczak et al., 1999), these forms of TRAIL are not suitable for
clinical use due the antigenicity of the leucine zipper or isoleucine-zipper which could

promote toxicity via antibody-induced hyper-crosslinking.

During the initial clinical development of TRAIL-R agonistic drugs there were
significant concerns that highly recombinant forms of TRAIL would be hepatotoxic (Jo
et al., 2000). However, subsequent studies have shown that only highly recombinant
polyhistidine—tagged or crosslinked FLAG—tagged soluble TRAIL are toxic to primary
human hepatocytes (Ashkenazi et al., 1999, Ganten et al., 2006, Kelley et al., 2001,

Lawrence et al., 2001).

Dulanermin/Apo2L/TRAIL is a recombinant form of TRAIL which can trimerise both
TRAIL-R1 and TRAIL-R2 and induce apoptosis in cancer cells (Ashkenazi and
Herbst, 2008). In comparison to highly active recombinant forms of TRAIL such as
LZ-TRAIL (Walczak et al., 1999) or iz-TRAIL (Ganten et al., 2006) dulanermin, is a
relatively weak agonist of TRAIL-R1 and TRAIL-R2, the two death-domain-containing
TRAIL-Rs. However, recombinant proteins such as dulanermin have limitations such
as a short in vivo half-life of around 1 hour (Herbst et al., 2010a) and can potentially

be sequestered by binding to non-apoptotic TRAIL-R.

Therapeutic antibodies against TRAIL-R1 and TRAIL-R2 were developed to address
these limitations. They were thought to have the advantages of a long half-life and to
only target an apoptosis-inducing TRAIL-R (Newsom-Davis et al., 2009). Their main
disadvantage is that the agonistic activity of antibodies to members of the death
receptor family requires crosslinking (Wilson et al., 2011, Haynes et al., 2010b). In
vivo, this activity requires crosslinking by fragment crystallisable region y receptors
(FcyR) on immune cells to enable TRAIL receptor multimerisation and apoptosis
induction (Wilson et al., 2011, Haynes et al., 2010b).

1.2.5 Recombinant Apo2L/TRAIL/dulanermin

Dulanermin is a recombinant soluble form of TRAIL which consists of amino acids
114 to 281 of the extracellular domain of the natural TRAIL ligand in an optimised
zinc preparation (Soria et al., 2010, Ashkenazi et al., 1999, Lawrence et al., 2001).
Unlike anti-TRAIL-R1/2 antibodies, dulanermin is a dual TRAIL-R1 and TRAIL-R2
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agonist. In pre-clinical studies dulanermin demonstrated encouraging preclinical
activity against glioma, colon cancer, myeloma, lung carcinoma, and lymphoma cells
and encouraging synergy with chemotherapy and other targeted agents (Pollack et
al., 2001, Gazitt, 1999, Jin et al.,, 2004, Daniel et al., 2007, Ravi et al., 2004,
Ashkenazi et al., 2008).

Highly encouraging pre-clinical data (Ashkenazi et al., 1999) led to the initiation of
several large early-phase clinical trials of dulanermin patients with cancer (Table 2).
Results from a phase | clinical trial in which 71 patients with heavily pre-treated
advanced cancer showed that dulanermin had some evidence of clinical activity, with
31 of 71 dulanermin treated patients (46%) having stable disease after 6 months of
dulanermin treatment. There were two sustained partial responses in patients with

synovial sarcoma (Herbst et al., 2010a).

However, only 10% of patients completed 8 cycles of treatment (Herbst et al., 2010a).
The majority of the patients (61%) discontinued dulanermin treatment due to disease
progression. Dulanermin was reasonably well tolerated with the main side effects
being fatigue (38%), nausea (28%), vomiting (23%), fever (23%), anaemia (18%),
and constipation (18%). Around 47% of the patients suffered from a grade Ill or IV
adverse event. The grade 4 reported adverse events included jejunal perforation,
increased blood bilirubin, increased blood lipase, hypokalaemia, and ureteric
obstruction which were attributed to progressive metastatic disease. A total of 7

patients died (10%) from progressive disease during the study (Herbst et al., 2010a).

Combination treatment | Phase Tumour type Trial number Current Status
FOLFOX/bevacizumab Ib mCRC NCT00873756 active, not recruiting
Cetuximabl/irinotecan | mCRC NCT00671372 active, not recruiting
Rituximab b/l CD20" Lymphomas NCT00400764 terminated

Table 2: Current clinical trials of dulanermin. (www.clinicaltrials.gov:database accessed on the
22/02/2013)

There were two notable responses to dulanermin treatment which were associated
with rapid tumour involution (Herbst et al., 2010a). The first response occurred in a
patient with heavily pre-treated synovial sarcoma. Dulanermin treatment led to intra-
abdominal haemorrhage from an abdominal tumour from areas of central tumour

necrosis. The second major response occurred in a patient with a poorly
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differentiated high-grade sarcoma. Dulanermin treatment led to analgesic-refractory
pain from a pelvic mass which had developed a necrotic centre. These data suggest
that dulanermin has the potential to induce significant vascular disruption in some

patients with cancer.

One explanation for this effect is that tumour-associated endothelial cells within
tumour vasculature may express TRAIL-R2 and are thus sensitive to TRAIL. A recent
study has shown that crosslinked Apo2L/TRAIL can induce the death of tumour-
associated endothelial cells leading to the induction of extensive haemorrhagic
tumour necrosis in pre-established fibrosarcoma xenografts (Wilson et al., 2012).
Although both patients with tumours that underwent rapid involution and necrosis
recovered from their emergency surgery, both of these responses were associated
with considerable pain and morbidity. It is therefore difficult to envisage a TRAIL-
based therapeutic strategy that would deliberately seek to induce this effect in routine

clinical practice.

Another patient with metastatic chondrosarcoma had a sustained partial response to
dulanermin treatment (Subbiah et al., 2012). The response to dulanermin treatment
was maintained for around 5 years. The patient developed progressive disease within
a nodule within the lungs which was resected. An analysis of the nodule was
conducted using morphoproteomics; a technique that combines histopathology,
molecular biology, and proteomics to identify novel therapeutic targets (Tan, 2008).
This revealed that the dulanermin-resistant tumour cells overexpressed Bcl-2, which
is associated with resistance to TRAIL (Vogler et al., 2008). There was constitutive
activation of the NF-kB and STAT3 pathways, ERK pathway, mTOR pathway, and
fatty acid synthase—mediated signalling in the dulanermin-resistant cells (Subbiah et
al., 2012).

Pre-clinical studies have shown that dulanermin/Apo2L/TRAIL cooperates with
paclitaxel and carboplatin chemotherapy, inhibits tumour growth, and improves
overall survival in tumour-bearing mice (Jin et al., 2004). A phase Ib study
investigated whether dulanermin could be safely combined with paclitaxel,
carboplatin, and bevacizumab in patients with advanced non—-small-cell lung cancer
(NSCLC) (Soria et al., 2010). The patients were treated with paclitaxel, carboplatin,

and bevacizumab on day 1 of each 21-day cycle and then with dulanermin for 5
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consecutive days. There were no dose-limiting toxicities for this combination and no

patients developed severe complications arising from rapid tumour involution.

A total of 8 out of 24 patients experienced adverse events (perineal abscess,
hypercholesterolemia, fever, tachycardia, bowel perforation; and gingival bleeding).
About 50% of these adverse events were thought to have been caused by either
dulanermin or bevacizumab. The half-life of dulanermin was only 23 to 41 minutes
and no dulanermin accumulation was observed despite multiple dosing. Although
there was an overall response rate of around 58%, there was no association between
dulanermin dose and tumour response. Importantly, the combination of
chemotherapy and dulanermin was not associated with hepatotoxicity (Soria et al.,
2010). A subsequent randomised phase Il study of dulanermin in combination with
paclitaxel, carboplatin, and bevacizumab in 213 patients with NSCLC found that the

addition of dulanermin did not improve outcomes (Soria et al., 2011b).

It has previously been reported that death-receptor O-glycosylation affects the
sensitivity of cancer cell lines to TRAIL. Cells that expressed high levels of the
peptidyl O-glycosyltransferase, GALNT14, are more sensitive to
dulanermin/Apo2L/TRAIL than low-expressing NSCLC cell lines (Wagner et al.,
2007). This observation has led to the development of an immunohistochemistry
assay to measure GALNT14 expression in tumours (Stern et al., 2010). The
expression of GALNT14 was measured in 84 patients with NSCLC and was elevated

in around 33% of the tumours (Soria et al., 2010).

An exploratory analysis was performed to determine if the overexpression of
GALNT14 was associated with improved outcomes after treatment with dulanermin.
There was a trend towards enhanced progression-free survival (PFS) and overall
survival of the patients with GALNT14-positive tumours who received dulanermin
versus control. However, the relative difference in overall survival of around 1 month
between the GALNT14 positive and negative groups treated with and without
dulanermin was small, and did not reach statistical significance. This suggests that
GALNT14 expression is not highly predictive of the sensitivity of NSCLC to TRAIL
(Soria et al., 2011b). However, this biomarker may have use in other tumour types

and could be incorporated in subsequent clinical studies.

It has previously been reported that dulanermin/Apo2L/TRAIL cooperates with the

anti-CD20 antibody rituximab against non-Hodgkin lymphoma xenografts (Daniel et
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al., 2007). However, a phase Il study, which was presented in 2010, found that the
addition of dulanermin to rituximab did not improve response rates in patients with
relapsed follicular non-Hodgkin's lymphoma (Belada et al., 2010). These data
suggest that dulanermin is not a promising treatment in patients with lung cancer or

follicular lymphoma cancer.

1.2.6 TRAIL-R1-specific antibodies

The most advanced TRAIL-R1-specific antibody that has been tested in patients is
mapatumumab, which is a fully humanised anti-TRAIL-R1 immunoglobulin G1 (IgG1)
monoclonal antibody. Mapatumumab has been evaluated in early phase clinical trials
in patients with hepatocellular carcinoma (HCC), myeloma, NSCLC and Non-Hodgkin
lymphoma (NHL), myeloma, and cervical cancer (Table 3). Pre-clinical studies have
shown that mapatumumab (HGS-ETR1) treatment can induce apoptosis in cell lines
and enhance cytotoxicity of chemotherapy drugs such as camptothecin, cisplatin,
carboplatin, and 5-fluorouracil. Mapatumumab treatment results in the regression or
repression of tumour growth in murine xenograft models of human colon, NSCLC,
and renal cell carcinoma (RCC), which is enhanced by chemotherapy treatment
(Pukac et al., 2005).

TRAIL-R1 Combination

agonist treatment Phase Tumour type Trial number Current Status
Mapatumumab Sorafenib I HCC NCTO00712855 Completed
Sorafenib I HCe NCT01258608 | Active, not
recruiting
Bortezomib 1] Myeloma NCT00315757 Completed
Cisplatin and Ib/I Cervical cancer | NCT01088347 Recruiting
radiotherapy participants
Paclitaxel and I NSCLC NCT00583830 Completed
Carboplatin
I NSCLC NCT00092924 Completed
Ib/11 NHL NCT00094848 Completed
Table 3: Current clinical trials of TRAIL-R1-specific antibodies.

(www.clinicaltrials.gov:database accessed on the 22/02/2013)

Mapatumumab is well tolerated in patients and the main side effects that were
reported in the initial phase | clinical trial were fatigue (36.2%), hypotension (34.1%),
nausea (29.3%), and pyrexia (12.2%). No responses were seen in patients within the

initial phase | study (Hotte et al., 2008). A subsequent phase Il trial of mapatumumab
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in patients with refractory colorectal cancer did not lead to any tumour responses, but
mapatumumab treatment was associated with disease stabilisation in around 32% of
patients for about 2.6 months (Trarbach et al., 2010). A subsequent phase Il trial of
mapatumumab in patients with advanced NSCLC did not induce responses in any
patients (Greco et al., 2008).

One reason for the lack of responses to mapatumumab treatment could have been
due to the intrinsic TRAIL resistance of primary NSCLC. Therefore subsequent trials
investigated whether the addition of chemotherapy could lead to enhanced
responses in patients with cancer. A phase | clinical trial showed that mapatumumab
could be safely combined with paclitaxel and carboplatin in patients with advanced
solid malignancies, and found that 19% and 44% of patients within the study had

either a partial response or stable disease in the study (Leong et al., 2009).

A subsequent randomised phase Il trial of mapatumumab in combination with
carboplatin and paclitaxel in patients with advanced NSCLC (NCT00583830) did not
report any benefit from the addition of mapatumumab to chemotherapy (Von Pawel,
2010). Additional studies have shown that mapatumumab can be safely administered
in combination with gemcitabine and cisplatin (Mom et al., 2009), although it is

unclear as to whether there is any benefit from this therapeutic combination.

Preliminary results from a phase Ib trial (NCT00712855) in which patients with HCC
were treated with mapatumumab and sorafenib (which targets the anti-apoptotic
protein Mcl-1 (myeloid cell leukaemia sequence 1)), have been reported that 2 out 19
patients had a response to this treatment and 4 patients had stable disease. The
reported side effects included hepatic pain, thrombocytopenia, as well as increased
plasma levels of aspartate aminotransferase (AST), lipase, and gamma-
glutamyltransferase which were considered manageable by the investigators (Sun,
2011). The results were sufficiently promising to lead to a randomised phase |l trial of
this combination (NCT01258608).

Pre-clinical studies have reported that the proteasome inhibitor bortezomib (PS-341)
sensitises non-Hodgkin's lymphoma cells and myeloma cells to apoptosis (Balsas et
al., 2009, Smith et al., 2007). However, a large randomised phase Il clinical trial
(NCT00315757) which recruited 104 patients with relapsed or refractory myeloma
who received either PS-341 or PS-341 and mapatumumab did not find any benefit

from the addition of mapatumumab to PS-341.
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These disappointing results were offset by results from a phase 1b/2 trial of
mapatumumab in patients with relapsed/refractory non-Hodgkin's lymphoma, which
showed that 3 patients with follicular lymphoma experienced clinical responses which
included two complete responses and one with a partial response to treatment
(Younes et al., 2010b). These data suggest that mapatumumab has some activity in

follicular lymphoma.

1.2.7 TRAIL-R2-specific antibodies

A number of clinical trials have been conducted with several different TRAIL-R2-
specific antibodies (Table 4). Conatumumab (AMG 655) is an investigational, fully
humanised IgG1 monoclonal agonistic antibody which was developed by AMGEN
(Kaplan-Lefko et al., 2010). AMG 655 has been found to induce apoptosis in tumour
cells, both in vitro in the presence of a crosslinker and in vivo in mouse xenograft

models of human cancer (Kaplan-Lefko et al., 2010).

AMG 655 is well-tolerated; and the phase | study found that the adverse effects were
mild and there were no dose-limiting toxicities. In the initial phase | study, one patient
with NSCLC had a partial response and has remained on treatment for over 4.2
years and 14 patients had stable disease, and also a patient with colorectal cancer
had stable disease for around 24 weeks, and subsequently went on to develop a
response to the treatment (Herbst et al., 2010b). An additional phase | study in
Japanese patients with advanced solid tumours reported additional reassuring safety
data, and stable disease rates of around 50% in treated patients. However, there

were no confirmed responses after AMG 655 treatment (Doi et al., 2011).

A phase Ib/ll trial (NCT00630786) of AMG 655 and panitumumab, an anti-epidermal
growth factor receptor antibody used for the treatment of metastatic colorectal cancer
(mCRC), found that although the combination was safe, there was no evidence of
synergistic activity for this combination (Peeters, 2010). A recently reported study has
shown that the addition of AMG 655 to paclitaxel and carboplatin chemotherapy for
the first-line treatment of NSCLC does not improve outcomes in unselected patients
(Paz-Ares et al., 2013). A study of the combination of AMG 655 with doxorubicin
versus doxorubicin alone in patients with metastatic or locally advanced unresectable
soft tissue sarcomas found that the addition of AMG 655 led to more early

progressions within the first 3.5 months of treatment (Demetri et al., 2012).
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A randomised placebo-controlled phase Il study of the anti-insulin-like growth factor
receptor antibody ganitumab (AMG 479) or AMG 655 in combination with
gemcitabine, in patients with metastatic pancreatic cancer, found that the addition of
AMG 655 led to a modest improvement in 6 month survival of 57%, versus 50% in

the placebo arm (Kindler et al., 2012).

Another recently reported study found that the addition of AMG 655 to fluorouracil (5-
Fu) and irinotecan chemotherapy for the second-line treatment of KRAS (Kirsten rat
sarcoma viral oncogene homolog) mutant metastatic colorectal cancer (mCRC) was
associated with an improvement in the overall response rate of around 13.7% versus
2.0% in the placebo arm of the trial. This was associated with an improvement in the
progression-free survival of around 6.5 months, versus 4.6 months in the placebo
arm of the trial. Although AMG 655 treatment was not associated with a survival
benefit, these findings suggest that AMG 655 may have activity in KRAS mutant
mCRC (Cohn et al., 2013). AMG 655 has been safely combined with AMG 479
(Chawla, 2010) and this combination is currently being investigated in a phase Il
study in patients with KRAS-mutant mCRC (NCT01327612).

Drozitumab (PR0O95780) is a fully human IgG1 monoclonal antibody against TRAIL-
R2. Drozitumab is well tolerated and the only major side effects reported in the phase
| clinical trial were 2 patients with a reversible grade 3 transaminase elevation. There
was some encouraging evidence of clinical activity as three minor responses were
observed in patients with mCRC, granulosa cell ovarian cancer, and chondrosarcoma
(Camidge et al.,, 2010b). A Phase Ib study is currently investigating whether
drozitumab can be combined with first-line chemotherapy and bevacizumab in
patients with mCRC. Although this combination appears to be well tolerated it is
currently unclear as whether it will lead to improved outcomes in patients (Lima et al.,
2012). Drozitumab has also been safely combined with cetuximab plus irinotecan or
with fluorouracil and irinotecan with or without bevacizumab in previously treated
patients with mCRC. Although it is unclear as to whether the addition of drozitumab
has any benefit over standard chemotherapy (Baron, 2011).
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Anti-TRAIL-R2

Combination

antibody treatment Phase Tumour type Trial number Current Status
Conatumumab Doxorubicin Ib/1l Sarcoma NCT00626704 Completed
Gemcitabine Ib/1l Pancreas NCT00630552 Completed
FOLFOXs, b/l CRC NCT00625651 Active, not
Bevacizumab recruiting
Carboplatin,
Paclitaxel Ib/1l NSCLC NCT00534027 Completed
Panitumumab Ib/1l CRC NCTO00630786 Unknown
AMG 479 1b/2 Solid tumours NCTO00819169 Terminated
KRAS-mutant Active, not
AMG 479 1] MCRC NCT00813605 recruiting
Bor_tezomib or 1b Refractory NCT00791011 Recruitment
Vorinostat lymphoma suspended
KRAS-mutant I
AMG 480 1] MCRC NCT01327612 Recruiting
Drozitumab - 1] Chondrosarcoma | NCT00543712 Terminated
- 1] NSCLC NCT00480831 Completed
Cetuximab and
Irinotecan or FOLFIRI | mCRC NCT00497497 Completed
+ Bevacizumab
Rituximab 1] NHL NCT00517049 Completed
Tigatuzumab Abraxane 1] Breast NCT01307891 ACt'V?Z not
recruiting
Irinotecan 1] CRC NCT00969033 Terminated
Carboplatin, .
paclitaxel 1] Ovarian NCT00945191 Completed
Irinotecan I mCRC NCTO1124630 | Active, not
recruiting
Sorafenib I Hce NCT01033240 | Active, not
recruiting
FOLFIRI 1] mCRC NCT00969033 Terminated
iir;’lo"'a“”’ Paclit | , NSCLC NCT00991796 Completed
- 1 Solid/lymphoma NCT00320827 Completed
Paclitaxel/Carbop | NSCLC NCT00508625 Completed
latin/bevacizumab
- Ovarian cancer NCT00711932 ACtiV?Z not
recruiting
Lexatumumab - Solid/lymphoma NCT00428272 Completed
TAS266 - Solid tumours NCT01529307 Terminated

Table 4: Current clinical trials of TRAIL-R2-specific antibodies. (www.clinicaltrials.gov:database
accessed on the 22/02/2013)
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Tigatuzumab (TRA-8/CS-1008) is an agonistic humanised IgG1 monoclonal antibody
that targets TRAIL-R2; and unlike other TRAIL-R2-specific antibodies, it has been
shown to induce apoptosis without crosslinking (Ichikawa et al., 2001). Tigatuzumab
is well tolerated and no dose-limiting toxicities have been reported to date. Although,
no responses were seen in treated patients, 7 out of 17 patients had stable disease,
suggesting that tigatuzumab has some anti-tumour activity (Forero-Torres et al.,
2010). Tigatuzumab is currently under investigation in combination with various
different chemotherapy drugs as a potential treatment for breast, ovarian, mCRC,
HCC, and NSCLC. Although many of the studies have completed recruitment
(NCT00320827, NCT00508625, and NCT00945191), the results have not yet been
reported in either abstract form or within peer reviewed journals which may possibly

be an indication of negative outcomes.

Lexatumumab (HGS-ETR2) is a fully humanised agonistic monoclonal antibody
against TRAIL-R2, which has been tested in a phase | clinical trial in patients with
advanced cancers (Plummer et al., 2007, Sikic, 2007, Wakelee et al., 2010, Merchant
et al., 2012). Like other anti-TRAIL-R2 antibodies, lexatumumab is well tolerated and
the major dose-limiting toxicities within the phase | clinical trial were asymptomatic
elevations of serum amylase, transaminases, and bilirubin. No responses were seen
after lexatumumab treatment; however twelve patients had stable disease which
lasted up to 4.5 months (Plummer et al., 2007). Another phase | study reported
similar stable disease rates and one patient with chemotherapy-refractive Hodgkin's

disease experienced a mixed response (Wakelee et al., 2010).

A phase | trial of lexatumumab in paediatric patients with solid tumours showed that
there was some evidence of anti-tumour activity with several patients having stable
disease for between 3 to 24 cycles of treatment; and one patient with progressive
osteosarcoma had a clinical response to treatment (Merchant et al., 2012). Other
studies have reported that lexatumumab can be safely combined with gemcitabine,

pemetrexed, doxorubicin or 5-Fu and irinotecan (Sikic, 2007).

Although TRAIL-R2-specific antibodies such as AMG 655 and drozitumab can bind
TRAIL-R2, they cannot induce TRAIL-R2 multimerisation and formation of the TRAIL
DISC. The in vivo activity of TRAIL-R2-specific antibodies such as conatumumab
(Kaplan-Lefko et al., 2010) or drozitumab is dependent on an FcyR-dependent

mechanism which leads to antibody-mediated-TRAIL-R2-signalling in cancer cells, a
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phenomenon first described for anti-Apo-1/CD95 (Wilson et al., 2011, Dhein et al.,
1992, Haynes et al., 2010a, Haynes et al., 2010b).

FcyR receptors such as FcyRIIIA (CD16), FcyRIIA (CD32), and FcyRI (CD64) are
present on immune cells such as macrophages, neutrophils and NK cells (Hogarth
and Pietersz, 2012). FcyRs bind TRAIL-R2-specific antibodies on the surface of
cancer cells. This leads to crosslinking of TRAIL-R2, thereby enabling multimerisation
of TRAIL-R2 and, consequently, formation of the DISC and induction of apoptosis
(Wilson et al., 2011, Dhein et al., 1992, Haynes et al., 2010b).

Previous pre-clinical studies have demonstrated that this mechanism applies to
antibodies against CD95 (Fas/APO-1) (Dhein et al., 1992) and TRAIL-R2 (Wilson et
al., 2011, Haynes et al.,, 2010a). However, although TRAIL-R2-specific antibodies
can efficiently induce apoptosis in murine xenograft models of cancer (Wilson et al.,
2011, Kaplan-Lefko et al., 2010), few tumour responses have been observed in
patients treated with TRAIL-R2-specific antibodies in clinical trials (Camidge et al.,
2010a, Rocha Lima et al., 2012, Demetri et al., 2012, Doi et al., 2011, Herbst et al.,
2010b).

1.2.8 TRAIL as a treatment for ovarian cancer

TRAIL has been considered as a potential treatment for ovarian cancer for over 10
years. Immunohistochemistry studies have shown that ovarian cancer cells express
both TRAIL-R1 and TRAIL-R2 (Duiker et al.,, 2010). Early studies showed that
cisplatin, doxorubicin, and paclitaxel chemotherapy synergised with TRAIL to induce
the death of chemotherapy-resistant ovarian cancer cell lines (Cuello et al., 2001b,
Tomek et al., 2004). Other studies have shown that trastuzumab enhances TRAIL-
induced death of HER-2 overexpressing ovarian cancer cell lines (Cuello et al.,
2001a). Cisplatin treatment increases the expression of TRAIL-R1 and TRAIL-R2
(Duiker et al., 2009), and decreases the expression of anti-apoptotic proteins such as
Bcl-2 and Bcl-xL (B-cell lymphoma-extra-large) (Siervo-Sassi et al., 2003) which
enhances the in vitro and in vivo sensitivity of ovarian cancer cells to TRAIL (Liu et al.,
2006a, Duiker et al., 2011).

Although it is currently unclear as to whether TRAIL-R1 or TRAIL-R2 is the most
important inducer of apoptosis, TRAIL-R2 has been reported to make a greater

contribution to apoptosis induction in some cell lines (Kelley et al.,, 2005).

42



Chapter 1: Introduction

Recombinant TRAIL variants have been developed which exclusively induce
apoptosis via TRAIL-R1 or TRAIL-R2 (Reis et al., 2010, van der Sloot et al., 2006). A
novel TRAIL-R2-specific variant has been shown to have enhanced efficacy over
recombinant TRAIL in both in vitro and in vivo studies (Duiker et al., 2009). This
suggests that therapeutic approaches which specifically target TRAIL-R2 may have
clinical utility in ovarian cancer. One explanation for the differential apoptotic effects
of TRAIL-R1 and TRAIL-R2 in ovarian cancer is that TRAIL-R1 is hypermethylated in
around 27% of patients with advanced ovarian cancer, which leads to the complete
loss or down-regulation of TRAIL-R1 in around 10% of patients with ovarian cancer
(Horak et al., 2005a).

An important pre-clinical study has evaluated the clinical grade anti-TRAIL-R2-
specific antibody, TRA-8, as a potential treatment for ovarian cancer using a novel ex
vivo tissue-slice model (Estes et al., 2007). The investigators obtained 19 samples of
ovarian cancer from patients who were undergoing surgery for advanced ovarian
cancer. Unlike other TRAIL-R2-specific antibodies, TRA-8 does not require
crosslinking by FcyR expressing immune cells to induce TRAIL-R2 mediated
apoptosis (Ichikawa et al, 2001). The investigators studied 5 mm cylindrical cores of
tumour which were sliced into 300—-600 um thick sections, which were then cultured
and treated with TRA-8. The results showed that TRA-8 reduced proliferation,
increased caspase-8 activation, and apoptosis induction within solid deposits of

ovarian cancer (Estes et al., 2007).

Several clinical trials of TRAIL-R agonistic drugs have included patients with
advanced ovarian cancer. A total of 8 patients with ovarian cancer were treated with
dulanermin/Apo2L/TRAIL in an extended dose-escalation phase | clinical trial (Herbst
et al., 2010a). Although dulanermin was well tolerated, there were no reported
responses in any of the patients with ovarian cancer. However, one of four patients
with an ovarian granulosa cell tumour had a partial response in a phase | trial of the
TRAIL-R2-specific antibody PRO95780 (Camidge et al., 2010a). A large phase | trial
has recently been completed of TRA-8 in combination with carboplatin and paclitaxel
in patients with ovarian cancer (NCT00945191). Although the study has been
completed, the results have yet to be published which may possibly be an indication

of a negative outcome.
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1.2.9 The future of TRAIL-R agonistic drugs

Despite promising early results from pre-clinical studies (Walczak et al., 1999,
Ashkenazi et al., 1999, Ichikawa et al., 2001), the clinical development of TRAIL-R
agonist drugs has been characterised by mostly disappointing results from clinical
trials of recombinant forms of TRAIL such as dulanermin, as well as of TRAIL-R1-
and TRAIL-R2-specific antibodies.

There could be several reasons behind the failure of TRAIL-R agonists to lead to
responses in patients. It could reflect the intrinsic TRAIL resistance of primary human
cancers, insufficient agonistic activity of the different clinical grade TRAIL-R agonists,
non-suitable combinations with other drugs in clinical trials, or any combination of

these factors.

1.2.10 Overcoming TRAIL resistance in ovarian cancer

Although many ovarian cancer cell lines are sensitive to TRAIL, the clinical
experience of patients treated with dulanermin/Apo2L/TRAIL and TRAIL-R1/2
antibodies suggests that the majority of in vivo primary human cancer cells are
resistant to TRAIL. Numerous pre-clinical studies have addressed this question and
have reported that many different classes of compounds can sensitise ovarian and

other cancer cells to TRAIL-induced apoptosis.

For example the diuretic amiloride has been shown to sensitise SKOV3 ovarian
cancer cells to TRAIL-induced apoptosis by decreasing the phosphorylation of HER-2,
Akt, PIBK and PDK-1 (Kim and Lee, 2005). On the other hand, dexamethasone, a
potent steroid given to patients receiving chemotherapy for ovarian cancer, increases
the expression of the caspase inhibitor clAP2, which can increase the resistance of

ovarian cancer cells to TRAIL (Runnebaum and Bruning, 2005).

Curcumin, the active component of turmeric, has been shown to enhance the
sensitivity of ovarian cancer cell lines to TRAIL (Wahl et al., 2007), however the effect
of curcumin is modest and only seen at concentrations of around 5-15 yM, which is
below achievable levels with the oral administration of curcumin to patients with
cancer (Baum et al., 2008). Although such studies are interesting, it is difficult to
envisage any of these combinations being rationally combined with a TRAIL-R

agonistic drug in the clinic.
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1.2.11 The combination of TRAIL and Bortezomib as a potential

treatment for ovarian cancer

One of the most promising strategies that could be used to overcome TRAIL
resistance in ovarian cancer cells is proteasome inhibition. The proteasome regulates
the degradation of intracellular proteins that have been targeted for degradation by a
ubiquitin tag. The proteasome regulates numerous cellular processes such as cell
cycle progression, transcription, antigen presentation, and apoptosis (Jesenberger
and Jentsch, 2002). There are a number of different proteasomes which are found in
the nucleus and the cytoplasm of cells such as the 20S and 26S proteasomes. The
core 20S proteasome contains proteolytic sites which are bound to regulatory
complexes at the end of a cylindrical structure. The 26S proteasome is formed from
the binding of two 19S ATPase regulatory complexes to a 20s subunit which

identifies and induces proteolysis of ubiquitin-tagged proteins (Brooks et al., 2000).

The proteasome regulates many different pathways that are important for the survival
of cancer cells. For example cyclins, which regulate the cell cycle, are degraded by
ubiquitin-dependent proteolysis (Glotzer et al., 1991). The proteasome regulates the
activity of the NF-kB pathway, which is an important regulator of cancer cell growth,
proliferation, apoptosis, and resistance to chemotherapy (Nakanishi and Toi, 2005).
Inhibition of the proteasome prevents the activation of the NF-kB pathway by
preventing the proteasomal degradation of | kappa B-alpha (Traenckner et al., 1994);

an important negative regulator of the NF-kB pathway.

Many different types of cancer cells, including ovarian cancer cells, have been
reported to be sensitive to the effects of proteasome inhibition (Adams, 2004). The
reasons for the relative susceptibility of the cancer cells relative to the normal healthy
tissues are unclear. The first licenced proteasome inhibitor was bortezomib (PS-341)
a synthetic peptide aldehyde, with an aldehyde substitution to boronic acid to
enhance its potency and selectivity of the proteasome inhibition (Adams et al., 1998).
PS-341 was selected from a panel of similar proteasome inhibitors as it displayed
substantial cytotoxicity against a wide range of human tumour cell lines, in both in
vitro and in vivo assays (Adams et al., 1999).

Several studies have shown that proteasome inhibitors such as PS-341 can sensitise
ovarian cancer cell lines and primary ovarian cancer cells to TRAIL-induced
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apoptosis (Saulle et al., 2007, Bruning et al., 2009). It has been shown that PS-341
can sensitise primary ovarian cancer cells to mapatumumab and lexatumumab
(Pasquini et al., 2010). However, although PS-341 can induce apoptosis in primary
ovarian cancer cells (Pasquini et al., 2010), several recently published clinical trials
have shown that it has insufficient clinical activity in ovarian cancer to warrant further
development as a treatment for ovarian cancer (Parma et al., 2012, Aghajanian et al.,
2009).

Despite detailed biochemical studies, it is currently unclear as to how proteasome
inhibition sensitises cancer cells to TRAIL. The effect of PS-341 on the sensitivity of
HCC to TRAIL appears to be independent of NF-kB signalling. PS-341 treatment
leads to enhanced recruitment of cFLIP_ and cFLIPs and caspase-8 to the TRAIL
DISC (Ganten et al., 2005). PS-341 treatment can also up-regulate the expression of
TRAIL-R1/TRAIL-R2 as well as down-regulating the expression of cFLIP_ (Koschny
et al.,, 2007a). PS-341 has been shown to increase the sensitivity of glioblastoma
cells to TRAIL induced apoptosis by increasing the stability of the pro-apoptotic
protein tBid (truncated BH3 interacting-domain death agonist) and through enhancing
mitochondrial apoptosis (Unterkircher et al., 2011). However it is not known how PS-

341 affects TRAIL sensitivity in ovarian cancer cells.

Pre-clinical studies have reported that PS-341 sensitises NHL cells and myeloma
cells to apoptosis (Balsas et al.,, 2009, Smith et al., 2007). However, a large
randomised phase Il clinical trial (NCT00315757) which recruited 104 patients with
relapsed or refractory myeloma who received either PS-341 or PS-341 +
mapatumumab did not find any benefit from the addition of mapatumumab to PS-341.
These data suggest that further pre-clinical studies are required before proceeding to
a clinical trial of PS-341 and a TRAIL-R agonistic drug in patients with advanced

ovarian cancer.

1.212 Enhancing TRAIL sensitivity by inhibiting IAP proteins

An alternative approach to enhancing TRAIL sensitivity is to antagonise the function
of inhibitor of apoptosis proteins (IAPs) that contribute to the resistance of cancer
cells to TRAIL. Apoptosis is a highly regulated process and IAPs prevent the
induction of apoptosis by inhibiting caspase activation by directly binding them and

indirectly by positively regulating anti-apoptotic signalling pathways. The targeting of
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IAPs has the potential to both enhance the sensitivity of cancer cells to death ligands
like TRAIL, as well as enhancing their sensitivity to other therapies such

chemotherapy or radiotherapy.

IAP family members include X-linked Inhibitor of apoptosis protein (XIAP), cellular
inhibitor of apoptosis protein-1 (clAP1), cellular inhibitor of apoptosis protein-2
(clAP2), survivin, apollon, melanoma IAP, bruce, neuronal apoptosis inhibitory
protein (NAIP), IAP-2 (Vucic and Fairbrother, 2007). All IAP family members contain
between 1 and 3 baculoviral IAP repeat (BIR) domains which can directly bind and
inhibit caspases; and thereby suppress apoptosis (Deveraux and Reed, 1999).
However, not all IAP family members are involved in regulating apoptosis. IAPs are
expressed at elevated levels in many human cancers and promote carcinogenesis by

inhibiting cell death and activating oncogenic signalling pathways.

Perhaps the most important, and well described IAP is XIAP, which is able to directly
suppress apoptosis by binding and inhibiting activated caspases (Holcik et al., 2001).
XIAP contains three BIR domains which form a IAP-binding motif (IBM)-interacting
groove which allows the BIR, domain to inhibit caspase-3, caspase-7; and also
allows BIR3 to inhibit caspase-9 by directly binding and blocking the activity of
cleaved caspases (Eckelman et al., 2006). XIAP and other IAPs such as clAP1 and
clAP2 contain a highly conserved RING (really interesting new gene) domain which

confers these IAPs with ubiquitin E3 ligase activity.

Although XIAP deficiency in mice does not lead to an abnormal phenotype, it does
lead to an increase in clAP1 and clAP2 levels, suggesting that compensatory
mechanisms exist for the loss of XIAP (Harlin et al., 2001). In humans, XIAP
deficiency causes the X-linked lymphoproliferative syndrome (XLP), which is
characterised by lymphohystiocytosis, hypogammaglobulinaemia and lymphomas.
XIAP deficiency leads to enhanced T cell activation-induced cell death and increased
sensitivity to CD95L and TRAIL. Also XIAP is required for the survival and/or
differentiation of NK T cells (Rigaud et al., 2006). XIAP antagonism does not promote
the development or survival of regulatory T cells in mice or humans. However, it does
promote T cell costimulation and cytokine production, suggesting that therapeutic
strategies that target XIAP have the potential to enhance immune responses against

cancer cells (Dougan et al., 2010).
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XIAP regulates Akt and caspase-3-dependent cleavage when ovarian cancer cells
are undergoing cisplatin-induced apoptosis. In cisplatin-sensitive cells, cisplatin
treatment decreases XIAP levels, whereas in cisplatin-resistant cells, cisplatin
treatment does not affect the expression of XIAP. Overexpression of XIAP leads to
increased Akt phosphorylation and activation of PI3K signalling; and knockdown of
XIAP leads to Akt cleavage and apoptosis in some cell lines (Asselin et al., 2001).
Other investigators have reported that down-regulation of XIAP induces apoptosis in
cisplatin-sensitive cells, and to lesser extent in cisplatin-resistant cells, and
overexpression of XIAP attenuates the sensitivity of ovarian cancer cell lines to
cisplatin (Li et al., 2001).

Akt phosphorylates XIAP at serine-residue 87 which prevents XIAP from undergoing
cisplatin-induced auto-ubiqutination and proteasomal degradation. Knockdown of
XIAP has been reported to inhibit Akt-mediated survival of ovarian cancer cells (Dan
et al., 2004). XIAP has also been reported to regulate the sensitivity of ovarian
cancer cell lines and primary ovarian cancer cells to the chemotherapy drug
docetaxel. The treatment of docetaxel-sensitive cells, led to the inactivation of XIAP
and the induction of apoptosis; however the effect of docetaxel on IAP expression is
lost in docetaxel-resistant cells (Sapi et al., 2004). The down-regulation of XIAP has
been shown to induce apoptosis in both in vitro and in vivo models of ovarian cancer
and to enhance the survival of ovarian cancer tumour-bearing mice (Shaw et al.,
2008).

The anti-apoptotic effects of IAPs are regulated by SMAC (second mitochondrial
activator of caspases)/DIABLO (direct IAP binding protein with low pl), a
mitochondrial protein that promotes caspase activation by binding the BIR domains
and competing with caspases, resulting in the release of inhibition of caspases by
IAPs (Du et al., 2000, Verhagen et al., 2000). Under normal physiological conditions
SMAC is confined to the mitochondria, but when cells are damaged and undergoing
apoptosis, SMAC/DIABLO is released into the cytoplasm, where its amino-terminus
binds to the BIR3 domain on IAPs, via a conserved 4 amino acid (Ala—Val-Pro-lle)
domain (Liu et al., 2000, Wu et al., 2000).

This discovery led to the design of small molecule IAP antagonists which mimic the
effect of SMAC on IAPs which are active in both in vitro and in vivo models of cancer
(Li et al., 2004, Oost et al., 2004, Zobel et al., 2006, Cao et al., 2009, Sun et al., 2004,
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Sun et al., 2008). SMAC mimetics rapidly induce the auto-ubiquitination and
degradation of c-IAP1 and c-IAP2, which leads to the activation of non-canonical NF-
KB signalling, resulting in the production of autocrine TNF (Varfolomeev et al., 2007,
Petersen et al., 2007, Vince et al., 2007).

Compound Tumour type | Clinical trial Phase Combination | Status
Currently
Birinapant Solid Tumours NCT01573780 2 Gemcitabine .
recruiting
Currently
Birinapant AML NCT01486784 1/2
recruiting
Birinapant Solid Tumours NCT01188499 1/2 Chemotherapy Not recruiting
Currently
Birinapant Ovarian cancer NCT01681368 2 "
recruiting
Solid Tumours Currently
AT-406 NCT01078649 1
and Lymphoma recruiting
Metastatic
GDC-0152 ) . NCT00977067 1 Completed
Malignancies

Table 5: Current SMAC mimetic compounds in clinical trials in patients with cancer. Data from
www.clinicaltrials.gov (database accessed 23/03/2013).

In the absence of clAPs, TNF signalling does not lead to gene activation but rather to
the formation of a cytoplasmic complex (complex Il) which contains RIP (Receptor
interacting protein) 1, FADD, and caspase-8 which stimulates caspase-8 induced
apoptosis. In addition, it has been shown that depletion of clAPs by SMAC mimetics
can promote the formation of a similar complex independently from TRAIL, CD95L,
and TNF (Tenev et al., 2011). This cell death inducing complex has been termed the
‘ripoptosome’, and is negatively regulated by clAP1 and clAP2 that constitutively

ubiquitinate components of the complex (Tenev et al., 2011).

The ovarian cancer tumour microenvironment contains a dynamic inflammatory “TNF
cytokine network’ which is driven by TNF, CXCL12, and IL-6 which leads to
angiogenesis and infiltration of myeloid cells (Kulbe et al., 2012, Kulbe et al., 2007).
Therefore, SMAC mimetics have the potential to turn the tumour promoting properties
of TNF (Balkwill, 2009) against ovarian cancer cells (Wu et al., 2007). A phase Il

clinical trial of the SMAC mimetic birinapant (TL32711) in patients with advanced
49



Chapter 1: Introduction

ovarian, fallopian tube, and peritoneal cancer (NCT01681368) is currently enrolling

patients. The first results from this study are expected to be presented in early 2014.

Although SMAC mimetic treatments rapidly initially induce the degradation of both
clAP1 and clAP2, the degradation of clAP2 requires the presence of clAP1. The
depletion of clAP1 can lead to the activation of non-canonical NF-kB signalling which
induces the expression of clAP2. In the absence of clAP1, clAP2 suppresses TNFa-
induced killing of cells, and may suppress TRAIL-induced killing of cancer cells
(Darding et al., 2011). These data may have important therapeutic implications for
the acquisition of resistance of cancer cells to SMAC mimetic drugs. This suggests
that intermittent dosing strategies that temporarily induce the expression of clAP1
and clAP2 may have the greatest chance of enhancing the sensitivity of cancer cells

to TRAIL and TNF induced apoptosis and sensitivity to SMAC mimetic compounds.

Although ovarian cancer cells do not appear to be dependent on a single IAP for their
survival, targeting IAP proteins may enhance the sensitivity of the cancer cells to
TRAIL and to chemotherapy. TRAIL-resistant primary ovarian cancer cells can be
reliably sensitised to TRAIL-induced apoptosis by SMAC mimetic compounds
(Petrucci et al., 2007, Petrucci et al., 2012, Cossu et al., 2012, Lecis et al., 2012).
SMAC mimics have been shown to potentiate TRAIL-mediated cell death in in vitro

and in vivo models of ovarian cancer (Petrucci et al., 2007, Petrucci et al., 2012).

A recent study of the SMAC mimetic LBW242 has shown that it enhances the TRAIL-
induced death of ovarian cancer cell lines and primary ovarian cancer cells (Petrucci
et al., 2012). Recent publications have shown that a potent dimeric SMAC mimetic
compound SM-83 (also known as SM 9a) has activity in a peritoneal murine model of
ovarian cancer and synergises with TRAIL in killing ovarian cancer cells and
melanoma cells (Cossu et al., 2012, Lecis et al., 2010, Lecis et al., 2012). These data
suggest that SMAC mimetic drugs are a potential treatment for ovarian cancer and
may enhance the sensitivity of ovarian cancer cells to TRAIL-induced apoptosis
(Table 5).

1.2.13 Overcoming TRAIL resistance in the ovarian cancer clinic

The main clinical strategy that has been used to overcome TRAIL resistance is to
combine standard chemotherapy drugs with TRAIL-R agonistic therapies. Thus far,

this strategy has yet to reproduce any of the pre-clinical studies that suggested that
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this approach would be useful in patients with cancer. For example, the addition of
TRAIL to standard chemotherapy has failed to improve outcomes in patients with
lung cancer (Paz-Ares et al., 2013, Soria et al., 2011b), colorectal cancer (Peeters,
2010), and lymphoma (Belada et al., 2010).

A pre-clinical study found that although only 15% of solid deposits of ovarian cancer
were sensitive to the TRAIL-R2-specific antibody TRA-8; and there was synergy with
carboplatin and paclitaxel chemotherapy in around 77% of patients (Frederick et al.,
2009). The same investigators also showed that TRA-8 synergises with docetaxel
and carboplatin in a murine intraperitoneal ovarian cancer model. However, the
differences in survival of mice treated with chemotherapy and TRA-8 group versus

chemotherapy alone was a modest 7 days (Bevis et al., 2011).

One explanation for these differential effects is that current TRAIL-R agonistic drugs
are not sufficiently active to induce the death of the cancer cells. However,
dulanermin has been shown to induce the death of multiple cancer cell lines in vitro
and in- vivo; and therefore this is probably not the main explanation for the lack of

efficacy of TRAIL in the clinic.

Several factors have been shown to contribute the resistance of ovarian cancer cells
to TRAIL. The anti-apoptotic protein c-FLIP ) has been implicated in the resistance of
ovarian cancer to TRAIL, and down-regulation of c-FLIP) has been shown to
enhance the sensitivity of ovarian cancer cells to TRAIL (Lane et al., 2004, Clarke
and Tyler, 2007, Li et al., 2011a). Increased c-FLIP, is seen in around 40% of
ovarian cancers (Horak et al., 2005b). However, proteasome inhibition can
circumvent c-FLIP_ overexpression, and can enhance the sensitivity of ovarian
cancer cells to TRAIL (Syed et al., 2007, Saulle et al., 2007).

Several studies have investigated whether ovarian cancer ascites has an effect on
the sensitivity of ovarian cancer cells to TRAIL-induced apoptosis. Ascites has been
shown to induce the PI3K/Akt pathway and induce TRAIL resistance (Lane et al.,
2007). Cellular detachment modulates the sensitivity of ovarian cancer cells to TRAIL
by down-regulating the PI3K pathway (Lane et al., 2008). Another study found that
ovarian ascites induces the phosphorylation of focal adhesion kinase (FAK), which is
correlated with the phosphorylation of Akt, and can induce protection from TRAIL-
induced cell death (Lane et al., 2010).
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High expression of crystallin aB is an independent marker for prognosis for patients
with ovarian cancer and has been shown to impair TRAIL and cisplatin-induced
apoptosis in human ovarian cancer cells (Volkmann et al.,, 2012). It has been
reported that ovarian cancer ascites increases the expression of the anti-apoptotic
protein Mcl-1 (Goncharenko-Khaider et al., 2012). Ovarian cancer ascites contains
osteoprotegerin (OPG), a secreted factor that acts as a decoy receptor for RANKL
(Receptor activator of NF-kB ligand) and TRAIL. OPG is found at high levels within
ovarian cancer ascites and attenuates TRAIL-induced apoptosis in ovarian cancer

cell lines and in primary ovarian cancer cells (Lane et al., 2012).

The overexpression of the developmental regulator Six1 has been shown to cause
ovarian cancer resistance to TRAIL, and is associated with advanced stages of
ovarian cancer. Given that Six1 is overexpressed in around 50% and 63% of early
and late stage ovarian cancers (Behbakht et al., 2007) it is possible that this protein

could be a biomarker for potential TRAIL resistance in patients with ovarian cancer.

There is already significant pre-clinical data that strongly suggests that TRAIL
resistant ovarian cancer cell lines and primary ovarian cancer cells can be sensitised
to TRAIL-induced apoptosis using either proteasome inhibition (Ganten et al., 2005,
Saulle et al., 2007, Bevis et al., 2010) or SMAC mimetic treatment (Fulda et al.,
2002b, Petrucci et al., 2007, Petrucci et al., 2012, Allensworth et al., 2013, Mao et al.,
2013). However, it is unclear as to which approach is likely to be the most effective in
patients with advanced ovarian cancer. Therefore, additional pre-clinical studies are
required to determine which approach is most likely to be most effective before

proceeding to a clinical trial in patients with ovarian cancer.

Furthermore, although the ovarian cancer tumour microenvironment contains
numerous immune cells which express FcyR, it is not known whether these immune
cells will be sufficient to induce TRAIL-R2-antibody-mediated cell death in primary
ovarian cancer cells. Therefore, it is unclear as to whether a potential clinical trial of a
TRAIL-R agonistic drug in patients with ovarian cancer should be conducted with
either a recombinant form of TRAIL such as dulanermin/Apo2L/TRAIL or with a
TRAIL-R2-specific antibody such as AMG 655. Further studies are required to
determine the best approach for targeting the apoptotic TRAIL-R in patients with

ovarian cancer.
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This thesis will investigate whether Foxo factors and KIf2 have a role in Treg cell
differentiation and function. It will also investigate whether TRAIL is a potential
treatment for ovarian cancer and whether the TRAIL-R2 specific antibody AMG 655
could be used as a treatment for ovarian cancer, either alone or in combination with
TRAIL sensitising agents such as proteasome inhibitors or a SMAC mimetic

compound.
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AIMS

Part 1: Hypothesis

That Foxo and KIf2 transcription factors regulate Treg cell differentiation.

Part 1: Aims

1.
2.
3.

To investigate the role of Foxo factors in Treg cell differentiation and function.
To investigate the role of KIf2 in Treg cell differentiation and function.

To investigate the mechanisms by which KIf2 regulates Treg cell differentiation
and function.

Part 2: Hypothesis

TRAIL is a potential treatment for ovarian cancer. That TRAIL resistance can be
overcome by proteasome inhibition or by SMAC mimetic treatment. That the TRAIL-
R2-specific antibody AMG 655 is a potential treatment for advanced ovarian cancer.

Part 2: Aims

1.
2.

To determine the sensitivity of primary ovarian cancer cells to iz-TRAIL.

To determine the effect of proteasome inhibition or SMAC mimetic treatment
on the sensitivity of primary ovarian cancer cells to TRAIL-induced apoptosis.
To determine whether the presence of tumour-associated immune cells affects
TRAIL sensitivity or resistance of ovarian cancer cells.

To determine whether immune cells within the tumour microenvironment have
the potential to crosslink AMG 655 and induce apoptosis within ovarian cancer
cells.

To investigate the potential toxicities of any novel therapeutic combinations of
TRAIL-R agonistic drugs which are identified within this study.
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Chapter 2. Materials and Methods

2.1 Materials

2.1.1 Chemicals and reagents

All the chemicals and biological reagents were purchased at pA quality unless

indicated otherwise from Invitrogen (Gibco; Molecular Probes), Pierce, Roth,

Sigma/Aldrich, Merck (Calbiochem),

Biosciences.

2.1.2 Specific inhibitors
Anti-TGFB

Bortezomib

Brefeldin A Solution

Complete Protease Inhibitor Cocktail
LY-29,4002

Rapamycin

Necrostatin-1

Pan Caspase Inhibitor Z-VAD-FMK
Phosphatase Inhibitor Cocktail

TNFR2-Fc - Etanercept (Enbrel®)

2.1.3 Buffers and solutions

Cell freezing medium

FACS buffer

HEPES-buffered saline (HEBS; x 2)
(pH =7.05)

AppliChem, Honeywell or

Source

R&D Systems
Selleck Chemicals
eBioscience
Roche
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
R&D systems
Sigma-Aldrich

Pfizer

90% FCS (v/v)

10% DMSO (v/v)

1x PBS

2% FCS (viv)

50 mM HEPES, free acid
280 mM NacCl

1.5 mM Na;HPO,4

Amersham
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IP-Lysis Buffer 1

IP-Lysis Buffer 2

MACS® Running buffer (pH 7.2)
Miltenyi Biotec

MOPS running buffer (pH = 7.7)

PBS (pH =7.4)
(Gibco)

Western Blot Stripping buffer (pH = 2.3)
TAE buffer (10x)

Transfer buffer

12 mM dextrose/glucose
10 nM KCI

0.5% Triton-X

100 nM NaCl

40 mM TRIS-HCL

1 uM CICl;

Complete Protease Inhibitor cocktail
Phosphatase Inhibitor
1% Triton-X

0.1% SDS

100 nM NaCl

40 mM TRIS-HCL

1 uM CacCl,
Complete Protease Inhibitor cocktail
Phosphatase Inhibitor
PBS

2 mM EDTA

0.5% BSA (w/v)
0.09% sodium azide
50 mM MOPS

50 mM Trizma Base
3.5 mM SDS

1 mM EDTA

137 mM NaCl

8.1 mM NazHPO,

2.7 mM KCI

1.5 mM KH2PO4

50 mM Gilycine in H,0
400 mM Tris/HCI

200 mM Acetic Acid
10 mM EDTA

192 mM Glycine
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25 mM Trizma Base
0.01% EDTA (w/v)
20% Methanol (v/v)

Wash buffer (Western blotting) 1 xPBS
0.05% Tween-20 (v/v)
Blocking buffer (Western blotting) 0.05 Tween-20% in PBS

2% milk powder

2.1.4 Biological agents and chemotherapy

TGFB R&D systems
Cisplatin Sigma
Paclitaxel Bristol-Myers Squibb

2.1.5 Antibodies

Unconjugated antibodies

(WB: Western blotting; IP: immunoprecipitation; FACS: fluorescence activated cell sorting)

Antibody Isotype | Source Application
Anti-caspase-8 (T-16) goat | Santa Cruz IP
Anti-Caspase-8 (C15) mlgG2b | Axxora WB
Anti-FLIP (NF6) migG1 Enzo Life Sciences | WB
Anti-FADD (1F7) migG1 Assay Designs Inc. | WB

Anti-Mouse-TCRpB (H57-597) | Hamster | BD Pharmingen™ | T cell activation

Anti-Mouse CD28 (37.51) Hamster | BD Pharmingen™ | T cell activation
Anti-TRAIL-R1 (HS-101) migG1 Hybridoma FACS
Anti-TRAIL-R2 (HS-201) migG1 Hybridoma FACS
Anti-TRAIL-R3 (HS-301) migG1 Hybridoma FACS
Anti-TRAIL-R4 (HS-401) migG1 Hybridoma FACS
Anti-TRAIL-R2/DR5 (2019) Rabbit ProSci. Inc WB
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2.1.6 Conjugated antibodies

(WB: Western blotting; IP: immunoprecipitation;

FACS: fluorescence activated cell sorting)

Antibody Source Application
Goat-anti-migG1-HRP Southern Biotech WB
Goat-anti-migG2b-HRP Southern Biotech WB
Goat-anti-rabbit-IgG-HRP Southern Biotech WB
Goat-anti-rabbit-IgG-HRP Southern Biotech WB
Anti-human CD11b (ICRF44)- | ® FACS
PE/Cy5 BioLegend

Anti-human CD14-FITC (MEM18) AbD serotec FACS
Anti-human CD14-APC Miltenyi Biotec FACS
Anti-human CD16-FITC Miltenyi Biotec FACS
Anti-human CD19 (HIB19)-PE BioLegend® FACS
Anti-human CD3 (HIT3a)-PE/Cy5 BioLegend® FACS
Anti-human CD32 (FUN-2)-PE BioLegend® FACS
Anti-human CD326/EpCAM (9C4)-PE | BioLegend® FACS
Anti-human CD33 (WM53)-APC BioLegend® FACS
Anti-human CD4 (OKT4)-FITC BioLegend® FACS
Anti-human CD4 (OKT4)-PE/Cy5 BioLegend® FACS
Anti-human CD45 (H130)-PE BioLegend® FACS
Anti-human CD45 (H130)-PE/Cy5 BioLegend® FACS
Anti-human CD56 (130-090-843)- FACS
APC Miltenyi Biotec

Anti-human CD64 (10.1)-biotin BioLegend® FACS
Anti-human CD66 (CD66a-B1.1)-APC | eBioscience FACS
Anti-human CD68(Y1/82A)-PE BioLegend® FACS
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Anti-human CD8 (SK1)-FITC BioLegend® FACS

Anti-human EpCAM (Ber-EP4)-FITC | Dako FACS

Anti-human Foxp3 (236A/E7)-PE eBioscience FACS

Anti-human IFN-gamma (4S.B3)-| ® FACS
BioLegend

APC

Anti-human IL-17A (BL168)-FITC BioLegend® FACS

Anti-human IL-4 Antibody (8D4-8)-| ® FACS
BioLegend

PE

Anti-Streptavidin-PE/Cy5 BioLegend® FACS

Anti-mouse CD4-PE-Cy5 BioLegend® FACS

Anti-mouse CD25-PE BioLegend® FACS

Anti-mouse CD62L-FITC BioLegend® FACS

Anti-mouse-Foxp3-PE eBioscience FACS

2.1.7 Commercial detection and isolation systems and reagents

Kit Source
BCA Protein Assay Pierce

ECL Western Blotting Detection GE Healthcare Life Sciences
Fc-receptor blocking solution BioLegend®
M65° ELISA PEVIVA
QlAprep Maxi Kit Qiagen
QlAprep Spin Miniprep Kit Qiagen
QIAquick Gel Extraction kit Qiagen
LDS sample buffer NuPage®
2xSYBR PCR Master Mix QIAGEN
Reflotron® AST Roche
TrypanBlue Invitrogen
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Western Lightning® Plus—ECL, Enhanced

Chemiluminescence Substrate

Perkin Elmer

Zymoclean™ Gel DNA Recovery Kit

Zymo Research

2.1.8 Instruments

Instrument Source
Blotting equipment X cell IITM Novex
Chromo 4 TM DNA Engine Bio-Rad
Nalgene Labware, Neerijse;
Cryo 1°C Freezing container Belgium
Electrophoresis chamber Bio-Rad

Flow Cytometer FACSCalibur™

Becton Dickinson

Flow Cytometer LSR I

Becton Dickinson

Freezer -20°C

Liebherr

Freezer -80°C

Forma Scientific

Hyper Processor X-Ray film Developer

Amersham Biosciences

Incubator Stericult 2000 Forma Scientific
Light Microscope Carl Zeiss
Microscope Axiovant 25 Carl Zeiss

Mithras Luminometer LB 940

Berthold Technologies

Multifuge 3S-R

Heraeus

Multiskan Ascent

Thermo Scientific® Labsystems

NanoDrop Spectrophotometer ND-1000

NanoDrop Technologies

Nucleofector™ Amaxa Inc

pH Meter Mettler, Giessen; Germany
Sonifier Branson Ultrasonics Corporation
Vortex Heidolph, Schwabach; Germany
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2.1.9 Laboratory materials

Material

Source

Cell Culture Petri dishes

TPP, Techno Plastic Products AG

Trasadingen; Switzerland

Cell Sieve (40 um pore size)

Becton Dickinson, Heidelberg;

Germany

Conical tubes (15 ml and 50 ml)

TPP, Trasadingen; Switzerland

Cryogenic vials

Nunc, Wiesbaden; Germany

Falcon 12 x 75 mm 35 pym nylon Cell

Strainer

Becton Dickinson

Hybond ECL Nitrocellulose Membrane

Amersham Biosciences

NuPage® 4-12% Bis-Tris Gels Invitrogen

PCR Tubes Starlab

Pipetboy Integra Bioscience
Pipette tips (0.1-10, 1-200, 101-1000 pl) Starlab

RBC lysis buffer eBioscience

Round and flat bottom 96-well test plates

TPP, Trasadingen; Switzerland

SDS-Sample buffer

Invitrogen

SeeBlueTM Plus2 Pre-Stained Standards

Invitrogen

Single-Use Syringe (1, 10 ml)

Becton Dickinson

Sterile filter (0.22 um)

Millipore

Tissue Culture flasks (25, 75 and 150 cm?)

TPP, Trasadingen; Switzerland

X-Ray film HyperfilmTM ECL

Amersham, Freiburg; Germany

2.1.10 Cell lines

293T cells were generated by the transformation of human embryonic kidney cells

using fragments of adenovirus type 5 DNA (Graham et al., 1977).
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The PEO4 cell line was originally derived from ascites from a patient with platinum-

resistant ovarian cancer (Langdon et al., 1988b).

PEA1 (platinum-sensitive) and PEAZ2 cells (platinum-resistant) were isolated from a
pleural effusion and ascites from a patient before and after treatment with platinum-

based chemotherapy (Langdon et al., 1988a).

34957 cells were a gift from Professor David Bowtell; and were recently derived from
a patient with grade lll serous carcinoma ovarian cancer who had been treated with

carboplatin, paclitaxel, and liposomal doxorubicin.

34955 and 34955.2 cell lines were a gift from Professor David Bowtell and were
recently derived from a patient with grade Ill serous carcinoma ovarian cancer who

had been treated with carboplatin, paclitaxel, and liposomal doxorubicin.

22846 cells were a gift from Professor David Bowtell and were recently derived from
a patient with ovarian cancer who had received treatment with carboplatin

chemotherapy.

2.1.11 Cell line culturing conditions

293T cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented  with 10% Foetal Calf  Serum (FCS) and 1%

penicillin/streptomycin/glutamine.

All cell lines were incubated at 37°C in humidified incubator with 5% CQO,. Ovarian
cancer cell lines were cultured in Roswell Park Memorial Institute medium-1640
(RPMI) supplemented with 10% FCS and 1% penicillin/streptomycin/glutamine.

Adherent cells were split using a 1 x Trypsin/EDTA solution.

2112 Freezing and thawing of eukaryotic cells

Up to 10 x 10° per ml of cells were harvested and suspended in freezing media which
contained 90% FCS and 10% DMSO (Dimethyl sulfoxide). The cells were then
cooled to -80 °C in a freezing container, Nalgene® Mr. Frosty (Sigma-Aldrich) for 2
days before being transferred into liquid nitrogen for long-term storage at -196°C.
Frozen cells were thawed by rapidly melting frozen aliquots of cells with warmed cell
culture media at 37°C before spinning down the cells, and then transferring the cells

into fresh tissue culture media.
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2.2 Methods

2.2.1 Transfection of 293T cells and retrovirus production

The night before transfection, a confluent 10 cm plate of 293T cells was split so that
the cells were around 30% to 50% confluent on the day of transfection. One hour
prior to the transfection, the media was changed and 9 ml of fresh media was added.
293T cells were transfected using calcium phosphate transfection. Then 4 ug of
plasmid DNA and 4 pg of pcl-Eco retrovirus packaging vector were added to 500 ml
of 0.8 M CaCl,. which was added drop-wise to 500 pl of HEBS Buffer (2 X) which
was being vortexed. Then 1 ml of calcium phosphate crystals were added drop-wise
to the semi-confluent 10 cm plates of 293T cells with 9 ml of fresh DMEM media
whilst slowly swirling the plate. The culture media were changed the following
morning, and in the evening; and were replaced with 3.5 ml of fresh media. The
retroviral supernatants were collected at 48, 56 and 72 hours after transfection until a
total of 10.5 mls of supernatants had been collected. All retroviral supernatants were

0.22 um sterile filtered and the stored at 4°C until use.

2.2.2 Retroviral vectors

The Foxo3-IRES-GFP (IRES - internal ribosome entry site, GFP - Green Fluorescent
Protein) and Foxo3-Active-IRES-GFP were a gift and were made by cloning human
Foxo3 into the mouse stem cell virus (MSCV). The Foxo3 triple mutant
T32A/S252A/S314A was a gift; and was made by site-directed mutagenesis of the
nucleotide codons that encode the Akt phosphorylation sites within Foxo3. The GFP-
KLF2 vector was a gift from Professor Doreen Cantrell. The GFP-KLF2 vector was
made by polymerase chain reaction (PCR) amplification of the RIKEN full length KIf2
clone (2410149J18). The KLF2 PCR fragment was cloned into the EGFP vector, and
the EGFP-KLF2 fusion was cloned into the EcoR1 sites of the LZRSpBMN-LacZ
construct, which replaced the LacZ gene with EGFP-KLF2. The KLF2-IRES-GFP
vector was made by PCR amplification of the KIf2 sequence from the GFP-KLF2
vector. The PCR fragment was cloned in the EcoR1 and BglI2 sites of the MSCV-
IRES-GFP vector. The KLF2-IRES-GFP-G to E vector was made by site directed
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mutagenesis and SOEing (Splicing by Overlap Extension) PCR of KiIf2 PCR fragment
from the GFP-KLF2 vector. The PCR fragment was cloned in the EcoR1 and BgllI2
sites of the MSCV-IRES-GFP vector.

2.2.3 Mouse strains, cell sorting, culture and retroviral infections

Animal work was done under the authority of a project license (PPL70/5936) granted
to Professor Matthias Merkenschlager under the Animals (Scientific Procedures) Act,
UK, 1986. Studies on gene regulation were performed under project license
(05/Q0406/145). Mice were sacrificed by dislocation of the neck. Then the mouse
lymph nodes were dissected and removed. A single cell suspension of lymphocytes
was achieved by passing the lymph nodes through a 40 pym cell strainer using a
syringe plunger from a 1ml syringe in T cell media. The cells were then centrifuged
(1,500 rpm for 5 minutes) and then stained with anti-CD4, anti-CD62L, and anti-CD25
for 20 minutes on ice in FACS (fluorescence activated cell sorting) buffer. The cells
were then washed with 10 ml of ice cold FACS buffer and filtered using a 12 x 75 mm
BD Falcon 35 pm nylon Cell Strainer Cap tube, in order to remove all clumps of cells

prior to cell sorting in FACS buffer.

Naive CD4 T cells (CD4*, CD25 and CD62"%") or regulatory T cells (CD4*,CD25%)
were isolated by flow cytometric sorting using BD FACSAria cell sorters from
C57BL/6 or BALB/c mouse strains. CD4 T cells were cultured in Iscove’s Modified
Dulbecco’s medium (IMDM), supplemented with 10% heat inactivated fetal bovine
calf serum (Bioseara), penicillin [1000 u/ml], streptomycin [1000 pug/ml], gentamycin
[25 pg/ml], and beta-mercaptoethanol (0.004%). Cells were activated with anti-TCR
(CD3/CD28 Dynabeads®, Invitrogen) at a ratio of 1 bead per cell or plate bound anti-
anti-TCRB (H57-597; 200 ng/ml) and anti-CD28 (2 ug/ml). Exogenous IL-2 [10 ng/ml]

was added to Treg cell culture media where indicated.

Activated T cells were retrovirally transduced with retroviral constructs by spin
infection (90 min, 2,500 rpm, 37°C) in 24-well tissue culture plates. Before
transfection the cells were spun down at 2500 rpm for 2 minutes and then 750 pl of
conditioned cell culture media was removed from each well, and replaced with 1.5

mls of retroviral supernatant. The cells were transduced with retroviral constructs by
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spin infection (90 min, 2,500 rpm, 37°C). After transduction, the cells were rested in
the incubator for 3 hours, and then 1.5 ml of media was removed and replaced with
750 pl of conditioned cell culture media. The T Cell Receptor (TCR) activation signal
was withdrawn by the magnetic removal of the anti-CD3/CD28 activation beads.
Then TGFB was added at the indicated concentrations or the PI3K inhibitors

LY294002 and rapamycin were added at the indicated concentrations.

2.2.4 SiRNA transfection of mouse lymphocytes

Small interfering RNAs (SiRNAs) against Foxo1 and Foxo3 were purchased from
Dharmacon. Murine Treg cells were transfected with 5 nM of siRNA against Foxo1
and Foxo3 using the mouse T cell nucleofector Kit (Amaxa) as per the

manufacturer’s instructions.

2.2.5 Isolation, purification and culture of CD45" immune and EpCAM"

tumour cells from ovarian cancer ascites

Ethical approval for use of the patient samples for the study was obtained from
Imperial College NHS Research Ethics committee (05/Q0406/178) prior to starting
the study. Participants had provided written informed consent for use of their tissue
samples for research. Ascites was collected from participating patients who were
undergoing therapeutic ascitic drainage at Imperial College NHS Trust. The samples
of ascitic fluid from the patients were collected and stored overnight by the ward staff
at room temperature. The following day the cells were isolated by centrifugation at
2000 (RPM) for 10 minutes, followed by lysis of red blood cells (RBC) using RBC
lysis buffer (eBioscience). CD45" immune cells were isolated using CD45

MicroBeads (Miltenyi Biotec) according to the manufacturer’s protocol.

EpCAM* tumour cells were enriched from total ascitic cells by depleting CD45" cells
from the total ascitic cells. Primary CD45" cells were co-cultured with PEO4 cells in
RPMI  supplemented with 10% fetal calf serum (FCS) and 1%
penicillin/streptomycin/gentamycin/glutamine. Primary CD45" cells and primary
EpCAM" cancer cells were cultured in 50% RPMI and 50% 0.22 ym sterile-filtered
ascites supplemented with 1% penicillin/streptomycin/gentamycin/glutamine. Ovarian
cancer cells and immune cells were isolated from fresh solid deposits of ovarian
cancer donated by patients undergoing debulking surgery for advanced ovarian

cancer at Imperial College NHS Trust. The tumour cells and immune cells were
65



Chapter 2: Materials and Methods

dissociated from solid deposits of ovarian cancer using the Tumour Dissociation Kit
from Miltenyi Biotec, according to the manufacturer’s instructions. After processing

the cells were filtered to remove clumps of dead cells and then analysed by FACS.

2.2.6 FACS analysis

The surface expression of proteins was performed using 4 x 10° cells. Cells were
incubated on ice for 20 minutes with 50 pl of FACS buffer with the primary antibodies
and an FcR blocking antibody solution in 96 well round-bottom plates. The cells were
then washed with 200 pl of fluorescence-activated cell sorting (FACS) buffer and
stained with 50 pl of the secondary antibody for 20 minutes on ice. The cells were

then washed twice with FACS buffer and stored on ice until acquisition.

For analysis of immune cells from ovarian cancer ascites, cells were permeablised
and fixed according to the manufacturer’'s protocol using the anti-Foxp3 antibody
(eBioscience). For analysis of intracellular cytokine production total ascitic cells were
stimulated for 4 hours with PMA [50 ng/ml] (phorbol 12-myristate 13-acetate) plus
ionomycin [500 ng/ml] with Brefeldin A Solution, and then fixed and permeabilised
with the Foxp3/Transcription factor staining buffer set before staining and acquisition.
Retrovirally transduced cells were fixed and permeabilised for 24 hours to improve

green fluorescent protein (GFP retention).

Cells were acquired and analysed using the BD FACSCalibur™ and the BD LSR II.
Data analysis was carried out using CellQuest software or FlowJo software from Tree
star. FcyR expression was determined by staining cells for CD45 and CD16, CD32,
and CD64; B cells were identified by staining for CD45, CD3, CD19; macrophages by
staining for CD45, CD68, CD14; T cells: CD45 and CD3; NK cells by staining for
CD45, CD16, CD56; neutrophils by staining for CD45, CD66. Treg cells were
identified by staining for CD4, CD3, and Foxp3.

2.2.7 Statistical analysis

All statistical analysis was performed using GraphPad software.

2.2.8 SMAC mimetics

The SMAC mimetic SM-83 (also known as SM 9a) was synthesised and provided by

P. Seneci and L. Manzoni and used a concentration of 100 nM.
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2.2.9 Cell death assays

Tumour cell-specific death was measured in mixed populations of tumour and
immune cells by the expression of cleaved cytokeratin 18 (CK18), a neo-epitope
formed after caspase cleavage of keratin 18 at Asp396, which is specific marker of
apoptosis in epithelial cells. Treated cells were fixed and permeabilised for 30
minutes using the Foxp3/transcription factor staining kit (eBioscience), and then

stained for cleaved cytokeratin 18 using the M30 antibody (Peviva).

2.2.10 Cell viability assays

Primary EpCAM™ tumour cells and ovarian cancer cell lines were seeded at density of
50000 cells per well, in 96-well plates. After seeding and overnight incubation the
primary ovarian cancer cells were treated and cell viability was measured after 48
hours using the CellTiter-Glo® Viability Assay according to the manufacturer’s
instructions. Each measurement was repeated in triplicate. Plates were read using
the Mithras Luminometer LB 940 (Berthold Technologies).

2.2.11 TRAIL-R specific antibodies and synthesis of recombinant forms
of TRAIL

AMG 655 was supplied by AMGEN as part of a confidential material transfer
agreement between Imperial College London, and AMGEN. For in vitro assays AMG
655 was crosslinked with recombinant protein A/G (Thermo Scientific). A fusion
protein with four Fc binding domains that crosslinks AMG 655 and thereby leads to
TRAIL-R2 trimerisation. The synthesis and purification of iz-TRAIL was performed as
previously described (Ganten et al., 2006). The synthesis and purification of
Apo2L/TRAIL was performed as previously described (Ashkenazi et al., 1999,
Ganten et al., 2006).

2.212 Culture of primary human hepatocytes

Cryopreserved transporter qualified primary human hepatocytes and primary human
hepatocyte culture reagents were purchased from GIBCO® Life technologies. The
following lots of cryopreserved transporter qualified primary human hepatocytes from
GIBCO® Life technologies were used: Donor 1 (lot number: Hu8130), Donor 2 (Lot
number: Hu1463), Donor 3 (lot number: Hu8150). After thawing at 37°C, the cells

were recovered using CHRM® medium (Cryopreserved Hepatocyte Recovery
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Medium). After recovery the cells were counted and seeded as per the manufacture’s
published recommendations for each individual donor. The cells were seeded in
collagen-coated 96-well plates in hepatocyte plating medium which contains 500 ml
of Williams medium E without phenol red supplemented with prequalified FCS,
dexamethasone, and a cocktail solution of penicillin-streptomycin, bovine insulin,
GlutaMAX™ and HEPES. After plating, the primary human hepatocytes were left to
attach for 6 hours, then the media was changed to hepatocyte maintenance media:
500 ml of Williams medium E without phenol red supplemented with dexamethasone
and a cocktail solution of penicillin-streptomycin, ITS+ (insulin, transferrin, selenium
complex, bovine serum albumin (BSA) and linoleic acid), GlutaMAX™ and HEPES.

The hepatocyte maintenance media was changed every 24 hours for three days.

After 3 days of culture, the hepatocyte maintenance media was changed and the
cells were treated for 24 hours in fresh hepatocyte maintenance media with the
different TRAIL ligands. Primary human hepatocyte viability was measured by the
CellTiter-Glo® luminescent cell viability assay (Promega), as per the manufacturer’s
instructions. Changes in the release of the liver enzyme aspartate transaminase
(AST) were measured using the Reflovet plus machine (Roche) and the Reflotron

AST strips as per the manufacturer’s instructions.

2.3 Molecular Biology

2.3.1 DNA digestion and restriction analysis

The sequence-specific cleavage of DNA molecules was performed by incubating
samples with restriction endonucleases as per the manufacturer’s instructions (New

England Biolabs).

2.3.2 Agarose gel electrophoresis of nucleic acids

Plasmids and DNA fragments were visualised using 0.5-1.5% Tris-Acetate
Electrophoresis (TAE) agarose gels with either ethidium bromide or SYBR Green
(Bio-Rad). The DNA samples were mixed with 6 x DNA loading buffer (New England

Biolabs) and loaded onto the agarose gels and were run at 120 volts for 40 minutes.
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2.3.3 Gel extraction of DNA fragments

DNA fragments were isolated from agarose gels using the QlIAquick Gel Extraction kit
(Qiagen) according to the manufacturer’s instructions and the DNA Samples were

eluted in 30 pL of water.

2.3.4 gqRT-PCR

Total RNA was isolated using RNA-Bee (Tel-Test, Inc.). Complimentary DNA was
prepared from long RNA using random primers and SuperScript® Il reverse
transcriptase (Invitrogen). Real-time PCR analysis of Foxo1, Foxo3, and Foxp3
MRNA expression was performed on a Chromo4TM DNA engine using Opticon
Monitor software (MJ Research Inc). PCR reactions used 2 x SYBR PCR Master Mix
(QIAGEN), primers [300 nM], and 2 pl of complementary DNA as a template in a 20
I reaction volume. The cycle conditions were 94° C for 8 minutes, 40 cycles of 94° C
for 30 s, 55° C for 30 s, and 72° C for 1 minute, followed by plate reading. Data were
normalised using the comparative threshold (CT) method to the geometrical mean of
two housekeeping genes. Primer sequences were the following:

Hprt, forward 5'- TCAGTCAACGGGGGACATAAA-3', and reverse 5'-
GGGGCTGTACTGCTTAACCAGS';

Ubc, forward 5'- AGGAGGCTGATGAAGGAGCTTGA-3', reverse 5'
TGGTTTGAATGGATACTCTGCTGGA -3

Foxp3, forward 5'-ACTCGCATGTTCGCCTACTTCAG-3', and reverse 5'-
GGCGGATGGCATTCTTCCAGGT-3';

Foxo1, forward 5-GAGAGCTCAGCCGAGAAGAG, reverse 5'-
CAGATTGTGGCGAATTGAAT-3;

Foxo3, forward 5-CAAAGCTGGGTACCAGGCTGA-3', reverse 5'-
AAGGTGTCAAGCTGTAAACG-3/,

Smad7 forward 5'-GCATTCCTCGGAAGTCAAGA-3', reverse 5'-
TTGTTGTCCGAATTGAGCTG-3".

KIf2 forward 5'- ctcagcgagcctatcttgccgt-3’, reverse 5’- gcccagaccgtccaatccca-3’
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2.3.5 Determination of protein content

The protein concentration of the lysates was determined using the bicinchoninic acid
(BCA)-containing protein assay according to the manufacturer’s instructions (Pierce).
2 Jl of each lysate was incubated with 50 ul of BCA solution at 65°C for between 10
to 15 minutes and then the light absorption was measured using a Multiskan Ascent

plate-reader.

2.3.6 Immunoprecipitation of caspase-8 and TRAIL-R2

The complete protease inhibitor cocktail and the phosphatase inhibitor cocktail were
used during each lysis. Whole PEO4 cells were lysed in Buffer 1 at 4°C for 20
minutes and then clarified by centrifugation at 14000 rpm for 10 minutes at 4°C. After
centrifugation the supernatant was removed and the remaining cell pellet was lysed
by sonification in Buffer 2; and then clarified by centrifugation at 14000 rpm for 20
minutes at 4°C. The lysates were then combined and clarified by centrifugation at
14000 rpm for 10 minutes at 4°C. The protein concentration of each lysate was
determined using the BCA protein assay. The lysates were pre-cleared with 10 pl

sepharose beads at 4°C for one hour.

Caspase-8 was immunoprecipitated by rotation of the tubes for 16 hours at 4°C with
10 pl of protein G sepharose beads coupled with 1 pg/ml of anti-caspase-8. The
beads were then washed five times with 1 ml of IP-lysis buffer with 1% Tween; and
eluted with 2 x LDS (Lithium Dodecyl Sulfate) buffer (containing a final concentration
of DTT (Dithiothreitol) [200 mM] by heating for 10 minutes at 95°C. TRAIL-R2 was
immunoprecipitated by rotation of the tubes for 16 hours at 4°C with 10 pl of
uncoupled Protein G Sepharose bead (GE Healthcare). The beads were then
washed five times with 1 ml IP-lysis buffer with 1% Tween; and eluted with 2 x LDS
buffer containing a final concentration of DTT [200 mM] by heating for 10 minutes at
95°C.

2.3.7 SDS-PAGE and Western Blotting

Proteins were separated by SDS (sodium dodecyl sulphate polyacrylamide gel
electrophoresis)-PAGE using 4-12 % Bis-Tris-NuPage® gels from Invitrogen at a
constant voltage of 100 volts for 10 minutes and then 180 volts for 60 minutes using
MOPS NuPage® SDS running buffer. Proteins were transferred onto nitrocellulose
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membranes by application of a constant voltage of 30 volts for 1 hour. Membranes
were incubated for 1 hour with blocking buffer at room temperature to occupy non-
specific protein binding sites. Membranes were subjected to immunoprobing with
antibodies against TRAIL-R2, FADD, FLIP, and Caspase-8. Proteins were visualised
using the Western Lightning® Plus—ECL, Enhanced Chemiluminescence Substrate
(ECL) Western Blotting Detection Plus. Membranes were stripped and then probed

with other antibodies.

2.3.8 Enzyme-Linked Immuno Sorbent Assay (ELISA)

Primary human hepatocytes cell death was assessed using the M65® ELISA
(PEVIVA) which measures soluble cleaved cytokeratin 18 (CK18) which is released
from dying cells into the cellular supernatant, as per the manufacturer’s instructions.
The microwell absorbance was read at 450 nM with a Multiskan Ascent plate-reader

(Thermo Lab systems).
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Chapter 3. A role for Foxo and KIf2 transcription factors in the

regulation of Foxp3

3.1 Avrole for Foxo factors in the regulation of Foxp3

Previous studies within the host laboratory had demonstrated that PI3K signalling
regulates Foxp3 expression (Sauer et al., 2008). Initial experiments showed that the
activation of naive CD4 T cells via CD3 and CD28 leads to the activation of PI3K
signalling, which was demonstrated by measuring changes in the phosphorylation of
S6 ribosomal protein (pS6) which is a direct target of the mTOR-regulated p70 S6
kinase (Sabatini, 2006, Sauer et al., 2008). The withdrawal of the TCR activation
signal led to a decline in PI3K signalling, which was enhanced by treatment with the
PI3K inhibitor LY294002 and the mTOR inhibitor rapamycin, and the expression of
Foxp3 (Figure 5).
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Figure 5: TCR signalling controls the expression of Foxp3 via PI3K/ImTOR/Akt. (a) Naive CD4 T
cells were stimulated for 18 hours with anti-TCR and anti-CD28 and then the activation signal was
either continued (TCR cont.) or withdrawn (TCR withd.) and then the cells were treated with rapamycin
(R) [25 nM] and LY294002 (LY) [10 uM]). S6 phosphorylation was determined by intracellular staining
at the indicated time points. Data are representative of 2 independent experiments and previously
published studies from the host laboratory (Sauer et al., 2008). (b) Naive CD4 T cells were activated
for 18 h as in (a) and then cultured for 48 hours without TCR (TCR withd.) or without TCR and R+LY.
Foxp3 expression was assessed after 48 hours by intracellular staining. Data are representative of
one of 4 independent experiments.

Foxo factors are canonical targets of Akt mediated phosphorylation (Burgering, 2008),

which leads to their nuclear exclusion and inactivation (Huang and Tindall, 2007). In
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naive CD4 T cells, Foxo1 controls the expression of L-selectin and the chemokine
receptor CCRY7 (Kerdiles et al., 2009). In mouse models, loss of Foxo factors causes
autoimmunity and spontaneous T cell activation (Ouyang et al., 2009). These findings
suggest that Foxo factors could have a role in regulating immune tolerance and the

expression of Foxp3.

Premature withdrawal of TCR signalling and treatment with the PI3K inhibitor
LY294002 and the mTOR inhibitor rapamycin has been shown to increase the
expression of Foxo1, Foxo3a and Foxp3 in activated CD4 T cells (Sauer et al., 2008).
To verify that Foxo factor expression is increased following premature withdrawal of
the TCR activation signal, naive CD4 T cells were isolated by FACS sorting and were
activated with anti-CD3/CD28 coated plates. After overnight activation, the cells were
either cultured with the activation signal, or the activation signal was withdrawn and
TGFB was added to induce the expression of Foxp3. Foxo1, Foxo3 and Foxp3
MRNA expression was measured by quantitative reverse transcriptase polymerase
chain reaction (QRT-PCR) at 0, 6, 30, and 54 hours after removal of the cells from the

activation signal.
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Figure 6: Withdrawal of the TCR activation signal, promotes the expression of Foxo factors and
Foxp3. Naive CD4 T cells were isolated by FACS and activated with anti-CD3/CD28 coated plates.
After 18 hours of activation the cells were cultured with the TCR activation signal (TCR cont.), or the
TCR activation signal was withdrawn (TCR withd.) and TGFB [1ng/ml] was added. Foxo1, Foxo3,
Foxp3 mRNA expression was measured by qRT-PCR at 0, 6, 30 and 54 hours after the TCR
activation signal was withdrawn. Data are representative of 1 of 2 independent experiments.

The expression of Foxo1, Foxo3, and Foxp3 was not promoted in cells that were
cultured in the presence of the activation signal. Whereas the withdrawal of the TCR

activation signal increased the expression of Foxo1, Foxo3, and Foxp3 (Figure 6).
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The addition of TGFB promoted the expression of Foxp3 but did not change the
expression of Foxo1 or Foxo3. This suggests that culture conditions that promote the
induction of Foxp3 expression also promote the expression of Foxo factors; and
confirmed the findings from previous microarray experiments that were conducted

within the host laboratory.

The regulation of Foxo factors is dependent on post translational modifications via
Akt mediated phosphorylation, which leads to the nuclear exclusion and
transcriptional inactivation of Foxo factors (Tzivion et al., 2011). In order to confirm
that the localisation of Foxo factors was regulated by PI3K signalling in activated T
cells, CD4 T cells were cultured with and without the PI3K inhibitor LY294002 and
rapamycin. The cytoplasmic, versus nuclear localisation of Foxo1 and Foxo3 was
determined by confocal microscopy (successful experiments performed by Professor
Matthias Merkenschlager). In activated CD4 T cells, over 90% of the Foxo1 and
Foxo3 factors were located within the cytoplasm. After withdrawal of the TCR
activation signal, and treatment with PI3K inhibitors, over 90% of Foxo factors
became localised within the nucleus. This result suggested that the nuclear

localisation of Foxo factors is regulated by PI3K signalling in CD4 T cells.

3.1.1 Overexpression of Foxo3a promotes the expression of Foxp3 in
activated CD4 T cells

These experiments showed that the expression of Foxo factors is promoted by
withdrawal of the TCR activation signal, and that Foxo factors are regulated by
signalling pathways that are known to regulate the expression of Foxp3. The effect of
overexpressing Foxo3a on the induction of Foxp3 expression was investigated in
activated CD4 T cells. Naive CD4 T cells were isolated and activated with anti-
CD3/CD28 coated beads. After overnight activation, the cells were transduced with
Foxo3-IRES (internal ribosome entry site)-GFP, Foxo3-Active-IRES-GFP (a mutant
constitutively active form of Foxo3 which is resistant to Akt phosphorylation and
inactivation), or control IRES-GFP (Vector) retroviruses by spin infection. 24 hours
after retroviral transduction, the activation signal was withdrawn, and the cells were
cultured with TGFB or rapamycin and LY294002. Foxp3 expression was measured

48 hours later by intracellular staining (Figure 7).
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Figure 7: Overexpression of Foxo3 and constitutively active Foxo3 promotes TGFf-mediated
induction of Foxp3 expression. (a) Naive CD4 T cells were isolated and activated with anti-
CD3/CD28 coated beads. After overnight activation, the cells were transduced with Foxo3-IRES-GFP,
Foxo3-Active-IRES-GFP or control IRES-GFP (Vector) retroviruses by spin infection. 24 hours after
retroviral transduction, the activation signal was withdrawn, and the cells were cultured with TGFp
[1ng/ml]. Foxp3 expression was assessed by intracellular staining, gating on cells with negative (neg),
low, medium (med) and high GFP expression as an indirect measure of retroviral gene transfer
efficiency and transcription factor overexpression. Data are representative of one of three independent
experiments. (b) Naive CD4 T cells were activated and retrovirally transduced as in (a) with Foxo3-
IRES-GFP, Foxo3-Active-IRES-GFP or control IRES-GFP (Vector) retroviruses by spin infection. 24
hours after retroviral transduction, the activation signal was withdrawn, and the cells were cultured with
TGFB [1ng/ml] or rapamycin (R) [25 nM] and LY294002 (LY) [10 uM]. Data represent the mean + S.D
of 3 biological replicates and are representative of one of 3 independent experiments.
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Expression of Foxo3 and constitutively active Foxo3 synergised with TCR withdrawal
and TGFp in promoting the expression of Foxp3 in a dose dependent manner (as
quantified by GFP expression) (Figure 7). This suggests that Foxo3 promotes the
expression of Foxp3. Higher amounts of constitutively active Foxo3 promoted Foxp3
expression. These data suggested that PI3K/Akt signalling negatively regulates Foxo
factor mediated induction of Foxp3 expression. These results were consistent with
previous experiments which had shown that the withdrawal of the TCR activation

signal, TGF[, and PI3K inhibitors promote the expression of Foxp3 (Figures 5 and 6).

The overexpression of Foxo factors had minimal effect on the induction of Foxp3 with
PI3K inhibitors (Figure 7). This result was surprising, given that overexpression of
Foxo factors has been show to promote TGFB mediated expression of Foxp3. In
addition, previous experiments conducted within the host laboratory had shown that
overexpression of Foxo factors could promote the induction of Foxp3 with PI3K
inhibitors. Therefore these findings could suggest that the model in which TCR

signalling inactivates Foxo via PI3K, mTORC2 and Akt is incorrect.

Differences between the induction of Foxp3 expression induced by TCR withdrawal,
and TGFB or PI3K inhibition could partially explain these results. For example, the
withdrawal of the TCR activation signal led to a gradual decline in S6 phosphorylation
over several hours and a modest induction of Foxp3 expression (Figure 5). Whereas
treatment with PI3K inhibitors, lead to a rapid decline in S6 phosphorylation and a
stronger induction of Foxp3 expression (Figure 5). It is possible that there were
already sufficient Foxo factors within the nucleus or cytoplasm of the activated T cells
to maximally induce the expression of Foxp3 after the rapid inhibition of PI3K
signalling and nuclear translocation of Foxo factors. If this were the case then the
overexpression of Foxo3 would have had a minimal effect on the expression of
Foxp3 with PI3K inhibitors (Figure 7).

There are differences between the induction of Foxp3 expression in activated CD4 T
cells with TGFB and PI3K inhibitors. For example, the overexpression of
constitutively activated Akt has been shown to impair the de novo induction of Foxp3
expression by TGFB (Haxhinasto et al., 2008). However, although Akt has a broad
effects on the transcriptional signature of Treg cells, it only partially affects the Treg
cell transcriptional signature induced by TGFB (Haxhinasto et al, 2008). Therefore

the overexpression of Foxo factors may promote Foxp3 expression by enhancing the
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effects of TCR withdrawal on the nuclear translocation of Foxo factors as well as by

promoting TGFB-mediated induction of Foxp3.

3.1.2 The expression of constitutively active Foxo3 partially restores
TGFB mediated Foxp3 expression in PTEN deficient CD4 T cells

CD4 T cells that are deficient in negative regulators of PI3K signalling such as the
PTEN (Sauer et al., 2008) and the E3 ubiquitin ligase Cbl-b (Wohlfert et al., 2006)
have reduced Foxp3 expression in response to TGF signalling. Akt is constitutively
active in PTEN deficient cells, which have high levels of phosphorylated and
inactivated Foxo factors (Finlay et al., 2009). As Foxo factors are negatively
regulated by PI3K/Akt signalling, expression of constitutively active Foxo3 could

restore Foxp3 expression in PTEN deficient cells.

Naive CD4 T cells from PTEN deficient and wild-type littermate mice were isolated,
activated and transduced with Foxo3-IRES-GFP, Foxo3-Active-IRES-GFP, or IRES-
GFP. TGFB was added 24 hours later. Foxp3 expression was assessed after 48
hours. In wild-type activated CD4 T cells, the expression of Foxo3 and constitutively
active Foxo3 synergised with TGF[ in promoting the expression of Foxp3 (Figure 8).
Foxp3 expression was minimal in PTEN deficient cells that were transduced with
control IRES-GFP and cultured with TGFB. The expression of constitutively active
Foxo3 in PTEN deficient cells partially rescued TGFB mediated Foxp3 expression;
whereas the overexpression of wild-type Foxo3 only had a minimal effect (Figure 8).
This data demonstrates that expression of Foxp3 in PTEN cells can be partially
restored by the expression of constitutively active Foxo3. This suggests that Foxo3 is
regulated by via PI3K, mTORC2 and Akt, and that Foxo3 is essential for TGFf

mediated Foxp3 expression.
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Figure 8: The expression of Foxo3 Active partially rescues TGFB mediated induction of Foxp3
in PTEN deficient cells. Naive CD4 T cells from wild-type and PTEN deficient (PTEN KO) mice were
isolated and activated with anti-CD3/CD28 coated beads. After overnight activation, the cells were
transduced with Foxo3-IRES-GFP, Foxo3-Active-IRES-GFP or control IRES-GFP (Vector) retroviruses
by spin infection. (a) GFP expression in CD4 T cells 48 hours after transduction with Foxo3-IRES-GFP,
Foxo3-Active-IRES-GFP or control IRES-GFP (Vector) retroviruses. (b) TGFB [1 ng/ml] was added 24
hours after retroviral transduction and Foxp3 expression was assessed 48 hours later by intracellular
staining by gating on cells with high GFP expression. (c) Foxp3 expression of high GFP expressing
CD4 T cells. Data are representative of the mean of 3 independent experiments (x SD).
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There were differences in the expression of Foxp3 between experiments performed
with different TCR activation signals. For example the presence of the anti-
CD3/CD28 coated beads did not suppress Foxp3 expression (Figures 7 and 8).
CD3/CD28 beads were used to activate the CD4 T cells in retroviral transduction
experiments as there is a relatively narrow window of opportunity for the induction of
Foxp3 expression in CD4 T cells that are activated using CD3/CD28 coated plates for
over 24 hours (Sauer et al., 2008).

Cells activated with anti-CD3/CD28 coated beads are not fixed to the activation
signal and can come and go from the activation signal; and may receive intermittent
activation of the PI3K/Akt/mTOR pathway and thus intermittent nuclear exclusion of
Foxo factors. This could permit the expression of Foxp3 in the presence of the TCR
activation beads and the endogenous TGF that is found within the FCS that is
routinely added to T cell culture media. Whereas cells activated by plate-bound anti-
CD3/CD28 (Figure 6), may receive a constant TCR activation signal, leading to the
continuous activation of the PI3K/Akt/mTOR pathway. This leads to the continuous
nuclear exclusion of Foxo factors and the suppression of Foxp3 gene expression
(Figure 6). It would have been interesting to investigate this hypothesis by
determining the nuclear versus cytoplasmic location of Foxo factors during T cell
activation with anti-CD3/CD28 beads and anti-CD3/CD28 coated plates.

3.1.3 Foxo factors are not required for the maintenance of established

Foxp3 expression in natural Treg cells

To investigate whether Foxo3 was required for the maintenance of established Foxp3
expression, activated nTreg cells were transfected with control, or Foxo3 siRNA
oligonucleotides. 72 hours later Foxo3 and Foxp3 mRNA expression was measured
and Foxp3 expression was assessed by intracellular staining. The knockdown of
Foxo3 in nTreg cells had no effect on established Foxp3 expression (Figure 9).
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Figure 9: Foxo3 is not required for the maintenance of established Foxp3 expression in Treg
cells. (a) nTreg cells were isolated and activated with anti-CD3/CD28 beads and IL-2 [10ng/ml] and
transduced with either control siRNA or Foxo3 siRNA. Foxo3 mRNA expression levels were measured
after 48 hours. Data are representative of the mean of 3 independent experiments + SD. (b) Foxp3
mRNA expression levels in nTreg cells 48 hours after knockdown of Foxo03. (c) Foxp3 expression
levels in nTreg cells were measured by intracellular staining 48 hours after transduction with Foxo3
siRNA. Data are representative of one of three experiments. Differences in gene expression were
compared using student’s t-tests. (*p=<0.05, ns=p>0.05).

Additional experiments found that the knockdown of Foxo1 alone or both Foxo1 and
Foxo3 did not affect Foxp3 expression in nTreg cells. These findings suggest that
Foxo1 and Foxo3 are not required for the maintenance of established Foxp3
expression in nTreg cells. These findings were confirmed by a subsequent study
which showed that the Treg cell-specific deletion of both Foxo1 and Foxo3 did not

decrease Foxp3 expression in nTreg cells (Ouyang et al., 2010).

3.1.4 A role for KIf2 in the regulation of Foxp3

Foxo factors have been reported to regulate KIf2 (Fabre et al., 2008, Kerdiles et al.,
2009). Data generated from within the host laboratory had previously shown that
premature withdrawal of the TCR activation signal and PI3K inhibitors increased the
expression of KIf2. As KIf2 is regulated by signalling pathways that are known to
affect the induction of Foxp3, KIf2 may have a role in the regulation of Foxp3

expression.
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To study the effect of KIf2 on Treg cell differentiation, naive CD4 T cells were isolated,
activated and transduced with GFP-KLF2 (a retroviral vector which expresses a GFP-
KIf2 fusion protein), KLF2-IRES-GFP, Foxo3-IRES-GFP, or IRES-GFP. Increasing
concentrations of TGF3 were added 24 hours later. Foxp3 expression was measured
after 48 hours by intracellular staining. As seen in previous experiments, the
overexpression of Foxo3 synergised with increasing concentration of TGFp to
promote the induction of Foxp3 expression. Whereas overexpression of GFP-KLF2
antagonised TGFB mediated induction of Foxp3 expression in a dose dependent
manner (Figure 10a). However, when compared to GFP-KLF2, the overexpression of
KLF2-IRES-GFP had a more modest, negative effect on the expression on Foxp3.
These data suggest that overexpression of Kif2 antagonises TGF[ mediated
induction of Foxp3 expression and identified important differences in the effects of

the different retroviral constructs that were used in the experiments.

When compared to the published KIf2 sequence, the GFP-KLF2 and KLF2-IRES-
GFP retroviral vectors contain a Glutamic acid 24 (E) to Glycine (G) substitution
within the KIf2 activation domain, which could affect DNA binding and its
transcriptional activity. To assess the effect of the substitution on the induction of
Foxp3, the Kif2 sequence from the GFP-KLF2 vector was amplified and mutated by
SOEing PCR (Horton, 1995) leading to the substitution of Glycine (G) to Glutamic
acid 24 (E) within the KIf2 activation domain. The mutated PCR fragment was cloned
into the MSCV-IRES-GFP vector and is referred to as KLF2-(G/E).
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Figure 10: KIf2 antagonises the induction of Foxp3 expression induced by TGFB and PI3K
inhibitors. (a) Naive CD4 T cells were isolated and activated as in figure 5. After overnight activation
the cells were transduced with GFP-KLF2 vector, KLF2-IRES-GFP (KLF2), Foxo3-IRES-GFP (Foxo3),
or IRES-GFP (Vector). 24 hours after retroviral transduction, increasing concentrations of TGF3 were
added. Foxp3 expression was assessed by intracellular staining 48 hours later by gating on cells with
negative (neg), low, medium (med) and high GFP expression. Data are representative of 1 of 3 similar
experiments. (b) GFP expression in CD4 T cells 28 hours after transduction with KLF2-IRES-GFP (G
to E [KLF2-G/E]), GFP-KLF2, KLF2-IRES-GFP, or IRES-GFP retroviruses. (c) Naive CD4 T cells were
isolated and activated. After overnight activation, the cells were transduced with KLF2-IRES-GFP (G
to E [KLF2-G/E]), GFP-KLF2, KLF2-IRES-GFP, or IRES-GFP. 24 hours after retroviral transduction
the activation signal was withdrawn and TGFf3, or the mTOR inhibitor rapamycin [25 nM] and the PI3K
inhibitor LY294002 [10 uM] were added (R + LY). Foxp3 expression was assessed by intracellular
staining 48 hours later by gating on cells with negative (neg), low, medium (med) and high GFP
expression. Data are representative of the mean of 3 independent experiments (+ SEM).
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Naive CD4 T cells were isolated, activated and transduced with KLF2-IRES-GFP (G
to E), GFP-KLF2, KLF2-IRES-GFP, or IRES-GFP. 24 hours after retroviral
transduction the activation signal was withdrawn, and TGFB or the PI3K inhibitor
LY294002 and the mTOR inhibitor rapamycin were added (Figure 10b). Foxp3
expression was measured 48 hours later by intracellular staining. The overexpression
of KIf2 antagonised the induction of Foxp3 with TGF and PI3K inhibitors in a dose
dependent manner (Figure 10). The Glycine (G) to Glutamic acid 24 (E) substitution

within the KIf2 activation domain had modest effect on Foxp3 expression (Figure 10b).

However, overexpression of the GFP-KLF2 fusion protein had the most pronounced
antagonistic effect on the induction of Foxp3, although similar but less pronounced
effects were seen with the other retroviral constructs. The differences between the
different vectors could have been explained by differences in the relative expression
of KIf2. It was not possible to perform experiments to assess differences in protein

expression as there are no commercially available, effective anti-KIf2 antibodies.

3.1.5 GFP-KLF2 antagonises established Foxp3 expression in nTreg

cells

As overexpression of KIf2 appeared to negatively regulate iTreg cell differentiation,
the effect of overexpression of Kif2 on established Foxp3 expression was assessed
in nTreg cells. nTreg cells were isolated and activated with anti-CD3/CD28 beads
and IL-2, and transduced with KLF2-IRES-GFP (G to E), GFP-KLF2, or IRES-GFP.
Foxp3 expression was measured 48 hours later by intracellular staining (Figure 11).
The overexpression of GFP-KLF2 antagonised Foxp3 expression in a dose
dependent manner. The expression of KLF2-IRES-GFP (G to E) did not affect

established Foxp3 expression in nTreg cells.
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Figure 11: GFP-KLF2 antagonises established Foxp3 expression in nTreg cells. nTreg cells were
isolated and activated with anti-CD3/CD28 beads and IL-2 and transduced with KLF2-IRES-GFP,
GFP-KLF2, or IRES-GFP (Vector). Foxp3 expression was assessed by intracellular staining after 48
hours, gating on cells with low, medium, and high GFP expression (data represent the mean of three
independent experiments + S.D).

3.1.6 KIf2 antagonises Foxp3 expression through a TGFB signalling

independent mechanism

TGFB induces the expression of Foxp3 through the binding of activated Smad2/3
transcription factors to the Foxp3 enhancer 1 (Tone et al., 2008). In endothelial cells,
it has been proposed that KIf2 antagonises TGFB signalling by inducing the
expression of Smad7, which prevents the activation of Smad2/3 (Boon et al., 2007).
To investigate this model in CD4 T cells, naive CD4 T cells were isolated, activated,
and transduced with KLF2-IRES-GFP (G to E), GFP-KLF2, or IRES-GFP. Cells
expressing high levels of GFP were isolated 24 hours later by FACS sorting; and
then KIf2, and Smad7 mMRNA expression was measured by qRT-PCR.
Overexpression of Klif2 did not promote the expression of Smad7, suggesting that

Smad7 does not modulate the effect of KIf2 on Foxp3 expression (Figure 12).
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Figure 12: Overexpression of KIf2 does not induce Smad7 expression. a) Naive CD4 T cells were
isolated and activated and transduced with KLF2-IRES-GFP (G to E), GFP-KLF2, or IRES-GFP
(Vector). 24 hours later the cells were sorted by FACS to isolate cells expressing high levels of GFP. b)
Smad7 mRNA levels were measured by gRT-PCR. Data are representative of 2 independent
experiments.

Foetal calf serum contains endogenous TGF@ which synergises with PI3K inhibitor
mediated induction of Foxp3 expression (Sauer et al, 2008). TGFB was depleted
from the experimental conditions to determine if the antagonistic effects of KIf2 on
PI3K inhibitor mediated induction of Foxp3 were dependent on endogenous TGF[
signalling. Naive CD4 T cells were isolated, activated, and transduced with KLF2-
IRES-GFP (G to E), GFP-KLF2, or IRES-GFP in the presence of anti-TGF(. 24 hours
after retroviral transduction the activation signal was withdrawn, and the PI3K
inhibitor LY294002 and the mTOR inhibitor rapamycin were added. Foxp3 expression

was measured after 48 hours (Figure 13).
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Figure 13: The effect of overexpression of KIf2 on Foxp3 expression is independent of TGFg.
Naive CD4 T cells were activated in the presence of neutralising anti-TGFB and transduced with
KLF2-IRES-GFP (KLF2-G/E), GFP-KLF2, or IRES-GFP (Vector). 24 hours after retroviral transduction
the activation signal was withdrawn and the mTOR inhibitor rapamycin (R) [25 nM], and the PI3K
inhibitor LY294002 (LY) [10 pg/ml] were added (R+LY). Foxp3 expression was assessed after 48
hours by intracellular staining, gating on cells expressing, low, medium, and high levels of GFP. Data
are representative of one of 3 independent experiments.

As seen previously, the overexpression of KIf2 antagonised PI3K inhibitor mediated
induction of Foxp3. Although the depletion of endogenous TGFB reduced the
efficiency of PI3K inhibitor mediated induction of Foxp3 expression, the antagonistic
effects of overexpression of KIf2 on Foxp3 expression were maintained (Figure 13).
These data suggest that overexpression of Kif2 antagonises the expression of Foxp3

via a TGF[ signalling independent mechanism.

3.1.7 KIf2 deficient CD4 thymocytes do not express Foxp3 in response
to PI3K inhibition or TGFf3

These experiments suggested that KIf2 may function as a negative regulator of the
expression of Foxp3, in a model where Foxo factors promote the expression of
Foxp3 in activated CD4 T cells, and downstream transcription factors such as Kif2,
negatively regulate the expression of Foxp3. If this model was correct, then it would
be expected that KIf2 deficient cells would show enhanced Foxp3 expression after
activation and PI3K inhibition or TGFf treatment. Kif2-deficient (KLF2 KO)
thymocytes fail to exit from the thymus due to failure to express receptors for
thymocyte migration and for peripheral trafficking, such as sphingosine-1-phosphate
(S1P) receptor S1P1 and CD62L (Carlson et al., 2006). To address this question,
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CD4'CD8" thymocytes were isolated from Klf2-deficient mice and were activated and
transduced with KLF2-IRES-GFP, Foxo3-IRES-GFP, Foxo3-active-IRES-GFP, or
IRES-GFP.
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Figure 14: KLF2 deficient CD4 thymocytes do not express Foxp3 in response to PI3K inhibition
or TGFB. CD4 KLF2 KO thymocytes were activated and transduced with KLF2-IRES-GFP (KLF2-G/E),
Fox03-IRES-GFP (Foxo3), Foxo3-active-IRES-GFP (Foxo3 Active), or IRES-GFP (Vector), and 24
hours after retroviral transduction the activation signal was withdrawn, and TGF, or the PI3K inhibitor
LY294002 and the mTOR inhibitor rapamycin were added. Foxp3 expression was measured after 48
hours by intracellular staining.

Unlike wild-type CD4 thymocytes, activated Kif2 deficient CD4 thymocytes did not
express Foxp3 in response to TGFB or PI3K inhibitors (Figure 14). The
overexpression of Kif2 antagonised the expression of Foxp3 in wild-type CD4
thymocytes in response to TGF(. However, the expression of Foxp3, in KIf2 deficient
CD4 thymocytes in response to TGF or PI3K inhibitors, was not restored when Kif2

expression was reconstituted by retroviral gene transfer (Figure 14).

The inability of the Kif2 deficient thymocytes to express Foxp3 could have been
caused by thymocyte developmental abnormalities. It would have been interesting to
perform additional studies using an inducible genetic system to deplete KIf2 in
activated CD4 T cells and nTreg cells, without pre-existing thymic developmental

abnormalities, to further investigate the role of KIf2 in the expression of Foxp3.
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Chapter 4. A role for TRAIL in the treatment of ovarian cancer

4.1.1 Ovarian cancer cells express TRAIL receptors

FACS staining of 5 different ovarian cancer lines and tumour cells from ovarian

cancer ascites revealed that ovarian cancer cells expressed both TRAIL-R1 and
TRAIL-R2, and varying levels of TRAIL-R3 and TRAIL-R4 (Figure 15). All the cell

lines, and the patient sample that was tested, expressed TRAIL-R2 which has

previous been shown to make a greater contribution to TRAIL-induced apoptosis in
some cell lines that express both TRAIL-R1 and TRAIL-R2 (Kelley et al., 2005). The

cells from the patient sample expressed relatively low amounts of TRAIL-R1 (Figure

15). However the clinical significance of this is uncertain as the expression of TRAIL-

R1 does not correlate with the sensitivity of cancer cells to TRAIL-R1-agonistic

therapies (Leong et al., 2009, Younes et al., 2010a).
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Figure 15: Ovarian cancer cells express TRAIL receptors. TRAIL-R staining is shown of 5 different

ovarian cancer cell lines and tumour cells from a patient with ovarian cancer.
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41.2 A role for SMAC mimetics in the treatment of ovarian cancer cells
with TRAIL

SM-83 is a recently synthesised dimeric SMAC mimetic that potently depletes clAP1,
clAP2 (Figure 16) and inhibits the function of XIAP by binding to the BIR3 domain of
clAP1/2 and the linker-BIR2-BIR3 domains of XIAP (Lecis et al., 2012). SM-83 has
potential use as an anti-cancer agent as it has good bioavailability and has been
shown to induce apoptosis in murine xenograft models of ovarian cancer, without

appreciable toxicity (Lecis et al., 2012).
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Figure 16: Treatment of ovarian cancer cells with SM-83 leads to a rapid depletion of clAPs. a)
The structure of SM-83 (picture courtesy of Daniele Lecis). b) 34957 ovarian cancer cells were treated
with SM-83 [100 nM] for the indicated times and the depletion of clAP1 and clAP2 was measured by
western blotting using a pan clAP1/clAP2 antibody.

The treatment of the 34957 ovarian cancer cell line confirmed that SM-83 leads to the
rapid degradation of both clAP1 and clAP2 in ovarian cancer cells (Figure 16). In
some cell lines, the depletion of clAP1 and clAP2 leads to the activation of non-
canonical NF-kB signalling and the production of autocrine TNF, which leads to the

induction of apoptosis (Darding and Meier, 2012).

The treatment of 34957 and 34955.2 cells revealed that the induction of cell death by
SM-83 can be inhibited by blocking TNF (Figure 17). The treatment of ovarian cancer
cells with SM-83 also sensitised the ovarian cancer cells to TRAIL-induced cell death.
The combination of TRAIL and SM-83 synergised to kill the 34955.2 cells, but not the
34957 cells (Figure 17). One explanation could be that the 34957 cells produce
higher amounts of TNF and they are therefore more sensitive to the effects of SM-83.
These data suggest that SM-83 may have some activity against primary ovarian
cancer cells by stimulating the autocrine production of TNF, and this may sensitise

ovarian cancer cells to both TNF and TRAIL-induced apoptosis.
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Figure 17: SMAC mimetics induce ovarian cancer cell death in a partially TNF-dependent
manner. 34957 and 34955.2 ovarian cancer cell lines were treated with combinations of SM-83 [100
nM] and TNF-R2-Fc (Enbrel, [100 pg/ml]) for one hour, and then iz-TRAIL [100 ng/ml] was added
where indicated. Cell viability was measured after 24 hours. Data are representative of 4 biological
replicates (+ S.D) from 1 of 3 independent experiments. Data were compared using student’s t-tests
(**p=<0.01, ***p=<0.001).

41.3 TRAIL-resistant ovarian cancer cell lines can be sensitised to

TRAIL-induced cell death by proteasome inhibition

An alternative approach to using SMAC mimetic drugs to sensitise ovarian cancer
cells to TRAIL would be to inhibit the proteasome with PS-341. One of the principle
advantages of using PS-341, rather than a SMAC mimetic compound, is that PS-341
is an approved drug which has been extensively used in the cancer clinic. In contrast,
SMAC mimetic drugs are only in the early phases of clinical testing in patients (Table

5).

Previous pre-clinical studies performed within the host laboratory have shown that
PS-341 can reliably sensitise both TRAIL-resistant ovarian cancer cell lines and
primary ovarian cancer cells to TRAIL-induced apoptosis, as well as hepatoma, colon,
and pancreatic cancer cell lines (Koschny et al., 2007a, Ganten et al., 2005, Ganten

et al., 2006), and also primary human astrocytoma cells (Koschny et al., 2007b).

The treatment of 24683, 34957, and 34955 ovarian cancer cell lines with PS-341 did
not affect the viability of cells, but was sufficient to sensitise the cells to TRAIL-
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induced apoptosis. The treatment of three different TRAIL-resistant ovarian cancer
cell lines with PS-341 or SM-83 revealed that PS-341 and SM-83 treatment can
efficiently sensitise each one of these cells to TRAIL (Figure 18). The effect of PS-
341 was similar to SM-83 in the 24683 cells that were not sensitive to SM-83

treatment alone.
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Figure 18: Proteasome inhibition, SM-83 and cisplatin increase the sensitivity of ovarian cancer
cells to TRAIL. 24683, 34957, and 34955 ovarian cancer cells were treated with PS-341 [20 nM],
cisplatin [10 uM], or SM-83 [100 nM], and then treated with iz-TRAIL. Cell viability was measured after
24 hours. Data are mean (+ S.D) of 3 biological replicates from one of 3 independent experiments.

4.1.4 The depletion of CD45" immune cells leads to the enrichment of

EpCAM" tumour cells from ovarian cancer ascites

Although the data from the cell lines were compelling, one of the aims of this study
was to gather sufficient pre-clinical data from patient samples to justify the initiation of
a phase | clinical trial of a TRAIL-R agonistic drug in combination with either PS-341
or a SMAC mimetic, in patients with treatment-refractory ovarian cancer. A total of 60
samples of ascites were obtained from 38 patients with advanced ovarian cancer
from the oncology wards at Charing Cross Hospital, Imperial College Healthcare
NHS Trust, and from patients attending the Constance Wood oncology day unit at the

Hammersmith Hospital, Imperial College Healthcare NHS Trust.

The median age of the patients who donated the samples that were used in the study
was 68 years old (range 20 to 88 years old). All of the patients had serous ovarian
cancer and the majority of these presented with advanced stage Ill (58%) or stage IV
(28%) disease. The maijority of the patients (84%) had high-grade serous ovarian
cancer (Table 6). Around 50% of the patients had platinum-refractory ovarian cancer,
which was defined as ovarian cancer that had progressed within 6 months of
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platinum-based therapy. Approximately 39% of the patients had platinum-resistant
ovarian cancer, which was defined as ovarian cancer that had progressed within 6 to
12 months after previous platinum-based chemotherapy. Only 17% of the total
patients had platinum-sensitive ovarian cancer, which was defined as ovarian cancer
that had progressed 12 months after previous platinum based chemotherapy (Table
6).

Patient Ovarian Platinum Nq. lines

number Age (years) | cancer Stage Grade sensitivity prior
subtype treatment

A1 83 Serous 3 3 Refractory 1

A2* 59 Serous 3 N/A Refractory 7

A3 72 Serous 3 3 Resistant 1

A4* 61 Serous 3 3 Resistant 6

A5 63 Serous 3 3 Sensitive 0

A6 87 Serous 2 3 Refractory | 2

A7 72 Serous 2 3 Resistant 5

A8 81 Serous 2 3 Sensitive 0

A9 52 Serous 4 3 Refractory >1

A10 78 Serous 3 3 Resistant 1

A11* 88 Serous 3 3 Refractory | 4

A12 66 Serous 3 1 Resistant 1

A13 70 Serous 3 3 Resistant 2

A14 59 Serous 3 3 Refractory 1

A15 77 Serous 4 3 Refractory 2

A16 68 Serous 4 3 Resistant 2

A17 68 Serous 3 3 Sensitive 1

A18 66 Serous 4 3 Refractory 3

A19' 20 Serous 4 1 Refractory | 1

Table 6: The clinical characteristics of the patients with ovarian cancer within the study. Patient
data were obtained from the Imperial College Oncology NHS oncology database. *Patients who
donated multiple sample of ascites. t Patient only donated immune cells.

The patients donated a mean of 1.41 samples (range 1 to 6 samples) over the 18
month study period. The mean sample volume of ascites per sample that was
processed was 1.36 litres (range 0.1 to 3.75 litres), which contained between 5 x 10°
to 3 x 10° cells. Up to 200 x 10° of the total cells were used for the isolation of tumour
cells, with the remaining cells given to collaborators or frozen for use in later
experiments. Tumour cells were identified by the surface expression of epithelial cell
adhesion molecule (EpCAM), an epithelial cell adhesion molecule, which is highly

expressed across all subtypes of ovarian cancer (Kobel et al., 2008).
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Figure 19: The depletion of CD45" immune cells leads to the enrichment of EpCAM* tumour
cells from ovarian cancer ascites. a) The mean enrichment of EpCAM" tumour cells from ascites by
depletion of CD45" immune cells from ascitic fluid from 18 patients with ovarian cancer (+ SD). b)
Representative FACS plot showing the enrichment of EpCAM" tumour cells by depletion of CD45"
immune cells from a patient with advanced ovarian cancer.

It was possible to isolate tumour cells from 18 patients and immune cells from 1
additional patient (Table 6) by depleting CD45" immune cells from ovarian cancer
ascites (Figure 19). The mean number of EpCAM" tumour cells that were isolated
from the patient samples was 5.39 x 10° cells (range 0 to 28 x 10° cells). The failure
to isolate tumour cells was most commonly due to a lack of tumour cells or an
insufficient total number of cells within the sample. Ovarian cancer ascites contains
human serum and growth factors which promote resistance to TRAIL through the
activation of Akt by focal adhesion kinase (Lane et al., 2007, Lane et al., 2010), and
possibly by other unknown mechanisms. Therefore all tumour and immune cells were
cultured in sterile filtered ascites (ascites + 50% RPMI media) in an attempt to closely

mimic the in vivo ovarian cancer microenvironment.

4.1.5 The sensitivity of primary ovarian cancer cells to iz-TRAIL

There are no published studies that have investigated the sensitivity of primary
ovarian cancer cells to iz-TRAIL. Primary EpCAM" ovarian cancer cells from 18
individual patients were treated with iz-TRAIL [100 ng/ml] and then the viability of the
cells was measured after 48 hours. The ovarian cancer cells were considered to be
TRAIL-sensitive when they underwent a = 50% decrease in viability after treatment
with iz-TRAIL (Figure 20).
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Figure 20: The sensitivity of primary ovarian cancer cells to iz-TRAIL. EpCAM" ovarian cancer
cells from 18 different patients were treated with iz-TRAIL [100 ng/ml]. Cell viability was measured
after 48 hours. Data are representative of the mean of three biological replicates (£ S.D).

The results showed that the majority of the primary tumour cells from ascites from
patients with ovarian cancer are resistant to iz-TRAIL treatment. However, the
majority of the iz-TRAIL-treated cells underwent some loss of viability (Figure 20).
These results suggest that the TRAIL sensitivity of tumours cells is variable. It is
important to note that variations in the amount of tumour cells between different
patient samples could have affected the results from this analysis. Therefore the only
way to formally assess the clinical sensitivity of primary ovarian cancer cells to

TRAIL-induced apoptosis would be in a clinical trial in patients.

4.1.6 The effect of the proteasome inhibitor PS-341 on the sensitivity of

ovarian cancer cells to TRAIL

Previous pre-clinical studies conducted within the host laboratory have shown that
primary ovarian cells could be reliably sensitised to iz-TRAIL by PS-341 treatment.
However, these earlier studies were limited by the number of samples that could be
obtained from patients. In addition, the ovarian cancer cells were cultured using
standard tissue culture conditions (RPMI media + 10% FCS), rather than RPMI
media + 50% ovarian cancer ascites, which could have affected the sensitivity of the

primary ovarian cancer cells to TRAIL-induced apoptosis.
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To investigate the effect of proteasome inhibition on the sensitivity of ovarian cancer
cells to iz-TRAIL, primary ovarian cancer cells were isolated from 18 patients and
were cultured with PS-341 or iz-TRAIL, or both. PS-341 was used at a concentration
of 20 nM in all experiments; as this concentration has been shown to inhibit the
proteasome (Adams et al., 1999), to consistently sensitise cancer cell lines to TRAIL-
induced apoptosis (Koschny et al., 2007a); and approximately reflects the steady
state levels found in patients, 1 hour after intravenous infusions of PS-341
(Papandreou et al., 2004). Higher 50 nM and 100 nM concentrations of PS-341 were
evaluated, but these led to a significant loss in viability of the primary ovarian cancer

cells without additional TRAIL sensitisation.
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Figure 21: The effect of PS-341 on the sensitivity of primary ovarian cells to iz-TRAIL. Ovarian
cancer cells from 17 patients were treated with PS-341 [20 nM] for 2 hours and then iz-TRAIL [100
ng/ml] was added. Cell viability was measured after 48 hours. Data are representative of the mean of
3 biological replicates (+ S.D).

PS-341 treatment only had a modest effect on the overall viability of the primary
ovarian cancer cells with only one patient showing a >50% loss of viability with PS-
341 treatment (Figure 21). These data are similar to the data from clinical trials in
patients that have shown that PS-341 either alone (Aghajanian et al., 2009) or in
combination with chemotherapy (Parma et al., 2012) is not an effective treatment for
ovarian cancer. PS-341 treatment was found to only have a modest effect on
sensitivity of the primary ovarian cancer cells to TRAIL-induced apoptosis. PS-341
treatment enhanced the sensitivity of the cancer cells to iz-TRAIL in 24% (4 out of 17)
of the patient samples. However, PS-341 treatment increased the overall TRAIL

sensitivity from 38% to 52% of the patient samples. Therefore PS-341 treatment
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could potentially lead to responses in around 50% of patients treated with a TRAIL-R

agonistic drug (Figure 21).

These data were surprising as the majority of TRAIL-resistant cell lines and primary
tumour cells that have been tested have been sensitised to TRAIL-induced apoptosis
by PS-341 treatment (Ganten et al., 2005, Koschny et al., 2007b, Koschny et al.,
2007a). This could have been explained by variations in proteasome inhibition
between the samples. However, the limited availability of primary tumour cells did not
allow for the measurement of proteasome inhibition in the clinical samples. Another
explanation is that ovarian cancer ascites contains factors which antagonise the

effect of PS-341 on the sensitivity of primary ovarian cancer cells to TRAIL.

To investigate this concept, primary ovarian cancer cells were cultured in standard
tissue culture media or RPMI media + 50% ascites and were then treated with PS-
341 and iz-TRAIL. Ascites did not affect the PS-341-induced loss of viability.
However, the presence of ovarian cancer ascites antagonised the PS-341-induced

sensitisation of primary ovarian cancer cells to TRAIL-induced apoptosis (Figure 22).
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Figure 22: Ovarian cancer ascites antagonises the effect of PS-341 on the sensitivity of primary
ovarian cancer cells to TRAIL. Primary ovarian cancer cells from a patient were cultured in the
tissue standard culture media (RPMI + 10% FCS) or ascites (RPMI + 50% ascites). Cells were treated
with PS-341 [20 nM] and then iz-TRAIL was added. Cell viability was measured after 48 hours. Data
are representative of the mean of 3 biological replicates (+ S.D) of one of two independent
experiments and of similar experiments using ovarian cancer cell lines.

The same effect was also seen in independent experiments with PEA1 ovarian
cancer cells that were cultured with and without ovarian cancer ascites. The

antagonistic effect of ascites on PS-341-induced TRAIL sensitisation did not appear
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to be due to the binding of PS-341 to human albumin within the ascites, as the effect
of PS-341 on TRAIL sensitivity could not be restored by increasing the concentration
of PS-341 up to 1000 nM. These data suggest that factors within ascites prevent
proteasome-inhibition-mediated sensitisation of primary ovarian cancer cells to

TRAIL-induced apoptosis.

4.1.7 SM-83 and iz-TRAIL synergise to potently kill primary ovarian

cancer cells

To investigate whether SMAC mimetic treatment would synergise with TRAIL
treatment, ovarian cancer cells were isolated from 17 patients and treated with the
SMAC mimetic SM-83. The results of these experiments demonstrated that the
majority of primary ovarian cancer cells were resistant to SM-83 treatment. However,
there was substantial variability in the sensitivity of the cancer cells to SM-83 (Figure
23a).

The effect of SM-83 on the ovarian cancer cells could have been induced in both a
TNF-dependent and TNF-independent manner, which could have been enhanced by
TNF within ovarian cancer ascites. However, experiments showed that the blocking
of TNF with TNF-R2-Fc was not able to inhibit SM-83-induced ovarian cancer cell
death (Figure 23b). One explanation for this could be that the level of TNF-R2-Fc
used in the experiments was insufficient to block the TNF within ascites. Therefore,
additional experiments were performed in which the concentration of TNF-R2-Fc was
increased up to a concentration 500 ug/ml. However, this also failed to completely

block cell death induction by SM-83 in other patient samples.

Another possible explanation is that inhibition of XIAP and depletion clAP1 and
clAP2 leads to the formation of a cell death signalling platform, referred to as the
‘ripoptosome’, without the involvement of death receptors or the mitochondrial
apoptotic pathways (Tenev et al, 2011). The ripoptosome complex contains RIP1,
FADD, and caspase-8 and can form after SMAC mimetic treatment and treatment
with genotoxic stress inducing drugs such as the chemotherapy drug etoposide which
depletes XIAP (Yang et al., 2000), clAP1 and clAP2 (Tenev et al, 2011) which

suppress the formation of the ripoptosome complex (Darding and Meier, 2012).
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Figure 23: The sensitivity of primary ovarian cancer cells to SM-83 and iz-TRAIL. (a) EpCAM"
tumour cells from 17 patients were treated with SM-83. Cell viability was measured after 48 hours. (b)
EpCAM" tumour cells from 3 patients were treated with combination of SM-83, TNF-R-Fc [Enbrel, 10
pg/mli], and iz-TRAIL [100 ng/ml]. Cell viability was measured after 48 hours. Data shown are the
mean of 3 independent experiments using cells from 3 different patients (+ S.E.M). Data were
compared using student’s t-tests (ns= p>0.05). (c) Ovarian cancer cells were treated with SM-83 + iz-
TRAIL [100 ng/ml] or both and cell viability was measured after 48 hours. Data are representative of
the mean of 3 biological replicates (+ S.D).

Significant synergy between iz-TRAIL and SM-83 was observed in the majority of the
patient samples. Cell viability was decreased by SM-83 and iz-TRAIL treatment in 83%
of the patient samples (14 out of 17 patients) that were tested (Figure 23). SM-83
treatment increased the overall sensitivity of the primary ovarian cancer cells to
TRAIL-induced apoptosis from 38% to 66% of the patient samples. These data are
similar to other reported pre-clinical studies in ovarian cancer (Petrucci et al., 2007,

Petrucci et al., 2012) and in other tumour types (Allensworth et al., 2013, Fulda et al.,
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2002a, Lecis et al., 2010). This suggests that SM-83 treatment synergises with

TRAIL to induce the death of primary ovarian cancer cells.

It would have been interesting to compare the effects of etoposide versus SM-83 on
the sensitivity of primary ovarian cancer cells to TRAIL-induced apoptosis. If the
results from such studies had suggested that etoposide and SMAC mimetic
compounds had similar effects on the TRAIL-sensitivity of primary ovarian cancer
cells, then an etoposide and TRAIL therapeutic combination could be an option for
clinical development. Etoposide is a cheap, established chemotherapy drug, whereas
SMAC mimetic compounds are only in the early phases of drug development. It is

currently unclear whether they will ever be licensed for use in patients with cancer.
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Figure 24: The sensitivity of primary ovarian cancer cells to PS-341, SM-83 and iz-TRAIL varies
between patients. Ovarian cancer cells from 3 different patients were treated with iz-TRAIL with
either PS-341 or SM-83. Cell viability was measured after 48 hours.

One the most striking findings from this part of the study was the heterogeneity of the
responses of the tumour cells to combinations of TRAIL, SM-83, and PS-341. It may
be possible to divide ovarian cancers, and probably other tumour types, into three
subtypes of TRAIL-resistant, TRAIL-resistant-sensitisable, and TRAIL-sensitive

ovarian cancer (Figure 24).

It is currently unclear as to how the different molecular subtypes of ovarian cancer
(Tothill et al., 2008) correlate with TRAIL sensitivity and resistance. Although samples
of tumour cells were saved for the determination of the molecular subtypes of each

patient sample, at present there are no simple ways of reliably determining the
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molecular subtype of ovarian cancer without performing complex gene expression
profiling techniques such as microarrays. Therefore, this question could be
prospectively addressed in a clinical trial in which the molecular subtype of ovarian

cancer is established before and perhaps after TRAIL treatment.

41.8 SM-83 and PS-341 can sensitise immune cells to TRAIL-induced

apoptosis

One of the most common and important side effects of chemotherapy is
immunosuppression which can lead to the development of life-threatening infections.
Although immunosuppression and infection have not been reported in trials of
dulanermin/Apo2L/TRAIL (Herbst et al.,, 2010a); however, activated immune cells
express TRAIL-R. For example, CD8 (Grimm et al., 2010) and CD4 (Barblu and
Herbeuval, 2012) T cells, and macrophages express TRAIL-R (Strebel et al., 2002)
and can undergo TRAIL-mediated apoptosis. The treatment of patients with the
SMAC mimetic TL31211 leads to the sustained depletion of clAP1 in peripheral blood
mononuclear cells (PBMCs) (Graham et al., 2011). Therefore, SMAC mimetic
treatments or PS-341 treatment may potentially sensitise immune cells to TRAIL-

induced apoptosis and lead to immunosuppression in patients with cancer.
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Figure 25: The effect of PS-341 and SM-83 on the sensitivity of CD45" cells to iz-TRAIL. CD45"
cells from ovarian cancer ascites were treated with PS-341 or SM-83 and iz-TRAIL. Cell viability was
measured after 48 hours. Data are representative of the mean of the results from experiments using
CD45" cells from 6 individual patients ( S.E.M).

To investigate the potential effect of TRAIL and SM-83 or PS-341 on the tumour
microenvironment, immune cells from ovarian cancer ascites were treated with
combinations of iz-TRAIL with SM-83 or PS-341 (Figure 25). The data from these

experiments suggest that PS-341 and SM-83 could potentially sensitise immune cells
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to TRAIL-induced apoptosis. This could potentially lead to immunosuppression and
changes within the tumour microenvironment in patients with ovarian cancer.
However, it was not possible to use this assay to determine which immune cells are
most sensitive to the combination of SM-83 or PS-341 with iz-TRAIL.

4.1.9 SM-83 or PS-341 with TRAIL induce apoptosis in primary ovarian

cancer cells

Although apoptosis is thought to be the principle mechanism of cancer cell death in
response to chemotherapy treatment, cells can undergo other forms of programmed
cell death such as necroptosis which occurs in a caspase-independent manner.
Apoptosis is characterised by caspase activation, DNA fragmentation and the onset
of membrane blebbing. Apoptosis is generally not thought to be inflammatory and
may even induce tolerance to tumours by generating so called helpless regulatory
CD8 T cells (Griffith et al., 2007).

Apoptotic cells express or release multiple factors such as ATP,
lysophosphatidylcholine, sphingosine-1-phosphate, which act as ‘find-me’ and ‘eat-
me’ signals which promote the recruitment of anti-inflammatory cytokines-secreting
phagocytic cells (Zitvogel et al., 2010, Cullen et al., 2013, Kearney et al., 2013).
Interestingly, CD95L induced apoptosis is associated with the production of cytokines
and chemokines such as IL-6, IL-8, CXCL1, MCP-1, and GMCSF by tumour cells
which promotes the chemotaxis of phagocytes towards apoptotic tumour cells (Cullen
et al., 2013). TNF treatment also leads to the production of pro-inflammatory
cytokines and recruitment of phagocytes to the tumour microenvironment (Kearney et
al.,, 2013). However, it not known whether TRAIL treatment induces cytokine

production and recruitment of phagocytes to the tumour microenvironment.

Necroptosis, on the other hand, leads to the swelling of the organelles and the
rupture of the plasma membrane which releases the contents of the cytoplasm,
including alarmins, into the extracellular spaces which can lead to inflammation
(Vandenabeele et al., 2010). When apoptotic cell death is blocked by caspase
inhibitors such as viral proteins, cells can switch their mode of death from apoptosis
to necroptosis (Dickens et al., 2012). Necroptosis is dependent on the kinase activity

of Rip1 and Rip3; and necroptotic cell death is thought to be important in the host
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defence against viruses (Kaczmarek et al., 2013), and is considered a potentially

immunogenic form of cell death.

In the presence of caspase inhibitors, treatment with TRAIL and SMAC mimetics,
could result in necroptosis (Christofferson and Yuan, 2010). To investigate this
possibility, primary ovarian cancer cells were treated with SM-83 and iz-TRAIL in the
presence of the pan-caspase inhibitor (zZVAD-fmk) and/or the RIP1 kinase inhibitor
necrostatin-1 (nec-1). Cells treated with PS-341 and iz-TRAIL were included as a
control. It was found that the loss of cell viability after the treatment of ovarian cancer
cells with SM-83 or PS-341 could be largely prevented by caspase inhibition. There
was no significant increase in cell viability with the addition of necrostatin-1. These
data suggest that SM-83 and PS-341 and TRAIL induce apoptosis in primary ovarian

cancer cells (Figure 26).
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Figure 26: SM-83 and PS-341 and TRAIL induce apoptosis in primary ovarian cancer cells. a)
Primary ovarian cancer cells were cultured with the pan-caspase inhibitor zZVAD fmK [30 uM], or the
RIP1 kinase inhibitor necrostatin (nec1) [10 pM] for 1 hour and then either SM-83 or PS-341 and iz-
TRAIL [100 ng/ml] was added. Cell viability was measured after 48 hours. b) CD45" immune cells
were treated as in a) and cell viability was measured 48 hours later. Data are representative of the
mean (£ S.D) of results from experiments using cells derived from 6 patients.

The loss of viability of the CD45" immune cells after treatment with iz-TRAIL was
prevented by caspase inhibition (Figure 26b). PS-341 and SM-83 sensitised the
CD45" cells to TRAIL-induced cell death which could be partially blocked by inhibition
of caspases, and was almost completely prevented by the addition of necrostatin.
These data suggest that some of the immune cells within ovarian cancer ascites

underwent necroptotic cell death upon treatment with the SMAC mimetic and TRAIL.
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Previous studies have shown that clAP1 and clAP2 limit macrophage necroptosis by
inhibiting Rip1 and Rip3 activation (McComb et al., 2012). As macrophages play an
important role in scavenging apoptotic cancer cells, it is possible that treatment with a
SMAC mimetic and TRAIL could lead to the death of macrophages which had
engulfed tumour cells. This could possibly lead to enhanced immune responses
against the cancer cells which have been phagocytosed by the macrophages and the

release of inflammatory mediators.
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Figure 27: The effect of PS-341 and SM-83 on the sensitivity of primary ovarian cancer cells to
iz-TRAIL. Primary ovarian cancer cells were treated with combination of PS-341, SM-83, and iz-TRAIL
[100 ng/ml], cell viability was measured after 48 hours. The data are representative of the mean of 3
biological replicates (+ S.D) of experiments performed with cells from 5 donors.

A previous study showed that SM-83 and PS-341 synergise with TRAIL to induce
apoptosis in melanoma cells (Lecis et al., 2010). Ovarian cancer cells from 5 patients
were treated with PS-341, SM-83, and TRAIL to investigate the potential for this
combination treatment in ovarian cancer. There was a minor benefit for this
combination in 1 of 5 (20%) of the patient samples (A2) (Figure 27). The lack of
additional synergy between PS-341 and SM-83 in the study may have been due to
the presence of ascites which might have antagonised the effect of the PS-341 on
the ovarian cancer cells. The results from these experiments suggest that there is
only a modest benefit in combining SM-83 and PS-341 with iz-TRAIL treatment.

4.1.10 The effect of chemotherapy on the sensitivity of primary ovarian

cancer cells to iz-TRAIL

It has long been known that chemotherapy drugs can sensitise cancer cell lines to
TRAIL-induced apoptosis (Cuello et al., 2001b). However, the effect of cisplatin on

the sensitivity of platinum-resistant primary ovarian cancers to iz-TRAIL is unknown.
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To address this question, primary ovarian cancer cells from 14 patients were treated
with cisplatin and iz-TRAIL. The viability of the cells was determined 48 hours later
(Figure 28).

Cisplatin synergised with TRAIL in 20% (3 of 15 patients) which included a patient
with BRCA1 mutation (A7) (Figure 28). However, in several patient samples cisplatin
treatment appeared to antagonise the effect of the TRAIL on the viability of the
cancer cells (patients A4, A6, and A17). An interesting observation from these
experiments was that the cisplatin treatment appeared to enhance, rather than
decrease the viability of the cancer cells in around half of the patient samples. This
effect was seen in patients with platinum-refractory ovarian cancer (patients A2, A15,
A6, and A9), in one patient with platinum-sensitive ovarian cancer (A17), and in a

patient with platinum-resistant ovarian cancer (A16).
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Figure 28: The effect of cisplatin on the sensitivity of ovarian cancer cells to iz-TRAIL. EpCAM*
tumour cells from 14 patients were cultured with cisplatin [25 yM] and iz-TRAIL [100 ng/ml]. Cell
viability was measured after 48 hours. Data are representative of the mean of 3 biological replicates (+
S.D) of experiments performed using cells from 14 independent donors.

One explanation for this effect is that cisplatin treatment has been shown to lead to
enhanced expression of TRAIL-R2 or CD95 by ovarian cancer cells (Duiker et al.,
2009). Although this might increase the sensitivity of the cancer cells to TRAIL
induced apoptosis, it could also sensitise the ovarian cancer cells to endogenous
TRAIL or CD95L; both of which are normally produced by these cells. Endogenous
TRAIL and CD95L have been shown to promote the proliferation of cancer cells

(Levina et al., 2008, Belyanskaya et al., 2008, Chen et al., 2010). Therefore cisplatin
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treatment could have enhanced this non-apoptotic effect of TRAIL on the ovarian

cancer cells.

Previous studies have shown that cisplatin leads to activation of JNK/p38 and MAPK
pathways which lead apoptosis in ovarian cancer cells (Mansouri et al., 2003, Coltella
et al., 2006). However, cisplatin-resistant cells do not activate MAPK after cisplatin
treatment (Brozovic et al., 2004, Mansouri et al., 2003), which leads to a failure to
induce apoptosis. In cisplatin-sensitive ovarian cancer cells, cisplatin treatment leads
to an up-regulation of CD95L expression, which can induces apoptosis in the cancer
cells. However, cisplatin-resistant cells do not up-regulate CD95L expression, and do
not undergo apoptosis (Spierings et al., 2003, Mansouri et al., 2003). Therefore in
cisplatin-resistant cells, cisplatin treatment may inhibit signalling though the
CD95/CD95L system (Galluzzi et al.,, 2012a), and also possibly TRAIL-induced

apoptosis.

Paclitaxel is a chemotherapeutic drug that is commonly combined with cisplatin for
the treatment of ovarian cancer. Paclitaxel chemotherapy had a modest effect on the
sensitivity of the cancer cells to iz-TRAIL with 2 of 7 patient’s cancer cells showing a
decrease in the viability with combined treatment (Figure 29). The treatment of
ovarian cancer cells with both cisplatin and paclitaxel only had a modest effect on the
viability of ovarian cancer cells to iz-TRAIL. The addition of paclitaxel appeared to
mitigate the effect of cisplatin on enhancing the viability of the cancer cells in some of

the patient samples that were tested (Figure 29).
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Figure 29: The effect of cisplatin and paclitaxel on the sensitivity of primary ovarian cancer
cells to iz-TRAIL. a) EpCAM" cells were treated with iz-TRAIL [100 ng/ml], cisplatin [25 pM],
paclitaxel [20 nM], or both cisplatin [25 uM] and paclitaxel [20 nM]. b) EpCAM" cells were treated with
cisplatin [25 uM], paclitaxel [20 nM] or both for 1 hour, and then iz-TRAIL [100ng] was added. Cell
viability was measured after 48 hours. Data are representative of the mean of 3 biological replicates (+
S.D) using cells from 5 donors.

These data suggest that cisplatin chemotherapy may have a role as a TRAIL-
sensitising drug in patients with platinum-sensitive ovarian cancer (Figure 28).
However, the addition of cisplatin to paclitaxel chemotherapy did not appear to
provide any additional benefits over paclitaxel treatment alone (Figure 29). However,
the number of patients within this cohort was small and therefore it is difficult to draw

definitive conclusions from these results. These data suggest that cisplatin and
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paclitaxel should probably only be used as TRAIL-sensitising agents in patients with

chemotherapy-sensitive ovarian cancer.
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Figure 30: The effect of combining cisplatin and paclitaxel chemotherapy with either PS-341 or
SM-83 and iz-TRAIL. (a) Ovarian cancer cells were treated with combination of SM-83, cisplatin, and
paclitaxel and iz-TRAIL [100 ng/ml]. (b) Ovarian cancer cells were treated with combination of PS-341,
cisplatin, and paclitaxel and iz-TRAIL. Cell viability was measured after 48 hours. Data are
representative of the mean of 3 biological replicates (£ S.D) of experiments performed using cells from
7 donors.

The traditional practice in oncology is to combine all active agents for any disease
together, with the aim of hitting multiple synergistic targets. The addition of
chemotherapy only had minor effects on the sensitivity of the ovarian cancer cells to
TRAIL (Figure 29). However, if either the combination of TRAIL with PS-341 or with
SM-83 was shown to be active in a clinical trial in patients with ovarian cancer; then
such combinations would inevitably be combined with chemotherapy in the cancer

clinic. Therefore it was investigated whether the addition of cisplatin and paclitaxel
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chemotherapy to TRAIL treatment with either PS-341 or SM-83 would potently Kill

cancer cells (Figure 30).

As expected, there was synergy between cisplatin and paclitaxel treatment on
ovarian cancer cell viability. However, TRAIL treatment alone had a greater effect on
cancer cell viability than cisplatin and paclitaxel combined in all of the patient
samples. There was an additive effect of TRAIL, SM-83, and cisplatin and paclitaxel
treatment in some of the patient samples (A17, A15, and A2). There was synergy
between PS-341, paclitaxel, and TRAIL in one patient sample (A14); and synergy
between PS-341, cisplatin and paclitaxel, and TRAIL in another patient sample (A4)
(Figure 30).

Although the number of samples was small and these were in vitro studies, the
results suggest that these therapeutic combinations may be beneficial. However, the
scheduling of a large number of potentially toxic drugs for clinical trials would be
complex. In addition, before conducting such clinical studies, it would need to be
shown that the combination of TRAIL with either PS-341 or a SMAC mimetic

compound was safe and effective in patients with cancer.

4111 The effect of immune subsets within the tumour microenvironment

on the sensitivity of ovarian cancer cells to TRAIL

Immune cells within the ovarian cancer tumour microenvironment secrete factors that
could potentially influence the sensitivity of ovarian cancer cells to TRAIL. Although
the presence or absence of immune cells within ovarian cancer ascites does not
reflect the whole ovarian cancer tumour microenvironment, it may give some
indication as to which immune cells may have a role in preventing or enhancing
TRAIL-induced cell death.

A previous study has shown that TNF cooperates with IFN-y to repress Bcl-xL
expression, leading to the sensitisation of metastatic colon carcinoma cells to TRAIL-
mediated apoptosis (Liu et al., 2011). Inflammatory macrophages have been shown
to induce Nrf2 transcription factor-dependent proteasome activity in colonic NCM460

cells, which leads to resistance to TRAIL-induced apoptosis (Sebens et al., 2011).

Tumour-associated macrophages have also been shown to protect colon cancer cells
from TRAIL-induced apoptosis through an IL-1B3-dependent stabilization of Snail in
tumour cells (Kaler et al., 2010). Interestingly, vitamin D has been shown to
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overcome this effect by interfering with the release of IL-18 from macrophages;

thereby restoring the sensitivity of the cancer cells to TRAIL (Kaler et al., 2010).
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Figure 31: The identification of immune cell subsets within ovarian cancer ascites. Immune cells
were isolated from ascites from a representative patient with ovarian cancer. (a) Macrophages were
identified by staining for CD45",CD14",CD68", neutrophils by staining for CD45",CD66", B cells by
staining for CD45",CD3,CD20", NK cells by staining for CD45",CD3",CD56",CD16%, and T cells
(CD45%,CD3"). (b) T cell subsets were identified in total ascites cells after treatment with golgi block
(brefeldin) and with (stim.) or without (basal) PMA and ionomycin for 4 hours to assess intracellular
cytokine production. Cytotoxic CD8 T cells were identified by staining for IFNy*,CD3",CD8", CD4 Thf1
T cells were identified by staining for CD3",CD4",IFNy”, CD4 Th2 T cells by staining for CD3",CD4" IL-
4", CD4 Th17 T cells by staining for CD3",CD4"IL-17", and Treg cells by staining for
CD3",CD4" ,Foxp3”.

Several immune cell subsets are potential candidates for mediating resistance to
chemotherapy and resistance to apoptosis-inducing therapies such as TRAIL.
Macrophages have been implicated in tumour cell migration, invasion, and
metastasis (Condeelis and Pollard, 2006); and are associated with adverse outcomes
in patients with Hodgkin lymphoma (Tan et al., 2012, Greaves et al., 2013).
Macrophages are recruited by the TNF network into the ovarian cancer tumour

microenvironment (Kulbe et al., 2007, Kulbe et al., 2012).

FACS analysis of ovarian cancer ascites was performed to investigate whether
differences in immune cell subsets within ovarian cancer ascites correlated with
TRAIL sensitivity (Figure 31). There were no overall differences in the relative

proportions of macrophages or neutrophils in the samples of ascites between the
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patients with TRAIL-resistant or -sensitive ovarian cancer cells (Figure 32). Many of
the macrophages within ovarian cancer ascites expressed CD206; a marker of
alternatively activated, M2, or tumour associated macrophages. However, it is
unclear as to whether these macrophages were true tumour-associated
macrophages or peritoneal macrophages that were present within the ascites. The
proportion of neutrophils in the ovarian cancer ascites did not vary between patients

with TRAIL-resistant or —sensitive ovarian cancer (Figure 32).

There were no significant differences seen in the overall percentage of CD8, CD4 or
NK cells between the patients with TRAIL-sensitive and TRAIL-resistant ovarian
cancer (Figure 32). The presence or absence of Treg cells did not correlate with
TRAIL-sensitivity or -resistance (Figure 32). There was a significant difference (p=
0.01) in the relative proportions of IL-4™ Th2 CD4 T cells between the ascites
containing TRAIL-sensitive and -resistant ovarian cancer cells and there was also
trend towards greater numbers of Th1 CD4 helper T cells in samples from patients
with TRAIL-sensitive tumours (Figure 32). This could suggest that IL-4" Th2 CD4 T
cells are a potential biomarker for TRAIL sensitivity, or that these cells could enhance

the sensitivity of ovarian cancer cells to TRAIL-induced apoptosis.
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Figure 32: Differences in immune cell subsets within ovarian cancer ascites in patients with
TRAIL-sensitive and TRAIL-resistant ovarian cancer. (a) The relative proportions of CD45" cells
within ovarian cancer ascites of macrophages (CD45",CD14",CD68") and neutrophils (CD45",CD66").
(b) The relative proportions of total CD45" cells of B cells (CD45",CD3",CD20"), T cells (CD45",CD3"),
CD8 T cells (CD45",CD3",CD8"), CD4 T cells (CD45",CD3",CD4"), and NK cells (CD45",CD3
,CD56",CD16%) in patients with TRAIL-sensitive and TRAIL-resistant ovarian cancer. (c) The relative
proportions of T cell subsets in patients with TRAIL-resistant and -sensitive ovarian cancer. Cytotoxic
CD8 T cells (CD3",IFNy*,CD8%), CD4 Th1 T cells (CD3",CD4",IFNy"), CD4 Th2 T cells (CD3",CD4",IL-
4%), CD4 Th17 T cells (CD3",CD4",IL-17"), and Treg cells (CD3",CD4" Foxp3®) in patients with TRAIL-
sensitive ovarian cancer. Total ascites cells were treated with golgi block (brefeldin) and with
(stimulated) or without (basal) PMA and ionomycin for 4 hours to assess intracellular cytokine
production. Data were analysed using GraphPad and compared using unpaired student’s-t test. * p =
0.01.

The results were surprising as other studies have shown that apoptosis resistance in

colon, breast and lung carcinomas is mediated by tumour derived IL-4 which
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enhances the expression of anti-apoptotic proteins such as cFLIP, Bcl-xL and Bcl-2
(Todaro et al., 2008). Interestingly mast cells can be induced to undergo apoptosis
when they have been exposed to culture supernatants from IL-4-stimulated
peritoneal cells in a TRAIL, CD95L, and TNF independent manner (Hu et al., 2006).
Given that ovarian cancer ascites is a supernatant from peritoneal cells, it is possible
that ovarian cancer ascites contains factors which enhance the sensitivity of the

ovarian cancer cells to TRAIL.

It would be possible to test this hypothesis by conducting experiments on the TRAIL
sensitivity of ovarian cancer cell lines, using ovarian cancer ascites from patients with
TRAIL-resistant and TRAIL-sensitive ovarian cancer and with high or low levels of IL-
4" Th2 CD4 T cells within their ascites. It would also be interesting to determine if IL-
4 directly affects the TRAIL-sensitivity of ovarian cancer cells by reducing the

expression of anti-apoptotic proteins such as cFLIP, Bcl-xL and Bcl-2.
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Chapter 5. TRAIL-R2-specific antibodies and recombinant TRAIL

can synergise to kill cancer cells

5.1.1 The ovarian cancer tumour microenvironment contains FcyR-expressing
immune cells with the potential to crosslink TRAIL-R2-specific

antibodies.

TRAIL-R2-specific antibodies, such as AMG 655, bind TRAIL-R2 but cannot alone
induce TRAIL-R2 trimerisation and formation of the DISC. The in vitro activity of AMG
655 requires the use of recombinant protein A/G which contains four Fc-binding
domains; two from protein A and two from protein G. The binding of recombinant
protein A/G to AMG 655 results in multimerisation of TRAIL-R2 and induction of cell
death (Figure 33).
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Figure 33: The induction of apoptosis by TRAIL-R2-specific antibodies is dependent on
crosslinking. PEO4 cells were treated with increasing concentration of AMG 655 with or without
protein A/G. Cell viability was measured after 24 hours. Data are representative of the mean of 3
biological replicates (£ S.D) and representative of 3 independent experiments.

The in vivo activity of AMG 655 requires crosslinking by FcyR on immune cells to
enable TRAIL receptor multimerisation and apoptosis induction (Wilson et al., 2011,
Haynes et al., 2010b). FcyR are present on immune cells such as macrophages,
neutrophils and NK cells (Hogarth and Pietersz, 2012). FcyRs bind CD95- or TRAIL-

R2-bound antibodies on cancer cells, leading to CD95 or TRAIL-R2 multimerisation,
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formation of the DISC and induction of apoptosis (Wilson et al., 2011, Dhein et al.,
1992).

To investigate whether the ovarian cancer tumour microenvironment contains
immune cells that express FcyR, fresh samples of solid deposits of ovarian cancer
and ascites were obtained from 14 patients who were undergoing primary debulking
surgery or therapeutic ascitic drainage. FACS analysis was performed on the
samples to determine the relative proportions of tumour, immune cells, and FcyR

expression within the ovarian cancer tumour microenvironment (Figure 34).
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Figure 34: Immune cells and FcyR expression within the ovarian cancer tumour
microenvironment. (a) FACS analysis of FcyR expression on immune cells within solid deposits of
ovarian cancer and ovarian cancer ascites. Fresh solid deposits of ovarian cancer were digested and
then stained with CD45, CD16 (FcyRIIIA), CD32 (FcyRIIA), and CD64 (FcyRIA). Data represent one of
7 samples of solid deposits of ovarian cancer and one of 7 samples of ascites. (b) The percentage of
EpCAM" tumour cells and CD45" immune cells within the ovarian cancer tumour microenvironment.
Data are representative of the mean of 7 samples (x SD). (¢) The expression of CD16, CD32, and
CD64 within ascites and solid deposits of ovarian cancer. Data are representative of the mean of 7
samples (£ SD).

The analysis of solid tumours and the ascites revealed that solid deposits of ovarian

cancer contained more tumour cells than ascites. The overall expression of FcyR on
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cells within the ovarian cancer tumour microenvironment was higher in ascites. This
reflected the higher proportion of immune cells within ovarian cancer ascites. These
data show that the ovarian cancer tumour microenvironment contains immune cells

that have the potential to induce FcyR-mediated TRAIL-R2 apoptosis (Figure 34).

51.2 Ascites-derived immune cells are inefficient enablers of FcyR-

dependent TRAIL-R2-mediated apoptosis

Next, it was investigated whether ascites-derived immune cells could crosslink AMG
655 and induce apoptosis in ovarian cancer cells. CD45" immune cells were isolated
from ascites from 11 patients with ovarian cancer. Subsequently these immune cells
were profiled, and the expression of FCRy receptors on their surface was determined
by FACS. The majority of the immune cells within ovarian cancer ascites expressed
FcyRIIA (CD16), FcyRIIA (CD32), and FcyRIA (CD64) (Figure 35). The largest
population of immune cells within ovarian cancer ascites which expressed FcyRs

were macrophages and neutrophils (Figure 35).
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Figure 35: The immune cell profile and FcyR expression within ovarian cancer ascites. FACS analysis
of FcyRIIIA (CD16), FcyRIIA (CD32) or FcyRIA (CD64) on the surface of ascites derived immune cells
obtained from 11 patients with advanced ovarian cancer. Data are representative of 11 independent
experiments.

The highly TRAIL-sensitive PEO4 ovarian cancer cell line was used to determine the
efficiency of FcyR-mediated TRAIL-R2-antibody crosslinking by ascites-derived
immune cells. Increasing ratios of CD45" immune cells were incubated with PEO4

cells and then treated with AMG 655. Titration of increasing ratios of CD45" immune
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cells demonstrated that a ratio of 10 CD45" immune cells to 1 PEO4 cell was
sufficient to enable TRAIL-R2-mediated apoptosis induction to occur in PEO4 cells
(Figure 36). However, the efficiency of FcyR-dependent TRAIL-R2-mediated
apoptosis was significantly lower than that induced by either Apo2L/TRAIL (a
recombinant form of TRAIL that is similar to dulanermin), iz-TRAIL, or cells treated
with AMG 655 with recombinant protein A/G.
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Figure 36: Immune cells within the ovarian cancer tumour microenvironment can crosslink
AMG 655 and induce TRAIL-R2-mediated apoptosis in ovarian cancer cells. Increasing ratios of
CD45" immune cells were cultured with PEO4 cancer cells and then treated with AMG 655, AMG 655
+ protein (A/G), or Apo2L/TRAIL or iz-TRAIL. PEO4 cell death was measured after 24 hours by the
expression of cleaved CK18. Data shown are mean (+ S.D.) of 11 independent experiments using
CD45" cells from 11 patients.

The results from individual patients were divided into three groups (within the 10
CD45" cells to 1 PEO4 cells group) of low (<10%), medium (>10% and <25%), and
high (>25%) inducers of PEO4 cell apoptosis (Figure 37). This allowed the
determination of the relative contribution of the different FcyR and immune cell

subsets towards the crosslinking of AMG 655.
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Figure 37: The efficiency of FcyR-dependent TRAIL-R2-mediated apoptosis varies between
patients. The results from individual patients within the (10 to 1 CD45" cell to 1 PEO4 group) were
divided into groups of low (<10%), medium (>10% and <25%), and high (>25%) inducers of AMG 655-
mediated apoptosis. The percentages above each bar on the graph indicate the percentage of the
total number of patients within each group.

Higher expression of FcyRIIIA (CD16) and FcyRIA (CD64) expression and
macrophages within ascites were associated with enhanced TRAIL-R2-antibody-
mediated apoptosis. There was a trend towards higher levels of T cells being
associated with lower PEO4 cell death, but this finding was not statistically significant
(Figure 38).
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Figure 38: FcyRIIIA (CD16) and FcyRIA (CD64) expression and macrophages within ovarian
cancer ascites are associated with enhanced FcyR-TRAIL-R2-antibody-mediated apoptosis. a)
CD45" FcyR expression was compared between low, intermediate and high inducers of FcyR-
dependent TRAIL-R2-mediated apoptosis using student’s t-tests. b) The relative proportions of
immune cells within ovarian cancer ascites were compared between the different groups of patients
using student’s t-tests. (*p=<0.05, **p=<0.01).
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Next, it was investigated whether human FcyR-expressing immune cells were able to
enhance anti-TRAIL-R2-induced apoptosis in primary ovarian cancer cells to any
significant level (Figure 39). Immune cells were isolated from the ascites from a
patient which could crosslink AMG 655 and kill PEO4 cancer cells (Figure 39b). The
immune cells were incubated with primary ovarian cancer cells from the same patient

in a ratio of 10 immune cells to 1 cancer cell; and then treated with AMG 655.
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Figure 39: Human immune cells are inefficient enablers of FcyR-dependent TRAIL-R2-mediated
apoptosis in primary ovarian cancer cells. a) The immune cell profile of CD45" cells from ascites
from a patient with ovarian cancer. b) CD45" immune cells from the same patient were co-cultured
with PEO4 cells and treated with AMG 655 [500 ng/ml], AMG 655 and recombinant protein A/G, or
Apo2L/TRAIL [500 ng/ml] or iz-TRAIL [500 ng/ml]. (c) EpCAM" ovarian cancer cells from the same
patient were cultured with 10 CD45" immune cells to 1 cancer cell and treated with control, AMG 655,
AMG 655 and protein A/G, Apo2L/TRAIL, or iz-TRAIL. Cell death was measured after 24 hours by the
expression of cleaved CK18. Data are representative of two independent experiments performed
using cells from the same donor and other experiments performed with cells from other donors.

AMG 655 did not induce apoptosis in the primary ovarian cancer cells, even in the

presence of immune cells or recombinant protein A/G (Figure 39c). However,
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Apo2L/TRAIL and iz-TRAIL were capable of inducing apoptosis in the primary
ovarian cancer cells, suggesting that recombinant forms of TRAIL are more efficient
at trimerising TRAIL-R1 or TRAIL-R2 and inducing apoptosis than the TRAIL-R2-
specific antibody AMG 655, even when crosslinked with protein A/G (Figure 39).

The lack of any significant apoptosis in primary ovarian cancers after treatment with
AMG 655 and immune cells could have been due to insufficient in vitro
concentrations of AMG 655, or other unknown factors within the tumour
microenvironment. However, much higher levels (>60 pg/L) of AMG 655 are routinely
reached in patients with cancer and are not associated with tumour responses in
patients treated with AMG 655 (Herbst et al., 2010b).

Although these are in vitro studies, the ratio of immune to cancer cells that was
sufficient to drive FcyR-dependent TRAIL-R2-mediated apoptosis was substantially
higher than that found in solid deposits of ovarian cancer (Figure 34). Therefore, it
appears likely that the concept of enabling TRAIL-R1/2-mediated apoptosis in cancer
cells via FcyR-expressing human immune cells is probably not viable for most

cancers.

5.2 AMG 655 enhances TRAIL/Apo2L-induced cell death

It is possible that the binding of AMG 655 to TRAIL-R2 could possibly interfere with
the binding of endogenous TRAIL to TRAIL-R2. If this were true then AMG 655
treatment might be counterproductive as it may prevent the killing of cancer cells by
TRAIL-expressing immune cells such as macrophages (Washburn et al., 2003) and
dendritic cells (Taieb et al., 2006).
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Figure 40: The combination of Apo2L/TRAIL and AMG 655 and SM-83 is highly effective at
killing TRAIL-resistant ovarian cancer cell lines. a) PEA1 and PEA2 ovarian cancer cells were
treated with the indicated concentrations of AMG 655 + recombinant protein A/G (A/G), Apo2L/TRAIL,
iz-TRAIL, or AMG 655 [10 pg/ml] and Apo2L/TRAIL. Cell viability was measured after 24 hours. PEA1,
PEA2 cells were treated with SM-83 [100 nM] for 1 hour and then treated with as in (a). Cell viability
was measured after 24 hours.

Unexpectedly, however, it was found that AMG 655 did not block, but enhanced
Apo2L/TRAIL’s capacity to induce apoptosis in cancer cells; together, AMG 655 and
Apo2L/TRAIL were as active in killing ovarian cancer cells as iz-TRAIL, a highly

active recombinant form of TRAIL (Figure 40).

Interestingly, the activity of iz-TRAIL was not inhibited by AMG 655 but, in contrast to
Apo2L/TRAIL, it was also not increased by treatment with AMG 655 (Figure 41). This
suggests that there is a maximum agonistic activity that can be achieved by
enhanced TRAIL-R-crosslinking; and that combinations of Apo2L/TRAIL and AMG

655 or iz-TRAIL can both achieve this maximum agonistic activity.
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Figure 41: AMG 655 enhances Apo2L/TRAIL but not iz-TRAIL-induced cell death. (a) PEO4 cells
were pre-incubated with AMG 655 [10 ug/ml] for 1 hour and treated with iz-TRAIL or Apo2L/TRAIL at
the indicated concentrations. Cell viability was measured after 24 hours. Data are representative of the
mean of 3 independent replicates (+ S.D).

Importantly, the non-tagged Apo2L/TRAIL form that was used in these studies
mimics dulanermin (Ashkenazi et al., 1999, Ganten et al., 2006). Therefore the
combination of AMG 655 with recombinant Apo2L/TRAIL/dulanermin represents a
highly active TRAIL-R agonistic therapy which could be immediately employed

clinically in patients.

AMG 655 enhanced Apo2L/TRAIL-induced apoptosis in both TRAIL-sensitive and
TRAIL-resistant ovarian cancer cell lines treated with or without SMAC mimetics
(Figure 40). The synergistic effect of AMG 655 on Apo2L/TRAIL-induced cell death
was observed at concentrations of AMG 655 as low as 10 ng/ml (Figure 42), which is
far below levels achieved in patients with cancer (Herbst et al., 2010b). The effect of
AMG 655 on Apo2L/TRAIL-induced cell death was unique and not observed with
other TRAIL-R1- or TRAIL-R2-specific antibodies that were tested (Figure 42). Thus,
not all TRAIL-R2-specific antibodies synergise with Apo2L/TRAIL to kill cancer cells.
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Figure 42: AMG 655 has a unique effect on Apo2L/TRAIL-induced cell death. a) PEO4 cells were
treated with Apo2L/TRAIL [10 ng/ml] and increasing concentrations of AMG 655. Cell viability was
measured after 24 hours. b) PEO4 cells were treated with anti-TRAIL-R1 (HS101) [10 ug/ml], or anti-
TRAIL-R2 (HS201) [10 pg/ml], or anti-TRAIL-R2 (AMG 655) [10 pg/ml] for 1 hour and then
Apo2L/TRAIL [10 ng/ml]. Cell viability was measured after 24 hours. Data are representative of the
mean of 3 independent replicates (£ S.D).

It was hypothesised that the effect of AMG 655 on Apo2L/TRAIL-induced apoptosis
could be mediated by concomitant binding to TRAIL-R2, leading to enhanced
multimerisation of TRAIL-R2 and increased formation of the TRAIL DISC
(Falschlehner et al., 2007). To investigate this, PEO4 cells were stimulated with
different combinations of Apo2L/TRAIL and AMG 655 and then caspase-8 was
immunoprecipitated. The binding of AMG 655 to TRAIL-R2 enhanced the recruitment
of the TRAIL-R2 DISC components FADD, cFLIP, and TRAIL-R2 to caspase-8

(Figure 43).
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Figure 43: AMG 655 promotes recruitment of TRAIL DISC components to caspase-8. PEO4 cells
were treated with either AMG 655 (10 pg/ml), Apo2L/TRAIL (100 ng/ml), Apo2L/TRAIL and AMG 655,
or iz-TRAIL for 1 hour and then caspase-8 (C-8) was immunoprecipitated (IP, immunoprecipitation).
Molecular weight, killer Daltons (MW (kDa)). Data are representative of one of 3 independent
experiments.

To test whether the effect of AMG 655 on Apo2L/TRAIL-induced cell death was
dependent on TRAIL-R2 stimulation, PEO4 cells were stimulated with AMG 655,
Apo2L/TRAIL and AMG 655, and AMG 655 before lysis of the cells. Then either AMG
655 or Apo2L/TRAIL was added to the lysates of unstimulated cells. TRAIL-R2 was
then precipitated using protein A/G beads. The presence of Apo2L/TRAIL or AMG
655 in the lysates of unstimulated cells did not affect recruitment of the TRAIL DISC
component cFLIP to caspase-8 showing that the effect is dependent on TRAIL-R2

stimulation (Figure 44).

These data show that the synergistic effect of AMG 655 and Apo2L/TRAIL on TRAIL-
induced apoptosis is mediated through enhanced TRAIL-R2 DISC formation. Thus
AMG 655 leads to a change in the spatial conformation of TRAIL-R2, which leads to
enhanced TRAIL-R2 multimerisation by Apo2L/TRAIL. This indicates that the
synergistic apoptosis-inducing activity of AMG 655 and Apo2L/TRAIL is due to
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increased TRAIL DISC formation as a consequence of enhanced TRAIL-R2

crosslinking.
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Figure 44: AMG 655 significantly enhances Apo2L/TRAIL-mediated recruitment of FADD,
Caspase-8 and cFLIP to the TRAIL DISC. PEO4 cells were treated with either AMG 655 [10 pg/ml],
Apo2L/TRAIL [100 ng/ml], or Apo2L/TRAIL and AMG 655 for 1 hour and then lysed. Either AMG 655
[10 pg/ml] or Apo2L/TRAIL [100 ng/ml] was added to the lysates of cells stimulated in the absence of
the respective substance before immunoprecipitation of TRAIL-R2 to ensure the observed changes in
the TRAIL-R2 DISC were dependent on TRAIL-R2 stimulation (IP, immunoprecipitation; * unspecific
bands representing the 1IgG1 heavy chain from the addition of exogenous AMG 655 to the lysates).
Data are representative of 1 of 3 independent experiments.

5.21 The combination of AMG 655 and Apo2L/TRAIL is highly efficient
at inducing apoptosis in primary ovarian cancer cells

It was investigated whether AMG 655 could enhance Apo2L/TRAIL-induced cell

death in primary ovarian cancer cells. Again the combination of AMG 655 with

Apo2L/TRAIL was as active as iz-TRAIL in killing primary ovarian cancer cells (Figure
45). These results indicate that the combination of Apo2L/TRAIL with AMG 655 can
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kill primary ovarian cancer cells from patients, and suggest that further combination
with a SMAC mimetic drug or other TRAIL-sensitising agents may hold therapeutic

promise for the treatment of ovarian cancer.
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Figure 45: AMG 655 and Apo2L/TRAIL synergise to potently kill primary ovarian cancer cells. (a)
Primary ovarian cancer cells were isolated from 6 patients* and treated with AMG 655 + protein A/G,
AMG 655 + recombinant protein A/G (A/G), Apo2L/TRAIL, Apo2L/TRAIL and AMG 655 [10 ug/ml], or
iz-TRAIL. Cell viability was measured after 48 hours (n=6 + S.D). (b) Primary ovarian cancer cells
were treated with SM-83 for 1 hour and then as in (a). Cell viability was measured after 48 hours (n=6
+ 8.D). * = P<0.05, **P=<0.01, *** = P<0.001. t+ = 1 of 6 patient samples was processed and treated by

Dr Antonella Montinaro.

5.2.2 The combination of AMG 655 and Apo2L/TRAIL is not toxic to

primary human hepatocytes

In mice, highly active forms of TRAIL and SMAC mimetic compounds can be
combined without causing severe toxicity (Fulda et al., 2002b, Vogler et al., 2008).
The potential toxicities of therapeutic combinations of AMG 655 and Apo2L/TRAIL
cannot be evaluated in mouse models as AMG 655 binds to human TRAIL-R2, but
not to murine TRAIL-R (mTRAIL-R). Also, such xenograft models (Kaplan-Lefko et al.,
2010, Ashkenazi et al., 1999) have been shown to be non-predictive of the potential

clinical efficacy of AMG 655 and dulanermin.

Because of these factors and previous concerns regarding potential liver toxicity of
TRAIL (Lawrence et al., 2001, Ganten et al., 2005, Ganten et al., 2006, Koschny et
al., 2007a, Jo et al., 2000), it was investigated whether primary human hepatocytes
were sensitive to apoptosis induction by the combination of AMG 655 and
Apo2L/TRAIL, either alone or in the presence of SM-83 or PS-341. CD95L, a potent

killer of primary human hepatocytes was used as a control (Ganten et al., 2006).
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Figure 46: The combination of AMG 655 and Apo2L/TRAIL is not toxic to primary human
hepatocytes. a) Primary human hepatocytes from 3 donors* were cultured for 3 days and then treated
with Apo2L/TRAIL [10 pg/ml] and AMG 655 [10 pg/ml] £ SM-83 or PS-341. CD95L [1 pg/ml] was used
as a positive control. a) Phase contrast microscopy of treated hepatocytes from a representative donor
(3) (10 x original magnification). (b) Cell viability of primary human hepatocytes was assessed after 24
hours after Apo2L/TRAIL and AMG 655 + SM-83 or PS-341 and CD95L treatment (n=3 + S.D). (c)
Primary human hepatocytes cell death was measured 24 hours after Apo2L/TRAIL and AMG 655 *
SM-83 or PS-341 and CD95L treatment by measuring release of soluble cleaved keratin 18 (K18) in
the primary human hepatocytes supernatants using the M65 cell death ELISA. (d) Changes in the
release of the liver enzyme AST were measured in primary human hepatocyte culture supernatants 24
hours after treatment with Apo2L/TRAIL and AMG 655 (n=3, + SM-83) and CD95L. * The culture and
treatment of cells from 1 of 3 donors was performed by Dr Antonella Montinaro.

Treatment with the combination of Apo2L/TRAIL and AMG 655 did not induce any
significant changes in cellular morphology, loss of cell viability, or increase in the

death of primary human hepatocytes (Figure 46). Importantly, also further combining
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Apo2L/TRAIL with SM-83 or PS-341 did not induce a significant decrease in viability
of primary human hepatocytes (Figure 46). None of the AMG 655- and Apo2L/TRAIL-
comprising treatments resulted in a significant increase in liver enzyme release.
These results are in line with previous findings regarding the effects of highly active
recombinant forms of TRAIL on primary human hepatocytes (Ganten et al., 2005,
Ganten et al., 2006, Koschny et al., 2007a).
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Chapter 6. Discussion and conclusions

6.1 Chapter 3: A role for Foxo3 and Kif2 in the regulation of Foxp3:

Discussion and conclusions

The results showed that Foxo factors promote TGFB-mediated Treg cell
differentiation, and that Foxp3 expression in PTEN deficient CD4 T cells can be
partially rescued by the expression of constitutively active Foxo3. Whilst this work
was in progress, several subsequent studies have confirmed these findings, and
have demonstrated the importance of Foxo target genes in Treg cell differentiation,
and in mediating the suppressive function of Treg cells (Harada et al., 2010, Kerdiles
et al., 2010, Ouyang et al., 2010, Ouyang et al., 2012).

The overexpression of Foxo3 was only able to partially rescue the expression of
Foxp3 in PTEN deficient CD4 T cells. This may indicate that PISK/Akt/mTOR
signalling negatively regulates other transcription factors that promote Foxp3
expression or that PTEN deficiency affects other signalling networks that regulate
Foxp3 expression.

The overexpression of Foxo factors only had a minimal effect on the induction of
Foxp3 with PI3K inhibitors (Figure 7). This may have been due to sufficient Foxo
factors within the nucleus or the cytoplasm of the activated CD4 T cells to maximally
induce the expression of Foxp3 after TCR withdrawal and PI3K inhibition. This could
be investigated further by conducting experiments using an inducible genetic
approach to deplete Foxo3, to determine if loss of Foxo3 impairs the expression of
Foxp3 in activated CD4 T cells after PI3K inhibition and TGFB treatment. Whilst this
study was in progress, experiments performed by other investigators showed that
genetic ablation of Foxo3 expression results in a significant reduction in TGFf-
induced Foxp3 expression in CD4 T cells (Harada et al., 2010).

There were differences between experiments in the expression of Foxp3 after

withdrawal of the TCR activation signal and PI3K inhibition (Figures 5, 7, 8, 10, and
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13). This could in part be explained by the length of TCR activation signals that the
cells received. For example in Figures 5 and 6, the cells were activated using
CD3/CD28 coated plates for 18 hours, and then the activation signal was withdrawn
and Foxp3 expression was measured 48 hours later. Whereas in Figures 7, 8, 10,
and 13, the cells were activated with anti-CD3/CD28 beads for around 36 hours and
then the activation signal was withdrawn and Foxp3 expression was measured 48
hours later. However, there were also differences in Foxp3 expression induced by
TCR withdrawal and PI3K inhibitors between experiments performed using the same
conditions (Figures 7, 8, 10, and 13). This suggests that there were unidentified
problems with internal consistency between experiments.

Interestingly, the deletion of Foxo1 and Foxo3 does not extinguish the expression of
Foxp3 in CD4 T cells in mice (Ouyang et al., 2010). This suggests that although Foxo
factors promote TGF-B-induced Foxp3 expression, Foxo factors are not essential for
the expression of Foxp3. Although both Foxo1 and Foxo3 are important for Treg cell
differentiation and function, recent studies suggest that Foxo1 appears to have the
more important role in regulating Treg cell function (Ouyang et al., 2012).

Chromatin immunoprecipitation coupled to high-throughput sequencing (ChlP-seq)
and gene expression profiling studies have shown that around 240 and 70 genes are
directly activated or repressed respectively by Foxo1 (Ouyang et al., 2012). Foxo1
directly binds to the promoter of CTLA-4 and directly controls expression of CTLA-4.
It is possible that the loss of suppressive functions in Foxo deficient Treg cells are in
part explained by the loss of CTLA-4 expression in Treg cells (Kerdiles et al., 2010).
However, other studies with Foxo1 deficient mice have questioned this hypothesis,
and have suggested that deletion of Foxo1 in Treg cells leads to the production of
IFN-y in Treg cells (Ouyang et al., 2012).

The overexpression of Kif2 was found to antagonise the induction of Foxp3
expression, suggesting that Kif2 may be a negative regulator of Foxp3 expression.
The GFP-KLF2 fusion protein had a more pronounced effect than wild-type KIf2 on

the induction of Foxp3 and on established Foxp3 expression in nTreg cells. It would
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have been interesting to design further experiments to address whether the
difference between GFP-KLF2 and KLF2-IRES-GFP was due to differences in
protein expression between the different retroviral vectors, or due to the masking of
certain Klf2 functions by the GFP-fusion protein. However, there is no commercially
available effective anti-KIf2 antibody, which complicates the study of KIf2. This
limitation could possibly have been addressed by cloning a short peptide flag tag into
either terminus of KIf2 within the different retroviral vectors, which could have allowed

the use of an anti-flag antibody to determine KIf2 expression levels from each vector.

GFP is a highly stable protein which has a half-life of around 26 hours (Corish and
Tyler-Smith, 1999). The GFP-fusion protein could have stabilised KIf2 and enhanced
its transcriptional activity. KIf2 contains an autoinhibitory domain which contains a
binding site for the E3 ubiquitin ligase WWP1, which targets Kif2 and other
transcription factors such as KlIf5, Smad2, Smad4, and TRR-I/I for nuclear export and
proteasomal degradation (Conkright et al., 2001). The GFP fusion could prevent the
degradation of KIf2 by inhibiting or preventing the binding of WWP1; thus stabilising

the protein.

The effect of the glutamic acid to glycine substitution within the KIf2 activation domain
had a modest effect on the induction of Foxp3 expression. As Kif2 may regulate the
expression of Foxp3, KlIf2 polymorphisms could be associated with an increased risk
of autoimmunity or other diseases. The Mouse Genome Informatics
(www.informatics.jax.org), the Ensemble genome browser (www.ensembl.org), and
National Centre for Biotechnology Information (www.ncbi.nlm.nih.gov) databases
were searched to identify any common amino acid substitutions between laboratory
mouse strains.

Four C57BL/6 mice mRNA sequences were compared with the published Kif2
sequence, and with the RIKEN C57BL/6 KIf2 clone which had been used to generate
the KLF-GFP and KLF2-IRES-GFP retroviral constructs. A total of 5 additional
nucleic acid substitutions were identified within 4 C57BL/6 mice sequences that did

not change the Kif2 protein sequence. One additional KIf2 (D88A) substitution was
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identified in a B6CBA (a cross between the C57BL/6 and CBA/J mouse strains) and
a C57BL/6 mouse strain sequence. This suggests that the amino acid substitution
within the RIKEN clone could have arisen due to a technical error or that it may not
be of wider importance. However, no studies were found that associated human
KLF2 polymorphisms with human diseases.

KIf2 deficient CD4 thymocytes did not express Foxp3 in response to TGF@ or PI3K
inhibitors, even when KIf2 expression was reconstituted by retroviral gene transfer.
The inability of KIf2 deficient thymocytes to express Foxp3 could have been caused
by thymic differentiation abnormalities, or could suggest that KiIf2 has an essential
role in Treg cell differentiation. A model that could explain these opposing findings is
that low levels of KIf2 promote the expression of Foxp3, whereas high levels of Klf2
antagonise the induction of Foxp3 expression.

It would have been interesting to conduct more experiments with Kif2 deficient
thymocytes. However, the thymocytes used in this study were from mice that were
sacrificed in the United States, and then live cells were shipped to the UK. If the
results from these experiments had been consistent with the results from the different
retroviral vectors, then it might have been possible to arrange for the shipment of live

animals to the UK for additional, more detailed genetic studies.

Although Foxo factors have been reported to regulate Klif2, a bio-informatics search
of the KLF2 gene failed to identify published KLF2 binding sites (Tom Carroll,
Lymphocyte Development group, unpublished observations), and deletion of Foxo1
in Treg cells does not appear to significantly affect the expression of KiIf2 (Ouyang et
al., 2012). Furthermore, overexpression of Foxo3 in activated CD4 T cells did not
lead to an increase in KIf2 expression suggesting that Foxo factors may not directly
regulate KIf2 in activated CD4 T cells.

The discovery that Foxo factors regulate immune tolerance (Ouyang et al., 2012),
suggested that Foxo factors may be a therapeutic target for reducing the suppressive
functions of Treg cells. However, Foxo factors have tumour suppressor functions and

are important for the cytostatic and cytotoxic activity of chemotherapy drugs such as
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paclitaxel (Yang and Hung, 2009) which are used for the treatment of ovarian cancer.
Therefore it is difficult to envisage a successful therapeutic strategy that would seek
to globally reduce Foxo factors within a patient with ovarian cancer that would be
helpful. Therefore perhaps the best approach will be to target known Foxo targets,
such as CTLA-4, which regulate the suppressive functions of Treg cells (Kerdiles et
al., 2010).

In conclusion, the results from this part of the study suggest that Foxo factors
promote the expression of Foxp3 in Treg cells, and that KIf2 is a potential negative
regulator of regulatory T cell development. KIf2 antagonised Foxp3 expression in a
mechanism that was independent of Smad7 and TGFf signalling. The GFP-KLF2
fusion protein may reveal a previously unseen function of KIf2 in regulatory T cells.
These findings suggest that further studies into the role of KIf2 in Treg cell

differentiation are warranted.

6.2 Chapter 4: A role for TRAIL in the treatment of ovarian cancer.

Discussion and conclusions

The principle aim of this part of the study was to determine whether a TRAIL-R
agonist could serve as a potential therapeutic for ovarian cancer. The initial part of
the study confirmed the findings of other investigators that SMAC mimetic
compounds, PS-341 and chemotherapy can enhance the sensitivity of ovarian
cancer cells to TRAIL induced apoptosis. It was possible to isolate tumour cells from
18 patients with ovarian cancer for these studies. The majority of the patients had
platinum-resistant or -refractory ovarian cancer, and therefore this group of patients
was ideal to study the potential efficacy of novel TRAIL-R-agonistic-comprising drug

combinations for the treatment of advanced ovarian cancer.

6.2.1 The effect of PS-341 and SM-83 on the sensitivity of ovarian cancer
cells to TRAIL

Although over 60 samples of ascites were collected, it was only possible to isolate
tumour cells from 38 samples. The sample size was sufficiently large to allow the
investigation of the TRAIL-sensitivity of tumour cells from 18 individual patients with

ovarian cancer. One of the limitations of the methods used to isolate ovarian cancer
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cells was the low yield of tumour cells from each ascites sample. There were also
different numbers of tumour cells within each processed sample, which made direct
comparisons between samples difficult. However, the ascites samples contained
viable ovarian cancer cells that were already in suspension, and the ascites fluid was
used as a tissue culture media. If ascites had not been used to culture the tumour
cells, then the effects of PS-341 on the TRAIL-sensitivity of primary cancer cells

might have been overestimated.

Approximately 38% of the tumour cells from the ascites samples were resistant to iz-
TRAIL treatment. These results indicate that whilst the majority of human ovarian
cancer cells are resistant to TRAIL-induced apoptosis, they can be sensitised to
undergo TRAIL-induced apoptosis by the proteasome inhibitor PS-341 or a potent
dimeric SMAC mimetic compound such as SM-83. Ovarian cancer ascites appeared
to antagonise the effect of PS-341 on the sensitivity of ovarian cancer cells to TRAIL-
induced apoptosis. This effect was seen in both primary cells and ovarian cancer cell
lines. These data suggest that PS-341 is likely to have only a modest effect on the
sensitivity of primary ovarian cancer cells to TRAIL. Nevertheless, proteasome
inhibition and SMAC mimetic treatment led to over 50% of the ovarian cancer cells

being sensitive to TRAIL treatment.

SM-83 had a modest effect on the viability of primary ovarian cancer cells, and only a
minority of the primary ovarian cancer cells were sensitive to SM-83 treatment. It was
also not possible to block the SM-83-induced loss of viability in primary ovarian
cancer cells by blocking TNF. Therefore, a definitive conclusion could not be reached
about the role of TNF in ovarian cancer cell death after SM-83 treatment. The results
of a phase Il clinical trial (NCT01681368) of the potent dimeric SMAC mimetic
birinapant (TL32711) in patients with advanced ovarian cancer are expected to be
presented in early 2014. This will give the first indication as to whether SMAC
mimetic compounds have potential as a treatment for ovarian cancer. Nevertheless
the treatment with SM-83 enhanced the sensitivity of the majority of the ovarian
cancer cells to TRAIL, even in the presence of ascites fluid, suggesting that this

approach has therapeutic potential.

There was significant heterogeneity in the responses of the patients to the different
treatments. This could have been due to differences in the amount of tumour cells

within the patient samples. Unfortunately it was not possible to isolate sufficient
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ovarian cancer cells from each patient sample to undertake any non-candidate-based
gene expression, proteomic, or genome-wide sequencing studies. Such studies could
identify potential differences in signalling, gene expression, and mutations which may
affect TRAIL-sensitivity and TRAIL-resistance. However, such data could be
prospectively collected in clinical trials of these therapeutic combinations. This might
allow the identification of novel biomarkers that could predict the sensitivity of ovarian

cancer cells to TRAIL-R-agonistic drugs.

The addition of cisplatin only had a modest effect on TRAIL sensitivity, which was
perhaps unsurprising given that the majority of the patients had platinum-refractory
ovarian cancer. The finding that the cisplatin treatment reduced the sensitivity of
some of the cancer cells to TRAIL-induced apoptosis, and even appeared to increase
the viability of some of the ovarian cancer cells, suggests that cisplatin should only be
combined with TRAIL in patients with platinum-sensitive ovarian cancer. The
mechanisms behind the effect of cisplatin on the sensitivity of ovarian cancer cells to

TRAIL induced apoptosis are unclear and were not investigated within this study.

Paclitaxel chemotherapy appears to have a modest effect on the sensitivity of
primary ovarian cancer cells to TRAIL, and further studies of its role as a TRAIL-
sensitising drug in ovarian cancer are warranted. However, a study in which
dulanermin was combined with paclitaxel-based chemotherapy in patients with lung
cancer did not lead to enhanced outcomes (Soria et al., 2011b). These data suggest
that although chemotherapy does affect the sensitivity of ovarian cancer cells to
TRAIL, chemotherapy should not be considered to be a highly effective TRAIL-

sensitising drug in ovarian cancer.

Of note, the results from this part of the study were obtained with a recombinant form
of TRAIL, iz-TRAIL, which alone is substantially more effective at killing cancer cells
than non-tagged forms of TRAIL such as dulanermin which has been used in clinical
studies thus far. The findings suggest that TRAIL alone, even a highly active TRAIL-
R agonist, or agonistic combination, is unlikely to become an effective treatment for
the majority of patients with ovarian cancer.

In conclusion, although these were in vitro studies, the findings are similar to other in
vivo studies that have combined SMAC mimetics with TRAIL (Fulda et al., 2002b,
Vogler et al., 2008, Vogler et al., 2009) and PS-341 with TRAIL (Unterkircher et al.,
2011, Shanker et al., 2008) in murine tumour models. Together the results from this
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study, and those from other studies, suggest that a TRAIL-R agonistic drug could be
combined with a proteasome inhibitor or SMAC mimetic drug in a clinical trial in

patients with cancer.

6.2.2 The effect of immune subsets within the tumour microenvironment on

the sensitivity of ovarian cancer cells to TRAIL

The presence of immune cell subsets within the tumour microenvironment was
correlated with the sensitivity of the ovarian cancer cells to TRAIL. Although the
ascites-derived immune cells were from the peritoneum which contains ovarian
cancer cells, it does not reflect the tumour microenvironment within solid deposits of
ovarian cancer. Therefore, any correlations derived from this analysis can only be
regarded as hypothesis-generating. The only significant finding between the different
groups of patients was that TRAIL-sensitive patients had more IL-4" CD4" Th2 T cells
within ovarian cancer ascites. Other immune cell subsets such as macrophages,
neutrophils or Treg cells were not correlated with the TRAIL-sensitivity or TRAIL-

resistance of primary ovarian cancer cells.

It is known that IL-4 can induce apoptosis in mouse microglial cells by down-
regulating the expression of the anti-apoptotic protein Bcl-xL (Soria et al., 2011a). On
the other hand, previous studies have shown that apoptosis-resistance in solid
tumours such as colon, breast and lung carcinomas is mediated by tumour derived
IL-4 (Todaro et al., 2008). However, it was the autocrine production of IL-4 by the
tumour cells, rather than tumour associated immune cells, which mediated the effect
of IL-4 on the inhibition of apoptosis (Todaro et al., 2008). These data suggest that
IL-4 production by CD4 T cells could affect the sensitivity of ovarian cancer cells to
TRAIL. It would be possible to investigate this by performing experiments in which
exogenous IL-4 was added or depleted during the treatment of ascites derived
ovarian cancer cells with TRAIL. These studies could be performed using samples of

frozen ascites that were stored during the study.
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6.3 Chapter 5: Arole for TRAIL in the treatment of ovarian cancer.

Discussion and conclusions

6.3.1 Ascites-derived immune cells as enablers of FcyR-dependent TRAIL-

R2-mediated apoptosis

The analysis revealed that the ovarian cancer tumour microenvironment contains a
significant number of immune cells with the potential to crosslink TRAIL-R2-specific
antibodies such as AMG 655. Solid deposits of ovarian cancer contained more
tumour cells than ascites, and ascites samples contained more CD45" immune cells
than solid tumours. The relative proportions of FcyR expression were similar between
solid deposits of ovarian cancer and within ovarian cancer ascites. However, the
overall expression of FcyR was higher in ascites, which reflected the higher

proportion of immune cells present within ovarian cancer ascites.

Although human immune cells were found to enable TRAIL-R2 signalling in the highly
TRAIL-sensitive PEO4 cell line, this effect was only seen at a ratio of immune cells to
cancer cells which was not found in the majority of solid deposits of ovarian cancer.
The efficiency of FcyR-dependent TRAIL-R2-mediated apoptosis varied between
patients. Only 36% of patients had immune cells within their ascites which enabled
significant AMG 655-induced PEO4 cell apoptosis. Higher expression of FcyRllla
(CD16) and FcyRla (CD64) and the presence of macrophages within ovarian cancer
ascites were associated with enhanced FcyR-TRAIL-R2-antibody-mediated

apoptosis.

Although the analysis was limited by the small number of patients that were included
within this part of the study; the finding that human immune cells were inefficient
enablers of FcyR-dependent-TRAIL-R2-mediated apoptosis in primary ovarian
cancer cells is significant. These in vitro data mirror the results from the clinical trials
with TRAIL-R2-specific antibodies such as drozitumab (Baron, 2011, Lima et al.,
2012, Rocha Lima et al.,, 2012) and conatumumab (AMG 655) (Chawla, 2010,
Kaplan-Lefko et al., 2010, Kindler et al., 2012). This suggests that this approach of
targeting the apoptosis-inducing TRAIL-R2 has limited clinical potential as a

treatment for cancer.

Given that the majority of ovarian cancer cells are resistant to TRAIL, it is likely that

most patients with TRAIL-sensitive ovarian cancer and other cancers have
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insufficient immune cells in their tumour microenvironment to effectively drive FcyR-

dependent TRAIL-R2-mediated apoptosis.

It was not possible to isolate a sufficient number of primary ovarian cancer cells from
the patient samples to perform experiments to determine whether increasing the
concentration of AMG 655 would lead to significant FcyR-dependent-TRAIL-R2-
mediated apoptosis. However, clinical studies have reported that serum levels of 50
to 60 pg/ml of AMG 655 can be routinely reached by the administration of AMG 655
to patients with cancer (Herbst et al., 2010b) and these levels are not associated with
responses in patients with cancer. These data suggest that the clinical responses
that have been observed in patients treated with TRAIL-R2-specific antibodies such
as AMG 655 and drozitumab could have been induced via the induction of T cell
specific immunity (Takeda et al., 2004, Stagg et al., 2008) or immune responses

mediated by B cells or CD11c dendritic cells (Haynes et al., 2010a).

In conclusion, the findings indicate that there are FcyR expressing immune cells
within the ovarian cancer tumour microenvironment that could potentially enable
FcyR-dependent TRAIL-R2-mediated apoptosis in patients with ovarian cancer.
However, it is currently unclear as to whether these immune cells would be sufficient
to enable FcyR-dependent TRAIL-R2-mediated apoptosis in patients with ovarian

cancer.

6.3.2 The combination of AMG 655 and Apo2L/TRAIL is highly efficient at

inducing apoptosis in primary ovarian cancer cells

The findings that AMG 655 did not become an effective inducer of apoptosis in
ovarian cancer cells when crosslinked by FcyRs on immune cells, prompted the
investigation of whether AMG 655 would block TRAIL-induced apoptosis.
Unexpectedly, however, AMG 655 did not only fail to block apoptosis induction by
Apo2L/TRAIL but potently enhanced it. AMG 655 and Apo2L/TRAIL are capable of

inducing apoptosis in cancer cells in a highly synergistic efficient manner.

The apoptosis-inducing potential of Apo2L/TRAIL in combination with AMG 655 was
as high as that of iz-TRAIL, which is a highly active recombinant form of TRAIL
(Ganten et al., 2006). These results provide the basis for combining two TRAIL-R
agonists, namely recombinant Apo2L/TRAIL/dulanermin and AMG 655
(conatumumab), both of which have already been tested in the clinic.
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Interestingly, AMG 655 did not synergise with iz-TRAIL, suggesting that there is a
maximum agonistic activity that cannot be increased further within the context of
these assays. However, this result indicates that the combination of non-tagged
recombinant Apo2L/TRAIL/dulanermin with AMG 655 can reach high TRAIL-R2

agonistic activity in terms of killing cancer cells via TRAIL-R2.

It was investigated whether this synergistic effect with Apo2L/TRAIL was unique to
AMG 655 or whether other TRAIL-R2-specific antibodies could synergise with
Apo2L/TRAIL in killing cancer cells. The TRAIL-R2-specific antibody HS201 did not
have this effect. This suggests that the TRAIL-R2-specific antibody AMG 655, but not
HS201, binds to TRAIL-R2 in a position that permits soluble Apo2L/TRAIL to
concomitantly bind to TRAIL-R2. This would lead to enhanced Apo2L/TRAIL

crosslinking and thus synergy between the two proteins in crosslinking TRAIL-R2.

These results indicate that the other clinically used antibodies against TRAIL-R2, and
possibly against TRAIL-R1 could potentially synergise with Apo2L/TRAIL. It is also
possible that the TRAIL-R2-specific antibody TRA-8, which does not require FcyR
crosslinking for its activity, has this property (Forero-Torres et al., 2010). It would also
be possible to investigate whether the TRAIL-R1-specific antibody, mapatumumab,
has this property. Independently of the results from these experiments, it would be
possible to generate  TRAIL-R1 specific  antibodies that enhance
Apo2L/TRAIL/dulanermin-induced killing of cancer cells via TRAIL-R1.

There were significant differences in the ability of the different forms of recombinant
TRAIL to induce apoptosis in all of the cell lines and in the primary cells that were
tested. Apo2L/TRAIL was substantially less efficient at killing primary ovarian cancer
cell lines when compared to iz-TRAIL, suggesting that this could be reason for the
failure of Apo2L/TRAIL/dulanermin to induce responses in patients within the cancer
clinic. However, these disappointing observations were offset by the finding that
Apo2L/TRAIL and AMG 655 potently synergise to induce the death of cancer cells.
The combination of AMG 655 and Apo2L/TRAIL was as effective as the stably
trimerised highly-active TRAIL variant iz-TRAIL at inducing apoptosis in cancer cells,
suggesting that AMG 655 and dulanermin could be combined.

The toxicity of the combination of Apo2L/TRAIL and AMG 655 to primary human
hepatocytes was investigated because there have previously been concerns about
the potential hepatotoxicity of TRAIL (Lawrence et al., 2001, Jo et al., 2000).
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Although there have been other studies which have shown that highly active forms of
TRAIL are not toxic to primary human hepatocytes (Ganten et al., 2005, Ganten et al.,
2006, Koschny et al., 2007a), highly recombinant polyhistidine—tagged or crosslinked
FLAG-tagged soluble TRAIL are toxic to primary human hepatocytes (Ashkenazi et
al., 1999, Ganten et al., 2006, Kelley et al., 2001, Lawrence et al., 2001).

It was therefore decided to investigate the effects of the combination of AMG 655 and
Apo2L/TRAIL on the viability of primary human hepatocytes. The combination of
Apo2L and AMG 655 was not toxic to primary human hepatocytes and only induced
a small loss in cell viability and a small increase in the release of the liver enzyme
AST with co-treatment with SM-83. These data provide additional reassurance that
two different clinically developed TRAIL-R-agonistic drugs, namely dulanermin and
AMG 655, could be rationally and potentially safely combined to rapidly introduce a

highly efficient TRAIL-R2 agonistic therapy into the cancer clinic.

Combining treatment with both Apo2L/TRAIL and AMG 655 would have the
advantage of being both highly efficient at targeting TRAIL-R2. It would also have
some of the other advantages of AMG 655 such as a long half-life and, potentially,
the ability to induce anti-tumour immunity (Takeda et al., 2001, Takeda et al., 2004,
Haynes et al., 2010b). The comparably short half-life of Apo2L/TRAIL may be
advantageous. AMG 655 could be dosed at a constant high level to patients.
Apo2L/TRAIL/dulanermin could be administered to reach pulses of high activity,
either alone or in combination with additional TRAIL-sensitising agents such as
SMAC mimetics, PS-341 or other drugs. In addition, the short half-life of dulanermin
might limit possible unwanted effects of the TRAIL-R-agonistic therapy and would

allow the treatment to be rapidly discontinued in the event of unexpected toxicity.

Numerous previous pre-clinical studies conducted with different clinically-used
TRAIL-R2-specific antibodies, including AMG 655, as well as with the clinically used
form of Apo2L/TRAIL, dulanermin, have demonstrated that each of these drugs are
effective at inducing apoptosis in xenograft models of human cancers (Kay et al.,
2012, Jin et al., 2004, Pollack et al., 2001, Ashkenazi et al., 1999, Walczak et al.,
1999, Fulda et al., 2002a, Ichikawa et al., 2001, Kaplan-Lefko et al., 2010, Jin et al.,
2008).

In this study, no in vivo experiments using human tumour xenografts into mice or
murine autochthonous models of ovarian cancer were performed as thus far, no pre-
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clinical studies have predicted the clinical activity of any TRAIL-R-agonistic drug (Kay
et al., 2012, Jin et al., 2004, Pollack et al., 2001, Ashkenazi et al., 1999, Walczak et
al., 1999, Fulda et al., 2002a, Ichikawa et al., 2001, Kaplan-Lefko et al., 2010, Jin et
al., 2008).

Furthermore, although mice are useful for the study of many diseases, it is a
limitation to this study that there are no mice that express human TRAIL-R that could
be used to evaluate the combination of AMG 655 and Apo2L/TRAIL in a realistic
autochthonous cancer model. It would be possible to investigate this concept using
the murine anti-TRAIL-R antibody MD5-1 (Haynes et al., 2010b) in combination with
murine-TRAIL in a murine autochthonous cancer model. However, given the lack of a
suitable definitive murine model of ovarian cancer to assess the in vivo effectiveness
of the combination of Apo2L and AMG 655; at present the only way to assess the in
vivo effectiveness of the combination of Apo2L and AMG 655 would be in a clinical

trial in patients with ovarian cancer.

Future work arising from this study could include conducting a clinical trial of the
combination of AMG 655 and dulanermin either alone or in combination with a SMAC
mimetic drug or a proteasome inhibitor in patients with advanced ovarian cancer.
These studies could also determine which subtypes of ovarian cancer are sensitive
or resistant to TRAIL treatment and identify which patients will benefit from TRAIL
treatment. It would also be interesting to investigate the effect of IL-4™ Th2 T cells on

the sensitivity of ovarian cancer cells to TRAIL treatment.

In conclusion, TRAIL-R agonistic therapies are a potential treatment for ovarian
cancer. TRAIL-resistant primary ovarian cancer cells can reliably be sensitised to
TRAIL-induced cell death using either a SMAC mimetic compound or proteasome
inhibitor. The binding of AMG 655 to TRAIL-R2 promotes Apo2L/TRAIL-induced cell
death in ovarian cancer cells by leading to enhanced formation of the TRAIL DISC.
The combination of AMG 655 and Apo2L/TRAIL was not toxic to primary human
hepatocytes. The synergistic effect of AMG 655 and Apo2L/TRAIL on the induction of
TRAIL-R2-mediated-apoptosis is a key finding as the form of Apo2L/TRAIL that was
used in this study is similar to dulanermin (Belada et al., 2010, Soria et al., 2010,
Soria et al., 2011b), which has already been used in clinical trials in patients with
cancer. Together, these data suggest that AMG 655 could be rationally combined

with dulanermin, and possibly further with a SMAC mimetic drug or other TRAIL-
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sensitising drugs, to introduce a highly active TRAIL-R agonistic therapy into the

cancer clinic.
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Chapter 7. Appendix

7.1 Abbreviations

ADCC
Apaf-1
APO-1
AP1
AST
ATF
BCG
Bcl-2
Bcel-xL
BH3
BIR
BRCA1
BRCA2
BSA
Caspases
Cbfp
cFLIP
CHRM
clAP1
clAP1
CREB
CTL
CTLA-4

DED

Antibody-Dependent Cell-Mediated Cytotoxicity

Apoptosis activating factor 1
Apoptosis antigen 1
Activator protein 1
Aspartate transaminase
Activating transcription factors
Bacillus Calmette—Guérin
B-cell lymphoma 2

B-cell ymphoma-extra large
Bcl-2 homology domain 3
Baculoviral IAP repeat
Breast cancer 2, early onset
Breast cancer 2, early onset

Bovine serum albumin

Cysteine-dependent aspartate-directed proteases

Core-binding factor beta

cellular FLICE-like inhibitory protein
Cryopreserved hepatocyte recovery medium
Cellular inhibitor of apoptosis protein-1
Cellular inhibitor of apoptosis protein-2

cAMP response element binding

Cytotoxic T cells

Cytotoxic T-lymphocyte-associated antigen 4

Death-effector domains
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DIABLO
DMEM
DMSO
dNTP
EDTA
EpCAM
ERK
FACS
FADD
FAK
FIGO
FcyR
FCS
Fox
Foxo
Foxp3
GALNT14
Gata3
GFP
GVHD
HCC
HER-2
HMG-CoA
IAP

IBM

IDO

IFN-y

Direct IAP binding protein with low pl
Dulbecco’s modified eagle’s medium

Dimethyl sulfoxide

Deoxyribonucleotide triphosphate
Ethylenediaminetetraacetic acid

Epithelial cell adhesion molecule

Extracellular signal-regulated kinases
Fluorescence-activated cell sorting
Fas-associated death-domain containing protein
Focal adhesion kinase

International Federation of Gynaecology and Obstetrics
Fragment crystallisable region y receptors
Foetal calf serum

Fork head box

Forkhead box O3

Forkhead box P3

Polypeptide N-acetylgalactosaminyltransferase 14
GATA binding protein 3

Green fluorescent protein

Graft versus host disease

Hepatocellular carcinoma

Human Epidermal Growth Factor Receptor 2
3-Hydroxy-3-Methylglutaryl Coenzyme A
Inhibitor of apoptosis protein

IAP-binding motif

Indoleamine 2,3-dioxygenase

Interferon gamma
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IgG1
IL

IP
JNK
KLF2
KRAS
LPS
MACS
Mcl-1
mCRC
MSCV
mTOR
mTORC2
NAIP
NFAT
NF-«kB
Nrf2
NHL
NK

NSCLC

PBS
PBMC
PCR
PI3K
p53

PFS

Immunoglobulin G 1

Interleukin

Immunoprecipitation

c-Jun N-terminal Kinase

Kruppel like factor 2

Kirsten rat sarcoma viral oncogene homolog
Lipopolysaccharide

Magnetic-activated cell sorting

Myeloid cell leukaemia sequence 1
Metastatic colorectal cancer

Mouse stem cell virus

Mammalian target of rapamycin
Mammalian target of rapamycin complex 2
Neuronal apoptosis inhibitory protein

Nuclear factor of activated T-cells

Nuclear factor kappa-light-chain-enhancer of activated B cells

Nuclear factor (erythroid-derived 2)-like 2
Non-Hodgkin lymphoma

Natural Killer

Non-small-cell lung cancer

Pure for analysis

Phosphate buffered saline

Peripheral blood mononuclear cell
Polymerase chain reaction
Phosphatidylinositide 3-kinase

Protein 53 or tumour protein 53

Progression-free survival
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RANKL
RPMI
RCC
RING
RIP1
RORyT
RNA
RUNX
SDS
SiRNA
SMAC
Smad5
Smad7
SOEing
STAT
STAT5
S1P1
T-bet
tBID
TCR
TGFB
Th

TLR
TRAIL
Treg cells
TNFR2-Fc

VEGF

Receptor activator of NF-kB ligand

Roswell Park Memorial Institute

Renal cell carcinoma

Really Interesting New Gene

Receptor interacting protein 1

RAR-related orphan receptor gamma T
Ribonucleic acid

Runt-related transcription factor

Sodium dodecyl sulfate

Small interfering RNA

Second mitochondrial activator of caspases
Mothers against decapentaplegic homolog 5
Mothers against decapentaplegic homolog 7

Splicing by overlap extension

Signal Transducer and Activator of Transcription

Signal Transducer and Activator of Transcription 5

Sphingosine-1-phosphate receptor 1

T-box transcription factor TBX21

Truncated BH3 interacting-domain death agonist

T cell receptor

Transforming Growth Factor 3

T helper

Toll like receptor

TNF-related apoptosis-inducing ligand
Regulatory T cells

TNF receptor 2-Fc fusion protein

Vascular endothelial growth factor
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XIAP X-linked Inhibitor of apoptosis protein

7.2 List of Tables

Table 1: The advantages of therapeutic drainage of ovarian cancer ascites............ 13
Table 2: Current clinical trials of dulanermin. ..o 33
Table 3: Current clinical trials of TRAIL-R1-specific antibodies........................... 36
Table 4: Current clinical trials of TRAIL-R2-specific antibodies................cccovveeeeeenn. 40

Table 5: Current SMAC mimetic compounds in clinical trials in patients with

(0= ] [0 =] USSP 49

Table 6: The clinical characteristics of the patients with ovarian cancer within the

146



Appendix

7.3 List of Figures

Figure 1: Cell fate decisions within the tumour microenvironment.............ccccccccee.. 16
Figure 2: Natural and induced Treg cell development .............cccoeeiiiiiiiiiiiiieneenn, 18
Figure 3. Mechanisms of Treg cell mediated immune suppression..................cc...... 19
Figure 4. The TRAIL apoptotic signalling pathway .............ccccccvvvviiiiiiiiiiiiiiiiiiiiinnnnn. 29
Figure 5: TCR signalling controls the expression of Foxp3 via PI3K/mTOR/AKkt....... 72

Figure 6: Withdrawal of the TCR activation signal, promotes the expression of Foxo
1= 103 (o] £ TF=T o Il l0) (o 1C J PSPPSR 73
Figure 7: Overexpression of Foxo3 and constitutively active Foxo3 promotes TGFf3-
mediated induction of FOXP3 €XPreSSiON ........uueeiiiiii i e e e e 75
Figure 8: The expression of Foxo3 Active partially rescues TGFB mediated induction
of Foxp3 in PTEN deficient Cells..........cooommmiiiiiiiiee e 78

Figure 9: Foxo3 is not required for the maintenance of established Foxp3 expression

N TEEQ CIIS . 80
Figure 10: KIf2 antagonises the induction of Foxp3 expression induced by TGFp and
PIBK INNIDIOIS ... e e e e 82
Figure 11: GFP-KLF2 antagonises established Foxp3 expression in nTreg cells..... 84
Figure 12: Overexpression of KIf2 does not induce Smad7 expression ................... 85

Figure 13: The effect of overexpression of KIf2 on Foxp3 expression is independent

(o 1 C R 86
Figure 14: KLF2 deficient CD4 thymocytes do not express Foxp3 in response to PI3K
1] T o1 Te 1o N 11 R URRPPPRR 87
Figure 15: Ovarian cancer cells express TRAIL receptors..........ccccvveveiviciiiiieeeeeeeennns 88

Figure 16: Treatment of ovarian cancer cells with SM-83 leads to a rapid depletion of
o N PP 89
Figure 17: SMAC mimetics induce ovarian cancer cell death in a partially TNF-
(o 1=T07=T 0 To (=T o =T a1 =Y PSR 90
Figure 18: Proteasome inhibition, SM-83 and cisplatin increase the sensitivity of
ovarian cancer CellS 10 TRAIL ... e 91
Figure 19: The depletion of CD45" immune cells leads to the enrichment of EpCAM*
tumour cells from ovarian CanCer asCitesS...........oovvvveiiiiii e 93
Figure 20: The sensitivity of primary ovarian cancer cells to iz-TRAIL ..................... 94
Figure 21: The effect of PS-341 on the sensitivity of primary ovarian cells to iz-TRAIL

147



Appendix

Figure 22: Ovarian cancer ascites antagonises the effect of PS-341 on the sensitivity
of primary ovarian cancer cells to TRAIL ... 96
Figure 23. The sensitivity of primary ovarian cancer cells to SM-83 and iz-TRAIL... 98

Figure 24: The sensitivity of primary ovarian cancer cells to PS-341, SM-83 and iz-

TRAIL varies between patients............ooooiuiii i 99
Figure 25: The effect of PS-341 and SM-83 on the sensitivity of CD45" cells to iz-
TRAIL. 100
Figure 26: SM-83 and PS-341 and TRAIL induce apoptosis in primary ovarian cancer
(07| PSPPI 102
Figure 27: The effect of PS-341 and SM-83 on the sensitivity of primary ovarian
cancer CellS 10 IZ-TRAIL ..o e e e e 103
Figure 28. The effect of cisplatin on the sensitivity of ovarian cancer cells to iz-TRAIL
............................................................................................................................... 104
Figure 29: The effect of cisplatin and paclitaxel on the sensitivity of primary ovarian
cancer CellS 10 IZ-TRAIL ..o e e e e 106
Figure 30: The effect of combining cisplatin and paclitaxel chemotherapy with either
PS-341 0r SM-83 and iZ-TRAIL .....oooiiiiiiieiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeee et 107

Figure 31. The identification of immune cell subsets within ovarian cancer ascites 109
Figure 32: Differences in immune cell subsets within ovarian cancer ascites in
patients with TRAIL-sensitive and TRAIL-resistant ovarian cancer ........................ 111
Figure 33: The induction of apoptosis by TRAIL-R2-specific antibodies is dependent
ON CrOSSIINKING .. 113
Figure 34: Immune cells and FcyR expression within the ovarian cancer tumour
MICTOENVIFONIMENT ..ottt e e e e e e e e ettt e e e e e e e eeeeaanna e e e e e eeeeenenes 114
Figure 35: The immune cell profile and FcyR expression within ovarian cancer
= Lo | (Y PSP 115
Figure 36: Immune cells within the ovarian cancer tumour microenvironment can

crosslink AMG 655 and induce TRAIL-R2-mediated apoptosis in ovarian cancer cells

Figure 37: The efficiency of FcyR-dependent TRAIL-R2-mediated apoptosis varies
between Patients ... 117
Figure 38: FcyRIIIA (CD16) and FcyRIA (CD64) expression and macrophages within
ovarian cancer ascites are associated with enhanced FcyR-TRAIL-R2-antibody-

Mediated QPOPLOSIS .......iieeeeeiiiii e anaees 117



Appendix

Figure 39: Human immune cells are inefficient enablers of FcyR-dependent TRAIL-

R2-mediated apoptosis in primary ovarian cancer cells...........ccccoooeiviiiiiiiiiineeee. 118
Figure 40: The combination of Apo2L/TRAIL and AMG 655 and SM-83 is highly
effective at killing TRAIL-resistant ovarian cancer cell lines ..................ccooevevnnnnnnn.. 120

Figure 41: AMG 655 enhances Apo2L/TRAIL but not iz-TRAIL-induced cell death 121
Figure 42: AMG 655 has a unique effect on Apo2L/TRAIL-induced cell death....... 122
Figure 43: AMG 655 promotes recruitment of TRAIL DISC components to caspase-8.

............................................................................................................................... 123
Figure 44: AMG 655 significantly enhances Apo2L/TRAIL-mediated recruitment of
FADD, Caspase-8 and cFLIP to the TRAIL DISC.........ccooviiiiiiiiie e, 124
Figure 45: AMG 655 and Apo2L/TRAIL synergise to potently kill primary ovarian
CANCET CEIIS.....eeeeee e et e e e e e e e 125
Figure 46: The combination of AMG 655 and Apo2L/TRAIL is not toxic to primary
AUM@AN NEPATOCYLES ... 126

149



References

References

ADAMS, J. 2004. The proteasome: a suitable antineoplastic target. Nat Rev Cancer,
4, 349-60.

ADAMS, J., BEHNKE, M., CHEN, S., CRUICKSHANK, A. A, DICK, L. R., GRENIER,
L., KLUNDER, J. M., MA, Y. T., PLAMONDON, L. & STEIN, R. L. 1998. Potent
and selective inhibitors of the proteasome: dipeptidyl boronic acids. Bioorg
Med Chem Lett, 8, 333-8.

ADAMS, J., PALOMBELLA, V. J., SAUSVILLE, E. A., JOHNSON, J., DESTREE, A,
LAZARUS, D. D., MAAS, J., PIEN, C. S., PRAKASH, S. & ELLIOTT, P. J.
1999. Proteasome inhibitors: a novel class of potent and effective antitumor
agents. Cancer Res, 59, 2615-22.

AGHAJANIAN, C., BLANK, S. V., GOFF, B. A., JUDSON, P. L., TENERIELLO, M. G.,
HUSAIN, A., SOVAK, M. A., YI, J. & NYCUM, L. R. 2012. OCEANS: a
randomized, double-blind, placebo-controlled phase lll trial of chemotherapy
with or without bevacizumab in patients with platinum-sensitive recurrent
epithelial ovarian, primary peritoneal, or fallopian tube cancer. J Clin Oncol.
United States.

AGHAJANIAN, C., BLESSING, J. A., DARCY, K. M., REID, G., DEGEEST, K,
RUBIN, S. C., MANNEL, R. S., ROTMENSCH, J., SCHILDER, R. J. &
RIORDAN, W. 2009. A phase Il evaluation of bortezomib in the treatment of
recurrent platinum-sensitive ovarian or primary peritoneal cancer. a
Gynecologic Oncology Group study. Gynecol Oncol, 115, 215-20.

AHMED, A. A.,, ETEMADMOGHADAM, D., TEMPLE, J., LYNCH, A. G., RIAD, M.,
SHARMA, R., STEWART, C., FEREDAY, S., CALDAS, C., DEFAZIO, A.,
BOWTELL, D. & BRENTON, J. D. 2010. Driver mutations in TP53 are
ubiquitous in high grade serous carcinoma of the ovary. J Pathol, 221, 49-56.

ALLAN, S. E., CROME, S. Q., CRELLIN, N. K., PASSERINI, L., STEINER, T. S,,
BACCHETTA, R., RONCAROLO, M. G. & LEVINGS, M. K. 2007. Activation-
induced FOXP3 in human T effector cells does not suppress proliferation or
cytokine production. Int Immunol, 19, 345-54.

ALLENSWORTH, J. L., SAUER, S. J., LYERLY, H. K., MORSE, M. A. & DEVI, G. R.
2013. Smac mimetic Birinapant induces apoptosis and enhances TRAIL
potency in inflammatory breast cancer cells in an IAP-dependent and TNF-
alpha-independent mechanism. Breast Cancer Res Treat, 137, 359-71.

ALSOP, K., FEREDAY, S., MELDRUM, C., DEFAZIO, A., EMMANUEL, C.,
GEORGE, J., DOBROVIC, A., BIRRER, M. J., WEBB, P. M., STEWART, C.,
FRIEDLANDER, M., FOX, S., BOWTELL, D. & MITCHELL, G. 2012. BRCA
Mutation Frequency and Patterns of Treatment Response in BRCA Mutation-
Positive Women With Ovarian Cancer: A Report From the Australian Ovarian
Cancer Study Group. J Clin Oncol, 30, 2654-63.

ASHKENAZI, A. & HERBST, R. S. 2008. To kill a tumor cell: the potential of
proapoptotic receptor agonists. J Clin Invest, 118, 1979-90.

ASHKENAZI, A., HOLLAND, P. & ECKHARDT, S. G. 2008. Ligand-based targeting
of apoptosis in cancer: the potential of recombinant human apoptosis ligand
2/Tumor necrosis factor-related apoptosis-inducing ligand (rhApo2L/TRAIL). J
Clin Oncol, 26, 3621-30.

150



References

ASHKENAZI, A., PAI, R. C., FONG, S., LEUNG, S., LAWRENCE, D. A., MARSTERS,
S. A, BLACKIE, C., CHANG, L., MCMURTREY, A. E., HEBERT, A,
DEFORGE, L., KOUMENIS, I. L., LEWIS, D., HARRIS, L., BUSSIERE, J.,
KOEPPEN, H., SHAHROKH, Z. & SCHWALL, R. H. 1999. Safety and
antitumor activity of recombinant soluble Apo2 ligand. J Clin Invest, 104, 155-
62.

ASSELIN, E., MILLS, G. B. & TSANG, B. K. 2001. XIAP regulates Akt activity and
caspase-3-dependent cleavage during cisplatin-induced apoptosis in human
ovarian epithelial cancer cells. Cancer Res, 61, 1862-8.

AUDEH, M. W., CARMICHAEL, J., PENSON, R. T., FRIEDLANDER, M., POWELL,
B., BELL-MCGUINN, K. M., SCOTT, C., WEITZEL, J. N., OAKNIN, A,
LOMAN, N, LU, K., SCHMUTZLER, R. K., MATULONIS, U., WICKENS, M. &
TUTT, A. 2010. Oral poly(ADP-ribose) polymerase inhibitor olaparib in patients
with BRCA1 or BRCA2 mutations and recurrent ovarian cancer: a proof-of-
concept trial. Lancet, 376, 245-51.

BALKWILL, F. 2009. Tumour necrosis factor and cancer. Nat Rev Cancer, 9, 361-71.

BALSAS, P., LOPEZ-ROYUELA, N., GALAN-MALO, P., ANEL, A., MARZO, I. &
NAVAL, J. 2009. Cooperation between Apo2L/TRAIL and bortezomib in
multiple myeloma apoptosis. Biochem Pharmacol, 77, 804-12.

BARBLU, L. & HERBEUVAL, J. P. 2012. Three-dimensional microscopy
characterization of death receptor 5 expression by over-activated human
primary CD4+ T cells and apoptosis. PLoS One, 7, €32874.

BARON, A. D. O. B.,, C. L. CHOI, Y. ROYER-JOO, S. PORTERA, C. C. 2011.
Phase Ib study of drozitumab combined with cetuximab (CET) plus irinotecan
(IRI) or with FOLFIRI with or without bevacizumab (BV) in previously treated
patients (pts) with metastatic colorectal cancer (mCRC). - ASCO. 2011, 29,
abstr 532.

BAST, R. C., JR., HENNESSY, B. & MILLS, G. B. 2009. The biology of ovarian
cancer: new opportunities for translation. Nat Rev Cancer, 9, 415-28.

BAUM, L., LAM, C. W., CHEUNG, S. K., KWOK, T., LUI, V., TSOH, J., LAM, L.,
LEUNG, V., HUI, E., NG, C., WOO, J., CHIU, H. F., GOGGINS, W. B., ZEE, B.
C., CHENG, K. F., FONG, C. Y., WONG, A., MOK, H., CHOW, M. S., HO, P.
C.,IP, S. P, HO, C. S, YU, X. W, LAl C. Y. CHAN, M. H., SZETO, S.,
CHAN, I. H. & MOK, V. 2008. Six-month randomized, placebo-controlled,
double-blind, pilot clinical trial of curcumin in patients with Alzheimer disease.
J Clin Psychopharmacol, 28, 110-3.

BEHBAKHT, K., QAMAR, L., ALDRIDGE, C. S., COLETTA, R. D., DAVIDSON, S. A,,
THORBURN, A. & FORD, H. L. 2007. Six1 overexpression in ovarian
carcinoma causes resistance to TRAIL-mediated apoptosis and is associated
with poor survival. Cancer Res, 67, 3036-42.

BELADA, D., MAYER, J., CZUCZMAN, M. S., FLINN, I. W., DURBIN-JOHNSON, B.
& BRAY, G. L. Phase Il study of dulanermin plus rituximab in patients with
relapsed follicular non-Hodgkin's lymphoma (NHL). - ASCO. J Clin Oncol,
2010. suppliment abstr 8104.

BELYANSKAYA, L. L., ZIOGAS, A., HOPKINS-DONALDSON, S., KURTZ, S.,
SIMON, H. U., STAHEL, R. & ZANGEMEISTER-WITTKE, U. 2008. TRAIL-
induced survival and proliferation of SCLC cells is mediated by ERK and
dependent on TRAIL-R2/DR5 expression in the absence of caspase-8. Lung
Cancer, 60, 355-65.

BENNETT, C. L., CHRISTIE, J., RAMSDELL, F., BRUNKOW, M. E., FERGUSON, P.
J., WHITESELL, L., KELLY, T. E., SAULSBURY, F. T., CHANCE, P. F. &

151



References

OCHS, H. D. 2001. The immune dysregulation, polyendocrinopathy,
enteropathy, X-linked syndrome (IPEX) is caused by mutations of FOXP3. Nat
Genet, 27, 20-1.

BERNS, E. M. & BOWTELL, D. D. 2012. The changing view of high-grade serous
ovarian cancer. Cancer Res, 72, 2701-4.

BEVIS, K. S., BUCHSBAUM, D. J. & STRAUGHN, J. M., JR. 2010. Overcoming
TRAIL resistance in ovarian carcinoma. Gynecol Oncol. United States: 2010
Elsevier Inc.

BEVIS, K. S., MCNALLY, L. R., SELLERS, J. C., DELLA MANNA, D., LONDONO
JOSHI, A., AMM, H., STRAUGHN, J. M., JR. & BUCHSBAUM, D. J. 2011.
Anti-tumor activity of an anti-DR5 monoclonal antibody, TRA-8, in combination
with taxane/platinum-based chemotherapy in an ovarian cancer model.
Gynecol Oncol, 121, 193-9.

BILATE, A. M. & LAFAILLE, J. J. 2012. Induced CD4+Foxp3+ regulatory T cells in
immune tolerance. Annu Rev Immunol, 30, 733-58.

BODMER, J. L., MEIER, P., TSCHOPP, J. & SCHNEIDER, P. 2000. Cysteine 230 is
essential for the structure and activity of the cytotoxic ligand TRAIL. J Biol
Chem, 275, 20632-7.

BOON, R. A., FLEDDERUS, J. 0., VOLGER, O. L., VAN WANROOIJ, E. J,,
PARDALI, E., WEESIE, F., KUIPER, J., PANNEKOEK, H., TEN DIJKE, P. &
HORREVOETS, A. J. 2007. KLF2 suppresses TGF-beta signaling in
endothelium through induction of Smad7 and inhibition of AP-1. Arterioscler
Thromb Vasc Biol, 27, 532-9.

BROOKS, P., FUERTES, G., MURRAY, R. Z., BOSE, S., KNECHT, E,
RECHSTEINER, M. C., HENDIL, K. B., TANAKA, K., DYSON, J. & RIVETT, J.
2000. Subcellular localization of proteasomes and their regulatory complexes
in mammalian cells. Biochem J, 346 Pt 1, 155-61.

BROZOVIC, A., FRITZ, G., CHRISTMANN, M., ZISOWSKY, J., JAEHDE, U,
OSMAK, M. & KAINA, B. 2004. Long-term activation of SAPK/JNK, p38 kinase
and fas-L expression by cisplatin is attenuated in human carcinoma cells that
acquired drug resistance. Int J Cancer, 112, 974-85.

BRUNET, A., BONNI, A.,, ZIGMOND, M. J., LIN, M. Z,, JUO, P, HU, L. S,
ANDERSON, M. J., ARDEN, K. C., BLENIS, J. & GREENBERG, M. E. 1999.
Akt promotes cell survival by phosphorylating and inhibiting a Forkhead
transcription factor. Cell, 96, 857-68.

BRUNING, A., BURGER, P., VOGEL, M., RAHMEH, M., FRIESE, K., LENHARD, M.
& BURGES, A. 2009. Bortezomib treatment of ovarian cancer cells mediates
endoplasmic reticulum stress, cell cycle arrest, and apoptosis. Invest New
Drugs, 27, 543-51.

BRUNKOW, M. E., JEFFERY, E. W., HIERRILD, K. A., PAEPER, B., CLARK, L. B,
YASAYKO, S. A., WILKINSON, J. E., GALAS, D., ZIEGLER, S. F. &
RAMSDELL, F. 2001. Disruption of a new forkhead/winged-helix protein,
scurfin, results in the fatal lymphoproliferative disorder of the scurfy mouse.
Nat Genet, 27, 68-73.

BRUNO, L., MAZZARELLA, L., HOOGENKAMP, M., HERTWECK, A., COBB, B. S.,
SAUER, S., HADJUR, S., LELEU, M., NAOE, Y., TELFER, J. C., BONIFER,
C., TANIUCHI, I, FISHER, A. G. & MERKENSCHLAGER, M. 2009. Runx
proteins regulate Foxp3 expression. J Exp Med, 206, 2329-37.

BU, D. X,, TARRIO, M., GRABIE, N., ZHANG, Y., YAMAZAKI, H., STAVRAKIS, G.,
MAGANTO-GARCIA, E., PEPPER-CUNNINGHAM, Z., JAROLIM, P.,
AIKAWA, M., GARCIA-CARDENA, G. & LICHTMAN, A. H. 2010. Statin-

152



References

induced Kruppel-like factor 2 expression in human and mouse T cells reduces
inflammatory and pathogenic responses. J Clin Invest, 120, 1961-70.

BURCHILL, M. A., YANG, J., VOGTENHUBER, C., BLAZAR, B. R. & FARRAR, M. A.
2007. IL-2 receptor beta-dependent STATS activation is required for the
development of Foxp3+ regulatory T cells. J Immunol, 178, 280-90.

BURGER, R. A., BRADY, M. F., BOOKMAN, M. A., FLEMING, G. F., MONK, B. J,,
HUANG, H., MANNEL, R. S., HOMESLEY, H. D., FOWLER, J., GREER, B. E.,
BOENTE, M., BIRRER, M. J. & LIANG, S. X. 2011. Incorporation of
bevacizumab in the primary treatment of ovarian cancer. N Engl J Med, 365,
2473-83.

BURGER, R. A, SILL, M. W., MONK, B. J., GREER, B. E. & SOROSKY, J. |. 2007.
Phase Il trial of bevacizumab in persistent or recurrent epithelial ovarian
cancer or primary peritoneal cancer: a Gynecologic Oncology Group Study. J
Clin Oncol, 25, 5165-71.

BURGERING, B. M. 2008. A brief introduction to FOXOlogy. Oncogene, 27, 2258-62.

BYRNE, A. T., ROSS, L., HOLASH, J., NAKANISHI, M., HU, L., HOFMANN, J. I.,
YANCOPOULOS, G. D. & JAFFE, R. B. 2003. Vascular endothelial growth
factor-trap decreases tumor burden, inhibits ascites, and causes dramatic
vascular remodeling in an ovarian cancer model. Clin Cancer Res, 9, 5721-8.

CAMIDGE, D. R., HERBST, R. S., GORDON, M. S., ECKHARDT, S. G,
KURZROCK, R., DURBIN, B., ING, J.,, TOHNYA, T. M., SAGER, J,
ASHKENAZI, A., BRAY, G. & MENDELSON, D. 2010a. A phase | safety and
pharmacokinetic study of the death receptor 5 agonistic. Clin Cancer Res, 16,
1256-63.

CAMIDGE, D. R., HERBST, R. S., GORDON, M. S., ECKHARDT, S. G,
KURZROCK, R., DURBIN, B., ING, J., TOHNYA, T. M., SAGER, J,
ASHKENAZI, A., BRAY, G. & MENDELSON, D. 2010b. A phase | safety and
pharmacokinetic study of the death receptor 5 agonistic antibody PRO95780
in patients with advanced malignancies. Clin Cancer Res, 16, 1256-63.

CANCER GENOME ATLAS RESEARCH, N. 2011. Integrated genomic analyses of
ovarian carcinoma. Nature, 474, 609-15.

CAO, Z., WARA, A. K., ICLI, B., SUN, X., PACKARD, R. R., ESEN, F., STAPLETON,
C. J., SUBRAMANIAM, M., KRETSCHMER, K., APOSTOLOU, I, VON
BOEHMER, H., HANSSON, G. K., SPELSBERG, T. C., LIBBY, P. &
FEINBERG, M. W. 2009. Kruppel-like factor KLF10 targets transforming
growth factor-beta1 to regulate CD4(+)CD25(-) T cells and T regulatory cells. J
Biol Chem, 284, 24914-24.

CARLSON, C. M., ENDRIZZI, B. T., WU, J., DING, X., WEINREICH, M. A., WALSH,
E. R.,, WANI, M. A,, LINGREL, J. B., HOGQUIST, K. A. & JAMESON, S. C.
2006. Kruppel-like factor 2 regulates thymocyte and T-cell migration. Nature,
442, 299-302.

CARSWELL, E. A, OLD, L. J., KASSEL, R. L., GREEN, S., FIORE, N. &
WILLIAMSON, B. 1975. An endotoxin-induced serum factor that causes
necrosis of tumors. Proc Natl Acad Sci U S A, 72, 3666-70.

CHAWLA, S. P. T., J. KINDLER, H. L. CHIOREAN, E. G. LORUSSO, P. HSU, M.
HADDAD, V. BACH, B. A. BASELGA, J. 2010. Phase | evaluation of the
safety of conatumumab (AMG 655) in combination with AMG 479 in patients
(pts) with advanced, refractory solid tumors. - ASCO. J Clin Oncol, 28, abstr
3102.

153



References

CHEN, L., PARK, S. M., TUMANQOV, A. V., HAU, A, SAWADA, K., FEIG, C.,
TURNER, J. R, FU, Y. X,, ROMERO, I. L., LENGYEL, E. & PETER, M. E.
2010. CD95 promotes tumour growth. Nature, 465, 492-6.

CHEN, W., JIN, W., HARDEGEN, N., LEI, K. J., LI, L., MARINOS, N., MCGRADY, G.
& WAHL, S. M. 2003. Conversion of peripheral CD4+CD25- naive T cells to
CD4+CD25+ regulatory T cells by TGF-beta induction of transcription factor
Foxp3. J Exp Med, 198, 1875-86.

CHERIX, S., SPEISER, M., MATTER, M., RAFFOUL, W., LIENARD, D.,
THEUMANN, N., MOUHSINE, E., MIRIMANOFF, R. O., LEYVRAZ, S,
LEJEUNE, F. J. & LEYVRAZ, P. F. 2008. Isolated limb perfusion with tumor
necrosis factor and melphalan for non-resectable soft tissue sarcomas: long-
term results on efficacy and limb salvage in a selected group of patients. J
Surg Oncol, 98, 148-55.

CHRISTOFFERSON, D. E. & YUAN, J. 2010. Necroptosis as an alternative form of
programmed cell death. Curr Opin Cell Biol, 22, 263-8.

CLARKE, P. & TYLER, K. L. 2007. Down-regulation of cFLIP following reovirus
infection sensitizes human ovarian cancer cells to TRAIL-induced apoptosis.
Apoptosis, 12, 211-23.

CLYNES, R. A,, TOWERS, T. L., PRESTA, L. G. & RAVETCH, J. V. 2000. Inhibitory
Fc receptors modulate in vivo cytotoxicity against tumor targets. Nat Med, 6,
443-6.

COHN, A. L., TABERNERGO, J., MAUREL, J., NOWARA, E., SASTRE, J., CHUAH, B.
Y., KOPP, M. V., SAKAEVA, D. D., MITCHELL, E. P., DUBEY, S., SUZUKI, S.,
HEI, Y. J., GALIMI, F., MCCAFFERY, |., PAN, Y., LOBERG, R., COTTRELL,
S. & CHOO, S. P. 2013. A randomized, placebo-controlled phase 2 study of
ganitumab or conatumumab in combination with FOLFIRI for second-line
treatment of mutant KRAS metastatic colorectal cancer. Ann Oncol.

COLEMAN, M. P., FORMAN, D., BRYANT, H., BUTLER, J., RACHET, B., MARINGE,
C., NUR, U., TRACEY, E., COORY, M., HATCHER, J., MCGAHAN, C. E.,
TURNER, D., MARRETT, L., GJIERSTORFF, M. L., JOHANNESEN, T. B,,
ADOLFSSON, J., LAMBE, M., LAWRENCE, G., MEECHAN, D., MORRIS, E.
J., MIDDLETON, R., STEWARD, J., RICHARDS, M. A. & GROUP, I. M. W.
2011. Cancer survival in Australia, Canada, Denmark, Norway, Sweden, and
the UK, 1995-2007 (the International Cancer Benchmarking Partnership): an
analysis of population-based cancer registry data. Lancet, 377, 127-38.

COLEY, W. B. 1991. The treatment of malignant tumors by repeated inoculations of
erysipelas. With a report of ten original cases. 1893. Clin Orthop Relat Res, 3-
11.

COLTELLA, N., RASOLA, A., NANO, E., BARDELLA, C., FASSETTA, M.,
FILIGHEDDU, N., GRAZIANI, A., COMOGLIO, P. M. & DI RENZO, M. F. 2006.
p38 MAPK turns hepatocyte growth factor to a death signal that commits
ovarian cancer cells to chemotherapy-induced apoptosis. Int J Cancer, 118,
2981-90.

CONDEELIS, J. & POLLARD, J. W. 2006. Macrophages: obligate partners for tumor
cell migration, invasion, and metastasis. Cell, 124, 263-6.

CONKRIGHT, M. D., WANI, M. A. & LINGREL, J. B. 2001. Lung Kruppel-like factor
contains an autoinhibitory domain that regulates its. J Biol Chem, 276, 29299-
306.

CONTE, P. F., BRUZZONE, M., CHIARA, S., SERTOLI, M. R., DAGA, M. G,
RUBAGOTTI, A., CONIO, A., RUVOLO, M., ROSSO, R., SANTI, L. & ET AL.
1986. A randomized trial comparing cisplatin plus cyclophosphamide versus

154



References

cisplatin, doxorubicin, and cyclophosphamide in advanced ovarian cancer. J
Clin Oncol, 4, 965-71.

CORISH, P. & TYLER-SMITH, C. 1999. Attenuation of green fluorescent protein half-
life in mammalian cells. Protein Eng, 12, 1035-40.

COSSU, F., MILANI, M., VACHETTE, P., MALVEZZI, F., GRASSI, S., LECIS, D.,
DELIA, D., DRAGO, C., SENECI, P., BOLOGNESI, M. & MASTRANGELO, E.
2012. Structural insight into inhibitor of apoptosis proteins recognition by a
potent divalent smac-mimetic. PLoS One, 7, e49527.

CRELLIN, N. K., GARCIA, R. V. & LEVINGS, M. K. 2007. Altered activation of AKT is
required for the suppressive function of human CD4+CD25+ T regulatory cells.
Blood, 109, 2014-22.

CUELLO, M., ETTENBERG, S. A,, CLARK, A. S., KEANE, M. M., POSNER, R. H.,
NAU, M. M., DENNIS, P. A. & LIPKOWITZ, S. 2001a. Down-regulation of the
erbB-2 receptor by trastuzumab (herceptin) enhances tumor necrosis factor-
related apoptosis-inducing ligand-mediated apoptosis in breast and ovarian
cancer cell lines that overexpress erbB-2. Cancer Res, 61, 4892-900.

CUELLO, M., ETTENBERG, S. A., NAU, M. M. & LIPKOWITZ, S. 2001b. Synergistic
induction of apoptosis by the combination of trail and chemotherapy in
chemoresistant ovarian cancer cells. Gynecol Oncol, 81, 380-90.

CULLEN, S. P., HENRY, C. M., KEARNEY, C. J., LOGUE, S. E., FEOKTISTOVA, M.,
TYNAN, G. A, LAVELLE, E. C., LEVERKUS, M. & MARTIN, S. J. 2013.
Fas/CD95-induced chemokines can serve as "find-me" signals for apoptotic
cells. Mol Cell, 49, 1034-48.

CULLEN, S. P. & MARTIN, S. J. 2008. Mechanisms of granule-dependent killing. Cell
Death Differ, 15, 251-62.

CURIEL, T. J., COUKQOS, G., ZOU, L., ALVAREZ, X., CHENG, P., MOTTRAM, P.,
EVDEMON-HOGAN, M., CONEJO-GARCIA, J. R., ZHANG, L., BUROW, M.,
ZHU, Y., WEI, S., KRYCZEK, I.,, DANIEL, B., GORDON, A., MYERS, L.,
LACKNER, A., DISIS, M. L., KNUTSON, K. L., CHEN, L. & ZOU, W. 2004.
Specific recruitment of regulatory T cells in ovarian carcinoma fosters immune
privilege and predicts reduced survival. Nat Med, 10, 942-9.

DAN, H. C., SUN, M., KANEKO, S., FELDMAN, R. I., NICOSIA, S. V., WANG, H. G,,
TSANG, B. K. & CHENG, J. Q. 2004. Akt phosphorylation and stabilization of
X-linked inhibitor of apoptosis protein (XIAP). J Biol Chem, 279, 5405-12.

DANIEL, D., YANG, B., LAWRENCE, D. A,, TOTPAL, K., BALTER, I., LEE, W. P.,
GOGINENI, A., COLE, M. J., YEE, S. F., ROSS, S. & ASHKENAZI, A. 2007.
Cooperation of the proapoptotic receptor agonist rhApo2L/TRAIL with the
CD20 antibody rituximab against non-Hodgkin lymphoma xenografts. Blood,
110, 4037-4046.

DARDING, M., FELTHAM, R., TENEV, T., BIANCHI, K., BENETATOS, C., SILKE, J.
& MEIER, P. 2011. Molecular determinants of Smac mimetic induced
degradation of clAP1 and clAP2. Cell Death Differ, 18, 1376-86.

DARDING, M. & MEIER, P. 2012. IAPs: Guardians of RIPK1. Cell Death Differ, 19,
58-66.

DEGLI-ESPOSTI, M. A., SMOLAK, P. J., WALCZAK, H., WAUGH, J., HUANG, C. P.,
DUBOSE, R. F.,, GOODWIN, R. G. & SMITH, C. A. 1997. Cloning and
characterization of TRAIL-R3, a novel member of the emerging TRAIL
receptor family. J Exp Med, 186, 1165-70.

DELGOFFE, G. M., KOLE, T. P., ZHENG, Y., ZAREK, P. E., MATTHEWS, K. L.,
XIAO, B., WORLEY, P. F., KOZMA, S. C. & POWELL, J. D. 2009. The mTOR

155



References

kinase differentially regulates effector and regulatory T cell lineage
commitment. Immunity, 30, 832-44.

DEMETRI, G. D., LE CESNE, A., CHAWLA, S. P., BRODOWICZ, T., MAKI, R. G.,
BACH, B. A, SMETHURST, D. P., BRAY, S., HEI, Y. J. & BLAY, J. Y. 2012.
First-line treatment of metastatic or locally advanced unresectable soft tissue
sarcomas with conatumumab in combination with doxorubicin or doxorubicin
alone: A Phase I/ll open-label and double-blind study. Eur J Cancer, 48, 547-
63.

DENARDO, D. G., BRENNAN, D. J., REXHEPAJ, E., RUFFELL, B., SHIAO, S. L.,
MADDEN, S. F., GALLAGHER, W. M., WADHWANI, N., KEIL, S. D., JUNAID,
S. A, RUGO, H. S.,, HWANG, E. S., JIRSTROM, K., WEST, B. L. &
COUSSENS, L. M. 2011. Leukocyte complexity predicts breast cancer survival
and functionally regulates response to chemotherapy. Cancer Discov, 1, 54-67.

DEVERAUX, Q. L. & REED, J. C. 1999. IAP family proteins--suppressors of
apoptosis. Genes Dev, 13, 239-52.

DHEIN, J., DANIEL, P. T., TRAUTH, B. C., OEHM, A., MOLLER, P. & KRAMMER, P.
H. 1992. Induction of apoptosis by monoclonal antibody anti-APO-1 class
switch variants is dependent on cross-linking of APO-1 cell surface antigens. J
Immunol, 149, 3166-73.

DICKENS, L. S., POWLEY, |. R., HUGHES, M. A. & MACFARLANE, M. 2012. The
'‘complexities' of life and death: death receptor signalling platforms. Exp Cell
Res, 318, 1269-77.

DOI, T., MURAKAMI, H., OHTSU, A., FUSE, N., YOSHINO, T., YAMAMOTO, N.,
BOKU, N., ONOZAWA, Y., HSU, C. P., GORSKI, K. S., FRIBERG, G,
KAWAGUCHI, T. & SASAKI, T. 2011. Phase 1 study of conatumumab, a pro-
apoptotic death receptor 5 agonist antibody. Cancer Chemother Pharmacol,
68, 733-41.

DOUGAN, M., DOUGAN, S., SLISZ, J., FIRESTONE, B., VANNEMAN, M.,
DRAGANOV, D., GOYAL, G., LI, W., NEUBERG, D., BLUMBERG, R.,
HACOHEN, N., PORTER, D., ZAWEL, L. & DRANOFF, G. 2010. IAP
inhibitors enhance co-stimulation to promote tumor immunity. J Exp Med, 207,
2195-206.

DU BOIS, A., HERRSTEDT, J., HARDY-BESSARD, A. C., MULLER, H. H., HARTER,
P., KRISTENSEN, G., JOLY, F., HUOBER, J., AVALL-LUNDQVIST, E.,
WEBER, B., KURZEDER, C., JELIC, S., PUJADE-LAURAINE, E., BURGES,
A., PFISTERER, J., GROPP, M., STAEHLE, A., WIMBERGER, P., JACKISCH,
C. & SEHOULL, J. 2010. Phase lll trial of carboplatin plus paclitaxel with or
without gemcitabine in first-line treatment of epithelial ovarian cancer. J Clin
Oncol. United States.

DU BOIS, A., LUCK, H. J., MEIER, W., ADAMS, H. P., MOBUS, V., COSTA, S,
BAUKNECHT, T., RICHTER, B., WARM, M., SCHRODER, W., OLBRICHT, S.,
NITZ, U., JACKISCH, C., EMONS, G., WAGNER, U., KUHN, W. &
PFISTERER, J. 2003. A randomized clinical trial of cisplatin/paclitaxel versus
carboplatin/paclitaxel as first-line treatment of ovarian cancer. J Natl Cancer
Inst, 95, 1320-9.

DU, C., FANG, M., LI, Y., LI, L. & WANG, X. 2000. Smac, a mitochondrial protein that
promotes cytochrome c-dependent caspase activation by eliminating |AP
inhibition. Cell, 102, 33-42.

DUIKER, E. W., DE VRIES, E. G., MAHALINGAM, D., MEERSMA, G. J,
BOERSMA-VAN EK, W., HOLLEMA, H., LUB-DE HOOGE, M. N., VAN DAM,
G. M,, COOL, R. H., QUAX, W. J., SAMALI, A., VAN DER ZEE, A. G. & DE

156



References

JONG, S. 2009. Enhanced antitumor efficacy of a DR5-specific TRAIL variant
over recombinant human TRAIL in a bioluminescent ovarian cancer xenograft
model. Clin Cancer Res, 15, 2048-57.

DUIKER, E. W., MEIJER, A., VAN DER BILT, A. R.,, MEERSMA, G. J., KOOI, N.,
VAN DER ZEE, A. G., DE VRIES, E. G. & DE JONG, S. 2011. Drug-induced
caspase 8 upregulation sensitises cisplatin-resistant ovarian carcinoma cells
to rhTRAIL-induced apoptosis. Br J Cancer. England.

DUIKER, E. W., VAN DER ZEE, A. G., DE GRAEFF, P., BOERSMA-VAN EK, W.,
HOLLEMA, H., DE BOCK, G. H., DE JONG, S. & DE VRIES, E. G. 2010. The
extrinsic apoptosis pathway and its prognostic impact in ovarian cancer.
Gynecol Oncol, 116, 549-55.

DURST, K. L. & HIEBERT, S. W. 2004. Role of RUNX family members in
transcriptional repression and gene silencing. Oncogene, 23, 4220-4.

ECKELMAN, B. P., SALVESEN, G. S. & SCOTT, F. L. 2006. Human inhibitor of
apoptosis proteins: why XIAP is the black sheep of the family. EMBO Rep, 7,
988-94.

EHRHARDT, H., FULDA, S., SCHMID, I, HISCOTT, J., DEBATIN, K. M. &
JEREMIAS, |. 2003. TRAIL induced survival and proliferation in cancer cells
resistant towards TRAIL-induced apoptosis mediated by NF-kappaB.
Oncogene, 22, 3842-52.

EHRLICH, S., INFANTE-DUARTE, C., SEEGER, B. & ZIPP, F. 2003. Regulation of
soluble and surface-bound TRAIL in human T cells, B cells, and monocytes.
Cytokine, 24, 244-53.

ESTES, J. M., OLIVER, P. G., STRAUGHN, J. M., JR., ZHOU, T., WANG, W.,
GRIZZLE, W. E., ALVAREZ, R. D., STOCKARD, C. R., LOBUGLIO, A. F. &
BUCHSBAUM, D. J. 2007. Efficacy of anti-death receptor 5 (DR5) antibody
(TRA-8) against primary human ovarian carcinoma using a novel ex vivo
tissue slice model. Gynecol Oncol, 105, 291-8.

FABRE, S., CARRETTE, F., CHEN, J., LANG, V., SEMICHON, M., DENOYELLE, C.,
LAZAR, V., CAGNARD, N., DUBART-KUPPERSCHMITT, A., MANGENEY,
M., FRUMAN, D. A. & BISMUTH, G. 2008. FOXO1 regulates L-Selectin and a
network of human T cell homing molecules downstream of phosphatidylinositol
3-kinase. J Immunol, 181, 2980-9.

FALSCHLEHNER, C., EMMERICH, C. H., GERLACH, B. & WALCZAK, H. 2007.
TRAIL signalling: decisions between life and death. Int J Biochem Cell Biol, 39,
1462-75.

FALSCHLEHNER, C., SCHAEFER, U. & WALCZAK, H. 2009. Following TRAIL's
path in the immune system. Immunology, 127, 145-54.

FANGER, N. A., MALISZEWSKI, C. R., SCHOOLEY, K. & GRIFFITH, T. S. 1999.
Human dendritic cells mediate cellular apoptosis via tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL). J Exp Med, 190, 1155-64.

FANTINI, M. C., BECKER, C., MONTELEONE, G., PALLONE, F., GALLE, P. R. &
NEURATH, M. F. 2004. Cutting edge: TGF-beta induces a regulatory
phenotype in CD4+CD25- T cells through Foxp3 induction and down-
regulation of Smad7. J Immunol, 172, 5149-53.

FELDMAN, G. B., KNAPP, R. C., ORDER, S. E. & HELLMAN, S. 1972. The role of
lymphatic obstruction in the formation of ascites in a murine ovarian carcinoma.
Cancer Res, 32, 1663-6.

FINLAY, D. K., SINCLAIR, L. V., FEIJOO, C., WAUGH, C. M., HAGENBEEK, T. J.,
SPITS, H. & CANTRELL, D. A. 2009. Phosphoinositide-dependent kinase 1

157



References

controls migration and malignant transformation but not cell growth and
proliferation in PTEN-null lymphocytes. J Exp Med, 206, 2441-54.

FONTENOT, J. D., GAVIN, M. A. & RUDENSKY, A. Y. 2003. Foxp3 programs the
development and function of CD4+CD25+ regulatory T cells. Nat Immunol, 4,
330-6.

FORERO-TORRES, A., SHAH, J.,, WOOD, T., POSEY, J., CARLISLE, R,
COPIGNEAUX, C., LUO, F. R.,, WOJTOWICZ-PRAGA, S., PERCENT, I. &
SALEH, M. 2010. Phase | trial of weekly tigatuzumab, an agonistic humanized
monoclonal antibody targeting death receptor 5 (DR5). Cancer Biother
Radiopharm, 25, 13-9.

FREDERICK, P. J., KENDRICK, J. E., STRAUGHN, J. M., JR., DELLA MANNA, D.
L., OLIVER, P. G., LIN, H. Y., GRIZZLE, W. E., STOCKARD, C. R., ALVAREZ,
R. D., ZHOU, T., LOBUGLIO, A. F. & BUCHSBAUM, D. J. 2009. Effect of
TRA-8 anti-death receptor 5 antibody in combination with chemotherapy in an
ex vivo human ovarian cancer model. Int J Gynecol Cancer, 19, 814-9.

FULDA, S., WICK, W., WELLER, M. & DEBATIN, K. M. 2002a. Smac agonists
sensitize for Apo2L/TRAIL- or anticancer drug-induced apoptosis and. Nat
Med, 8, 808-15.

FULDA, S., WICK, W., WELLER, M. & DEBATIN, K. M. 2002b. Smac agonists
sensitize for Apo2L/TRAIL- or anticancer drug-induced apoptosis and induce
regression of malignant glioma in vivo. Nat Med, 8, 808-15.

GALLUZZI, L., SENOVILLA, L., VITALE, I., MICHELS, J., MARTINS, I., KEPP, O.,
CASTEDO, M. & KROEMER, G. 2012a. Molecular mechanisms of cisplatin
resistance. Oncogene, 31, 1869-83.

GALLUZZI, L., VITALE, I., ABRAMS, J. M., ALNEMRI, E. S., BAEHRECKE, E. H.,
BLAGOSKLONNY, M. V., DAWSON, T. M., DAWSON, V. L., EL-DEIRY, W.
S., FULDA, S., GOTTLIEB, E., GREEN, D. R., HENGARTNER, M. O., KEPP,
O., KNIGHT, R. A, KUMAR, S., LIPTON, S. A, LU, X, MADEO, F.,
MALORNI, W., MEHLEN, P., NUNEZ, G., PETER, M. E., PIACENTINI, M.,
RUBINSZTEIN, D. C., SHI, Y., SIMON, H. U., VANDENABEELE, P., WHITE,
E., YUAN, J., ZHIVOTOVSKY, B., MELINO, G. & KROEMER, G. 2012b.
Molecular definitions of cell death subroutines: recommendations of the
Nomenclature Committee on Cell Death 2012. Cell Death Differ, 19, 107-20.

GANTEN, T. M., KOSCHNY, R., HAAS, T. L., SYKORA, J., LI-WEBER, M., HERZER,
K. & WALCZAK, H. 2005. Proteasome inhibition sensitizes hepatocellular
carcinoma cells, but not human hepatocytes, to TRAIL. Hepatology, 42, 588-
97.

GANTEN, T. M., KOSCHNY, R., SYKORA, J., SCHULZE-BERGKAMEN, H.,
BUCHLER, P., HAAS, T. L., SCHADER, M. B., UNTERGASSER, A,
STREMMEL, W. & WALCZAK, H. 2006. Preclinical differentiation between
apparently safe and potentially hepatotoxic applications of TRAIL either alone
or in combination with chemotherapeutic drugs. Clin Cancer Res, 12, 2640-6.

GANTEN, T. M., SYKORA, J., KOSCHNY, R., BATKE, E., AULMANN, S.,
MANSMANN, U., STREMMEL, W., SINN, H. P. & WALCZAK, H. 2009.
Prognostic significance of tumour necrosis factor-related apoptosis-inducing
ligand (TRAIL) receptor expression in patients with breast cancer. J Mol Med
(Berl), 87, 995-1007.

GAVIN, M. A, TORGERSON, T. R.,, HOUSTON, E., DEROOS, P., HO, W. Y.,
STRAY-PEDERSEN, A., OCHELTREE, E. L., GREENBERG, P. D., OCHS, H.
D. & RUDENSKY, A. Y. 2006. Single-cell analysis of normal and FOXP3-

158



References

mutant human T cells: FOXP3 expression without regulatory T cell
development. Proc Natl Acad Sci U S A, 103, 6659-64.

GAZITT, Y. 1999. TRAIL is a potent inducer of apoptosis in myeloma cells derived
from multiple myeloma patients and is not cytotoxic to hematopoietic stem
cells. Leukemia, 13, 1817-24.

GLOTZER, M., MURRAY, A. W. & KIRSCHNER, M. W. 1991. Cyclin is degraded by
the ubiquitin pathway. Nature, 349, 132-8.

GONCHARENKO-KHAIDER, N., MATTE, I., LANE, D., RANCOURT, C. & PICHE, A.
2012. Ovarian cancer ascites increase Mcl-1 expression in tumor cells through
ERK1/2-Elk-1 signaling to attenuate TRAIL-induced apoptosis. Mol Cancer, 11,
84.

GOODELL, V., SALAZAR, L. G., URBAN, N., DRESCHER, C. W., GRAY, H.,
SWENSEN, R. E., MCINTOSH, M. W. & DISIS, M. L. 2006. Antibody immunity
to the p53 oncogenic protein is a prognostic indicator in ovarian cancer. J Clin
Oncol, 24, 762-8.

GORDON, A. N., FLEAGLE, J. T., GUTHRIE, D., PARKIN, D. E., GORE, M. E. &
LACAVE, A. J. 2001. Recurrent epithelial ovarian carcinoma: a randomized
phase Ill study of pegylated liposomal doxorubicin versus topotecan. J Clin
Oncol, 19, 3312-22.

GORE, M. E., FRYATT, I., WILTSHAW, E. & DAWSON, T. 1990. Treatment of
relapsed carcinoma of the ovary with cisplatin or carboplatin following initial
treatment with these compounds. Gynecol Oncol, 36, 207-11.

GRAHAM, F. L., SMILEY, J., RUSSELL, W. C. & NAIRN, R. 1977. Characteristics of
a human cell line transformed by DNA from human adenovirus type 5. J Gen
Virol, 36, 59-74.

GRAHAM, M., MITSUUCHI, Y., BURNS, J., CHUNDURU, S., BENETATOS, C.,
MCKINLAY, M., DAVID, W., WICK, M., TOLCHER, A., PAPADOPOULOS, K.,
AMARAVADI, R., SCHILDER, R., ADJEI, A. & LORUSSO, P. 2011. Phase 1
PK/PD analysis of the Smac-mimetic TL32711 demonstrates potent and
sustained clAP1 suppression in patient PBMCs and tumor biopsies.
Proceedings of the AACR-NCI-EORTC International Conference: Molecular
Targets and Cancer Therapeutics, 10, A25.

GREAVES, P., CLEAR, A., COUTINHO, R., WILSON, A., MATTHEWS, J., OWEN,
A., SHANYINDE, M., LISTER, T. A., CALAMINICI, M. & GRIBBEN, J. G. 2013.
Expression of FOXP3, CD68, and CD20 at Diagnosis in the Microenvironment
of Classical Hodgkin Lymphoma Is Predictive of Outcome. J Clin Oncol, 31,
256-62.

GRIFFITH, T. S., KAZAMA, H., VANOOSTEN, R. L., EARLE, J. K., JR., HERNDON,
J. M., GREEN, D. R. & FERGUSON, T. A. 2007. Apoptotic cells induce
tolerance by generating helpless CD8+ T cells that produce TRAIL. J Immunol,
178, 2679-87.

GRIFFITH, T. S., WILEY, S. R., KUBIN, M. Z., SEDGER, L. M., MALISZEWSKI, C. R.
& FANGER, N. A. 1999. Monocyte-mediated tumoricidal activity via the tumor
necrosis factor-related cytokine, TRAIL. J Exp Med, 189, 1343-54.

GRIMM, M., KIM, M., ROSENWALD, A., VON RADEN, B. H., TSAUR, I., MEIER, E.,
HEEMANN, U., GERMER, C. T., GASSER, M. & WAAGA-GASSER, A. M.
2010. Tumour-mediated TRAIL-Receptor expression indicates effective
apoptotic depletion of infiltrating CD8+ immune cells in clinical colorectal
cancer. Eur J Cancer, 46, 2314-23.

GROHMANN, U., ORABONA, C., FALLARINO, F., VACCA, C., CALCINARO, F.,
FALORNI, A., CANDELORO, P., BELLADONNA, M. L., BIANCHI, R,

159



References

FIORETTI, M. C. & PUCCETTI, P. 2002. CTLA-4-Ig regulates tryptophan
catabolism in vivo. Nat Immunol, 3, 1097-101.

GROSSMAN, W. J., VERBSKY, J. W., BARCHET, W., COLONNA, M., ATKINSON, J.
P. & LEY, T. J. 2004a. Human T regulatory cells can use the perforin pathway
to cause autologous target cell death. Immunity, 21, 589-601.

GROSSMAN, W. J., VERBSKY, J. W., TOLLEFSEN, B. L., KEMPER, C., ATKINSON,
J. P. & LEY, T. J. 2004b. Differential expression of granzymes A and B in
human cytotoxic lymphocyte subsets and T regulatory cells. Blood, 104, 2840-
8.

HALAAS, O., VIK, R., ASHKENAZI, A. & ESPEVIK, T. 2000. Lipopolysaccharide
induces expression of APO2 ligand/TRAIL in human monocytes and
macrophages. Scand J Immunol, 51, 244-50.

HARADA, Y., ELLY, C., YING, G., PAIK, J. H., DEPINHO, R. A. & LIU, Y. C. 2010.
Transcription factors Foxo3a and Foxo1 couple the E3 ligase Cbl-b to the
induction of Foxp3 expression in induced regulatory T cells. J Exp Med, 207,
1381-91.

HARDING, V., FENU, E., MEDANI, H., SHABOODIEN, R., NGAN, S., LI, H. K,
BURT, R., DIAMANTIS, N., TUTHILL, M., BLAGDEN, S., GABRA, H., URCH,
C. E.,, MOSER, S. & AGARWAL, R. 2012. Safety, cost-effectiveness and
feasibility of daycase paracentesis in the management of malignant ascites
with a focus on ovarian cancer. Br J Cancer, 107, 925-30.

HARLIN, H., REFFEY, S. B., DUCKETT, C. S., LINDSTEN, T. & THOMPSON, C. B.
2001. Characterization of XIAP-deficient mice. Mol Cell Biol, 21, 3604-8.
HATZIMICHAEL, E. T., MARK TUTHILL. 2010. Hematopoietic stem cell
transplantation. Stem Cells and Cloning: Advances and Applications, 3, 105 -

117.

HAXHINASTO, S., MATHIS, D. & BENOIST, C. 2008. The AKT-mTOR axis regulates
de novo differentiation of CD4+Foxp3+ cells. J Exp Med, 205, 565-74.

HAYNES, N. M., HAWKINS, E. D., LI, M., MCLAUGHLIN, N. M., HAMMERLING, G.
J., SCHWENDENER, R., WINOTO, A., WENSKY, A., YAGITA, H., TAKEDA,
K., KERSHAW, M. H., DARCY, P. K. & SMYTH, M. J. 2010a. CD11c+
dendritic cells and B cells contribute to the tumoricidal activity of. J Immunol,
185, 532-41.

HAYNES, N. M., HAWKINS, E. D., LI, M., MCLAUGHLIN, N. M., HAMMERLING, G.
J., SCHWENDENER, R., WINOTO, A., WENSKY, A., YAGITA, H., TAKEDA,
K., KERSHAW, M. H., DARCY, P. K. & SMYTH, M. J. 2010b. CD11c+
dendritic cells and B cells contribute to the tumoricidal activity of anti-DR5
antibody therapy in established tumors. J Immunol, 185, 532-41.

HERBST, R. S., ECKHARDT, S. G., KURZROCK, R., EBBINGHAUS, S., O'DWYER,
P. J., GORDON, M. S., NOVOTNY, W., GOLDWASSER, M. A., TOHNYA, T.
M., LUM, B. L., ASHKENAZI, A., JUBB, A. M. & MENDELSON, D. S. 2010a.
Phase | dose-escalation study of recombinant human Apo2L/TRAIL, a dual
proapoptotic receptor agonist, in patients with advanced cancer. J Clin Oncol,
28, 2839-46.

HERBST, R. S., KURZROCK, R., HONG, D. S., VALDIVIESO, M., HSU, C. P,
GOYAL, L., JUAN, G., HWANG, Y. C., WONG, S., HILL, J. S., FRIBERG, G.
& LORUSSO, P. M. 2010b. A first-in-human study of conatumumab in adult
patients with advanced solid tumors. Clin Cancer Res, 16, 5883-91.

HIRATA, S., MATSUYOSHI, H., FUKUMA, D., KURISAKI, A., UEMURA, Y.,
NISHIMURA, Y. & SENJU, S. 2007. Involvement of regulatory T cells in the
experimental autoimmune encephalomyelitis-preventive effect of dendritic

160



References

cells expressing myelin oligodendrocyte glycoprotein plus TRAIL. J Immunol,
178, 918-25.

HODI, F. S., BUTLER, M., OBLE, D. A., SEIDEN, M. V., HALUSKA, F. G., KRUSE,
A., MACRAE, S., NELSON, M., CANNING, C., LOWY, I, KORMAN, A,
LAUTZ, D., RUSSELL, S., JAKLITSCH, M. T., RAMAIYA, N., CHEN, T. C,,
NEUBERG, D., ALLISON, J. P., MIHM, M. C. & DRANOFF, G. 2008.
Immunologic and clinical effects of antibody blockade of cytotoxic T
lymphocyte-associated antigen 4 in previously vaccinated cancer patients.
Proc Natl Acad Sci U S A, 105, 3005-10.

HODI, F. S., MIHM, M. C., SOIFFER, R. J., HALUSKA, F. G., BUTLER, M., SEIDEN,
M. V., DAVIS, T., HENRY-SPIRES, R., MACRAE, S., WILLMAN, A., PADERA,
R., JAKLITSCH, M. T., SHANKAR, S., CHEN, T. C., KORMAN, A., ALLISON,
J. P. & DRANOFF, G. 2003. Biologic activity of cytotoxic T lymphocyte-
associated antigen 4 antibody blockade in previously vaccinated metastatic
melanoma and ovarian carcinoma patients. Proc Natl Acad Sci U S A, 100,
4712-7.

HODI, F. S., O'DAY, S. J., MCDERMOTT, D. F., WEBER, R. W., SOSMAN, J. A,
HAANEN, J. B., GONZALEZ, R., ROBERT, C., SCHADENDORF, D.,
HASSEL, J. C., AKERLEY, W., VAN DEN EERTWEGH, A. J., LUTZKY, J.,
LORIGAN, P., VAUBEL, J. M., LINETTE, G. P., HOGG, D., OTTENSMEIER,
C. H,, LEBBE, C., PESCHEL, C., QUIRT, I., CLARK, J. |., WOLCHOK, J. D.,
WEBER, J. S., TIAN, J., YELLIN, M. J., NICHOL, G. M., HOOS, A. & URBA,
W. J. 2010. Improved survival with ipilimumab in patients with metastatic
melanoma. N Engl J Med, 363, 711-23.

HOGARTH, P. M. & PIETERSZ, G. A. 2012. Fc receptor-targeted therapies for the
treatment of inflammation, cancer and beyond. Nat Rev Drug Discov, 11, 311-
331.

HOLCIK, M., GIBSON, H. & KORNELUK, R. G. 2001. XIAP: apoptotic brake and
promising therapeutic target. Apoptosis, 6, 253-61.

HORAK, P., PILS, D., HALLER, G., PRIBILL, I., ROESSLER, M., TOMEK, S.,
HORVAT, R., ZEILLINGER, R., ZIELINSKI, C. & KRAINER, M. 2005a.
Contribution of epigenetic silencing of tumor necrosis factor-related apoptosis
inducing ligand receptor 1 (DR4) to TRAIL resistance and ovarian cancer. Mol
Cancer Res, 3, 335-43.

HORAK, P., PILS, D., KAIDER, A., PINTER, A., ELANDT, K., SAX, C., ZIELINSKI, C.
C., HORVAT, R., ZEILLINGER, R., REINTHALLER, A. & KRAINER, M. 2005b.
Perturbation of the tumor necrosis factor--related apoptosis-inducing ligand
cascade in ovarian cancer: overexpression of FLIPL and deregulation of the
functional receptors DR4 and DR5. Clin Cancer Res, 11, 8585-91.

HORI, S., NOMURA, T. & SAKAGUCHI, S. 2003. Control of regulatory T cell
development by the transcription factor Foxp3. Science, 299, 1057-61.

HORTON, R. M. 1995. PCR-mediated recombination and mutagenesis. SOEing
together tailor-made genes. Mol Biotechnol, 3, 93-9.

HSIEH, C. S., LIANG, Y., TYZNIK, A. J., SELF, S. G., LIGGITT, D. & RUDENSKY, A.
Y. 2004. Recognition of the peripheral self by naturally arising CD25+ CD4+ T
cell receptors. Immunity, 21, 267-77 .

HSIEH, C. S., ZHENG, Y., LIANG, Y., FONTENOT, J. D. & RUDENSKY, A. Y. 2006.
An intersection between the self-reactive regulatory and nonregulatory T cell
receptor repertoires. Nat Immunol, 7, 401-10.

161



References

HU, Z. Q., ZHAO, W. H., SHIMAMURA, T. & GALLI, S. J. 2006. Interleukin-4-
triggered, STAT6-dependent production of a factor that induces mouse mast
cell apoptosis. Eur J Immunol, 36, 1275-84.

HUANG, H. & TINDALL, D. J. 2007. Dynamic FoxO transcription factors. J Cell Sci,
120, 2479-87.

HYMOWITZ, S. G., O'CONNELL, M. P., ULTSCH, M. H., HURST, A., TOTPAL, K.,
ASHKENAZI, A., DE VOS, A. M. & KELLEY, R. F. 2000. A unique zinc-binding
site revealed by a high-resolution X-ray structure of homotrimeric
Apo2L/TRAIL. Biochemistry, 39, 633-40.

ICHIKAWA, K., LIU, W., ZHAO, L., WANG, Z., LIU, D., OHTSUKA, T., ZHANG, H.,
MOUNTZ, J. D., KOOPMAN, W. J., KIMBERLY, R. P. & ZHOU, T. 2001.
Tumoricidal activity of a novel anti-human DR5 monoclonal antibody without.
Nat Med, 7, 954-60.

IKEDA, T., HIRATA, S., FUKUSHIMA, S., MATSUNAGA, Y., ITO, T., UCHINO, M.,
NISHIMURA, Y. & SENJU, S. 2010. Dual effects of TRAIL in suppression of
autoimmunity: the inhibition of Th1 cells and the promotion of regulatory T
cells. J Immunol, 185, 5259-67.

INTERNATIONAL COLLABORATIVE OVARIAN NEOPLASM, G. 2002. Paclitaxel
plus carboplatin versus standard chemotherapy with either single-agent
carboplatin or cyclophosphamide, doxorubicin, and cisplatin in women with
ovarian cancer: the ICON3 randomised trial. Lancet, 360, 505-15.

ISHIMURA, N., ISOMOTO, H., BRONK, S. F. & GORES, G. J. 2006. Trail induces
cell migration and invasion in apoptosis-resistant cholangiocarcinoma cells.
Am J Physiol Gastrointest Liver Physiol, 290, G129-36.

ISOMURA, 1., PALMER, S., GRUMONT, R. J., BUNTING, K., HOYNE, G,
WILKINSON, N., BANERJEE, A., PROIETTO, A., GUGASYAN, R., WU, L.,
MCNALLY, A., STEPTOE, R. J.,, THOMAS, R., SHANNON, M. F. &
GERONDAKIS, S. 2009. c-Rel is required for the development of thymic
Foxp3+ CD4 regulatory T cells. J Exp Med, 206, 3001-14.

JESENBERGER, V. & JENTSCH, S. 2002. Deadly encounter: ubiquitin meets
apoptosis. Nat Rev Mol Cell Biol, 3, 112-21.

JIN, H., YANG, R., FONG, S., TOTPAL, K., LAWRENCE, D., ZHENG, Z., ROSS, J.,
KOEPPEN, H., SCHWALL, R. & ASHKENAZI, A. 2004. Apo2 Ligand/Tumor
Necrosis Factor-Related Apoptosis-Inducing Ligand Cooperates with
Chemotherapy to Inhibit Orthotopic Lung Tumor Growth and Improve Survival.
Cancer Research, 64, 4900-4905.

JIN, H., YANG, R., ROSS, J., FONG, S., CARANO, R., TOTPAL, K., LAWRENCE, D.,
ZHENG, Z., KOEPPEN, H., STERN, H., SCHWALL, R. & ASHKENAZI, A.
2008. Cooperation of the agonistic DR5 antibody apomab with chemotherapy
to inhibit. Clin Cancer Res, 14, 7733-40.

JO, M., KIM, T. H., SEOL, D. W., ESPLEN, J. E., DORKO, K., BILLIAR, T. R. &
STROM, S. C. 2000. Apoptosis induced in normal human hepatocytes by
tumor necrosis factor-related apoptosis-inducing ligand. Nat Med, 6, 564-7.

JONES, E. Y., STUART, D. I. & WALKER, N. P. 1989. Structure of tumour necrosis
factor. Nature, 338, 225-8.

JORDAN, M. S., BOESTEANU, A., REED, A. J., PETRONE, A. L., HOLENBECK, A.
E., LERMAN, M. A., NAJI, A. & CATON, A. J. 2001. Thymic selection of
CD4+CD25+ regulatory T cells induced by an agonist self-peptide. Nat
Immunol, 2, 301-6.

JOSEFOWICZ, S. Z. & RUDENSKY, A. 2009. Control of regulatory T cell lineage
commitment and maintenance. Immunity, 30, 616-25.

162



References

KACZMAREK, A., VANDENABEELE, P. & KRYSKO, D. V. 2013. Necroptosis: the
release of damage-associated molecular patterns and its physiological
relevance. Immunity, 38, 209-23.

KAGAMI, S., OWADA, T., KANARI, H., SAITO, Y., SUTO, A., IKEDA, K., HIROSE,
K., WATANABE, N., IWAMOTO, |. & NAKAJIMA, H. 2009. Protein
geranylgeranylation regulates the balance between Th17 cells and Foxp3+
regulatory T cells. Int Immunol, 21, 679-809.

KALER, P., GALEA, V., AUGENLICHT, L. & KLAMPFER, L. 2010. Tumor associated
macrophages protect colon cancer cells from TRAIL-induced apoptosis
through IL-1beta-dependent stabilization of Snail in tumor cells. PLoS One, 5,
e11700.

KAPLAN-LEFKO, P. J., GRAVES, J. D., ZOOG, S. J., PAN, Y., WALL, J,
BRANSTETTER, D. G., MORIGUCHI, J., COXON, A., HUARD, J. N., XU, R,,
PEACH, M. L., JUAN, G., KAUFMAN, S., CHEN, Q., BIANCHI, A., KORDICH,
J. J., MA, M., FOLTZ, I. N. & GLINIAK, B. C. 2010. Conatumumab, a fully
human agonist antibody to death receptor 5, induces apoptosis via caspase
activation in multiple tumor types. Cancer Biol Ther, 9, 618-31.

KATSUMATA, N., YASUDA, M., TAKAHASHI, F., ISONISHI, S., JOBO, T., AOKI, D.,
TSUDA, H., SUGIYAMA, T., KODAMA, S., KIMURA, E., OCHIAI, K. & NODA,
K. 2009. Dose-dense paclitaxel once a week in combination with carboplatin
every 3 weeks for advanced ovarian cancer. a phase 3, open-label,
randomised controlled trial. Lancet. England.

KAVALLARIS, M. 2010. Microtubules and resistance to tubulin-binding agents. Nat
Rev Cancer, 10, 194-204.

KAY, B. P.,, HSU, C. P, LU, J. F., SUN, Y. N,, BAI, S., XIN, Y. & D'ARGENIO, D. Z.
2012. Intracellular-signaling tumor-regression modeling of the pro-apoptotic
receptor. J Pharmacokinet Pharmacodyn, 39, 577-90.

KAYAGAKI, N., YAMAGUCHI, N., NAKAYAMA, M., ETO, H., OKUMURA, K. &
YAGITA, H. 1999a. Type | interferons (IFNs) regulate tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) expression on human T cells: A
novel mechanism for the antitumor effects of type | IFNs. J Exp Med, 189,
1451-60.

KAYAGAKI, N., YAMAGUCHI, N., NAKAYAMA, M., KAWASAKI, A., AKIBA, H.,
OKUMURA, K. & YAGITA, H. 1999b. Involvement of TNF-related apoptosis-
inducing ligand in human CD4+ T cell-mediated cytotoxicity. J Immunol, 162,
2639-47.

KAYAGAKI, N., YAMAGUCHI, N., NAKAYAMA, M., TAKEDA, K., AKIBA, H.,,
TSUTSUI, H., OKAMURA, H., NAKANISHI, K., OKUMURA, K. & YAGITA, H.
1999c. Expression and function of TNF-related apoptosis-inducing ligand on
murine activated NK cells. J Immunol, 163, 1906-13.

KEARNEY, C. J., SHERIDAN, C., CULLEN, S. P., TYNAN, G. A., LOGUE, S. E,,
AFONINA, I. S., VUCIC, D., LAVELLE, E. C. & MARTIN, S. J. 2013. Inhibitor
of apoptosis proteins (IAPs) and their antagonists regulate spontaneous and
tumor necrosis factor (TNF)-induced proinflammatory cytokine and chemokine
production. J Biol Chem, 288, 4878-90.

KELEMEN, L. E. & KOBEL, M. 2011. Mucinous carcinomas of the ovary and
colorectum: different organ, same dilemma. Lancet Oncol, 12, 1071-80.
KELLAND, L. 2007. The resurgence of platinum-based cancer chemotherapy. Nat

Rev Cancer, 7, 573-84.

KELLEY, R. F., TOTPAL, K., LINDSTROM, S. H., MATHIEU, M., BILLECI, K.,

DEFORGE, L., PAI, R., HYMOWITZ, S. G. & ASHKENAZI, A. 2005. Receptor-

163



References

selective mutants of apoptosis-inducing ligand 2/tumor necrosis factor-related
apoptosis-inducing ligand reveal a greater contribution of death receptor (DR)
5 than DR4 to apoptosis signaling. J Biol Chem, 280, 2205-12.

KELLEY, S. K., HARRIS, L. A, XIE, D., DEFORGE, L., TOTPAL, K., BUSSIERE, J.
& FOX, J. A. 2001. Preclinical studies to predict the disposition of Apo2L/tumor
necrosis factor-related apoptosis-inducing ligand in humans: characterization
of in vivo efficacy, pharmacokinetics, and safety. J Pharmacol Exp Ther, 299,
31-8.

KERDILES, Y. M., BEISNER, D. R., TINOCO, R., DEJEAN, A. S., CASTRILLON, D.
H., DEPINHO, R. A. & HEDRICK, S. M. 2009. Foxo1 links homing and survival
of naive T cells by regulating L-selectin, CCR7 and interleukin 7 receptor. Nat
Immunol, 10, 176-84.

KERDILES, Y. M., STONE, E. L., BEISNER, D. R., MCGARGILL, M. A., CHEN, I. L.,
STOCKMANN, C., KATAYAMA, C. D. & HEDRICK, S. M. 2010. Foxo
transcription factors control regulatory T cell development and function.
Immunity, 33, 890-904.

KIM, H. P. & LEONARD, W. J. 2007. CREB/ATF-dependent T cell receptor-induced
FoxP3 gene expression: a role for DNA methylation. J Exp Med, 204, 1543-51.

KIM, K. M. & LEE, Y. J. 2005. Role of HER-2/neu signaling in sensitivity to tumor
necrosis factor-related apoptosis-inducing ligand: enhancement of TRAIL-
mediated apoptosis by amiloride. J Cell Biochem, 96, 376-89.

KIM, Y. C., KIM, K. K. & SHEVACH, E. M. 2010. Simvastatin induces Foxp3+ T
regulatory cells by modulation of transforming growth factor-beta signal
transduction. Immunology, 130, 484-93.

KINDLER, H. L., RICHARDS, D. A., GARBO, L. E., GARON, E. B., STEPHENSON, J.
J., JR., ROCHA-LIMA, C. M., SAFRAN, H., CHAN, D., KOCS, D. M., GALIMI,
F., MCGREIVY, J., BRAY, S. L., HEI, Y., FEIGAL, E. G., LOH, E. & FUCHS, C.
S. 2012. A randomized, placebo-controlled phase 2 study of ganitumab (AMG
479) or conatumumab (AMG 655) in combination with gemcitabine in patients
with metastatic pancreatic cancer. Ann Oncol.

KIPPS, E., TAN, D. S. & KAYE, S. B. 2013. Meeting the challenge of ascites in
ovarian cancer: new avenues for therapy and research. Nat Rev Cancer, 13,
273-82.

KISCHKEL, F. C., HELLBARDT, S., BEHRMANN, |., GERMER, M., PAWLITA, M.,
KRAMMER, P. H. & PETER, M. E. 1995. Cytotoxicity-dependent APO-1
(Fas/CD95)-associated proteins form a death-inducing signaling complex
(DISC) with the receptor. EMBO J, 14, 5579-88.

KISCHKEL, F. C., LAWRENCE, D. A., CHUNTHARAPAI, A., SCHOW, P., KIM, K. J.
& ASHKENAZI, A. 2000. Apo2L/TRAIL-dependent recruitment of endogenous
FADD and caspase-8 to death receptors 4 and 5. Immunity. United States.

KITOH, A., ONO, M., NAOE, Y., OHKURA, N., YAMAGUCHI, T., YAGUCHI, H.,
KITABAYASHI, |., TSUKADA, T., NOMURA, T., MIYACHI, Y., TANIUCHI, I. &
SAKAGUCHI, S. 2009. Indispensable role of the Runx1-Cbfbeta transcription
complex for in vivo-suppressive function of FoxP3+ regulatory T cells.
Immunity, 31, 609-20.

KLUNKER, S., CHONG, M. M., MANTEL, P. Y., PALOMARES, O., BASSIN, C.,
ZIEGLER, M., RUCKERT, B., MEILER, F., AKDIS, M., LITTMAN, D. R. &
AKDIS, C. A. 2009. Transcription factors RUNX1 and RUNXS in the induction
and suppressive function of Foxp3+ inducible regulatory T cells. J Exp Med,
206, 2701-15.

164



References

KOBEL, M., KALLOGER, S. E., BOYD, N., MCKINNEY, S., MEHL, E., PALMER, C.,
LEUNG, S., BOWEN, N. J., IONESCU, D. N., RAJPUT, A., PRENTICE, L. M,
MILLER, D., SANTOS, J., SWENERTON, K., GILKS, C. B. & HUNTSMAN, D.
2008. Ovarian carcinoma subtypes are different diseases: implications for
biomarker studies. PLoS Med. United States.

KOBEL, M., KALLOGER, S. E., HUNTSMAN, D. G., SANTOS, J. L., SWENERTON,
K. D., SEIDMAN, J. D. & GILKS, C. B. 2010. Differences in tumor type in low-
stage versus high-stage ovarian carcinomas. Int J Gynecol Pathol. United
States.

KOSCHNY, R., GANTEN, T. M., SYKORA, J., HAAS, T. L., SPRICK, M. R., KOLB,
A., STREMMEL, W. & WALCZAK, H. 2007a. TRAIL/bortezomib cotreatment is
potentially hepatotoxic but induces cancer-specific apoptosis within a
therapeutic window. Hepatology, 45, 649-58.

KOSCHNY, R., HOLLAND, H., SYKORA, J., HAAS, T. L., SPRICK, M. R., GANTEN,
T. M., KRUPP, W., BAUER, M., AHNERT, P., MEIXENSBERGER, J. &
WALCZAK, H. 2007b. Bortezomib sensitizes primary human astrocytoma cells
of WHO grades | to IV for. Clin Cancer Res, 13, 3403-12.

KRIEGL, L., JUNG, A., ENGEL, J., JACKSTADT, R., GERBES, A. L., GALLMEIER,
E., REICHE, J. A., HERMEKING, H., RIZZANI, A., BRUNS, C. J., KOLLIGS, F.
T., KIRCHNER, T., GOKE, B. & DE TONI, E. N. 2010. Expression, cellular
distribution, and prognostic relevance of TRAIL receptors in hepatocellular
carcinoma. Clin Cancer Res, 16, 5529-38.

KULBE, H., CHAKRAVARTY, P., LEINSTER, D. A., CHARLES, K. A., KWONG, J.,
THOMPSON, R. G.,, COWARD, J. I.,, SCHIOPPA, T., ROBINSON, S. C,,
GALLAGHER, W. M., GALLETTA, L., AUSTRALIAN OVARIAN CANCER
STUDY, G., SALAKO, M. A,, SMYTH, J. F., HAGEMANN, T., BRENNAN, D.
J., BOWTELL, D. D. & BALKWILL, F. R. 2012. A dynamic inflammatory
cytokine network in the human ovarian cancer microenvironment. Cancer Res,
72, 66-75.

KULBE, H., THOMPSON, R., WILSON, J. L., ROBINSON, S., HAGEMANN, T.,
FATAH, R., GOULD, D., AYHAN, A. & BALKWILL, F. 2007. The inflammatory
cytokine tumor necrosis factor-alpha generates an autocrine tumor-promoting
network in epithelial ovarian cancer cells. Cancer Res, 67, 585-92.

KUO, K. T., MAO, T. L., JONES, S., VERAS, E., AYHAN, A., WANG, T. L., GLAS, R,
SLAMON, D., VELCULESCU, V. E., KUMAN, R. J. & SHIH IE, M. 2009.
Frequent activating mutations of PIK3CA in ovarian clear cell carcinoma. Am J
Pathol, 174, 1597-601.

LAHM, A., PARADISI, A., GREEN, D. R. & MELINO, G. 2003. Death fold domain
interaction in apoptosis. Cell Death Differ, 10, 10-2.

LAMHAMEDI-CHERRADI, S. E., ZHENG, S., TISCH, R. M. & CHEN, Y. H. 2003a.
Critical roles of tumor necrosis factor-related apoptosis-inducing ligand in type
1 diabetes. Diabetes, 52, 2274-8.

LAMHAMEDI-CHERRADI, S. E., ZHENG, S. J., MAGUSCHAK, K. A., PESCHON, J.
& CHEN, Y. H. 2003b. Defective thymocyte apoptosis and accelerated
autoimmune diseases in TRAIL-/- mice. Nat Immunol, 4, 255-60.

LANE, D., CARTIER, A., L'ESPERANCE, S., COTE, M., RANCOURT, C. & PICHE,
A. 2004. Differential induction of apoptosis by tumor necrosis factor-related
apoptosis-inducing ligand in human ovarian carcinoma cells. Gynecol Oncol,
93, 594-604.

165



References

LANE, D., CARTIER, A., RANCOURT, C. & PICHE, A. 2008. Cell detachment
modulates TRAIL resistance in ovarian cancer cells by downregulating the
phosphatidylinositol 3-kinase/Akt pathway. Int J Gynecol Cancer, 18, 670-6.

LANE, D., GONCHARENKO-KHAIDER, N., RANCOURT, C. & PICHE, A. 2010.
Ovarian cancer ascites protects from TRAIL-induced cell death through
alphavbeta5 integrin-mediated focal adhesion kinase and Akt activation.
Oncogene, 29, 3519-31.

LANE, D., MATTE, |, RANCOURT, C. & PICHE, A. 2012. Osteoprotegerin (OPG)
protects ovarian cancer cells from TRAIL-induced apoptosis but does not
contribute to malignant ascites-mediated attenuation of TRAIL-induced
apoptosis. J Ovarian Res, 5, 34.

LANE, D., ROBERT, V., GRONDIN, R., RANCOURT, C. & PICHE, A. 2007.
Malignant ascites protect against TRAIL-induced apoptosis by activating the
PI3K/Akt pathway in human ovarian carcinoma cells. Int J Cancer, 121, 1227-
37.

LANGDON, S. P.,, HAWKES, M. M., HAY, F. G., LAWRIE, S. S., SCHOL, D. J,,
HILGERS, J., LEONARD, R. C. & SMYTH, J. F. 1988a. Effect of sodium
butyrate and other differentiation inducers on poorly differentiated human
ovarian adenocarcinoma cell lines. Cancer Res, 48, 6161-5.

LANGDON, S. P., LAWRIE, S. S., HAY, F. G., HAWKES, M. M., MCDONALD, A,
HAYWARD, I. P., SCHOL, D. J., HILGERS, J., LEONARD, R. C. & SMYTH, J.
F. 1988b. Characterization and properties of nine human ovarian
adenocarcinoma cell lines. Cancer Res, 48, 6166-72.

LAWRENCE, D., SHAHROKH, Z., MARSTERS, S., ACHILLES, K., SHIH, D.,
MOUNHO, B., HILLAN, K., TOTPAL, K., DEFORGE, L., SCHOW, P.,
HOOLEY, J., SHERWOOQD, S., PAI, R., LEUNG, S., KHAN, L., GLINIAK, B.,
BUSSIERE, J., SMITH, C. A.,, STROM, S. S., KELLEY, S., FOX, J. A,
THOMAS, D. & ASHKENAZI, A. 2001. Differential hepatocyte toxicity of
recombinant Apo2L/TRAIL versions. Nat Med. United States.

LECIS, D., DRAGO, C., MANZONI, L., SENECI, P., SCOLASTICO, C,,
MASTRANGELO, E., BOLOGNESI, M., ANICHINI, A., KASHKAR, H.,,
WALCZAK, H. & DELIA, D. 2010. Novel SMAC-mimetics synergistically
stimulate melanoma cell death in combination with TRAIL and Bortezomib. Br
J Cancer, 102, 1707-16.

LECIS, D., MASTRANGELO, E., BELVISI, L., BOLOGNESI, M., CIVERA, M.,
COSSU, F., DE CESARE, M., DELIA, D., DRAGO, C., MANENTI, G.,
MANZONI, L., MILANI, M., MORONI, E., PEREGO, P., POTENZA, D., RIZZO,
V., SCAVULLO, C., SCOLASTICO, C., SERVIDA, F., VASILE, F. & SENECI,
P. 2012. Dimeric Smac mimetics/IAP inhibitors as in vivo-active pro-apoptotic
agents. Part II: Structural and biological characterization. Bioorg Med Chem,
20, 6709-23.

LEDERMANN, J. A., MARTH, C., CAREY, M. S., BIRRER, M., BOWTELL, D. D.,
KAYE, S., MCNEISH, I., OZA, A., SCAMBIA, G., RUSTIN, G., STEHMAN, F.
B., GERSHENSON, D., THOMAS, G., BERNS, E., CASADO, A,
OTTEVANGER, N., HILPERT, F., KIM, B. G., OKAMOTO, A., BACON, M.,
KITCHENER, H., STUART, G. C. & GYNECOLOGIC CANCER, I. 2011. Role
of molecular agents and targeted therapy in clinical trials for women with
ovarian cancer. Int J Gynecol Cancer, 21, 763-70.

LEE, Y., MIRON, A., DRAPKIN, R., NUCCI, M. R., MEDEIROS, F., SALEEMUDDIN,
A., GARBER, J., BIRCH, C., MOU, H., GORDON, R. W., CRAMER, D. W.,

166



References

MCKEON, F. D. & CRUM, C. P. 2007. A candidate precursor to serous
carcinoma that originates in the distal fallopian tube. J Pathol, 211, 26-35.

LEJEUNE, F. J., LIENARD, D., MATTER, M. & RUEGG, C. 2006. Efficiency of
recombinant human TNF in human cancer therapy. Cancer Immun, 6, 6.

LEONG, S., COHEN, R. B., GUSTAFSON, D. L., LANGER, C. J., CAMIDGE, D. R,,
PADAVIC, K., GORE, L., SMITH, M., CHOW, L. Q., VON MEHREN, M.,
O'BRYANT, C., HARIHARAN, S., DIAB, S., FOX, N. L., MICELI, R. &
ECKHARDT, S. G. 2009. Mapatumumab, an antibody targeting TRAIL-R1, in
combination with paclitaxel and carboplatin in patients with advanced solid
malignancies: results of a phase | and pharmacokinetic study. J Clin Oncol, 27,
4413-21.

LEVINA, V., MARRANGONI, A. M., DEMARCO, R., GORELIK, E. & LOKSHIN, A. E.
2008. Multiple effects of TRAIL in human carcinoma cells: induction of
apoptosis, senescence, proliferation, and cytokine production. Exp Cell Res,
314, 1605-16.

LI, J., FENG, Q., KIM, J. M., SCHNEIDERMAN, D., LISTON, P., LI, M,
VANDERHYDEN, B., FAUGHT, W., FUNG, M. F., SENTERMAN, M.,
KORNELUK, R. G. & TSANG, B. K. 2001. Human ovarian cancer and cisplatin
resistance: possible role of inhibitor of apoptosis proteins. Endocrinology, 142,
370-80.

LI, L., THOMAS, R. M., SUZUKI, H., DE BRABANDER, J. K., WANG, X. & HARRAN,
P. G. 2004. A small molecule Smac mimic potentiates TRAIL- and TNFalpha-
mediated cell death. Science, 305, 1471-4.

LI, L. C., JAYARAM, S., GANESH, L., QIAN, L., ROTMENSCH, J., MAKER, A. V. &
PRABHAKAR, B. S. 2011a. Knockdown of MADD and c-FLIP overcomes
resistance to TRAIL-induced apoptosis in ovarian cancer cells. Am J Obstet
Gynecol, 205, 362 e12-25.

LI, Y., JIN, X,, LI, J., YU, J., SUN, X., CHU, Y., XU, C,, LI, X.,, WANG, X., KAKEHLI, Y.
& WU, X. 2012. Expression of TRAIL, DR4, and DR5 in bladder cancer:
correlation with response to adjuvant therapy and implications of prognosis.
Urology, 79, 968 e7-15.

LI, Z., ZHANG, Y., LIU, Z., WU, X., ZHENG, Y., TAO, Z., MAO, K., WANG, J., LIN, G,
TIAN, L., JI, Y., QIN, M., SUN, S., ZHU, X. & SUN, B. 2011b. ECM1 controls
T(H)2 cell egress from lymph nodes through re-expression of S1P(1). Nat
Immunol, 12, 178-85.

LIMA, C. M., BAYRAKTAR, S., FLORES, A. M., MACINTYRE, J., MONTERO, A.,
BARANDA, J. C., WALLMARK, J., PORTERA, C., RAJA, R., STERN, H.,,
ROYER-JOO, S. & AMLER, L. C. 2012. Phase Ib study of drozitumab
combined with first-ine mFOLFOX6 plus bevacizumab in patients with
metastatic colorectal cancer. Cancer Invest, 30, 727-31.

LIO, C. W. & HSIEH, C. S. 2008. A two-step process for thymic regulatory T cell
development. Immunity, 28, 100-11.

LITZINGER, M. T., FERNANDO, R., CURIEL, T. J.,, GROSENBACH, D. W.,
SCHLOM, J. & PALENA, C. 2007. IL-2 immunotoxin denileukin diftitox
reduces regulatory T cells and enhances vaccine-mediated T-cell immunity.
Blood, 110, 3192-201.

LIU, F., HU, X., ZIMMERMAN, M., WALLER, J. L., WU, P., HAYES-JORDAN, A.,
LEV, D. & LIU, K. 2011. TNFalpha cooperates with IFN-gamma to repress Bcl-
xL expression to sensitize metastatic colon carcinoma cells to TRAIL-mediated
apoptosis. PLoS One, 6, €16241.

167



References

LIU, P., MAO, H. & HOU, P. 2006a. Synergistic antitumor effect of tumor necrosis
factor-related apoptosis-inducing ligand combined with cisplatin in ovarian
carcinoma cell lines in vitro and in vivo. Int J Gynecol Cancer, 16, 538-48.

LIU, W., PUTNAM, A. L., XU-YU, Z., SZOT, G. L., LEE, M. R,, ZHU, S., GOTTLIEB,
P. A., KAPRANOV, P., GINGERAS, T. R., FAZEKAS DE ST GROTH, B.,
CLAYBERGER, C., SOPER, D. M., ZIEGLER, S. F. & BLUESTONE, J. A.
2006b. CD127 expression inversely correlates with FoxP3 and suppressive
function of human CD4+ T reg cells. J Exp Med, 203, 1701-11.

LIU, Z., SUN, C., OLEJNICZAK, E. T., MEADOWS, R. P., BETZ, S. F., OOST, T.,
HERRMANN, J., WU, J. C. & FESIK, S. W. 2000. Structural basis for binding
of Smac/DIABLO to the XIAP BIR3 domain. Nature, 408, 1004-8.

LONG, M., PARK, S. G., STRICKLAND, I., HAYDEN, M. S. & GHOSH, S. 2009.
Nuclear factor-kappaB modulates regulatory T cell development by directly
regulating expression of Foxp3 transcription factor. Immunity, 31, 921-31.

LUNEMANN, J. D., WAICZIES, S., EHRLICH, S., WENDLING, U., SEEGER, B.,
KAMRADT, T. & ZIPP, F. 2002. Death ligand TRAIL induces no apoptosis but
inhibits activation of human (auto)antigen-specific T cells. J Immunol, 168,
4881-8.

MACFARLANE, M., AHMAD, M., SRINIVASULA, S. M., FERNANDES-ALNEMRI, T.,
COHEN, G. M. & ALNEMRI, E. S. 1997. Identification and molecular cloning of
two novel receptors for the cytotoxic ligand TRAIL. J Biol Chem, 272, 25417-
20.

MACHER-GOEPPINGER, S., AULMANN, S., TAGSCHERER, K. E., WAGENER, N.,
HAFERKAMP, A., PENZEL, R., BRAUCKHOFF, A., HOHENFELLNER, M.,
SYKORA, J., WALCZAK, H., TEH, B. T., AUTSCHBACH, F., HERPEL, E.,
SCHIRMACHER, P. & ROTH, W. 2009. Prognostic value of tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) and TRAIL receptors in renal
cell cancer. Clin Cancer Res, 15, 650-9.

MACKENZIE, S. H. & CLARK, A. C. 2012. Death by caspase dimerization. Adv Exp
Med Biol, 747, 55-73.

MADURO, J. H.,, NOORDHUIS, M. G., TEN HOOR, K. A., PRAS, E., ARTS, H. J,,
EIJSINK, J. J., HOLLEMA, H., MOM, C. H., DE JONG, S., DE VRIES, E. G,,
DE BOCK, G. H. & VAN DER ZEE, A. G. 2009. The prognostic value of TRAIL
and its death receptors in cervical cancer. Int J Radiat Oncol Biol Phys, 75,
203-11.

MANSOURI, A., RIDGWAY, L. D., KORAPATI, A. L., ZHANG, Q., TIAN, L., WANG,
Y., SIDDIK, Z. H., MILLS, G. B. & CLARET, F. X. 2003. Sustained activation of
JNK/p38 MAPK pathways in response to cisplatin leads to Fas ligand
induction and cell death in ovarian carcinoma cells. J Biol Chem, 278, 19245-
56.

MAO, H. L., PANG, Y., ZHANG, X., YANG, F., ZHENG, J., WANG, Y. & LIU, P. 2013.
Smac peptide potentiates TRAIL- or paclitaxel-mediated ovarian cancer cell
death in vitro and in vivo. Oncol Rep, 29, 515-22.

MARKMAN, M., BLESSING, J., RUBIN, S. C., CONNOR, J., HANJANI, P. &
WAGGONER, S. 2006. Phase Il trial of weekly paclitaxel (80 mg/m2) in
platinum and paclitaxel-resistant ovarian and primary peritoneal cancers: a
Gynecologic Oncology Group study. Gynecol Oncol. United States.

MARKMAN, M. & BOOKMAN, M. A. 2000. Second-line treatment of ovarian cancer.
Oncologist, 5, 26-35.

MARKMAN, M., ROTHMAN, R., HAKES, T., REICHMAN, B., HOSKINS, W., RUBIN,
S., JONES, W., ALMADRONES, L. & LEWIS, J. L., JR. 1991. Second-line

168



References

platinum therapy in patients with ovarian cancer previously treated with
cisplatin. J Clin Oncol, 9, 389-93.

MCCOMB, S., CHEUNG, H. H., KORNELUK, R. G., WANG, S., KRISHNAN, L. &
SAD, S. 2012. clAP1 and clAP2 limit macrophage necroptosis by inhibiting
Rip1 and Rip3 activation. Cell Death Differ, 19, 1791-801.

MCGUIRE, W. P., HOSKINS, W. J., BRADY, M. F., KUCERA, P. R., PARTRIDGE, E.
E., LOOK, K. Y., CLARKE-PEARSON, D. L. & DAVIDSON, M. 1996a.
Cyclophosphamide and cisplatin compared with paclitaxel and cisplatin in
patients with stage Ill and stage IV ovarian cancer. N Engl J Med, 334, 1-6.

MCGUIRE, W. P., HOSKINS, W. J., BRADY, M. F., KUCERA, P. R., PARTRIDGE, E.
E., LOOK, K. Y., CLARKE-PEARSON, D. L. & DAVIDSON, M. 1996b.
Cyclophosphamide and cisplatin versus paclitaxel and cisplatin: a phase Il
randomized trial in patients with suboptimal stage IllI/IV ovarian cancer (from
the Gynecologic Oncology Group). Semin Oncol, 23, 40-7.

MERCHANT, M. S., GELLER, J. I., BAIRD, K., CHOU, A. J., GALLI, S., CHARLES,
A., AMAOKO, M., RHEE, E. H., PRICE, A., WEXLER, L. H.,, MEYERS, P. A,
WIDEMANN, B. C., TSOKOS, M. & MACKALL, C. L. 2012. Phase | trial and
pharmacokinetic study of lexatumumab in pediatric patients with solid tumors.
J Clin Oncol, 30, 4141-7.

MERINO, D., LALAOUI, N., MORIZOT, A., SCHNEIDER, P., SOLARY, E. &
MICHEAU, O. 2006. Differential inhibition of TRAIL-mediated DR5-DISC
formation by decoy receptors 1 and 2. Mol Cell Biol, 26, 7046-55.

MOM, C. H., VERWELJ, J., OLDENHUIS, C. N., GIETEMA, J. A., FOX, N. L., MICELI,
R., ESKENS, F. A,, LOOS, W. J., DE VRIES, E. G. & SLEIJFER, S. 2009.
Mapatumumab, a fully human agonistic monoclonal antibody that targets
TRAIL-R1, in combination with gemcitabine and cisplatin: a phase | study. Clin
Cancer Res, 15, 5584-90.

MONGKOLSAPAYA, J., GRIMES, J. M., CHEN, N., XU, X. N., STUART, D. I,
JONES, E. Y. & SCREATON, G. R. 1999. Structure of the TRAIL-DR5
complex reveals mechanisms conferring specificity in apoptotic initiation. Nat
Struct Biol, 6, 1048-53.

MORGAN, M. E., VAN BILSEN, J. H., BAKKER, A. M., HEEMSKERK, B.,
SCHILHAM, M. W., HARTGERS, F. C., ELFERINK, B. G.,, VAN DER
ZANDEN, L., DE VRIES, R. R., HUIZINGA, T. W., OTTENHOFF, T. H. &
TOES, R. E. 2005. Expression of FOXP3 mRNA is not confined to
CD4+CD25+ T regulatory cells in humans. Hum Immunol, 66, 13-20.

MORSE, M. A., HOBEIKA, A. C., OSADA, T., SERRA, D., NIEDZWIECKI, D.,
LYERLY, H. K. & CLAY, T. M. 2008. Depletion of human regulatory T cells
specifically enhances antigen-specific immune responses to cancer vaccines.
Blood, 112, 610-8.

NA, I. K, LU, S. X,, YIM, N. L., GOLDBERG, G. L., TSAI, J., RAO, U., SMITH, O. M.,
KING, C. G.,, SUH, D., HIRSCHHORN-CYMERMAN, D., PALOMBA, L.,
PENACK, O., HOLLAND, A. M., JENQ, R. R., GHOSH, A., TRAN, H.,,
MERGHOUB, T., LIU, C., SEMPOWSKI, G. D., VENTEVOGEL, M.,
BEAUCHEMIN, N. & VAN DEN BRINK, M. R. 2010. The cytolytic molecules
Fas ligand and TRAIL are required for murine thymic graft-versus-host disease.
J Clin Invest, 120, 343-56.

NAKANISHI, C. & TOI, M. 2005. Nuclear factor-kappaB inhibitors as sensitizers to
anticancer drugs. Nat Rev Cancer, 5, 297-309.

NAUTS, H. C., FOWLER, G. A. & BOGATKO, F. H. 1953. A review of the influence
of bacterial infection and of bacterial products (Coley's toxins) on malignant

169



References

tumors in man; a critical analysis of 30 inoperable cases treated by Coley's
mixed toxins, in which diagnosis was confirmed by microscopic examination
selected for special study. Acta Med Scand Suppl, 276, 1-103.

NAUTS, H. C., SWIFT, W. E. & COLEY, B. L. 1946. The treatment of malignant
tumors by bacterial toxins as developed by the late William B. Coley, M.D.,
reviewed in the light of modern research. Cancer Res, 6, 205-16.

NEIJT, J. P.,, TEN BOKKEL HUININK, W. W., VAN DER BURG, M. E., VAN
OOSTEROM, A. T., VRIESENDORP, R., KOOYMAN, C. D., VAN LINDERT, A.
C., HAMERLYNCK, J. V., VAN LENT, M., VAN HOUWELINGEN, J. C. & ET
AL. 1984. Randomised trial comparing two combination chemotherapy
regimens (Hexa-CAF vs CHAP-5) in advanced ovarian carcinoma. Lancet, 2,
594-600.

NEWSOM-DAVIS, T., PRIESKE, S. & WALCZAK, H. 2009. Is TRAIL the holy grail of
cancer therapy? Apoptosis, 14, 607-23.

OMURA, G., BLESSING, J. A, EHRLICH, C. E., MILLER, A., YORDAN, E.,
CREASMAN, W. T. & HOMESLEY, H. D. 1986. A randomized trial of
cyclophosphamide and doxorubicin with or without cisplatin in advanced
ovarian carcinoma. A Gynecologic Oncology Group Study. Cancer, 57, 1725-
30.

OMURA, G. A., BUNDY, B. N., BEREK, J. S., CURRY, S., DELGADO, G. &
MORTEL, R. 1989. Randomized trial of cyclophosphamide plus cisplatin with
or without doxorubicin in ovarian carcinoma: a Gynecologic Oncology Group
Study. J Clin Oncol, 7, 457-65.

ONO, M., YAGUCHI, H., OHKURA, N., KITABAYASHI, |, NAGAMURA, Y.,
NOMURA, T., MIYACHI, Y., TSUKADA, T. & SAKAGUCHI, S. 2007. Foxp3
controls regulatory T-cell function by interacting with AML1/Runx1. Nature,
446, 685-9.

OOST, T. K., SUN, C., ARMSTRONG, R. C., AL-ASSAAD, A. S.,, BETZ, S. F,,
DECKWERTH, T. L., DING, H., ELMORE, S. W., MEADOWS, R. P,
OLEJNICZAK, E. T., OLEKSIJEW, A., OLTERSDORF, T., ROSENBERG, S.
H., SHOEMAKER, A. R., TOMASELLI, K. J., ZOU, H. & FESIK, S. W. 2004.
Discovery of potent antagonists of the antiapoptotic protein XIAP for the
treatment of cancer. J Med Chem, 47, 4417-26.

OPFERMAN, J. T. & KORSMEYER, S. J. 2003. Apoptosis in the development and
maintenance of the immune system. Nat Immunol, 4, 410-5.

OUELLET, V., LE PAGE, C., MADORE, J., GUYOT, M. C., BARRES, V., LUSSIER,
C., TONIN, P. N., PROVENCHER, D. M. & MES-MASSON, A. M. 2007. An
apoptotic molecular network identified by microarray: on the TRAIL to new
insights in epithelial ovarian cancer. Cancer, 110, 297-308.

OUYANG, W., BECKETT, O., FLAVELL, R. A. & LI, M. O. 2009. An essential role of
the Forkhead-box transcription factor Foxo1 in control of T cell homeostasis
and tolerance. Immunity, 30, 358-71.

OUYANG, W., BECKETT, O., MA, Q., PAIK, J. H., DEPINHO, R. A. & LI, M. O. 2010.
Foxo proteins cooperatively control the differentiation of Foxp3+ regulatory T
cells. Nat Immunol, 11, 618-27.

OUYANG, W., LIAO, W., LUO, C. T., YIN, N., HUSE, M., KIM, M. V., PENG, M.,
CHAN, P., MA, Q., MO, Y., MEIJER, D., ZHAO, K., RUDENSKY, A. Y.,
ATWAL, G., ZHANG, M. Q. & LI, M. O. 2012. Novel Foxo1-dependent
transcriptional programs control T(reg) cell function. Nature, 491, 554-9.

170



References

PACHOLCZYK, R., IGNATOWICZ, H., KRAJ, P. & IGNATOWICZ, L. 2006. Origin
and T cell receptor diversity of Foxp3+CD4+CD25+ T cells. Immunity, 25, 249-
59.

PAN, G., NI, J.,, WELI, Y. F., YU, G., GENTZ, R. & DIXIT, V. M. 1997. An antagonist
decoy receptor and a death domain-containing receptor for TRAIL. Science,
277, 815-8.

PAPANDREOU, C. N., DALIANI, D. D., NIX, D., YANG, H., MADDEN, T., WANG, X.,
PIEN, C. S., MILLIKAN, R. E., TU, S. M., PAGLIARO, L., KIM, J., ADAMS, J.,
ELLIOTT, P., ESSELTINE, D., PETRUSICH, A., DIERINGER, P., PEREZ, C.
& LOGOTHETIS, C. J. 2004. Phase | trial of the proteasome inhibitor
bortezomib in patients with advanced solid tumors with observations in
androgen-independent prostate cancer. J Clin Oncol, 22, 2108-21.

PARDOLL, D. M. 2012. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer, 12, 252-64.

PARMA, G., MANCARI, R., DEL CONTE, G., SCAMBIA, G., GADDUCCI, A., HESS,
D., KATSARQOS, D., SESSA, C., RINALDI, A., BERTONI, F., VITALI, A,
CATAPANO, C. V., MARSONI, S., VAN DE VELDE, H. & COLOMBO, N. 2012.
An open-label phase 2 study of twice-weekly bortezomib and intermittent
pegylated. Int J Gynecol Cancer, 22, 792-800.

PARMAR, M. K., LEDERMANN, J. A., COLOMBO, N., DU BOIS, A., DELALOYE, J.
F., KRISTENSEN, G. B., WHEELER, S., SWART, A. M., QIAN, W., TORRI, V.,
FLORIANI, 1., JAYSON, G., LAMONT, A. & TROPE, C. 2003. Paclitaxel plus
platinum-based chemotherapy versus conventional platinum-based
chemotherapy in women with relapsed ovarian cancer: the ICON4/AGO-
OVAR-2.2 trial. Lancet, 361, 2099-106.

PASQUINI, L., PETRONELLI, A., PETRUCCI, E., SAULLE, E., MARIANI, G.,
SCAMBIA, G., BENEDETTI-PANICI, P., GREGGI, S., COGNETTI, F. &
TESTA, U. 2010. Primary ovarian cancer cells are sensitive to the proaptotic
effects of proteasome inhibitors. Int J Oncol, 36, 707-13.

PATEL, A. G., SARKARIA, J. N. & KAUFMANN, S. H. 2011. Nonhomologous end
joining drives poly(ADP-ribose) polymerase (PARP) inhibitor lethality in
homologous recombination-deficient cells. Proc Natl Acad Sci U S A, 108,
3406-11.

PAZ-ARES, L., BALINT, B., DE BOER, R. H., VAN MEERBEECK, J. P,
WIERZBICKI, R., DE SOUZA, P., GALIMI, F., HADDAD, V., SABIN, T., HEI, Y.
J., PAN, Y., COTTRELL, S., HSU, C. P. & RAMLAU, R. 2013. A Randomized
Phase 2 Study of Paclitaxel and Carboplatin with or without Conatumumab for
First-Line Treatment of Advanced Non-Small-Cell Lung Cancer. J Thorac
Oncol.

PEETERS, M. I, J. R. ROUGIER, P. VAN LAETHEM, J. H. URONIS, E.
STEPHENSON, J. SCHWARTZBERG, L. CHEN, S. SMETHURST,L. D.
2010. Phase Ib/ll trial of conatumumab and panitumumab (pmab) for the
treatment (tx) of metastatic colorectal cancer (mCRC): Safety and efficacy. -
ASCO. J Clin Oncol, abstract 443.

PEOPLES, G. E., GOEDEGEBUURE, P. S., SMITH, R., LINEHAN, D. C., YOSHINO,
|. & EBERLEIN, T. J. 1995. Breast and ovarian cancer-specific cytotoxic T
lymphocytes recognize the same HER2/neu-derived peptide. Proc Natl Acad
SciU S A, 92,432-6.

PERREN, T. J., SWART, A. M., PFISTERER, J., LEDERMANN, J. A., PUJADE-
LAURAINE, E., KRISTENSEN, G., CAREY, M. S., BEALE, P., CERVANTES,
A., KURZEDER, C., DU BOIS, A., SEHOULI, J., KIMMIG, R., STAHLE, A,

171



References

COLLINSON, F., ESSAPEN, S., GOURLEY, C., LORTHOLARY, A., SELLE,
F., MIRZA, M. R., LEMINEN, A., PLANTE, M., STARK, D., QIAN, W,
PARMAR, M. K., OZA, A. M. & INVESTIGATORS, I. 2011. A phase 3 trial of
bevacizumab in ovarian cancer. N Engl J Med, 365, 2484-96.

PETERSEN, S. L., WANG, L., YALCIN-CHIN, A., LI, L., PEYTON, M., MINNA, J.,
HARRAN, P. & WANG, X. 2007. Autocrine TNFalpha signaling renders human
cancer cells susceptible to Smac-mimetic-induced apoptosis. Cancer Cell, 12,
445-56.

PETRUCCI, E., PASQUINI, L., BERNABEI, M., SAULLE, E., BIFFONI, M.,
ACCARPIO, F., SIBIO, S., DI GIORGIO, A., DI DONATO, V., CASORELLI, A,,
BENEDETTI-PANICI, P. & TESTA, U. 2012. A Small Molecule SMAC Mimic
LBW242 Potentiates TRAIL- and Anticancer Drug-Mediated Cell Death of
Ovarian Cancer Cells. PLoS One, 7, e35073.

PETRUCCI, E., PASQUINI, L., PETRONELLI, A., SAULLE, E., MARIANI, G,
RICCIONI, R., BIFFONI, M., FERRETTI, G., BENEDETTI-PANICI, P.,
COGNETTI, F., SCAMBIA, G., HUMPHREYS, R., PESCHLE, C. & TESTA, U.
2007. A small molecule Smac mimic potentiates TRAIL-mediated cell death of
ovarian cancer cells. Gynecol Oncol, 105, 481-92.

PICCART, M. J., BERTELSEN, K., JAMES, K., CASSIDY, J., MANGIONI, C.,,
SIMONSEN, E., STUART, G., KAYE, S., VERGOTE, |, BLOM, R,
GRIMSHAW, R., ATKINSON, R. J., SWENERTON, K. D., TROPE, C., NARDI,
M., KAERN, J., TUMOLO, S., TIMMERS, P., ROY, J. A, LHOAS, F,
LINDVALL, B., BACON, M., BIRT, A., ANDERSEN, J. E., ZEE, B., PAUL, J.,
BARON, B. & PECORELLI, S. 2000. Randomized intergroup trial of cisplatin-
paclitaxel versus cisplatin-cyclophosphamide in women with advanced
epithelial ovarian cancer: three-year results. J Nat/ Cancer Inst, 92, 699-708.

PIGNATA, S., SCAMBIA, G., FERRANDINA, G., SAVARESE, A., SORIO, R,
BREDA, E., GEBBIA, V., MUSSO, P., FRIGERIO, L., DEL MEDICO, P.,
LOMBARDI, A. V., FEBBRARO, A., SCOLLO, P., FERRO, A., TAMBERI, S.,
BRANDES, A., RAVAIOLI, A., VALERIO, M. R., AITINI, E., NATALE, D.,
SCALTRITI, L., GREGGI, S., PISANO, C., LORUSSO, D., SALUTARI, V.,
LEGGE, F., DI MAIO, M., MORABITO, A., GALLO, C. & PERRONE, F. 2011.
Carboplatin plus paclitaxel versus carboplatin plus pegylated liposomal
doxorubicin as first-line treatment for patients with ovarian cancer: the MITO-2
randomized phase lll trial. J Clin Oncol. United States.

PITTI, R. M., MARSTERS, S. A., RUPPERT, S., DONAHUE, C. J., MOORE, A. &
ASHKENAZI, A. 1996. Induction of apoptosis by Apo-2 ligand, a new member
of the tumor necrosis factor cytokine family. J Biol Chem, 271, 12687-90.

PLUMMER, R., ATTARD, G., PACEY, S., LI, L., RAZAK, A., PERRETT, R,
BARRETT, M., JUDSON, |., KAYE, S., FOX, N. L., HALPERN, W., COREY, A,
CALVERT, H. & DE BONO, J. 2007. Phase 1 and pharmacokinetic study of
lexatumumab in patients with advanced cancers. Clin Cancer Res, 13, 6187-
94.

POLLACK, I. F., ERFF, M. & ASHKENAZI, A. 2001. Direct stimulation of apoptotic
signaling by soluble Apo2l/tumor necrosis factor-related apoptosis-inducing
ligand leads to selective killing of glioma cells. Clin Cancer Res, 7, 1362-9.

PORDZIK, S., PETROVICI, K., SCHMID, C., KROELL, T., SCHWEIGER, C., KOHNE,
C. H. & SCHMETZER, H. 2011. Expression and prognostic value of FAS
receptor/FAS ligand and TrailR1/TrailR2 in acute myeloid leukemia.
Hematology, 16, 341-50.

172



References

PUJADE-LAURAINE, E., WAGNER, U., AAVALL-LUNDQVIST, E., GEBSKI, V.,
HEYWOOD, M., VASEY, P. A,, VOLGGER, B., VERGOTE, |., PIGNATA, S,
FERRERO, A., SEHOULI, J., LORTHOLARY, A., KRISTENSEN, G,
JACKISCH, C., JOLY, F., BROWN, C., LE FUR, N. & DU BOIS, A. 2010.
Pegylated liposomal Doxorubicin and Carboplatin compared with Paclitaxel
and Carboplatin for patients with platinum-sensitive ovarian cancer in late
relapse. J Clin Oncol, 28, 3323-9.

PUKAC, L., KANAKARAJ, P., HUMPHREYS, R., ALDERSON, R., BLOOM, M.,
SUNG, C., RICCOBENE, T., JOHNSON, R., FISCELLA, M., MAHONEY, A,,
CARRELL, J., BOYD, E., YAO, X. T., ZHANG, L., ZHONG, L., VON
KERCZEK, A., SHEPARD, L., VAUGHAN, T., EDWARDS, B., DOBSON, C.,
SALCEDO, T. & ALBERT, V. 2005. HGS-ETR1, a fully human TRAIL-receptor
1 monoclonal antibody, induces cell death in multiple tumour types in vitro and
in vivo. Br J Cancer, 92, 1430-41.

RASKU, M. A,, CLEM, A. L., TELANG, S., TAFT, B., GETTINGS, K., GRAGG, H.,
CRAMER, D., LEAR, S. C., MCMASTERS, K. M., MILLER, D. M. &
CHESNEY, J. 2008. Transient T cell depletion causes regression of
melanoma metastases. J Transl Med, 6, 12.

RAVI, R., JAIN, A. J., SCHULICK, R. D., PHAM, V., PROUSER, T. S., ALLEN, H.,
MAYER, E. G., YU, H., PARDOLL, D. M., ASHKENAZI, A. & BEDI, A. 2004.
Elimination of Hepatic Metastases of Colon Cancer Cells via p53-Independent
Cross-Talk between Irinotecan and Apo2 Ligand/TRAIL. Cancer Research, 64,
9105-9114.

REIS, C. R., VAN DER SLOOT, A. M., NATONI, A., SZEGEZDI, E., SETROIKROMO,
R., MEIJER, M., SJIOLLEMA, K., STRICHER, F., COOL, R. H., SAMALI, A,
SERRANO, L. & QUAX, W. J. 2010. Rapid and efficient cancer cell killing
mediated by high-affinity death receptor homotrimerizing TRAIL variants. Cell
Death Dis. England.

REN, X., YE, F., JIANG, Z., CHU, Y., XIONG, S. & WANG, Y. 2007. Involvement of
cellular death in TRAIL/DR5-dependent suppression induced by
CD4(+)CD25(+) regulatory T cells. Cell Death Differ, 14, 2076-84.

RIGAUD, S., FONDANECHE, M. C., LAMBERT, N., PASQUIER, B., MATEO, V.,
SOULAS, P., GALICIER, L., LE DEIST, F., RIEUX-LAUCAT, F., REVY, P.,
FISCHER, A., DE SAINT BASILE, G. & LATOUR, S. 2006. XIAP deficiency in
humans causes an X-linked lymphoproliferative syndrome. Nature, 444, 110-4.

ROCHA LIMA, C. M., BAYRAKTAR, S., FLORES, A. M., MACINTYRE, J.,,
MONTERO, A., BARANDA, J. C., WALLMARK, J., PORTERA, C., RAJA, R,,
STERN, H., ROYER-JOO, S. & AMLER, L. C. 2012. Phase Ib Study of
Drozitumab Combined With First-Line mFOLFOX6 Plus Bevacizumab. Cancer
Invest, 30, 727-31.

ROUX, S., APETOH, L., CHALMIN, F., LADOIRE, S., MIGNOT, G., PUIG, P. E,,
LAUVAU, G., ZITVOGEL, L., MARTIN, F., CHAUFFERT, B., YAGITA, H.,
SOLARY, E. & GHIRINGHELLI, F. 2008. CD4+CD25+ Tregs control the
TRAIL-dependent cytotoxicity of tumor-infiltrating DCs in rodent models of
colon cancer. J Clin Invest, 118, 3751-61.

RUDRA, D., EGAWA, T., CHONG, M. M., TREUTING, P., LITTMAN, D. R. &
RUDENSKY, A. Y. 2009. Runx-CBFbeta complexes control expression of the
transcription factor Foxp3 in regulatory T cells. Nat Immunol, 10, 1170-7.

RUNNEBAUM, I. B. & BRUNING, A. 2005. Glucocorticoids inhibit cell death in
ovarian cancer and up-regulate caspase inhibitor clAP2. Clin Cancer Res, 11,
6325-32.

173



References

SABATINI, D. M. 2006. mTOR and cancer: insights into a complex relationship. Nat
Rev Cancer, 6, 729-34.

SAKAGUCHI, S., SETOGUCHI, R., YAGI, H. & NOMURA, T. 2006. Naturally arising
Foxp3-expressing CD25+CD4+ regulatory T cells in self-tolerance and
autoimmune disease. Curr Top Microbiol Immunol, 305, 51-66.

SANLIOGLU, A. D., KORCUM, A. F., PESTERELI, E., ERDOGAN, G., KARAVELI,
S., SAVAS, B., GRIFFITH, T. S. & SANLIOGLU, S. 2007. TRAIL death
receptor-4 expression positively correlates with the tumor grade in breast
cancer patients with invasive ductal carcinoma. Int J Radiat Oncol Biol Phys,
69, 716-23.

SANTIN, A. D., BELLONE, S., RAVAGGI, A., PECORELLI, S., CANNON, M. J. &
PARHAM, G. P. 2000. Induction of ovarian tumor-specific CD8+ cytotoxic T
lymphocytes by acid-eluted peptide-pulsed autologous dendritic cells. Obstet
Gynecol, 96, 422-30.

SAPI, E., ALVERO, A. B., CHEN, W., O'MALLEY, D., HAO, X. Y., DWIPOYONO, B.,
GARG, M., KAMSTEEG, M., RUTHERFORD, T. & MOR, G. 2004. Resistance
of ovarian carcinoma cells to docetaxel is XIAP dependent and reversible by
phenoxodiol. Oncol Res, 14, 567-78.

SATO, E., OLSON, S. H., AHN, J., BUNDY, B., NISHIKAWA, H., QIAN, F.,
JUNGBLUTH, A. A., FROSINA, D., GNJATIC, S., AMBROSONE, C.,
KEPNER, J., ODUNSI, T., RITTER, G., LELE, S., CHEN, Y. T., OHTANI, H.,
OLD, L. J. & ODUNSI, K. 2005. Intraepithelial CD8+ tumor-infiltrating
lymphocytes and a high CD8+/regulatory T cell ratio are associated with
favorable prognosis in ovarian cancer. Proc Natl Acad Sci U S A, 102, 18538-
43.

SAUER, S., BRUNO, L., HERTWECK, A., FINLAY, D., LELEU, M., SPIVAKOV, M.,
KNIGHT, Z. A., COBB, B. S., CANTRELL, D., O'CONNOR, E., SHOKAT, K.
M., FISHER, A. G. & MERKENSCHLAGER, M. 2008. T cell receptor signaling
controls Foxp3 expression via PI3K, Akt, and mTOR. Proc Natl Acad Sci U S
A, 105, 7797-802.

SAULLE, E., PETRONELLI, A., PASQUINI, L., PETRUCCI, E., MARIANI, G,
BIFFONI, M., FERRETTI, G., SCAMBIA, G., BENEDETTI-PANICI, P.,
COGNETTI, F., HUMPHREYS, R., PESCHLE, C. & TESTA, U. 2007.
Proteasome inhibitors sensitize ovarian cancer cells to TRAIL induced
apoptosis. Apoptosis, 12, 635-55.

SAVAGE, P., STEBBING, J., BOWER, M. & CROOK, T. 2009. Why does cytotoxic
chemotherapy cure only some cancers? Nat Clin Pract Oncol, 6, 43-52.
SCREATON, G. R., MONGKOLSAPAYA, J., XU, X. N., COWPER, A. E,
MCMICHAEL, A. J. & BELL, J. I. 1997. TRICK2, a new alternatively spliced

receptor that transduces the cytotoxic signal from TRAIL. Curr Biol, 7, 693-6.

SEBENS, S., BAUER, I., GEISMANN, C., GRAGE-GRIEBENOW, E., EHLERS, S.,
KRUSE, M. L., ARLT, A. & SCHAFER, H. 2011. Inflammatory macrophages
induce Nrf2 transcription factor-dependent proteasome activity in colonic
NCM460 cells and thereby confer anti-apoptotic protection. J Biol Chem, 286,
40911-21.

SEBZDA, E., ZOU, Z., LEE, J. S., WANG, T. & KAHN, M. L. 2008. Transcription
factor KLF2 regulates the migration of naive T cells by restricting chemokine
receptor expression patterns. Nat Immunol, 9, 292-300.

SEIDMAN, J. D., HORKAYNE-SZAKALY, I., HAIBA, M., BOICE, C. R., KURMAN, R.
J. & RONNETT, B. M. 2004. The histologic type and stage distribution of
ovarian carcinomas of surface epithelial origin. Int J Gynecol Pathol, 23, 41-4.

174



References

SHANKER, A., BROOKS, A. D., TRISTAN, C. A., WINE, J. W., ELLIOTT, P. J,,
YAGITA, H., TAKEDA, K., SMYTH, M. J., MURPHY, W. J. & SAYERS, T. J.
2008. Treating metastatic solid tumors with bortezomib and a tumor necrosis
factor-related apoptosis-inducing ligand receptor agonist antibody. J Natl
Cancer Inst, 100, 649-62.

SHARMA, M. D., HOU, D. Y., BABAN, B., KONI, P. A., HE, Y., CHANDLER, P. R,,
BLAZAR, B. R., MELLOR, A. L. & MUNN, D. H. 2010. Reprogrammed foxp3(+)
regulatory T cells provide essential help to support cross-presentation and
CD8(+) T cell priming in naive mice. Immunity, 33, 942-54.

SHARMA, M. D., HOU, D. Y., LIU, Y., KONI, P. A, METZ, R., CHANDLER, P.,
MELLOR, A. L., HE, Y. & MUNN, D. H. 2009a. Indoleamine 2,3-dioxygenase
controls conversion of Foxp3+ Tregs to TH17-like cells in tumor-draining
lymph nodes. Blood, 113, 6102-11.

SHARMA, R., GRAHAM, J., MITCHELL, H., BROOKS, A., BLAGDEN, S. & GABRA,
H. 2009b. Extended weekly dose-dense paclitaxel/carboplatin is feasible and
active in heavily pre-treated platinum-resistant recurrent ovarian cancer. Br J
Cancer, 100, 707-12.

SHAW, T. J., LACASSE, E. C., DURKIN, J. P. & VANDERHYDEN, B. C. 2008.
Downregulation of XIAP expression in ovarian cancer cells induces cell death
in vitro and in vivo. Int J Cancer, 122, 1430-4.

SHERIDAN, J. P., MARSTERS, S. A,, PITTI, R. M., GURNEY, A., SKUBATCH, M.,
BALDWIN, D., RAMAKRISHNAN, L., GRAY, C. L., BAKER, K., WOOD, W. I,
GODDARD, A. D., GODOWSKI, P. & ASHKENAZI, A. 1997. Control of TRAIL-
induced apoptosis by a family of signaling and decoy receptors. Science, 277,
818-21.

SIDDIK, Z. H. 2003. Cisplatin: mode of cytotoxic action and molecular basis of
resistance. Oncogene, 22, 7265-79.

SIERVO-SASSI, R. R., MARRANGONI, A. M., FENG, X., NAOUMOVA, N., WINANS,
M., EDWARDS, R. P. & LOKSHIN, A. 2003. Physiological and molecular
effects of Apo2L/TRAIL and cisplatin in ovarian carcinoma cell lines. Cancer
Lett, 190, 61-72.

SIKIC, B. 1. W., H. A. VON MEHREN, M. LEWIS, N. CALVERT, A. H. PLUMMER,
E. R. FOX, N. L. HOWARD, T. S JONES,. F. BURRIS,&#X9;H. A. 2007. A
phase Ib study to assess the safety of lexatumumab, a human monoclonal
antibody that activates TRAIL-R2, in combination with gemcitabine,
pemetrexed, doxorubicin or FOLFIRI. - ASCO. J Clin Oncol, 25, abstr 14006.

SKIPPER, H. E. & PERRY, S. 1970. Kinetics of normal and leukemic leukocyte
populations and relevance to. Cancer Res, 30, 1883-97.

SLEE, E. A., ADRAIN, C. & MARTIN, S. J. 2001. Executioner caspase-3, -6, and -7
perform distinct, non-redundant roles during the demolition phase of apoptosis.
J Biol Chem, 276, 7320-6.

SMITH, M. R., JIN, F. & JOSHI, I. 2007. Bortezomib sensitizes non-Hodgkin's
lymphoma cells to apoptosis induced by antibodies to tumor necrosis factor
related apoptosis-inducing ligand (TRAIL) receptors TRAIL-R1 and TRAIL-R2.
Clin Cancer Res, 13, 5528s-5534s.

SONG, K., CHEN, Y., GOKE, R., WILMEN, A., SEIDEL, C., GOKE, A. & HILLIARD,
B. 2000. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is an
inhibitor of autoimmune inflammation and cell cycle progression. J Exp Med,
191, 1095-104.

SORIA, J. A., ARROYO, D. S., GAVIGLIO, E. A., RODRIGUEZ-GALAN, M. C,,
WANG, J. M. & IRIBARREN, P. 2011a. Interleukin 4 induces the apoptosis of

175



References

mouse microglial cells by a caspase-dependent mechanism. Neurobiol Dis, 43,
616-24.

SORIA, J. C., MARK, Z., ZATLOUKAL, P., SZIMA, B., ALBERT, I., JUHASZ, E.,
PUJOL, J. L., KOZIELSKI, J., BAKER, N., SMETHURST, D., HEI, Y. J,
ASHKENAZI, A., STERN, H., AMLER, L., PAN, Y. & BLACKHALL, F. 2011b.
Randomized phase Il study of dulanermin in combination with paclitaxel,
carboplatin, and bevacizumab in advanced non-small-cell lung cancer. J Clin
Oncol, 29, 4442-51.

SORIA, J. C., SMIT, E., KHAYAT, D., BESSE, B., YANG, X., HSU, C. P., REESE, D.,
WIEZOREK, J. & BLACKHALL, F. 2010. Phase 1b study of dulanermin
(recombinant human Apo2L/TRAIL) in combination with paclitaxel, carboplatin,
and bevacizumab in patients with advanced non-squamous non-small-cell
lung cancer. J Clin Oncol, 28, 1527-33.

SPIERINGS, D. C., DE VRIES, E. G., VELLENGA, E. & DE JONG, S. 2003. Loss of
drug-induced activation of the CD95 apoptotic pathway in a cisplatin-resistant
testicular germ cell tumor cell line. Cell Death Differ, 10, 808-22.

SPRICK, M. R., WEIGAND, M. A., RIESER, E., RAUCH, C. T., JUO, P., BLENIS, J.,
KRAMMER, P. H. & WALCZAK, H. 2000. FADD/MORT1 and caspase-8 are
recruited to TRAIL receptors 1 and 2 and are essential for apoptosis mediated
by TRAIL receptor 2. Immunity. United States.

STAGG, J., SHARKEY, J., POMMEY, S., YOUNG, R., TAKEDA, K., YAGITA, H.,
JOHNSTONE, R. W. & SMYTH, M. J. 2008. Antibodies targeted to TRAIL
receptor-2 and ErbB-2 synergize in vivo and induce. Proc Natl Acad Sci U S A,
105, 16254-9.

STENNICKE, H. R., JURGENSMEIER, J. M., SHIN, H., DEVERAUX, Q., WOLF, B.
B., YANG, X., ZHOU, Q., ELLERBY, H. M., ELLERBY, L. M., BREDESEN, D.,
GREEN, D. R., REED, J. C., FROELICH, C. J. & SALVESEN, G. S. 1998.
Pro-caspase-3 is a major physiologic target of caspase-8. J Biol Chem, 273,
27084-90.

STERN, H. M., PADILLA, M., WAGNER, K., AMLER, L. & ASHKENAZI, A. 2010.
Development of immunohistochemistry assays to assess GALNT14 and
FUT3/6 in clinical trials of dulanermin and drozitumab. Clin Cancer Res, 16,
1587-96.

STREBEL, A., BACHMANN, F., WERNLI, M. & ERB, P. 2002. Tumor necrosis factor-
related, apoptosis-inducing ligand supports growth of mouse mastocytoma
tumors by killing tumor-infiltrating macrophages. Int J Cancer, 100, 627-34.

SUBBIAH, V., BROWN, R. E., BURYANEK, J., TRENT, J., ASHKENAZI, A,
HERBST, R. & KURZROCK, R. 2012. Targeting the Apoptotic Pathway in
Chondrosarcoma Using Recombinant Human. Mol Cancer Ther, 11, 2541-6.

SUN, H., NIKOLOVSKA-COLESKA, Z., YANG, C. Y., XU, L., TOMITA, Y.,
KRAJEWSKI, K., ROLLER, P. P. & WANG, S. 2004. Structure-based design,
synthesis, and evaluation of conformationally constrained mimetics of the
second mitochondria-derived activator of caspase that target the X-linked
inhibitor of apoptosis protein/caspase-9 interaction site. J Med Chem, 47,
4147-50.

SUN, H., STUCKEY, J. A., NIKOLOVSKA-COLESKA, Z., QIN, D., MEAGHER, J. L.,
QlIU, S., LU, J., YANG, C. Y., SAITO, N. G. & WANG, S. 2008. Structure-
based design, synthesis, evaluation, and crystallographic studies of
conformationally constrained Smac mimetics as inhibitors of the X-linked
inhibitor of apoptosis protein (XIAP). J Med Chem, 51, 7169-80.

176



References

SUN, W. N,, D. ALBERTS, S. R. POORDAD, F. LEONG, S. TEITELBAUM, U. R.
WOODS, L. FOX, N. O'NEIL, B. H. 2011. Phase Ib study of mapatumumab in
combination with sorafenib in patients with advanced hepatocellular carcinoma
(HCC) and chronic viral hepatitis. - ASCO. J Clin Oncol, 29, abstr 261.

SYED, V., MUKHERJEE, K., GODOY-TUNDIDOR, S. & HO, S. M. 2007.
Progesterone induces apoptosis in TRAIL-resistant ovarian cancer cells by
circumventing c-FLIPL overexpression. J Cell Biochem, 102, 442-52.

TAIEB, J., CHAPUT, N., MENARD, C., APETOH, L., ULLRICH, E., BONMORT, M.,
PEQUIGNOT, M., CASARES, N., TERME, M., FLAMENT, C., OPOLON, P.,
LECLUSE, Y., METIVIER, D., TOMASELLO, E., VIVIER, E., GHIRINGHELLI,
F., MARTIN, F., KLATZMANN, D., POYNARD, T., TURSZ, T., RAPOSO, G.,
YAGITA, H., RYFFEL, B., KROEMER, G. & ZITVOGEL, L. 2006. A novel
dendritic cell subset involved in tumor immunosurveillance. Nat Med, 12, 214-
9.

TAKEDA, K., HAYAKAWA, Y., SMYTH, M. J., KAYAGAKI, N., YAMAGUCHI, N.,
KAKUTA, S., IWAKURA, Y., YAGITA, H. & OKUMURA, K. 2001. Involvement
of tumor necrosis factor-related apoptosis-inducing ligand in surveillance of
tumor metastasis by liver natural killer cells. Nat Med, 7, 94-100.

TAKEDA, K., YAMAGUCHI, N., AKIBA, H., KOJIMA, Y., HAYAKAWA, Y., TANNER,
J. E., SAYERS, T. J., SEKI, N., OKUMURA, K., YAGITA, H. & SMYTH, M. J.
2004. Induction of tumor-specific T cell immunity by anti-DR5 antibody therapy.
J Exp Med, 199, 437-48.

TAN, D. 2008. Morphoproteomics: a novel approach to identify potential therapeutic
targets in cancer patients. Int J Clin Exp Pathol, 1, 331-2.

TAN, K. L., SCOTT, D. W., HONG, F., KAHL, B. S., FISHER, R. I., BARTLETT, N. L.,
ADVANI, R. H., BUCKSTEIN, R., RIMSZA, L. M., CONNORS, J. M., STEIDL,
C., GORDON, L. I.,, HORNING, S. J. & GASCOYNE, R. D. 2012. Tumor-
associated macrophages predict inferior outcomes in classic Hodgkin
lymphoma: a correlative study from the E2496 Intergroup trial. Blood, 120,
3280-7.

TELANG, S., RASKU, M. A,, CLEM, A. L., CARTER, K., KLARER, A. C., BADGER,
W. R., MILAM, R. A, RAI, S. N., PAN, J.,, GRAGG, H., CLEM, B. F,,
MCMASTERS, K. M., MILLER, D. M. & CHESNEY, J. 2011. Phase Il trial of
the regulatory T cell-depleting agent, denileukin diftitox, in patients with
unresectable stage IV melanoma. BMC Cancer, 11, 515.

TENEV, T., BIANCHI, K., DARDING, M., BROEMER, M., LANGLAIS, C,,
WALLBERG, F., ZACHARIOU, A., LOPEZ, J., MACFARLANE, M., CAIN, K. &
MEIER, P. 2011. The Ripoptosome, a signaling platform that assembles in
response to genotoxic stress and loss of IAPs. Mol Cell, 43, 432-48.

THIGPEN, T., DUBOIS, A., MCALPINE, J., DISAIA, P., FUJIWARA, K., HOSKINS,
W., KRISTENSEN, G., MANNEL, R., MARKMAN, M., PFISTERER, J., QUINN,
M., REED, N., SWART, A. M., BEREK, J., COLOMBO, N., FREYER, G,
GALLARDO, D., PLANTE, M., POVEDA, A., RUBINSTEIN, L., BACON, M.,
KITCHENER, H. & STUART, G. C. 2011. First-line therapy in ovarian cancer
trials. Int J Gynecol Cancer. United States.

TODARO, M., LOMBARDO, Y., FRANCIPANE, M. G., ALEA, M. P., CAMMARERI,
P., IOVINO, F., DI STEFANO, A. B., DI BERNARDO, C., AGRUSA, A.,
CONDORELLI, G., WALCZAK, H. & STASSI, G. 2008. Apoptosis resistance in
epithelial tumors is mediated by tumor-cell-derived interleukin-4. Cell Death
Differ, 15, 762-72.

177



References

TOMEK, S., HORAK, P., PRIBILL, I., HALLER, G., ROSSLER, M., ZIELINSKI, C. C.,
PILS, D. & KRAINER, M. 2004. Resistance to TRAIL-induced apoptosis in
ovarian cancer cell lines is overcome by co-treatment with cytotoxic drugs.
Gynecol Oncol, 94, 107-14.

TONE, Y., FURUUCHI, K., KOJIMA, Y., TYKOCINSKI, M. L., GREENE, M. |. &
TONE, M. 2008. Smad3 and NFAT cooperate to induce Foxp3 expression
through its enhancer. Nat Immunol, 9, 194-202.

TOTHILL, R. W., TINKER, A. V., GEORGE, J., BROWN, R., FOX, S. B., LADE, S,,
JOHNSON, D. S., TRIVETT, M. K., ETEMADMOGHADAM, D., LOCANDRO,
B., TRAFICANTE, N., FEREDAY, S., HUNG, J. A., CHIEW, Y. E., HAVIV, I,
AUSTRALIAN OVARIAN CANCER STUDY, G., GERTIG, D., DEFAZIO, A. &
BOWTELL, D. D. 2008. Novel molecular subtypes of serous and endometrioid
ovarian cancer linked to clinical outcome. Clin Cancer Res, 14, 5198-208.

TRAENCKNER, E. B., WILK, S. & BAEUERLE, P. A. 1994. A proteasome inhibitor
prevents activation of NF-kappa B and stabilizes a newly phosphorylated form
of | kappa B-alpha that is still bound to NF-kappa B. EMBO J, 13, 5433-41.

TRAN, D. Q., RAMSEY, H. & SHEVACH, E. M. 2007. Induction of FOXP3 expression
in naive human CD4+FOXP3 T cells by T-cell receptor stimulation is
transforming growth factor-beta dependent but does not confer a regulatory
phenotype. Blood, 110, 2983-90.

TUTHILL, M., CROOK, T., CORBET, T., KING, J. & WEBB, A. 2009. Rapid infusion
of rituximab over 60 min. Eur J Haematol, 82, 322-5.

TZIVION, G., DOBSON, M. & RAMAKRISHNAN, G. 2011. FoxO transcription factors;
Regulation by AKT and 14-3-3 proteins. Biochim Biophys Acta, 1813, 1938-45.

ULLENHAG, G. J., MUKHERJEE, A., WATSON, N. F., AL-ATTAR, A. H.,
SCHOLEFIELD, J. H. & DURRANT, L. G. 2007. Overexpression of FLIPL is
an independent marker of poor prognosis in colorectal cancer patients. Clin
Cancer Res, 13, 5070-5.

UNTERKIRCHER, T., CRISTOFANON, S., VELLANKI, S. H.,, NONNENMACHER, L.,
KARPEL-MASSLER, G., WIRTZ, C. R., DEBATIN, K. M. & FULDA, S. 2011.
Bortezomib primes glioblastoma, including glioblastoma stem cells, for TRAIL
by increasing tBid stability and mitochondrial apoptosis. Clin Cancer Res, 17,
4019-30.

VAN DER SLOOT, A. M., TUR, V., SZEGEZDI, E., MULLALLY, M. M., COOL, R. H,,
SAMALI, A., SERRANO, L. & QUAX, W. J. 2006. Designed tumor necrosis
factor-related apoptosis-inducing ligand variants initiating apoptosis
exclusively via the DR5 receptor. Proc Natl Acad Sci U S A, 103, 8634-9.

VAN GEELEN, C. M., WESTRA, J. L., DE VRIES, E. G., BOERSMA-VAN EK, W.,
ZWART, N., HOLLEMA, H., BOEZEN, H. M., MULDER, N. H., PLUKKER, J.
T., DE JONG, S., KLEIBEUKER, J. H. & KOORNSTRA, J. J. 2006. Prognostic
significance of tumor necrosis factor-related apoptosis-inducing ligand and its
receptors in adjuvantly treated stage Ill colon cancer patients. J Clin Oncol, 24,
4998-5004.

VANDENABEELE, P., GALLUZZI, L., VANDEN BERGHE, T. & KROEMER, G. 2010.
Molecular mechanisms of necroptosis: an ordered cellular explosion. Nat Rev
Mol Cell Biol, 11, 700-14.

VARFOLOMEEV, E., BLANKENSHIP, J. W., WAYSON, S. M., FEDOROVA, A. V,,
KAYAGAKI, N., GARG, P., ZOBEL, K., DYNEK, J. N., ELLIOTT, L. O,
WALLWEBER, H. J., FLYGARE, J. A., FAIRBROTHER, W. J., DESHAYES,
K., DIXIT, V. M. & VUCIC, D. 2007. IAP antagonists induce autoubiquitination

178



References

of c-IAPs, NF-kappaB activation, and TNFalpha-dependent apoptosis. Cell,
131, 669-81.

VAUGHAN, S., COWARD, J. I., BAST, R. C., JR., BERCHUCK, A., BEREK, J. S.,
BRENTON, J. D., COUKOS, G., CRUM, C. C., DRAPKIN, R,
ETEMADMOGHADAM, D., FRIEDLANDER, M., GABRA, H., KAYE, S. B,
LORD, C. J., LENGYEL, E., LEVINE, D. A., MCNEISH, I. A.,, MENON, U.,
MILLS, G. B., NEPHEW, K. P., OZA, A. M., SOOD, A. K., STRONACH, E. A,,
WALCZAK, H., BOWTELL, D. D. & BALKWILL, F. R. 2011. Rethinking ovarian
cancer: recommendations for improving outcomes. Nat Rev Cancer, 11, 719-
25.

VERGOTE, I., TROPE, C. G., AMANT, F., KRISTENSEN, G. B., EHLEN, T,
JOHNSON, N., VERHEIJEN, R. H., VAN DER BURG, M. E., LACAVE, A. J.,
PANICI, P. B., KENTER, G. G., CASADO, A., MENDIOLA, C., COENS, C,,
VERLEYE, L., STUART, G. C., PECORELLI, S., REED, N. S., EUROPEAN
ORGANIZATION FOR RESEARCH AND TREATMENT OF CANCER-
GYNAECOLOGICAL CANCER, G. & GROUP, N. C. T. 2010. Neoadjuvant
chemotherapy or primary surgery in stage IlIC or IV ovarian cancer. N Engl J
Med, 363, 943-53.

VERHAGEN, A. M., EKERT, P. G., PAKUSCH, M., SILKE, J., CONNOLLY, L. M.,
REID, G. E., MORITZ, R. L., SIMPSON, R. J. & VAUX, D. L. 2000.
Identification of DIABLO, a mammalian protein that promotes apoptosis by
binding to and antagonizing IAP proteins. Cell, 102, 43-53.

VERMELWJ, R., LEFFERS, N., HOOGEBOOM, B. N., HAMMING, I. L., WOLF, R,
REYNERS, A. K., MOLMANS, B. H., HOLLEMA, H., BART, J., DRIJFHOUT, J.
W., OOSTENDORP, J., VAN DER ZEE, A. G., MELIEF, C. J., VAN DER
BURG, S. H., DAEMEN, T. & NIJMAN, H. W. 2011. Potentiation of a p53-SLP
vaccine by cyclophosphamide in ovarian cancer: A single-arm phase |l study.
Int J Cancer.

VIGNALI, D. A., COLLISON, L. W. & WORKMAN, C. J. 2008. How regulatory T cells
work. Nat Rev Immunol, 8, 523-32.

VILIMANOVICH, U. & BUMBASIREVIC, V. 2008. TRAIL induces proliferation of
human glioma cells by c-FLIPL-mediated activation of ERK1/2. Cell Mol Life
Sci, 65, 814-26.

VINCE, J. E., WONG, W. W., KHAN, N., FELTHAM, R., CHAU, D., AHMED, A. U,,
BENETATOS, C. A, CHUNDURU, S. K., CONDON, S. M., MCKINLAY, M.,
BRINK, R., LEVERKUS, M., TERGAONKAR, V., SCHNEIDER, P., CALLUS,
B. A.,, KOENTGEN, F., VAUX, D. L. & SILKE, J. 2007. IAP antagonists target
clAP1 to induce TNFalpha-dependent apoptosis. Cell, 131, 682-93.

VOGLER, M., WALCZAK, H., STADEL, D., HAAS, T. L., GENZE, F., JOVANOVIC,
M., BHANOT, U., HASEL, C., MOLLER, P., GSCHWEND, J. E., SIMMET, T.,
DEBATIN, K. M. & FULDA, S. 2009. Small molecule XIAP inhibitors enhance
TRAIL-induced apoptosis and antitumor activity in preclinical models of
pancreatic carcinoma. Cancer Res, 69, 2425-34.

VOGLER, M., WALCZAK, H., STADEL, D., HAAS, T. L., GENZE, F., JOVANOVIC,
M., GSCHWEND, J. E., SIMMET, T., DEBATIN, K. M. & FULDA, S. 2008.
Targeting XIAP bypasses Bcl-2-mediated resistance to TRAIL and cooperates
with TRAIL to suppress pancreatic cancer growth in vitro and in vivo. Cancer
Res, 68, 7956-65.

VOLKMANN, J., REUNING, U., RUDELIUS, M., HAFNER, N., SCHUSTER, T., AB, V.
R., WEIMER, J., HILPERT, F., KIECHLE, M., DURST, M., ARNOLD, N.,
SCHMALFELDT, B., MEINDL, A. & RAMSER, J. 2012. High expression of

179



References

crystallin alphaB represents an independent molecular marker for
unfavourable ovarian cancer patient outcome and impairs TRAIL- and
cisplatin-induced apoptosis in human ovarian cancer cells. Int J Cancer.

VON PAWEL, J. H., J. H. SPIGEL,D. R. DEDIU, M. RECK, M. CEBOTARU, C. L.
KUMM, E. GALLANT, G. FOX, N. CAMIDGE.D. R 2010. A randomized
phase Il trial of mapatumumab, a TRAIL-R1 agonist monoclonal antibody, in
combination with carboplatin and paclitaxel in patients with advanced NSCLC.
- ASCO. J Clin Oncol, 28, abstr LBA7501.

VUCIC, D. & FAIRBROTHER, W. J. 2007. The inhibitor of apoptosis proteins as
therapeutic targets in cancer. Clin Cancer Res, 13, 5995-6000.

WAGNER, K. W., PUNNOOSE, E. A., JANUARIO, T., LAWRENCE, D. A,, PITTI, R.
M., LANCASTER, K., LEE, D., VON GOETZ, M., YEE, S. F., TOTPAL, K.,
HUW, L., KATTA, V., CAVET, G., HYMOWITZ, S. G., AMLER, L. &
ASHKENAZI, A. 2007. Death-receptor O-glycosylation controls tumor-cell
sensitivity to the proapoptotic ligand Apo2L/TRAIL. Nat Med, 13, 1070-7.

WAHL, H., TAN, L., GRIFFITH, K., CHOI, M. & LIU, J. R. 2007. Curcumin enhances
Apo2L/TRAIL-induced apoptosis in chemoresistant ovarian cancer cells.
Gynecol Oncol, 105, 104-12.

WAKELEE, H. A., PATNAIK, A., SIKIC, B. I, MITA, M., FOX, N. L., MICELI, R,,
ULLRICH, S. J., FISHER, G. A. & TOLCHER, A. W. 2010. Phase | and
pharmacokinetic study of lexatumumab (HGS-ETR2) given every 2 weeks in
patients with advanced solid tumors. Ann Oncol, 21, 376-81.

WALCZAK, H., DEGLI-ESPOSTI, M. A., JOHNSON, R. S., SMOLAK, P. J., WAUGH,
J. Y., BOIANI, N., TIMOUR, M. S., GERHART, M. J., SCHOOLEY, K. A.,
SMITH, C. A.,, GOODWIN, R. G. & RAUCH, C. T. 1997. TRAIL-R2: a novel
apoptosis-mediating receptor for TRAIL. EMBO J, 16, 5386-97.

WALCZAK, H., MILLER, R. E., ARIAIL, K., GLINIAK, B., GRIFFITH, T. S., KUBIN, M.,
CHIN, W., JONES, J., WOODWARD, A., LE, T., SMITH, C., SMOLAK, P.,
GOODWIN, R. G., RAUCH, C. T., SCHUH, J. C. L. & LYNCH, D. H. 1999.
Tumoricidal activity of tumor necrosis factor-related apoptosis-inducing ligand
in vivo. Nat Med, 5, 157-163.

WALKER, M. R., KASPROWICZ, D. J., GERSUK, V. H., BENARD, A., VAN
LANDEGHEN, M., BUCKNER, J. H. & ZIEGLER, S. F. 2003. Induction of
FoxP3 and acquisition of T regulatory activity by stimulated human
CD4+CD25- T cells. J Clin Invest, 112, 1437-43.

WANG, J., IOAN-FACSINAY, A., VAN DER VOORT, E. I., HUIZINGA, T. W. & TOES,
R. E. 2007. Transient expression of FOXP3 in human activated nonregulatory
CD4+ T cells. Eur J Immunol, 37, 129-38.

WANG, S. H., CHEN, G. H., FAN, Y., VAN ANTWERP, M. & BAKER, J. R., JR. 2009.
Tumor necrosis factor-related apoptosis-inducing ligand inhibits experimental
autoimmune thyroiditis by the expansion of CD4+CD25+ regulatory T cells.
Endocrinology, 150, 2000-7.

WANG, Y., CAMIRAND, G., LIN, Y., FROICU, M., DENG, S., SHLOMCHIK, W. D.,
LAKKIS, F. G. & ROTHSTEIN, D. M. 2011. Regulatory T cells require
mammalian target of rapamycin signaling to maintain both homeostasis and
alloantigen-driven proliferation in lymphocyte-replete mice. J Immunol, 186,
2809-18.

WASHBURN, B., WEIGAND, M. A., GROSSE-WILDE, A., JANKE, M., STAHL, H.,
RIESER, E., SPRICK, M. R., SCHIRRMACHER, V. & WALCZAK, H. 2003.
TNF-related apoptosis-inducing ligand mediates tumoricidal activity of human.
J Immunol, 170, 1814-21.

180



References

WEINREICH, M. A., TAKADA, K., SKON, C., REINER, S. L., JAMESON, S. C. &
HOGQUIST, K. A. 2009. KLF2 transcription-factor deficiency in T cells results
in unrestrained cytokine production and upregulation of bystander chemokine
receptors. Immunity, 31, 122-30.

WIEGAND, K. C., SHAH, S. P., AL-AGHA, O. M., ZHAO, Y., TSE, K., ZENG, T.,
SENZ, J., MCCONECHY, M. K., ANGLESIO, M. S., KALLOGER, S. E., YANG,
W., HERAVI-MOUSSAVI, A., GIULIANY, R., CHOW, C., FEE, J., ZAYED, A.,
PRENTICE, L., MELNYK, N., TURASHVILI, G., DELANEY, A. D., MADORE,
J., YIP, S., MCPHERSON, A. W., HA, G,, BELL, L., FEREDAY, S., TAM, A.,
GALLETTA, L., TONIN, P. N., PROVENCHER, D., MILLER, D., JONES, S. J.,
MOORE, R. A., MORIN, G. B., OLOUMI, A., BOYD, N., APARICIO, S. A,
SHIH IE, M., MES-MASSON, A. M., BOWTELL, D. D., HIRST, M., GILKS, B.,
MARRA, M. A. & HUNTSMAN, D. G. 2010. ARID1A mutations in
endometriosis-associated ovarian carcinomas. N Engl J Med, 363, 1532-43.

WILDIN, R. S., RAMSDELL, F., PEAKE, J., FARAVELLI, F., CASANOVA, J. L.,
BUIST, N., LEVY-LAHAD, E., MAZZELLA, M., GOULET, O., PERRONI, L.,
BRICARELLI, F. D., BYRNE, G., MCEUEN, M., PROLL, S., APPLEBY, M. &
BRUNKOW, M. E. 2001. X-linked neonatal diabetes mellitus, enteropathy and
endocrinopathy syndrome is the human equivalent of mouse scurfy. Nat Genet,
27, 18-20.

WILEY, S. R., SCHOOLEY, K., SMOLAK, P. J., DIN, W. S., HUANG, C. P,
NICHOLL, J. K., SUTHERLAND, G. R., SMITH, T. D., RAUCH, C., SMITH, C.
A. & ET AL. 1995. Identification and characterization of a new member of the
TNF family that induces apoptosis. Immunity, 3, 673-82.

WILLIAMS, L. M. & RUDENSKY, A. Y. 2007. Maintenance of the Foxp3-dependent
developmental program in mature regulatory T cells requires continued
expression of Foxp3. Nat Immunol, 8, 277-84.

WILSON, N. S., YANG, A., YANG, B., COUTO, S., STERN, H., GOGINENI, A., PITTI,
R., MARSTERS, S., WEIMER, R. M., SINGH, M. & ASHKENAZI, A. 2012.
Proapoptotic activation of death receptor 5 on tumor endothelial cells disrupts
the vasculature and reduces tumor growth. Cancer Cell, 22, 80-90.

WILSON, N. S., YANG, B., YANG, A.,, LOESER, S., MARSTERS, S., LAWRENCE,
D, LY., PITTI, R.,, TOTPAL, K,, YEE, S., ROSS, S., VERNES, J. M., LU, Y.,
ADAMS, C., OFFRINGA, R., KELLEY, B., HYMOWITZ, S., DANIEL, D.,
MENG, G. & ASHKENAZI, A. 2011. An Fcgamma receptor-dependent
mechanism drives antibody-mediated target-receptor signaling in cancer cells.
Cancer Cell, 19, 101-13.

WING, K., ONISHI, Y., PRIETO-MARTIN, P., YAMAGUCHI, T., MIYARA, M,
FEHERVARI, Z., NOMURA, T. & SAKAGUCHI, S. 2008. CTLA-4 control over
Foxp3+ regulatory T cell function. Science, 322, 271-5.

WIRNSBERGER, G., MAIR, F. & KLEIN, L. 2009. Regulatory T cell differentiation of
thymocytes does not require a dedicated antigen-presenting cell but is under T
cell-intrinsic developmental control. Proc Natl Acad Sci U S A, 106, 10278-83.

WOHLFERT, E. A., GORELIK, L., MITTLER, R., FLAVELL, R. A. & CLARK, R. B.
2006. Cutting edge: deficiency in the E3 ubiquitin ligase Cbl-b results in a
multifunctional defect in T cell TGF-beta sensitivity in vitro and in vivo. J
Immunol, 176, 1316-20.

WU, G., CHAI, J., SUBER, T. L., WU, J. W., DU, C., WANG, X. & SHI, Y. 2000.
Structural basis of IAP recognition by Smac/DIABLO. Nature, 408, 1008-12.

WU, G. S., BURNS, T. F., MCDONALD, E. R., 3RD, JIANG, W., MENG, R., KRANTZ,
l. D., KAO, G., GAN, D. D., ZHOU, J. Y., MUSCHEL, R., HAMILTON, S. R,,

181



References

SPINNER, N. B., MARKOWITZ, S., WU, G. & EL-DEIRY, W. S. 1997.
KILLER/DR5 is a DNA damage-inducible p53-regulated death receptor gene.
Nat Genet, 17, 141-3.

WU, H., TSCHOPP, J. & LIN, S. C. 2007. Smac mimetics and TNFalpha: a
dangerous liaison? Cell, 131, 655-8.

YANG, J. Y. & HUNG, M. C. 2009. A new fork for clinical application: targeting
forkhead transcription factors in cancer. Clin Cancer Res, 15, 752-7.

YANG, Y., FANG, S., JENSEN, J. P., WEISSMAN, A. M. & ASHWELL, J. D. 2000.
Ubiquitin protein ligase activity of IAPs and their degradation in proteasomes
in response to apoptotic stimuli. Science, 288, 874-7.

YOUNES, A., VOSE, J. M., ZELENETZ, A. D., SMITH, M. R., BURRIS, H. A,
ANSELL, S. M., KLEIN, J., HALPERN, W., MICELI, R., KUMM, E., FOX, N. L.
& CZUCZMAN, M. S. 2010a. A Phase 1b/2 trial of mapatumumab in patients
with relapsed/refractory. Br J Cancer, 103, 1783-7.

YOUNES, A., VOSE, J. M., ZELENETZ, A. D., SMITH, M. R., BURRIS, H. A,
ANSELL, S. M., KLEIN, J., HALPERN, W., MICELI, R., KUMM, E., FOX, N. L.
& CZUCZMAN, M. S. 2010b. A Phase 1b/2 trial of mapatumumab in patients
with relapsed/refractory non-Hodgkin's lymphoma. Br J Cancer, 103, 1783-
1787.

ZEBROWSKI, B. K., LIU, W., RAMIREZ, K., AKAGI, Y., MILLS, G. B. & ELLIS, L. M.
1999. Markedly elevated levels of vascular endothelial growth factor in
malignant ascites. Ann Surg Oncol, 6, 373-8.

ZHANG, L., CONEJO-GARCIA, J. R., KATSAROS, D., GIMOTTY, P. A,
MASSOBRIO, M., REGNANI, G., MAKRIGIANNAKIS, A., GRAY, H,
SCHLIENGER, K., LIEBMAN, M. N., RUBIN, S. C. & COUKOS, G. 2003.
Intratumoral T cells, recurrence, and survival in epithelial ovarian cancer. N
Engl J Med, 348, 203-13.

ZHENG, Y., JOSEFOWICZ, S. Z., KAS, A., CHU, T. T., GAVIN, M. A. & RUDENSKY,
A. Y. 2007. Genome-wide analysis of Foxp3 target genes in developing and
mature regulatory T cells. Nature, 445, 936-40.

ZHENG, Y. & RUDENSKY, A. Y. 2007. Foxp3 in control of the regulatory T cell
lineage. Nat Immunol, 8, 457-62.

ZITVOGEL, L., KEPP, O. & KROEMER, G. 2010. Decoding cell death signals in
inflammation and immunity. Cell, 140, 798-804.

ZOBEL, K., WANG, L., VARFOLOMEEV, E., FRANKLIN, M. C., ELLIOTT, L. O,,
WALLWEBER, H. J., OKAWA, D. C., FLYGARE, J. A., VUCIC, D,
FAIRBROTHER, W. J. & DESHAYES, K. 2006. Design, synthesis, and
biological activity of a potent Smac mimetic that sensitizes cancer cells to
apoptosis by antagonizing IAPs. ACS Chem Biol, 1, 525-33.

182



	Integrating immune cell functions and apoptosis-based therapies for the treatment of ovarian cancer
	Abstract
	Declarations
	Acknowledgements
	Chapter 1. Introduction
	1.1 Ovarian cancer
	1.1.1 The pathology of ovarian cancer
	1.1.2 The origins of ovarian cancer
	1.1.3 The molecular classification of ovarian cancer
	1.1.4 The management of ovarian cancer
	1.1.5 Second line therapies for ovarian cancer
	1.1.6 Ovarian cancer ascites
	1.1.7  Harnessing the immune system to treat patients with ovarian cancer
	1.1.8 The effect of immune cells on the prognosis of patients with ovarian cancer
	1.1.9 Regulatory T cell development
	1.1.10 The regulation of Foxp3
	1.1.11 A role for PI3 kinase signalling, Foxo factors and Klf2 in Treg cell development
	1.1.12 Overcoming the adverse effects of regulatory T cells in ovarian cancer
	1.1.13 Treg cell depletion
	1.1.14 Treg cell reprogramming
	1.1.15 Integrating immune cell functions and apoptosis-based therapies for the treatment of ovarian cancer

	1.2 TRAIL
	1.2.1 The role of TRAIL within the immune system
	1.2.2 TRAIL signalling
	1.2.3 The effect of TRAIL-R and TRAIL on the prognosis of patients with cancer
	1.2.4 Clinical TRAIL receptor agonistic drugs
	1.2.5 Recombinant Apo2L/TRAIL/dulanermin
	1.2.6 TRAIL-R1-specific antibodies
	1.2.7 TRAIL-R2-specific antibodies
	1.2.8 TRAIL as a treatment for ovarian cancer
	1.2.9 The future of TRAIL-R agonistic drugs
	1.2.10 Overcoming TRAIL resistance in ovarian cancer
	1.2.11 The combination of TRAIL and Bortezomib as a potential treatment for ovarian cancer
	1.2.12 Enhancing TRAIL sensitivity by inhibiting IAP proteins
	1.2.13 Overcoming TRAIL resistance in the ovarian cancer clinic


	Chapter 2. Materials and Methods
	2.1 Materials
	2.1.1 Chemicals and reagents
	2.1.2 Specific inhibitors    Source
	2.1.3 Buffers and solutions
	2.1.4 Biological agents and chemotherapy
	2.1.5 Antibodies
	2.1.6 Conjugated antibodies
	2.1.7 Commercial detection and isolation systems and reagents
	2.1.8 Instruments
	2.1.9 Laboratory materials
	2.1.10 Cell lines
	2.1.11 Cell line culturing conditions
	2.1.12 Freezing and thawing of eukaryotic cells

	2.2 Methods
	2.2.1 Transfection of 293T cells and retrovirus production
	2.2.2 Retroviral vectors
	2.2.3 Mouse strains, cell sorting, culture and retroviral infections
	2.2.4 SiRNA transfection of mouse lymphocytes
	2.2.5 Isolation, purification and culture of CD45+ immune and EpCAM+ tumour cells from ovarian cancer ascites
	2.2.6 FACS analysis
	2.2.7 Statistical analysis
	2.2.8 SMAC mimetics
	2.2.9 Cell death assays
	2.2.10 Cell viability assays
	2.2.11 TRAIL-R specific antibodies and synthesis of recombinant forms of TRAIL
	2.2.12 Culture of primary human hepatocytes

	2.3 Molecular Biology
	2.3.1 DNA digestion and restriction analysis
	2.3.2 Agarose gel electrophoresis of nucleic acids
	2.3.3 Gel extraction of DNA fragments
	2.3.4 qRT-PCR
	2.3.5 Determination of protein content
	2.3.6 Immunoprecipitation of caspase-8 and TRAIL-R2
	2.3.7 SDS-PAGE and Western Blotting
	2.3.8 Enzyme-Linked Immuno Sorbent Assay (ELISA)


	Chapter 3.  A role for Foxo and Klf2 transcription factors in the regulation of Foxp3
	3.1 A role for Foxo factors in the regulation of Foxp3
	3.1.1 Overexpression of Foxo3a promotes the expression of Foxp3 in activated CD4 T cells
	3.1.2 The expression of constitutively active Foxo3 partially restores TGFβ mediated Foxp3 expression in PTEN deficient CD4 T cells
	3.1.3 Foxo factors are not required for the maintenance of established Foxp3 expression in natural Treg cells
	3.1.4 A role for Klf2 in the regulation of Foxp3
	3.1.5 GFP-KLF2 antagonises established Foxp3 expression in nTreg cells
	3.1.6 Klf2 antagonises Foxp3 expression through a TGFβ signalling independent mechanism
	3.1.7 Klf2 deficient CD4 thymocytes do not express Foxp3 in response to PI3K inhibition or TGFβ


	Chapter 4. A role for TRAIL in the treatment of ovarian cancer
	4.1.1 Ovarian cancer cells express TRAIL receptors
	4.1.2 A role for SMAC mimetics in the treatment of ovarian cancer cells with TRAIL
	4.1.3 TRAIL-resistant ovarian cancer cell lines can be sensitised to TRAIL-induced cell death by proteasome inhibition
	4.1.4 The depletion of CD45+ immune cells leads to the enrichment of EpCAM+ tumour cells from ovarian cancer ascites
	4.1.5 The sensitivity of primary ovarian cancer cells to iz-TRAIL
	4.1.6 The effect of the proteasome inhibitor PS-341 on the sensitivity of ovarian cancer cells to TRAIL
	4.1.7 SM-83 and iz-TRAIL synergise to potently kill primary ovarian cancer cells
	4.1.8 SM-83 and PS-341 can sensitise immune cells to TRAIL-induced apoptosis
	4.1.9 SM-83 or PS-341 with TRAIL induce apoptosis in primary ovarian cancer cells
	4.1.10 The effect of chemotherapy on the sensitivity of primary ovarian cancer cells to iz-TRAIL
	4.1.11 The effect of immune subsets within the tumour microenvironment on the sensitivity of ovarian cancer cells to TRAIL

	Chapter 5. TRAIL-R2-specific antibodies and recombinant TRAIL can synergise to kill cancer cells
	5.1.1 The ovarian cancer tumour microenvironment contains FcγR-expressing immune cells with the potential to crosslink TRAIL-R2-specific antibodies.
	5.1.2 Ascites-derived immune cells are inefficient enablers of FcγR-dependent TRAIL-R2-mediated apoptosis
	5.2 AMG 655 enhances TRAIL/Apo2L-induced cell death
	5.2.1 The combination of AMG 655 and Apo2L/TRAIL is highly efficient at inducing apoptosis in primary ovarian cancer cells
	5.2.2 The combination of AMG 655 and Apo2L/TRAIL is not toxic to primary human hepatocytes


	Chapter 6. Discussion and conclusions
	6.1 Chapter 3: A role for Foxo3 and Klf2 in the regulation of Foxp3: Discussion and conclusions
	6.2 Chapter 4:  A role for TRAIL in the treatment of ovarian cancer. Discussion and conclusions
	6.2.1 The effect of PS-341 and SM-83 on the sensitivity of ovarian cancer cells to TRAIL
	6.2.2 The effect of immune subsets within the tumour microenvironment on the sensitivity of ovarian cancer cells to TRAIL

	6.3 Chapter 5:  A role for TRAIL in the treatment of ovarian cancer. Discussion and conclusions
	6.3.1 Ascites-derived immune cells as enablers of FcγR-dependent TRAIL-R2-mediated apoptosis
	6.3.2 The combination of AMG 655 and Apo2L/TRAIL is highly efficient at inducing apoptosis in primary ovarian cancer cells


	Chapter 7. Appendix
	7.1 Abbreviations
	7.2 List of Tables
	7.3 List of Figures

	References

