














































































































































































































of the receptor an individual possesses, as well as the ability of that version to interact 

with the allelic version of the HLA-Bw4 molecules expressed (18). As such, further study 

investigating the differential abilities of different KIR3DL1 and HLA-Bw4 allelic 

interactions to license NK cells is required. The results of such investigations could 

elucidate the optimal conditions for licensing K cells. 

The licensing process not only endows the ability to mediate effector functions 

upon NK cells, but it also maintains tolerance to self within this lymphocyte subset. As 

only K cells expressing an inhibitory receptor to self are licensed, tolerance to self-cells 

expressing the normal constellation of HLA class I molecules is ensured. This makes 

intuitive sense when considering general cytotoxicity, which utilizes receptors 

recognizing altered expression of self-molecules. However, it is less clear at first as to 

why licensing would be necessary or advantageous for CD 16 mediated effector functions. 

CD 16 exploits the adaptive immune system, and recognizes antibodies directed against 

pathogens, which have already been vetted via the B-cell tolerance pathway. Antibodies 

against self however, have been documented in healthy individuals and individuals with 

several infections (19-21 ). Therefore, the requirement for NK cells to be licensed to 

mediate ADCC can serve as a barrier for these autoreactive antibodies to be utili zed for 

effector functions. Due to licensing, antibodies that bind self-molecules on healthy cells 

will not trigger an ADCC response, as the NK cell will be inhibited by the li gation of an 

inhibitory receptor by the normal expression of HLA class I. However, because pathogens 

often downregulate the expression of HLA class I to avoid the adaptive immune response 

(22), antibodies that recognize infected cells will be recognized by CD 16 and lysed by the 

NK cell. 
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While NK cell licensing can be viewed as a secondary protection mechanism 

ensuring autoreactive antibodies are not utilized in autoimmunity, it is also likely that the 

licensing process due to the evolutionary history of these cells regulates all NK cell 

functions. NK cells are considered as the evolutionary precursors to the B and T 

lymophocytes of the adaptive immune system. In the organisms where these cells were 

present in the absence of adaptive immunity, tolerance would still need to be maintained 

via licensing and similar mechanisms. As such, it is possible that the licensing of NK cell 

CD 16 mediated effector functions is a carry over from an adaptation to a previous in vivo 

environment. 

Demonstrating licensed NK cells is a key step in understanding the process of 

licensing and exploring its potential pragmatic applications. The present study provided 

evidence for the licensing of ADCC capabilities through the inhibitory KIR3DL 1 

receptor. Further elucidation of the basic properties of this process could lead to the 

development and enhancement of immunological therapies. A greater understanding of 

licensing and NK ontogeny could also help explain the mechanisms via which specific 

NK cell phenotypes provide protection against initial infections and disease progression. 

The licensing hypothesis provides a model through which many of the properties of NK 

cells can be better understood and applied. 
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Chapter 4 

Conclusion 
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This project investigated non-clonotypic activating and inhibitory receptors 

expressed on T-lymphocytes and natural killer (NK) cells. First, changes in the expression 

patterns of the CD 56 marker and the inhibitory NKG2A natural killer cell receptor (NKR) 

on cytotoxic T-lymphocytes (CTL), during human immunodeficiency virus (HIV) 

infection, were investigated as phenotypic markers and contributory factors to the 

emergence of an autoreactive CTL subset that kills activated uninfected T-lymphocytes. 

Secondly, we investigated if host co-expression of an inhibitory NKR and its ligand was 

associated with the licensing of antibody dependent cellular cytotoxicity (ADCC) 

capabilities in NK cells. Our results suggest that inhibitory receptors are involved in both 

regulating adaptive immune responses and in the ontogeny of the CD 16-mediated effector 

functions ofNK cells. 

Chronic HIV infection is associated with progressive loss of protective immunity 

and development of immune pathology, including a subset of CTL that kill activated 

uninfected T -lymphocytes (1-5). HIV infection is also associated with several alterations 

in accessory receptor expression patterns, including decreased numbers of CTL 

expressing the CD56 marker (6) and the inhibitory NKG2A/CD94 receptor (7). As such, 

we investigated if these alterations could provide phenotypic markers or contribute to the 

behaviour of CTL capable of killing activated uninfected T -cells. CTL that killed 

activated uninfected T-lymphocytes lacked expression of CD56 and NKG2A/CD94. This 

finding corresponds to the previous observation of increased levels of CTL lacking 

expression of CD 56 and NKG2A/CD94 in HIV -infected individuals. The results from this 

study suggest some of the alterations in receptor expression that develop during chronic 

HIV infection may relate to evolution of the adaptive immune response from primarily 
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protective to autoreactive and pathological. The observation of lack of expression of 

NKG2A/CD94 on autoreactive CTL from HIV infected individuals is potentially valuable 

not only for explaining how alterations in inhibitory receptors can modify CTL function, 

but also for the development of a pathology model for the progression from HIV infection 

to the acquired immune deficiency syndrome (AIDS). 

CTL that kill activated uninfected T-lymphocytes are found in human HIV 

infections and simian immunodeficiency virus (SIV) infections that progress to AIDS (1-

5). The association of these CTL with disease progression does not end with their 

appearance in only pathogenic infections, as they are also associated with several markers 

of disease progression, including CD8+ T-lymphocyte counts, serum beta-2-

microglobulin levels and viral loads. Since the majority of CD4+ T-lymphocytes 

destroyed in immunodeficiency virus infection are uninfected (8) and these CTL are 

associated with disease progression, this cellular subset could be important in the 

pathogenesis of HIV infection. Therefore, understanding how changes in accessory 

receptors induced on CTL during chronic viral infection could lead to the development of 

such an autoreactive subset of CTL may also elucidate a mechanism of pathogenesis in 

HIV infection. 

The inhibitory NKG2A/CD94 receptor is a regulator of CTL and NK cell activity. 

This receptor recognizes the non-classical class I human leukocyte-histocompatibility 

linked antigen (HLA) molecule, HLA-E (9). As HLA-E expression is increased in HIV 

infected individuals (reviewed in I 0), HIV infection may drive the selection of CTL that 

have reduced expression of NKG2A/CD94. This will result in CTL that recognize their 

cognate antigen and respond without being inhibited by the increased levels of HLA-E. 
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Therefore, CTL that lack expression of KG2A would be selected as they would be 

more likely to respond appropriately after recognizing cognate antigen. However, such a 

change in inhibitory receptor expression on CTL may allow TCR with cross-reactivity 

with self to recognize and respond to self. These changes in the expression patterns of 

inhibitory accessory receptors on CTL in HIV infected individuals may contribute to the 

development of CTL capable of killing activated uninfected T-lymphocytes and the 

establishment of pathogenic autoimmunity. 

In the second part of this project we investigated if co-expression of the killer 

immunoglobulin like receptor (KIR) 3DL1 with its ligand, class I HLA-BW4 licensed 

NK cells to mediate ADCC. As previous research investigating licensing of ADCC 

through KIRs yielded contradictory results (11-12), we applied an ecologically valid 

experimental system to address potential methodological problems. Our results 

demonstrated that KIR3DL1 + K cells had higher ADCC and interferon gamma (IFN-y) 

production when isolated from individuals expressing the HLA-BW4 ligand. This 

observation suggests inhibitory NKR ligation plays a vital role in the ontogeny of NK 

cells. Establishing that the licensing of NK cell activities occurs through inhibitory 

receptors is important for furthering our understanding of basic K cell biology and for 

creating and enhancing NK cell based therapies. 

Currently hematopoietic transplants are used as therapies against several forms of 

leukemia (reviewed in 13). NK cells that develop from these transplants, from donors 

expressing both an inhibitory receptor and its ligand, become alloreactive when the 

recipient lacks expression of the receptor' s ligand. This observation is explained by a 
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combination of the licensing hypothesis and the missing-self hypothesis. The NK cells are 

licensed for cytotoxicity in the donor. However, upon transfer to the recipient they are 

unable to be inhibited due to the missing ligand, or missing self. Thus, when an activating 

receptor is stimulated the cell will become activated due to the lack of inhibitory signals. 

A greater understanding of the licensing process may allow the development of in vitro 

licensing protocols and a simplification of this therapy. Instead of using transplantation, 

hyporeactive or non-licensed NK cells could be harvested from the individual with the 

leukemia. These cells could be licensed in vitro and reintroduced within the individual. 

Upon reintroduction these cells should mediate an anti-leukemia effect similar to that 

observed after transplantation. 

The development of in vitro licensing protocols could also provide therapeutic 

avenues for several infections, including HIV infection. Co-expression of KIR3DL1 and 

its ligand HLA-BW4 is associated with protection from HIV infection in uninfected 

individuals that have been exposed to HIV (14). This suggests that NK cells expressing 

the KIR3DL1 receptor are somehow providing protection against initial infection. As this 

protective effect coincides with expression of HLA-BW4, it is possible that licensing can 

explain this observation. As such, the ability to induce licensing in vitro and reintroduce 

KIR3DL1 + NK cells, from individuals lacking HLA-BW4, may provide protection 

against initial infection with HIV. 

Enhancement or creation of new therapies based on the licensing of NK cells is 

highly speculative. Much remains unknown about the licensing process, including if it is 

reversible. Some suggest that to remain licensed NK cells may need constant exposure to 

the ligands of their inhibitory receptors (15). If this were the case, NK cells licensed in 
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vitro would lose their ability to mediate effector functions after reintroduction into the 

original host. If NK cell licensing is to be harvested for the purposes of creating and/or 

enhancing therapies, much more information is required about the mechanism and 

stability of licensing. Although understanding licensing is of much importance for 

harvesting the full potential of NK cells, a detailed understanding of other NK cell 

properties is also essential. The recent observation of memory in NK cells is a novel 

property that could be of much importance. 

Evidence for memory in NK cells 1s seen 111 both infection models and the 

adoptive transfer of in vitro cytokine-activated cells (16-17). Murine NK cells provide 

protection against murine cytomegalovirus (MCMV) infection through the activating 

Ly49H receptor. This receptor recognizes the viral m 157 protein, which is expressed on 

the surface of infected cells. This infection model was recently employed to investigate 

memory in NK cells. The investigators found a preferential expansion of Ly49H 

expressing NK cells. They also observed heightened levels ofLy49H expressing NK cells 

in both the lymphoid and non-lymphoid organs for up to 37 days post infection. These 

cells were able to produce cytokines and degranulate upon reactivation, and provided 

protection against MCMV infection in adoptively transferred hosts. The properties of 

these cells suggest they are memory NK cells. They are expanded by recognition of a 

specific ligand by an activating receptor, and are capable of protecting adoptively 

transferred hosts from initial infection with the original pathogen. Evidence for memory 

NK cells has also been provided by in vitro activation of NK cells with cytokines and 

reintroduction into animals. These cells are detectable by production of larger quantities 

of IFN-y than nai"ve NK cells upon stimulation. In this experiment, however, memory NK 
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cells did not demonstrate higher levels of cytotoxicity than na'ive NK cells. These two 

independent studies demonstrate that NK cells have the ability to exhibit memory. The 

results suggest that two independent types of memory may be present in NK cells, one 

induced through activating receptor ligation and another through cytokine stimulation. 

These two types of memory appear to have different characteristics (Fig. 1 ), which may 

have diverse implications. With greater understanding these types of memory may have 

many different applications. 

The NK cell memory induced by triggering activating receptors confers upon the 

lymphocytes an ability to recognize and kill appropriate target cells faster than na'ive cells 

(16). In an MCMV infection model, this increased killing potential protected adoptively 

transferred animals from initial infection. This type of NK cell memory could potentially 

be harvested to protect against many infections. However, much remains unknown about 

this novel NK cell characteristic. It is unknown if activating NKR must recognize non

self components for this type of memory to be induced or if it is just a certain threshold of 

activation that is required. These questions could be determined via in vitro experiments 

with cross-linking of activating NKR or by transplantation of NK cells into donors that 

express the self-ligands for activating receptors, but not the inhibitory receptors. 

Regardless of the basic characteristics of this form of memory, many applications are 

possible. There is even potential to use this observation to generate designer NK cell 

phenotypes that upon introduction to an in vitro environment could confer protection 

against infection or tumor development. 
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I. 

Activating Receptor
Induced Memory 

Increased cytotoxicity 

Increased IFN -y 

Protection from infection 

II. 

Cytokine-Induced 
Memory 

Unaltered cytotoxicity 

Increased IFN -y 

Figure 4.1 . NK cell memory can be induced by (I) triggering through activating receptors 

or (II) through stimulation with cytokines. These two mechanisms of memory induction 

produce NK cells that exhibit different characteristics. 
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The NK cell memory induced by cytokine stimulation appears to predispose NK 

cells to produce higher levels of IFN-y and not influence cytotoxicity potential (17). This 

form of memory could also be used for many therapeutic purposes. The activation of 

such memory NK cells could act as an addition to vaccination protocols, as IFN-y 

activates NK cells to produce TNF-a and the two cytokines act together to induce the 

maturation and migration of antigen loaded dendritic cells (DC). As such, this form of 

NK cell memory could be beneficial for enhancing the induction of adaptive immunity. 

Although the two types of NK cell memory have many potential applications, the 

ecological validity of their in vivo existence remains questionable. As activating NKR 

tend to recognize self-ligands, the presence of an activating receptor that recognizes a 

peptide from a pathogen is most likely a chance occurrence. Thus, the development of 

NK cell memory in MCMV infection could be due to an unrealistic triggering of the 

activating receptor in the absence of inhibitory signals, which would be decreased due to 

the down-regulation of MHC-I ligands by MCMV (18). Also, it is unknown if the 

induction of memory by in vitro cytokine stimulation could occur in vivo. The culture 

conditions may simply reflect an environment that cannot be recreated within an 

organism. As such, it remains unknown if NK cell memory is an ecologically valid 

concept, or if it represents an experimental artifact. 

The present study provided evidence that NKR are valuable in the development of 

ADCC or CD 16-mediated effector functions in NK cells and that they could serve as 

phenotypic markers of and functional contributors to the development ofT-cell mediated 

immune pathology in HIV infection. Increasing the understanding of accessory receptor 
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function is a potentially valuable tool for developing and enhancing medical therapies for 

many conditions. Although it remains unknown if many ofthe observations regarding NK 

cell function are ecologically valid, many valuable contributions can arise from these 

observations. 
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