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1. Introduction

Withincreasing average lifespan, the incidence of canceris expandingin almost every corner of the
world. Inthe Western world, by 2020 almostone intwo persons will be diagnosed with cancer during
theirlifetime (Maddams, Utley et al. 2012). Detection and treatment of canceris improving, leading
to increased overall survival, but still, with currently available treatment modalities, the majority will
still succumb to the disease. For most cancers, the only potentially curativetreatment optionis
surgery. Adjunctive chemotherapy or radiation treatment has improved the cure rate from surgery,
but are rarely curative as monotherapy. The last decade has also seen the advent of more targeted
therapies, made possible by increased knowledge of the molecular characteristics of particulartypes
of malignancies. For some cancers, this has transformed treatment and life expectancy, butforthe
majority, surgery still remains the only curative option.

Immunotherapy has been contemplated since the 18" century, when the Duke of Kentinjected
malignant cell into himself as acancer prophylacticmeasure. Just overacentury later, in 1891, Coley
injected streptococcus pyogenes in miscellaneous cancer patients, observingin some patients tumor
regressionin responseto the systemicinflammation induced by the bacterial inoculum (Coley 1891).
In 1909, Paul Ehrlich postulated thatthe immune system orchestrates a continuous surveillance and
eradication of newly formed cancer cells, atheory further developed by Burnetand Thomasin the
fifties, commonly referred to as the tumorimmunosurveillance hypothesis (Burnet 1957).

Today, the immune system’s ability to kill cancer cells is widely accepted, a property thatis being
exploitedintreatmentfora numberof cancer types. Cancerimmunotherapy was awarded the status
of “breakthrough of the year2013” in Science magazine (Couzin-Frankel 2013), and an increasing
numberof immunotherapeutic strategies are approaching the clinic.

The immune system consists of the innate and the adaptive immune system. Broadly, the adaptive
system comprises a multitude of cells with different and specificreceptors, able to recognize virtually
any molecularstructure, eitherdirectly (B cells) orin the form of processed peptides presented on
major histocompatibility (MHC) molecules (T cells). Since cancer cells often produce proteins not
foundin normal cells, orexpress proteinsin larger quantities orin different contexts than normal
cells, they can be targeted by adaptive immuneresponses, in cooperation with the innateimmune
system. Still, for the many patients being diagnosed with cancer, this inherent surveillance is
obviously not sufficiently effective, and thusitisimportant to understand more of what controls
tumor inhibition and tumor escape.

The current thesisis focused on the complex interactions and interdependence of the adaptive and
innate immune systemin the context of immunosurveillance. We explore limitationsinthe immune
response, spatial and phenotypical, leading to tumor escape, and we investigate the tumors
dependence on stromal interaction. In the following passages, | will briefly introduce important
playersinthe adaptive and innate immune system, the theory of cancerimmunoediting,and the
disease model usedin ourexperiments.

1.1 T cells

The immune systemis divided in two major parts, with complex interaction; the innate and the
adaptive immune system. The adaptiveimmune system consists of Tand B-lymphocytes, which
harbor an impressive target recognition receptor diversity. Animmune reaction againstidentified



targets— when successful —will in addition to eliminating the disease, create memory cells that will
make the response much strongerupon a second encounter. Thisis what we know as immunity.
When the innate immune system responds to asuspected threat, be it microbes ortissue damage, it
responds with inflammation facilitating activation of the adaptiveimmune system.

T cellsdevelop and are educated in the thymus (hence the designation Tcells). They recognize
antigen epitopes presented on other cells by their major histocompatibility complex (MHC)
molecules. By a coordinated selection process in the thymus, cells that are potently auto-reactive or
have insufficient target affinity are deleted, whilethe rest enterthe bloodstream as naive T cells.
EveryT cell hasT cell receptors (TCRs) reacting to antigens containing molecular motifs with affinity
towards the relevant TCR. Generally, TCRs affinity for the combination of MHC molecules and antigen
isof moderate strength, and cross reaction is common. When naive, these cells will circulate
between the blood stream and peripheral lymphoid organs until they meet theirantigen, presented
by MHC-molecules on otherhost cells. The two majortypes of T cells, Thelpercellsand T cytotoxic
cells, are defined by the expression of eitherthe co-receptor CD4 (T helpercells; Th) or CD8 (cytotoxic
T cells; CTL), binding torespectively MHC class Il and MHC class | molecules. MHCclass | isan
antigenicdisplay framework molecule expressed on virtually all cells, and the major function of CD8*
T cellsisto kill cells which display intracellular foreign peptides bound to MHC class | molecules. CD4*
cellsonthe otherhand, are the orchestrators of the adaptive immune response, with multiple
important functions. They recognize antigensin the context of an MHC class Il molecule. MHCII
expressionis normally limited to asubset of cells of the innate immune system collectively referred
to as professional antigen presenting cells (APCs). The prototypical APCs, residingin lymph nodes
where they encounter naive T cells, are dendritic cells, with macrophages and B cells constituting
otherimportant APCsubsets.

1.1.1 Initial interaction with antigen presenting cells - priming

WhenaT cellisappropriately activated (primed) by interaction with MHC molecules, the cell
proliferates, differentiates into effector cells, and gives rise to long-lived memory cells providing
immunological memory and immunity. This result, however, depends on co-stimulatory signals from
the APCto the T cell. This secondary signals (signal 2), are signals that arise upon detection of
prototypical tissue-damage or pathogen-associated molecular structures by innate immunecells,
signifying the presence of compromised tissue homeostasis (i.e. cellular stress orinjury). Without this
secondary signal, the interaction with the APCwill lead to functional inactivation or clonal deletion of
the T cell. Hence, additional signals by APCs offer contextual information that limits adaptive immune
cell responsesto situations of tissue damage.

Naive T cellshome tothe lymph nodes where they have brief encounters with a multitude of APCs,
screeningthem for presentation of target antigens. Many integrins and other adhesion molecules
participate in the interaction, stabilizing the association when recognition occurs. The co-receptors
CD4 and CD8 strengthen the association with MHC Il and MHC | molecules, respectively,
underscoring the importance of these molecules, buttheirbindingis notenough for priming to
occur. The most extensively characterized signal 2 co-stimulatory molecules are the B7 family
molecules (CD80/86). These molecules are expressed when dendritic cells migrate from
inflammatory areas toregional lymph nodes, and are only present on cells that stimulate T-cell
proliferation. The corresponding cellsurface receptoronthe Tcell is CD28, and theirinteraction
togetherwith the MHC:TCR bindinglead to clonal expansion of the naive T cell. CD8* T cells need



more co-stimulatory activity toinduce the differentiation process. This can be accomplished by the
presence of more mature APCs, but oftenis provided by help from CD4* T cells that eitherinduces
more B7 molecules onthe dendriticcell through CD40L-CD40 interaction, or provides interleukin 2
(IL-2), which promotes CD8* T cell differentiation and expansion. Activated T cells leave the lymph
nodes and re-enterthe bloodstream, and are guided to sites of infection by chemokines and newly
expressed adhesion molecules. Thus, activated T cells are generated in the lymph nodes and
accumulate withinsites of injury, where they exert their effector functions in aspatially restricted
manner.

The differentiation of Tcells, in particular CD4" T cells, is extensively shaped by the
microenvironmental factors during
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Figure 1. Conventional CD4+ T cells differentiate into phenotypically CD8* T cells activating macrophages and
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production. Th2 cells are thought to be of importance in defense against extracellular parasites such
as helminthes and protozoa, stimulate antibody class switching toIgEin B cells, and are implicated in
the pathogenesis of asthmaand allergicdiseases. With the discovery of additional CD4* T cell subsets
the CD4* family has been expandedtoinclude T, and Th17 cells. The T, have important functions
insuppressing orterminating ongoing adaptiveimmuneresponses to avoid unnecessary tissue
damage and autoimmunity, and Th17 cells have effector functions against extracellular bacteriaand
fungi, and have been implicated in severalforms of autoimmune diseases.

1.2 CD4+* T cellsin cancer

Since tumors largely contain the same proteins found in normal cells, there was previously
controversy regarding the ability of tumor-derived antigens to activate CD4* T cells, as this challenges
the concept of immunological self-tolerance. However, the basis of malignant transformation
includes extensive mutational and epigeneticchanges, resultingin the production of structurally
altered proteins containing neoepitopes not expressed in healthy cells. Also, quantitative changesin
antigen expression and ectopicexpression of antigens is commonly seen during malignant
transformation. Several tumor-associated antigens have been identified, with considerable clinical
impactin diagnostics (prostate-specificantigen; PSA and carcinoembryonicantigen; CEA), prognosis
(p53, JAK2) and treatment (the BCR/ABL fusion protein and BRAF). Itis now accepted that tumors
can display antigens with the potential of facilitating adaptive immune responses. The term tumor-
specificantigen (TSA) signifies antigens that are uniquely expressed by tumor cells, BCR/ABLbeing



one example. Tumor-associated antigens (TAAs) are normal proteins expressed aberrantly, either
quantitatively orin terms of cell type, with PSA and CEA as prominent examples. This latter category
includes differentiation antigens, which are normally found only in small subsets of cells during
differentiation or are normally expressed only during embryogenesis. We know from animal
experiments that the adaptive immune system is capable of keeping transformed cellsinadormant
phase foran unknown amount of time by a process referred to as immunosurveillance (Koebel,
Vermietal.2007). Anecdotal reports suggest that this may also happensin humans (MacKie, Reid et
al. 2003)the conclusion beingthat the adaptive immune system can have anti-tumor effects, atleast
during malignant transformation.

Strategies forT cellimmunotherapy have mostly focused on CD8" cells, for logical reasons. CD8* cells
have an established role in anticancerimmunity, theirinfiltration in tumorsis correlated with better
prognosis (Fridman, Pages etal. 2012), and theirdirect cytolytic effect make them an obvious choice.
Several approaches of inducing cytotoxic T cell (CTL) responses have been tested, some of them with
promisinginitial responses(Besser, Shapira-Frommer etal. 2010, Wu, Forgetet al. 2012), but long-
term outcomes of such studies have been largely disappointing (Klein, Schmidtetal. 2011). By means
of immunoevasion, tumors commonly escape CD8'T cell responses (see later), leaving the CTLs
eitherunable toidentify tumorcells or unable to mediate cytotoxicity because of impaired effector
functions (Zippelius, Batard etal. 2004). Such adaptationis facilitated by the need for efficient
presentation of tumorantigens on MHC class | inthe tumorcell itself, which constitutes an "Achilles
heel" of suchimmune responses. Thus, despite initial anti-tumor effects, the T cells are in most cases
unable to maintain protective, long-lastingimmunity (Appay, Jandus et al. 2006). To induce longer-
termanticancerresponse, CD4* T cell help to the CD8* CTLs might be necessary (Ossendorp,
Mengede etal. 1998). Some results alsoindicate that CT4* T cells alone are more efficient effector
cellsthan CD8* T cells, albeit the mechanism might be indirect(Perez-Diez, Joncker et al. 2007).

Whereas the direct, cytolyticeffect of CD8* CTLs is fairly easy to understand and quantify, the actions
and effects of CD4* Th1 cells are more complex. As previously described, they secrete interferon-y
(IFNy), causing macrophage activation and promoting phagocyticactivityand tumoricidal effects.
CD4* Th1 cellsalso secrete IL-2, whichis the mostimportantinducer of activation and proliferation of
CD8* T cells. IL-2 promotes the acquisition of a cytolyticphenotype in CD8* cells (Kim, Imbertetal.
2006). It also promotes CD8* memory cell development(Williams, Tyznik et al. 2006), facilitating long-
lasting responses. CD4* Th1 cell helpis therefore of greatimportance during the priming phase. To
be able to attain such synergisticeffects, the CD4*and the CD8" T cells have to recognize antigen at
the same time on the same dendriticcell (DC) (Bennett, Carbone etal. 1997). CD4* T cells promote
up-regulation of co-stimulatory molecules on the DCsurface, release of cytokines (e.g.Interleukin-12;
IL-12) from the DC, and themselves release IL-2, which affects nearby CD8*T cells. Transfecting
tumors with MHC class Il genes leads toincreased anti-tumorimmuneresponses, indicative of an
augmenting effect of CD4* T cells(Ostrand-Rosenberg, Thakuretal. 1990, Ostrand-Rosenberg, Roby
et al. 1991). In sum, these events support the differentiation, survival and memory of CD8* T cells,
leading toimproved efficiency of tumor-reactive CD8*T cells(Gao, Khammanivong et al. 2002,
Janssen, Lemmens et al. 2003). Alone, CD8* T cells probably have limited anti-tumor effects (Lee,
Wang et al. 1999, Dudley, Wunderlich etal. 2002, Dudley, Wunderlich et al. 2002, Boon, Coulie etal.
2006).



Data on the importance of CD4* T cells have accumulated (Bogen, Munthe et al. 1995, Hung, Hayashi
et al. 1998, Mumberg, Monach etal. 1999, Qinand Blankenstein 2000, Lundin, Hofgaard et al. 2003,
Corthay, Skovseth et al. 2005, Perez-Diez, Jonckeretal. 2007, Muranski, Boni etal. 2008, Corthay,
Lundinetal. 2009, Quezada, Simpson etal. 2010, Xie, Akpinarli etal. 2010, Haabeth, Lorvik etal.
2011), proving the mechanisms behind CD4* T cell cancer protection to be multifaceted. The Tcell
phenotype matters. Thlcells are considered to have an anti-tumor effect, based on results from
animal models and clinical studies. In mice, depletion of CD4* T cellsled to increased tumorsize
(Benigni, Zimmermann et al. 2005), and class |l restricted epitope vaccinations has been shown to
preventtumordevelopment and metastasis (Caserta, Alessi et al. 2008). Adoptive transfer with CD4*
T cellsfrom donorsimmunized with tumor, to mice depleted of other lymphocyte subsets, has been
shown to induce tumor-specificimmunity (Fujiwara, Fukuzawa et al. 1984, Greenberg, Kern etal.
1985). Importantly, studies of tumor biopsies suggests a correlation between Th1tumorinfiltration
and bettersurvival(Fridman, Pages etal. 2012). The results of such correlation analyses are less clear
for other CD4* subsets, but point towards an association with poorer prognosis. Intuitively, this might
be expected, given the ability of these subsets to skew the macrophage towards a growth-promoting
phenotype (seelater). Alternatively, the prevention of an effective Thlresponse mightinitself
explain some of their negative impact.

To establish the mechanisms behind CD4*T cell tumor protection, several groups have worked with
TCR transgenicmodels. Ourgroup has established murine Tcell linesin which the TCRs recognize
epitopes within the somatically hypermutated immunoglobulin light chain variable region of a
malignantly transformed plasma cell (Lauritzsen, Weiss et al. 1994, Bogen, Munthe etal. 1995). Since
the B cell receptoris unique to a particular clone of B cells, these structures constitute natural tumor-
specificantigens. Others have used tumors expressing non-compatible minor histocompatibility
antigens, xenogeneicantigens orviral antigens (Marzo, Lake et al. 1999, Nishimura, Avichezeretal.
1999, Klein, Trautman etal. 2003, Chamoto, Wakita et al. 2006, Zhou, Drake etal. 2006, Perez-Diez,
Jonckeretal. 2007, Marabelle, Kohrtetal. 2013). Muranski etal. have utilized the non-mutated
differentiation antigen tyrosinase-related protein 1 (Tyrp-1), also expressed in normal melanocytes
(Muranski, Boni et al. 2008). Since expression of aself-antigenin healthy cells precludes the
generation of reactive Tcells, TCR clones were generated by immunization of syngeneic Tyrp-1-
deficient mice, where the antigen was considered foreign.

CD4* T cell recognition of antigensis dependent on display in the context of MHC class Il molecules.
Wheninterpreting results from experiments addressing CD4*T cell responses, itis therefore
importantto considerthe MHC class Il status of the tumor cell line utilized. B cell lymphomas
commonly express high levels of MHC class Il(Lauritzsen, Weiss etal. 1994, Nishimura, Avichezer et
al. 1999, Lundin, Hofgaard etal. 2003, Lundin, Screpanti etal. 2004), while other tumors have no
MHC class Il expression(Greenberg, Kern et al. 1985, Lauritzsen and Bogen 1993, Mumberg, Monach
et al. 1999, Qinand Blankenstein 2000, Perez-Diez, Jonckeretal. 2007). In some tumor cell types, the
MHC class Il can be induced by exposure to IFNy (Perez-Diez, Joncker et al. 2007, Muranski, Boni et
al. 2008, Quezada, Simpsonetal. 2010, Xie, Akpinarli etal. 2010). MHC class Il status determinesthe
possibility of directinteractions between CD4*T cells and the tumor cells; for MHC class Il negative
tumor cells, the Tcell is not capable of recognizing the tumor cell directly(Lauritzsen and Bogen 1993)
but is dependenton display on MHC-compatible APCs (see figure 2). Traditionally, CD4*T cells have
been portrayed as accessory cells, helping macrophages, CD8*T cells and B cells to differentiateand
proliferate. In vitro observations have long suggested the presence of direct, cytotoxiceffects of CD4*
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T cells (Fleischer 1984, Tite and Janeway 1984, Bogen, Malissen etal. 1986, Lauritzsen, Weiss etal.
1993, Quezada, Simpson etal. 2010). Later, CD4* T cells have also been showed to confer efficient
elimination of MHC class II-positive tumorsin vivo (Lauritzsen, Weiss et al. 1994, Lundin, Hofgaard et
al. 2003, Horna, Cuencaetal. 2006, Perez-Diez, Jonckeretal. 2007, Muranski, Boni et al. 2008,
Quezada, Simpson etal. 2010, Xie, Akpinarli etal. 2010) More recently, such cytotoxicCD4* T cells
have been showedto existinlow numbersin mostindividuals (Appay, Zaunders etal. 2002). These
cells have a differentiated memory phenotype, with preference for peripheral tissue migration, and
little potential for proliferation. Presence of such cells containing granules with granzyme and
perforin seemto correlate with chronicorstrongactivation. In addition to its cytotoxiceffector
functions, mediated by granzyme/perforin granules, these cells are also capable of inducing cytolysis
through Fas-dependent mechanisms (Lundin, Screpanti et al. 2004, Brown, Kamperschroeretal.
2009). In the Tyrp1-specific TCR-transgenic model, rejection of melanomawas abrogatedin
granzyme B or perforin-deficient mice, indicating theirimportance in direct CD4*T cell-mediated
killing(Quezada, Simpson etal. 2010).

In MHC 1IN€ tumors, CD4* T cells cannot recognize the tumor cell directly, but may still be able to
induce killing of tumor cells. Several mechanisms could be at play, notably activation of CD8* T cells
as described, and activation of antigen-presenting cells such as macrophages and dendriticcells. In
addition, NK-cells activated by CD4* T cells can under some circumstances be important(Perez-Diez,
Jonckeretal. 2007), eventhough theireffector mechanism and general importancehasyettobe
elucidated. Thl-polarized CD4*T cells have also been suggested to inhibit tumor growth through
modulatory effects of secreted IFNy on neoangiogenesis within and near the tumor stroma (Qinand
Blankenstein 2000).

In our model system, the tumor cells are MHC class Il negative.
Nonetheless, mice harboring CD4*T cells specificfor this tumor
are protected against tumor challenge (Lauritzsen, Weiss et al.
1994), independent of the presence of CD8' T cellsand B cells
(Bogen, Munthe etal. 1995). In vivo and invitro data suggest Tumor cell

>~
that macrophages that have taken up secreted tumorantigen,

and are activated by cognate interaction with antigen-specific /_*
CD4* T cells, are major contributors to the inhibition of tumor
growthin this model(Lauritzsen and Bogen 1993, Dembic,
Schenck etal. 2000, Dembic, Rottingen et al. 2001, Corthay,
Skovseth etal. 2005, Corthay, Lundin et al. 2009, Haabeth,
Lorvik et al. 2011). Antigen presenting cell

(Macrophage/DC)

Quezadaetal. have published data regarding co-injection of Figure 2. Indirect and direct recognizing of
tumors with and without recognized antigen, with no tumor antigen, with respectively indirect
apparent bystander effect (Quezada, Simpson etal. 2010). and direct killing of tumor cell (A.Tveita)
However, intheirmodel, CD4*T-cells demonstrated adirectly cytolytic phenotype, and were able to
kill cancer cells by secretion of granzyme and perforin. This contrasts the indirect mechanism seenin
our system. Inthe model used by Schietingeret al., bystanderkilling was seen when tumor cells were
simultaneously expressing two antigens recognized by both CD4* T-cellsand CD8'* T cells, but not
when production of the two antigens occurred in different cells (Schietinger, Philip etal. 2010).
Despite this documentation of other mechanisms such as direct cytotoxicity or effects on
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angiogenesis (Ohminami, Yasukawa et al. 1999, Qin and Blankenstein 2000, Quezada, Simpson etal.
2010), most clinical trials utilizing CD4* cells have focused on theirhelper cell functions (Ostrand-
Rosenberg 2005). Delineating the specific contribution of cytotoxic CD4* subsetsin clinical trialsis
difficult. Are they a byproduct with negligibleimpact, oranimportant playerinthe adaptive anti-
tumor immune response? The physiological roles of cytotoxicCD4* T cells and the functional
plasticity of CD4* T cells warrants further scrutiny in future studies.

1.2.1 CD4* T cells in cancer inmunotherapy

Three principal strategies currently exist to utilize CD4*T cellsin cancerimmunotherapy. The firstis
to vaccinate with peptides, or dendriticcells pulsed with peptides toinduce orboostendogenous T
cell response. Such treatmentis commonly complemented by the use of adjuvants, cytokines or
growth factors that support T cell expansion and polarization towards a Th1 phenotype. The second
possibility is toinfuse ex vivo expanded autologous orallogeneic T cells, pursuing the establishment
of along-lastingimmuneresponse. Such T cell populations can be eitherantigen-specificor based on
heterogeneous populations of Tcells. The latter may also involve the use of artificial T cell receptors
with specificity against relevant tumorantigens(Hong, Stastny et al. 2014). A third strategyis to try to
enhance the activation, differentiation and proliferation of CD4* T cells that are already present by
the use of cytokines orcheckpointinhibition.

1.2.1.1 Vaccines

For decades there have been clinical trials trying to prove the effect of different kinds of tumor
vaccine preparations. Results have at large been disappointing. In many cases, measurable antigen-
specificimmune responses have been seen, but without translating to clinical responses. In 2010,
Sipuleucel-T, the first, and so far only, therapeutic cancervaccine was approved by the FDA. This
dendriticcell vaccine increases median survival in patients with metastatic prostate cancer by an
average of 4 months (Kantoff, Higano et al. 2010). The vaccine represents a highly personalized
treatment, where alaboratory prepares autologous cells forinfusion forindividual patients. The
approval of Sipuleucel-Thasled toincreased enthusiasmin the cancervaccine field, with 150
therapeuticcancervaccines currently undergoing evaluation in phase |-l trials(Kudrin 2014). Most of
these (60%) are not personalized, and hence not cell-based, with the advantage of being
commercially easierto distribute. Nonetheless, vaccines based on pure antigen +/- adjuvant still have
not shown effectin clinical trials. In September 2013, results from a phase Il study of one of the
most promising vaccines (anti-MAGE-A3for metastaticmelanoma) were announcedin a press
release, showing no clinical benefit. Some of the difficulties in achieving significant responses with
vaccines alone might be due to the potent, inherent ability of tumor cells to suppress the immune
system and evade immune responses (Kerkarand Restifo 2012). As an adjunctto othertreatment
modalities especially in tumors with high mutational load, vaccination could likely still confer clinical
benefits.

1.2.1.2 Adoptive transfer

The most widely tested strategy of adoptive cell therapy (ACT) using T cell is the use of expanded
tumor-infiltrating lymphocytes (TILs) isolated from excised tumortissue, with CD8" cells regarded as
the most important constituent(Barth, Mule et al. 1991, Wilmott, Longetal.2012). The addition of
CD4* T cells orexclusivetransfer with CD4*cells, have been able toinduce long-term responses
(Hunder, Wallen etal. 2008). Such cells may have a betterlikelihood to inducing endogenous
responses to non-targeted antigens (epitope spreading) (Hunder, Wallen et al. 2008). This might be
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an important adjunctto the direct cytolyticeffects of the infused T cells themselves. Because of
theseissues, the attention to CD4* T cellsin the adoptive transfer settingis increasing(Muranski and
Restifo 2009).

One key challenge isthatT cell functions tend to get exhausted in the face of prolonged stimulation,
preventing long-lived effects of immunotherapy. Inthe absence of CD4* T cell help, CD8* T cells tend
to get exhausted(Matloubian, Concepcion etal. 1994), implying an important facilitating function of
CD4* T cells. CD4* cellsare also able to suppress tumor growth by themselves, as early papersinthe
field showed ina murine model of leukemia(Greenberg, Cheeveretal. 1981, Greenberg, Kernetal.
1985).

The phenotype, numberand specificity of CD4* T cells are issues of importance; optimization of
protocolsis essential forthe success of treatment using such cells. In one study, TILs with specificity
for antigens from autologous or HLA-matched cell lines were expanded ex vivo, and re-infused after
lymphodepletion with remarkable results (Rosenberg, Yang etal. 2011). This study demonstrated
both the presence of antigen specific T cells within the tumor, and the possibility of expandingthem
to attain tumoricidal effects. To limit the number of transferred immunosuppressive T cells might be
necessary (Paulos, Suhoski etal. 2008). It is also worth noticing thatincreased survival havebeen
documented by using naive vs. effector CD4* T cells (Aubert, Kamphorst et al. 2011).

The most recentaddition to the field of ACT, and the most promising to date, is the use of T cells with
engineered chimericantigen receptors (CARs). CARs are trans-membrane protein chimeras,
expressing an extracellular single-chain antibodyfragment specificfor native cell surface tumor
antigens. This antibody fragmentis fused to the { chain of the CD3 protein, and variably fused to the
signaling domains of co-stimulatory molecules(Turtle and Riddell 2011). The resultis a receptorthat
exploits the antigen recognition ability of antibodies, but responds by inducingintracellularsignaling
similarto that of T-cell receptor engagement. The advantages of this approach are several. Firstly,
there isno MHC restriction and there is no pairing with endogenous TCR chains. There is also no
requirement forantigen processing and presentation foractivation. CAR therapy has shown
impressiveresultsin small clinical trials, particularly in B-lymphoid neoplasms, where CD19-specific
CARs have been utilized (Porter, Levine etal. 2011). Limitations to the efficacy of CAR therapy include
the identification of robust and specifictarget molecules, and achieving persisting responses. For
instance, CD19 is abundantly present on most healthy B cells, and a prominent consequence of CD19
CAR treatmentis profound B cell depletion(Davila, Kloss etal. 2013). Anotherissue isthe long-term
safety concerns of introducing virally transfected cells, and strategies are under development to
allow the option of selective elimination of transfected cells at some point following tumor
regression(Budde, Bergeretal. 2013).

1.3.1.3 Checkpoint inhibition

As previously discussed, many cancer cells contain antigens with the potential to act as targets of
productive immune responses. Still, clinical evidence of active immune control of cancers has been
sparse, causing great skepticism within the scientificcommunity. Lately this has changed. The
problemin cancerimmunology has been that the tumorand/orthe tumors microenvironment adapt
the capability of suppressing the immune system, even taking advantage of the growth promoting
capacities of the innate immune system. Avoidance of immune destructionis now proposed as one
of the hallmarks of cancerin the conceptual framework of tumorigenesis set forth by Hanahan and
Weinberg(Hanahan and Weinberg 2011). Immunoevasion strategies are thought to exploitimmune
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checkpoint modifiers; cell-to-cell-interactions that have evolved as negative regulators of immune
responses, and which contribute to limit tissue destruction and autoimmunity. Whilst highly
desirable forthe maintenance of normal tissue homeostasis, such mechanism have unfortunate
effectsinthe contextof cancer, as it counter-acts anti-tumorimmune responses. Hence, strategies to
inhibit suchimmunomodulatory influencesis an attractive strategy. The checkpoints are
predominantly affecting T cells, with inhibition of the proliferation and survival of CD4+ subsets as
the central mechanism. Ipilimumab —an antagonistic anti-CTLA4 antibody —and nivolumab—a
blockinganti-PD1antibody —have reached the commercial market so far, but several others are on
its way. Most promisingis probably the anti-PD1/anti-PDL1inhibitors. Activated CD4*T cells express
PD1 (Porichis, Kwonetal. 2011), and PDL1 expression isfound on many tumor cell types as well ason
certain subsets of APCs. Interaction between these molecules prevents T cell effector functions(Keir,
Butte et al. 2008). Suppression by the PD1/PDL1 pathway can be rescued by antibody blockade
(Butler, Moebius et al. 2012), which has yielded successful preclinical (Goding, Wilson etal. 2013)
and clinical results (Wolchok, Klugeretal. 2013). Whetherthe bestapproach will be combination of
different checkpointinhibitors, or combination of checkpointinhibitors and adoptive transfer
approaches, remains unknown. Nonetheless, by using these drugs, anti-tumor responses extending
beyond what has been seen with any currenttreatment regimens have been observed in some types
of cancer, in some cases possibly even cure(Wolchok, Kluger et al. 2013).

1.3 Macrophage differentiation and polarization

Macrophages have multiple rolesin health and disease. They are key playersin the innate immune
system, and intimately cooperate with the adaptive immune system. As the name implies, they are
“bigeaters”, and the main task is phagocytosis (eating) and clearing of cellular debris and pathogens.
Most tissues contain fixed, specialized macrophage subsets; osteoclasts in bone, Kupffercellsinliver
and microgliain neural tissue, to name afew. Macrophages generally comprise up to 10-15% of
tissue mass, and are particularly abundantin the liver, lung and testis. The phenotypes of the tissue-
infiltrating macrophages differtremendously, reflecting theirinvolvementin diverse tissue
homeostaticmechanisms.

Macrophages are thoughtto originate from either hematopoieticstem cells (HSCs)in the bone
marrow or self renewingtissueresident macrophages seeded through embryogenesis. These stem
cells, which show unlimited self-regenerative potential, give rise to committed progenitors of either
lymphopoiesis (Common lymphoid progenitors —CLPs) or myelopoiesis (CMPs). The CMPs eventually
are the precursors of monoblasts, destined to become circulating monocytes.

The monocytes circulate inthe blood, typically fora couple of days, before enteringtissuesin
response to chemotacticand adherence signals which are expressed in conditions of stress ortissue
damage. Upon enteringthe tissues, the cells take on the characteristics of macrophages or dendritic
cells; two broad subsets of monocyte-derived cells with both shared and unique functions(Randolph,
Jakubzick etal. 2008). While the dendriticcells specializein antigen presentation of endocytosed
material, the macrophages have multiple tasks. Their primary function appears to be as scavenging
phagocytes, digesting dying neutrophils (pus), pathogens and cellular debris. They present remaining
peptidesfromtheir phagolysosomes to the adaptive immunesystem, mainlyto Thelpercellsina
MHC II-restricted manner. In this way, they screen the phagocytosed material fornon-selfmolecules.
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AT cell that recognizes peptides presented on MHC || molecules ona macrophage, will interact with
the macrophage ina mannerdefined by its phenotype and by the co-stimulatory signalsit receives
from the macrophage and other parts of the stroma. A small subset of macrophages will carry MHC Il
loaded with peptide, alsoinanon-inflammatory situation (Pozzi, Maciaszek et al. 2005). If the
interaction resultsin classical activation of the macrophage —as will be discussed later—the
macrophage will enhance its phagocytic capacity, its amount of MHCII on its surface, and its
production of cytokines and othersecreted products.

1.3.1 APC-function

Macrophages and dendriticcells (DCs) are two cell types with important roles in antigen
presentation. Thereare differences and similarities, with the DCs being the most potent antigen-
presentingcells (APCs), vital to the priming of adaptiveimmuneresponses(Steinman and Hemmi
2006). Their main functionisto process material fromthe external environment, degrade itand
presentthe resulting fragmented peptides to T-cellsin lymph nodes. Thisinteraction induces
proliferation and differentiation, as described earlier, with naive T cells developing to effectorTcells.
The effectorT cellsthenre-enterthe bloodstream, adhereto blood vessels at sites of inflammation,
and enterthe inflammatory sitethrough diapedesis. Atthe inflammatory sitethey may either
interactdirectly with infected cells (typically in the case of CD8* T cells) or tissue-infiltrating APCs (in
the case of CD4* T cells), the most abundant of which are macrophages. | will here focus on the APC
function of the classical tissue macrophage with phagocytic, effectorand stimulatory abilities. The
macrophages have a large capacity for engulfingand digesting cellular debris, foreign substances,
microbes and cancer cells, but comparedto DCs, the capacity forantigen retainmentand delayed
presentationislower (Delamarre, Pack et al. 2005). This means they will present peptidesinthe
vicinity of where antigens are taken up, providing them with the ability tointeract with local Tcellsin
e.g.atumor. Macrophages are drawn to sites of inflammation, and have akey role in amplifyingand
orchestrating the inflammatory response, scavenge tissue debris and mediate its resolution by
inducing wound healing responses from fibroblasts and endothelial cells. Theirinfiltration is usually
only preceded by neutrophils(Clark, Hingoraniet al. 2007).

The APCs play key rolesin adaptive immune responses, servingas a link between the adaptive and
the innate immune system. Unlike B cells, Tcells do not bind to antigen directly, but recognizes
fragments resulting from internalization and cleavage of whole proteins by antigen presenting
cells(Zieglerand Unanue 1981). After partial enzymaticdigestion, peptide fragments are saved from
complete degradation by binding to MHC moleculesin endosomal vesicles(Donermeyerand Allen
1989), and MHC:peptide complexes are transported to the cell membrane. A high binding affinity to
MHC is crucial forthe peptide to avoid degradation (Carrasco-Marin, Petzold et al. 1999). The
meaning of antigen presentation isto sample both the environmentand the interior of cells, showing
epitopestoT cellsthat continuously screen for epitopes from non-self proteins. The macrophage was
the firstknown antigen-presenting cell, and was pivotal to the understanding of T cell activation.
Later, the dendriticcell have been recognized as the APC parexcellence, but at inflammatory sites,
includingtumors, macrophages play the dominant role, sometimes making up half the mass of a
tumor. Non-activated macrophages have not upregulated theirantigen presenting apparatus, but
still present peptides to a certain degree. Upon activation, the macrophagesincrease the expression
of MHC Il on theirsurface, and hence theircapacity forantigen display to T cells (Pozzi, Maciaszek et
al. 2005). Onthe otherhand, activated Th1 cells produce IFNy (Schroder, Hertzog et al. 2004) to
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induce macrophage activation. Itis thisinteraction between T cells and macrophages that, given the
right tumor microenvironment, can elicitan anti-tumor response.

1.3.2 The M1/M2 paradigm and the plasticity of macrophage differentiation

Cellsinthe monocyte-macrophage lineage are profoundly dynamic. The macrophage itself can
change betweenanumber of very different functional states, and s likely the hematopoieticcell
type with the most pronounced plasticity (Mantovani, Sozzanietal. 2002, Mantovani, Sicaet al.
2004, Mosserand Edwards 2008, Martinez, Helmingetal. 2009, Pollard 2009, Deban, Russo et al.
2010, Gordon and Martinez 2010, Biswas and Mantovani 2012, Sica and Mantovani 2012). Earlier,
there was an understanding of macrophage activation as a stereotypictransition from aresting state
to a microbicidal ortumoricidal phenotype (Adams and Hamilton 1984). Today, a continuum of
activational states with varying effector properties are recognized. (Sicaand Mantovani 2012) Atone
extreme we find so-called "classical activation"; typicallyinduced in responseto Toll-like receptor
(TLR) signaling, lipopolysaccharide (LPS), granulocyte-monocyte colony stimulating factor (GM-CSF)
and IFNy. At the opposing end of the spectrumiis "alternative activation", typified by the responseto
IL-4 and IL-13(Stein, Keshav et al. 1992) signaling. The classically activated macrophage is designated
M1, and the alternative M2, mirroringthe Th1/Th2 T helpercell nomenclature of CD4* T cell
polarization(Mantovani, Sozzanietal. 2002). Accordingly, M1or M2 polarizationis thoughtto
dominate inthe course of Th1- or Th2-type adaptive immune responses, respectively.

Early evidence suggests thatthe activation phenotypeis determined by alteration in gene expression
occurring at the epigeneticlevel(Chen, Barozzi etal. 2012), with the Signal Transduction and
Activator of Transcription (STAT) pathway signaling patterns forminganinstructive influence (STAT1
for M1 and STAT3/5/6 for M2(Sica and Bronte 2007, Kuroda, Ho etal. 2009)). Specifically, it has been
proposed that the balance between STAT1and STAT3 activation regulates macrophage
polarization(Sicaand Mantovani 2012). In the M1 macrophage, the transcription factorinterferon
response factor5 (IRF5) is importantininducing production of typical M1 cytokines (IL-12, IL-23,
tumor necrosis factor; TNFou)(Krausgruber, Blazek et al. 2011). In the M2 macrophage, a large array
of transcription factors appearto be involvedin controlling the phenotype, notably PPAR-y(Szanto,
Balintetal. 2010) and -8(Odegaard, Ricardo-Gonzalez et al. 2008), and c-Myc(Pello, De Pizzol et al.
2012).
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The nuclearfactor kappa-light-chain-enhancer of activated B cells (NF-kB) proteins regulate response
to cellularstress through regulation of transcriptionin response to pro-inflammatory signals. The
name derives fromits binding to “kappa-
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stimulated cells bound toinhibitors of kB (IkB), retaining themin the cytosol. Upon phosphorylation
of IkBinduced by a variety of signals, IkB gets degraded and the nuclearlocalization signal is exposed.
Nucleartranslocation then leads to activation of anumber of target genes (Monaco, Andreakos et al.
2004). This is called the canonical pathway. In the non-canonical pathway, there isinduced
proteosomal processing of p100 to p52, also leadingto nucleartranslocation and subsequent
transcription(Chen and Chen 2013) (see figure 3)(Mowla, Perkins et al. 2013). The NFkB signaling
pathway is active in both types of macrophage phenotypes. Following TLR signaling, NF-kB activation
leads to production of inflammatory mediators (Bonizzi,Bebien etal. 2004). At the same time, a
transcriptional program favoring the resolution of inflammation is also induced(Lawrence and Gilroy
2007), servingas a negative feedback mechanism. This process is mediated by the formation of NF-
KB p50 homodimers, which competitively inhibits productive signaling through NF-kB. It has been
demonstrated that the formation of p50 homodimersis required for the induction of M2 polarization
(Porta, Rimoldi et al. 2009). Broadly, the M1 phenotype is thoughtto be the resultof a pro-
inflammatory transcriptional program, whilst the M2 phenotype mediates awound healing process.

Repeated exposure to LPSinduces so-called LPS tolerance in macrophages and dendriticcells,
rendering them hyporesponsive to subsequent challenges (at least within the timeframe of 2-3days).
This reorientation towards animmunosuppressive state is thoughtto have evolved to ensure
limitation of inflammatory damage (Medzhitov, Schneider et al. 2012). Transcriptome analysis of such
tolerantcellslargely mirrors that of alternatively activated (M2) macrophages (Biswas and Lopez-
Collazo 2009), including high expression of IL-10, arginase 1, CCL17 and CCL22. Resolution of viral
infections can alsolead to long-lasting macrophage desensitization (Didierlaurent, Goulding et al.
2008). Both examplesillustrate the phenotypicalterations occurringin macrophages after the initial
inflammatory effector phase. Even though IL-4and IL-13 are the main alternative activators, other
cytokines are also associated with M2 polarization. IL-33is one example, amplifying IL-13-induced
polarization by increasing YM1, arginase 1, CCL24 and CCL17 (Hazlett, McClellan etal. 2010). IL-21is
anotherexample (Pesce, Kaviratne etal. 2006), as is M2 skewing by the chemokines CCL2and CXCL4
(Gleissner, Shaked etal. 2010).
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M1 macrophages are important effector cellsin Thlresponses, through their production of potent
cytotoxiceffector molecules (e.g. reactive oxygen derivatives and nitrogen intermediates) and
cytokines with pro-inflammatory properties (IL-1B, TNFa,, IL-6, IL-12, IL-23). By this capacity, they can
mediate cytotoxicity against microbes and tumors. The M2 macrophages, onthe other hand, highly
express anti-inflammatory cytokines such as IL-10 and Transforming growth factor beta (TGF-B), and
contribute to tissue remodeling(Mantovani, Biswas et al. 2013) and angiogenesis. Thisincludes
potent suppression of both innate and adaptive immune responses(Biswas and Mantovani 2010). M2
macrophages typically express high levels of scavenger receptors (such as mannose receptor), but
show low levels of IL-1and caspase 1 signaling(Dinarello 2005).

Inducible nitricoxide synthase (iNOS; M1) and arginase-1(Argl; M2) catalyze reactions with the
same substrate, L-arginine, and are regulated by the hypoxia-inducible factors HIF-1a and HIF-2a,
respectively (Takeda, O'Deaetal. 2010). Induction of iNOS expressionin M1 macrophagesleadsto
increased secretion of nitricoxide (NO), which forms reactive nitrogen species (RNS) that have
cytotoxicand anti-proliferative effects on neighboring cells. M2 type macrophages have high levels of
Argl, allowing the generation of ornithine. This typically induces proliferation of surrounding cells,
and isa triggerforvarious tissue repair mechanisms(Wu and Morris 1998). In an elegantfashion, the
intermediates of each pathway suppress the opposing pathway, creating a positive feedback
mechanism that further skews the balance in one direction (Morris 2009). TGF-B is a central M2-
maintaining cytokine, due toits stronginhibitory effect on iNOS expression (Vodovotz, Bogdan etal.
1993). Because of thisimportantrole in both macrophage phenotypes, arginine levelsin
inflammatory sites normally drops to extremely low levels (Albina, Mills et al. 1990).

The chemokine and chemokinereceptor profileare differentin the two macrophage counterparts,
reflecting their cooperation with distinct T cell phenotypes, at least within a simplified framework of
understanding. The M1 macrophage expresses chemokines to attract Th1 cells, typically CXCL9 and
CXCL10; while M2type generally secrete the Th2 chemokines CCL17, CCL22 and CCL24 (Martinez,
Gordon etal. 2006). Otherfunctional differencesinclude metabolism of arginine, iron, folate and
glucose (Puig-Kroger, Sierra-Filardi et al. 2009, Recalcati, Locati etal. 2010, Rodriguez-Prados, Traves
et al. 2010, Biswas and Mantovani 2012), even though the physiological significance of these factors
are not fully established as of today.

As described above, the M1 and M2 macrophage are at the extremes of macrophage phenotypes.
Both in health and disease, we find macrophage accumulations resembling one of these types, but
we also observe mixed phenotypes and coexistence of macrophages with different activation status.
This reflects the dynamics of macrophage function, anditsinteraction with its surroundings. This is
reflected by the use of more ambiguous terms such as “M2-like macrophages", sharing receptors but
not chemokine repertoire with canonical M2s(Biswas and Mantovani 2010). More importantly, the
polarizationisadynamicfeature and can largely be reverted or interconverted to other archetypical
orintermediate states (Guiducci, Vicari etal. 2005). Still, there are wide gapsin ourknowledge of
what happens on the single-cell level. Is the plasticity bi-directional? Is plasticity awidespread
phenomenon, orisrecruitment of new cells responsible for changesin macrophage behavior? Are
intermediate states frequent, or are the so-called intermediates actually cellsin transition? By
ongoing studies of macrophage phenotype, these issues will likely become clearerin comingyears.
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1.3.3 Macrophage cell surface markers

Macrophage colony stimulating factor-1(CSF-1; also referred to as M-CSF) is the major
chemoattractantand growth factor for the differentiation of macrophages, andis necessary forthem
to reach a fully differentiated phenotype. CSF-1 promotes a “default” pathway of macrophage
activation, mostly resembling the M2 phenotype (Martinez, Gordon et al. 2006) (see later). CSF-1is
the ligand for CSF-1 receptor (CSF-1R), whichisincreasingly expressed at the cell surface as the
monocyte developsinto a macrophage. In some self-renewing tissue-resident macrophages, the
survival signals come through CSF-1R by an alternate ligand, interleukin 34 (1L-34) (Wang, Szretter et
al. 2012). Macrophages constitutively express anumber of receptors that recognize molecular
structural patternsthat are commonly presentininvading microorganisms and cellular structures
that are only exposed upon tissue damage; referred to as pathogen-associated molecular patterns
(PAMPs) and damage-associated molecular patterns (DAMPs), respectively (Janeway 1989, Kono and
Rock 2008). Thus, these receptors mediate a degree of specificsensing of conditions of tissue
damage. Examplesinclude the mannose receptor, scavenger receptors, complement receptors and
the Toll-like receptor (TLR) family. One of the TLRs — TLR4 — activates the cell when bound to PAMPs
such as lipopolysaccharide (LPS)(Chow, Youngetal. 1999), whichis located in the outercell
membrane of Gram-negative bacteria. TLR4, in conjunction with the small extracellular protein MD2,
interacts with the CD14-LPS complex to activate intracellular signaling (Poltorak, He et al. 1998).
CD14 isknown as the LPS receptor. Inaddition, TLR4 can also recognize various host-derived lipid
metabolites and contribute to development of insulin resistance and glucose intolerance (Olefsky
and Glass 2010). The PAMP/DAMP receptors are involved in the process of phagocytosis as well as
macrophage activation, leading to higherexpression of MHC class Il moleculesand B7 (B7 is a co-
stimulatory molecule exclusively expressed on cells that activate naive T-cells). In the classically
activated state, the ability to damage microbesand some tumor cells are enhanced.

Scavengerreceptors have rolesin clearance of inflammation, maintenance of homeostasis and anti -
bacterial immunity. CD163, until recently most known for scavenging hemoglobin-haptoglobin
complexes, isone example, now shown to actas a macrophage receptorfor bacteria (Fabriek, van
Bruggen etal. 2009). This particular scavenger receptoris up-regulated when exposed to
glucocorticoids (Ehrchen, Steinmuller et al. 2007), as part of the anti-inflammatory response and the
resolution of inflammation partly driven by the macrophage in this setting.

INFGR (interferon gammareceptor) isanimportant cell surface molecule necessary for classical
activation of the macrophage. CD8" and CD4* T, 1 cells as well as activated natural killer (NK) cells are
the dominantsources of secreted IFNy. Upon activation, macrophage expression of CD40 and TNF
receptorsisincreased. CD40binds to CD40 ligand (CD40L) on T cells, and TNF receptors respond to
TNF secreted by activated macrophagesin an autocrine fashion. Upon CD40-CD40L interaction the
expression of B7 proteins and MHC class Il moleculesincreases, making the macrophage amore
potentstimulatorof CD4 T cells. This activation also occurs uponingesting bacteria and recognizing
theirmolecular patterns. B7 recognition by CD28 on the T-cell functions as a second signal to the T-
cell, inaddition to recognition of MHC-Il/peptide complexes, potentiation T cell activation and
promoting IL-2signaling and cell survival. IFNyalso primes the macrophage ensuringincreased
responsiveness to LPS, and increases the expression of pattern recognition receptors (TLR4and MD2)
on itssurface, enforcingits effector machinery (Meltzer, Occhionero et al. 1982, Bosisio, Polentarutti
et al.2002).
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Alternativeactivation of macrophages, resultingina M2 phenotype, isaresult of the macrophage
beingstimulated by Interleukin-4 (IL-4) and/or IL-13. Two receptors on the macrophage bind to IL-4.
The type | receptorbinds only IL-4, whilst the type |l receptor binds to both IL-4 and IL-13, even
though the response can differ (LaPorte, Juo et al. 2008). The primary sources of IL-4 are basophils
and Tgy cellsinthe lymph nodes, whereas Th2cells produce aspectrum of eitherIL-4and/orIL-
13(Liang, Reinhardtetal. 2012). Bothinterleukins are part of allergicdisease and immune responses
againsthelminthes. As discussed later, they are also a part of metabolichomeostasis and the
provision of at tumor-friendly environment.

In contrastto dendriticcells, which have a high expression of CD11c, macrophages are typically
CD11c negative. Instead, they express CD11b, whichis part of an integrin complex called Mac-1that
consists of CD11b and CD18 (CD11b:CD18). Although CD11bis well established as a surface marker
on macrophages, itis also prevalenton other cell lines, including monocytes, granulocytes and
natural killer cells. To distinguish macrophages fromthese otherlines, another surface marker; F4/80
isoftenused. F4/80is a transmembrane proteinthataG protein coupled receptor. Little isknown
aboutits functions, but more aboutits distribution. With the exception of eosinophils, F4/80is a
highly specificmarkerfor monocytoid and dendriticcell lines. The distribution is, however, not
uniform. Itis dim on monocytesin steady state, but highly e xpressed on extravascular macrophages
inall tissues, including microgliaand Langerhans cells. This makesitagood antigen fortumor
immunohistochemistry. Expressionislow orabsent on macrophagesinT cell areas, such as lymph
nodesand Peyer’s patches.

1.4 Macrophagesin cancer

The roles of macrophagesin cancer, like ininflammation, are diverse and dynamic. As mentioned
previously, macrophages form the bulk of tumor-infiltrating leukocytes, and can make up half the
mass of a tumor (Kelly, Davison et al. 1988). The majority of published articles describe correlations
between macrophage infiltration and tumor growth and metastasis, reporting a negative association
with patient survival (Steidl, Lee et al. 2010, Kurahara, Shinchi etal. 2011). The correlation to tumor
growthis likely areflection of the function of M2 macrophages as a promoter of wound-healing
processes. The macrophages orchestrate remodeling, induce angiogenesis and suppress the immune
systemto terminate local inflammatory responses(Biswas and Mantovani 2010). In support of this
perspective, intratumoral macrophages most often adhere to the M2 phenotype(Sica, Schioppaetal.
2006). Angiogenesisis required fortumors to expand beyond asize of about one million cells
(Hanahan and Weinberg2011). As cancer cells normally do not produce angiogenicfactors, they
depend on external influence from tumor-infiltrating cells including M2 macrophages. Growth factors
secreted by M2 macrophages (e.g. ornithine, EGF, VEGF, collagen) in the aftermath of tissue damage
and healing might be the reason tumors preferentially appearat sites of wound repair(Sieweke,
Thompson etal. 1990), and the reason why they promote tumor growth(Qian and Pollard 2010). One
also observes decreased tumor growth in macrophage-depleted hosts (Gazzaniga, Bravo et al. 2007).
Some tumors do contain M1 phenotype macrophages, correlating with better patient survival (Ohri,
Shikotraetal. 2009), butin most cases, the tumor cells actively skew the macrophages towards M2
by producing factors such as prostaglandin E2 and TGF-$ (Alleva, Burgeretal. 1994). They even
stimulate the macrophage to break down matrix allowing further growth of the tumor. Whetherthis
represents an aspect of malignanttransformation oris part of an inherent homeostatic mechanism
of tissue cellsis presentlyunknown.
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One interesting possibility is that tumorigenesis involves development of immunological tolerance.
This mightinclude notonly evasion of adaptive immune responses, but also skewing the
macrophagesinthe direction of an M2 phenotype. The concept of immunoeditingduring
tumorigenesisis well established foradaptive immune responses, but the dynamics of innate
responses have been less explored. It seems likely that different scenarios are at play, dependingon
the immunogenicity of the tumor and the tumorigenicprocess. In cancer forms that are regarded as
immunogenic, with melanoma as the most prominent example (Bronkhorst, Ly etal. 2011), one
mightexpectthere to be an initialimmunereaction thatis sufficiently potent to eliminate
transformed cellsin some cases. It could also turnin to a state of equilibrium, wherethe innate and
the adaptive immune system keeps the tumorin check for some time, but eventually something
happens that makes the tumor escape (Dunn, Old et al. 2004), and the cancer to become clinically
apparent. One underlying mechanism could be that the evolutionary pressure from the macrophages
promotes the outgrowth of tumor cells that secrete factors promoting a shift towards an M2
phenotype. However, cancer can also presentitselfwith M1 macrophagesstill present, representing
ongoingimmune responses, and correlating with better survival, as stated above. Yet another
scenarioisan initial M2 macrophage phenotype dominance, whereupon anincrease orappearance
of atumorspecificantigen, occurringinthe timeframe of increased inflammatory activity, induces an
adaptive immune response. We know that e.g. IFNy may reverse the immunosuppressive
macrophages and repolarize them toimmunostimulatory M1 cells (Duluc, Corvaisier etal. 2009). One
should therefore bearin mind that the role and phenotype of tumor-infiltrating macrophages may be
very differentdepending on whether or notthey are part of an ongoing adaptive immuneresponse.
If M1 polarizationis areflection of an adaptive immune attack on tumor cells, this might offeran
explanation of the seemingly contradictive associations of macrophage infiltration of tumorsand
cancer progression.

To add to the complexity, even though M1 phenotype macrophages can control, fightand eliminate
tumor cells, the damage they inflict on nearby cells, including oxidative stress, may have mutagenic
properties(Nardin and Abastado 2008), further complicatingtheirrole in cancer. Thisis especially
true in the context of chronicinflammatory processes with danger signals causing sustained M1
responses resultingin damage to surrounding cells. Smokingis one example of this.

Initially, tumor cells recruit monocytes to the tumorsite by secreting chemokines and growth factors,
CCL2/MCP1 beingespeciallyimportant(Bottazzi, Polentaruttietal. 1983, Negus, Stamp et al. 1995,
Ueno, Toi etal. 2000, Nesbit, Schaideretal. 2001, Monti, Leone etal. 2003, Gazzaniga, Bravoet al.
2007, Zhang, Patel etal. 2010). CCL2/MCP1 alsoinduces M2 polarization of macrophagesand
promote macrophage survival (Roca, Varsos et al. 2009). Other chemokines and growth factors have
beenshownto serve as additional attractants for macrophages, including CCL5/RANTES, CXCL1/Gro-
a, CCL7/MCP-3, CCL8/MCP-2, VEGF, PDGF, TGF-B and M-CSF/CSF-1(Balkwill 2004, Mantovani, Sicaet
al. 2004, Allavena, Sicaetal. 2008, Balkwill 2012). Some are secreted by tumorcells, and some by
stromal cells, butall can be presentin neoplastictissue. Recently, it was shown that marked
macrophage amplification and accumulation within the spleen occurs antecedentto their relocation
to the tumor site ina mouse model of lungadenocarcinoma (Cortez-Retamozo, Etzrodt et al. 2012).
This process was dependent on CCL2-CCR2, emphasizing the importance of this mechanism of
chemoattraction. Normoxicenvironments are more prone to have M1 macrophages, whereas
hypoxicareas are more likely to have M2s (Movahedi, Laoui et al. 2010). Hypoxiais known to
develop within tumors because of their continued expansion, and is known to influencegene
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expression of macrophages, including down-regulation of MHCIl and induction of arginase 1and pro-
angiogenicfactors (Murdoch, Muthana et al. 2005, Mancino, Schioppaetal. 2008). Intratumoral
macrophagesin more hypoxicareas, are associated with worse prognosis than peritumoral
macrophages(Erreni, Mantovani etal. 2011), probably caused by microenvironmental influences on
their phenotype.

Chemokines and growth factor from tumors mainly stimulate the macrophage to proliferate along
the default pathway, the M2 “alternative” activation. However, there are results nuancing the
picture. Liver macrophages, Kupffercells, kill circulating tumor cells, and their depletionincreases
metastasis (Heuff, Oldenburgetal. 1993). A rat model of colon cancer showed increased growth and
poorersurvival in macrophage-depleted animals (Oosterling, van der Bij etal. 2005), even though
tumor histology seemed more malignant in the presence of macrophages. In non-small-celllung
cancer, the macrophages are mostly M1 polarized, and are associated with better survival (Ohri,
Shikotraetal. 2009). Osteosarcoma patients showed asignificant correlation between the number of
macrophagesinthe tumor and better survival (Buddingh, Kuijjeretal. 2011), and in colorectal
cancer, some studies show benefit (Forssell, Obergetal. 2007). Even so, the mostimportant promise
for M1 activity in malignant tumorsis that clinical studies show potential for re-educating
macrophages from the default M2 to tumoricidal M1 macrophages. One exampleof thisis the
treatment of pancreatictumors by agonistic CD40 antibodies, substituting for the signal normally
presented by activated T cells carrying CD40 ligand (CD154) (Vonderheide, Bajoretal. 2013). Since
macrophages often constitute over 50% of a tumor, they representan abundant mediator of
cytotoxicity if they are collectively rendered tumoricidal. The potential could be vast, as suggested by
widespread tumorregression seenin selected human patients (Beatty, Chiorean etal. 2011). Not all
patients respond, however, so furtherinvestigations are require to definethe optimal strategy to
take advantage of macrophagesin as many patients as possible. Another possible way to utilize the
macrophagesisto increase the CD4* T cell response by immune checkpointinhibition. Ipilimumabis
a CTLA-4 inhibitor, inhibitinganimmune checkpoint and by that promoting anti-tumorimmunity
orchestrated by CD4* T cells (Quezada, Peggs etal. 2006). It was recently suggested thatlarge
numbers of intratumoral macrophages correlates to effect of treatment with ipilimumab(Tsaknakis,
Schaeferetal. 2014). Whetherthis reflects an active role of macrophages as mediators of anti-tumor
responsesorserve as a marker of sustained immune responses is unknown, but these findings
challenge the notion that CD8* cytotoxicT cells are the main effectors of ipilimumab-based
treatmentregimens.

1.5 The dynamics of tumor/host interaction: Cancer immunoediting

The dual role of the immune systemin canceris now widely acknowledged, as previously discussed.
Strong correlations between the phenotype ofimmune cells and prognosis of cancer have been
established (Fridman, Pages et al. 2012), and the successes of immunotherapy has proved beyond
doubtthat the immune systemis, when circumstances are favorable, capable of combating and
possibly curing cancer. In addition, the immune elimination of potentially cancer-inducing virusesis a
way in whichthe immune system protects us from cancer, clearly demonstrated by the increased
incidence of virus-associated malignancies in severely immunocompromised individuals, notably HIV
patients(Cutrell and Bedimo 2013). At the same time, through chronicinflammatory process,
immune responses may contribute to mutagenesis, thus supporting tumor development.
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One remaining question is what role the adaptive immune system plays in the pathogenesis and
clinical emergence of cancerinthe individual patient. In 1957, the cancer immunosurveillance
hypothesis was formulated in the article of Burnet(Burnet 1957), predicting that the adaptive
immune system prevented cancer developmentinimmunocompetent hosts. The hypothesis was
called to question by the difficulties in demonstrating significantly increased incidence of cancerin
immunocompromised animals(Stutman 1974) and humans. In the 90s, the hypothesis resurfaced
based on new experimental data. Allogeneictransplantation had been established, with a
demonstrated contribution of anti-tumorimmuneresponses induced by donor-derived lymphocytes
(Falkenburgand Warren 2011). Additionally, immunocompromised mice were shown to be more
susceptible both to spontaneous and carcinogen-induced tumors (Kaplan, Shankaran et al. 1998).
Supplementing this, TCR transgenic mouse models demonstrated the mechanisms actingin vivo
(Haabeth, Tveitaetal. 2014). The growing number of reports supporting such conclusions, and the
development of more robustanimal models ofimmunodeficiency, led to ageneral acceptance of the
pivotal role of the immune systemin tumordevelopment (Vesely, Kershaw et al. 2011).

A 2001 study demonstrated that the presence of anintactimmune system influenced the
immunogenicity of growing tumors, giving rise to the cancerimmunoediting hypothesis (Shankaran,
Ikedaetal. 2001). In one series of

experiments wild-type (WT) and “Danger” Intrinsic tumor suppression
Transformed  signals  Tymor NkR  (senescence, repair, Normal
immunodeficient RAG2-/- mice were cells ., -+ anigens ligands  andior apomos's) tissue

treated with a carcinogen

Carcmogens o
Radiation
Viral infections

Chronic inflammation
Inherited genetic mutations

(methylcholanthrene) and monitored
for tumordevelopment. After 160

days 30/52 immunodeficient mice vs
11/57 wild-type mice formed tumors
(p>0,0001). The same was shownin @@ ©0 ] "'éﬁi.;;»-, ,Ls 4 \::;;
IFNy-insensitive mice (25/50 vs 11/57; t v PRSI ]

p<0,001). Similarresults were

PD-L1
Antigen loss
. . MHC loss
published earlier by the same group

Elimination Equilibrium Escape 0

Tumor dormancy

(Kaplan, Shankaran et al. 1998). Mice - and editing
R IFN-a/p
were also followed without nnate & | 112 CTLA4 jonas
adaptive TNF PD-1
carcinogeninjection, and evaluated ety | t’PD‘

Perforin

by necropsy at 15 months. At this . @ romaican Tumor growth
a promotion
timepoint, all RAG2-/-mice had Oe ) :j;gnnsu'yomgggﬁemc
@ D

developed neoplasticlesions, while ]Poof'vvmmunogenw
R and immunoevasive
R . Extrinsic tumor . transformed cells
9/11 wild-type mice were free of suppression
L ]
neoplasticdisease. Hence, Cancer Immunoediting

immunodeficient mice are more proneto Figure 4 Courtesy of Robert Schreiber, Washington University
neoplasticdisease, both spontaneous

and carcinogen-induced.

To investigate the possible immunoediting of these carcinogen-induced tumors, the tumors were re-
injectedin new RAG2-/- and WT-mice. When re-injected into RA2-/- mice, both RAG2-/- and WT-
derived tumors grew progressively with equivalent rate; this also happened when WT-derived
tumors were re-injected into both strains. In contrast, upon reinjection of RAG2-/--derived tumors
into naive WT mice, 8/20 were rejected. The conclusion was that tumors progressedin
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immunocompetent hosts, have beenimmunoedited and lost itsimmunogenicity. On the other hand
tumors developedinimmunodeficient mice, still retainimmunogenicityand can be targeted by an
adaptive immune response when transplanted to asyngeneicnaive host. IFNy seemto have a
prominentrole inthis process, as reviewed in(Dunn, Koebel et al. 2006).

On the basis of these experiments the relationship between tumors and the hostsimmune systemis
postulated to go through three distinct phases(Vesely, Kershaw et al. 2011) as schematically
illustratedin Figure 4(Schreiber, Old etal. 2011). This model has been formulated as the "Three E"
hypothesis ofimmunosurveillance, and principally involves the following stages:

i) First, the immune system mounts aresponse against the tumorbased on recognition of tumor
antigensin conjuncture with dangersignals provided by inflammation, dying tumor cells or tissue
damage(Guerra, Tanetal. 2008, Sims, Rowe et al. 2010). This phase is referred to as the Elimination
phase. Experimentally addressing thisissue is inherently challenging, given the lack of strategies to
identify the emergence and elimination of transformed cells that do not form tumors. Nonetheless,
intheory, such events would be expected to occur, and could account for some of the differencein
tumor incidence betweenimmunocompetent and immunocompromised mice.

ii) If the immune system failsin eliminating the tumor, two things can happen. Eitherthe tumor
escapes; givingrise toa clinical tumor, orthe battle enters abalance where netgrowth of tumor cells
isinhibited by a constantimmune attack, without the immune system being able to clear the body of
all cancer cells. Thisis referred to as the Equilibrium phase. In 2007, this phase was shown to be
mediated by Thil-cells, keeping fibrosarcoma cellsin adormant phase as long as the tumorremained
unedited (Koebel, Vermi etal. 2007). This findingis underscored by the importantrole of IL-12in
anti-tumor defense, as opposed to the pro-tumoreffect of IL23 — a Th17 drivercytokine (Teng,
Vesely etal. 2012). Possibly, this phase could last forvery long periods, maybeeven alifetime. Some
anecdotal casesillustrate this. One patient with malignant melanoma, whose primary tumor was
excised, donated akidney 16 years laterresultingin the recipient developing afatal malignant
melanoma with donor chimerism (MacKie, Reid et al. 2003). Whetherthe immune suppression orthe
encounterwith anew immune system was precipitating the appearance is up forspeculation, but
the conclusionis anyway that the donor’simmune system had controlled this tumor foralmost two
decades. Inanimals the harboring of occult cancer cells after low-dose carcinogens, is shown for
extended periods, with tumor breakthrough after depletion of Tcells and IFNy (Koebel, Vermi etal.
2007). This implies, as was furtheranalyzed and established in the study, that the adaptive and not
the innate immunityis the key elementin this equilibrium. In contrast, the elimination phase
requires also the action of the innate immune cells.

iii) The equilibrium is maintained by a combination of cytotoxicaction and growth inhibitory effects.
Overtime, thisselective pressure selects for cancer cells withimmunoevasive properties, leading to
the third phase, Escape, after which unrestricted expansion and metastasis of the tumor occurs. The
mechanisms underlying the transition to the escape phase appears to be different depending on the
nature of the immunosurveillance process. By studyingimmune escape in various mouse models,
several examples of immune escape strategies have been defined, as further discussed below.

Thismodel is based onthe combined presence of CD4* and CD8* T cells, whereasimmunoediting by
CD4* T cellsalone has not been studied.
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1.6 Mechanisms of tumor escape

With the termination of the equilibrium phase through tumorescape, tumor cells have acquired new
abilities through geneticorepigeneticchanges. Broadly speaking, this can happenin two ways. Either
the tumor cell changesina way that make it more difficult for the immune system to detect orattack
it, or the tumorcells directly modulates the immune response so as to make it less tumoricidal (and
insome cases even promote tumor growth). Several specificmechanisms have been identified to
facilitate either of these strategies ofimmune escape.

Perhapsthe simplestand most intuitive mechanism of tumorescape is the elimination of the
epitope(s) recognized by the adaptive immune system. Evolutionary selection of variants with lower
or absent production of antigens recognized by CD8* T cells is well documented to give rise to clinical
tumors (Olson and McNeel 2012). This mechanism prevents both the indirect recognition from CD4*
T cellsand the direct recognition from CD8* T cells. Similarly, mutations withinimmunogenic
epitopes may preclude antigen recognition. An alternative way of avoiding recognition by CD8* T cells
is by loss or down-regulation of MHC class | proteins or parts of the processing machinery needed to
process peptides forantigen display (Dunn, Bruce etal. 2002, Khongand Restifo 2002), making the
tumor difficult to detect for CD8* T cells. Two recent papers using different models have
demonstrated immunoediting with outgrowth of clones able to escape Tlymphocyte attack. The
outgrowingclones either had lowerantigen expression or lower antigen presentation on MHCclass |
(DuPage, Mazumdaretal. 2012, Matsushita, Vesely etal. 2012). While loss of (display of) tumor-
specificantigensisanimportantimmune escape strategy, immune escape does notappearto be
fully evolved forall antigens, eveninimmunocompetent individuals. This is demonstrated by the
success of TIL therapy, which relies on endogenous T cells specificfortumorantigens, and the
sometimes profound effect seen on treatment with checkpointinhibitors. When atumor has arisen,
theimmune cells residing there are generally functionally impaired, meaning that they are not
capable of mountinga fully cytotoxicattack. On the contrary, the environment created around and
withinatumor is often favorable for T-cell suppression(Mantovaniand Sica 2010). Overcomingthe
effects of such suppressiveinfluences by inducing inflammation at the tumor site might constitute an
important part of both surgical and medical cancertherapy, including chemotherapy and targeted
therapy(Balachandran, Cavnaretal. 2011, Zitvogel, Keppetal.2011).

Regulatory Tcells are recognized by the expression of the surface marker CD25 and the presence of
the transcription factor Forkhead box P3 (FoxP3). The potential of such cells to inhibit antitumor
immunity has been established in mouse models (Shimizu, Yamazaki et al. 1999). They are mediators
of peripheral tolerance to self-antigens (Bala and Moudgil 2006), but are also found within tumors of
both epithelial and hematological origin(Shevach 2004). Two major subsets have been described.
Natural T.egs (nT) develop during recognition of self-antigens within the thymus, whereasinducible T
regs (iT.e) arise inthe periphery by interaction with APCs (Quezada, Peggs etal. 2011). Both subsets
probably play roles in tumorimmunology(Zhou and Levitsky 2007). T-regs secrete IL-10 and
transforming growth factor beta (TGF-), two potently immunosuppressive cytokines that reduce
proliferation and anti-tumor effects of both CD4* T cells, CD8* T cellsand NK cells. An unprecedented
affinity for IL-2leads to scavenging of thisimportant stimulator of T cell proliferation from the
surroundings of T.e(Fehervari and Sakaguchi 2004). Similar effects on the availability of other
cytokines, including IL-7, IL-12 and IL-15 have also been proposed (Gattinoni, Finkelstein et al. 2005).
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Tumor cellsthemselves can also generate immunosuppressive factors. One prominent example is
secretion of TGF-B(Yang, Pangetal. 2010) that affect the developmentand function of APCs,
indirectly inducing hyporesponsiveness in several lymphocyte subsets(Li, Wan et al. 2006). TGF-B also
leads to down-regulation of both MHC class Il and co-stimulatory molecules on APCs (Geissmann,
Revy etal. 1999). VEGF causes blockade of maturation and differentiation of antigen presenting cells
(APCs) (Zou 2005), and was the first cytokine demonstrated to show this sort of effect (Gabrilovich,
Chenetal. 1996). VEGF is produced by multiple cancer types (Geissmann, Revy et al. 1999, Carmeliet
and Jain 2000, Li, Wan et al. 2006). IL-10 produced by tumor cells canyield tolerogenic APCs that
induce tumor-specificanergy(Roncarolo, Levings etal. 2001), by inducing differentiation of
regulatory cells, showingalink between innate and adaptive immunosuppressive effects. IL-10also
inhibits cytotoxicity and IL-12 production by macrophages(Mullins, Martins et al. 2001), skewingthe
macrophages towards a growth promoting phenotype. Several tumors express high levels of
gangliosides—sialicacid containing glycosphingolipids —which can suppress APC differentiation
(McKallip, Lietal. 1999). IL-6 from tumor cells differentiates macrophages to a highly phagocyticbut
poorly presenting phenotype (Duluc, Delnesteetal. 2007). Other mechanismsare also present.
Tumor-derived chemokine CCL-21 promotes animmunotolerant microenvironment by recruiting
regulatory T cells (Shields, Kourtis et al. 2010), and expression ofimmune checkpointligands —like
PD-L1- oncancer cellsisassociated with poor prognosis (Thompson, Gillett et al. 2004), by an
immune evasive mechanism. On the otherhand, this poor prognosticcan be turned to an advantage
when treating with checkpointinhibitors.

A multitude ofimmune cells has the ability to facilitate tumor outgrowth. The role of the
alternatively activated macrophage and the different Th cells subsets have already been discussed.
Additional celltypes are commonly present within the tumor microenvironment, including myeloid-
derived suppressor cells (MDSCs), dendriticcells, eosinophils, mast cells, platelets and B cells
(Kuznetsov, Marsh etal. 2012, Ayari, LaRue etal. 2013, Jordan, Amariaetal. 2013, Yang, Lee et al.
2013, Khatami 2014), with complex effects on tumor progression.

From the above, itfollows that the interplay between tumor cells and the immunesystemis highly
complex and dynamic. Afterinitial priming of the immune system caused by the initial encounter of
transformed cells, what are the dominant factors that determine the outcome of
immunosurveillance?

Thereisa complexinterplay between CD4*T cell subsets, macrophage and otherimmune cells,
having multidirectional influences on each other, creating positive feedback loops and establishing
immune environments with eitheranti-tumor or pro-tumor effects. The net result of these processes
depend onfeatures of the tumor (e.g. expression of immunosuppressive factors and ability to
withstand cytotoxiceffects), the presence of inflammation and otherdangersignals, and is
influenced by treatment with pharmacological agents and otherinterventions that affect the tumor
cells, stromacells orimmune cells. In astate of equilibrium, changesin the interaction between
tumor cells and surrounding stroma can distort the balance and facilitate growth of the tumor. Such
mechanisms may orchestrate the process by which tumorcells thatare controlled foryears by the
immune system can start expanding and become clinically relevant.
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1.7 Multiple myeloma

Multiple myeloma (from now on referred to as “myeloma”) isacommon hematological disease,
accountingfor12-15 % of hematological neoplasms.(Greenlee, Murray et al. 2000) With an incidence
of about 7/100.000(Turesson, Velez etal. 2010) it constitutes about 1% of all malignancies (Greenlee,
Murray et al. 2000). The malignant clone originates from aneoplasticpostgerminal center plasma
cell (Matsui, Wanget al. 2008), and most often produces a monoclonal immunoglobulin of non-IgM
type. Asignificantnumber of cases present with cells secreting only light chains (light chain disease),
accounting forabout 16 percent.(Kyle, Gertzetal. 2003) Inaddition, some patients, estimated at<3
percent, do not secrete any light or heavy chains, most often due to inhibited secretion (Lonial and
Kaufman 2013).

In practice, all patients with myeloma are thought to undergo a phase of premalignant clonal plasma
cell expansion before developing overt disease (Landgren, Kyleetal. 2009). This conditionis referred
to as monoclonal gammopathy with unknown significance (MGUS), and is defined by the presence of
a monoclonalimmunoglobulin (or pathological kappa/lambdaratio) in plasma ata concentration
<3g/dL, lessthan 10% plasma cells on bone marrow examination and no evidence of any end organ
damage relatedto the clone (International Myeloma Working 2003). The plasmacellsreside inthe
bone marrow and depend on the microenvironment to sustain and expand its growth. Identified
stromal influences of importance for myeloma survival and growth include factors supporting
angiogenesis(Kumar, Fonsecaetal. 2003), suppression of cell-mediated immunity (as discussed
previously), cytokine stimulation with IL-6 and VEGF(Vacca, Ria et al. 2003) and growth promoting
mesenchyme derived exosomes(Roccaro, Sacco etal. 2013).

The transformation from MGUS to multiple myelomais defined by the appearance of end organ
damage inthe form of osteolyticbone lesions, hypercalcemia, anemia orrenal failure. Osteolytic
lesions, the most characteristicfeature of the clinical myeloma disease, develop in 80% of myeloma
patients with pathologicfractures occurringin 40 to 50 percent(Saad, Lipton etal. 2007). The
osteolyticlesions are indicative of the uneven distribution of the myelomabone disease,
characterized by areas of bone destruction, soft tissuetumors and areas of apparently unaffected
cortical bone. The cause of the osteolysisis the disruptiveinfluence of bone remodeling e xerted by
myeloma cells, uncoupling the tight co-operation of osteoclasts and osteoblasts in favor of the
former.

Renal failure in myeloma can be multifactorial. Protein deposits, plasma cell infiltration,
cryoglobulinemia, hyperuricemia and hypercalcemia are common culprits, but the main cause is light
chain cast nephropathy caused by light chains accumulation within the renal tubuli, causing toxic
damage to the tubularepithelium. The most common clinical presentationis areduction of
glomerularfiltration and often minimal proteinuria. Together with the pronounced breakdown of
calcified bone, the reduced capability of the kidneys causes hypercalcemia, which can be
symptomaticordiscovered by routine testing. The renal impairmentis alsoinvolved ininducing
anemia, with bone marrow replacement often onlyplaying a minor part. Renal failure is sometimes
involved, butthe most prominent cause is the dyregulated metabolism of “anemia of chronic
disease”(Katodritou, Dimopoulos et al. 2009).

Prognosisin myeloma patientsis generally poor, with amedian survival of about 5-7 years(Liwing,
Uttervall etal. 2013), although there are pronounced inter-individual variability, with survival ranging
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from <2 years to more than 20 years. There are different ways of calculating prognosisinaparticular
patient, using characteristics of the patient, the tumor or of the organs affected. However, the
dominant prognosticdeterminantis the presence of certain high-risk karyotypes within the
malignant clone.

Currenttreatment regimens are mainly based on different combinations of chemotherapeuticagents
alongwith glucocorticoids and, forthe younger patients, autologous stem cell transplant. The goal of
treatmentisto eliminate as much as possible of the malignant plasma cell pool to facilitate long-term
remission. The most widely used traditional myelomadrugis the alkylator melphalan, discoveredin
the 1950s. Togetherwith cyclophosphamide and the more recently introduced bendamustin, it
formed the alkylator backbone in myelomatreatment for decades, and s still considered elemental
inmyelomatreatment. Within the last decade, several drugs with other mechanisms of action have
beenintroducedin myelomatreatment, collectively referred to as novel drugs. Thisincludesthe
resurgence of the anti-angiogeniccompound thalidomide, and its derivative lenalidomide and a
family of proteasome inhibitors. Within the next couple of years, antibodies(van der Veer, de Weers
et al. 2011) and histone deacetylase inhibitors(Dimopoulos, Siegel et al. 2013), currently undergoing
phase lll clinical studies, are expected to be added to the clinical armamentarium.

1.7.1 Immunoglobulin synthesis and light chain secretion

Antibodies consist of two identical heavy chain polypeptides and two identical light chain
polypeptides, of either k or A type(Pilstrom 2002). The light chain productionis 10-40% in excess of
heavy chain production, leading to free light chains secreted into the circulation(Hopperand
Papagiannes 1986), and rapidly cleared from the blood by the kidney(Waldmann, Stroberetal.
1972). The free light chains has been regarded as having no known biological function(Pilstrom,
Lundqvistetal. 1998).

In the bone marrow, the V(D)J-regions of heavy and light chains undergo generearrangementas part
of ensuring diversity in antibody repertoire (reviewed in (Maizels 2005)). First, the heavy chain
segments recombine, and the translated protein bind to invariant chain selectively expressedin
progenitor/precursor B-cells(Melchers 2005), before the complex moves to the surface of the cell. If
thisis not successful, the pre-Bcells die;if itis, invariant chain expression turns off and light chain
rearrangement begins (Melchers, ten Boekelet al. 2000). Upon light chain rearrangement and
production, heavy and light chains assemblein the endoplasmaticreticulum (ER), form complete
immunoglobulins, and are transferred to the plasma membrane where they form B cell receptors
(BCR)(Askonas and Williamson 1966). Excess light chains are secreted. Heavy chains not paired with
light chains, are retained inthe (ER), and eventually degraded by proteasomes (Fagioli, Mezghraniet
al. 2001). The constantintracellular pool of excess light chains mediates assembly, secretionand
hence elimination of heavy chains, and prevents toxic heavy chain aggregates (Askonas and
Williamson 1966, Haas and Wabl 1984).

Afterfunctional recombination has succeeded, the geneistranscribed as a long primary mRNA,
yielding differently cleaved and spliced mRNA molecules according to the maturity of the B cell.
Alternative RNA processing generates immunoglobulin either with or without the transmembrane
domainthatanchors it to the plasma membrane. In B cells that differentiate into antibody-producing
plasmacell, most transcripts are of the secreted type.
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In myeloma, light chain escape —relapse of cells with only light chains secreted —is observedin
approximately 3% of relapsed patients (Kuhnemund, Liebisch et al. 2009). The first observation was
donein 1969(Hobbs 1969), but the incidence may be increasingas aresult of new biological
treatments(Dawson, Patiletal. 2007, Qu, Zhanget al. 2010). The mechanisticbasis of this
phenomenonislargely unknown, one theory s a proliferative advantage of light-chain-only clones
(Ayliffe, Davies et al. 2007).

1.8 Murine models of myeloma

The microenvironment of the bone marrow is an important playerin the pathogenesis(Andersonand
Carrasco 2011), immune evasion and drug resistance (Tassone, Tagliaferri et al. 2009) of myeloma,
and must be fully appreciated to evaluate the immunotherapeuticopportunitiesin this disease. To
understand the pathogenesis, drug resistance mechanisms and the possibilities of
immunotherapeuticinterventions against myeloma, itis therefore desirableto gain furtherinsight
into the interplay between malignant cells and the microenvironment of the bone marrow and
extramedullartumors in myeloma patients. To facilitate such studies, anumber of animal models
have been developed. Several murine models are currently in use, with different strengths and
weaknesses. The 5TMM line isaserially transplanted tumor line from spontaneous myelomain
C57BL/KalLwRij aging mice (Radl, Hollanderetal. 1978), resembling many of the clinical features from
human myeloma, including monoclonal gammopathy, renal involvement, hypercalcemiaand bone
lesions (Asosingh, Radl et al. 2000). This cell line has contributed considerably to pathophysiological
understanding (Heath, Vanderkerken et al. 2007), but its biology is still different from humans, it
lacks geneticheterogeneity, and the microenvironment of these tumor cells does not resemble that
of human myelomacells.

Othermodels have been devised by genetical engineering, with the insertion of myeloma oncogenes
and B-cell lineage tumor suppressor genes. Vk*myc mice overexpress c-mycunderthe control of the
kappa light chain promoterin post-germinal B cells. Mice of this strain develop a monoclonal
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human microenvironment, and the tumor does notdevelopinanatural milieu.

Anotherapproachisto inject cell lines of human or mouse origin, subcutaneously or otherwise, into
immune compromised mice. Especially with subcutaneous injection, monitoringis easy by asimple
caliper, and some models have fluorescent or bioluminescent markers, makingit possible to follow
tumor growth both subcutaneously and systemically (Mitsiades, Mitsiades et al. 2003, Hofgaard,
Jodal etal. 2012). Certainlines are homingto the bone marrow developing osteolysis resembling
myeloma (Hofgaard, Jodal etal. 2012). One limitation to the relevance of such cell linesis the fact
that most of them are derived from extramedullar disease, and hence do not depend on the stroma
to the extentthat normal human myeloma does. They tend to change phenotype whenin culture,
grow rapidly wheninjected, butthey can howeverbe avalid model for studying drug- or
immunotherapy. The use of human cell linesis also restricted toimmunocompromised mice,
precluding studies of hostimmune responses.

The SCID-hu mouse model was developed to study human hematopoiesis by implantation of intact
human bone marrow, and engraftment of human myelomacells in fetal bone chips have been shown
with clinical signs like monoclonal gammopathy, hypercalcemiaand bone lesions resembling human
myeloma (Urashima, Chen et al. 1997). This model probably better recapitulates the human disease,
and can possibly be used to evaluate drug combinationsin samples from a particular patient. Still,
limitations include the introduction of allogeneicfetal bone chips, theirlimited availability and the
lack ofimmunologicactivity seenin wild type animals. Using rabbit bones circumvents the availability
problem (Yataand Yaccoby 2004). A syntheticvariant of the SCID-hu model was recentlydeveloped,
inwhichtheinserted “bone” is artificial, reproducing the microarchitecture of humanbone. It
manages to support engraftment of human myeloma cells (Calimeri, Battistaetal. 2011), is not
allogeneicand availability is not a problem. The weakness is that the model is not studying the
immunological component of myeloma elimination, immunoediting, growth and treatment.

1.8.1 The MOPC315.4 model

Intraperitonealinjection of mineral oil reliably induces plasmacytomas, designated Mineral Induced
plasmacytomas (MOPC), in certain susceptible mouse strains (Potter 1972). The mineral oil appears
to act as a localirritant within the peritoneum, causing recruitment of macrophages and Bcells, and
inducing high levels of IL-6 secretion(Salwa 1980). These tumors have been utilized in anumber of
immunological tumorstudies, often after serial transplantation after subcutaneous, intraperitoneal
or intravenousinjection(Lauritzsen, Weiss et al. 1994, Dembic, Schenck et al. 2000, Corthay, Skovseth
et al. 2005, Corthay, Lundinetal. 2009, Haabeth, Lorvik etal. 2011). They grow wellin culture, and
home to the bone marrow wheninjected intravenously, although with different kinetics depending
on the originating cell line and subclone(Hofgaard, Jodal et al. 2012). MOPC315 is a cell line that
secreted amonoclonal IgA designated M315(Lauritzsen and Bogen 1993). The MOPC315.4 variant
was developed by two sequential subcutaneous transplantations and clonal selection of cells with
high M315 production to obtaina cell line with reproducible in vivo growth characteristics(Lauritzsen
and Bogen 1993). The cell line is found to be MHC class Il negative (Lauritzsen and Bogen 1993,
Dembic, Schenck etal. 2000), eveninthe presence of high levels of IFN-y (Corthay, Skovseth etal.
2005).

By immunizing BALB/c mice with the A23*° light chain and complete Freund’s adjuvant, CD4*T cells
specificforan epitope within the M315 light chain were isolated and cloned (Bogen, Malissen et al.
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1986). These cells were found to recognize an epitope within the CDR3 region of A23° containing
amino acids 94, 95 and 96, which resultfrom somaticmutationsinthe germ-line Vlambda2 315
locus (Bothwell, Paskind etal. 1982, Bogen, Malissen etal. 1986). These T cell clones were shown to
conferanti-tumoractivity wheninjected with tumor cellsin a Winn assay (Lauritzsen, Weiss et al.
1993), and the TCR (a/B) sequence from one of them (4B2A1) was used to generate a T cell receptor
transgenic (TCR-Tg) mouse model on a BALB/c background (Bogen, Gleditsch etal. 1992). The TCR-Tg
mice were protected against subcutaneous challenges with MOPC315.4 cells (Bogen, Munthe etal.
1995). Later, this transgene was backcrossed with homozygous SCID mice to generate amodel with
ensured ld-reactivityin all Tcells and which did notinvolve CD8* T cells and B cells (Bogen, Munthe
et al. 1995). These TCR-Tg SCID mice were also protected against MOPC315 tumor development,
demonstrating the direct ability of idiotype (Id)-specificCD4*T cells to mediate immunosurveillance
(Bogen, Munthe etal. 1995). Both types of mice were protected against challenge with the light
chain-only producing MOPC315.26 variant, but not against the non-Id-producing MOPC315.36 or the
MOPC315.37 variant, which produces but does not secrete M315 (Corthay, Lundin etal. 2009).

1.9 Id-driven CD4* T cells immunoprotection

Idiotypesare genuinetumor-specificantigens with unique determinants formed within the variable
regions during somatichypermutation. The secreted antibody is endocytosed and processed by APCs
within the tumorand draininglymph nodes, and presented to CD4* T cellsin the context of MHC I
molecules (Bogen, Munthe etal. 1995). (A discussion on CD4* T cell anti-tumor mechanismsin this
situationisfoundin chapter1.2.) Whetheritistransported there inthe lymph fluid or by migrating
dendriticcellsisstill an unsolvedissue. Naive T-cells recognizing the antigen are thereby activated,
eventually returning to the circulation and the tumor (Lauritzsen, Weiss et al. 1994). If the egress
fromthe lymph node is prevented by the drug fingolimod, the tumor protectionis disrupted,
indicatingthatthe T cells need to be activated in the lymph node, and need to returnto the tumor
post-activation (Lorvik, Bogen et al. 2012). Secretion of Id by the tumoris required for T cell
activation and tumor rejection, seefigure 5(Corthay, Lundin etal. 2009) and (Corthay, Lundinetal.
2009). Within the tumorthe T-cells re-encounter Id-derived epitopes presented by tumor-infiltrating
macrophages. Cognate interaction leads to macrophage activation and skewing towards a
tumoricidal phenotype, competent of killing tumor cells nearby (Dembic, Rottingen et al. 2001) with
mechanisms still underinvestigation. Itisimportant that T cell activation start when the tumor load
issmall, because increasingamounts of antigen will eventually induce T cell tolerance, leaving tumor
growth uninhibited (Lauritzsen, Hofgaard et al. 1998).

Recently the molecular mechanisms behind thisimmunoprotection was elaborated in papers from
our group. By introducing the matrigel cytokine assay, tumor-infiltratingimmune cells and locally
secreted cytokines was qualitatively and quantitatively assayed on different time points during the
immune response. Aset of nine cytokines (IL-1a, IL-1B, IL-2, IL-3, IL-6, IFNy, CXCL9 and CXCL10) was
associated with effective cancerimmunosurveillance, resembling a profile of Th1-driven
inflammation (Haabeth, Lorvik etal. 2011). Histological phenotypes of activated macrophagesin the
tumor infiltrate correlated with gene expression microarrays. Based on these data, abiochemical
signature for successful immunoprotection was derived, showing that macrophages and Thl-cells
work togetherinan antigen-restricted manner, inhibiting tumor growth. IFNy from Th1-cells
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activates macrophagesin a classical way, toinhibit orkill tumor cells, and to secrete anti-angiogenic
chemokines, preventing tumor growth and survival.

In another paper, the CD4* T cellsin activated lymph nodes and at the tumor site were extensively
characterized by means of flow cytometry and gene-expression microarray, to widen the knowledge
of the molecular mechanisms behind successful immunoprotection by CD4*Th1 cells. During Th1-cell
activation, 29 cell surface molecules and 609 genes were up-regulated, while five surface molecules
and 284 genes were down-regulated(Lorvik, Haabeth et al. 2013).

The directkilling mechanism executed by the macrophage to kill tumor cellsis still unknown. When
activated, the macrophage is able to kill susceptible cellsinits vicinity. Theoretically, itshould be
equally able to kill tumor cells whether or not they have antigens recognizable to the adaptive
immune system. Antigen-loss bystander cells, should thus be eliminated similarly to antigen-
expressingtumor cells, if this antigen provides cognate recognition by CD4* T cellswhen presented
by tumormacrophagesin the vicinity of both cell clones. This will depend on over what distance
macrophages are able to display cytotoxicity, and on other factors affecting the macrophage
phenotype. Onthe otherhand, if norecognized antigenis present, the macrophages will possibly be
tumor-promoting, as discussed earlierin thisintroduction.

Whether Id-driven T cells responses act primarily by inhibition of tumor cell growth or by direct
killing of tumor cellsis still notfullydetermined. As discussed earlier, there are examples of the
immune system beingable to suppress tumor cells forextended periods, without beingable to
eliminateit. Inthis dormant—or equilibrium —situation, the continuous possibilityof tumorescape
endures, upon clonal evolution of the tumor or tolerizing interaction with the immune system.
Preliminary observations of late tumors have suggested that such mechanisms mightbe at workin
our system. Thisthesis set outto elucidate these facets of the T-cell-macrophage-tumor-cell
interaction, focusing on bystanderkilling, tumor escape, and the phenotype of tumor-associated
macrophages.

2. Aims of the study

The aim of the current work was to investigate characteristics of indirect CD4* Th1 T-cell-induced,
macrophage-mediated, tumor control inamouse myeloma model. Previous studies have
demonstrated the robust protection provided by Id-reactive T cells against |d-peptide-secreting
MOPC315 mouse myelomacells, and that the nature of this protectionisindirectvia T-cell induced
activation of macrophages presentin the tumorstroma.

The indirect mechanism of tumor elimination, effectuated by cells that do not themselves recognize
tumor cells directly, led to three important questions, which we have addressed in this work.

1. Willantigen-negativetumor cellsinterspersed with antigen-positive tumor cellsalso be
eliminated by the unselective killing mechanism executed by macrophages, and if so, what
are the limitations regarding ratios and distances?
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Whenthereisno directlink between tumor cell recognition and killing, is it possible to
eradicate all tumor cells from an individual animal, or will there be an eventual escape of
tumor cells?

In the absence of interaction with Th1cells, are tumor-infiltrating macrophages growth-
supportive invivo? Isit possibleto therapeutically reduce such tumor-supportive effects?
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3. Summary of results

Paper 1: Indirect CD4* T-cell-mediated elimination of MHC IINE¢ tumor cells is spatially
restricted and fails to prevent escape of antigen-negative cells, Schjesvold & Tveita et al. Eur J
Immunol, 2014

In this paper, we investigated the immune response dynamics when injecting antigen -negative tumor
cells mixed with antigen-positive tumor cells. The lack of specificity of macrophage -mediated
cytotoxicity could facilitate killing of antigen-negative escape variants of the originaltumor.
Surprisingly, inall ratios possiblein the experiment, the antigen-negative cells grew unimpeded,
forming tumors with normal growth dynamics. We further demonstrated that this was due to spatial
restriction of the tumoricidal activity to areas dominated by antigen-positive tumor cells. In
conclusion, the macrophages do not confer clinicallyrelevant bystanderkillingin vivo.

Paper 2: Tumor escape from CD4+ T cell-mediated immunosurveillance, Tveita, Schjesvold et
al. Cancer Research, 2015

In this paper, we followed fluorescently marked tumor cells injected subcutaneously in TCR-
transgenicprotected mice, to see what would happen with the tumor cells overtime. As expected,
the signal decreased afterthe initial growth spurt. More surprisinglyregarding our previous
experience with this model, the signal persisted atalow intensity overtime, and eventuallyand
gradually manifested itself as a tumor. When transplanted to other TCR-transgenic mice, the
protection was lost, and tumor growth equaled growth in un-protected mice.

Furtherinvestigations demonstrated that, despite the presence of the relevant CD4+T cell epitope in
both complete immunoglobulin andin free, non-complexed light chains, the latter constitutes the
predominant source of antigen for presentationto Tcells. Accordingly, the basis ofimmuneescape
was foundina diminished secretion of surplus freelight chain, without change in secretion of the
complete immunoglobulin. In conclusion, the tumor was never eradicated and eventually escaped by
impairingindirect presentation of tumorantigen.

Paper 3: CSF1R-inhibition delays growth of myeloma cells in a non-T-cell-dependent manner,
Schjesvold et al. Submitted (PLOS One)

In this paper, we studied the significance of macrophage phenotype and macrophage presence in our
subcutaneous myeloma model. We treated TCR-transgenic murine tumor recipients with inhibitors
of CSF-1duringexpected tumorimmunosurveillance, and saw a pronounced reductionin
macrophage numbers, whilethe phenotype of residual macrophages remained predominantly M1-
like. Thisreductionin macrophage abundance did not affect successful T-cell-mediated tumorkilling.
When treating wild-type tumor recipients, we showed the same reduction of macrophages (butin
this mice with M2-like features) correlating with asignificant delay in tumor growth. In conclusion,
macrophages can have both tumor-promoting and tumor-killing, depending on interactions with the
adaptive immune system. Reduction of macrophage numbers can reduce the tumor-promoting
ability without abrogating tumorimmunosurveillance.
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4. Methodological considerations
Detailed descriptions of methods are provided in the respective papersincluded in this thesis.
General aspects of specificmethods, theiradvantages and limitations are discussed below.

4.1 Validity of the model system

The complexity of the adaptive immune system, with its diversity in terms of antigen specificities
makes studies of antigen-specific T cell responses challenging. Thisis particularly true when
addressingissues related to the dynamics ofimmune responses. Working with T cell receptor-
transgenicmice offers avaluable reductionist approach to this aspect of immunobiology, and allows
unique opportunities to dissect Tcell-drivenimmune responses. A the same time, itis obvious that
results obtained in such mice cannot be directly extrapolated to humans, and it has become
increasingly clearthat aspects of both the innate and adaptive immune system in mice differs from
that in humans (Mestas and Hughes 2004). Because of the large diversity in T cell repertoire in wild-
type mice, the numberof naive T cells specificfordifferent epitopesis very small, with results
ranging from a clone size that might be as small as one for many clonotypes, to 1500 in the most
abundantones (Casrouge, Beaudoingetal. 2000, Jenkins and Moon 2012, Tubo, Pagan etal. 2013).
The difference to the transgenicmice where all (SCID mice) or most of the T-cells (BALB/C) are
specificforthe tumorantigenislarge. Itis perhaps most appropriate tointerpret results from
experiments done in transgenic TCR models as representing the full potential of animmune response
initiated by asingle antigen.

Studying patient derived myeloma cellsis challenging. Plasma cells and myeloma cells die rapidly
afteraspiration from their microenvironmentin the bone marrow, and invitro culturing even with
cytokine additionsis difficult beyond afew days. Patient derived myeloma cell lines that grow
autonomously is mainly from patients with advanced disease (Matsuo, Drexler et al. 2000),
sometimesin extramedullary sites, distinguishing them from most myeloma cells. The MOPC315
murine myeloma cell line was originally generated by Eisen and co-workers in 1968 by injecting
mineral-oil (Eisen, Simms etal. 1968) into the peritoneum of the inbred mouse strain BALB/c. The
derivative MOPC315.4 was obtained by in vivo passagingto attain cells displaying more aggressive
growth properties. The cells are independent from the bone marrow, with arapid growth pattern
bothin vitroand subcutaneously in vivo. With awell characterized tumorantigen (Id) and a
transgenicmouse model recognizing this antigen in a CD4/MHClI-restricted manner, the model is
well adapted to study facets of thisimmune response. Whilethese experiments were performed, our
labalso refinedthe cell line to (MOPC315.BM) have characteristics more similarto the clinical
myeloma disease (Hofgaard, Jodal et al. 2012).

There are also several other murine myeloma models with different advantages. The xenograft
models, where human cell lines or patient derived myelomacells are injected into either fetal, lapine
or syntheticbone embedded subcutaneously into SCID mice, makes avery relevant modelfor human
disease, butthe immune suppression implicated in the model, makes them unsuitable for
immunological studies. The 5Tseriesis like our model amurine “myeloma-like” model, originally a
spontaneous tumorina small fraction of C57BL/KalwRij mice (Radl, Hollanderetal. 1978). In that
seriesthe 5TGML1 is the most similarto our model, displaying autonomous growth (not presentin the
5T2MM), osteolyticlesions (not presentinthe 5T33MM), and with a quite rapid tumortake. Beinga
spontaneous model homingand growing orthotopically, it probably presents a better option for
describing the myeloma disease, but the available transgenic mice targetingthe Id tumorantigen
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secreted from the MOPC cells are essential for ourimmunological studies. The available transgenic
models are hampered by both the latency of tumor development and lack of known tumor epitopes
(Cheung, Kim etal. 2004, Carrasco, Sukhdeo etal. 2007, Chesi, Robbianietal.2008). The extensive
latency will also pose challenges in studying a continuously evolvingimmune system.

To facilitate monitoring of tumor growth, the s.c. route is commonly utilized for the introduction of
tumor cellsin murine studies. Although myeloma cells are most commonly localized in bone marrow,
the MOPC315 grows readily within the s.c. space. The limitations of such non-orthotropicsystems
needto be takenintoaccount, especiallywhen addressinginteractions between tumor-infiltrating T
cellsand stromal cells such as tumor-associated macrophages. On the other hand, the needforcells
to grow readily in vitro will inadvertently require adaptationsin cellular characteristicthat are likely
divergentfromthose seeninatumorgrowinginits natural environment.

In the end, artificial systems like this can still give insightinto the mechanisms of action and interplay
between stromal andimmune cells, and cancer cells. The results from studies like these, while not
accurately reflecting the situation neitherin normal mice norin humans, provide hypotheses on key
“real world” interactions, paving the road for studies on strategies to exploit the immune systemin
cancer treatment, which is the ultimate goal in tumorimmunology.

4.2 Tumor specific (Id-specific) T cell receptor transgenic mice

Tumor-specific (1d-specific) TCR-Tg SCID mice were generated by Bogen et al. as described in the
introduction part of the thesis (1.8.1). Importantly, in these mice allelicexclusion of endogenous
TCRa and TCRP chainsis complete, ensuring asingle specificity of all Tcells (Bogen, Munthe etal.
1995). Severe combined immune deficiency (SCID) is arare congenital disease syndromethat results
inlossof B and T cellimmunity (Rosen, Cooperetal. 1984). The conditionis due toa rare recessive
mutation on Chromosome 16 responsible for deficient activity of the protein kinase Prkdcthat s
activated by DNA, and is a catalyticpolypeptideenzymeinvolved in DNA repair. Cancer
immunosurveillance studies done in TCR Tg SCID are un-physiological in the sense that they exclude
the potential contributions of Bcells, y& T cells, NKT cells, and CD8*T cells to antitumorimmunity
(Bogen, Munthe etal. 1995). Moreover, the high frequency of T cells with a single specificity is highly
unlikely toappearinanormal immune system. Nevertheless, SCID mice have provenvery useful in
basicresearch of normal and diseased conditions (reviewed in (Bosmaand Carroll 1991)).
Importantly, we are fully aware that CD8* T cells, Bcells, NKT cells,and yd T cells may play pivotal
rolesinantitumorimmunity, although we have repeatedly shown that tumor-specificCD4* T cells
may also mediate successful antitumorimmunity in the absence of such cell types (Lundin, Hofgaard
et al. 2003, Corthay, Skovseth etal. 2005, Haabeth, Lorvik etal. 2011).

The high frequency of tumor-specificCD4* T cellsin tumor-specific TCR Tg mice rendersitresistant to
immediate tumorgrowth afters.c. injections of syngeneic MOPC315 tumor cells, whilenon-
transgenicmice develop fatal tumors (Lauritzsen, Weiss etal. 1994, Bogen, Munthe et al. 1995).
Protectionisdependent on the total number of tumorcellsinjected. While TCR Tg SCID mice are
temporarily completely protected when injected with cellsin the range of 10° — 2x10° per mouse,
increasing cell numbers cause a dose-dependent loss of protection (Bogen, Malissen et al. 1986).
Berge et al. showed thatin non-SCID tumor-specific TCR Tg mice injected with 2x 10 MPOC315 cells
10 out of 11 mice developed tumors (Berge, Gronningsaeteretal. 2012). Moreover, the injection of 2
x 10° cells consistently resulted in the development of palpabletumorsin nearly all tumor-specific
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TCR Tg SCID after 60 days (B. Bogen, unpublished data). Although the inflammatory reactionis atits
strongest about one week afterinjection, earlier studies have observed a persistentantitumor
immune response lasting for more than 60 days (unpublished data). Quantification of the tumor-
specificld peptide in serum provides a surrogate marker of tumor load. Studies published by Corthay
et al. in 2005 showed thatthe Id peptide concentration in serum of TCR Tg SCID mice increases
duringthe first 6-8 days afterinjection, and on day 12-14 declinesto levels below the detection limit
in most mice (Corthay, Skovseth etal. 2005). In 2011 Haabeth et al. confirmed that thisinflammatory
response is driven by tumor-specificThilcells (Haabeth, Lorvik etal. 2011).

The Id-specificTCR Tg SCID model enables us to study in detail the response driven by the CD4* T
cellsin cooperation with the innate immune system. But the system also precludes studies of CD8* T
cellsand B cellsin collaboration with the CD4* T cells, making the experiments increasingly non-
physiological. Datafrom such studies still provide proof-of-concept foractions and effects provided
by the cell types understudy, expanding our knowledge of their capabilities and modes of action.

To overcome some of these challenges, we also performed experimentsin Id-specific TCR-Tg Balb/c
mice, the original model. This model is different from the SCID model in many aspects. They express
normal numbers of B cells and antibodies (Bogen, Gleditsch etal. 1992). They also contain CD8" cells,
most of which express endogenous a (ag) chainsinaddition to the transgenica (ay) chain. Insuch
mice, the CD4" cells often co-express a:Brand agfrreceptors (Bogen, Munthe etal. 1995). As a
result, the mice are also capable of recognizing antigens other than M315, and potentially also
recognize otherepitopesin M315. The mice are at most only slightlyimmunodeficient,and as such
they constitute aless artificial modelsystem, serving as a necessary control forthe resultsin our
experiments (paper 3).

4.3 Matrigel as tissue surrogate; in vivo and in vitro

Matrigelis a soluble basement membrane extract of the Engelbreth-Holm-Swarm (EHS) murine
tumor (Kleinman, McGarvey et al. 1982). This extract resembles the complex extracellular
environment found in many tissues. The Matrigel is liquid at 4°C, but when incubated at 37°C, the
contained constituents polymerize, forming a solid plug. This resultsin awell-defined tumor bed that
can be excised fromthe mouse and processed as awhole allowing analysis of both the cellularand
extracellular compartment of the tumor. Matrigel is quite stable in vivo thus providing a basis for the
investigation at various time points during the antitumorimmune response. Especially when the
tumorissmall, itis easiertoilluminateand characterize the immune cell migration and interactions
with the tumor cells.

Matrigelinitself, although processed for the elimination of growth factors, contains several different
growth factors and cytokines, and could therefore potentially have immunogenic properties that
mightinfluencethese experiments. Earlier papers have eliminated this asa problemin our model
(Haabeth, Lorvik etal. 2011), not showingastrong immune response when measuring macrophage
infiltration and cytokine concentrationin “empty” matrigel. Cytokines are generally unstable proteins
with relative short in vivo half-lives (Finkelman and Morris 1999). We therefore assume thatthe
cytokines present are rapidly degraded after deployment of the Matrigel.

Anotherissue is the potential of the Matrigel substance to support the initial survival and
proliferation of injected tumor cells by providing growth factors and spatial niches. The use of
Matrigel may limitthe immune cellaccess tothe tumor hence represe ntinga barrierto the immune
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system. In our experiments though, we see equal protection whethertumorcells are injected mixed
with Matrigel or justas dissolvedin PBS.

Matrigel, when solidified, constitutes a 3-dimensional framework in which tumor cells, immune cells
and stromal cells caninteract. To be able to follow thisinteraction more closely in real -time we
established an in vitro Matrigel platform, to study growth inhibition (Paper 1). The Matrigel
containing various mixtures of cells were allowed to solidify in 16-well CultureWellchambered cover
glass. Thisallowed us to follow their growth patterns with a confocal microscope, in different
combinations of cells and added antigen. The lack of complexity in this model makes the results
difficult to generalize. Its best usage is probably to confirm and further elaborate findings originally
seenintheinvivomodels. Inourstudiesthe findings from the in vitro experiments confirmed
theories frominvivo studies, butadded mechanisticinsights and illustrative advantages.

4.4 In vivo imaging

Wheninjecting two differenttumorlinesin the same site, as well aswhentumors were controlled in
the dormant phase in live animals, we wanted to monitor tumorload whilst following potential
tumor growth by palpation. To be able todo this, the lab utilized an IVIS Spectrum in vivoimaging
system from PerkinElmer. Different tumorlines were transfected with different fluorescent labels, to
be followed as separate entities while growing in the same site. This was pivotal to experimentsin
paper1, where twolineswere injected in amixture, andin paper2, where fluorescence was used to
confirmthe presence of tumor cellsin the dormant phase with no palpable tumor.

The use of fluorescence imaging technology has some intrinsic technical limitations. All tissue harbors
some level of autofluorescence, which is most pronounced in the lowest wavelength range. Hairon
the skinis especially prominentin thisrespect. We therefore shaved the mice at the start of every
experiment, inanareaaroundthe injection siteand wide enough to contain the growing tumor.
With such preparations, we were able to visualize tumorloads down to about 2.5-5x10* cells.
Titration experiments have revealed these numbers of injected cells closely match the minimum
numberrequired for consistent tumortake upons.c.injection, so this detection limitseemed
acceptable. We used the Living Image software to mark an area around the injection site, for
evaluation of fluorescent signals. The cell lines did not have the same fluorescence, the GFP signal in
antigenlossvariants being much strongerthan the mCherry signal in the parental line. Fortunately,
thisdecreased the challenges posed by autofluorescence, since thisis most pronouncedin the GFP
range. Some variation was observed between consecutive measurements. This was probably not
reflectingthe tumorload, but rather natural variationsin many premises forthe measurement.
Especially with low tumorloads this could be difficult tointerpret, but control mice followed with
imaging without tumor cells provided good control. We also saw that the signal from dead cells
disappeared completely within 24 hours. Within each experiment, the autofluorescence would
increase marginally because of hairregrowth, unevenly distributed between individual mice, but not
to an extentthat caused any problemin longitudinal monitoring. When tumor growth eventually
appeared, the fluorescence marker was still produced, with infrequent exceptions. Allinall, the in
vivoimaging approach provided areal-time picture of the tumor growth situation, and gave agood
impression of tumorload when correlated to palpabletumors and serum levels of secreted myeloma
protein.
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4.5 Statistics

For tumor challenge experiments differences in survival rate were calculated using the log-rank test
with GraphPad Prism 5 software. The log-rank testis a hypothesis test to compare survival
distribution of two samples. Itisa non-parametrictest, and is more powerful than analyses based
simply on proportions, and is appropriate to use when the dataare censored, such as in the case for
in vivo experiments in which some mice survive beyond the planned duration of the experiment. It
compares survival across the whole timeframe, not justat one or two points.

The Mann-Whitney U-test was utilized to analyze flow cytometry data. The Mann Whitney testisa
nonparametrichypothesis testforassessingwhetherone of two samples of independent
observations tends to have largervalues. Allresults are stated with mean + SD, sample size and the
significance level (P-value). The rational for not choosing students t-test, is mainly that
Mann-Whitney can be used for both normally (Gaussian distributed) and non-normally
distributed data. Moreover, student t-test compares means in a normally (Gaussian)
distributed dataset, whereas the Mann Whitney test compares the sum of ranks, and is thus
less prone to be affected by outliers.

5. Discussion and conclusions

Through the herein presented work, we have addressed different aspects of the mechanisticbasis
and limitations of CD4* T-cell induced macrophage tumorkillingina mouse model where MHC I1-
restricted T-cellsin a TCR transgenic mice recognize an epitope of asecreted antigen, alambdalight
chainfrom the myeloma cell line MOPC315. Spatial limitations (Paper 1), downregulation of secreted
antigen (Paper2), and the tumor microenvironments effect on the macrophage phenotype all affect
the interplay between tumorandimmune cells.

In Paper 1, we demonstrated that tumor-associated macrophages failed to prevent the outgrowth of
antigen-negative tumor cells when mixed with antigen-positive cells before tumor challenge, even at
high AgP5/AgNt ratios favoringastrong immune reaction towards the antigen-positive cellsin the
mix. Antigen-negative cells were used as a substitute forthe in vivo setting of atumor losingits
antigen by clonal evolution. The result was thatin areas of antigen-positive cells,Thland M1 cells
infiltrated and eliminated the tumor cells, while areas dominated by antigen-negative cells were
infiltrated by less T cells and macrophages without signs of classical (M1) activation. The idea behind
the experiments was to show so-called bystanderkilling, where activated unspecific macrophage
killingwould killmost cellsinits close vicinity, and at least delay the outgrowth of antigen-negative
cells, providing some protecting against antigen loss by clonal evolution. In our experiments there
was nosign of bystanderkilling. While puzzling at first, several factors may contribute to explain this
phenomenon.

Secreted tumorantigen, which we know is essential for thisimmune protection, will be higherthe
shorterdistance from the secreting MOPC315 cell. Macrophages interacting with CD4* T-cells within
such areas will become activated, increase their engulfment of more antigen, interact more with T
cells, and at the same time scavenge the extracellular fluid forantigen, limiting diffusion to near
areas with antigen-negative myeloma cells. Effective killing of myeloma cells, will lead to large
amounts of antigen from the dying cells, increasing the inflammatory activity in that area, because of
antigen uptake and presentation and hence activation of tumor infiltrating macrophages. In areas
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dominated by antigen-negative cells, dying cell will not similarly contribute extraantigen for
increased presentation. Another possible factoris that the continuous interaction with T cells might
make the macrophage less mobile (Egeblad, Ewald etal. 2008), thus stabilizingits presence inthe
vicinity of the antigen-positive cells. The cognate interaction with IFNy secreted by Tcellsinto the
immunological synapse might not be sufficient to induce activate neighboring macrophages which do
not harborthe tumor-specificantigen, and thus do not directly interact with Tcells (Huse, Lillemeier
et al. 2006).

In the invitro Matrigel assay we could confirmthatin fact there is a very strict spatial limitation to
the effects of an activated macrophage, with cells only afew hundred microns away from the
macrophage growing unimpededly. From a physiological perspective, thisis probably arequirement
for continued tissue integrity when faced with the detrimental potential of activated macrophages.
As of now our group has not been able to pinpoint the exact mechanism of macrophage -mediated
cytotoxicity, butitis of great interestin our present work. The mechanism must work over short
distances, cannotbe transferred by supernatant, and does not need cell-to-cell-contact. Reactive
oxygen species are possible candidates fulfilling these criteria.

Schietingeretal. (Schietinger, Philip etal. 2010) demonstrated bystanderkillingin their model using
tumor cells containing both a CD4-restricted and a CD8-restricted tumorantigen in the same tumor
cells. Whenboth antigens were presentin the tumor, but not within the same cells, tumor
outgrowth was seen, most profoundly of the tumor cells carrying the CD4-restricted tumorantigen.
When antigen-negative cells, or cells carrying one of the tumorantigens, were mixed with cells
carrying both tumorantigens, there was a clearreductionin the probability of tumor outgrowth. The
mechanistic basis of these findings is still unknown. One possibility is amacrophage-mediated tumor
killing asin ourmodel. The requirements for CD8* activity for effectiveness can be due to the lack of
secretion of these antigens. Another possibility is that the stroma cells themselves are targeted, with
secondary loss of tumor support, but experimental proof of thisis lacking.

Eventhough we failed to observe bystanderkillingin our experiments, the artificial setup and small
ratios between positive and negative tumor cells does not negate the possibility that withinvivo
clonal evolution singular cells with antigen loss would be susceptible to CD4* T-cell-induced
macrophage mediated killing. In spontaneous tumorsin normal individuals there willalso be amore
heterogeneous T-cell response, facilitating recognition of various combinations of antigens on tumor
clones. Whetherthis willincrease the likelihood of bystanderkillingis not certain, but difficult to test
inour reductionistapproach. Ourresultsindicate that this type ofimmune response will have
difficulties containing clonal evolution with loss of recognized antigens. Furthermore, ittempers a
widespread notion that macrophage activation induces widespread killing of surrounding cellsina
more or less arbitrary manner. This may have implications for othertypes of cancertherapyin which
macrophage-mediated effects play arole.

The results of Paper 2 builds on and extends the understanding of the results of Paper 1. In paper1
we demonstrated that the tumor cell eliminating potential of activated macrophages demands
interaction onvery short distances, probably an appropriate limitation to the macrophage’s lethal
arsenal. Itwould be logical to assume that this indirect mode of action would make it difficult to
eliminateevery single cell fromamalignantclone. Indeed, thisis exactly whatis observed though the
phenomenon of tumor escape, which forms the basis of Paper 2.
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In Paper2 we observe thatthe tumor cell killing is not complete. Following T-cell mediated killing of
the bulk of injected tumor cells, residual cells persist dormant in a state of equilibrium. This steady-
state situation may form either through an equal number of cells beingkilled and being produced by
proliferation, or by a subset of cells that remainina non-dividing, quiescent state. In either case, the
netresultisa stable residual tumor burden that persists as long as the tumor cells carry the antigen
recognized by the T cell. The fewer cells present, the less inflammation in the surrounding area
maybe diminishing the migration of T cells and monocyte derived cells, creating a tumor small
enoughtoavoid the immune system. If the tumorwould have grown more, the increased
inflammation might benefit the destructive immune response until the equilibrium againis reached.
Subsequent analyses suggest that the majority of the residual tumor cells remainin aquiescent state
whichisgradually reversed with regained proliferation uponisolation an ex vivo culturing (A. Tveita,
unpublished observations).

Eventually this equilibrium ends with escape of atumor that bypasses full activation of an adaptive
immune response. Upon isolation and re-injection into Id-specific TCR-transgenic mice, such escape
tumor cells, even after cloningand prolonged culture, still retain their ability to resist T-cell mediated
killing. These stable changes intrinsicto the tumor cells did not seemto be a result of clonal
evolution, and could not be traced to pre-existing clones within the original tumorinoculum. Since
the changesin antigen secretion by the tumor cells occurredin practically every single experiment,
and at a fairly consistent time point, we hypothesize that the development of this escape phenotype
may be the result of a stereotypicresponse to the inflammatory stress imposed by the activated
macrophages.

Mechanistically, the basis forthe loss ofimmune recognition was adramatic reductioninthe surplus
secretion of free light chains. This notion represents a change in our understanding of this tumor
antigen. Whereas the previous assumption was that the complete Ig molecule carrying numerically
most of the epitopes was the majorantigen variant responsible for T cell activation, careful
evaluation of the immunogenicity of I|gfragments revealed that free light chains were much more
efficiently displayed by macrophages and dendriticcells. Ourspeculation from these observations
was thatthe assembled Fab region might prevent processing of the complete Ig molecules, inline
with previous published evidence (Grey, Colon etal. 1982). These findings could be relevant for other
tumor antigens forming complexes. By excluding mutations and reintroducing the light chain
expressiontoinduce rejection, we proved a causal link between the presence of free light chains and
successful tumorrejection.

Another speculation from this paper relates to the mechanism linking the immunological stress, the
dormancy state and the escape of a tumor cell with downregulated free light chains. As supported by
mMRNA expression analyses and FLC measurements from cell lysates, the down-regulation appears to
occur at a transcriptional level. Normally there is asurplus of light chains to prevent heavy chain
cytotoxiceffects (Kohler 1980), while the high protein turnoverin this cells through endoplasmatic
reticulum (ER) stress (White-Gilbertson, Hua et al. 2013) makes the cells vulnerable for macrophage
attack by reactive oxygen species.

We propose that a tradeoff between avoiding heavy chain cytotoxic effects, balanced by areduced
immunogenicity from reduction of free light chain availability, may serve as the basis forthe Ig
secretion phenotype observedin escape tumor cells. One theory could be that the immune response
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which eliminates the bulk of injected tumor cells may allow for the survival of a small number of
tumor cellsina quiescent state. Resumption of growth of such cells may require a metabolic
adaptation, which may involve alterations in signaling pathways that also affect light chain
transcription.

In Paper 1 and Paper3 we investigated the important role of macrophagess of different phenotypesin
tumor biology, both as tumor-promoting cells or as part of immune protection. An M2-like
phenotype, whichis the typical state of a tumor-associated macrophage (Mantovani,Sozzani et al.
2002, Biswas, Gangi etal. 2006), generally conveys a negative prognosticimpact (Pollard 2004,
Mantovani, Allavenaetal. 2008). On the flip side, the potential cytotoxicity of normally activated
(M1) macrophagesis well documented (Solinas, Germano etal. 2009). In Paper 1 we observed that
Id-specifictumor-infiltrating Th1cellsincreased the abundance of intratumoral M1 macrophages.
The same type of skewing towards M1 phenotype was demonstrated by treatment with agonistic
CD40-mAb, with successful tumor protection as result. This effect of stromal modification has also
beenseen with othertumortypes (Beatty, Chiorean etal. 2011). One interesting aspect of the CD40-
mAb experimentsis thatit bypasses the need of cognate recognition of tumorantigens, and could
perhaps be an adjunctive measure enforcing T cell tumor therapy.

In Paper 3 we investigated another approach; medically removing an M2-phenotype stimulatorin
tumor-infiltrating macrophages, either by blocking CSF1R antibodies, or by utilizing a small-
molecular-weightinhibitor (PLX3397) inhibiting the intracellular kinase of the receptor. In
experiments with no tumor-antigen-specific T cells present, inhibition of CSF1R decreased the
proliferation of tumor cells and hence the growth of the tumor. These results underline the
dependence of myeloma growth on microenvironmental supportive factors, and reiterates the
observations from Paper 1, where tumor cells were found to grow more rapidly when co-incubated
with non-stimulated macrophages. Also, in the TCR-transgenicsetting where cognate antigen
recognition leads to macrophage stimulation, there was a comparable reductionin the total number
of macrophages, buttoan extentthatdid not preventthe indirectimmune response underlying
tumor control. If we could deplete the macrophages completely, immune control would probably be
lost, and the tumor would grow in a fashion resembling that of PLX3397-treated wild type mice.

In conclusion, our model demonstrates the potential of CD4* T-cell-induced, macrophage-mediated
immune responses as animmunotherapeuticstrategy. In order to take full advantage of this
potential itisimportant to understand the limiting mechanisms that can prevent the clinical effect. It
isour hope that the results of this thesis may contribute to a further optimization of
immunotherapeuticinterventions that may fully exploit the cytotoxic effects of tumor-associated
macrophages.

6. Future directions

6.1 How tumor cells are Killed

Resultsin these papers, especially Paper 1, have brought new insightinto the potential mechanistic
basis of tumor killing. The experiments have suggested a non-cell-contact-dependent mode of action,
still requiring avery short distance acting effector. Potential macrophage-derived factors, notably
including nitrogen- and/or oxygen radicals fit this description, warranting furtherinvestigation.
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6.2 Inflammatory stress and the link to downregulation of free light chain
transcription

In Paper2 we are speculatingabout alink between reduced free light chain productionand a
reductionin cellularstress. The next step would be to confirm this link and to find the mechanistic
link between the stress the cells are putunderand the reduction of free light chains. We have
preliminary dataindicatingarole forthe transcription factor NF-KB, and this should be investigated
further.

6.3 Can the findings be replicated in a model of disseminated disease?

The subcutaneous model used in this thesis, although resembling an extramedullary plasmacytoma,
has extensive differences to the real-life scenario where the myelomacells are livingin bone marrow,
a totally different environment, with anumber of microenvironmental stimulisupporting tumor
growth. Animportant extension of these findings will therefore be to replicate and expand these
experiments in more clinically relevant models, including mice harboring orthotopictumorsand in
models of disseminated disease. Based on the MOPC315 model, our group has developed aversion
of the cell line; MOPC315.BM, which displays bone marrow-homing properties and recapitulates key
elements of human myeloma, including osteolyticlesions and dissemination throughout the axial
skeletonandlongbones (Hofgaard, Jodal etal. 2012). Similarexperimentsin this modelwould
strengthen the physiological relevance of our present findings and may allow us to address the
impact of CD4+ T cellsin advanced-stage myeloma.

6.4 The role of MHC class 11

These experiments have been performedinamodel with MHC I cells, depending on tumor-
associated MHC II°°¢ cells for antigen presentation. In this CD4* model it would be important to more
completely elucidate the role of antigen presentationinamodel where the tumorcellsalso carry
MHC classII. The group hasa lymphoma model producing the same Id which may be used for this
purpose (Lauritzsen, Weiss etal. 1994).

6.5 Clinical application

Furtheron, a local clinical trial using the knowledge gained about CD4*T cell immune protection and
the role of tumor-associated macrophage phenotypeshould be established at Oslo University
Hospital. One optionis autologous adoptive transfer of in-vitro cultured T cells collected and selected
before autologous stem celltransplant, and re-infused after reconstitution of the haematological
systemin a situation with low tumorload. Although details in this approach should still be tested out
pre-clinically, such atrial should be a long-term goal in our institution.

7. References

Adams, D. O.and T. A. Hamilton (1984). "The cell biology of macrophage activation." Annu Rev
Immunol 2: 283-318.

43



Albina, J. E., C. D. Mills, W. L. Henry, Jr.and M. D. Caldwell (1990). "Temporal expression of different
pathways of 1-arginine metabolismin healingwounds." J Immunol 144(10): 3877-3880.

Allavena, P., A. Sica, G. Solinas, C. Portaand A. Mantovani (2008). "The inflammatory micro-
environmentin tumor progression: the role of tumor-associated macrophages." Crit Rev Oncol
Hematol 66(1): 1-9.

Alleva,D.G.,C. J. Burgerand K. D. Elgert (1994). "Tumor-induced regulation of suppressor
macrophage nitricoxide and TNF-alpha production. Role of tumor-derived IL-10, TGF-beta, and
prostaglandin E2." ) Immunol 153(4): 1674-1686.

Anderson, K. C.and R. D. Carrasco (2011). "Pathogenesis of myeloma." Annu Rev Pathol 6: 249-274.
Appay, V., C.Jandus, V. Voelter, S. Reynard, S. E. Coupland, D. Rimoldi, D. Lienard, P. Guillaume, A. M.
Krieg, J. C. Cerottini, P. Romero, S. Leyvraz, N. Ruferand D. E. Speiser (2006). "New generation
vaccine induces effective melanoma-specificCD8+ T cellsin the circulation but not in the tumor site."
J Immunol 177(3): 1670-1678.

Appay, V., J.J. Zaunders, L. Papagno, J. Sutton, A. Jaramillo, A. Waters, P. Easterbrook, P. Grey, D.
Smith, A.J. McMichael, D. A. Cooper, S. L. Rowland-Jonesand A. D. Kelleher (2002). "Characterization
of CD4(+) CTLs exvivo."JImmunol 168(11): 5954-5958.

Askonas, B.A. and A. R. Williamson (1966). "Biosynthesis of immunoglobulins on polyribosomes and
assembly of the IgG molecule." ProcR Soc Lond B Biol Sci 166(3): 232-243.

Askonas, B.A. and A. R. Williamson (1966). "Biosynthesis of immunoglobulins. Freelight chainas an
intermediate in the assembly of gamma G-molecules." Nature 211(5047): 369-372.

Asosingh, K., J. Radl, I. Van Riet, B. Van Camp and K. Vanderkerken (2000). "The 5TMM series:a
useful in vivo mouse model of human multiple myeloma." Hematol J 1(5): 351-356.

Aubert, R.D., A. 0. Kamphorst, S. Sarkar, V. Vezys, S.J. Ha, D. L. Barber, L. Ye, A. H. Sharpe, G. J.
FreemanandR. Ahmed (2011). "Antigen-specificCD4 T-cell help rescues exhausted CD8T cells during
chronicviral infection." Proc Natl Acad Sci U S A 108(52): 21182-21187.

Avyari, C., H. LaRue, H. Hovington, A. Caron, A. Bergeron, B. Tetu, V. Fradet and Y. Fradet (2013). "High
level of mature tumor-infiltrating dendritic cells predicts progression to muscle invasionin bladder
cancer." Hum Pathol 44(8): 1630-1637.

Ayliffe, M.J., F. E. Davies, D. de Castro and G. J. Morgan (2007). "Demonstration of changesin plasma
cell subsetsin multiple myeloma." Haematologica 92(8): 1135-1138.

Bala, K. K. and K. D. Moudgil (2006). "Induction and maintenance of self tolerance: the role of
CD4+CD25+ regulatory T cells." Arch Immunol Ther Exp (Warsz) 54(5): 307-321.

Balachandran, V.P., M. J. Cavnar, S. Zeng, Z. M. Bamboat, L. M. Ocuin, H. Obaid, E. C. Sorenson, R.
Popow, C. Ariyan, F. Rossi, P. Besmer, T. Guo, C. R. Antonescu, T. Taguchi, J. Yuan, J. D. Wolchok, J. P.
AllisonandR. P. DeMatteo (2011). "Imatinib potentiates antitumorTcell responsesin
gastrointestinal stromal tumor through the inhibition of Ido." Nat Med 17(9): 1094-1100.

Balkwill, F. (2004). "Cancer and the chemokine network." Nat Rev Cancer 4(7): 540-550.

Balkwill, F. R.(2012). "The chemokine system and cancer." J Pathol 226(2): 148-157.

Barth, R.J.,Jr., J.J. Mule, P.J. SpiessandS. A. Rosenberg (1991). "Interferon gammaand tumor
necrosis factor have a role in tumor regressions mediated by murine CD8+tumor-infiltrating
lymphocytes." ) Exp Med 173(3): 647-658.

Beatty, G. L., E. G. Chiorean, M. P. Fishman, B. Saboury, U. R. Teitelbaum, W. Sun, R. D. Huhn, W.
Song, D. Li, L. L. Sharp, D. A. Torigian, P.J. O'DwyerandR. H. Vonderheide (2011). "CD40 agonists
altertumor stromaand show efficacy against pancreaticcarcinomain mice and humans." Science
331(6024): 1612-1616.

Benigni, F.,V.S.Zimmermann, S. Hugues, S. Caserta, V. Basso, L. Rivino, E. Ingulli, L. Malherbe, N.
Glaichenhausand A. Mondino (2005). "Phenotype and homing of CD4tumor-specificTcellsis
modulated by tumorbulk." JImmunol 175(2): 739-748.

Bennett, S.R., F. R. Carbone, F. Karamalis, J. F. Millerand W. R. Heath (1997). "Induction of a CD8+
cytotoxicT lymphocyte response by cross-priming requires cognate CD4+T cell help." ) Exp Med
186(1): 65-70.




Berge, T., . H. Gronningsaeter, K. B. Lorvik, G. Abrahamsen, S. Granum, V. Sundvold-Gjerstad, A.
Corthay, B. Bogen and A. Spurkland (2012). "SH2D2A modulates T cell mediated protectiontoa B cell
derived tumorintransgenicmice." PLoS One 7(10): e48239.

Besser, M. J., R. Shapira-Frommer, A.J. Treves, D. Zippel, O. Itzhaki, L. Hershkovitz, D. Levy, A. Kubi, E.
Hovav, N. Chermoshniuk, B. Shalmon, |. Hardan, R. Catane, G. Markel, S. Apter, A. Ben-Nun, I.
Kuchuk, A. Shimoni, A. NaglerandJ. Schachter (2010). "Clinical responsesin aphase Il study using
adoptive transfer of short-term cultured tumor infiltration lymphocytes in metastaticmelanoma
patients." Clin Cancer Res 16(9): 2646-2655.

Biswas, S. K., L. Gangi, S. Paul, T. Schioppa, A. Saccani, M. Sironi, B. Bottazzi, A. Doni, B. Vincenzo, F.
Pasqualini, L. Vago, M. Nebuloni, A. Mantovani and A. Sica (2006). "A distinctand unique
transcriptional program expressed by tumor-associated macrophages (defective NF-kappaBand
enhanced IRF-3/STAT1 activation)." Blood 107(5): 2112-2122.

Biswas, S. K. and E. Lopez-Collazo (2009). "Endotoxin tolerance: new mechanisms, molecules and
clinical significance." Trends Immunol 30(10): 475-487.

Biswas, S. K. and A. Mantovani (2010). "Macrophage plasticity and interaction with lymphocyte
subsets: canceras a paradigm." Nat Immunol 11(10): 889-896.

Biswas, S. K. and A. Mantovani (2012). "Orchestration of metabolism by macrophages." Cell Metab
15(4): 432-437.

Bogen, B., L. Gleditsch, S. Weiss and Z. Dembic(1992). "Weak positive selection of transgenicTcell
receptor-bearing thymocytes: importance of major histocompatibility complex class I, T cell receptor
and CD4 surface molecule densities." EurJ Immunol 22(3): 703-709.

Bogen, B., B. Malissen and W. Haas (1986). "Idiotope-specific T cell clones that recognize syngeneic
immunoglobulin fragmentsin the context of class Il molecules." EurJ Immunol 16(11): 1373-1378.
Bogen, B., L. Munthe, A. Sollien, P. Hofgaard, H. Omholt, F. Dagnaes, Z. Dembicand G. F. Lauritzsen
(1995). "Naive CD4+ T cells conferidiotype-specifictumorresistancein the absence of antibodies."
EurJ Immunol 25(11): 3079-3086.

Bonizzi, G., M. Bebien, D. C. Otero, K. E. Johnson-Vroom, Y. Cao, D. Vu, A. G. Jegga, B. ). Aronow, G.
Ghosh, R. C. Rickertand M. Karin (2004). "Activation of IKKalpha target genes depends on recognition
of specifickappaBbinding sites by RelB:p52dimers." EMBOJ 23(21): 4202-4210.

Boon, T., P. G. Coulie, B.J. Vanden Eynde and P.van der Bruggen (2006). "Human T cell responses
against melanoma." Annu RevImmunol 24: 175-208.

Bosisio, D., N. Polentarutti, M. Sironi, S. Bernasconi, K. Miyake, G. R. Webb, M. U. Martin, A.
Mantovaniand M. Muzio (2002). "Stimulation of toll-like receptor4 expressionin human
mononuclear phagocytes by interferon-gamma: a molecular basis for priming and synergism with
bacterial lipopolysaccharide." Blood 99(9): 3427-3431.

Bosma, M. J.and A. M. Carroll (1991). "The SCID mouse mutant: definition, characterization, and
potential uses." Annu RevImmunol 9: 323-350.

Bothwell, A. L., M. Paskind, M. Reth, T. Imanishi-Kari, K. Rajewsky and D. Baltimore (1982). "Somatic
variants of murine immunoglobulin lambda light chains." Nature 298(5872): 380-382.

Bottazzi, B., N. Polentarutti, R. Acero, A. Balsari, D. Boraschi, P. Ghezzi, M. Salmonaand A. Mantovani
(1983). "Regulation of the macrophage content of neoplasms by chemoattractants." Science
220(4593): 210-212.

Bronkhorst, I.H., L. V. Ly, E. S. Jordanova, J. Vrolijk, M. Versluis, G. P. Luyten and M. J. Jager (2011).
"Detection of M2-macrophagesin uveal melanomaand relation with survival." Invest Ophthalmol Vis
Sci 52(2): 643-650.

Brown, D. M., C. Kamperschroer, A. M. Dilzer, D. M. Robertsand S. L. Swain (2009). "IL-2 and antigen
dose differentially regulate perforin- and FasL-mediated cytolyticactivity in antigen specificCD4+ T
cells." Cell Immunol 257(1-2): 69-79.

Budde, L. E., C. Berger, Y. Lin, ). Wang, X. Lin, S. E. Frayo, S. A. Brouns, D. M. Spencer, B. G. Till, M. C.
Jensen, S.R. Riddelland O. W. Press (2013). "Combining a CD20 chimericantigen receptorand an
inducible caspase 9suicide switch toimprove the efficacy and safety of T cell adoptive
immunotherapy forlymphoma." PLoS One 8(12): e82742.

45



Buddingh, E. P., M. L. Kuijjer, R. A. Duim, H. Burger, K. Agelopoulos, O. Myklebost, M. Serra, F.
Mertens, P. C. Hogendoorn, A. C. Lankesterand A. M. Cleton-Jansen (2011). "Tumor-infiltrating
macrophages are associated with metastasis suppression in high-grade osteosarcoma: arationale for
treatment with macrophage activating agents." Clin CancerRes 17(8): 2110-2119.

Burnet, M. (1957). "Cancer; a biological approach. |. The processes of control." Br Med J 1(5022):
779-786.

Butler, N.S.,J. Moebius, L. L. Pewe, B. Traore, O. K. Doumbo, L. T. Tygrett, T. J. Waldschmidt, P. D.
Cromptonand J. T. Harty (2012). "Therapeuticblockade of PD-L1and LAG-3 rapidly clears established
blood-stage Plasmodium infection." Nat Immunol 13(2): 188-195.

Calimeri, T., E. Battista, F. Conforti, P. Neri, M. T. Di Martino, M. Rossi, U. Foresta, E. Piro, F. Ferrara,
A. Amorosi, N. Bahlis, K. C. Anderson, N. Munshi, P. Tagliaferri, F. Causaand P. Tassone (2011). "A
unique three-dimensional SCID-polymericscaffold (SCID-synth-hu) model forin vivo expansion of
human primary multiple myeloma cells." Leukemia 25(4): 707-711.

Carmeliet, P.and R. K. Jain (2000). "Angiogenesisin cancerand otherdiseases." Nature 407(6801):
249-257.

Carrasco-Marin, E., S. Petzold and E. R. Unanue (1999). "Two structural states of complexes of
peptide and class Il major histocompatibilitycomplexrevealed by photoaffinity-labeled peptides." )
Biol Chem 274(44): 31333-31340.

Carrasco, D. R., K. Sukhdeo, M. Protopopova, R. Sinha, M. Enos, D. E. Carrasco, M. Zheng, M. Mani, J.
Henderson, G. S. Pinkus, N. Munshi, J. Horner, E. V. lvanova, A. Protopopov, K. C. Anderson, G. Tonon
and R. A. DePinho (2007). "The differentiation and stress response factor XBP-1drives multiple
myeloma pathogenesis." Cancer Cell 11(4): 349-360.

Caserta,S., P. Alessi, J. Guarnerio, V. Basso and A. Mondino (2008). "SyntheticCD4+T cell -targeted
antigen-presenting cells elicit protective antitumor responses." Cancer Res 68(8): 3010-3018.
Casrouge, A., E. Beaudoing, S. Dalle, C. Pannetier, J. Kanellopoulos and P. Kourilsky (2000). "Size
estimate of the alpha beta TCR repertoire of naive mouse splenocytes." J Immunol 164(11): 5782-
5787.

Chamoto, K., D. Wakita, Y. Narita, Y. Zhang, D. Noguchi, H. Ohnishi, T. Iguchi, T. Sakai, H. IkedaandT.
Nishimura (2006). "An essential role of antigen-presenting cell/T-helper type 1 cell-cell interactions in
draininglymph node during complete eradication of class II-negative tumor tissue by T-helpertype 1
cell therapy." Cancer Res 66(3): 1809-1817.

Chen, J.and Z. J. Chen (2013). "Regulation of NF-kappaB by ubiquitination." Curr Opin Immunol 25(1):
4-12.

Chen, X., |. Barozzi, A. Termanini, E. Prosperini, A. Recchiuti, J. Dalli, F. Mietton, G. Matteoli, S.
Hiebertand G. Natoli (2012). "Requirement forthe histone deacetylase Hdac3for the inflammatory
gene expression program in macrophages." Proc Natl Acad Sci US A 109(42): E2865-2874.

Chesi, M., G. M. Matthews, V. M. Garbitt, S. E. Palmer, J. Shortt, M. Lefebure, A. K. Stewart, R. W.
Johnstone and P. L. Bergsagel (2012). "Drug response in agenetically engineered mouse model of
multiple myelomais predictive of clinical efficacy." Blood 120(2): 376-385.

Chesi, M., D. F. Robbiani, M. Sebag, W. J. Chng, M. Affer, R. Tiedemann, R. Valdez, S. E. Palmer, S.S.
Haas, A. K. Stewart, R. Fonseca, R. Kremer, G. Cattoretti and P. L. Bergsagel (2008). "AID-dependent
activation of a MYC transgene induces multiple myelomain a conditional mouse model of post-
germinal center malignancies." Cancer Cell 13(2): 167-180.

Cheung, W.C,, J.S. Kim, M. Linden, L. Peng, B. Van Ness, R. D. Polakiewiczand S. Janz (2004). "Novel
targeted deregulation of c-Myc cooperates with Bcl-X(L) to cause plasmacell neoplasmsin mice." J
ClinInvest 113(12): 1763-1773.

Chow, J.C., D. W. Young, D. T. Golenbock, W.J. Christand F. Gusovsky (1999). "Toll -like receptor-4
mediates lipopolysaccharide-induced signal transduction." ) Biol Chem 274(16): 10689-10692.

Clark, C. E., S. R. Hingorani, R. Mick, C. Combs, D. A. TuvesonandR. H. Vonderheide (2007).
"Dynamics of the immune reaction to pancreaticcancer frominceptiontoinvasion." CancerRes
67(19): 9518-9527.

Coley, W.B. (1891). "II. Contribution to the Knowledge of Sarcoma." Ann Surg 14(3): 199-220.

46



Cortez-Retamozo, V., M. Etzrodt, A. Newton, P.J. Rauch, A. Chudnovskiy, C. Berger, R.J. Ryan, Y.
Iwamoto, B. Marinelli, R. Gorbatov, R. Forghani, T. I. Novobrantseva, V. Koteliansky, J. L. Figueiredo, J.
W. Chen, D. G. Anderson, M. Nahrendorf, F. K. Swirski, R. Weisslederand M. J. Pittet (2012). "Origins
of tumor-associated macrophages and neutrophils." Proc Natl Acad Sci U S A 109(7): 2491-2496.
Corthay, A., K. U. Lundin, K. B. Lorvik, P. O. Hofgaard and B. Bogen (2009). "Secretion of tumor-
specificantigen by myeloma cellsis required for cancerimmunosurveillance by CD4+ T cells." Cancer
Res 69(14): 5901-5907.

Corthay, A., D. K. Skovseth, K. U. Lundin, E. Rosjo, H. Omholt, P. O. Hofgaard, G. Haraldsen and B.
Bogen (2005). "Primary antitumorimmune response mediated by CD4+T cells." Immunity 22(3): 371-
383.

Couzin-Frankel, J. (2013). "Breakthrough of the year 2013. Cancerimmunotherapy." Science
342(6165): 1432-1433.

Cutrell, J. and R. Bedimo (2013). "Non-AIDS-defining cancers among HIV-infected patients." Curr
HIV/AIDS Rep 10(3): 207-216.

Davila, M. L., C. C. Kloss, G. Gunsetand M. Sadelain (2013). "CD19 CAR-targeted Tcellsinduce long-
termremission and B Cell Aplasiain animmunocompetent mouse model of Bcell acute
lymphoblasticleukemia." PLoS One 8(4): e61338.

Dawson, M. A., S. Patil and A. Spencer(2007). "Extramedullary relapse of multiple myeloma
associated with ashiftinsecretion fromintactimmunoglobulin to light chains." Haematologica 92(1):
143-144.

Deban, L., R. C. Russo, M. Sironi, F. Moalli, M. Scanziani, V. Zambelli, I. Cuccovillo, A. Bastone, M.
Gobbi, S. Valentino, A. Doni, C. Garlanda, S. Danese, G. Salvatori, M. Sassano, V. Evangelista, B. Rossi,
E. Zenaro, G. Constantin, C. Laudanna, B. Bottazzi and A. Mantovani (2010). "Regulation of leukocyte
recruitment by the long pentraxin PTX3." Nat Immunol 11(4): 328-334.

Delamarre, L., M. Pack, H. Chang, I. Mellman andE. S. Trombetta (2005). "Differential lysosomal
proteolysisin antigen-presenting cells determines antigen fate." Science 307(5715): 1630-1634.
Dembic, Z.,J. A. Rottingen, J. Dellacasagrande, K. Schenck and B. Bogen (2001). "Phagocyticdendritic
cells from myelomas activate tumor-specificTcells ata single cell level." Blood 97(9): 2808-2814.
Dembic, Z., K. Schenck and B. Bogen (2000). "Dendriticcells purified from myelomaare primed with
tumor-specificantigen (idiotype) and activate CD4+T cells." ProcNatl Acad Sci U S A 97(6): 2697-
2702.

Didierlaurent, A., J. Goulding, S. Patel, R. Snelgrove, L. Low, M. Bebien, T. Lawrence, L. S. van Rijt, B.
N.Lambrecht, J. C. Sirard and T. Hussell (2008). "Sustained desensitization to bacterial Toll -like
receptorligands after resolution of respiratory influenzainfection." J Exp Med 205(2): 323-329.
Dimopoulos, M., D.S. Siegel, S. Lonial, J. Qi, R. Hajek, T. Facon, L. Rosinol, C. Williams, H. Blacklock, H.
Goldschmidt, V. Hungria, A. Spencer, A. Palumbo, T. Graef, J. E. Eid, J. Houp, L. Sun, S. Vuocolo and K.
C. Anderson (2013). "Vorinostat or placebo in combination with bortezomib in patients with multiple
myeloma (VANTAGE 088): a multicentre, randomised, double-blind study." Lancet Oncol 14(11):
1129-1140.

Dinarello, C. A.(2005). "Blocking IL-1in systemicinflammation." ) Exp Med 201(9): 1355-1359.
Donermeyer, D.L.and P. M. Allen (1989). "Binding to la protects an immunogenic peptide from
proteolyticdegradation." J Immunol 142(4): 1063-1068.

Dudley, M. E., J. R. Wunderlich, P. F. Robbins, J. C. Yang, P. Hwu, D. J. Schwartzentruber, S. L.
Topalian, R.Sherry, N. P. Restifo, A. M. Hubicki, M. R. Robinson, M. Raffeld, P. Duray, C. A. Seipp, L.
Rogers-Freezer, K. E. Morton, S. A. Mavroukakis, D. E. White and S. A. Rosenberg (2002). "Cancer
regression and autoimmunity in patients after clonal repopulation with antitumor lymphocytes."
Science 298(5594): 850-854.

Dudley, M. E., J. R. Wunderlich, J. C. Yang, P. Hwu, D. J. Schwartzentruber, S. L. Topalian, R. M. Sherry,
F. M. Marincola, S. F. Leitman, C. A. Seipp, L. Rogers-Freezer, K. E. Morton, A. Nahvi, S. A.
Mavroukakis, D. E. White and S. A. Rosenberg(2002). "A phase | study of nonmyeloablative
chemotherapy and adoptive transfer of autologous tumorantigen-specificTlymphocytesin patients
with metastaticmelanoma." J Immunother 25(3): 243-251.

47



Duluc, D., M. Corvaisier, S. Blanchard, L. Catala, P. Descamps, E. Gamelin, S. Ponsoda, Y. Delneste, M.
Hebbarand P. Jeannin (2009). "Interferon-gamma reverses the immunosuppressive and protumoral
properties and prevents the generation of human tumor-associated macrophages." IntJ Cancer
125(2): 367-373.

Duluc, D., Y. Delneste, F. Tan, M. P. Moles, L. Grimaud, J. Lenoir, L. Preisser, |. Anegon, L. Catala, N.
Ifrah, P. Descamps, E. Gamelin, H. Gascan, M. Hebbarand P.Jeannin (2007). "Tumor-associated
leukemiainhibitory factorand IL-6 skew monocyte differentiation into tumor-associated
macrophage-like cells." Blood 110(13): 4319-4330.

Dunn, G. P., A.T. Bruce, H. Ikeda, L.J. Old and R. D. Schreiber (2002). "Cancerimmunoediting: from
immunosurveillance to tumor escape." Nat Immunol 3(11): 991-998.

Dunn, G. P., C. M. Koebel and R. D. Schreiber (2006). "Interferons,immunity and cancer
immunoediting." Nat RevImmunol 6(11): 836-848.

Dunn, G. P., L. J. OldandR. D. Schreiber (2004). "The three Es of cancer immunoediting." Annu Rev
Immunol 22: 329-360.

DuPage, M., C. Mazumdar, L. M. Schmidt, A. F. CheungandT. Jacks (2012). "Expression of tumour-
specificantigens underlies cancerimmunoediting." Nature 482(7385): 405-409.

Egeblad, M., A. J. Ewald, H. A. Askautrud, M. L. Truitt, B. E. Welm, E. Bainbridge, G. Peeters, M. F.
Krummel and Z. Werb (2008). "Visualizing stromal cell dynamics in different tumor
microenvironments by spinning disk confocal microscopy." Dis Model Mech 1(2-3): 155-167;
discussion 165.

Ehrchen, J., L. Steinmuller, K. Barczyk, K. Tenbrock, W. Nacken, M. Eisenacher, U. Nordhues, C. Sorg,
C. SunderkotterandJ. Roth (2007). "Glucocorticoids induce differentiation of aspecifically activated,
anti-inflammatory subtype of human monocytes." Blood 109(3): 1265-1274.

Eisen, H.N., E. S. Simms and M. Potter (1968). "Mouse myeloma proteins with antihapten antibody
acitivity. The protein produced by plasma cell tumor MOPC-315." Biochemistry 7(11): 4126-4134.
Erreni, M., A. Mantovani and P. Allavena(2011). "Tumor-associated Macrophages (TAM) and
Inflammationin Colorectal Cancer." Cancer Microenviron 4(2): 141-154.

Fabriek, B. 0., R. van Bruggen, D. M. Deng, A. J. Ligtenberg, K. Nazmi, K. Schornagel, R. P. Vloet, C. D.
DijkstraandT. K. van den Berg (2009). "The macrophage scavenger receptor CD163 functions as an
innate immune sensorforbacteria." Blood 113(4): 887-892.

Fagioli, C., A. Mezghrani and R. Sitia (2001). "Reduction of interchain disulfide bonds precedes the
dislocation of Ig-mu chains from the endoplasmicreticulum to the cytosol for proteasomal
degradation." ) Biol Chem 276(44): 40962-40967.

Falkenburg, J. H.and E. H. Warren (2011). "Graft versus leukemia reactivity after allogeneicstem cell
transplantation." Biol Blood Marrow Transplant 17(1 Suppl): S33-38.

Fehervari, Z.andS. Sakaguchi (2004). "CD4+ Tregs and immune control." J Clin Invest 114(9): 1209-
1217.

Finkelman, F. D.andS. C. Morris (1999). "Development of an assay to measure in vivo cytokine
productioninthe mouse." IntImmunol 11(11): 1811-1818.

Fleischer, B. (1984). "Acquisition of specific cytotoxicactivity by human T4+ T lymphocytesin
culture." Nature 308(5957): 365-367.

Forssell,J., A. Oberg, M. L. Henriksson, R. Stenling, A. Jungand R. Palmqvist (2007). "High
macrophage infiltration along the tumor front correlates with improved survival in colon cancer." Clin
Cancer Res 13(5): 1472-1479.

Fridman, W. H., F. Pages, C. Sautes-Fridman andJ. Galon (2012). "The immune contexturein human
tumours:impacton clinical outcome." Nat Rev Cancer 12(4): 298-306.

Fujiwara, H., M. Fukuzawa, T. Yoshioka, H. Nakajimaand T. Hamaoka (1984). "The role of tumor-
specificLyt-1+2- T cellsin eradicating tumor cellsin vivo. . Lyt-1+2- T cells do not necessarily require
recruitment of host's cytotoxic T cell precursors for implementation of in vivoimmunity." J Immunol
133(3): 1671-1676.

48



Gabrilovich, D. 1., H. L. Chen, K. R. Girgis, H. T. Cunningham, G. M. Meny, S. Nadaf, D. Kavanaugh and
D. P. Carbone (1996). "Production of vascular endothelial growth factor by human tumorsinhibits the
functional maturation of dendriticcells." Nat Med 2(10): 1096-1103.

Gao, F. G., V.Khammanivong, W.J. Liu, G. R. Leggatt, |. H. Frazer and G. J. Fernando (2002). "Antigen-
specificCD4+ T-cell helpisrequired to activate amemory CD8+ T cell to a fully functional tumorkiller
cell." CancerRes 62(22): 6438-6441.

Gattinoni, L., S. E. Finkelstein, C. A. Klebanoff, P. A. Antony, D. C. Palmer, P.J. Spiess, L. N. Hwang, Z.
Yu, C. Wrzesinski, D. M. Heimann, C. D. Surh, S. A. Rosenbergand N. P. Restifo (2005). "Removal of
homeostaticcytokine sinks by lymphodepletion enhances the efficacy of adoptively transferred
tumor-specificCD8+T cells." ) Exp Med 202(7): 907-912.

Gazzaniga, S., A. |. Bravo, A. Guglielmotti, N. van Rooijen, F. Maschi, A. Vecchi, A. Mantovani, J.
Mordoh and R. Wainstok (2007). "Targeting tumor-associated macrophages and inhibition of MCP-1
reduce angiogenesis and tumor growth ina human melanomaxenograft." J Invest Dermatol 127(8):
2031-2041.

Geissmann, F., P. Revy, A. Regnault, Y. Lepelletier, M. Dy, N. Brousse, S. Amigorena, O. Hermine and
A. Durandy (1999). "TGF-beta 1 prevents the noncognate maturation of human dendritic Langerhans
cells." JImmunol 162(8): 4567-4575.

Gleissner, C. A., |.Shaked, K. M. Little and K. Ley (2010). "CXC chemokine ligand 4induces aunique
transcriptome in monocyte-derived macrophages." J Immunol 184(9): 4810-4818.

Goding, S.R., K. A. Wilson, Y. Xie, K. M. Harris, A. Baxi, A. Akpinarli, A. Fulton, K. Tamada, S. E. Strome
and P. A. Antony (2013). "Restoringimmune function of tumor-specific CD4+ T cells during
recurrence of melanoma." JImmunol 190(9): 4899-4909.

Gordon, S. and F. O. Martinez (2010). "Alternative activation of macrophages: mechanismand
functions." Immunity 32(5): 593-604.

Greenberg, P.D., M. A.CheeverandA. Fefer(1981). "Eradication of disseminated murine leukemia
by chemoimmunotherapy with cyclophosphamide and adoptively transferred immune syngeneic Lyt-
1+2- lymphocytes." ) Exp Med 154(3): 952-963.

Greenberg, P.D., D. E. Kernand M. A. Cheever(1985). "Therapy of disseminated murine leukemia
with cyclophosphamide and immune Lyt-1+,2- T cells. Tumor eradication does notrequire
participation of cytotoxicTcells." ) Exp Med 161(5): 1122-1134.

Greenlee, R.T., T. Murray, S. Bolden and P. A. Wingo (2000). "Cancer statistics, 2000." CA Cancer)
Clin50(1): 7-33.

Grey, H. M., S. M. Colonand R. W. Chesnut(1982). "Requirements forthe processing of antigen by
antigen-presenting Bcells. Il. Biochemical comparison of the fate of antigen in Bcell tumors and
macrophages." JImmunol 129(6): 2389-2395.

Guerra, N.,Y. X. Tan, N. T. Joncker, A. Choy, F. Gallardo, N. Xiong, S. Knoblaugh, D. Cado, N. M.
Greenbergand D. H. Raulet (2008). "NKG2D-deficient mice are defectivein tumorsurveillancein
models of spontaneous malignancy." Immunity 28(4): 571-580.

Guiducci, C., A. P.Vicari, S. Sangaletti, G. Trinchieri and M. P. Colombo (2005). "Redirectingin vivo
elicited tumorinfiltrating macrophages and dendritic cells towards tumor rejection." Cancer Res
65(8): 3437-3446.

Haabeth, O. A., K. B. Lorvik, C. Hammarstrom, I. M. Donaldson, G. Haraldsen, B. Bogen and A. Corthay
(2011). "Inflammation driven by tumour-specificTh1 cells protects against B-cell cancer." Nat
Commun 2: 240.

Haabeth, O. A., A. A. Tveita, M. Fauskanger, F. Schjesvold, K. B. Lorvik, P. O. Hofgaard, H. Omholt, L.
A. Munthe, Z. Dembic, A. Corthay and B. Bogen (2014). "How Do CD4(+) T Cells Detectand Eliminate
Tumor Cells That Either Lack or Express MHC Class Il Molecules?" Front Immunol 5: 174.

Haas, I. G. and M. R. Wabl (1984). "Immunoglobulin heavy chain toxicity in plasma cellsis neutralized
by fusionto pre-Bcells." Proc Natl Acad Sci U S A 81(22): 7185-7188.

Hanahan, D. and R. A. Weinberg(2011). "Hallmarks of cancer: the nextgeneration." Cell 144(5): 646-
674.

49



Hayden, M. S. and S. Ghosh (2012). "NF-kappaB, the first quarter-century: remarkable progress and
outstanding questions." Genes Dev 26(3): 203-234.

Hazlett, L. D.,S. A. McClellan, R. P. Barrett, X. Huang, Y. Zhang, M. Wu, N. van Rooijen and E. Szliter
(2010). "IL-33 shifts macrophage polarization, promoting resistance against Pseud omonas aeruginosa
keratitis." Invest Ophthalmol Vis Sci 51(3): 1524-1532.

Heath, D. J., K. Vanderkerken, X. Cheng, O. Gallagher, M. Prideaux, R. Murali and P. I. Croucher
(2007). "An osteoprotegerin-like peptidomimeticinhibits osteoclasticbone resorption and osteolytic
bone disease in myeloma." CancerRes 67(1): 202-208.

Heuff, G., H. S. Oldenburg, H. Boutkan, J. ). Visser, R. H. Beelen, N. Van Rooijen, C. D. Dijkstraand S.
Meyer(1993). "Enhanced tumourgrowthinthe rat liver afterselective elimination of Kupffercells."
Cancer Immunol Immunother 37(2): 125-130.

Hobbs, J. R. (1969). "Growth rates and responsesto treatmentin human myelomatosis." BrJ
Haematol 16(6): 607-617.

Hofgaard, P. O., H. C. Jodal, K. Bommert, B. Huard, J. Caers, H. Carlsen, R. Schwarzer, N. Schunemann,
F.Jundt, M. M. Lindebergand B. Bogen (2012). "A novel mouse model for multiplemyeloma
(MOPC315.BM) that allows noninvasive spatiotemporal detection of osteolyticdisease." PLoS One
7(12): e51892.

Hong, H., M. Stastny, C. Brown, W. C. Chang, J. R. Ostberg, S.J. Formanand M. C. Jensen (2014).
"Diverse Solid Tumors Expressing a Restricted Epitope of L1-CAM Can Be Targeted by Chimeric
Antigen Receptor Redirected TLymphocytes." J Immunother 37(2): 93-104.

Hopper, J. E. and E. Papagiannes (1986). "Evidence by radioimmunoassay that mitogen-activated
human blood mononuclear cells secrete significant amounts of light chain Ig unassociated with heavy
chain." Cell Immunol 101(1): 122-131.

Horna, P., A. Cuenca, F. Cheng, J. Brayer, H. W. Wang, |. Borrello, H. Levitsky and E. M. Sotomayor
(2006). "In vivo disruption of tolerogenic cross-presentation mechanisms uncovers an effective T-cell
activation by B-cell lymphomas leading to antitumorimmunity." Blood 107(7): 2871-2878.

Hunder, N.N., H. Wallen, J. Cao, D. W. Hendricks, J. Z. Reilly, R. Rodmyre, A. Jungbluth, S. Gnjatic, J. A.
Thompsonand C. Yee (2008). "Treatment of metastatic melanoma with autologous CD4+T cells
against NY-ESO-1." N Engl J Med 358(25): 2698-2703.

Hung, K., R. Hayashi, A. Lafond-Walker, C. Lowenstein, D. Pardoll and H. Levitsky (1998). "The central
role of CD4(+) T cellsinthe antitumorimmune response." J Exp Med 188(12): 2357-2368.

Huse, M., B. F. Lillemeier, M. S. Kuhns, D.S. Chenand M. M. Davis (2006). "T cells use two
directionally distinct pathways for cytokine secretion." Nat Immunol 7(3): 247-255.

International Myeloma Working, G. (2003). "Criteria forthe classification of monoclonal
gammopathies, multiple myelomaandrelated disorders: areport of the International Myeloma
Working Group." Br J Haematol 121(5): 749-757.

Janeway, C. A, Jr. (1989). "Approaching the asymptote? Evolution and revolutioninimmunology."
Cold Spring Harb Symp Quant Biol 54 Pt 1: 1-13.

Janssen, E. M., E. E. Lemmens, T. Wolfe, U. Christen, M. G. von Herrathand S. P. Schoenberger
(2003). "CD4+T cellsare required for secondary expansion and memory in CD8+T lymphocytes."
Nature 421(6925): 852-856.

Jenkins, M. K.and J. J. Moon (2012). "The role of naive T cell precursorfrequency and recruitmentin
dictatingimmune response magnitude." J Immunol 188(9): 4135-4140.

Jordan, K. R.,R. N. Amaria, O. Ramirez, E. B. Callihan, D. Gao, M. Borakove, E. Manthey, V. F. Borges
and M. D. McCarter (2013). "Myeloid-derived suppressor cells are associated with disease
progression and decreased overall survival in advanced-stage melanoma patients." Cancer Immunol
Immunother 62(11): 1711-1722.

Kantoff, P.W., C. S. Higano, N. D. Shore, E. R. Berger, E. J. Small, D. F. Penson, C. H. Redfern, A. C.
Ferrari, R. Dreicer, R. B. Sims, Y. Xu, M. W. Frohlich, P. F.Schellhammerand|.S. Investigators (2010).
"Sipuleucel-Timmunotherapy for castration-resistant prostate cancer." N EnglJ Med 363(5): 411-
422.

50



Kaplan, D.H., V. Shankaran, A.S. Dighe, E. Stockert, M. Aguet, L. J. Old and R. D. Schreiber (1998).
"Demonstration of aninterferon gamma-dependent tumor surveillance system inimmunocompetent
mice." ProcNatl Acad Sci U S A 95(13): 7556-7561.

Katodritou, E., M. A. Dimopoulos, K. Zervas and E. Terpos (2009). "Update on the use of
erythropoiesis-stimulating agents (ESAs) for the management of anemia of multiple myelomaand
lymphoma." CancerTreat Rev 35(8): 738-743.

Keir, M. E., M. J. Butte, G. J. Freeman and A. H. Sharpe (2008). "PD-1 and itsligandsin tolerance and
immunity." Annu RevImmunol 26: 677-704.

Kelly, P.M.,R. S. Davison, E. Blissand J. O. McGee (1988). "Macrophagesin human breast disease:a
guantitative immunohistochemical study." BrJ Cancer57(2): 174-177.

Kerkar, S. P.and N. P. Restifo (2012). "Cellular constituents of immune escape within the tumor
microenvironment." Cancer Res 72(13): 3125-3130.

Khatami, M. (2014). "ChronicInflammation: Synergistic Interactions of Recruiting Macrophages
(TAMs) and Eosinophils (Eos) with Host Mast Cells (MCs) and Tumorigenesisin CALTs. M-CSF, Suitable
Biomarkerfor Cancer Diagnosis!" Cancers (Basel) 6(1): 297-322.

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

Kim, H. P.,J. Imbertand W. J. Leonard (2006). "Both integrated and differential regulation of
components of the IL-2/IL-2 receptor system." Cytokine Growth Factor Rev 17(5): 349-366.

Klein, L., L. Trautman, S. Psarras, S. Schnell, A. Siermann, R. Liblau, H. von Boehmerand K. Khazaie
(2003). "Visualizing the course of antigen-specificCD8and CD4 T cell responses toagrowingtumor."
EurJ Immunol 33(3): 806-814.

Klein, O., C. Schmidt, A. Knights, |. D. Davis, W. Chen and J. Cebon (2011). "Melanomavaccines:
developments overthe past 10 years." Expert Rev Vaccines 10(6): 853-873.

Kleinman, H.K., M. L. McGarvey, L. A. Liotta, P. G. Robey, K. Tryggvason and G. R. Martin (1982).
"Isolation and characterization of type IV procollagen, laminin, and heparan sulfate proteoglycan
fromthe EHS sarcoma." Biochemistry 21(24): 6188-6193.

Koebel, C. M., W. Vermi, J. B. Swann, N. Zerafa, S.J. Rodig, L. J. Old, M. J. Smyth and R. D. Schreiber
(2007). "Adaptive immunity maintains occult cancerin an equilibrium state." Nature 450(7171): 903-
907.

Kohler, G.(1980). "Immunoglobulin chain lossin hybridomalines." Proc Natl Acad Sci US A 77(4):
2197-2199.

Kono, H. and K. L. Rock (2008). "How dyingcells alertthe immune systemto danger." Nat Rev
Immunol 8(4): 279-289.

Krausgruber, T., K. Blazek, T. Smallie, S. Alzabin, H. Lockstone, N. Sahgal, T. Hussell, M. Feldmann and
I. A. Udalova(2011). "IRF5 promotesinflammatory macrophage polarization and TH1-TH17
responses." Nat Immunol 12(3): 231-238.

Kudrin, A. (2014). "Cancer vaccines: What do we need to measure in clinical trials?" Hum Vaccin
Immunother10(11).

Kuhnemund, A., P. Liebisch, K. Bauchmuller, A. zur Hausen, H. Veelken, R. Wasch and M. Engelhardt
(2009). "'Light-chain escape-multiple myeloma'-an escape phenomenon from plateau phase: report
of the largest patient series using LC-monitoring." J Cancer Res Clin Oncol 135(3): 477-484.

Kumar, S., R. Fonseca, A. Dispenzieri, M. Q. Lacy, J. A. Lust, L. Wellik, T. E. Witzig, M. A. Gertz, R. A.
Kyle, P.R. GreippandS. V. Rajkumar (2003). "Prognosticvalue of angiogenesis in solitary bone
plasmacytoma." Blood 101(5): 1715-1717.

Kurahara, H., H. Shinchi, Y. Mataki, K. Maemura, H. Noma, F. Kubo, M. Sakoda, S. Ueno, S. Natsugoe
and S. Takao (2011). "Significance of M2-polarized tumor-associated macrophage in pancreatic
cancer." ) Surg Res 167(2): e211-219.

Kuroda, E., V. Ho, J. Ruschmann, F. Antignano, M. Hamilton, M. J. Rauh, A. Antov, R. A. Flavell, L. M.
Sly and G. Krystal (2009). "SHIP represses the generation of IL-3-induced M2 macrophages by
inhibiting IL-4 production from basophils." J Immunol 183(6): 3652-3660.

51



Kuznetsov, H.S., T. Marsh, B. A. Markens, Z. Castano, A. Greene-Colozzi, S. A. Hay, V. E. Brown, A. L.
Richardson, S. Signoretti, E. M. Battinelliand S. S. McAllister (2012). "Identification of luminal breast
cancers that establish atumor-supportive macroenvironment defined by proangiogenicplatelets and
bone marrow-derived cells." Cancer Discov 2(12): 1150-1165.

Kyle,R.A., M. A. Gertz, T. E. Witzig, J. A. Lust, M. Q. Lacy, A. Dispenzieri, R. Fonseca, S. V. Rajkumar, J.
R. Offord, D.R. Larson, M. E. Plevak, T. M. Therneauand P. R. Greipp (2003). "Review of 1027
patients with newly diagnosed multiple myeloma." Mayo Clin Proc 78(1): 21-33.

Landgren, O.,R. A. Kyle, R. M. Pfeiffer, J. A. Katzmann, N. E. Caporaso, R. B. Hayes, A. Dispenzieri, S.
Kumar, R. J. Clark, D. Baris, R. Hooverand S. V. Rajkumar (2009). "Monoclonal gammopathy of
undetermined significance (MGUS) consistently precedes multiple myeloma: a prospective study."
Blood 113(22): 5412-5417.

LaPorte,S. L., Z. S. Juo, J. Vaclavikova, L. A. Colf, X. Qi, N. M. Heller, A. D. Keeganand K. C. Garcia
(2008). "Molecularand structural basis of cytokine receptor pleiotropy in the interleukin-4/13
system." Cell 132(2): 259-272.

Lauritzsen, G. F. and B. Bogen (1993). "The role of idiotype -specific, CD4+ T cells in tumor resistance
against major histocompatibility complex class [l molecule negative plasmacytomacells." Cell
Immunol 148(1): 177-188.

Lauritzsen, G.F., P. O. Hofgaard, K. Schenck and B. Bogen (1998). "Clonal deletion of thymocytesas a
tumor escape mechanism." IntJ Cancer 78(2): 216-222.

Lauritzsen, G.F., S. Weissand B. Bogen (1993). "Anti-tumouractivity of idiotype-specific, MHC-
restricted Thl1and Th2 clonesinvitroand invivo." ScandJ Immunol 37(1): 77-85.

Lauritzsen, G.F., S. Weiss, Z. Dembicand B. Bogen (1994). "Naive idiotype-specificCD4+T cellsand
immunosurveillance of B-cell tumors." Proc Natl Acad Sci U S A 91(12): 5700-5704.

Lawrence, T.and D. W. Gilroy (2007). "Chronicinflammation: afailure of resolution?" IntJ Exp Pathol
88(2): 85-94.

Lee, K. H., E. Wang, M. B. Nielsen, J. Wunderlich, S. Migueles, M. Connors, S. M. Steinberg, S. A.
Rosenbergand F. M. Marincola (1999). "Increased vaccine-specificT cell frequency after peptide-
based vaccination correlates with increased susceptibility to in vitro stimulation but does not lead to
tumor regression." J Immunol 163(11): 6292-6300.

Li, M. O.,Y. Y. Wan, S. Sanjabi, A. K. RobertsonandR. A. Flavell (2006). "Transforming growth factor-
betaregulation ofimmune responses." Annu Revimmunol 24: 99-146.

Liang, H. E., R. L. Reinhardt, J. K. Bando, B. M. Sullivan, I. C. Ho and R. M. Locksley (2012). "Divergent
expression patterns of IL-4and IL-13 define unique functionsin allergicimmunity." Nat Immunol
13(1): 58-66.

Liwing, J., K. Uttervall, J. Lund, A. Aldrin, C. Blimark, K. Carlson, J. Enestig, M. Flogegard, K. Forsberg,
A. Gruber, H. Haglof Kviele, P. Johansson, B. Lauri, U. H. Mellqvist, A. Swedin, M. Svensson, P.
Nasman, E. Alici, G. Gahrton, J. Aschan and H. Nahi (2013). "Improved survivalin myeloma patients:
startingto close in on the gap between elderly patients and a matched normal population." BrJ
Haematol.

Lonial, S.and J. L. Kaufman (2013). "Non-secretory myeloma: aclinician's guide." Oncology (Williston
Park) 27(9): 924-928, 930.

Lorvik, K. B., B. Bogen and A. Corthay (2012). "Fingolimod blocks immunosurveillance of myeloma
and B-cell lymphomaresultingin cancer developmentin mice." Blood 119(9): 2176-2177.

Lorvik, K. B., O. A. Haabeth, T. Clancy, B. Bogen and A. Corthay (2013). "Molecular profiling of tumor-
specificT1 cells activated in vivo." Oncoimmunology 2(5): e24383.

Lundin, K. U., P. O. Hofgaard, H. Omholt, L. A. Munthe, A. Corthay and B. Bogen (2003). "Therapeutic
effectof idiotype-specificCD4+T cells against B-cell ymphomain the absence of anti-idiotypic
antibodies." Blood 102(2): 605-612.

Lundin, K. U., V. Screpanti, H. Omholt, P. 0. Hofgaard, H. Yagita, A. Grandien and B. Bogen (2004).
"CD4+ T cellskill Id+B-lymphoma cells: FasLigand-Fas interaction is dominantinvitro butis
redundantinvivo." Cancer Immunol Immunother 53(12): 1135-1145.

52



MacKie, R. M., R. Reid and B. Junor(2003). "Fatal melanomatransferredinadonated kidney 16 years
aftermelanomasurgery." N EnglJ Med 348(6): 567-568.

Maddams, J., M. Utley and H. Moller (2012). "Projections of cancer prevalence in the United
Kingdom, 2010-2040." BrJ Cancer 107(7): 1195-1202.

Maizels, N. (2005). "Immunoglobulin genediversification." Annu Rev Genet 39: 23-46.

Mancino, A., T. Schioppa, P. Larghi, F. Pasqualini, M. Nebuloni, I. H. Chen, S. Sozzani, J. M. Austyn, A.
Mantovani and A. Sica (2008). "Divergent effects of hypoxia on dendriticcell functions." Blood
112(9): 3723-3734.

Mantovani, A., P. Allavena, A. Sicaand F. Balkwill (2008). "Cancer-related inflammation." Nature
454(7203): 436-444.

Mantovani, A., S. K. Biswas, M. R. Galdiero, A. Sicaand M. Locati (2013). "Macrophage plasticity and
polarizationintissue repairand remodelling." J Pathol 229(2): 176-185.

Mantovani, A. and A. Sica (2010). "Macrophages, innate immunityand cancer: balance, tolerance,
and diversity." Curr Opin Immunol 22(2): 231-237.

Mantovani, A., A. Sica, S. Sozzani, P. Allavena, A. Vecchi and M. Locati (2004). "The chemokine system
in diverse forms of macrophage activation and polarization." Trends Immunol 25(12): 677-686.
Mantovani, A., S. Sozzani, M. Locati, P. Allavenaand A. Sica (2002). "Macrophage polarization: tumor-
associated macrophages as a paradigm for polarized M2 mononuclear phagocytes." Trends Immunol
23(11): 549-555.

Marabelle, A., H. Kohrt, I. Sagiv-Barfi, B. Ajami, R. C. Axtell, G. Zhou, R. Rajapaksa, M. R. Green, J.
Torchia, J. Brody, R. Luong, M. D. Rosenblum, L. Steinman, H. |. Levitsky, V. Tse and R. Levy (2013).
"Depleting tumor-specific Tregs at a single site eradicates disseminated tumors." J Clin Invest 123(6):
2447-2463.

Martinez, F. O.,S. Gordon, M. Locati and A. Mantovani (2006). "Transcriptional profiling of the
human monocyte-to-macrophage differentiation and polarization: new molecules and patterns of
gene expression." JImmunol 177(10): 7303-7311.

Martinez, F. O., L. HelmingandS. Gordon (2009). "Alternative activation of macrophages: an
immunologicfunctional perspective." Annu RevImmunol 27: 451-483.

Marzo, A. L., R. A. Lake, B. W. Robinson and B. Scott (1999). "T-cell receptortransgenicanalysis of
tumor-specificCD8and CD4 responses in the eradication of solid tumors." Cancer Res 59(5): 1071-
1079.

Matloubian, M., R. J. Concepcionand R. Ahmed (1994). "CD4+T cells are required to sustain CD8+
cytotoxicT-cell responses during chronicviral infection." ) Virol 68(12): 8056-8063.

Matsui, W., Q. Wang, J. P. Barber, S. Brennan, B. D. Smith, I. Borrello, I. McNiece, L. Lin, R. F.
Ambinder, C. Peacock, D. N. Watkins, C. A. Huff and R. J. Jones (2008). "Clonogenic multiple myeloma
progenitors, stem cell properties, and drug resistance." Cancer Res 68(1): 190-197.

Matsuo, Y., H. G. Drexler, C. Nishizaki, A. Harashima, S. Fukuda, T. Kozuka, T. Sezaki and K. Orita
(2000). "Human bone marrow stroma-dependent cellline MOLP-5derived from a patientin
leukaemic phase of multiple myeloma." BrJ Haematol 109(1): 54-63.

Matsushita, H., M. D. Vesely, D. C. Koboldt, C. G. Rickert, R. Uppaluri, V.J. Magrini, C. D. Arthur, J. M.
White, Y.S. Chen, L. K. Shea, J. Hundal, M. C. Wendl, R. Demeter, T. Wylie, J. P. Allison, M. J. Smyth, L.
J. Old, E. R. Mardisand R. D. Schreiber (2012). "Cancer exome analysis revealsaT-cell-dependent
mechanism of cancerimmunoediting." Nature 482(7385): 400-404.

McKallip, R., R. Li and S. Ladisch (1999). "Tumor gangliosides inhibit the tumor-specificimmune
response." JImmunol 163(7): 3718-3726.

Medzhitov, R., D.S. Schneiderand M. P. Soares (2012). "Disease tolerance as adefense strategy."
Science 335(6071): 936-941.

Melchers, F. (2005). "The pre-B-cell receptor: selector of fittingimmunoglobulin heavy chains forthe
B-cell repertoire." Nat RevImmunol 5(7): 578-584.

Melchers, F., E. ten Boekel, T. Seidl, X. C. Kong, T. Yamagami, K. Onishi, T. Shimizu, A. G. Rolink and J.
Andersson (2000). "Repertoire selection by pre-B-cell receptors and B-cell receptors, and genetic
control of B-cell developmentfromimmature to mature B cells." Immunol Rev 175: 33-46.

53



Meltzer, M. S., M. Occhioneroand L. P. Ruco (1982). "Macrophage activation for tumor cytotoxicity:
regulatory mechanisms forinduction and control of cytotoxicactivity." Fed Proc41(6): 2198-2205.
Mestas, J. and C. C. Hughes (2004). "Of mice and not men: differences between mouseand human
immunology." JImmunol 172(5): 2731-2738.

Mitsiades, C.S., N.S. Mitsiades, R. T. Bronson, D. Chauhan, N. Munshi, S. P. Treon, C. A. Maxwell, L.
Pilarski, T. Hideshima, R. M. Hoffman and K. C. Anderson (2003). "Fluorescence imaging of multiple
myelomacellsinaclinically relevant SCID/NOD in vivo model: biologicand clinical implications."
Cancer Res 63(20): 6689-6696.

Monaco, C., E. Andreakos, S. Kiriakidis, C. Mauri, C. Bicknell, B. Foxwell, N. Cheshire, E. Paleolog and
M. Feldmann (2004). "Canonical pathway of nuclearfactor kappa B activation selectively regulates
proinflammatory and prothromboticresponses in human atheroscl erosis." Proc Natl AcadSci US A
101(15): 5634-5639.

Monti, P., B. E. Leone, F. Marchesi, G. Balzano, A. Zerbi, F. Scaltrini, C. Pasquali, G. Calori, F. Pessi, C.
Sperti, V. DiCarlo, P. Allavena and L. Piemonti (2003). "The CC chemokine MCP-1/CCL2in pancreatic
cancer progression: regulation of expression and potential mechanisms of antimalignant activity."
Cancer Res 63(21): 7451-7461.

Morris, S. M., Jr.(2009). "Recentadvancesin arginine metabolism: rolesand regulation of the
arginases." BrJ Pharmacol 157(6): 922-930.

Mosser, D. M. and J. P. Edwards (2008). "Exploring the full spectrum of macrophage activation." Nat
RevImmunol 8(12): 958-969.

Movahedi, K., D. Laoui, C. Gysemans, M. Baeten, G. Stange, J. Van den Bossche, M. Mack, D.
Pipeleers, P.In'tVeld, P. De Baetselierand J. A. Van Ginderachter (2010). "Different tumor
microenvironments contain functionally distinct subsets of macrophages derived from Ly6C(high)
monocytes." Cancer Res 70(14): 5728-5739.

Mowla, S. N., N. D. Perkinsand P.S. Jat (2013). "Friend orfoe: emergingrole of nuclearfactor kappa-
light-chain-enhancer of activated Bcellsin cell senescence." Onco Targets Ther 6: 1221-1229.
Mullins, D. W., R. S. Martins, C. J. Burger and K. D. Elgert (2001). "Tumor cell-derived TGF-betaand IL-
10 dysregulate paclitaxel-induced macrophage activation." J LeukocBiol 69(1): 129-137.

Mumberg, D., P. A. Monach, S. Wanderling, M. Philip, A.Y. Toledano, R. D. Schreiberand H. Schreiber
(1999). "CDA4(+) T cells eliminate MHC class lI-negative cancer cellsin vivo by indirect effects of IFN-
gamma." Proc Natl Acad Sci US A 96(15): 8633-8638.

Muranski, P., A. Boni, P. A. Antony, L. Cassard, K. R. Irvine, A. Kaiser, C. M. Paulos, D. C. Palmer, C. E.
Touloukian, K. Ptak, L. Gattinoni, C. Wrzesinski, C. S. Hinrichs, K. W. Kerstann, L. Feigenbaum, C. C.
Chan and N. P. Restifo (2008). "Tumor-specificTh17-polarized cells eradicate large established
melanoma." Blood 112(2): 362-373.

Muranski, P.and N. P. Restifo (2009). "Adoptive immunotherapy of cancerusing CD4(+) T cells." Curr
OpinImmunol 21(2): 200-208.

Murdoch, C., M. Muthana and C. E. Lewis (2005). "Hypoxia regulates macrophage functionsin
inflammation." J Immunol 175(10): 6257-6263.

Nardin, A.and J. P. Abastado (2008). "Macrophages and cancer." Front Biosci 13: 3494-3505.

Negus, R.P.,G. W. Stamp, M. G. Relf, F. Burke, S. T. Malik, S. Bernasconi, P. Allavena, S. Sozzani, A.
Mantovani and F. R. Balkwill(1995). "The detection and localization of monocyte chemoattractant
protein-1(MCP-1) in human ovarian cancer." J Clin Invest 95(5): 2391-2396.

Nesbit, M., H. Schaider, T. H. Millerand M. Herlyn (2001). "Low-level monocyte chemoattractant
protein-1stimulation of monocytes leads to tumorformationin nontumorigenic melanomacells." J
Immunol 166(11): 6483-6490.

Nishimura, M. 1., D. Avichezer, M. C. Custer, C.S. Lee, C. Chen, M. R. Parkhurst, R. A. Diamond, P. F.
Robbins, D.J. SchwartzentruberandS. A. Rosenberg(1999). "MHC class | -restricted recognition of a
melanomaantigen by ahuman CD4+ tumor infiltrating lymphocyte." Cancer Res 59(24): 6230-6238.
Odegaard, J. 1., R. R. Ricardo-Gonzalez, A. Red Eagle, D. Vats, C. R. Morel, M. H. Goforth, V.
Subramanian, L. Mukundan, A. W. Ferrante and A. Chawla (2008). "Alternative M2 activation of
Kupffercells by PPARdelta ameliorates obesity-induced insulin resistance." Cell Metab 7(6): 496-507.

54



Ohminami, H., M. Yasukawa, S. Kaneko, Y. Yakushijin, Y. Abe, Y. Kasahara, Y. IshidaandS. Fujita
(1999). "Fas-independent and nonapoptotic cytotoxicity mediated by ahuman CD4(+) T-cell clone
directed againstan acute myelogenous leukemia-associated DEK-CAN fusion peptide." Blood 93(3):
925-935,

Ohri, C. M., A.Shikotra, R. H. Green, D. A. Wallerand P. Bradding (2009). "Macrophages within NSCLC
tumourislets are predominantly of a cytotoxic M1 phenotype associated with extended survival." Eur
RespirJ 33(1): 118-126.

Olefsky, J. M. and C. K. Glass (2010). "Macrophages, inflammation, and insulin resistance." Annu Rev
Physiol 72: 219-246.

Olson, B. M. and D. G. McNeel (2012). "Antigenloss and tumor-mediated immunosuppression
facilitate tumorrecurrence." Expert Rev Vaccines 11(11): 1315-1317.

Oosterling,S.J., G.J. van der Bij, G. A. Meijer, C. W. Tuk, E. van Garderen, N.van Rooijen, S. Meijer, J.
R. van derSijp, R. H. Beelenand M. van Egmond (2005). "Macrophages direct tumour histology and
clinical outcome inacolon cancer model." ) Pathol 207(2): 147-155.

Ossendorp, F., E. Mengede, M. Camps, R. Filiusand C. J. Melief (1998). "SpecificThelpercell
requirement for optimal induction of cytotoxic Tlymphocytes against major histocompatibility
complex class Il negative tumors." J Exp Med 187(5): 693-702.

Ostrand-Rosenberg, S. (2005). "CD4+ T lymphocytes: a critical component of antitumorimmunity."
Cancer Invest 23(5): 413-419.

Ostrand-Rosenberg, S., C. Roby, V. K. Clementsand G. A. Cole (1991). "Tumor-specificimmunity can
be enhanced by transfection of tumor cells with syngeneic MHC-class-Il genes or allogeneic MHC-
class-1genes." IntJ Cancer Suppl 6: 61-68.

Ostrand-Rosenberg, S., A. Thakurand V. Clements (1990). "Rejection of mouse sarcoma cells after
transfection of MHC class Il genes." JImmunol 144(10): 4068-4071.

Paulos, C. M., M. M. Suhoski, G. Plesa, T. Jiang, S. Basu, T. N. Golovina, S. Jiang, N. A. Aqui, D. J.
Powell, Jr., B. L. Levine, R. G. Carroll, J. L. Rileyand C. H. June (2008). "Adoptive immunotherapy:
good habitsinstilled atyouth have long-term benefits." Immunol Res 42(1-3): 182-196.

Pello, 0. M., M. De Pizzol, M. Mirolo, L. Soucek, L. Zammataro, A. Amabile, A. Doni, M. Nebuloni, L. B.
Swigart, G. |. Evan, A. Mantovani and M. Locati (2012). "Role of c-MYC in alternative activation of
human macrophages and tumor-associated macrophage biology." Blood 119(2): 411-421.
Perez-Diez, A.,N.T.Joncker, K. Choi, W. F. Chan, C. C. Anderson, O. Lantz and P. Matzinger (2007).
"CD4 cells can be more efficientattumorrejectionthan CDS8 cells." Blood 109(12): 5346-5354.
Pesce, J., M. Kaviratne, T. R. Ramalingam, R. W. Thompson, J. F. Urban, Jr., A.W. Cheever, D. A.
Young, M. Collins, M.J. Grusby and T. A. Wynn (2006). "The IL-21 receptoraugments Th2 effector
function and alternative macrophage activation." J Clin Invest 116(7): 2044-2055.

Pilstrom, L. (2002). "The mysterious immunoglobulin light chain." Dev Comp Immunol 26(2): 207-215.
Pilstrom, L., M. L. Lundgvistand N. E. Wermenstam (1998). "The immunoglobulin light chainin
poikilothermicvertebrates." Immunol Rev 166: 123-132.

Pollard, J. W. (2004). "Tumour-educated macrophages promote tumour progression and metastasis."
Nat Rev Cancer4(1): 71-78.

Pollard, J. W. (2009). "Trophic macrophagesin development and disease." Nat RevImmunol 9(4):
259-270.

Poltorak, A., X. He, I. Smirnova, M. Y. Liu, C. Van Huffel, X. Du, D. Birdwell, E. Alejos, M. Silva, C.
Galanos, M. Freudenberg, P. Ricciardi-Castagnoli, B. Layton and B. Beutler(1998). "Defective LPS
signalingin C3H/HeJ and C57BL/10ScCr mice: mutationsin TIr4gene." Science 282(5396): 2085-2088.
Porichis, F., D.S. Kwon, J. Zupkosky, D. P. Tighe, A. McMullen, M. A. Brockman, D. F. Pavlik, M.
Rodriguez-Garcia, F. Pereyra, G.J. Freeman, D. G. Kavanagh and D. E. Kaufmann (2011).
"Responsiveness of HIV-specificCD4T cellsto PD-1 blockade." Blood 118(4): 965-974.

Porta, C., M. Rimoldi, G. Raes, L. Brys, P. Ghezzi, D. Di Liberto, F. Dieli, S. Ghisletti, G. Natoli, P. De
Baetselier, A. Mantovani and A. Sica (2009). "Tolerance and M2 (alternative) macrophage
polarization are related processes orchestrated by p50 nuclearfactor kappaB." Proc Natl Acad Sci US
A 106(35): 14978-14983.

55



Porter, D. L., B. L. Levine, M. Kalos, A. Bagg and C. H. June (2011). "Chimericantigen receptor-
modified Tcellsin chroniclymphoid leukemia." N Engl ) Med 365(8): 725-733.

Potter, M. (1972). "Immunoglobulin-producing tumors and myeloma proteins of mice." Physiol Rev
52(3): 631-719.

Pozzi, L. A., J. W. Maciaszek and K. L. Rock (2005). "Both dendriticcellsand macrophages can
stimulate naive CD8T cellsinvivoto proliferate, develop effector function, and differentiateinto
memory cells." JImmunol 175(4): 2071-2081.

Puig-Kroger, A., E. Sierra-Filardi, A. Dominguez-Soto, R. Samaniego, M. T. Corcuera, F. Gomez-
Aguado, M. Ratnam, P. Sanchez-Mateos and A. L. Corbi (2009). "Folate receptorbetais expressed by
tumor-associated macrophages and constitutes a markerfor M2 anti-inflammatory/regulatory
macrophages." Cancer Res 69(24): 9395-9403.

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

Qin, Z. and T. Blankenstein (2000). "CD4+ T cell--mediated tumor rejection involves inhibition of
angiogenesis thatis dependenton IFN gammareceptor expression by nonhematopoieticcells."
Immunity 12(6): 677-686.

Qu, X., L. Zhang, W. Fu, H. Zhang, X. Xiang, L. Qiuand J. Hou (2010). "Aninfrequentrelapse of
multiple myeloma predominantly manifesting as light chain escape: clinical experience from two
Chinese centers." Leuk Lymphoma 51(10): 1844-1849.

Quezada,S.A., K. S. Peggs, M. A. Curran and J. P. Allison (2006). "CTLA4 blockade and GM-CSF
combinationimmunotherapy alters the intratumor balance of effectorand regulatory Tcells." J Clin
Invest 116(7): 1935-1945.

Quezada,S.A., K. S. Peggs, T.R. Simpson andJ. P. Allison (2011). "Shifting the equilibriumin cancer
immunoediting: from tumortolerance to eradication." Immunol Rev 241(1): 104-118.
Quezada,S.A., T. R. Simpson, K. S. Peggs, T. Merghoub, J. Vider, X. Fan, R. Blasberg, H. Yagita, P.
Muranski, P. A. Antony, N. P. RestifoandJ. P. Allison (2010). "Tumor-reactive CD4(+) T cells develop
cytotoxicactivity and eradicate large established melanoma after transferinto lymphopenichosts." J
Exp Med 207(3): 637-650.

Radl, )., C. F. Hollander, P.vanden Bergand E. de Glopper(1978). "Idiopathic paraproteinaemia. |.
Studiesinan animal model--the ageing C57BL/KalLwRij mouse." Clin Exp Immunol 33(3): 395-402.
Randolph, G.J., C.Jakubzickand C. Qu (2008). "Antigen presentation by monocytes and monocyte -
derived cells." Curr Opin Immunol 20(1): 52-60.

Recalcati, S., M. Locati, A. Marini, P. Santambrogio, F. Zaninotto, M. De Pizzol, L. Zammataro, D.
Girelliand G. Cairo (2010). "Differential regulation of iron homeostasis during human macrophage
polarized activation." EurJ Immunol 40(3): 824-835.

Roca, H., Z. S. Varsos, S. Sud, M. J. Craig, C. Ying and K. J. Pienta (2009). "CCL2 and interleukin-6
promote survival of human CD11b+ peripheral blood mononuclear cells and induce M2-type
macrophage polarization." ) Biol Chem 284(49): 34342-34354.

Roccaro, A. M., A.Sacco, P. Maiso, A. K. Azab, Y. T. Tai, M. Reagan, F. Azab, L. M. Flores, F.
Campigotto, E. Weller, K. C. Anderson, D. T. Scadden and |. M. Ghobrial (2013). "BM mesenchymal
stromal cell-derived exosomes facilitate multiple myeloma progression." J Clin Invest 123(4): 1542-
1555.

Rodriguez-Prados, J. C., P. G. Traves, J. Cuenca, D. Rico, J. Aragones, P. Martin-Sanz, M. Cascante and
L. Bosca (2010). "Substrate fate in activated macrophages: acomparison between innate, classic, and
alternative activation." J Immunol 185(1): 605-614.

Roncarolo, M. G., M. K. Levings and C. Traversari (2001). "Differentiation of Tregulatory cells by
immature dendriticcells." ) Exp Med 193(2): F5-9.

Rosen, F.S., M. D. Cooperand R. J. Wedgwood (1984). "The primary immunodeficiencies. (2)." N Engl
J Med 311(5): 300-310.

Rosenberg,S.A.,J.C. Yang, R. M. Sherry, U. S. Kammula, M. S. Hughes, G. Q. Phan, D. E. Citrin, N. P.
Restifo, P. F. Robbins, J. R. Wunderlich, K. E. Morton, C. M. Laurencot, S. M. Steinberg, D. E. White

56



and M. E. Dudley (2011). "Durable complete responsesin heavily pretreated patients with metastatic
melanoma using T-cell transferimmunotherapy." Clin Cancer Res 17(13): 4550-4557.

Saad, F., A. Lipton, R. Cook, Y. M. Chen, M. Smith and R. Coleman (2007). "Pathologicfractures
correlate with reduced survivalin patients with malignant bone disease." Cancer 110(8): 1860-1867.
Salwa, J. (1980). "Experimental plasmacytomain mice. . Induction, morphological and biological
characteristics." Arch Immunol Ther Exp (Warsz) 28(1): 167-172.

Schietinger, A., M. Philip, R. B. Liu, K. Schreiberand H. Schreiber (2010). "Bystander killing of cancer
requiresthe cooperation of CD4(+) and CD8(+) T cells during the effector phase." ) Exp Med 207(11):
2469-2477.

Schreiber,R.D., L. J. Oldand M. J. Smyth (2011). "Cancerimmunoediting: integratingimmunity's
rolesin cancer suppression and promotion." Science 331(6024): 1565-1570.

Schroder, K., P. J. Hertzog, T. Ravasi and D. A. Hume (2004). "Interferon-gamma: an overview of
signals, mechanisms and functions." J LeukocBiol 75(2): 163-189.

Sen, R. and D. Baltimore (2006). "Multiple nuclearfactors interact with the immunoglobulin enhancer
sequences. Cell 1986. 46: 705-716." J Immunol 177(11): 7485-7496.

Shankaran, V., H. Ikeda, A.T. Bruce, J. M. White, P. E. Swanson, L. J. Oldand R. D. Schreiber (2001).
"IFNgamma and lymphocytes prevent primary tumour development and shape tumour
immunogenicity." Nature 410(6832): 1107-1111.

Shevach, E. M. (2004). "Fatal attraction: tumors beckon regulatory T cells." Nat Med 10(9): 900-901.
Shields, J. D, I. C. Kourtis, A. A. Tomei, J. M. Roberts and M. A. Swartz (2010). "Induction of
lymphoidlike stromaand immune escape by tumors that express the chemokine CCL21." Science
328(5979): 749-752.

Shimizu, J., S. Yamazaki and S. Sakaguchi (1999). "Induction of tumorimmunity by removing
CD25+CD4+ T cells:a common basis between tumorimmunity and autoimmunity." J Immunol
163(10): 5211-5218.

Sica, A. and V. Bronte (2007). "Altered macrophage differentiation and immunedysfunctionin tumor
development."JClinInvest 117(5): 1155-1166.

Sica, A. and A. Mantovani (2012). "Macrophage plasticity and polarization:in vivoveritas." J Clin
Invest 122(3): 787-795.

Sica, A., T. Schioppa, A. Mantovani and P. Allavena (2006). "Tumour-associated macrophages are a
distinct M2 polarised population promoting tumour progression: potential targets of anti-cancer
therapy." Eur J Cancer42(6): 717-727.

Sieweke, M. H., N. L. Thompson, M. B. Spornand M. J. Bissell (1990). "Mediation of wound -related
Rous sarcoma virus tumorigenesis by TGF-beta." Science 248(4963): 1656-1660.

Sims, G. P.,D. C. Rowe, S. T. Rietdijk, R. Herbstand A. J. Coyle (2010). "HMGB1 and RAGE in
inflammation and cancer." Annu RevImmunol 28: 367-388.

Solinas, G., G. Germano, A. Mantovani and P. Allavena (2009). "Tumor-associated macrophages
(TAM) as major players of the cancer-related inflammation." ) Leukoc Biol 86(5): 1065-1073.

Steidl, C., T. Lee, S. P.Shah, P. Farinha, G. Han, T. Nayar, A. Delaney, S.J.Jones, J. Igbal, D. D.
Weisenburger, M. A. Bast, A. Rosenwald, H. K. Muller-Hermelink, L. M. Rimsza, E. Campo, J. Delabie,
R. M. Braziel, J.R. Cook, R. R. Tubbs, E. S. Jaffe, G. Lenz, J. M. Connors, L. M. Staudt, W. C. Chanand R.
D. Gascoyne (2010). "Tumor-associated macrophages and survival in classic Hodgkin's lymphoma." N
EnglJ Med 362(10): 875-885.

Stein, M., S. Keshav, N. Harrisand S. Gordon (1992). "Interleukin 4 potently enhances murine
macrophage mannose receptoractivity: a marker of alternative immunologic macrophage
activation." ) Exp Med 176(1): 287-292.

Steinman, R. M. and H. Hemmi (2006). "Dendriticcells: translating innate to adaptive immunity." Curr
Top Microbiol Immunol 311: 17-58.

Stutman, 0. (1974). "Tumor development after 3-methylcholanthreneinimmunologically deficient
athymic-nude mice." Science 183(4124): 534-536.

Szanto, A., B. L. Balint, Z. S. Nagy, E. Barta, B. Dezso, A. Pap, L. Szeles, S. Poliska, M. Oros, R. M. Evans,
Y. Barak, J. Schwabe and L. Nagy (2010). "STAT®6 transcription factoris a facilitator of the nuclear

57



receptor PPARgamma-regulated gene expression in macrophages and dendriticcells." Immunity
33(5): 699-712.

Takeda, N., E. L. O'Dea, A. Doedens, J. W.Kim, A. Weidemann, C. Stockmann, M. Asagiri, M. C. Simon,
A. HoffmannandR. S.Johnson (2010). "Differential activation and antagonistic function of HIF-
{alpha}isoformsin macrophages are essential for NO homeostasis." Genes Dev 24(5): 491-501.
Tassone, P., P. Tagliaferri, M. Rossi, T. Calimeri, A. Bulotta, A. Abbruzzese, M. Caragliaand P. Neri
(2009). "Challengingthe currentapproaches to multiple myeloma-related bone disease: from
bisphosphonates to targettherapy." Curr Cancer Drug Targets 9(7): 854-870.

Teng, M. W., M. D. Vesely, H. Duret, N. McLaughlin, J. E. Towne, R. D. Schreiberand M. J. Smyth
(2012). "OpposingrolesforlL-23and IL-12 in maintaining occult cancerin an equilibrium state."
Cancer Res 72(16): 3987-3996.

Thompson, R. H., M. D. Gillett, J. C. Cheville,C. M. Lohse, H. Dong, W. S. Webster, K. G. Krejci, J. R.
Lobo, S. Sengupta, L. Chen, H. Zincke, M. L. Blute, S. E. Strome, B. C. Leibovich and E. D. Kwon (2004).
"Costimulatory B7-Hlinrenal cell carcinoma patients: Indicator of tumoraggressiveness and
potential therapeutictarget." Proc Natl Acad Sci U S A 101(49): 17174-17179.

Tite,J. P. and C. A.Janeway, Jr. (1984). "Cloned helperTcells cankill B lymphomacellsinthe
presence of specificantigen: larestriction and cognate vs. noncognate interactionsin cytolysis." EurJ
Immunol 14(10): 878-886.

Tsaknakis, B., I. M. Schaefer, H. Schworer, C. O. Sahlmann, K. M. Thoms, M. Blaschke, G. Ramadori
and S. Cameron (2014). "Long-lasting complete response of metastatic melanomatoipilimumab with
analysis of the residentimmune cells." Med Oncol 31(1): 813.

Tubo, N. J., A. J. Pagan, J.J. Taylor,R. W. Nelson, J. L. Linehan, J. M. Ertelt, E. S. Huseby, S.S. Way and
M. K. Jenkins (2013). "Single naive CD4+T cells from a diverse repertoire produce different effector
celltypes duringinfection." Cell 153(4): 785-796.

Turesson, |, R. Velez, S.Y. Kristinsson and O. Landgren (2010). "Patterns of multiple myelomaduring
the past 5 decades: stable incidence rates forall age groups in the population but rapidly changing
age distributionin the clinic." Mayo Clin Proc 85(3): 225-230.

Turtle, C.J. and S. R. Riddell (2011). "Genetically retargeting CD8+lymphocyte subsets for cancer
immunotherapy." Curr Opin Immunol 23(2): 299-305.

Ueno, T., M. Toi, H. Saji, M. Muta, H. Bando, K. Kuroi, M. Koike, H. Inaderaand K. Matsushima (2000).
"Significance of macrophage chemoattractant protein-1in macrophage recruitment, angiogenesis,
and survival in human breast cancer." Clin Cancer Res 6(8): 3282-3289.

Urashima, M., B. P. Chen, S. Chen, G. S. Pinkus, R. T. Bronson, D. A. Dedera, Y. Hoshi, G. Teoh, A.
Ogata, S. P. Treon, D. Chauhanand K. C. Anderson (1997). "The development of amodel for the
homing of multiple myeloma cells to human bone marrow." Blood 90(2): 754-765.

Vacca, A, R. Ria, D. Ribatti, F. Semeraro, V. Djonov, F. Di Raimondo and F. Dammacco (2003). "A
paracrine loopin the vascular endothelial growth factor pathway triggers tumor angiogenesis and
growth in multiple myeloma." Haematologica 88(2): 176-185.

van derVeer, M. S., M. de Weers, B. van Kessel, J. M. Bakker, S. Wittebol, P. W. Parren, H. M.
Lokhorstand T. Mutis (2011). "The therapeutichuman CD38 antibody daratumumab improves the
anti-myeloma effect of newly emerging multi-drug therapies." Blood CancerJ 1(10): e41.

Vesely, M. D., M. H. Kershaw, R. D. Schreiberand M. J. Smyth (2011). "Natural innate and adaptive
immunity to cancer." Annu RevImmunol 29: 235-271.

Vodovotz, Y., C.Bogdan, J. Paik, Q. W. Xie and C. Nathan (1993). "Mechanisms of suppression of
macrophage nitricoxide release by transforming growth factor beta." ] Exp Med 178(2): 605-613.
Vonderheide, R. H., D. L. Bajor, R. Winograd, R. A. Evans, L. J. Bayne and G. L. Beatty (2013). "CD40
immunotherapy for pancreaticcancer." Cancer Immunol Immunother 62(5): 949-954.

Waldmann, T. A., W. Stroberand R. P. Mogielnicki (1972). "The renal handling of low molecular
weight proteins. Il. Disorders of serum protein catabolism in patients with tubular proteinuria, the
nephroticsyndrome, oruremia." J Clin Invest 51(8): 2162-2174.

58



Wang, Y., K. J. Szretter, W.Vermi, S. Gilfillan, C. Rossini, M. Cella, A. D. Barrow, M. S. Diamond and M.
Colonna(2012). "IL-34 is a tissue-restricted ligand of CSF1R required for the development of
Langerhans cells and microglia." Nat Immunol 13(8): 753-760.

White-Gilbertson, S., Y. Hua and B. Liu (2013). "The role of endoplasmicreticulum stressin
maintaining and targeting multiple myeloma: adouble-edged sword of adaptation and apoptosis."
Front Genet4: 109.

Williams, M. A., A.J. Tyznikand M. J. Bevan (2006). "Interleukin-2signals during priming are required
for secondary expansion of CD8+ memory T cells." Nature 441(7095): 890-893.

Wilmott, J.S.,G. V. Long, J. R. Howle, L. E. Haydu, R. N.Sharma, J. F. Thompson, R. F. Kefford, P.
HerseyandR. A. Scolyer(2012). "Selective BRAF inhibitorsinduce marked T-cellinfiltration into
human metastaticmelanoma." Clin Cancer Res 18(5): 1386-1394.

Wolchok, J. D., H. Kluger, M. K. Callahan, M. A. Postow, N. A. Rizvi, A. M. Lesokhin, N. H. Segal, C. E.
Ariyan, R. A. Gordon, K. Reed, M. M. Burke, A. Caldwell, S. A. Kronenberg, B. U. Agunwamba, X.
Zhang, . Lowy, H. D. Inzunza, W. Feely, C. E. Horak, Q. Hong, A. J. Korman, J. M. Wigginton, A. Gupta
and M. Sznol (2013). "Nivolumab plusipilimumabin advanced melanoma." N EnglJ Med 369(2): 122-
133.

Wu, G. and S. M. Morris, Jr. (1998). "Arginine metabolism: nitricoxide and beyond." BiochemJ 336 (
Pt1): 1-17.

Wou, R., M. A. Forget, ). Chacon, C. Bernatchez, C. Haymaker, J. Q. Chen, P. Hwu and L. G. Radvanyi
(2012). "Adoptive T-cell therapy using autologous tumor-infiltrating lymphocytes for metastatic
melanoma: current status and future outlook." CancerJ 18(2): 160-175.

Xie, Y., A. Akpinarli, C. Maris, E. L. Hipkiss, M. Lane, E. K. Kwon, P. Muranski, N. P. Restifoand P. A.
Antony (2010). "Naive tumor-specificCD4(+) T cells differentiated in vivo eradicate established
melanoma." J Exp Med 207(3): 651-667.

Yang, C., H. Lee, S. Pal, V. Jove, J. Deng, W. Zhang, D. S. Hoon, M. Wakabayashi, S. Formanand H. Yu
(2013). "B cells promote tumor progression via STAT3 regulated-angiogenesis." PLoS One 8(5):
e64159.

Yang, L., Y. Pangand H. L. Moses (2010). "TGF-betaand immune cells: animportant regulatory axisin
the tumor microenvironment and progression." Trends Immunol 31(6): 220-227.

Yata, K. and S. Yaccoby (2004). "The SCID-rab model:a novel invivo system for primary human
myeloma demonstrating growth of CD138-expressing malignant cells." Leukemia 18(11): 1891-1897.
Zhang, J., L. Patel and K. J. Pienta (2010). "CC chemokine ligand 2 (CCL2) promotes prostate cancer
tumorigenesis and metastasis." Cytokine Growth Factor Rev 21(1): 41-48.

Zhou, G,, C. G. Drake and H. I. Levitsky (2006). "Amplification of tumor-specificregulatory Tcells
following therapeuticcancervaccines." Blood 107(2): 628-636.

Zhou, G. and H. I. Levitsky (2007). "Natural regulatory T cells and de novo-induced regulatory Tcells
contribute independently to tumor-specifictolerance." ) Immunol 178(4): 2155-2162.

Ziegler,K.and E. R. Unanue (1981). "Identification of a macrophage antigen-processing event
required forl-region-restricted antigen presentationto T lymphocytes." J Immunol 127(5): 1869-
1875.

Zippelius, A., P. Batard, V. Rubio-Godoy, G. Bioley, D. Lienard, F. Lejeune, D. Rimoldi, P. Guillaume, N.
Meidenbauer, A. Mackensen, N. Rufer, N. Lubenow, D. Speiser, J. C. Cerottini, P. Romeroand M. J.
Pittet (2004). "Effector function of human tumor-specificCD8T cellsin melanoma lesions: a state of
local functional tolerance." Cancer Res 64(8): 2865-2873.

Zitvogel, L., 0. Kepp and G. Kroemer(2011). "Immune parameters affecting the efficacy of
chemotherapeuticregimens." Nat Rev Clin Oncol 8(3): 151-160.

Zou, W. (2005). "Immunosuppressive networks in the tumour environmentand their therapeutic
relevance." Nat Rev Cancer 5(4): 263-274.

59



60



	Thesis - Fredrik Schjesvold.pdf
	2014TveitaEurJImm Indir CD4 Tc med elim of MHCIIneg tum cells is spat restr and fails to prev esc of ag neg cells.pdf
	2015TveitaCancRes Tum esc cd4Tc-med immsurv by imp the ab of inf macroph to ind pres tum ag.pdf
	PONE-S-15-63791.pdf
	Tom side
	Tom side


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




