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Abstract 
 
Ovarian carcinoma is a leading cause of cancer mortality and there is an urgent need for new and 
better therapeutic modalities that result in improved long-term outcome for this severe malignancy. 
One promising treatment modality for patients suffering from ovarian carcinoma is 
immunotherapy. Several different immunotherapeutic approaches targeting ovarian carcinoma, 
including infusion of monoclonal antibodies, adoptive transfer of T cells and administration of 
tumor vaccines, are currently being tested in the clinic. To date, the clinical efficacy of these 
treatments has been limited, partially because of the development of tumor cell escape and 
induction of immune suppression. In order to improve the success rate of future immunotherapy 
protocols it will be important to gain a further understanding of the molecular mechanisms 
underlying the escape of ovarian carcinoma from the immune system. This thesis deals with several 
mechanisms that all lead to lack of immune recognition, and describes one possibility of exploiting 
this new knowledge in the design of alternative treatment strategies. 

The first part of my thesis demonstrates that metastatic ovarian carcinoma often exhibit 
heterogeneous human leukocyte antigen –A2 (HLA-A2) expression. The down-regulation may 
reflect a specific and progressive loss of this HLA allele. One underlying molecular mechanism was 
found to be haplotype loss, associated with the presence of HLA-A2-restricted HER-2/neu 
specific T-cell immunity. Based on these findings, this study suggested that antitumoral cytotoxic T 
lymphocytes (CTL) favor tumor escape variants lacking HLA-A2 expression, which is required for 
most T-cell-based antitumoral immunotherapeutic strategies. Moreover, our studies also showed 
that short-term tumor cell lines from patients with advanced ovarian carcinoma (OVACs) were 
protected from lysis by peptide- and allospecific CD8+ T cells upon interferon-�� (IFN-γ) 
treatment. This paradoxical phenomenon was dependent on enhanced inhibitory signaling via 
CD94/NKG2A receptors expressed on the CTL. IFN-γ treatment of OVACs induced HLA-G 
expression, and data suggested that the underlying mechanism of protection was increased surface 
expression of HLA-E molecules, binding a peptide derived from the leader sequence of HLA-G. 
This study reveals that IFN-γ modulation may shift the balance of triggering and inhibitory signals 
leading to tumor escape from CTL-mediated immunity. 

Natural killer (NK) cell function in cancer patients is often impaired and we describe how 
down-modulation of the expression of multiple activating receptors on NK cells may be one 
underlying mechanism. We found that in particular DNAM-1, which is one of the activating 
receptors, was severely down-modulated in tumor associated NK cells as compared to NK cells in 
autologous peripheral blood and blood from healthy donors. NK cells in the tumor environment 
also had lower expression of CD16 and the co-stimulatory receptor 2B4 while exhibiting 
moderately increased levels of both NKG2D and the natural cytotoxicity receptor NKp46. There 
was also a significant over-representation of regulatory CD56bright NK cells in ascites. These 
complex perturbations resulted in an impaired functional capacity of tumor associated NK cells as 
demonstrated by their poor ability to recognize K562 cells. These results provide mechanistic 
insights into the failure of innate immunity to control progression of ovarian carcinoma. 

Loss or reduction of HLA class I expression should render tumor cells susceptible to NK 
cell lysis in agreement with the missing-self hypothesis. Indeed, freshly isolated ovarian carcinoma 
cells triggered degranulation of resting allogeneic NK cells. This lead to detectable levels of 
granzyme B and caspase-6 activation in the tumor cells and induction of significant tumor cell lysis. 
Ovarian carcinoma cells exhibited ubiquitous expression of the poliovirus receptor (PVR, a ligand 
for DNAM-1) and sparse/heterogeneous expression of NKG2D ligands. Blocking experiments 
suggested that DNAM-1 engagement was critical for the direct NK cell recognition of ovarian 
carcinoma, while NKG2D and natural cytotoxicity receptor signaling resulted in a complementary 
contribution to tumor cell recognition. These results demonstrate that resting NK cells readily 
recognize and kill freshly isolated human tumor cells, and identify ovarian carcinoma as a potential 
target for adoptive NK cell-based therapy.  

In conclusion, this work provides new insights into the mechanisms of tumor escape of 
ovarian carcinoma and describes successful targeting of this tumor type by resting allogeneic NK 
cells. 
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PREFACE 

 
Over the years I have spent at Karolinska Institutet many of my friends that are not involved 
in cancer research have often asked me the same specific question when we come to talk about 
my research: “Have you solved the riddle of cancer yet?!”  
 
Today we know a lot about why and how normal cells transform into malignant cells and in 
several aspects “the riddle of cancer” has been solved. The rules that govern this process are 
defined and seem to be quite universal. Tumor cells spontaneously elicit antitumor immune 
responses. These may occasionally clear the disease, but they often seem to merely prolong the 
battle that too many cancer patients finally loose. To prevail, malignant cells are dependent on 
the ability to resist both nonimmune and immune mechanisms that try to prevent their 
illegitimate proliferation. Thus, the ability to escape eradication is an inherent property of 
tumor cells, acquired during neoplastic transformation.  
 
Nevertheless, approaches utilizing cellular immunity as well as strategies based on antibodies 
have recently proved themselves successful in clinical trials. There is today ample evidence for 
an impressive ability of immune responses to clear malignant diseases. These findings are 
encouraging and hold promises that novel immunotherapy-based treatments will reach clinical 
practice in the near future. For future therapies to be even more successful these must 
implement strategies to avoid and counteract problems associated with immune evasion by 
tumors. Mechanisms of immune escape and immune suppression may promote tumor 
progression and should therefore be targeted in clinical protocols.  
 
The work described in this thesis deals with the two major research areas of tumor 
immunology: Immunological recognition of tumors and tumor escape from antitumor 
immunity. Our work provides new insights into the mechanisms of tumor escape of ovarian 
carcinoma and also describes successful targeting of this tumor type by NK cells. 
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THE HUMAN IMMUNE SYSTEM  
 
Human beings have always been under constant attack by invading bacteria, viruses and 
parasites that threaten our survival (2). As a consequence, the immune system has evolved to 
protect us from pathogens causing infections (3). Immunological responses can be based on a 
variety of potent biological effector-mechanisms some of which result in effective immunity 
(4). Unfortunately, our natural defenses under certain circumstances may also attack the body’s 
own cells and cause adverse reactions leading to autoimmune disorders such as multiple 
sclerosis, rheumatoid arthritis and diabetes (5, 6). Hence, a successful immune system should 
effectively eradicate everything that is infectious “nonself” but at the same time spare 
everything that is noninfectious “self”, apparently a delicate process.  
 
It is not my intention to give even a brief introduction to all the different types of cells of the 
immune system and the complex biology behind the interactions between them. Instead, I will 
focus on a few key players of immune responses against tumors and some basic concepts of 
antitumor immunity that are of particular importance for the work described in this thesis. 
 
 
The major histocompatibility complex 
 
The major histocompatibility complex (MHC) encompases a set of genes which were identified 
for their key roles in the rejection of transplants (7, 8). The human MHC is known as the 
human leukocyte antigen (HLA) and map to chromosome 6. They are membrane-bound 
molecules with an extracellular peptide binding motif. Their function is to present peptide 
antigens to T cell receptors (TcR) and interact with NK cell receptors (NKR) expressed on 
some types of immune cells (8-10). HLA molecules are divided in two classes: I and II, they 
differ in their structures, functions and expression patterns. Within each class a further 
subdivision into classical and nonclassical HLA is useful, as these two types of molecules seem 
to have somewhat different functions in the immune system (11). 
 
HLA class I molecules 
 
HLA class I molecules consist of an α-chain containing three extracellular domains that are 
non-covalently linked to, and stabilized by, a β2-microglobulin (β2m) chain (12). The first and 
second domains of the α-chain form a groove in which peptides of around nine amino acids 
bind (13, 14). Peptides presented by HLA class I molecules are mainly of endogenous origin 
and they are the products of the antigen processing machinery (APM) (15, 16). 
 
Classical HLA class Ia molecules 
 
Classical HLA class Ia molecules are expressed quite uniformly by almost all nucleated cells in 
the body. The HLA class Ia genes are polygenic, i.e. there are several loci in each individual. 
There are three different sets of classical HLA class Ia molecules, HLA-A, -B and -C. Their 
functions are similar in that they all present peptides to CD8+ T cells and interact directly with 
NKR expressed by natural killer (NK) cells and subsets of T cells(9, 10). The TcR binds the 
HLA/peptide complex diagonally across the peptide binding groove (17). Thus, it makes 
contact with residues of the α-chain as well as the peptide (17, 18). TcR binding is therefore 
critically dependent on both the target cell itself, which express a certain set of HLA alleles, 
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and the antigens presented in these molecules. The CD8 receptor may bind a conserved region 
of the third domain of the α-chain. HLA-A molecules seem to have a preferential importance 
for TcR signaling while HLA-C antigens seem more important for NKR interactions (19, 20). 
Each locus encoding classical HLA class Ia molecules is also polymorphic, i.e. one of many 
related but unique alleles that are represented in the population is present and expressed in any 
given individual (21, 22). The combined effect of this polygenic and polymorphic system is that 
numerous different antigens may be presented in each individual, and there is a tremendous 
variety in the peptides that may be presented in the population. 
 
Nonclassical HLA class Ib molecules 
 
The nonclassical HLA class Ib molecules HLA-E, -F, -G and -H (also known as HFE) are part 
of the HLA class I gene family but are different from the classical HLA class Ia because they 
are relatively nonpolymorphic (11). Furthermore, HLA-G binds a relatively limited set of 
peptides as compared to classical HLA class Ia molecules, but its peptide repertoire is still 
broad compared to the very restricted number of peptides bound by HLA-E molecules (23). 
Nonclassical HLA class Ib molecules have restricted and sporadic patterns of expression with 
low levels of surface expression and/or limited tissue distribution. They have unique antigen 
presentation functions and play important specialized regulatory roles in immune responses 
(11). Since a prerequisite for surface expression of HLA-E is binding of peptides derived from 
the leader sequences of certain other HLA class I molecules, HLA-E expression reflects the 
total amount of HLA class I molecules in the cell (24, 25). In this way, effector cells may 
control the integrity of the expression of the polymorphic HLA class I molecules by 
monitoring the expression of a single nonpolymorphic HLA class Ib molecule. HLA-E directly 
regulates the activity of both natural killer cells and cytotoxic T lymphocytes (CTL) due to its 
interaction with CD94/NKG2 receptors (26, 27). HLA-G may play a role in controlling the 
maternal cell-mediated immune responses against the fetus. This nonclassical molecule is 
normally expressed only by placental extravillous trophoblasts (28). Since trophoblasts lack 
expression of classical HLA-A and –B molecules, expression of HLA-G has been suggested as 
an underlying mechanism by which maternal NK cells are inhibited (29). In line with this 
hypothesis, it was reported a decade ago that HLA-G regulated NK cells through 
CD94/NKG2 receptors (30-32). These findings have later been shown to rather reflect that 
HLA-G expression results in intracellular availability of leader sequences, which enable surface 
expression of HLA-E molecules that ligate with the CD94/NKG2 receptors (25, 33, 34). 
Nevertheless, HLA-G expression may be involved in some of the many different mechanisms 
that collectively lead to successful protection of the fetus from maternal immunity. The two 
inhibitory receptors Ig-like transcript-2 (ILT-2), also referred to as leukocyte Ig-like receptor-1 
(LIR-1) or leukocyte immunoglobulin-like receptor B1 (LILRB1), and ILT-4 are expressed by 
lymphocytes and monocytes respectively and strongly, but non-exclusively, bind to HLA-G. 
Thus, these interactions may be important for the inhibition of decidual lymphocytes and 
macrophages at the maternal/fetal interface. In addition, decidual NK cells express high levels 
of CD94/NKG2 molecules and the binding of peptides derived from leader sequences of 
HLA-G to HLA-E molecules thus provide a separate mode of inhibition that act in parallel 
(25, 35). In line with a situation where the allogeneic fetus is perceived as foreign by the 
maternal immune system, insufficient inhibition of decidual NK cells may favor spontaneous 
abortion (36). Recent research reveals that human reproductive success is influenced by the 
expression of HLA-C ligands on fetal trophoblast cells and KIR on uterine NK cells (37). 
Paradoxically, effective inhibition of maternal NK cells does however negatively influence the 
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outcome of pregnancy. This is due to preeclampsia, a disorder leading to perturbation of 
maternal circulation and poor fetal growth. It is a major cause of death for pregnant women 
and their young (38). In an evolutionary perspectictive, some mortality from preeclampsia may 
be seen as the price paid for increasing the brain size (39). Formation of the placenta involves 
cooperation between maternal NK cells and fetal trophoblast cells that remodel the blood 
supply. The underlying mechanism for preeclampsia seems to be that absence of activating 
KIR and presence of HLA-C alleles that preferentially interact with inhibitory receptors make 
NK cells overly inhibited and incapable of helping trophoblasts achieving this (37, 40). Thus, a 
successful pregnancy seems to be dependent on delicately regulated NK cell activities. 
 
The dependency of leader sequences from other HLA class I molecules for HLA-E molecules 
to be expressed on the cell surface can also explain why CD94/NKG2 receptors have been 
reported earlier to bind a variety of HLA molecules. In all cases, the assumed interactions 
between classical HLA class Ia molecules and CD94/NKG2 heterodimers are ascribed to the 
leader sequences provided by HLA class Ia molecules up-regulating HLA-E surface expression 
(25). Interestingly, the limited sequence polymorphism of peptides that may exist, while still 
conferring stabilization and surface expression of HLA-E, substantially influence the ability of 
the HLA-E/peptide complexes to bind to CD94/NKG2 (41-44). The availability of β2-
microglobulin (β2m) chains also influences HLA-E expression (34, 45). HLA-E may also 
activate T cells through direct binding of their TcR (46-48). Viral antigens from e.g. human 
cytomegalovirus (CMV) may hence be presented by HLA-E, and in a similar way as classical 
HLA class Ia molecules allow CTL recognition of infected cells (49). However, as HLA-E only 
has the ability to bind a limited repertoire of peptides, derived mainly from the leader 
sequences of HLA class I alleles, it is unlikely to play a broad role in the T cell defense against 
pathogens. TcR mediated CTL recognition of peptides presented by HLA-E might however 
still be important in specific cases. These interactions allow recognition of cells that may escape 
both CTL and NK cells lysis due to interactions with CD94/NKG2A, and provide T cells with 
an alternative restriction element on target cells with down-regulated expression of classical 
HLA class Ia molecules (49). As aberrant HLA class I expression is frequent in tumors it is 
interesting to note that a recent report showed that CTL recognition of cancer cells with 
impaired MHC class I antigen presentation in mice indeed may be restricted by the mouse 
homologe of HLA-E (50). Hence, the ability to regulate T and NK cell activity is a common 
feature of both classical and nonclassical HLA class I molecules. However, the mechanisms for 
doing so are partly different. In addition, some nonclassical class Ib molecules (HLA-H) have 
non-immunological functions whereas the function of others (HLA-F) still is elusive. 
 
HLA class II molecules 
 
HLA class II molecules consist of one α-chain and one β-chain and each chain contains two 
extracellular domains. The first domain of each chain together forms a groove in which 
peptides of about 13-25 amino acids in length bind (51, 52). Mainly peptides derived from 
extracellular proteins e.g. from bacteria and some parasites are loaded onto HLA class II 
molecules. Classical HLA class II molecules are also polygenic and polymorphic. Four 
different classical HLA class II molecules are expressed in each individual, but only HLA DR-, 
DQ- and DP-molecules are have a known function i.e. to present peptides to CD4+ T cells. 
The expression of HLA class II molecules is normally restricted to certain cell types i.e. antigen 
presenting cells (APC). Hence, only B cells, macrophages, thymic epithelial cells and dendritic 
cells (DC) express HLA class II molecules constitutively, but class II expression can be 
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induced in many cell types by interferon-���IFN-γ) treatment. One usually refers to HLA 
class Ib molecules when talking about “nonclassical HLA molecules” but some of these are in 
fact HLA class II molecules. Of these, HLA-DM is known to promote peptide loading of 
classical HLA class II molecules in the endosomal/lysosomal system. HLA-DM is abundant in 
most antigen presenting cells while HLA-DO expression is restricted to B cells. HLA-DO 
associates with HLA-DM and thereby modifies its ability to exchange peptides (53). 
 
 
Innate immunity 
 
Physical barriers make up the first line of defense against microorganisms that threaten the 
host. Many pathogens will fail to enter our bodies because they die in the hostile physiological 
conditions maintained around the skin and mucosal membranes. Hence, our immune system is 
only exposed to a fraction of the infectious agents that attack us. Upon successful infection, a 
pathogen is attacked by the immune system within minutes. To be able to respond instantly, 
innate immunity uses pre-existing soluble factors (e.g. the complement system) and rapidly 
inducible cellular agents to combat pathogens (54). Neutrophils and macrophages are 
phagocytic cells that engulf and eliminate infectious agents when their cell surface receptors 
bind lipopolysaccharide, mannose or complement fragments found on the microorganisms 
(55). In addition, these immune cells produce and secrete inflammatory mediators such as 
interleukin-1 (IL-1), IL-6, IL-8 and tumor necrosis factor-α (TNF-α) that efficiently recruit 
more phagocytes and other immune cells to the site of infection.  
 
The innate immune system evolved long before adaptive immunity and there are similar 
defense strategies in plants, invertebrates, and vertebrates (56, 57). Toll-like receptor (TLR) like 
proteins are present in all of these organisms, and there are some similarities between the 
complement systems in invertebrates and vertebrates (58). A unique and very important 
attribute of innate immunity is its ability to respond instantly at the very first encounter with 
new pathogens. Most components of the innate immune system do not change in quantity or 
quality due to previous exposure to a microorganism. The ability to respond to any particular 
pathogen is therefore stable over time, regardless of which pathogens have been previously 
encountered. The innate response usually prevents establishment of infections. Even if innate 
immunity is incapable of clearing the pathogen it plays a critical role in controlling the infection 
during the first days or week until the adaptive immune response is engaged. Moreover, 
components of the innate immune system, especially dendritic cells (DC), play crucial roles in 
both initiation and direction of adaptive immune responses (59). In addition both the 
complement cascade and certain innate cells are important effectors of the humoral immune 
response. Hence, even when adaptive immune responses have developed and B cells produce 
large amounts of antibodies that coat the microorganisms, innate immunity is needed to 
eradicate antigen-antibody complexes. Antibodies may activate certain components of the 
complement system that initiate the enzymatic cascade resulting in formation of membrane 
attack complexes that eradicate the pathogens. Alternatively, the Fc portion of IgG antibodies 
on e.g. opsonised pathogens can be bound by the FcγRIII receptor (CD16) and activate innate 
cellular immunity. Human NK cells, mononuclear phagocytes and neutrophils all express 
CD16, and engagement leads to antibody-dependent cellular cytotoxicity (ADCC). The 
importance of this mechanism for antibody efficacy in vivo is exemplified by an association 
between polymorphisms in the FcγRIII receptor and the ability to clinically respond to 
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antibodies (60). Hence, there is a mutual dependence of the innate and the adaptive immune 
systems. 
 
NK cells 
 
Natural killer (NK) cells constitute about 10% of the lymphocytes in peripheral blood and can 
in humans be defined as CD3-CD56+ cells. These cells are also found in the spleen but rarely 
in lymph nodes, thymus and bone marrow (61). Natural killer cells play important and non-
redundant roles in the immune system. Apart from being involved in ADCC, their ability to 
produce IFN-γ is crucial for enhancing the activity of phagocytic cells, especially in the early 
phase of infection before T cells respond. NK cells are therefore important for defense against 
certain bacteria and parasites (62, 63). NK cell function is enhanced by several cytokines 
including IL-2, IL-12, TNF-α and type I interferons, which are produced by e.g. plasmacytoid 
dendritic cells in response to viral infection (64). In contrast, transforming growth factor-β 
(TGF-β) produced by e.g CD4+CD25+ regulatory T cells inhibits NK cell function (65, 66). 
Activation of NK cells may also occur independently of pathogens or antibodies. In fact, these 
cells were first identified by their unique ability to spontaneously kill certain tumor cells (61). 
NK cells were also found to mediate this spontaneous cytotoxicity, without prior sensitization, 
in response to normal cells infected with certain viruses (67-69). NK cells have been found to 
be of importance for the defense against cytomegalovirus, Epstein-Barr virus (EBV) and 
herpes simplex virus (68, 70, 71). The reason for the selective killing of these different targets 
lies in the basis for NK cell target recognition. The first insights into how NK cell activity is 
regulated were provided by the “missing-self” hypothesis (72, 73). It suggests that NK cells 
attack target cells that lack normal levels of cell surface expression of certain “self” MHC class 
I molecules. Molecular proof of these predictions was provided when inhibitory receptors were 
identified (74). Since then, a vast variety of both activating and inhibitory receptors that 
regulate NK cell activity have been identified, some of these will be discussed in greater detail 
below (10). The signals delivered by these partly overlapping receptors determines NK cell 
function. 
 
There are two functionally distinct subsets of human NK cells (Figure 1). These can be 
identified phenotypically by their different cell surface density of CD56 (75). CD56dim NK cells 
are highly cytotoxic and mediate direct killing of targets by exocytosis of large amounts of 
perforin and granzymes. They express a specific set of receptors including high levels of CD16 
and killer cell Ig-like receptors (KIR). CD56bright NK cells are thought to be more regulatory in 
their function due to their responsiveness to exogeneous cytokines and capacity to produce 
IFN-γ, TNF-α and β, IL-10 and GM-CSF (76-78). CD56bright  NK cells constitute 
approximately 10% of the total NK cell population in peripheral blood. This subset has been 
shown to be over-represented at some locations such as in lymph nodes. In the decidual tissue 
of pregnant women there is marked increase of NK cells that exhibit bright expression of 
CD56. However, these cells express KIR and CD94/NKG2C and thus seem to comprise a 
different specialized type of NK cell subset that may play a role in protection of the fetus 
during early pregnancy (79, 80). CD56bright NK cells have also been reported to be over-
represented in certain pathological conditions. They accumulate within inflammatory lesions in 
a variety of diseases and amplify the inflammatory response (81). The enrichment of CD56bright 
NK cells in the synovial fluid is therefore potentially important in the pathogenesis of 
rheumatoid arthritis (82).  
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The mechanism behind the increased frequency of CD56bright NK cells may be preferential 
proliferation of this subset in response to IL-2, as IL-2 receptors of higher affinity are 
constitutively expressed at increased levels by the CD56bright NK subset (83, 84). Preferential 
apoptosis of CD56dim NK cells, described in peripheral blood of cancer patients and in patients 
suffering from tuberculosis, could be another reason for the enrichment of CD56bright NK cells 
(85, 86). A possible underlying mechanism for these observations could be the higher 
sensitivity of CD56dim NK cells to oxidative stress that we recently have observed (manuscript 
in preparation). 
 
Recent studies suggest that NK cells play an important role in T cell priming and thus shape 
the adaptive immune responses. As previously mentioned, NK cells are usually excluded from 
lymph nodes. However, they are rapidly recruited to lymph nodes during activation of an 
immune response. Specifically, NK cell migration is induced in antigen-stimulated draining 
lymph nodes (87). The interactions between NK cells and DC that occurs result in both NK 
cell activation and DC maturation (88). This process may be promoted by signaling through 
TLRs on innate immune cells. Interestingly, activated NK cells may acquire the ability to kill 
autologous DC that fails to mature properly(88). Further cross-talk between NK cells, DC and 
T cells initiate and sustain immune responses against pathogens and tumors (89). In this 
process, NK cells are an early and important source of IFN-γ, and thus necessary for T helper 
cell type 1 (TH1) polarization (87). Considering the essential role that IFN-γ seems to play in 
tumor immune surveillance, the crosstalk between NK cells, DC and T cells may determine 
whether a tumor is rejected or not. The frequency of tumor formation in IFN-γ-receptor or 
STAT-1 deficient mice is similar to that of RAG-2 deficient mice, which have NK cells but 
lack T- and B cells (90). This argues against a major role for NK cells in IFN-γ-mediated 
immune surveillance.  However, NK cells may contribute to tumor rejection mainly by 
producing IFN-γ that induces maturation of DC, which then prime T cells. Although NK cells 
are present in RAG-2 deficient mice, their IFN-γ production cannot confer protection based 
on this mechanism. In conclusion, it seems like the crosstalk between NK cells and DC may 
have great impact on the quality and strength of subsequent adaptive immune responses. 

Figure 1. Schematic picture of CD56dim and CD56bright NK cell subsets with different 
receptor repertoires and immune functions. Adapted from Romero A. I. (1). 
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Adaptive immunity 
 
Although most pathogens are rapidly cleared by innate immune responses adaptive immunity 
is crucial for our survival. Adaptive immune responses, in the form of humoral immunity 
mediated by antibodies produced by B lymphocytes and cellular immune responses that rely on 
different types of T lymphocytes, is essential for clearing infections (91). Each cell in the naïve 
adaptive immune system expresses a distinct antigen receptor produced by somatic gene 
rearrangements (92). Since these are partly random, all cells need to be “educated” to ensure 
that they have the ability to recognize a specific antigen and that they are not reactive to the 
host’s own normal cells. A natural consequence of this arrangement is that several unique 
adaptive immune responses are raised for each individual type of pathogen. These features of 
adaptive immunity together with a continuous selection of the “fittest” cells are the basis for 
the extraordinary high specificity that is one of its hallmarks. The extensive training of 
lymphocytes is also a prerequisite for immunological memory, another important characteristic 
of the adaptive immune system (91). Immunological memory allows the immune system to 
respond instantly and vigorously to a particular antigen, a property to be retained for many 
years. A successful adaptive immune system must therefore allow the host to respond to a 
multitude of new foreign pathogens while accommodating numerous large memory pools 
specific for previously encountered antigens in a finite immune system. 
 
HLA class I antigen presentation 
 
The process known as antigen processing and presentation is complex and involves many 
discrete steps that all depend on different enzymes and chaperon proteins (93). Mutations that 
lead to impaired function or lack of expression of any of these proteins may prevent efficient 
presentation of specific antigens or the entire normal repertoire of intracellular peptides. Many 
endogenously produced cytosolic proteins are eventually targeted for degradation by the 
proteasome via the process of ubiquitination. Defective ribosomal products, which result from 
errors during transcription or translation and thus are representative of all intracellular 
proteins, are another main source of polypeptides degraded by the proteasome. Importantly, 
this also applies to proteins encoded by virus and intracellular bacteria. IFN-γ induces 
expression of the immunoproteasome, an altered proteolytic complex that produces peptides 
of lengths generally more suitable for HLA class I binding. Some potentially antigenic peptides 
are produced directly by the proteolytic activity of the proteasome, but presented peptides are 
often trimmed by peptidases in the cytosol or in the endoplasmic reticulum (ER) e.g. ER 
aminopeptidase 1 (ERAP1) (94). In fact, a vast majority of all peptides produced by the 
proteasome are destroyed via degradation by peptidases in the cytosol. Howewer, ERAP1 
preferentially trims peptides longer than those that may be bound by HLA class I molecules, 
and thereby helps to provide more peptides that are presented to CD8+ T cells on the cell 
surface (95). IFN-γ strongly up-regulates the expression of ERAP1 and other peptidases 
involved in the post proteasomal trimming of antigenic epitopes, hence this is another way in 
which IFN-γ potentiates HLA class I antigen presentation (96). Peptide transport into the 
lumen of the ER is highly selective and depends on two proteins called transporter associated 
with antigen processing (TAP) 1 and 2 (97, 98). In the ER high affinity peptides bind to 
HLA/β2m heterodimers and the HLA/peptide complexes leave the ER and are transported 
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via the Golgi complex before arriving at the cell membrane (99). The continuous presentation 
of endogenous peptides ensures that T cells may detect and eradicate cells that are infected. 
 
T cell responses 
 
Animal experiments strongly suggest that both CD4+ and CD8+ T cells are needed to 
successfully eliminate most pathogens and tumors. Adaptive immune responses are initiated by 
professional antigen presenting cells (APC) (100). In the periphery, antigens may be expressed 
endogenously due to infection, or be captured locally by APC, commonly dendritic cells. 
Danger signals in the environment lead to activation of these APC and probably decide if 
humoral and/or cellular immune responses eventually will be initiated. Activated APC migrate 
to lymph nodes and processed antigens are presented to T lymphocytes (101). Antigenic 
peptides bound to HLA class I and II molecules prime and activate naïve antigen specific 
CD8+ and CD4+ T cells respectively when presented in the context of co-stimulation e.g. B7.1 
molecules, which are typically found on mature DC (102). Activated CD4+ T cells have 
importance for virtually all adaptive immune responses. They are needed to initiate and sustain 
humoral immunity, but also provide important co-stimulation that enhances numbers and 
functions of CTL. Antigen specific CD8+ T cells develop into activated effector cells with the 
ability to migrate into tissues (103). These cytotoxic T lymphocytes finally lyse infected or 
malignant cells in peripheral tissues (104). 
 
 
Modulation of lymphocyte activity by human NK cell receptors 
 
NK cell function depends on a balance between activating and inhibitory signals. There are 
wide arrays of both activating and inhibitory surface receptors on NK cells that may enhance 
or decrease the cytolytic activity and ability to produce cytokines. Since NK cell receptors 
(NKR) deliver potent activating or inhibitory signals, modulated expression of these receptors 
on lymphocytes or their ligands on target cells may render these susceptible or resistant to cell-
mediated lysis (73, 105, 106). 
 
T cell activation is mainly dependent on recognition of HLA/peptide complexes by the T cell 
receptor. However, it is now clear that subsets of T cells express and are regulated by NK cell 
receptors (107). There are several theories to explain why T cells express inhibitory receptors. 
They may fine-tune the T cell responses by raising the threshold for TcR triggering (108); 
thereby serving as a mechanism for peripheral tolerance (109). It has also been described that 
KIR expressing T cells are more resistant to activation induced cell death and thus that KIR 
molecules are involved in the development of long term memory T cells (110). 
 
Inhibition 
 
Until recently, it has been widely accepted that each NK cell expresses at least one self-HLA–
specific inhibitory receptor. This is also the generally accepted explanation for NK-cell self-
tolerance (111). However, recent publications indicate that a subpopulation of NK cells may 
lack inhibitory receptors specific for self-HLA class I molecules. These NK cells were 
proposed to instead attain self-tolerance by a mechanism of induced hyporesponsiveness (112).  
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In addition to NK cells, T cells with a memory/activated phenotype commonly express NKR 
(109, 113). Several studies have described how these receptors may inhibit antigen-specific 
effector functions in human CTL (26, 114). Classical HLA class I molecules expressed on 
melanoma cells were able to interact with KIR present on CTL and thereby protect the 
melanoma cells from lysis (114, 115). The lytic activity of tumor infiltrating CD8+T cells 
against autologous renal tumor cells was dramatically and specifically increased in the presence 
of anti-KIR monoclonal antibodies (116). Furthermore, introduction of KIR3DL1 molecules 
into HLA-A2-restricted gp100-specific CTL resulted in inhibition of lysis of gp100+ 
melanomas co-expressing HLA-A2 and HLA-Bw4 allotypes (115). Thus, signaling via 
inhibitory receptors may override a positive signal provided via the recognition of 
HLA/peptide complexes by the TcR, and protect targets that would otherwise have been killed 
by CTL. 
 
Inhibitory signals are mainly provided by receptors that upon recognition of their respective 
HLA class I ligand block the activity of the cells (Table 1). Two major classes of inhibitory 
receptors have been identified. These two classes comprise receptors belonging to the 
immunoglobulin (Ig)-like superfamily; the killer cell Ig-like receptors (KIR) and the leukocyte 
Ig-like receptors (LIR), also referred to as Ig-like transcripts (ILT). The second class comprises 
heterodimers formed by the C-type lectin-like molecules CD94 and NKG2A 
or its splice variant NKG2B. The ligands for the KIR are the classical HLA-class I molecules 
HLA-A, -B and -C. ILT recognizes several classical HLA-class I alleles but also the 
nonclassical class I molecule HLA-G (117). As mentioned, the ligand for CD94/NKG2 
hetrodimers are HLA-E molecules. 
 

Receptor Ligand 
KIR2DL1 (CD158a) HLA-C group 2 
KIR2DL2/3 (CD158b) HLA-C group 1 
KIR3DL1 HLA-B alleles (Bw4) 
KIR3DL2 HLA-A alleles (A3/A11) 
LIR-1/ILT2 (CD85j) HLA class I 
CD94/NKG2A HLA-E 

 
 
 
Activation 
 
Activating signals may be delivered by a wide array of receptors including activating NK cell 
receptors that are capable of triggering resting NK cells (Table 2)(10). Induction of cytotoxicity 
can be mediated by natural cytotoxicity receptors (NCR; NKp30, NKp44, NKp46), NKG2D, 
DNAX-accessory molecule-1 (DNAM-1; CD226) and CD94/NKG2C. In addition, a large 
number of co-stimulatory receptors and adhesion molecules such as e.g. 2B4, CD2, CD7, 
CD161, NTB-A, CRACC, CD59, NKp80, CD62L and LFA-1 fine tune and direct NK cell 
activity.  
 
 
 
 
 

Table 1. Inhibitory receptors 
expressed by resting NK cells 
and their corresponding HLA 
class I ligands are listed. 
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Receptor Ligand 
CD16 (FcgRIIIA) IgG 
KIR2DS1-2 HLA-C (low affinity) 
KIR2DS3-6 ? 
KIR3DS1 ? 
DNAM-1 PVR, Nectin-2 
NKG2D ULBPs, MICA, MICB 
2B4 CD48 
NKp30 ? 
NKp46 ? 
CD94/NKG2C HLA-E 

 

Although KIR and CD94/NKG2 receptors are mainly known for their ability to deliver potent 
inhibitory signals, certain variants of these receptors instead trigger NK cell activation. KIR 
may have long inhibitory or short activating signaling domains. CD94 can form heterodimers 
with a number of different functionally distinct isoforms of NKG2 molecules (118). Activating 
signals are delivered by CD94 heterodimers containing NKG2C or NKG2E and its splicing 
form NKG2H while CD94 receptors formed with NKG2A and its splice variant NKG2B 
deliver potent inhibitory signals (117). The functional consequences of ligation of HLA-E by 
the CD94/NKG2 heterodimers therefore depend on whether this receptor contains an 
activating (NKG2C, NKG2E/H) or inhibitory (NKG2A/B) isoform. The ligand-binding 
domains of the activating forms of these receptors are virtually identical to the corresponding 
inhibitory receptors. The membrane bound proportions are however very different. Inhibitory 
receptors generally have trans-membrane sections ending with long cytoplasmic tails 
containing immunoreceptor tyrosine-based inhibitory motifs (ITIM). Upon ligand binding the 
ITIM become phosphorylated, leading to activation of phosphatases that block protein 
tyrosine kinases responsible for the intracellular activating signals (119). Activating receptors 
usually have short cytoplasmic tails without signaling motifs, instead their trans-membrane 
domain contains a positively charged amino acid that associates with negatively charged 
adaptor proteins. DAP12/Killer cell-activating receptor-associated polypeptide (KARAP) are 
an important examples of these signaling molecules that non-covalently link to the activating 
receptors (120). The adaptor proteins often contain intracellular immunoreceptor tyrosine-
based activating motifs (ITAM) that get phosphorylated upon engagement of the activating 
receptors. This leads to recruitment and activation of tyrosine kinases and thereby causes 
activation of lymphocytes. 
 
Signaling through the activating receptors NCR, NKG2D and DNAM-1 have been shown to 
be particulary important for NK cell recognition of human tumors (121-124). The three 
activating receptors NKp46, NKp30 and NKp44 are collectively known as natural cytotoxicity 
receptors and are all exclusively expressed by NK cells. Engagement with their as of yet 
unknown ligands results in strong activation of the cytolytic activity, and they play a crucial role 
in the recognition of many target cells (125). NK cells and most CD8+ and γδ+ T cells express 
the triggering receptor NKG2D (126). Several NKG2D-specific ligands have been 
characterized and are expressed on malignant cells from a variety of origins. These ligands 
include the stress-inducible molecules MHC class I-related chain A and B (MICA and MICB) 
and the UL16 binding protein (ULBP) molecules. NKG2D has been demonstrated to play a 
major role in the induction of cytotoxicity against various types of tumors in vitro as well as in 

Table 2. Activating receptors 
expressed by resting NK cells 
and their corresponding 
ligands are listed. 
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vivo. Recent studies have identified the receptor - ligand interaction between DNAM-1 and 
poliovirus receptor (PVR; CD155) to be important for the recognition and lysis of freshly 
isolated cells from solid tumors by allogeneic IL-2 activated NK cells (122). Monoclonal 
antibody-mediated masking of DNAM-1 abrogated a substantial part of the recognition of 
neuroblastoma cells by NK cells and the remaining cytolytic activities were NCR and/or 
NKG2D dependent.  
 
Engagement of specific combinations of the above mentioned receptors govern not only the 
degree of activity but also dictates qualitatively distinct events, such as target cell adhesion, 
perforin polarization and NK cell degranulation that will occur as a result of these 
engagements (127, 128). 
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CANCER 
 
Cancer remains a major public health problem globally. With about 1.4 million new cancer 
cases and over half a million deaths in USA alone every year cancer is the leading cause of 
death for those younger than 85 years. Huge resources have been dedicated to research and 
development of cancer treatments. Encouragingly, together with prevention by anti-smoking 
information this have led to that the total number of cancer deaths now has stabilized (129).  
 
In the clinic and at the molecular level, cancer is by necessity seen as a whole group of 
disorders rather than one disease. There are more than 100 distinct types of cancer, and 
subtypes of tumors can be found within specific organs (130). However, the rules that govern 
the transformation of normal human cells into malignant cancers are universal and valid 
regardless of their origin. Today, cancer is no longer the mystery it used to be and in my view 
“the riddle of cancer” has largely been solved. Six essential alterations in cell physiology are 
both necessary and sufficient for the growth of cancer: self-sufficiency in growth signals, 
insensitivity to growth-inhibitory signals, evasion of programmed cell death i.e. apoptosis, 
limitless replicative potential, sustained angiogenesis, and tissue invasion and metastasis. There 
are anticancer defense mechanisms against each of these physiologic changes that have been 
successfully breached by metastasizing cancer cells (130). 
 
 
Ovarian carcinoma 
 
Ovarian carcinoma is a leading cause of cancer mortality. Early diagnosis of ovarian carcinoma 
is well known to be associated with better clinical outcome, but unfortunately this type of 
tumor is usually diagnosed at a late stage and is therefore known as “the silent killer” (131). 
Both proteomic and genomic analyses could be useful tools to detect the disease at an early 
stage. Screening revealed that increased levels of the tumour marker CA125 in asymptomatic 
postmenopausal women were predictive of an increased risk of developing gynecologic cancer 
(132). Surgical bulk reduction followed by chemotherapy is the current standard of care for 
these patients and this treatment is often effective initially (133). However, relapse is common 
and in late stage disease successful therapy is rare and the overall survival is poor (129). Hence, 
there is an urgent need for new and better therapeutic modalities that result in improved long-
term outcomes for this severe malignancy. The containment to the intraperitoneal cavity is 
often beneficial for the evaluation of new experimental treatments modalities for ovarian 
carcinoma. For example, intraperitoneal distribution of chemotherapy increases the efficacy of 
this type of treatment (134). Small molecular weight inhibitors, monoclonal antibodies (mAb), 
antisense based approaches and gene therapy strategies that target e.g. cell cycle regulators, 
growth factor receptors, signal transduction pathways and angiogenic mechanisms are all 
currently being evaluated in clinical trials (135). Immunotherapy is another promising strategy 
for the development of improved treatments of patients suffering from ovarian cancer. Several 
different immunotherapeutic approaches targeting ovarian carcinoma, including infusion of 
monoclonal antibodies, adoptive transfer of T cells and administration of tumor vaccines, are 
currently being tested in the clinic (136, 137).  
 
A common denominator of all the studies presented in this thesis is the use of metastatic 
ovarian carcinoma as the tumor type studied. Tumor cells and tumor associated lymphocytes 
(TAL) from patients suffering from ovarian carcinoma is accessible as single cell suspensions 
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in ascites fluid that often accumulate in the peritoneal cavity in advanced stages of the disease. 
For studies II, III and IV the ascites and autologous peripheral blood were collected during 
primary surgery of patients with suspected ovarian carcinoma and diagnosis was subsequently 
determined by histological examination of the tumor specimens. None of these patients had 
received previous treatment with radio- or chemotherapy. 
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TUMOR IMMUNOLOGY 
 
Both humoral and cellular spontaneous tumor-specific responses have been detected in many 
cancer patients (138-142). Thus cancer may spontaneously elicit antitumor adaptive immune 
responses. These may occasionally clear the disease but it seems like at least some tumor cells 
often escape both natural and induced immune recognition. Successful elimination of tumor 
cells or their escape from antitumor immunity, are the only two possible outcomes of the 
continuous battle ongoing in each cancer patient. Below, our work is described in the context 
of the current knowledge. 
 
 
Immunotherapy against cancer 
 
Increased understanding about the nature of adaptive immune responses and their interactions 
with innate immunity is important for the development of new treatments for disorders 
spanning from allergies to autoimmune diseases. It also allows us to develop strategies that 
improve the outcome of transplantation and enhance the efficacy of vaccines. Recent advances 
in the field of immunology, including the understanding of the molecular mechanisms involved 
in raising T cell immunity, also make immunotherapy a promising strategy for the development 
of improved treatments of patients suffering from cancer. Since most tumor associated 
antigens (TAA) defined so far are derived from self-proteins it is obvious that raising strong 
immunological antitumor responses will be extremely difficult. Moreover, such immunity may 
potentially lead to autoimmune reactions. Nevertheless, approaches utilizing cellular immunity 
as well as strategies based on antibodies have proved themselves successful in clinical trials in 
recent years. Administration of autologous adoptively transferred tumor reactive T cell 
populations derived from tumor infiltrating lymphocytes (TIL) may result in substantial tumor 
regression and completely cure a substantial proportion of the patients (143). The continuous 
identification of new tumor associated antigens provide new potential targets for 
immunotherapy and enable more accurate monitoring of the immunological outcome of 
immunotherapeutic approaches. These findings are encouraging and hopefully various 
improved immunotherapy-based treatments will be seen in the clinic in the near future. 
 
Which tumor associated antigens should be targeted? 
 
Since tumor cells originate from the host’s own tissues most antigens expressed are normal 
self-antigens. These cannot be targeted by the immune system beacouse during the induction 
of tolerance in the thymus and later in the periphery lymphocytes are educated to not 
recognize “self”. However, the alterations in cell physiology that all cancer cells must acquire to 
grow and metastasize are associated with expression of specific proteins that are more or less 
absent in normal cells and hence are at least predominantly expressed by the tumor cells (130). 
The antigens that originate from these proteins are known as tumor associated antigens (TAA). 
These may be presented to T cells by HLA class Ia molecules expressed on the surface of 
tumor cells. An ideal TAA is a non-self protein expressed exclusively in tumor cells and that is 
recognized by the cells of the adaptive immune system. These are probably available in all 
cancers but they are hard to characterize, as they are unique to each tumor. However, 
ambitious strategies to find and exploit these in immunotherapy treatments are under 
development (144). Meanwhile, theoretically less useful but defined TAA are evaluated in the 
clinic. There are four distinct categories of human tumor antigens, a listing of the known TAA 
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and the T cell epitopes defined from these can be found in databases available at 
www.cancerimmunity.org.  
 
Strictly tumor-specific antigens may arise by a variety of mechanisms. Mutations, frame shifts, 
antisense transcripts, fusion proteins caused by translocation or altered posttranslational 
modifications may all give rise to altered proteins that are unique to the tumor cells and often 
new to the host and hence may provide “de novo” antigens (144). Often these are hard to 
characterize but the an interesting example is that unique immunoglobulin idiotype expressed 
by each B-cell lymphoma is produced by somatic mutations. This identifies a type of tumor-
specific antigen that has been successfully targeted in clinical trials (145, 146). Further 
development of the techniques used for genome-wide expression analysis of individual patients 
will accelerate the use of patient-oriented, individualized tumor-specific TAA as targets of 
therapeutic immunization in the future (147).  
 
The most numerous TAA are those expressed also in some normal tissues (148, 149). 
Germline (or cancer-testis) antigens are expressed in many tumors but not in normal tissue, 
with the exception of placental trophoblasts and testes. Differentiation antigens are expressed 
in the normal tissue of origin of the malignancy. Hence, some melanoma-associated antigens 
are also expressed in normal melanocytes and carcinoembryonic antigens are also expressed in 
embryonic tissues and in normal colon epithelium except from in most gut carcinoma.  
 
Another set of TAA are overexpressed self-antigens, which are expressed in a wide variety of 
normal tissues but at so low levels that they are usually not recognized by the immune system. 
Since these are weakly expressed sometimes in a wide variety of normal tissues and even low 
level of expression may allow immune recognition, potential autoimmune reactivity is always a 
concern.  
  
A separate type of TAA arises from viral infections associated with cancer, e.g. Epstein-Barr 
virus and human papilloma virus. These viral antigens may be considered TAA or even tumor-
specific in cancer patients. Many of the peptides encoded by viral genes are highly 
immunogenic and therefore have great potential as targets for immunotherapy, and the risk of 
inducing autoimmune reactions are minimal. The use of TAA that are also expressed in some 
other tissues as targets for cancer immunotherapy is hazardous because of the risk of inducing 
autoimmune reactivity. Because neither placental trophoblasts nor testicular germ cells express 
HLA class Ia molecules, expression of germline antigens should not result in expression of 
antigenic peptides and hence no autoimmunity. The use of differentiation antigens may result 
in autoimmunity towards the corresponding normal tissue. Thus, targeting of melanoma-
associated antigens sometimes gives rise to the appearance of vitiligo (143). It is more difficult 
to predict the safety of effective targeting of overexpressed antigens. 
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Different strategies of immunotherapy 
 
There are many conceptually different immunotherapeutic strategies. Some treatments have, 
during the past few years, made their way into the clinic and are currently part of the standard 
treatment for certain malignancies. Several others are tested in ongoing clinical trials. Finally, a 
huge number of immunotherapy-based treatments are now evaluated in pre-clinical studies 
around the world. Passive immunotherapy relies on ex vivo produced or manipulated agents or 
cells that attack tumor cells when administered in vivo to patients (150). In contrast, active 
immunotherapeutic strategies aim to evoke immune responses in vivo that will mediate the 
antitumor effect. The paradigm of specific immunotherapy is monoclonal antibody-based 
therapy while cytokine distribution is an example of a non-specific approach. In Figure 2 the 
characteristics of different strategies for immunotherapy of cancer are summarized. Most 
efforts are devoted to stimulating specific cellular immune responses, especially CTL. A vast 
number of TAA have been defined and validated as immunological targets recently and many 
new antitumor immunotherapies based on these are underway. Despite this great progress in 
the field of tumor immunology, clinical tumor regressions in response to immunotherapeutic 
treatments are still rare. 
 
Vaccines 
 
Most immunotherapy-based clinical trials for cancer patients have focused on the use of cancer 
vaccines. Hundreds of studies based on active immunizations of patients with established solid 
tumors have been performed. In conclusion, thousands of patients have been treated with 
tumor vaccines but the objective response rates reported is in the order of a few percent (151). 
The lack of clinical effectiveness of currently available cancer vaccines emphasizes the need for 
profound modifications of this approach. Strategies for simultaneous generation of tumor 
specific CD4+ T cells, pre-treatment of patients by removal of regulatory T cells, the use of 
improved adjuvants that may activate innate immunity and the administration of homeostatic 
cytokines are possible modifications to consider when formulating future cancer vaccine 
approaches. 

 
Figure 2. Different strategies for immunotherapy of cancer. 
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Adoptive cell therapy 
 
Adoptive transfer of autologous tumor reactive cells is a strategy shown to be able to mediate 
cancer regression in preclinical and clinical models (143, 152). Recently, adoptive transfer of 
genetically engineered cells caused objective regression of metastatic melanoma lesions (153). 
Transduced cells may have great therapeutic potential and this type of treatment could be a 
way for adoptive transfer therapies to move into large-scale use in the clinic.  
 
T cells 
 
There are a number of distinct types of T cells that may be used for adoptive cell transfer 
therapy. In cancer patients, at least three different sources of T cells have been identified and 
evaluated for their antitumor effect in vitro and/or in vivo. Tumor infiltrating lymphocytes (TIL) 
have been studied extensively over the last 20 years. Different protocols have been evaluated 
and little by little the important circumstances necessary and sufficient for generating dramatic 
objective clinical responses have been revealed (143, 154-157). With the response rate of 50% 
that is currently seen for patients suffering from metastatic melanoma, this is one of the most 
successful clinical protocols for the treatment of epithelial tumors. Interestingly, successful 
treatment is dependent on the inclusion of a lympho-depleting chemotherapy regimen. The 
cytostatic treatment enables the antitumoral CTL to undergo in vivo expansion, which seems 
necessary for long-term persistence. Importantly, the persistence of individual CD8+ T cell 
clonotypes in peripheral blood lymphocytes (PBL) showed a significant correlation with 
objective tumor regression. Antigen-specific CD8+ T cells from metastatic melanoma patients 
can be readily generated from TIL cultures or by ex vivo stimulation of PBL with autologous 
dendritic cells pulsed with peptides from TAA (154, 158). Such TAA reactive T cells were 
cloned and CTL clones demonstrating specific lysis of antigen-positive tumor targets in vitro 
were expanded to huge numbers. These antigen-specific CD8+ T cell clones were then 
adoptively transferred back to patients and preferentially localized to the tumor but did 
generally not persist for more than a few weeks in vivo. They mediated some antigen-specific 
tumor recognition but neither major clinical tumor regression nor serious toxicity was 
observed (154, 158) Recent studies have identified tumour reactive lymphocytes from sentinel 
nodes as potentially better effector cells than the autologous tumour infiltrating lymphocytes 
that are commonly used in current clinical trials (159). Future studies will show if the use of 
lymphocytes from lymph nodes rather than the tumors will improve the efficacy of adoptive 
cell transfer therapies even further. 
 
NK cells (IV) 
 
Natural killer cells are well known for their ability to kill a wide variety of tumors. They 
therefore hold great promise for the use of immunotherapy against cancer. However, major 
clinical benefits for patients suffering from malignancies by manipulation of NK cells have up 
until recently not been achieved. However, promising results that indicate that NK cells can be 
important in the therapy of cancer are now emerging. Pre-clinical experiments in mice injected 
intravenously (i.v.) with tumor cells have shown that they seem to be particularly efficient in 
eliminating blood borne tumor cells (160, 161). Clinical data strongly suggests that NK cells 
play a critical role in preventing leukemia relapse after allogeneic bone marrow transplantation 
(BMT) (162). Also for uveal melanoma there are observations compatible with an efficient NK 
cell lysis of blood borne tumor cells. Low expression of HLA class I is in contrast to in other 



 

 26

malignancies associated with a better survival (163). Furthermore, metastases of uveal 
melanoma show high HLA class I expression (164). The reason may be that metastatic cells of 
uveal melanoma spread via the blood instead of via the lymphatic system (165). Therefore, 
metastasizing tumor cells of this particular malignancy are more exposed to NK cells. 
 
Protocols preventing HLA class I-mediated inhibition of NK cell activity have recently been 
evaluated in clinical trials. These studies demonstrate that the NK cell-mediated donor versus 
recipient alloreactions that occur following HLA-haplotype-mismatched BMT are highly 
beneficial. Alloreactive NK cells may reduce the risk of relapse in acute myeloid leukemia, 
while improving engraftment and protecting against graft-vs-host disease, associated with 
increased survival (162). Several protocols for immunotherapy using adoptive transfer of NK 
cells to patients with hematopoietic and solid tumors have been performed and several more 
are currently being evaluated in clinical trials (166-168). Some studies involve infusion of 
resting or short-term IL-2 activated haploidentical NK cells (167, 168). The repertoire of these 
NK cells is likely to resemble a resting phenotype, but few studies have explored the 
interactions between such non-activated NK cells and freshly isolated human tumor cells. 
Hence, preclinical studies of the receptor-ligand interactions that govern recognition of tumor 
targets with complex NKR ligand repertoires by resting NK cells are needed. We investigated 
the receptor-ligand interactions that mediate activation of resting NK cells in response to 
freshly isolated tumor cells from ovarian cancer patients (IV). We evaluated NK cell 
recognition of ovarian carcinoma, a malignancy that may be particularly relevant for these 
studies as these cancer cells frequently exhibit perturbated expression of certain HLA class Ia 
molecules and have overall low expression of HLA class I molecules (I and refs. 169, 170). 
These attributes should potentially make them more sensitive to NK cell-mediated lysis as the 
interaction of certain HLA class Ia molecules, especially HLA-C, with KIR expressed by T and 
NK cells decreases the activity of the immune cells. Hence, loss and decreased expression of 
HLA class I will make the tumors suitable targets for effector cells expressing KIR. An 
interesting immunotherapeutic approach for ovarian carcinoma is therefore to target these 
tumor escape variants with NK cell therapy. We therefore performed preclinical studies of the 
ability of resting allogeneic NK cells to kill ovarian tumor cells isolated freshly from ascites 
(IV). Overall cytotoxicity reflects the net sum of several discrete events including NK cell 
activation, target cell adhesion, perforin polarization, release of cytolytic granules and 
susceptibility of the tumor target to the effector mechanisms. Some of these events are 
governed by different combinations of activating and co-receptor signals (127). Moreover, 
efficient triggering of effector cells may be masked by a general resistance of the tumor cells to 
apoptosis or a specific effector pathway (171, 172). To be able to conclude why some tumors 
are killed better than others it is therefore necessary to analyze each of these discrete events. 
We observed recognition of these tumors as manifested by degranulation by resting allogeneic 
NK cells and parallel induction of granzyme B activity in tumor cells (IV). Importantly, this led 
to substantial apoptosis of target cells as caspase-6 activity was induced and significant tumor 
cell lysis was observed (IV). The ability of NK cells to degranulate in response to ovarian 
carcinoma correlated to the extent to which the tumors were lysed and hence revealed that 
poor recognition of targets resulted in failure to induce NK cell degranulation. NK cells may 
be triggered both by increased expression of stress-associated ligands for activating receptors 
and lack of inhibitory signals due to impaired HLA class I expression on target cells (73, 173). 
NK cell killing of ovarian carcinoma cells was inversely correlated to the level of HLA class I 
expression on the cell surface of the tumors, presumably due to ligand interaction with 
inhibitory receptors on the NK cells (IV). Ovarian carcinoma displayed ubiquitous expression 
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of the DNAM-1 ligand poliovirus receptor (PVR), whereas the expression of NKG2D ligands 
was more variable (IV). In line with the NK cell receptor ligand expression profiles, 
recognition of ovarian carcinoma cells was mainly dependent on DNAM-1, although NKG2D 
signaling gave a complementary contribution against tumors that expressed any of the 
NKG2D ligands (IV). Similarly, the susceptibility of myeloid and lymphoblastic leukemia to 
IL-2 activated NK cells correlated with expression of DNAM-1 and NKG2D ligands, and the 
killing of freshly isolated neuroblastoma cells was completely blocked in the presence of anti-
DNAM-1 antibodies (122, 124). Natural cytotoxicity receptors have been shown to regulate 
the recognition of various tumors by NK cells (121, 123). Antibody mediated masking of NCR 
also partially inhibited NK cell recognition of ovarian carcinoma indicating that unknown 
ligands for these receptors may be expressed on this type of tumor (IV). 
 
Since metastatic ovarian carcinoma exhibit overall low expression of HLA class I molecules, 
autologous NK cells could theoretically be used to target this type of tumor (I and ref. 169). 
However, NK cells derived from these patients often display reduced function as a 
consequence of tumor-induced immune suppression (III and refs. 174, 175). Therefore, it may 
be more advantageous to use allogeneic NK cells from healthy donors as this circumvents that 
lack of recognition due to intrinsic dysfunction of the effector cells. This also admits triggering 
of NK cells by KIR/HLA-mismatches, i.e. situations when a patient lacks one or more of the 
HLA motifs for inhibitory KIR expressed on donor NK cells. A major concern with this 
approach is that graft-versus-host reactions theoretically could occur. However, no such 
adverse reaction were observed in recent clinical trials involving infusion of allogeneic NK cells 
to patients with malignant disease (167, 168). This implies that NK cells have a capacity to 
discriminate tumor cells from normal tissues. In support of this we found that NK cells lysed 
ovarian carcinoma cells but spared the corresponding autologous fibroblasts (IV). The 
fibroblasts expressed higher levels of HLA class I and lower levels of activating NKR ligands, 
possibly explaining the tumor-specific targeting by allogeneic NK cells (IV). 
 
 
Immune escape mechanisms 
 
Most human tumors eventually continue to grow in spite of spontaneous or therapy induced 
immune responses. Thus, the presence of sufficient numbers of antitumoral effector cells with 
adequate avidities is usually not enough to result in effective clinical responses that cure the 
malignant disease. There is ample evidence that this is sometimes due to the ability of a 
fraction of the cancer cells to continuously evade potentially effective immune recognition and 
destruction. The work presented in this thesis deals mainly with the immunological 
mechanisms exploited by individual cancer cells that through natural selection are chosen to 
establish new tumors on the basis of their ability to escape antitumor immunity. Several 
mechanisms of tumor immune escape might act simultaneously and the overall tumor-host 
interaction may be extremely complex (I, II, III and refs. 172, 176, 177). In addition, cancer 
also suppresses host immunity by multiple mechanisms. Collectively, these phenomena may 
have substantial implications for both spontaneous immunity and immunotherapy against 
cancer and may be one reason that systemic immunity often cannot effectively eradicate 
tumors (178). Tumor immune evasion can also explain the relatively poor results of most 
immunotherapeutic clinical trials. 
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Increased thresholds of apoptosis induction 
 
Protection against illegitimate growth of somatic cells is a crucial need for all multicellular 
organisms. Without apoptosis and other nonimmune surveillance mechanisms that protect us 
against oncogene-driven malignant development we would all die of cancer early in life (179). 
Even though ample evidence exists that the immune system is involved in tumor elimination, 
the surveillance against malignancy is mainly dependent on intrinsic control mechanisms that 
sense DNA damage and illegitimate cell growth (172, 179). Thus, neoplastic transformation 
will only occur if the cell is able to resist these internal mechanisms that naturally induce 
apoptosis upon illegitimate excessive proliferation. As a consequence, tumor cells often exhibit 
increased thresholds of apoptosis induction (172, 180). Apoptosis is also the downstream 
consequence of cytotoxic lymphocyte recognition. Thus, mechanisms of tumor cell escape 
from nonimmune surveillance result in that T and NK cells will always have to deal with tumor 
escape variants already at their first encounter with the malignant cells. 
 
Loss of antigen processing and presentation (I) 
 
Defective expression and presentation of HLA class I molecules is common in a variety of 
human tumors including ovarian carcinoma (I and refs. 169, 170, 181). HLA class I antigens 
can be lost to various degrees and by many different molecular mechanisms (182). Total loss of 
HLA class I expression is often due to mutations that result in lack of expression of functional 
β2-microglobulin (183, 184). Alterations in expression of one or several components of the 
antigen processing machinery are frequently observed in malignant lesions and can cause 
impairment of HLA class I surface expression (185-187). Expression can then often be 
restored by IFN-γ treatment (186, 188, 189). This is not possible after genomic deletions or 
translocations that often cause loss of heterozygosity (LOH) or expression of one or several 
HLA alleles (I and refs. 190, 191). 
 
CTL-mediated immunity is severely compromised by the emergence of tumor variants 
exhibiting pertubated expression of HLA class Ia molecules. Loss of HLA class Ia expression, 
may be the most relevant tumor escape mechanism preventing effective T-cell–mediated 
immunity and constitutes a major challenge to T-cell–based immunotherapy (177). Indeed, the 
underlying mechanism for lack of HLA class Ia expression on tumors often seems to be 
immune selection mediated by tumor specific CTL, favoring the selective outgrowth of HLA 
class I-negative variants (I and refs. 192-195). These T cells may be the result of a natural 
response elicited by the cancer itself, but may also be the product of effective immunotherapy. 
Most T-cell-based antitumoral immunotherapeutic strategies currently in use require 
expression of HLA-A2 on target cells, since they are based on CTL with HLA-A2 as the 
restriction element (155, 158, 196, 197). In addition, there is an overrepresentation of the 
HLA-A2 allele among patients with advanced stage ovarian cancer compared with patients 
with less advanced disease and healthy individuals (198, 199). Hence, HLA-A2 expression on 
the tumor cells is of critical importance for the effectiveness of immunotherapy and naturally 
occurring antitumor immunity in cancer patients in general and for patients suffering from 
ovarian carcinoma in particular. We have described that metastatic ovarian carcinoma often 
exhibit heterogeneous HLA-A2 expression, with a subpopulation of tumor cells exhibiting 
decreased or absent HLA-A2 expression. This reflects a specific loss of this HLA allele during 
progression of disease and therefore has direct implications for the design of future 
immunotherapeutic treatments (I). The results suggest that a majority of the ovarian carcinoma 



 

29 

patients cannot benefit from most immunotherapy-based clinical trials currently performed 
with patients suffering from this malignancy. We also provide the first report that haplotype 
loss may be the underlying molecular mechanism for abberant HLA class I expression in 
ovarian carcinoma (I). Interestingly, this was associated with presence of spontaneous 
autologous HLA-A2-restricted HER-2/neu specific T-cell immunity and the study suggests 
that antitumoral CTL favor tumor escape variants lacking HLA-A2 expression. In line with the 
hypothesis that CTL sculpt the phenotype of tumor cells and cause a progressive loss of HLA 
class I expression, down-regulation was found to be more frequent in metastases than in the 
primary tumors (I and refs. 181, 200, 201). An exception to this paradigm is metastases of 
uveal melanoma, which show high HLA class I expression (164). Interestingly, low expression 
of HLA class I was also associated with a better survival (163). Metastatic cells of uveal 
melanoma spread via the blood instead of via the lymphatic system (165). In contrast to the 
lymphocytes of the adaptive immune system NK cells are abundant in the blood while quite 
rare in lymph nodes. Therefore, metastasizing uveal tumor cells are as compared to other types 
of cancer relatively more exposed to NK cells. Hence, it seems like NK cells rather than T cells 
are the major type of effector cell mediating immunoediting during the metastatic spread of 
this malignancy.  
 
Impaired function of TAP or tapasin results in dramatically reduced HLA class I expression 
(202). Paradoxically, a group of CTL that specifically recognize antigen processing machinery 
(APM) defect cells was recently identified (50). These cells target epitopes from self-antigens 
that only are presented in situations where the normal peptide repertoire is unavailable. Hence, 
these epitopes are expressed specifically on cells with impaired TAP, tapasin or proteasome 
function. These cytotoxic T-lymphocytes therefore specifically target tumor immune escape 
variants (50). 
 
Antigenic-loss variants 
 
Besides HLA class Ia molecules and a functional APM, expression of the targeted tumor 
associated antigen is necessary for presentation to and recognition by antigen specific tumor 
reactive T cells. Another immune escape mechanism frequently observed following partially 
effective immunotherapy is that tumor cells have down-modulated or lost expression of a TAA 
(203-205). The best example of this phenomenon was observed after adoptive transfer of 
tumor-reactive antigen specific CD8+ T cell clones. In three of the five patients analyzed, the 
relapsing or residual nodules displayed selective loss of the targeted antigen (gp100 or MART-
1) while expression of two other melanoma antigens remained intact (158). Many of the 
currently targeted tumor antigens are not derived from proteins that are essential for cell 
survival, and can therefore readily be lost by the tumors. Vaccines and other 
immunotherapeutic strategies that target antigenic molecules critical for cell viability may be 
more effective as tumors are forced to express these molecules for their own survival and thus 
can not evade recognition by mutating to antigenic-loss variants. 
 
Enhanced negative signaling (II) 
 
All NK cells and subsets of CTL express inhibitory NK cell receptors that may inhibit their 
cytolytic activity. Some of these are specific for nonclassical HLA class Ib molecules. These 
ligands are normally expressed at low levels and show restricted tissue distribution. Ectopic 
expression of these nonclassical HLA class Ib molecules, which negatively regulate NK cells 
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and antigen specific T cells, is yet another mechanism by which tumors evade immune 
recognition. 
 
HLA-G may physiologically inhibit maternal decidual NK cells and macrophages at the 
maternal/fetal interface through interactions with the inhibitory receptors ILT-2 and ILT-4 
respectively. Ectopic expression of HLA-G has been reported in several types of cancer (206-
208). We found that ovarian carcinoma cells also frequently express this HLA class Ib 
molecule (II). As both CD56dim tumor associated NK cells and CD56+ T lymphocytes in 
ascites of ovarian carcinoma patients frequently expressed ILT-2, the expression of HLA-G on 
tumor cells may constitute an important immune escape mechanism (III and unpublished 
observation Norell et al). HLA-G expression also enables surface expression of HLA-E by 
providing stabilizing peptides from leader sequences (i.e. Gsp) (II and refs. 25, 209). HLA-E 
expressed on tumor cells have been shown to inhibit the activity of both NK cells and CTL 
through interactions with CD94/NKG2A receptors (II and refs. 26, 27). However, we 
describe a new mechanism by which tumor cells may paradoxically escape CTL recognition 
(II). By expressing both classical and nonclassical HLA class I molecules in response to IFN-γ 
treatment, short-term cultured ovarian carcinoma cells could effectively inhibit cytotoxic T cell 
responses (II). The protection from lysis was dependent on enhanced inhibitory signalling via 
CD94/NKG2A receptors expressed on the effector cells (II). Thus, the increased inhibitory 
signaling via CD94/NKG2A was more important for CTL recognition than the up-regulation 
of the positive signaling to the TcR that both occurred upon IFN-γ treatment. Interestingly, 
the results indicate that IFN-γ-mediated intracellular expression of HLA-G lead to increased 
cell surface levels of HLA-E/Gsp complexes that interacted with the inhibitory receptor (II). 
Thus, immune cells may be inhibited through either ILTs or CD94/NKG2A upon HLA-G 
expression (II and ref. 10). The nature of the peptide that binds HLA-E drastically influences 
the ability of this complex to interact with CD94/NKG2 receptors (41, 44). The Gsp binds to 
the HLA-E molecule with high affinity and promotes strong signaling to the CD94/NKG2A 
inhibitory receptor expressed on NK cells and subsets of T cells (II and refs. 41, 44). In 
contrast, a peptide derived from the leader sequence of human heat shock protein 60 bound 
and up-regulated cell-surface expression of HLA-E on stressed cells but did not mediate 
signaling through CD94/NKG2A (42).  
 
Importantly, we also showed that IFN-γ modulation protected ovarian carcinoma from lysis by 
autologus tumor associated lymphocytes (TAL). These cells frequently expressed 
CD94/NKG2A, mainly on CD8+ T cells of the terminally differentiated effector phenotype 
(II and ref. 210). Increasing evidence of the functional importance of expression of NK cell 
receptors on T cells is accumulating. Inhibitory CD94/NKG2A receptors may inhibit cytokine 
production and cytolytic activity of antigen specific T cells (26). It was also demonstrated that 
the inability of antiviral CD8+ T cells to control virus-induced oncogenesis was due to up-
regulation of CD94/NKG2A receptors on the T cells (211). In addition, we now show that 
CD94/NKG2A receptors inhibit the recognition of ovarian carcinoma by CTL and TAL 
cultures (II). Interestingly, recent studies have shown that there was a bias towards expression 
of the inhibitory form of CD94/NKG2 heterodimers specifically on tumor infiltrating CD8+ T 
cells in human cervical and endometrial carcinoma patients (212, 213). These findings may 
have biological implications and clinical relevance. Although tumor infiltrating lymphocytes are 
often antigen specific CD8+ T cells, they are likely to be non-functional against HLA-G and 
HLA-E expressing tumors cells due to selective expression of inhibitory CD94/NKG2A (II 
and refs. 212-215). 
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Decreased activation (III) 
 
As described above, many types of malignancies including ovarian carcinoma display reduced 
levels of HLA class Ia expression (I and refs. 169, 170, 181). Although the loss of expression 
of HLA class Ia antigens clearly decreases T cell activation, loss of certain of these alleles also 
decreases the negative signaling through KIR expressed by NK cells and T cell subsets, thus 
favoring immune activation. Thus, NK cells complement the T cells by eradicating cells that 
do not express HLA class I molecules. This unique ability of NK cells make them an attractive 
effector cell type to exploit in the battle against tumor escape variants that have lost or down 
modulated their HLA class I expression. NK cell tolerance to self is partially preserved by 
expression of inhibitory receptors for self HLA class I molecules. Because metastatic ovarian 
carcinoma cells or tumors exhibit overall low expression of HLA class I molecules, autologous 
NK cells could theoretically be used to target these tumor cells (I and ref. 169). However, NK 
cells derived from ovarian carcinoma patients may be impaired due to factors in the tumor 
microenvironment (III and ref. 174). Therefore lack of tumor recognition may be a 
consequence of intrinsic dysfunction of the NK cells. Indeed, there is substantial evidence of 
poor ex vivo activity of NK cells derived from ovarian carcinoma patients against the prototype 
NK cell target K562 and autologous tumors (III and refs. 216-218). Therefore, it may be more 
advantageous to use allogeneic NK cells from healthy donors, which may mediate potent 
recognition of these tumors (IV). Our findings of important regulatory roles of both activating 
and inhibitory NK cell receptor signals in the recognition of ovarian carcinoma prompted us to 
perform a comprehensive analysis of the NK cell receptor repertoire of the tumor associated 

 

Figure 3. Impaired function of 
tumor associated NK cells. TA-
NK do not respond to cross-
linking of 2B4 and DNAM-1, 
CD16 and are unable to kill 
autologous tumor. 
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lymphocytes that infiltrate the peritoneal cavity in patients with ovarian carcinoma (II, III, IV).  
A potent activating NK cell receptor expressed by both NK cells and most CD8+ and γδ+ T 
cells is the triggering receptor NKG2D. Its ligands are up-regulated upon replicative stress 
following transformation and may consequently be found on cancer cells from a variety of 
origins (219-223). Although, NKG2D has been demonstrated to contribute significantly to 
recognition of cancer, some tumors may specifically impair the function of this triggering 
receptor (121, 123). The shedding of soluble MICA from human tumors lead to the down-
modulation of NKG2D receptors on lymphocytes in vivo (224). The ligands for the natural 
cytotoxicity receptors on tumors remain unknown but signaling through NCR is obviously 
critical for NK cell recognition of many human tumors (121, 123). The ligands for DNAM-1 
were shown to be the poliovirus receptor (PVR) and Nectin-2 (225). Signaling through 
DNAM-1 affected the NK cell lysis of leukemias and was critical for recognition of 
neuroblastoma and ovarian carcinoma (IV and refs. 122, 124). Down-regulation of NCR and 
NKG2D expression on NK cells in cancer patients severely impairs the capacity of NK cells to 
kill autologous tumor cells (226, 227). Thus, a perturbed receptor repertoire may provide one 
possible mechanism behind the poor function of NK cells in cancer patients, providing a 
partial explanation for the inefficient elimination of ovarian carcinoma during the 
immunoediting process. Our studies revealed a novel pathway by which tumors may avoid 
recognition by the immune system (III). We found multiple alterations of receptors that 
regulate NK cell function on tumor associated NK cells isolated directly from the tumor 
environment in patients with ovarian carcinoma (III). We demonstrated that all freshly isolated 
ovarian carcinoma ubiquitously express the DNAM-1 ligand PVR (IV). Moreover, DNAM-1 
signaling was indispensable for activation and killing of ovarian carcinoma by allogeneic NK 
cells (IV). In accordance we also revealed that DNAM-1 was severely down-modulated in 
tumor associated NK cells compared to NK cells in autologous peripheral blood and blood 
from healthy donors (III). NK cells in the tumor environment was in an activated state 
displaying increased CD69 expression and additional alterations including a shift in the 
CD56bright/dim NK cell ratio and profoundly lower expression of CD16 and the co-stimulatory 
receptor 2B4 (III). In contrast, NKG2D and the natural cytotoxicity receptor NKp46 were 
slightly up-regulated (III). These complex perturbations of the receptor repertoire resulted in a 
reduced capacity of tumor associated NK cells to recognize K562 cells. To more precisely pin 
point the consequences of the reduced expression of individual NK cell receptors by TA-NK 
we performed re-directed lysis experiments where P815 cells were co-incubated with anti-2B4, 
anti-CD16, anti-DNAM-1 or combinations thereof (Figure 3). These experiments confirmed 
the previously described synergy between DNAM-1 and 2B4 in the triggering of resting NK 
cells from healthy donors (128). In contrast, TA-NK cells were not responsive to this 
combination of mAbs and only weakly to anti-CD16 stimulation. Moreover, preliminary data 
indicate that TA-NK cells are unable to kill ovarian carcinoma cells (OC32) in contrast to NK 
cells derived from peripheral blood. These data support the interpretation that the alteration of 
the NK cell receptor repertoire in TA-NK has functional consequences leading to poor 
targeting of autologous tumor cells. 
 
 
Tumor induced immune suppression 
 
Patients with advanced cancer often experience a systemic tumor-induced immune dysfunction 
as manifested by functional abnormalities of T cells and NK cells (e.g. down-regulation of TcR 
signal transduction, inadequate ability to secrete cytokines, poor cytolytic capacity or sensitivity 
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to apoptosis upon tumor encounter) (175, 228). The underlying mechanisms are often complex 
and numerous, including immunosuppressive substances e.g. TGF-β and IL-10 secreted by 
tumor cells or tumor-associated immune cells. 
 
Moreover, a more profound immunosuppression often forms in the tumor microenvironment 
as compared to the peripheral blood. For example, defects in TcR signalling molecules have 
been found to be more pronounced in CD8+ T cells in TIL when compared to those in 
peripheral blood. Regulatory CD4+CD25+ T cells have also been shown to migrate to and 
accumulate within tumors in ovarian carcinoma patients (229). Importantly, their presence 
within the tumor is associated with reduced survival in cancer patients. Moreover, regulatory T 
cells may mediate direct inhibition of CTL and NK activity in vitro and block TAA-specific 
immunity in vivo (65, 230).  
 
In addition to the immune dysfunction induced by the disease itself, some of the 
chemotherapeutic agents used for treating malignancies also induce immune suppression. In an 
effort to determine immune competence we investigated the DTH reactions to recall antigens 
in 29 patients with advanced cancer. The majority of patients mounted normal responses, 
indicating immune competence. However, patients suffering from ovarian carcinoma had 
significantly weaker responses than both melanoma and prostate cancer patients (manuscript in 
preparation). A better knowledge of the mechanisms underlying the local and systemic immune 
suppression in these patients is critical for the development of future treatment strategies based 
on the immune system. We foresee that such protocols may involve non-specific adjuvants 
that help to restore the immune competence of the patients prior to specific immunotherapy 
targeting the tumor cells. 
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CONCLUDING REMARKS 
 
The possibility to manipulate the immune system to recognize and kill tumor cells is the 
ultimate aim of the science of tumor immunology. Immunotherapy may be an attractive 
complement to conventional therapies, particularly in the targeting of residual disease. The 
overall tumor-host interaction is however extremely complex and a better understanding of the 
tumor-host interaction is required to design novel treatments that enhance the ability of the 
immune system to eradicate cancer.  
 
The strikingly different results obtained with short- versus long-term ovarian carcinoma lines 
described in paper II, have had a considerable impact on our subsequent work. Since long-
term in vitro culturing is known to alter the characteristics of tumor cells, we performed almost 
all experiments described in this thesis on freshly isolated cells which had not been 
manipulated or cultured. We have developed several flow-cytometry-based functional assays 
that allow monitoring of the interaction between resting lymphocytes and freshly isolated 
tumor targets in a setting that, as closely as possible, mimics the in vivo situation. I believe these 
efforts are important to gain further insights into the processes that regulate T and NK cell 
interactions with tumor cells. 
 
The work presented in this thesis deals with the mechanisms by which tumors avoid 
recognition by the immune system. Several lines of evidence suggest that, during tumor 
progression and metastasis, the immune system plays a major role in selecting tumor cells of a 
less immunogenic phenotype. We describe that metastatic ovarian carcinomas exhibit 
heterogeneous HLA-A2 expression, reflecting a specific and progressive loss of this HLA 
allele. One underlying molecular mechanism was found to be haplotype loss, associated with 
the presence of HLA-A2-restricted HER-2/neu specific T-cell immunity. Many antitumoral 
immunotherapeutic strategies are severely compromised by perturbated HLA-A2 expression 
on target cells and my results indicate that the majority of the ovarian carcinoma patients 
cannot benefit from most T-cell-based treatments currently evaluated in clinical trials. The 
cytokine IFN-γ has been considered for immunotherapy against cancer based on its ability to 
increase the expression of HLA class I, thus rendering target cells more susceptible to CTL 
activity. However, we show that IFN-γ modulation of ovarian carcinoma cells leads to 
increased expression of the nonclassical HLA class Ib molecules HLA G and HLA E and 
enhanced signaling through inhibitory NK cell receptors expressed by CTLs. These results 
demonstrate that IFN-γ may shift the balance of triggering and inhibitory receptor signals 
leading to tumor cell resistance to CTL-mediated immunity despite restored levels of classical 
HLA class I molecules.  
 
Having uncovered several immune escape mechanisms utilized by ovarian carcinoma, we set 
out to develop strategies that circumvent or counteract these. It is well known that NK cells 
are negatively regulated by HLA class I molecules and recognize targets that lose HLA class I 
expression. Therefore, we explored the capacity of NK cells to kill freshly isolated ovarian 
carcinoma cells that expressed reduced levels of HLA class I. We have demonstrated that 
resting allogeneic NK cells readily recognize and kill freshly isolated ovarian carcinoma cells. 
This was dependent on signaling through the activating NK cell receptor DNAM-1. 
Interestingly, the DNAM-1 receptor was significantly down-modulated on patient derived, 
tumor associated NK cells. The perturbations of the receptor repertoire on tumor associated 
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NK cells was associated with an impaired function, thus providing mechanistic insights into 
the failure of innate immune surveillance to control progression of ovarian carcinoma.  
 
The results presented in this thesis clearly demonstrate that several mechanisms of tumor 
immune escape may act in parallel. However, some of these mechanisms may be exploited by 
alternative strategies of immunotherapy. The identification of HLA class Ilow ovarian carcinoma 
cells as sensitive targets for resting NK cells may set the stage for pilot studies exploring the in 
vivo potential of adoptively transferred NK cells. Future work will address the possibility of 
restoring/enhancing activating NK cell receptor signalling by introducing chimeric DNAM-1 
receptors into tumor specific T and/or NK cells. Other strategies may involve in vivo blockade 
of inhibitory NK cell receptors including KIR and NKG2A. If successful, such efforts may 
lead to the development of novel, more effective immunotherapy-based treatments of ovarian 
carcinoma.  
 



 

 36

ACKNOWLEDGEMENTS 
 
The work presented in this thesis was carried out at CCK and CIM at Karolinska Institutet. I 
wish to express my sincere gratitude to all the people who have helped and supported me 
during this time. Together you have filled these years with happy and memorable moments 
while sharing my frustration and exhilaration. I have learned a lot, often the hard way. This has 
made me better and stronger; I am so much wiser now than when I first set foot on KI. 
However, it is not only science and research I have been learning to master. My deepest 
insights have been in the areas of friendship, life and myself. For all of this I am extremely 
grateful and there are some persons who I especially would like to thank: 
 
My supervisor, Rolf Kiessling for your trust in me and my abilities. For being around and 
available and still giving your students time and space to grow. For your true love for science 
and your passion for our experiments and projects. For supporting me the most, when I 
deserved it the least, and needed it the most. You were cool enough to let me try my wings and 
thus you taught me how to fly. 
  
My co-supervisor, Kalle Malmberg for being incredibly sharp and down to the point 
regarding science and at the same time charmingly distracted. For brilliant theoretical guidance 
based on a wide knowledge in medicine in general and all aspects of immunology and cancer in 
particular. For successful collaborative efforts in the lab, a perfect mismatch? For caring a lot 
about our work and even more about me.   
 
Mattias Carlsten, although you are my closest collaborator and the heir of the ascites-empire, 
I can’t see you as a colleague, you are my friend more than anything else. I am very much 
indepted to you for the help with this thesis, not least for the tough night-shifts I made you do. 
 
All present members of Rolf’s group at CCK: 
Giuseppe Masucci for being so dedicated. For your invaluable help in patient recruitment to 
our clinical studies. Anna De Geer and Lena-Maria Carlson for organizing the lab and 
Mikael Hanson for solving most of our computer problems. Simona Vertuani for a close 
and fruitful collaboration recently and for still trusting me. Christian Johansson, Helena 
Laven and Kousaku Mimura for good collaborations. Chiara Triulzi for delicious dinners 
and numerous tasty cakes. Daiju for being the coolest Japanese and for teaching me useful 
phrases... I wish Ludvig and Isabel welcome and thank you in advance for future 
collaboration as I am sure that you at some point will be trying to finish up something I left 
behind…  
Telma Palma for all the time outside the lab, especially for an amazing trip to the bright night 
starry sky and perfect Marricouchas.  
 
All past members of Rolf’s group at CCK: 
Tomas Ohlum for mutual trust and respect, for your extremely dedicated work in our 
collaborative efforts and for a peek into the joy of real music. Kristian Hallermalm for 
advice, setting a new higher standard of thesises and diving adventures. Max Petersson for 
always doing everything for everybody and the endless discussions when you didn’t have time 
for them. Jelena Levitskaya and Victor Levitsky for scientific advice based on solid 
knowledge and broad expertise. Silvia Ferrari for your dedicated work in our collaborations. 
Maria Sundbäck, Lars Franksson, Jan Alvar Lindencrona, Volkan Özenci and the many 



 

37 

nice Japanese post-docs in the Kiessling group. Especially Akihiro, Eiji and Mitsue, 
Hirofumi and Koji. A special thought goes to Carl Tullus, more of a gentle man could not be 
found. 
 
A bunch of really nice people at CIM: 
Máire Quigley for being a great friend, a fantastic riverdance-teacher and for chhekcinng the 
English in my thesis. Cyril Fauriat for working day and night for me… Niklas Björkström 
for your expertise and advise. My mate Mark Wareing for keeping me company at night at 
CIM. Henrik Lambert and Jakob Michaelsson for good times in the red lab. Benedict 
Chambers for being as crazy dude, so I don’t have to feel alone… Johan, Veronica and 
Hernan for keeping the CyAn in good shape. 
 
All external co-authors and collaborators:  
Especially Michael Nishimura, Barbara Kaplan, Barbara Seliger and Bartek Zuber for 
fruitful collaborations. Hans-Gustaf Ljunggren for setting up a great CIM and for making 
me feel at home over there. Kjell Schedvins and his colleagues, without your dedicated work 
with collection of patient material none of this could have been done. The medical doctors and 
nurses who have been an invaluable help in running our clinical trials: Katarina 
Hammarlund, Ninni Petersson, Jonas Berg and Elisabet Lidbrink. Jonas Sundbäck, 
Staffan Paulie and Elisabeth Åvall-Lundqvist for being members of my half-time 
committee. Christina Teixiera de Matos for help with our common interests. Kalle 
Söderström for his hospitality in California and for introducing me to Ed Engleman. Jeffrey 
and Glenda for helping out and taking care of me in Chicago. 
 
Georg Klein for interesting scientific discussions. 
 
The members of the Dalianis, Mellstedt and Pisa groups and everybody else working at IGT at 
CCK. I really appreciate all your help:  
Karin Tegerstedt och Andrea Franzén, my sisters and partners in crime. For everything that 
I am not able to tell about here… Tina Dalianis, a perfect prefect, down to earth and one of 
us. Kalle Andreasson for almost always keeping me company at IGT. Torbjörn, Lisa, David 
och Jeanna for many good years and Hanna Dahlstrand, Liselotte Dahlgren and Peter 
Priftakis for more good years earlier on.  
 
Hodjattallah Rabbani for your generous help with molecular biology and PCR-stuff. But also 
for many interesting moments discussing non-scientific issues and “escape mechanisms”. Raja 
Choudhury for always making your broad and deep knowledge available. Lena, Barbro and 
Ingrid for taking care of most of our machines at IGT 
 
David Culp for always being cheerful and for help with mastering this tiricckly language. Lars 
Adamsson for expertise about and dedicated work in our collaborative efforts with dendritic 
cells. Pavel Pisa for nice discussions and Fredrik Eriksson for helping me to keep Kakan on 
track. Anki, Kajsa and Anka for a good time. Andreas Lundqvist for being a great type of a 
one of a kind and Emma for your hospitality in Washington DC. Maxim Pavlenko, Andreas 
Palmborg and Ashley Miller for many memorable moments. 
 
Past and present members of the rest of CCK, especially: 



 

 38

The “service group”: Eva-Lena, Marie, Joe and Sören for making most things working most 
of the time. Anders Eklöf for solving almost all computer problems and Evi Gustavsson-
Kadaka for solving all other problems. Anita Edholm and Gunilla Burén for taking care of 
the paperwork. 
 
Lena Thyrell my coach outside the lab, for being a great listener and your good advice. 
Suzanne von Brömssen for always being interested and for teaching me about life and Stig 
Linder for teaching me about death. Marianne Hammarsund for help with genes and PCR. 
Linn, Jacob and Mira for nice chats and Aris for making me laugh. 
  
Dan Grandér, Lars Holmgren, Stefan Einhorn and Magnus Bäcklund for enjoyable 
moments when teaching students about the future of cancer treatment. Immunotherapy is 
invincible if ran by me…  
 
Other persons that means a lot to me: 
Per “Le Roi” Wirsén for being my man, my myth and my concept. With you by my side there 
is no limit, not the sky, not the stars, no limit at all. Robert “Robzon” Vestberg for being so 
close when you are far away and not letting time come between us. Clas Linnman and 
Andreas Nyström for great “holidays” at the “Nobel’s research school” in Karlskoga. 
Mikaela “mini” Sifvert and Nicholas for making me feel comfortable in being me and 
myself. Fredrik Justesen and Fredrik Löthman for being better than me on staying in touch. 
Lina, Sophia and Zee for taking me into your “Portuguese family”, Obrigado! 
 
Ana Romero for new perspectives on life, food, music, dance and myself. Also for fantastic 
journeys to Greece, USA, GBG, STHLM and most importantly the ephemeral ones to the 
lovely pink clouds. Fredrik Thorén, my conference partner for always making the most out of 
every trip and Marie-Louise for being so positive to all our crazy ideas. Susanne for helping 
me understand what to do and especially what not to do and Jane and Agneta for their help in 
finding out who I am. 
 
Simon Potter and Sara for your hospitality in Australia and reliable friendship. Kim Stranger 
and Katrin Ek for long and lasting friendship. My dear friend Marlene Rodlert for good 
times and Christian for your hospitality in Switzerland. Stuart Denman for introducing me to 
science at the Royal Institute of Technology and you and Fiona for helping me to get to 
Sydney. 
 
Catrin “Nussan” Mörck for everything. For being brave and stronger than you know and so 
openly accepting and loving me exactly as I am. I admire you and thank you for being you. 
You will always be my closest friend. B-Å, Karin, Marie och Johan Mörck for many good 
years. 
 
My grandparents Gerd and Sten, for encouraging me to study and feeling joy in my success. 
My sister Åsa and her family Niklas, Linn and Evelina. For encouragement and 
understanding and unconditional love. My parents Annika and Janne for always wanting the 
best for me. For your love, support and for being my safety and security. 



 

39 

REFERENCES 
 

 

1. Romero, A. I. 2006. Immunoregulation by mononuclear phagocytes: mechanisms 
and clinical implications. Thesis for doctoral degree. 

2. Zinkernagel, R. M. 1996. Immunology taught by viruses. Science 271:173. 
3. Zinkernagel, R. M. 2000. What is missing in immunology to understand immunity? 

Nat Immunol 1:181. 
4. Kagi, D., B. Ledermann, K. Burki, R. M. Zinkernagel, and H. Hengartner. 1996. 

Molecular mechanisms of lymphocyte-mediated cytotoxicity and their role in 
immunological protection and pathogenesis in vivo. Annu Rev Immunol 14:207. 

5. Smith, D. A., and D. R. Germolec. 1999. Introduction to immunology and 
autoimmunity. Environ Health Perspect 107 Suppl 5:661. 

6. Van Noort, J. M., and S. Amor. 1998. Cell biology of autoimmune diseases. Int Rev 
Cytol 178:127. 

7. Gorer, P. A. 1938. J Pathol Bacteriol:47. 
8. Strominger, J. L. 2002. Human histocompatibility proteins. Immunol Rev 185:69. 
9. Garboczi, D. N., P. Ghosh, U. Utz, Q. R. Fan, W. E. Biddison, and D. C. Wiley. 

1996. Structure of the complex between human T-cell receptor, viral peptide and 
HLA-A2. Nature 384:134. 

10. Lanier, L. L. 2005. NK cell recognition. Annu Rev Immunol 23:225. 
11. Rodgers, J. R., and R. G. Cook. 2005. MHC class Ib molecules bridge innate and 

acquired immunity. Nat Rev Immunol 5:459. 
12. Natarajan, K., H. Li, R. A. Mariuzza, and D. H. Margulies. 1999. MHC class I 

molecules, structure and function. Rev Immunogenet 1:32. 
13. Bjorkman, P. J., M. A. Saper, B. Samraoui, W. S. Bennett, J. L. Strominger, and D. 

C. Wiley. 1987. Structure of the human class I histocompatibility antigen, HLA-A2. 
Nature 329:506. 

14. Falk, K., O. Rotzschke, S. Stevanovic, G. Jung, and H. G. Rammensee. 1991. 
Allele-specific motifs revealed by sequencing of self-peptides eluted from MHC 
molecules. Nature 351:290. 

15. Peters, P. J., J. J. Neefjes, V. Oorschot, H. L. Ploegh, and H. J. Geuze. 1991. 
Segregation of MHC class II molecules from MHC class I molecules in the Golgi 
complex for transport to lysosomal compartments. Nature 349:669. 

16. Seliger, B., M. J. Maeurer, and S. Ferrone. 2000. Antigen-processing machinery 
breakdown and tumor growth. Immunol Today 21:455. 

17. Garcia, K. C., M. Degano, R. L. Stanfield, A. Brunmark, M. R. Jackson, P. A. 
Peterson, L. Teyton, and I. A. Wilson. 1996. An alphabeta T cell receptor structure 
at 2.5 A and its orientation in the TCR-MHC complex. Science 274:209. 

18. Wang, J. H., and E. L. Reinherz. 2002. Structural basis of T cell recognition of 
peptides bound to MHC molecules. Mol Immunol 38:1039. 

19. Boyington, J. C., A. G. Brooks, and P. D. Sun. 2001. Structure of killer cell 
immunoglobulin-like receptors and their recognition of the class I MHC molecules. 
Immunol Rev 181:66. 

20. Vilches, C., and P. Parham. 2002. KIR: diverse, rapidly evolving receptors of innate 
and adaptive immunity. Annu Rev Immunol 20:217. 

21. Geraghty, D. E., R. Daza, L. M. Williams, Q. Vu, and A. Ishitani. 2002. Genetics of 
the immune response: identifying immune variation within the MHC and 
throughout the genome. Immunol Rev 190:69. 



 

 40

22. Parham, P., C. E. Lomen, D. A. Lawlor, J. P. Ways, N. Holmes, H. L. Coppin, R. D. 
Salter, A. M. Wan, and P. D. Ennis. 1988. Nature of polymorphism in HLA-A, -B, 
and -C molecules. Proc Natl Acad Sci U S A 85:4005. 

23. O'Callaghan, C. A., and J. I. Bell. 1998. Structure and function of the human MHC 
class Ib molecules HLA-E, HLA-F and HLA-G. Immunol Rev 163:129. 

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

25. Lee, N., D. R. Goodlett, A. Ishitani, H. Marquardt, and D. E. Geraghty. 1998. HLA-
E surface expression depends on binding of TAP-dependent peptides derived from 
certain HLA class I signal sequences. J Immunol 160:4951. 

26. Speiser, D. E., M. J. Pittet, D. Valmori, R. Dunbar, D. Rimoldi, D. Lienard, H. R. 
MacDonald, J. C. Cerottini, V. Cerundolo, and P. Romero. 1999. In vivo expression 
of natural killer cell inhibitory receptors by human melanoma-specific cytolytic T 
lymphocytes. J Exp Med 190:775. 

27. Wischhusen, J., M. A. Friese, M. Mittelbronn, R. Meyermann, and M. Weller. 2005. 
HLA-E protects glioma cells from NKG2D-mediated immune responses in vitro: 
implications for immune escape in vivo. J Neuropathol Exp Neurol 64:523. 

28. Le Bouteiller, P., N. Pizzato, A. Barakonyi, and C. Solier. 2003. HLA-G, pre-
eclampsia, immunity and vascular events. J Reprod Immunol 59:219. 

29. Trundley, A., and A. Moffett. 2004. Human uterine leukocytes and pregnancy. 
Tissue Antigens 63:1. 

30. Pende, D., S. Sivori, L. Accame, L. Pareti, M. Falco, D. Geraghty, P. Le Bouteiller, 
L. Moretta, and A. Moretta. 1997. HLA-G recognition by human natural killer cells. 
Involvement of CD94 both as inhibitory and as activating receptor complex. Eur J 
Immunol 27:1875. 

31. Perez-Villar, J. J., I. Melero, F. Navarro, M. Carretero, T. Bellon, M. Llano, M. 
Colonna, D. E. Geraghty, and M. Lopez-Botet. 1997. The CD94/NKG2-A 
inhibitory receptor complex is involved in natural killer cell-mediated recognition of 
cells expressing HLA-G1. J Immunol 158:5736. 

32. Soderstrom, K., B. Corliss, L. L. Lanier, and J. H. Phillips. 1997. CD94/NKG2 is 
the predominant inhibitory receptor involved in recognition of HLA-G by decidual 
and peripheral blood NK cells. J Immunol 159:1072. 

33. Braud, V. M., D. S. Allan, C. A. O'Callaghan, K. Soderstrom, A. D'Andrea, G. S. 
Ogg, S. Lazetic, N. T. Young, J. I. Bell, J. H. Phillips, L. L. Lanier, and A. J. 
McMichael. 1998. HLA-E binds to natural killer cell receptors CD94/NKG2A, B 
and C. Nature 391:795. 

34. Marin, R., F. Ruiz-Cabello, S. Pedrinaci, R. Mendez, P. Jimenez, D. E. Geraghty, 
and F. Garrido. 2003. Analysis of HLA-E expression in human tumors. 
Immunogenetics 54:767. 

35. Vacca, P., G. Pietra, M. Falco, E. Romeo, C. Bottino, F. Bellora, F. Prefumo, E. 
Fulcheri, P. L. Venturini, M. Costa, A. Moretta, L. Moretta, and M. C. Mingari. 
2006. Analysis of Natural Killer cells isolated from human decidua: evidence that 
2B4 (CD244) functions as an inhibitory receptor and blocks NK cell function. 
Blood. 

36. Varla-Leftherioti, M., M. Spyropoulou-Vlachou, D. Niokou, T. Keramitsoglou, A. 
Darlamitsou, C. Tsekoura, M. Papadimitropoulos, V. Lepage, C. Balafoutas, and C. 
Stavropoulos-Giokas. 2003. Natural killer (NK) cell receptors' repertoire in couples 
with recurrent spontaneous abortions. Am J Reprod Immunol 49:183. 

37. Hiby, S. E., J. J. Walker, M. O'Shaughnessy K, C. W. Redman, M. Carrington, J. 
Trowsdale, and A. Moffett. 2004. Combinations of maternal KIR and fetal HLA-C 



 

41 

genes influence the risk of preeclampsia and reproductive success. J Exp Med 
200:957. 

38. Walker, J. J. 2000. Pre-eclampsia. Lancet 356:1260. 
39. Parham, P. 2004. NK cells and trophoblasts: partners in pregnancy. J Exp Med 

200:951. 
40. Colonna, M., G. Borsellino, M. Falco, G. B. Ferrara, and J. L. Strominger. 1993. 

HLA-C is the inhibitory ligand that determines dominant resistance to lysis by 
NK1- and NK2-specific natural killer cells. Proc Natl Acad Sci U S A 90:12000. 

41. Llano, M., N. Lee, F. Navarro, P. Garcia, J. P. Albar, D. E. Geraghty, and M. 
Lopez-Botet. 1998. HLA-E-bound peptides influence recognition by inhibitory and 
triggering CD94/NKG2 receptors: preferential response to an HLA-G-derived 
nonamer. Eur J Immunol 28:2854. 

42. Michaelsson, J., C. Teixeira de Matos, A. Achour, L. L. Lanier, K. Karre, and K. 
Soderstrom. 2002. A signal peptide derived from hsp60 binds HLA-E and interferes 
with CD94/NKG2A recognition. J Exp Med 196:1403. 

43. Miller, J. D., D. A. Weber, C. Ibegbu, J. Pohl, J. D. Altman, and P. E. Jensen. 2003. 
Analysis of HLA-E peptide-binding specificity and contact residues in bound 
peptide required for recognition by CD94/NKG2. J Immunol 171:1369. 

44. Vales-Gomez, M., H. T. Reyburn, R. A. Erskine, M. Lopez-Botet, and J. L. 
Strominger. 1999. Kinetics and peptide dependency of the binding of the inhibitory 
NK receptor CD94/NKG2-A and the activating receptor CD94/NKG2-C to HLA-E. 
Embo J 18:4250. 

45. Ulbrecht, M., A. Couturier, S. Martinozzi, M. Pla, R. Srivastava, P. A. Peterson, and 
E. H. Weiss. 1999. Cell surface expression of HLA-E: interaction with human 
beta2-microglobulin and allelic differences. Eur J Immunol 29:537. 

46. Garcia, P., M. Llano, A. B. de Heredia, C. B. Willberg, E. Caparros, P. Aparicio, V. 
M. Braud, and M. Lopez-Botet. 2002. Human T cell receptor-mediated recognition 
of HLA-E. Eur J Immunol 32:936. 

47. Mazzarino, P., G. Pietra, P. Vacca, M. Falco, D. Colau, P. Coulie, L. Moretta, and 
M. C. Mingari. 2005. Identification of effector-memory CMV-specific T 
lymphocytes that kill CMV-infected target cells in an HLA-E-restricted fashion. 
Eur J Immunol 35:3240. 

48. Pietra, G., C. Romagnani, M. Falco, M. Vitale, R. Castriconi, D. Pende, E. Millo, S. 
Anfossi, R. Biassoni, L. Moretta, and M. C. Mingari. 2001. The analysis of the 
natural killer-like activity of human cytolytic T lymphocytes revealed HLA-E as a 
novel target for TCR alpha/beta-mediated recognition. Eur J Immunol 31:3687. 

49. Romagnani, C., G. Pietra, M. Falco, P. Mazzarino, L. Moretta, and M. C. Mingari. 
2004. HLA-E-restricted recognition of human cytomegalovirus by a subset of 
cytolytic T lymphocytes. Hum Immunol 65:437. 

50. van Hall, T., E. Z. Wolpert, P. van Veelen, S. Laban, M. van der Veer, M. 
Roseboom, S. Bres, P. Grufman, A. de Ru, H. Meiring, A. de Jong, K. Franken, A. 
Teixeira, R. Valentijn, J. W. Drijfhout, F. Koning, M. Camps, F. Ossendorp, K. 
Karre, H. G. Ljunggren, C. J. Melief, and R. Offringa. 2006. Selective cytotoxic T-
lymphocyte targeting of tumor immune escape variants. Nat Med 12:417. 

51. Chicz, R. M., R. G. Urban, W. S. Lane, J. C. Gorga, L. J. Stern, D. A. Vignali, and 
J. L. Strominger. 1992. Predominant naturally processed peptides bound to HLA-
DR1 are derived from MHC-related molecules and are heterogeneous in size. 
Nature 358:764. 

52. Rudensky, A., P. Preston-Hurlburt, S. C. Hong, A. Barlow, and C. A. Janeway, Jr. 
1991. Sequence analysis of peptides bound to MHC class II molecules. Nature 
353:622. 



 

 42

53. Alfonso, C., and L. Karlsson. 2000. Nonclassical MHC class II molecules. Annu 
Rev Immunol 18:113. 

54. Kohl, J. 2006. The role of complement in danger sensing and transmission. Immunol 
Res 34:157. 

55. Djaldetti, M., H. Salman, M. Bergman, R. Djaldetti, and H. Bessler. 2002. 
Phagocytosis--the mighty weapon of the silent warriors. Microsc Res Tech 57:421. 

56. Janeway, C. A., Jr. 1992. The immune system evolved to discriminate infectious 
nonself from noninfectious self. Immunol Today 13:11. 

57. Kasahara, M., T. Suzuki, and L. D. Pasquier. 2004. On the origins of the adaptive 
immune system: novel insights from invertebrates and cold-blooded vertebrates. 
Trends Immunol 25:105. 

58. Smith, L. C., L. A. Clow, and D. P. Terwilliger. 2001. The ancestral complement 
system in sea urchins. Immunol Rev 180:16. 

59. Cahalan, M. D., and I. Parker. 2005. Close encounters of the first and second kind: 
T-DC and T-B interactions in the lymph node. Semin Immunol 17:442. 

60. Weng, W. K., and R. Levy. 2003. Two immunoglobulin G fragment C receptor 
polymorphisms independently predict response to rituximab in patients with 
follicular lymphoma. J Clin Oncol 21:3940. 

61. Kiessling, R., E. Klein, and H. Wigzell. 1975. "Natural" killer cells in the mouse. I. 
Cytotoxic cells with specificity for mouse Moloney leukemia cells. Specificity and 
distribution according to genotype. Eur J Immunol 5:112. 

62. Tay, C. H., E. Szomolanyi-Tsuda, and R. M. Welsh. 1998. Control of infections by 
NK cells. Curr Top Microbiol Immunol 230:193. 

63. Unanue, E. R. 1997. Studies in listeriosis show the strong symbiosis between the 
innate cellular system and the T-cell response. Immunol Rev 158:11. 

64. Romagnani, C., M. Della Chiesa, S. Kohler, B. Moewes, A. Radbruch, L. Moretta, 
A. Moretta, and A. Thiel. 2005. Activation of human NK cells by plasmacytoid 
dendritic cells and its modulation by CD4+ T helper cells and CD4+ CD25hi T 
regulatory cells. Eur J Immunol 35:2452. 

65. Ghiringhelli, F., C. Menard, M. Terme, C. Flament, J. Taieb, N. Chaput, P. E. Puig, 
S. Novault, B. Escudier, E. Vivier, A. Lecesne, C. Robert, J. Y. Blay, J. Bernard, S. 
Caillat-Zucman, A. Freitas, T. Tursz, O. Wagner-Ballon, C. Capron, W. 
Vainchencker, F. Martin, and L. Zitvogel. 2005. CD4+CD25+ regulatory T cells 
inhibit natural killer cell functions in a transforming growth factor-beta-dependent 
manner. J Exp Med 202:1075. 

66. Smyth, M. J., M. W. Teng, J. Swann, K. Kyparissoudis, D. I. Godfrey, and Y. 
Hayakawa. 2006. CD4+CD25+ T regulatory cells suppress NK cell-mediated 
immunotherapy of cancer. J Immunol 176:1582. 

67. Arase, H., E. S. Mocarski, A. E. Campbell, A. B. Hill, and L. L. Lanier. 2002. 
Direct recognition of cytomegalovirus by activating and inhibitory NK cell 
receptors. Science 296:1323. 

68. Biron, C. A., K. B. Nguyen, G. C. Pien, L. P. Cousens, and T. P. Salazar-Mather. 
1999. Natural killer cells in antiviral defense: function and regulation by innate 
cytokines. Annu Rev Immunol 17:189. 

69. Scalzo, A. A. 2002. Successful control of viruses by NK cells--a balance of 
opposing forces? Trends Microbiol 10:470. 

70. Ching, C., and C. Lopez. 1979. Natural killing of herpes simplex virus type 1-
infected target cells: normal human responses and influence of antiviral antibody. 
Infect Immun 26:49. 

71. Joncas, J., Y. Monczak, F. Ghibu, C. Alfieri, A. Bonin, G. Ahronheim, and G. 
Rivard. 1989. Brief report: killer cell defect and persistent immunological 



 

43 

abnormalities in two patients with chronic active Epstein-Barr virus infection. J 
Med Virol 28:110. 

72. 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. 

73. Ljunggren, H. G., and K. Karre. 1990. In search of the 'missing self': MHC 
molecules and NK cell recognition. Immunol Today 11:237. 

74. Karlhofer, F. M., R. K. Ribaudo, and W. M. Yokoyama. 1992. MHC class I 
alloantigen specificity of Ly-49+ IL-2-activated natural killer cells. Nature 358:66. 

75. Lanier, L. L., A. M. Le, C. I. Civin, M. R. Loken, and J. H. Phillips. 1986. The 
relationship of CD16 (Leu-11) and Leu-19 (NKH-1) antigen expression on human 
peripheral blood NK cells and cytotoxic T lymphocytes. J Immunol 136:4480. 

76. Cooper, M. A., T. A. Fehniger, S. C. Turner, K. S. Chen, B. A. Ghaheri, T. Ghayur, 
W. E. Carson, and M. A. Caligiuri. 2001. Human natural killer cells: a unique innate 
immunoregulatory role for the CD56(bright) subset. Blood 97:3146. 

77. Jacobs, R., G. Hintzen, A. Kemper, K. Beul, S. Kempf, G. Behrens, K. W. Sykora, 
and R. E. Schmidt. 2001. CD56bright cells differ in their KIR repertoire and 
cytotoxic features from CD56dim NK cells. Eur J Immunol 31:3121. 

78. 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. 

79. Eidukaite, A., A. Siaurys, and V. Tamosiunas. 2004. Differential expression of 
KIR/NKAT2 and CD94 molecules on decidual and peripheral blood CD56bright 
and CD56dim natural killer cell subsets. Fertil Steril 81 Suppl 1:863. 

80. Kusumi, M., T. Yamashita, T. Fujii, T. Nagamatsu, S. Kozuma, and Y. Taketani. 
2006. Expression patterns of lectin-like natural killer receptors, inhibitory 
CD94/NKG2A, and activating CD94/NKG2C on decidual CD56bright natural killer 
cells differ from those on peripheral CD56dim natural killer cells. J Reprod 
Immunol 70:33. 

81. Dalbeth, N., R. Gundle, R. J. Davies, Y. C. Lee, A. J. McMichael, and M. F. Callan. 
2004. CD56bright NK cells are enriched at inflammatory sites and can engage with 
monocytes in a reciprocal program of activation. J Immunol 173:6418. 

82. Pridgeon, C., G. P. Lennon, L. Pazmany, R. N. Thompson, S. E. Christmas, and R. 
J. Moots. 2003. Natural killer cells in the synovial fluid of rheumatoid arthritis 
patients exhibit a CD56bright,CD94bright,CD158negative phenotype. 
Rheumatology (Oxford) 42:870. 

83. Caligiuri, M. A., A. Zmuidzinas, T. J. Manley, H. Levine, K. A. Smith, and J. Ritz. 
1990. Functional consequences of interleukin 2 receptor expression on resting 
human lymphocytes. Identification of a novel natural killer cell subset with high 
affinity receptors. J Exp Med 171:1509. 

84. Nishikawa, K., S. Saito, T. Morii, Y. Kato, N. Narita, M. Ichijo, Y. Ohashi, T. 
Takeshita, and K. Sugamura. 1990. Differential expression of the interleukin 2 
receptor beta (p75) chain on human peripheral blood natural killer subsets. Int 
Immunol 2:481. 

85. Bauernhofer, T., I. Kuss, B. Henderson, A. S. Baum, and T. L. Whiteside. 2003. 
Preferential apoptosis of CD56dim natural killer cell subset in patients with cancer. 
Eur J Immunol 33:119. 

86. Schierloh, P., N. Yokobori, M. Aleman, R. M. Musella, M. Beigier-Bompadre, M. 
A. Saab, L. Alves, E. Abbate, S. S. de la Barrera, and M. C. Sasiain. 2005. 
Increased susceptibility to apoptosis of CD56dimCD16+ NK cells induces the 
enrichment of IFN-gamma-producing CD56bright cells in tuberculous pleurisy. J 
Immunol 175:6852. 



 

 44

87. Martin-Fontecha, A., L. L. Thomsen, S. Brett, C. Gerard, M. Lipp, A. 
Lanzavecchia, and F. Sallusto. 2004. Induced recruitment of NK cells to lymph 
nodes provides IFN-gamma for T(H)1 priming. Nat Immunol 5:1260. 

88. Moretta, A., E. Marcenaro, S. Sivori, M. Della Chiesa, M. Vitale, and L. Moretta. 
2005. Early liaisons between cells of the innate immune system in inflamed 
peripheral tissues. Trends Immunol 26:668. 

89. Cooper, M. A., T. A. Fehniger, A. Fuchs, M. Colonna, and M. A. Caligiuri. 2004. 
NK cell and DC interactions. Trends Immunol 25:47. 

90. 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. 

91. Gourley, T. S., E. J. Wherry, D. Masopust, and R. Ahmed. 2004. Generation and 
maintenance of immunological memory. Semin Immunol 16:323. 

92. Eason, D. D., J. P. Cannon, R. N. Haire, J. P. Rast, D. A. Ostrov, and G. W. Litman. 
2004. Mechanisms of antigen receptor evolution. Semin Immunol 16:215. 

93. Strehl, B., U. Seifert, E. Kruger, S. Heink, U. Kuckelkorn, and P. M. Kloetzel. 
2005. Interferon-gamma, the functional plasticity of the ubiquitin-proteasome 
system, and MHC class I antigen processing. Immunol Rev 207:19. 

94. Rock, K. L., I. A. York, and A. L. Goldberg. 2004. Post-proteasomal antigen 
processing for major histocompatibility complex class I presentation. Nat Immunol 
5:670. 

95. York, I. A., S. C. Chang, T. Saric, J. A. Keys, J. M. Favreau, A. L. Goldberg, and K. 
L. Rock. 2002. The ER aminopeptidase ERAP1 enhances or limits antigen 
presentation by trimming epitopes to 8-9 residues. Nat Immunol 3:1177. 

96. Serwold, T., F. Gonzalez, J. Kim, R. Jacob, and N. Shastri. 2002. ERAAP 
customizes peptides for MHC class I molecules in the endoplasmic reticulum. 
Nature 419:480. 

97. Shepherd, J. C., T. N. Schumacher, P. G. Ashton-Rickardt, S. Imaeda, H. L. Ploegh, 
C. A. Janeway, Jr., and S. Tonegawa. 1993. TAP1-dependent peptide translocation 
in vitro is ATP dependent and peptide selective. Cell 74:577. 

98. Van Kaer, L., P. G. Ashton-Rickardt, H. L. Ploegh, and S. Tonegawa. 1992. TAP1 
mutant mice are deficient in antigen presentation, surface class I molecules, and 
CD4-8+ T cells. Cell 71:1205. 

99. Spiliotis, E. T., H. Manley, M. Osorio, M. C. Zuniga, and M. Edidin. 2000. 
Selective export of MHC class I molecules from the ER after their dissociation from 
TAP. Immunity 13:841. 

100. Steinman, R. M. 1991. The dendritic cell system and its role in immunogenicity. 
Annu Rev Immunol 9:271. 

101. Yoneyama, H., K. Matsuno, and K. Matsushimaa. 2005. Migration of dendritic 
cells. Int J Hematol 81:204. 

102. Germain, R. N. 1986. Immunology. The ins and outs of antigen processing and 
presentation. Nature 322:687. 

103. Smyth, M. J., D. I. Godfrey, and J. A. Trapani. 2001. A fresh look at tumor 
immunosurveillance and immunotherapy. Nat Immunol 2:293. 

104. Boon, T., J. C. Cerottini, B. Van den Eynde, P. van der Bruggen, and A. Van Pel. 
1994. Tumor antigens recognized by T lymphocytes. Annu Rev Immunol 12:337. 

105. Braud, V. M., H. Aldemir, B. Breart, and W. G. Ferlin. 2003. Expression of CD94-
NKG2A inhibitory receptor is restricted to a subset of CD8+ T cells. Trends 
Immunol 24:162. 

106. Long, E. O., and S. Rajagopalan. 2000. HLA class I recognition by killer cell Ig-like 
receptors. Semin Immunol 12:101. 



 

45 

107. McMahon, C. W., and D. H. Raulet. 2001. Expression and function of NK cell 
receptors in CD8+ T cells. Curr Opin Immunol 13:465. 

108. Le Drean, E., F. Vely, L. Olcese, A. Cambiaggi, S. Guia, G. Krystal, N. Gervois, A. 
Moretta, F. Jotereau, and E. Vivier. 1998. Inhibition of antigen-induced T cell 
response and antibody-induced NK cell cytotoxicity by NKG2A: association of 
NKG2A with SHP-1 and SHP-2 protein-tyrosine phosphatases. Eur J Immunol 
28:264. 

109. Mingari, M. C., A. Moretta, and L. Moretta. 1998. Regulation of KIR expression in 
human T cells: a safety mechanism that may impair protective T-cell responses. 
Immunol Today 19:153. 

110. Young, N. T., M. Uhrberg, J. H. Phillips, L. L. Lanier, and P. Parham. 2001. 
Differential expression of leukocyte receptor complex-encoded Ig-like receptors 
correlates with the transition from effector to memory CTL. J Immunol 166:3933. 

111. Valiante, N. M., M. Uhrberg, H. G. Shilling, K. Lienert-Weidenbach, K. L. Arnett, 
A. D'Andrea, J. H. Phillips, L. L. Lanier, and P. Parham. 1997. Functionally and 
structurally distinct NK cell receptor repertoires in the peripheral blood of two 
human donors. Immunity 7:739. 

112. Fernandez, N. C., E. Treiner, R. E. Vance, A. M. Jamieson, S. Lemieux, and D. H. 
Raulet. 2005. A subset of natural killer cells achieves self-tolerance without 
expressing inhibitory receptors specific for self-MHC molecules. Blood 105:4416. 

113. Mingari, M. C., F. Schiavetti, M. Ponte, C. Vitale, E. Maggi, S. Romagnani, J. 
Demarest, G. Pantaleo, A. S. Fauci, and L. Moretta. 1996. Human CD8+ T 
lymphocyte subsets that express HLA class I-specific inhibitory receptors represent 
oligoclonally or monoclonally expanded cell populations. Proc Natl Acad Sci U S A 
93:12433. 

114. Ikeda, H., B. Lethe, F. Lehmann, N. van Baren, J. F. Baurain, C. de Smet, H. 
Chambost, M. Vitale, A. Moretta, T. Boon, and P. G. Coulie. 1997. Characterization 
of an antigen that is recognized on a melanoma showing partial HLA loss by CTL 
expressing an NK inhibitory receptor. Immunity 6:199. 

115. Bakker, A. B., J. H. Phillips, C. G. Figdor, and L. L. Lanier. 1998. Killer cell 
inhibitory receptors for MHC class I molecules regulate lysis of melanoma cells 
mediated by NK cells, gamma delta T cells, and antigen-specific CTL. J Immunol 
160:5239. 

116. Guerra, N., M. Guillard, E. Angevin, H. Echchakir, B. Escudier, A. Moretta, S. 
Chouaib, and A. Caignard. 2000. Killer inhibitory receptor (CD158b) modulates the 
lytic activity of tumor-specific T lymphocytes infiltrating renal cell carcinomas. 
Blood 95:2883. 

117. Lopez-Botet, M., M. Llano, F. Navarro, and T. Bellon. 2000. NK cell recognition of 
non-classical HLA class I molecules. Semin Immunol 12:109. 

118. Brostjan, C., T. Bellon, Y. Sobanov, M. Lopez-Botet, and E. Hofer. 2002. 
Differential expression of inhibitory and activating CD94/NKG2 receptors on NK 
cell clones. J Immunol Methods 264:109. 

119. Gergely, J., I. Pecht, and G. Sarmay. 1999. Immunoreceptor tyrosine-based 
inhibition motif-bearing receptors regulate the immunoreceptor tyrosine-based 
activation motif-induced activation of immune competent cells. Immunol Lett 68:3. 

120. Tomasello, E., and E. Vivier. 2005. KARAP/DAP12/TYROBP: three names and a 
multiplicity of biological functions. Eur J Immunol 35:1670. 

121. Carbone, E., P. Neri, M. Mesuraca, M. T. Fulciniti, T. Otsuki, D. Pende, V. Groh, T. 
Spies, G. Pollio, D. Cosman, L. Catalano, P. Tassone, B. Rotoli, and S. Venuta. 
2005. HLA class I, NKG2D, and natural cytotoxicity receptors regulate multiple 
myeloma cell recognition by natural killer cells. Blood 105:251. 



 

 46

122. Castriconi, R., A. Dondero, M. V. Corrias, E. Lanino, D. Pende, L. Moretta, C. 
Bottino, and A. Moretta. 2004. Natural killer cell-mediated killing of freshly 
isolated neuroblastoma cells: critical role of DNAX accessory molecule-1-
poliovirus receptor interaction. Cancer Res 64:9180. 

123. Pende, D., C. Cantoni, P. Rivera, M. Vitale, R. Castriconi, S. Marcenaro, M. Nanni, 
R. Biassoni, C. Bottino, A. Moretta, and L. Moretta. 2001. Role of NKG2D in 
tumor cell lysis mediated by human NK cells: cooperation with natural cytotoxicity 
receptors and capability of recognizing tumors of nonepithelial origin. Eur J 
Immunol 31:1076. 

124. Pende, D., G. M. Spaggiari, S. Marcenaro, S. Martini, P. Rivera, A. Capobianco, M. 
Falco, E. Lanino, I. Pierri, R. Zambello, A. Bacigalupo, M. C. Mingari, A. Moretta, 
and L. Moretta. 2005. Analysis of the receptor-ligand interactions in the natural 
killer-mediated lysis of freshly isolated myeloid or lymphoblastic leukemias: 
evidence for the involvement of the Poliovirus receptor (CD155) and Nectin-2 
(CD112). Blood 105:2066. 

125. Bottino, C., R. Biassoni, R. Millo, L. Moretta, and A. Moretta. 2000. The human 
natural cytotoxicity receptors (NCR) that induce HLA class I-independent NK cell 
triggering. Hum Immunol 61:1. 

126. Hayakawa, Y., and M. J. Smyth. 2006. NKG2D and cytotoxic effector function in 
tumor immune surveillance. Semin Immunol 18:176. 

127. Bryceson, Y. T., M. E. March, D. F. Barber, H. G. Ljunggren, and E. O. Long. 
2005. Cytolytic granule polarization and degranulation controlled by different 
receptors in resting NK cells. J Exp Med 202:1001. 

128. Bryceson, Y. T., M. E. March, H. G. Ljunggren, and E. O. Long. 2006. Synergy 
among receptors on resting NK cells for the activation of natural cytotoxicity and 
cytokine secretion. Blood 107:159. 

129. Jemal, A., R. Siegel, E. Ward, T. Murray, J. Xu, C. Smigal, and M. J. Thun. 2006. 
Cancer statistics, 2006. CA Cancer J Clin 56:106. 

130. Hanahan, D., and R. A. Weinberg. 2000. The hallmarks of cancer. Cell 100:57. 
131. Stuart, G., E. Avall-Lundqvist, A. du Bois, M. Bookman, D. Bowtell, M. Brady, A. 

Casado, A. Cervantes, E. Eisenhauer, M. Friedlaender, K. Fujiwara, S. Grenman, J. 
P. Guastalla, P. Harper, T. Hogberg, S. Kaye, H. Kitchener, G. Kristensen, R. 
Mannel, W. Meier, B. Miller, A. Oza, R. Ozols, M. Parmar, J. Pfisterer, A. Poveda, 
D. Provencher, E. Pujade-Lauraine, M. Quinn, M. Randall, J. Rochon, G. Rustin, S. 
Sagae, F. Stehman, E. Trimble, T. Thigpen, P. Vasey, I. Vergote, R. Verheijen, J. 
Vermorken, and U. Wagner. 2005. 3rd International Ovarian Cancer Consensus 
Conference: outstanding issues for future consideration. Ann Oncol 16 Suppl 
8:viii36. 

132. Jeyarajah, A. R., T. E. Ind, S. Skates, D. H. Oram, and I. J. Jacobs. 1999. Serum 
CA125 elevation and risk of clinical detection of cancer in asymptomatic 
postmenopausal women. Cancer 85:2068. 

133. Thigpen, T. 2004. First-line therapy for ovarian carcinoma: what's next? Cancer 
Invest 22 Suppl 2:21. 

134. Fujiwara, K., M. Markman, M. Morgan, and R. L. Coleman. 2005. Intraperitoneal 
carboplatin-based chemotherapy for epithelial ovarian cancer. Gynecol Oncol 
97:10. 

135. See, H. T., J. J. Kavanagh, W. Hu, and R. C. Bast. 2003. Targeted therapy for 
epithelial ovarian cancer: current status and future prospects. Int J Gynecol Cancer 
13:701. 

136. Coukos, G., J. R. Conejo-Garcia, R. B. Roden, and T. C. Wu. 2005. Immunotherapy 
for gynaecological malignancies. Expert Opin Biol Ther 5:1193. 



 

47 

137. Reinartz, S., and U. Wagner. 2004. Current approaches in ovarian cancer vaccines. 
Minerva Ginecol 56:515. 

138. Boon, T., P. G. Coulie, B. J. Van den Eynde, and P. van der Bruggen. 2006. Human 
T cell responses against melanoma. Annu Rev Immunol 24:175. 

139. Gnjatic, S., D. Atanackovic, E. Jager, M. Matsuo, A. Selvakumar, N. K. Altorki, R. 
G. Maki, B. Dupont, G. Ritter, Y. T. Chen, A. Knuth, and L. J. Old. 2003. Survey of 
naturally occurring CD4+ T cell responses against NY-ESO-1 in cancer patients: 
correlation with antibody responses. Proc Natl Acad Sci U S A 100:8862. 

140. Letsch, A., U. Keilholz, D. Schadendorf, D. Nagorsen, A. Schmittel, E. Thiel, and 
C. Scheibenbogen. 2000. High frequencies of circulating melanoma-reactive CD8+ 
T cells in patients with advanced melanoma. Int J Cancer 87:659. 

141. Pupa, S. M., S. Menard, S. Andreola, and M. I. Colnaghi. 1993. Antibody response 
against the c-erbB-2 oncoprotein in breast carcinoma patients. Cancer Res 53:5864. 

142. Rentzsch, C., S. Kayser, S. Stumm, I. Watermann, S. Walter, S. Stevanovic, D. 
Wallwiener, and B. Guckel. 2003. Evaluation of pre-existent immunity in patients 
with primary breast cancer: molecular and cellular assays to quantify antigen-
specific T lymphocytes in peripheral blood mononuclear cells. Clin Cancer Res 
9:4376. 

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

144. Singh-Jasuja, H., N. P. Emmerich, and H. G. Rammensee. 2004. The Tubingen 
approach: identification, selection, and validation of tumor-associated HLA peptides 
for cancer therapy. Cancer Immunol Immunother 53:187. 

145. Redfern, C. H., T. H. Guthrie, A. Bessudo, J. J. Densmore, P. R. Holman, N. 
Janakiraman, J. P. Leonard, R. L. Levy, R. G. Just, M. R. Smith, F. P. Rosenfelt, P. 
H. Wiernik, W. D. Carter, D. P. Gold, T. J. Melink, J. C. Gutheil, and J. F. Bender. 
2006. Phase II trial of idiotype vaccination in previously treated patients with 
indolent non-Hodgkin's lymphoma resulting in durable clinical responses. J Clin 
Oncol 24:3107. 

146. Weng, W. K., D. Czerwinski, J. Timmerman, F. J. Hsu, and R. Levy. 2004. Clinical 
outcome of lymphoma patients after idiotype vaccination is correlated with humoral 
immune response and immunoglobulin G Fc receptor genotype. J Clin Oncol 
22:4717. 

147. Rammensee, H. G., T. Weinschenk, C. Gouttefangeas, and S. Stevanovic. 2002. 
Towards patient-specific tumor antigen selection for vaccination. Immunol Rev 
188:164. 

148. Gilboa, E. 1999. The makings of a tumor rejection antigen. Immunity 11:263. 
149. Rosenberg, S. A. 1999. A new era for cancer immunotherapy based on the genes 

that encode cancer antigens. Immunity 10:281. 
150. Davis, I. D. 2000. An overview of cancer immunotherapy. Immunol Cell Biol 

78:179. 
151. Rosenberg, S. A., J. C. Yang, and N. P. Restifo. 2004. Cancer immunotherapy: 

moving beyond current vaccines. Nat Med 10:909. 
152. Overwijk, W. W., M. R. Theoret, S. E. Finkelstein, D. R. Surman, L. A. de Jong, F. 

A. Vyth-Dreese, T. A. Dellemijn, P. A. Antony, P. J. Spiess, D. C. Palmer, D. M. 
Heimann, C. A. Klebanoff, Z. Yu, L. N. Hwang, L. Feigenbaum, A. M. Kruisbeek, 
S. A. Rosenberg, and N. P. Restifo. 2003. Tumor regression and autoimmunity after 



 

 48

reversal of a functionally tolerant state of self-reactive CD8+ T cells. J Exp Med 
198:569. 

153. Morgan, R. A., M. E. Dudley, J. R. Wunderlich, M. S. Hughes, J. C. Yang, R. M. 
Sherry, R. E. Royal, S. L. Topalian, U. S. Kammula, N. P. Restifo, Z. Zheng, A. 
Nahvi, C. R. de Vries, L. J. Rogers-Freezer, S. A. Mavroukakis, and S. A. 
Rosenberg. 2006. Cancer Regression in Patients After Transfer of Genetically 
Engineered Lymphocytes. Science. 

154. Dudley, M. E., J. R. Wunderlich, J. C. Yang, P. Hwu, D. J. Schwartzentruber, S. L. 
Topalian, R. M. Sherry, F. M. Marincola, S. F. Leitman, C. A. Seipp, L. Rogers-
Freezer, K. E. Morton, A. Nahvi, S. A. Mavroukakis, D. E. White, and S. A. 
Rosenberg. 2002. A phase I study of nonmyeloablative chemotherapy and adoptive 
transfer of autologous tumor antigen-specific T lymphocytes in patients with 
metastatic melanoma. J Immunother 25:243. 

155. Dudley, M. E., J. R. Wunderlich, J. C. Yang, R. M. Sherry, S. L. Topalian, N. P. 
Restifo, R. E. Royal, U. Kammula, D. E. White, S. A. Mavroukakis, L. J. Rogers, 
G. J. Gracia, S. A. Jones, D. P. Mangiameli, M. M. Pelletier, J. Gea-Banacloche, M. 
R. Robinson, D. M. Berman, A. C. Filie, A. Abati, and S. A. Rosenberg. 2005. 
Adoptive cell transfer therapy following non-myeloablative but lymphodepleting 
chemotherapy for the treatment of patients with refractory metastatic melanoma. J 
Clin Oncol 23:2346. 

156. Robbins, P. F., M. E. Dudley, J. Wunderlich, M. El-Gamil, Y. F. Li, J. Zhou, J. 
Huang, D. J. Powell, Jr., and S. A. Rosenberg. 2004. Cutting edge: persistence of 
transferred lymphocyte clonotypes correlates with cancer regression in patients 
receiving cell transfer therapy. J Immunol 173:7125. 

157. Rosenberg, S. A., J. C. Yang, P. F. Robbins, J. R. Wunderlich, P. Hwu, R. M. 
Sherry, D. J. Schwartzentruber, S. L. Topalian, N. P. Restifo, A. Filie, R. Chang, 
and M. E. Dudley. 2003. Cell transfer therapy for cancer: lessons from sequential 
treatments of a patient with metastatic melanoma. J Immunother 26:385. 

158. Yee, C., J. A. Thompson, D. Byrd, S. R. Riddell, P. Roche, E. Celis, and P. D. 
Greenberg. 2002. Adoptive T cell therapy using antigen-specific CD8+ T cell 
clones for the treatment of patients with metastatic melanoma: in vivo persistence, 
migration, and antitumor effect of transferred T cells. Proc Natl Acad Sci U S A 
99:16168. 

159. Marits, P., M. Karlsson, K. Dahl, P. Larsson, A. Wanders, M. Thorn, and O. 
Winqvist. 2006. Sentinel node lymphocytes: tumour reactive lymphocytes identified 
intraoperatively for the use in immunotherapy of colon cancer. Br J Cancer 
94:1478. 

160. Karre, K., G. O. Klein, R. Kiessling, G. Klein, and J. C. Roder. 1980. In vitro NK-
activity and in vivo resistance to leukemia: studies of beige, beige//nude and wild-
type hosts on C57BL background. Int J Cancer 26:789. 

161. Taniguchi, K., M. Petersson, P. Hoglund, R. Kiessling, G. Klein, and K. Karre. 
1987. Interferon gamma induces lung colonization by intravenously inoculated B16 
melanoma cells in parallel with enhanced expression of class I major 
histocompatibility complex antigens. Proc Natl Acad Sci U S A 84:3405. 

162. 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. 

163. Ericsson, C., S. Seregard, A. Bartolazzi, E. Levitskaya, S. Ferrone, R. Kiessling, 
and O. Larsson. 2001. Association of HLA class I and class II antigen expression 
and mortality in uveal melanoma. Invest Ophthalmol Vis Sci 42:2153. 



 

49 

164. Blom, D. J., L. R. Schurmans, I. De Waard-Siebinga, D. De Wolff-Rouendaal, J. E. 
Keunen, and M. J. Jager. 1997. HLA expression in a primary uveal melanoma, its 
cell line, and four of its metastases. Br J Ophthalmol 81:989. 

165. Jager, M. J., H. M. Hurks, J. Levitskaya, and R. Kiessling. 2002. HLA expression in 
uveal melanoma: there is no rule without some exception. Hum Immunol 63:444. 

166. Frohn, C., C. Doehn, C. Durek, A. Bohle, P. Schlenke, D. Jocham, and H. Kirchner. 
2000. Feasibility of the adoptive transfusion of allogenic human leukocyte antigen-
matched natural killer cells in patients with renal cell carcinoma. J Immunother 
23:499. 

167. Miller, J. S., Y. Soignier, A. Panoskaltsis-Mortari, S. A. McNearney, G. H. Yun, S. 
K. Fautsch, D. McKenna, C. Le, T. E. Defor, L. J. Burns, P. J. Orchard, B. R. 
Blazar, J. E. Wagner, A. Slungaard, D. J. Weisdorf, I. J. Okazaki, and P. B. 
McGlave. 2005. Successful adoptive transfer and in vivo expansion of human 
haploidentical NK cells in patients with cancer. Blood 105:3051. 

168. Passweg, J. R., A. Tichelli, S. Meyer-Monard, D. Heim, M. Stern, T. Kuhne, G. 
Favre, and A. Gratwohl. 2004. Purified donor NK-lymphocyte infusion to 
consolidate engraftment after haploidentical stem cell transplantation. Leukemia 
18:1835. 

169. Le, Y. S., T. E. Kim, B. K. Kim, Y. G. Park, G. M. Kim, S. B. Jee, K. S. Ryu, I. K. 
Kim, and J. W. Kim. 2002. Alterations of HLA class I and class II antigen 
expressions in borderline, invasive and metastatic ovarian cancers. Exp Mol Med 
34:18. 

170. Vitale, M., G. Pelusi, B. Taroni, G. Gobbi, C. Micheloni, R. Rezzani, F. Donato, X. 
Wang, and S. Ferrone. 2005. HLA class I antigen down-regulation in primary ovary 
carcinoma lesions: association with disease stage. Clin Cancer Res 11:67. 

171. Hallermalm, K., A. De Geer, R. Kiessling, V. Levitsky, and J. Levitskaya. 2004. 
Autocrine secretion of Fas ligand shields tumor cells from Fas-mediated killing by 
cytotoxic lymphocytes. Cancer Res 64:6775. 

172. Malmberg, K. J., and H. G. Ljunggren. 2006. Escape from immune- and 
nonimmune-mediated tumor surveillance. Semin Cancer Biol 16:16. 

173. Diefenbach, A., and D. H. Raulet. 2002. The innate immune response to tumors and 
its role in the induction of T-cell immunity. Immunol Rev 188:9. 

174. Lai, P., H. Rabinowich, P. A. Crowley-Nowick, M. C. Bell, G. Mantovani, and T. 
L. Whiteside. 1996. Alterations in expression and function of signal-transducing 
proteins in tumor-associated T and natural killer cells in patients with ovarian 
carcinoma. Clin Cancer Res 2:161. 

175. Malmberg, K. J. 2004. Effective immunotherapy against cancer: a question of 
overcoming immune suppression and immune escape? Cancer Immunol 
Immunother 53:879. 

176. Campoli, M., S. Ferrone, A. H. Zea, P. C. Rodriguez, and A. C. Ochoa. 2005. 
Mechanisms of tumor evasion. Cancer Treat Res 123:61. 

177. Marincola, F. M., E. M. Jaffee, D. J. Hicklin, and S. Ferrone. 2000. Escape of 
human solid tumors from T-cell recognition: molecular mechanisms and functional 
significance. Adv Immunol 74:181. 

178. Ko, E. C., X. Wang, and S. Ferrone. 2003. Immunotherapy of malignant diseases. 
Challenges and strategies. Int Arch Allergy Immunol 132:294. 

179. Klein, G. 2004. Cancer, apoptosis, and nonimmune surveillance. Cell Death Differ 
11:13. 

180. Igney, F. H., and P. H. Krammer. 2002. Death and anti-death: tumour resistance to 
apoptosis. Nat Rev Cancer 2:277. 



 

 50

181. Hicklin, D. J., F. M. Marincola, and S. Ferrone. 1999. HLA class I antigen 
downregulation in human cancers: T-cell immunotherapy revives an old story. Mol 
Med Today 5:178. 

182. Seliger, B., T. Cabrera, F. Garrido, and S. Ferrone. 2002. HLA class I antigen 
abnormalities and immune escape by malignant cells. Semin Cancer Biol 12:3. 

183. Chen, H. L., D. Gabrilovich, A. Virmani, I. Ratnani, K. R. Girgis, S. Nadaf-Rahrov, 
M. Fernandez-Vina, and D. P. Carbone. 1996. Structural and functional analysis of 
beta2 microglobulin abnormalities in human lung and breast cancer. Int J Cancer 
67:756. 

184. Hicklin, D. J., D. V. Dellaratta, R. Kishore, B. Liang, T. Kageshita, and S. Ferrone. 
1997. Beta2-microglobulin gene mutations in human melanoma cells: molecular 
characterization and implications for immune surveillance. Melanoma Res 7 Suppl 
2:S67. 

185. Lou, Y., T. Z. Vitalis, G. Basha, B. Cai, S. S. Chen, K. B. Choi, A. P. Jeffries, W. 
M. Elliott, D. Atkins, B. Seliger, and W. A. Jefferies. 2005. Restoration of the 
expression of transporters associated with antigen processing in lung carcinoma 
increases tumor-specific immune responses and survival. Cancer Res 65:7926. 

186. Ritz, U., F. Momburg, H. Pilch, C. Huber, M. J. Maeurer, and B. Seliger. 2001. 
Deficient expression of components of the MHC class I antigen processing 
machinery in human cervical carcinoma. Int J Oncol 19:1211. 

187. Seliger, B., D. Atkins, M. Bock, U. Ritz, S. Ferrone, C. Huber, and S. Storkel. 2003. 
Characterization of human lymphocyte antigen class I antigen-processing 
machinery defects in renal cell carcinoma lesions with special emphasis on 
transporter-associated with antigen-processing down-regulation. Clin Cancer Res 
9:1721. 

188. Meissner, M., T. E. Reichert, M. Kunkel, W. Gooding, T. L. Whiteside, S. Ferrone, 
and B. Seliger. 2005. Defects in the human leukocyte antigen class I antigen 
processing machinery in head and neck squamous cell carcinoma: association with 
clinical outcome. Clin Cancer Res 11:2552. 

189. Raffaghello, L., I. Prigione, P. Bocca, F. Morandi, M. Camoriano, C. Gambini, X. 
Wang, S. Ferrone, and V. Pistoia. 2005. Multiple defects of the antigen-processing 
machinery components in human neuroblastoma: immunotherapeutic implications. 
Oncogene 24:4634. 

190. Jimenez, P., J. Canton, A. Collado, T. Cabrera, A. Serrano, L. M. Real, A. Garcia, 
F. Ruiz-Cabello, and F. Garrido. 1999. Chromosome loss is the most frequent 
mechanism contributing to HLA haplotype loss in human tumors. Int J Cancer 
83:91. 

191. Koopman, L. A., W. E. Corver, A. R. van der Slik, M. J. Giphart, and G. J. Fleuren. 
2000. Multiple genetic alterations cause frequent and heterogeneous human 
histocompatibility leukocyte antigen class I loss in cervical cancer. J Exp Med 
191:961. 

192. Chang, C. C., M. Campoli, and S. Ferrone. 2003. HLA class I defects in malignant 
lesions: what have we learned? Keio J Med 52:220. 

193. Kloor, M., C. Becker, A. Benner, S. M. Woerner, J. Gebert, S. Ferrone, and M. von 
Knebel Doeberitz. 2005. Immunoselective pressure and human leukocyte antigen 
class I antigen machinery defects in microsatellite unstable colorectal cancers. 
Cancer Res 65:6418. 

194. Lehmann, F., M. Marchand, P. Hainaut, P. Pouillart, X. Sastre, H. Ikeda, T. Boon, 
and P. G. Coulie. 1995. Differences in the antigens recognized by cytolytic T cells 
on two successive metastases of a melanoma patient are consistent with immune 
selection. Eur J Immunol 25:340. 



 

51 

195. Restifo, N. P., F. M. Marincola, Y. Kawakami, J. Taubenberger, J. R. Yannelli, and 
S. A. Rosenberg. 1996. Loss of functional beta 2-microglobulin in metastatic 
melanomas from five patients receiving immunotherapy. J Natl Cancer Inst 88:100. 

196. Peoples, G. E., J. M. Gurney, M. T. Hueman, M. M. Woll, G. B. Ryan, C. E. 
Storrer, C. Fisher, C. D. Shriver, C. G. Ioannides, and S. Ponniah. 2005. Clinical 
trial results of a HER2/neu (E75) vaccine to prevent recurrence in high-risk breast 
cancer patients. J Clin Oncol 23:7536. 

197. Sondak, V. K., and J. A. Sosman. 2003. Results of clinical trials with an allogenic 
melanoma tumor cell lysate vaccine: Melacine. Semin Cancer Biol 13:409. 

198. De Petris, L., K. Bergfeldt, C. Hising, A. Lundqvist, B. Tholander, P. Pisa, H. G. 
van der Zanden, and G. Masucci. 2004. Correlation between HLA-A2 gene 
frequency, latitude, ovarian and prostate cancer mortality rates. Med Oncol 21:49. 

199. Gamzatova, Z., L. Villabona, L. Dahlgren, T. Dalianis, B. Nillson, K. Bergfeldt, and 
G. V. Masucci. 2006. Human leucocyte antigen (HLA) A2 as a negative clinical 
prognostic factor in patients with advanced ovarian cancer. Gynecol Oncol. 

200. Cromme, F. V., P. F. van Bommel, J. M. Walboomers, M. P. Gallee, P. L. Stern, P. 
Kenemans, T. J. Helmerhorst, M. J. Stukart, and C. J. Meijer. 1994. Differences in 
MHC and TAP-1 expression in cervical cancer lymph node metastases as compared 
with the primary tumours. Br J Cancer 69:1176. 

201. Kaklamanis, L., R. Leek, M. Koukourakis, K. C. Gatter, and A. L. Harris. 1995. 
Loss of transporter in antigen processing 1 transport protein and major 
histocompatibility complex class I molecules in metastatic versus primary breast 
cancer. Cancer Res 55:5191. 

202. Seliger, B., M. J. Maeurer, and S. Ferrone. 1997. TAP off--tumors on. Immunol 
Today 18:292. 

203. Jager, E., M. Ringhoffer, M. Altmannsberger, M. Arand, J. Karbach, D. Jager, F. 
Oesch, and A. Knuth. 1997. Immunoselection in vivo: independent loss of MHC 
class I and melanocyte differentiation antigen expression in metastatic melanoma. 
Int J Cancer 71:142. 

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

205. Maeurer, M. J., S. M. Gollin, D. Martin, W. Swaney, J. Bryant, C. Castelli, P. 
Robbins, G. Parmiani, W. J. Storkus, and M. T. Lotze. 1996. Tumor escape from 
immune recognition: lethal recurrent melanoma in a patient associated with 
downregulation of the peptide transporter protein TAP-1 and loss of expression of 
the immunodominant MART-1/Melan-A antigen. J Clin Invest 98:1633. 

206. Ibrahim, E. C., N. Guerra, M. J. Lacombe, E. Angevin, S. Chouaib, E. D. Carosella, 
A. Caignard, and P. Paul. 2001. Tumor-specific up-regulation of the nonclassical 
class I HLA-G antigen expression in renal carcinoma. Cancer Res 61:6838. 

207. Lefebvre, S., M. Antoine, S. Uzan, M. McMaster, J. Dausset, E. D. Carosella, and 
P. Paul. 2002. Specific activation of the non-classical class I histocompatibility 
HLA-G antigen and expression of the ILT2 inhibitory receptor in human breast 
cancer. J Pathol 196:266. 

208. Paul, P., F. A. Cabestre, F. A. Le Gal, I. Khalil-Daher, C. Le Danff, M. Schmid, S. 
Mercier, M. F. Avril, J. Dausset, J. G. Guillet, and E. D. Carosella. 1999. 
Heterogeneity of HLA-G gene transcription and protein expression in malignant 
melanoma biopsies. Cancer Res 59:1954. 

209. Sala, F. G., P. M. Del Moral, N. Pizzato, F. Legrand-Abravanel, P. Le Bouteiller, 
and F. Lenfant. 2004. The HLA-G*0105N null allele induces cell surface 
expression of HLA-E molecule and promotes CD94/NKG2A-mediated recognition 
in JAR choriocarcinoma cell line. Immunogenetics 56:617. 



 

 52

210. Sallusto, F., D. Lenig, R. Forster, M. Lipp, and A. Lanzavecchia. 1999. Two subsets 
of memory T lymphocytes with distinct homing potentials and effector functions. 
Nature 401:708. 

211. Moser, J. M., J. Gibbs, P. E. Jensen, and A. E. Lukacher. 2002. CD94-NKG2A 
receptors regulate antiviral CD8(+) T cell responses. Nat Immunol 3:189. 

212. Chang, W. C., S. C. Huang, P. L. Torng, D. Y. Chang, W. C. Hsu, S. H. Chiou, S. 
N. Chow, and B. C. Sheu. 2005. Expression of inhibitory natural killer receptors on 
tumor-infiltrating CD8+ T lymphocyte lineage in human endometrial carcinoma. Int 
J Gynecol Cancer 15:1073. 

213. Sheu, B. C., S. H. Chiou, H. H. Lin, S. N. Chow, S. C. Huang, H. N. Ho, and S. M. 
Hsu. 2005. Up-regulation of inhibitory natural killer receptors CD94/NKG2A with 
suppressed intracellular perforin expression of tumor-infiltrating CD8+ T 
lymphocytes in human cervical carcinoma. Cancer Res 65:2921. 

214. Hilders, C. G., L. Ras, J. D. van Eendenburg, Y. Nooyen, and G. J. Fleuren. 1994. 
Isolation and characterization of tumor-infiltrating lymphocytes from cervical 
carcinoma. Int J Cancer 57:805. 

215. Pilch, H., H. Hohn, C. Neukirch, K. Freitag, P. G. Knapstein, B. Tanner, and M. J. 
Maeurer. 2002. Antigen-driven T-cell selection in patients with cervical cancer as 
evidenced by T-cell receptor analysis and recognition of autologous tumor. Clin 
Diagn Lab Immunol 9:267. 

216. Lotzova, E., C. A. Savary, R. Freedman, and J. M. Bowen. 1986. Natural immunity 
against ovarian tumors. Comp Immunol Microbiol Infect Dis 9:269. 

217. Lotzova, E., C. A. Savary, R. S. Freedman, C. L. Edwards, and J. T. Wharton. 1988. 
Recombinant IL-2-activated NK cells mediate LAK activity against ovarian cancer. 
Int J Cancer 42:225. 

218. Roszkowski, P. I., A. Hyc, and J. Malejczyk. 1993. Natural killer cell activity in 
patients with ovarian tumors and uterine myomas. Eur J Gynaecol Oncol 14 
Suppl:114. 

219. Gonzalez, S., V. Groh, and T. Spies. 2006. Immunobiology of human NKG2D and 
its ligands. Curr Top Microbiol Immunol 298:121. 

220. Groh, V., R. Rhinehart, H. Secrist, S. Bauer, K. H. Grabstein, and T. Spies. 1999. 
Broad tumor-associated expression and recognition by tumor-derived gamma delta 
T cells of MICA and MICB. Proc Natl Acad Sci U S A 96:6879. 

221. Pende, D., P. Rivera, S. Marcenaro, C. C. Chang, R. Biassoni, R. Conte, M. Kubin, 
D. Cosman, S. Ferrone, L. Moretta, and A. Moretta. 2002. Major histocompatibility 
complex class I-related chain A and UL16-binding protein expression on tumor cell 
lines of different histotypes: analysis of tumor susceptibility to NKG2D-dependent 
natural killer cell cytotoxicity. Cancer Res 62:6178. 

222. Salih, H. R., H. Antropius, F. Gieseke, S. Z. Lutz, L. Kanz, H. G. Rammensee, and 
A. Steinle. 2003. Functional expression and release of ligands for the activating 
immunoreceptor NKG2D in leukemia. Blood 102:1389. 

223. Seliger, B., H. Abken, and S. Ferrone. 2003. HLA-G and MIC expression in tumors 
and their role in anti-tumor immunity. Trends Immunol 24:82. 

224. Groh, V., J. Wu, C. Yee, and T. Spies. 2002. Tumour-derived soluble MIC ligands 
impair expression of NKG2D and T-cell activation. Nature 419:734. 

225. Bottino, C., R. Castriconi, D. Pende, P. Rivera, M. Nanni, B. Carnemolla, C. 
Cantoni, J. Grassi, S. Marcenaro, N. Reymond, M. Vitale, L. Moretta, M. Lopez, 
and A. Moretta. 2003. Identification of PVR (CD155) and Nectin-2 (CD112) as cell 
surface ligands for the human DNAM-1 (CD226) activating molecule. J Exp Med 
198:557. 

226. 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. 



 

53 

Defective expression and function of natural killer cell-triggering receptors in 
patients with acute myeloid leukemia. Blood 99:3661. 

227. Lee, J. C., K. M. Lee, D. W. Kim, and D. S. Heo. 2004. Elevated TGF-beta1 
secretion and down-modulation of NKG2D underlies impaired NK cytotoxicity in 
cancer patients. J Immunol 172:7335. 

228. Whiteside, T. L. 2006. Immune suppression in cancer: effects on immune cells, 
mechanisms and future therapeutic intervention. Semin Cancer Biol 16:3. 

229. Curiel, T. J., G. Coukos, L. Zou, X. Alvarez, P. Cheng, P. Mottram, M. Evdemon-
Hogan, J. R. Conejo-Garcia, L. Zhang, M. Burow, Y. Zhu, S. Wei, I. Kryczek, B. 
Daniel, A. Gordon, L. Myers, A. Lackner, M. L. Disis, K. L. Knutson, L. Chen, and 
W. Zou. 2004. Specific recruitment of regulatory T cells in ovarian carcinoma 
fosters immune privilege and predicts reduced survival. Nat Med 10:942. 

230. Sakaguchi, S. 2005. Naturally arising Foxp3-expressing CD25+CD4+ regulatory T 
cells in immunological tolerance to self and non-self. Nat Immunol 6:345. 

 
 


