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"Den vagen som jag aker pa, den &ar krokig och dan,
det hdnder att jag stannar till ibland, men jag tar mig
anda fram”

(Jumper, 1996)



ABSTRACT

Neuroblastoma (NB) is an embryonal tumor of early childhood arising in tissues of
the sympathetic nervous system, such as the adrenal gland and paraspinal ganglia. It is
the most common extra-cranial solid tumor of childhood, and 10-20 children are
diagnosed with NB each year in Sweden. The overall survival rate is about 70%, but
50% of the children in the high-risk group succumb in spite of intense multimodal
therapy. This warrants the search for alternative treatment strategies. One upcoming
treatment option is immunotherapy, which represents a specific treatment modality
with the possibility of minimizing long-term side effects in survivors.

Cellular therapies for NB have previously been discouraged due to the notion that NB
is a tumor of low immunogenicity. This thesis demonstrates that differentiating agents
alter the immune phenotype of primary NB tumors and cell lines such as to enhance
the expression of classical HLA molecules and the adhesion molecule ICAM-1. This
was paralleled by an increased ability of differentiated NB cells to bind granzyme B at
the cell surface and translated into enhanced killing by natural killer (NK) cells and
T-cells. These results argue in favor of differentiation and cellular immunotherapy as
a combined auxiliary approach for NB patients (paper I). Furthermore, the work
presented in this thesis demonstrates that tumor-non-specific activated cytotoxic T
lymphocytes (CTLs) release effector molecules which facilitate immune-mediated
recognition of NB. Effector molecules from CTLs upregulated HLA class I, ICAM-1
and Fas at the cell surface and restored the expression and activity of caspase-8 in
primary NB tumors and cell lines. This rendered NB cells more susceptible to death
receptor-mediated killing (paper II).

This thesis also demonstrates that primary human NB samples, representing all
genetical subtypes, harbor tumor-infiltrating T-cells which proliferate in situ. Tumor-
infiltrating lymphocytes were preferentially CD8", expressed high levels of the
activation marker CD25 and exhibited a phenotype of memory cells. Autologous
peripheral blood lymphocytes were exposed to tumor cells in vitro and their
production of IFN-y and TNF-a was increased, while an activated phenotype was
obtained. This indicates that human NB cells do not prevent the generation of active
T-cell responses (paper I1I). In the transgenic TH-MY CN mouse model of NB, tumor-
associated inflammation was investigated and NB tumor progression was shown to be
paralleled by a gradual suppression of intratumoral T-cell responses in favor of
immature cells of the innate immune system. Anti-inflammatory treatment with low-
dose aspirin displayed a promising efficacy in delaying tumor outgrowth with a
concomitant abrogation of an inflammatory switch (paper IV).

Taken together, the work presented in this thesis demonstrates that NB can serve as a
proper target for cellular immunotherapy. It argues for an early implementation of
immunotherapy in clinical protocols, where differentiating agents and/or the attraction
of activated CTLs to the NB microenvironment could enhance immune-mediated
tumor recognition.
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1 NEUROBLASTOMA

In 1864, the German pathologist Rudolf Virchow described nodular structures arising
in the adrenal medulla that contained cells of the sympathetic nervous system [1]. This
is believed to be the first description of neuroblastoma (NB), but the disease was first
designated by its name in 1910 by Wright [2]. Ever since, NB has fascinated
researchers around the world and still today remains a biological mystery in several
aspects.

Fifty percent of NBs arise in the adrenal medulla, and the remaining half originates in
abdominal and/or thoracic paraspinal sympathetic ganglia [3] (Figure 1). In Sweden,
10-20 children are diagnosed with NB every year [4-5]. The median age at diagnosis is
18 months [4], and NB accounts for 6% of all childhood cancers but 9% of all pediatric
cancer deaths in Sweden [5]. The 5-year overall survival rate for all children diagnosed
with NB in Sweden during 2000-2008 was 74.1%, but as low as 54.5% for high-risk
patients (staging of patients further discussed in section 1.3) [4].

Figure 1. Localisation of
neuroblastoma.
Neuroblastoma primary
tumors derived from the
neural crest arise in the
sympathetic nervous system
including the adrenal
medulla, sympathetic ganglia
and paraganglia.
Neuroblastomas mainly
metastasize to lymph nodes,
bone and bone marrow, and
in infants also spread to liver
and subcutaneous tissue.

Reprinted with kind
permission from Springer
Science and Business Media.
Johnsen ef al., Embryonal
neural tumours and cell
death. Apoptosis, 14:424-
438, 2009.

1.1 THE BIOLOGY OF NEUROBLASTOMA

NB is an embryonal tumor derived from immature precursor cells present in the neural
crest. This is a transient structure present during development which harbors
multipotent progenitor cells that will give rise to diverse mature cell populations such
as melanocytes and cells of the peripheral nervous system. During the development of
the nervous system, the balance between apoptosis and proliferation is tightly
regulated, and a deregulation in this process could promote transformation towards the
development of NB [6]. Yet no single causative agent has so far been identified for NB.
It was recently demonstrated that familial NBs (1-2% of all cases) with autosomal
dominant inheritance were dependent on activating mutations in the anaplastic



lymphoma kinase (4LK) oncogene [7]. Similarly, somatic mutations leading to ALK
activation were detected in 5-15% of sporadic NBs [7-8]. Germline mutations in
PHOX2B also predispose to NB, and may present in combination with central
hypoventilation and Hirschsprung’s disease [9]. Loss of the tumor suppressor NF'/
occurs in the genetic syndrome neurofibromatosis, and this condition is also associated
with an increased risk of developing NB [10-11]. Intriguingly, children with Down’s
syndrome do not develop NB [11].

Divergent biological features of NB underlie the heterogeneous clinical course seen in
NB patients. Symptoms are largely variable and depend on the location and the pattern
of metastatic spread of the tumor [12], and approximately 40% of NB patients display
metastatic disease at diagnosis [4]. The outcome of the disease covers all ranges, from
spontaneous regression of tumors with certain favorable features, to treatment-resistant
phenotypes with fatal outcome in spite of intense multimodal therapy. Approximately
5-10% of detected NBs undergo regression completely without therapeutic
intervention, which is the highest rate observed in all human cancers. The regression
may lead to complete disappearance of disease or maturation of the tumor into a
ganglioneuroma [3, 13-14]. Furthermore, NB in situ is a subclinical tumor-like
condition in the adrenal medulla with unproven relation to clinical NB and detectable in
1/250 newborns dying from non-neoplastic causes [15]. Screening for NB, by
biochemical detection of catecholamine metabolites in the urine of healthy infants, was
shown to increase the detection rate of early NB without decreasing the number of late
aggressive tumors or the total number of deaths from NB [16-17].

Underlying mechanisms for the spontaneous regression of NB are still not completely
understood, but differentiation via nerve growth factor (NGF) /trkA signaling or
immunological mechanisms have been proposed [18-19].

1.2 PROGNOSTIC FACTORS

The age of the patient and the clinical stage of the disease have since long been known
to correlate well to the outcome in NB patients [20]. In a consensus report by the
International Neuroblastoma Risk Group (INRG) in 2009, age above 18 months was
proposed as a cut-off for classifying certain patients into higher risk groups [21].
Apart from that, basic research has contributed to disclosing molecular, genetical and
histological patterns that all aid in predicting the behavior of the tumor and the
individual need for treatment in NB patients [3, 21].

Amplification of the MYCN oncogene remains one of the most important prognostic
factors in NB. Overexpression of MYCN leads to deregulated growth and proliferation
following transcription of target genes [3]. Amplification of MYCN in NB was first
described by Schwab ef al. in 1983 [22] and subsequent studies by Brodeur ef al. and
Seeger et al. revealed its correlation to advanced stage of disease as well as rapid
disease progression [23-24]. In the Swedish cohort, 27% of investigated NB tumors
were shown to be MYCN amplified [4].



Other genetical aberrations with particular interest locate to chromosome 1, 11 and 17.
Deletion of the short arm of chromosome 1 was early discovered to be associated with
MYCN amplification and later on with worse overall disease outcome [25-26]. On the
contrary, deletion of 11q was proven to be inversely correlated to MYCN amplification,
but still linked to decreased event-free survival (EFS) [26-27]. Gain of genetic material
on chromosome 17q is detected in 40-50% of NB tumors, and is associated with an
aggressive phenotype of the tumor [3, 28]. The overall DNA content of the tumor is
also prognostic in the case of infants with NB, with triploid tumors being linked to a
less advanced stage of the disease [29]. Hence, genetic subsets of significance for
clinical prognosis include i) tumors with numerical gains and losses but no structural
aberrations as the most favorable subset; ii) MYCN-amplified and 11g-deleted tumors
as two different high-risk subsets; and iii) remaining tumors with other segmental
aberrations including 17q-gain as an intermediate prognostic NB subset [27].

Another factor of prognostic value is the histological phenotype of the tumor. NB is
generally described to consist of small, round cells and sometimes displays partial traits
of differentiation. A system for detailed analyses of histological parameters of
importance to the outcome of NB was suggested by Shimada et al. in 1984 [30] and in
1999, it served as the basis for the International Neuroblastoma Pathology
Classification (INPC) [31] which is now used as the standard histological classification
of NB tumors.

The trk family of neurotrophin receptors is important for proper development of the
central and peripheral nervous system. Of special importance for the development of
sympathetic neurons is the signaling by NGF through trkA [32]. The expression of trkA
in NB is correlated to favorable outcome and a lack of MYCN-amplification, and trkA
signaling is suggested to enable differentiation as well as programmed cell death in the
absence of NGF [33-34]. TrkB, on the contrary, is expressed in aggressive NBs and
coincides with MYCN-amplification. The ligand for trkB, brain-derived neurotrophic
factor (BDNF) can also be expressed by NB cells, providing an autocrine survival loop
[35]. Similarly to trkA, trkC is also expressed in low-stage NBs without MYCN
amplification and is the receptor for neurotrophin-3 (NT-3) [36].

1.3 STAGING AND TREATMENT STRATIFICATION

Considering all prognostic variables that should be taken into account when deciding
on the treatment for NB patients, several staging systems have been suggested through
the years. In 1971, Evans ef al. proposed the first staging system [37]. This system is
solely based on the local and/or metastatic extent of the disease, and applies the roman
numerals I-IV, where infants with metastases confined to the liver, skin or bone
marrow are designated as stage IV-S. In 1988, the International Neuroblastoma Staging
System (INSS) evolved as a consensus approach to stratify NB patients into risk groups
[38]. This system classified patients into stages 1-4, with the 4s category still remaining
for infants with favorable pattern of metastatic spread. The system was revised in 1993
with more biological parameters taken into account [39]. However, the INSS relied
upon post-surgical evaluation of the remaining tumor, and was hence dependent on the
skills of the surgeon. In 2009, so called image defined risk factors (IDRFs), based on



the growth pattern of the tumor and of relevance for surgical intervention were
described [40]. Together with other prognostic factors, including age, histology, MYCN
status, 11q status and DNA ploidy, the IDRFs provide the basis of the INRG staging
system (INRGSS) which evolved in 2009, and that allows for pre-surgical risk-
classification of all NB patients [21].

1.4 TREATMENT

Prior to any treatment decision, NB patients are stratified into risk groups according to
INRGSS. This will avoid over-treating patients with favorable prognosis and aid in
identifying patients that need intense multimodal therapy. In general, low-risk patients
are treated with surgery alone, whereas patients at intermediate risk receive
chemotherapy prior to therapy if IDRFs exist [12, 41].

Children stratified into the high-risk group are treated intensively. Initial chemotherapy
is administered as an induction phase [42-43], followed by harvesting of peripheral
blood stem cells and surgery. Post surgery, the patients receive high-dose
myeloablative chemotherapy and a subsequent reinfusion of peripheral blood stem
cells, and radiotherapy is applied to the area of the primary tumor [44]. However,
patients may still suffer from residual disease in the bone marrow (minimal residual
disease). In the 1980°s, it was shown that retinoid compounds could induce
differentiation of NB cells with concomitant reduction of growth and downregulation
of MYCN [45-46]. Matthay et al. demonstrated that the addition of isotretinoin (13-cis-
retinoic acid) improved the outcome for high-risk patients, and isotretinoin is now
incorporated as a maintenance therapy for all high-risk patients following radiotherapy
[44].

Considering the fact that 45-60% of all high-risk patients still succumb due to disease
progression [4, 12], the search for alternative regimens is warranted. One such
upcoming approach is immunotherapy based on monoclonal antibodies (mAbs)
targeting disialoganglioside 2 (GD2). This will be separately discussed in section 6.4.2.



2 THE IMMUNE SYSTEM - AN OVERVIEW

The work presented in this thesis touches upon some, but far from all, of the
mechanisms, cells and mediators that constitute the immune system. The following
section is meant to give a brief introduction to the immune system, in order to facilitate
further reading.

2.1 INNATE VERSUS ADAPTIVE IMMUNITY

In vertebrates, innate and adaptive immunity co-operate to protect their host from what
is recognized as foreign. The innate immune system entails dendritic cells (DCs),
monocytes/macrophages, mast cells, granulocytes and natural killer (NK) cells. Of
these, neutrophil granulocytes and macrophages provide the first line of defense upon
bacterial infections. In contrast to the adaptive immune system, the innate immune
system relies upon germline encoded pattern-recognition receptors (PRRs) that do not
rearrange upon stimulation [47]. As a consequence, the response mounted is
immediate, but less specific. The actual structures recognized by the innate immune
system are molecular motifs that have been conserved through the evolution, such as
lipopolysaccharide (LPS) from gram-negative bacteria through toll-like receptor (TLR)
4 [48], or unmethylated CpG dinucleotides present in bacterial DNA through TLR 9
[49]. Upon stimuli, macrophages can engulf invading bacteria and/or secrete
biologically active cytokines or chemokines, which are proteins with an intrinsic ability
to activate and attract other cells of the immune system. Likewise, these initial
mechanisms, together with histamine release from mast cells, underlie the cardinal
features of inflammation; calor, dolor, rubor and tumor (heat, pain, redness and
swelling) [50].

However, not all bacteria carry structures enabling this pathogen-associated molecular
recognition, and some may mask such motifs behind capsule-like structures. In
addition, viruses are rarely eradicated exclusively by innate immunity [51]. Therefore,
the sole presence of the innate immune system is not enough to eliminate all foreign
threats, and its shortcomings appear.

The major players in the adaptive immune system are the T- and B-lymphocytes, with
abilities to recognize details of a molecular structure, such as peptides or proteins.
These cells carry receptors which are encoded within somatic gene segments, and that
undergo random rearrangements to produce a broad repertoire of divergent receptors.
T-cells undergo a tightly regulated selection process in the thymus, whereas B-cells
mature in the bone marrow, and each lymphocyte carries receptors of a single
specificity. Upon encounter of a “non-self” structure, DCs initiate a cross-talk between
the innate and the adaptive immunity, by engulfing the foreign structure and migrating
to secondary lymphoid organs where an adaptive immune response is mounted.
Thereupon, a clonal expansion of T- and B-cells occurs, leading to the establishment of
specific immunological memory, which is solely attributed to the adaptive immune
system. Hence, adaptive immunity initially generates a delayed response, but upon re-
encounter with the antigen, the response is rapid and effective [52-53].



2.2 THE MAJOR HISTOCOMPATIBILITY COMPLEX

The major histocompatibility complex (MHC) is a genomic region encoding proteins of
relevance for the adaptive immune system, such as the MHC class I and II genes. In
humans, the MHC genes are termed Human Leukocyte Antigens (HLA), yet the term
MHC is often used instead of HLA. The MHC molecules provide an interface for
interactions between innate and adaptive immunity, and constitute the basis for antigen-
restricted T-cell recognition of target cells as well as T-cell mediated initiation of B-cell
responses.

Certain features are shared between MHC class [ and MHC class II, but major
differences exist. MHC class I is present on the cell surface of all nucleated cells, and
preferentially binds peptides of 8-10 amino acids [54-55]. MHC class II, on the other
hand, is expressed on professional antigen presenting cells (APCs) such as B-cells, DCs
and macrophages, and bind longer peptides of variable length, usually of 13-17 amino
acids [56-57]. The peptides presented in the context of MHC class I are derived from
intracellular proteins present in the cytosol, and functional MHC class I molecules
assemble with their corresponding peptides and the f2-microbglobulin (f2m) chain in
the endoplasmic reticulum (ER). The peptide-MHC class I complex will be recognized
by CD8" T-cells, thus enabling a survey of the interior of the cell from the outside. In
contrast, MHC class Il molecules are transported out of ER towards endosomes where
they assemble with peptides derived from proteins that have been endocytosed from the
extracellular environment. Peptides present in the pocket of MHC class II molecules
will be recognized by CD4" T-helper cells, which are needed for the generation of
proper B-cell and CD8" T-cell responses [55, 57].

Of particular relevance for the generation of an anti-tumor immune response, proteins
engulfed from the extracellular environment may also be presented in the context of
MHC class I, through a process named cross-presentation. Hereby, proteins acquired
from the tissue, for example from apoptotic tumor cells, are endocytosed by APCs and
degraded into peptides that assemble with MHC class I molecules. This enables
proteins derived from tumor cells to evoke CD8" T-cell responses, which will be
further discussed in section 4.4.1 [58].

In addition to the so-called classical MHC molecules mentioned above, non-classical
MHC molecules exist which have important immunoregulatory functions. The non-
classical MHC molecules HLA-E and HLA-G present a limited repertoire of peptides,
and display a restricted pattern of tissue distribution [59-60]. HLA-E and HLA-G, and
their respective roles in tumor-induced immune dysfunction, will be separately
discussed in section 5.2.3.



3 CANCER-RELATED INFLAMMATION

3.1 THE CONCEPT OF CANCER-RELATED INFLAMMATION

The linkage between inflammation and carcinogenesis was postulated by Rudolf
Virchow as early as 1863, when the appearance of leukocytes in tumor samples made
him hypothesize that chronic inflammation predisposes a tissue to neoplastic
transformation [61]. More than a century later, in 1986, Harold Dvorak suggested that
tumor development should be viewed upon as a wound that does not heal, yet
constantly commences the healing process, including the deposition of extracellular
matrix and the ensuing influx of inflammatory cells [62]. Although the concept of
cancer-related inflammation dates long back, the underlying molecular events and
interactions that connect inflammatory changes with tumor progression are only
recently beginning to be unraveled. The cardinal features of cancer-related
inflammation include the presence of inflammatory mediators, an infiltrating
hematopoietic component, tissue remodeling, angiogenesis and tissue repair [63]. In
fact, cancer-related inflammation, including these features, was recently suggested to
be the seventh hallmark of cancer [64], in addition to the previous six hallmarks
postulated by Hanahan and Weinberg in 2002 [65].

Conceptual proof for the role of inflammation in tumor development is found in a
number of studies disclosing a reduced incidence of several cancer types, including
colorectal, breast, prostate and lung cancer in populations reporting frequent use of
non-steroidal anti-inflammatory drugs (NSAIDs) [66-71]. Furthermore, chronic
inflammatory conditions, such as inflammatory bowel disease, hepatitis and
Helicobacter pylori infection predispose the host to suffer from tumors originating in
these inflamed tissues [63, 72-74].

As will be further discussed, cancer-related inflammation is governed by the presence
of inflammatory molecules and inflammatory cells of the immune system.

3.2 MEDIATORS IN CANCER-RELATED INFLAMMATION

The search for molecules contributing to shaping an inflammatory, tumor-promoting
microenvironment has intensified in parallel to the upcoming evidence for the role of
inflammation in malignant transition. A number of subgroups of mediators are now
recognized as messengers in this interplay; some of the most important reviewed
below.

3.2.1 Cytokines

Pro-inflammatory cytokines are major players in tumor development and cancer-related
inflammation; the most recognized being interleukin (IL) -1f, IL-6 and TNF-a.



3.2.1.1 IL-1p

The involvement of IL-1 in cancer-related inflammation stems from its ability to
activate host alarm signals, resulting in the induction of pro-inflammatory enzymes and
other mediators such as cyclooxygenase (COX) -2, inducible nitric oxide synthase
(iNOS) and IL-6 [75]. Recently, IL-1 B has also been demonstrated to facilitate the
accumulation of inflammatory myeloid derived suppressor cells (MDSCs) in the tumor-
bearing host [76]. Evidence for the role of IL-1p in tumor progression is further
strengthened by reports demonstrating a reduced number of metastases in IL-1f3
knockout mice [77] and an augmented metastatic spread upon intravenous IL-18
injection [78]. However, IL-1 seems to have a dual role in shaping the inflammatory
microenvironment; low levels can indeed contribute to the acquisition of a localized,
favorable inflammatory setting with the initiation of a specific anti-tumor response
[75].

3.2.1.2 IL-6

IL-6 not only holds the properties of a growth-signal blocking apoptosis, but also
possesses pro-inflammatory abilities and is capable of promoting tissue damage and
enhanced cell proliferation [79-81]. The implication of IL-6 in tumor growth has been
demonstrated in several cancer types, including multiple myeloma [82], colorectal
cancer [83], Kaposis sarcoma [84], hepatocellular carcinoma [79], breast cancer [85]
and recently, NB [86-87].

3.2.1.3 TNF-a

Tumor necrosis factor a (TNF-a) was given its name due to the finding that it could
induce necrosis of transplantable sarcomas in the 1970’s [88]. However, subsequent
studies revealed that TNF-o was a prominent inducer of shock-related symptoms and
possessed pro-inflammatory abilities. The effects exerted by TNF-a are conveyed via
two different receptors, TNF-R1 and TNF-R2, of which TNF-R1 is ubiquitously
expressed and mediates most pro-tumorigenic properties of TNF-a. The biological
activity of TNF-R2, on the other hand, is not completely understood, but TNF-R2 is not
associated with intracellular death domains (DDs) [89]. The pro-inflammatory
properties of TNF-a are vast and, in the context of cancer, entail induction of
angiogenesis [90], subversion of infiltrating macrophages to a tumor-promoting
phenotype [91], induction of suppressive regulatory T-cells (Tregs) [92], contribution
to remodeling of extracellular matrix and promotion of expression of other
inflammatory mediators [89]. Furthermore, direct effects of TNF-a are also exerted on
malignant cells, such as induction of further DNA damage [93], promotion of tumor
growth [94] and induction of immune evasion and resistance to chemotherapy [89].
However, as discussed in section 4.4.1.4, TNF-a also possesses pro-apoptotic
properties.

3.2.2 Chemokines

The name chemokine derives from the combination of “chemotactic cytokine™ into
chemokine, and these secreted, cytokine-like molecules are key mediators in the
migratory patterns of leukocytes but also of tumor cells [95-96]. As ensues, chemokines
regulate cancer-related inflammation, invasion and metastasis and the cellular source



may be tumor cells as well as stromal components. The “CC” and “CXC” chemokines
constitute the majority of chemokines, and are so termed due to the adjacent or
separated positioning of their first two cysteine residues, respectively, and the receptors
are equally termed CCRx/CXCRx. In terms of cancer-related inflammation, the most
well defined chemokines and their respective inflammatory outcomes are CCL2/5;
infiltration of tumor-associated macrophages (TAMs) [97], CCL22; infiltration of
Tregs [98] and indirect stimulation of angiogenesis [99], CXCL9/10; infiltration of
lymphocytes [100] and CXCLS; infiltration of neutrophils [101]. In the case of NB,
tumor cells have been suggested to utilize the CCL12/CXCR4 pathway in their
invasive behavior and dissemination to the bone marrow [102-103].

3.2.3 Prostaglandin E; in cancer-related inflammation

Prostaglandin (PG) E,, a lipid mediator derived from arachidonic acid, is a member of
the eicosanoid supergroup which is in turn further classically divided into leukotrienes
and prostanoids, the latter including prostaglandins [104]. The synthesis of PGE,
requires the presence of either COX-1 or COX-2 to direct the conversion of arachidonic
acid into prostaglandins. The importance of these pathways in tumor progression has
been verified in several studies unveiling high expression of both COX-1 [105-106]
and COX-2 [107-113] in a number of cancer types, including NB, mesothelioma,
colorectal, breast, ovarian, and bladder cancer.

Bearing the correlation between the COX/PGE, pathway and tumor development in
mind, it is intriguing to face the pro-inflammatory properties of this molecule. PGE,
contributes to creating an inflammatory tumor microenvironment by inducing the
production of growth factors, angiogenic mediators and other pro-inflammatory factors
[104]. The PGE,- mediated recruitment of blood vessels nurturing the tumor occurs via
stimulation of vascular endothelial growth factor (VEGF) production by stromal cells
[114], immune cells [115] and tumor cells [116] as well as via CXCL1 production by
tumor cells [117] and via enhanced motility in endothelial cells [118]. Likewise, the
presence of PGE; leads to the extravasation of hematopoietic cells from the circulation
and, as they face the pro-inflammatory milieu within the expanding tumor tissue, they
acquire a dysfunctional state, further establishing a chronic inflammatory setting [104].
In fact, PGE, has been suggested to contribute to all of the hallmarks of cancer [119].

The specific immunosuppressive effects of PGE, will be further discussed in section
5.3.3.

3.3 CELLS INVOLVED IN CANCER-RELATED INFLAMMATION

The immune system possesses a dual role in cancer development, with an intrinsic
ability to eradicate established tumors, yet often failing this task and instead being
undermined by the tumor to promote its progression and expansion by creating a
chronic inflammatory setting in which the tumor can prosper [63]. In general, anti-
tumor responses by immune cells are generated in the acute inflammatory phase early
on in tumor establishment, whereas the later stages of carcinogenesis are associated
with subverted, tumor-promoting immune cells [120]. Within the concept of cancer-



related inflammation, the innate immune system, normally serving as a rapid, first-line
barrier against foreign pathogenic agents, holds a prominent position as a promoter of
tumor development. The ability of the immune system to control cancer is discussed in
section 4, and the tumor-promoting capabilities of infiltrating inflammatory cells are
discussed below.

3.3.1 Tumor-associated macrophages

Circulating monocytes may enter the tumor tissue by extravasating in response to,
among others, tumor- and stroma-derived CCL2 [121-124], VEGF [125] and
granulocyte-macrophage colony-stimulating factor (GM-CSF) [126-127]. Following
infiltration into the tumor territory, monocytes are entrapped in an environment
inflicting phenotypical and functional changes upon the settling cells, resulting in the
generation of TAMs [124]. Accumulating evidence underscores the pivotal role of
TAMs in tumor progression, and uncovers an association between the infiltration of
TAMs and poor prognosis in follicular lymphoma [128], breast [129], prostate [130],
and thyroid cancer [131].

Analogous to the classical Ty1/Ty2 classification of T-helper cells [132], macrophages
exist as M1 or M2 subsets (Figure 2). M1 macrophages are activated by microbial
alarm signals, or in response to interferon (IFN)-y, and constitute a potent first-line
defense against intracellular pathogens. These macrophages exhibit properties of potent
APCs, promote Tyl responses, generate high amounts of toxic compounds such as
nitric oxide (NO) and reactive oxygen intermediates, and even possess tumoricidal
capacities [133-134]. M1 macrophages are defined by their high expression of MHC
class II, iNOS, TNF-a, IL-12 and IL-23, as well as a low expression of IL-10 [124,
133-136]. The presence of M1 macrophages within a tumor tissue is a rare event,
virtually only to be expected at early phases of tumor development [133].

M1 M2

MHC

CD86 class Il

IL-12high TOFE™
- 19
TNF-ahigh

IL-10Qhigh
JL-23low

iNOS

IL-23high |} _q0tow

\1 CXCL9

cCL22
NO ROI CXCL10 MMP  VEGF

CCL17

Figure 2. The M1 and M2 phenotypes of tumor-associated macrophages. M1 macrophages
promote NK-cell activity via secretion of IL-12, and Ty1 responses by producing CXCL9 and/or
CXCL10. M1 macrophages also express co-stimulatory molecules and MHC class 11, thus
functioning as APCs. They also produce toxic compounds such as NO and ROI. M2 macrophages
contribute to tissue remodeling via MMP expression and to angiogenesis by secreting VEGF. Ty2
responses and Treg recruitment are promoted by M2 TAM:s via secretion of CCL17 and/or CCL22.
SR=scavenger receptor, ROI=reactive oxygen intermediate.
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In the course of tumor growth, TAMs subvert from an M1 to an M2 phenotype, due to
an inhibited NF-«B signaling [ 137] and external influences in the presence of 1L-4
[133], IL-10 [133, 137-138], IL-13 [133], transforming growth factor 8 (TGF-B) [127,
137] and PGE; [124, 133, 137]. M2 macrophages are defined by their low expression
of IL-12, IL-23 and MHC class II as well as a high expression of IL-10, TGF-p,
macrophage mannose receptor (MMR), arginase-1 (Arg-1) and scavenger receptors
[136, 139-140]. The pathways exploited by TAMs to promote tumor growth are
several, and include i) tissue remodeling via secretion of matrix metalloproteinases
(MMPs) and other tissue degrading enzymes [124, 133, 141]; ii) production of
angiogenic and growth promoting substances such as VEGF, platelet-derived growth
factor, epidermal growth factor (EGF) and thymidine phosphorylase [142-145]; iii)
promotion of enhanced migration and ability to metastasize [134, 146-150]; and iv)
inhibition of adaptive anti-tumor responses via induction [151] and recruitment [98] of
Tregs, inhibition of Ty1 effector cells by the expression of indoleamine 2,3-
dioxygenase (IDO), TNF-a and nitric oxide (NO) [152-153] and inhibition of DC
maturation [124]. The importance of the M1 and the M2 phenotypes of macrophages in
tumor development was elegantly demonstrated by a complete eradication of
established tumors upon restoration of the M1 phenotype in TAMs [154].

3.3.2 Myeloid derived suppressor cells

The presence of hematopoietic cells with immunosuppressive activity as a parallel
phenomenon to tumor progression has been recognized since the 1980°s [155], yet the
experiments enabling to pinpoint these cells as immature myeloid cells were pursued in
the 1990’s [156-157]. Today, these cells are recognized as MDSCs, a heterogeneous
population of immature myeloid progenitor cells, containing precursors of DCs,
macrophages and granulocytes [158]. A number of markers have been exploited to
identify MDSCs and still today, different molecular characterizations indeed exist. In
mice, the co-existence of Grl and CD11b is preferentially used to define these cells,
although subsets of monocytic or granulocytic MDSCs with diverse suppressive
mechanisms occur within this definition [158-160]. In humans, the definition of
MDSCs has been somewhat more complicated, since there is no homologous marker to
Grl [158, 161], and today the most common, but not exclusive, definition is based
upon the expression pattern lineage (Lin )HLA-DR CD33" [158, 162].

In a chronic inflammatory condition, such as cancer, the differentiation of MDSCs into
functional immune cells is prevented, and instead, these cells are activated in their
immature state [ 158]. The expansion and recruitment of MDSCs into tumor tissue have
been reported to occur mainly due to tumor-derived factors, such as PGE, [163], IL-6
[164], GM-CSF [165], VEGF [166], TLR ligands [167] and IL-1p [76]. The activity of
MDSCs, on the contrary, is promoted mainly by stroma- and T-cell-derived factors,
such as IL-4 [168-169], IL-13 [168-169] and IFN-y [170].

MDSCs master a number of immunosuppressive modalities hampering adaptive and
innate immune responses, including 7) depletion of L-arginine via Arg-1 and iNOS,
resulting in downregulation of the T-cell receptor (TCR) [171]; i) production of
reactive oxygen species [172]; iii) induction of Tregs [173]; iv) perturbation of cysteine
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uptake by T-cells [174]; v) production of suppressive cytokines [175]; and vi) curtailing
the expression of L-selectin on T-cells and thereby blocking their trafficking to lymph
nodes and sites of inflammation [176]. Non-immunological mechanisms utilized by
MDSCs favoring tumor development include the promotion of angiogenesis [177].
There are now several reports demonstrating elevated levels of circulating MDSCs in
patients with various cancer diagnoses [166, 178-180], and the frequency of MDSCs
has been shown to correlate to clinical tumor stage and metastatic tumor burden [162].

3.3.3 Dendritic cells

DCs normally serve as professional APCs in their mature state, regulating adaptive
immunity by providing antigen presentation, cytokine stimulation and costimulation to
T-cells. Hence, DCs are certainly players with the potential to contribute to anti-tumor
immunity [181].

Yet, DCs, in their immature state, have proven to possess tumor promoting abilities
supporting cancer-related inflammation and progression of established tumors [182]. In
cancer patients, circulating immature DCs (iDCs) are found at increased levels [183-
184], and tumor tissues contain preferentially iDCs [185]. The impaired differentiation
of DCs has been attributed mainly to the presence of tumor derived VEGF [186], IL-6
[187], macrophage colony-stimulating factor (M-CSF) [187], IL-10 [188] and
gangliosides [189]. Immature DCs are multi-faceted actors in the course of events
leading to enhanced cancer-related inflammation and tumor growth [182].
Immunologically, iDCs are poor inducers of adaptive immune responses, due to their
low levels of MHC class II, CD40, CD80 and CD86 [182], and DCs isolated from
cancer patients or tumor bearing mice have indeed demonstrated a reduced capacity of
inducing T-cell responses, instead generating anergic T-cells [184, 190-192].
Attenuation of T-cell responses by iDCs is also achieved via their ability to induce
Tregs [193] and via the expression of IDO, which depletes the environment from
tryptophan and hampers T-cell responses [194]. Infiltrating DCs have also been shown
to promote tumor growth by instructing CD4 " T-cells to secrete IL-13, which in turn
drives tumor growth [195]. Additionally, recent reports have disclosed the ability of
1DCs present within tumors to stimulate angiogenesis [196-197].

3.4 TARGETING CANCER-RELATED INFLAMMATION

Apparently, the inflammatory pathways being exploited during tumor initiation and
progression are by several means potent confederates assisting the tumor by subverting
anti-tumor responses and by directly stimulating tumor growth. Hence, the ability to
target cancer-related inflammation as an epiphenomenon in cancer patients would
potentially bring about beneficial clinical effects, and upcoming evidence indeed
validates this hypothesis.

3.4.1 Targeting cytokine and chemokine pathways

Various attempts have been pursued to target cytokines, chemokines and/or their
receptors, which promote cancer-related inflammation. Potentially, one could anticipate
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a resolution of the immunosuppressive pressure within the microenvironment,
rendering it more permissive for immunotherapeutic intervention.

The strong evidence for TNF-a as a tumor promoter prompted a number of clinical
trials using anti-TNF-o treatment, showing clinical benefits for patients with metastatic
breast cancer [198], ovarian cancer [199] and renal cell carcinoma [200-201]. Another
cytokine which has successfully been targeted is IL-6, with clinical benefits for
multiple myeloma and renal cell carcinoma patients [202-203].

Turning to chemokines, the major efforts to target these pathways have been by
interrupting the interactions between CXCR4/CCL12, CCR2/CCL2, CXCL8/CXCR1/2
and CCL22/CCR4. Antagonists to CXCR4 have induced anti-tumoral and anti-
metastatic responses in mouse models of melanoma, osteosarcoma, breast and prostate
cancer [204-206], whereas targeting of CCL2 reduced metastatic as well as overall
tumor burden in models of prostate cancer [99, 207]. A monoclonal antibody directed
against CCR4 not only reduced lymphoma tumor growth, but also reduced infiltrating
Tregs and enhanced infiltrating NK-cells [208] and similarly, anti-CXCLS therapy
reduced tumor growth in a model of bladder cancer [209].

3.4.2 Cyclooxygenase inhibitors

Using NSAIDs to target the inflammatory COX/PGE,; pathway, by selective COX-2
inhibitors (such as celecoxib), or dual COX-1/COX-2 inhibitors (such as aspirin) [210]
has, as already mentioned, proven to reduce cancer incidence [66, 68-71, 211-212] and
affect tumor outgrowth in several animal models of cancer [111, 213-215]. The
complete mechanisms underlying this correlation are still not fully unraveled, but are
putatively attributed to direct pro-apoptotic effects on tumor cells [216-217], or reduced
levels of PGE,, and an ensuing abrogation of PGE;-induced immunosuppression [218-
219], tumor proliferation [220-221] and angiogenesis [222].

In clinical practice, however, the regular administration of NSAIDs is limited by their
tendency to generate peptic ulcers among frequent users [223], and interfere with
hemostasis, an effect brought upon by inhibition of tromboxane A, formation in
platelets, which leads to a defect in platelet aggregation [210, 224]. Intriguingly, these
anti-platelet effects mediated by NSAIDs or other anti-coagulants have been proposed
to reduce the number of metastatic tumors [225]. To minimize the risk of
gastrointestinal side-effects, the selective COX-2 inhibitors were designed, but instead
conferred an increased risk for cardiovascular events due to their inhibition of PG,
synthesis which has restricted their clinical impact in certain risk groups [226].
However, quite recently, emerging evidence validates the daily usage of low doses
(approximately 75mg) of aspirin, minimizing the risk for cardiovascular events and still
retaining the cancer-protective effects [227-229]. Lower doses of aspirin are known to
acetylate COX-2, and redirect the conversion of arachidonic acid towards the synthesis
of anti-inflammatory lipoxins and resolvins [230-232], and herein resides a potential of
exploiting this pathway to diminish cancer-related inflammation [233] with minimized
side-effects.
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3.4.3 Targeting inflammatory cells

In light of the devastating outcome of TAMs and MDSCs present in the tumor
microenvironment, or systemically, the search for strategies to eliminate these
subpopulations is warranted, and ongoing [234-235]. Targeting of MDSCs has been
pursued using four major strategies [234]; i) forcing MDSCs to differentiate into
mature cells using all-trans-retinoic-acid [236] or vitamin D3 [237]; i7) inhibiting the
maturation of MDSCs from precursor cells by targeting of the signal transducer and
activator of transcription (STAT) 3 [238]; ii7) reducing the accumulation of MDSCs by
interrupting CXCR2 or CXCR4 signaling [239]; and iv) disrupting the inhibiting
functions of MDSCs, such as attenuating Arg-1 and iNOS activity using nitroaspirin
[240] or COX-2 inhibitors [241]. The COX-2 inhibitor celecoxib was shown to reduce
the total number of MDSCs when combined with the cytostatic drug gemcitabine in
tumor bearing animals [241-242].

The diversity of TAMs offers several therapeutic targets [235]. The most straight-
forward attempts to interfere with TAM-related pathways include the administration of
clodronate-encapsulated liposomes or bisphosphonates such as zoledronic acid, which
completely depletes macrophages and have proven to inhibit tumor growth in vivo
using animal models [142, 243]. An alternative approach aims at intervening in the M1
to M2 transition of TAMs, which has been achieved using zoledronic acid and the
combined administration of an anti-IL-10 receptor antibody with CpG. Both settings
clearly reduced tumor growth in vivo using mouse models [ 154, 244]. A recent
publication also demonstrated that an M2 to M1 transition can be achieved using a
glycoprotein, histidine-rich glycoprotein (HRG), with subsequent inhibition of tumor
growth [245].
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4 IMMUNOSURVEILLANCE

The idea that the immune system can scan its host for and eliminate arising neoplastic
cells is collectively termed “immunosurveillance” [246]. Below, the history of this
concept as well as the evidence for its existence and executing functions are reviewed.

41 IMMUNOSURVEILLANCE: A WALK THROUGH THE 20™ CENTURY

The very initial suggestion that the immune system would be searching for and
eliminate continuously arising cancers was postulated by the immunologist Paul
Ehrlich as early as in 1909 [247]. By then, the level of understanding of the immune
system was however not sufficient to grasp the theory behind this statement. Hence, it
was not until the middle of the 20" century when the experimental possibility arose to
Immunize mice against a subsequent tumor challenge [248], that the theory of the
immune system as a gatekeeper in cancer development was revived. Although the
underlying mechanisms of tumor rejection in early experiments were most likely due to
allograft reactions, subsequent studies in the 1960°s using inbred mouse strains
supported the existence of tumor-associated antigens (TAAs) and a specific
immunological mechanism responsible for tumor rejection [249-250]. The following
statement postulated by Sir Macfarlane Burnet in 1957 launched the new era of the
cancer immunosurveillance theory [251].

“It is by no means inconceivable that small accumulations of tumor cells may develop
and because of their possession of new antigenic potentialities provoke an effective
immunological reaction with regression of the tumor and no clinical hint of its
existence.”

This statement, together with studies performed at this time, and similar conclusions
drawn by Lewis Thomas, increased the belief in immunosurveillance during this epoch
[251-254]. Yet, in the 1970’s, the theory was disputed. In experimental models,
athymic mice did not display any increased incidence of spontaneous cancers [255-
256], and likewise no increased susceptibility to chemically induced tumors. Since at
this time, these mice were believed to be more or less totally immunocompromised
[257], the theory of immunosurveillance was as a consequence virtually abandoned.

The reply, however, was to come. In the late 1970’s the field was revived upon the
discovery of the NK-cells [258], and that these cells could possibly mediate
immunosurveillance. At the same time, it became clear that the athymic mice used in
above mentioned experiments indeed harbored some functional T-cells, NK-cells and
v T-cells, which could still exert immunosurveillance [259]. The next step towards the
understanding of immunosurveillance came in the 1990s and in the early 21* century,
when studies revealed an increased incidence of spontaneous as well as induced tumors
in IFN-y”, IFN-y-R 17" [260-262], perforin™ [262-264] and recombination activating
gene (RAG) 1/27°[265] mice, which all have immunological defects of varying degree.
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4.2 EVIDENCE FOR IMMUNOSURVEILLANCE IN HUMANS

Even though it is still being questioned by some, the theory of cancer
immunosurveillance is in line with several epidemiological as well as experimental
observations correlating the immunological status of an individual to the risk of
developing cancer. First, it has been shown that transplanted patients who are subjected
to immunosuppressive agents have a greater risk of developing cancer, including virally
as well as non-virally induced tumors such as melanoma, lung and head and neck
cancer [266-268]. Second, a prospective study showed that a high level of cytotoxic
capacity of lymphocytes in the peripheral blood correlates to a decreased risk of
developing cancer, whereas a low cytotoxic capacity puts the individual at greater risk
[269]. Third, genetic deficiencies disarming the immune system, such as perforin
deficiency, are proposed to impair immunosurveillance, leading to an increased
incidence of lymphoma [270]. Fourth, the presence of tumor-infiltrating lymphocytes
(TILs) in tumor samples has proven to predict patient survival in several cancer types,
including melanoma [271], glioblastoma [272], colon [273-274], ovarian [275-276],
breast [277] and stage T3/T4 bladder cancer [278]. Fifth, there are more than thirteen
case-reports describing the re-appearance of donor-derived melanoma in organ
transplanted patients, originating in a long-time “cured” donor (a disease-free interval
of the donor of up to 32 years has been described), which is suggested to occur due to a
lack of immunosurveillance in the immunosuppressed transplant recipient [279-280].

4.3 TUMOR-ASSOCIATED ANTIGENS

The ultimate event taking place as a result of immunosurveillance is the elimination of
a cancer cell by an effector cell of the immune system [246]. For this to occur, the
effector cells need to perceive the neoplastic cell as foreign. As the concept of
immunosurveillance settled, researchers started to understand the events enabling
tumors to induce immune responses. In the 1980°s, it became clear how peptide
fragments derived from viral proteins were presented to the immune system via HLA
class I molecules on the cell surface [281], and ensuing reports followed in the early
1990’s which described the first HLA class I-restricted epitopes from melanoma
antigens which could evoke anti-tumor responses [282-285]. Similarly, HLA class II-
restricted epitopes derived from TAAs were identified during that decade [286-287].
Ever since, a great number of antigens present on tumor cells and capable of eliciting
immune responses have been identified in various cancers [288].

In general, TAAs must differ from antigens present in non-transformed tissues in order
not to induce tolerance. Either TAAs may be modified (through mutations and/or post-
translational modifications) and will appear as an altered, non-self peptide on the cell
surface, or they may be expressed at higher levels than in normal tissues
(overexpression) [289]. In melanoma patients, immune responses are elicited against
the cancer/testis antigens MAGE-1 and NY-ESO-1, normally only expressed in the
immune-privileged testis, and against the differentiation antigens MART-1 and gp100,
which are normally restricted to melanocytes in certain stages of differentiation.
Similarly, HER2/neu is often overexpressed above the threshold needed to generate
anti-tumor responses in breast and ovarian cancer [290]. As an example of post-
translational modifications, aberrantly glycosylated MUC-1 is a TAA present in

16



pancreatic, breast and ovarian cancer [291]. Taken together, the presence of these
antigen-specific anti-tumor responses demonstrates the ability of the host to apprehend
a growing cancer as a danger signal.

4.4 EFFECTOR CELLS MEDIATING IMMUNOSURVEILLANCE

The major delegates of the immune system mediating immunosurveillance are T-cells
and NK-cells, and these cells are described below.

4.41 Cytotoxic T lymphocytes

The importance of having CD8" cytotoxic T lymphocytes (CTLs) present within the
tumor to control its growth has already been touched upon, and below, the underlying
mechanisms for CTL-mediated immunosurveillance are reviewed.

4.4.1.1 The generation of an anti-tumor CTL response

Circulating naive CD8" T-cells in the blood require assistance to develop into armed
CTLs. The most efficient cell at delivering the necessary signals to activate naive CD8s
is the DC, since it is outstanding at engulfing external antigens, such as antigens
derived from apoptotic tumor cells, and providing the proper signals for activation
[292-293]. Upon encountering a mature DC in the T-cell areas of a peripheral lymphoid
organ, or as was recently shown, within the tumor milieu itself [294], the CTL might
receive all the signals needed to commence the maturation into an armed effector cell.
The CTL will need three signals to get activated [51]. First, it must recognize the
peptide for which it is specific for in the context of HLA class I at the cell surface of the
DC. Second, the CTL needs to receive proper costimulation, or else it is at risk of
becoming anergic, or even apoptotic [293, 295]. Costimulation is achieved by the
interaction between CD28 on the CTL and the B7 molecules CD80 or CD86 on the
DC. Depending on the maturation status of the DC, assistance might be needed from a
CD4" T-helper cell to upregulate the expression of CD80/CD86 on the cell surface of
the DC via interaction between the CD40 ligand (CD40L) and CD40 [296-299]. By
receiving costimulation, the threshold for the actual number of TCR-MHC interactions
needed is lowered [300]. Then, third, upon ligation of CD28 and CD80/CD86, the
synthesis of IL-2 is initiated by the CTL [301], which favors the generation of a
complete effector response [302].

Upon receiving appropriate signals, naive CD8" T-cells turn into effector cells, and
undergo a number of changes preparing them for their mission. The generated effector
cells are re-distributed within the body [303-304] and their extravasation is facilitated
by an altered expression pattern of adhesion molecules, such as an increased expression
of, among others, lymphocyte function-associated antigen-1 (LFA-1) and very late
antigen-4 (VLA-4), as well as a decrease in CD62L (L-selectin) [305-306]. Following
the initial expansion, 90-95% of CD8" T-cells will be eliminated in a contraction phase,
with the remaining cells forming the T-cell memory pool. These memory cells are then
sustained in the body, and categorized into central memory (Tcwm), effector memory
(Tem) and Tgemra cells, based on their expression pattern of, among others, CD45RA
and CCR7 [307]. The memory cells provide the basis for the ability of the immune
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system to rapidly re-generate effector responses against previously encountered
antigens; Tgym cells home to sites of inflammation, carry high contents of perforin,
display rapid effector functions and confer immediate protection, whereas the Tcy cells
prevail in lymphoid tissues and are able to clonally expand and re-direct into Tgy cells
upon antigen encounter, hence providing the long-term protection. Tgmgra cells, which
constitute a part of the Tgy pool, are not as well characterized, but known to carry the
highest content of perforin [307].

Below, the major pathways utilized by activated CTLs to eliminate a target cell will be
discussed.

4.4.1.2 CTL cytotoxicity: The granule exocytosis pathway

The importance of the granule exocytosis pathway (the granule-mediated / the
perforin/granzyme pathway) in mediating CTL cytotoxicity has been demonstrated in
several studies [308-311]. The model, which was first proposed in 1985 [312], suggests
that cytolytic granules are released by activated CTLs into the immunological synapse
between the CTL and the target cell expressing the correct peptide-MHC class I
complex, and hereupon the content induces cell damage within the target cell [310].
This ensures a rapid destruction only of target cells presenting the peptide for which the
CTL is specific for.

The model supports the significance of two major components within the granules; the
pore forming protein perforin, and the serine protease granzyme B (GrB). It was early
demonstrated that perforin alone could not induce the complete death-cascade [313],
and that assistance by GrB was required to induce target cell apoptosis [314-315].
Today, although GrB and perforin are acknowledged as important mediators of the
granule exocytosis pathway, their exact mode of action is still a matter of debate [316].

One topic which has been extensively debated is the role of perforin in mediating
cytotoxicity. The fact that perforin, upon release into the immunological synapse, could
polymerize and create a pore in the target cell membrane [310, 317] generated the
hypothesis that perforin would be responsible for the subsequent entry of GrB through
this pore. However, the pores generated by perforin were soon described as too narrow
for this to occur [318], and the primary importance of perforin was instead attributed to
its assistance in releasing GrB from the endosomes after uptake in the target cell [319-
321].

In addition, the underlying mechanisms for GrB entry into the target cell have been
debated. Eventually, evidence argued that GrB enters the target via route(s)
circumventing the need of perforin-generated pores, and several other plausible
mechanisms have been discussed [316]. Following the release of GrB in complex with
serglycin into the immunological synapse [322], the subsequent uptake into the target
cell has been suggested to involve receptor-mediated endocytosis, through the
mannose-6-phosphate receptor [323-324]. However, later it was shown that entry still
occurred via micropinocytosis in the absence of this receptor [325-326]. Other
proposed mechanisms for the entry of GrB into the target cell include binding to heat
shock protein 70 (Hsp 70) [327], and ion-exchange of serglycin to heparin sulfate
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glycosaminoglycans on the target cell membrane [328]. Furthermore, others claimed
that GrB was internalized during reparative endocytosis as a consequence of membrane
pores generated by perforin [329-330].

Reaching the interior of the target cell, GrB can initiate the apoptotic machinery
directly by activating pro-caspase-3, or indirectly via activation of caspase-8 [331-332].
Additionally, GrB can induce caspase-independent cell death through an alternative
pathway involving direct mitochondrial damage and cytochrome c release [333].
Furthermore, caspase-independent DNA fragmentation can occur by inactivation of
ICAD, the inhibitor of caspase-activated DNAse (CAD), which in its free form initiates
a DNA fragmenting cascade [334] (Figure 3).

In addition to GrB, cytotoxic granules also contain other granzymes such as GrA, GrM
and granulysin, with somewhat modified modes of action (reviewed in [310] and
[321]), but these are beyond the scope of this thesis. Finally, it deserves to be stressed
that an activated CTL, as compared to a naive CD8, is indeed a carrier of increased
amounts of the cytolytic components described above [335-337].
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Figure 3. Mechanisms of CTL-mediated killing of target cells. CTLs utilize GrB and perforin in the
granule-mediated pathway to induce target cell death via activation of caspases, mitochondrial damage
and ICAD cleavage, the latter leading to DNA fragmentation by CAD. In the DR pathway, interactions
between Fas/FasL and/or TRAIL/TRAIL-R1/2 induce the FADD complex, which leads to caspase
activation. Secreted cytokines such as IFN-y and TNF-a can both enhance MHC class I expression and
induce target cell death on their own.

4.4.1.3 CTL cytotoxicity: The death receptor pathway

Targeting a tumor cell in an HLA-restricted fashion requires an intact HLA class |
expression, which in the light of HLA downregulation as a tumor escape mechanism
(discussed in section 5.2) may render CTL-mediated responses insufficient. However,
this HLA-dependent pathway can be circumvented by employing the death receptor
(DR)-mediated pathway, taking advantage of DRs on the target cell membrane and the
expression of their respective ligands on activated CTLs.
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The most well characterized DR ligands include Fas ligand (FasL, CD95L), TNF-a and
tumor necrosis factor-related apoptosis-inducing ligand (TRAIL, Apo-2L). The
corresponding receptors involved in target cell death are Fas/CD95, TNF-R1 and
TRAIL-R1 (DR4) and -R2 (DRS), respectively [338]. These DRs belong to the TNF
receptor superfamily and bear resemblance to one another by their intracellular DDs,
capable of transmitting death-inducing signals into the target cell [339]. Bearing in
mind that signaling through DRs does not always lead to cell death, as exemplified by
Fas-induced proliferation of fibroblasts [340], the DR ligands are here discussed in the
context of their pro-apoptotic abilities conveying T-cell and/or NK-cell cytotoxicity.

As a prototype for death inducing ligands, FasL was first cloned in the early 1990°s
[341], and is now well recognized as a DR ligand present on CTLs, NK-cells and
T-helper cells. The Fas/FasL system has been shown to regulate the peripheral T-cell
repertoire via activation-induced cell death (AICD) [342], and defective Fas/FasL
interactions have been shown to result in lymphoproliferative disorders [343-344]. Both
in vitro and in vivo studies suggest a role for Fas/FasL in tumor immunosurveillance, as
it was shown that mAbs directed towards Fas could induce cell death in tumor cell lines
and that a deficient Fas/FasL pathway conferred metastatic capabilities to osteosarcoma
and melanoma cells [345-347]. The intracellular signaling through the Fas/FasL system
initiates the death-inducing signaling complex (DISC) through the Fas-associated DD
(FADD) protein. Through a series of events, this leads to the activation of caspase-8
and caspase-10, with ensuing apoptosis in the target cell [348-350] (Figure 3).

The function and pathways of TRAIL resemble those of FasL in many aspects. TRAIL
also participates in regulating the peripheral T-cell compartment by AICD [351], and
has been shown to suppress metastatic spread in vivo [352-353]. In a similar manner to
FasL, TRAIL induces the DISC when interacting with TRAIL-R1 or -R2, which in turn
leads to caspase-8 and/or caspase-10 induction [338, 349, 354]. In addition to TRAIL-
R1 and -R2, TRAIL can bind to osteoprotegerin, TRAIL-R3 and -R4, which are decoy
receptors lacking or exhibiting a truncated intracellular domain [354-356]. Initially, it
was suggested that the decoy receptors inhibited TRAIL-mediated apoptosis, but
subsequent studies have shown no correlation between TRAIL-R3 and -R4 expression
and sensitivity to TRAIL-mediated lysis [357]. However, TRAIL-R4 has been shown
to sequester TRAIL-R2 and form an unresponsive complex, hence abrogating TRAIL-
R2 signaling [358]. Uncertainty regarding the possible in vivo regulation of TRAIL
activity by decoy receptors still remains [354]. When administering recombinant
TRAIL in vivo, tumor cells were more sensitive to TRAIL than non-malignant cells
[359], a finding that has encouraged a number of ongoing studies and argues in favor of
employing TRAIL in cancer therapy [354].

4.4.1.4 CTL cytotoxicity: Pro-inflammatory cytokines

Although granule exocytosis and the death receptor pathway are undisputed as the most
prominent mechanisms whereby CTLs induce target cell death, the release of pro-
inflammatory cytokines, including IFN-y and TNF-q, is also of importance. Indirectly,
IFN-y and TNF-a can promote CTL cytotoxicity by enhancing the immunogenicity of
the target cell. TNF-a as well as IFN-y have been shown to increase the expression of
HLA molecules on the cell surface [360-361], and IFN-y can efficiently enhance

20



antigen presentation by inducing the immunoproteasome, which will result in an altered
set of antigenic peptides [362-363].

The presence of TNF-R1 on a target cell also enables TNF-a to directly induce cell
death, since TNF-R1, under the premise that NF-kB is inactive, mediates apoptosis
[364]. Using adoptive transfer of perforin/IFN-y-deficient CTLs into mice, tumor
rejection has been reported and was attributed to the secretion of TNF-a [365].
Likewise, IFN-y can also abrogate tumor growth in vivo via indirect mechanisms [366],
and tumor cells expressing truncated IFN-y receptors may be resistant to immune-
mediated rejection and display an enhanced growth rate in mice [260].

4.4.2 CD4" T-helper cells: Foes in disguise?

The current view of CD4 " T-helper cells in tumor immunity is paradoxical, and
contentious evidence supports a protective role as well as a role in tumor-promotion
[367]. The classical Ty1/T2 paradigm of CD4" T-cells was first proposed in 1986
[132], following the recognition that the generation of both B-cell responses [368] and
CTL responses [369] were dependent on the assistance by T-helper cells. The direction
of CD4" T-cells into the Ty1 lineage is highly dependent on the presence of IL-12 and
results in the ensuing production of IFN-y, IL-2, IL-12 and TNF-a, whereas a Ty2
response is mounted after exposure to IL-4 and tips the balance towards a production of
IL-4, IL-5, IL-6 and IL-13. The Tyl lineage fosters cell mediated immunity while T2
cells promote B-cells and humoral immunity [370]. Below, the current view, which
underpins the anti-tumor properties of Ty1 cells and at the same time positions T2
cells in liaison with the tumor, will be discussed.

4.4.2.1 Immunosurveillance by T-helper cells

T-cell based immunosurveillance of tumors was for a long time mainly attributed to
HLA class I-restricted CTL responses. Yet, during the last years, the existence of HLA
class Il-restricted peptides from TAAs has been acknowledged, and there are now a
number of known class II peptides from common tumor antigens, such as MART-1
[371], NY-ESO-1 [372] and MUC-1 [373], which possess the capability to elicit tumor-
specific CD4" T-cell responses. Clear-cut proof for a protective role of T-helper cells in
the tumor microenvironment resides in the correlation between tumor-infiltrating CD4s
and a favorable outcome in head and neck, cervical and non-small cell lung cancer
[374-376]. Furthermore, several in vivo models have continuously demonstrated the
absolute dependence on the presence of CD4" T-cells for immunological tumor
rejection [377-379].

However, most tumors do not express HLA class II, and hence fail to directly provoke
a TCR response in CD4 " T-cells. Alternative pathways are hence likely to be more
pertinent to the anti-tumor effects exerted by T-helper cells [367]. One proposed
mechanism involves the activation of tumoricidal M1 macrophages by CD4-derived
IFN-y [380], and Tzl CD4s have also been shown to co-operate with NK-cells and to
render tumors more susceptible to NK-cell-mediated killing by modulating the
expression of ligands recognized by NK-cell receptors, such as NKG2D [381-382]. The
anti-tumor effects exerted by IFN-y have also been attributed to modulation of non-
hematopoietic cells within the stroma, resulting in inhibition of angiogenesis [383]. As
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a major lineage-specific effect, Tyl cells promote CTL responses by assuring the
efficient generation of secondary memory responses and by providing costimulation
and IL-2 [384-385]. Of particular relevance for tumor immunity, T-helper cells have
been shown to positively regulate CDS infiltration into the tumor milieu [386-387], to
promote CTL expansion on site [388] and to enhance the expression of GrB and the
cytolytic activity of CTLs within the tumor [386, 389]. Indirect effects are thus likely to
be the most important whereby CD4s suppress tumor growth, yet direct targeting of
tumor cells utilizing DRs and IFN-y might also be of importance in some models [366,
390].

4.4.2.2 Tumor promotion by T-helper cells

The T2 lineage of CD4" T-cells opposes the anti-tumor ability of Ty1 cells. The
encounter between a CTL and a T2 CD4" cell can induce CTL anergy in response to
cytokines released by the Ty2 cell, and thereby abrogate the expected proliferation
[370, 391]. Furthermore, the cytokine milieu orchestrated by Ty2 CD4" cells can
directly stimulate tumor growth, as has been shown for IL-13 in breast cancer [195] and
IL-6 in NB [86-87].

T2 cytokines also promote the innate immune system to enhance cancer-related
inflammation. For example, the activity of MDSCs is highly promoted by T-cell
derived IL-4 and IL-13 [392] and their accumulation is enhanced by IL-6 [164].

In a recent publication by De Nardo et al. CD4 " T-cells were shown to promote
pulmonary metastasis of breast cancer, and the effects were attributed to a CD4-
dependent M1 to M2 transition of macrophages, which was significantly inhibited by
blocking of IL-4 [393]. But, as true and perplexing as it is for many mediators and cells
within the field of tumor immunology, there is no law without exceptions. Anti-tumor
activity by Tu2 cells has indeed been demonstrated, and was mainly attributed to the
induction of cytolytic eosinophils [394-395].

In line with this, a third lineage of T-helper cells, Ty17, defined by its TGF-3
dependent development and ability to produce IL-17, has been ascribed a dual role in
immunosurveillance [396]. Ty17 cells have shown remarkable anti-tumor potential by
completely eradicating established melanoma tumors in experimental animal models
[397], yet their presence correlates to poor prognosis in various cancers and contributes
to the onset of inflammation-induced colonic tumors [381, 398-399].

Of note, it has been shown that an impaired response to mitogenic stimuli of
lymphocytes in NB patients with disseminated disease correlates to favorable
prognosis, suggesting that circulating lymphocytes, including CD4" cells, may promote
tumor growth at this stage of disease [400].

4.4.3 Natural Killer Cells

Turning to the innate immune system, a cell type with potent anti-tumor activities is
found in the NK-cell [401]. The existence of NK-cells was demonstrated in 1975 by
Kiessling ef al. and Herberman et al. [258, 402-403]. The original observations
described the NK-cell as a cell able to lyse tumor cell lines without the need of prior
stimulation, and this finding reinforced the theory of immunosurveillance at that time.
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The molecular pathways governing NK-cell activation versus inhibition have ever since
been intensively studied, and today, it is well established that NK-cell killing depends
on the net effects of signaling through inhibitory as well as activating receptors [404]
(Figure 4).

The negative regulation of NK-cell activity was first to be discovered, with the initial
proposal of the “missing-self”” hypothesis by Kérre et al., and subsequent observations
that MHC expression interfered with in vivo NK-mediated immunosurveillance of a
murine lymphoma [405-406]. The evidence for a negative effect of MHC expression on
NK-cell-mediated killing was substantiated when studies revealed that NK-cells
expressed receptors which, upon recognition of HLA molecules, delivered inhibitory
signals into the NK-cell [407-409]. These killer-cell immunoglobulin (Ig)-like receptors
(KIRs), together with the receptor CD94/NKG2A, are considered the major negative
regulators of NK-cell activity [404], and bind to HLA-A,-B, -C and -G molecules, or
HLA-E, respectively. The ability to sense a lack of MHC expression as a danger signal
enables the NK-cell to target virally infected cells, or tumor cells, since these often
downregulate MHC expression to avoid CTL recognition [410-411].
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Figure 4. Regulation of NK-cell activity. NK-cell activity is negatively regulated by inhibiting
receptors (left side) as well as positively by activating receptors (right side). The corresponding known
ligands on target cells are also displayed in the figure. NKp30 is shown as an example of NCRs.

The expression of MHC on the cell surface is hence a potent disruptor of NK-cell
cytotoxicity. But still, killing of tumor cells with detectable MHC levels by NK-cells
can still occur [412], arguing for other mechanisms overriding the inhibitory signals.
Indeed, NK-cell activity is not only regulated by inhibiting receptors, but also through
activating receptors [404]. These include the natural cytotoxicity receptors (NCRs)
NKp30, NKp46 and NKp44, with so far two identified ligands, the human leukocyte
antigen-B-associated transcript 3 (BAT3) and B7-H6 [413-414]. Another well-studied
activating receptor is NKG2D, the ligands of which are known to be the stress-
inducible MHC class I-related chain (MIC) A and -B as well as the UL-16 binding
proteins (ULBPs) [415-416]. NKG2D has been attributed a prominent role in NK-cell-
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mediated immunosurveillance, since its ligands are expressed by, and can induce NK-
cell-mediated in vitro killing of cell lines of various origins [417]. Not to be left out is
DNAX accessory molecule-1 (DNAM-1), an activating receptor with CD155 (the
poliovirus receptor (PVR)) and CD112 (PVR- related 2) as identified ligands [418].
DNAM-1 has been attributed a pivotal role in mediating anti-tumor immunity of NB in
vitro [419] and of fibrosarcoma in vivo [420]. Of a different type is the activating signal
rendered upon binding of the Fc region of IgG to CD16 (Fc-receptor (FcR) yIII)
expressed on NK-cells. This interaction induces antibody-dependent cellular
cytotoxicity (ADCC) [421-422] and might be of importance when targeting tumors
with antibodies, as has been suggested for the responses seen in NB to anti-GD2
therapy [423-424].

For an NK-cell to eliminate its target it needs to efficiently form an immunological
synapse with the other cell. This initial interaction has been demonstrated to be highly
dependent on the interactions between LFA-I on the NK-cell and intercellular adhesion
molecule-1 (ICAM-1) on the target cell, which not only facilitate physical contact but
also polarize the distribution of intracellular granules in the NK-cell towards the
synapse [425]. This interaction has been suggested to modify NB sensitivity to NK-cell
mediated killing [426].

Once the activating signals have surmounted the threshold needed to initiate NK-cell
effector functions, the NK-cell has the option to utilize the three major effector
mechanisms that are also utilized by CTLs; i) NK-cells carry preformed granules
containing perforin and GrB, which are utilized in the granule exocytosis pathway to
rapidly kill a target cell [335]; ii) DRs including FasL and TRAIL can be expressed and
employed by an activated NK-cell [352, 427-428]; and iii) NK-cells produce high
amounts of cytokines participating in tumor immunity, such as [IFN-y and TNF-a [429].

4.5 IMMUNOSURVEILLANCE IN NEUROBLASTOMA?

The question regarding whether or not immunosurveillance actually exists in NB
patients was raised already in the 1960’s and 1970’s when it was suggested that the
spontaneous regression seen in stage 4s NB patients could be due to anti-tumor
immunity [19, 430]. Furthermore, observations showed that lymphocytes preferentially
infiltrated more differentiated NB tumors and correlated to good prognosis [431].
Already in 1968, it was discovered that autologous lymphocytes suppressed NB colony
formation, and similar effects were seen with plasma obtained from NB patients, also
suggesting the existence of humoral anti-tumor immunity [432].

The idea that the immune system would play a role in the spontaneous regression of
NB is strengthened by observations that the expression of MHC class I is more
prominent in stage 4s tumors [433]. Furthermore, there is one case report describing a
transient increase in serum levels of granulysin, an effector molecule released through
the granule exocytosis pathway by CTLs [434], during the spontaneous regression of
NB [435].
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Subsequent studies have revealed that NB indeed expresses several putative TAAs
[436], such as survivin [437], MAGE-1 [438], NY-ESO-1 [439], MYCN [440] and
tyrosine hydroxylase (TH) [441]. Indeed, a recent study by Coughlin et al. showed that
8 of 9 HLA-A2 positive high-risk NB patients harbored circulating survivin specific
CTLs, and that the majority of these could mount functional IFN-y responses towards
survivin in vitro [442]. Furthermore, it has been shown that NB patients display both
humoral and cellular immune responses towards NY-ESO-1 [443]. Although Coughlin
et al. noted that intratumoral T-cells were “strikingly rare”, another study demonstrated
intratumoral expansion of T-cell clones not seen in peripheral blood of NB patients,
possibly indicative of an on-site immune response [444]. Functional clones have been
established from TILs residing in NB tumors, further stressing that immunosurveillance
within the tumor might actually occur [445]. Moreover, NB cells were able to establish
tumors in T-cell deficient mice, but not in T-cell competent mice, which argues in favor
of T-cell mediated immunosurveillance of NB [446].

In NB patients presenting with localized or regional disease, a striking correlation
between low lymphocyte counts at the time of diagnosis and poor prognosis was seen,
which indicates that the absence of circulating lymphocytes predisposes the patient to a
more aggressive disease [400]. Although NB is often described as a tumor lacking the
necessities for an efficient CTL response, (as discussed in section 5.5), the above
mentioned studies foretell that immunosurveillance in NB patients indeed exists.
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5 IMMUNE ESCAPE

Despite the given evidence for the existence of immunosurveillance, immunocompetent
individuals still develop cancer, which uncovers an incapability of the immune system
to completely control the outgrowth of tumors. Today, tumor immunologists claim that
the escape from immunosurveillance should be incorporated into the hallmarks of
cancer [65, 246, 447], since the ability to avoid recognition by the immune system is a
necessity for any tumor to sprout in its host.

5.1 CANCER IMMUNOEDITING - THE CONCEPT

Arising as a complementary theory, or a refinement of cancer immunosurveillance,
cancer immunoediting is nowadays recognized as a concept incorporating the whole
aspect of the interactions between the immune system and tumors [246, 448]. The
theory encompasses the three E’s of cancer immunoediting; the elimination phase, the
equilibrium phase and the escape phase [449] (Figure 5). During the elimination phase,
tumor growth is suppressed due to successful immunosurveillance, whereas the
equilibrium phase symbolizes a state of balance in which the tumor can be
immunologically sculpted by the pressure exerted by present immune cells. The
equilibrium phase most often occurs prior to the clinical detection of tumors and will in
the end lead to survival of the fittest in accordance with Darwinian selection- the tumor
cell which can avoid immunological recognition will survive. Such a cell will carry a
phenotype conditioned by immunological pressure, and has been edited to be of low
immunogenicity. In the escape phase, the selected clones evade and eventually outwit
the invading effector cells [450].

Elimination Equilibrium

Genetic instabilitytumor heterogeneity

Immune selection

Figure S. The three E’s of cancer immunoediting. The theory of cancer immunoediting encompasses
three phases. In the elimination phase, immunosurveillance prevails and tumor cells are eradicated. In
the equilibrium phase, the tumor is sculpted by immunological pressure and immune escape variants are
selected. In the escape phase, these selected clones expand and escape from immune recognition.
Reprinted with permission from Macmillan Publishers, Nature Publishing Group. Dunn ef a/., Cancer
immunoediting: from immunosurveillance to tumor escape. Nature Immunology, 2002.
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Indirect evidence for the existence of immunological sculpting originates in studies
revealing that tumors growing in immunodeficient hosts are more immunogenic and
rejectable when transplanted into immunocompetent hosts, suggesting that the lack of
immunoediting rendered the tumors more susceptible to immune-mediated clearance
[265, 451-452]. Furthermore, transplantable tumors that are passed through
immunocompetent hosts exhibit a subsequent lack of immunological recognition when
transplanted into another host, arguing for immunoselection of clones with low
immunogenicity [453]. Below, certain phenomena occurring in parallel and/or due to
cancer immunoediting, and their importance for the failure of immunosurveillance, will
be discussed.

5.2 ALTERED ANTIGEN PRESENTATION AND RECOGNITION

The recognition of a tumor cell as foreign by the immune system confers an
evolutionary drawback to the tumor, since it prevents its sustenance and further
generation of off-spring. Manipulation of the pathways leading to immune recognition
is one of several frequent phenomena contributing to tumor escape [450].

5.2.1 Downregulation of antigen presentation

Downregulation of MHC class I antigens is a well-known mechanism by which tumors
escape from immune recognition [454]. In 1976, the first report demonstrated
downregulation of an H-2K antigen in a murine lymphoma [455], and today,
substantial evidence reveals a similar pattern of defective HLA expression in various
human cancers, including among others lung, breast, cervical and colon cancer [456-
459]. An attenuated HLA class I expression has also been shown to correlate to disease
progression [460-461], and metastatic lesions have a propensity to further downregulate
HLA expression in comparison to primary tumors [462-464]. In patients receiving
immunotherapy, an altered HLA expression pattern has been observed for partial
responders or upon tumor recurrence. For instance, melanoma patients with partial
responses to T-cell-based immunotherapy frequently display a subsequent loss of B2m
and/or downregulation of HLA expression [462, 465]. This argues for an in vivo
immune selection process, sculpting the tumor towards a silent immune phenotype.

The antigen processing machinery (APM), which is responsible for the complete
assembly of HLA class I molecules with their peptides, is frequently defective in cancer
cells, which per se leads to a diminished antigen presentation [454]. “Soft” as well as
“hard” lesions exist, of which the soft lesions (e.g. transcriptional downregulation) can
be corrected by cytokine therapy, whereas hard lesions (e.g. gene deletion) are
irreversible and render the tumor refractory to HLA-restricted T-cell-based therapies
[466]. As an example, the immunoproteasomal subunits low molecular weight protein
(LMP) -2 and -7 are often subjected to mutations, leading to a deficiency of the
immunoproteasome and a decreased antigen presentation [467-468]. Likewise, peptide
transportation into the ER can be prevented due to a decrease in the transporter
associated with antigen processing (TAP)- 1 or -2 [467, 469-471]. These defects are
however in some cases restored upon IFN-y treatment, arguing for a regulatory “soft”
defect [361, 472]. In ovarian carcinoma, defects in the APM are independent prognostic
markers for poor survival [473].
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Cancer cells that downregulate their surface HLA expression should turn into suitable
targets for NK-cells, and this has indeed been demonstrated following 2m
downregulation during T-cell therapy [474]. Yet, evasion from NK-cell killing can still
occur, putatively due to a lack of activating signals or due to the local
immunosuppressive microenvironment [450, 475].

5.2.2 Loss of tumor-associated antigens

An alternative route to alter the surface immunogenicity is to selectively downregulate
TAAs dispensable to the tumor but recognized by the immune system [448]. In
melanoma, representing the most well-defined and illustrative model for the occurrence
of TAA loss, gp100 and MART-1 expression decrease during tumor development, and
metastatic melanomas downregulate MART-1 in comparison to localized stage |
tumors [462, 476-477].

Another illustrative proof of antigen loss due to in vivo immune selection is the loss of
targeted antigens during immunotherapy. In melanoma patients receiving antigen-
specific adoptive T-cell therapy, recurrent tumors exhibited downregulation of all three
targeted antigens (gp100, MART-1 and tyrosinase) post therapy [478]. Similarly,
melanoma patients with partial responses to peptide-based vaccines had recurrent
disease with diminished antigen expression [479-481].

5.2.3 Expression of non-classical HLA molecules

The expression of non-classical HLA molecules, such as HLA-G and -E, provides the
tumor with the ability to modulate host immune responses [59-60]. Particularly well
studied is the expression of HLA-G in malignant cells. HLA-G expression has been
detected and shown to be upregulated in several tumors, including melanoma, lung,
renal and colon cancer [482-485]. The membrane-bound form of HLA-G interacts with
the inhibitory receptors KIR2DLA4, ILT2 and ILT4, of which KIR2D4 is restricted to
NK-cells and some T-cells, and the most well recognized outcome of signaling via
membrane bound HLA-G is the inhibition of NK-cell activity [486-488]. In addition,
HLA-G may be shed by tumor cells, and in its soluble form it may induce apoptosis of
activated CTLs [489], further inhibit NK-cell activity [490] and suppress the
proliferative response within the CD4 and the CD8 compartment [491-492].
Intriguingly, high levels of HLA-G have been detected on immature myeloid cells
infiltrating lung cancer [493], and transfer of HLA-G from APCs to T-cells confers a
regulatory phenotype to the T-cells [494]. HLA-G may also indirectly contribute to
immunosuppression by stabilizing HLA-E at the cell surface [495].

HLA-E, in turn, is yet another non-classical HLA molecule with prominent
immunosuppressive abilities [59]. In normal tissue, HLA-E often fails to reach the cell
surface [496], but if so, it preferentially binds HLA class I leader sequences including
that of HLA-G [497]. However, in various malignancies, cell surface expression of
HLA-E is frequently reported and upregulated as compared to the normal tissue
counterpart [498-501]. The dominant pathway by which HLA-E inhibits immune
responses is via interactions with the CD94/NKG2A inhibitory receptor on NK-cells
and T-cells, leading to a disruption of effector cell function [500, 502-504]. Indeed, a
relative increase in expression of HLA-E following downregulation of classical HLA
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molecules is a putative mechanism whereby tumor cells escape from NK-cell mediated
killing in this scenario [498, 501].

5.3 INHIBITION OF ANTI-TUMOR IMMUNITY

Suppressive cells within the immune system, as well as immunosuppressive molecules
derived from tumors and/or immune cells with regulatory abilities, may also contribute
to immune escape. Below, such immune escape phenomena pertinent to the studies
included in this thesis will be addressed.

5.3.1 Regulatory T-cells

The putative presence of a suppressive subpopulation within the lymphocyte
compartment was postulated in the 1970’s [505], but skepticism prevailed for several
years, and the field of Tregs experienced its renaissance in the 1990’s, when the first
evidence delineated a role for regulatory CD4 " T-cells in controlling autoimmunity
[506-507]. In 2003, it was discovered that the development of Tregs was under control
of the transcription factor forkhead box P3 (Foxp3) [508]. Ample evidence for the
crucial role of Tregs in maintaining immunological homeostasis originates in animal
studies, where a lack of Tregs leads to the onset of various autoimmune disorders,
mainly due to the unleashing of self-reactive effector T-cells [509-510]. Likewise, in
humans, Foxp3 deficiency is linked to severe multi-organ autoimmunity [511].

Circulating Tregs either originate from the thymus as “natural Tregs” or are generated
in the periphery as “adaptive Tregs”, a derivative from naive CD4" T-cells under
certain circumstances, such as antigen stimulation in the presence of TGF-$ [512]. A
number of markers have been attributed to distinguish Tregs from other CD4" T-cell
subsets, such as cytotoxic T-lymphocyte antigen 4 (CTLA-4) [513], CD39 [514], CD25
(the IL-2R a-chain) [515], GITR [516] and CD127"°% [517]. Yet the single most
validated marker to define Tregs remains in Foxp3, which is frequently used in
combination with CD25 [518]. Tregs hence express the high-affinity receptor for IL-2
and are likewise highly dependent on IL-2 for their maintenance [519]. Tregs also need
an initial antigen stimulation and TCR activation, but in their activated state exert
immunosuppression in an antigen-independent manner [518].

Accumulating evidence derived from both in vivo and in vitro studies demonstrates a
role for Tregs in cancer development and progression [515]. High numbers of
circulating Tregs in the blood, as well as within the tumor itself, are reported in several
human cancers, including lung [520], breast [520-521] ovarian [98, 275], pancreatic
[521-522] and gastric cancer [523]. Strikingly, in ovarian cancer, a high ratio between
tumor-infiltrating CD8" T-cells and Tregs is associated with favorable clinical outcome
[275], and in breast cancer, the presence of intratumoral Foxp3-expressing Tregs can
predict patients at risk of relapse after five years [524].

Several explanations are provided as to why Tregs selectively accumulate in the tumor

microenvironment. One notion is that the chemokine CCL22, expressed by tumor cells
and/or M2 macrophages, promotes the trafficking of CCR4-expressing Tregs into the
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tumor [98, 525]. Alternatively, Tregs can be induced on-site in response to TGF-f3
derived from the tumor itself or from iDCs [193, 526-527].

Animal studies have demonstrated the relevance of Tregs for tumor immunity in vivo.
Solely by depleting Tregs in tumor-bearing hosts, tumor regression has been observed
[528-529], and on the contrary, the adoptive transfer of CD4'CD25" Tregs enhances

the growth of chemically induced tumors [530]. Furthermore, both human and animal
studies demonstrate that Treg depletion enhances vaccine-mediated antigen specific

T-cell responses [531-532], and that Treg depletion unmasks the existence NY-ESO-1
specific T-cells in the blood of both healthy individuals and cancer patients [533-534].
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Figure 6. Immunosuppressive mechanisms exerted by Tregs. Tregs suppress T-cells and NK-cells
by inhibiting their effector functions and by eliminating these effector cells. TAMs are subverted from
an M1 to an M2 phenotype and downregulate MHC class II in response to IL-10 secreted by Tregs.
Likewise, DCs downregulate MHC class II and the co-stimulatory B7 molecules and increase their
expression of IDO in the presence of Tregs. Furthermore, IL-2 is also depleted from the
microenvironment, which in turn abrogates T-cell proliferation.

Tregs are indeed versatile in their abilities to suppress immune responses (Figure 6).
Suppression may be exerted on the level of the adaptive as well as the innate immune
system, employing both contact-dependent and contact-independent mechanisms.

30



As such, the suppression of T-cell responses can occur both through contact-dependent
inhibition of IL-2 production and proliferation [535-536], as well as by conversion of
ATP to adenosine which is delivered to the T-cells via the A2A receptor, and renders
the T-cell anergic [514, 537]. Indirectly, Tregs may hamper CTL responses by
depriving the microenvironment of IL-2 [538], and furthermore negatively regulate the
granule exocytosis pathway in CTLs [539]. The production of PGE, by Tregs also
suppresses effector T-cells via signaling through the EP2 receptor [540]. Tregs may
also induce the expression of IDO in DCs [541], which in turn inhibits T-cells by
blocking their proliferation [542]. A number of studies demonstrate that Tregs utilize
immunosuppressive cytokines, such as TGF- and IL-10, to suppress innate as well as
adaptive immunity, but whether or not Tregs depend on these cytokines to exert their
suppressive effects remains controversial [518]. Nevertheless, Treg inhibition of NK-
cell activity in vivo was in fact shown to be dependent on membrane-bound TGF-f3,
which downregulated NKG2D expression on NK-cells [543]. Furthermore, Tregs can
suppress innate immunity, and subvert M1 macrophages towards an M2 phenotype in
vitro, mainly via IL-10 dependent mechanisms [544-545]. Tregs also interact with DCs,
and perturb their functions by downregulating co-stimulatory molecules [546-547].
Ultimately, Tregs utilize the Fas/FasL pathway, as well as granzymes and perforin, to
exert direct cytotoxicity and kill off other activated effector cells, including CTLs,
CD4" T-cells, DCs and macrophages [548-550].

Indeed, the given evidence demonstrates a wide array of tumor promoting abilities
harbored within the Treg population. Still, it deserves to be mentioned that this view is
currently being challenged [551]. In head and neck cancer, tumor-infiltrating Tregs
correlate to good prognosis [374], and a similar correlation was recently reported in
colorectal cancer [552]. Potentially, Tregs could have a beneficial effect in some
tumors, by dampening locoregional inflammation, and furthermore, adoptively
transferred Tregs have been shown to induce apoptosis in intestinal tumors,
concomitant to downregulation of COX-2 expression in tumor cells [553].

5.3.2 Cytokines in immune escape

As has already been touched upon, certain cytokines present during tumor development
may promote immune escape and favor tumor progression. In particular, TGF-f3 and
IL-10 are both pleiotropic contributors to tumor escape [554-555].

5.3.2.1 TGF-p

TGF-f may contribute to immune escape mechanisms by downregulating MHC class I
molecules on the cell surface of tumor cells [556-557]. On the level of effector cells,
TGF-p displays a wide array of suppressive behaviors. Tumor-specific CTL
cytotoxicity has been shown to be curtailed in vivo in the presence of TGF-f [558], and
similarly, TGF-f3 may directly control genes involved in the cytolytic cascade,
including those of GrB, IFN-y, FasL and perforin [559-560]. Furthermore, membrane-
bound TGF-P on Tregs represses the proliferation of CD4 'CD25™ T-cells [561]. NK-
cells represent another target for TGF-B, which downregulates the expression of
NKG2D on the cell surface of NK-cells [562-564], and perturbs their release of IFN-y
[565].
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5.3.2.2 IL-10

Similarly to TGF-, IL-10 attenuates the expression of classical MHC molecules on the
cell surface by downregulating genes associated with antigen presentation, such as
TAP1, TAP2 and LMP-2 [566-567]. Furthermore, IL-10 has proven to increase
HLA-G at the cell surface, which may contribute to escape from NK-cell-mediated
killing [568]. IL-10 exerts divergent effects on DCs. Although some reports indicate
that IL-10 can promote antigen uptake by DCs [569], most studies point out a negative
regulation of DC activity by IL-10, via reduced levels of MHC class II and a hampered
IL-12 production [569-570]. In turn, this translates into the induction of anergic T-cells
with regulatory capacities [570-572]. IL-10 has also been shown to protect tumor cells
from lysis by TILs [573], and blocking of IL-10 can enhance cellular anti-tumor
immunity [574]. As has been mentioned, IL-10 is one of the major effector molecules
utilized by Tregs to suppress immune responses, and it is also suggested to participate
in Treg generation in the periphery [518, 575].

Intriguingly, IL-10 derived from Tregs was shown to restrain locoregional
inflammation and reduce tumor growth in colonic as well as extra-intestinal tumors
[576-577]. Indeed, tumor suppressive abilities of IL-10 are being proposed [555], and
in some models an increased NK-cell activity was detected in the presence of IL-10 and
translated into a reduced tumor growth [578-580]. Possibly, IL-10-mediated
downregulation of the COX-2/PGE; axis could also alleviate PGE,-mediated
immunosuppression [581].

5.3.3 PGE; in immune escape

PGE; not only contributes to enhanced cancer-related inflammation, but also
participates in mediating immune escape. As such, PGE, prevents the innate immune
system from promoting and exerting efficient anti-tumor responses, by inhibiting the
maturation of DCs [104, 582-584], perturbing macrophage cytolytic activity and 1L-12
production [585-587], inhibiting NK-cells [588-589] and by recruiting MDSCs [163].
PGE; also contributes to the deviation of adaptive immune responses towards a pro-
tumorigenic state, by subverting CD4" T-helper cells from a Ty1 to a T2 phenotype
[104, 590-591], inducing regulatory T-cells [540, 592-593] and by attenuating effector
T-cell responses [540, 594-596]. Furthermore, COX-2 inhibitors have proven to restore
IL-12 production, enhance anti-tumor immunity and potentiate responses seen to tumor
vaccines [219, 597].

5.4 ESCAPE FROM T-CELL RESPONSES

Cancer patients often harbor circulating tumor-specific T-cells in the blood [598-599],
yet the tumor often progresses, suggesting that T-cell responses fail to control tumor
growth. The functional status of tumor-specific T-cells in the blood and tumor tissue of
cancer patients is a matter of debate [599], but several reports claim that peripheral
blood lymphocytes (PBLs) as well as TILs display poor proliferative response rates to
mitogenic stimuli and often undergo spontaneous apoptosis [600-602].
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In situ, TILs often demonstrate dysfunctional characteristics indicative of deregulated
effector mechanisms. Commonly, the zeta-chain is downregulated in TILs, which
abrogates antitumor responses [602-603]. Furthermore, tumors are suggested to utilize
a number of mechanisms to induce apoptosis in the intruding lymphocytes. One such
mechanism is the “tumor counter-attack” phenomenon, in which tumor cells outwit
TILs by expressing DR ligands such as FasL and TRAIL, which in turn eliminate
effector cells expressing the corresponding DRs [604-606]. However, the relevance of,
and the methodological accuracy in the early publications in this field, have been
disputed [607-608].

Yet another mechanism proposed to contribute to tumor-induced dysfunction of TILs is
the expression of IDO by the tumor, which can abrogate T-cell proliferation and induce
cell-cycle arrest, by depleting tryptophan in situ [153, 542]. Furthermore, cancer cells
have been shown to express B7-H1 (programmed death-1 ligand, PD-1L), which may
induce apoptosis in activated T-cells expressing the receptor PD-1 [609]. Of particular
relevance to NB is the ability of tumor cells to shed gangliosides, which are also
reported to contribute to apoptosis of TILs [610].

Presumable non-apoptotic TILs may still fail to clear the tumor. It has been shown that
TILs are functionally impaired with a reduced ability to mobilize the lytic machinery
[611]. If they succeed, tumor cells can however evade granule-mediated killing by
expressing the proteinase inhibitor-9 (PI-9), an inhibitor of the GrB pathway [612].
Furthermore, tumors may circumvent DR-mediated killing by expressing decoy
receptors or dysfunctional DRs, as well as by harboring defects in the downstream
intracellular signaling cascades, such as silencing of caspase-8 [613-615].

5.5 IMMUNE ESCAPE BY NEUROBLASTOMA

Neuroblastoma is not an exception, and displays a battery of immune escape
mechanisms which modulate the immunogenicity of NB and impede anti-tumor
responses (Figure 7) [616]. On the level of tumor immunogenicity, NB cell lines as
well as primary tumors are often described as devoid of surface HLA expression [617-
619]. This was first suggested to be regulated by MYCN expression [620], but the
interrelationship was however recently questioned [621]. Underlying defects in several
components of the APM have however been observed in primary NB samples [619,
622]. The lack of HLA expression could render NB cells a suitable target for NK-cell-
mediated killing. Yet, NB cells may secure escape from NK-cells by downregulating
activating ligands for NK-cells, such as MICA [417, 623]. Furthermore, in a murine
model of NB, it was shown that NB cells upregulated MHC molecules upon recurrence
following an initial NK-cell dependent anti-tumor response [624]. This in fact
demonstrates that NB can undergo immunological sculpting in vivo.

NB tumors can also be protected from DR-mediated killing by downregulating DRs
and via defects in the intracellular signaling cascade conveying apoptotic signals.
Decoy receptors for TRAIL were stated to be hypermethylated in NB [625], and some
reports demonstrate expression primarily of TRAIL-R2 in NB cell lines [626-627], but
others report an absence of TRAIL-R1 and -R2 in primary NB tumors and some cell

33



lines [628]. Furthermore, resistance to TRAIL has been linked to a loss of caspase-8
expression in NB [626-627, 629]. The inactivation of caspase-8 disrupts the apoptotic
pathway in NB, and was initially suggested to occur in MYCN-amplified high-risk
tumors and to correlate to the stage of the disease [626, 630-631], but this has however
been questioned [632]. Expression of the other major death receptor, Fas, has been
associated with low stage and a mature phenotype of NB cells [633]. Importantly,
IFN-y acts to restore the defects detected in the APM, as well as caspase-8 expression,
and may hence override NB immune escape mechanisms [619, 622, 628, 634].

Besides alterations in immune recognition, potent immunosuppressive functions
exerted by NB impose on tumor immunosurveillance. NB may interfere with NK- and
T-cell-mediated killing of target cells, either directly or indirectly. Indirectly, NB cells
may instruct monocytes to secrete soluble HLA-G molecules, which then obstruct
CTL- and NK-cell-mediated lysis [635]. Directly, NB cells proved to secrete soluble
MICA (sMICA), which in turn inhibited NK-cell-mediated killing of MICA expressing
NB cells [623]. NK-cells were also shown to be negatively regulated by the expression
of B7-H3 on NB-cells [636], a molecule for which the corresponding receptor on NK-
cells is still unknown [637].

T-cells can be suppressed and enter the apoptotic pathway due to the expression of
FasL on NB cells [633, 638]. In a murine model of NB, the expression of macrophage
migration inhibitory factor (MIF) suppressed T-cell proliferation and MIF knockdown
NB cells were superiorly rejected in a T-cell-dependent manner in vivo [639]. In
addition, NB tumors secrete GD2, which further suppresses T-cell responses [640-641]
and, as was recently demonstrated, promotes the induction of Tregs [642]. NB-derived
gangliosides may also impair immune responses by inhibiting the maturation and
function of DCs [189, 643]. Finally, the tumor microenvironment surrounding NB
tumor cells holds the potential to suppress immune responses; primary NB tumor
samples contain IL-10 as well as TGF-f [445, 644], and NB expresses COX-2,
enabling the production of PGE; [111].

NB WOR %

Caspase- 8

Figure 7. Immune escape by neuroblastoma. NB tumors may hamper NK-cell functions by
shedding soluble MICA, by instructing monocytes to shed soluble HLA-G and by expressing the
inhibitory B7-H3 molecule. T-cell responses may be abrogated by a lack of HLA class I expression, by
a deficient caspase-8 expression or by the production of inhibitory molecules such as GD2, MIF and
PGE,. T-cells may furthermore be eliminated by NB tumors expressing FasL. NB-derived GD2 may
also inhibit DCs and induce Tregs, the latter which may also be induced by NB-derived PGE,.
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6 CANCER IMMUNOTHERAPY

In the 1890’s, Dr William Coley observed that sarcomas could be cured by evoking
immunological responses following administration of streptococci extract [645], and
hereby, the first attempt to cure cancer by using the immune system had been pursued.
Modern immunotherapy, however, evolved in the late 1980°s, and is currently
experiencing an era of revival with several major break-troughs during the last decade,
as will be reviewed below.

The following sections will give a brief overview on the current status of
immunotherapy, with a focus on mechanisms and regimens of pertinence to the studies
included in this thesis and to NB. Of note, it deserves to be stressed that most clinical
trials involving immunotherapy have been pursued in patients with a fulminate,
refractory disease not responding to conventional therapies, and given response rates
should be viewed in light of these poor prerequisites.

6.1 PASSIVE IMMUNOTHERAPY

Passive immunotherapy implies the administration of preformed immunological
mediators, including adoptive cell transfer (ACT) of effector cells such as T-cells and
NK-cells, as well as mAb therapy.

6.1.1 T-cell-based therapies

In 1987, a landmark publication initiated the field of adoptive T-cell therapy, when
TILs from a melanoma patient proved to possess the capacity to lyse autologous tumor
cells in vitro after IL-2-based expansion [646]. Shortly thereafter, the first treatment of
metastatic melanoma using in vitro expanded TILs was performed [647]. Ensuing
studies using adoptive transfer of TILs in melanoma patients in the early 1990’s
demonstrated objective response rates of around 30% [648], with one of the major
obstacles to overcome being the low persistence of the transferred T-cells in vivo [649].
During the last 10 years, however, an improved understanding of T-cell biology has
revolutionized this field, and current rates of persistence are now improved, with one
study detecting that 75% of circulating CDS8" T-cells 6 months after infusion were
tumor-specific, originating from the transferred clone [650].

One of the milestones within the field was the introduction of lymphodepletion prior to
ACT therapy (reviewed in [651]). Lymphodepletion renders the host in a state of non-
myeloablative immunosuppression, either via cytostatic drugs such as
cyclophosphamide and fludarabine, or via total body irradiation [649, 651], and several
mechanisms underlying its additive effect on ACT therapy are suggested.
Lymphodepletion eliminates circulating suppressive cells such as Tregs [652] as well
as “cytokine sinks”, 1.e. other cell types competing for the cytokines needed for T-cell
proliferation [653], and furthermore enhances the function of APCs [654]. Following
the first published study by Dudley ef al. in 2002, with a response rate of 46% [650],
subsequent studies employing improved protocols of lymphodepletion have
demonstrated objective response rates corresponding to 50-70% [655-657].
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Additional improvements of ACT therapy stem from gained insight into the importance
of transferring CD4" T-cells together with CTLs, or as sole effector cells [652, 658]. It
deserves to be mentioned that other sources than TILs can be used to isolate and
expand tumor reactive T-cells, such as the tumor draining lymphnode, i.e. the sentinel
node, where present T-cells may be of better quality [659].

Another upcoming strategy to potentiate T-cell-based immunotherapy is the generation
and administration of genetically engineered T-cells [660]. In 2006, a first publication
by Morgan et al. reported a successful attempt to treat melanoma patients with T-cells
which had been transduced with TCRs specific for MART-1 [661]. Chimeric antigen
receptors (CARs) represent yet a different way to modify T-cells for ACT. By
engineering T-cells with antibodies linked to the intracellular signaling domains of the
CD3 complex, the T-cells may bypass MHC class I restriction and target alternative
surface structures such as glycolipids [662]. This paves the way for T-cell-based
therapies for MHC class 1Y tumors, such as NB (section 6.4.1) [663]. Unfortunately,
ACT therapy based on TCR specificity has resulted in immune escape variants of
tumor cells with downregulated expression of the targeted TAA [664].

A different approach to enhance or initiate T-cell responses is based on the
administration of mAbs targeting CTLA-4, which represents an immune checkpoint
molecule halting the activation of T-cells [665]. Anti-CTLA-4 (ipilimumab) treatment
has proven to augment lymphocyte infiltration into the tumor, increase CTL function
and abrogate Treg function [666-669]. A study by Hodi et al. in 2010 demonstrated that
although severe toxicities were seen, treatment with ipilimumab alone or in
combination with the peptide gp100 improved the overall survival in metastatic
melanoma patients in a phase III study [670].

6.1.2 Monoclonal antibodies

The administration of mAbs is an upcoming immunotherapeutic approach with
particular relevance for NB. Several mAbs, including trastuzumab (Herceptin, anti-Her-
2/neu) for breast cancer [671], rituximab (Rituxan, anti-CD20) for lymphoma [672] and
cetuximab (Erbitux, anti-human EGF receptor (EGFR)) for colorectal cancer [673]
have shown major clinical benefits with response rates of 8-10% as single agents and
20-30% when combined with radiation or chemotherapy [674].

Various mechanisms are proposed to underlie the effects exerted by mAbs [424]. One
potential mechanism is the abrogation of downstream signaling pathways involved in
proliferation and survival, as with the EGFR inhibitors cetuximab and trastuzumab
[675]. Complement-dependent cytotoxicity (CDC) is suggested as an alternative
mechanism of action and leads to the formation of cell membrane pores on the targeted
cell [674]. Although suggested as an in vivo mechanism during rituximab treatment
[676], CDC is a rapid process, and its relevance in vivo is questioned considering the
time-window for mAb responses often being above one week [424].

The most well-studied mechanism of action of mAbs is the induction of ADCC. This

occurs when the Fc domain of an antibody is recognized by FcRs (FcyRs in the case of
IgG) present on NK-cells, neutrophils, monocytes and macrophages. Hereupon, these
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effector cells are activated to induce target cell death [674, 677]. Indirect evidence for
the crucial role of ADCC in mediating mAb responses stems from the fact that
polymorphism in the FcyR region correlates to clinical responses to, among others,
rituximab and trastuzumab [678-680].

As mentioned, mAb therapy in the clinic leads to tumor destruction over days, and not
hours [424], which suggests that other mechanisms may underlie the effects behind
mADb therapy than those described above. Accumulating evidence demonstrates that
antibody therapy induces CD4" as well as CD8" T-cell responses to the target antigen,
which would fit with the given time-window for clinical responses. The administered
mADbs increase cross-presentation of target antigens to T-cells by APCs [681-682], and
ensuing T-cell responses have indeed been detected following anti-CD20 and
trastuzumab treatment in animal models as well as in humans [683-685].

6.2 ACTIVE IMMUNOTHERAPY

Active immunotherapy implies an attempt to vaccinate against cancer, and includes
vaccines based on DNA, peptides, proteins, inactivated tumor cells and DCs [289].
Except for when the tumors are of infectious origin, such as human papillomavirus-
induced cervical cancer, where vaccines efficiently target non-self antigens [686], the
vaccines are often limited by the target being a self-antigen. In 2004, Rosenberg and
colleagues reported the discouraging overall response rate of 2.6% to cancer vaccines
[687]. However, an improved understanding of cancer immunology pushes the field
forward. As an example, Sipuleucel-T, a DC-based vaccine for prostate cancer, became
the first antigen-specific immunotherapy for humans to be approved by the US Food
and Drug Administration (FDA) in 2010. Sipuleucel-T is believed to induce CD4 " as
well as CD8" T-cell responses against prostatic acid phosphatase [688-690].

DNA-based cancer vaccines are designed to elicit immunological responses in vivo to
an encoded target protein/epitope. Following antigen synthesis and presentation, DNA
vaccines can potentially induce a broad repertoire of CTLs and T-helper cells, as well
as B-cell responses [691]. Clinical trials in melanoma and breast cancer patients have
shown that DNA vaccines can elicit immunological responses in late-stage patients, yet
clinical response rates in these settings are low [692-693]. In animal models, however,
DNA vaccines have been potentiated by linkage to gene-encoded adjuvants, such as
CDA40L [694]. DNA vaccines may also target other structures than TAAs, such as
molecules expressed on blood vessels, hence abrogating angiogenesis [695].
Considering the status of enrolled patients, results with peptide- and protein-based
vaccines are encouraging. In metastatic melanoma patients, HLA-A2- restricted gp100
peptides have elicited both immunological and clinical responses [696-697]. In breast
and ovarian cancer patients, immunization with Her-2/neu peptides or proteins has also
proven to elicit T-cell responses and to decrease the risk of recurrent disease [698-699].

37



6.3 CHILDREN VERSUS ADULTS

Considering that most of the above mentioned trials are performed in adults, the
question arises whether pediatric patients are suitable for immunotherapeutic
approaches. A number of immunological observations and experimental proofs have
demonstrated a deterioration of the immune system upon aging, altogether referred to
as “immunosenescence” [700]. In an elderly population, the T-cell repertoire loses its
diversity within both the CD4 and the CD8 compartment [701-702]. Moreover, CD4"
as well as CD8" T-cells in the elderly downregulate their expression of CD28, hence
becoming refractory to proper costimulation [703-704]. APCs in older mice also
exhibit a decreased ability to present antigens to T-cells, and induce CD8" T-cells with
lower cytotoxic ability [705]. Aging is also associated with a skewing of the cytokine
pattern from a Tyl towards a Ty2 pattern, which will further diminish the generation of
CDS8" responses [706]. Whereas contradictive reports exist describing altered as well as
retained macrophage function [707], most reports demonstrate that NK-cells show
impaired responses to IL-2 and functional alterations in older populations [708].

Low response rates to cancer vaccines in adult patients have been attributed to the
above mentioned decline in immunological parameters [709]. Further strengthening
this hypothesis, younger mice are superior in mounting anti-tumor responses to
vaccines in experimental cancer models [710-711]. In humans, children furthermore
display enhanced capacities to reconstitute their immunological competence following
chemotherapy [712], which is a major advantage for subsequent immune-based
therapies.

Taken together, the pediatric population has been suggested to be a highly suitable
population for immunotherapy. Children possess a vigorous immune system with
greater potential to co-operate during immunotherapy. Furthermore, tumors arising in
pediatric patients have usually had a shorter time to subvert and push the immune
system into the equilibrium phase [713].

6.4 IMMUNOTHERAPY OF NEUROBLASTOMA

Immunotherapy is gaining momentum as an auxiliary approach in NB treatment, and
various passive as well as active strategies are being exploited with promising efficacy
in NB models [714].

6.4.1 Adoptive cell therapy for NB

T-cell-based therapies for NB patients have been discouraged by the notion that NB is
devoid of HLA class I expression. However, NB cells upregulate HLA class I in
response to retinoids, and many tumors indeed display enhanced levels of HLA
molecules upon conventional therapies such as radiation and chemotherapy [714-716].
Autologous CTLs have successfully been expanded from NB patients in various
settings. Sarkar et al. demonstrated that CTLs could be generated from NB patients by
restimulation either with irradiated autologous tumor [717] or with an HLA-A1-
restricted MY CN-derived peptide [718], and the CTLs were able to kill autologous
tumor and/or NB cell lines in an HLA-restricted fashion. Similar studies proved that
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autologous DCs transfected with mRNA from NB cell lines could be used to
restimulate CTLs from NB patients [719]. In 2008, an HLA-A2-restricted peptide
derived from MYCN was identified and proved capable of inducing MY CN-specific
CTLs from NB patients which could lyse autologous tumor [440]. Furthermore,
previous work from our group demonstrated that NB cells can be killed in an MHC-
non-restricted fashion by CTLs [720]. CD8" responses also mediate the anti-tumor
effects of NB vaccines in animal models [721-723], which further argues for a role of
CTLs in NB immunosurveillance.

NB tumors have recently been targeted by CTLs modified to express CARs targeting
the L1 cell adhesion molecule CD171 [663, 724]. However, the in vivo persistence of
administered CTLs was short. In 2008, Pule et al. published a beautiful example on
how NB tumors can be targeted by CARs with longer in vivo persistence. By
engineering Epstein-Barr virus (EBV)-specific CTLs from NB patients with a chimeric
GD2 receptor, transferred CTLs could be sustained in vivo by receiving native TCR
stimulation, and simultaneously target GD2 expressing NB cells. Tumor regression was
seen in 50% of the patients [725].

A low expression of HLA class I molecules should render NB a favorable target for
adoptive transfer of NK-cells. In mice bearing metastatic NB tumors, infusion of IL-2
activated NK-cells prolonged the survival time [726], and within an ongoing phase /11
trial it was shown that NK-cells infused into NB patients retained cytotoxic capacity in
spite of the presence of SMICA [727]. Furthermore, a recent study evaluated the safety
and feasibility to administer subcutaneous IL-2 to NB patients in an outpatient setting,
and an increase in NK-cell activity was detected with tolerable side-effects [728]. This
encourages further studies in NB based on ACT using NK-cells.

6.4.2 Monoclonal antibodies in NB therapy

The current cornerstone of immunotherapy for NB patients is based on passive
immunotherapy with mAbs targeting GD2, which is expressed by virtually all NB
tumors [729]. GD2 serves as an excellent target for immunotherapy since it is seldom
lost following mAb therapy [730]. Pioneering clinical trials in the 1980’s and early
1990°s were based on the murine antibodies 3F8 and 14.G2a [731-732], and the
chimeric human/mouse mAb ch14.18 was launched in clinical trials in 1995 [733].
Subsequent trials using 3F8 and 14.G2a were then modified by the separate addition of
the adjuvant cytokines IL-2 or GM-CSF [734-736]. In 2010, Yu et al. could
demonstrate a significantly improved outcome in high-risk NB patients receiving
ch14.18 in combination with GM-CSF and IL-2 as an addition to standard therapy with
isotretinoin. The EFS at two years was 66% in patients receiving immunotherapy
compared to 46% upon standard therapy [737]. The mechanisms underlying the effects
of ch14.18 were proposed to involve ADCC as well as CDC, with in vivo experiments
arguing in favor of an NK-cell dependent ADCC mechanism [738-739].

GD2-specific antibodies have also been exploited as messengers in the delivery of
targeted cytokines to the NB microenvironment. In experimental models of NB, a
fusion protein of IL-2 and ch14.18 has demonstrated therapeutic benefits as well as
prophylactic ability to evoke NK- and T-cell responses and to confer subsequent
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protection against tumor challenge [740-742]. The administration of a humanized
analogous fusion protein, hul4.18-IL-2, has recently demonstrated complete response
rates of 22% in high-risk NB-patients in a phase II study [743]. Subsequent analyses
indicated that NK-cells were mediating the clinical effect [423, 744].

6.4.3 Active immunotherapy for NB

Active immunotherapy for NB has been pursued using vaccines based on DCs, DNA
and autologous tumor cells. Pilot clinical trials using DCs derived from peripheral
blood monocytes of NB patients and pulsed with tumor lysates or RNA showed the
ability to induce T-cell as well humoral responses, but limited clinical responses [745-
746]. Vaccines based on modified tumor cells have however been more successful
clinically. Autologous tumor cells engineered to express IL-2 showed clinical response
in 5 of 10 high-risk NB patients [747], and allogeneic NB cells engineered to secrete
lymphotactin and IL-2 mounted similar response rates [748]. Clinical trials using the
autologous setting are underway and intermediate results report on initial
immunological as well as clinical responses [749].

The administration of DNA vaccines represents another promising strategy and several
TAAs expressed by NB have successfully been targeted in animal models. As such, a
DNA vaccine encoding TH has efficiently been delivered using an attenuated strain of
Salmonella typhimurium [750-751], and was furthermore potentiated by
posttranscriptional modifications to enhance TH expression [722, 752-753]. In addition,
GD2, although a glycolipid, was effectively targeted using DNA vaccines as well as
peptides encoding decapeptides mimicking GD2, which induced cellular and humoral
responses and reduced tumor growth in NB models [754-755]. Finally, a DNA vaccine
encoding survivin-derived peptides was shown to be efficient in a prophylactic as well
as a therapeutic setting in a mouse model of NB [721]. Taken together, active
immunotherapy for NB shows promising efficacy and deserves further attention.
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AIMS OF THE THESIS

The overall aim of this thesis was to elucidate the prerequisites for immune-mediated
recognition of neuroblastoma.

The specific aims of this thesis were;

» To evaluate the sensitivity of NB to effector mechanisms of the immune system
in the course of differentiation

» To evaluate how effector molecules released by CTLs affect the immune
phenotype and sensitivity of NB to DR-mediated killing

» To gain further insight into the status of T-cell responses in human NB tumors
» To evaluate tumor-infiltrating cells during tumor progression in the transgenic

TH-MYCN model, and to assess how anti-inflammatory treatment with low-
dose aspirin affects tumor development and inflammatory parameters
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RESULTS AND DISCUSSION

NEUROBLASTOMA AS A TARGET FOR EFFECTOR CELLS (PAPER |
AND i)

In paper I and I, the sensitivity of NB to effector mechanisms of the immune system
was investigated. Specifically, paper I aimed at investigating the effects exerted by
differentiating agents on the recognition of NB by NK-cells as well as T-cells. Paper I1
aimed at investigating how effector molecules released by activated CTLs affect the
immunogenicity of NB, including the sensitivity to DR-mediated killing.

Sensitivity of NB to effector cells in the course of differentiation

Spontaneous regression of NB has been suggested to involve immunological
mechanisms [19], yet no study has addressed the ability of NB to be targeted by
effector cells during physiological differentiation. Previous work in our group
demonstrated that retinoic acid, known to induce differentiation in NB cells, sensitized
NB cells to CTL-mediated killing [715]. Retinoids, however, exert their effects through
nuclear receptors with several downstream target genes [756], and effects seen could
potentially be mediated by various biological pathways other than differentiation.

Hence, in paper I, we performed a systematic analysis of the immune phenotype in NB
cell lines as well as primary tumors upon treatment with NGF, the phorbol ester 12-O-
tetradecanoylphorbol-13-acetate (TPA) or a combination of EGF and basic fibroblast
growth factor (FGF). NGF and TPA are well known for their ability to induce
differentiation of NB cells [757], and an FGF/EGF combination has been used to
potentiate TPA induced differentiation [758], as well as to propagate neural stem cells
[759].

During differentiation using these agents, the immune phenotype of NB cell lines as
well as primary tumors was altered. We could detect an increase of the surface
expression and the total pool of HLA molecules. Of note, the non-classical HLA
molecules HLA-E and HLA-G were not induced, but rather downsized upon EGF/FGF
treatment. Instead, differentiation triggered the expression of the classical alleles HLA-
A2 and HLA-A11. In parallel, we monitored an increase in the levels of surface
ICAM-1, which is known to facilitate the initial interaction between lymphocytes and
their target cell [425, 760]. In order to investigate whether these changes would
translate into an increased killing of NB by effector cells, we examined the ability of
NB cells to form immune conjugates and their sensitivity to be lysed by NK-cells and
T-cells. Indeed, differentiated NBs more readily formed conjugates with CTLs, and
using a standard 4 hour *'Chromium-release assay, we could demonstrate an increased
lysis of differentiated NBs by HLA-A2-specific allogeneic T-cells as well as by 2 out
of 3 NK-cell lines used. The increase in lysis was reflected by an enhanced propensity
of NB cells to bind GrB at the cell surface.
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Interestingly, although a prominent induction of HLA molecules at the cell surface was
seen, NK-cells still lysed differentiated NB cells more efficiently than non-
differentiated counterparts. Potentially, the increase in [CAM-1 could override the
inhibitory effects of HLA class I expression and translate into a facilitated interaction
between NB and NK-cells. It was previously shown that ICAM-1 is of importance in
determining the sensitivity of NB to NK-cell-mediated killing [426]. Other activating
ligands, such as MICA and CD155 (PVR), could also potentially be differently
expressed upon differentiation. Of note, the cell line FL-2 displayed detectable basal
levels of MICA (Paper II).

In general, allorecognition by CTLs may occur as a direct peptide-independent
recognition of intact HLA molecules present on foreign cells. Alternatively, it may be
dependent on the presence of peptides derived from allogeneic MHC molecules in the
context of surface MHC molecules which succeed to provoke a TCR response in the
allogeneic T-cells [761]. The increase in lysis of differentiated NBs by CTLs was
observed both using allogeneic CTLs derived from an HLA-A2 negative donor and
specific for HLA-A2, as well as by using HLA-A2-restricted CTLs specific for the
EBV-derived peptide GLC (data not shown). In the first setting, an increased killing
might reflect an altered peptide repertoire as well as enhanced surface levels of HLA
molecules. Using GLC-specific CTLs, the killing reflected a peptide-specific
interaction with pre-pulsed target cells.

The primary tumors used in paper I were a stage 2 and a stage 1 tumor (according to
INSS staging [39]) and genetically classified as tumors with 17q gain and other
structural aberrations, respectively [27, 762] (sample 4 and 6, see Table 1). Ultimately,
all genetical subtypes should have been included, but due to the limited amount of
material, this was not feasible. Our data, however, indicate that ex vivo differentiation is
possible using all employed differentiating agents in the study, with observed changes
in the immune phenotype that paralleled those seen in NB cell lines. Importantly, the
one tumor expressing detectable levels of trkA was able to differentiate using NGF.

The fact that NGF treatment had a prominent effect on the immune recognition of NB
cells sheds further light on the hypothesis of an immunological mechanism underlying
the spontaneous regression of some NB tumors [19]. As noted, the expression of HLA
has been observed to be higher in stage 4s tumors [433], and trkA signaling is
suggested to participate in the regulation of spontaneous regression [18]. Taking our
findings into account, it is tempting to argue in favor of immunological mechanisms as
mediators in the spontaneous regression of NB.

Our observation in paper II that soluble factors released by activated CTLs increase the
expression of trkA on NB cells invites a speculation on a loop where the immune
system boosts the ability of NB to undergo differentiation. Indeed, it has been shown
that IFN-y can induce NB differentiation [763], and together with retinoic acid
downregulate MYCN target genes [764]. Furthermore, it was shown that IFN-y works
synergistically with both NGF [765-766] and TPA [767] in the induction of NB
differentiation. The fact that effector molecules released by CTLs may induce
differentiation could then potentially reflect a circuit whereby CTLs facilitate
recognition of their own target. Altogether, this supports a regimen combining
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differentiation therapy and attraction of activated CTLs into the tumor
microenvironment.

Bypassing HLA class |

Whether or not NB is a suitable target for T-cell-based therapies has been questioned,
mainly owing to the reported low/absent expression of HLA class [ [617-618, 620] and
the lack of caspase-8 expression [626-627, 768]. During the last years however, several
successful attempts to target NB using CTLs have been pursued [440, 725], and NB
patients were shown to harbor circulating tumor reactive CTLs which could lyse
autologous tumor cells in an HLA class I-dependent manner [442]. Previous work from
our group also demonstrated that CTLs could target NB in an MHC-non-restricted
fashion [720].

In paper II, we analysed the immunological profile of NB cell lines and primary tumors
ex vivo. The immunological profile was defined by us as the expression of [CAM-1,
HLA class I, Heavy chain, HLA-G, MICA, HLA class II, Fas, TNFR1/R2 and TRAIL-
R1/R2/R3/R4. Furthermore, we monitored how effector molecules released by
activated CTLs (activated supernatant, AS) modulated the immunological profile and
affected the sensitivity of NB to DR-mediated killing. In this setting, we used CTLs
specific for, and activated by, the EBV-derived peptide IVT.

All NB cell lines analysed by us expressed detectable amounts of HLA class I at the
cell surface. However, this could potentially reflect an in vitro selection of certain
subclones. Yet, strongly arguing in favor of CTL-based immunotherapy, we could
detect expression of HLA class I in 5 of 8 primary NB tumors, and likewise, all tumors
expressed at least one DR (Table 1).

Pre-
Sample Age® Stage® Genetics® treatment® Sex® Survivall HLAI° Fas" TRAIL R1/R2' CD4/CD8!
1 13.5 1 Oth str M 54+ + - ++ 0.4
2 35 4 119- X M 6 - + - ND
3 41.5 1 Num only M 52+ ++ - + 0.3
4 14 2 179+ X M 10 ++ - + 1.2
5 4 1 Num only M 50+ - + 1.1
6 4.5 1 Oth str F 49+ + + 0.7
7 18 3 MNA X F 44+ - + + 0.4
8 66 8 Oth str X F 42+ + = + 1.7

Table 1. Characteristics of NB patient samples in paper I-111.

“Age in months at surgery

*Stage according to INSS

“Genetical subtype; Oth str = Other structural abnormalities, 11g- = Loss of chromosome 11¢q, Num
only= Only numerical aberrations, 17q+ = Gain of chromosome 17q, MNA= MYCN amplification
%Pre-treatment prior to surgery

°Sex; M=male, F=female

"Months after diagnosis, + = still alive

€HLA class I positivity of tumor as defined in paper 11

?F as positivity of tumor as defined in paper I1

'TRAIL-R1 and/or -R2 positivity of tumor as defined in paper II.

JCD4/CDS ratio of tumor-infiltrating CD3" T-cells

ND= not done
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Further analysis of the immunological profile revealed that most primary tumors as
well as NB cell lines expressed either TRAIL-R1 and/or TRAIL-R2. This is in contrast
with a previous report stating that NB tumor tissue and cell lines were devoid of these
receptors, which in turn conferred resistance to TRAIL-induced target cell death [628].
Since TRAIL-R1 and -R2 are the functional TRAIL receptors conveying signals
through the DISC complex, our results indicate that NB could indeed be targeted by the
TRAIL pathway, as is being pursued for other cancers [354]. We could also detect a
discrepancy in the expression of TNF-R1 in low-stage versus high-stage primary
tumors (stage 1/2 versus 3/4, according to INSS [39]), with a reduced expression in
stage 3/4 tumors. Considering that TNF-R1 may mediate death-inducing signals
exerted by TNF-a [364], the downregulation of this receptor could potentially provide a
mechanism of immune escape in high-stage NBs.

In the case of an HLA class I tumor, CTLs in the tumor vicinity might exert other
effects than HLA-restricted killing of the tumor. When exposing NB cells to soluble
factors released by activated CTLs, we could detect a skewing of the surface immune
phenotype. NB tumors exposed to AS displayed enhanced levels of surface HLA class I
as well as ICAM-1. Again, this could indicate a route by which CTLs, not necessarily
with specificity for the target, modulate the tumor to become more sensitive to lysis by
other CTLs. AS also induced the expression of Fas and TNF-R2 in cell lines as well as
in a primary NB sample. By performing blocking experiments, we could identify IFN-y
and TNF-a as the major responsible molecules for the observed changes in the immune
phenotype. Indeed, an enhanced expression of Fas as well as TNF-receptors has
previously been reported to occur in NB upon [FN-y treatment [769-770]. As will be
discussed below, we have demonstrated that autologous PBLs from NB patients secrete
increased amounts of IFN-y as well as TNF-o when encountering NB tumors (Paper
II0).

The lack of caspase-8 in NB [626-627] represents a challenge for the application of
T-cell based therapies. We could monitor an increase in the expression and activity of
caspase-8 in NB cells exposed to AS. This observation indicates that CTLs present in
the vicinity of NB tumors may restore the apoptotic machinery as well as the sensitivity
of NB to DR-mediated killing. Furthermore, in an in vivo model of NB, loss of caspase-
8 correlated to the metastatic potential of NB cells, whereas its restoration suppressed
cell dissemination [771]. The attraction of activated CTLs into NB tumors may hence
limit metastatic spread of NB via indirect mechanisms on the level of the apoptotic
machinery.

Of particular relevance to our studies, it was recently shown that caspase-8 signaling
induces terminal differentiation of NB cells [772]. Hence, another connection appears,
linking differentiation with the immunological responses in NB. IFN-y, by inducing
trkA and caspase-8 expression, may promote a transition of NB cells towards a mature
phenotype, which renders NB a more suitable target for CTLs as well as NK-cells.

To determine whether the changes seen in NB immune phenotype would have
functional consequences, we exposed NB cells that had been primed with AS to
recombinant TRAIL and TNF-a, as well as to the Fas agonistic antibody CH-11. This
could potentially mimic an in vivo setting where bystander CTLs prime an encountered
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target by the release of effector molecules, whereupon a subsequent interaction between
the tumor and a death-ligand expressing lymphocyte takes place. NB cell lines were
more efficiently lysed by recombinant TRAIL after expose to AS, although TRAIL-
R1/R2 were not upregulated. This argues that the restoration of caspase-8 expression is
the major determinant of TRAIL-induced killing of NB cells. Similarly, an increase in
FasL-mediated killing was observed, which could potentially be ascribed to the
observed increase of surface Fas as well as to the restoration of caspase-8. Although
TNF-a did not induce NB cell death even after exposure to AS, TNF-a released by
CTLs could still promote cell death by sensitizing cells to Fas-mediated death [773].

Using EBV-specific T-cells for immunotherapeutic strategies is tempting, considering
the high frequency of EBV-positive individuals (over 90% of the adult population) and
the ability to restimulate EBV-specific T-cells in vitro using highly immunogenic
peptides [774]. In the study by Pule ef al., EBV-specific CTLs were obtained from NB
patients and were engineered to express GD2 coupled to the CD3 zeta chain [725].
While receiving native stimulation in vivo by their TCR specific for EBV, the CAR-
CTLs are redirected to the tumor via their dual specificity for GD2.

Our results highlight other potential mechanisms whereby the attraction of these CTLs
could have an anti-tumor effect. First, these activated CTLs could release effector
molecules that upregulate HLA class I molecules and hence facilitate HLA-restricted
killing of the tumor by TILs. Second, DR-mediated killing by death-ligand expressing
TILs would be facilitated as a consequence of the presence of these effector molecules.
Third, NK-cell-mediated killing could still be enhanced since the upregulation of HLA
molecules does not always impair NK-cell responses (Paper 1), and since I[CAM-1
might be induced by the effector molecules. Fourth, the release of effector molecules
by the CAR-CTLs could be an alternative pathway for the induction of target cell
death, since these effector molecules are sufficient to induce NB cell death at varying
degree (Paper II, [720]).

Based on our findings, the administration of CAR-CTLs to NB patients could
potentially be even more beneficial if combined with NGF and/or TRAIL. Co-
administration of IL-2 could be a strategy to support activation of TILs and a co-
operative anti-tumor response by TILs and transferred CAR-CTLs.

Our results also demarcate IFN-y as a versatile molecule, with the ability to modulate
NB immunogenicity, induce differentiation and restore the apoptotic machinery. A
recent study by Reid et al. also demonstrated that IFN-y regulates T-cell infiltration into
NB tumors in a model where immunodeficient mice received ACT with survivin-
specific T-cells derived from NB patients [775]. Thus, the delivery of [FN-y to the NB
microenvironment appears as a promising approach to enhance intratumoral T-cell
responses. Furthermore, as shown in paper III, only 2 of 8 human NB tumors produced
IFN-y ex vivo, arguing that an additional source of IFN-y would be needed. Since
systemic administration of cytokines can evoke toxicities, an alternative route for
administration would be preferred. Possibly, IFN-y could be linked to hul4.18, as has
been performed with IL-2 [743]. This could be beneficial as a single treatment, or
combined with ACT therapy and/or differentiating agents such as NGF.
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TUMOR-INFILTRATING CELLS IN NEUROBLASTOMA (PAPER Il AND IV)

In paper III and IV, the interactions between NB and tumor-infiltrating cells of the
immune system have been investigated. Specifically, paper III aimed at monitoring the
status of T-cell responses in the peripheral blood and within the tumors of NB patients.
Paper IV aimed at investigating inflammatory patterns, including infiltrating cells of the
adaptive as well as the innate immune system, and the effect of anti-inflammatory
treatment on NB using the TH-MYCN mouse model.

T-cell responses in the tumor microenvironment of NB

Studies on T-cell responses in NB patients have been performed with varying
outcomes. Coughlin et al. reported that tumor-infiltrating T-cells were rare or absent in
26 of 26 high-risk NB samples investigated by immunohistochemistry. In peripheral
blood however, survivin-specific T-cells were detected, and T-cells were also present in
the perivascular areas of tumor samples [442]. Reid ef al. furthermore showed that
T-cells can infiltrate NB tumors in an IFN-y-dependent manner [775] and another study
demonstrated that clonal expansion of T-cells took place in NB tumors [444]. In
addition, CD4 " T-cell clones isolated from NB tumors retained their ability to secrete
Tyl cytokines in vitro [445]. Hence, it appears that T-cell responses towards NB
tumors may actually exist, but the functional status of these T-cells remains to be fully
elucidated.

The tumor compartment may represent an immunosuppressive environment
unfavorable for the generation of anti-tumor T-cell responses. In a melanoma vaccine
trial, the absence of a clinical response was attributed to functional dissociation
between systemic and local immune responses [480]. However, an in vivo model for
melanoma demonstrated that naive T-cells can be activated by APCs within the tumor
and hence acquire an effector cell phenotype upon entering the tumor area [294].

To elucidate whether or not the tumor microenvironment of NB is suppressing T-cell
responses, a systematic comparison with other compartments may lead to further
insight. Hence, we evaluated T-cells in the peripheral blood as well as within the
tumors of NB patients, with respect to their CD4/CD8 distribution, activation status and
memory phenotype. In contrast to previous published reports, we could detect
intratumoral T-cells in all screened primary NB samples. Furthermore, immunostaining
revealed that T-cells were proliferating in situ and aggregated their TCRs towards the
contact sites with NB tumor cells. When evaluating the prevalence of CD4" versus
CD8" T-cells in the CD3" compartment, we could detect a redistribution in favor of
CDS" cells in tumor-associated lymphocytes (TALs) in 5 of 7 evaluated tumors. In all
but one tumor, a stage 3 MYCN-amplified NB, the proportion of CD8" T-cells was
higher in the tumor than in peripheral blood. Further evaluation revealed a higher
expression of the activation marker CD25, the IL-2 receptor a-chain, on T-cells within
the tumor compartment in 5 of 7 patients.

T-cells can also be classified according to their memory phenotype. In general, Tgy and
Temra cells are considered to be the most differentiated subtypes in terms of effector
function. Besides carrying high amounts of perforin and GrB, they also mount robust
Tul cytokine responses upon simulation [307, 776]. Concomitant to the increase in
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CD25 expression, TALs displayed a phenotype of memory cells to a higher extent, as
compared to PBLs, where a naive phenotype predominated. The most prominent
difference was observed within the CD3"CD8" compartment, where an increase in Tgy
cells was detected in 6 of 6 tumors. CD3'CD8" cells were mainly of the Tpmra
phenotype, which is known to carry the highest amounts of perforin [307].
Interestingly, Pages et al. demonstrated that the presence of memory T-cells correlated
to an increased survival in colon cancer patients [274]. Although we have not been able
to determine the specificity of the T-cells present within NB tumors, our findings in
paper Il support the notion that activated T-cells within NB tumors might exert anti-
tumor effects even if they would not be specific for TAAs.

Considering the increase in CD25 expression, we also set out to monitor the presence
of Tregs in human NB samples, by detecting Foxp3 expression in combination with
CD4 and CD25. Intracellular stainings of whole tumors represent a challenge, since
these often necessitate more cells due to extended handling and since the additional
steps can affect the quality of the staining. In the two samples where enough cells were
available, the expression of Foxp3, as detected directly ex vivo, was surprisingly lower
in intratumoral CD4'CD25" cells than in the corresponding population in autologous
PBLs. Hence, in these samples, Tregs did not appear to accumulate within the tumors,
which supports the picture of a prevailing anti-tumor T-cell response in NB tumors.

Differences in T-cell subsets detected in the tumor compartment and peripheral blood
may reflect a preferential homing or a preferential on-site expansion of certain subsets
of cells. To monitor this in vivo in NB patients would be logistically, practically and
ethically hard to perform. We used an in vitro system where autologous PBLs from NB
patients were subjected to an encounter with tumor cells in culture, which enabled us to
monitor tumor-inflicted changes on the phenotype of PBLs. The overall changes seen
upon this co-culture system skewed the phenotype of PBLs towards that seen in the
intratumoral compartment on the day of tumor excision. In the majority of cases, the
CD4/CDS ratio was skewed towards CD8, and CD25 expression either increased or
remained at similar levels. Similarly, the frequency of T-cells with a memory
phenotype was increased, mainly Tgy in the CD3'CDS8" population, indicating an
acquisition of effector functions. In other studies it was shown that soluble factors
released by tumor cells could induce a regulatory phenotype in T-cells [526], or even
trigger cell death in autologous PBLs [777].

Altogether, it appears likely that lymphocytes infiltrating NB tumors are not prevented
from being activated on-site and obtain the functional characteristics of armed CD8"
effector cells.

In paper IV, we evaluated intratumoral T-cells present in the transgenic TH-MYCN
tumors of various stages of disease. Previously, this model was suggested to lack
lymphocytic infiltration due to a “non-immunogenic” phenotype [778]. In our hands,
TILs were detected in all screened samples using immunohistochemistry as well as
flow cytometry. However, in contrast to the observed pattern in human NB samples, we
could detect a preferential presence of CD4 " T-cells compared to CD8" T-cells, with a
gradual increase in the CD4/CDS ratio in parallel to tumor progression. Surface
expression of activation markers (FasL and CD25) was low, but the capability to

48



produce IFN-y upon mitogenic stimulation ex vivo was retained. The IFN-y levels were
low within the tumors, as detected by quantitative real-time RT-PCR (qRT-PCR), but
the intrinsic ability of the T-cells to mount Ty 1 responses upon proper stimulation
appears to be intact. It has been shown that CD8" responses gradually decline during
tumor progression, with a reduced ability to induce target cell death at later stages of
disease [779].

A note on the TH-MYCN model

The TH-MYCN model was first described by Weiss ef al. in 1997. By inserting human
MYCN cDNA under control of the rat tyrosine hydroxylase promoter, the expression of
MYCN was successfully directed to migrating cells of the neural crest [780]. The mice
presented with thoracic and/or abdominal tumors, and a subsequent study confirmed
the origin of the tumors to be paravertebral ganglia [781]. Histologically, the TH-
MYCN tumors resemble human NB. The tumors are highly vascularized and contain
small, round blue cells. Varying degree of neuronal differentiation is detectable.
Macroscopic metastases have been detected in the liver, lungs and ovaries, and
microscopic metastases are found in several organs [780, 782].

The progression of heterozygous TH-MYCN tumors has been suggested to resemble
that of human NB, with early, intermediate and late tumors corresponding to stage I-I1I
NB, respectively [782]. Furthermore, the genetical aberrations detected in the TH-
MYCN tumors also reflect those in human NB, exemplified by chromosome gains
corresponding to 17q gain in human NB [783]. Previous studies have denoted 100% of
homozygous mice as tumor bearing at the age of 6.5 or 7 weeks [781, 784].
Heterozygous mice have shown varying degree of disease penetrance, with two studies
reporting 27% or 65% of heterozygous mice as tumor bearing at the age of 95 days
[782, 784], and another study denoting 33% as tumor bearing at the age of 13 weeks
[781].

Whereas the level of CD4 Foxp3" Tregs as a function of infiltrating CD4" cells
remained steady, the TH-MYCN tumors still appear as more suppressive to T-cell
responses than human NB. Several explanations could be true for this difference. The
TH-MYCN model is an extremely aggressive model for NB, with homozygous mice
rapidly developing large intra-abdominal tumors. A systemic immunosuppression
during such a process is likely to be of importance and dampen the quality of T-cell
responses systemically as well as locally. In a tumor expanding as aggressively as the
TH-MYCN tumor, rapid turnover of large amounts of cells will unequivocally trigger
inflammatory pathways with an ensuing influx of cells with suppressive abilities, as
will be discussed below.

Another factor defining the prerequisites for a successful intratumoral T-cell response is
the prevailing balance between Ty1 and Ty2 cytokines. In our cohort of primary human
NB samples, we monitored the levels of secreted IL-1, IL-12, IFN-y, TNF-a, IL-4, IL-
5, IL-6, IL-8, IL-10, IL-13, TGF-B and GM-CSF in vitro (paper III). The dominant
cytokine produced at high levels by all NB tumors, and possible remaining TALs, was
IL-8. Previously, the mRNA for IL-8 has been detected in NB samples [445], and IL-8
is known for its pro-angiogenic properties [785]. The immunosuppressive cytokines IL-
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10 and TGF- were produced by 1 and 4 of 7 tumors, respectively. Of note, the highest
amounts of TGF-B3 were detected in a MYCN amplified stage 3 NB, followed by a non-
survivor with a stage 2 NB. The immune-stimulating cytokines IFN-y and TNF-a were
detectable in 2 and 3 of 7 tumors, respectively. Interestingly, when exposing autologous
PBLs to tumors, their corresponding cytokine pattern was altered such as to
downregulate TGF-B in 5 of 7 patients and increase the Ty1 cytokines TNF-a and IFN-
v in 4 and 5 of 7 patients, respectively. This finding further strengthens the notion that
T-cells encountering NB tumors may be activated in the vicinity of the tumors. In the
TH-MYCN model, we monitored the mRNA levels of Tyl (IFN-y and IL-2) versus
Ty2 (IL-10, IL-6 and TGF-) cytokines in homo- as well as heterozygous tumors of
various sizes. We could detect a predominance of IL-10 and TGF-3 above other
cytokines, a pattern which persisted throughout tumor progression. This indeed mirrors
the attenuated CD8" responses, but also raises the question how Tregs are sustained,
considering their need for IL-2. One possible explanation would be a continuous influx
of Tregs from peripheral blood, where IL-2 was detectable at low but increasing levels
during tumor progression. Alternatively, Tregs might be short-lived but constantly
replenished on-site by alternative activation pathways under the influence of TGF-3
[512].

A note on flow cytometry on tumor samples

One common technique applied in paper III and IV is multi-color flow cytometry on
whole tumor samples. This is a method which represents a technical challenge per se.
A tumor harbors a cell population of extreme heterogeneity, not only with cells of
divergent origin, but also of varying viability and propensity to bind antibodies non-
specifically.

Factors of major importance that will affect this type of staining are 7) the type of
compensation applied, i7) the usage of isotype controls versus fluorescence minus one
(FMO) controls and iii) Fc-blocking reagents as well as dead cell markers. In paper III,
we have used isotype controls to define positivity. During the last years, isotype
controls have been questioned and the alternative FMO has arisen as another way to
validate the positivity of a staining [786]. An FMO control is represented by a tube
where the fluorochrome-conjugated antibody of interest is omitted, but the remaining
setup is intact. Since a tumor represents a tissue where one can expect extensive
binding to and uptake of antibodies by dead cells, as well as differential
autofluorescence and FcR binding of antibodies, an FMO might be a preferred control
for certain stainings. With experience, one can learn how to interpret background noise
and distinguish a true staining from false antibody uptake by apoptotic cells. This
however requires a trained eye and variations between samples may cause technical
problems. To circumvent or minimize these problems, one can use Fc-blocking
reagents as well as dead cell markers to reduce background. Manual compensation
during acquisition is also difficult to achieve with a satisfactory outcome. Instead,
compensation using mathematical matrices applied by the software is preferred, either
while running the samples or during the analysis (for example using the FACSDiva or
Flow Jo software).
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Tumor-associated inflammation versus immunosurveillance

Inflammation was recently suggested to be incorporated into the hallmarks of cancer
[64], and anti-inflammatory treatment with aspirin has proven to reduce the risk of
cancer in the adult population [227-229]. Suppressive populations such as Tregs have
also been ascribed protective roles in some cancers, possibly by dampening loco-
regional inflammation [374, 552]. Nevertheless, the immune system can control tumor
growth, given the right circumstances and a proper target cell.

In paper III, human NB tumors are shown to be permissive for anti-tumor T-cell
responses. In paper IV, we define how tumor-infiltrating cells in the TH-MY CN mouse
model for NB are being subverted towards a tumor-promoting phenotype during tumor
growth. In light of these results, the question arises how anti- and pro-tumorigenic
properties of the immune system regulate NB tumor growth and direct the responses
seen upon immunotherapy.

Figure 8 summarizes the tumoricidal and the tumor-promoting arms of the immune
system in the tumor microenvironment and of relevance for this thesis.
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Figure 8. Immune responses in the microenvironment highlighting some of the pro-and anti-
tumorigenic properties of the immune system. On the left side, tumor-promoting abilities of the
immune system are shown, defined by a Ty2 response and an induction of M2 macrophages, Tregs,
MDSCs and iDCs. On the right side, anti-tumor immunity prevails with a skewing towards a Ty1
response and an induction of CD8" T-cells, NK-cells, M1 macrophages and mature DCs. M1= TAM
(M1 phenotype), M2=TAM (M2 phenotype)

Although the TH-MYCN tumors behave disparate to primary NB samples in respect of
T-cell responses, it is still to be considered a preferential model above syngeneic or
xenogenic models for studying interactions with the tumor microenvironment. Using
the latter, an acute onset of inflammatory reactions upon introduction of foreign cells is
inevitable. Any immune response seen upon tumor cell inoculation is less likely to
mimic native interactions occurring without external stimuli. The targeted expression of
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MYCN in the TH-MYCN model might of course be considered an artificial system per
se, yet the stroma of the tumor consists solely of host-derived components and the
tumors are assembled in the actual location for human NB.

Employing the TH-MYCN model, we could demonstrate a diminishment of
intratumoral CD3" T-cell responses in favor of immature cells of the innate immune
system in the course of tumor growth. A detailed analysis was performed on the
phenotypical characteristics of TAMs in TH-MYCN tumors. In parallel to an increase
in the total number of TAMSs, the M1 phenotype detectable at early stages of tumor
development was subverted towards a tumor-promoting M2 phenotype as the tumor
progressed. In a study by Song ef al., it was shown that natural killer T (NKT) cells
mediated NB anti-tumor immunity by killing CD1d expressing TAMs [86]. NKT cells
have been linked to favorable prognosis in NB and their infiltration is abrogated upon
MYCN expression [787]. Interestingly, in paper III, we demonstrate an increase in
CD3'CD4'CDS" cells in TALs in 4 of 7 samples investigated, possibly representing
infiltrating NKT cells. In an immunotherapeutic model for NB, macrophages were
however shown to mediate the protective effects, again stressing the dual role for
intratumoral macrophages [788]. Furthermore, observed clinical responses to the 3F8
anti-GD2 mAb were shown to correlate to an FcyRIIA polymorphism, and
macrophages were proposed to mediate the ADCC [789].

In addition to TAMs, DCs and MDSCs also outnumbered infiltrating T-cells during
TH-MYCN tumor progression. The infiltrating DCs exhibited low levels of co-
stimulatory CD86 and a gradual decline in their MHC class II expression, consistent
with an immature phenotype unable to initiate T-cell responses and with the potential to
promote tumor growth [197]. MDSCs, well known for divergent mechanisms to
suppress T-cell responses [158], constituted a small proportion (median 1%) of
infiltrating cells in early tumors, but increased in advanced tumors (median 10%).

It appears that at some stage of tumor development, the on-site immune system is
subverted and the recruitment of immune cells is skewed to favor tumor growth.
Initially, in the early events of transformation, an acute inflammatory reaction may
evolve and be successful in controlling tumor growth. However, many tumors will
eventually turn into a tissue where chronic inflammation prevails and repeated
activation of immune cells occurs in a suboptimal setting. In such a scenario, a
polarization of the immunological profile will inevitably occur [63, 120]. In our model,
the negative impact of a prolonged state of disease is clearly demonstrated by the
higher expression of IL-10 and TGF-f in tumors from heterozygous mice, which have a
slower onset of disease and longer time as tumor bearing animals compared to
homozygous mice.

Our results indicate that tumor-associated inflammation contributes to shaping NB
tumor growth in the TH-MYCN model. Furthermore, NB has previously been shown to
express COX-2, and targeting of the COX-2 pathway reduced tumor growth in a
murine model of NB [111]. In the TH-MYCN model, we could detect a prominent
expression of COX-1 and a weak expression of COX-2 in tumors of early stages, which
indicated the presence of functional inflammatory pathways. Consequently, we further
evaluated how anti-inflammatory treatment with low-dose aspirin would affect the
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tumor microenvironment and/or tumor outgrowth. Homozygous mice were randomized
to receive 10 mg/kg of aspirin daily by oral gavage, for 10 consecutive days. At the day
of sacrifice, treated animals presented with a tendency towards a lower tumor burden,
and concomitantly, the pattern of infiltrating cells remained comparable to that of early
tumor lesions. Whether or not the altered pattern of infiltration is brought upon by
aspirin, or is a bystander phenomenon to a reduction in tumor growth, can at this time
only be speculated upon.

Recent studies correlate a daily intake of low-dose aspirin to a reduced incidence of and
mortality due to several adult cancers, but offered no mechanistic explanations [227-
228]. Considering that PGE; has the potential to contribute to all of the hallmarks of
cancer [119] and given its prominent role in immunosuppression [104], several
mechanisms could explain this reduced incidence of cancer. Sparse information is
however available regarding the role of inflammation as a contributor to tumor growth
in pediatric cancers. Our results highlight inflammatory pathways as a potential
therapeutic target in NB.

Considering that the local immunological balance within a tumor will affect or even
determine the outcome of immunotherapy, it would be favorable to implement
immunotherapy prior to reaching the state of chronic inflammation. In fact, prostate
cancer vaccines, including the DC-based Sipuleucel-T and DNA-based vaccines were
shown to be more effective in patients with less advanced stages of disease [689, 790].
Interestingly, in NB, the fusion protein hul4.18-1L-2 was effective only in patients with
non-bulky disease, whereas patients with bulky disease did not respond [743]. In
combination with our results outlined in paper IV, this argues for an early
implementation of immunotherapy in clinical protocols for NB.

Alternatively, if the prevailing microenvironment is suppressive, it could be primed
prior to the application of immunotherapy. The purpose of such a regimen would be to
shift the local balance from chronic inflammation to immunosurveillance. A recent
review by T. Whiteside highlights the potential of targeting cancer-induced
immunosuppression [791]. Several possible ways to restore immunosurveillance exist,
including mAbs directed at inhibitory molecules such as CTLA-4 and PD-1, or directed
at suppressive cytokines such as TGF-f or IL-10. The tyrosine kinase inhibitor
sunitinib is also promising, since it has proven to reduce the levels of Tregs and
MDSCs and promote a shift towards Ty1 responses [792]. COX-inhibitors also
constitute a possible auxiliary approach to be combined with immunotherapy. Reduced
levels of PGE; would be beneficial for a subsequent introduction of immunotherapy,
considering its immunosuppressive effects. Talmadge et al. could demonstrate reduced
numbers of MDSCs upon COX-inhibition, which provides a potential link between
COX-inhibitors and immunotherapy [241]. Recent publications have also demonstrated
the ability to reverse the phenotype of TAMs from M2 to M1, with in vivo effects on
tumor burden [244-245].

Taken together, the tumor might provide a non-favorable site for immune responses,
but an improved understanding of the balance between chronic inflammation and
immunosurveillance offers new potential strategies to improve the outcomes of
immunotherapy.
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GENERAL CONCLUSIONS

The work presented in this thesis addresses the fundamental prerequisites for the
implication of immunotherapy in NB, by investigating how NB interacts with cells of
the immune system.

Our results demonstrate that NB may be a suitable target for cellular immunotherapy,
although the prevailing notion is that NB is a tumor of low immunogenicity. We show
that the induction of differentiation in NB is accompanied by an enhanced ability of T-
cells as well as NK-cells to eradicate NB tumor cells. This argues strongly in favor of a
combined approach where adoptive transfer of tumor-reactive lymphocytes is
performed concomitant to the administration of differentiating agents. Furthermore, we
show that activated tumor-non-specific CTLs release effector molecules that modulate
the immunogenicity of NB, such as to enhance the sensitivity to DR-mediated killing
and to restore the apoptotic machinery. This pathway offers the ability to circumvent
the need for HLA-restricted killing and emphasizes the importance of attracting
activated CTLs into NB tumors.

This thesis also provides evidence that primary human NB samples harbor tumor-
infiltrating T-cells which proliferate in situ and are of a memory phenotype. Again, this
argues in favor of implementing T-cell based cell therapies for NB patients.

In addition, using the transgenic TH-MYCN model for NB we demonstrate how tumor
progression is accompanied by a shift in the composition and phenotype of tumor-
infiltrating cells, in favor of immature cells with tumor-promoting abilities.
Concomitantly, early anti-inflammatory treatment of homozygous mice with low-dose
aspirin showed a promising efficacy in delaying tumor outgrowth and the inflammatory
switch. This uncovers tumor-associated inflammation as a possible contributor to, and
target in, NB growth.

In conclusion, the work presented in this thesis demonstrates how NB interacts with the
immune system, and depicts possible interventions on how to enhance the recognition
of NB by the immune system. It argues in favor of an early implementation of cellular
immunotherapy, which could preferentially be potentiated by the attraction of activated
tumor-non-specific CTLs to the tumor, or by differentiating agents.

54



ACKNOWLEDGEMENTS

Many people have meant a lot to me during these years. I have been fortunate to get to know a lot of
wonderful people while working in different research groups, units and labs at Karolinska Institutet
during my PhD.

First, I would like to express my gratitude towards the MD/PhD programme at Karolinska Institutet, as
well as the MD research intern programme (Forskar-AT) at the Karolinska University Hospital,
Solna, for funding that enabled my studies.

Then, the people in science:

Per Kogner, my supervisor. At a time in life when the alternative was to abandon research, you fully
adopted me into the Kogner Group, and enabled me to re-experience my childish joy in research again.
To me, the time that followed was the best of these years, and I feel so lucky to be a part of your
wonderful group! You create an atmosphere in your group which I believe is rarely found. You also
promote us and you just don’t let anything, or anyone, stop us... You have made a huge difference in my
life by adopting me into your group, believing in me and supporting me. For that, I can never thank you
enough!

Rolf Kiessling, my co-supervisor. Thank you for welcoming me into your group early on during my
medical studies, and for always keeping me as a part of it! It has been a very stimulating environment! It
has always felt like “home” to me in you group, very much thanks to the open environment you create,
always with the door to your office left ajar... Thank you for believing in me early on and giving me the
responsibilities you did — it got me hooked on science!

Baldur Sveinbjérnsson, my co-supervisor. Even though most of this time you were unfortunately not in
Stockholm, you have been a very present supervisor. You have an exceptional ability to support people
around you and it is a luxury for any PhD student to have a supervisor like you. If it would not have been
for your support, I don't know how I would have managed.  simply cannot thank you enough! Besides,
you have taught me what life is all about: to laugh! I want to sincerely thank you for that too! And not to
be forgotten, for sharing your huge interest in zoology with me! Plastic worms and pink snails in Miami,
and sheep in Tromsd! Fantastic ©! Bob, du r en mycket skarp kniv i l1adan!

Anna De Geer, my “big sis”, min hona, ”subclone C”. There simply are no words that could ever
express what you have meant to me these years! It is just not possible. We have shared it all, from the
frustration upon MHC class I upregulation in 1 of 129 stained FACS tubes, to sometimes more important
things in life outside of CCK... And in any moment, at any time of the day, I have always been able to
count on you and your solid advices. Through my time as a PhD student, you have supported me like no
one else could have. I am so grateful to have you in my life, and without you, I would not be where I am
today. I will never be able to thank you enough!

Elias Arnér, my external mentor. When I got registered, I didn’t realize what an external mentor was for.
Today I know very well. I did an excellent choice picking you as my mentor. You have really guided me
on this sometimes not so straight road towards defending my thesis. Your support, your engagement and
your knowledge have really made a difference to me. Thank you!

My wonderful group, the Kogner group:

Ninib Baryawno: The macrophage (M1 or M27?)! For being the most unselfish person I have ever met,
for always striving to help people around you and for a sincere way to care for the rest of us in the group.
Thank you for all support and help! But I know you will never forgive me for now being the one to get
the biggest lunchboxes at barncafét ;-)! Cecilia Dyberg: For your genuine way to care about people
around you and for always being able to smile (even if there is still no Prick to be found after 49 western
blots!). I will miss the smell of black pudding (blodpudding) in the microwave (being transferred to my
coffee) every Monday! Lotta Elfman: For keeping us together, always with a smile on your face! It is
great to have someone like you around! Helena Gleissman: For your unique ability to be present, listen
to, and support the people around you and to give of your time. Somehow, you always come up with
great advices. You have meant a lot to me. Thank you! John-Inge Johnsen: For scientific and non-
scientific perspectives of life and the world out there and for keeping us all going. Anna Kock: Oj oj 0j!
It is simply amazing to work with someone who can a/ways make you smile! Even on a rainy Monday
morning! You are one of a kind. Thank you for being you! Jelena Milosevic: For always reserving a
room for all the members of the Kogner group in your heart! In a genuine way you are always ready to

55



help people around you, both in the lab (protocols, I like that) and outside of work, thank you for
everything! Ebba Palmberg: For common interests and discussions about the duality with clinic and
research, and support in how to manage that! Agnes Rasmuson: I think the rest of us will always wonder
how you seem to manage just everything with such a calm attitude... For scientific accuracy and a lot of
fun, not least with the snails and the worms (good job there!)! Thank you! Lova Segerstréom: Our
constant supply of the information we never knew existed! Thank you for making the fikas at CCK
totally unpredictable and always filled with new stories! For always being ready to assist in any matter
and for a lot of pep-talks these last months! Malin Wickstrém: You have been a fantastic support to me,
especially these last months of writing ©! Without that, I don’t know if I would have managed! I admire
you for knowing so much about so much and for being such a good friend! Also: Andreas Lundberg,
Catarina Tréger, Tony Frisk and Diana Treis, for making the Kogner group as great as it is.

Past and present members of the Kiessling group:

Franziska, Riki, Marteen, Dimitrios, Alvaro, Christian, Simona, Mattias, Hikan, Telma, Gregor,
Helena, Andres, Daiju, Micke, Karl-Johan, Charlotte, Chiara, Kosaku, Takashi, Jan-Alvar.
Special thanks to: Isabelle Poschke: For your endless support on flow matters and for always gladly
sharing your vast knowledge in tumor immunology! You have helped me out so many times, I can never
thank you enough for that! And also for being such a great friend to hang out with at any time! Soon there
will be more time for that! Thank you! Helena Tufvesson: For a lot of valuable help and a constant
smile! Mao: For being such a friendly person and for always helping me out with the LSRII! You will be
the new flow-master! Kristian Haller(malm): I will never forget how patiently you taught me western
blot! You have helped me a lot, thank you for that!

Carl Tullus: Special thoughts go to you where you are. You might not be here with us anymore, but I
keep you in my memory. And miss you.

Floor 01 at CCK: Eva Mikaelsson: For being a great source of inspiration, for all your support and for
convincing me that I could also survive this! Tina Dalianis and past and present members of your group:
Kalle Andreasson: What would CCK have been without you? Back in the old days, I could always
count on your company at CCK and it never was the same since you left, but I am so glad to have you as
my friend! Anders Nidsman: You have been a fantastic support to me, not least during the writing! Thank
you! It has been a lot of fun to learn about all the paus-birds! Soon there will be more time for AW! Also
Karin T, Mircea, Torbjorn, Mathilda, David L, Du Juan. Andreas Lundkvist and your group: You
were quick to come back (or was I slow to get out of here?), which is really great. It is just as great to
have you to ask about flow matters, NK-cells and more now as it was then! Thank you for all your help!
Erik Wennerberg: You are a great recruitment to floor 01, positive and fun to hang out with! And a
great source of knowledge already! Difah Sarhan: For always being very helpful, kind and positive!
Kajsa L, Fredrik E, Anki R, Marzia P, Karin W, Amir DM, Parviz K, Alfred L, Barbro N, Ingrid
E, Lisa V and Fariba M: for great company and help at floor 01 through the years.

All the people at Floor 00 at CCK, in particular: Stig Linder: for a lot of support. Padraig Darcy: for
always being so nice to chat to and for valuable help in the lab! Emma: for pep-talks on the very long last
part of the road! Juan Castro para siempre estar feliz y siempre ayudarme con el FACS! Slavica, Maria,
Angelo, Walid, Bertha, Barry, Lars A and your group, Freidoun A and your group.

Other helpful people at CCK: Anita, Anne, Monica, Gunilla, Soren, Eva-Lena, Elisabeth, Elle, Joe:
for a lot of help with all kind of matters!

All the wonderful people at The Childhood Cancer Research Unit, Barncancerforskningsenheten,
BCFE, for welcoming me in your fantastic unit. Jan-Inge Henter: For making BCFE such a nice
working-place and for a lot of inspiration! Elisabeth Berglof: Thank you so much for all your pep-talks
and support these last months, it has really made a big difference to me to have you around! Annika
Larsson: For being so supportive and understanding! Desiree Gavhed: For managing everything at
BCFE, and for always doing that with a smile on your face! Catharina Karlsson: For all your assistance
and invaluable help! Anders, Julio, Omid, Marianne: For contributing to the wonderful fikas and for
invaluable help with computer-matters. Emma Hovén: For pep-talks and your positive attitude! Also
Yvonne, Carina, Sofia, Mats, Staffan, Krister, Annika, Birgitta, Ann-Marie, Eyglo, and Ingrid.

My co-authors Tommy Martinsson, Sven Pahlman and Abiel Orrego for good collaborations.

Jag vill ocksa tacka personalen pé barncafét, ALB, for att ni gor alla luncher till en gladjestund. Sarskilt
Isa, tack for allt!

56



Then, the people outside of the scientific world:

Stefan and Nora De Geer Bohlin: I am not just lucky enough to have Anna, but I also have you two! It
is always great to hang with you and to drop in at your place- probably the warmest home in the world!
Lina and Matti: For a lot of funny moments and Lina, for a long long history! The Bure family; Anton,
Brenda, Rudi, Byron, Carl, Jenni, Kim: I feel so lucky to have friends like you on the other side of the
world! Thank you for everything!

Colleagues and friends from med school and internship: Shadi Amid: You have made a prominent
contribution to this thesis, since without your excellent notes I would never have managed to do two
things at the same time! I am so glad to have you as my friend! Thank you for everything! Viveca
Ritsinger: It is a luxury to have a friend who can always make me laugh like you can! All our “fikas”
have been highlights to me, let’s just continue that way! Golbarg Abedi: I feel so lucky that we started
the internship together! You have been a wonderful support to me, thank you! Mensur Dzabic, Parisa
Ariapart, Karin Ehn, Hanna Brinnlund, Helena Ayuso, and Ingrid Berggren- all of you for the great
times we had and have!

I would like to thank Hans Berglund and Elisabeth Whittaker at the internship programme at
Karolinska, Solna. For believing in me and letting me do this my way! Soon I will be back with you!
Dr. Erik Linnander: For taking such good care of me and other AT-colleagues. Thank you!

Family and relatives: The Eklunds; Britta, Janne, Hanna, Sara, Zaki, Stefan: For all the great times
we have had through the years, not least at Vaden during summer time! Pia and Pierre: I am so glad to
have you! Mormor och morfar, dér ni ar nu.

Maryam: You have been like a sister to me for so many years. I am the luckiest to have a friend like you.
Thank you for everything!

My brother Tomas: Thank you for being so supportive and always helping me (Lillis) out no matter
what. And for bringing Angela to us, la mejor cuiada del mundo! Gracias por todo! My brother Lala: It
has been fantastic to grow up with a brother like you! Your achievements will always keep inspiring me,
as will your ability to combine those with so many other interests! Research has kept you abroad for long,
but I am looking forward to your return to Sweden! My mother, mamma: You have supported me every
day of my life, no matter what the obstacles have been. No words exist that could possibly describe what
you have meant to me. You make me believe that I can climb any mountain I want, and that is the best
gift I could ever receive. Tack mamma ¥

Last but not least. Sist men inte minst. Min &lskade dotter Ellen. Tack for att du varje gang jag ser dig
paminner mig om vad som egentligen &r viktigt i livet! Du 4r en sddan fantastisk kélla till glidje och
inspiration i mitt liv och du gor mig s stolt att jag néstan spricker! Jag ldngtar sa efter att nu éntligen ha
mer tid till att leka, busa, skratta och mysa med dig! Du é&r allt for mig. Jag dlskar dig min skatt!

57



REFERENCES

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

58

Virchow, R., Hyperplasie der Zirbel und der Nebenniern Die Krankhaften Geschwulste, 1865.
11: p. 149-150.

Wright, J., Neurocytoma or neuroblastoma, a kind of tumor not generally recognized. J Exp
Med, 1910. 12: p. 556-561.

Brodeur, G.M., Neuroblastoma: biological insights into a clinical enigma. Nat Rev Cancer,
2003. 3(3): p. 203-16.

Trager, C., Neuroblastoma incidence, biology and outcome with special emphasis on tyrosine
hydroxylase mRNA in blood and bone marrow. Doctoral Thesis, Karolinska Institutet,
Stockholm, Sweden, 2009.

Gustafsson, G., M. Heyman, and A. Vernby, Childhood cancer incidence and survival in
Sweden 1984-2005. Report from the Swedish childhood cancer registry. Swedish childhood
cancer registry, 2007.

Johnsen, J.1., et al., Embryonal neural tumours and cell death. Apoptosis, 2009. 14(4): p. 424-
38.

Mosse, Y.P., et al., Identification of ALK as a major familial neuroblastoma predisposition
gene. Nature, 2008. 455(7215): p. 930-5.

Caren, H., et al., High incidence of DNA mutations and gene amplifications of the ALK gene in
advanced sporadic neuroblastoma tumours. Biochem J, 2008. 416(2): p. 153-9.

Trochet, D., et al., Germline mutations of the paired-like homeobox 2B (PHOX2B) gene in
neuroblastoma. Am J Hum Genet, 2004. 74(4): p. 761-4.

Martinsson, T., et al., Delimitation of a critical tumour suppressor region at distal Ip in
neuroblastoma tumours. Eur J Cancer, 1997. 33(12): p. 1997-2001.

Satge, D., et al., A lack of neuroblastoma in Down syndrome. a study from 11 European
countries. Cancer Res, 1998. 58(3): p. 448-52.

Maris, J.M., Recent advances in neuroblastoma. N Engl J Med, 2010. 362(23): p. 2202-11.

Evans, A.E., J. Gerson, and L. Schnaufer, Spontaneous regression of neuroblastoma. Natl
Cancer Inst Monogr, 1976. 44: p. 49-54.

Cole, W.H. and T.C. Everson, Spontaneous regression of cancer: preliminary report. Ann Surg,
1956. 144(3): p. 366-83.

Beckwith, J.B. and E.V. Perrin, In Situ Neuroblastomas: A Contribution to the Natural History
of Neural Crest Tumors. Am J Pathol, 1963. 43: p. 1089-104.

Schilling, F.H., et al., Neuroblastoma screening at one year of age. N Engl J Med, 2002.
346(14): p. 1047-53.

Woods, W.G., et al., Screening of infants and mortality due to neuroblastoma. N Engl ] Med,
2002. 346(14): p. 1041-6.

Nakagawara, A., Molecular basis of spontaneous regression of neuroblastoma: role of
neurotrophic signals and genetic abnormalities. Hum Cell, 1998. 11(3): p. 115-24.

Hellstrom, K.E. and I. Hellstrom, Immunity to neuroblastomas and melanomas. Annu Rev Med,
1972. 23: p. 19-38.

Breslow, N. and B. McCann, Statistical estimation of prognosis for children with
neuroblastoma. Cancer Res, 1971. 31(12): p. 2098-103.

Cohn, S.L., et al., The International Neuroblastoma Risk Group (INRG) classification system:
an INRG Task Force report. J Clin Oncol, 2009. 27(2): p. 289-97.

Schwab, M., et al., Amplified DNA with limited homology to myc cellular oncogene is shared by
human neuroblastoma cell lines and a neuroblastoma tumour. Nature, 1983. 305(5931): p. 245-
8.

Brodeur, G.M., et al., Amplification of N-myc in untreated human neuroblastomas correlates
with advanced disease stage. Science, 1984. 224(4653): p. 1121-4.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Seeger, R.C., et al., Association of multiple copies of the N-myc oncogene with rapid
progression of neuroblastomas. N Engl ] Med, 1985. 313(18): p. 1111-6.

Martinsson, T., et al., Deletion of chromosome Ip loci and microsatellite instability in
neuroblastomas analyzed with short-tandem repeat polymorphisms. Cancer Res, 1995. 55(23):
p. 5681-6.

Attiyeh, E.F., et al., Chromosome Ip and 11q deletions and outcome in neuroblastoma. N Engl J
Med, 2005. 353(21): p. 2243-53.

Caren, H., et al., High-risk neuroblastoma tumors with 11q-deletion display a poor prognostic,
chromosome instability phenotype with later onset. Proc Natl Acad Sci U S A, 2010. 107(9): p.
4323-8.

Bown, N., et al., Gain of chromosome arm 17q and adverse outcome in patients with
neuroblastoma. N Engl ] Med, 1999. 340(25): p. 1954-61.

Look, A.T., et al., Cellular DNA content as a predictor of response to chemotherapy in infants
with unresectable neuroblastoma. N Engl J Med, 1984. 311(4): p. 231-5.

Shimada, H., et al., Histopathologic prognostic factors in neuroblastic tumors: definition of
subtypes of ganglioneuroblastoma and an age-linked classification of neuroblastomas. J Natl
Cancer Inst, 1984. 73(2): p. 405-16.

Shimada, H., et al., The International Neuroblastoma Pathology Classification (the Shimada
system). Cancer, 1999. 86(2): p. 364-72.

Brodeur, G.M,, et al., Trk receptor expression and inhibition in neuroblastomas. Clin Cancer
Res, 2009. 15(10): p. 3244-50.

Kogner, P., et al., Coexpression of messenger RNA for TRK protooncogene and low affinity
nerve growth factor receptor in neuroblastoma with favorable prognosis. Cancer Res, 1993.
53(9): p. 2044-50.

Nakagawara, A., et al., Association between high levels of expression of the TRK gene and
favorable outcome in human neuroblastoma. N Engl J Med, 1993. 328(12): p. 847-54.

Nakagawara, A., et al., Expression and function of TRK-B and BDNF in human neuroblastomas.
Mol Cell Biol, 1994. 14(1): p. 759-67.

Ryden, M., et al., Expression of mRNA for the neurotrophin receptor trkC in neuroblastomas
with favourable tumour stage and good prognosis. Br J Cancer, 1996. 74(5): p. 773-9.

Evans, A.E., G.J. D'Angio, and J. Randolph, 4 proposed staging for children with
neuroblastoma. Children's cancer study group A. Cancer, 1971. 27(2): p. 374-8.

Brodeur, G.M,, et al., International criteria for diagnosis, staging, and response to treatment in
patients with neuroblastoma. J Clin Oncol, 1988. 6(12): p. 1874-81.

Brodeur, G.M,, et al., Revisions of the international criteria for neuroblastoma diagnosis,
staging, and response to treatment. J Clin Oncol, 1993. 11(8): p. 1466-77.

Monclair, T., et al., The International Neuroblastoma Risk Group (INRG) staging system: an
INRG Task Force report. J Clin Oncol, 2009. 27(2): p. 298-303.

Cecchetto, G., et al., Surgical risk factors in primary surgery for localized neuroblastoma: the
LNESG! study of the European International Society of Pediatric Oncology Neuroblastoma
Group. J Clin Oncol, 2005. 23(33): p. 8483-9.

Kushner, B.H., et al., Highly effective induction therapy for stage 4 neuroblastoma in children
over 1 year of age. J Clin Oncol, 1994. 12(12): p. 2607-13.

Pearson, A.D., et al., High-dose rapid and standard induction chemotherapy for patients aged
over 1 year with stage 4 neuroblastoma: a randomised trial. Lancet Oncol, 2008. 9(3): p. 247-
56.

Matthay, K.K., et al., Treatment of high-risk neuroblastoma with intensive chemotherapy,
radiotherapy, autologous bone marrow transplantation, and 13-cis-retinoic acid. Children's
Cancer Group. N Engl J Med, 1999. 341(16): p. 1165-73.

Sidell, N., Retinoic acid-induced growth inhibition and morphologic differentiation of human
neuroblastoma cells in vitro. ] Natl Cancer Inst, 1982. 68(4): p. 589-96.

Thiele, C.J., C.P. Reynolds, and M.A. Israel, Decreased expression of N-myc precedes retinoic
acid-induced morphological differentiation of human neuroblastoma. Nature, 1985. 313(6001):
p. 404-6.

59



47.

48.

49.

50.
51

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

60

Janeway, C.A., Jr. and R. Medzhitov, Innate immune recognition. Annu Rev Immunol, 2002.
20: p. 197-216.

Hoshino, K., et al., Cutting edge: Toll-like receptor 4 (TLR4)-deficient mice are hyporesponsive
to lipopolysaccharide: evidence for TLR4 as the Lps gene product. J Immunol, 1999. 162(7): p.
3749-52.

Hemmi, H., et al., A Toll-like receptor recognizes bacterial DNA. Nature, 2000. 408(6813): p.
740-5.

Nathan, C., Points of control in inflammation. Nature, 2002. 420(6917): p. 846-52.

Janeway, C.A., Immunobiology 5 : the immune system in health and disease. Sth ed. ed. 2001,
New York: Garland ; Edinburgh : Churchill Livingstone. xviii, 732 p.

Delves, P.J. and .M. Roitt, The immune system. First of two parts. N Engl J Med, 2000. 343(1):
p. 37-49.

Delves, P.J. and .M. Roitt, The immune system. Second of two parts. N Engl J Med, 2000.
343(2): p. 108-17.

Matsumura, M., et al., Emerging principles for the recognition of peptide antigens by MHC
class I molecules. Science, 1992. 257(5072): p. 927-34.

Cresswell, P., et al., Mechanisms of MHC class I-restricted antigen processing and cross-
presentation. Immunol Rev, 2005. 207: p. 145-57.

Rudensky, A., et al., Sequence analysis of peptides bound to MHC class Il molecules. Nature,
1991. 353(6345): p. 622-7.

Rocha, N. and J. Neefjes, MHC class 1l molecules on the move for successful antigen
presentation. EMBO J, 2008. 27(1): p. 1-5.

Rock, K.L. and L. Shen, Cross-presentation: underlying mechanisms and role in immune
surveillance. Immunol Rev, 2005. 207: p. 166-83.

Wischhusen, J., A. Waschbisch, and H. Wiendl, Immune-refractory cancers and their little
helpers--an extended role for immunetolerogenic MHC molecules HLA-G and HLA-E? Semin
Cancer Biol, 2007. 17(6): p. 459-68.

Tripathi, P. and S. Agrawal, Non-classical HLA-G antigen and its role in the cancer
progression. Cancer Invest, 2006. 24(2): p. 178-86.

Balkwill, F. and A. Mantovani, Inflammation and cancer: back to Virchow? Lancet, 2001.
357(9255): p. 539-45.

Dvorak, H.F., Tumors: wounds that do not heal. Similarities between tumor stroma generation
and wound healing. N Engl J Med, 1986. 315(26): p. 1650-9.

Mantovani, A., et al., Cancer-related inflammation. Nature, 2008. 454(7203): p. 436-44.

Colotta, F., et al., Cancer-related inflammation, the seventh hallmark of cancer: links to genetic
instability. Carcinogenesis, 2009. 30(7): p. 1073-81.

Hanahan, D. and R.A. Weinberg, The hallmarks of cancer. Cell, 2000. 100(1): p. 57-70.

Harris, R.E., Cyclooxygenase-2 (cox-2) blockade in the chemoprevention of cancers of the
colon, breast, prostate, and lung. Inflammopharmacology, 2009. 17(2): p. 55-67.

Cuzick, J., et al., Aspirin and non-steroidal anti-inflammatory drugs for cancer prevention: an
international consensus statement. Lancet Oncol, 2009. 10(5): p. 501-7.

Thun, M.J., M.M. Namboodiri, and C.-W. Heath, Jr., Aspirin use and reduced risk of fatal colon
cancer. N Engl J Med, 1991. 325(23): p. 1593-6.

Schreinemachers, D.M. and R.B. Everson, Aspirin use and lung, colon, and breast cancer
incidence in a prospective study. Epidemiology, 1994. 5(2): p. 138-46.

Harris, R.E., J. Beebe-Donk, and H.M. Schuller, Chemoprevention of lung cancer by non-
steroidal anti-inflammatory drugs among cigarette smokers. Oncol Rep, 2002. 9(4): p. 693-5.
Harris, R.E., et al., Breast cancer and nonsteroidal anti-inflammatory drugs: prospective results
from the Women's Health Initiative. Cancer Res, 2003. 63(18): p. 6096-101.

Ekbom, A., et al., Ulcerative colitis and colorectal cancer. A population-based study. N Engl J
Med, 1990. 323(18): p. 1228-33.

Pisani, P., et al., Cancer and infection: estimates of the attributable fraction in 1990. Cancer
Epidemiol Biomarkers Prev, 1997. 6(6): p. 387-400.



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Saito, 1., et al., Hepatitis C virus infection is associated with the development of hepatocellular
carcinoma. Proc Natl Acad Sci U S A, 1990. 87(17): p. 6547-9.

Apte, R.N. and E. Voronov, Interleukin-1--a major pleiotropic cytokine in tumor-host
interactions. Semin Cancer Biol, 2002. 12(4): p. 277-90.

Bunt, S.K., et al., Inflammation induces myeloid-derived suppressor cells that facilitate tumor
progression. ] Immunol, 2006. 176(1): p. 284-90.

Vidal-Vanaclocha, F., et al., IL-18 regulates IL-1beta-dependent hepatic melanoma metastasis
via vascular cell adhesion molecule-1. Proc Natl Acad Sci U S A, 2000. 97(2): p. 734-9.

Giavazzi, R., et al., Interleukin 1-induced augmentation of experimental metastases from a
human melanoma in nude mice. Cancer Res, 1990. 50(15): p. 4771-5.

Naugler, W.E. and M. Karin, The wolfin sheep's clothing: the role of interleukin-6 in immunity,
inflammation and cancer. Trends Mol Med, 2008. 14(3): p. 109-19.

Lin, W.W. and M. Karin, 4 cytokine-mediated link between innate immunity, inflammation, and
cancer. J Clin Invest, 2007. 117(5): p. 1175-83.

Germano, G., P. Allavena, and A. Mantovani, Cytokines as a key component of cancer-related
inflammation. Cytokine, 2008. 43(3): p. 374-9.

Klein, B., et al., Paracrine rather than autocrine regulation of myeloma-cell growth and
differentiation by interleukin-6. Blood, 1989. 73(2): p. 517-26.

Becker, C., et al., TGF-beta suppresses tumor progression in colon cancer by inhibition of IL-6
trans-signaling. Immunity, 2004. 21(4): p. 491-501.

Osborne, J., P.S. Moore, and Y. Chang, KSHV-encoded viral IL-6 activates multiple human IL-6
signaling pathways. Hum Immunol, 1999. 60(10): p. 921-7.

Berger, F.G., The interleukin-6 gene: a susceptibility factor that may contribute to racial and
ethnic disparities in breast cancer mortality. Breast Cancer Res Treat, 2004. 88(3): p. 281-5.

Song, L., et al., Valpha24-invariant NKT cells mediate antitumor activity via killing of tumor-
associated macrophages. J Clin Invest, 2009. 119(6): p. 1524-36.

Ara, T., et al., Interleukin-6 in the bone marrow microenvironment promotes the growth and
survival of neuroblastoma cells. Cancer Res, 2009. 69(1): p. 329-37.

Carswell, E.A., et al., An endotoxin-induced serum factor that causes necrosis of tumors. Proc
Natl Acad Sci U S A, 1975. 72(9): p. 3666-70.

Balkwill, F., Tumour necrosis factor and cancer. Nat Rev Cancer, 2009. 9(5): p. 361-71.

Leibovich, S.J., et al., Macrophage-induced angiogenesis is mediated by tumour necrosis
Sactor-alpha. Nature, 1987. 329(6140): p. 630-2.

Hagemann, T., et al., Ovarian cancer cells polarize macrophages toward a tumor-associated
phenotype. ] Immunol, 2006. 176(8): p. 5023-32.

Chen, X., et al., Interaction of TNF with TNF receptor type 2 promotes expansion and function
of mouse CD4+CD25+ T regulatory cells. ] Immunol, 2007. 179(1): p. 154-61.

Komori, J., et al., Activation-induced cytidine deaminase links bile duct inflammation to human
cholangiocarcinoma. Hepatology, 2008. 47(3): p. 888-96.

Luo, J.L., et al., Inhibition of NF-kappaB in cancer cells converts inflammation- induced tumor
growth mediated by TNFalpha to TRAIL-mediated tumor regression. Cancer Cell, 2004. 6(3): p.
297-305.

Mantovani, A., et al., The chemokine system in cancer biology and therapy. Cytokine Growth
Factor Rev, 2010. 21(1): p. 27-39.

Gross, N. and R. Meier, Chemokines in neuroectodermal cancers: the crucial growth signal
from the soil. Semin Cancer Biol, 2009. 19(2): p. 103-10.

Sawanobori, Y., et al., Chemokine-mediated rapid turnover of myeloid-derived suppressor cells
in tumor-bearing mice. Blood, 2008. 111(12): p. 5457-66.

Curiel, T.J., et al., Specific recruitment of regulatory T cells in ovarian carcinoma fosters
immune privilege and predicts reduced survival. Nat Med, 2004. 10(9): p. 942-9.

Li, X., et al., 4 destructive cascade mediated by CCL2 facilitates prostate cancer growth in
bone. Cancer Res, 2009. 69(4): p. 1685-92.

61



100.

101.

102.

103.

104.
105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

62

Ohtani, H., et al., Abundant expression of CXCL9 (MIG) by stromal cells that include dendritic
cells and accumulation of CXCR3+ T cells in lymphocyte-rich gastric carcinoma. J Pathol,
2009. 217(1): p. 21-31.

Bellocq, A., et al., Neutrophil alveolitis in bronchioloalveolar carcinoma: induction by tumor-
derived interleukin-8 and relation to clinical outcome. Am J Pathol, 1998. 152(1): p. 83-92.

Geminder, H., et al., 4 possible role for CXCR4 and its ligand, the CXC chemokine stromal cell-
derived factor-1, in the development of bone marrow metastases in neuroblastoma. J Immunol,
2001. 167(8): p. 4747-57.

Meier, R., et al., The chemokine receptor CXCR4 strongly promotes neuroblastoma primary
tumour and metastatic growth, but not invasion. PLoS One, 2007. 2(10): p. e1016.

Wang, D. and R.N. Dubois, Eicosanoids and cancer. Nat Rev Cancer, 2010. 10(3): p. 181-93.

Gupta, R.A., et al., Cyclooxygenase-1 is overexpressed and promotes angiogenic growth factor
production in ovarian cancer. Cancer Res, 2003. 63(5): p. 906-11.

Erovic, B.M., et al., Strong evidence for up-regulation of cyclooxygenase-1 in head and neck
cancer. Eur J Clin Invest, 2008. 38(1): p. 61-6.

Eberhart, C.E., et al., Up-regulation of cyclooxygenase 2 gene expression in human colorectal
adenomas and adenocarcinomas. Gastroenterology, 1994. 107(4): p. 1183-8.

de Groot, D.J., et al., Non-steroidal anti-inflammatory drugs to potentiate chemotherapy effects:
Sfrom lab to clinic. Crit Rev Oncol Hematol, 2007. 61(1): p. 52-69.

Ristimaki, A., et al., Prognostic significance of elevated cyclooxygenase-2 expression in breast
cancer. Cancer Res, 2002. 62(3): p. 632-5.

Erkinheimo, T.L., et al., Elevated cyclooxygenase-2 expression is associated with altered
expression of p53 and SMAD4, amplification of HER-2/neu, and poor outcome in serous
ovarian carcinoma. Clin Cancer Res, 2004. 10(2): p. 538-45.

Johnsen, J.I., et al., Cyclooxygenase-2 is expressed in neuroblastoma, and nonsteroidal anti-
inflammatory drugs induce apoptosis and inhibit tumor growth in vivo. Cancer Res, 2004.
64(20): p. 7210-5.

Edwards, J.G., et al., Cyclooxygenase-2 expression is a novel prognostic factor in malignant
mesothelioma. Clin Cancer Res, 2002. 8(6): p. 1857-62.

Wulfing, C., et al., Cyclooxygenase-2 expression in bladder cancer: correlation with poor
outcome after chemotherapy. Eur Urol, 2004. 45(1): p. 46-52.

Sonoshita, M., et al., Acceleration of intestinal polyposis through prostaglandin receptor EP2 in
Apc(Delta 716) knockout mice. Nat Med, 2001. 7(9): p. 1048-51.

Abdel-Majid, R.M. and J.S. Marshall, Prostaglandin E2 induces degranulation-independent
production of vascular endothelial growth factor by human mast cells. ] Immunol, 2004. 172(2):
p. 1227-36.

Chang, S.H., et al., Role of prostaglandin E2-dependent angiogenic switch in cyclooxygenase 2-
induced breast cancer progression. Proc Natl Acad Sci U S A, 2004. 101(2): p. 591-6.

Wang, D., et al., CXCLI induced by prostaglandin E2 promotes angiogenesis in colorectal
cancer. J Exp Med, 2006. 203(4): p. 941-51.

Kamiyama, M., et al., EP2, a receptor for PGE2, regulates tumor angiogenesis through direct
effects on endothelial cell motility and survival. Oncogene, 2006. 25(53): p. 7019-28.
Greenhough, A., et al., The COX-2/PGE?2 pathway: key roles in the hallmarks of cancer and
adaptation to the tumour microenvironment. Carcinogenesis, 2009. 30(3): p. 377-86.

Khatami, M., 'Yin and Yang' in inflammation: duality in innate immune cell function and
tumorigenesis. Expert Opin Biol Ther, 2008. 8(10): p. 1461-72.

Bottazzi, B., et al., Regulation of the macrophage content of neoplasms by chemoattractants.
Science, 1983. 220(4593): p. 210-2.

Matsushima, K., et al., Purification and characterization of a novel monocyte chemotactic and
activating factor produced by a human myelomonocytic cell line. J Exp Med, 1989. 169(4): p.
1485-90.

Yoshimura, T., et al., Purification and amino acid analysis of two human glioma-derived
monocyte chemoattractants. ] Exp Med, 1989. 169(4): p. 1449-59.



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Sica, A., et al., Tumour-associated macrophages are a distinct M2 polarised population
promoting tumour progression: potential targets of anti-cancer therapy. Eur J Cancer, 2006.
42(6): p. 717-27.

Duyndam, M.C., et al., Vascular endothelial growth factor-165 overexpression stimulates

angiogenesis and induces cyst formation and macrophage infiltration in human ovarian cancer
xenografts. Am J Pathol, 2002. 160(2): p. 537-48.

Lin, E.Y., et al., Colony-stimulating factor 1 promotes progression of mammary tumors to
malignancy. J Exp Med, 2001. 193(6): p. 727-40.

Sica, A. and V. Bronte, Altered macrophage differentiation and immune dysfunction in tumor
development. J Clin Invest, 2007. 117(5): p. 1155-66.

Dave, S.S., et al., Prediction of survival in follicular lymphoma based on molecular features of
tumor-infiltrating immune cells. N Engl ] Med, 2004. 351(21): p. 2159-69.

Leek, R.D., et al., Association of macrophage infiltration with angiogenesis and prognosis in
invasive breast carcinoma. Cancer Res, 1996. 56(20): p. 4625-9.

Lissbrant, LF., et al., Tumor associated macrophages in human prostate cancer: relation to
clinicopathological variables and survival. Int J Oncol, 2000. 17(3): p. 445-51.

Ryder, M., et al., Increased density of tumor-associated macrophages is associated with
decreased survival in advanced thyroid cancer. Endocr Relat Cancer, 2008. 15(4): p. 1069-74.

Mosmann, T.R., et al., Two types of murine helper T cell clone. 1. Definition according to
profiles of lymphokine activities and secreted proteins. ] Immunol, 1986. 136(7): p. 2348-57.

Sica, A., et al., Macrophage polarization in tumour progression. Semin Cancer Biol, 2008.
18(5): p. 349-55.

Qian, B.Z. and J.W. Pollard, Macrophage diversity enhances tumor progression and metastasis.
Cell, 2010. 141(1): p. 39-51.

Verreck, F.A., et al., Human IL-23-producing type 1 macrophages promote but IL-10-producing
type 2 macrophages subvert immunity to (myco)bacteria. Proc Natl Acad Sci U S A, 2004.
101(13): p. 4560-5.

Mantovani, A., et al., Tumour immunity: effector response to tumour and role of the
microenvironment. Lancet, 2008. 371(9614): p. 771-83.

Saccani, A., et al., p50 nuclear factor-kappaB overexpression in tumor-associated macrophages
inhibits M1 inflammatory responses and antitumor resistance. Cancer Res, 2006. 66(23): p.
11432-40.

Sica, A., et al., Autocrine production of IL-10 mediates defective IL-12 production and NF-
kappa B activation in tumor-associated macrophages. J Immunol, 2000. 164(2): p. 762-7.

Biswas, S.K., et al., 4 distinct and unique transcriptional program expressed by tumor-
associated macrophages (defective NF-kappaB and enhanced IRF-3/STATI activation). Blood,
2006. 107(5): p. 2112-22.

Ghassabeh, G.H., et al., Identification of a common gene signature for type Il cytokine-
associated myeloid cells elicited in vivo in different pathologic conditions. Blood, 2006. 108(2):
p. 575-83.

Coussens, L.M., et al., MMP-9 supplied by bone marrow-derived cells contributes to skin
carcinogenesis. Cell, 2000. 103(3): p. 481-90.

Zeisberger, S.M., et al., Clodronate-liposome-mediated depletion of tumour-associated
macrophages: a new and highly effective antiangiogenic therapy approach. Br J Cancer, 2006.
95(3): p. 272-81.

Lin, E.Y., et al., Macrophages regulate the angiogenic switch in a mouse model of breast
cancer. Cancer Res, 2006. 66(23): p. 11238-46.

Lewis, 1.S., et al., Expression of vascular endothelial growth factor by macrophages is up-
regulated in poorly vascularized areas of breast carcinomas. J Pathol, 2000. 192(2): p. 150-8.

Hotchkiss, K.A., et al., Mechanisms by which tumor cells and monocytes expressing the
angiogenic factor thymidine phosphorylase mediate human endothelial cell migration. Cancer
Res, 2003. 63(2): p. 527-33.

Joyce, J.A. and J.W. Pollard, Microenvironmental regulation of metastasis. Nat Rev Cancer,
2009. 9(4): p. 239-52.

63



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

64

Robinson, B.D., et al., Tumor microenvironment of metastasis in human breast carcinoma. a
potential prognostic marker linked to hematogenous dissemination. Clin Cancer Res, 20009.
15(7): p. 2433-41.

Wyckoft, J., et al., 4 paracrine loop between tumor cells and macrophages is required for
tumor cell migration in mammary tumors. Cancer Res, 2004. 64(19): p. 7022-9.

Wyckoft, 1.B., et al., Direct visualization of macrophage-assisted tumor cell intravasation in
mammary tumors. Cancer Res, 2007. 67(6): p. 2649-56.

Robinson-Smith, T.M., et al., Macrophages mediate inflammation-enhanced metastasis of
ovarian tumors in mice. Cancer Res, 2007. 67(12): p. 5708-16.

Savage, N.D., et al., Human anti-inflammatory macrophages induce Foxp3+ GITR+ CD25+
regulatory T cells, which suppress via membrane-bound TGFbeta-1. ] Immunol, 2008. 181(3):
p. 2220-6.

Saio, M., et al., Tumor-infiltrating macrophages induce apoptosis in activated CD8(+) T cells
by a mechanism requiring cell contact and mediated by both the cell-associated form of TNF
and nitric oxide. ] Immunol, 2001. 167(10): p. 5583-93.

Uyttenhove, C., et al., Evidence for a tumoral immune resistance mechanism based on
tryptophan degradation by indoleamine 2,3-dioxygenase. Nat Med, 2003. 9(10): p. 1269-74.

Guiducci, C., et al., Redirecting in vivo elicited tumor infiltrating macrophages and dendritic
cells towards tumor rejection. Cancer Res, 2005. 65(8): p. 3437-46.

Young, M.R., M. Newby, and H.T. Wepsic, Hematopoiesis and suppressor bone marrow cells
in mice bearing large metastatic Lewis lung carcinoma tumors. Cancer Res, 1987. 47(1): p.
100-5.

Seung, L.P., et al., Synergy between T-cell immunity and inhibition of paracrine stimulation
causes tumor rejection. Proc Natl Acad Sci U S A, 1995. 92(14): p. 6254-8.

Pekarek, L.A., et al., Inhibition of tumor growth by elimination of granulocytes. J Exp Med,
1995. 181(1): p. 435-40.

Gabrilovich, D.I. and S. Nagaraj, Myeloid-derived suppressor cells as regulators of the immune
system. Nat Rev Immunol, 2009. 9(3): p. 162-74.

Bronte, V., et al., Identification of a CD11b(+)/Gr-1(+)/CD31(+) myeloid progenitor capable
of activating or suppressing CD8(+) T cells. Blood, 2000. 96(12): p. 3838-46.

Youn, J.L, et al., Subsets of myeloid-derived suppressor cells in tumor-bearing mice. J Immunol,
2008. 181(8): p. 5791-802.

Ostrand-Rosenberg, S. and P. Sinha, Myeloid-derived suppressor cells: linking inflammation
and cancer. J Immunol, 2009. 182(8): p. 4499-506.

Diaz-Montero, C.M., et al., Increased circulating myeloid-derived suppressor cells correlate
with clinical cancer stage, metastatic tumor burden, and doxorubicin-cyclophosphamide
chemotherapy. Cancer Immunol Immunother, 2009. 58(1): p. 49-59.

Sinha, P., et al., Prostaglandin E2 promotes tumor progression by inducing myeloid-derived
suppressor cells. Cancer Res, 2007. 67(9): p. 4507-13.

Bunt, S.K., et al., Reduced inflammation in the tumor microenvironment delays the
accumulation of myeloid-derived suppressor cells and limits tumor progression. Cancer Res,
2007. 67(20): p. 10019-26.

Serafini, P., et al., High-dose granulocyte-macrophage colony-stimulating factor-producing
vaccines impair the immune response through the recruitment of myeloid suppressor cells.
Cancer Res, 2004. 64(17): p. 6337-43.

Young, M.R., et al., Human squamous cell carcinomas of the head and neck chemoattract
immune suppressive CD34(+) progenitor cells. Hum Immunol, 2001. 62(4): p. 332-41.

Delano, M.J., et al., MyD88-dependent expansion of an immature GR-1(+)CD11b(+)
population induces T cell suppression and Th2 polarization in sepsis. J Exp Med, 2007. 204(6):
p. 1463-74.

Gallina, G., et al., Tumors induce a subset of inflammatory monocytes with immunosuppressive
activity on CD8+ T cells. J Clin Invest, 2006. 116(10): p. 2777-90.

Rutschman, R., et al., Cutting edge: Stat6-dependent substrate depletion regulates nitric oxide
production. J Immunol, 2001. 166(4): p. 2173-7.



170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

Mazzoni, A., et al., Myeloid suppressor lines inhibit T cell responses by an NO-dependent
mechanism. ] Immunol, 2002. 168(2): p. 689-95.

Bronte, V. and P. Zanovello, Regulation of immune responses by L-arginine metabolism. Nat
Rev Immunol, 2005. 5(8): p. 641-54.

Kusmartsev, S., et al., Antigen-specific inhibition of CD8+ T cell response by immature myeloid
cells in cancer is mediated by reactive oxygen species. J Immunol, 2004. 172(2): p. 989-99.

Serafini, P., et al., Myeloid-derived suppressor cells promote cross-tolerance in B-cell
lymphoma by expanding regulatory T cells. Cancer Res, 2008. 68(13): p. 5439-49.

Srivastava, M.K., et al., Myeloid-derived suppressor cells inhibit T-cell activation by depleting
cystine and cysteine. Cancer Res, 2010. 70(1): p. 68-77.

Li, H., et al., Cancer-expanded myeloid-derived suppressor cells induce anergy of NK cells
through membrane-bound TGF-beta 1. J Immunol, 2009. 182(1): p. 240-9.

Hanson, E.M., et al., Myeloid-derived suppressor cells down-regulate L-selectin expression on
CD4+ and CD8+ T cells. ] Immunol, 2009. 183(2): p. 937-44.

Yang, L., et al., Expansion of myeloid immune suppressor Gr+CD11b+ cells in tumor-bearing
host directly promotes tumor angiogenesis. Cancer Cell, 2004. 6(4): p. 409-21.

Poschke, L., et al., Immature immunosuppressive CD14+HLA-DR-/low cells in melanoma
patients are Stat3hi and overexpress CD80, CD83, and DC-sign. Cancer Res, 2010. 70(11): p.
4335-45.

Almand, B., et al., Increased production of immature myeloid cells in cancer patients: a
mechanism of immunosuppression in cancer. J Immunol, 2001. 166(1): p. 678-89.
Kusmartsev, S., et al., Reversal of myeloid cell-mediated immunosuppression in patients with
metastatic renal cell carcinoma. Clin Cancer Res, 2008. 14(24): p. 8270-8.

Banchereau, J. and R.M. Steinman, Dendritic cells and the control of immunity. Nature, 1998.
392(6673): p. 245-52.

Gabrilovich, D., Mechanisms and functional significance of tumour-induced dendritic-cell
defects. Nat Rev Immunol, 2004. 4(12): p. 941-52.

Almand, B., et al., Clinical significance of defective dendritic cell differentiation in cancer. Clin
Cancer Res, 2000. 6(5): p. 1755-66.

Gabrilovich, D.L., et al., Decreased antigen presentation by dendritic cells in patients with
breast cancer. Clin Cancer Res, 1997. 3(3): p. 483-90.

Troy, A.J., et al., Minimal recruitment and activation of dendritic cells within renal cell
carcinoma. Clin Cancer Res, 1998. 4(3): p. 585-93.

Gabrilovich, D.L., et al., Production of vascular endothelial growth factor by human tumors
inhibits the functional maturation of dendritic cells. Nat Med, 1996. 2(10): p. 1096-103.
Menetrier-Caux, C., et al., Inhibition of the differentiation of dendritic cells from CD34(+)
progenitors by tumor cells: role of interleukin-6 and macrophage colony-stimulating factor.
Blood, 1998. 92(12): p. 4778-91.

Steinbrink, K., et al., Induction of tolerance by IL-10-treated dendritic cells. ] Immunol, 1997.
159(10): p. 4772-80.

Shurin, G.V., et al., Neuroblastoma-derived gangliosides inhibit dendritic cell generation and
function. Cancer Res, 2001. 61(1): p. 363-9.

Gabrilovich, D.I., I.LF. Ciernik, and D.P. Carbone, Dendritic cells in antitumor immune
responses. I. Defective antigen presentation in tumor-bearing hosts. Cell Immunol, 1996.
170(1): p. 101-10.

Enk, A.H., et al., Dendfritic cells as mediators of tumor-induced tolerance in metastatic
melanoma. Int J Cancer, 1997. 73(3): p. 309-16.

Chaux, P., et al., Tumor-infiltrating dendritic cells are defective in their antigen-presenting
function and inducible B7 expression in rats. Int ] Cancer, 1997. 72(4): p. 619-24.

Ghiringhelli, F., et al., Tumor cells convert immature myeloid dendritic cells into TGF-beta-
secreting cells inducing CD4+CD25+ regulatory T cell proliferation. J Exp Med, 2005. 202(7):
p. 919-29.

Munn, D.H., et al., Expression of indoleamine 2,3-dioxygenase by plasmacytoid dendritic cells
in tumor-draining lymph nodes. J Clin Invest, 2004. 114(2): p. 280-90.

65



195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

66

Aspord, C., et al., Breast cancer instructs dendritic cells to prime interleukin 13-secreting
CD4+ T cells that facilitate tumor development. ] Exp Med, 2007. 204(5): p. 1037-47.

Conejo-Garcia, J.R., et al., Tumor-infiltrating dendritic cell precursors recruited by a beta-
defensin contribute to vasculogenesis under the influence of Vegf-A. Nat Med, 2004. 10(9): p.
950-8.

Fainaru, O., et al., Tumor growth and angiogenesis are dependent on the presence of immature
dendritic cells. FASEB J, 2010. 24(5): p. 1411-8.

Madhusudan, S., et al., 4 phase II study of etanercept (Enbrel), a tumor necrosis factor alpha
inhibitor in patients with metastatic breast cancer. Clin Cancer Res, 2004. 10(19): p. 6528-34.

Madhusudan, S., et al., Study of etanercept, a tumor necrosis factor-alpha inhibitor, in recurrent
ovarian cancer. J Clin Oncol, 2005. 23(25): p. 5950-9.

Harrison, M.L., et al., Tumor necrosis factor alpha as a new target for renal cell carcinoma:
two sequential phase II trials of infliximab at standard and high dose. J Clin Oncol, 2007.
25(29): p. 4542-9.

Brown, E.R., et al., 4 clinical study assessing the tolerability and biological effects of infliximab,
a TNF-alpha inhibitor, in patients with advanced cancer. Ann Oncol, 2008. 19(7): p. 1340-6.

Trikha, M., et al., Targeted anti-interleukin-6 monoclonal antibody therapy for cancer: a review
of the rationale and clinical evidence. Clin Cancer Res, 2003. 9(13): p. 4653-65.

Fulciniti, M., et al., 4 high-affinity fully human anti-IL-6 mAb, 1339, for the treatment of
multiple myeloma. Clin Cancer Res, 2009. 15(23): p. 7144-52.

Kim, S.Y., et al., Inhibition of the CXCR4/CXCL12 chemokine pathway reduces the
development of murine pulmonary metastases. Clin Exp Metastasis, 2008. 25(3): p. 201-11.

Richert, M.M., et al., Inhibition of CXCR4 by CTCE-9908 inhibits breast cancer metastasis to
lung and bone. Oncol Rep, 2009. 21(3): p. 761-7.

Porvasnik, S., et al., Effects of CXCR4 antagonist CTCE-9908 on prostate tumor growth.
Prostate, 2009. 69(13): p. 1460-9.

Loberg, R.D., et al., Targeting CCL2 with systemic delivery of neutralizing antibodies induces
prostate cancer tumor regression in vivo. Cancer Res, 2007. 67(19): p. 9417-24.

Ito, A., et al., Defucosylated anti-CCR4 monoclonal antibody exercises potent ADCC-mediated
antitumor effect in the novel tumor-bearing humanized NOD/Shi-scid, IL-2Rgamma(null) mouse
model. Cancer Immunol Immunother, 2009. 58(8): p. 1195-206.

Mian, B.M,, et al., Fully human anti-interleukin 8 antibody inhibits tumor growth in orthotopic
bladder cancer xenografis via down-regulation of matrix metalloproteases and nuclear factor-
kappaB. Clin Cancer Res, 2003. 9(8): p. 3167-75.

Thun, M.J., S.J. Henley, and C. Patrono, Nonsteroidal anti-inflammatory drugs as anticancer
agents: mechanistic, pharmacologic, and clinical issues. J Natl Cancer Inst, 2002. 94(4): p. 252-
66.

Baron, J.A., et al., 4 randomized trial of aspirin to prevent colorectal adenomas. N Engl J Med,
2003. 348(10): p. 891-9.

Chan, A.T., S. Ogino, and C.S. Fuchs, Aspirin and the risk of colorectal cancer in relation to the
expression of COX-2. N Engl ] Med, 2007. 356(21): p. 2131-42.

Harris, R.E., et al., Chemoprevention of breast cancer in rats by celecoxib, a cyclooxygenase 2
inhibitor. Cancer Res, 2000. 60(8): p. 2101-3.

Oshima, M., et al., Suppression of intestinal polyposis in Apc delta716 knockout mice by
inhibition of cyclooxygenase 2 (COX-2). Cell, 1996. 87(5): p. 803-9.

Reddy, B.S., et al., Inhibitory effect of aspirin on azoxymethane-induced colon carcinogenesis in
F344 rats. Carcinogenesis, 1993. 14(8): p. 1493-7.

Li, M., X. Wu, and X.C. Xu, Induction of apoptosis by cyclo-oxygenase-2 inhibitor NS398
through a cytochrome C-dependent pathway in esophageal cancer cells. Int J Cancer, 2001.
93(2): p. 218-23.

Li, M., X. Wu, and X.C. Xu, Induction of apoptosis in colon cancer cells by cyclooxygenase-2
inhibitor NS398 through a cytochrome c-dependent pathway. Clin Cancer Res, 2001. 7(4): p.
1010-6.



218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

Lonnroth, C., et al., Preoperative treatment with a non-steroidal anti-inflammatory drug
(NSAID) increases tumor tissue infiltration of seemingly activated immune cells in colorectal
cancer. Cancer Immun, 2008. 8: p. 5.

Stolina, M., et al., Specific inhibition of cyclooxygenase 2 restores antitumor reactivity by
altering the balance of IL-10 and IL-12 synthesis. J Immunol, 2000. 164(1): p. 361-70.

Castellone, M.D., et al., Prostaglandin E2 promotes colon cancer cell growth through a Gs-
axin-beta-catenin signaling axis. Science, 2005. 310(5753): p. 1504-10.

Krysan, K., et al., Prostaglandin E2 activates mitogen-activated protein kinase/Erk pathway
signaling and cell proliferation in non-small cell lung cancer cells in an epidermal growth
factor receptor-independent manner. Cancer Res, 2005. 65(14): p. 6275-81.

Wei, D., et al., Celecoxib inhibits vascular endothelial growth factor expression in and reduces
angiogenesis and metastasis of human pancreatic cancer via suppression of Spl transcription
factor activity. Cancer Res, 2004. 64(6): p. 2030-8.

Derry, S. and Y K. Loke, Risk of gastrointestinal haemorrhage with long term use of aspirin:
meta-analysis. BMJ, 2000. 321(7270): p. 1183-7.

Patrignani, P., P. Filabozzi, and C. Patrono, Selective cumulative inhibition of platelet
thromboxane production by low-dose aspirin in healthy subjects. J Clin Invest, 1982. 69(6): p.
1366-72.

Hejna, M., M. Raderer, and C.C. Zielinski, Inhibition of metastases by anticoagulants. J Natl
Cancer Inst, 1999. 91(1): p. 22-36.

Grosser, T., S. Fries, and G.A. FitzGerald, Biological basis for the cardiovascular consequences
of COX-2 inhibition: therapeutic challenges and opportunities. J Clin Invest, 2006. 116(1): p. 4-
15.

Rothwell, P.M., et al., Effect of daily aspirin on long-term risk of death due to cancer: analysis
of individual patient data from randomised trials. Lancet, 2011. 377(9759): p. 31-41.

Rothwell, P.M., et al., Long-term effect of aspirin on colorectal cancer incidence and mortality:
20-year follow-up of five randomised trials. Lancet, 2010. 376(9754): p. 1741-50.

Salinas, C.A., et al., Use of aspirin and other nonsteroidal antiinflammatory medications in
relation to prostate cancer risk. Am J Epidemiol, 2010. 172(5): p. 578-90.

Claria, J. and C.N. Serhan, Aspirin triggers previously undescribed bioactive eicosanoids by
human endothelial cell-leukocyte interactions. Proc Natl Acad Sci U S A, 1995. 92(21): p.
9475-9.

Serhan, C.N., N. Chiang, and T.E. Van Dyke, Resolving inflammation: dual anti-inflammatory
and pro-resolution lipid mediators. Nat Rev Immunol, 2008. 8(5): p. 349-61.

Janakiram, N.B. and C.V. Rao, Role of lipoxins and resolvins as anti-inflammatory and
proresolving mediators in colon cancer. Curr Mol Med, 2009. 9(5): p. 565-79.
Rodriguez-Vita, J. and T. Lawrence, The resolution of inflammation and cancer. Cytokine
Growth Factor Rev, 2010. 21(1): p. 61-5.

Ugel, S., et al., Therapeutic targeting of myeloid-derived suppressor cells. Curr Opin
Pharmacol, 2009. 9(4): p. 470-81.

Sica, A., P. Allavena, and A. Mantovani, Cancer related inflammation: the macrophage
connection. Cancer Lett, 2008. 267(2): p. 204-15.

Mirza, N., et al., All-trans-retinoic acid improves differentiation of myeloid cells and immune
response in cancer patients. Cancer Res, 2006. 66(18): p. 9299-307.

Lathers, D.M., et al., Phase 1B study to improve immune responses in head and neck cancer
patients using escalating doses of 25-hydroxyvitamin D3. Cancer Immunol Immunother, 2004.
53(5): p. 422-30.

Nefedova, Y., et al., Regulation of dendritic cell differentiation and antitumor immune response
in cancer by pharmacologic-selective inhibition of the janus-activated kinase 2/signal
transducers and activators of transcription 3 pathway. Cancer Res, 2005. 65(20): p. 9525-35.

Yang, L., et al., Abrogation of TGF beta signaling in mammary carcinomas recruits Gr-
1+CD11b+ myeloid cells that promote metastasis. Cancer Cell, 2008. 13(1): p. 23-35.

67



240.

241.

242.

243.

244.

245.

246.

247.

248.

249.
250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

68

De Santo, C., et al., Nitroaspirin corrects immune dysfunction in tumor-bearing hosts and
promotes tumor eradication by cancer vaccination. Proc Natl Acad Sci U S A, 2005. 102(11): p.
4185-90.

Talmadge, J.E., et al., Chemoprevention by cyclooxygenase-2 inhibition reduces immature
myeloid suppressor cell expansion. Int Immunopharmacol, 2007. 7(2): p. 140-51.

Suzuki, E., et al., Gemcitabine selectively eliminates splenic Gr-1+/CD11b+ myeloid
suppressor cells in tumor-bearing animals and enhances antitumor immune activity. Clin
Cancer Res, 2005. 11(18): p. 6713-21.

Zhang, W., et al., Depletion of tumor-associated macrophages enhances the effect of sorafenib
in metastatic liver cancer models by antimetastatic and antiangiogenic effects. Clin Cancer Res,
2010. 16(13): p. 3420-30.

Coscia, M., et al., Zoledronic acid repolarizes tumour-associated macrophages and inhibits
mammary carcinogenesis by targeting the mevalonate pathway. J Cell Mol Med, 2010. 14(12):
p- 2803-2815.

Rolny, C., et al., HRG Inhibits Tumor Growth and Metastasis by Inducing Macrophage
Polarization and Vessel Normalization through Downregulation of PIGF. Cancer Cell, 2011.
19(1): p. 31-44.

Dunn, G.P., et al., Cancer immunoediting: from immunosurveillance to tumor escape. Nat
Immunol, 2002. 3(11): p. 991-8.

Ehrlich, P., Ueber den jetzigen stand der Karzinomforschung. Ned.Tijdschr.Geneeskd., 1909. 5:
p. 273-290.

Gross, L., Intradermal immunization of C3H mice against a sarcoma that originated in an
animal of the same line. Cancer Res, 1943. 3: p. 326-333.

Klein, G., Tumor antigens. Annu Rev Microbiol, 1966. 20: p. 223-52.

0Old, L.J. and E.A. Boyse, Immunology of Experimental Tumors. Annu Rev Med, 1964. 15: p.
167-86.

Burnet, M., Cancer: a biological approach. II1. Viruses associated with neoplastic conditions.
1V. Practical applications. Br Med J, 1957. 1(5023): p. 841-7.

Burnet, M., Immunological Factors in the Process of Carcinogenesis. Br Med Bull, 1964. 20: p.
154-8.

Burnet, F.M., The concept of immunological surveillance. Prog Exp Tumor Res, 1970. 13: p. 1-
27.

Thomas, L., Discussion in cellular and humoral aspects of the hypersensitive states. Hoeber-
Harper, New York, 1959: p. 529-532.

Rygaard, J. and C.O. Povlsen, The mouse mutant nude does not develop spontaneous tumours.
An argument against immunological surveillance. Acta Pathol Microbiol Scand B Microbiol
Immunol, 1974. 82(1): p. 99-106.

Rygaard, J. and C.O. Povlsen, Is immunological surveillance not a cell-mediated immune
function? Transplantation, 1974. 17(1): p. 135-6.

Stutman, O., Tumor development after 3-methylcholanthrene in immunologically deficient
athymic-nude mice. Science, 1974. 183(124): p. 534-6.

Kiessling, R., E. Klein, and H. Wigzell, "Natural” killer cells in the mouse. I. Cytotoxic cells
with specificity for mouse Moloney leukemia cells. Specificity and distribution according to
genotype. Eur ] Immunol, 1975. 5(2): p. 112-7.

Ikehara, S., et al., Functional T cells in athymic nude mice. Proc Natl Acad Sci U S A, 1984.
81(3): p. 886-8.

Dighe, A.S., et al., Enhanced in vivo growth and resistance to rejection of tumor cells
expressing dominant negative IFN gamma receptors. Immunity, 1994. 1(6): p. 447-56.
Kaplan, D.H., et al., Demonstration of an interferon gamma-dependent tumor surveillance
system in immunocompetent mice. Proc Natl Acad Sci U S A, 1998. 95(13): p. 7556-61.
Street, S.E., E. Cretney, and M.J. Smyth, Perforin and interferon-gamma activities
independently control tumor initiation, growth, and metastasis. Blood, 2001. 97(1): p. 192-7.

van den Broek, M.E., et al., Decreased tumor surveillance in perforin-deficient mice. J Exp
Med, 1996. 184(5): p. 1781-90.



264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

Smyth, MLJ., et al., Perforin-mediated cytotoxicity is critical for surveillance of spontaneous
lymphoma. J Exp Med, 2000. 192(5): p. 755-60.

Shankaran, V., et al., IFNgamma and lymphocytes prevent primary tumour development and
shape tumour immunogenicity. Nature, 2001. 410(6832): p. 1107-11.

Roithmaier, S., et al., Incidence of malignancies in heart and/or lung transplant recipients.: a
single-institution experience. ] Heart Lung Transplant, 2007. 26(8): p. 845-9.

Penn, 1., Malignant melanoma in organ allograft recipients. Transplantation, 1996. 61(2): p.
274-8.

Birkeland, S.A., et al., Cancer risk after renal transplantation in the Nordic countries, 1964-
1986. Int J Cancer, 1995. 60(2): p. 183-9.

Imai, K., et al., Natural cytotoxic activity of peripheral-blood lymphocytes and cancer
incidence: an 11-year follow-up study of a general population. Lancet, 2000. 356(9244): p.
1795-9.

Clementi, R., et al., 4 proportion of patients with lymphoma may harbor mutations of the
perforin gene. Blood, 2005. 105(11): p. 4424-8.

Clemente, C.G., et al., Prognostic value of tumor infiltrating lymphocytes in the vertical growth
phase of primary cutaneous melanoma. Cancer, 1996. 77(7): p. 1303-10.

Palma, L., N. Di Lorenzo, and B. Guidetti, Lymphocytic infiltrates in primary glioblastomas and
recidivous gliomas. Incidence, fate, and relevance to prognosis in 228 operated cases. J
Neurosurg, 1978. 49(6): p. 854-61.

Galon, J., et al., Type, density, and location of immune cells within human colorectal tumors
predict clinical outcome. Science, 2006. 313(5795): p. 1960-4.

Pages, F., et al., Effector memory T cells, early metastasis, and survival in colorectal cancer. N
Engl J Med, 2005. 353(25): p. 2654-66.

Sato, E., et al., 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, 2005. 102(51): p. 18538-43.

Zhang, L., et al., Intratumoral T cells, recurrence, and survival in epithelial ovarian cancer. N
Engl J Med, 2003. 348(3): p. 203-13.

Aaltomaa, S., et al., Lymphocyte infiltrates as a prognostic variable in female breast cancer. Eur
J Cancer, 1992. 28A(4-5): p. 859-64.

Lipponen, P.K., et al., Tumour infiltrating lymphocytes as an independent prognostic factor in
transitional cell bladder cancer. Eur J Cancer, 1992. 29A(1): p. 69-75.

MacKie, R M., R. Reid, and B. Junor, Fatal melanoma transferred in a donated kidney 16 years
after melanoma surgery. N Engl J Med, 2003. 348(6): p. 567-8.

Strauss, D.C. and J.M. Thomas, Transmission of donor melanoma by organ transplantation.
Lancet Oncol, 2010. 11(8): p. 790-6.

Townsend, A.R., et al., The epitopes of influenza nucleoprotein recognized by cytotoxic T
lymphocytes can be defined with short synthetic peptides. Cell, 1986. 44(6): p. 959-68.

Cox, A.L., et al., Identification of a peptide recognized by five melanoma-specific human
cytotoxic T cell lines. Science, 1994. 264(5159): p. 716-9.

Skipper, J.C., et al., An HLA-A2-restricted tyrosinase antigen on melanoma cells results from
posttranslational modification and suggests a novel pathway for processing of membrane
proteins. J Exp Med, 1996. 183(2): p. 527-34.

van der Bruggen, P., et al., 4 gene encoding an antigen recognized by cytolytic T lymphocytes
on a human melanoma. Science, 1991. 254(5038): p. 1643-7.

Traversari, C., et al., 4 nonapeptide encoded by human gene MAGE-1 is recognized on HLA-A1
by cytolytic T lymphocytes directed against tumor antigen MZ2-E. ] Exp Med, 1992. 176(5): p.
1453-7.

Topalian, S.L., et al., Human CD4+ T cells specifically recognize a shared melanoma-
associated antigen encoded by the tyrosinase gene. Proc Natl Acad Sci U S A, 1994. 91(20): p.
9461-5.

Topalian, S.L., et al., Melanoma-specific CD4+ T cells recognize nonmutated HLA-DR-
restricted tyrosinase epitopes. J Exp Med, 1996. 183(5): p. 1965-71.

69



288.

289.
290.

291.

292.

293.

294.

295.

296.

297.

298.

299.
300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

70

Renkvist, N, et al., 4 listing of human tumor antigens recognized by T cells. Cancer Immunol
Immunother, 2001. 50(1): p. 3-15.

Finn, O.J., Cancer immunology. N Engl ] Med, 2008. 358(25): p. 2704-15.

Peoples, G.E., et al., Breast and ovarian cancer-specific cytotoxic T lymphocytes recognize the
same HER2/neu-derived peptide. Proc Natl Acad Sci U S A, 1995. 92(2): p. 432-6.

Domenech, N., R.A. Henderson, and O.J. Finn, Identification of an HLA-A11-restricted epitope

from the tandem repeat domain of the epithelial tumor antigen mucin. J Immunol, 1995.

155(10): p. 4766-74.

Rodriguez, A., et al., Selective transport of internalized antigens to the cytosol for MHC class 1
presentation in dendritic cells. Nat Cell Biol, 1999. 1(6): p. 362-8.

Melief, C.J., Mini-review: Regulation of cytotoxic T lymphocyte responses by dendritic cells:
peaceful coexistence of cross-priming and direct priming? Eur J Immunol, 2003. 33(10): p.
2645-54.

Thompson, E.D., et al., Tumor masses support naive T cell infiltration, activation, and
differentiation into effectors. J Exp Med, 2010. 207(8): p. 1791-804.

Kurts, C., et al., Class I-restricted cross-presentation of exogenous self-antigens leads to
deletion of autoreactive CD8(+) T cells. J Exp Med, 1997. 186(2): p. 239-45.

Schoenberger, S.P., et al., T-cell help for cytotoxic T lymphocytes is mediated by CD40-CD40L
interactions. Nature, 1998. 393(6684): p. 480-3.

Ridge, J.P., F. Di Rosa, and P. Matzinger, 4 conditioned dendritic cell can be a temporal bridge
between a CD4+ T-helper and a T-killer cell. Nature, 1998. 393(6684): p. 474-8.

Bennett, S.R., et al., Help for cytotoxic-T-cell responses is mediated by CD40 signalling. Nature,
1998. 393(6684): p. 478-80.

Bevan, M.J., Helping the CD8(+) T-cell response. Nat Rev Immunol, 2004. 4(8): p. 595-602.

Viola, A. and A. Lanzavecchia, T cell activation determined by T cell receptor number and
tunable thresholds. Science, 1996. 273(5271): p. 104-6.

Acuto, O. and F. Michel, CD28-mediated co-stimulation: a quantitative support for TCR
signalling. Nat Rev Immunol, 2003. 3(12): p. 939-51.

Malek, T.R. and A.L. Bayer, Tolerance, not immunity, crucially depends on IL-2. Nat Rev
Immunol, 2004. 4(9): p. 665-74.

Masopust, D., et al., Preferential localization of effector memory cells in nonlymphoid tissue.
Science, 2001. 291(5512): p. 2413-7.

Reinhardt, R.L., et al., Visualizing the generation of memory CD4 T cells in the whole body.
Nature, 2001. 410(6824): p. 101-5.

Mobley, J.L. and M.O. Dailey, Regulation of adhesion molecule expression by CDS8 T cells in
vivo. I. Differential regulation of gp90MEL-14 (LECAM-1), Pgp-1, LFA-1, and VLA-4 alpha
during the differentiation of cytotoxic T lymphocytes induced by allografts. J Immunol, 1992.
148(8): p. 2348-56.

Obear, J.J. and L. Lefrancois, Memory CD8+ T cell differentiation. Ann N'Y Acad Sci, 2010.
1183: p. 251-66.

Sallusto, F., J. Geginat, and A. Lanzavecchia, Central memory and effector memory T cell
subsets: function, generation, and maintenance. Annu Rev Immunol, 2004. 22: p. 745-63.

Kagi, D., et al., Fas and perforin pathways as major mechanisms of T cell-mediated cytotoxicity.
Science, 1994. 265(5171): p. 528-30.

Lowin, B, et al., Cytolytic T-cell cytotoxicity is mediated through perforin and Fas Iytic
pathways. Nature, 1994. 370(6491): p. 650-2.

Lieberman, J., The ABCs of granule-mediated cytotoxicity: new weapons in the arsenal. Nat
Rev Immunol, 2003. 3(5): p. 361-70.

Kagi, D., et al., Cytotoxicity mediated by T cells and natural killer cells is greatly impaired in
perforin-deficient mice. Nature, 1994. 369(6475): p. 31-7.

Henkart, P.A., Mechanism of lymphocyte-mediated cytotoxicity. Annu Rev Immunol, 1985. 3: p.
31-58.



313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

Duke, R.C., et al., Purified perforin induces target cell lysis but not DNA fragmentation. J Exp
Med, 1989. 170(4): p. 1451-6.

Heusel, J.W., et al., Cytotoxic lymphocytes require granzyme B for the rapid induction of DNA

fragmentation and apoptosis in allogeneic target cells. Cell, 1994. 76(6): p. 977-87.

Shresta, S., et al., Natural killer and lymphokine-activated killer cells require granzyme B for
the rapid induction of apoptosis in susceptible target cells. Proc Natl Acad Sci U S A, 1995.
92(12): p. 5679-83.

Hoves, S., J.A. Trapani, and 1. Voskoboinik, The battlefield of perforin/granzyme cell death
pathways. J Leukoc Biol, 2010. 87(2): p. 237-43.

Dennert, G. and E.R. Podack, Cytolysis by H-2-specific T killer cells. Assembly of tubular
complexes on target membranes. ] Exp Med, 1983. 157(5): p. 1483-95.

Browne, K.A., et al., Cytosolic delivery of granzyme B by bacterial toxins: evidence that
endosomal disruption, in addition to transmembrane pore formation, is an important function of
perforin. Mol Cell Biol, 1999. 19(12): p. 8604-15.

Pinkoski, M.J., et al., Entry and trafficking of granzyme B in target cells during granzyme B-
perforin-mediated apoptosis. Blood, 1998. 92(3): p. 1044-54.

Shi, L., et al., Granzyme B (GraB) autonomously crosses the cell membrane and perforin
initiates apoptosis and GraB nuclear localization. J Exp Med, 1997. 185(5): p. 855-66.

Barry, M. and R.C. Bleackley, Cytotoxic T lymphocytes: all roads lead to death. Nat Rev
Immunol, 2002. 2(6): p. 401-9.

Metkar, S.S., et al., Cytotoxic cell granule-mediated apoptosis: perforin delivers granzyme B-
serglycin complexes into target cells without plasma membrane pore formation. Immunity,
2002. 16(3): p. 417-28.

Froelich, C.J., et al., New paradigm for lymphocyte granule-mediated cytotoxicity. Target cells
bind and internalize granzyme B, but an endosomolytic agent is necessary for cytosolic delivery
and subsequent apoptosis. J Biol Chem, 1996. 271(46): p. 29073-9.

Motyka, B., et al., Mannose 6-phosphate/insulin-like growth factor Il receptor is a death
receptor for granzyme B during cytotoxic T cell-induced apoptosis. Cell, 2000. 103(3): p. 491-
500.

Dressel, R., et al., Granzyme-mediated cytotoxicity does not involve the mannose 6-phosphate
receptors on target cells. ] Biol Chem, 2004. 279(19): p. 20200-10.

Trapani, J.A., et al., 4 clathrin/dynamin- and mannose-6-phosphate receptor-independent
pathway for granzyme B-induced cell death. J Cell Biol, 2003. 160(2): p. 223-33.

Gross, C., et al., Cell surface-bound heat shock protein 70 (Hsp70) mediates perforin-
independent apoptosis by specific binding and uptake of granzyme B. ] Biol Chem, 2003.
278(42): p. 41173-81.

Raja, S.M., et al., 4 novel mechanism for protein delivery: granzyme B undergoes electrostatic
exchange from serglycin to target cells. ] Biol Chem, 2005. 280(21): p. 20752-61.

Podack, E.R., How to induce involuntary suicide: the need for dipeptidyl peptidase I. Proc Natl
Acad Sci U S A, 1999. 96(15): p. 8312-4.

Keefe, D., et al., Perforin triggers a plasma membrane-repair response that facilitates CTL
induction of apoptosis. Immunity, 2005. 23(3): p. 249-62.

Darmon, A.J., D.W. Nicholson, and R.C. Bleackley, Activation of the apoptotic protease CPP32
by cytotoxic T-cell-derived granzyme B. Nature, 1995. 377(6548): p. 446-8.

Medema, J.P., et al., Cleavage of FLICE (caspase-8) by granzyme B during cytotoxic T
lymphocyte-induced apoptosis. Eur ] Immunol, 1997. 27(12): p. 3492-8.

Heibein, J.A., et al., Granzyme B-induced loss of mitochondrial inner membrane potential
(Delta Psi m) and cytochrome c release are caspase independent. ] Immunol, 1999. 163(9): p.
4683-93.

Thomas, D.A., et al., DFF45/ICAD can be directly processed by granzyme B during the
induction of apoptosis. Immunity, 2000. 12(6): p. 621-32.

Russell, J.H. and T.J. Ley, Lymphocyte-mediated cytotoxicity. Annu Rev Immunol, 2002. 20: p.
323-70.

71



336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

72

Zhang, J., et al., Interleukin 2 receptor signaling regulates the perforin gene through signal
transducer and activator of transcription (Stat)5 activation of two enhancers. J Exp Med, 1999.
190(9): p. 1297-308.

Janas, M.L., et al., IL-2 regulates perforin and granzyme gene expression in CD8+ T cells
independently of its effects on survival and proliferation. J Immunol, 2005. 175(12): p. 8003-10.

Russo, M., et al., Exploring death receptor pathways as selective targets in cancer therapy.
Biochem Pharmacol, 2010. 80(5): p. 674-82.

Tibbetts, M.D., L. Zheng, and M.J. Lenardo, The death effector domain protein family:
regulators of cellular homeostasis. Nat Immunol, 2003. 4(5): p. 404-9.

Aggarwal, B.B., et al., Fas antigen signals proliferation of normal human diploid fibroblast and
its mechanism is different from tumor necrosis factor receptor. FEBS Lett, 1995. 364(1): p. 5-8.

Suda, T., et al., Molecular cloning and expression of the Fas ligand, a novel member of the
tumor necrosis factor family. Cell, 1993. 75(6): p. 1169-78.

Dhein, J., et al., Autocrine T-cell suicide mediated by APO-1/(Fas/CD95). Nature, 1995.
373(6513): p. 438-41.

Davidson, W.F., T. Giese, and T.N. Fredrickson, Spontaneous development of plasmacytoid
tumors in mice with defective Fas-Fas ligand interactions. J Exp Med, 1998. 187(11): p. 1825-
38.

Drappa, J., et al., Fas gene mutations in the Canale-Smith syndrome, an inherited
lymphoproliferative disorder associated with autoimmunity. N Engl ] Med, 1996. 335(22): p.
1643-9.

Yonehara, S., A. Ishii, and M. Yonehara, 4 cell-killing monoclonal antibody (anti-Fas) to a cell
surface antigen co-downregulated with the receptor of tumor necrosis factor. J Exp Med, 1989.
169(5): p. 1747-56.

Koshkina, N.V., et al., Fas-negative osteosarcoma tumor cells are selected during metastasis to

the lungs: the role of the Fas pathway in the metastatic process of osteosarcoma. Mol Cancer
Res, 2007. 5(10): p. 991-9.

Owen-Schaub, L.B., et al., Fas and Fas ligand interactions suppress melanoma lung metastasis.
J Exp Med, 1998. 188(9): p. 1717-23.

Peter, M.E. and P.H. Krammer, The CD95(APO-1/Fas) DISC and beyond. Cell Death Differ,
2003. 10(1): p. 26-35.

Wang, J., et al., Caspase-10 is an initiator caspase in death receptor signaling. Proc Natl Acad
SciU S A, 2001. 98(24): p. 13884-8.

Muzio, M., et al., FLICE, a novel FADD-homologous ICE/CED-3-like protease, is recruited to
the CD95 (Fas/APO-1) death--inducing signaling complex. Cell, 1996. 85(6): p. 817-27.

Janssen, E.M., et al., CD4+ T-cell help controls CD8+ T-cell memory via TRAIL-mediated
activation-induced cell death. Nature, 2005. 434(7029): p. 88-93.

Takeda, K., et al., Involvement of tumor necrosis factor-related apoptosis-inducing ligand in
surveillance of tumor metastasis by liver natural killer cells. Nat Med, 2001. 7(1): p. 94-100.

Grosse-Wilde, A., et al., TRAIL-R deficiency in mice enhances lymph node metastasis without
affecting primary tumor development. J Clin Invest, 2008. 118(1): p. 100-10.

Johnstone, R.W., A.J. Frew, and M.J. Smyth, The TRAIL apoptotic pathway in cancer onset,
progression and therapy. Nat Rev Cancer, 2008. 8(10): p. 782-98.

Pan, G., et al., An antagonist decoy receptor and a death domain-containing receptor for
TRAIL. Science, 1997. 277(5327): p. 815-8.

Marsters, S.A., et al., 4 novel receptor for Apo2L/TRAIL contains a truncated death domain.
Curr Biol, 1997. 7(12): p. 1003-6.

Wagner, K.W., et al., Death-receptor O-glycosylation controls tumor-cell sensitivity to the
proapoptotic ligand Apo2L/TRAIL. Nat Med, 2007. 13(9): p. 1070-7.

Clancy, L., et al., Preligand assembly domain-mediated ligand-independent association between
TRAIL receptor 4 (TR4) and TR2 regulates TRAIL-induced apoptosis. Proc Natl Acad Sci U S
A, 2005. 102(50): p. 18099-104.

Walczak, H., et al., Tumoricidal activity of tumor necrosis factor-related apoptosis-inducing
ligand in vivo. Nat Med, 1999. 5(2): p. 157-63.



360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

381.

382.

383.

Hallermalm, K., et al., Tumor necrosis factor-alpha induces coordinated changes in major
histocompatibility class I presentation pathway, resulting in increased stability of class 1
complexes at the cell surface. Blood, 2001. 98(4): p. 1108-15.

Seliger, B., et al., Analysis of the MHC class I antigen presentation machinery in human

embryonal carcinomas: evidence for deficiencies in TAP, LMP and MHC class I expression and
their upregulation by IFN-gamma. Scand J Immunol, 1997. 46(6): p. 625-32.

Strehl, B., et al., Interferon-gamma, the functional plasticity of the ubiquitin-proteasome system,
and MHC class I antigen processing. Immunol Rev, 2005. 207: p. 19-30.

Boes, B., et al., Interferon gamma stimulation modulates the proteolytic activity and cleavage
site preference of 20S mouse proteasomes. J Exp Med, 1994. 179(3): p. 901-9.

Micheau, O. and J. Tschopp, Induction of TNF receptor I-mediated apoptosis via two sequential
signaling complexes. Cell, 2003. 114(2): p. 181-90.

Poehlein, C.H., et al., TNF plays an essential role in tumor regression after adoptive transfer of
perforin/IFN-gamma double knockout effector T cells. ] Immunol, 2003. 170(4): p. 2004-13.

Mumberg, D., et al., CD4(+) T cells eliminate MHC class II-negative cancer cells in vivo by
indirect effects of IFN-gamma. Proc Natl Acad Sci U S A, 1999. 96(15): p. 8633-8.

Gerloni, M. and M. Zanetti, CD4 T cells in tumor immunity. Springer Semin Immunopathol,
2005. 27(1): p. 37-48.

Mitchison, N.A., The carrier effect in the secondary response to hapten-protein conjugates. I1.
Cellular cooperation. Eur J Immunol, 1971. 1(1): p. 18-27.

Keene, J.A. and J. Forman, Helper activity is required for the in vivo generation of cytotoxic T
lymphocytes. ] Exp Med, 1982. 155(3): p. 768-82.

Mosmann, T.R. and S. Sad, The expanding universe of T-cell subsets: Thi, Th2 and more.
Immunol Today, 1996. 17(3): p. 138-46.

Zarour, HM., et al., Melan-A/MART-1(51-73) represents an immunogenic HLA-DR4-restricted
epitope recognized by melanoma-reactive CD4(+) T cells. Proc Natl Acad Sci U S A, 2000.
97(1): p. 400-5.

Zarour, HM,, et al., NY-ESO-1 encodes DRB1*0401-restricted epitopes recognized by
melanoma-reactive CD4+ T cells. Cancer Res, 2000. 60(17): p. 4946-52.

Hiltbold, E.M., P. Ciborowski, and O.J. Finn, Naturally processed class I epitope from the
tumor antigen MUCI primes human CD4+ T cells. Cancer Res, 1998. 58(22): p. 5066-70.

Badoual, C., et al., Prognostic value of tumor-infiltrating CD4+ T-cell subpopulations in head
and neck cancers. Clin Cancer Res, 2006. 12(2): p. 465-72.

Wakabayashi, O., et al., CD4+ T cells in cancer stroma, not CD8+ T cells in cancer cell nests,
are associated with favorable prognosis in human non-small cell lung cancers. Cancer Sci,
2003. 94(11): p. 1003-9.

Nedergaard, B.S., et al., Low density of CD3+, CD4+ and CD8+ cells is associated with
increased risk of relapse in squamous cell cervical cancer. Br J Cancer, 2007. 97(8): p. 1135-8.
Hock, H., et al., Interleukin 7 induces CD4+ T cell-dependent tumor rejection. J Exp Med,
1991. 174(6): p. 1291-8.

Hung, K., et al., The central role of CD4(+) T cells in the antitumor immune response. J Exp
Med, 1998. 188(12): p. 2357-68.

Lauritzsen, G.F., et al., Naive idiotype-specific CD4+ T cells and immunosurveillance of B-cell
tumors. Proc Natl Acad Sci U S A, 1994. 91(12): p. 5700-4.

Corthay, A., et al., Primary antitumor immune response mediated by CD4+ T cells. Immunity,
2005. 22(3): p. 371-83.

DeNardo, D.G., P. Andreu, and L.M. Coussens, Interactions between lymphocytes and myeloid
cells regulate pro- versus anti-tumor immunity. Cancer Metastasis Rev, 2010. 29(2): p. 309-16.

Perez-Diez, A., et al., CD4 cells can be more efficient at tumor rejection than CD8 cells. Blood,
2007. 109(12): p. 5346-54.

Qin, Z. and T. Blankenstein, CD4+ T cell--mediated tumor rejection involves inhibition of

angiogenesis that is dependent on IFN gamma receptor expression by nonhematopoietic cells.
Immunity, 2000. 12(6): p. 677-86.

73



384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

74

Janssen, E.M., et al., CD4+ T cells are required for secondary expansion and memory in CD8+
T lymphocytes. Nature, 2003. 421(6925): p. 852-6.

de Goer de Herve, M.G., et al., Direct CD4 help provision following interaction of memory CD4
and CD8 T cells with distinct antigen-presenting dendritic cells. ] Immunol, 2010. 185(2): p.
1028-36.

Marzo, A.L., et al., Tumor-specific CD4+ T cells have a major "post-licensing" role in CTL
mediated anti-tumor immunity. J Immunol, 2000. 165(11): p. 6047-55.

Wong, S.B., R. Bos, and L.A. Sherman, Tumor-specific CD4+ T cells render the tumor
environment permissive for infiltration by low-avidity CD8+ T cells. ] Immunol, 2008. 180(5):
p. 3122-31.

Ossendorp, F., et al., Specific T helper cell requirement for optimal induction of cytotoxic T
lymphocytes against major histocompatibility complex class Il negative tumors. J Exp Med,
1998. 187(5): p. 693-702.

Bos, R. and L.A. Sherman, CD4+ T-cell help in the tumor milieu is required for recruitment
and cytolytic function of CD8+ T lymphocytes. Cancer Res, 2010. 70(21): p. 8368-77.

Lundin, K.U., et al., CD4+ T cells kill Id+ B-lymphoma cells: FasLigand-Fas interaction is
dominant in vitro but is redundant in vivo. Cancer Immunol Immunother, 2004. 53(12): p. 1135-
45.

Sad, S. and T.R. Mosmann, Interleukin (IL) 4, in the absence of antigen stimulation, induces an
anergy-like state in differentiated CD8+ TCI cells: loss of IL-2 synthesis and autonomous
proliferation but retention of cytotoxicity and synthesis of other cytokines. J Exp Med, 1995.
182(5): p. 1505-15.

Bronte, V., et al., IL-4-induced arginase 1 suppresses alloreactive T cells in tumor-bearing
mice. J Immunol, 2003. 170(1): p. 270-8.

DeNardo, D.G., et al., CD4(+) T cells regulate pulmonary metastasis of mammary carcinomas
by enhancing protumor properties of macrophages. Cancer Cell, 2009. 16(2): p. 91-102.

Tepper, R.1., R.L. Coffman, and P. Leder, An eosinophil-dependent mechanism for the
antitumor effect of interleukin-4. Science, 1992. 257(5069): p. 548-51.

Ellyard, J.I., L. Simson, and C.R. Parish, Th2-mediated anti-tumour immunity: friend or foe?
Tissue Antigens, 2007. 70(1): p. 1-11.

Weaver, C.T., etal., Thi17: an effector CD4 T cell lineage with regulatory T cell ties. Immunity,
2006. 24(6): p. 677-88.

Muranski, P., et al., Tumor-specific Thi7-polarized cells eradicate large established melanoma.
Blood, 2008. 112(2): p. 362-73.

Wu, S., et al., 4 human colonic commensal promotes colon tumorigenesis via activation of T
helper type 17 T cell responses. Nat Med, 2009. 15(9): p. 1016-22.

Zhang, J.P., et al., Increased intratumoral IL-17-producing cells correlate with poor survival in
hepatocellular carcinoma patients. ] Hepatol, 2009. 50(5): p. 980-9.

Rosanda, C., et al., Immune evaluation of 50 children with neuroblastoma at onset. Med Pediatr
Oncol, 1982. 10(4): p. 321-30.

Moretta, L., et al., Human natural killer cells: Molecular mechanisms controlling NK cell
activation and tumor cell lysis. Immunol Lett, 2005. 100(1): p. 7-13.

Herberman, R.B., et al., Natural cytotoxic reactivity of mouse lymphoid cells against syngeneic
and allogeneic tumors. Il. Characterization of effector cells. Int J Cancer, 1975. 16(2): p. 230-9.

Herberman, R.B., M.E. Nunn, and D.H. Lavrin, Natural cytotoxic reactivity of mouse lymphoid
cells against syngeneic acid allogeneic tumors. 1. Distribution of reactivity and specificity. Int J
Cancer, 1975. 16(2): p. 216-29.

Moretta, L. and A. Moretta, Unravelling natural killer cell function: triggering and inhibitory
human NK receptors. EMBO J, 2004. 23(2): p. 255-9.

Karre, K., et al., Selective rejection of H-2-deficient ymphoma variants suggests alternative
immune defence strategy. Nature, 1986. 319(6055): p. 675-8.

Ljunggren, H.G. and K. Karre, In search of the 'missing self': MHC molecules and NK cell
recognition. Immunol Today, 1990. 11(7): p. 237-44.



407.

408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

426.

Moretta, A., et al., P58 molecules as putative receptors for major histocompatibility complex
(MHC) class I molecules in human natural killer (NK) cells. Anti-p58 antibodies reconstitute
lysis of MHC class I-protected cells in NK clones displaying different specificities. J Exp Med,
1993. 178(2): p. 597-604.

Moretta, A., et al., Identification of four subsets of human CD3-CD16+ natural killer (NK) cells
by the expression of clonally distributed functional surface molecules: correlation between
subset assignment of NK clones and ability to mediate specific alloantigen recognition. J Exp
Med, 1990. 172(6): p. 1589-98.

Moretta, A., et al., 4 novel surface antigen expressed by a subset of human CD3- CD16+
natural killer cells. Role in cell activation and regulation of cytolytic function. J Exp Med, 1990.
171(3): p. 695-714.

Garrido, F., et al., Implications for immunosurveillance of altered HLA class I phenotypes in
human tumours. Immunol Today, 1997. 18(2): p. 89-95.

Alcami, A. and U.H. Koszinowski, Viral mechanisms of immune evasion. Immunol Today,
2000. 21(9): p. 447-55.

Cerwenka, A., J.L. Baron, and L.L. Lanier, Ectopic expression of retinoic acid early inducible- 1
gene (RAE-1) permits natural killer cell-mediated rejection of a MHC class I-bearing tumor in
vivo. Proc Natl Acad Sci U S A, 2001. 98(20): p. 11521-6.

Brandt, C.S., et al., The B7 family member B7-H6 is a tumor cell ligand for the activating
natural killer cell receptor NKp30 in humans. J Exp Med, 2009. 206(7): p. 1495-503.

Pogge von Strandmann, E., et al., Human leukocyte antigen-B-associated transcript 3 is
released from tumor cells and engages the NKp30 receptor on natural killer cells. Immunity,
2007. 27(6): p. 965-74.

Cosman, D., et al., ULBPs, novel MHC class I-related molecules, bind to CMV glycoprotein
UL16 and stimulate NK cytotoxicity through the NKG2D receptor. Immunity, 2001. 14(2): p.
123-33.

Bauer, S., et al., Activation of NK cells and T cells by NKG2D, a receptor for stress-inducible
MICA. Science, 1999. 285(5428): p. 727-9.

Pende, D., et al., Major histocompatibility complex class I-related chain A and ULI6-binding
protein expression on tumor cell lines of different histotypes: analysis of tumor susceptibility to
NKG2D-dependent natural killer cell cytotoxicity. Cancer Res, 2002. 62(21): p. 6178-86.

Bottino, C., et al., Identification of PVR (CD155) and Nectin-2 (CD112) as cell surface ligands

for the human DNAM-1 (CD226) activating molecule. J Exp Med, 2003. 198(4): p. 557-67.

Castriconi, R., et al., Natural killer cell-mediated killing of freshly isolated neuroblastoma cells:
critical role of DNAX accessory molecule-1-poliovirus receptor interaction. Cancer Res, 2004.
64(24): p. 9180-4.

Iguchi-Manaka, A., et al., Accelerated tumor growth in mice deficient in DNAM-1 receptor. J
Exp Med, 2008. 205(13): p. 2959-64.

Miedema, F., et al., Both Fc receptors and lymphocyte-function-associated antigen 1 on human
T gamma lymphocytes are required for antibody-dependent cellular cytotoxicity (killer cell
activity). Eur J Immunol, 1984. 14(6): p. 518-23.

Cordier, G., et al., Antibody-dependent cell cytoxicity (ADCC). Characterization of 'killer' cells
in human lymphoid organs. Scand J Immunol, 1976. 5(3): p. 233-42.

Delgado, D.C., et al., Genotypes of NK cell KIR receptors, their ligands, and Fcgamma
receptors in the response of neuroblastoma patients to Hul4.18-IL2 immunotherapy. Cancer
Res, 2010. 70(23): p. 9554-61.

Ferris, R.L., E.M. Jaffee, and S. Ferrone, Tumor antigen-targeted, monoclonal antibody-based
immunotherapy: clinical response, cellular immunity, and immunoescape. J Clin Oncol, 2010.
28(28): p. 4390-9.

Bryceson, Y.T., et al., Cytolytic granule polarization and degranulation controlled by different
receptors in resting NK cells. ] Exp Med, 2005. 202(7): p. 1001-12.

Foreman, N.K., et al., Mechanisms of selective killing of neuroblastoma cells by natural killer
cells and lymphokine activated killer cells. Potential for residual disease eradication. Br J
Cancer, 1993. 67(5): p. 933-8.

75



427.

428.

429.

430.

431.

432.

433.

434.

435.

436.

437.

438.

439.

440.

441.
442.

443.

444,

445.

446.

447.

448.

449.

450.

451.

76

Montel, A.H., et al., Fas involvement in cytotoxicity mediated by human NK cells. Cell
Immunol, 1995. 166(2): p. 236-46.

Zamai, L., et al., Natural killer (NK) cell-mediated cytotoxicity: differential use of TRAIL and
Fas ligand by immature and mature primary human NK cells. J Exp Med, 1998. 188(12): p.
2375-80.

Strowig, T., F. Brilot, and C. Munz, Noncytotoxic functions of NK cells: direct pathogen
restriction and assistance to adaptive immunity. J Immunol, 2008. 180(12): p. 7785-91.

Bill, A.H. and A. Morgan, Evidence for immune reactions to neuroblastoma and future
possibilities for investigation. J Pediatr Surg, 1970. 5(2): p. 111-6.

Martin, R.F. and J.B. Beckwith, Lymphoid infiltrates in neuroblastomas: their occurrence and
prognostic significance. J Pediatr Surg, 1968. 3(1): p. 161-4.

Hellstrom, L.E., et al., Demonstration of cell-bound and humoral immunity against
neuroblastoma cells. Proc Natl Acad Sci U S A, 1968. 60(4): p. 1231-8.

Squire, R., et al., The relationship of class I MHC antigen expression to stage IV-S disease and
survival in neuroblastoma. J Pediatr Surg, 1990. 25(4): p. 381-6.

Pena, S.V., et al., Processing, subcellular localization, and function of 519 (granulysin), a
human late T cell activation molecule with homology to small, Iytic, granule proteins. J
Immunol, 1997. 158(6): p. 2680-8.

Nagasawa, M., et al., Transient increase of serum granulysin in a stage IVs neuroblastoma
patient during spontaneous regression: case report. Int J Hematol, 2005. 82(5): p. 456-7.

Jacobs, J.F., et al., Targets for active immunotherapy against pediatric solid tumors. Cancer
Immunol Immunother, 2009. 58(6): p. 831-41.

Adida, C., et al., Anti-apoptosis gene, survivin, and prognosis of neuroblastoma. Lancet, 1998.
351(9106): p. 882-3.

Corrias, M.V, et al., Expression of MAGE-1, MAGE-3 and MART-1 genes in neuroblastoma.
Int J Cancer, 1996. 69(5): p. 403-7.

Jacobs, J.F., et al., Cancer-germline gene expression in pediatric solid tumors using quantitative
real-time PCR. Int J Cancer, 2007. 120(1): p. 67-74.

Himoudi, N., et al., MYCN as a target for cancer immunotherapy. Cancer Immunol
Immunother, 2008. 57(5): p. 693-700.

Imashuku, S., et al., Tyrosine hydroxylase in neuroblastoma. Biochem Med, 1971. 5(1): p. 22-9.

Coughlin, C.M., et al., Immunosurveillance and survivin-specific T-cell immunity in children
with high-risk neuroblastoma. J Clin Oncol, 2006. 24(36): p. 5725-34.

Rodolfo, M., et al., Antigen-specific immunity in neuroblastoma patients: antibody and T-cell
recognition of NY-ESO-1 tumor antigen. Cancer Res, 2003. 63(20): p. 6948-55.

Valteau, D, et al., T-cell receptor repertoire in neuroblastoma patients. Cancer Res, 1996.
56(2): p. 362-9.

Facchetti, P., et al., Functional and molecular characterization of tumour-infiltrating
lymphocytes and clones thereof from a major-histocompatibility-complex-negative human
tumour: neuroblastoma. Cancer Immunol Immunother, 1996. 42(3): p. 170-8.

Turner, W.J., J. Chatten, and L.A. Lampson, Human neuroblastoma cell growth in xenogeneic
hosts: comparison of T cell-deficient and NK-deficient hosts, and subcutaneous or intravenous
injection routes. J Neurooncol, 1990. 8(2): p. 121-32.

Zitvogel, L., A. Tesniere, and G. Kroemer, Cancer despite immunosurveillance:
immunoselection and immunosubversion. Nat Rev Immunol, 2006. 6(10): p. 715-27.

Dunn, G.P., L.J. Old, and R.D. Schreiber, The immunobiology of cancer immunosurveillance
and immunoediting. Immunity, 2004. 21(2): p. 137-48.

Dunn, G.P., L.J. Old, and R.D. Schreiber, The three Es of cancer immunoediting. Annu Rev
Immunol, 2004. 22: p. 329-60.

Khong, H.T. and N.P. Restifo, Natural selection of tumor variants in the generation of "tumor
escape" phenotypes. Nat Immunol, 2002. 3(11): p. 999-1005.

Svane, .M., et al., Chemically induced sarcomas from nude mice are more immunogenic than
similar sarcomas from congenic normal mice. Eur J Immunol, 1996. 26(8): p. 1844-50.



452.

453.

454.

455.

456.

457.

458.

459.

460.

461.

462.

463.

464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

Engel, AM,, et al., MCA sarcomas induced in scid mice are more immunogenic than MCA
sarcomas induced in congenic, immunocompetent mice. Scand J Immunol, 1997. 45(5): p. 463-
70.

Urban, J.L., et al., Immunoselection of tumor cell variants by mice suppressed with ultraviolet
radiation. J Exp Med, 1982. 156(4): p. 1025-41.

Garcia-Lora, A., I. Algarra, and F. Garrido, MHC class I antigens, immune surveillance, and
tumor immune escape. J Cell Physiol, 2003. 195(3): p. 346-55.

Garrido, F., H. Festenstein, and V. Schirrmacher, Further evidence for depression of H-2 and
la-like specificities of foreign haplotypes in mouse tumour cell lines. Nature, 1976. 261(5562):
p. 705-7.

Cabrera, T., et al., High frequency of altered HLA class I phenotypes in invasive colorectal
carcinomas. Tissue Antigens, 1998. 52(2): p. 114-23.

Cabrera, T., et al., High frequency of altered HLA class I phenotypes in invasive breast
carcinomas. Hum Immunol, 1996. 50(2): p. 127-34.

Koopman, L.A., et al., Multiple genetic alterations cause frequent and heterogeneous human
histocompatibility leukocyte antigen class I loss in cervical cancer. J Exp Med, 2000. 191(6): p.
961-76.

So, T., et al., Haplotype loss of HLA class I antigen as an escape mechanism from immune
attack in lung cancer. Cancer Res, 2005. 65(13): p. 5945-52.

Kageshita, T., et al., Down-regulation of HLA class I antigen-processing molecules in malignant
melanoma: association with disease progression. Am J Pathol, 1999. 154(3): p. 745-54.

Vitale, M., et al., HLA class I antigen and transporter associated with antigen processing (TAPI
and TAP2) down-regulation in high-grade primary breast carcinoma lesions. Cancer Res, 1998.
58(4): p. 737-42.

Jager, E., et al., Immunoselection in vivo: independent loss of MHC class I and melanocyte
differentiation antigen expression in metastatic melanoma. Int J Cancer, 1997. 71(2): p. 142-7.

Garcia-Lora, A., et al., MHC class I-deficient metastatic tumor variants immunoselected by T
lymphocytes originate from the coordinated downregulation of APM components. Int J Cancer,
2003. 106(4): p. 521-7.

Cromme, F.V., et al., Differences in MHC and TAP-1 expression in cervical cancer lymph node
metastases as compared with the primary tumours. Br J Cancer, 1994. 69(6): p. 1176-81.

Restifo, N.P., et al., Loss of functional beta 2-microglobulin in metastatic melanomas from five
patients receiving immunotherapy. J Natl Cancer Inst, 1996. 88(2): p. 100-8.

Garrido, F., T. Cabrera, and N. Aptsiauri, "Hard" and "soft" lesions underlying the HLA class |
alterations in cancer cells: implications for immunotherapy. Int J Cancer, 2010. 127(2): p. 249-
56.

Restifo, N.P., et al., Identification of human cancers deficient in antigen processing. J Exp Med,
1993. 177(2): p. 265-72.

Miyagi, T., et al., Impaired expression of proteasome subunits and human leukocyte antigens
class I in human colon cancer cells. J Gastroenterol Hepatol, 2003. 18(1): p. 32-40.

Seliger, B., et al., Expression and function of the peptide transporters in escape variants of
human renal cell carcinomas. Exp Hematol, 1997. 25(7): p. 608-14.

Korkolopoulou, P., et al., Loss of antigen-presenting molecules (MHC class I and TAP-1) in
lung cancer. Br J Cancer, 1996. 73(2): p. 148-53.

Chen, H.L., et al., 4 functionally defective allele of TAP1 results in loss of MHC class I antigen
presentation in a human lung cancer. Nat Genet, 1996. 13(2): p. 210-3.

Seliger, B., et al., IFN-gamma-mediated coordinated transcriptional regulation of the human
TAP-1 and LMP-2 genes in human renal cell carcinoma. Clin Cancer Res, 1997. 3(4): p. 573-8.
Han, L.Y., et al., HLA class I antigen processing machinery component expression and
intratumoral T-Cell infiltrate as independent prognostic markers in ovarian carcinoma. Clin
Cancer Res, 2008. 14(11): p. 3372-9.

Porgador, A., et al., Natural killer cell lines kill autologous beta2-microglobulin-deficient

melanoma cells: implications for cancer immunotherapy. Proc Natl Acad Sci U S A, 1997.
94(24): p. 13140-5.

Tl



475.

476.

477.

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

490.

491.

492.

493.

494.

495.

78

Apte, R.S., E. Mayhew, and J.Y. Niederkorn, Local inhibition of natural killer cell activity
promotes the progressive growth of intraocular tumors. Invest Ophthalmol Vis Sci, 1997. 38(6):
p. 1277-82.

de Vries, T.J., et al., Heterogeneous expression of immunotherapy candidate proteins gp100,
MART-1, and tyrosinase in human melanoma cell lines and in human melanocytic lesions.
Cancer Res, 1997. 57(15): p. 3223-9.

Hofbauer, G.F., et al., Melan A/MART-1 immunoreactivity in formalin-fixed paraffin-embedded
primary and metastatic melanoma: frequency and distribution. Melanoma Res, 1998. 8(4): p.
337-43.

Yee, C., etal., Adoptive T cell therapy using antigen-specific CD8+ T cell clones for the
treatment of patients with metastatic melanoma: in vivo persistence, migration, and antitumor
effect of transferred T cells. Proc Natl Acad Sci U S A, 2002. 99(25): p. 16168-73.

Khong, H.T., Q.J. Wang, and S.A. Rosenberg, Identification of multiple antigens recognized by
tumor-infiltrating lymphocytes from a single patient: tumor escape by antigen loss and loss of
MHC expression. ] Immunother, 2004. 27(3): p. 184-90.

Lee, K.H., et al., Functional dissociation between local and systemic immune response during
anti-melanoma peptide vaccination. J Immunol, 1998. 161(8): p. 4183-94.

Jager, E., et al., Inverse relationship of melanocyte differentiation antigen expression in
melanoma tissues and CD8+ cytotoxic-T-cell responses: evidence for immunoselection of
antigen-loss variants in vivo. Int J Cancer, 1996. 66(4): p. 470-6.

Paul, P, et al., HLA-G expression in melanoma: a way for tumor cells to escape from
immunosurveillance. Proc Natl Acad Sci U S A, 1998. 95(8): p. 4510-5.

Urosevic, M., et al., Human leukocyte antigen G up-regulation in lung cancer associates with
high-grade histology, human leukocyte antigen class I loss and interleukin-10 production. Am J
Pathol, 2001. 159(3): p. 817-24.

Fukushima, Y., et al., Increased expression of human histocompatibility leukocyte antigen-G in
colorectal cancer cells. Int ] Mol Med, 1998. 2(3): p. 349-51.

Ibrahim, E.C., et al., Tumor-specific up-regulation of the nonclassical class I HLA-G antigen
expression in renal carcinoma. Cancer Res, 2001. 61(18): p. 6838-45.

Rajagopalan, S. and E.O. Long, A human histocompatibility leukocyte antigen (HLA)-G-specific
receptor expressed on all natural killer cells. ] Exp Med, 1999. 189(7): p. 1093-100.

Navarro, F., et al., The ILT2(LIR1) and CD94/NKG2A4 NK cell receptors respectively recognize
HLA-G1 and HLA-E molecules co-expressed on target cells. Eur ] Immunol, 1999. 29(1): p.
277-83.

Colonna, M., et al., Human myelomonocytic cells express an inhibitory receptor for classical
and nonclassical MHC class I molecules. J ITmmunol, 1998. 160(7): p. 3096-100.

Fournel, S., et al., Cutting edge: soluble HLA-G1 triggers CD95/CD95 ligand-mediated
apoptosis in activated CD8+ cells by interacting with CDS. J Immunol, 2000. 164(12): p. 6100-
4,

Park, G.M., et al., Soluble HLA-G generated by proteolytic shedding inhibits NK-mediated cell
lysis. Biochem Biophys Res Commun, 2004. 313(3): p. 606-11.

Bahri, R, et al., Soluble HLA-G inhibits cell cycle progression in human alloreactive T
lymphocytes. J Immunol, 2006. 176(3): p. 1331-9.

Lila, N., et al., Soluble HLA-G protein secreted by allo-specific CD4+ T cells suppresses the
allo-proliferative response: a CD4+ T cell regulatory mechanism. Proc Natl Acad Sci U S A,
2001. 98(21): p. 12150-5.

Pangault, C., et al., Lung macrophages and dendritic cells express HLA-G molecules in
pulmonary diseases. Hum Immunol, 2002. 63(2): p. 83-90.

LeMaoult, J., et al., Immune regulation by pretenders: cell-to-cell transfers of HLA-G make
effector T cells act as regulatory cells. Blood, 2007. 109(5): p. 2040-8.

Llano, M., et al., HLA-E-bound peptides influence recognition by inhibitory and triggering
CDY94/NKG?2 receptors: preferential response to an HLA-G-derived nonamer. Eur J Immunol,
1998. 28(9): p. 2854-63.



496.

497.

498.

499.

500.

501.

502.

503.

504.

505.

506.

507.

508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

518.

Ulbrecht, M., et al., Impaired intracellular transport and cell surface expression of
nonpolymorphic HLA-E: evidence for inefficient peptide binding. J Exp Med, 1992. 176(4): p.
1083-90.

Braud, V., E.Y. Jones, and A. McMichael, The human major histocompatibility complex class
Ib molecule HLA-E binds signal sequence-derived peptides with primary anchor residues at
positions 2 and 9. Eur ] Immunol, 1997. 27(5): p. 1164-9.

Marin, R., et al., Analysis of HLA-E expression in human tumors. Immunogenetics, 2003.
54(11): p. 767-75.

Derre, L., et al., Expression and release of HLA-E by melanoma cells and melanocytes:
potential impact on the response of cytotoxic effector cells. ] Immunol, 2006. 177(5): p. 3100-7.

Malmberg, K.J., et al., [FN-gamma protects short-term ovarian carcinoma cell lines from CTL
lysis via a CD94/NKG2A-dependent mechanism. J Clin Invest, 2002. 110(10): p. 1515-23.

Bianchini, M., et al., Comparative study of gene expression by cDNA microarray in human
colorectal cancer tissues and normal mucosa. Int J Oncol, 2006. 29(1): p. 83-94.

Braud, V.M., et al., HLA-E binds to natural killer cell receptors CD94/NKG2A4, B and C.
Nature, 1998. 391(6669): p. 795-9.

Lee, N, et al., HLA-E is a major ligand for the natural killer inhibitory receptor CD94/NKG2A.
Proc Natl Acad Sci U S A, 1998. 95(9): p. 5199-204.

Borrego, F., et al., Recognition of human histocompatibility leukocyte antigen (HLA)-E
complexed with HLA class 1 signal sequence-derived peptides by CD94/NKG?2 confers
protection from natural killer cell-mediated lysis. J Exp Med, 1998. 187(5): p. 813-8.

Gershon, R.K. and K. Kondo, Cell interactions in the induction of tolerance: the role of thymic
lymphocytes. Immunology, 1970. 18(5): p. 723-37.

Chen, Y., et al., Regulatory T cell clones induced by oral tolerance: suppression of autoimmune
encephalomyelitis. Science, 1994. 265(5176): p. 1237-40.

Sakaguchi, S., et al., Immunologic self-tolerance maintained by activated T cells expressing IL-2
receptor alpha-chains (CD25). Breakdown of a single mechanism of self-tolerance causes
various autoimmune diseases. J Immunol, 1995. 155(3): p. 1151-64.

Hori, S., T. Nomura, and S. Sakaguchi, Control of regulatory T cell development by the
transcription factor Foxp3. Science, 2003. 299(5609): p. 1057-61.

Kim, J.M., J.P. Rasmussen, and A.Y. Rudensky, Regulatory T cells prevent catastrophic
autoimmunity throughout the lifespan of mice. Nat Immunol, 2007. 8(2): p. 191-7.

Lahl, K., et al., Selective depletion of Foxp3+ regulatory T cells induces a scurfy-like disease. J
Exp Med, 2007. 204(1): p. 57-63.

Gambineri, E., T.R. Torgerson, and H.D. Ochs, Immune dysregulation, polyendocrinopathy,
enteropathy, and X-linked inheritance (IPEX), a syndrome of systemic autoimmunity caused by
mutations of FOXP3, a critical regulator of T-cell homeostasis. Curr Opin Rheumatol, 2003.
15(4): p. 430-5.

Yamagiwa, S., et al., 4 role for TGF-beta in the generation and expansion of CD4+CD25+
regulatory T cells from human peripheral blood. J Immunol, 2001. 166(12): p. 7282-9.

Read, S., V. Malmstrom, and F. Powrie, Cytotoxic T lymphocyte-associated antigen 4 plays an
essential role in the function of CD25(+)CD4(+) regulatory cells that control intestinal
inflammation. J Exp Med, 2000. 192(2): p. 295-302.

Deaglio, S., et al., Adenosine generation catalyzed by CD39 and CD73 expressed on regulatory
T cells mediates immune suppression. J Exp Med, 2007. 204(6): p. 1257-65.

Nishikawa, H. and S. Sakaguchi, Regulatory T cells in tumor immunity. Int J Cancer, 2010.
127(4): p. 759-67.

Shimizu, J., et al., Stimulation of CD25(+)CD4(+) regulatory T cells through GITR breaks
immunological self-tolerance. Nat Immunol, 2002. 3(2): p. 135-42.

Liu, W, et al., CD127 expression inversely correlates with FoxP3 and suppressive function of
human CD4+ T reg cells. J Exp Med, 2006. 203(7): p. 1701-11.

Tang, Q. and J.A. Bluestone, The Foxp3+ regulatory T cell: a jack of all trades, master of
regulation. Nat Immunol, 2008. 9(3): p. 239-44.

79



519.

520.

521.

522.

523.

524.

525.

526.

527.

528.

529.

530.

531.

532.

533.

534.

535.

536.

537.

538.

539.

540.

80

Fontenot, J.D., et al., 4 function for interleukin 2 in Foxp3-expressing regulatory T cells. Nat
Immunol, 2005. 6(11): p. 1142-51.

Woo, E.Y., et al., Regulatory CD4(+)CD25(+) T cells in tumors from patients with early-stage
non-small cell lung cancer and late-stage ovarian cancer. Cancer Res, 2001. 61(12): p. 4766-
72.

Liyanage, U.K., et al., Prevalence of regulatory T cells is increased in peripheral blood and
tumor microenvironment of patients with pancreas or breast adenocarcinoma. J Immunol,
2002. 169(5): p. 2756-61.

Hiraoka, N., et al., Prevalence of FOXP3+ regulatory T cells increases during the progression
of pancreatic ductal adenocarcinoma and its premalignant lesions. Clin Cancer Res, 2006.
12(18): p. 5423-34.

Ichihara, F., et al., Increased populations of regulatory T cells in peripheral blood and tumor-
infiltrating lymphocytes in patients with gastric and esophageal cancers. Clin Cancer Res, 2003.
9(12): p. 4404-8.

Bates, G.J., et al., Quantification of regulatory T cells enables the identification of high-risk
breast cancer patients and those at risk of late relapse. J Clin Oncol, 2006. 24(34): p. 5373-80.

Ishida, T., et al., Specific recruitment of CC chemokine receptor 4-positive regulatory T cells in
Hodgkin lymphoma fosters immune privilege. Cancer Res, 2006. 66(11): p. 5716-22.

Liu, V.C,, et al., Tumor evasion of the immune system by converting CD4+CD25- T cells into
CD4+CD25+ T regulatory cells: role of tumor-derived TGF-beta. J Immunol, 2007. 178(5): p.
2883-92.

Valzasina, B., et al., Tumor-induced expansion of regulatory T cells by conversion of
CD4+CD25- lymphocytes is thymus and proliferation independent. Cancer Res, 2006. 66(8): p.
4488-95.

Yu, P., et al., Intratumor depletion of CD4+ cells unmasks tumor immunogenicity leading to the
rejection of late-stage tumors. J Exp Med, 2005. 201(5): p. 779-91.

Teng, M.W., et al., Conditional regulatory T-cell depletion releases adaptive immunity
preventing carcinogenesis and suppressing established tumor growth. Cancer Res, 2010.
70(20): p. 7800-9.

Nishikawa, H., et al., Accelerated chemically induced tumor development mediated by
CD4+CD25+ regulatory T cells in wild-type hosts. Proc Natl Acad Sci U S A, 2005. 102(26): p.
9253-7.

Dannull, J., et al., Enhancement of vaccine-mediated antitumor immunity in cancer patients
after depletion of regulatory T cells. J Clin Invest, 2005. 115(12): p. 3623-33.

Litzinger, M.T., et al., IL-2 immunotoxin denileukin diftitox reduces regulatory T cells and
enhances vaccine-mediated T-cell immunity. Blood, 2007. 110(9): p. 3192-201.

Danke, N.A,, et al., Autoreactive T cells in healthy individuals. ] Immunol, 2004. 172(10): p.
5967-72.

Nishikawa, H., et al., CD4+ CD25+ regulatory T cells control the induction of antigen-specific
CD4+ helper T cell responses in cancer patients. Blood, 2005. 106(3): p. 1008-11.

Piccirillo, C.A. and E.M. Shevach, Cutting edge: control of CD8+ T cell activation by
CD4+CD25+ immunoregulatory cells. J Immunol, 2001. 167(3): p. 1137-40.

Thornton, A.M. and E.M. Shevach, CD4+CD25+ immunoregulatory T cells suppress
polyclonal T cell activation in vitro by inhibiting interleukin 2 production. J Exp Med, 1998.
188(2): p. 287-96.

Zarek, P.E., et al., A2A4 receptor signaling promotes peripheral tolerance by inducing T-cell
anergy and the generation of adaptive regulatory T cells. Blood, 2008. 111(1): p. 251-9.

Pandiyan, P., et al., CD4+CD25+Foxp3+ regulatory T cells induce cytokine deprivation-
mediated apoptosis of effector CD4+ T cells. Nat Immunol, 2007. 8(12): p. 1353-62.

Mempel, T.R., et al., Regulatory T cells reversibly suppress cytotoxic T cell function
independent of effector differentiation. Immunity, 2006. 25(1): p. 129-41.

Mabhic, M., et al., FOXP3+CD4+CD25+ adaptive regulatory T cells express cyclooxygenase-2
and suppress effector T cells by a prostaglandin E2-dependent mechanism. J Immunol, 2006.
177(1): p. 246-54.



541.

542.

543.

544.

545.

546.

547.

548.

549.

550.

551.

552.

553.

554.

555.

556.

557.

558.

559.

560.

561.

562.

563.

Grohmann, U., et al., CTLA-4-Ig regulates tryptophan catabolism in vivo. Nat Immunol, 2002.
3(11): p. 1097-101.

Munn, D.H. and A.L. Mellor, Indoleamine 2,3-dioxygenase and tumor-induced tolerance. J Clin
Invest, 2007. 117(5): p. 1147-54.

Ghiringhelli, F., et al., CD4+CD25+ regulatory T cells inhibit natural killer cell functions in a
transforming growth factor-beta-dependent manner. J Exp Med, 2005. 202(8): p. 1075-85.

Tiemessen, M.M., et al., CD4+CD25+Foxp3+ regulatory T cells induce alternative activation
of human monocytes/macrophages. Proc Natl Acad Sci U S A, 2007. 104(49): p. 19446-51.

Maloy, K.J., et al., CD4+CD25+ T(R) cells suppress innate immune pathology through
cytokine-dependent mechanisms. J Exp Med, 2003. 197(1): p. 111-9.

Misra, N., et al., Cutting edge: human CD4+CD25+ T cells restrain the maturation and
antigen-presenting function of dendritic cells. ] Immunol, 2004. 172(8): p. 4676-80.

Cederbom, L., H. Hall, and F. Ivars, CD4+CD25+ regulatory T cells down-regulate co-
stimulatory molecules on antigen-presenting cells. Eur ] Immunol, 2000. 30(6): p. 1538-43.

Grossman, W.J., et al., Human T regulatory cells can use the perforin pathway to cause
autologous target cell death. Immunity, 2004. 21(4): p. 589-601.

Gondek, D.C., et al., Cutting edge: contact-mediated suppression by CD4+CD25+ regulatory
cells involves a granzyme B-dependent, perforin-independent mechanism. J Immunol, 2005.
174(4): p. 1783-6.

Strauss, L., C. Bergmann, and T.L. Whiteside, Human circulating CD4+CD25highFoxp3+
regulatory T cells kill autologous CD8+ but not CD4+ responder cells by Fas-mediated
apoptosis. J Immunol, 2009. 182(3): p. 1469-80.

Badoual, C., et al., Revisiting the prognostic value of regulatory T cells in patients with cancer. ]
Clin Oncol, 2009. 27(19): p. €5-6; author reply e7.

Salama, P., et al., Tumor-infiltrating FOXP3+ T regulatory cells show strong prognostic
significance in colorectal cancer. J Clin Oncol, 2009. 27(2): p. 186-92.

Erdman, S.E., et al., CD4+CD25+ regulatory lymphocytes induce regression of intestinal
tumors in ApcMin/+ mice. Cancer Res, 2005. 65(10): p. 3998-4004.

Yang, L., Y. Pang, and H.L. Moses, TGF-beta and immune cells: an important regulatory axis
in the tumor microenvironment and progression. Trends Immunol, 2010. 31(6): p. 220-7.

Mocellin, S., F.M. Marincola, and H.A. Young, Interleukin-10 and the immune response against
cancer: a counterpoint. J Leukoc Biol, 2005. 78(5): p. 1043-51.

Hsiao, Y.W., et al., Interactions of host IL-6 and IFN-gamma and cancer-derived TGF-betal on
MHC molecule expression during tumor spontaneous regression. Cancer Immunol Immunother,
2008. 57(7): p. 1091-104.

Ma, D. and J.Y. Niederkorn, Transforming growth factor-beta down-regulates major
histocompatibility complex class I antigen expression and increases the susceptibility of uveal
melanoma cells to natural killer cell-mediated cytolysis. Immunology, 1995. 86(2): p. 263-9.

Chen, M.L,, et al., Regulatory T cells suppress tumor-specific CD8 T cell cytotoxicity through
TGF-beta signals in vivo. Proc Natl Acad Sci U S A, 2005. 102(2): p. 419-24.

Thomas, D.A. and J. Massague, TGF-beta directly targets cytotoxic T cell functions during
tumor evasion of immune surveillance. Cancer Cell, 2005. 8(5): p. 369-80.

Trapani, J.A., The dual adverse effects of TGF-beta secretion on tumor progression. Cancer
Cell, 2005. 8(5): p. 349-50.

Nakamura, K., A. Kitani, and W. Strober, Cell contact-dependent immunosuppression by
CD4(+)CD25(+) regulatory T cells is mediated by cell surface-bound transforming growth
factor beta. J Exp Med, 2001. 194(5): p. 629-44.

Castriconi, R., et al., Transforming growth factor beta 1 inhibits expression of NKp30 and
NKG2D receptors: consequences for the NK-mediated killing of dendritic cells. Proc Natl Acad
Sci U S A, 2003. 100(7): p. 4120-5.

Lee, J.C,, et al., Elevated TGF-betal secretion and down-modulation of NKG2D underlies
impaired NK cytotoxicity in cancer patients. ] Immunol, 2004. 172(12): p. 7335-40.

81



564.

565.

566.

567.

568.

569.

570.

571.

572.

573.

574.

575.

576.

577.

578.

579.

580.

581.

582.

583.

584.

585.

586.

82

Kopp, H.G., T. Placke, and H.R. Salih, Platelet-derived transforming growth factor-beta down-
regulates NKG2D thereby inhibiting natural killer cell antitumor reactivity. Cancer Res, 2009.
69(19): p. 7775-83.

Laouar, Y., et al., Transforming growth factor-beta controls T helper type 1 cell development
through regulation of natural killer cell interferon-gamma. Nat Immunol, 2005. 6(6): p. 600-7.

Zeidler, R., et al., Downregulation of TAP1 in B lymphocytes by cellular and Epstein-Barr
virus-encoded interleukin-10. Blood, 1997. 90(6): p. 2390-7.

Salazar-Onfray, F., et al., Down-regulation of the expression and function of the transporter
associated with antigen processing in murine tumor cell lines expressing IL-10. J Immunol,
1997.159(7): p. 3195-202.

Spencer, J.V., et al., Potent immunosuppressive activities of cytomegalovirus-encoded
interleukin-10. J Virol, 2002. 76(3): p. 1285-92.

Allavena, P., et al., IL-10 prevents the differentiation of monocytes to dendritic cells but
promotes their maturation to macrophages. Eur J Immunol, 1998. 28(1): p. 359-69.

Sharma, S., et al., T cell-derived IL-10 promotes lung cancer growth by suppressing both T cell
and APC function. J Immunol, 1999. 163(9): p. 5020-8.

Groux, H., et al., Interleukin-10 induces a long-term antigen-specific anergic state in human
CD4+ T cells. ] Exp Med, 1996. 184(1): p. 19-29.

Steinbrink, K., et al., CD4(+) and CD8(+) anergic T cells induced by interleukin-10-treated
human dendritic cells display antigen-specific suppressor activity. Blood, 2002. 99(7): p. 2468-
76.

Kim, J., et al., IL-10 production in cutaneous basal and squamous cell carcinomas. A
mechanism for evading the local T cell immune response. J Immunol, 1995. 155(4): p. 2240-7.

Kim, B.G., et al., Inhibition of interleukin-10 (IL-10) production from MOPC 315 tumor cells by
IL-10 antisense oligodeoxynucleotides enhances cell-mediated immune responses. Cancer
Immunol Immunother, 2000. 49(8): p. 433-40.

Roncarolo, M.G., et al., Type I T regulatory cells. Immunol Rev, 2001. 182: p. 68-79.

Erdman, S.E., et al., Unifying roles for regulatory T cells and inflammation in cancer. Int J
Cancer, 2010. 126(7): p. 1651-65.

Erdman, S.E., et al., CD4(+)CD25(+) regulatory lymphocytes require interleukin 10 to
interrupt colon carcinogenesis in mice. Cancer Res, 2003. 63(18): p. 6042-50.

Petersson, M., et al., Constitutive IL-10 production accounts for the high NK sensitivity, low
MHC class I expression, and poor transporter associated with antigen processing (TAP)-1/2
function in the prototype NK target YAC-1. J Immunol, 1998. 161(5): p. 2099-105.

Mocellin, S., et al., IL-10 stimulatory effects on human NK cells explored by gene profile
analysis. Genes Immun, 2004. 5(8): p. 621-30.

Zheng, L.M., et al., Interleukin-10 inhibits tumor metastasis through an NK cell-dependent
mechanism. ] Exp Med, 1996. 184(2): p. 579-84.

Berg, D.J., et al., Il-10 is a central regulator of cyclooxygenase-2 expression and prostaglandin
production. J Immunol, 2001. 166(4): p. 2674-80.

von Bergwelt-Baildon, M.S., et al., CD25 and indoleamine 2,3-dioxygenase are up-regulated by
prostaglandin E2 and expressed by tumor-associated dendritic cells in vivo: additional
mechanisms of T-cell inhibition. Blood, 2006. 108(1): p. 228-37.

Yang, L., et al., Cancer-associated immunodeficiency and dendritic cell abnormalities mediated
by the prostaglandin EP2 receptor. J Clin Invest, 2003. 111(5): p. 727-35.

Ahmadi, M., D.C. Emery, and D.J. Morgan, Prevention of both direct and cross-priming of
antitumor CD8+ T-cell responses following overproduction of prostaglandin E2 by tumor cells
in vivo. Cancer Res, 2008. 68(18): p. 7520-9.

Elgert, K.D., D.G. Alleva, and D.W. Mullins, Tumor-induced immune dysfunction: the
macrophage connection. J Leukoc Biol, 1998. 64(3): p. 275-90.

Taffet, S.M. and S.W. Russell, Macrophage-mediated tumor cell killing: regulation of
expression of cytolytic activity by prostaglandin E. J Immunol, 1981. 126(2): p. 424-7.



587.

588.

589.

590.

591.

592.

593.

594.

59s.

596.

597.

598.

599.

600.

601.

602.

603.

604.

605.

606.

607.
608.

Huang, M., et al., Non-small cell lung cancer cyclooxygenase-2-dependent regulation of
cytokine balance in lymphocytes and macrophages: up-regulation of interleukin 10 and down-
regulation of interleukin 12 production. Cancer Res, 1998. 58(6): p. 1208-16.

Joshi, P.C., et al., Prostaglandin E2 suppressed IL-15-mediated human NK cell function through
down-regulation of common gamma-chain. J Immunol, 2001. 166(2): p. 885-91.

Goto, T, et al., Cyclic AMP as a mediator of prostaglandin E-induced suppression of human
natural killer cell activity. ] Immunol, 1983. 130(3): p. 1350-5.

Betz, M. and B.S. Fox, Prostaglandin E2 inhibits production of Thi lymphokines but not of Th2
lymphokines. J Immunol, 1991. 146(1): p. 108-13.

Snijdewint, F.G., et al., Prostaglandin E2 differentially modulates cytokine secretion profiles of
human T helper lymphocytes. J Immunol, 1993. 150(12): p. 5321-9.

Baratelli, F., et al., Prostaglandin E2 induces FOXP3 gene expression and T regulatory cell
function in human CD4+ T cells. ] Immunol, 2005. 175(3): p. 1483-90.

Sharma, S., et al., Tumor cyclooxygenase-2/prostaglandin E2-dependent promotion of FOXP3
expression and CD4+ CD25+ T regulatory cell activities in lung cancer. Cancer Res, 2005.
65(12): p. 5211-20.

Zeddou, M., et al., Prostaglandin E2 induces the expression of functional inhibitory
CDY94/NKG2A receptors in human CD8+ T lymphocytes by a cAMP-dependent protein kinase A
type I pathway. Biochem Pharmacol, 2005. 70(5): p. 714-24.

Mandapathil, M., et al., Adenosine and prostaglandin E2 cooperate in the suppression of
immune responses mediated by adaptive regulatory T cells. J Biol Chem, 2010. 285(36): p.
27571-80.

Okano, M., et al., E prostanoid 2 (EP2)/EP4-mediated suppression of antigen-specific human T-
cell responses by prostaglandin E2. Immunology, 2006. 118(3): p. 343-52.

Sharma, S., et al., Cyclooxygenase 2 inhibition promotes IFN-gamma-dependent enhancement
of antitumor responses. ] Immunol, 2005. 175(2): p. 813-9.

Anichini, A., et al., An expanded peripheral T cell population to a cytotoxic T lymphocyte
(CTL)-defined, melanocyte-specific antigen in metastatic melanoma patients impacts on
generation of peptide-specific CTLs but does not overcome tumor escape from immune
surveillance in metastatic lesions. J Exp Med, 1999. 190(5): p. 651-67.

Frey, A.B. and N. Monu, Signaling defects in anti-tumor T cells. Immunol Rev, 2008. 222: p.
192-205.

Alexander, J.P., et al., T-cells infiltrating renal cell carcinoma display a poor proliferative
response even though they can produce interleukin 2 and express interleukin 2 receptors.
Cancer Res, 1993. 53(6): p. 1380-7.

Hoffmann, T.K., et al., Spontaneous apoptosis of circulating T lymphocytes in patients with
head and neck cancer and its clinical importance. Clin Cancer Res, 2002. 8(8): p. 2553-62.
Reichert, T.E., et al., Signaling abnormalities, apoptosis, and reduced proliferation of
circulating and tumor-infiltrating lymphocytes in patients with oral carcinoma. Clin Cancer
Res, 2002. 8(10): p. 3137-45.

Finke, J.H., et al., Loss of T-cell receptor zeta chain and p56ick in T-cells infiltrating human
renal cell carcinoma. Cancer Res, 1993. 53(23): p. 5613-6.

Okada, K., et al., Frequency of apoptosis of tumor-infiltrating lymphocytes induced by fas
counterattack in human colorectal carcinoma and its correlation with prognosis. Clin Cancer
Res, 2000. 6(9): p. 3560-4.

Hahne, M., et al., Melanoma cell expression of Fas(Apo-1/CD95) ligand: implications for tumor
immune escape. Science, 1996. 274(5291): p. 1363-6.

Koyama, S., N. Koike, and S. Adachi, Expression of TNF-related apoptosis-inducing ligand
(TRAIL) and its receptors in gastric carcinoma and tumor-infiltrating lymphocytes: a possible
mechanism of immune evasion of the tumor. J Cancer Res Clin Oncol, 2002. 128(2): p. 73-9.

Restifo, N.P., Countering the 'counterattack’ hypothesis. Nat Med, 2001. 7(3): p. 259.

Chappell, D.B., et al., Human melanoma cells do not express Fas (Apo-1/CD95) ligand. Cancer
Res, 1999. 59(1): p. 59-62.

&3



609.

610.

611.

612.

613.

614.

615.

616.

617.

618.

619.

620.

621.

622.

623.

624.

625.

626.

627.

628.

629.

630.

631.

84

Dong, H., et al., Tumor-associated B7-HI promotes T-cell apoptosis: a potential mechanism of
immune evasion. Nat Med, 2002. 8(8): p. 793-800.

Biswas, K., et al., GM2 expression in renal cell carcinoma: potential role in tumor-induced T-
cell dysfunction. Cancer Res, 2006. 66(13): p. 6816-25.

Radoja, S., et al., CD8(+) tumor-infiltrating T cells are deficient in perforin-mediated cytolytic
activity due to defective microtubule-organizing center mobilization and lytic granule
exocytosis. J Immunol, 2001. 167(9): p. 5042-51.

Medema, J.P., et al., Blockade of the granzyme B/perforin pathway through overexpression of
the serine protease inhibitor PI-9/SPI-6 constitutes a mechanism for immune escape by tumors.
Proc Natl Acad Sci U S A, 2001. 98(20): p. 11515-20.

Zhang, L. and B. Fang, Mechanisms of resistance to TRAIL-induced apoptosis in cancer.
Cancer Gene Ther, 2005. 12(3): p. 228-37.

Pitti, R M., et al., Genomic amplification of a decoy receptor for Fas ligand in lung and colon
cancer. Nature, 1998. 396(6712): p. 699-703.

Fulda, S., et al., Sensitization for death receptor- or drug-induced apoptosis by re-expression of
caspase-8 through demethylation or gene transfer. Oncogene, 2001. 20(41): p. 5865-77.

Raftaghello, L., et al., Mechanisms of immune evasion of human neuroblastoma. Cancer Lett,
2005. 228(1-2): p. 155-61.

Wolfl, M., et al., Expression of MHC class I, MHC class 11, and cancer germline antigens in
neuroblastoma. Cancer Immunol Immunother, 2005. 54(4): p. 400-6.

Lampson, L.A., C.A. Fisher, and J.P. Whelan, Striking paucity of HLA-A, B, C and beta 2-
microglobulin on human neuroblastoma cell lines. J Immunol, 1983. 130(5): p. 2471-8.

Raffaghello, L., et al., Multiple defects of the antigen-processing machinery components in
human neuroblastoma: immunotherapeutic implications. Oncogene, 2005. 24(29): p. 4634-44.

Bernards, R., S.K. Dessain, and R.A. Weinberg, N-myc amplification causes down-modulation
of MHC class I antigen expression in neuroblastoma. Cell, 1986. 47(5): p. 667-74.

Forloni, M., et al., NF-kappaB, and not MYCN, regulates MHC class I and endoplasmic
reticulum aminopeptidases in human neuroblastoma cells. Cancer Res, 2010. 70(3): p. 916-24.

Corrias, M.V, et al., Lack of HLA-class I antigens in human neuroblastoma cells: analysis of its
relationship to TAP and tapasin expression. Tissue Antigens, 2001. 57(2): p. 110-7.

Raffaghello, L., et al., Downregulation and/or release of NKG2D ligands as immune evasion
strategy of human neuroblastoma. Neoplasia, 2004. 6(5): p. 558-68.

Neal, Z.C., et al., NXS2 murine neuroblastomas express increased levels of MHC class 1
antigens upon recurrence following NK-dependent immunotherapy. Cancer Immunol
Immunother, 2004. 53(1): p. 41-52.

van Noesel, M.M., et al., Tumor-specific down-regulation of the tumor necrosis factor-related
apoptosis-inducing ligand decoy receptors DcR1 and DcR?2 is associated with dense promoter
hypermethylation. Cancer Res, 2002. 62(7): p. 2157-61.

Hopkins-Donaldson, S., et al., Loss of caspase-8 expression in highly malignant human
neuroblastoma cells correlates with resistance to tumor necrosis factor-related apoptosis-
inducing ligand-induced apoptosis. Cancer Res, 2000. 60(16): p. 4315-9.

Eggert, A, et al., Resistance to tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL)-induced apoptosis in neuroblastoma cells correlates with a loss of caspase-8
expression. Cancer Res, 2001. 61(4): p. 1314-9.

Yang, X., et al., Induction of caspase 8 by interferon gamma renders some neuroblastoma (NB)
cells sensitive to tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) but reveals
that a lack of membrane TR1/TR2 also contributes to TRAIL resistance in NB. Cancer Res,
2003. 63(5): p. 1122-9.

Banelli, B., et al., Distinct CpG methylation profiles characterize different clinical groups of
neuroblastic tumors. Oncogene, 2005. 24(36): p. 5619-28.

Yang, Q., et al., Methylation of CASPS, DCR2, and HIN-1 in neuroblastoma is associated with
poor outcome. Clin Cancer Res, 2007. 13(11): p. 3191-7.

Teitz, T., et al., Caspase 8 is deleted or silenced preferentially in childhood neuroblastomas
with amplification of MYCN. Nat Med, 2000. 6(5): p. 529-35.



632.

633.

634.

635.

636.

637.

638.

639.

640.

641.

642.

643.

644.

645.

646.

647.

648.

649.

650.

651.

652.

653.

654.

Fulda, S., et al., Loss of caspase-8 expression does not correlate with MYCN amplification,
aggressive disease, or prognosis in neuroblastoma. Cancer Res, 2006. 66(20): p. 10016-23.

Gross, N., et al., Expression of Fas (APO-1/CD95) and Fas ligand (FasL) in human
neuroblastoma. Med Pediatr Oncol, 2001. 36(1): p. 111-4.

Fulda, S. and K.M. Debatin, 5-4za-2"-deoxycytidine and IFN-gamma cooperate to sensitize for
TRAIL-induced apoptosis by upregulating caspase-8. Oncogene, 2006. 25(37): p. 5125-33.

Morandi, F., et al., Human neuroblastoma cells trigger an immunosuppressive program in
monocytes by stimulating soluble HLA-G release. Cancer Res, 2007. 67(13): p. 6433-41.

Castriconi, R., et al., Identification of 41g-B7-H3 as a neuroblastoma-associated molecule that
exerts a protective role from an NK cell-mediated lysis. Proc Natl Acad Sci U S A, 2004.
101(34): p. 12640-5.

Yi, K.H. and L. Chen, Fine tuning the immune response through B7-H3 and B7-H4. Immunol
Rev, 2009. 229(1): p. 145-51.

Shurin, G.V., et al., Apoptosis induced in T cells by human neuroblastoma cells: role of Fas
ligand. Nat Immun, 1998. 16(5-6): p. 263-74.

Zhou, Q., et al., Expression of macrophage migration inhibitory factor by neuroblastoma leads
to the inhibition of antitumor T cell reactivity in vivo. J Immunol, 2008. 181(3): p. 1877-86.

Floutsis, G., L. Ulsh, and S. Ladisch, Immunosuppressive activity of human neuroblastoma
tumor gangliosides. Int J Cancer, 1989. 43(1): p. 6-9.

Li, R, et al., Structural characterization and in vivo immunosuppressive activity of
neuroblastoma GD2. Glycoconj J, 1996. 13(3): p. 385-9.

Jales, A., et al., Ganglioside-exposed dendritic cells inhibit T-cell effector function by promoting
regulatory cell activity. Immunology, 2011. 132(1): p. 134-43.

Walker, S.R., R.E. Redlinger, Jr., and E.M. Barksdale, Jr., Neuroblastoma-induced inhibition of
dendritic cell IL-12 production via abrogation of CD40 expression. J Pediatr Surg, 2005. 40(1):
p- 244-9; discussion 249-50.

Rivoltini, L., et al., Phenotypic and functional analysis of lymphocytes infiltrating paediatric
tumours, with a characterization of the tumour phenotype. Cancer Immunol Immunother, 1992.
34(4): p. 241-51.

Coley, W.B., The Treatment of Inoperable Sarcoma by Bacterial Toxins (the Mixed Toxins of
the Streptococcus erysipelas and the Bacillus prodigiosus). Proc R Soc Med, 1910. 3(Surg
Sect): p. 1-48.

Muul, L.M,, et al., Identification of specific cytolytic immune responses against autologous
tumor in humans bearing malignant melanoma. J Immunol, 1987. 138(3): p. 989-95.

Rosenberg, S.A., et al., Use of tumor-infiltrating lymphocytes and interleukin-2 in the
immunotherapy of patients with metastatic melanoma. A preliminary report. N Engl J Med,
1988. 319(25): p. 1676-80.

Rosenberg, S.A., et al., Treatment of patients with metastatic melanoma with autologous tumor-
infiltrating lymphocytes and interleukin 2. J Natl Cancer Inst, 1994. 86(15): p. 1159-66.
Rosenberg, S.A., et al., Adoptive cell transfer: a clinical path to effective cancer
immunotherapy. Nat Rev Cancer, 2008. 8(4): p. 299-308.

Dudley, M.E,, et al., Cancer regression and autoimmunity in patients after clonal repopulation
with antitumor lymphocytes. Science, 2002. 298(5594): p. 850-4.

Gattinoni, L., et al., Adoptive immunotherapy for cancer: building on success. Nat Rev
Immunol, 2006. 6(5): p. 383-93.

Antony, P.A., et al., CD8+ T cell immunity against a tumor/self-antigen is augmented by CD4+
T helper cells and hindered by naturally occurring T regulatory cells. J Tmmunol, 2005. 174(5):
p. 2591-601.

Gattinoni, L., et al., Removal of homeostatic cytokine sinks by lymphodepletion enhances the
efficacy of adoptively transferred tumor-specific CD8+ T cells. J Exp Med, 2005. 202(7): p.
907-12.

Zhang, Y., et al., Preterminal host dendritic cells in irradiated mice prime CD8+ T cell-
mediated acute grafi-versus-host disease. J Clin Invest, 2002. 109(10): p. 1335-44.

85



655.

656.

657.

658.

659.

660.

661.

662.

663.

664.

665.

666.

667.

668.

669.

670.

671.

672.

673.

674.

675.

676.

677.

86

Dudley, M.E., et al., Adoptive cell therapy for patients with metastatic melanoma: evaluation of
intensive myeloablative chemoradiation preparative regimens. J Clin Oncol, 2008. 26(32): p.
5233-9.

Dudley, M.E., et al., Adoptive cell transfer therapy following non-myeloablative but
lymphodepleting chemotherapy for the treatment of patients with refractory metastatic
melanoma. J Clin Oncol, 2005. 23(10): p. 2346-57.

Dudley, M.E., et al., CD8+ enriched "young" tumor infiltrating lymphocytes can mediate
regression of metastatic melanoma. Clin Cancer Res, 2010. 16(24): p. 6122-31.

Xie, Y., et al., Naive tumor-specific CD4(+) T cells differentiated in vivo eradicate established
melanoma. J Exp Med, 2010. 207(3): p. 651-67.

Marits, P., et al., Sentinel node lymphocytes: tumour reactive ymphocytes identified
intraoperatively for the use in immunotherapy of colon cancer. Br J Cancer, 2006. 94(10): p.
1478-84.

Morgan, R.A., M.E. Dudley, and S.A. Rosenberg, Adoptive cell therapy. genetic modification to
redirect effector cell specificity. Cancer J, 2010. 16(4): p. 336-41.

Morgan, R.A., et al., Cancer regression in patients after transfer of genetically engineered
lymphocytes. Science, 2006. 314(5796): p. 126-9.

Jena, B., G. Dotti, and L.J. Cooper, Redirecting T-cell specificity by introducing a tumor-
specific chimeric antigen receptor. Blood, 2010. 116(7): p. 1035-44.

Park, J.R., et al., Adoptive transfer of chimeric antigen receptor re-directed cytolytic T
lymphocyte clones in patients with neuroblastoma. Mol Ther, 2007. 15(4): p. 825-33.

Mackensen, A., et al., Phase I study of adoptive T-cell therapy using antigen-specific CD8+ T
cells for the treatment of patients with metastatic melanoma. J Clin Oncol, 2006. 24(31): p.
5060-9.

Egen, J.G., M.S. Kuhns, and J.P. Allison, CTLA-4: new insights into its biological function and
use in tumor immunotherapy. Nat Immunol, 2002. 3(7): p. 611-8.

Pedicord, V.A,, et al., Single dose of anti-CTLA-4 enhances CD8+ T-cell memory formation,
function, and maintenance. Proc Natl Acad Sci U S A, 2011. 108(1): p. 266-71.

Peggs, K.S., et al., Blockade of CTLA-4 on both effector and regulatory T cell compartments
contributes to the antitumor activity of anti-CTLA-4 antibodies. ] Exp Med, 2009. 206(8): p.
1717-25.

Mitsui, J., et al., Two distinct mechanisms of augmented antitumor activity by modulation of
immunostimulatory/inhibitory signals. Clin Cancer Res, 2010. 16(10): p. 2781-91.

Quezada, S.A., et al., Tumor-reactive CD4(+) T cells develop cytotoxic activity and eradicate
large established melanoma after transfer into lymphopenic hosts. ] Exp Med, 2010. 207(3): p.
637-50.

Hodi, F.S., et al., Improved survival with ipilimumab in patients with metastatic melanoma. N
Engl J Med, 2010. 363(8): p. 711-23.

Romond, E.H., et al., Trastuzumab plus adjuvant chemotherapy for operable HER2-positive
breast cancer. N Engl ] Med, 2005. 353(16): p. 1673-84.

Coiffier, B., et al., CHOP chemotherapy plus rituximab compared with CHOP alone in elderly
patients with diffuse large-B-cell ymphoma. N Engl J Med, 2002. 346(4): p. 235-42.

Van Cutsem, E., et al., Cetuximab and chemotherapy as initial treatment for metastatic
colorectal cancer. N Engl ] Med, 2009. 360(14): p. 1408-17.

Adams, G.P. and L.M. Weiner, Monoclonal antibody therapy of cancer. Nat Biotechnol, 2005.
23(9): p. 1147-57.

Harari, P.M., G.W. Allen, and J.A. Bonner, Biology of interactions: antiepidermal growth factor
receptor agents. J Clin Oncol, 2007. 25(26): p. 4057-65.

Di Gaetano, N., et al., Complement activation determines the therapeutic activity of rituximab in
vivo. J Immunol, 2003. 171(3): p. 1581-7.

Steplewski, Z., M.D. Lubeck, and H. Koprowski, Human macrophages armed with murine
immunoglobulin G2a antibodies to tumors destroy human cancer cells. Science, 1983.
221(4613): p. 865-7.



678.

679.

680.

681.

682.

683.

684.

685.

686.

687.

688.

689.

690.

691.

692.

693.

694.

695.

696.

697.

698.

Weng, W .K. and R. Levy, Two immunoglobulin G fragment C receptor polymorphisms
independently predict response to rituximab in patients with follicular lymphoma. J Clin Oncol,
2003. 21(21): p. 3940-7.

Weng, W.K., et al., Clinical outcome of lymphoma patients after idiotype vaccination is
correlated with humoral immune response and immunoglobulin G Fc receptor genotype. J Clin
Oncol, 2004. 22(23): p. 4717-24.

Musolino, A., et al., Immunoglobulin G fragment C receptor polymorphisms and clinical
efficacy of trastuzumab-based therapy in patients with HER-2/neu-positive metastatic breast
cancer. J Clin Oncol, 2008. 26(11): p. 1789-96.

Harbers, S.O., et al., Antibody-enhanced cross-presentation of self antigen breaks T cell
tolerance. J Clin Invest, 2007. 117(5): p. 1361-9.

Dhodapkar, K.M., et al., Antitumor monoclonal antibodies enhance cross-presentation
ofcCellular antigens and the generation of myeloma-specific killer T cells by dendritic cells. J
Exp Med, 2002. 195(1): p. 125-33.

Abes, R., et al., Long-lasting antitumor protection by anti-CD20 antibody through cellular
immune response. Blood, 2010. 116(6): p. 926-34.

Taylor, C., et al., Augmented HER-2 specific immunity during treatment with trastuzumab and
chemotherapy. Clin Cancer Res, 2007. 13(17): p. 5133-43.

Kim, P.S., et al., Antibody association with HER-2/neu-targeted vaccine enhances CD8 T cell
responses in mice through Fc-mediated activation of DCs. J Clin Invest, 2008. 118(5): p. 1700-
11.

Koutsky, L.A,, et al., 4 controlled trial of a human papillomavirus type 16 vaccine. N Engl ]
Med, 2002. 347(21): p. 1645-51.

Rosenberg, S.A., J.C. Yang, and N.P. Restifo, Cancer immunotherapy: moving beyond current
vaccines. Nat Med, 2004. 10(9): p. 909-15.

Small, E.J., et al., Placebo-controlled phase III trial of immunologic therapy with sipuleucel-T
(APC8015) in patients with metastatic, asymptomatic hormone refractory prostate cancer. J
Clin Oncol, 2006. 24(19): p. 3089-94.

Drake, C.G., Prostate cancer as a model for tumour immunotherapy. Nat Rev Immunol, 2010.
10(8): p. 580-93.
Higano, C.S,, et al., Integrated data from 2 randomized, double-blind, placebo-controlled, phase

3 trials of active cellular immunotherapy with sipuleucel-T in advanced prostate cancer.
Cancer, 2009. 115(16): p. 3670-9.

Eschenburg, G., et al., DNA vaccination: using the patient's immune system to overcome cancer.
Clin Dev Immunol, 2010. 2010: p. 169484.

Norell, H., et al., Vaccination with a plasmid DNA encoding HER-2/neu together with low doses
of GM-CSF and IL-2 in patients with metastatic breast carcinoma: a pilot clinical trial. J Transl
Med, 2010. 8: p. 53.

Weber, J., et al., Phase I trial of intranodal injection of a Melan-A/MART-1 DNA plasmid
vaccine in patients with stage IV melanoma. J Immunother, 2008. 31(2): p. 215-23.

Xiang, R., et al., 4 dual-function DNA vaccine encoding carcinoembryonic antigen and CD40
ligand trimer induces T cell-mediated protective immunity against colon cancer in
carcinoembryonic antigen-transgenic mice. J Immunol, 2001. 167(8): p. 4560-5.

Holmgren, L., et al., 4 DNA vaccine targeting angiomotin inhibits angiogenesis and suppresses
tumor growth. Proc Natl Acad Sci U S A, 2006. 103(24): p. 9208-13.

Rosenberg, S.A., et al., Immunologic and therapeutic evaluation of a synthetic peptide vaccine
for the treatment of patients with metastatic melanoma. Nat Med, 1998. 4(3): p. 321-7.

Slingluff, C.L., Jr., et al., Phase I trial of a melanoma vaccine with gp100(280-288) peptide and
tetanus helper peptide in adjuvant: immunologic and clinical outcomes. Clin Cancer Res, 2001.
7(10): p. 3012-24.

Disis, M.L., et al., Effect of dose on immune response in patients vaccinated with an her-2/neu
intracellular domain protein--based vaccine. J Clin Oncol, 2004. 22(10): p. 1916-25.

87



699.

700.

701.

702.

703.

704.

705.

706.

707.

708.

709.

710.

711.

712.

713.

714.

715.

716.

717.

718.

719.

720.

721.

722.

88

Peoples, G.E., et al., Combined clinical trial results of a HER2/neu (E75) vaccine for the
prevention of recurrence in high-risk breast cancer patients: U.S. Military Cancer Institute
Clinical Trials Group Study I-01 and I-02. Clin Cancer Res, 2008. 14(3): p. 797-803.

Pawelec, G. and R. Solana, Immunosenescence. Immunol Today, 1997. 18(11): p. 514-6.

Naylor, K., et al., The influence of age on T cell generation and TCR diversity. ] Immunol, 2005.
174(11): p. 7446-52.

Ahmed, M., et al., Clonal expansions and loss of receptor diversity in the naive CD8 T cell
repertoire of aged mice. J Immunol, 2009. 182(2): p. 784-92.

Boucher, N, et al., CD28 expression in T cell aging and human longevity. Exp Gerontol, 1998.
33(3): p. 267-82.

Vallejo, A.N., et al., Aging-related deficiency of CD28 expression in CD4+ T cells is associated
with the loss of gene-specific nuclear factor binding activity. J Biol Chem, 1998. 273(14): p.
8119-29.

Donnini, A., et al., Phenotype, antigen-presenting capacity, and migration of antigen-presenting
cells in young and old age. Exp Gerontol, 2002. 37(8-9): p. 1097-112.

Cakman, L, et al., Dysregulation between THI and TH2 T cell subpopulations in the elderly.
Mech Ageing Dev, 1996. 87(3): p. 197-209.

Provinciali, M. and A. Smorlesi, Immunoprevention and immunotherapy of cancer in ageing.
Cancer Immunol Immunother, 2005. 54(2): p. 93-106.

Solana, R., M.C. Alonso, and J. Pena, Natural killer cells in healthy aging. Exp Gerontol, 1999.
34(3): p. 435-43.

Provinciali, M., Immunosenescence and cancer vaccines. Cancer Immunol Immunother, 2009.
58(12): p. 1959-67.

Provinciali, M., K. Argentati, and A. Tibaldi, Efficacy of cancer gene therapy in aging:
adenocarcinoma cells engineered to release IL-2 are rejected but do not induce tumor specific
immune memory in old mice. Gene Ther, 2000. 7(7): p. 624-32.

Provinciali, M., et al., Low effectiveness of DNA vaccination against HER-2/neu in ageing.
Vaccine, 2003. 21(9-10): p. 843-8.

Mackall, C.L., et al., Age, thymopoiesis, and CD4+ T-lymphocyte regeneration after intensive
chemotherapy. N Engl J Med, 1995. 332(3): p. 143-9.

Guinipero, T. and O.J. Finn, Cancer vaccines: emphasis on pediatric cancers. Curr Pharm Des,
2010. 16(3): p. 292-9.

Louis, C.U. and M.K. Brenner, Cellular immunotherapy for neuroblastoma: a review of current
vaccine and adoptive T cell therapeutics. Curr Pharm Des, 2009. 15(4): p. 424-9.

Vertuani, S., et al., Retinoids act as multistep modulators of the major histocompatibility class [
presentation pathway and sensitize neuroblastomas to cytotoxic lymphocytes. Cancer Res, 2003.
63(22): p. 8006-13.

Reits, E.A., et al., Radiation modulates the peptide repertoire, enhances MHC class I
expression, and induces successful antitumor immunotherapy. J Exp Med, 2006. 203(5): p.
1259-71.

Sarkar, A.K., et al., Major histocompatibility complex-restricted lysis of neuroblastoma cells by
autologous cytotoxic T lymphocytes. ] Immunother, 2001. 24(4): p. 305-11.

Sarkar, A.K. and J.G. Nuchtern, Lysis of MYCN-amplified neuroblastoma cells by MYCN
peptide-specific cytotoxic T lymphocytes. Cancer Res, 2000. 60(7): p. 1908-13.

Morandi, F., et al., Tumor mRNA-transfected dendritic cells stimulate the generation of CTL
that recognize neuroblastoma-associated antigens and kill tumor cells: immunotherapeutic
implications. Neoplasia, 2006. 8(10): p. 833-42.

De Geer, A., et al., Cytotoxic T lymphocytes induce caspase-dependent and -independent cell
death in neuroblastomas in a MHC-nonrestricted fashion. ] Immunol, 2006. 177(11): p. 7540-
50.

Fest, S., et al., Survivin minigene DNA vaccination is effective against neuroblastoma. Int J
Cancer, 2009. 125(1): p. 104-14.

Huebener, N., et al., 4 rationally designed tyrosine hydroxylase DNA vaccine induces specific
antineuroblastoma immunity. Mol Cancer Ther, 2008. 7(7): p. 2241-51.



723.

724.

725.

726.

727.

728.

729.

730.

731.

732.

733.

734.

735.

736.

737.

738.

739.

740.

741.

742.

743.

744.

Zeng, Y., et al., Fractalkine (CX3CL1)- and interleukin-2-enriched neuroblastoma
microenvironment induces eradication of metastases mediated by T cells and natural killer cells.
Cancer Res, 2007. 67(5): p. 2331-8.

Gonzalez, S., et al., Genetic engineering of cytolytic T lymphocytes for adoptive T-cell therapy
of neuroblastoma. J Gene Med, 2004. 6(6): p. 704-11.

Pule, M.A,, et al., Virus-specific T cells engineered to coexpress tumor-specific receptors.
persistence and antitumor activity in individuals with neuroblastoma. Nat Med, 2008. 14(11): p.
1264-70.

Castriconi, R., et al., Human NK cell infusions prolong survival of metastatic human
neuroblastoma-bearing NOD/scid mice. Cancer Immunol Immunother, 2007. 56(11): p. 1733-
42.

Kloess, S., et al., IL-2-activated haploidentical NK cells restore NKG2D-mediated NK-cell
cytotoxicity in neuroblastoma patients by scavenging of plasma MICA. Eur J Immunol, 2010.
40(11): p. 3255-67.

Ladenstein, R., et al., Dose finding study for the use of subcutaneous recombinant interleukin-2
to augment natural killer cell numbers in an outpatient setting for stage 4 neuroblastoma after
megatherapy and autologous stem-cell reinfusion. J Clin Oncol, 2011. 29(4): p. 441-8.

Wu, Z.L., et al., Expression of GD2 ganglioside by untreated primary human neuroblastomas.
Cancer Res, 1986. 46(1): p. 440-3.

Kramer, K., et al., Disialoganglioside G(D2) loss following monoclonal antibody therapy is rare
in neuroblastoma. Clin Cancer Res, 1998. 4(9): p. 2135-9.

Cheung, N.K., et al., Ganglioside GD2 specific monoclonal antibody 3F8: a phase I study in
patients with neuroblastoma and malignant melanoma. J Clin Oncol, 1987. 5(9): p. 1430-40.

Handgretinger, R., et al., 4 phase I study of neuroblastoma with the anti-ganglioside GD2
antibody 14.G2a. Cancer Immunol Immunother, 1992. 35(3): p. 199-204.

Handgretinger, R., et al., 4 phase I study of human/mouse chimeric antiganglioside GD2
antibody chl14.18 in patients with neuroblastoma. Eur J Cancer, 1995. 31A(2): p. 261-7.

Frost, 1.D., et al., 4 phase I/IB trial of murine monoclonal anti-GD2 antibody 14.G2a plus
interleukin-2 in children with refractory neuroblastoma: a report of the Children's Cancer
Group. Cancer, 1997. 80(2): p. 317-33.

Kushner, B.H., K. Kramer, and N.K. Cheung, Phase II trial of the anti-G(D2) monoclonal
antibody 3F8 and granulocyte-macrophage colony-stimulating factor for neuroblastoma. J Clin
Oncol, 2001. 19(22): p. 4189-94.

Ozkaynak, M.F., et al., Phase I study of chimeric human/murine anti-ganglioside G(D2)
monoclonal antibody (chl4.18) with granulocyte-macrophage colony-stimulating factor in

children with neuroblastoma immediately after hematopoietic stem-cell transplantation: a
Children's Cancer Group Study. J Clin Oncol, 2000. 18(24): p. 4077-85.

Yu, A.L,, et al., Anti-GD2 antibody with GM-CSF, interleukin-2, and isotretinoin for
neuroblastoma. N Engl ] Med, 2010. 363(14): p. 1324-34.

Barker, E., et al., Effect of a chimeric anti-ganglioside GD2 antibody on cell-mediated lysis of
human neuroblastoma cells. Cancer Res, 1991. 51(1): p. 144-9.

Zeng, Y., et al., Anti-neuroblastoma effect of ch14.18 antibody produced in CHO cells is
mediated by NK-cells in mice. Mol Immunol, 2005. 42(11): p. 1311-9.

Lode, H.N,, et al., Natural killer cell-mediated eradication of neuroblastoma metastases to bone
marrow by targeted interleukin-2 therapy. Blood, 1998. 91(5): p. 1706-15.

Lode, H.N,, et al., Tumor-targeted IL-2 amplifies T cell-mediated immune response induced by
gene therapy with single-chain IL-12. Proc Natl Acad Sci U S A, 1999. 96(15): p. 8591-6.
Lode, H.N,, et al., Targeted interleukin-2 therapy for spontaneous neuroblastoma metastases to
bone marrow. J Natl Cancer Inst, 1997. 89(21): p. 1586-94.

Shusterman, S., et al., Antitumor activity of hul4.18-IL2 in patients with relapsed/refractory
neuroblastoma: a Children's Oncology Group (COG) phase II study. J Clin Oncol, 2010.
28(33): p. 4969-75.

Buhtoiarov, IN., et al., Differential internalization of hul4.18-IL2 immunocytokine by NK and
tumor cell: impact on conjugation, cytotoxicity, and targeting. J Leukoc Biol, 2011.

89



745.

746.

747.

748.

749.

750.

751.

752.

753.

754.

755.

756.

757.

758.

759.

760.

761.

762.

763.

764.

765.

766.

90

Caruso, D.A,, et al., Results of a Phase I study utilizing monocyte-derived dendritic cells pulsed
with tumor RNA in children with Stage 4 neuroblastoma. Cancer, 2005. 103(6): p. 1280-91.

Geiger, J.D., et al., Vaccination of pediatric solid tumor patients with tumor lysate-pulsed
dendritic cells can expand specific T cells and mediate tumor regression. Cancer Res, 2001.
61(23): p. 8513-9.

Bowman, L., et al., IL-2 adenovector-transduced autologous tumor cells induce antitumor
immune responses in patients with neuroblastoma. Blood, 1998. 92(6): p. 1941-9.

Rousseau, R.F., et al., Local and systemic effects of an allogeneic tumor cell vaccine combining
transgenic human lymphotactin with interleukin-2 in patients with advanced or refractory
neuroblastoma. Blood, 2003. 101(5): p. 1718-26.

Russell, H.V., et al., 4 phase 1/2 study of autologous neuroblastoma tumor cells genetically
modified to secrete IL-2 in patients with high-risk neuroblastoma. ] Immunother, 2008. 31(9): p.
812-9.

Lode, H.N.,, et al., Tyrosine hydroxylase-based DNA-vaccination is effective against murine
neuroblastoma. Med Pediatr Oncol, 2000. 35(6): p. 641-6.

Huebener, N., et al., Xenogeneic immunization with human tyrosine hydroxylase DNA vaccines
suppresses growth of established neuroblastoma. Mol Cancer Ther, 2009. 8(8): p. 2392-401.

Pertl, U, et al., Immunotherapy with a posttranscriptionally modified DNA vaccine induces
complete protection against metastatic neuroblastoma. Blood, 2003. 101(2): p. 649-54.

Huebener, N., et al., Vaccination with minigenes encoding for novel 'self' antigens are effective
in DNA-vaccination against neuroblastoma. Cancer Lett, 2003. 197(1-2): p. 211-7.

Fest, S., et al., Characterization of GD2 peptide mimotope DNA vaccines effective against
spontaneous neuroblastoma metastases. Cancer Res, 2006. 66(21): p. 10567-75.

Blecke, M., et al., Systematic amino acid substitutions improved efficiency of GD2-peptide
mimotope vaccination against neuroblastoma. Eur J Cancer, 2009. 45(16): p. 2915-21.

Bastien, J. and C. Rochette-Egly, Nuclear retinoid receptors and the transcription of retinoid-
target genes. Gene, 2004. 328: p. 1-16.

Edsjo, A., L. Holmquist, and S. Pahlman, Neuroblastoma as an experimental model for
neuronal differentiation and hypoxia-induced tumor cell dedifferentiation. Semin Cancer Biol,
2007. 17(3): p. 248-56.

Lavenius, E., et al., Basic FGF and IGF-I promote differentiation of human SH-SY5Y
neuroblastoma cells in culture. Growth Factors, 1994. 10(1): p. 29-39.

Svendsen, C.N., et al., A new method for the rapid and long term growth of human neural
precursor cells. ] Neurosci Methods, 1998. 85(2): p. 141-52.

Goldstein, J.S., et al., ICAM-1 enhances MHC-peptide activation of CD8(+) T cells without an
organized immunological synapse. Eur J Immunol, 2000. 30(11): p. 3266-70.

Whitelegg, A. and L.D. Barber, The structural basis of T-cell allorecognition. Tissue Antigens,
2004. 63(2): p. 101-8.

Caren, H., et al., High-resolution array copy number analyses for detection of deletion, gain,
amplification and copy-neutral LOH in primary neuroblastoma tumors: four cases of
homozygous deletions of the CDKN2A gene. BMC Genomics, 2008. 9: p. 353.

Montaldo, P.G., et al., Induction of differentiation and apoptosis by interferon-gamma in human
neuroblastoma cells in vitro as a dual and alternative early biological response. Cell Death
Differ, 1997. 4(2): p. 150-8.

Cetinkaya, C., et al., Combined IFN-gamma and retinoic acid treatment targets the N-
Myc/Max/Madl network resulting in repression of N-Myc target genes in MYCN-amplified
neuroblastoma cells. Mol Cancer Ther, 2007. 6(10): p. 2634-41.

Ridge, J., et al., Effects of gamma-IFN and NGF on subpopulations in a human neuroblastoma
cell line: flow cytometric and morphological analysis. In Vitro Cell Dev Biol Anim, 1996.
32(4): p. 238-48.

Shikata, A., et al., Neuronal differentiation in human neuroblastoma cells by nerve growth
factor following TrkA up-regulation by interferon-gamma. Med Pediatr Oncol, 2000. 34(6): p.
394-401.



767.

768.

769.

770.

771.

772.

773.

774.

775.

776.

777.

778.

779.

780.

781.

782.

783.

784.

785.

786.

787.

788.

789.

Guzhova, 1., et al., Interferon-gamma cooperates with retinoic acid and phorbol ester to induce
differentiation and growth inhibition of human neuroblastoma cells. Int J Cancer, 2001. 94(1):
p. 97-108.

Eggert, A., et al., Resistance to TRAIL-induced apoptosis in neuroblastoma cells correlates with
a loss of caspase-8 expression. Med Pediatr Oncol, 2000. 35(6): p. 603-7.

Bernassola, F., et al., Induction of apoptosis by IFNgamma in human neuroblastoma cell lines
through the CD95/CD95L autocrine circuit. Cell Death Differ, 1999. 6(7): p. 652-60.

Montaldo, P.G., et al., Synergistic differentiation-promoting activity of interferon gamma and
tumor necrosis factor-alpha: role of receptor regulation on human neuroblasts. J Natl Cancer
Inst, 1994. 86(22): p. 1694-701.

Stupack, D.G., et al., Potentiation of neuroblastoma metastasis by loss of caspase-8. Nature,
2006. 439(7072): p. 95-9.

Mielgo, A., et al., The death effector domains of caspase-8 induce terminal differentiation. PLoS
One, 2009. 4(11): p. €7879.

Frankel, S.K., et al., TNF-alpha sensitizes normal and fibrotic human lung fibroblasts to Fas-
induced apoptosis. Am J Respir Cell Mol Biol, 2006. 34(3): p. 293-304.

Tan, L.C,, et al., A re-evaluation of the frequency of CD8+ T cells specific for EBV in healthy
virus carriers. J Immunol, 1999. 162(3): p. 1827-35.

Reid, G.S., et al., Interferon-gamma-dependent infiltration of human T cells into neuroblastoma
tumors in vivo. Clin Cancer Res, 2009. 15(21): p. 6602-8.

Willinger, T., et al., Molecular signatures distinguish human central memory from effector
memory CD8 T cell subsets. ] Immunol, 2005. 175(9): p. 5895-903.

Uzzo, R.G., et al., Mechanisms of apoptosis in T cells from patients with renal cell carcinoma.
Clin Cancer Res, 1999. 5(5): p. 1219-29.

Moore, H.C., et al., Histological profile of tumours from MYCN transgenic mice. J Clin Pathol,
2008. 61(10): p. 1098-103.

Huang, Y., et al., Turning on/off tumor-specific CTL response during progressive tumor growth.
J Immunol, 2005. 175(5): p. 3110-6.

Weiss, W.A., et al., Targeted expression of MYCN causes neuroblastoma in transgenic mice.
EMBO J, 1997. 16(11): p. 2985-95.

Hansford, L.M., et al., Mechanisms of embryonal tumor initiation. distinct roles for MycN
expression and MYCN amplification. Proc Natl Acad Sci U S A, 2004. 101(34): p. 12664-9.

Chesler, L., et al., Malignant progression and blockade of angiogenesis in a murine transgenic
model of neuroblastoma. Cancer Res, 2007. 67(19): p. 9435-42.

Hackett, C.S., et al., Genome-wide array CGH analysis of murine neuroblastoma reveals
distinct genomic aberrations which parallel those in human tumors. Cancer Res, 2003. 63(17):
p. 5266-73.

Norris, M.D., et al., Expression of N-myc and MRP genes and their relationship to N-myc gene
dosage and tumor formation in a murine neuroblastoma model. Med Pediatr Oncol, 2000.
35(6): p. 585-9.

Yuan, A, et al., The role of interleukin-8 in cancer cells and microenvironment interaction.
Front Biosci, 2005. 10: p. 853-65.

Roederer, M., Compensation in flow cytometry. Curr Protoc Cytom, 2002. Chapter 1: p. Unit 1
14.

Metelitsa, L.S., et al., Natural killer T cells infiltrate neuroblastomas expressing the chemokine
CCL2. J Exp Med, 2004. 199(9): p. 1213-21.

Buhtoiarov, N, et al., Macrophages are essential for antitumour effects against weakly
immunogenic murine tumours induced by class B CpG-oligodeoxynucleotides. Immunology,
2007. 120(3): p. 412-23.

Cheung, N.K., et al., FCGR24 polymorphism is correlated with clinical outcome after
immunotherapy of neuroblastoma with anti-GD2 antibody and granulocyte macrophage colony-
stimulating factor. J Clin Oncol, 2006. 24(18): p. 2885-90.

91



790.

791.

792.

92

McNeel, D.G., et al., Safety and immunological efficacy of a DNA vaccine encoding prostatic
acid phosphatase in patients with stage D0 prostate cancer. J Clin Oncol, 2009. 27(25): p.
4047-54.

Whiteside, T.L., Inhibiting the inhibitors: evaluating agents targeting cancer
immunosuppression. Expert Opin Biol Ther, 2010. 10(7): p. 1019-35.

0Ozao-Choy, J., et al., The novel role of tyrosine kinase inhibitor in the reversal of immune
suppression and modulation of tumor microenvironment for immune-based cancer therapies.
Cancer Res, 2009. 69(6): p. 2514-22.



	1 NEUROBLASTOMA
	1.1 THE BIOLOGY OF NEUROBLASTOMA
	1.2 PROGNOSTIC FACTORS
	1.3 STAGING AND TREATMENT STRATIFICATION
	1.4 TREATMENT

	2 THE IMMUNE SYSTEM – AN OVERVIEW
	2.1 INNATE VERSUS ADAPTIVE IMMUNITY
	2.2 THE MAJOR HISTOCOMPATIBILITY COMPLEX

	3 CANCER-RELATED INFLAMMATION
	3.1 THE CONCEPT OF CANCER-RELATED INFLAMMATION
	3.2 MEDIATORS IN CANCER-RELATED INFLAMMATION
	3.2.1 Cytokines
	3.2.1.1 IL-1β
	3.2.1.2 IL-6
	3.2.1.3 TNF-α

	3.2.2 Chemokines
	3.2.3 Prostaglandin E2 in cancer-related inflammation

	3.3  CELLS INVOLVED IN CANCER-RELATED INFLAMMATION
	3.3.1 Tumor-associated macrophages
	3.3.2 Myeloid derived suppressor cells
	3.3.3 Dendritic cells

	3.4 TARGETING CANCER-RELATED INFLAMMATION
	3.4.1 Targeting cytokine and chemokine pathways
	3.4.2 Cyclooxygenase inhibitors
	3.4.3 Targeting inflammatory cells


	4 IMMUNOSURVEILLANCE
	4.1 IMMUNOSURVEILLANCE: A WALK THROUGH THE 20TH CENTURY
	4.2 EVIDENCE FOR IMMUNOSURVEILLANCE IN HUMANS
	4.3 TUMOR-ASSOCIATED ANTIGENS
	4.4 EFFECTOR CELLS MEDIATING IMMUNOSURVEILLANCE
	4.4.1 Cytotoxic T lymphocytes
	4.4.1.1 The generation of an anti-tumor CTL response
	4.4.1.2 CTL cytotoxicity: The granule exocytosis pathway
	4.4.1.3 CTL cytotoxicity: The death receptor pathway
	4.4.1.4 CTL cytotoxicity: Pro-inflammatory cytokines

	4.4.2 CD4+ T-helper cells: Foes in disguise?
	4.4.2.1 Immunosurveillance by T-helper cells
	4.4.2.2 Tumor promotion by T-helper cells

	4.4.3 Natural Killer Cells

	4.5 IMMUNOSURVEILLANCE IN NEUROBLASTOMA?

	5 IMMUNE ESCAPE
	5.1 CANCER IMMUNOEDITING – THE CONCEPT
	5.2 ALTERED ANTIGEN PRESENTATION AND RECOGNITION
	5.2.1 Downregulation of antigen presentation
	5.2.2 Loss of tumor-associated antigens
	5.2.3 Expression of non-classical HLA molecules

	5.3 INHIBITION OF ANTI-TUMOR IMMUNITY
	5.3.1 Regulatory T-cells
	5.3.2 Cytokines in immune escape
	5.3.2.1 TGF-β
	5.3.2.2 IL-10

	5.3.3 PGE2 in immune escape

	5.4 ESCAPE FROM T-CELL RESPONSES
	5.5 IMMUNE ESCAPE BY NEUROBLASTOMA

	6 CANCER IMMUNOTHERAPY
	6.1 PASSIVE IMMUNOTHERAPY
	6.1.1 T-cell-based therapies
	6.1.2 Monoclonal antibodies

	6.2 ACTIVE IMMUNOTHERAPY
	6.3 CHILDREN VERSUS ADULTS
	6.4 IMMUNOTHERAPY OF NEUROBLASTOMA
	6.4.1 Adoptive cell therapy for NB
	6.4.2 Monoclonal antibodies in NB therapy
	6.4.3 Active immunotherapy for NB


	AIMS OF THE THESIS
	RESULTS AND DISCUSSION
	NEUROBLASTOMA AS A TARGET FOR EFFECTOR CELLS (PAPER I AND II)
	Sensitivity of NB to effector cells in the course of differentiation
	Bypassing HLA class I

	TUMOR-INFILTRATING CELLS IN NEUROBLASTOMA (PAPER III AND IV)
	T-cell responses in the tumor microenvironment of NB
	A note on the TH-MYCN model
	A note on flow cytometry on tumor samples

	Tumor-associated inflammation versus immunosurveillance


	GENERAL CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



