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ABSTRACT 

Reactive oxygen species (ROS) are produced by myeloid cells as a mechanism 
of defense against infection, but also to resolve inflammation, as ROS can 
induce cell death in T cells and NK cells. ROS production may also be 
deployed as a mechanism by which myeloid cells suppress anti-leukemic 
lymphocytes to promote malignant progression. The aim of this thesis was to 
define the role of myeloid cell-derived ROS in chronic leukemias as a putative 
target of immunotherapy. In paper I, the transductional pathways leading to 
ROS-induced lymphocyte death were investigated and found to involve the 
ERK1/2 mitogen-activated protein kinase (MAPK). These results challenge the 
view of ROS-induced cell death being a direct consequence of ROS-inflicted 
DNA damage. Papers II and III demonstrate that anti-CD20 monoclonal 
antibodies (mAbs) triggered ROS production by monocytes and neutrophils, 
which translated into reduced NK cell-mediated antibody-dependent 
cytotoxicity (ADCC) towards autologous leukemic cells derived from patients 
with chronic lymphocytic leukemia (CLL). The anti-oxidative agent histamine 
dihydrochloride (HDC) was found to restore ADCC by preventing ROS 
formation from adjacent monocytes, suggesting that anti-oxidative therapy 
might increase the efficacy of therapeutic mAbs. In paper IV, monocytic 
leukemic cells obtained from patients with chronic myelomonocytic leukemia 
(CMML) were shown to suppress T cells and NK cells by producing ROS. 
HDC counter-acted the suppression of lymphocytes by preventing ROS 
formation, and augmented the anti-leukemic activity of NK cells. Collectively, 
these results suggest that myeloid cell-derived ROS may be operational in CLL 
and in CMML as a mechanism of immune escape and that immunotherapy by 
anti-oxidative intervention should be further investigated in these forms of 
chronic leukemia.  

Keywords: Immune escape, immunotherapy, reactive oxygen species, chronic 
lymphocytic leukemia, chronic myelomonocytic leukemia, MAPK  
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Sammanfattning på svenska 
Immunsystemet är utrustat med kraftfulla mekanismer för att kunna bekämpa 
mikroorganismer och infekterade celler, men står under noggrann kontroll för 
att angrepp på frisk vävnad ska undvikas. Immunsystemet kan ofta uppfatta 
cancerceller som avvikande, men misslyckas trots det vanligen med att 
eliminera dem. En bakomliggande orsak är kroppens olika system för att 
hämma immunsystemet. Cancersjukdomar kan också förvärras genom att 
förstärka immunhämmande mekanismer. Immunterapi syftar till att öka 
immunologisk eliminering av cancerceller genom ökad aktivering eller minskad 
hämning av immunsystemet.  

Fria syreradikaler kan produceras och frisättas av vissa immunceller, däribland 
monocyter och neutrofila granulocyter. Syreradikaler bidrar till nedbrytning av 
mikroorganismer, men utgör också signalämnen vid kommunikation mellan 
olika celler samt har en viktig roll i att dämpa inflammation. T-lymfocyter och 
NK-celler är lymfocyter som är viktiga vid infektioner och som har förmåga att 
känna igen och avdöda cancerceller. T-lymfocyter och NK-celler är känsliga för 
syreradikaler och dör genom reglerad celldöd vid nära kontakt med radikal-
producerande celler. Således kan syreradikaler minska immunsystemets förmåga 
att eliminera cancerceller.  

Syftet med denna avhandling har varit att studera betydelsen av syreradikalers 
immunhämmande effekter vid två olika typer av kronisk leukemi, samt hur 
läkemedel som minskar radikalfrisättning skulle kunna användas som 
immunterapi vid dessa sjukdomar.  

Delarbete I syftade till att undersöka signalvägarna som leder till 
radikalorsakad celldöd. Enzymet PARP-1 finns i cellkärnan och kan aktiveras 
av DNA-skador. Vid normal aktivitet bidrar PARP-1 till att reparera DNA, 
men det har tidigare visats att radikalorsakad celldöd sker genom att PARP-1 
överaktiveras. Eftersom syreradikaler kan orsaka DNA-skador har man 
misstänkt att överaktivering av PARP-1 varit en direkt följd av radikalorsakade 
DNA-skador. Det är dock inte helt kartlagt hur radikaler aktiverar PARP-1. I 
delarbete I visas att syreradikaler orsakade aktivering av det intracellulära 
enzymet ERK1/2 som i sin tur bidrog till att aktivera PARP-1. Genom att 
förhindra aktivering av ERK1/2 fann vi att lymfocyter blev mer 
motståndskraftiga mot radikaler. Dessa resultat tyder på ett samband mellan 
syreradikaler, ERK1/2 och PARP-1, vilket kan ha betydelse för immunterapier 
som syftar till att skydda lymfocyter från radikaler. 
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Patienter med kronisk lymfatisk leukemi (KLL) behandlas ofta med 
monoklonala antikroppar. Dessa läkemedel kan binda till leukemicellernas yta 
och därmed underlätta för immunceller att avdöda leukemicellerna. NK-celler 
bär receptorer för antikroppar (Fc-receptorer) som gör det möjligt för dem att 
binda till leukemiceller. Även icke-maligna radikalproducerande celler, såsom 
monocyter och granulocyter, uttrycker Fc-receptorer och kan således också 
binda till antikroppar. Inför delarbete II och III undersöktes hur 
radikalproducerande celler påverkar NK-cellers förmåga att avdöda 
leukemiceller från patienter med KLL med hjälp av antikroppar. Vi fann att 
antikroppar orsakade kraftig radikalfrisättning från monocyter och neutrofila 
granulocyter samt att monocyter minskade NK-cellers antikroppsmedierade 
avdödning av leukemiceller genom att frisätta radikaler. Antikroppar ökade 
också benägenheten hos monocyter och neutrofila granulocyter att hämma 
NK-celler genom radikalorsakad avdödning. Genom att tillsätta 
histamindihydroklorid (HDC), ett läkemedel som hämmar radikalproduktion, 
kunde NK-cellers viabilitet och förmåga att eliminera leukemiceller bevaras. 
Resultaten tyder på att behandling med monoklonala antikroppar skulle kunna 
leda till att NK-celler hämmas genom ökad radikalfrisättning, samt att 
läkemedel som minskar radikalfrisättning skulle kunna öka behandlingseffekten 
av monoklonala antikroppar vid KLL. 

Kronisk myelomonocytär leukemi (KMML) är en ovanlig och allvarlig form av 
leukemi vid vilken en del av leukemicellerna liknar normala monocyter. I 
delarbete IV undersöktes leukemiceller från patienter med KMML med 
avseende på förmåga att producera immunhämmande syreradikaler. Vi fann att 
leukemiceller från patienter med KMML hade en hämmande effekt på NK-
celler och T-lymfocyter genom att frisätta syreradikaler och därmed avdöda 
lymfocyterna. Vi observerade att HDC bevarade NK-cellers viabilitet och 
ökade deras avdödande aktivitet mot leukemiceller. Vi undersökte dessutom 
NK-cellers uttryck av aktiverande receptorer vid KMML och fann ett lägre 
uttryck av flera receptorer hos patienter än hos friska personer. Sammantaget 
tyder resultaten på att radikalfrisättning skulle kunna bidra till att 
immunsystemet förhindras att angripa leukemicellerna, samt att immunterapi 
med HDC bör studeras ytterligare vid KMML. 
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1 Preface and aim 
The immune system is essential to human life. During evolution, multiple 
mechanisms of recognition and elimination of invading microorganisms have 
accumulated to form a comprehensive and efficient defense system that 
protects us from infection and enables our co-existence with a plethora of 
potential pathogens. Although the immune system is primarily developed to 
overcoming infection, an increasing body of evidence supports the role of 
immunity in preventing and eliminating cancer cells (1, 2).  

The expanding field of cancer immunotherapy aims at directing and 
augmenting immunologic forces against malignantly transformed cells. The 
efficacy of allogeneic stem cell transplantation (allo-SCT), whereby the anti-
leukemic allo-reactivity of T cells and NK cells is employed, serves as an 
illustration of the potency of immune effector functions and remains the single 
treatment option with curative potential for several hematopoietic malignancies 
(3-5). However, the occurrence of graft-versus-host disease (GvHD), a 
common adverse effect of allo-SCT (6), equally clearly demonstrates the 
potentially devastating effects of a misdirected immune response and the need 
for less toxic and more specific immunotherapeutic strategies.  

During the last decade, several therapies have emerged that strive to enhance 
the inherent anti-tumoral immune defense by targeting mechanisms of immune 
regulation and immunosuppression (7, 8) One such mechanism is the 
formation of reactive oxygen species (ROS; oxygen radicals) by myeloid cells 
(9) that can be targeted by histamine dihydrochloride (HDC) (10, 11), a 
synthetic derivative of histamine. Clinical and experimental evidence has 
demonstrated that HDC prevents ROS formation by healthy and malignant 
myeloid cells and thereby rescues lymphocytes from ROS-mediated death (9, 
12-14). HDC, in combination with interleukin-2 (IL-2), is currently approved as 
post-consolidation maintenance therapy of acute myeloid leukemia (AML).  

The main aim of this thesis was to contribute to the understanding of the role 
of myeloid-derived ROS for immunosuppression in two forms chronic 
leukemia, namely chronic lymphocytic leukemia (CLL) and chronic 
myelomonocytic leukemia (CMML), and to explore the rationale for counter-
suppressive immunotherapy in these diseases. We also studied the intracellular 
signaling events leading to ROS-mediated lymphocyte death and 
immunosuppression.  
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2 Introduction 
All blood cells and most cells of the immune system are formed by the bone 
marrow in the process of hematopoiesis. Hematopoietic cells originate from 
hematopoietic stem cells (HSC) with capacity of self-renewal and multipotent 
differentiation (15). Most blood cells have a high turnover rate, and their 
continuous renewal requires a highly efficient hematopoiesis throughout life. 
Thus, hematopoiesis is associated with a high rate of cell division, carrying a 
substantial risk of somatic mutations. With age, mutations are likely to 
accumulate in HSCs, which may result in malignant transformation and 
development of leukemia (16).  
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2.1 Innate and adaptive immunity 
The immune system is conventionally divided into innate and adaptive 
immunity. The basis for this dichotomy is the different mechanisms for antigen 
specificity inherent to the two divisions.  

Behind the physical and chemical barriers protecting our bodies, the innate 
immune system constitutes the first line of the immune defense. It is mature 
from birth and comprises an array of both myeloid and lymphoid cells, and also 
includes the complement system, a cluster of soluble proteases with 
microbicidal properties (17). Innate immunity responds swiftly to injury or 
microbial invasion. The instant recognition of foreign structures by innate 
immune cells is conveyed by a broad, yet limited, set of germ-line encoded 
receptors, collectively termed pattern recognition receptors (PRRs) (18, 19). 
PRRs correspond to, and recognize, microbial structures that are critical for the 
survival of the microorganisms, e.g. lipopolysaccharides (LPS), cell wall 
molecules or nucleic acids, which are thus unlikely to be altered or eliminated 
by mutation. Since many microbial patterns are shared by different classes of 
microorganisms, the innate mode of non-self recognition is highly sensitive 
despite the limited number of receptors and encoding genes (18). 

In contrast, adaptive immunity, represented by T and B cells, relies on the 
acquisition of highly specific receptors, unique to a particular antigen. During 
the development of T and B cells the genes encoding their antigen receptors are 
subjected to stochastic rearrangements resulting in a virtually infinite repertoire 
of minute clones of lymphocytes, each with a unique antigen affinity (20). 
During a primary infection, naive clones with specific affinity for the invading 
pathogen are selected, activated and clonally expanded by the activity of antigen 
presenting cells (APCs) (21). The resulting populations of effector T cells and 
antibody-producing B cells are thus tailor-made for a specific pathogen. 

The mounting of a primary adaptive immune response is time-consuming. 
Therefore, the initial phase of defense relies entirely on innate immune 
functions. However, once established, adaptive immunity is preserved by 
lingering subsets of memory T and B cells, which enable a much quicker 
immune response in the case of a second encounter (20). 
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As the understanding of the immune system has evolved, the border between 
innate and adaptive immunity has become less distinct (22). New roles for cell 
types traditionally assigned as typically innate or adaptive are frequently being 
described. For example, the role of neutrophils in shaping adaptive immunity is 
being increasingly appreciated (23, 24). Also, there is evidence to support the 
ability of adaptation and memory functions in NK cells (25, 26).  
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2.2 Myeloid cells 
The cells of the myeloid hematopoietic lineage are highly divergent and include 
the granulocytes, monocytes, macrophages and dendritic cells (DCs).  Together, 
these cells form the backbone of the innate immune system.  

2.2.1 Neutrophils 
Within the group of myeloid cells the neutrophilic granulocytes 
(polymorphonuclear neutrophils; PMNs) are the most abundant, comprising 
about half of all circulating leukocytes under healthy conditions. Neutrophils 
have an indispensible microbicidal role in the initial phase of an infectious 
challenge. In response to infection or stress their number can rapidly be 
multiplied due to mobilization of cells stored in bone marrow niches along with 
increased granulopoiesis (27). 

Neutrophils differentiate in the bone marrow, and enter the blood stream as 
mature inactive cells (28). In response to inflammation, pro-inflammatory 
substances, e.g. tumor necrosis factor (TNF) and IL-1β, released by tissue 
macrophages, trigger neutrophil extravasation which in turn induces their 
activation (27). In the tissue, gradients of chemoattractant substances guide the 
migration of neutrophils towards the focus of infection (24, 29). There, 
recognition of microbes is facilitated by various surface-bound receptors, 
including toll-like receptors (TLR) and Fc-receptors (FcR), a process further 
reinforced by complement (17) and antibodies (30). The neutrophils then 
engulf and degrade microbes via phagocytosis, which relies on endosomal 
microbicidal substances, such as oxygen radicals, proteases and hypochlorous 
acid. As degradation takes place intracellularly, excessive leakage of reactive 
substances is prevented and host tissues are largely spared. Even so, during 
septic infections or massive local inflammation, neutrophil responses can be 
overwhelming and result in life-threatening immunopathology (31). 
Mechanisms that mediate the timely abortion of neutrophil activity are 
therefore of vital importance. As inflammation resolves, neutrophils thus enter 
apoptosis, and are cleared from the site of infection by macrophages (32). Even 
under resting conditions, neutrophils are only allowed to circulate for a very 
short period of time before being replaced by newly formed cells (33). 

2.2.2 Mononuclear phagocytes  
Mononuclear phagocytes constitute a prominent and heterogeneous group of 
innate immune cells comprised by monocytes and macrophages. 
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Monocytes comprise approximately 10 percent of all circulating leukocytes (34). 
Morphologically, they are characterized by their large size, smoothly rounded 
shape and unilobar nuclei. Phenotypically, monocytes are distinguished by 
myeloid linage markers, such as CD33. Monocytes are further divided into 
subsets based on their expression of CD14 and CD16/FcγRIII; the classical 
monocytes, comprising 90 percent of circulating monocytes, display a 
CD14high/CD16- phenotype, while the non-classical subset is CD14-/CD16+ 

(35). 

As for neutrophils, the number of monocytes may be increased in response to 
infection or stress, which triggers their mobilization from marginal pools (36, 
37). In contrast to neutrophils, however, monocytes have maintained 
proliferative and differentiating capabilities after leaving the bone marrow (38). 
In response to inflammation, they enter the tissues where they may differentiate 
into macrophages or dendritic cells (34), and take part in phagocytosis, antigen-
presentation as well as the resolution of the inflammatory response. Until 
recently, monocytes were assumed to give rise to the majority of resident tissue 
macrophages. However, this view has been challenged by studies suggesting 
that tissue macrophages stem from embryonal yolk-sac precursors (34).  

Resident macrophages have a prominent role in the initiation the inflammatory 
response by serving as sentinels of infection and injury. Equipped with a range 
of PRRs they rapidly react to invading microbes, and swiftly recruit neutrophils, 
monocytes and other immune cells into the inflamed area by secretion of pro-
inflammatory substances (39).  

Moreover, monocytes, macrophages and dendritic cells (DC) posses the 
capability of antigen processing and presentation (33). Hence, in shaping the 
adaptive immune response they represent an interface between the innate and 
adaptive immune system. In addition, monocytes and their progeny are 
important sources of cytokines and chemokines with orchestrating functions in 
immunity, either in initiating or maintaining inflammation or contributing to its 
resolution (40).  

2.2.3 The NADPH oxidase 
A fundamental feature of myeloid cells, including neutrophils and monocytes, is 
the ability to produce and secrete reactive oxygen species (ROS) (41). The 
active production of ROS by phagocytic cells is facilitated by the leukocyte 
NADPH oxidase, an enzyme compiled by five subunits, of which two, 
gp91phox/NOX2 and p22phox (phox for phagocyte oxidase), make up the catalytic 
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core (42). This heterodimer, referred to as cytochrome b558, is bound to the 
phagocyte membranes.   

Under resting conditions, the enzyme is disassembled, and the remaining 
subunits, p40phox, p47phox and p67phox, are dissolved within the cytosol. Upon 
activation, kinase-mediated phosphorylation of the cytosolic subunits results in 
assembly of the enzyme complex with ensuing catalytic activity. The activated 
enzyme transfers electrons from cytosolic NADPH to the opposite side of the 
membrane where molecular oxygen is reduced into superoxide (O2-). 
Superoxide is an instable compound that serves as the initial substrate for the 
formation of several other oxidants with variable reactivity and toxicity, 
including hydrogen peroxide (H2O2) and the hydroxyl radical (OH-). These 
oxidants may be produced directly into the sealed compartment of the 
phagolysosome by NADPH oxidase located to the lysosomal membrane, where 
they participate in the controlled intracellular breakdown of microbes. 
Alternatively, the NADPH oxidase is assembled in the plasma membrane, 
giving rise to extracellular radicals, which, in addition to exerting microbicidal 
activity, also may participate in intercellular signaling and immune regulation 
(43-46).  

The physiologic role of ROS is illustrated by chronic granulomatous diseases 
(CGD), a group of disorders characterized by a genetically dysfunctional 
NADPH oxidase. The incapacity of ROS production by afflicted patients is 

Figure 1. The active NADPH oxidase.  
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manifested by severe immune deficiency with recurrent bacterial and fungal 
infections (47). In addition, CGD is accompanied by aseptic granulomas as one 
manifestation of dysregulated inflammation, underscoring the role of ROS in 
resolving immune responses (48-50).  

Notably, the NADPH oxidase is not the only inherent physiologic source of 
oxygen radicals. During mitochondrial cellular respiration, energy is obtained in 
the form of adenosine triphosphate (ATP) by a slow controlled reaction 
between nutrients and oxygen. This process is accompanied by a slight 
continuous generation of oxygen radicals (51). In addition, the constant 
exposure to background radiation continuously gives rise to small amounts of 
radicals, as when ionization of water molecules are converted into hydroxyl 
radicals (52).  

The reactive propensity of oxygen radicals makes them potentially hazardous, 
as they can inflict oxidative damage upon vital cellular components, including 
nucleic acids. Therefore, the integrity of intracellular and tissue structures 
depends on anti-oxidative mechanisms, which maintain redox homeostasis and 
render cells and tissues tolerant to a limited burden of oxidative stress. 
Examples of such traits, present either intra or extracellularly, are the enzymes 
superoxide dismutase (SOD) and catalase (52), which degrade superoxide and 
H2O2, respectively. Another important anti-oxidative mechanism is exerted by a 
group of scavenging substances collectively termed thiols. Thiols contain 
sulfhydryl groups (-SH) that may be reversibly oxidized by the formation of 
disulfide bonds (-S-S-) (53, 54). Thus, upon encountering oxygen radicals, thiols 
can limit oxidative stress by becoming oxidized without suffering permanent 
damage. Immune cells differ in their level of thiol expression, and hence also in 
their tolerance to radicals (55). As discussed further below, some lymphocyte 
subsets are highly sensitive to oxidants. 

 

 22 

manifested by severe immune deficiency with recurrent bacterial and fungal 
infections (47). In addition, CGD is accompanied by aseptic granulomas as one 
manifestation of dysregulated inflammation, underscoring the role of ROS in 
resolving immune responses (48-50).  

Notably, the NADPH oxidase is not the only inherent physiologic source of 
oxygen radicals. During mitochondrial cellular respiration, energy is obtained in 
the form of adenosine triphosphate (ATP) by a slow controlled reaction 
between nutrients and oxygen. This process is accompanied by a slight 
continuous generation of oxygen radicals (51). In addition, the constant 
exposure to background radiation continuously gives rise to small amounts of 
radicals, as when ionization of water molecules are converted into hydroxyl 
radicals (52).  

The reactive propensity of oxygen radicals makes them potentially hazardous, 
as they can inflict oxidative damage upon vital cellular components, including 
nucleic acids. Therefore, the integrity of intracellular and tissue structures 
depends on anti-oxidative mechanisms, which maintain redox homeostasis and 
render cells and tissues tolerant to a limited burden of oxidative stress. 
Examples of such traits, present either intra or extracellularly, are the enzymes 
superoxide dismutase (SOD) and catalase (52), which degrade superoxide and 
H2O2, respectively. Another important anti-oxidative mechanism is exerted by a 
group of scavenging substances collectively termed thiols. Thiols contain 
sulfhydryl groups (-SH) that may be reversibly oxidized by the formation of 
disulfide bonds (-S-S-) (53, 54). Thus, upon encountering oxygen radicals, thiols 
can limit oxidative stress by becoming oxidized without suffering permanent 
damage. Immune cells differ in their level of thiol expression, and hence also in 
their tolerance to radicals (55). As discussed further below, some lymphocyte 
subsets are highly sensitive to oxidants. 



 

 23 

2.3 Lymphoid cells 
2.3.1 NK cells 
NK cells are cytotoxic lymphocytes that, unlike T cells, do not require previous 
sensitization to recognize and kill of foreign and transformed cells (26, 56). NK 
cells rely on germ-line encoded receptors and are accordingly attributed to the 
innate immune system. Morphologically, NK cells are relatively large 
lymphocytes displaying granules that are pre-loaded with cytolytic granules that 
can be released in response to a foreign encounter (57). Phenotypically, NK 
cells are commonly defined as devoid of the archetypical T cell antigen CD3 
and by their expression of CD56.  

The expression of CD56 varies within the NK cell population, as does 
CD16/FcγRIII, an activating low-affinity FcR. The levels of CD56 and CD16 
expression are used to define two distinct subsets of NK cells (58). Most 
circulating NK cells show a low (“dim”) expression of CD56 and also express 
CD16 (CD56dimCD16+). This subset is functionally characterized by a high 
cytotoxic propensity and a low secretion of cytokines (58). Also, the expression 
of Fc-receptors renders this cytotoxic population responsive to activation by 
target-bound antibodies and endows them the ability to exert antibody-
dependent cellular cytotoxicity (ADCC) (59). The smaller NK cell subset, with 
a CD56brightCD16- phenotype, is assumed to be an immature NK cell 
population. This subset has poor cytolytic capacity and cannot mediate ADCC 
(60, 61). However, they are assumed to contribute to shaping immune 
responses via production and secretion of proinflammatory cytokines, mainly 
interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α), either within the 
inflamed tissue or in secondary lymphoid organs (62).  

Regulation 
Since the discovery of NK cells, their regulation has been subjected to vigorous 
investigation. In the 1980s, using a murine model of lymphoma, Kärre and co-
workers, demonstrated that NK cells efficiently prevented growth of malignant 
cells devoid of MHC class I, whereas lymphoma cells with preserved expression 
of MHC class I were spared (63). These findings formed the basis for the 
missing-self hypothesis, which predicted that NK cells are kept in check by the 
interaction between inhibitory receptors interacting with MHC class I (64). 
Thus, upon confrontation with cells missing or with down-regulated MHC 
class I, inhibition is lifted and activation triggered. A few years later, the 
discovery of the major group of NK cell inhibitory receptors, the killer 
immunoglobulin-like receptor (KIR) family, contributed to the fulfillment of 
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the missing-self hypothesis (65). The KIRs correspond to human leukocyte 
antigen (HLA) class I, expressed by all nucleated cells, and contribute to NK 
cell tolerance of autologous tissues. 

While the missing-self hypothesis accounts for pivotal aspects of NK cell 
function it remained conceivable that NK cells, as is the case for T cells, utilize 
additional or supplemental mechanisms of relevance to activation and tumor 
cell recognition. This notion inspired the search for activating NK cell 
receptors, leading to the eventual discovery of the group of natural cytotoxicity 
receptors (NCRs) which comprise NKp46 (NCR1), NKp30 (NCR2) and 
NKp44 (NCR3) (66), and the activating NK cell receptors NKG2D (67), 
DNAM-1 (68). Some activating receptors are constitutively expressed while 
others are exclusively expressed upon activation (69). Moreover, a large array of 
additional, co-stimulatory receptors, TLRs, and cytokine receptors have been 
shown to contribute to the activation of NK cells (26).  

Importantly, interaction via FcRs and immunoglobulin G (IgG), which bind to 
target cells, provides a powerful activating signal that may overcome 
concomitant inhibitory signaling (68). Collectively, these receptors recognize a 
wide range of stress- and tumor-induced ligands of host cells in addition to 
structures of microorganisms. So, although the “missing-self” hypothesis 
essentially still holds true, the prevailing view of NK cell recognition has been 
broadened to also include the entities of “non-self” and “altered-self” (70). 

In conclusion, the cytotoxic activity of NK cells is determined by the overall 
concomitant input of activating and inhibitory signals. This complex 
arrangement of NK cell regulation reflects the biologic necessity of directing 
the cytotoxic action of NK cells with maximum precision, assuring efficacious 
attack of foreign and altered invaders while sparing the healthy cells of the host.  

Cytotoxic functions 
The main mode of NK cell killing is dependent on direct cell-to-cell contact. 
This is an active process that involves a series of sequential steps. First, contact 
is established between the NK cell and its target via adhesion molecules, such 
as lymphocyte function-associated antigen 1 (LFA-1) and intercellular adhesion 
molecule 1 (ICAM-1) (71). This creates a tight interface referred to as an 
immunological synapse (72), towards which surface molecules and intracellular 
granules are polarized to facilitate interactions. If the balance between activating 
and inhibitory signals is shifted in favor of activation, the NK cells will 
degranulate and release cytotoxic substances such as perforin and granzyme B, 
likely resulting in target cell lysis. Also, NK cells may express death receptor 
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ligands, e.g. Fas-ligand (Fas-L) and TNF-related apoptosis inducing ligand 
(TRAIL), which may induce an alternative, perforin-independent, pathway of 
apoptosis (73). 

2.3.2 T cells 
T cells are the key mediators of cellular adaptive immunity.  T cell progenitors 
leave the bone morrow and migrate to the thymus where differentiation, 
receptor gene rearrangement and education ensue.  During education, T cells 
are actively selected for further maturation on the basis of the affinity of their 
TCRs for HLA and their reluctance to bind self-antigens (74). The remaining 
cells, regarded as either inoperational or potentially self-reactive, are denied 
survival signals and enter apoptosis. Thereby, the vast majority of T cells are 
sacrificed, and a mere fraction allowed to leave the thymus as mature naive T 
cells. 

There are two main subsets of T cells; the CD4+ T helper cells (Th) and the 
CD8+ cytotoxic T cells (CTL). As their name implies, the T helper cells have 
assisting and orchestrating roles in immunity. The TCR of Th interacts with 
HLA class II and antigen peptides displayed by APCs. Depending on the type 
of infection specialized Th subgroups with different cytokine profiles help skew 
the immune response in a favorable direction (75). For instance, Th17 cells 
contribute in recruiting neutrophils to an infected tissue by initiating a cascade 
leading to the secretion of attracting cytokines. The Th2 subset are engaged in 
B cell development and the formation of antibody responses, while Th1 cells 
produce interferon-γ (IFN-γ), which, among other things, stimulates the 
activity of NK cells and enhances the killing capacity of phagocytes (76). 

The TCR of CTLs enables interaction with APCs and all nucleated cells via 
MHC class I. Upon antigen presentation by an APC, naive CD8+ T cell are 
activated and stimulated to proliferate, forming an expanded clone of antigen 
specific effector CTLs (77). Effector CTLs circulate in blood and tissues, 
monitoring cells for their cognate peptide in conjunction with HLA class I. 
Upon confrontation, the CTL will recognize the cell as potentially infected or 
altered. Cytotoxic activity ensues in a mode similar to NK cell killing, i.e. via 
release of perforin, granzyme B or by displaying death receptor ligands (72). 
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2.3.3 B cells 
B cells are dedicated to the formation of the humoral immune defense by 
producing and secreting antibodies. Antibodies are formed in response to an 
infectious encounter in a delayed process, similar to the mounting of the T cell 
response. Therefore, antibodies may contribute to finalize the defense of a 
primary infection, but have a more significant role in immunologic memory 
(78).  

B cell development commences in the bone marrow and involves the 
rearrangement of genes encoding the heavy and light immunoglobulin (Ig) 
chains, which subsequently assemble to form the B cell receptor (BCR) and, 
eventually, soluble antibodies (76). Antibody development is subjected to 
rigorous quality control, involving a series of checkpoints where functionality 
of individual Ig chains and the expression of the BCR are assessed. As the 
stochastic gene rearrangement may result in a virtually infinite number of Ig, 
most B cells fail in this process and are sorted out, analogous to the deletion of 
dysfunctional or self-reactive T cells. Immature B cells enter the circulation and 
undergo maturation in secondary lymphoid organs. Maturation renders the 
naive B cells responsive to an antigen encounter, upon which clonal expansion 
and differentiation into antibody secreting cells ensues. Following a process of 
affinity maturation, B cells with confirmed utility as producers of high-affinity 
Ig may further differentiate into memory B cells or antibody-producing plasma 
cells. Throughout the maturation of the B cell immune response, the antibodies 
formed are refined towards a more avid antigen affinity (76, 78). 
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Antibodies exert several effector mechanisms. Their role may be to neutralize a 
foreign structure, e.g. bacterial toxins or adhesion molecules of importance for 
microbial virulence, by concealing it. Also, antibodies provide a link between 
foreign cells and other mechanisms of immune elimination. By binding to 
antigens on target cells, antibodies serve as markers that facilitate the activation 
of immune cells and complement, thereby conveying various modes of target 
cell killing (79). Immunoglobulin G (IgG), the most abundant antibody isotope 
in the circulation, has potent capacity to interact with immune effector cell by 
ligation of FcRs, which may result in target cell elimination by ADCC or 
antibody-dependent cellular phagocytosis (ADCP) (68, 80, 81). 

Figure 2. IgG antibodies bound to a target cell via surface antigens. The antibody-binding region 
(Fab) is variable, while the Fc-region is constant. 

 

 27 

Antibodies exert several effector mechanisms. Their role may be to neutralize a 
foreign structure, e.g. bacterial toxins or adhesion molecules of importance for 
microbial virulence, by concealing it. Also, antibodies provide a link between 
foreign cells and other mechanisms of immune elimination. By binding to 
antigens on target cells, antibodies serve as markers that facilitate the activation 
of immune cells and complement, thereby conveying various modes of target 
cell killing (79). Immunoglobulin G (IgG), the most abundant antibody isotope 
in the circulation, has potent capacity to interact with immune effector cell by 
ligation of FcRs, which may result in target cell elimination by ADCC or 
antibody-dependent cellular phagocytosis (ADCP) (68, 80, 81). 

Figure 2. IgG antibodies bound to a target cell via surface antigens. The antibody-binding region 
(Fab) is variable, while the Fc-region is constant. 



 

 28 

2.4 Cell death and signaling 
The current notion of cell death stipulates two principal modes, accidental and 
regulated (82). Accidental cell death (ACD) refers to the uncontrolled death 
that that may occur in response to extreme physical or chemical insults such as 
direct trauma, burns or non-physiological pH levels. Although ACD may be 
operational in some infectious and malignant conditions, it is considered a 
physiologically and therapeutically rare event, and will not be further discussed 
here.  

Regulated cell death (RCD), where programmed cell death (PCD; apoptosis) 
constitutes one entity, is a controlled, genetically encoded process that concerns 
a multitude of physiologic aspects of multicellular organisms. Embryologic 
development, tissue homeostasis, formation and maturation of the immune 
system as well as inherent mechanisms preventing malignancy are examples of 
vital processes that rely on the ability of individual cells to die in a regulated 
way. Accordingly, an array of genes, molecular structures, and signaling 
pathways are involved in RCD, and several different entities of RCD have been 
described (83). As research has advanced, the taxonomic definitions of the 
different entities of cell death have changed. However, all modes of RCD result 
in the enzyme-regulated controlled degradation of the cell in a process that 
generally comprises chromatin condensation, nuclear fragmentation and 
membrane permeabilization with minimal concomitant effects on surrounding 
cells. 

2.4.1 Apoptosis 
Apoptosis is the dominant entity of RCD (83). Apoptosis can be induced either 
by the extrinsic or intrinsic pathway. Extrinsic apoptosis refers to externally 
initiated signaling, transferred via death receptors displayed on the cell surface. 
Examples of such ligand/receptor pairs are Fas-ligand (FasL)/Fas (73, 84), 
TNFα/TNFα receptor 1 (TNFR1) and TRAIL/TRAIL receptor (TRAILR) 
(85). Death receptors trigger the pro-apoptotic caspase protease cascade (86). 
When the net sum of apoptosis-initiating input overcomes balancing forces, the 
activation of downstream executioner caspases results in irreversible cell death.  

The intrinsic pathway of apoptosis is ignited by adverse events inside the cell, 
e.g. irreparable DNA damage or excessive intracellular ROS formation (83). 
Intrinsic pro-apoptotic signaling will converge in the mitochondria where they 
may add to cause mitochondrial outer membrane permeabilization (MOMP) 
and loss of mitochondrial transmembrane polarization (Δψm). These events 
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translate into mitochondrial leakage of various pro-apoptotic proteins that can 
either promote the caspase route to apoptosis, or enter the nucleus to induce 
DNA fragmentation and cell death in a caspase-independent fashion (83).  

2.4.2 Parthanatos 
DNA damage constitutes a threat to cell functionality and may lead to 
malignant transformation. As DNA replication is inevitably accompanied by 
faults, it is consistently under surveillance of a wide set of nuclear enzymes that 
sense DNA damage. However, as excessive damage may be irreparable, the 
survival of the host may require the cell to convert from striving to protect the 
integrity of the genome to instead surrender and die. This requirement is 
reflected by the versatility of the nuclear enzyme poly(ADP-ribose) polymerase-
1 (PARP-1). PARP-1 detects DNA-breaks and catalyzes the formation of 
poly(ADP-ribose) (PAR) and the activation of nuclear DNA repair enzymes by 
poly ADP-ribosylation (87). Under normal cellular conditions with low-grade 
DNA damage, the low levels of PAR produced are confined to the nucleus. 
However, during excessive DNA damage PARP-1 activity is accordingly 
increased. This leads to PAR accumulation, allowing PAR to leave the nucleus 
(88). In the cytosol, PAR will induce MOMP with ensuing mitochondrial 
release of apoptosis-inducing factor (AIF). In turn, AIF will translocate to the 
nucleus and cause DNA fragmentation (89) and thus induce RCD 
independently of caspases (90).  

Notably, the substrate for PARP-1 is NAD+, a co-enzyme necessary for 
upholding redox balance and for generation of ATP. Therefore, a rise in 
PARP-1 activity also contributes to depletion of the cellular supplies of NAD+ 
and ATP. Thus, cellular starvation and accumulation of intracellular ROS is 
accompanied by PARP-1 over-activity and was previously believed to be the 
mechanism responsible for PARP-induced cell death (91). However, later 
reports have revealed PARP-initiated cell death to be operational also in the 
absence of depletion of energy supplies (87). Furthermore, experiments in a 
system free of NAD+, in which AIF was blocked, the PARP-1 mediated death 
was abrogated, thus demonstrating AIF to be critical for PARP-1 induced cell 
death (88, 90). In conclusion, the prevailing concept of PARP-mediated, 
caspase-independent, AIF-dependent cell death is regarded as a specific entity 
of RCD, and has been termed parthanatos, from Thanatos, the personification of 
death in Greek mythology (87). 

Parthanatos has been shown to be involved in oxidant-mediated lymphocyte 
death (13, 90, 92). T cells and NK cells are sensitive to exposure of myeloid 
cells with capacity to produce extracellular oxygen radicals via NADPH-oxidase 
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(9, 93-95) (refer to section 2.2.3). Co-culture of lymphocytes with myeloid cells 
was shown to result in ROS-dependent lymphocyte death involving activation 
of PARP-1, mitochondrial release of AIF and DNA fragmentation (90, 96). 
However, the specific events leading to PARP-1 activation after ROS-exposure 
have remained unknown. 

Physiologically, myeloid ROS-mediated suppression of lymphocytes has been 
ascribed a prominent role in regulating autoimmunity as studies indicate that 
animals displaying deficient NADPH-oxidase are prone to develop 
autoimmune arthritis and multiple-sclerosis-like neurologic disease (97, 98). In 
humans, parthanatic lymphocyte death has been predominantly associated with 
immune suppression induced by several forms of myeloid leukemic cells (refer 
to section 2.5.1) (13, 92). In addition, PARP-1 dependent cell death has been 
attributed a role in the pathophysiology of ischemic and degenerative 
neurologic diseases and in myocardial infarction (99-102). 

2.4.3 MAP kinases 
In addition to DNA damage, activation of PARP-1 has been suggested to occur 
via an alternative pathway, involving the extracellular signal-regulated kinase 
(ERK) (103). ERK belongs to the family of mitogen-activated protein kinases 
(MAPKs) that, in addition to ERK 1 and 2 (ERK1/2), encompass the c-Jun N-
terminal kinases (JNK1-3), the p38 MAPKs (p38α-δ) and ERK5 (104). 
Together, MAPKs participate in multiple signaling pathways and networks in 
response to growth factors, mitogens, stress and inflammation. The outcomes 
of their signaling transductions are heterogeneous and situation-dependent, and 
include cell proliferation and death, and thus have implications in many 
pathologic conditions, including cancer (104, 105).  
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2.5 Immune surveillance 
The concept of immune surveillance refers to the hypothesis that the immune 
system can detect and eliminate malignant transformation at a preclinical stage 
and thus prevent the formation of overt cancer (1). This theory was originally 
proposed already at the beginning of the 20th century by Paul Ehrlich (106), but 
was officially launched in the late 1950s by Burnet and Thomas following the 
recent appreciation of cellular immunology and antigen recognition by 
lymphocytes (107, 108). Initially though, the hypothesis did not properly fulfill 
its experimental predictions. The insufficiently immune-deficient mouse models 
available at the time failed to develop more spontaneous and carcinogen-
induced tumors, other than virally induced tumors, than did immunocompetent 
mice, leading to a recession for the hypothesis. However, a revival of the 
immunosurveillance theory came in the 1990s along with methods of efficient 
gene silencing using knockout mice and inhibitory monoclonal antibodies (109). 
Since then, numerous studies have demonstrated that mice with severe immune 
deficiencies are indeed more prone to tumor development than animals with 
intact immune systems. Murine studies using knockout models or blocking 
antibodies for mechanisms necessary to mount specific responses by T cells, 
NK cells and NKT cells have demonstrated distinct roles in tumor 
immunosurveillance for these lymphocyte subsets (110-113). Further 
supporting a role of cytotoxic effector lymphocytes in anti-tumoral immunity 
are studies showing that perforin-deficient mice have increased susceptible to 
tumors (114-116).  

The theory of immune surveillance has gained further momentum from 
transplantation studies in mice, assessing the immunogenicity of tumors 
developed under different immunologic pressures. In essence, these studies 
have shown that tumors that develop in immunocompetent mice are more 
aggressive than those that evolve in immune deficient animals. (1).  These and 
other findings have supported the formation of the immunoediting theory, 
which states that immunity promotes immune escape and tumor progression by 
selecting clones with poor immunogenicity or immunosuppressive traits for 
survival in a Darwinian manner (117).  

Although the abundance of murine studies provides proof-of-principle and 
suggests a role for immunity in prevention and formation of human cancer, the 
importance of immune surveillance in human cancer has remained a matter of 
debate. The opponents of the immune surveillance theory sometimes argue that 
earlier epidemiologic reports merely demonstrated increased frequencies of 
cancers of viral origin in immunosuppressed individuals (118). However, these 
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studies suffered from some relevant limitations. Firstly, the pharmacological 
immunosuppression used in the prevention of organ-rejection is not associated 
with immune deficiencies as grave as those of murine knockouts (1), and are 
mainly suppressed in their T and B cells compartments. Hence, residual 
effector functions including NK cell activity may serve as protection from 
tumor formation. Secondly, the increased morbidity of organ-transplanted 
patients, accompanied by their shorter life span, is likely to confound any 
increased susceptibility to cancer development.  

Nevertheless, several later follow-up studies of organ-transplanted patients have 
shown that this patient category is indeed at higher risk of developing 
malignant diseases, including forms of non-viral origin (119-125). Consistent 
with these epidemiological findings are results from histopathologic studies 
demonstrating a beneficial correlation between prognosis and the occurrence of 
tumor infiltrating lymphocytes (TILs) in several solid cancers (126-133).  

Collectively, a substantial amount of evidence from different areas of research 
thus supports a role of immunity in cancer development. This notion was 
recently highlighted by the fact that evasion of immune destruction was 
recognized as an emerging hallmark of cancer (118). 
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2.6 Immune escape 
As noted, recognition by T cells relies on the expression of specific tumor 
antigens via HLA class I. Thus, as malignant cells are not foreign to the host, 
but represent “altered-self”, an insufficient expression of foreign antigens and a 
preserved expression of self-antigens may render malignant cells difficult for 
the immune system to recognize. This obstacle of tumor recognition is likely to 
apply to several, it not all, human cancers. In addition, consistent with the 
immunoediting theory, malignant cells deploy several other traits by which they 
circumvent immune recognition and destruction. 

The expression pattern of ligands for immune cell receptors is commonly 
deviant in cancer cells as to promote immune tolerance. One way to evade T 
cell recognition is down-regulation of HLA class I (134-141). Thereby, tumor-
antigens are withheld from identification by T cells. However, this is likely to 
result in increased susceptibility to NK cell cytotoxicity, in accordance with the 
“missing self” hypothesis (refer to section 2.3.1).  

Conversely, up-regulation of ligands for inhibitory T and NK cell receptors 
may also induce immune tolerance. A group of surface molecules that are 
currently attracting significant clinical interest are the receptor-ligand pairs 
referred to as immune checkpoints. These are co-inhibitory pathways, which 
down-tune the activity of CTLs, and other immune effectors (142). For 
example, CD80 and CD86 are ligands for the inhibitory cytotoxic T 
lymphocyte-associated protein 4 (CTLA-4), expressed by activated T cells, and 
the programmed death receptor ligands 1 and 2 (PD-L1/2) ligate the PD1 
receptor of activated T cells, NK cells and NKT cells (142, 143). The 
expression of CD80/CD86 and PD-L1/2 is enhanced on tumor cells in various 
malignancies, resulting in reduced lymphocyte activity. Inhibition of these 
inhibitory pathways is successfully being exploited for immunotherapeutic 
purposes (refer to section 2.6.2) (142). Other examples of aberrant expression 
by malignant cells that impede immune mechanisms are ligands for death 
receptors, such as TRAIL and FasL with capacity to induce apoptosis in 
immune effector cells (84).  

Tumor cells also commonly produce and secrete substances, including anti-
inflammatory cytokines such as transforming growth factor beta (TGF-β) (144), 
IL-10 and others (145), which exert a range of immunosuppressive activities, 
including interference with CTL and NK cell cytotoxicity (146). Cancer-
induced immunosuppression may be directly inflicted by the malignant clone or 
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by immunosuppressive third-party immune populations, derived either from 
the lymphoid or the myeloid lineage. 

An extensively studied entity of tumor-promoting immune cells is the 
CD4+CD25+FOXP3+ regulatory T cells (Tregs). Tregs are a subset of T helper 
cells with a physiologic role in prevention of autoimmune T cell responses (147, 
148) and can be recruited towards the tumor in response to TGF-β, IL-10 or 
other anti-inflammatory signals. In the tumor microenvironment, Tregs further 
facilitate tumor progression by various inhibitory actions on T and NK cells 
(149). For example, they neutralize IL-2 and constitute an additional source of 
TGF-β and IL-10. In addition, Tregs act on APCs by reducing their expression 
of co-stimulatory molecules.  

Another group of immune cells commonly associated with malignant 
progression is the heterogeneous entity of myeloid immunosuppressive cells. 
Immature myeloid cells as well as monocytes, macrophages, dendritic cells and 
granulocytes can be exploited in tumor advancement to exert pro-malignant, 
anti-inflammatory tasks. In fact, their promotion of tumor development 
stretches beyond immune suppression, as they also may contribute to tumor 
angiogenesis and metastasis (150).  

The entity of myeloid cells currently receiving the most attention in the context 
of cancer is the myeloid-derived suppressor cells (MDSC) (151). MDCS were 
originally described in mice, but their expansion has also been demonstrated in 
several types of human cancer and correlate with inferior prognosis (152). 
MDSCs arise as a result of tumor interference with the maturation of healthy 
myeloid cells. This interference results in the expansion of subsets of myeloid 
cells with immature phenotypes, which may share characteristics with normal 
monocytes or neutrophils. In comparison to healthy myeloid cells, MDSCs are 
endowed with an exaggerated armamentarium of bactericidal and 
immunoregulatory traits, and have been shown to subvert tumoricidal immune 
functions through various mechanisms including production of oxygen and 
nitrogen radicals and secretion of IL-10 (151, 153). Another strategy of MDSC 
immunosuppression is to deny the anti-tumoral immune cells important 
nutrients, as illustrated by their expression of arginase 1 (ARG-1) and inducible 
nitric oxide synthase (iNOS) (151). As both enzymes use L-arginine as their 
substrate, they deprive L-arginine supplies and thereby restrict T and NK cell 
responses (154). Similarly, expression and activity of indoleamine 2.3-
dioxygensase (IDO), an enzyme that consumes tryptophan and produces 
noxious metabolites, contributes to lymphocyte suppression (154, 155). 
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2.6.1 Reactive oxygen species 
As noted above, the NADPH oxidase is expressed by many types of myeloid 
cells, including healthy monocytes, neutrophils, MDSCs and several entities of 
leukemic myeloid cells, which endows them the capacity of ROS production (9, 
13, 14, 156). In vitro, myeloid cells from healthy individuals and leukemic cells 
from patients with chronic myeloid leukemia (CML) and AML have been 
demonstrated to induce ROS-mediated PARP-1 dependent cell death 
(parthanatos; refer to section 2.4.2) in T cells and NK cells (13, 92). Since 
immature myeloid cells do not express a functional NADPH oxidase, the 
immunosuppressive status of leukemic cells depend on their differentiation 
stage. Hence, in AML, the predominantly immunosuppressive subtypes are 
those with monocytic differentiation (12, 13).  

Experimental studies have also demonstrated that myeloid-derived ROS induce 
functional impairments in T cells and NK cells also following non-lethal 
exposure. For example Romero et al. showed that NK cells exposed to ROS 
down-regulate the activating receptors NKp46 and NKG2D (157), and a study 
by Kono and co-workers showed that myeloid-derived ROS induced down-
regulation of the ζ (zeta)-subunit of the T cell receptor and the FcγRIII/CD16, 
structures critical for T cell recognition and NK cell mediated ADCC (158). 
Moreover, several murine studies have suggested a role for myeloid-derived 
ROS as instrumental for induction of CTL tolerance by tumor-employed 
myeloid cells (159, 160). 
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2.7 Immunotherapy 
Immunotherapy refers to the employment of immune effector functions in the 
treatment of cancer. The concept originated with allogeneic stem cell 
transplantations (Allo-SCT) more than 50 years ago (161), but since the 
introduction of monoclonal antibodies (mAbs) in the late 1990s the field of 
immunotherapy has expanded enormously. Here, a brief overview is provided 
of some immunotherapies of relevance to this thesis.  

2.7.1 Allogeneic stem cell transplantation 
The efficacy of allo-SCT relies on two mechanisms.  Firstly, the stem cell graft 
provides rescue from bone marrow toxicity, and thus allows the administration 
of myeloablative doses of conditioning treatment prior to transplantation. This 
aims at reducing the malignant burden to minimal levels. In addition, the 
conditioning regimen serves to suppress the recipient’s immune system and 
thus allow engraftment. For this purpose however, reduced intensity 
conditioning therapy (RICT) is sufficient, and has expanded the use of allo-SCT 
to older patients. Secondly, allo-SCT employs allo-reactive immune responses 
of the donor-derived immune system to eradicate residual leukemia. Although 
the recipient and the donor are matched for HLA compatibility, differences in 
the expression of other allogeneic structures will differ, and thus enable 
recognition and killing of residual malignant cells by donor derived 
lymphocytes (161). T cells have been shown to be the key mediators of the 
graft-versus-leukemia  (GvL) effect (162), but a prominent role of NK cells in 
GvL has also been demonstrated (163). Allo-SCT is a potentially curative 
treatment option for several malignancies, including CLL (3) and CMML (4, 5, 
164), but its wide-spread use is limited due to the accompanied risks of 
mortality and severe immunopathology in the form of graft-versus-host disease 
(GvHD) (165). 

2.7.2 Monoclonal antibodies 
The technique to produce monoclonal antibodies (mAbs) was developed in the 
1970s by Georges J.F. Köhler and César Milstein (166). Briefly, the method 
involves the fusion of murine antibody-producing B cells, derived from 
immunized animals, with myeloma cells, thus forming cell lines termed 
hybridomas, i.e. monoclonal cells producing identical antibodies (167). The 
murine mAbs obtained by this procedure came to revolutionize diagnostics and 
biomedical research by its utility in an array of laboratory applications including 
immunohistochemistry and flow cytometry. However, early attempts to use 

 

 36 

2.7 Immunotherapy 
Immunotherapy refers to the employment of immune effector functions in the 
treatment of cancer. The concept originated with allogeneic stem cell 
transplantations (Allo-SCT) more than 50 years ago (161), but since the 
introduction of monoclonal antibodies (mAbs) in the late 1990s the field of 
immunotherapy has expanded enormously. Here, a brief overview is provided 
of some immunotherapies of relevance to this thesis.  

2.7.1 Allogeneic stem cell transplantation 
The efficacy of allo-SCT relies on two mechanisms.  Firstly, the stem cell graft 
provides rescue from bone marrow toxicity, and thus allows the administration 
of myeloablative doses of conditioning treatment prior to transplantation. This 
aims at reducing the malignant burden to minimal levels. In addition, the 
conditioning regimen serves to suppress the recipient’s immune system and 
thus allow engraftment. For this purpose however, reduced intensity 
conditioning therapy (RICT) is sufficient, and has expanded the use of allo-SCT 
to older patients. Secondly, allo-SCT employs allo-reactive immune responses 
of the donor-derived immune system to eradicate residual leukemia. Although 
the recipient and the donor are matched for HLA compatibility, differences in 
the expression of other allogeneic structures will differ, and thus enable 
recognition and killing of residual malignant cells by donor derived 
lymphocytes (161). T cells have been shown to be the key mediators of the 
graft-versus-leukemia  (GvL) effect (162), but a prominent role of NK cells in 
GvL has also been demonstrated (163). Allo-SCT is a potentially curative 
treatment option for several malignancies, including CLL (3) and CMML (4, 5, 
164), but its wide-spread use is limited due to the accompanied risks of 
mortality and severe immunopathology in the form of graft-versus-host disease 
(GvHD) (165). 

2.7.2 Monoclonal antibodies 
The technique to produce monoclonal antibodies (mAbs) was developed in the 
1970s by Georges J.F. Köhler and César Milstein (166). Briefly, the method 
involves the fusion of murine antibody-producing B cells, derived from 
immunized animals, with myeloma cells, thus forming cell lines termed 
hybridomas, i.e. monoclonal cells producing identical antibodies (167). The 
murine mAbs obtained by this procedure came to revolutionize diagnostics and 
biomedical research by its utility in an array of laboratory applications including 
immunohistochemistry and flow cytometry. However, early attempts to use 



 

 37 

murine antibodies for therapeutic purposes were thwarted by the 
immunogenicity and side effects of the mAbs (168).  

With the development of refined genetic engineering and recombinant 
technology came the ability to generate chimeric, i.e. partly humanized, mAbs 
with tolerable side effects and longer half-lives (169). The first mAb to be 
marketed for treatment of malignant disease was rituximab, which was 
approved by regulatory authorities in the US in 1997 and in the EU in 1998 for 
the treatment of non-Hodgkin lymphomas. Rituximab is a chimeric IgG1 
antibody recognizing the B lineage marker CD20 (170).  The exclusive 
expression of the CD20 antigen by B cells, and the fact that its’ expression is 
commonly preserved in B cell malignancies, makes CD20 an attractive target 
for therapies directed targeting B cell populations.  Indeed, rituximab has 
contributed to the treatment of numerous B cell malignancies including CLL, 
for which it mainly has come to serve as an addition to chemotherapeutic 
regimens (171-173). However, as single agent treatment, rituximab has limited 
efficacy for most B cell malignancies including CLL, with low complete 
response rates, and short response durations (174-176).  

As CD20 antigen is expressed on all B cells, treatment with rituximab and other 
CD20 mAbs, results in depletion of non-malignant B cells. Therefore, 
rituximab has become a valued treatment option for autoimmune diseases, 
including rheumatoid arthritis (177), and hematologic autoimmune disorders 
(178) for which B cells have a prominent role. Following the success of 
rituximab, other CD20 mAbs, with refined properties, have emerged. 
Ofatumumab, a further humanized antibody with affinity for another epitope 
of the CD20 antigen, has shown promising efficacy in treatment of CLL (179, 
180). The most recently approved CD20 mAb was obinutuzumab, with an Fc-
portion engineered for higher FcR affinity. In a recent large randomized trial, 
obinutuzumab demonstrated superiority over rituximab in conjunction with 
chlorambucil (181). 

The elimination of malignant cells by mAbs is presumed to rely on several 
mechanisms, including direct induction of apoptosis, complement-dependent 
cytotoxicity (CDC) and employment of cytotoxic immune cells expressing Fc 
receptors (182). NK cells, macrophages, monocytes and neutrophils all carry 
Fc-receptors and have been attributed roles in mediation of malignant cell 
elimination either by ADCC or ADCP (24, 183-186). However, investigational 
approaches aiming to dissect the individual contributions of different effector 
mechanisms in vivo have not been conclusive. The most extensively studied 
effector cells in vitro are the NK cells, of which numerous studies have 
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demonstrated potent cytotoxic capacity via antibody-dependent cellular 
cytotoxicity (ADCC) (80, 187, 188). NK cells attach to the Fc portion of IgG1 
mAbs via the activating Fc-receptor CD16/FcγRIII expressed on their cell 
surface. Although concomitant inhibitory receptor signaling, e.g. by KIRs, may 
limit ADCC, IgG binding to CD16 functions as the single most activating 
signal for NK cells, and has the potential to override concomitant inhibitory 
signaling (188). More recent CD20 mAbs are constructed to augment the 
degree of cell-mediated elimination. One example is obinutuzumab, for which 
the Fc-portion has been modified for increased FcR-affinity, and thus exerts 
ADCC more efficiently than rituximab (189). 

In recent years, several mAbs with avidity for other antigens have been 
developed. However, in addition to mAbs with affinity for tumor-associated 
antigens (TAAs), i.e. structures displayed by the malignant cells per se, some 
mAbs are developed aiming to inhibit mechanisms that promote tumor 
progression. For this purpose, antibodies with neutralizing properties are 
desired, which induce minimal activation of FcR-carrying immune cells. 
Therefore, inhibitory mAbs are preferentially constructed using IgG subtypes 
with less affinity for activating FcRs, such as IgG2 or IgG4 (169).  

  

Figure 3. NK cells are key mediators of antibody-dependent cellular cytotoxicity (ADCC).  
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2.7.3 Immune checkpoint blockade 
Recently, the group of newly developed mAbs directed at immunoregulatory 
pathways, or immune checkpoints, have come to attract considerable interest. 
The first immune checkpoint to be targeted was the cytotoxic T lymphocyte 
antigen 4 (CTLA 4). CTLA-4 is an inhibitory receptor, expressed by activated T 
cells, that interacts with the CD80/86 surface molecules of APCs and tumor 
cells. This interaction represents a mechanism by which the activity of CTLs is 
restricted, thus contributing to T cell tolerance and protection form 
autoimmunity (190), but may also facilitate tumor immune evasion (191). 
Ipilimumab, an antagonizing mAb against CTLA-4, has shown efficacy in 
several forms of solid cancer including malignant melanoma, renal cell cancer, 
prostate cancer and ovarian cancer, and was approved in 2011 by the US Food 
and Drug Administration (FDA) and in 2012 by the European Medicines 
Agency EMA) for the treatment of advanced malignant melanoma (192).  

Another immune checkpoint is the interaction between the programmed death 
1 (PD-1) receptor and its ligands PD-L1/2.  Like CTLA-4, PD-1 serves as an 
inhibitory receptor for T cells, but PD1 is also expressed by NK cells, NKT 
cells, B cells and monocytes (193). Under physiologic conditions, PD-L1 is 
mainly found on APCs, while PD-L2 is expressed by various tissues, and thus 
apparently has a role in inducing self-tolerance by down-tuning immune activity 
in the periphery. However, PD-L1 is commonly expressed by tumor cells, and 
may thus serve as an immune escape mechanism (142). Inhibition of the PD-1 
checkpoint has also demonstrated significant clinical efficacy, with responses 
seen in various advanced solid cancers and in Hodgkin’s lymphoma (192). 
Currently, PD-1 antagonists nivolumab and pembrolizumab are approved for 
use by the FDA and EMA for treatment of advanced melanoma. In the US, 
nivolumab also recently received approved for non-small cell lung cancer. 

As CTLA-4 and PD-1 represent different inhibitory pathways, attempts have 
been made to combine treatments for the two checkpoints. Encouraged by 
results obtained in mice, suggesting a synergistic effect of double blockade 
(194), the combination of ipilimumab and nivolumab has been evaluated in 
advanced melanoma with impressive results. A phase I study demonstrated a 
response rate of 53 percent achieving at least 80 percent tumor regression and a 
two-year survival rate of 79 percent (195), and two recently published 
randomized trials, comparing combined ipilimumab with nivolumab with 
single-agent treatment, demonstrated superiority for the combination regimen, 
which induced response rates of 51 to 61 percent (196, 197). However, 
checkpoint blockade is associated with significant rates of severe 
immunopathology, in particular treatments combining different inhibitors. 
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2.7.4 Histamine dihydrochloride and interleukin-2 
The cytokine interleukin-2 (IL-2) was discovered during the 1970s as a 
lymphocyte-derived substance that enabled long-term ex vivo cultures of 
lymphocytes (198). Later studies revealed that the predominant physiologic 
source of IL-2 are T cells, and that it stimulates the proliferation and 
differentiation of several lymphocytic subsets, including CTLs and NK cells 
(199). Recombinant high-dose IL-2 was explored as immunotherapy for 
treatment of several types of advanced malignant disease. Malignant melanoma 
and renal cell cancer displayed particular responsiveness to the treatment with 
small, but significant rates of complete and sometimes durable responses (200). 
Given the relapse-preventive efficacy of allo-SCT in hematologic malignancies, 
treatment with IL-2, also reliant on T and NK cell activity, has been extensively 
evaluated for prevention of relapse of AML. The results have been 
disappointing however, as six trials have failed to demonstrate any benefit from 
IL-2 as single-agent therapy for this disease (201-206).  

In 2006, Brune and co-workers reported the results from a randomized phase 
III trial demonstrating that the combinatory regimen of low-dose IL-2 and 
histamine dihydrochloride (HDC), administered as maintenance treatment in 
complete remission (CR), prevented relapse of AML (10). The rationale for 
supplementing IL-2 with HDC was based on the hypothesis that myeloid-
derived ROS might be operative in AML, and thus prevent the 
immunostimulatory effects of IL-2 (207). The hypothesis was supported by 
previous studies by Hellstrand and co-workers showing that myeloid cells 
constrain the anti-leukemic activity of NK cells by production and secretion of 
ROS, and that HDC restored NK cell cytotoxicity (94, 208, 209). HDC 
prevented the production of ROS via interaction with histamine H2 receptors 
(H2Rs) expressed by myeloid cells, thus reducing the activity of the phagocyte 
NADPH oxidase. Importantly, a synergistic effect of IL-2 and HDC had been 
demonstrated in vitro, as the stimulatory effect of IL-2 on NK cells was 
abrogated in the presence of myeloid cells, and the addition of HDC to IL-2 
counter-acted myeloid immunosuppression and restored NK cell cytotoxicity 
(210).  

Further support for combining IL-2 and HDC in AML was provided by 
functional and phenotypic studies, showing significant impairments in the NK 
cell repertoire of activating receptors (211, 212). In vitro, myeloid cells had been 
shown to down-regulate the activating NK cell receptors NKG2D in the 
absence, but not in the presence of HDC (157, 213). 
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Recently, two reports by Aurelius et al. further elucidated the role of ROS as a 
reversible mechanism of immune escape in AML (12, 92). Functional and 
phenotypic analyses demonstrated that the leukemic cell subsets with 
monocytic differentiation (M4/M5) exerted ROS-mediated immune 
suppression per se (13). ROS-production by monocytic leukemic cells was 
prevented by HDC. In contrast, the immature blast populations of any AML 
subtype were incapable of ROS production. Consistent with these findings, a 
post hoc analysis of the original phase III trial revealed that the relapse-
preventive efficacy of HDC and IL-2 was restricted to monocytic subtypes of 
AML, i.e. to patients harboring an immunosuppressive leukemic clone (12). 

Apart from it’s proven efficacy in AML, the combination of HDC and IL-2 has 
also been evaluated as treatment for solid cancers for which IL-2 alone has 
previously shown efficacy. For patients with malignant melanoma with liver 
metastases, HDC was shown to prolong over-all survival compared to IL-2 
alone (214) and to promote an anti-tumoral T cell response (215). In renal cell 
cancer, HDC and IL-2 were evaluated in two randomized phase II trials 
comparing combination treatment with IL-2 alone. One trial demonstrated a 
significant benefit for the combination regarding 1-year survival, and time to 
progression, whereas the other study failed to show any difference (216)  
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2.8 Chronic lymphocytic leukemia 
Chronic lymphocytic leukemia is a disease characterized by a slow accumulation 
of malignant, highly differentiated B cells in the bone marrow, blood and in 
secondary lymphoid organs (217). CLL is the most common leukemia in 
western countries with an annual incidence of 4-5/100000 and a male to female 
predominance of close to 2:1. The median age at diagnosis is approximately 70 
years and the prevalence increases dramatically with age (218). Typically, the 
malignant clone in CLL is homologous, displaying mature lymphocytic 
morphologic features and a preserved expression of the B lineage markers 
CD19, CD20, CD23 with additional expression of CD5 (217). 

2.8.1 Pathogenesis and diagnosis 
CLL can be considered as a leukemic form of lymphoma, although a 
proportion of patients lack lymph node engagement. The diagnostic criteria for 
CLL include the persistent presence of phenotypically distinctive clonal B cells 
of a minimum of 5x109 cells/L in the peripheral blood. Therefore, the 
diagnosis can generally be established by means of a blood count, a differential 
count and immunophenotyping of peripheral blood by flow cytometry (219). In 
case the criterion of 5x109 cells/L is not fulfilled, the diagnosis of monoclonal 
B lymphocytosis (MBL), a preclinical state of CLL, may be made (220, 221). 
Notably, MBL is not always associated with CLL transformation, but is 
accompanied by a risk of CLL progression of 1-2 percent per year (221). The 
solitary nodal manifestation of CLL, without bone marrow engagement and 
leukemia, is termed small cell lymphocytic lymphoma (SLL) and is clinically 
considered equivalent to CLL (219). 

For a significant proportion of patients the diagnosis of CLL is the result of a 
blood count taken for other reasons. Indeed, the proportion of incidentally 
diagnosed patients has increased along with the development and accessibility 
of automated cell counting and flow cytometry.  

Although still a matter of debate, the notion that CLL arises from pre-
malignant hematopoietic stem cells (HSC) is gaining support (222). In other 
forms of cancer, including myeloid malignancies and acute lymphocytic 
leukemia (ALL), several lines of evidence imply that leukemogenesis occurs 
through the sequential acquisition of mutations commencing in HSCs (223-
228), but this chain of events remains unproven for the development in B cell 
neoplasms (222). Recently, however, by using a xenotransplantation 
engraftment model, Kikushige and co-workers demonstrated that HSCs 
derived from patients with CLL gave rise to hematopoiesis biased towards the 
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B lineage with development of CLL-like clonal populations (229). Also, by 
using sequencing methodology, Damm et al. were able to detect an increased 
frequency of acquired mutations, including oncogenes of purported relevance 
for CLL pathogenesis, in sorted multipotent hematopoietic progenitor cells 
derived from CLL patients (230). These studies suggest the involvement of, and 
possible requirement for, the multi-step acquisition of pre-leukemic mutations 
of the HSC compartment in the pathogenesis of CLL.  

2.8.2 Prognosis  
For the vast majority of patients, CLL is an incurable disease. Thus, a long-
standing paradigm has been not to initiate treatment unless called upon by signs 
of disease progression (219). This concept still applies, as earlier studies have 
failed to demonstrate a clinical benefit from preemptive treatment (231, 232). 
Also, approximately one third of all patients never acquire symptoms, and 
hence never require treatment. In these cases the clinical approach is watch-
and-wait. According to current guidelines, treatment should be considered in 
case of symptoms or signs as (219): 

• Nightly sweats 
• Weight loss 
• Fever 
• Cytopenias due to bone marrow failure 
• Splenomegaly 
• Lymph node enlargement 
• Rapid increase in lymphocyte counts 

The clinical course of CLL is highly heterogeneous. Since the 1970s, the staging 
systems developed by Rai (233) and Binet (234) are widely used for CLL 
management and risk stratification. Based on a physical examination and a 
blood count, they provide an accessible tool to aid the decision of when to 
initiate treatment along with a rough estimation of the prognosis.  

During the past decades, several prognostic biomarkers have emerged. These 
include serum markers such as β2-microglobulin (β2m) and serum thymidine 
kinase (sTK), phenotypic features as CD38 and the zeta chain associated 
protein kinase 70 (ZAP70), the elevation or increased expression of, 
respectively, predict inferior prognosis (235). Also, the mutational 
rearrangement status of the immunoglobulin heavy chain (IgVH) gene locus 
divides CLL patients into two distinct prognostic groups, with a low mutational 
level heralding poor prognosis (236). A clinically widespread prognostic assay is 
the fluorescence in situ hybridization (FISH)-based panel of molecular 
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cytogenetic aberrations that includes the genetic aberrations del(11q), trisomy 
12, del(13q) and del(17p) (237).  

However, the clinical utility of the vast majority of available staging systems and 
biomarkers is limited due to their poor capacity to predict treatment outcome. 
In fact, the only validated predictive biomarkers with significance for treatment 
outcome are the del(17)q and mutation of the TP53 locus (238). The presence 
of either aberration signals the loss of p53 function, a tumor suppressor protein 
critical for induction of cell death. In CLL, a deficient p53 is associated with 
dismal prognosis and inferior responsiveness to standard treatment regimens 
(238). Importantly, patients with loss of p53 function should be considered for 
allo-SCT since several studies have shown that allo-SCT may allow long-term 
survival also for this high-risk patient category (239). 

2.8.3 Treatment 
Several aspects, including age, expected life span and the comorbidities of the 
individual patient are considered when choosing the appropriate treatment. For 
younger patients the objective is to maximize the depth and duration of the 
treatment response, and thus prolong survival (240). Accordingly, a relatively 
high level of toxicity is acceptable. However, for older patients, or those with 
significant comorbidities, a minimum of toxicity is tolerated. Therefore, the aim 
of the treatment may be restricted to achieve symptom control and accepting a 
residual leukemic burden. 

The treatment of CLL has evolved greatly in recent years, progress that has 
translated into improved clinical outcome (241). Randomized trials have 
demonstrated that chemoimmunotherapy, i.e. the combination of chemo-
therapy with mAbs, improves outcome in terms of response rates, progression-
free survival and overall survival compared with chemotherapy alone (172, 
242). The current standard of care for younger patients, excluding those 
carrying del(17p), is the combination of fludarabine, cyclophosphamide and 
rituximab (FC-R). Other combinatory regimens, including rituximab/ 
bendamustine are at hand when relapse occurs. For the youngest patients, and 
patients with particularly high-risk disease, allo-SCT should be considered (239, 
240).  

For the frail patients, the treatment options are fewer. The alkylating agent 
chlorambucil (Clb) is still widely used for these patients due to its tolerability, 
low price and easy oral administration. However, responses are typically shallow 
and short lasting. A recent phase III trial comparing Clb in combination with 
ofatumumab or rituximab to Clb as single-agent, demonstrated superior 
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efficacy of the combination regimens, but at the expense of increased 
significant toxicity (181). Hence, this combination is of limited use for treating 
the most fragile patients, yet also likely to be rejected for the more fit patients 
due to the availability of other, more efficacious options. 

Newer drugs have recently been introduced, some of which are first-in-class 
small molecule drugs targeting the BCR signaling pathway. The Bruton’s 
tyrosine kinase (BTK) inhibitor ibrutinib (243) and the phosphatidylinositide 3-
kinase (PI3K) inhibitor idelalisib have shown impressive anti-leukemic efficacy 
along with tolerable side effects, also for more frail patients (244). Importantly, 
these drugs induce leukemic cell apoptosis in a p53 independent fashion and 
have indeed demonstrated efficacy also for patients with defective p53 function 
(239). These drugs are currently primarily used as first-line therapy for patients 
with p53 dysfunction and for relapsed patients, but their clinical utility is likely 
to increase as the result of ongoing and future studies.  

2.8.4 CLL and immunity 
CLL is associated with pronounced immunodeficiency, involving 
hypogammaglobulinemia and increased susceptibility to infections (245). There 
is also evidence of various malfunctions within the T cell and NK cell 
compartments, such as defective immunological synapse formation (246) and 
increased expression of inhibitory receptors, including CTLA-4, PD1 (247) and 
KIRs (248).  Also, the NK cell population of CLL patients has been shown to 
display impaired cytotoxic activity (249), and a decreased expression of 
activating NK cell receptors reportedly correlates with anemia and a high 
lymphocyte count (250).  
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2.9 Chronic myelomonocytic leukemia 
Chronic myelomonocytic leukemia (CMML) is a morphologically highly 
heterogeneous malignancy with overlapping myelodysplastic and myelo-
proliferative features (217). The persistent presence of clonal monocytes in the 
peripheral blood is a diagnostic criterion that is generally accompanied by 
variable degrees of myelodysplasia and myeloproliferation (217). The disease is 
rare, with an annual incidence below 1/100000 (251), but with markedly 
increasing incidence among the elderly. The median age at diagnosis is 
approximately 70 years, with a male to female predominance of 2:1. 

Due to its biologic heterogeneity and features shared with other myeloid 
entities, the classification of CMML has historically been a matter of debate 
(252). Previously, CMML was classified among the myelodysplastic syndromes 
(MDS) (253), and the FAB classification system from 1994 made a distinction 
between the myelodysplastic (MD) and the myeloproliferative (MP) forms of 
CMML (254).  The current classification by the World Health Organization 
(WHO) places CMML in the relatively new group of myelodysplastic/ 
myeloproliferative disorders (217).  

2.9.1 Pathogenesis and diagnosis 
CMML has convincingly been shown to arise from hematopoietic stem cells 
(224, 255-257) that undergo clonal or oligoclonal evolution and expansion 
(258). Detectable genomic aberrations are common but no pathognomonic 
mutational markers have been defined (259).  

The diagnosis of CMML requires a bone marrow smear along with peripheral 
blood and differential counts. Immunophenotyping is not required but is 
commonly part of the initial workup. CD33, CD13 and CD14 are commonly 
expressed surface markers (259). The occurrence of a CD34+ blast population 
of up to 19 percent in in the bone marrow is consistent with CMML diagnosis, 
while a blast fraction of 20 percent or more by defines AML, reflecting the 
close biologic relationship between CMML and AML. The frequency of blasts 
is also used to divide CMML into two categories; less than 5 percent blasts in 
the peripheral blood or 10 percent in the bone marrow defines CMML-1, while 
blast fractions exceeding these cut-off values define CMML-2 (217).  

2.9.2 Prognosis 
The prognosis of CMML is generally poor with median overall survival times 
ranging between 20 and 31 months from diagnosis (260, 261). Large variations 
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occur though, and some patients live for many years with no need for 
intervention (259).  Transformation into secondary AML, with poor prospects 
of long-term survival, occurs in approximately one third of all patients (261, 
262). Among identified risk factors for poor survival, the blast count is the 
most important, as it is strongly associated with AML development. 

2.9.3 Treatment  
Few efficacious treatment options exist for patients with CMML. Patients with 
myeloproliferation are commonly treated with the oral cytostatic agent 
hydroxyurea to suppress leukocyte counts and ease symptoms (263). The only 
treatment with curative potential is allo-SCT, conveying long-term disease-free 
survival for fractions between 29 and 40 percent in recently published 
retrospective studies of selected younger patients (4, 5, 164). However, as most 
patients are elderly, allo-SCT is usually not a realistic option. The 
hypomethylating agents azacitidine and decitabine have demonstrated clinical 
efficacy with reported over-all response rates of 43-51 percent (264, 265) and 
25-58 percent (266, 267), respectively. However, hypomethylating agents have 
not been evaluated in randomized trials for treatment of CMML. Therefore, 
their impact on survival has not been evaluated.  

2.9.4 CMML and immunity 
Data on the functionality of anti-leukemic immune cells is scarce for CMML 
specifically, but one study by Marcondes et al. reported that NK cells derived 
from patients with CMML were inferior to those of healthy control regarding 
cytotoxicity (268). Likewise, Carlsten and co-workers demonstrated that NK 
cells derived from patients with MDS and CMML were impaired regarding 
cytotoxicity towards CD34+ blasts, and displayed inferior expression levels of 
the NK cell activating receptors DNAM-1 and NKG2D (269).  
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3 Patients and methods 
3.1 Patients 
For papers II-IV patient blood samples were obtained and used for 
experimental purposes. The acquisition of patient samples was approved by the 
Ethical Review Board of Gothenburg and conducted after informed consent. 
Most patients enrolled were seen at the Hematology Section of Sahlgrenska 
University Hospital, and some patients were recruited by the physicians 
involved in the studies included in this thesis. Patients for whom the treating 
physician is the recruiting scientist calls for particular ethical consideration, as 
the invitation to participate in a research project may be perceived as a stressful 
and demanding request. Therefore, in asking for patient participation, 
voluntariness has been particularly emphasized, and the fact underscored that 
declining would not affect medical care.  

Recruitment of patients by the treating physician also requires caution regarding 
the risk of a biased patient selection. For reasons of accessibility, in the papers 
II and III, which concern CLL, all patients were asymptomatic, Binet stage A 
and not undergoing treatment at the time of participation.  

For paper IV, regarding CMML, a more heterogeneous cohort was recruited, 
including patients without symptoms and no concomitant treatment, patients 
with ongoing treatment with hydroxyurea and one patient who had relapsed 
following allo-SCT.  
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3.2 Methods 
3.2.1 Assessment of ROS  
The method for assessing NADPH oxidase activity in myeloid cells by 
chemiluminescense was developed by Dahlgren and co-workers more than 
three decades ago. By measuring the light emission following addition of a 
chemiluminescent reagent to myeloid cells in the presence of horseradish 
peroxidase (HRP), the production of superoxide by the NADPH oxidase can 
be dynamically monitored, and the total ROS production calculated as the area 
under the curve (AUC). By using the hydrophilic luminescent reagent 
isoluminol, which is incapable of penetrating the cell membrane, exclusively 
extracellular ROS are measured (156).  

3.2.2 Flow cytometry 
Flow cytometry enables high-throughput analyses of a multitude of cellular 
properties, including information of size, granular complexity and phenotypic 
expression of extra- and intracellular structures. In this thesis, flow cytometry 
was used for assessment of lymphocyte death, cytotoxicity assays, 
immunophenotyping and functional assessments by quantification of 
intracellular enzymes and proteins.  

Furthermore, fluorescence-activated cell sorting (FACS), a technique by which 
isolation of highly purified cell subsets can be obtained, was utilized for papers 
III and IV. 

3.2.3 Lymphocyte cell death  
Lymphocyte suppression by myeloid cells was assessed as the proportion of 
apoptotic lymphocytes after co-cultures with myeloid cells at various ratios. To 
distinguish between apoptotic and viable cells, the samples were stained with an 
amine-reactive dye, which is impermeable to the intact membranes of live cells, 
but enters and stains the intracellular structures of permeabilized, apoptotic 
cells. The samples were then analyzed by flow cytometry.  Although cell surface 
proteins will also react with the dye, the difference in staining intensity between 
dead and viable cells is distinct.  

This method thus requires staining at a time point sufficiently late for 
membrane integrity to be lost. Thus, staining and analysis was performed after 
16-18 hours of incubation. One limitation of this method is that cells that have 
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undergone complete disintegration will be lost to analysis. Thus, the risk of 
underestimating the number of dead cells should be considered.   

3.2.4 Cytotoxicity assays 
In cytotoxicity experiments, target cell death is the primary endpoint. For this 
thesis, several different ADCC assays were performed, investigating the efficacy 
of NK cell-mediated killing of various malignant cells, including the 721.221 B 
lineage lymphoblastoid cell line (270) and primary leukemic cells derived from 
patients with CLL and CMML. To enable cell death assessment by flow 
cytometry, the target cells were labeled with a fluorescent dye prior to 
incubation. After four hours, the incubation was aborted, and the samples 
subjected to LIVE/DEAD staining. Thus, this method was used to assess the 
proportion of target cells with lysed cell membranes. In some experiments, NK 
cell degranulation was assessed along with target cell lysis.  

A key issue with cytotoxicity assays is determining the appropriate time for the 
cell death read-out. As membrane permeabilization is a late apoptotic event, 
four-hour cytotoxicity assays were consistently used. Longer incubation times 
may result in increased target cell killing, but are likely to result in lysed cells 
being fragmentized, and therefore lost to analysis. Hence, lengthier assays 
would carry the risk of underestimating cell death by this method.  

The expression of CD107a on the cell surface is a marker for degranulation of 
cytotoxic granules, an event that correlates with target cell death (271). By 
measuring the NK cell expression of CD107a by flow cytometry thus allows for 
assessment of NK cell cytotoxic activity. This may be an advantage if this is the 
primary study objective. However, as degranulation does not necessarily 
translate into target cell lysis, the method should be used as a complement to 
other cytotoxicity assays, and not a replacement.  

3.2.5 General considerations 
This thesis is based on results obtained in vitro. Experimental laboratory 
research may be of significant scientific value, as laboratory conditions provide 
the possibility to investigate biologic processes under highly controlled 
circumstances. However, the physiologic and clinical relevance of any in vitro 
experimental approach can righteously be questioned, and may require 
validation by studies in animals, or ideally, in humans. 
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4 Results and discussion 
4.1 Role of MAPKs in lymphocyte death 
Oxidant-induced lymphocyte cell death by myeloid cells has been proposed to 
occur via a caspase-independent pathway involving the nuclear DNA repair 
enzyme PARP-1 (90). In response to excessive DNA damage, PARP-1 is over-
activated, resulting in the translocation of PAR into the cytosol followed by 
mitochondrial AIF release and regulated cell death (272) (refer to section 2.4.2). 
As oxygen radicals are known to inflict DNA damage (41) a causal relationship 
between ROS, DNA damage and the PAR/AIF axis has been assumed, but the 
events linking ROS and DNA damage in parthanatic cell death are incompletely 
understood.  

Oxidants have important roles as signaling molecules and have been shown to 
affect pathways involving MAP kinase signaling (43). In cell-free experiments, 
Cohen-Armon et al. showed that activation of ERK1/2, a member of the 
MAPK family, resulted in PARP-1 activation independently of DNA damage, 
thus suggesting a link between the MAPKs and PARP-1 activation (273). With 
this background, we aimed to evaluate whether ROS-induced lymphocyte death 
results from MAPK signaling rather than excessive DNA-damage.   

First, to investigate the roles of different MAPKs in lymphocyte death, we 
specifically inhibited MEK1/2, p38 and JNK before exposing lymphocytes to 
H2O2. We found that inhibition of MEK1/2, the enzyme responsible for 
activating ERK1/2, significantly preserved lymphocyte viability, while 
inhibition of p38 or JNK did not. In co-culture experiments with lymphocytes 
and ROS-producing monocytes, inhibition of MEK1/2 markedly upheld 
lymphocyte viability, corroborating the results obtained with H2O2 (figure 4). 
These findings thus supported a role of the MEK/ERK pathway in the chain 
of events leading from ROS to lymphocyte death. We therefore sought to 
determine whether lymphocyte exposure to ROS resulted in ERK1/2 
activation. By using flow cytometry following intracellular staining for activated, 
i.e. phosphorylated ERK1/2 (pERK), a significant, transient induction of 
pERK was registered in response to H2O2 exposure. The results were 
confirmed by western blot methodology.  
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In the following two series of experiments, we explored the relationship 
between ERK1/2 and PARP-1 by exposing lymphocytes to ROS in presence 
or absence of inhibitors of either MEK1/2 or PARP-1. In line with our prior 
observations, we found that inhibition of either enzyme prevented the 
accumulation of intracellular PAR, as determined by flow cytometry, thus 
underscoring a role of ERK1/2 in parthanatos. Importantly though, inhibition 
of MEK1/2, but not PARP-1, prevented ERK1/2 activation, suggesting 
ERK1/2 being upstream of PARP-1 in the signal transduction leading from 
ROS to PARP-1 (figure 5).  

We also determined the functionality of NK cells rescued from ROS induced 
death by inhibition of MEK1/2. For this purpose we exposed NK cells to 
monocytes overnight in presence or absence of a MEK inhibitor. Subsequently, 
the NK cells were assessed for cytotoxicity as determined by killing of the B 
lymphoblastic cell line 721.221 (270) in presence of rituximab. These 
experiments confirmed that the NK cells rescued by the MEK1/2 inhibitor 
were functional in terms of cytotoxicity.  

Taken together, the results of paper I suggest that the MEK/ERK signaling 
pathway is involved in ROS-mediated parthanatos of lymphocytes, and that 
activation of ERK occurs prior to PARP-1 activation in response to ROS. 
These findings thus challenge the view of ROS-induced PARP-1 activation as 
being a direct consequence of excessive DNA damage. Instead, the results 
underscore the role of ROS as signaling substances affecting pathways of vital 
importance for cell survival.  
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Figure 4. Inhibition of the ERK1/2 pathway protects lymphocytes from myeloid cell-induced 
death. T cells (A) or NK cells (B) were co-cultured with monocytes overnight in presence or 
absence of the MEK-inhibitor PD98059 (filled triangles) or control (DMSO, open squares). 
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The strategy to protect lymphocytes from cell death by preventing ROS 
production has demonstrated clinical efficacy for treatment of AML (10). A 
conceivable alternative approach to preserve lymphocyte viability is to increase 
lymphocyte resistance to ROS by intervention with transductional pathways 
conveying ROS-mediated death. The results displayed in paper I indicate that 
preventing ERK1/2 activation, by inhibiting MEK1/2 a feasible approach to 
uphold lymphocyte viability in the presence of ROS-producing myeloid cells. 
Inhibition of MEK1/2 is being explored therapeutically, and has demonstrated 
efficacy as treatment of melanoma (274). Our results imply that a contributing 
mechanism of action for MEK inhibitors may be to uphold lymphocyte 
capacity to withstand myeloid-derived ROS.  
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Figure 5. ERK is upstream of PARP-1 in ROS-induced lymphocyte death. (A) Accumulation of 
PAR was prevented by inhibition of either PARP-1 (PJ34) or the ERK pathway (PD98059). (B) 
Inhibition of MEK/ERK, but not PARP-1, prevented ERK phosphorylation in response to ROS.  
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4.2 CD20 antibodies trigger ROS production 
As noted previously, the addition of CD20 mAbs to chemotherapy has 
improved the outcome for patients with CLL (240, 241), but the efficacy of 
rituximab as single agent is limited (174-176). Several lines of evidence have 
demonstrated that immune cells carrying FcRs contribute to the efficacy of 
mAbs by their ability to exert ADCC or ADCP (68, 80, 81, 275). However, the 
distinct roles of individual immune cells for mAb efficacy are incompletely 
defined. NK cell cytotoxicity and viability have been shown to be affected by 
myeloid cells in a ROS-dependent fashion (9), which seem to suppress NK cell 
cytotoxicity rather than add to target cell killing (208, 276). Therefore, we 
hypothesized that myeloid cells might limit the efficacy of CD20 mAbs in CLL 
by restricting the cytotoxic activity of NK cells by ROS-production. We 
addressed this hypothesis by assessing the effects of myeloid cell-derived ROS 
on NK cell functionality and viability in the presence of therapeutic mAbs. The 
results, presented in papers II and III, were partly obtained concomitantly.  
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We commenced by investigating the impact of monocytes on NK cell mediated 
ADCC using NK cell and cells derived from healthy blood donors. In a series 
of experiments using NK cells against the B lymphoblastic cell line 721.221 
(270) and rituximab as the linking antibody, we observed that ADCC was 
largely abrogated in the presence of monocytes. The inhibitory effect was partly 
reversed by the ROS scavenger catalase, or by prevention of ROS formation by 
HDC, thus suggesting monocyte-derived ROS as the main mechanism of 
inhibition. These findings incited us to investigate whether the results could be 
reproduced using CLL cells as target cells and patient-derived NK cells and 
monocytes. By using fluorescence-activated cell sorting (FACS) we isolated NK 
cells and monocytes from PBMCs derived from CLL patients. From the same 
PBMC fraction, leukemic cells were isolated by immunomagnetic depletion, 
thus allowing a cytotoxicity assay using autologous cells. CLL cell lysis was 
assessed by four-hour assays in the presence or absence of rituximab and the 
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Figure 6. Monocytes impede NK cell-mediated ADCC against primary CLL cells by ROS 
production. (A) NK cell-mediated ADCC) of autologous leukemic cells by rituximab (RTX) in 
the presence or absence of monocytes, HDC, catalase (Cat), H2R-antagonist ranitidine (Ran) 
and IL-2 (B). (C) NK cell death after overnight incubation with monocytes in the presence of 
immobilized rituximab and the anti-oxidative compounds HDC, catalase and DPI. (D) 
Representative FACS dot-plot of the readout for dead, CFSE-labeled CLL cells by live/dead 
staining.  
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NK cell activating cytokine IL-2. The results from these experiments showed 
that the presence of monocytes strongly reduced ADCC, both in the presence 
and absence of IL-2, thus confirming the findings obtained using the 721.221 
cell line. HDC and catalase significantly upheld ADCC, demonstrating 
inhibition to be mainly ROS-mediated (figure 6A and B). 

Golay et al. have shown that CD20 mAbs vary regarding their propensity to 
induce activation of neutrophils (277). For example, these authors 
demonstrated that obinutuzumab, which was recently approved for use in CLL, 
was capable of more efficiently activating neutrophils than rituximab in an FcR-
dependent fashion. It was claimed that activation was triggered without 
concomitant ROS production. However, the authors had used a FACS-based 
assay, measuring intracellular ROS. This incited us to assess neutrophil ROS 
production in response to CD20 mAbs by using isoluminol-enhanced 
chemiluminescense, a sensitive method for assessment of extracellular ROS 
(156). Indeed, we found that neutrophils responded to mAbs by substantial 
release of ROS. With the aim of investigating the immunosuppressive 
properties of mAb-exposed neutrophils, we proceeded by performing co-
culture experiments with neutrophils and NK cells in presence of rituximab and 
ofatumumab. These experiments revealed that neutrophils exposed to CD20 
mAbs induced significant ROS-dependent NK cell death, while unexposed 
neutrophils did not (figure 7).  
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Figure 7. CD20 mAbs trigger ROS-production in neutrophils. (A) Extracellular ROS-
production from neutrophils derived from patients with CLL in response to immobilized, plate-
bound rituximab (RTX) and ofatumumab (OFA) in the presence or absence of the NADPH 
oxidase inhibitor DPI. 
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that the presence of monocytes strongly reduced ADCC, both in the presence 
and absence of IL-2, thus confirming the findings obtained using the 721.221 
cell line. HDC and catalase significantly upheld ADCC, demonstrating 
inhibition to be mainly ROS-mediated (figure 6A and B). 
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The findings that mAbs triggered ROS by neutrophils were consistent with the 
results that monocytes were found to impede ADCC in a ROS-dependent 
fashion. Therefore, we assessed the effect of mAbs on monocyte ROS 
production, and similarly found a marked ROS-release in response to mAbs. 
Co-culture experiments with monocytes and NK cells revealed that mAb-
induced ROS production by monocytes translated into immune suppression in 
terms of augmented ROS-dependent NK cell death in the presence of mAbs. 
These immunosuppressive events were significantly prevented by the presence 
of HDC (figure 6C).  

To investigate the mechanism of ROS-induction by CD20 mAbs, F(ab´)2-
fragments, i.e. antibody fragments devoid of the Fc-region, were obtained by 
pepsin digestion (278), and used as control reagent in ROS-assessment and 
apoptosis experiments. OFA-derived F(ab´)2 fragments were found not to 
induce ROS-release, suggesting that CD20-mAb ROS induction to be FcR-
mediated (figure 8).  
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Figure 8. MAb-induced ROS production by monocytes is dependent on Fc-receptors and 
preventable by anti-oxidative agents. (A-C) Extracellular ROS-production by monocytes in 
response CD20-mAbs. (B) ROS production is triggered by OFA, but not OFA-derived F(ab´)2 
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Taken together, the results of papers II and III imply that therapy with CD20 
mAbs contributes to an oxidative immunosuppressive environment, which may 
affect NK cell function and viability. Thereby, the full anti-leukemic potential 
of mAbs may by limited.  HDC and other ROS-inhibitors reduced 
immunosuppression by preventing ROS formation in the presence of CD20 
mAbs. These results suggest that the efficacy of CD20 mAbs might increase 
with the addition of anti-oxidative therapy, and that this immunotherapeutic 
strategy should be further investigated. 
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Figure 9. Proposed mechanism of mAb-induced immunosuppression. (A) In the presence 
of myeloid cells, mAbs trigger ROS-production resulting in NK cell death. (B) ADCC is 
preserved by preventing ROS production by HDC.  
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4.3 Role of ROS in CMML 
Monocytic subtypes of AML (M4/M5) have been reported to respond 
favorably to HDC/IL-2 immunotherapy compared to other AML subtypes 
(12). This fact has been attributed to the immunosuppressive properties 
demonstrated for monocytic leukemic cell subsets by their ability to produce 
immunosuppressive extracellular radicals, and the responsiveness of these 
subsets to HDC, that reduces ROS formation (12, 13). CMML shares many 
features with monocytic AML, including the occurrence of monocytic leukemic 
differentiation (217). The aim of paper IV was to investigate the role of ROS 
as a putative mechanism of immune escape in CMML.  

First, by using flow cytometry to characterize the leukemic subsets of CMML, 
we found that the CD33+/CD14+ mature monocytic population, but not the 
CD33+/CD34+ blasts, co-expressed the NADPH oxidase and H2Rs, thus 
suggesting that the monocytic clone is capable of ROS production and might 
respond to HDC. These findings were confirmed by ROS measurements using 
chemiluminescense, as monocytes were found to produce significant amounts 
of extracellular ROS upon activation with N-formylmethionyl-leucyl-phenyl-
alanine (fMLF), in the absence but not in the presence of HDC (figure 10). 
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Figure 10. (A) Expression of the NADPH oxidase subunit gp91phox and histamine 2-receptors 
(H2Rs) by leukemic cells subsets from patients with CMML compared to monocytes from 
healthy controls. (B and C) ROS production by CMML-derived monocytes response to fMLF in 
presence and absence of HDC.  
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Next, the immunosuppressive features of CMML-derived monocytes were 
assessed in co-cultures with different lymphocyte subsets. These leukemic cells 
were found to induce substantial PARP-1 dependent cell death in NK cells, 
CD4+ and CD8+ T cells. Cell death was ROS-mediated as the ROS scavenging 
enzyme catalase or prevention of ROS formation by HDC or the NADPH 
oxidase inhibitor DPI prevented death in all lymphocyte subsets (figure 11). 
Together, these observations imply that the monocytic leukemic subset may 
suppress anti-leukemic lymphocytes via extracellular ROS release, and that 
leukemia-induced ROS formation may be a mechanism of immune escape in 
CMML. 

To clarify whether anti-oxidative intervention may augment the anti-leukemic 
immune efficacy of cytotoxic effector cells, we performed cytotoxicity 
experiments using NK cells as effector cells and monocytic leukemic cells as 
target cells. The anti-CD33 mAb lintuzumab was used as the linking mAb to 
trigger NK cell-mediated ADCC. These experiments showed that the anti-
leukemic activity of IL-2-stimulated NK cells was significantly augmented in 
the presence of HDC, as measured by degranulation. However, the increase in 
NK cell degranulation merely translated into a non-significant trend regarding 
target cell lysis. This may be explained by a low number of experiments, but 
raises the question whether these leukemic cells may be resistant to NK cell 
cytotoxicity. It is also conceivable that the apoptotic process is particularly slow 
for these cells, and that a method for assessing earlier apoptotic events, e.g. loss 
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Figure 11. CMML cells induce ROS-mediated, PARP-1-dependent cell death in lymphocytes. 
Lymphocytes were incubated overnight with monocytes derived from patients with CMML in 
the presence or absence of HDC, PARP-1 inhibitor PJ34, DPI or catalase. 
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Figure 11. CMML cells induce ROS-mediated, PARP-1-dependent cell death in lymphocytes. 
Lymphocytes were incubated overnight with monocytes derived from patients with CMML in 
the presence or absence of HDC, PARP-1 inhibitor PJ34, DPI or catalase. 
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of mitochondrial membrane potential or by staining with Annexin V, would 
have yielded more pronounced results. These issues are to be further 
investigated. 

Oxygen radicals have been demonstrated to inflict down-regulation of 
activating NK cell receptors (157). Moreover, reduced expression of activating 
receptors was previously demonstrated in NK cells derived from patients with 
AML (211, 212) and MDS (269). This incited us to assess the expression of 
activating NK cell receptors of patients with CMML. By immunophenotyping 
of patient samples along with samples from age- and sex- matched control 
individuals, we observed that the patient samples displayed significant 
impairments in their expression of NKp30, NKp80 and NKp46 with a similar, 
yet non-significant, trend for NKp46. Also, the frequency of NK cells 
expressing NKp30, NKp46 and NKp80 was found to be lower in patients than 
in healthy subjects. Notably, by culturing NK cells derived from CMML 
patients with IL-2, the NCRs NKp30 and NKp46 were up-regulated, implying 
that the NK cell compartment in CMML is not permanently hampered and that 
immunostimulatory intervention may restore leukemia-associated 
immunodeficiencies.  

Taken together, our results demonstrate that patients with CMML harbor a 
leukemic cell subset with pronounced immunosuppressive potential towards 
anti-leukemic lymphocytes. Immune suppression was ROS-mediated as 
demonstrated by the preventive effect of HDC and other ROS-inhibitors. 
These findings suggest that anti-oxidative immunotherapy may be efficacious in 
CMML, as previously demonstrated for AML (10, 12).  
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Figure 12. Proposed mechanism of immune escape in CMML. (A) Leukemia-derived ROS 
induce lymphocyte death. (B) Anti-leukemic lymphocytes are preserved by anti-oxidative 
intervention with HDC. 
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5 Concluding remarks 
Physiologic systems are commonly governed by multiple pathways, which 
preserve homeostasis and functionality. In immunity, this notion is illustrated 
by the multitude of regulatory functions that prevent autoimmunity and 
excessive inflammation. Moreover, clonal evolution, driven by the selective 
pressure of the surrounding environment, promotes the survival of clones with 
low immunogenicity and immunosuppressive traits. Consequently, the immune 
system almost invariably fails to mount an immune response sufficient to reject 
clinically overt cancer. 

The strategy to target cancer-related immune tolerance has gained momentum 
in recent years. Treatment with HDC, aiming at protecting NK cells and T cells 
from oxidative inhibition, has been introduced in AML therapy (10) and 
antibodies, such as ipilimumab and nivolumab, targeting immunosuppressive 
pathways of relevance to T and NK cell function, have shown significant 
efficacy in advanced solid cancer (196, 197). These findings provide an 
incentive to further explore the immunosuppressive mechanisms of relevance 
to cancer development. Importantly, the fact that mechanisms of immune 
evasion are not specific to a certain disease encourages the investigation of 
immunotherapies in multiple malignancies. 

Oxidants mediate suppression of lymphocytes, and can be targeted by the 
NADPH oxidase inhibitor HDC (11). As shown in paper I, we found a 
prominent role of the MEK/ERK pathway in the transductional events 
resulting in ROS-induced lymphocyte death. These results imply that inhibition 
of these signaling events is a conceivable alternative strategy to uphold 
lymphocyte viability in an oxidative, immunosuppressive environment.  

We also found that immunotherapy with anti-CD20 mAbs induced ROS 
production by neutrophils and monocytes, which translated into immuno–
suppressive events including interference with NK cell-mediated ADCC against 
primary CLL cells. The observation that HDC restored NK cell cytotoxicity 
suggests that CD20 mAbs and HDC, or other strategies to reduce antibody-
induced ROS production, is an immunotherapeutic combination for CLL and 
other B cell malignancies that merits further investigation. 

Our findings are consistent with a mainly immunosuppressive role for 
monocytes and neutrophils in the context of mAb-based immunotherapy. It 
should be emphasized, however, that myeloid cells have been shown to 
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contribute to mAb-mediated elimination via ADCP and ADCC (182), 
processes that partly rely on ROS-production. For HDC to augment the clinical 
efficacy of mAbs it is thus required that the alleviation of ROS production 
results in an increment in NK cell ADCC that exceeds the potential inhibitory 
effects on leukemic cell killing by myeloid cells. This issue should be considered 
in further investigating mAbs and anti-oxidative therapy as a putative 
immunotherapeutic combination. 

We investigated the role of oxygen radicals as an immunosuppressive 
mechanism in CMML, a disease for which the presence of a monocytic 
leukemic population is a defining criterion (217). We found that the monocytic 
leukemic cells produced substantial amounts of ROS and significantly 
suppressed lymphocytic subsets in a ROS-dependent fashion. The addition of 
HDC reduced ROS production and maintained lymphocyte viability in the 
presence of leukemic cells. These observations suggest that leukemia-induced 
ROS production may serve as a mechanism of immune escape that promotes 
progression of CMML. Furthermore, our results demonstrate that ROS 
formation by malignant cells is a feature that is shared between CMML and 
monocytic forms of AML, in which immunotherapy with HDC and IL-2 has 
demonstrated particular clinical efficacy (12, 13). Therefore, we hypothesize 
that HDC and IL-2 may be efficacious also in CMML. To address this 
hypothesis, an exploratory clinical trial with HDC and IL-2 for the treatment of 
CMML has been initiated (Appendix).  

In AML, the HDC/IL-2 regimen has demonstrated relapse-preventive 
potential, but has not been evaluated as treatment of manifest leukemia. 
However, CMML commonly advances slowly, which may allow for an anti-
leukemic immune response to be mounted, and for immunotherapy to be 
efficacious also in situations with a significant clonal burden.  

 

. 



 

 66 

Acknowledgements 
I sincerely want to thank all who helped me along the way: 

Fredrik Bergh Thorén, my supervisor, for excellent scientific guidance, 
support and for always keeping a positive and constructive point of view; 

Per-Ola Andersson, my co-supervisor, for confidence, guidance, 
encouragement and for introducing me to science; 

Anna Martner, my co-supervisor, for always providing swift and valuable input 
and for being a good traveling companion; 

Kristoffer Hellstrand, for highly valued mentorship, generosity, 
encouragement and good discussions; 

Johan Aurelius, for invaluable and patient laboratory coaching, friendship, and 
productive collaboration; 

Rebecca Riise, for friendship, collaboration, input and highly valued pep talk. 

Ali Akhiani and Alexander Hallner, for good discussions and productive 
collaboration; 

Herman Nilsson-Ehle, for supporting me from the very beginning; 

Lars Möllgård, for appreciated encouragement and collaboration; 

Mats Brune and Eva-Hellström-Lindberg, for support, collaboration and 
input; 

Hege Garelius, Lovisa Wennström, Rolf Billström and Valdemar Erling, 
for help and support; 

The staff at the Hematology section, for help obtaining patient samples; 

Friends and colleagues at the TIMM-laboratory, for support and for making 
the lab the inspiring place it is; 

Friends and colleagues at the Hematology section at Sahlgrenska, for 
inspiration and encouragement; 

 

 66 

Acknowledgements 
I sincerely want to thank all who helped me along the way: 

Fredrik Bergh Thorén, my supervisor, for excellent scientific guidance, 
support and for always keeping a positive and constructive point of view; 

Per-Ola Andersson, my co-supervisor, for confidence, guidance, 
encouragement and for introducing me to science; 

Anna Martner, my co-supervisor, for always providing swift and valuable input 
and for being a good traveling companion; 

Kristoffer Hellstrand, for highly valued mentorship, generosity, 
encouragement and good discussions; 

Johan Aurelius, for invaluable and patient laboratory coaching, friendship, and 
productive collaboration; 

Rebecca Riise, for friendship, collaboration, input and highly valued pep talk. 

Ali Akhiani and Alexander Hallner, for good discussions and productive 
collaboration; 

Herman Nilsson-Ehle, for supporting me from the very beginning; 

Lars Möllgård, for appreciated encouragement and collaboration; 

Mats Brune and Eva-Hellström-Lindberg, for support, collaboration and 
input; 

Hege Garelius, Lovisa Wennström, Rolf Billström and Valdemar Erling, 
for help and support; 

The staff at the Hematology section, for help obtaining patient samples; 

Friends and colleagues at the TIMM-laboratory, for support and for making 
the lab the inspiring place it is; 

Friends and colleagues at the Hematology section at Sahlgrenska, for 
inspiration and encouragement; 



 

 67 

The co-authors, for productive teamwork and enthusiasm; 

Katarina Junevik and Karin Gustafsson, for teamwork and discussions; 

Eva Sjögren Nilsson, for cheerful and highly valued administrative help; 

Ulla Gingsjö and Veronica Osla, for technical assistance; 

Anna Karlsson for last-minute layout help; 

Åsa Dahlbäck at Dahlbäck/Söderberg for enthusiastic help;  

Friends and family, for support, curiosity and cheering; 

Barbro and Hinrich Fock, for always standing by to help;  

Lisa and Björn Werlenius, for support, enthusiasm and invaluable help with 
everything; 

Emma och Viktor, för kärlek, stöd och tålamod; 

Katja, for love, endless support and for understanding. 

  

 

 67 

The co-authors, for productive teamwork and enthusiasm; 

Katarina Junevik and Karin Gustafsson, for teamwork and discussions; 

Eva Sjögren Nilsson, for cheerful and highly valued administrative help; 

Ulla Gingsjö and Veronica Osla, for technical assistance; 

Anna Karlsson for last-minute layout help; 

Åsa Dahlbäck at Dahlbäck/Söderberg for enthusiastic help;  

Friends and family, for support, curiosity and cheering; 

Barbro and Hinrich Fock, for always standing by to help;  

Lisa and Björn Werlenius, for support, enthusiasm and invaluable help with 
everything; 

Emma och Viktor, för kärlek, stöd och tålamod; 

Katja, for love, endless support and for understanding. 

  



 

 68 

Support 
This research was supported by the Swedish Research Council, the Swedish 
Cancer Society, the Swedish state via the ALF agreement, BioCARE - a 
National Strategic Research Program at University of Gothenburg, the 
Sahlgrenska Academy at University of Gothenburg, the Assar Gabrielsson 
Foundation, the Gothenburg Medical Society, the Wilhelm and Martina 
Lundgren Research Foundation, the Research Funds of Sahlgrenska University 
Hospital and Lions Research Foundation of Western Sweden. 

 

 

 68 

Support 
This research was supported by the Swedish Research Council, the Swedish 
Cancer Society, the Swedish state via the ALF agreement, BioCARE - a 
National Strategic Research Program at University of Gothenburg, the 
Sahlgrenska Academy at University of Gothenburg, the Assar Gabrielsson 
Foundation, the Gothenburg Medical Society, the Wilhelm and Martina 
Lundgren Research Foundation, the Research Funds of Sahlgrenska University 
Hospital and Lions Research Foundation of Western Sweden. 

 



 

 69 

References 
 

 
 

1. Dunn, G. P., A. T. Bruce, H. Ikeda, L. J. Old, and R. D. Schreiber. 
2002. Cancer immunoediting: from immunosurveillance to tumor 
escape. Nat Immunol 3: 991-998. 

2. Vesely, M. D., M. H. Kershaw, R. D. Schreiber, and M. J. Smyth. 2011. 
Natural innate and adaptive immunity to cancer. Annu Rev Immunol 29: 
235-271. 

3. Dreger, P., P. Corradini, E. Kimby, M. Michallet, D. Milligan, J. 
Schetelig, W. Wiktor-Jedrzejczak, D. Niederwieser, M. Hallek, and E. 
Montserrat. 2007. Indications for allogeneic stem cell transplantation in 
chronic lymphocytic leukemia: the EBMT transplant consensus. 
Leukemia 21: 12-17. 

4. Park, S., M. Labopin, I. Yakoub-Agha, J. Delaunay, N. Dhedin, E. 
Deconinck, M. Michallet, M. Robin, T. De Revel, M. Bernard, N. Vey, 
B. Lioure, S. Lapusan, R. Tabrizi, J. H. Bourhis, A. Huynh, Y. Beguin, 
G. Socie, F. Dreyfus, P. Fenaux, and M. Mohty. 2013. Allogeneic stem 
cell transplantation for chronic myelomonocytic leukemia: a report 
from the Societe Francaise de Greffe de Moelle et de Therapie 
Cellulaire. European journal of haematology 90: 355-364. 

5. Symeonidis, A., A. van Biezen, L. de Wreede, A. Piciocchi, J. Finke, D. 
Beelen, M. Bornhauser, J. Cornelissen, L. Volin, G. Mufti, Y. 
Chalandon, A. Ganser, B. Bruno, D. Niederwieser, G. Kobbe, R. 
Schwerdtfeger, T. de Witte, M. Robin, and N. Kroger. 2015. 
Achievement of complete remission predicts outcome of allogeneic 
haematopoietic stem cell transplantation in patients with chronic 
myelomonocytic leukaemia. A study of the Chronic Malignancies 
Working Party of the European Group for Blood and Marrow 
Transplantation. Br J Haematol. 

6. Ferrara, J. L., J. E. Levine, P. Reddy, and E. Holler. 2009. Graft-versus-
host disease. Lancet (London, England) 373: 1550-1561. 

7. Honeychurch, J., E. J. Cheadle, S. J. Dovedi, and T. M. Illidge. 2015. 
Immuno-regulatory antibodies for the treatment of cancer. Expert 
opinion on biological therapy 15: 787-801. 

8. Martner, A., F. B. Thoren, J. Aurelius, and K. Hellstrand. 2013. 
Immunotherapeutic strategies for relapse control in acute myeloid 
leukemia. Blood Rev 27: 209-216. 

 

 69 

References 
 

 
 

1. Dunn, G. P., A. T. Bruce, H. Ikeda, L. J. Old, and R. D. Schreiber. 
2002. Cancer immunoediting: from immunosurveillance to tumor 
escape. Nat Immunol 3: 991-998. 

2. Vesely, M. D., M. H. Kershaw, R. D. Schreiber, and M. J. Smyth. 2011. 
Natural innate and adaptive immunity to cancer. Annu Rev Immunol 29: 
235-271. 

3. Dreger, P., P. Corradini, E. Kimby, M. Michallet, D. Milligan, J. 
Schetelig, W. Wiktor-Jedrzejczak, D. Niederwieser, M. Hallek, and E. 
Montserrat. 2007. Indications for allogeneic stem cell transplantation in 
chronic lymphocytic leukemia: the EBMT transplant consensus. 
Leukemia 21: 12-17. 

4. Park, S., M. Labopin, I. Yakoub-Agha, J. Delaunay, N. Dhedin, E. 
Deconinck, M. Michallet, M. Robin, T. De Revel, M. Bernard, N. Vey, 
B. Lioure, S. Lapusan, R. Tabrizi, J. H. Bourhis, A. Huynh, Y. Beguin, 
G. Socie, F. Dreyfus, P. Fenaux, and M. Mohty. 2013. Allogeneic stem 
cell transplantation for chronic myelomonocytic leukemia: a report 
from the Societe Francaise de Greffe de Moelle et de Therapie 
Cellulaire. European journal of haematology 90: 355-364. 

5. Symeonidis, A., A. van Biezen, L. de Wreede, A. Piciocchi, J. Finke, D. 
Beelen, M. Bornhauser, J. Cornelissen, L. Volin, G. Mufti, Y. 
Chalandon, A. Ganser, B. Bruno, D. Niederwieser, G. Kobbe, R. 
Schwerdtfeger, T. de Witte, M. Robin, and N. Kroger. 2015. 
Achievement of complete remission predicts outcome of allogeneic 
haematopoietic stem cell transplantation in patients with chronic 
myelomonocytic leukaemia. A study of the Chronic Malignancies 
Working Party of the European Group for Blood and Marrow 
Transplantation. Br J Haematol. 

6. Ferrara, J. L., J. E. Levine, P. Reddy, and E. Holler. 2009. Graft-versus-
host disease. Lancet (London, England) 373: 1550-1561. 

7. Honeychurch, J., E. J. Cheadle, S. J. Dovedi, and T. M. Illidge. 2015. 
Immuno-regulatory antibodies for the treatment of cancer. Expert 
opinion on biological therapy 15: 787-801. 

8. Martner, A., F. B. Thoren, J. Aurelius, and K. Hellstrand. 2013. 
Immunotherapeutic strategies for relapse control in acute myeloid 
leukemia. Blood Rev 27: 209-216. 



 

 70 

9. Hellstrand, K., A. Asea, C. Dahlgren, and S. Hermodsson. 1994. 
Histaminergic regulation of NK cells. Role of monocyte-derived 
reactive oxygen metabolites. J Immunol 153: 4940-4947. 

10. Brune, M., S. Castaigne, J. Catalano, K. Gehlsen, A. D. Ho, W. K. 
Hofmann, D. E. Hogge, B. Nilsson, R. Or, A. I. Romero, J. M. Rowe, 
B. Simonsson, R. Spearing, E. A. Stadtmauer, J. Szer, E. Wallhult, and 
K. Hellstrand. 2006. Improved leukemia-free survival after 
postconsolidation immunotherapy with histamine dihydrochloride and 
interleukin-2 in acute myeloid leukemia: results of a randomized phase 
3 trial. Blood 108: 88-96. 

11. Hellstrand, K., M. Brune, P. Naredi, U. H. Mellqvist, M. Hansson, K. 
R. Gehlsen, and S. Hermodsson. 2000. Histamine: a novel approach to 
cancer immunotherapy. Cancer Invest 18: 347-355. 

12. Aurelius, J., A. Martner, M. Brune, L. Palmqvist, M. Hansson, K. 
Hellstrand, and F. B. Thoren. 2012. Remission maintenance in acute 
myeloid leukemia: impact of functional histamine H2 receptors 
expressed by leukemic cells. Haematologica. 

13. Aurelius, J., F. B. Thoren, A. A. Akhiani, M. Brune, L. Palmqvist, M. 
Hansson, K. Hellstrand, and A. Martner. 2012. Monocytic AML cells 
inactivate antileukemic lymphocytes: role of NADPH 
oxidase/gp91(phox) expression and the PARP-1/PAR pathway of 
apoptosis. Blood 119: 5832-5837. 

14. Mellqvist, U. H., M. Hansson, M. Brune, C. Dahlgren, S. Hermodsson, 
and K. Hellstrand. 2000. Natural killer cell dysfunction and apoptosis 
induced by chronic myelogenous leukemia cells: role of reactive oxygen 
species and regulation by histamine. Blood 96: 1961-1968. 

15. Kondo, M., A. J. Wagers, M. G. Manz, S. S. Prohaska, D. C. Scherer, 
G. F. Beilhack, J. A. Shizuru, and I. L. Weissman. 2003. Biology of 
hematopoietic stem cells and progenitors: implications for clinical 
application. Annu Rev Immunol 21: 759-806. 

16. Shlush, L. I., and M. D. Minden. 2015. Preleukemia: the normal side of 
cancer. Current opinion in hematology 22: 77-84. 

17. Ricklin, D., G. Hajishengallis, K. Yang, and J. D. Lambris. 2010. 
Complement: a key system for immune surveillance and homeostasis. 
Nat Immunol 11: 785-797. 

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

19. Palm, N. W., and R. Medzhitov. 2009. Pattern recognition receptors 
and control of adaptive immunity. Immunological reviews 227: 221-233. 

20. Bonilla, F. A., and H. C. Oettgen. 2010. Adaptive immunity. The Journal 
of allergy and clinical immunology 125: S33-40. 

21. Banchereau, J., and R. M. Steinman. 1998. Dendritic cells and the 
control of immunity. Nature 392: 245-252. 

 

 70 

9. Hellstrand, K., A. Asea, C. Dahlgren, and S. Hermodsson. 1994. 
Histaminergic regulation of NK cells. Role of monocyte-derived 
reactive oxygen metabolites. J Immunol 153: 4940-4947. 

10. Brune, M., S. Castaigne, J. Catalano, K. Gehlsen, A. D. Ho, W. K. 
Hofmann, D. E. Hogge, B. Nilsson, R. Or, A. I. Romero, J. M. Rowe, 
B. Simonsson, R. Spearing, E. A. Stadtmauer, J. Szer, E. Wallhult, and 
K. Hellstrand. 2006. Improved leukemia-free survival after 
postconsolidation immunotherapy with histamine dihydrochloride and 
interleukin-2 in acute myeloid leukemia: results of a randomized phase 
3 trial. Blood 108: 88-96. 

11. Hellstrand, K., M. Brune, P. Naredi, U. H. Mellqvist, M. Hansson, K. 
R. Gehlsen, and S. Hermodsson. 2000. Histamine: a novel approach to 
cancer immunotherapy. Cancer Invest 18: 347-355. 

12. Aurelius, J., A. Martner, M. Brune, L. Palmqvist, M. Hansson, K. 
Hellstrand, and F. B. Thoren. 2012. Remission maintenance in acute 
myeloid leukemia: impact of functional histamine H2 receptors 
expressed by leukemic cells. Haematologica. 

13. Aurelius, J., F. B. Thoren, A. A. Akhiani, M. Brune, L. Palmqvist, M. 
Hansson, K. Hellstrand, and A. Martner. 2012. Monocytic AML cells 
inactivate antileukemic lymphocytes: role of NADPH 
oxidase/gp91(phox) expression and the PARP-1/PAR pathway of 
apoptosis. Blood 119: 5832-5837. 

14. Mellqvist, U. H., M. Hansson, M. Brune, C. Dahlgren, S. Hermodsson, 
and K. Hellstrand. 2000. Natural killer cell dysfunction and apoptosis 
induced by chronic myelogenous leukemia cells: role of reactive oxygen 
species and regulation by histamine. Blood 96: 1961-1968. 

15. Kondo, M., A. J. Wagers, M. G. Manz, S. S. Prohaska, D. C. Scherer, 
G. F. Beilhack, J. A. Shizuru, and I. L. Weissman. 2003. Biology of 
hematopoietic stem cells and progenitors: implications for clinical 
application. Annu Rev Immunol 21: 759-806. 

16. Shlush, L. I., and M. D. Minden. 2015. Preleukemia: the normal side of 
cancer. Current opinion in hematology 22: 77-84. 

17. Ricklin, D., G. Hajishengallis, K. Yang, and J. D. Lambris. 2010. 
Complement: a key system for immune surveillance and homeostasis. 
Nat Immunol 11: 785-797. 

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

19. Palm, N. W., and R. Medzhitov. 2009. Pattern recognition receptors 
and control of adaptive immunity. Immunological reviews 227: 221-233. 

20. Bonilla, F. A., and H. C. Oettgen. 2010. Adaptive immunity. The Journal 
of allergy and clinical immunology 125: S33-40. 

21. Banchereau, J., and R. M. Steinman. 1998. Dendritic cells and the 
control of immunity. Nature 392: 245-252. 



 

 71 

22. Lanier, L. L. 2013. Shades of grey--the blurring view of innate and 
adaptive immunity. Nat Rev Immunol 13: 73-74. 

23. Mocsai, A. 2013. Diverse novel functions of neutrophils in immunity, 
inflammation, and beyond. J Exp Med 210: 1283-1299. 

24. Wang, J., and H. Arase. 2014. Regulation of immune responses by 
neutrophils. Annals of the New York Academy of Sciences 1319: 66-81. 

25. Sun, J. C., and L. L. Lanier. 2011. NK cell development, homeostasis 
and function: parallels with CD8(+) T cells. Nat Rev Immunol 11: 645-
657. 

26. Vivier, E., D. H. Raulet, A. Moretta, M. A. Caligiuri, L. Zitvogel, L. L. 
Lanier, W. M. Yokoyama, and S. Ugolini. 2011. Innate or adaptive 
immunity? The example of natural killer cells. Science 331: 44-49. 

27. Nauseef, W. M., and N. Borregaard. 2014. Neutrophils at work. Nat 
Immunol 15: 602-611. 

28. Strydom, N., and S. M. Rankin. 2013. Regulation of circulating 
neutrophil numbers under homeostasis and in disease. Journal of innate 
immunity 5: 304-314. 

29. Kolaczkowska, E., and P. Kubes. 2013. Neutrophil recruitment and 
function in health and inflammation. Nat Rev Immunol 13: 159-175. 

30. Jonsson, F., D. A. Mancardi, M. Albanesi, and P. Bruhns. 2013. 
Neutrophils in local and systemic antibody-dependent inflammatory 
and anaphylactic reactions. J Leukoc Biol 94: 643-656. 

31. Yang, Q., P. Ghose, and N. Ismail. 2013. Neutrophils mediate 
immunopathology and negatively regulate protective immune 
responses during fatal bacterial infection-induced toxic shock. Infection 
and immunity 81: 1751-1763. 

32. Bratton, D. L., and P. M. Henson. 2011. Neutrophil clearance: when 
the party is over, clean-up begins. Trends Immunol 32: 350-357. 

33. Nowarski, R., N. Gagliani, S. Huber, and R. A. Flavell. 2013. Innate 
immune cells in inflammation and cancer. Cancer immunology research 1: 
77-84. 

34. Ginhoux, F., and S. Jung. 2014. Monocytes and macrophages: 
developmental pathways and tissue homeostasis. Nat Rev Immunol 14: 
392-404. 

35. Ziegler-Heitbrock, L. 2015. Blood Monocytes and Their Subsets: 
Established Features and Open Questions. Frontiers in immunology 6: 
423. 

36. Horelt, A., K. U. Belge, B. Steppich, J. Prinz, and L. Ziegler-Heitbrock. 
2002. The CD14+CD16+ monocytes in erysipelas are expanded and 
show reduced cytokine production. Eur J Immunol 32: 1319-1327. 

37. Steppich, B., F. Dayyani, R. Gruber, R. Lorenz, M. Mack, and H. W. 
Ziegler-Heitbrock. 2000. Selective mobilization of CD14(+)CD16(+) 
monocytes by exercise. American journal of physiology. Cell physiology 279: 
C578-586. 

 

 71 

22. Lanier, L. L. 2013. Shades of grey--the blurring view of innate and 
adaptive immunity. Nat Rev Immunol 13: 73-74. 

23. Mocsai, A. 2013. Diverse novel functions of neutrophils in immunity, 
inflammation, and beyond. J Exp Med 210: 1283-1299. 

24. Wang, J., and H. Arase. 2014. Regulation of immune responses by 
neutrophils. Annals of the New York Academy of Sciences 1319: 66-81. 

25. Sun, J. C., and L. L. Lanier. 2011. NK cell development, homeostasis 
and function: parallels with CD8(+) T cells. Nat Rev Immunol 11: 645-
657. 

26. Vivier, E., D. H. Raulet, A. Moretta, M. A. Caligiuri, L. Zitvogel, L. L. 
Lanier, W. M. Yokoyama, and S. Ugolini. 2011. Innate or adaptive 
immunity? The example of natural killer cells. Science 331: 44-49. 

27. Nauseef, W. M., and N. Borregaard. 2014. Neutrophils at work. Nat 
Immunol 15: 602-611. 

28. Strydom, N., and S. M. Rankin. 2013. Regulation of circulating 
neutrophil numbers under homeostasis and in disease. Journal of innate 
immunity 5: 304-314. 

29. Kolaczkowska, E., and P. Kubes. 2013. Neutrophil recruitment and 
function in health and inflammation. Nat Rev Immunol 13: 159-175. 

30. Jonsson, F., D. A. Mancardi, M. Albanesi, and P. Bruhns. 2013. 
Neutrophils in local and systemic antibody-dependent inflammatory 
and anaphylactic reactions. J Leukoc Biol 94: 643-656. 

31. Yang, Q., P. Ghose, and N. Ismail. 2013. Neutrophils mediate 
immunopathology and negatively regulate protective immune 
responses during fatal bacterial infection-induced toxic shock. Infection 
and immunity 81: 1751-1763. 

32. Bratton, D. L., and P. M. Henson. 2011. Neutrophil clearance: when 
the party is over, clean-up begins. Trends Immunol 32: 350-357. 

33. Nowarski, R., N. Gagliani, S. Huber, and R. A. Flavell. 2013. Innate 
immune cells in inflammation and cancer. Cancer immunology research 1: 
77-84. 

34. Ginhoux, F., and S. Jung. 2014. Monocytes and macrophages: 
developmental pathways and tissue homeostasis. Nat Rev Immunol 14: 
392-404. 

35. Ziegler-Heitbrock, L. 2015. Blood Monocytes and Their Subsets: 
Established Features and Open Questions. Frontiers in immunology 6: 
423. 

36. Horelt, A., K. U. Belge, B. Steppich, J. Prinz, and L. Ziegler-Heitbrock. 
2002. The CD14+CD16+ monocytes in erysipelas are expanded and 
show reduced cytokine production. Eur J Immunol 32: 1319-1327. 

37. Steppich, B., F. Dayyani, R. Gruber, R. Lorenz, M. Mack, and H. W. 
Ziegler-Heitbrock. 2000. Selective mobilization of CD14(+)CD16(+) 
monocytes by exercise. American journal of physiology. Cell physiology 279: 
C578-586. 



 

 72 

38. Dale, D. C., L. Boxer, and W. C. Liles. 2008. The phagocytes: 
neutrophils and monocytes. Blood 112: 935-945. 

39. Davies, L. C., S. J. Jenkins, J. E. Allen, and P. R. Taylor. 2013. Tissue-
resident macrophages. Nat Immunol 14: 986-995. 

40. Stromnes, I. M., P. D. Greenberg, and S. R. Hingorani. 2014. 
Molecular pathways: myeloid complicity in cancer. Clin Cancer Res 20: 
5157-5170. 

41. Moslen, M. T. 1994. Reactive oxygen species in normal physiology, cell 
injury and phagocytosis. Advances in experimental medicine and biology 366: 
17-27. 

42. Babior, B. M. 1999. NADPH oxidase: an update. Blood 93: 1464-1476. 
43. McCubrey, J. A., M. M. Lahair, and R. A. Franklin. 2006. Reactive 

oxygen species-induced activation of the MAP kinase signaling 
pathways. Antioxid Redox Signal 8: 1775-1789. 

44. Reth, M. 2002. Hydrogen peroxide as second messenger in lymphocyte 
activation. Nat Immunol 3: 1129-1134. 

45. Rhee, S. G. 2006. Cell signaling. H2O2, a necessary evil for cell 
signaling. Science 312: 1882-1883. 

46. Suzuki, Y. J., H. J. Forman, and A. Sevanian. 1997. Oxidants as 
stimulators of signal transduction. Free Radic Biol Med 22: 269-285. 

47. Kuijpers, T., and R. Lutter. 2012. Inflammation and repeated infections 
in CGD: two sides of a coin. Cellular and molecular life sciences : CMLS 69: 
7-15. 

48. Brown, K. L., J. Bylund, K. L. MacDonald, G. X. Song-Zhao, M. R. 
Elliott, R. Falsafi, R. E. Hancock, and D. P. Speert. 2008. ROS-
deficient monocytes have aberrant gene expression that correlates with 
inflammatory disorders of chronic granulomatous disease. Clinical 
immunology (Orlando, Fla.) 129: 90-102. 

49. Bylund, J., K. L. MacDonald, K. L. Brown, P. Mydel, L. V. Collins, R. 
E. Hancock, and D. P. Speert. 2007. Enhanced inflammatory 
responses of chronic granulomatous disease leukocytes involve ROS-
independent activation of NF-kappa B. Eur J Immunol 37: 1087-1096. 

50. Liese, J. G., V. Jendrossek, A. Jansson, T. Petropoulou, S. Kloos, M. 
Gahr, and B. H. Belohradsky. 1996. Chronic granulomatous disease in 
adults. Lancet (London, England) 347: 220-223. 

51. Inoue, M., E. F. Sato, M. Nishikawa, A. M. Park, Y. Kira, I. Imada, and 
K. Utsumi. 2003. Mitochondrial generation of reactive oxygen species 
and its role in aerobic life. Current medicinal chemistry 10: 2495-2505. 

52. Riley, P. A. 1994. Free radicals in biology: oxidative stress and the 
effects of ionizing radiation. International journal of radiation biology 65: 27-
33. 

53. Holmgren, A., and J. Lu. 2010. Thioredoxin and thioredoxin reductase: 
current research with special reference to human disease. Biochemical and 
biophysical research communications 396: 120-124. 

 

 72 

38. Dale, D. C., L. Boxer, and W. C. Liles. 2008. The phagocytes: 
neutrophils and monocytes. Blood 112: 935-945. 

39. Davies, L. C., S. J. Jenkins, J. E. Allen, and P. R. Taylor. 2013. Tissue-
resident macrophages. Nat Immunol 14: 986-995. 

40. Stromnes, I. M., P. D. Greenberg, and S. R. Hingorani. 2014. 
Molecular pathways: myeloid complicity in cancer. Clin Cancer Res 20: 
5157-5170. 

41. Moslen, M. T. 1994. Reactive oxygen species in normal physiology, cell 
injury and phagocytosis. Advances in experimental medicine and biology 366: 
17-27. 

42. Babior, B. M. 1999. NADPH oxidase: an update. Blood 93: 1464-1476. 
43. McCubrey, J. A., M. M. Lahair, and R. A. Franklin. 2006. Reactive 

oxygen species-induced activation of the MAP kinase signaling 
pathways. Antioxid Redox Signal 8: 1775-1789. 

44. Reth, M. 2002. Hydrogen peroxide as second messenger in lymphocyte 
activation. Nat Immunol 3: 1129-1134. 

45. Rhee, S. G. 2006. Cell signaling. H2O2, a necessary evil for cell 
signaling. Science 312: 1882-1883. 

46. Suzuki, Y. J., H. J. Forman, and A. Sevanian. 1997. Oxidants as 
stimulators of signal transduction. Free Radic Biol Med 22: 269-285. 

47. Kuijpers, T., and R. Lutter. 2012. Inflammation and repeated infections 
in CGD: two sides of a coin. Cellular and molecular life sciences : CMLS 69: 
7-15. 

48. Brown, K. L., J. Bylund, K. L. MacDonald, G. X. Song-Zhao, M. R. 
Elliott, R. Falsafi, R. E. Hancock, and D. P. Speert. 2008. ROS-
deficient monocytes have aberrant gene expression that correlates with 
inflammatory disorders of chronic granulomatous disease. Clinical 
immunology (Orlando, Fla.) 129: 90-102. 

49. Bylund, J., K. L. MacDonald, K. L. Brown, P. Mydel, L. V. Collins, R. 
E. Hancock, and D. P. Speert. 2007. Enhanced inflammatory 
responses of chronic granulomatous disease leukocytes involve ROS-
independent activation of NF-kappa B. Eur J Immunol 37: 1087-1096. 

50. Liese, J. G., V. Jendrossek, A. Jansson, T. Petropoulou, S. Kloos, M. 
Gahr, and B. H. Belohradsky. 1996. Chronic granulomatous disease in 
adults. Lancet (London, England) 347: 220-223. 

51. Inoue, M., E. F. Sato, M. Nishikawa, A. M. Park, Y. Kira, I. Imada, and 
K. Utsumi. 2003. Mitochondrial generation of reactive oxygen species 
and its role in aerobic life. Current medicinal chemistry 10: 2495-2505. 

52. Riley, P. A. 1994. Free radicals in biology: oxidative stress and the 
effects of ionizing radiation. International journal of radiation biology 65: 27-
33. 

53. Holmgren, A., and J. Lu. 2010. Thioredoxin and thioredoxin reductase: 
current research with special reference to human disease. Biochemical and 
biophysical research communications 396: 120-124. 



 

 73 

54. Winyard, P. G., C. J. Moody, and C. Jacob. 2005. Oxidative activation 
of antioxidant defence. Trends Biochem Sci 30: 453-461. 

55. Thoren, F. B., A. I. Romero, S. Hermodsson, and K. Hellstrand. 2007. 
The CD16-/CD56bright subset of NK cells is resistant to oxidant-
induced cell death. J Immunol 179: 781-785. 

56. Lanier, L. L. 2005. NK cell recognition. Annu Rev Immunol 23: 225-274. 
57. Grossi, C. E., A. Cadoni, A. Zicca, A. Leprini, and M. Ferrarini. 1982. 

Large granular lymphocytes in human peripheral blood: ultrastructural 
and cytochemical characterization of the granules. Blood 59: 277-283. 

58. Farag, S. S., and M. A. Caligiuri. 2006. Human natural killer cell 
development and biology. Blood Rev 20: 123-137. 

59. Wang, W., A. K. Erbe, J. A. Hank, Z. S. Morris, and P. M. Sondel. 
2015. NK Cell-Mediated Antibody-Dependent Cellular Cytotoxicity in 
Cancer Immunotherapy. Frontiers in immunology 6: 368. 

60. Cooper, M. A., T. A. Fehniger, and M. A. Caligiuri. 2001. The biology 
of human natural killer-cell subsets. Trends Immunol 22: 633-640. 

61. Nagler, A., L. L. Lanier, S. Cwirla, and J. H. Phillips. 1989. 
Comparative studies of human FcRIII-positive and negative natural 
killer cells. J Immunol 143: 3183-3191. 

62. Poli, A., T. Michel, M. Theresine, E. Andres, F. Hentges, and J. 
Zimmer. 2009. CD56bright natural killer (NK) cells: an important NK 
cell subset. Immunology 126: 458-465. 

63. Karre, K., H. G. Ljunggren, G. Piontek, and R. Kiessling. 1986. 
Selective rejection of H-2-deficient lymphoma variants suggests 
alternative immune defence strategy. Nature 319: 675-678. 

64. Ljunggren, H. G., and K. Karre. 1990. In search of the 'missing self': 
MHC molecules and NK cell recognition. Immunology today 11: 237-244. 

65. Benson, D. M., Jr., and M. A. Caligiuri. 2014. Killer immunoglobulin-
like receptors and tumor immunity. Cancer immunology research 2: 99-104. 

66. Moretta, A., C. Bottino, M. Vitale, D. Pende, C. Cantoni, M. C. 
Mingari, R. Biassoni, and L. Moretta. 2001. Activating receptors and 
coreceptors involved in human natural killer cell-mediated cytolysis. 
Annu Rev Immunol 19: 197-223. 

67. Jamieson, A. M., A. Diefenbach, C. W. McMahon, N. Xiong, J. R. 
Carlyle, and D. H. Raulet. 2002. The role of the NKG2D 
immunoreceptor in immune cell activation and natural killing. Immunity 
17: 19-29. 

68. Battella, S., M. C. Cox, A. Santoni, and G. Palmieri. 2015. Natural killer 
(NK) cells and anti-tumor therapeutic mAb: unexplored interactions. J 
Leukoc Biol. 

69. Arnon, T. I., G. Markel, and O. Mandelboim. 2006. Tumor and viral 
recognition by natural killer cells receptors. Seminars in cancer biology 16: 
348-358. 

 

 73 

54. Winyard, P. G., C. J. Moody, and C. Jacob. 2005. Oxidative activation 
of antioxidant defence. Trends Biochem Sci 30: 453-461. 

55. Thoren, F. B., A. I. Romero, S. Hermodsson, and K. Hellstrand. 2007. 
The CD16-/CD56bright subset of NK cells is resistant to oxidant-
induced cell death. J Immunol 179: 781-785. 

56. Lanier, L. L. 2005. NK cell recognition. Annu Rev Immunol 23: 225-274. 
57. Grossi, C. E., A. Cadoni, A. Zicca, A. Leprini, and M. Ferrarini. 1982. 

Large granular lymphocytes in human peripheral blood: ultrastructural 
and cytochemical characterization of the granules. Blood 59: 277-283. 

58. Farag, S. S., and M. A. Caligiuri. 2006. Human natural killer cell 
development and biology. Blood Rev 20: 123-137. 

59. Wang, W., A. K. Erbe, J. A. Hank, Z. S. Morris, and P. M. Sondel. 
2015. NK Cell-Mediated Antibody-Dependent Cellular Cytotoxicity in 
Cancer Immunotherapy. Frontiers in immunology 6: 368. 

60. Cooper, M. A., T. A. Fehniger, and M. A. Caligiuri. 2001. The biology 
of human natural killer-cell subsets. Trends Immunol 22: 633-640. 

61. Nagler, A., L. L. Lanier, S. Cwirla, and J. H. Phillips. 1989. 
Comparative studies of human FcRIII-positive and negative natural 
killer cells. J Immunol 143: 3183-3191. 

62. Poli, A., T. Michel, M. Theresine, E. Andres, F. Hentges, and J. 
Zimmer. 2009. CD56bright natural killer (NK) cells: an important NK 
cell subset. Immunology 126: 458-465. 

63. Karre, K., H. G. Ljunggren, G. Piontek, and R. Kiessling. 1986. 
Selective rejection of H-2-deficient lymphoma variants suggests 
alternative immune defence strategy. Nature 319: 675-678. 

64. Ljunggren, H. G., and K. Karre. 1990. In search of the 'missing self': 
MHC molecules and NK cell recognition. Immunology today 11: 237-244. 

65. Benson, D. M., Jr., and M. A. Caligiuri. 2014. Killer immunoglobulin-
like receptors and tumor immunity. Cancer immunology research 2: 99-104. 

66. Moretta, A., C. Bottino, M. Vitale, D. Pende, C. Cantoni, M. C. 
Mingari, R. Biassoni, and L. Moretta. 2001. Activating receptors and 
coreceptors involved in human natural killer cell-mediated cytolysis. 
Annu Rev Immunol 19: 197-223. 

67. Jamieson, A. M., A. Diefenbach, C. W. McMahon, N. Xiong, J. R. 
Carlyle, and D. H. Raulet. 2002. The role of the NKG2D 
immunoreceptor in immune cell activation and natural killing. Immunity 
17: 19-29. 

68. Battella, S., M. C. Cox, A. Santoni, and G. Palmieri. 2015. Natural killer 
(NK) cells and anti-tumor therapeutic mAb: unexplored interactions. J 
Leukoc Biol. 

69. Arnon, T. I., G. Markel, and O. Mandelboim. 2006. Tumor and viral 
recognition by natural killer cells receptors. Seminars in cancer biology 16: 
348-358. 



 

 74 

70. Thorén, F. B. 2007. Oxidant-induced cell death in lymphocytes. 
University of Gothenburg. 

71. Zompi, S., and F. Colucci. 2005. Anatomy of a murder--signal 
transduction pathways leading to activation of natural killer cells. 
Immunology letters 97: 31-39. 

72. Davis, D. M., and M. L. Dustin. 2004. What is the importance of the 
immunological synapse? Trends Immunol 25: 323-327. 

73. Screpanti, V., R. P. Wallin, A. Grandien, and H. G. Ljunggren. 2005. 
Impact of FASL-induced apoptosis in the elimination of tumor cells by 
NK cells. Molecular immunology 42: 495-499. 

74. Morris, G. P., and P. M. Allen. 2012. How the TCR balances sensitivity 
and specificity for the recognition of self and pathogens. Nat Immunol 
13: 121-128. 

75. Zhu, J., and W. E. Paul. 2008. CD4 T cells: fates, functions, and faults. 
Blood 112: 1557-1569. 

76. Nutt, S. L., P. D. Hodgkin, D. M. Tarlinton, and L. M. Corcoran. 2015. 
The generation of antibody-secreting plasma cells. Nat Rev Immunol 15: 
160-171. 

77. Zhang, N., and M. J. Bevan. 2011. CD8(+) T cells: foot soldiers of the 
immune system. Immunity 35: 161-168. 

78. Parham, P. 2009. The immune system. Garland Science, London. 
79. Forthal, D. N. 2014. Functions of Antibodies. Microbiology spectrum 2: 

Aid-0019-2014. 
80. Hellstrand, K., A. Asea, and S. Hermodsson. 1994. Histaminergic 

regulation of antibody-dependent cellular cytotoxicity of granulocytes, 
monocytes, and natural killer cells. J Leukoc Biol 55: 392-397. 

81. Lefebvre, M. L., S. W. Krause, M. Salcedo, and A. Nardin. 2006. Ex 
vivo-activated human macrophages kill chronic lymphocytic leukemia 
cells in the presence of rituximab: mechanism of antibody-dependent 
cellular cytotoxicity and impact of human serum. Journal of 
immunotherapy (Hagerstown, Md. : 1997) 29: 388-397. 

82. Galluzzi, L., J. M. Bravo-San Pedro, I. Vitale, S. A. Aaronson, J. M. 
Abrams, D. Adam, E. S. Alnemri, L. Altucci, D. Andrews, M. 
Annicchiarico-Petruzzelli, E. H. Baehrecke, N. G. Bazan, M. J. 
Bertrand, K. Bianchi, M. V. Blagosklonny, K. Blomgren, C. Borner, D. 
E. Bredesen, C. Brenner, M. Campanella, E. Candi, F. Cecconi, F. K. 
Chan, N. S. Chandel, E. H. Cheng, J. E. Chipuk, J. A. Cidlowski, A. 
Ciechanover, T. M. Dawson, V. L. Dawson, V. De Laurenzi, R. De 
Maria, K. M. Debatin, N. Di Daniele, V. M. Dixit, B. D. Dynlacht, W. 
S. El-Deiry, G. M. Fimia, R. A. Flavell, S. Fulda, C. Garrido, M. L. 
Gougeon, D. R. Green, H. Gronemeyer, G. Hajnoczky, J. M. 
Hardwick, M. O. Hengartner, H. Ichijo, B. Joseph, P. J. Jost, T. 
Kaufmann, O. Kepp, D. J. Klionsky, R. A. Knight, S. Kumar, J. J. 
Lemasters, B. Levine, A. Linkermann, S. A. Lipton, R. A. Lockshin, C. 

 

 74 

70. Thorén, F. B. 2007. Oxidant-induced cell death in lymphocytes. 
University of Gothenburg. 

71. Zompi, S., and F. Colucci. 2005. Anatomy of a murder--signal 
transduction pathways leading to activation of natural killer cells. 
Immunology letters 97: 31-39. 

72. Davis, D. M., and M. L. Dustin. 2004. What is the importance of the 
immunological synapse? Trends Immunol 25: 323-327. 

73. Screpanti, V., R. P. Wallin, A. Grandien, and H. G. Ljunggren. 2005. 
Impact of FASL-induced apoptosis in the elimination of tumor cells by 
NK cells. Molecular immunology 42: 495-499. 

74. Morris, G. P., and P. M. Allen. 2012. How the TCR balances sensitivity 
and specificity for the recognition of self and pathogens. Nat Immunol 
13: 121-128. 

75. Zhu, J., and W. E. Paul. 2008. CD4 T cells: fates, functions, and faults. 
Blood 112: 1557-1569. 

76. Nutt, S. L., P. D. Hodgkin, D. M. Tarlinton, and L. M. Corcoran. 2015. 
The generation of antibody-secreting plasma cells. Nat Rev Immunol 15: 
160-171. 

77. Zhang, N., and M. J. Bevan. 2011. CD8(+) T cells: foot soldiers of the 
immune system. Immunity 35: 161-168. 

78. Parham, P. 2009. The immune system. Garland Science, London. 
79. Forthal, D. N. 2014. Functions of Antibodies. Microbiology spectrum 2: 

Aid-0019-2014. 
80. Hellstrand, K., A. Asea, and S. Hermodsson. 1994. Histaminergic 

regulation of antibody-dependent cellular cytotoxicity of granulocytes, 
monocytes, and natural killer cells. J Leukoc Biol 55: 392-397. 

81. Lefebvre, M. L., S. W. Krause, M. Salcedo, and A. Nardin. 2006. Ex 
vivo-activated human macrophages kill chronic lymphocytic leukemia 
cells in the presence of rituximab: mechanism of antibody-dependent 
cellular cytotoxicity and impact of human serum. Journal of 
immunotherapy (Hagerstown, Md. : 1997) 29: 388-397. 

82. Galluzzi, L., J. M. Bravo-San Pedro, I. Vitale, S. A. Aaronson, J. M. 
Abrams, D. Adam, E. S. Alnemri, L. Altucci, D. Andrews, M. 
Annicchiarico-Petruzzelli, E. H. Baehrecke, N. G. Bazan, M. J. 
Bertrand, K. Bianchi, M. V. Blagosklonny, K. Blomgren, C. Borner, D. 
E. Bredesen, C. Brenner, M. Campanella, E. Candi, F. Cecconi, F. K. 
Chan, N. S. Chandel, E. H. Cheng, J. E. Chipuk, J. A. Cidlowski, A. 
Ciechanover, T. M. Dawson, V. L. Dawson, V. De Laurenzi, R. De 
Maria, K. M. Debatin, N. Di Daniele, V. M. Dixit, B. D. Dynlacht, W. 
S. El-Deiry, G. M. Fimia, R. A. Flavell, S. Fulda, C. Garrido, M. L. 
Gougeon, D. R. Green, H. Gronemeyer, G. Hajnoczky, J. M. 
Hardwick, M. O. Hengartner, H. Ichijo, B. Joseph, P. J. Jost, T. 
Kaufmann, O. Kepp, D. J. Klionsky, R. A. Knight, S. Kumar, J. J. 
Lemasters, B. Levine, A. Linkermann, S. A. Lipton, R. A. Lockshin, C. 



 

 75 

Lopez-Otin, E. Lugli, F. Madeo, W. Malorni, J. C. Marine, S. J. Martin, 
J. C. Martinou, J. P. Medema, P. Meier, S. Melino, N. Mizushima, U. 
Moll, C. Munoz-Pinedo, G. Nunez, A. Oberst, T. Panaretakis, J. M. 
Penninger, M. E. Peter, M. Piacentini, P. Pinton, J. H. Prehn, H. 
Puthalakath, G. A. Rabinovich, K. S. Ravichandran, R. Rizzuto, C. M. 
Rodrigues, D. C. Rubinsztein, T. Rudel, Y. Shi, H. U. Simon, B. R. 
Stockwell, G. Szabadkai, S. W. Tait, H. L. Tang, N. Tavernarakis, Y. 
Tsujimoto, T. Vanden Berghe, P. Vandenabeele, A. Villunger, E. F. 
Wagner, H. Walczak, E. White, W. G. Wood, J. Yuan, Z. Zakeri, B. 
Zhivotovsky, G. Melino, and G. Kroemer. 2015. Essential versus 
accessory aspects of cell death: recommendations of the NCCD 2015. 
Cell Death Differ 22: 58-73. 

83. Galluzzi, L., I. Vitale, J. M. Abrams, E. S. Alnemri, E. H. Baehrecke, 
M. V. Blagosklonny, T. M. Dawson, V. L. Dawson, W. S. El-Deiry, S. 
Fulda, E. Gottlieb, D. R. Green, M. O. Hengartner, O. Kepp, R. A. 
Knight, S. Kumar, S. A. Lipton, X. Lu, F. Madeo, W. Malorni, P. 
Mehlen, G. Nunez, M. E. Peter, M. Piacentini, D. C. Rubinsztein, Y. 
Shi, H. U. Simon, P. Vandenabeele, E. White, J. Yuan, B. Zhivotovsky, 
G. Melino, and G. Kroemer. 2012. Molecular definitions of cell death 
subroutines: recommendations of the Nomenclature Committee on 
Cell Death 2012. Cell Death Differ 19: 107-120. 

84. Ehrenschwender, M., and H. Wajant. 2009. The role of FasL and Fas 
in health and disease. Advances in experimental medicine and biology 647: 64-
93. 

85. Ashkenazi, A., and V. M. Dixit. 1998. Death receptors: signaling and 
modulation. Science 281: 1305-1308. 

86. Wilson, N. S., V. Dixit, and A. Ashkenazi. 2009. Death receptor signal 
transducers: nodes of coordination in immune signaling networks. Nat 
Immunol 10: 348-355. 

87. David, K. K., S. A. Andrabi, T. M. Dawson, and V. L. Dawson. 2009. 
Parthanatos, a messenger of death. Front Biosci 14: 1116-1128. 

88. Yu, S. W., H. Wang, M. F. Poitras, C. Coombs, W. J. Bowers, H. J. 
Federoff, G. G. Poirier, T. M. Dawson, and V. L. Dawson. 2002. 
Mediation of poly(ADP-ribose) polymerase-1-dependent cell death by 
apoptosis-inducing factor. Science 297: 259-263. 

89. Susin, S. A., H. K. Lorenzo, N. Zamzami, I. Marzo, B. E. Snow, G. M. 
Brothers, J. Mangion, E. Jacotot, P. Costantini, M. Loeffler, N. 
Larochette, D. R. Goodlett, R. Aebersold, D. P. Siderovski, J. M. 
Penninger, and G. Kroemer. 1999. Molecular characterization of 
mitochondrial apoptosis-inducing factor. Nature 397: 441-446. 

90. Thoren, F. B., A. I. Romero, and K. Hellstrand. 2006. Oxygen radicals 
induce poly(ADP-ribose) polymerase-dependent cell death in cytotoxic 
lymphocytes. J Immunol 176: 7301-7307. 

 

 75 

Lopez-Otin, E. Lugli, F. Madeo, W. Malorni, J. C. Marine, S. J. Martin, 
J. C. Martinou, J. P. Medema, P. Meier, S. Melino, N. Mizushima, U. 
Moll, C. Munoz-Pinedo, G. Nunez, A. Oberst, T. Panaretakis, J. M. 
Penninger, M. E. Peter, M. Piacentini, P. Pinton, J. H. Prehn, H. 
Puthalakath, G. A. Rabinovich, K. S. Ravichandran, R. Rizzuto, C. M. 
Rodrigues, D. C. Rubinsztein, T. Rudel, Y. Shi, H. U. Simon, B. R. 
Stockwell, G. Szabadkai, S. W. Tait, H. L. Tang, N. Tavernarakis, Y. 
Tsujimoto, T. Vanden Berghe, P. Vandenabeele, A. Villunger, E. F. 
Wagner, H. Walczak, E. White, W. G. Wood, J. Yuan, Z. Zakeri, B. 
Zhivotovsky, G. Melino, and G. Kroemer. 2015. Essential versus 
accessory aspects of cell death: recommendations of the NCCD 2015. 
Cell Death Differ 22: 58-73. 

83. Galluzzi, L., I. Vitale, J. M. Abrams, E. S. Alnemri, E. H. Baehrecke, 
M. V. Blagosklonny, T. M. Dawson, V. L. Dawson, W. S. El-Deiry, S. 
Fulda, E. Gottlieb, D. R. Green, M. O. Hengartner, O. Kepp, R. A. 
Knight, S. Kumar, S. A. Lipton, X. Lu, F. Madeo, W. Malorni, P. 
Mehlen, G. Nunez, M. E. Peter, M. Piacentini, D. C. Rubinsztein, Y. 
Shi, H. U. Simon, P. Vandenabeele, E. White, J. Yuan, B. Zhivotovsky, 
G. Melino, and G. Kroemer. 2012. Molecular definitions of cell death 
subroutines: recommendations of the Nomenclature Committee on 
Cell Death 2012. Cell Death Differ 19: 107-120. 

84. Ehrenschwender, M., and H. Wajant. 2009. The role of FasL and Fas 
in health and disease. Advances in experimental medicine and biology 647: 64-
93. 

85. Ashkenazi, A., and V. M. Dixit. 1998. Death receptors: signaling and 
modulation. Science 281: 1305-1308. 

86. Wilson, N. S., V. Dixit, and A. Ashkenazi. 2009. Death receptor signal 
transducers: nodes of coordination in immune signaling networks. Nat 
Immunol 10: 348-355. 

87. David, K. K., S. A. Andrabi, T. M. Dawson, and V. L. Dawson. 2009. 
Parthanatos, a messenger of death. Front Biosci 14: 1116-1128. 

88. Yu, S. W., H. Wang, M. F. Poitras, C. Coombs, W. J. Bowers, H. J. 
Federoff, G. G. Poirier, T. M. Dawson, and V. L. Dawson. 2002. 
Mediation of poly(ADP-ribose) polymerase-1-dependent cell death by 
apoptosis-inducing factor. Science 297: 259-263. 

89. Susin, S. A., H. K. Lorenzo, N. Zamzami, I. Marzo, B. E. Snow, G. M. 
Brothers, J. Mangion, E. Jacotot, P. Costantini, M. Loeffler, N. 
Larochette, D. R. Goodlett, R. Aebersold, D. P. Siderovski, J. M. 
Penninger, and G. Kroemer. 1999. Molecular characterization of 
mitochondrial apoptosis-inducing factor. Nature 397: 441-446. 

90. Thoren, F. B., A. I. Romero, and K. Hellstrand. 2006. Oxygen radicals 
induce poly(ADP-ribose) polymerase-dependent cell death in cytotoxic 
lymphocytes. J Immunol 176: 7301-7307. 



 

 76 

91. Aredia, F., and A. I. Scovassi. 2014. Poly(ADP-ribose): a signaling 
molecule in different paradigms of cell death. Biochem Pharmacol 92: 
157-163. 

92. Aurelius, J., A. Martner, R. E. Riise, A. I. Romero, L. Palmqvist, M. 
Brune, K. Hellstrand, and F. B. Thoren. 2012. Chronic myeloid 
leukemic cells trigger poly(ADP-ribose) polymerase-dependent 
inactivation and cell death in lymphocytes. J Leukoc Biol, in press. 

93. Betten, A., J. Bylund, T. Christophe, F. Boulay, A. Romero, K. 
Hellstrand, and C. Dahlgren. 2001. A proinflammatory peptide from 
Helicobacter pylori activates monocytes to induce lymphocyte 
dysfunction and apoptosis. J Clin Invest 108: 1221-1228. 

94. Hansson, M., A. Asea, U. Ersson, S. Hermodsson, and K. Hellstrand. 
1996. Induction of apoptosis in NK cells by monocyte-derived reactive 
oxygen metabolites. J Immunol 156: 42-47. 

95. Hansson, M., S. Hermodsson, M. Brune, U. H. Mellqvist, P. Naredi, A. 
Betten, K. R. Gehlsen, and K. Hellstrand. 1999. Histamine protects T 
cells and natural killer cells against oxidative stress. Journal of interferon & 
cytokine research : the official journal of the International Society for Interferon and 
Cytokine Research 19: 1135-1144. 

96. Waskiewicz, A. J., and J. A. Cooper. 1995. Mitogen and stress response 
pathways: MAP kinase cascades and phosphatase regulation in 
mammals and yeast. Curr Opin Cell Biol 7: 798-805. 

97. Hultqvist, M., P. Olofsson, J. Holmberg, B. T. Backstrom, J. Tordsson, 
and R. Holmdahl. 2004. Enhanced autoimmunity, arthritis, and 
encephalomyelitis in mice with a reduced oxidative burst due to a 
mutation in the Ncf1 gene. Proc Natl Acad Sci U S A 101: 12646-12651. 

98. Olofsson, P., J. Holmberg, J. Tordsson, S. Lu, B. Akerstrom, and R. 
Holmdahl. 2003. Positional identification of Ncf1 as a gene that 
regulates arthritis severity in rats. Nat Genet 33: 25-32. 

99. Eliasson, M. J., K. Sampei, A. S. Mandir, P. D. Hurn, R. J. Traystman, 
J. Bao, A. Pieper, Z. Q. Wang, T. M. Dawson, S. H. Snyder, and V. L. 
Dawson. 1997. Poly(ADP-ribose) polymerase gene disruption renders 
mice resistant to cerebral ischemia. Nat Med 3: 1089-1095. 

100. Pieper, A. A., T. Walles, G. Wei, E. E. Clements, A. Verma, S. H. 
Snyder, and J. L. Zweier. 2000. Myocardial postischemic injury is 
reduced by polyADPripose polymerase-1 gene disruption. Molecular 
medicine (Cambridge, Mass.) 6: 271-282. 

101. Szabo, C., and V. L. Dawson. 1998. Role of poly(ADP-ribose) 
synthetase in inflammation and ischaemia-reperfusion. Trends Pharmacol 
Sci 19: 287-298. 

102. Zhang, J., V. L. Dawson, T. M. Dawson, and S. H. Snyder. 1994. Nitric 
oxide activation of poly(ADP-ribose) synthetase in neurotoxicity. 
Science 263: 687-689. 

 

 76 

91. Aredia, F., and A. I. Scovassi. 2014. Poly(ADP-ribose): a signaling 
molecule in different paradigms of cell death. Biochem Pharmacol 92: 
157-163. 

92. Aurelius, J., A. Martner, R. E. Riise, A. I. Romero, L. Palmqvist, M. 
Brune, K. Hellstrand, and F. B. Thoren. 2012. Chronic myeloid 
leukemic cells trigger poly(ADP-ribose) polymerase-dependent 
inactivation and cell death in lymphocytes. J Leukoc Biol, in press. 

93. Betten, A., J. Bylund, T. Christophe, F. Boulay, A. Romero, K. 
Hellstrand, and C. Dahlgren. 2001. A proinflammatory peptide from 
Helicobacter pylori activates monocytes to induce lymphocyte 
dysfunction and apoptosis. J Clin Invest 108: 1221-1228. 

94. Hansson, M., A. Asea, U. Ersson, S. Hermodsson, and K. Hellstrand. 
1996. Induction of apoptosis in NK cells by monocyte-derived reactive 
oxygen metabolites. J Immunol 156: 42-47. 

95. Hansson, M., S. Hermodsson, M. Brune, U. H. Mellqvist, P. Naredi, A. 
Betten, K. R. Gehlsen, and K. Hellstrand. 1999. Histamine protects T 
cells and natural killer cells against oxidative stress. Journal of interferon & 
cytokine research : the official journal of the International Society for Interferon and 
Cytokine Research 19: 1135-1144. 

96. Waskiewicz, A. J., and J. A. Cooper. 1995. Mitogen and stress response 
pathways: MAP kinase cascades and phosphatase regulation in 
mammals and yeast. Curr Opin Cell Biol 7: 798-805. 

97. Hultqvist, M., P. Olofsson, J. Holmberg, B. T. Backstrom, J. Tordsson, 
and R. Holmdahl. 2004. Enhanced autoimmunity, arthritis, and 
encephalomyelitis in mice with a reduced oxidative burst due to a 
mutation in the Ncf1 gene. Proc Natl Acad Sci U S A 101: 12646-12651. 

98. Olofsson, P., J. Holmberg, J. Tordsson, S. Lu, B. Akerstrom, and R. 
Holmdahl. 2003. Positional identification of Ncf1 as a gene that 
regulates arthritis severity in rats. Nat Genet 33: 25-32. 

99. Eliasson, M. J., K. Sampei, A. S. Mandir, P. D. Hurn, R. J. Traystman, 
J. Bao, A. Pieper, Z. Q. Wang, T. M. Dawson, S. H. Snyder, and V. L. 
Dawson. 1997. Poly(ADP-ribose) polymerase gene disruption renders 
mice resistant to cerebral ischemia. Nat Med 3: 1089-1095. 

100. Pieper, A. A., T. Walles, G. Wei, E. E. Clements, A. Verma, S. H. 
Snyder, and J. L. Zweier. 2000. Myocardial postischemic injury is 
reduced by polyADPripose polymerase-1 gene disruption. Molecular 
medicine (Cambridge, Mass.) 6: 271-282. 

101. Szabo, C., and V. L. Dawson. 1998. Role of poly(ADP-ribose) 
synthetase in inflammation and ischaemia-reperfusion. Trends Pharmacol 
Sci 19: 287-298. 

102. Zhang, J., V. L. Dawson, T. M. Dawson, and S. H. Snyder. 1994. Nitric 
oxide activation of poly(ADP-ribose) synthetase in neurotoxicity. 
Science 263: 687-689. 



 

 77 

103. Cohen-Armon, M. 2007. PARP-1 activation in the ERK signaling 
pathway. Trends Pharmacol Sci 28: 556-560. 

104. Keshet, Y., and R. Seger. 2010. The MAP kinase signaling cascades: a 
system of hundreds of components regulates a diverse array of 
physiological functions. Methods in molecular biology 661: 3-38. 

105. Deschenes-Simard, X., F. Kottakis, S. Meloche, and G. Ferbeyre. 2014. 
ERKs in cancer: friends or foes? Cancer Res 74: 412-419. 

106. Ehrlich, P. 1909. Über den jetzigen Stand der Karzinomforschung. Ned 
Tijdschr Geneeskd.: 273–290. 

107. Burnet, F. M. 1970. The concept of immunological surveillance. 
Progress in experimental tumor research 13: 1-27. 

108. Burnet, M. 1957. Cancer: a biological approach. III. Viruses associated 
with neoplastic conditions. IV. Practical applications. British medical 
journal 1: 841-847. 

109. Dunn, G. P., L. J. Old, and R. D. Schreiber. 2004. The immunobiology 
of cancer immunosurveillance and immunoediting. Immunity 21: 137-
148. 

110. Dighe, A. S., E. Richards, L. J. Old, and R. D. Schreiber. 1994. 
Enhanced in vivo growth and resistance to rejection of tumor cells 
expressing dominant negative IFN gamma receptors. Immunity 1: 447-
456. 

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

112. Smyth, M. J., K. Y. Thia, S. E. Street, E. Cretney, J. A. Trapani, M. 
Taniguchi, T. Kawano, S. B. Pelikan, N. Y. Crowe, and D. I. Godfrey. 
2000. Differential tumor surveillance by natural killer (NK) and NKT 
cells. J Exp Med 191: 661-668. 

113. Street, S. E., J. A. Trapani, D. MacGregor, and M. J. Smyth. 2002. 
Suppression of lymphoma and epithelial malignancies effected by 
interferon gamma. J Exp Med 196: 129-134. 

114. Smyth, M. J., K. Y. Thia, S. E. Street, D. MacGregor, D. I. Godfrey, 
and J. A. Trapani. 2000. Perforin-mediated cytotoxicity is critical for 
surveillance of spontaneous lymphoma. J Exp Med 192: 755-760. 

115. Street, S. E., E. Cretney, and M. J. Smyth. 2001. Perforin and 
interferon-gamma activities independently control tumor initiation, 
growth, and metastasis. Blood 97: 192-197. 

116. van den Broek, M. E., D. Kagi, F. Ossendorp, R. Toes, S. Vamvakas, 
W. K. Lutz, C. J. Melief, R. M. Zinkernagel, and H. Hengartner. 1996. 
Decreased tumor surveillance in perforin-deficient mice. J Exp Med 
184: 1781-1790. 

117. Dunn, G. P., L. J. Old, and R. D. Schreiber. 2004. The three Es of 
cancer immunoediting. Annu Rev Immunol 22: 329-360. 

 

 77 

103. Cohen-Armon, M. 2007. PARP-1 activation in the ERK signaling 
pathway. Trends Pharmacol Sci 28: 556-560. 

104. Keshet, Y., and R. Seger. 2010. The MAP kinase signaling cascades: a 
system of hundreds of components regulates a diverse array of 
physiological functions. Methods in molecular biology 661: 3-38. 

105. Deschenes-Simard, X., F. Kottakis, S. Meloche, and G. Ferbeyre. 2014. 
ERKs in cancer: friends or foes? Cancer Res 74: 412-419. 

106. Ehrlich, P. 1909. Über den jetzigen Stand der Karzinomforschung. Ned 
Tijdschr Geneeskd.: 273–290. 

107. Burnet, F. M. 1970. The concept of immunological surveillance. 
Progress in experimental tumor research 13: 1-27. 

108. Burnet, M. 1957. Cancer: a biological approach. III. Viruses associated 
with neoplastic conditions. IV. Practical applications. British medical 
journal 1: 841-847. 

109. Dunn, G. P., L. J. Old, and R. D. Schreiber. 2004. The immunobiology 
of cancer immunosurveillance and immunoediting. Immunity 21: 137-
148. 

110. Dighe, A. S., E. Richards, L. J. Old, and R. D. Schreiber. 1994. 
Enhanced in vivo growth and resistance to rejection of tumor cells 
expressing dominant negative IFN gamma receptors. Immunity 1: 447-
456. 

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

112. Smyth, M. J., K. Y. Thia, S. E. Street, E. Cretney, J. A. Trapani, M. 
Taniguchi, T. Kawano, S. B. Pelikan, N. Y. Crowe, and D. I. Godfrey. 
2000. Differential tumor surveillance by natural killer (NK) and NKT 
cells. J Exp Med 191: 661-668. 

113. Street, S. E., J. A. Trapani, D. MacGregor, and M. J. Smyth. 2002. 
Suppression of lymphoma and epithelial malignancies effected by 
interferon gamma. J Exp Med 196: 129-134. 

114. Smyth, M. J., K. Y. Thia, S. E. Street, D. MacGregor, D. I. Godfrey, 
and J. A. Trapani. 2000. Perforin-mediated cytotoxicity is critical for 
surveillance of spontaneous lymphoma. J Exp Med 192: 755-760. 

115. Street, S. E., E. Cretney, and M. J. Smyth. 2001. Perforin and 
interferon-gamma activities independently control tumor initiation, 
growth, and metastasis. Blood 97: 192-197. 

116. van den Broek, M. E., D. Kagi, F. Ossendorp, R. Toes, S. Vamvakas, 
W. K. Lutz, C. J. Melief, R. M. Zinkernagel, and H. Hengartner. 1996. 
Decreased tumor surveillance in perforin-deficient mice. J Exp Med 
184: 1781-1790. 

117. Dunn, G. P., L. J. Old, and R. D. Schreiber. 2004. The three Es of 
cancer immunoediting. Annu Rev Immunol 22: 329-360. 



 

 78 

118. Hanahan, D., and R. A. Weinberg. 2011. Hallmarks of cancer: the next 
generation. Cell 144: 646-674. 

119. Vajdic, C. M., and M. T. van Leeuwen. 2009. Cancer incidence and risk 
factors after solid organ transplantation. Int J Cancer 125: 1747-1754. 

120. Birkeland, S. A., H. H. Storm, L. U. Lamm, L. Barlow, I. Blohme, B. 
Forsberg, B. Eklund, O. Fjeldborg, M. Friedberg, L. Frodin, and et al. 
1995. Cancer risk after renal transplantation in the Nordic countries, 
1964-1986. Int J Cancer 60: 183-189. 

121. Penn, I. 1995. Sarcomas in organ allograft recipients. Transplantation 60: 
1485-1491. 

122. Penn, I. 1996. Malignant melanoma in organ allograft recipients. 
Transplantation 61: 274-278. 

123. Pham, S. M., R. L. Kormos, R. J. Landreneau, A. Kawai, I. Gonzalez-
Cancel, R. L. Hardesty, B. G. Hattler, and B. P. Griffith. 1995. Solid 
tumors after heart transplantation: lethality of lung cancer. The Annals 
of thoracic surgery 60: 1623-1626. 

124. Sheil, A. G. 1986. Cancer after transplantation. World journal of surgery 
10: 389-396. 

125. Trofe, J., T. M. Beebe, J. F. Buell, M. J. Hanaway, M. R. First, R. R. 
Alloway, T. G. Gross, and E. S. Woodle. 2004. Posttransplant 
malignancy. Progress in transplantation (Aliso Viejo, Calif.) 14: 193-200. 

126. Deligdisch, L., A. J. Jacobs, and C. J. Cohen. 1982. Histologic 
correlates of virulence in ovarian adenocarcinoma. II. Morphologic 
correlates of host response. American journal of obstetrics and gynecology 144: 
885-889. 

127. Epstein, N. A., and L. P. Fatti. 1976. Prostatic carcinoma: some 
morphological features affecting prognosis. Cancer 37: 2455-2465. 

128. Jass, J. R. 1986. Lymphocytic infiltration and survival in rectal cancer. 
Journal of clinical pathology 39: 585-589. 

129. Lipponen, P. K., M. J. Eskelinen, K. Jauhiainen, E. Harju, and R. 
Terho. 1992. Tumour infiltrating lymphocytes as an independent 
prognostic factor in transitional cell bladder cancer. European journal of 
cancer (Oxford, England : 1990) 29a: 69-75. 

130. Nacopoulou, L., P. Azaris, N. Papacharalampous, and P. Davaris. 
1981. Prognostic significance of histologic host response in cancer of 
the large bowel. Cancer 47: 930-936. 

131. Naito, Y., K. Saito, K. Shiiba, A. Ohuchi, K. Saigenji, H. Nagura, and 
H. Ohtani. 1998. CD8+ T cells infiltrated within cancer cell nests as a 
prognostic factor in human colorectal cancer. Cancer Res 58: 3491-3494. 

132. Palma, L., N. Di Lorenzo, and B. Guidetti. 1978. Lymphocytic 
infiltrates in primary glioblastomas and recidivous gliomas. Incidence, 
fate, and relevance to prognosis in 228 operated cases. Journal of 
neurosurgery 49: 854-861. 

 

 78 

118. Hanahan, D., and R. A. Weinberg. 2011. Hallmarks of cancer: the next 
generation. Cell 144: 646-674. 

119. Vajdic, C. M., and M. T. van Leeuwen. 2009. Cancer incidence and risk 
factors after solid organ transplantation. Int J Cancer 125: 1747-1754. 

120. Birkeland, S. A., H. H. Storm, L. U. Lamm, L. Barlow, I. Blohme, B. 
Forsberg, B. Eklund, O. Fjeldborg, M. Friedberg, L. Frodin, and et al. 
1995. Cancer risk after renal transplantation in the Nordic countries, 
1964-1986. Int J Cancer 60: 183-189. 

121. Penn, I. 1995. Sarcomas in organ allograft recipients. Transplantation 60: 
1485-1491. 

122. Penn, I. 1996. Malignant melanoma in organ allograft recipients. 
Transplantation 61: 274-278. 

123. Pham, S. M., R. L. Kormos, R. J. Landreneau, A. Kawai, I. Gonzalez-
Cancel, R. L. Hardesty, B. G. Hattler, and B. P. Griffith. 1995. Solid 
tumors after heart transplantation: lethality of lung cancer. The Annals 
of thoracic surgery 60: 1623-1626. 

124. Sheil, A. G. 1986. Cancer after transplantation. World journal of surgery 
10: 389-396. 

125. Trofe, J., T. M. Beebe, J. F. Buell, M. J. Hanaway, M. R. First, R. R. 
Alloway, T. G. Gross, and E. S. Woodle. 2004. Posttransplant 
malignancy. Progress in transplantation (Aliso Viejo, Calif.) 14: 193-200. 

126. Deligdisch, L., A. J. Jacobs, and C. J. Cohen. 1982. Histologic 
correlates of virulence in ovarian adenocarcinoma. II. Morphologic 
correlates of host response. American journal of obstetrics and gynecology 144: 
885-889. 

127. Epstein, N. A., and L. P. Fatti. 1976. Prostatic carcinoma: some 
morphological features affecting prognosis. Cancer 37: 2455-2465. 

128. Jass, J. R. 1986. Lymphocytic infiltration and survival in rectal cancer. 
Journal of clinical pathology 39: 585-589. 

129. Lipponen, P. K., M. J. Eskelinen, K. Jauhiainen, E. Harju, and R. 
Terho. 1992. Tumour infiltrating lymphocytes as an independent 
prognostic factor in transitional cell bladder cancer. European journal of 
cancer (Oxford, England : 1990) 29a: 69-75. 

130. Nacopoulou, L., P. Azaris, N. Papacharalampous, and P. Davaris. 
1981. Prognostic significance of histologic host response in cancer of 
the large bowel. Cancer 47: 930-936. 

131. Naito, Y., K. Saito, K. Shiiba, A. Ohuchi, K. Saigenji, H. Nagura, and 
H. Ohtani. 1998. CD8+ T cells infiltrated within cancer cell nests as a 
prognostic factor in human colorectal cancer. Cancer Res 58: 3491-3494. 

132. Palma, L., N. Di Lorenzo, and B. Guidetti. 1978. Lymphocytic 
infiltrates in primary glioblastomas and recidivous gliomas. Incidence, 
fate, and relevance to prognosis in 228 operated cases. Journal of 
neurosurgery 49: 854-861. 



 

 79 

133. Rilke, F., M. I. Colnaghi, N. Cascinelli, S. Andreola, M. T. Baldini, R. 
Bufalino, G. Della Porta, S. Menard, M. A. Pierotti, and A. Testori. 
1991. Prognostic significance of HER-2/neu expression in breast 
cancer and its relationship to other prognostic factors. Int J Cancer 49: 
44-49. 

134. Bandoh, N., T. Ogino, A. Katayama, M. Takahara, A. Katada, T. 
Hayashi, and Y. Harabuchi. 2010. HLA class I antigen and transporter 
associated with antigen processing downregulation in metastatic lesions 
of head and neck squamous cell carcinoma as a marker of poor 
prognosis. Oncology reports 23: 933-939. 

135. de Jong, R. A., A. Boerma, H. M. Boezen, M. J. Mourits, H. Hollema, 
and H. W. Nijman. 2012. Loss of HLA class I and mismatch repair 
protein expression in sporadic endometrioid endometrial carcinomas. 
Int J Cancer 131: 1828-1836. 

136. Demanet, C., A. Mulder, V. Deneys, M. J. Worsham, P. Maes, F. H. 
Claas, and S. Ferrone. 2004. Down-regulation of HLA-A and HLA-
Bw6, but not HLA-Bw4, allospecificities in leukemic cells: an escape 
mechanism from CTL and NK attack? Blood 103: 3122-3130. 

137. Garrido, F., I. Algarra, and A. M. Garcia-Lora. 2010. The escape of 
cancer from T lymphocytes: immunoselection of MHC class I loss 
variants harboring structural-irreversible "hard" lesions. Cancer Immunol 
Immunother 59: 1601-1606. 

138. Kageshita, T., S. Hirai, T. Ono, D. J. Hicklin, and S. Ferrone. 1999. 
Down-regulation of HLA class I antigen-processing molecules in 
malignant melanoma: association with disease progression. The 
American journal of pathology 154: 745-754. 

139. Kaneko, K., S. Ishigami, Y. Kijima, Y. Funasako, M. Hirata, H. 
Okumura, H. Shinchi, C. Koriyama, S. Ueno, H. Yoshinaka, and S. 
Natsugoe. 2011. Clinical implication of HLA class I expression in 
breast cancer. BMC cancer 11: 454. 

140. Kitamura, H., I. Honma, T. Torigoe, H. Asanuma, N. Sato, and T. 
Tsukamoto. 2007. Down-regulation of HLA class I antigen is an 
independent prognostic factor for clear cell renal cell carcinoma. The 
Journal of urology 177: 1269-1272; discussion 1272. 

141. Mizukami, Y., K. Kono, T. Maruyama, M. Watanabe, Y. Kawaguchi, 
K. Kamimura, and H. Fujii. 2008. Downregulation of HLA Class I 
molecules in the tumour is associated with a poor prognosis in patients 
with oesophageal squamous cell carcinoma. British journal of cancer 99: 
1462-1467. 

142. Pardoll, D. M. 2012. The blockade of immune checkpoints in cancer 
immunotherapy. Nature reviews. Cancer 12: 252-264. 

143. Ray, A., D. S. Das, Y. Song, P. Richardson, N. C. Munshi, D. Chauhan, 
and K. C. Anderson. 2015. Targeting PD1-PDL1 immune checkpoint 

 

 79 

133. Rilke, F., M. I. Colnaghi, N. Cascinelli, S. Andreola, M. T. Baldini, R. 
Bufalino, G. Della Porta, S. Menard, M. A. Pierotti, and A. Testori. 
1991. Prognostic significance of HER-2/neu expression in breast 
cancer and its relationship to other prognostic factors. Int J Cancer 49: 
44-49. 

134. Bandoh, N., T. Ogino, A. Katayama, M. Takahara, A. Katada, T. 
Hayashi, and Y. Harabuchi. 2010. HLA class I antigen and transporter 
associated with antigen processing downregulation in metastatic lesions 
of head and neck squamous cell carcinoma as a marker of poor 
prognosis. Oncology reports 23: 933-939. 

135. de Jong, R. A., A. Boerma, H. M. Boezen, M. J. Mourits, H. Hollema, 
and H. W. Nijman. 2012. Loss of HLA class I and mismatch repair 
protein expression in sporadic endometrioid endometrial carcinomas. 
Int J Cancer 131: 1828-1836. 

136. Demanet, C., A. Mulder, V. Deneys, M. J. Worsham, P. Maes, F. H. 
Claas, and S. Ferrone. 2004. Down-regulation of HLA-A and HLA-
Bw6, but not HLA-Bw4, allospecificities in leukemic cells: an escape 
mechanism from CTL and NK attack? Blood 103: 3122-3130. 

137. Garrido, F., I. Algarra, and A. M. Garcia-Lora. 2010. The escape of 
cancer from T lymphocytes: immunoselection of MHC class I loss 
variants harboring structural-irreversible "hard" lesions. Cancer Immunol 
Immunother 59: 1601-1606. 

138. Kageshita, T., S. Hirai, T. Ono, D. J. Hicklin, and S. Ferrone. 1999. 
Down-regulation of HLA class I antigen-processing molecules in 
malignant melanoma: association with disease progression. The 
American journal of pathology 154: 745-754. 

139. Kaneko, K., S. Ishigami, Y. Kijima, Y. Funasako, M. Hirata, H. 
Okumura, H. Shinchi, C. Koriyama, S. Ueno, H. Yoshinaka, and S. 
Natsugoe. 2011. Clinical implication of HLA class I expression in 
breast cancer. BMC cancer 11: 454. 

140. Kitamura, H., I. Honma, T. Torigoe, H. Asanuma, N. Sato, and T. 
Tsukamoto. 2007. Down-regulation of HLA class I antigen is an 
independent prognostic factor for clear cell renal cell carcinoma. The 
Journal of urology 177: 1269-1272; discussion 1272. 

141. Mizukami, Y., K. Kono, T. Maruyama, M. Watanabe, Y. Kawaguchi, 
K. Kamimura, and H. Fujii. 2008. Downregulation of HLA Class I 
molecules in the tumour is associated with a poor prognosis in patients 
with oesophageal squamous cell carcinoma. British journal of cancer 99: 
1462-1467. 

142. Pardoll, D. M. 2012. The blockade of immune checkpoints in cancer 
immunotherapy. Nature reviews. Cancer 12: 252-264. 

143. Ray, A., D. S. Das, Y. Song, P. Richardson, N. C. Munshi, D. Chauhan, 
and K. C. Anderson. 2015. Targeting PD1-PDL1 immune checkpoint 



 

 80 

in plasmacytoid dendritic cell interactions with T cells, natural killer 
cells and multiple myeloma cells. Leukemia 29: 1441-1444. 

144. Yang, L., Y. Pang, and H. L. Moses. 2010. TGF-beta and immune cells: 
an important regulatory axis in the tumor microenvironment and 
progression. Trends Immunol 31: 220-227. 

145. Candido, J., and T. Hagemann. 2013. Cancer-related inflammation. 
Journal of clinical immunology 33 Suppl 1: S79-84. 

146. Thomas, D. A., and J. Massague. 2005. TGF-beta directly targets 
cytotoxic T cell functions during tumor evasion of immune 
surveillance. Cancer cell 8: 369-380. 

147. Campbell, D. J. 2015. Control of Regulatory T Cell Migration, 
Function, and Homeostasis. J Immunol 195: 2507-2513. 

148. Valencia, X., and P. E. Lipsky. 2007. CD4+CD25+FoxP3+ regulatory 
T cells in autoimmune diseases. Nature clinical practice. Rheumatology 3: 
619-626. 

149. Ghiringhelli, F., C. Menard, F. Martin, and L. Zitvogel. 2006. The role 
of regulatory T cells in the control of natural killer cells: relevance 
during tumor progression. Immunological reviews 214: 229-238. 

150. Murdoch, C., M. Muthana, S. B. Coffelt, and C. E. Lewis. 2008. The 
role of myeloid cells in the promotion of tumour angiogenesis. Nature 
reviews. Cancer 8: 618-631. 

151. Gabrilovich, D. I., and S. Nagaraj. 2009. Myeloid-derived suppressor 
cells as regulators of the immune system. Nat Rev Immunol 9: 162-174. 

152. De Veirman, K., E. Van Valckenborgh, Q. Lahmar, X. Geeraerts, E. 
De Bruyne, E. Menu, I. Van Riet, K. Vanderkerken, and J. A. Van 
Ginderachter. 2014. Myeloid-derived suppressor cells as therapeutic 
target in hematological malignancies. Frontiers in oncology 4: 349. 

153. Rabinovich, G. A., D. Gabrilovich, and E. M. Sotomayor. 2007. 
Immunosuppressive strategies that are mediated by tumor cells. Annu 
Rev Immunol 25: 267-296. 

154. Mao, Y., I. Poschke, and R. Kiessling. 2014. Tumour-induced immune 
suppression: role of inflammatory mediators released by 
myelomonocytic cells. Journal of internal medicine 276: 154-170. 

155. Godin-Ethier, J., L. A. Hanafi, C. A. Piccirillo, and R. Lapointe. 2011. 
Indoleamine 2,3-dioxygenase expression in human cancers: clinical and 
immunologic perspectives. Clin Cancer Res 17: 6985-6991. 

156. Lundqvist, H., and C. Dahlgren. 1996. Isoluminol-enhanced 
chemiluminescence: a sensitive method to study the release of 
superoxide anion from human neutrophils. Free Radic Biol Med 20: 785-
792. 

157. Romero, A. I., F. B. Thoren, M. Brune, and K. Hellstrand. 2006. 
NKp46 and NKG2D receptor expression in NK cells with CD56dim 
and CD56bright phenotype: regulation by histamine and reactive 
oxygen species. Br J Haematol 132: 91-98. 

 

 80 

in plasmacytoid dendritic cell interactions with T cells, natural killer 
cells and multiple myeloma cells. Leukemia 29: 1441-1444. 

144. Yang, L., Y. Pang, and H. L. Moses. 2010. TGF-beta and immune cells: 
an important regulatory axis in the tumor microenvironment and 
progression. Trends Immunol 31: 220-227. 

145. Candido, J., and T. Hagemann. 2013. Cancer-related inflammation. 
Journal of clinical immunology 33 Suppl 1: S79-84. 

146. Thomas, D. A., and J. Massague. 2005. TGF-beta directly targets 
cytotoxic T cell functions during tumor evasion of immune 
surveillance. Cancer cell 8: 369-380. 

147. Campbell, D. J. 2015. Control of Regulatory T Cell Migration, 
Function, and Homeostasis. J Immunol 195: 2507-2513. 

148. Valencia, X., and P. E. Lipsky. 2007. CD4+CD25+FoxP3+ regulatory 
T cells in autoimmune diseases. Nature clinical practice. Rheumatology 3: 
619-626. 

149. Ghiringhelli, F., C. Menard, F. Martin, and L. Zitvogel. 2006. The role 
of regulatory T cells in the control of natural killer cells: relevance 
during tumor progression. Immunological reviews 214: 229-238. 

150. Murdoch, C., M. Muthana, S. B. Coffelt, and C. E. Lewis. 2008. The 
role of myeloid cells in the promotion of tumour angiogenesis. Nature 
reviews. Cancer 8: 618-631. 

151. Gabrilovich, D. I., and S. Nagaraj. 2009. Myeloid-derived suppressor 
cells as regulators of the immune system. Nat Rev Immunol 9: 162-174. 

152. De Veirman, K., E. Van Valckenborgh, Q. Lahmar, X. Geeraerts, E. 
De Bruyne, E. Menu, I. Van Riet, K. Vanderkerken, and J. A. Van 
Ginderachter. 2014. Myeloid-derived suppressor cells as therapeutic 
target in hematological malignancies. Frontiers in oncology 4: 349. 

153. Rabinovich, G. A., D. Gabrilovich, and E. M. Sotomayor. 2007. 
Immunosuppressive strategies that are mediated by tumor cells. Annu 
Rev Immunol 25: 267-296. 

154. Mao, Y., I. Poschke, and R. Kiessling. 2014. Tumour-induced immune 
suppression: role of inflammatory mediators released by 
myelomonocytic cells. Journal of internal medicine 276: 154-170. 

155. Godin-Ethier, J., L. A. Hanafi, C. A. Piccirillo, and R. Lapointe. 2011. 
Indoleamine 2,3-dioxygenase expression in human cancers: clinical and 
immunologic perspectives. Clin Cancer Res 17: 6985-6991. 

156. Lundqvist, H., and C. Dahlgren. 1996. Isoluminol-enhanced 
chemiluminescence: a sensitive method to study the release of 
superoxide anion from human neutrophils. Free Radic Biol Med 20: 785-
792. 

157. Romero, A. I., F. B. Thoren, M. Brune, and K. Hellstrand. 2006. 
NKp46 and NKG2D receptor expression in NK cells with CD56dim 
and CD56bright phenotype: regulation by histamine and reactive 
oxygen species. Br J Haematol 132: 91-98. 



 

 81 

158. Kono, K., F. Salazar-Onfray, M. Petersson, J. Hansson, G. Masucci, K. 
Wasserman, T. Nakazawa, P. Anderson, and R. Kiessling. 1996. 
Hydrogen peroxide secreted by tumor-derived macrophages down-
modulates signal-transducing zeta molecules and inhibits tumor-
specific T cell-and natural killer cell-mediated cytotoxicity. Eur J 
Immunol 26: 1308-1313. 

159. Kusmartsev, S., Y. Nefedova, D. Yoder, and D. I. Gabrilovich. 2004. 
Antigen-specific inhibition of CD8+ T cell response by immature 
myeloid cells in cancer is mediated by reactive oxygen species. J 
Immunol 172: 989-999. 

160. Nagaraj, S., K. Gupta, V. Pisarev, L. Kinarsky, S. Sherman, L. Kang, D. 
L. Herber, J. Schneck, and D. I. Gabrilovich. 2007. Altered recognition 
of antigen is a mechanism of CD8+ T cell tolerance in cancer. Nat Med 
13: 828-835. 

161. Jenq, R. R., and M. R. van den Brink. 2010. Allogeneic haematopoietic 
stem cell transplantation: individualized stem cell and immune therapy 
of cancer. Nature reviews. Cancer 10: 213-221. 

162. Korngold, R., and J. Sprent. 1978. Lethal graft-versus-host disease after 
bone marrow transplantation across minor histocompatibility barriers 
in mice. Prevention by removing mature T cells from marrow. J Exp 
Med 148: 1687-1698. 

163. Ruggeri, L., M. Capanni, E. Urbani, K. Perruccio, W. D. Shlomchik, A. 
Tosti, S. Posati, D. Rogaia, F. Frassoni, F. Aversa, M. F. Martelli, and 
A. Velardi. 2002. Effectiveness of donor natural killer cell alloreactivity 
in mismatched hematopoietic transplants. Science 295: 2097-2100. 

164. Eissa, H., T. A. Gooley, M. L. Sorror, F. Nguyen, B. L. Scott, K. 
Doney, K. R. Loeb, P. J. Martin, J. M. Pagel, J. P. Radich, B. M. 
Sandmaier, E. H. Warren, R. Storb, F. R. Appelbaum, and H. J. Deeg. 
2011. Allogeneic hematopoietic cell transplantation for chronic 
myelomonocytic leukemia: relapse-free survival is determined by 
karyotype and comorbidities. Biology of blood and marrow transplantation : 
journal of the American Society for Blood and Marrow Transplantation 17: 908-
915. 

165. Blazar, B. R., W. J. Murphy, and M. Abedi. 2012. Advances in graft-
versus-host disease biology and therapy. Nat Rev Immunol 12: 443-458. 

166. Kohler, G., and C. Milstein. 1975. Continuous cultures of fused cells 
secreting antibody of predefined specificity. Nature 256: 495-497. 

167. Milstein, C. 1999. The hybridoma revolution: an offshoot of basic 
research. BioEssays : news and reviews in molecular, cellular and developmental 
biology 21: 966-973. 

168. Jaglowski, S. M., L. Alinari, R. Lapalombella, N. Muthusamy, and J. C. 
Byrd. 2010. The clinical application of monoclonal antibodies in 
chronic lymphocytic leukemia. Blood 116: 3705-3714. 

 

 81 

158. Kono, K., F. Salazar-Onfray, M. Petersson, J. Hansson, G. Masucci, K. 
Wasserman, T. Nakazawa, P. Anderson, and R. Kiessling. 1996. 
Hydrogen peroxide secreted by tumor-derived macrophages down-
modulates signal-transducing zeta molecules and inhibits tumor-
specific T cell-and natural killer cell-mediated cytotoxicity. Eur J 
Immunol 26: 1308-1313. 

159. Kusmartsev, S., Y. Nefedova, D. Yoder, and D. I. Gabrilovich. 2004. 
Antigen-specific inhibition of CD8+ T cell response by immature 
myeloid cells in cancer is mediated by reactive oxygen species. J 
Immunol 172: 989-999. 

160. Nagaraj, S., K. Gupta, V. Pisarev, L. Kinarsky, S. Sherman, L. Kang, D. 
L. Herber, J. Schneck, and D. I. Gabrilovich. 2007. Altered recognition 
of antigen is a mechanism of CD8+ T cell tolerance in cancer. Nat Med 
13: 828-835. 

161. Jenq, R. R., and M. R. van den Brink. 2010. Allogeneic haematopoietic 
stem cell transplantation: individualized stem cell and immune therapy 
of cancer. Nature reviews. Cancer 10: 213-221. 

162. Korngold, R., and J. Sprent. 1978. Lethal graft-versus-host disease after 
bone marrow transplantation across minor histocompatibility barriers 
in mice. Prevention by removing mature T cells from marrow. J Exp 
Med 148: 1687-1698. 

163. Ruggeri, L., M. Capanni, E. Urbani, K. Perruccio, W. D. Shlomchik, A. 
Tosti, S. Posati, D. Rogaia, F. Frassoni, F. Aversa, M. F. Martelli, and 
A. Velardi. 2002. Effectiveness of donor natural killer cell alloreactivity 
in mismatched hematopoietic transplants. Science 295: 2097-2100. 

164. Eissa, H., T. A. Gooley, M. L. Sorror, F. Nguyen, B. L. Scott, K. 
Doney, K. R. Loeb, P. J. Martin, J. M. Pagel, J. P. Radich, B. M. 
Sandmaier, E. H. Warren, R. Storb, F. R. Appelbaum, and H. J. Deeg. 
2011. Allogeneic hematopoietic cell transplantation for chronic 
myelomonocytic leukemia: relapse-free survival is determined by 
karyotype and comorbidities. Biology of blood and marrow transplantation : 
journal of the American Society for Blood and Marrow Transplantation 17: 908-
915. 

165. Blazar, B. R., W. J. Murphy, and M. Abedi. 2012. Advances in graft-
versus-host disease biology and therapy. Nat Rev Immunol 12: 443-458. 

166. Kohler, G., and C. Milstein. 1975. Continuous cultures of fused cells 
secreting antibody of predefined specificity. Nature 256: 495-497. 

167. Milstein, C. 1999. The hybridoma revolution: an offshoot of basic 
research. BioEssays : news and reviews in molecular, cellular and developmental 
biology 21: 966-973. 

168. Jaglowski, S. M., L. Alinari, R. Lapalombella, N. Muthusamy, and J. C. 
Byrd. 2010. The clinical application of monoclonal antibodies in 
chronic lymphocytic leukemia. Blood 116: 3705-3714. 



 

 82 

169. Weiner, G. J. 2015. Building better monoclonal antibody-based 
therapeutics. Nature reviews. Cancer 15: 361-370. 

170. Maloney, D. G. 2001. Mechanism of action of rituximab. Anti-cancer 
drugs 12 Suppl 2: S1-4. 

171. Coiffier, B., E. Lepage, J. Briere, R. Herbrecht, H. Tilly, R. 
Bouabdallah, P. Morel, E. Van Den Neste, G. Salles, P. Gaulard, F. 
Reyes, P. Lederlin, and C. Gisselbrecht. 2002. CHOP chemotherapy 
plus rituximab compared with CHOP alone in elderly patients with 
diffuse large-B-cell lymphoma. N Engl J Med 346: 235-242. 

172. Hallek, M., K. Fischer, G. Fingerle-Rowson, A. M. Fink, R. Busch, J. 
Mayer, M. Hensel, G. Hopfinger, G. Hess, U. von Grunhagen, M. 
Bergmann, J. Catalano, P. L. Zinzani, F. Caligaris-Cappio, J. F. 
Seymour, A. Berrebi, U. Jager, B. Cazin, M. Trneny, A. Westermann, C. 
M. Wendtner, B. F. Eichhorst, P. Staib, A. Buhler, D. Winkler, T. 
Zenz, S. Bottcher, M. Ritgen, M. Mendila, M. Kneba, H. Dohner, and 
S. Stilgenbauer. 2010. Addition of rituximab to fludarabine and 
cyclophosphamide in patients with chronic lymphocytic leukaemia: a 
randomised, open-label, phase 3 trial. Lancet (London, England) 376: 
1164-1174. 

173. Marcus, R., K. Imrie, P. Solal-Celigny, J. V. Catalano, A. Dmoszynska, 
J. C. Raposo, F. C. Offner, J. Gomez-Codina, A. Belch, D. 
Cunningham, E. Wassner-Fritsch, and G. Stein. 2008. Phase III study 
of R-CVP compared with cyclophosphamide, vincristine, and 
prednisone alone in patients with previously untreated advanced 
follicular lymphoma. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology 26: 4579-4586. 

174. Hainsworth, J. D., S. Litchy, J. H. Barton, G. A. Houston, R. C. 
Hermann, J. E. Bradof, and F. A. Greco. 2003. Single-agent rituximab 
as first-line and maintenance treatment for patients with chronic 
lymphocytic leukemia or small lymphocytic lymphoma: a phase II trial 
of the Minnie Pearl Cancer Research Network. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology 21: 1746-1751. 

175. Huhn, D., C. von Schilling, M. Wilhelm, A. D. Ho, M. Hallek, R. Kuse, 
W. Knauf, U. Riedel, A. Hinke, S. Srock, S. Serke, C. Peschel, and B. 
Emmerich. 2001. Rituximab therapy of patients with B-cell chronic 
lymphocytic leukemia. Blood 98: 1326-1331. 

176. Nguyen, D. T., J. A. Amess, H. Doughty, L. Hendry, and L. W. 
Diamond. 1999. IDEC-C2B8 anti-CD20 (rituximab) immunotherapy 
in patients with low-grade non-Hodgkin's lymphoma and 
lymphoproliferative disorders: evaluation of response on 48 patients. 
European journal of haematology 62: 76-82. 

177. Edwards, J. C., L. Szczepanski, J. Szechinski, A. Filipowicz-Sosnowska, 
P. Emery, D. R. Close, R. M. Stevens, and T. Shaw. 2004. Efficacy of 

 

 82 

169. Weiner, G. J. 2015. Building better monoclonal antibody-based 
therapeutics. Nature reviews. Cancer 15: 361-370. 

170. Maloney, D. G. 2001. Mechanism of action of rituximab. Anti-cancer 
drugs 12 Suppl 2: S1-4. 

171. Coiffier, B., E. Lepage, J. Briere, R. Herbrecht, H. Tilly, R. 
Bouabdallah, P. Morel, E. Van Den Neste, G. Salles, P. Gaulard, F. 
Reyes, P. Lederlin, and C. Gisselbrecht. 2002. CHOP chemotherapy 
plus rituximab compared with CHOP alone in elderly patients with 
diffuse large-B-cell lymphoma. N Engl J Med 346: 235-242. 

172. Hallek, M., K. Fischer, G. Fingerle-Rowson, A. M. Fink, R. Busch, J. 
Mayer, M. Hensel, G. Hopfinger, G. Hess, U. von Grunhagen, M. 
Bergmann, J. Catalano, P. L. Zinzani, F. Caligaris-Cappio, J. F. 
Seymour, A. Berrebi, U. Jager, B. Cazin, M. Trneny, A. Westermann, C. 
M. Wendtner, B. F. Eichhorst, P. Staib, A. Buhler, D. Winkler, T. 
Zenz, S. Bottcher, M. Ritgen, M. Mendila, M. Kneba, H. Dohner, and 
S. Stilgenbauer. 2010. Addition of rituximab to fludarabine and 
cyclophosphamide in patients with chronic lymphocytic leukaemia: a 
randomised, open-label, phase 3 trial. Lancet (London, England) 376: 
1164-1174. 

173. Marcus, R., K. Imrie, P. Solal-Celigny, J. V. Catalano, A. Dmoszynska, 
J. C. Raposo, F. C. Offner, J. Gomez-Codina, A. Belch, D. 
Cunningham, E. Wassner-Fritsch, and G. Stein. 2008. Phase III study 
of R-CVP compared with cyclophosphamide, vincristine, and 
prednisone alone in patients with previously untreated advanced 
follicular lymphoma. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology 26: 4579-4586. 

174. Hainsworth, J. D., S. Litchy, J. H. Barton, G. A. Houston, R. C. 
Hermann, J. E. Bradof, and F. A. Greco. 2003. Single-agent rituximab 
as first-line and maintenance treatment for patients with chronic 
lymphocytic leukemia or small lymphocytic lymphoma: a phase II trial 
of the Minnie Pearl Cancer Research Network. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology 21: 1746-1751. 

175. Huhn, D., C. von Schilling, M. Wilhelm, A. D. Ho, M. Hallek, R. Kuse, 
W. Knauf, U. Riedel, A. Hinke, S. Srock, S. Serke, C. Peschel, and B. 
Emmerich. 2001. Rituximab therapy of patients with B-cell chronic 
lymphocytic leukemia. Blood 98: 1326-1331. 

176. Nguyen, D. T., J. A. Amess, H. Doughty, L. Hendry, and L. W. 
Diamond. 1999. IDEC-C2B8 anti-CD20 (rituximab) immunotherapy 
in patients with low-grade non-Hodgkin's lymphoma and 
lymphoproliferative disorders: evaluation of response on 48 patients. 
European journal of haematology 62: 76-82. 

177. Edwards, J. C., L. Szczepanski, J. Szechinski, A. Filipowicz-Sosnowska, 
P. Emery, D. R. Close, R. M. Stevens, and T. Shaw. 2004. Efficacy of 



 

 83 

B-cell-targeted therapy with rituximab in patients with rheumatoid 
arthritis. N Engl J Med 350: 2572-2581. 

178. Stasi, R. 2010. Rituximab in autoimmune hematologic diseases: not just 
a matter of B cells. Seminars in hematology 47: 170-179. 

179. Coiffier, B., S. Lepretre, L. M. Pedersen, O. Gadeberg, H. Fredriksen, 
M. H. van Oers, J. Wooldridge, J. Kloczko, J. Holowiecki, A. 
Hellmann, J. Walewski, M. Flensburg, J. Petersen, and T. Robak. 2008. 
Safety and efficacy of ofatumumab, a fully human monoclonal anti-
CD20 antibody, in patients with relapsed or refractory B-cell chronic 
lymphocytic leukemia: a phase 1-2 study. Blood 111: 1094-1100. 

180. Wierda, W. G., T. J. Kipps, J. Mayer, S. Stilgenbauer, C. D. Williams, 
A. Hellmann, T. Robak, R. R. Furman, P. Hillmen, M. Trneny, M. J. 
Dyer, S. Padmanabhan, M. Piotrowska, T. Kozak, G. Chan, R. Davis, 
N. Losic, J. Wilms, C. A. Russell, and A. Osterborg. 2010. 
Ofatumumab as single-agent CD20 immunotherapy in fludarabine-
refractory chronic lymphocytic leukemia. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology 28: 1749-1755. 

181. Goede, V., K. Fischer, R. Busch, A. Engelke, B. Eichhorst, C. M. 
Wendtner, T. Chagorova, J. de la Serna, M. S. Dilhuydy, T. Illmer, S. 
Opat, C. J. Owen, O. Samoylova, K. A. Kreuzer, S. Stilgenbauer, H. 
Dohner, A. W. Langerak, M. Ritgen, M. Kneba, E. Asikanius, K. 
Humphrey, M. Wenger, and M. Hallek. 2014. Obinutuzumab plus 
chlorambucil in patients with CLL and coexisting conditions. N Engl J 
Med 370: 1101-1110. 

182. Weiner, G. J. 2010. Rituximab: mechanism of action. Seminars in 
hematology 47: 115-123. 

183. Cartron, G., L. Dacheux, G. Salles, P. Solal-Celigny, P. Bardos, P. 
Colombat, and H. Watier. 2002. Therapeutic activity of humanized 
anti-CD20 monoclonal antibody and polymorphism in IgG Fc 
receptor FcgammaRIIIa gene. Blood 99: 754-758. 

184. Clynes, R. A., T. L. Towers, L. G. Presta, and J. V. Ravetch. 2000. 
Inhibitory Fc receptors modulate in vivo cytotoxicity against tumor 
targets. Nat Med 6: 443-446. 

185. de Haij, S., J. H. Jansen, P. Boross, F. J. Beurskens, J. E. Bakema, D. L. 
Bos, A. Martens, J. S. Verbeek, P. W. Parren, J. G. van de Winkel, and 
J. H. Leusen. 2010. In vivo cytotoxicity of type I CD20 antibodies 
critically depends on Fc receptor ITAM signaling. Cancer Res 70: 3209-
3217. 

186. Weng, W. K., R. S. Negrin, P. Lavori, and S. J. Horning. 2010. 
Immunoglobulin G Fc receptor FcgammaRIIIa 158 V/F 
polymorphism correlates with rituximab-induced neutropenia after 
autologous transplantation in patients with non-Hodgkin's lymphoma. 
Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 28: 279-284. 

 

 83 

B-cell-targeted therapy with rituximab in patients with rheumatoid 
arthritis. N Engl J Med 350: 2572-2581. 

178. Stasi, R. 2010. Rituximab in autoimmune hematologic diseases: not just 
a matter of B cells. Seminars in hematology 47: 170-179. 

179. Coiffier, B., S. Lepretre, L. M. Pedersen, O. Gadeberg, H. Fredriksen, 
M. H. van Oers, J. Wooldridge, J. Kloczko, J. Holowiecki, A. 
Hellmann, J. Walewski, M. Flensburg, J. Petersen, and T. Robak. 2008. 
Safety and efficacy of ofatumumab, a fully human monoclonal anti-
CD20 antibody, in patients with relapsed or refractory B-cell chronic 
lymphocytic leukemia: a phase 1-2 study. Blood 111: 1094-1100. 

180. Wierda, W. G., T. J. Kipps, J. Mayer, S. Stilgenbauer, C. D. Williams, 
A. Hellmann, T. Robak, R. R. Furman, P. Hillmen, M. Trneny, M. J. 
Dyer, S. Padmanabhan, M. Piotrowska, T. Kozak, G. Chan, R. Davis, 
N. Losic, J. Wilms, C. A. Russell, and A. Osterborg. 2010. 
Ofatumumab as single-agent CD20 immunotherapy in fludarabine-
refractory chronic lymphocytic leukemia. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology 28: 1749-1755. 

181. Goede, V., K. Fischer, R. Busch, A. Engelke, B. Eichhorst, C. M. 
Wendtner, T. Chagorova, J. de la Serna, M. S. Dilhuydy, T. Illmer, S. 
Opat, C. J. Owen, O. Samoylova, K. A. Kreuzer, S. Stilgenbauer, H. 
Dohner, A. W. Langerak, M. Ritgen, M. Kneba, E. Asikanius, K. 
Humphrey, M. Wenger, and M. Hallek. 2014. Obinutuzumab plus 
chlorambucil in patients with CLL and coexisting conditions. N Engl J 
Med 370: 1101-1110. 

182. Weiner, G. J. 2010. Rituximab: mechanism of action. Seminars in 
hematology 47: 115-123. 

183. Cartron, G., L. Dacheux, G. Salles, P. Solal-Celigny, P. Bardos, P. 
Colombat, and H. Watier. 2002. Therapeutic activity of humanized 
anti-CD20 monoclonal antibody and polymorphism in IgG Fc 
receptor FcgammaRIIIa gene. Blood 99: 754-758. 

184. Clynes, R. A., T. L. Towers, L. G. Presta, and J. V. Ravetch. 2000. 
Inhibitory Fc receptors modulate in vivo cytotoxicity against tumor 
targets. Nat Med 6: 443-446. 

185. de Haij, S., J. H. Jansen, P. Boross, F. J. Beurskens, J. E. Bakema, D. L. 
Bos, A. Martens, J. S. Verbeek, P. W. Parren, J. G. van de Winkel, and 
J. H. Leusen. 2010. In vivo cytotoxicity of type I CD20 antibodies 
critically depends on Fc receptor ITAM signaling. Cancer Res 70: 3209-
3217. 

186. Weng, W. K., R. S. Negrin, P. Lavori, and S. J. Horning. 2010. 
Immunoglobulin G Fc receptor FcgammaRIIIa 158 V/F 
polymorphism correlates with rituximab-induced neutropenia after 
autologous transplantation in patients with non-Hodgkin's lymphoma. 
Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 28: 279-284. 



 

 84 

187. Dall'Ozzo, S., S. Tartas, G. Paintaud, G. Cartron, P. Colombat, P. 
Bardos, H. Watier, and G. Thibault. 2004. Rituximab-dependent 
cytotoxicity by natural killer cells: influence of FCGR3A polymorphism 
on the concentration-effect relationship. Cancer Res 64: 4664-4669. 

188. Veuillen, C., T. Aurran-Schleinitz, R. Castellano, J. Rey, F. Mallet, F. 
Orlanducci, L. Pouyet, S. Just-Landi, D. Coso, V. Ivanov, X. 
Carcopino, R. Bouabdallah, Y. Collette, C. Fauriat, and D. Olive. 2012. 
Primary B-CLL resistance to NK cell cytotoxicity can be overcome in 
vitro and in vivo by priming NK cells and monoclonal antibody 
therapy. Journal of clinical immunology 32: 632-646. 

189. Herter, S., F. Herting, O. Mundigl, I. Waldhauer, T. Weinzierl, T. Fauti, 
G. Muth, D. Ziegler-Landesberger, E. Van Puijenbroek, S. Lang, M. N. 
Duong, L. Reslan, C. A. Gerdes, T. Friess, U. Baer, H. Burtscher, M. 
Weidner, C. Dumontet, P. Umana, G. Niederfellner, M. Bacac, and C. 
Klein. 2013. Preclinical activity of the type II CD20 antibody GA101 
(obinutuzumab) compared with rituximab and ofatumumab in vitro 
and in xenograft models. Molecular cancer therapeutics 12: 2031-2042. 

190. Krummel, M. F., and J. P. Allison. 1995. CD28 and CTLA-4 have 
opposing effects on the response of T cells to stimulation. J Exp Med 
182: 459-465. 

191. Leach, D. R., M. F. Krummel, and J. P. Allison. 1996. Enhancement of 
antitumor immunity by CTLA-4 blockade. Science 271: 1734-1736. 

192. Sharma, P., and J. P. Allison. 2015. The future of immune checkpoint 
therapy. Science 348: 56-61. 

193. Keir, M. E., L. M. Francisco, and A. H. Sharpe. 2007. PD-1 and its 
ligands in T-cell immunity. Current opinion in immunology 19: 309-314. 

194. Curran, M. A., W. Montalvo, H. Yagita, and J. P. Allison. 2010. PD-1 
and CTLA-4 combination blockade expands infiltrating T cells and 
reduces regulatory T and myeloid cells within B16 melanoma tumors. 
Proc Natl Acad Sci U S A 107: 4275-4280. 

195. 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, I. Lowy, H. D. Inzunza, W. Feely, C. E. Horak, Q. Hong, A. J. 
Korman, J. M. Wigginton, A. Gupta, and M. Sznol. 2013. Nivolumab 
plus ipilimumab in advanced melanoma. N Engl J Med 369: 122-133. 

196. Larkin, J., V. Chiarion-Sileni, R. Gonzalez, J. J. Grob, C. L. Cowey, C. 
D. Lao, D. Schadendorf, R. Dummer, M. Smylie, P. Rutkowski, P. F. 
Ferrucci, A. Hill, J. Wagstaff, M. S. Carlino, J. B. Haanen, M. Maio, I. 
Marquez-Rodas, G. A. McArthur, P. A. Ascierto, G. V. Long, M. K. 
Callahan, M. A. Postow, K. Grossmann, M. Sznol, B. Dreno, L. 
Bastholt, A. Yang, L. M. Rollin, C. Horak, F. S. Hodi, and J. D. 
Wolchok. 2015. Combined Nivolumab and Ipilimumab or 
Monotherapy in Untreated Melanoma. N Engl J Med 373: 23-34. 

 

 84 

187. Dall'Ozzo, S., S. Tartas, G. Paintaud, G. Cartron, P. Colombat, P. 
Bardos, H. Watier, and G. Thibault. 2004. Rituximab-dependent 
cytotoxicity by natural killer cells: influence of FCGR3A polymorphism 
on the concentration-effect relationship. Cancer Res 64: 4664-4669. 

188. Veuillen, C., T. Aurran-Schleinitz, R. Castellano, J. Rey, F. Mallet, F. 
Orlanducci, L. Pouyet, S. Just-Landi, D. Coso, V. Ivanov, X. 
Carcopino, R. Bouabdallah, Y. Collette, C. Fauriat, and D. Olive. 2012. 
Primary B-CLL resistance to NK cell cytotoxicity can be overcome in 
vitro and in vivo by priming NK cells and monoclonal antibody 
therapy. Journal of clinical immunology 32: 632-646. 

189. Herter, S., F. Herting, O. Mundigl, I. Waldhauer, T. Weinzierl, T. Fauti, 
G. Muth, D. Ziegler-Landesberger, E. Van Puijenbroek, S. Lang, M. N. 
Duong, L. Reslan, C. A. Gerdes, T. Friess, U. Baer, H. Burtscher, M. 
Weidner, C. Dumontet, P. Umana, G. Niederfellner, M. Bacac, and C. 
Klein. 2013. Preclinical activity of the type II CD20 antibody GA101 
(obinutuzumab) compared with rituximab and ofatumumab in vitro 
and in xenograft models. Molecular cancer therapeutics 12: 2031-2042. 

190. Krummel, M. F., and J. P. Allison. 1995. CD28 and CTLA-4 have 
opposing effects on the response of T cells to stimulation. J Exp Med 
182: 459-465. 

191. Leach, D. R., M. F. Krummel, and J. P. Allison. 1996. Enhancement of 
antitumor immunity by CTLA-4 blockade. Science 271: 1734-1736. 

192. Sharma, P., and J. P. Allison. 2015. The future of immune checkpoint 
therapy. Science 348: 56-61. 

193. Keir, M. E., L. M. Francisco, and A. H. Sharpe. 2007. PD-1 and its 
ligands in T-cell immunity. Current opinion in immunology 19: 309-314. 

194. Curran, M. A., W. Montalvo, H. Yagita, and J. P. Allison. 2010. PD-1 
and CTLA-4 combination blockade expands infiltrating T cells and 
reduces regulatory T and myeloid cells within B16 melanoma tumors. 
Proc Natl Acad Sci U S A 107: 4275-4280. 

195. 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, I. Lowy, H. D. Inzunza, W. Feely, C. E. Horak, Q. Hong, A. J. 
Korman, J. M. Wigginton, A. Gupta, and M. Sznol. 2013. Nivolumab 
plus ipilimumab in advanced melanoma. N Engl J Med 369: 122-133. 

196. Larkin, J., V. Chiarion-Sileni, R. Gonzalez, J. J. Grob, C. L. Cowey, C. 
D. Lao, D. Schadendorf, R. Dummer, M. Smylie, P. Rutkowski, P. F. 
Ferrucci, A. Hill, J. Wagstaff, M. S. Carlino, J. B. Haanen, M. Maio, I. 
Marquez-Rodas, G. A. McArthur, P. A. Ascierto, G. V. Long, M. K. 
Callahan, M. A. Postow, K. Grossmann, M. Sznol, B. Dreno, L. 
Bastholt, A. Yang, L. M. Rollin, C. Horak, F. S. Hodi, and J. D. 
Wolchok. 2015. Combined Nivolumab and Ipilimumab or 
Monotherapy in Untreated Melanoma. N Engl J Med 373: 23-34. 



 

 85 

197. Postow, M. A., J. Chesney, A. C. Pavlick, C. Robert, K. Grossmann, D. 
McDermott, G. P. Linette, N. Meyer, J. K. Giguere, S. S. Agarwala, M. 
Shaheen, M. S. Ernstoff, D. Minor, A. K. Salama, M. Taylor, P. A. Ott, 
L. M. Rollin, C. Horak, P. Gagnier, J. D. Wolchok, and F. S. Hodi. 
2015. Nivolumab and ipilimumab versus ipilimumab in untreated 
melanoma. N Engl J Med 372: 2006-2017. 

198. Morgan, D. A., F. W. Ruscetti, and R. Gallo. 1976. Selective in vitro 
growth of T lymphocytes from normal human bone marrows. Science 
193: 1007-1008. 

199. Rosenberg, S. A. 2014. IL-2: the first effective immunotherapy for 
human cancer. J Immunol 192: 5451-5458. 

200. Rosenberg, S. A., J. C. Yang, S. L. Topalian, D. J. Schwartzentruber, J. 
S. Weber, D. R. Parkinson, C. A. Seipp, J. H. Einhorn, and D. E. 
White. 1994. Treatment of 283 consecutive patients with metastatic 
melanoma or renal cell cancer using high-dose bolus interleukin 2. Jama 
271: 907-913. 

201. Baer, M. R., S. L. George, M. A. Caligiuri, B. L. Sanford, S. M. Bothun, 
K. Mrozek, J. E. Kolitz, B. L. Powell, J. O. Moore, R. M. Stone, J. 
Anastasi, C. D. Bloomfield, and R. A. Larson. 2008. Low-dose 
interleukin-2 immunotherapy does not improve outcome of patients 
age 60 years and older with acute myeloid leukemia in first complete 
remission: Cancer and Leukemia Group B Study 9720. Journal of clinical 
oncology : official journal of the American Society of Clinical Oncology 26: 4934-
4939. 

202. Blaise, D., M. Attal, J. Reiffers, M. Michallet, C. Bellanger, J. L. Pico, A. 
M. Stoppa, C. Payen, G. Marit, R. Bouabdallah, J. J. Sotto, J. F. Rossi, 
M. Brandely, T. Hercend, and D. Maraninchi. 2000. Randomized study 
of recombinant interleukin-2 after autologous bone marrow 
transplantation for acute leukemia in first complete remission. European 
cytokine network 11: 91-98. 

203. Kolitz, J. E., S. L. George, D. M. Benson, Jr., K. Maharry, G. Marcucci, 
R. Vij, B. L. Powell, S. L. Allen, D. J. Deangelo, T. C. Shea, W. Stock, 
C. E. Bakan, V. Hars, E. Hoke, C. D. Bloomfield, M. A. Caligiuri, R. A. 
Larson, and O. Alliance for Clinical Trials in. 2014. Recombinant 
interleukin-2 in patients aged younger than 60 years with acute myeloid 
leukemia in first complete remission: results from Cancer and 
Leukemia Group B 19808. Cancer 120: 1010-1017. 

204. Lange, B. J., F. O. Smith, J. Feusner, D. R. Barnard, P. Dinndorf, S. 
Feig, N. A. Heerema, C. Arndt, R. J. Arceci, N. Seibel, M. Weiman, K. 
Dusenbery, K. Shannon, S. Luna-Fineman, R. B. Gerbing, and T. A. 
Alonzo. 2008. Outcomes in CCG-2961, a children's oncology group 
phase 3 trial for untreated pediatric acute myeloid leukemia: a report 
from the children's oncology group. Blood 111: 1044-1053. 

 

 85 

197. Postow, M. A., J. Chesney, A. C. Pavlick, C. Robert, K. Grossmann, D. 
McDermott, G. P. Linette, N. Meyer, J. K. Giguere, S. S. Agarwala, M. 
Shaheen, M. S. Ernstoff, D. Minor, A. K. Salama, M. Taylor, P. A. Ott, 
L. M. Rollin, C. Horak, P. Gagnier, J. D. Wolchok, and F. S. Hodi. 
2015. Nivolumab and ipilimumab versus ipilimumab in untreated 
melanoma. N Engl J Med 372: 2006-2017. 

198. Morgan, D. A., F. W. Ruscetti, and R. Gallo. 1976. Selective in vitro 
growth of T lymphocytes from normal human bone marrows. Science 
193: 1007-1008. 

199. Rosenberg, S. A. 2014. IL-2: the first effective immunotherapy for 
human cancer. J Immunol 192: 5451-5458. 

200. Rosenberg, S. A., J. C. Yang, S. L. Topalian, D. J. Schwartzentruber, J. 
S. Weber, D. R. Parkinson, C. A. Seipp, J. H. Einhorn, and D. E. 
White. 1994. Treatment of 283 consecutive patients with metastatic 
melanoma or renal cell cancer using high-dose bolus interleukin 2. Jama 
271: 907-913. 

201. Baer, M. R., S. L. George, M. A. Caligiuri, B. L. Sanford, S. M. Bothun, 
K. Mrozek, J. E. Kolitz, B. L. Powell, J. O. Moore, R. M. Stone, J. 
Anastasi, C. D. Bloomfield, and R. A. Larson. 2008. Low-dose 
interleukin-2 immunotherapy does not improve outcome of patients 
age 60 years and older with acute myeloid leukemia in first complete 
remission: Cancer and Leukemia Group B Study 9720. Journal of clinical 
oncology : official journal of the American Society of Clinical Oncology 26: 4934-
4939. 

202. Blaise, D., M. Attal, J. Reiffers, M. Michallet, C. Bellanger, J. L. Pico, A. 
M. Stoppa, C. Payen, G. Marit, R. Bouabdallah, J. J. Sotto, J. F. Rossi, 
M. Brandely, T. Hercend, and D. Maraninchi. 2000. Randomized study 
of recombinant interleukin-2 after autologous bone marrow 
transplantation for acute leukemia in first complete remission. European 
cytokine network 11: 91-98. 

203. Kolitz, J. E., S. L. George, D. M. Benson, Jr., K. Maharry, G. Marcucci, 
R. Vij, B. L. Powell, S. L. Allen, D. J. Deangelo, T. C. Shea, W. Stock, 
C. E. Bakan, V. Hars, E. Hoke, C. D. Bloomfield, M. A. Caligiuri, R. A. 
Larson, and O. Alliance for Clinical Trials in. 2014. Recombinant 
interleukin-2 in patients aged younger than 60 years with acute myeloid 
leukemia in first complete remission: results from Cancer and 
Leukemia Group B 19808. Cancer 120: 1010-1017. 

204. Lange, B. J., F. O. Smith, J. Feusner, D. R. Barnard, P. Dinndorf, S. 
Feig, N. A. Heerema, C. Arndt, R. J. Arceci, N. Seibel, M. Weiman, K. 
Dusenbery, K. Shannon, S. Luna-Fineman, R. B. Gerbing, and T. A. 
Alonzo. 2008. Outcomes in CCG-2961, a children's oncology group 
phase 3 trial for untreated pediatric acute myeloid leukemia: a report 
from the children's oncology group. Blood 111: 1044-1053. 



 

 86 

205. Lotzova, E., C. A. Savary, and R. B. Herberman. 1987. Induction of 
NK cell activity against fresh human leukemia in culture with 
interleukin 2. J Immunol 138: 2718-2727. 

206. Pautas, C., F. Merabet, X. Thomas, E. Raffoux, C. Gardin, S. Corm, J. 
H. Bourhis, O. Reman, P. Turlure, N. Contentin, T. de Revel, P. 
Rousselot, C. Preudhomme, D. Bordessoule, P. Fenaux, C. Terre, M. 
Michallet, H. Dombret, S. Chevret, and S. Castaigne. 2010. 
Randomized study of intensified anthracycline doses for induction and 
recombinant interleukin-2 for maintenance in patients with acute 
myeloid leukemia age 50 to 70 years: results of the ALFA-9801 study. 
Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 28: 808-814. 

207. Brune, M., M. Hansson, U. H. Mellqvist, S. Hermodsson, and K. 
Hellstrand. 1996. NK cell-mediated killing of AML blasts: role of 
histamine, monocytes and reactive oxygen metabolites. European journal 
of haematology 57: 312-319. 

208. Hellstrand, K., A. Asea, and S. Hermodsson. 1990. Role of histamine 
in natural killer cell-mediated resistance against tumor cells. J Immunol 
145: 4365-4370. 

209. Hellstrand, K., and S. Hermodsson. 1986. Histamine H2-receptor-
mediated regulation of human natural killer cell activity. J Immunol 137: 
656-660. 

210. Hellstrand, K., and S. Hermodsson. 1990. Synergistic activation of 
human natural killer cell cytotoxicity by histamine and interleukin-2. 
International archives of allergy and applied immunology 92: 379-389. 

211. Costello, R. T., S. Sivori, E. Marcenaro, M. Lafage-Pochitaloff, M. J. 
Mozziconacci, D. Reviron, J. A. Gastaut, D. Pende, D. Olive, and A. 
Moretta. 2002. Defective expression and function of natural killer cell-
triggering receptors in patients with acute myeloid leukemia. Blood 99: 
3661-3667. 

212. Fauriat, C., S. Just-Landi, F. Mallet, C. Arnoulet, D. Sainty, D. Olive, 
and R. T. Costello. 2007. Deficient expression of NCR in NK cells 
from acute myeloid leukemia: Evolution during leukemia treatment 
and impact of leukemia cells in NCRdull phenotype induction. Blood 
109: 323-330. 

213. Hellstrand, K., B. Kjellson, and S. Hermodsson. 1991. Monocyte-
induced down-modulation of CD16 and CD56 antigens on human 
natural killer cells and its regulation by histamine H2-receptors. Cell 
Immunol 138: 44-54. 

214. Agarwala, S. S., J. Glaspy, S. J. O'Day, M. Mitchell, J. Gutheil, E. 
Whitman, R. Gonzalez, E. Hersh, L. Feun, R. Belt, F. Meyskens, K. 
Hellstrand, D. Wood, J. M. Kirkwood, K. R. Gehlsen, and P. Naredi. 
2002. Results from a randomized phase III study comparing combined 
treatment with histamine dihydrochloride plus interleukin-2 versus 

 

 86 

205. Lotzova, E., C. A. Savary, and R. B. Herberman. 1987. Induction of 
NK cell activity against fresh human leukemia in culture with 
interleukin 2. J Immunol 138: 2718-2727. 

206. Pautas, C., F. Merabet, X. Thomas, E. Raffoux, C. Gardin, S. Corm, J. 
H. Bourhis, O. Reman, P. Turlure, N. Contentin, T. de Revel, P. 
Rousselot, C. Preudhomme, D. Bordessoule, P. Fenaux, C. Terre, M. 
Michallet, H. Dombret, S. Chevret, and S. Castaigne. 2010. 
Randomized study of intensified anthracycline doses for induction and 
recombinant interleukin-2 for maintenance in patients with acute 
myeloid leukemia age 50 to 70 years: results of the ALFA-9801 study. 
Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 28: 808-814. 

207. Brune, M., M. Hansson, U. H. Mellqvist, S. Hermodsson, and K. 
Hellstrand. 1996. NK cell-mediated killing of AML blasts: role of 
histamine, monocytes and reactive oxygen metabolites. European journal 
of haematology 57: 312-319. 

208. Hellstrand, K., A. Asea, and S. Hermodsson. 1990. Role of histamine 
in natural killer cell-mediated resistance against tumor cells. J Immunol 
145: 4365-4370. 

209. Hellstrand, K., and S. Hermodsson. 1986. Histamine H2-receptor-
mediated regulation of human natural killer cell activity. J Immunol 137: 
656-660. 

210. Hellstrand, K., and S. Hermodsson. 1990. Synergistic activation of 
human natural killer cell cytotoxicity by histamine and interleukin-2. 
International archives of allergy and applied immunology 92: 379-389. 

211. Costello, R. T., S. Sivori, E. Marcenaro, M. Lafage-Pochitaloff, M. J. 
Mozziconacci, D. Reviron, J. A. Gastaut, D. Pende, D. Olive, and A. 
Moretta. 2002. Defective expression and function of natural killer cell-
triggering receptors in patients with acute myeloid leukemia. Blood 99: 
3661-3667. 

212. Fauriat, C., S. Just-Landi, F. Mallet, C. Arnoulet, D. Sainty, D. Olive, 
and R. T. Costello. 2007. Deficient expression of NCR in NK cells 
from acute myeloid leukemia: Evolution during leukemia treatment 
and impact of leukemia cells in NCRdull phenotype induction. Blood 
109: 323-330. 

213. Hellstrand, K., B. Kjellson, and S. Hermodsson. 1991. Monocyte-
induced down-modulation of CD16 and CD56 antigens on human 
natural killer cells and its regulation by histamine H2-receptors. Cell 
Immunol 138: 44-54. 

214. Agarwala, S. S., J. Glaspy, S. J. O'Day, M. Mitchell, J. Gutheil, E. 
Whitman, R. Gonzalez, E. Hersh, L. Feun, R. Belt, F. Meyskens, K. 
Hellstrand, D. Wood, J. M. Kirkwood, K. R. Gehlsen, and P. Naredi. 
2002. Results from a randomized phase III study comparing combined 
treatment with histamine dihydrochloride plus interleukin-2 versus 



 

 87 

interleukin-2 alone in patients with metastatic melanoma. Journal of 
clinical oncology : official journal of the American Society of Clinical Oncology 20: 
125-133. 

215. Asemissen, A. M., C. Scheibenbogen, A. Letsch, K. Hellstrand, F. 
Thoren, K. Gehlsen, A. Schmittel, E. Thiel, and U. Keilholz. 2005. 
Addition of histamine to interleukin 2 treatment augments type 1 T-
cell responses in patients with melanoma in vivo: immunologic results 
from a randomized clinical trial of interleukin 2 with or without 
histamine (MP 104). Clin Cancer Res 11: 290-297. 

216. Donskov, F., M. Middleton, K. Fode, P. Meldgaard, W. Mansoor, J. 
Lawrance, N. Thatcher, H. Nellemann, and H. von der Maase. 2005. 
Two randomised phase II trials of subcutaneous interleukin-2 and 
histamine dihydrochloride in patients with metastatic renal cell 
carcinoma. British journal of cancer 93: 757-762. 

217. Swerdlow, S. H., E. S. Jaffe, International Agency for Research on 
Cancer., and World Health Organization. 2008. WHO classification of 
tumours of haematopoietic and lymphoid tissues. International Agency for 
Research on Cancer, Lyon. 

218. Dores, G. M., W. F. Anderson, R. E. Curtis, O. Landgren, E. 
Ostroumova, E. C. Bluhm, C. S. Rabkin, S. S. Devesa, and M. S. Linet. 
2007. Chronic lymphocytic leukaemia and small lymphocytic 
lymphoma: overview of the descriptive epidemiology. Br J Haematol 
139: 809-819. 

219. Hallek, M., B. D. Cheson, D. Catovsky, F. Caligaris-Cappio, G. 
Dighiero, H. Dohner, P. Hillmen, M. J. Keating, E. Montserrat, K. R. 
Rai, and T. J. Kipps. 2008. Guidelines for the diagnosis and treatment 
of chronic lymphocytic leukemia: a report from the International 
Workshop on Chronic Lymphocytic Leukemia updating the National 
Cancer Institute-Working Group 1996 guidelines. Blood 111: 5446-
5456. 

220. Landgren, O., M. Albitar, W. Ma, F. Abbasi, R. B. Hayes, P. Ghia, G. 
E. Marti, and N. E. Caporaso. 2009. B-cell clones as early markers for 
chronic lymphocytic leukemia. N Engl J Med 360: 659-667. 

221. Rawstron, A. C., F. L. Bennett, S. J. O'Connor, M. Kwok, J. A. Fenton, 
M. Plummer, R. de Tute, R. G. Owen, S. J. Richards, A. S. Jack, and P. 
Hillmen. 2008. Monoclonal B-cell lymphocytosis and chronic 
lymphocytic leukemia. N Engl J Med 359: 575-583. 

222. Alizadeh, A. A., and R. Majeti. 2011. Surprise! HSC are aberrant in 
chronic lymphocytic leukemia. Cancer cell 20: 135-136. 

223. Fialkow, P. J., J. W. Janssen, and C. R. Bartram. 1991. Clonal 
remissions in acute nonlymphocytic leukemia: evidence for a multistep 
pathogenesis of the malignancy. Blood 77: 1415-1417. 

224. Janssen, J. W., M. Buschle, M. Layton, H. G. Drexler, J. Lyons, H. van 
den Berghe, H. Heimpel, B. Kubanek, E. Kleihauer, G. J. Mufti, and et 

 

 87 

interleukin-2 alone in patients with metastatic melanoma. Journal of 
clinical oncology : official journal of the American Society of Clinical Oncology 20: 
125-133. 

215. Asemissen, A. M., C. Scheibenbogen, A. Letsch, K. Hellstrand, F. 
Thoren, K. Gehlsen, A. Schmittel, E. Thiel, and U. Keilholz. 2005. 
Addition of histamine to interleukin 2 treatment augments type 1 T-
cell responses in patients with melanoma in vivo: immunologic results 
from a randomized clinical trial of interleukin 2 with or without 
histamine (MP 104). Clin Cancer Res 11: 290-297. 

216. Donskov, F., M. Middleton, K. Fode, P. Meldgaard, W. Mansoor, J. 
Lawrance, N. Thatcher, H. Nellemann, and H. von der Maase. 2005. 
Two randomised phase II trials of subcutaneous interleukin-2 and 
histamine dihydrochloride in patients with metastatic renal cell 
carcinoma. British journal of cancer 93: 757-762. 

217. Swerdlow, S. H., E. S. Jaffe, International Agency for Research on 
Cancer., and World Health Organization. 2008. WHO classification of 
tumours of haematopoietic and lymphoid tissues. International Agency for 
Research on Cancer, Lyon. 

218. Dores, G. M., W. F. Anderson, R. E. Curtis, O. Landgren, E. 
Ostroumova, E. C. Bluhm, C. S. Rabkin, S. S. Devesa, and M. S. Linet. 
2007. Chronic lymphocytic leukaemia and small lymphocytic 
lymphoma: overview of the descriptive epidemiology. Br J Haematol 
139: 809-819. 

219. Hallek, M., B. D. Cheson, D. Catovsky, F. Caligaris-Cappio, G. 
Dighiero, H. Dohner, P. Hillmen, M. J. Keating, E. Montserrat, K. R. 
Rai, and T. J. Kipps. 2008. Guidelines for the diagnosis and treatment 
of chronic lymphocytic leukemia: a report from the International 
Workshop on Chronic Lymphocytic Leukemia updating the National 
Cancer Institute-Working Group 1996 guidelines. Blood 111: 5446-
5456. 

220. Landgren, O., M. Albitar, W. Ma, F. Abbasi, R. B. Hayes, P. Ghia, G. 
E. Marti, and N. E. Caporaso. 2009. B-cell clones as early markers for 
chronic lymphocytic leukemia. N Engl J Med 360: 659-667. 

221. Rawstron, A. C., F. L. Bennett, S. J. O'Connor, M. Kwok, J. A. Fenton, 
M. Plummer, R. de Tute, R. G. Owen, S. J. Richards, A. S. Jack, and P. 
Hillmen. 2008. Monoclonal B-cell lymphocytosis and chronic 
lymphocytic leukemia. N Engl J Med 359: 575-583. 

222. Alizadeh, A. A., and R. Majeti. 2011. Surprise! HSC are aberrant in 
chronic lymphocytic leukemia. Cancer cell 20: 135-136. 

223. Fialkow, P. J., J. W. Janssen, and C. R. Bartram. 1991. Clonal 
remissions in acute nonlymphocytic leukemia: evidence for a multistep 
pathogenesis of the malignancy. Blood 77: 1415-1417. 

224. Janssen, J. W., M. Buschle, M. Layton, H. G. Drexler, J. Lyons, H. van 
den Berghe, H. Heimpel, B. Kubanek, E. Kleihauer, G. J. Mufti, and et 



 

 88 

al. 1989. Clonal analysis of myelodysplastic syndromes: evidence of 
multipotent stem cell origin. Blood 73: 248-254. 

225. Lapidot, T., C. Sirard, J. Vormoor, B. Murdoch, T. Hoang, J. Caceres-
Cortes, M. Minden, B. Paterson, M. A. Caligiuri, and J. E. Dick. 1994. 
A cell initiating human acute myeloid leukaemia after transplantation 
into SCID mice. Nature 367: 645-648. 

226. Nilsson, L., I. Astrand-Grundstrom, I. Arvidsson, B. Jacobsson, E. 
Hellstrom-Lindberg, R. Hast, and S. E. Jacobsen. 2000. Isolation and 
characterization of hematopoietic progenitor/stem cells in 5q-deleted 
myelodysplastic syndromes: evidence for involvement at the 
hematopoietic stem cell level. Blood 96: 2012-2021. 

227. Shlush, L. I., S. Zandi, A. Mitchell, W. C. Chen, J. M. Brandwein, V. 
Gupta, J. A. Kennedy, A. D. Schimmer, A. C. Schuh, K. W. Yee, J. L. 
McLeod, M. Doedens, J. J. Medeiros, R. Marke, H. J. Kim, K. Lee, J. 
D. McPherson, T. J. Hudson, A. M. Brown, F. Yousif, Q. M. Trinh, L. 
D. Stein, M. D. Minden, J. C. Wang, and J. E. Dick. 2014. 
Identification of pre-leukaemic haematopoietic stem cells in acute 
leukaemia. Nature 506: 328-333. 

228. Castor, A., L. Nilsson, I. Astrand-Grundstrom, M. Buitenhuis, C. 
Ramirez, K. Anderson, B. Strombeck, S. Garwicz, A. N. Bekassy, K. 
Schmiegelow, B. Lausen, P. Hokland, S. Lehmann, G. Juliusson, B. 
Johansson, and S. E. Jacobsen. 2005. Distinct patterns of 
hematopoietic stem cell involvement in acute lymphoblastic leukemia. 
Nat Med 11: 630-637. 

229. Kikushige, Y., F. Ishikawa, T. Miyamoto, T. Shima, S. Urata, G. 
Yoshimoto, Y. Mori, T. Iino, T. Yamauchi, T. Eto, H. Niiro, H. 
Iwasaki, K. Takenaka, and K. Akashi. 2011. Self-renewing 
hematopoietic stem cell is the primary target in pathogenesis of human 
chronic lymphocytic leukemia. Cancer cell 20: 246-259. 

230. Damm, F., E. Mylonas, A. Cosson, K. Yoshida, V. Della Valle, E. 
Mouly, M. Diop, L. Scourzic, Y. Shiraishi, K. Chiba, H. Tanaka, S. 
Miyano, Y. Kikushige, F. Davi, J. Lambert, D. Gautheret, H. Merle-
Beral, L. Sutton, P. Dessen, E. Solary, K. Akashi, W. Vainchenker, T. 
Mercher, N. Droin, S. Ogawa, F. Nguyen-Khac, and O. A. Bernard. 
2014. Acquired initiating mutations in early hematopoietic cells of CLL 
patients. Cancer discovery 4: 1088-1101. 

231. Dighiero, G., K. Maloum, B. Desablens, B. Cazin, M. Navarro, R. 
Leblay, M. Leporrier, J. Jaubert, G. Lepeu, B. Dreyfus, J. L. Binet, and 
P. Travade. 1998. Chlorambucil in indolent chronic lymphocytic 
leukemia. French Cooperative Group on Chronic Lymphocytic 
Leukemia. N Engl J Med 338: 1506-1514. 

232. 1999. Chemotherapeutic options in chronic lymphocytic leukemia: a 
meta-analysis of the randomized trials. CLL Trialists' Collaborative 
Group. Journal of the National Cancer Institute 91: 861-868. 

 

 88 

al. 1989. Clonal analysis of myelodysplastic syndromes: evidence of 
multipotent stem cell origin. Blood 73: 248-254. 

225. Lapidot, T., C. Sirard, J. Vormoor, B. Murdoch, T. Hoang, J. Caceres-
Cortes, M. Minden, B. Paterson, M. A. Caligiuri, and J. E. Dick. 1994. 
A cell initiating human acute myeloid leukaemia after transplantation 
into SCID mice. Nature 367: 645-648. 

226. Nilsson, L., I. Astrand-Grundstrom, I. Arvidsson, B. Jacobsson, E. 
Hellstrom-Lindberg, R. Hast, and S. E. Jacobsen. 2000. Isolation and 
characterization of hematopoietic progenitor/stem cells in 5q-deleted 
myelodysplastic syndromes: evidence for involvement at the 
hematopoietic stem cell level. Blood 96: 2012-2021. 

227. Shlush, L. I., S. Zandi, A. Mitchell, W. C. Chen, J. M. Brandwein, V. 
Gupta, J. A. Kennedy, A. D. Schimmer, A. C. Schuh, K. W. Yee, J. L. 
McLeod, M. Doedens, J. J. Medeiros, R. Marke, H. J. Kim, K. Lee, J. 
D. McPherson, T. J. Hudson, A. M. Brown, F. Yousif, Q. M. Trinh, L. 
D. Stein, M. D. Minden, J. C. Wang, and J. E. Dick. 2014. 
Identification of pre-leukaemic haematopoietic stem cells in acute 
leukaemia. Nature 506: 328-333. 

228. Castor, A., L. Nilsson, I. Astrand-Grundstrom, M. Buitenhuis, C. 
Ramirez, K. Anderson, B. Strombeck, S. Garwicz, A. N. Bekassy, K. 
Schmiegelow, B. Lausen, P. Hokland, S. Lehmann, G. Juliusson, B. 
Johansson, and S. E. Jacobsen. 2005. Distinct patterns of 
hematopoietic stem cell involvement in acute lymphoblastic leukemia. 
Nat Med 11: 630-637. 

229. Kikushige, Y., F. Ishikawa, T. Miyamoto, T. Shima, S. Urata, G. 
Yoshimoto, Y. Mori, T. Iino, T. Yamauchi, T. Eto, H. Niiro, H. 
Iwasaki, K. Takenaka, and K. Akashi. 2011. Self-renewing 
hematopoietic stem cell is the primary target in pathogenesis of human 
chronic lymphocytic leukemia. Cancer cell 20: 246-259. 

230. Damm, F., E. Mylonas, A. Cosson, K. Yoshida, V. Della Valle, E. 
Mouly, M. Diop, L. Scourzic, Y. Shiraishi, K. Chiba, H. Tanaka, S. 
Miyano, Y. Kikushige, F. Davi, J. Lambert, D. Gautheret, H. Merle-
Beral, L. Sutton, P. Dessen, E. Solary, K. Akashi, W. Vainchenker, T. 
Mercher, N. Droin, S. Ogawa, F. Nguyen-Khac, and O. A. Bernard. 
2014. Acquired initiating mutations in early hematopoietic cells of CLL 
patients. Cancer discovery 4: 1088-1101. 

231. Dighiero, G., K. Maloum, B. Desablens, B. Cazin, M. Navarro, R. 
Leblay, M. Leporrier, J. Jaubert, G. Lepeu, B. Dreyfus, J. L. Binet, and 
P. Travade. 1998. Chlorambucil in indolent chronic lymphocytic 
leukemia. French Cooperative Group on Chronic Lymphocytic 
Leukemia. N Engl J Med 338: 1506-1514. 

232. 1999. Chemotherapeutic options in chronic lymphocytic leukemia: a 
meta-analysis of the randomized trials. CLL Trialists' Collaborative 
Group. Journal of the National Cancer Institute 91: 861-868. 



 

 89 

233. Rai, K. R., A. Sawitsky, E. P. Cronkite, A. D. Chanana, R. N. Levy, and 
B. S. Pasternack. 1975. Clinical staging of chronic lymphocytic 
leukemia. Blood 46: 219-234. 

234. Binet, J. L., A. Auquier, G. Dighiero, C. Chastang, H. Piguet, J. 
Goasguen, G. Vaugier, G. Potron, P. Colona, F. Oberling, M. Thomas, 
G. Tchernia, C. Jacquillat, P. Boivin, C. Lesty, M. T. Duault, M. 
Monconduit, S. Belabbes, and F. Gremy. 1981. A new prognostic 
classification of chronic lymphocytic leukemia derived from a 
multivariate survival analysis. Cancer 48: 198-206. 

235. Shanafelt, T. D. 2009. Predicting clinical outcome in CLL: how and 
why. Hematology / the Education Program of the American Society of 
Hematology. American Society of Hematology. Education Program: 421-429. 

236. Hamblin, T. J., Z. Davis, A. Gardiner, D. G. Oscier, and F. K. 
Stevenson. 1999. Unmutated Ig V(H) genes are associated with a more 
aggressive form of chronic lymphocytic leukemia. Blood 94: 1848-1854. 

237. Dohner, H., S. Stilgenbauer, A. Benner, E. Leupolt, A. Krober, L. 
Bullinger, K. Dohner, M. Bentz, and P. Lichter. 2000. Genomic 
aberrations and survival in chronic lymphocytic leukemia. N Engl J Med 
343: 1910-1916. 

238. Stilgenbauer, S., and T. Zenz. 2010. Understanding and managing ultra 
high-risk chronic lymphocytic leukemia. Hematology / the Education 
Program of the American Society of Hematology. American Society of Hematology. 
Education Program 2010: 481-488. 

239. Sellner, L., S. Denzinger, S. Dietrich, H. Glimm, O. Merkel, P. Dreger, 
and T. Zenz. 2013. What do we do with chronic lymphocytic leukemia 
with 17p deletion? Current hematologic malignancy reports 8: 81-90. 

240. Hallek, M. 2015. Chronic lymphocytic leukemia: 2015 Update on 
diagnosis, risk stratification, and treatment. American journal of hematology 
90: 446-460. 

241. Nabhan, C., and S. T. Rosen. 2014. Chronic lymphocytic leukemia: a 
clinical review. Jama 312: 2265-2276. 

242. Robak, T., A. Dmoszynska, P. Solal-Celigny, K. Warzocha, J. 
Loscertales, J. Catalano, B. V. Afanasiev, L. Larratt, C. H. Geisler, M. 
Montillo, I. Zyuzgin, P. S. Ganly, C. Dartigeas, A. Rosta, J. Maurer, M. 
Mendila, M. W. Saville, N. Valente, M. K. Wenger, and S. I. Moiseev. 
2010. Rituximab plus fludarabine and cyclophosphamide prolongs 
progression-free survival compared with fludarabine and 
cyclophosphamide alone in previously treated chronic lymphocytic 
leukemia. Journal of clinical oncology : official journal of the American Society of 
Clinical Oncology 28: 1756-1765. 

243. Badar, T., J. A. Burger, W. G. Wierda, and S. O'Brien. 2014. Ibrutinib: 
a paradigm shift in management of CLL. Expert Rev Hematol 7: 705-717. 

 

 89 

233. Rai, K. R., A. Sawitsky, E. P. Cronkite, A. D. Chanana, R. N. Levy, and 
B. S. Pasternack. 1975. Clinical staging of chronic lymphocytic 
leukemia. Blood 46: 219-234. 

234. Binet, J. L., A. Auquier, G. Dighiero, C. Chastang, H. Piguet, J. 
Goasguen, G. Vaugier, G. Potron, P. Colona, F. Oberling, M. Thomas, 
G. Tchernia, C. Jacquillat, P. Boivin, C. Lesty, M. T. Duault, M. 
Monconduit, S. Belabbes, and F. Gremy. 1981. A new prognostic 
classification of chronic lymphocytic leukemia derived from a 
multivariate survival analysis. Cancer 48: 198-206. 

235. Shanafelt, T. D. 2009. Predicting clinical outcome in CLL: how and 
why. Hematology / the Education Program of the American Society of 
Hematology. American Society of Hematology. Education Program: 421-429. 

236. Hamblin, T. J., Z. Davis, A. Gardiner, D. G. Oscier, and F. K. 
Stevenson. 1999. Unmutated Ig V(H) genes are associated with a more 
aggressive form of chronic lymphocytic leukemia. Blood 94: 1848-1854. 

237. Dohner, H., S. Stilgenbauer, A. Benner, E. Leupolt, A. Krober, L. 
Bullinger, K. Dohner, M. Bentz, and P. Lichter. 2000. Genomic 
aberrations and survival in chronic lymphocytic leukemia. N Engl J Med 
343: 1910-1916. 

238. Stilgenbauer, S., and T. Zenz. 2010. Understanding and managing ultra 
high-risk chronic lymphocytic leukemia. Hematology / the Education 
Program of the American Society of Hematology. American Society of Hematology. 
Education Program 2010: 481-488. 

239. Sellner, L., S. Denzinger, S. Dietrich, H. Glimm, O. Merkel, P. Dreger, 
and T. Zenz. 2013. What do we do with chronic lymphocytic leukemia 
with 17p deletion? Current hematologic malignancy reports 8: 81-90. 

240. Hallek, M. 2015. Chronic lymphocytic leukemia: 2015 Update on 
diagnosis, risk stratification, and treatment. American journal of hematology 
90: 446-460. 

241. Nabhan, C., and S. T. Rosen. 2014. Chronic lymphocytic leukemia: a 
clinical review. Jama 312: 2265-2276. 

242. Robak, T., A. Dmoszynska, P. Solal-Celigny, K. Warzocha, J. 
Loscertales, J. Catalano, B. V. Afanasiev, L. Larratt, C. H. Geisler, M. 
Montillo, I. Zyuzgin, P. S. Ganly, C. Dartigeas, A. Rosta, J. Maurer, M. 
Mendila, M. W. Saville, N. Valente, M. K. Wenger, and S. I. Moiseev. 
2010. Rituximab plus fludarabine and cyclophosphamide prolongs 
progression-free survival compared with fludarabine and 
cyclophosphamide alone in previously treated chronic lymphocytic 
leukemia. Journal of clinical oncology : official journal of the American Society of 
Clinical Oncology 28: 1756-1765. 

243. Badar, T., J. A. Burger, W. G. Wierda, and S. O'Brien. 2014. Ibrutinib: 
a paradigm shift in management of CLL. Expert Rev Hematol 7: 705-717. 



 

 90 

244. Robak, P., P. Smolewski, and T. Robak. 2015. Emerging 
immunological drugs for chronic lymphocytic leukemia. Expert opinion 
on emerging drugs 20: 423-447. 

245. Riches, J. C., and J. G. Gribben. 2014. Immunomodulation and 
immune reconstitution in chronic lymphocytic leukemia. Seminars in 
hematology 51: 228-234. 

246. Ramsay, A. G., A. J. Johnson, A. M. Lee, G. Gorgun, R. Le Dieu, W. 
Blum, J. C. Byrd, and J. G. Gribben. 2008. Chronic lymphocytic 
leukemia T cells show impaired immunological synapse formation that 
can be reversed with an immunomodulating drug. J Clin Invest 118: 
2427-2437. 

247. Riches, J. C., J. K. Davies, F. McClanahan, R. Fatah, S. Iqbal, S. 
Agrawal, A. G. Ramsay, and J. G. Gribben. 2013. T cells from CLL 
patients exhibit features of T-cell exhaustion but retain capacity for 
cytokine production. Blood 121: 1612-1621. 

248. Junevik, K., O. Werlenius, S. Hasselblom, S. Jacobsson, H. Nilsson-
Ehle, and P. O. Andersson. 2007. The expression of NK cell inhibitory 
receptors on cytotoxic T cells in B-cell chronic lymphocytic leukaemia 
(B-CLL). Annals of hematology 86: 89-94. 

249. Katrinakis, G., D. Kyriakou, H. Papadaki, I. Kalokyri, F. Markidou, 
and G. D. Eliopoulos. 1996. Defective natural killer cell activity in B-
cell chronic lymphocytic leukaemia is associated with impaired release 
of natural killer cytotoxic factor(s) but not of tumour necrosis factor-
alpha. Acta Haematol 96: 16-23. 

250. Costello, R. T., B. Knoblauch, C. Sanchez, D. Mercier, T. Le Treut, 
and G. Sebahoun. 2012. Expression of natural killer cell activating 
receptors in patients with chronic lymphocytic leukaemia. Immunology 
135: 151-157. 

251. Phekoo, K. J., M. A. Richards, H. Moller, and S. A. Schey. 2006. The 
incidence and outcome of myeloid malignancies in 2,112 adult patients 
in southeast England. Haematologica 91: 1400-1404. 

252. Benton, C. B., A. Nazha, N. Pemmaraju, and G. Garcia-Manero. 2015. 
Chronic myelomonocytic leukemia: Forefront of the field in 2015. 
Critical reviews in oncology/hematology 95: 222-242. 

253. Bennett, J. M., D. Catovsky, M. T. Daniel, G. Flandrin, D. A. Galton, 
H. R. Gralnick, and C. Sultan. 1982. Proposals for the classification of 
the myelodysplastic syndromes. Br J Haematol 51: 189-199. 

254. Bennett, J. M., D. Catovsky, M. T. Daniel, G. Flandrin, D. A. Galton, 
H. Gralnick, C. Sultan, and C. Cox. 1994. The chronic myeloid 
leukaemias: guidelines for distinguishing chronic granulocytic, atypical 
chronic myeloid, and chronic myelomonocytic leukaemia. Proposals by 
the French-American-British Cooperative Leukaemia Group. Br J 
Haematol 87: 746-754. 

 

 90 

244. Robak, P., P. Smolewski, and T. Robak. 2015. Emerging 
immunological drugs for chronic lymphocytic leukemia. Expert opinion 
on emerging drugs 20: 423-447. 

245. Riches, J. C., and J. G. Gribben. 2014. Immunomodulation and 
immune reconstitution in chronic lymphocytic leukemia. Seminars in 
hematology 51: 228-234. 

246. Ramsay, A. G., A. J. Johnson, A. M. Lee, G. Gorgun, R. Le Dieu, W. 
Blum, J. C. Byrd, and J. G. Gribben. 2008. Chronic lymphocytic 
leukemia T cells show impaired immunological synapse formation that 
can be reversed with an immunomodulating drug. J Clin Invest 118: 
2427-2437. 

247. Riches, J. C., J. K. Davies, F. McClanahan, R. Fatah, S. Iqbal, S. 
Agrawal, A. G. Ramsay, and J. G. Gribben. 2013. T cells from CLL 
patients exhibit features of T-cell exhaustion but retain capacity for 
cytokine production. Blood 121: 1612-1621. 

248. Junevik, K., O. Werlenius, S. Hasselblom, S. Jacobsson, H. Nilsson-
Ehle, and P. O. Andersson. 2007. The expression of NK cell inhibitory 
receptors on cytotoxic T cells in B-cell chronic lymphocytic leukaemia 
(B-CLL). Annals of hematology 86: 89-94. 

249. Katrinakis, G., D. Kyriakou, H. Papadaki, I. Kalokyri, F. Markidou, 
and G. D. Eliopoulos. 1996. Defective natural killer cell activity in B-
cell chronic lymphocytic leukaemia is associated with impaired release 
of natural killer cytotoxic factor(s) but not of tumour necrosis factor-
alpha. Acta Haematol 96: 16-23. 

250. Costello, R. T., B. Knoblauch, C. Sanchez, D. Mercier, T. Le Treut, 
and G. Sebahoun. 2012. Expression of natural killer cell activating 
receptors in patients with chronic lymphocytic leukaemia. Immunology 
135: 151-157. 

251. Phekoo, K. J., M. A. Richards, H. Moller, and S. A. Schey. 2006. The 
incidence and outcome of myeloid malignancies in 2,112 adult patients 
in southeast England. Haematologica 91: 1400-1404. 

252. Benton, C. B., A. Nazha, N. Pemmaraju, and G. Garcia-Manero. 2015. 
Chronic myelomonocytic leukemia: Forefront of the field in 2015. 
Critical reviews in oncology/hematology 95: 222-242. 

253. Bennett, J. M., D. Catovsky, M. T. Daniel, G. Flandrin, D. A. Galton, 
H. R. Gralnick, and C. Sultan. 1982. Proposals for the classification of 
the myelodysplastic syndromes. Br J Haematol 51: 189-199. 

254. Bennett, J. M., D. Catovsky, M. T. Daniel, G. Flandrin, D. A. Galton, 
H. Gralnick, C. Sultan, and C. Cox. 1994. The chronic myeloid 
leukaemias: guidelines for distinguishing chronic granulocytic, atypical 
chronic myeloid, and chronic myelomonocytic leukaemia. Proposals by 
the French-American-British Cooperative Leukaemia Group. Br J 
Haematol 87: 746-754. 



 

 91 

255. Delhommeau, F., S. Dupont, C. Tonetti, A. Masse, I. Godin, J. P. Le 
Couedic, N. Debili, P. Saulnier, N. Casadevall, W. Vainchenker, and S. 
Giraudier. 2007. Evidence that the JAK2 G1849T (V617F) mutation 
occurs in a lymphomyeloid progenitor in polycythemia vera and 
idiopathic myelofibrosis. Blood 109: 71-77. 

256. Shinohara, T., N. Takuwa, K. Morishita, R. Ieki, J. Yokota, E. 
Nakayama, S. Asano, and S. Miwa. 1983. Chronic myelomonocytic 
leukemia with a chromosome abnormality (46,XY,20q-) in all dividing 
myeloid cells: evidence for clonal origin in a multipotent stem cell 
common to granulocyte, monocyte, erythrocyte, and thrombocyte. 
American journal of hematology 15: 289-293. 

257. Thanopoulou, E., J. Cashman, T. Kakagianne, A. Eaves, N. Zoumbos, 
and C. Eaves. 2004. Engraftment of NOD/SCID-beta2 microglobulin 
null mice with multilineage neoplastic cells from patients with 
myelodysplastic syndrome. Blood 103: 4285-4293. 

258. Itzykson, R., and E. Solary. 2013. An evolutionary perspective on 
chronic myelomonocytic leukemia. Leukemia 27: 1441-1450. 

259. Patnaik, M. M., S. A. Parikh, C. A. Hanson, and A. Tefferi. 2014. 
Chronic myelomonocytic leukaemia: a concise clinical and 
pathophysiological review. Br J Haematol 165: 273-286. 

260. Germing, U., A. Kundgen, and N. Gattermann. 2004. Risk assessment 
in chronic myelomonocytic leukemia (CMML). Leukemia & lymphoma 
45: 1311-1318. 

261. Such, E., U. Germing, L. Malcovati, J. Cervera, A. Kuendgen, M. G. 
Della Porta, B. Nomdedeu, L. Arenillas, E. Luno, B. Xicoy, M. L. 
Amigo, D. Valcarcel, K. Nachtkamp, I. Ambaglio, B. Hildebrandt, I. 
Lorenzo, M. Cazzola, and G. Sanz. 2013. Development and validation 
of a prognostic scoring system for patients with chronic 
myelomonocytic leukemia. Blood 121: 3005-3015. 

262. Patnaik, M. M., E. A. Wassie, T. L. Lasho, C. A. Hanson, R. Ketterling, 
and A. Tefferi. 2015. Blast transformation in chronic myelomonocytic 
leukemia: Risk factors, genetic features, survival, and treatment 
outcome. American journal of hematology 90: 411-416. 

263. Wattel, E., A. Guerci, B. Hecquet, T. Economopoulos, A. 
Copplestone, B. Mahe, M. E. Couteaux, L. Resegotti, V. Voglova, C. 
Foussard, B. Pegourie, J. L. Michaux, E. Deconinck, A. M. Stoppa, G. 
Mufti, D. Oscier, and P. Fenaux. 1996. A randomized trial of 
hydroxyurea versus VP16 in adult chronic myelomonocytic leukemia. 
Groupe Francais des Myelodysplasies and European CMML Group. 
Blood 88: 2480-2487. 

264. Ades, L., M. A. Sekeres, A. Wolfromm, M. L. Teichman, R. V. Tiu, R. 
Itzykson, J. P. Maciejewski, F. Dreyfus, A. F. List, P. Fenaux, and R. S. 
Komrokji. 2013. Predictive factors of response and survival among 

 

 91 

255. Delhommeau, F., S. Dupont, C. Tonetti, A. Masse, I. Godin, J. P. Le 
Couedic, N. Debili, P. Saulnier, N. Casadevall, W. Vainchenker, and S. 
Giraudier. 2007. Evidence that the JAK2 G1849T (V617F) mutation 
occurs in a lymphomyeloid progenitor in polycythemia vera and 
idiopathic myelofibrosis. Blood 109: 71-77. 

256. Shinohara, T., N. Takuwa, K. Morishita, R. Ieki, J. Yokota, E. 
Nakayama, S. Asano, and S. Miwa. 1983. Chronic myelomonocytic 
leukemia with a chromosome abnormality (46,XY,20q-) in all dividing 
myeloid cells: evidence for clonal origin in a multipotent stem cell 
common to granulocyte, monocyte, erythrocyte, and thrombocyte. 
American journal of hematology 15: 289-293. 

257. Thanopoulou, E., J. Cashman, T. Kakagianne, A. Eaves, N. Zoumbos, 
and C. Eaves. 2004. Engraftment of NOD/SCID-beta2 microglobulin 
null mice with multilineage neoplastic cells from patients with 
myelodysplastic syndrome. Blood 103: 4285-4293. 

258. Itzykson, R., and E. Solary. 2013. An evolutionary perspective on 
chronic myelomonocytic leukemia. Leukemia 27: 1441-1450. 

259. Patnaik, M. M., S. A. Parikh, C. A. Hanson, and A. Tefferi. 2014. 
Chronic myelomonocytic leukaemia: a concise clinical and 
pathophysiological review. Br J Haematol 165: 273-286. 

260. Germing, U., A. Kundgen, and N. Gattermann. 2004. Risk assessment 
in chronic myelomonocytic leukemia (CMML). Leukemia & lymphoma 
45: 1311-1318. 

261. Such, E., U. Germing, L. Malcovati, J. Cervera, A. Kuendgen, M. G. 
Della Porta, B. Nomdedeu, L. Arenillas, E. Luno, B. Xicoy, M. L. 
Amigo, D. Valcarcel, K. Nachtkamp, I. Ambaglio, B. Hildebrandt, I. 
Lorenzo, M. Cazzola, and G. Sanz. 2013. Development and validation 
of a prognostic scoring system for patients with chronic 
myelomonocytic leukemia. Blood 121: 3005-3015. 

262. Patnaik, M. M., E. A. Wassie, T. L. Lasho, C. A. Hanson, R. Ketterling, 
and A. Tefferi. 2015. Blast transformation in chronic myelomonocytic 
leukemia: Risk factors, genetic features, survival, and treatment 
outcome. American journal of hematology 90: 411-416. 

263. Wattel, E., A. Guerci, B. Hecquet, T. Economopoulos, A. 
Copplestone, B. Mahe, M. E. Couteaux, L. Resegotti, V. Voglova, C. 
Foussard, B. Pegourie, J. L. Michaux, E. Deconinck, A. M. Stoppa, G. 
Mufti, D. Oscier, and P. Fenaux. 1996. A randomized trial of 
hydroxyurea versus VP16 in adult chronic myelomonocytic leukemia. 
Groupe Francais des Myelodysplasies and European CMML Group. 
Blood 88: 2480-2487. 

264. Ades, L., M. A. Sekeres, A. Wolfromm, M. L. Teichman, R. V. Tiu, R. 
Itzykson, J. P. Maciejewski, F. Dreyfus, A. F. List, P. Fenaux, and R. S. 
Komrokji. 2013. Predictive factors of response and survival among 



 

 92 

chronic myelomonocytic leukemia patients treated with azacitidine. 
Leukemia research 37: 609-613. 

265. Fianchi, L., M. Criscuolo, M. Breccia, L. Maurillo, F. Salvi, P. Musto, 
G. Mansueto, G. Gaidano, C. Finelli, A. Aloe-Spiriti, V. Santini, M. 
Greco, S. Hohaus, G. Leone, and M. T. Voso. 2013. High rate of 
remissions in chronic myelomonocytic leukemia treated with 5-
azacytidine: results of an Italian retrospective study. Leukemia & 
lymphoma 54: 658-661. 

266. Aribi, A., G. Borthakur, F. Ravandi, J. Shan, J. Davisson, J. Cortes, and 
H. Kantarjian. 2007. Activity of decitabine, a hypomethylating agent, in 
chronic myelomonocytic leukemia. Cancer 109: 713-717. 

267. Wijermans, P. W., B. Ruter, M. R. Baer, J. L. Slack, H. I. Saba, and M. 
Lubbert. 2008. Efficacy of decitabine in the treatment of patients with 
chronic myelomonocytic leukemia (CMML). Leukemia research 32: 587-
591. 

268. Marcondes, A. M., A. J. Mhyre, D. L. Stirewalt, S. H. Kim, C. A. 
Dinarello, and H. J. Deeg. 2008. Dysregulation of IL-32 in 
myelodysplastic syndrome and chronic myelomonocytic leukemia 
modulates apoptosis and impairs NK function. Proc Natl Acad Sci U S 
A 105: 2865-2870. 

269. Carlsten, M., B. C. Baumann, M. Simonsson, M. Jadersten, A. M. 
Forsblom, C. Hammarstedt, Y. T. Bryceson, H. G. Ljunggren, E. 
Hellstrom-Lindberg, and K. J. Malmberg. 2010. Reduced DNAM-1 
expression on bone marrow NK cells associated with impaired killing 
of CD34+ blasts in myelodysplastic syndrome. Leukemia 24: 1607-
1616. 

270. Shimizu, Y., and R. DeMars. 1989. Production of human cells 
expressing individual transferred HLA-A,-B,-C genes using an HLA-
A,-B,-C null human cell line. J Immunol 142: 3320-3328. 

271. Burkett, M. W., K. A. Shafer-Weaver, S. Strobl, M. Baseler, and A. 
Malyguine. 2005. A novel flow cytometric assay for evaluating cell-
mediated cytotoxicity. Journal of immunotherapy (Hagerstown, Md. : 1997) 
28: 396-402. 

272. Wang, Y., V. L. Dawson, and T. M. Dawson. 2009. Poly(ADP-ribose) 
signals to mitochondrial AIF: a key event in parthanatos. Exp Neurol 
218: 193-202. 

273. Cohen-Armon, M., L. Visochek, D. Rozensal, A. Kalal, I. Geistrikh, R. 
Klein, S. Bendetz-Nezer, Z. Yao, and R. Seger. 2007. DNA-
independent PARP-1 activation by phosphorylated ERK2 increases 
Elk1 activity: a link to histone acetylation. Mol Cell 25: 297-308. 

274. Lugowska, I., H. Kosela-Paterczyk, K. Kozak, and P. Rutkowski. 2015. 
Trametinib: a MEK inhibitor for management of metastatic melanoma. 
OncoTargets and therapy 8: 2251-2259. 

 

 92 

chronic myelomonocytic leukemia patients treated with azacitidine. 
Leukemia research 37: 609-613. 

265. Fianchi, L., M. Criscuolo, M. Breccia, L. Maurillo, F. Salvi, P. Musto, 
G. Mansueto, G. Gaidano, C. Finelli, A. Aloe-Spiriti, V. Santini, M. 
Greco, S. Hohaus, G. Leone, and M. T. Voso. 2013. High rate of 
remissions in chronic myelomonocytic leukemia treated with 5-
azacytidine: results of an Italian retrospective study. Leukemia & 
lymphoma 54: 658-661. 

266. Aribi, A., G. Borthakur, F. Ravandi, J. Shan, J. Davisson, J. Cortes, and 
H. Kantarjian. 2007. Activity of decitabine, a hypomethylating agent, in 
chronic myelomonocytic leukemia. Cancer 109: 713-717. 

267. Wijermans, P. W., B. Ruter, M. R. Baer, J. L. Slack, H. I. Saba, and M. 
Lubbert. 2008. Efficacy of decitabine in the treatment of patients with 
chronic myelomonocytic leukemia (CMML). Leukemia research 32: 587-
591. 

268. Marcondes, A. M., A. J. Mhyre, D. L. Stirewalt, S. H. Kim, C. A. 
Dinarello, and H. J. Deeg. 2008. Dysregulation of IL-32 in 
myelodysplastic syndrome and chronic myelomonocytic leukemia 
modulates apoptosis and impairs NK function. Proc Natl Acad Sci U S 
A 105: 2865-2870. 

269. Carlsten, M., B. C. Baumann, M. Simonsson, M. Jadersten, A. M. 
Forsblom, C. Hammarstedt, Y. T. Bryceson, H. G. Ljunggren, E. 
Hellstrom-Lindberg, and K. J. Malmberg. 2010. Reduced DNAM-1 
expression on bone marrow NK cells associated with impaired killing 
of CD34+ blasts in myelodysplastic syndrome. Leukemia 24: 1607-
1616. 

270. Shimizu, Y., and R. DeMars. 1989. Production of human cells 
expressing individual transferred HLA-A,-B,-C genes using an HLA-
A,-B,-C null human cell line. J Immunol 142: 3320-3328. 

271. Burkett, M. W., K. A. Shafer-Weaver, S. Strobl, M. Baseler, and A. 
Malyguine. 2005. A novel flow cytometric assay for evaluating cell-
mediated cytotoxicity. Journal of immunotherapy (Hagerstown, Md. : 1997) 
28: 396-402. 

272. Wang, Y., V. L. Dawson, and T. M. Dawson. 2009. Poly(ADP-ribose) 
signals to mitochondrial AIF: a key event in parthanatos. Exp Neurol 
218: 193-202. 

273. Cohen-Armon, M., L. Visochek, D. Rozensal, A. Kalal, I. Geistrikh, R. 
Klein, S. Bendetz-Nezer, Z. Yao, and R. Seger. 2007. DNA-
independent PARP-1 activation by phosphorylated ERK2 increases 
Elk1 activity: a link to histone acetylation. Mol Cell 25: 297-308. 

274. Lugowska, I., H. Kosela-Paterczyk, K. Kozak, and P. Rutkowski. 2015. 
Trametinib: a MEK inhibitor for management of metastatic melanoma. 
OncoTargets and therapy 8: 2251-2259. 



 

 93 

275. Mellor, J. D., M. P. Brown, H. R. Irving, J. R. Zalcberg, and A. 
Dobrovic. 2013. A critical review of the role of Fc gamma receptor 
polymorphisms in the response to monoclonal antibodies in cancer. 
Journal of hematology & oncology 6: 1. 

276. Beum, P. V., M. A. Lindorfer, and R. P. Taylor. 2008. Within 
peripheral blood mononuclear cells, antibody-dependent cellular 
cytotoxicity of rituximab-opsonized Daudi cells is promoted by NK 
cells and inhibited by monocytes due to shaving. J Immunol 181: 2916-
2924. 

277. Golay, J., F. Da Roit, L. Bologna, C. Ferrara, J. H. Leusen, A. 
Rambaldi, C. Klein, and M. Introna. 2013. Glycoengineered CD20 
antibody obinutuzumab activates neutrophils and mediates 
phagocytosis through CD16B more efficiently than rituximab. Blood 
122: 3482-3491. 

278. Mariani, M., M. Camagna, L. Tarditi, and E. Seccamani. 1991. A new 
enzymatic method to obtain high-yield F(ab)2 suitable for clinical use 
from mouse IgGl. Molecular immunology 28: 69-77. 

 

 

 93 

275. Mellor, J. D., M. P. Brown, H. R. Irving, J. R. Zalcberg, and A. 
Dobrovic. 2013. A critical review of the role of Fc gamma receptor 
polymorphisms in the response to monoclonal antibodies in cancer. 
Journal of hematology & oncology 6: 1. 

276. Beum, P. V., M. A. Lindorfer, and R. P. Taylor. 2008. Within 
peripheral blood mononuclear cells, antibody-dependent cellular 
cytotoxicity of rituximab-opsonized Daudi cells is promoted by NK 
cells and inhibited by monocytes due to shaving. J Immunol 181: 2916-
2924. 

277. Golay, J., F. Da Roit, L. Bologna, C. Ferrara, J. H. Leusen, A. 
Rambaldi, C. Klein, and M. Introna. 2013. Glycoengineered CD20 
antibody obinutuzumab activates neutrophils and mediates 
phagocytosis through CD16B more efficiently than rituximab. Blood 
122: 3482-3491. 

278. Mariani, M., M. Camagna, L. Tarditi, and E. Seccamani. 1991. A new 
enzymatic method to obtain high-yield F(ab)2 suitable for clinical use 
from mouse IgGl. Molecular immunology 28: 69-77. 

 


	Thesis OW E-spikning
	Blank Page
	Blank Page

	Sid 5 Abstract korrigerad


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.693 x 9.528 inches / 170.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150513135944
       685.9843
       S5
       Blank
       481.8898
          

     Tall
     1
     0
     No
     323
     179
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     19.8425
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     17
     93
     92
     93
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 291.23, 274.17 Width 253.69 Height 277.58 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     291.2307 274.1657 253.6892 277.5792 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     94
     127
     94
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 283.08, 550.94 Width 289.57 Height 80.51 points
     Mask co-ordinates: Horizontal, vertical offset 277.88, 280.85 Width 251.91 Height 222.05 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     283.076 550.9385 289.5686 80.5079 277.882 280.8476 251.9117 222.0459 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     104
     127
     104
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 292.36, 503.58 Width 200.73 Height 105.60 points
     Mask co-ordinates: Horizontal, vertical offset 294.11, 293.26 Width 226.91 Height 161.46 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     292.3649 503.5832 200.7282 105.6005 294.1104 293.255 226.9101 161.4553 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     109
     127
     109
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 274.04, 456.46 Width 267.93 Height 180.66 points
     Mask co-ordinates: Horizontal, vertical offset 286.26, 286.27 Width 212.95 Height 121.31 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     274.0376 456.4557 267.9285 180.6554 286.2558 286.2731 212.9464 121.3096 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     116
     128
     116
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 287.49, 408.68 Width 235.01 Height 206.02 points
     Mask co-ordinates: Horizontal, vertical offset 295.32, 264.54 Width 235.79 Height 97.14 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     287.4901 408.6775 235.0056 206.0215 295.3236 264.5407 235.7889 97.1357 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     124
     128
     124
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 7.087 x 10.039 inches / 180.0 x 255.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150513142529
       722.8346
       1/2 B4
       Blank
       510.2362
          

     Tall
     1
     0
     No
     323
     179
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     19.8425
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     122
     126
     125
     126
      

   1
  

    
   HistoryItem_V1
   StepAndRepeat
        
     Create a new document
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins: left 0.00, top 0.00, right 0.00, bottom 0.00 points
     Horizontal spacing (points): 0 
     Vertical spacing (points): 0 
     Add frames around each page: no
     Sheet size: 14.173 x 10.039 inches / 360.0 x 255.0 mm
     Sheet orientation: wide
     Scale by 98.00 %
     Align: top left
      

        
     0.0000
     10.0000
     20.0000
     0
     Corners
     0.3000
     ToFit
     2
     0
     0.9800
     0
     0 
     1
     0.0000
     1
            
       D:20150924100251
       722.8346
       B4
       Blank
       1020.4724
          

     Wide
     301
     133
     0.0000
     TL
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     1
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 310.25, 399.49 Width 201.60 Height 27.05 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     310.2538 399.4903 201.5995 27.0545 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     112
     124
     112
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 821.67, 402.54 Width 200.29 Height 25.31 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     821.6709 402.5448 200.2905 25.3091 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     112
     124
     112
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 794.18, 453.60 Width 27.93 Height 21.82 points
     Mask co-ordinates: Horizontal, vertical offset 821.23, 440.51 Width 190.25 Height 34.04 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     794.1801 453.5993 27.9272 21.8181 821.2345 440.5084 190.2542 34.0363 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     106
     124
     106
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 310.69, 451.85 Width 202.04 Height 22.25 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         5
         CurrentPage
         42
              

       CurrentAVDoc
          

     310.6902 451.8538 202.0359 22.2545 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     106
     124
     106
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.693 x 9.528 inches / 170.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150513135944
       685.9843
       S5
       Blank
       481.8898
          

     Tall
     1
     0
     No
     323
     179
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     19.8425
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     20
     126
     125
     126
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.693 x 9.528 inches / 170.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150513135944
       685.9843
       S5
       Blank
       481.8898
          

     Tall
     1
     0
     No
     323
     179
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     19.8425
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     4
     126
     125
     126
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.693 x 9.528 inches / 170.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150513135944
       685.9843
       S5
       Blank
       481.8898
          

     Tall
     1
     0
     No
     323
     179
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     19.8425
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     64
     126
     125
     126
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.693 x 9.528 inches / 170.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150513135944
       685.9843
       S5
       Blank
       481.8898
          

     Tall
     1
     0
     No
     323
     179
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     Uniform
     19.8425
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0j
     Quite Imposing Plus 3
     1
      

        
     63
     126
     125
     126
      

   1
  

 HistoryList_V1
 qi2base





