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Abstract: Natural killer (NK) cells are lymphocytes of the innate immune system that are critical in host defense and 
immune regulation. They are activated or inhibited through the ligation of germline-encoded receptors and are involved 
in mediating cytotoxicity, in producing cytokines and in providing co-stimulation to cells of the adaptive immune 
system. 

NK cells have receptors that recognize Class I major histocompatibility complex (MHC), and their function is tightly 
integrated with other cells in the innate and adaptive immune systems. 

Effective immunity requires coordinated activation of innate and adaptive immune responses. NK cells are principal 
mediators of innate immunity, able to respond to challenge quickly and generally without prior activation. The most 
acknowledged functions of NK cells are their cytotoxic potential and their ability to release large amounts of cytokines, 
especially IFN-c. 

The activities of NK cells are regulated by the interaction of various receptors expressed on their surfaces with cell 
surface ligands. While the role of NK cells in controlling tumor activity is relatively clear. 

In this article, I discus theRegulation of effector cells by NK cells, cytotoxicity effect, and  in producing cytokines, 
Natural killer cells and immunoregulation, mechanisms of action of NK cells, NK cells and adaptive immunity; 
moreover, therapeutic applications of NK cells in cancer and autoimmunity.  
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1. Introduction 
 
Natural killer (NK) cells the first line of innate defense against viral infection, and they rapidly 
and directly kill infected cells in the absence of antigen presentation and recognition. In 
response to stimuli from diverse sources, including infections, cytokines, stresses and other 
immune cells, NK cells exert the following distinct functions: (i) secrete perforin and granzyme 
to directly kill target cells; (ii) release cytokines to regulate immune responses; and (iii) couple 
death-inducing receptors to target cells and induce apoptosis(1),(2). NK-deficient individuals 
are highly susceptible to a variety of viral infections, illustrating the key role of NK cells in the 
defense against viral infection(3).Natural killer (NK) cells are a heterogeneous group of immune 
cells that share severalcommon identifying properties. Morphologically, NK cells are large 
granular lymphocytes with abundant cytoplasm with azurophilic cytoplasmic granules.(4). Cell 
surface markers detected by flowcytometry and immunohistochemistry are now standard to 
identify NK cells, which are defined by the presence of an isoform of the neural cell adhesion 
molecule, CD56, and the absence of CD3, the pan-T-cell marker(5).With these phenotypic 
criteria, NK cells are present in significant numbers, comprising up to 29% of circulating 
lymphocytes(6),  and 5% to 17% of mononuclear cells in hematolymphoid organs (7).Phenotypic 
NK-cell subsets have differing functions and anatomic distributions. For example, NK cells can 
be broadly divided into CD56bright and CD56dim subsets. Briefly, CD56bright NK cells have 
low resting cytotoxic activity, are preferentially found in secondary lymphoid tissue, and may 
represent a precursor to the more cytotoxic CD56dim NK cells that are found circulating in the 
peripheral blood (7).Subsets of NK cells can also express CD16, a low-affinity Fc 
immunoglobulin G receptor that allows NK cells to participate in antibody-dependent cellular 
toxicity (8). Other less-defined and smaller NK-cell subsets have been described, and as new 
surface markers are discovered, the definition and functional characteristics of NK cells will be 
further refined. NK cells were first discovered to recognize and lyse cells lacking major 
histocompatibility complex (MHC) without prior sensitization (9),(10). Later, NK cells were 
shown to lack germline T-cell receptor gene rearrangements and antigen-specific cell surface 
receptors.However, viruses have evolved various strategies to evade the NK cell recognition 
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and destruction during acute and persistent viral infections.An array of activating or inhibitory 
receptors on the surface of NK cells recognize the ligands of target cells, and the relative 
expression of these receptors and the outcome of their signal cascades determines NK cell 
activation and cytotoxicity(11).Numerous activating or inhibitory NK cell receptors have been 
identified in NK cells; the activating receptors recruit adaptors that contain the intracellular 
immunoreceptor tyrosine-based activating motif (ITAM), whereas the inhibitory receptors 
contain the immunoreceptor tyrosine-based inhibitory motifs (ITIM), consequently, they 
transduce activating orinhibitory signal cascades, respectively(12).A cluster of inhibitory 
receptors specifically binds to major histocompatibility complex (MHC) class I molecules, such 
as the inhibitory Ly49s family members in mice, the killer-cell immunoglobulin-like receptors 
(KIR) in humans, and the heterodimeric CD94-NKG2A receptor in both species that recognizes 
non-classic MHC class I molecules. These molecules allow NK cells to beregulated by self-MHC 
recognition and restrain the NK cell hyperactivity(12).Therefore, the NK cells preferentially kill 
the infected cells in which the surface expression of MHC molecules and the antigen 
presentation are inhibited by viruses(13).Four types of activating NK receptors recognize the 
different ligands: CD16 enables NKcells to exert antibody-dependent cell cytotoxicity; natural 
killer group 2 member D (NKG2D) recognizes a family of stress-induced ligands; natural 
cytotoxicity receptors (NCRs) are able to recognize pathogen-derived or induced ligands and 
tumor ligands; and the other receptors, including 2B4 (CD244), NKG2C, DNAM1 (CD226) and 
NKp80, recognize self-molecules(11). All receptors recognize a variety of ligands on the surface 
of target cells, and the major ligands include atypical major MHC class I, MHC class I-related 
chain A (MICA), MHC class I-related chain B (MICB), UL16 binding proteins 1–6 (ULBP1–
ULBP6) and some viral proteins(12),(14).Upon the association between receptors and ligands, 
the receptors activate Syk (spleen tyrosine kinase) or ZAP70 (zeta-chain associated protein 
kinase 70 kDa) tyrosine kinases through the adapters DAP12, Fc"RI (also known as FcR ) or 
CD3, or they activate phosphatidylinositol-3-kinase (PI3K) through the adaptor 
DAP10(12).During their development and maturation, NK cell receptors recognize self-ligands 
to obtain self-tolerance for normal and healthy cells through the processes of selection and 
education(15),(16).During viral infection, the balance of NK activating or inhibitory receptors 
shifts toward NK cell activation and increased cytotoxicity, whereas viruses employ complex 
mechanisms to reverse NK cell activation and maintain NK cell quiescence. Downregulation of 
MHC class I molecules by viruses prevents antigen presentation and reduces the immune 
response; however, it increases the susceptibility to NK cell recognition and 
destruction(13).Viruses possess more effective and distinct strategies to escape from NK cell 
immunity, including stimulating the inhibitory receptors and disrupting the activating 
receptors.Several viruses are able to inhibit NK cell activation through inhibitory receptors. 
Murine cytomegalovirus (MCMV) encoded MHC-I-like m157 in infected cell surfaces acts as a 
ligand of inhibitory Ly49C receptor, and their binding hampers NK cell activation. This 
outcome results in the evasion from NK cell clearance during MCMV infection in mice (17),(18). 
In humans, human leukocyte antigen (HLA)-C is capable of inhibiting NK cell cytotoxicity via 
inhibitory KIR receptors in human immunodeficiency virus type 1 (HIV-1) infection(19).HLA-C 
presents HIV p24 epitopes to KIR receptors and engages KIRs on NK cells; therefore, it inhibits 
NK cell function(20).Additionally, the epitopes of human cytomegalovirus (HCMV) 
glycoprotein UL40 are presented by HLA-E to NK cells via CD94/NKG2A receptor, by which 
protects the infected cells from NK cell killing(21).The natural selection of variations provides a 
novel viral escape through inhibitory NK cell receptors(21),(22).Here, we review the 
impairment of NK cell-activating receptors and ligands by viruses and further discuss the 
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unique aspects of viral evasion of NK cell recognition and destruction, which provides novel 
insights on the struggles between NK cells and viruses during persistent viral infection. 
 
2. NK cell functions 
 
NK cells are distinct from T cells or B cells and have distinct morphologic, phenotypic and 
functional properties. As suggested by their name, NK cells occur naturally, i.e., they are part of 
innate immunity and, unlike T cells or B cells, do not require sensitization for the expression of 
their activity. Morphologically, most NK cells are large granular lymphocytes in that they are 
bigger than normal lymphocytes and have more cytoplasm. Phenotypically, NK cells have 
several unique markers on their surface but are most traditionally characterized by being CD3_, 
CD56+. They are distinct from NKT cells which express CD3, rearrange their germline DNA T 
cell receptor genes (though with a limited repertoire) and are reviewed elsewhere(23).NK cell 
functions can be classified in three categories: 
 
3. Cytotoxicity 
 
NK cells can kill certain virally infected cells and tumor target cells regardless of their MHC 
expression(24).NK cells possess relatively large numbers of cytolytic granules, which are 
secretory lysosomes containing perforin and various granzymes. Upon contact between an NK 
cell and its target, these granules traffic to the contact zone with the susceptible target cell (the 
so-called immunological synapse), and the contents are extruded to effect lysis. Perforin-
dependent cytotoxicity is the major mechanism of NK cell lysis, although NK cells can also kill 
in a perforin-independent manner utilizing FAS ligand, TNF or TNF-related apoptosis-inducing 
ligand (TRAIL), albeit less efficiently and in a slower time kinetic. 
 
4. Cytokine and chemokine secretion 
 
 NK cells are best noted for their ability to produce IFN-g but also produce a number of other 
cytokines and chemokines including TNF-a, GMCSF, IL-5, IL-13, MIP-1 (a and h) and 
RANTES(25),(26),(27).Killing and cytokine secretion are probably mediated by two different 
subsets of human NK cells characterized by the intensity of expression of CD56 on their surface. 
 
 
5. Contact-dependent cell co-stimulation 
 
NK cells express several costimulatory ligands including CD40L (CD154) and OX40L, which 
allow them to provide a costimulatory signal to T cells or B cells(28),(29). Thus, NK cells may 
serve as a bridge in an interactive loop between innate and adaptive immunity. Dendritic cells 
(DC) stimulate NK cells which then deliver a co-stimulatory signal to T or B cells allowing for 
an optimal immune response. 
 

6. Regulation of NK cell functions 
 
The intrinsic cytotoxic capacity of NK cells raises the question as to why they do not kill 
autologous cells; this observation led to the ‘‘missing self-hypothesis’(30)’ This hypothesis states 
that NK cells are inherently capable of killing autologous cells, but that they are actively 
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prohibited from doing so by inhibitory receptors. More specifically, since ‘‘self’’ is defined by 
MHC, the hypothesis states that self-MHC engages inhibitory receptors on the surface of NK 
cells preventing them from delivering a lytic signal. A corollary of this hypothesis is 
NK-susceptible cells either might lack the molecules that ligate NK inhibitory receptors or 
might have molecules that engage NK activating receptors. This hypothesis was substantiated 
by discovery of inhibitory killer cell immunoglobulin receptors (KIR)(31),and several families of 
activating receptors(32).In contrast to T cell or B cell receptors, the specificities of these receptors 
do not require genetic recombination events. The current model for NK cell activation and 
inhibition is one based upon a balance of function between specific activating and 
inhibitory receptors. If the balance favors inhibitory signaling, then intracellular events leading 
to cell function will not progress. If the balance favors activation signals, NK cells can then 
progress through a series of intracellular stages and checkpoints to exert their function(33). 
 
 
7. NK-cell-dependent regulation of DCfunction 
 
DC is antigen-presenting cells that initiate and regulate immune responses. 
In humans, both immature and mature human DC can induce resting NK-cell activation. 
Indeed, numerous studies have found that DC are capable of activating NK cells(34). 
However, DC–NK cell interactions are not one-sided affair, but rather, involve reciprocal 
interactions whereby NK cells can influence the function of DC and vice versa. That cross-talk 
between NK cells and DC is required for the generation of an appropriate immune response is 
implied by the findings that NK cells are found in close association with DC in both the lymph 
node and in inflamed skin(35),(36), (37),(38). Furthermore, depletion of NK cells has been found 
to affect both the number and activation state of DC in the lymph nodes(35),(39).Studies have 
attempted to define how activated NK cells influence the function of DC. The ability of 
activated NK cells to lyse immature DC (iDC) has been documented in a number of 
settings(40),(41),(42),(43),(44),(45),(46).NKcell- mediated killing of iDC is proposed to function 
as an editing mechanism. This theory suggests that only mature DC that have appropriate 
levels of MHC and costimulatory molecules, and are thus able to prime an effective immune 
response, will survive an encounter with an activated NK cell. The ability of NK cells to kill 
iDC, at least in vitro, is limited to a subset of cells expressing CD94/NKG2A, but lacking killer 
Ig-like receptors(47).Therefore, killing of iDC may not be mediated by all NK cells, but is 
potentially limited to a specialised subset of NK cells. The mechanism by which NK cells 
eliminate iDC is another important issue that still requires clarification. Killing of DC in a 
transplantation model(35),and in vitro (44), [42] is dependent on perforin. By contrast, in vivo, 
adoptively transferred iDC are eliminated by NK cells in a TRAILdependent manner(46).Thus, 
while the hypothesis that NK cells fine-tune immune responses by eliminating iDC is 
intriguing, definitive evidence that this process operates in vivo and how is still lacking. 
 

8. NK cells regulate T-cell priming 

Early studies revealed that NK cells can promote the generation of TH1 
responses(48),(49),(50).In mice, NK cells are rapidly recruited to lymph nodes following 
Leishmania major infection and are a source of the IFN-g required for the induction of TH1 
polarisation(51).A similar effect has been observed in humans, where NK-cellderived IFN-g was 
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found to enhance the activation of CD4+ T cells (52).Importantly, human tonsilar, but not 
peripheral NK cells were required for the expansion of IFN-g producing CD4+ T cells(52).The 
specificity observed here is due to the fact that the cytokine producing CD56hiCD16 NK-cell 
subset is enriched in secondary lymphoid organs, such as the tonsils. These results reinforce the 
notion that NK cells are not homogeneous, and that the nature of the NK-cell subset involved 
can profoundly influence the outcome of an immune response. The pro-inflammatory cytokines 
produced by NK cells might promote a TH1 response via a number of mechanisms. Naı¨ve T 
cells require an exogenous source of IFN-g for TH1 polarisation, which can be produced by NK 
cells in vivo(51).In addition, NK cells may indirectly promote TH1 polarisation by enhancing 
the maturation of DC. In vitro, NK-cellmediated maturation of DC requires cell–cell contact and 
the production of TNF-a and IFN-g by NK cells(45),(53),(54).The ability of NK cells to activate 
DC may also be essential for the initiation of immune responses to tumours or pathogens that 
do not directly activate DC. Some support for this theory comes from the observation that 
recognition of MHC class I low tumour cells by NK cells activates DC resulting in the induction 
of a CD8+ T-cell response(55).In human and mouse bone marrow transplantation systems, 
donor NK cells have been shown to play a protective role in graft outcome by killing the 
allogeneic recipient antigen-presenting cells responsible for priming alloreactive T cells and 
initiating GVH disease(56).In an allogeneic cardiac graft model, long-term graft survival was 
achieved by inhibiting NK cells in a setting where CD28 co-stimulation was lacking (CD28/ 
mice)(57).Interestingly, neither intervention alone was sufficient to improve graft survival. 
These findings led to the suggestion that NK cells might deliver help to T cells. Thus, after 
infiltrating the grafts, NK cells synthesise cytokines that circumvent the CD28 deficiency and 
provide the critical help required for CD8 T-cell priming. Since these studies were conducted 
using the anti-NK1.1 antibody to remove NK cells, the possibility that the observed effects are 
mediated by other cells carrying this determinant, particularly NKT cells, needs to be taken in 
consideration. In skin graft models, TH2 polarisation can be achieved by the numbers of DC 
that accumulate in the absence of NK-cell activation. In contrast, the regulation of donor DC by 
blood-borne NK cells recruited in the lymph nodes has been shown to favour a TH1 
response(35),(58).Thus, in autologous systems, the DC maturation state is crucial in determining 
whether the DC will survive the encounter with NK cells, while TH1 polarisation appears to 
depend mainly on cytokine production. On the other hand, in transplantation settings, NK-cell 
activation following interaction with allogeneic DC seems to occur regardless of DC maturation. 
This is likely due to failure to engage inhibitory NK-cell receptors specific for self-MHC I by the 
allogeneic DC. The duration of DC persistence will then control the strength of the priming and 
the subsequent polarisation of the T-cell response. The impact of NK cells on DC functionality 
during immune responses has been largely inferred from in vitro studies. Perhaps, the best 
evidence that NK cells influence the function of DC in vivo has come from studying MCMV 
infection. Resistance to MCMV in C57BL/6 mice is mediated by Ly49H+ NK cells that recognise 
the virally encoded m157 protein(59),(60).During MCMV infection maintenance of the CD8a DC 
population is dependent on Ly49H+ NK cells(61).A recent report has suggested that the ability 
of Ly49H+ NK cells to maintain splenic DC populations is mediated by an indirect mechanism. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 16 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

The report proposes that the Ly49H+ NK-cell-mediated early control of MCMV replication in 
the spleen of resistant mice prevents the release of immunosuppressive levels of IFN-
ab(62).Administration of exogenous IFN-a to resistant mice was found to induce loss of DC 
from the spleen, and a slight and very transient delay in the activation of antigen- specific T 
cells(62).Alternatively, it has been proposed that the rapid control of viral replication by 
Ly49H+ NK cells may promote the maintenance of splenic DC by preventing the destruction of 
the splenic architecture(63).In addition to potentially influencing the function of DC, NK cells 
have recently been shown to induce the differentiation of CD14+ monocytes into DC(64).This 
process was found to require the production of GM-CSF by CD56bright NK cells and direct 
cell–cell contact. While the process was proposed to contribute to the maintenance of chronic 
inflammatory diseases, it is conceivable that it could also operate to expand the pool of DC 
during immune responses to pathogens and thereby impact on the outcome of subsequent T-
cell responses. Together the published data provide evidence that NK cells can 
indirectlyinfluence DC-induced T-cell priming,however, evidence that NK cells 
directlyinfluence the functions of DC in vivoremains elusive. 

9. Regulation of effector cells by NK cells 

In addition to their potential role in regulating antigen presentation, NK cells may influence the 
outcome of the immune response by acting directly on effector cells. As mentioned previously, 
activation of naı¨ve T cells is dependent on IFN-g produced by NK cells(51).NK cells have also 
been reported to stimulate autologous CD4+ T cells, an effect that is dependent on the 
expression of OX40 ligand and CD86 by activated NK cells(65),A role for NK cells in the 
activation of B cells and the promotion of isotype class switching has also been 
noted(66),(67),(68).The ability of NK cells to restrain the immune response has also been 
observed in a number of settings. NKG2D-dependent killing of activated T cells by syngeneic 
NK cells has been reported(69).Furthermore, expression of Qa-1–Qdm by activated CD4+ T cells 
is required to prevent lysis by NKG2A+ NK cells(70).An implication of these results is that NK 
cells may be crucial for the termination of an immune response and consequently prevent the 
development of immunopathology. 

Direct evidence for this proposition comes from studies of mice deficient in either perforin or 
granzymes. Replication of MCMV is enhanced in mice deficient in either perforin or granzymes 
AB(71). However, granzymeABdeficient mice survive infection while perforin-deficient mice 
develop a fatal haemophagocyticlymphohistiocytosislike syndrome(71).The 
haemophagocyticlymphohistiocytosis-like syndrome observed in perforin-deficient mice was 
induced by the accumulation of TNF-a producing CD11b+F4/80+ mononuclear cells and T 
cells(71).In wild-type mice NK cells were found to prevent immunopathology by eliminating 
the TNF-producing cellsin a perforin-dependant manner. A protective role of NK cells has also 
been reported in autoimmune diseases. In Fas-deficient mice, NK cells can suppress 
autoreactive B lymphocytes, while NK-cell depletion increases the severity of an autoimmune 
disease with features similar to those of systemic lupus erythematosus(72).NK cells have also 
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been shown to play a protective role in diabetes; treatment of NOD mice with CFA prevented 
the disease in an NK-cell-dependent manner(73).Collectively, the available data indicate that 
NK cells serve a dual purpose in that they can provide help and promote the initiation of an 
immune response, but can also curb the activity of immune effectors and thereby prevent 
immunemediated damage to the host. 

10. Natural killer cells and immunoregulation 
 
The ability of NK cells to kill cells and release immunomodulatory cytokines and chemokines 
allows NK cells to modulate the innate immune response and mold the development of the 
adaptive immune response. For example, human NK cells promote dendritic cell (DC) 
maturation and DC production of cytokines such as TNFα and IL-12 (74),(45),(55).Interestingly, 
NK cells can kill immature DCs, while mature DCs are resistant to killing as a result of their 
upregulation of MHC class I molecules(40),(75).Cytokine-activated human NK cells can also 
directly kill both activated macrophages (76), and T cells(77),(78), secondary to the upregulation 
of NKG2D ligands on these cells. NK cells are also able to provide costimulatory signals for 
CD4 T cells and augment their proliferation(79).Additionally, NK cell-derived cytokines 
(including IFNγ and IL-10(80),(81),(82),influence the diff erentiation(51),(52),and the 
proliferation of CD4 T cells(82).Impaired NK cell functional responses are frequently observed 
in patients with autoimmune disorders (discussed below). Th e importance of NK cell cytolytic 
function in immunoregulation is highlighted in hemophagocyticlymphohistiocytosis, a life-
threatening disorder with uncontrolled immune activation and excessive T-cell production of 
cytokines leading to unrelenting phagocyte activation. Th is disorder results from a failure of 
cytolyticlymphocytes (CD8 T cells and NK cells) to kill infected cells and/or persistently 
activated T cells(83),(84).Patients with hemophagocyticlymphohistiocytosis uniformly have 
decreased NK cell cytolytic responses. Mutations in several proteins required for cytolytic 
granule release or function have been identified in hemophagocyticlymphohistiocytosis, 
including perforin, MUNC13-4, syntaxin 11, and syntaxin binding protein 2 
(STXBP2)(83),(84).Mutations in STXBP2 directly implicate defective NK cell cytolysis in this 
disorder since STXBP2 expression is substantially higher in NK cells than in CD8 T cells and 
defects in degranulation have been observed in STXBP2-defi cient NK cells but not in STXBP2-
defi cient CD8 T cells(85).As illustrated by hemophagocyticlymphohistiocytosis, NK cell 
functionalresponses must be carefully regulated to prevent damage to normal tissues or 
dysregulation of the adaptive immune res ponses (for example, dsyfunctional cytolysis 
resulting in persistent T-cell and macrophage activation or indiscriminate release of IFNγ 
resulting in inappropriate immune activation). 
 
11. NK cell development 
 
NK cells develop from a common lymphoid progenitor resident in the bone marrow but 
diverge from other lymphocyte lineages fairly early in development(86).They require c-KIT, 
FLT-3 and IL-15 and acquire specific cell surface markers as they progress through their 
developmental stages(87).  It is currently not known whether there is a defined selection process 
analogous to thymic selection of T cells. A useful and unique setting for evaluating this 
particular question has been hematopoietic stem cell transplantation (HSCT)(88),, where the 
requirements and effects of specific receptor ligand matches and interactions have 
demonstrated a possible process of NK cell selection (see below). Insight into human NK cell 
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biology was gained from studying patients with severe combined immunodeficiencies. 
Mutations of the common gamma chain (gc), required for the function of IL-2, IL-4, IL-7, IL-9, 
IL-15 and IL-21, result in failure of both T and NK cell development. Similarly, mutations of 
Janus kinase-3 (JAK3) utilized by the gc result in failure of T and NK cell development. In 
contrast, humans with an IL-7Ra mutation are T cell deficient, but NK cell replete (89), 
demonstrating that IL-7-is not necessary for NK cell development. Some mutations of gc 
prevent T cell development but allow NK cell development(90).. For example, the A156V gc 
mutation results in an inhibition of IL-4 and IL-7 function but has no effect on IL-15 response. 
This result suggests that IL-15 is necessary for human NK cell development(91), a conclusion 
confirmed by IL-15 knockout mice(92).The significance of IL-15 is further illustrated by the 
description of a patient with absent expression of IL-15Rh chain who had no NK cells(93).Once 
NK cells have developed within the bone marrow, they exit and circulate in the peripheral 
blood where they comprise 5–20% of peripheral blood lymphocytes. The percentage of NK cells 
in the peripheral blood varies with age(94),(95).The proportion of NK cells in the peripheral 
blood is high at birth (20% on average) but reaches a nadir between 5 and 9 months of age (5% 
on average) after which it climbs steadily until late adolescence(95).NK cells can be 
demonstrated in several organs including the liver, lung, spleen and uterusIn contrast, NK cells 
are relatively scarce in the lymphatic fluid and in lymph nodes. Upon stimulation, however, NK 
cells rapidly home to, and accumulate in, the draining lymph nodes(96). 
 
12. NK cell inhibitory receptors  
 
NK cell inhibitory receptors maintain an inactive state within NK cells through the recognition 
of constitutively expressed “self- molecules” on potential target cells. There are three major 
types of inhibitory receptors: killer immunoglobulin receptors (KIRs), CD94/NKG2A, Ly49 and 
Siglecs. Most NK cell inhibitory receptors have immunoreceptor tyrosine-based inhibition 
motifs (ITIMs) located within their cytoplasmic tails. Most KIRs are inhibitory, in that their 
recognition of the major histocompatibility complex (MHC) suppresses the cytotoxic activity of 
their NK cell. KIRs (15 genes) are encoded in the leukocyte receptor complex (LRC) on human 
chromosome 19q13.4 where other Ig-like receptors are also encoded. Their nomenclature is 
based on whether the receptor has two or three Ig-like external domains (KIR2D or KIR3D) with 
short (S; without ITIM) or long (L; with one or two ITIM sequences) cytoplasmic domains 
(97).The S forms are activating receptors associated with DAP12 (immunoreceptor tyrosine 
based activation motif, ITAM, positive adapter molecule), whereas L forms are inhibitory 
receptors that contain ITIMs. Different KIRs have different specificity for HLAs. KIR2DL1 
(CD158a) and KIR2DL2 (CD158b) are both specific for HLA-C; whereas, KIR3DL1 (originally 
called NKB1) and KIR3DL2 (previously named P140) are specific for HLA-Bw4 and HLA-A, 
respectively. CD94/NKG2A CD94/NKG2A is a family of C-type lectin receptors that are 
expressed predominantly on the surface of NK cells and a subset of CD8+ T-lymphocyte. The 
CD9/NKG2 family includes seven members: NKG2A, B, C, D, E, F and H. Genes encoding 
these receptors are clustered in the natural killer complex (NKC) on human chromosome 12 and 
mouse chromosome 6 together with Clr (C-lectin related) genes. CD94/NKG2A is capable of 
being either inhibitory or activating depending on the members of the complex. NKG2 
receptors are transmembrane type II and specifically dimerize with the CD94 molecule to form 
heterodimers. CD94 contains a short cytoplasmic domain and it is responsible for signal 
transduction. Receptors of the CD94/NKG2 family bind non classical MHC class I 
glycoproteins (HLA-E in human and Qa-1 molecules in the mouse).  
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12.1. Ly49, Siglecs and other NK cell receptors  
 
The Ly49 is an NK cell receptor more prominent in mice than in humans. The Ly49 family of 
genes is encoded in the NKC on mouse chromosome 6. The Ly49a receptor was originally 
identified on a mouse T cell tumor cell (98). Ly49b recognizes MHC class I molecules H-2Dd, H-
2Dk and H-2Dp and Ly49c binds to H-2Kb. Non classical inhibitory receptors, include the LILR 
family of genes (also called LIR, ILT and CD85) and the CD33-related sialic acid binding Ig-like 
lectins (CD33rSiglecs); in particular human CD33rSiglec-7 (p75, adhesion inhibitory receptor 1 
or AIRM1)(99),(100).Only one of the LILR genes, LILB1 (ILT2/LIR1), encodes an inhibitory 
receptor on NK cells. LILB1 expression is variable on peripheral NK cells, ranging from 
negligible to about 75%(101),(102),(103),(104),(105).These receptors (regardless of MHC 
restriction) have inhibitory motifs (ITIMs) in their cytoplasmic domains which blunt activation 
signals. CD33-related Siglecs are largely inhibitory and widely expressed on human and mouse 
NK cells, dendritic cells, neutrophils, monocytes, eosinophils, basophils and B cells (106).There 
are ten human CD33-related Siglecs: Siglec-3 (CD33), Siglec-5 (CD170), Siglec-6 (CD327), Siglec-
7 (CD328), Siglec-8, Siglec-9 (CD329), Siglec-10, Siglec-11, Siglec-14 and Siglec-16. In contrast, 
mice have five CD33-related Siglecs: Siglec-3 (CD33), Siglec-E, Siglec-F, Siglec-G and Siglec-
H(107),(108). 
 
12.2. NK cell activating receptors  
 
NK cells also express a variety of activating receptors which can be grouped into several 
categories. The main activating receptor groups on NK cells include CD16, NKR-P1 (NK1.1, 
CD161), NKG2D (KLRK1, CD314), NCR (NKp30, NKp44, NKp46, NKp80); and activating 
isoforms of human KIRs. These molecules function as activating receptors because they lack 
ITIMs and instead have ITAM positive adaptor molecules (DAP12). The first and best 
characterized activating receptor identified on NK cells is CD16, a low affinity Fc receptor for 
IgG (FcgammaRIII) (109).NK cells can mediate antibody-dependent cellular cytotoxicity 
through FcgammaRIII, which binds the Fc portion of IgG coating a target (110).Although there 
are several Fc receptors for IgG, NK cells express only FcgammaRIII. In addition, despite their 
ability to initiate antibody-dependent cell-mediated cytotoxicity (ADCC), CD16-CD3- human 
NK cells can still mediate natural killing(111). 
12.3. NKR-P1 (NK1.1 and CD161)  
 

NKRP1 (Kirb1) belongs to a family of lectin like molecules with type II orientation encoded in 
mice (NK1.1) (112),(113). Its expression is relatively selective for NK cells. NKR-P1A or CD161 is 
classified as a type II membrane protein because it has an external C terminus. NKR-P1A, the 
receptor encoded by the KLRB1 gene, recognizes lectin like transcript-1 (LLT1) as a functional 
ligand. In humans, there is only a single gene (NKRP1A) expressed on a subpopulation of NK 
cells. 

12.4. NKG2D (KLRK1 and CD314)  
 

The NKG2D receptor binds to ligands structurally homologous to MHC class I (e.g. human 
ligands MICA, MICB and mouse ligands RAE-1alpha, RAE-1beta(114).NKG2D is expressed as a 
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disulfide-linked homodimer on all human and mouse NK cells. It is distinct from other NKG2 
molecules in that it shares very little homology (28% instead of 70%) and does not hetero-
dimerize with CD94. In both mice and humans NKG2D expression is not restricted to NK cells. 
In humans it is also found on gamma delta TCR+ T cells and CD8+ T cells. In mice it is found on 
most NKT cells and on activated CD8+ T cells (Bauer et al. 1999). NKG2D does not have a 
cytoplasmic motif and preferentially associates with the signaling chain DAP10 via an YxxM 
motif for recruitment of PI3K (115),suggesting that NKG2D, when associated with DAP10 acts 
as a co-stimulatory molecule. In mice, there are two isoforms of NKG2D, a long form (NKG2D-
L) and a short form (NKG2D-S). Although both forms are present on resting NK cells, the 
longer form is predominately expressed and preferentially associates with DAP10. Other NK 
activation receptors of NKG2 are heterodimeric NKG2A-CD94 and NKG2E-CD94(116). 

 
12.5. NCR (NKp30, NKp44, NKp46)  
 
NCRs are type I TM receptors that, unlike T cell receptors (TCRs) and immunoglobulins, do not 
undergo recombination in order to become functionally active. NCRs possess ITAMs which 
activate NK cells while NKp44 also has an ITIM. Originally identified as receptors with the 
ability to mediate the killing of tumor-transformed cells NCRs have also been implicated in the 
control and elimination of several pathogens (117). NCRs also have a role in immune 
homeostatis by regulating the expression of several immune cell types. The ligands for these 
receptors include self-derived molecules as well as pathogen components(118). 
 
12.6. Adhesion receptors  
 
For NK cells to efficiently carry out their effector functions, they must be able to migrate to the 
site of injury. Adhesion receptors are a key group of molecules that contribute to this function, 
by increasing their levels of expression.  
 

 
 
13. Mechanisms of action of NK cells  
 
NK cells can lyze virally infected cells and tumor cells without prior sensitization. This lysis or 
cytolytic function is controlled by inhibitory NK receptors that specifically bind to MHC (HLA) 
molecules on healthy cells and NK cell activation receptors that detect stressed cells. When 
MHC class I molecules are down regulated or lost on tumor cells or in viral infections, 
inhibitory signals from inhibitory receptors are lost resulting in NK cell activation. This is called 
“missing-self” triggered NK activation. NK cell activation receptors (e.g. NKG2D) can detect 
self-molecules up regulated at higher levels on damaged cells. This is called “stress-induced 
self- recognition.” Cell surface receptors control inhibition and activation; proliferation and 
effector functions (cytotoxicity and cytokine production)(119),(86). Once activated by NK cell 
receptors NK cells can use several methods to exert their cytotoxic effects. These include 
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cytolytic granule mediated cell apoptosis and ADCC. When activated by cytokines or 
interferons NK cells secrete interferon gamma and TNF alpha which promote phagocytosis. 
 
14. NK cells and adaptive immunity  
 
The ability to generate memory cells following a primary infection and the consequent rapid 
immune activation and response to succeeding infections by the same antigen is fundamental to 
the role T and B cells play in the adaptive immune response. For many years, NK cells have 
been considered to be a part of the innate immune system. However, recently, increasing 
evidence suggests that NK cells can display several features that are usually attributed to 
adaptive immune cells (e.g. T cell responses) such as expansion and contraction of subsets, 
increased longevity and a form of immunological memory, characterized by a more potent 
response upon secondary challenge with the same antigen.  The role of NK cells in both the 
innate and adaptive immune responses is becoming increasingly important in both basic 
research and targeted drug development. 
 
15. Therapeutic Applications of NK Cells in various disease Conditions  

NK cells play a crucial role in attacking tumor cells in our bodies, and are considered a 
promising tool for cancer therapy. Treatment range over the past two decades has included IL-2 
administration to activate the endogenous NK cells or to adoptively transfer IL-2 activated NK 
cells(120),(121),(122),(123),(124).Autologous NK-cell therapy has been experimented on for the 
treatment of renal cell carcinoma, malignant glioma, and metastatic breast cancer. However, it 
was soon recognized that autologous adoptive NK-cell therapy may have certain drawbacks 
and thus may not be efficacious. The drawback is mostly attributed to the inhibition of NK cells 
by self-MHC I molecules expressed on the tumor cells. This has led to the use of allogeneic NK 
cell therapy in trials. In a pioneering study, Ruggeri et al. demonstrated that alloreactive NK 
cells given to patients with acute myelogenous leukemia (AML) could eliminate relapse, graft 
rejection, and protect them against graft-vs-host disease (GvHD) (125). Later, adoptive cellular 
transfer of allogeneic NK cells from haploidentical donors was also attempted for treatment of 
renal cell carcinoma, metastatic melanoma, refractory Hodgkin’s disease, and refractory 
AML.(126). They were also found to be useful against several solid tumors such as 
neuroblastoma, renal, colon, gastric, and ovarian cancers,(127),(128). The trials concluded that 
NK-cell transfer was safe and efficacious. Similar trials were also conducted recently in patients 
with recurrent metastatic breast and ovarian cancer(129).The allogeneic NK cells have the 
advantage of being derived from healthy donors and have more cytotoxic activity. Moreover, 
NK cells do not induce GvHD, unlike T cells. As discussed in the earlier section, the role of NK 
cells has been established not only in cancer but also in various other disease conditions. 
Adoptive NK cell therapy can thus be explored for diseases such as asthma, multiple sclerosis, 
diabetes, arthritis, etc. The effectiveness of NK cells in controlling HIV-1 infection has already 
been demonstrated in in vitro and in vivo experiments.NK cell therapy can be applied to 
patients who are refractory tostandard highly active antiretroviral therapy (HAART). Besides 
the option of using NK cells for adoptive transfers, understanding the role of NK cells and their 
receptors can open up other strategies to treat diseases. For example, during the developmental 
stages of Type 1 diabetes, the activation of NK cells can be prevented by the administration of 
specific antibodies for blocking the NKp46 activation receptor. Similarly, in rheumatoid arthritis 
where the role of NK cells can possibly be protective or disease-enhancing, therapy can be 
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considered accordingly. Inhibitory receptor NKG2A can be blocked, which will stimulate NK 
cells and thus control the disease. Where NK cells enhance the disease condition, the blocking of 
RANKL (receptor activator of NFKB ligand) and M-CSF (macrophage colony-stimulating 
factor), factors which mediate osteoclastogenesis and bone destruction, can help(130). 
For the purpose of therapeutic applications, allogeneic NK cells can be sourced from umbilical 
cord blood (UCB), adult donor lymphapheresis products, or even from NK-cell lines such as 
NK-92. Recently, studies have shown successful in vitro derivation of functional NK cells from 
human embryonic stem cell (hESC) and induced pluripotent stem cell (iPSC)(131),(132),(133).. 
hESC and iPSC-derived NK cells have demonstrated potent anti-tumorigenic and anti HIV 
activity, and are phenotypically similar to those of peripheral blood origin. Moreover, they are 
considered superior to UCB-derived NK cells because they have higher levels of KIR 
expression, thus making them more potent. Pluripotent cell-derived NK cells can therefore be 
an unlimited source for the adoptive transfer of NK cells to treat a range of diseases. 
However, safety of hESC and iPSC-derived NK cells in terms of potential tumorigenicity needs 
to be determined before they can be utilized in the clinical set up. The application of NK cells as 
immunotherapeutic agent requires several technical developments. NK cells need to be isolated 
and expanded in sufficient numbers for them to act as effector cells. Moreover, the activity of 
NK cells needs to be enhanced for better efficacy. Expansion of NK cells has been attempted 
using cytokines such as IL-2 and IL-15 (134),(135).These two cytokines can also help increase the 
survivability of the NK cells (136).IL-2 is also thought to potentiate the cytotoxic ability of NK 
cells. Co-culturing NK cells with accessory cells such as irradiated Epstein Barr Virus (EBV) 
transformed lymphoblastoid cells, HFWT (a Wilm’stumor derived cell line), and K562 has been 
reported to enhance NK cell proliferation (137),(138),(139).Activation of NK cells can be 
achieved by various genetic engineering techniques to augment activating signals and also to 
downregulate inhibitory signals  (140),(141),(142),(143),(144).Similarly, the specificity of NK cells 
can be increased through genetic modification approaches such as the use of chimeric antigen 
receptors (CARs)(145),(146),(147). 
 
16. Conclusion 
 
NK cells exert their biological activity by a triad of functions: cytotoxicity, cytokine secretion 
and co-stimulation. NK cells need to be evaluated whenever an autoimmunity, 
immunocompetency or immunodeficiency investigation is undertaken. The expanding 
characterization of the biological roles of KIR hints at yet undiscovered roles for NK cells in 
health maintenance.Since NK cell–DC cross-talk clearly influences innate immune responses 
and can also impact on adaptive immunity, a better understanding of the mechanisms involved 
is critical and necessary if the ultimate aim is to develop protocols that will provide better 
immunity following vaccination, cancer immunotherapy and in transplantation settings. 

17. Reference 
 
1. Moretta A, Marcenaro E, Parolini S, Ferlazzo G, Moretta L. NK cells at the interface 
between innate and adaptive immunity. Cell Death & Differentiation. 2008;15(2):226-33. 
2. Smyth MJ, Cretney E, Kelly JM, Westwood JA, Street SE, Yagita H, et al. Activation of 
NK cell cytotoxicity. Molecular immunology. 2005;42(4):501-10. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 23 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

3. Arnon TI, Markel G, Mandelboim O, editors. Tumor and viral recognition by natural 
killer cells receptors. Seminars in cancer biology; 2006: Elsevier. 
4. Timonen T, Herberman R. Characteristics of human large granular lymphocytes and 
relationship to natural killer and K cells. The Journal of experimental medicine. 1981;153(3):569-
82. 
5. Lanier LL, Testi R, Bindl J, Phillips JH. Identity of Leu-19 (CD56) leukocyte 
differentiation antigen and neural cell adhesion molecule. The Journal of experimental 
medicine. 1989;169(6):2233-8. 
6. Reichert T, DeBruyère M, Deneys V, Tötterman T, Lydyard P, Yuksel F, et al. 
Lymphocyte subset reference ranges in adult Caucasians. Clinical immunology and 
immunopathology. 1991;60(2):190-208. 
7. Ferlazzo G, Thomas D, Lin S-L, Goodman K, Morandi B, Muller WA, et al. The abundant 
NK cells in human secondary lymphoid tissues require activation to express killer cell Ig-like 
receptors and become cytolytic. The Journal of Immunology. 2004;172(3):1455-62. 
8. Trinchieri G, Valiante N. Receptors for the Fc fragment of IgG on natural killer cells. 
Natural immunity. 1992;12(4-5):218-34. 
9. Kay HD, Fagnani R, Bonnard GD. Cytotoxicity against the K562 erythroleukemia cell 
line by human natural killer (NK) cells which do not bear free Fc receptors for IgG. International 
Journal of Cancer. 1979;24(2):141-50. 
10. Stern P, Gidlund M, Örn A, Wigzell H. Natural killer cells mediate lysis of embryonal 
carcinoma cells lacking MHC. 1980. 
11. Watzl C, Long EO. Signal transduction during activation and inhibition of natural killer 
cells. Current Protocols in Immunology. 2010:11.9 B. 1-.9 B. 7. 
12. Orr MT, Lanier LL. Natural killer cell education and tolerance. Cell. 2010;142(6):847-56. 
13. Hansen TH, Bouvier M. MHC class I antigen presentation: learning from viral evasion 
strategies. Nature Reviews Immunology. 2009;9(7):503-13. 
14. Eagle RA, Traherne JA, Hair JR, Jafferji I, Trowsdale J. ULBP6/RAET1L is an additional 
human NKG2D ligand. European journal of immunology. 2009;39(11):3207-16. 
15. Kadri N, Luu Thanh T, Höglund P. Selection, tuning, and adaptation in mouse NK cell 
education. Immunological reviews. 2015;267(1):167-77. 
16. Shifrin N, Raulet DH, Ardolino M, editors. NK cell self tolerance, responsiveness and 
missing self recognition. Seminars in immunology; 2014: Elsevier. 
17. Pyzik M, Dumaine AA, Charbonneau B, Fodil-Cornu N, Jonjic S, Vidal SM. Viral MHC 
Class I–like Molecule Allows Evasion of NK Cell Effector Responses In Vivo. The Journal of 
Immunology. 2014;193(12):6061-9. 
18. Forbes CA, Scalzo AA, Degli-Esposti MA, Coudert JD. Ly49C-dependent control of 
MCMV infection by NK cells is cis-regulated by MHC class I molecules. PLoS Pathog. 
2014;10(5):e1004161. 
19. Kulpa DA, Collins KL. The emerging role of HLA‐C in HIV‐1 infection. Immunology. 
2011;134(2):116-22. 
20. Fadda L, Körner C, Kumar S, Van Teijlingen NH, Piechocka-Trocha A, Carrington M, et 
al. HLA-Cw* 0102-restricted HIV-1 p24 epitope variants can modulate the binding of the 
inhibitory KIR2DL2 receptor and primary NK cell function. PLoS Pathog. 2012;8(7):e1002805. 
21. Heatley SL, Pietra G, Lin J, Widjaja JM, Harpur CM, Lester S, et al. Polymorphism in 
human cytomegalovirus UL40 impacts on recognition of human leukocyte antigen-E (HLA-E) 
by natural killer cells. Journal of Biological Chemistry. 2013;288(12):8679-90. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 24 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

22. Hölzemer A, Thobakgale CF, Cruz CAJ, Garcia-Beltran WF, Carlson JM, van Teijlingen 
NH, et al. Selection of an HLA-C* 03: 04-Restricted HIV-1 p24 Gag Sequence Variant Is 
Associated with Viral Escape from KIR2DL3+ Natural Killer Cells: Data from an Observational 
Cohort in South Africa. PLoS Med. 2015;12(11):e1001900. 
23. Kronenberg M. Toward an understanding of NKT cell biology: progress and paradoxes. 
Annu Rev Immunol. 2005;26:877-900. 
24. Hokland M, Kuppen PJ. Natural killer cells: from “disturbing” background to central 
players of immune responses. Molecular immunology. 2005;42(4):381-3. 
25. Loza MJ, Zamai L, Azzoni L, Rosati E, Perussia B. Expression of type 1 (interferon 
gamma) and type 2 (interleukin-13, interleukin-5) cytokines at distinct stages of natural killer 
cell differentiation from progenitor cells. Blood. 2002;99(4):1273-81. 
26. Dorner BG, Smith HR, French AR, Kim S, Poursine-Laurent J, Beckman DL, et al. 
Coordinate expression of cytokines and chemokines by NK cells during murine 
cytomegalovirus infection. The Journal of Immunology. 2004;172(5):3119-31. 
27. Robertson MJ. Role of chemokines in the biology of natural killer cells. Journal of 
leukocyte biology. 2002;71(2):173-83. 
28. Zingoni A, Sornasse T, Cocks BG, Tanaka Y, Santoni A, Lanier LL. Cross-talk between 
activated human NK cells and CD4+ T cells via OX40-OX40 ligand interactions. The Journal of 
Immunology. 2004;173(6):3716-24. 
29. Blanca IR, Bere EW, Young HA, Ortaldo JR. Human B cell activation by autologous NK 
cells is regulated by CD40-CD40 ligand interaction: role of memory B cells and CD5+ B cells. 
The Journal of Immunology. 2001;167(11):6132-9. 
30. Ljunggren H-G, Kärre K. In search of the ‘missing self’: MHC molecules and NK cell 
recognition. Immunology today. 1990;11:237-44. 
31. Moretta A, Vitale M, Bottino C, Orengo A, Morelli L, Augugliaro R, et al. P58 molecules 
as putative receptors for major histocompatibility complex (MHC) class I molecules in human 
natural killer (NK) cells. Anti-p58 antibodies reconstitute lysis of MHC class I-protected cells in 
NK clones displaying different specificities. The Journal of experimental medicine. 
1993;178(2):597-604. 
32. Lanier LL. NK cell recognition. Annu Rev Immunol. 2005;23:225-74. 
33. Wülfing C, Purtic B, Klem J, Schatzle JD. Stepwise cytoskeletal polarization as a series of 
checkpoints in innate but not adaptive cytolytic killing. Proceedings of the National Academy of 
Sciences. 2003;100(13):7767-72. 
34. Degli-Esposti MA, Smyth MJ. Close encounters of different kinds: dendritic cells and NK 
cells take centre stage. Nature Reviews Immunology. 2005;5(2):112-24. 
35. Laffont S, Seillet C, Ortaldo J, Coudert JD, Guéry J-C. Natural killer cells recruited into 
lymph nodes inhibit alloreactive T-cell activation through perforin-mediated killing of donor 
allogeneic dendritic cells. Blood. 2008;112(3):661-71. 
36. Bajénoff M, Breart B, Huang AY, Qi H, Cazareth J, Braud VM, et al. Natural killer cell 
behavior in lymph nodes revealed by static and real-time imaging. The Journal of experimental 
medicine. 2006;203(3):619-31. 
37. Ferlazzo G, Pack M, Thomas D, Paludan C, Schmid D, Strowig T, et al. Distinct roles of 
IL-12 and IL-15 in human natural killer cell activation by dendritic cells from secondary 
lymphoid organs. Proceedings of the national academy of sciences of the United States of 
America. 2004;101(47):16606-11. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 25 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

38. Buentke E, Heffler LC, Scheynius A, Wilson JL, Wallin RP, Löfman C, et al. Natural 
killer and dendritic cell contact in lesional atopic dermatitis skin–Malassezia-influenced cell 
interaction. Journal of investigative dermatology. 2002;119(4):850-7. 
39. Winkler-Pickett R, Young HA, Cherry JM, Diehl J, Wine J, Back T, et al. In vivo 
regulation of experimental autoimmune encephalomyelitis by NK cells: alteration of primary 
adaptive responses. The Journal of Immunology. 2008;180(7):4495-506. 
40. Ferlazzo G, Tsang ML, Moretta L, Melioli G, Steinman RM, Münz C. Human dendritic 
cells activate resting natural killer (NK) cells and are recognized via the NKp30 receptor by 
activated NK cells. The Journal of experimental medicine. 2002;195(3):343-51. 
41. Gilbertson SM, Shah P, Rowley D. NK cells suppress the generation of Lyt-2+ cytolytic T 
cells by suppressing or eliminating dendritic cells. The Journal of Immunology. 
1986;136(10):3567-71. 
42. Geldhof AB, Moser M, Lespagnard L, Thielemans K, De Baetselier P. Interleukin-12–
Activated Natural Killer Cells Recognize B7 Costimulatory Molecules on Tumor Cells and 
Autologous Dendritic Cells. Blood. 1998;91(1):196-206. 
43. Carbone E, Terrazzano G, Ruggiero G, Zanzi D, Ottaiano A, Manzo C, et al. Recognition 
of autologous dendritic cells by human NK cells. European journal of immunology. 
1999;29(12):4022-9. 
44. Wilson JL, Heffler LC, Charo J, Scheynius A, Bejarano M-T, Ljunggren H-G. Targeting of 
human dendritic cells by autologous NK cells. The Journal of Immunology. 1999;163(12):6365-
70. 
45. Piccioli D, Sbrana S, Melandri E, Valiante NM. Contact-dependent stimulation and 
inhibition of dendritic cells by natural killer cells. The Journal of experimental medicine. 
2002;195(3):335-41. 
46. Hayakawa Y, Screpanti V, Yagita H, Grandien A, Ljunggren H-G, Smyth MJ, et al. NK 
cell TRAIL eliminates immature dendritic cells in vivo and limits dendritic cell vaccination 
efficacy. The Journal of Immunology. 2004;172(1):123-9. 
47. Chiesa MD, Vitale M, Carlomagno S, Ferlazzo G, Moretta L, Moretta A. The natural 
killer cell‐mediated killing of autologous dendritic cells is confined to a cell subset expressing 
CD94/NKG2A, but lacking inhibitory killer Ig‐like receptors. European journal of immunology. 
2003;33(6):1657-66. 
48. Scharton TM, Scott P. Natural killer cells are a source of interferon gamma that drives 
differentiation of CD4+ T cell subsets and induces early resistance to Leishmania major in mice. 
The Journal of experimental medicine. 1993;178(2):567-77. 
49. Kos FJ, Engleman EG. Requirement for natural killer cells in the induction of cytotoxic T 
cells. The Journal of Immunology. 1995;155(2):578-84. 
50. Kos FJ, Engleman EG. Role of natural killer cells in the generation of influenza virus-
specific cytotoxic T cells. Cellular immunology. 1996;173(1):1-6. 
51. Martín-Fontecha A, Thomsen LL, Brett S, Gerard C, Lipp M, Lanzavecchia A, et al. 
Induced recruitment of NK cells to lymph nodes provides IFN-γ for TH1 priming. Nature 
immunology. 2004;5(12):1260-5. 
52. Morandi B, Bougras G, Muller WA, Ferlazzo G, Münz C. NK cells of human secondary 
lymphoid tissues enhance T cell polarization via IFN‐γ secretion. European journal of 
immunology. 2006;36(9):2394-400. 
53. Gerosa F, Baldani-Guerra B, Nisii C, Marchesini V, Carra G, Trinchieri G. Reciprocal 
activating interaction between natural killer cells and dendritic cells. The Journal of 
experimental medicine. 2002;195(3):327-33. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 26 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

54. Vitale M, Della Chiesa M, Carlomagno S, Pende D, Aricò M, Moretta L, et al. NK-
dependent DC maturation is mediated by TNFα and IFNγ released upon engagement of the 
NKp30 triggering receptor. Blood. 2005;106(2):566-71. 
55. Mocikat R, Braumüller H, Gumy A, Egeter O, Ziegler H, Reusch U, et al. Natural killer 
cells activated by MHC class I low targets prime dendritic cells to induce protective CD8 T cell 
responses. Immunity. 2003;19(4):561-9. 
56. Ruggeri L, Capanni M, Tosti A, Urbani E, Posati S, Aversa F, et al. Innate immunity 
against hematological malignancies. Cytotherapy. 2002;4(4):343-6. 
57. Maier S, Tertilt C, Chambron N, Gerauer K, Hüser N, Heidecke C-D, et al. Inhibition of 
natural killer cells results in acceptance of cardiac allografts in CD28−/− mice. Nature medicine. 
2001;7(5):557-62. 
58. Coudert JD, Coureau C, Guéry J-C. Preventing NK cell activation by donor dendritic 
cells enhances allospecific CD4 T cell priming and promotes Th type 2 responses to 
transplantation antigens. The Journal of Immunology. 2002;169(6):2979-87. 
59. Brown MG, Dokun AO, Heusel JW, Smith HR, Beckman DL, Blattenberger EA, et al. 
Vital involvement of a natural killer cell activation receptor in resistance to viral infection. 
Science. 2001;292(5518):934-7. 
60. Lee S-H, Girard S, Macina D, Busà M, Zafer A, Belouchi A, et al. Susceptibility to mouse 
cytomegalovirus is associated with deletion of an activating natural killer cell receptor of the C-
type lectin superfamily. Nature genetics. 2001;28(1):42-5. 
61. Andrews DM, Scalzo AA, Yokoyama WM, Smyth MJ, Degli-Esposti MA. Functional 
interactions between dendritic cells and NK cells during viral infection. Nature immunology. 
2003;4(2):175-81. 
62. Robbins SH, Bessou G, Cornillon A, Zucchini N, Rupp B, Ruzsics Z, et al. Natural killer 
cells promote early CD8 T cell responses against cytomegalovirus. PLoS Pathog. 2007;3(8):e123. 
63. Bekiaris V, Timoshenko O, Hou TZ, Toellner K, Shakib S, Gaspal F, et al. Ly49H+ NK 
cells migrate to and protect splenic white pulp stroma from murine cytomegalovirus infection. 
The Journal of Immunology. 2008;180(10):6768-76. 
64. Zhang AL, Colmenero P, Purath U, de Matos CT, Hueber W, Klareskog L, et al. Natural 
killer cells trigger differentiation of monocytes into dendritic cells. Blood. 2007;110(7):2484-93. 
65. Roncarolo M, Bigler M, Haanen J, Yssel H, Bacchetta R, De Vries J, et al. Natural killer 
cell clones can efficiently process and present protein antigens. The Journal of Immunology. 
1991;147(3):781-7. 
66. Yuan D, Wilder J, Dang T, Bennett M, Kumar V. Activation of B lymphocytes by NK 
cells. International immunology. 1992;4(12):1373-80. 
67. Gao N, Dang T, Yuan D. IFN-γ-dependent and-independent initiation of switch 
recombination by NK cells. The Journal of Immunology. 2001;167(4):2011-8. 
68. Gao N, Jennings P, Yuan D. Requirements for the natural killer cell-mediated induction 
of IgG1 and IgG2a expression in B lymphocytes. International immunology. 2008;20(5):645-57. 
69. Rabinovich BA, Li J, Shannon J, Hurren R, Chalupny J, Cosman D, et al. Activated, but 
not resting, T cells can be recognized and killed by syngeneic NK cells. The Journal of 
Immunology. 2003;170(7):3572-6. 
70. Lu L, Ikizawa K, Hu D, Werneck MB, Wucherpfennig KW, Cantor H. Regulation of 
activated CD4+ T cells by NK cells via the Qa-1–NKG2A inhibitory pathway. Immunity. 
2007;26(5):593-604. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 27 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

71. van Dommelen SL, Sumaria N, Schreiber RD, Scalzo AA, Smyth MJ, Degli-Esposti MA. 
Perforin and granzymes have distinct roles in defensive immunity and immunopathology. 
Immunity. 2006;25(5):835-48. 
72. Takeda K, Dennert G. The development of autoimmunity in C57BL/6 lpr mice correlates 
with the disappearance of natural killer type 1-positive cells: evidence for their suppressive 
action on bone marrow stem cell proliferation, B cell immunoglobulin secretion, and 
autoimmune symptoms. The Journal of experimental medicine. 1993;177(1):155-64. 
73. Lee I-F, Qin H, Trudeau J, Dutz J, Tan R. Regulation of autoimmune diabetes by 
complete Freund’s adjuvant is mediated by NK cells. The Journal of Immunology. 
2004;172(2):937-42. 
74. Mailliard RB, Son Y-I, Redlinger R, Coates PT, Giermasz A, Morel PA, et al. Dendritic 
cells mediate NK cell help for Th1 and CTL responses: two-signal requirement for the induction 
of NK cell helper function. The Journal of Immunology. 2003;171(5):2366-73. 
75. Pende D, Castriconi R, Romagnani P, Spaggiari GM, Marcenaro S, Dondero A, et al. 
Expression of the DNAM-1 ligands, Nectin-2 (CD112) and poliovirus receptor (CD155), on 
dendritic cells: relevance for natural killer-dendritic cell interaction. Blood. 2006;107(5):2030-6. 
76. Nedvetzki S, Sowinski S, Eagle RA, Harris J, Vély F, Pende D, et al. Reciprocal regulation 
of human natural killer cells and macrophages associated with distinct immune synapses. 
Blood. 2007;109(9):3776-85. 
77. Cerboni C, Zingoni A, Cippitelli M, Piccoli M, Frati L, Santoni A. Antigen-activated 
human T lymphocytes express cell-surface NKG2D ligands via an ATM/ATR-dependent 
mechanism and become susceptible to autologous NK-cell lysis. Blood. 2007;110(2):606-15. 
78. Molinero LL, Domaica CI, Fuertes MB, Girart MaV, Rossi LE, Zwirner NW. Intracellular 
expression of MICA in activated CD4 T lymphocytes and protection from NK cell-mediated 
MICA-dependent cytotoxicity. Human immunology. 2006;67(3):170-82. 
79. Zingoni A, Palmieri G, Morrone S, Carretero M, Lopez-Botel M, Piccoli M, et al. CD69-
triggered ERK activation and functions are negatively regulated by CD94/NKG2-A inhibitory 
receptor. European journal of immunology. 2000;30(2):644-51. 
80. De Maria A, Fogli M, Mazza S, Basso M, Picciotto A, Costa P, et al. Increased natural 
cytotoxicity receptor expression and relevant IL‐10 production in NK cells from chronically 
infected viremic HCV patients. European journal of immunology. 2007;37(2):445-55. 
81. Mehrotra PT, Donnelly RP, Wong S, Kanegane H, Geremew A, Mostowski HS, et al. 
Production of IL-10 by human natural killer cells stimulated with IL-2 and/or IL-12. The Journal 
of Immunology. 1998;160(6):2637-44. 
82. Deniz G, Erten G, Kücüksezer UC, Kocacik D, Karagiannidis C, Aktas E, et al. 
Regulatory NK cells suppress antigen-specific T cell responses. The Journal of Immunology. 
2008;180(2):850-7. 
83. Grossman WJ, Verbsky JW, Barchet W, Colonna M, Atkinson JP, Ley TJ. Human T 
regulatory cells can use the perforin pathway to cause autologous target cell death. Immunity. 
2004;21(4):589-601. 
84. Risma K, Jordan MB. Hemophagocytic lymphohistiocytosis: updates and evolving 
concepts. Current opinion in pediatrics. 2012;24(1):9-15. 
85. Côte M, Ménager MM, Burgess A, Mahlaoui N, Picard C, Schaffner C, et al. Munc18-2 
deficiency causes familial hemophagocytic lymphohistiocytosis type 5 and impairs cytotoxic 
granule exocytosis in patient NK cells. The Journal of clinical investigation. 2009;119(12):3765-
73. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 28 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

86. Colucci F, Caligiuri MA, Di Santo JP. What does it take to make a natural killer? Nature 
Reviews Immunology. 2003;3(5):413-25. 
87. Perussia B, Chen Y, Loza MJ. Peripheral NK cell phenotypes: multiple changing of faces 
of an adapting, developing cell. Molecular immunology. 2005;42(4):385-95. 
88. Vitale C, Chiossone L, Morreale G, Lanino E, Cottalasso F, Moretti S, et al. Human 
natural killer cells undergoing in vivo differentiation after allogeneic bone marrow 
transplantation: analysis of the surface expression and function of activating NK receptors. 
Molecular immunology. 2005;42(4):405-11. 
89. Puel A, Ziegler SF, Buckley RH, Leonard WJ. Defective IL7R expression in T-B+ NK+ 
severe combined immunodeficiency. Nature genetics. 1998;20(4):394-7. 
90. Notarangelo LD, Giliani S, Mazza C, Mella P, Savoldi G, Rodriguez‐Pérez C, et al. Of 
genes and phenotypes: the immunological and molecular spectrum of combined immune 
deficiency. Defects of the gc‐JAK3 signaling pathway as a model. Immunological reviews. 
2000;178(1):39-48. 
91. Kumaki S, Ishii N, Minegishi M, Tsuchiya S, Cosman D, Sugamura K, et al. Functional 
role of interleukin-4 (IL-4) and IL-7 in the development of X-linked severe combined 
immunodeficiency. Blood. 1999;93(2):607-12. 
92. Lodolce JP, Boone DL, Chai S, Swain RE, Dassopoulos T, Trettin S, et al. IL-15 receptor 
maintains lymphoid homeostasis by supporting lymphocyte homing and proliferation. 
Immunity. 1998;9(5):669-76. 
93. Gilmour KC, Fujii H, Cranston T, Davies EG, Kinnon C, Gaspar HB. Defective 
expression of the interleukin-2/interleukin-15 receptor β subunit leads to a natural killer cell–
deficient form of severe combined immunodeficiency. Blood. 2001;98(3):877-9. 
94. Shearer WT, Rosenblatt HM, Gelman RS, Oyomopito R, Plaeger S, Stiehm ER, et al. 
Lymphocyte subsets in healthy children from birth through 18 years of age: the Pediatric AIDS 
Clinical Trials Group P1009 study. Journal of Allergy and Clinical Immunology. 2003;112(5):973-
80. 
95. Comans-Bitter WM, de Groot R, van den Beemd R, Neijens HJ, Hop WC, Groeneveld K, 
et al. Immunophenotyping of blood lymphocytes in childhoodReference values for lymphocyte 
subpopulations. The Journal of pediatrics. 1997;130(3):388-93. 
96. Fox RI, Fong S, Tsoukas C, Vaughan JH. Characterization of recirculating lymphocytes 
in rheumatoid arthritis patients: selective deficiency of natural killer cells in thoracic duct 
lymph. The Journal of Immunology. 1984;132(6):2883-7. 
97. Colonna M, Samaridis J. Cloning of immunoglobulin-superfamily members associated 
with HLA-C and HLA-B recognition by human natural killer cells. Science. 1995;268(5209):405-
8. 
98. Nagasawa R, Gross J, Kanagawa O, Townsend K, Lanier LL, Chiller J, et al. 
Identification of a novel T cell surface disulfide-bonded dimer distinct from the alpha/beta 
antigen receptor. The Journal of immunology. 1987;138(3):815-24. 
99. Falco M, Biassoni R, Bottino C, Vitale M, Sivori S, Augugliaro R, et al. Identification and 
molecular cloning of p75/AIRM1, a novel member of the sialoadhesin family that functions as 
an inhibitory receptor in human natural killer cells. The Journal of experimental medicine. 
1999;190(6):793-802. 
100. Nicoll G, Ni J, Liu D, Klenerman P, Munday J, Dubock S, et al. Identification and 
characterization of a novel siglec, siglec-7, expressed by human natural killer cells and 
monocytes. Journal of Biological Chemistry. 1999;274(48):34089-95. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 29 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

101. Yokoyama WM, Plougastel BF. Immune functions encoded by the natural killer gene 
complex. Nature Reviews Immunology. 2003;3(4):304-16. 
102. Yokoyama WM. Natural killer cells: Right-side-up and up-side-down NK-cell receptors. 
Current Biology. 1995;5(9):982-5. 
103. Long EO. Regulation of immune responses through inhibitory receptors. Annual review 
of immunology. 1999;17(1):875-904. 
104. Parham P. MHC class I molecules and KIRs in human history, health and survival. 
Nature Reviews Immunology. 2005;5(3):201-14. 
105. Cosman D, Fanger N, Borges L, Kubin M, Chin W, Peterson L, et al. A novel 
immunoglobulin superfamily receptor for cellular and viral MHC class I molecules. Immunity. 
1997;7(2):273-82. 
106. Crocker PR, Varki A. Siglecs in the immune system. Immunology. 2001;103(2):137-45. 
107. Crocker PR, Paulson JC, Varki A. Siglecs and their roles in the immune system. Nature 
Reviews Immunology. 2007;7(4):255-66. 
108. Cao H, Crocker PR. Evolution of CD33‐related siglecs: regulating host immune functions 
and escaping pathogen exploitation? Immunology. 2011;132(1):18-26. 
109. Perussia B, Starr S, Abraham S, Fanning V, Trinchieri G. Human natural killer cells 
analyzed by B73. 1, a monoclonal antibody blocking Fc receptor functions. I. Characterization of 
the lymphocyte subset reactive with B73. 1. The Journal of Immunology. 1983;130(5):2133-41. 
110. Anegon I, Cuturi MC, Trinchieri G, Perussia B. Interaction of Fc receptor (CD16) ligands 
induces transcription of interleukin 2 receptor (CD25) and lymphokine genes and expression of 
their products in human natural killer cells. The Journal of experimental medicine. 
1988;167(2):452-72. 
111. Lanier LL, Ruitenberg J, Phillips J. Functional and biochemical analysis of CD16 antigen 
on natural killer cells and granulocytes. The Journal of Immunology. 1988;141(10):3478-85. 
112. Ryan JC, Turck J, Niemi EC, Yokoyama WM, Seaman WE. Molecular cloning of the 
NK1. 1 antigen, a member of the NKR-P1 family of natural killer cell activation molecules. The 
Journal of Immunology. 1992;149(5):1631-5. 
113. Giorda R, Trucco M. Mouse NKR-P1. A family of genes selectively coexpressed in 
adherent lymphokine-activated killer cells. The Journal of Immunology. 1991;147(5):1701-8. 
114. Radaev S, Sun PD. Structure and Function of Natural Killer Cell Surface Receptors*. 
Annual review of biophysics and biomolecular structure. 2003;32(1):93-114. 
115. Wu J, Song Y, Bakker AB, Bauer S, Spies T, Lanier LL, et al. An activating 
immunoreceptor complex formed by NKG2D and DAP10. Science. 1999;285(5428):730-2. 
116. Lazetic S, Chang C, Houchins JP, Lanier LL, Phillips JH. Human natural killer cell 
receptors involved in MHC class I recognition are disulfide-linked heterodimers of CD94 and 
NKG2 subunits. The Journal of Immunology. 1996;157(11):4741-5. 
117. Magri G, Muntasell A, Romo N, Sáez-Borderías A, Pende D, Geraghty DE, et al. NKp46 
and DNAM-1 NK-cell receptors drive the response to human cytomegalovirus-infected myeloid 
dendritic cells overcoming viral immune evasion strategies. Blood. 2011;117(3):848-56. 
118. Hudspeth K, Silva-Santos B, Mavilio D. Natural cytotoxicity receptors: broader 
expression patterns and functions in innate and adaptive immune cells. Front Immunol. 
2013;4(69.10):3389. 
119. Spits H, Blom B, Jaleco AC, Weijer K, Verschuren M, Dongen JJ, et al. Early stages in the 
development of human T, natural killer and thymic dendritic cells. Immunological reviews. 
1998;165(1):75-86. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 30 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

120. Rosenberg SA. Interleukin-2 and the development of immunotherapy for the treatment 
of patients with cancer. The Cancer Journal. 2000;6:S2. 
121. Rosenberg SA. Immunotherapy of cancer by systemic administration of lymphoid cells 
plus interleukin-2. Journal of Immunotherapy. 1984;3(5):501-11. 
122. Rosenberg SA, Lotze MT, Muul LM, Chang AE, Avis FP, Leitman S, et al. A progress 
report on the treatment of 157 patients with advanced cancer using lymphokine-activated killer 
cells and interleukin-2 or high-dose interleukin-2 alone. New England Journal of Medicine. 
1987;316(15):889-97. 
123. Hayes RL, Koslow M, Hiesiger EM, Hymes KB, Moore EJ, Pierz DM, et al. Improved 
long term survival after intracavitary interleukin‐2 and lymphokine‐activated killer cells for 
adults with recurrent malignant glioma. Cancer. 1995;76(5):840-52. 
124. Keilholz U, Scheibenbogen C, Maclachlan D, Brado B, Hunstein W, Brado M, et al. 
Regional adoptive immunotherapy with interleukin-2 and lymphokine-activated killer (LAK) 
cells for liver metastases. European Journal of Cancer. 1994;30(1):103-5. 
125. Ruggeri L, Capanni M, Urbani E, Perruccio K, Shlomchik WD, Tosti A, et al. 
Effectiveness of donor natural killer cell alloreactivity in mismatched hematopoietic transplants. 
Science. 2002;295(5562):2097-100. 
126. Miller JS, Soignier Y, Panoskaltsis-Mortari A, McNearney SA, Yun GH, Fautsch SK, et al. 
Successful adoptive transfer and in vivo expansion of human haploidentical NK cells in patients 
with cancer. Blood. 2005;105(8):3051-7. 
127. Castriconi R, Dondero A, Corrias MV, Lanino E, Pende D, Moretta L, et al. Natural Killer 
Cell-Mediated Killing of Freshly Isolated Neuroblastoma Cells Critical Role of DNAX Accessory 
Molecule-1–Poliovirus Receptor Interaction. Cancer research. 2004;64(24):9180-4. 
128. Carlsten M, Björkström NK, Norell H, Bryceson Y, van Hall T, Baumann BC, et al. 
DNAX accessory molecule-1 mediated recognition of freshly isolated ovarian carcinoma by 
resting natural killer cells. Cancer research. 2007;67(3):1317-25. 
129. Geller MA, Cooley S, Judson PL, Ghebre R, Carson LF, Argenta PA, et al. A phase II 
study of allogeneic natural killer cell therapy to treat patients with recurrent ovarian and breast 
cancer. Cytotherapy. 2011;13(1):98-107. 
130. Teitelbaum SL. Bone resorption by osteoclasts. Science. 2000;289(5484):1504-8. 
131. Woll PS, Martin CH, Miller JS, Kaufman DS. Human embryonic stem cell-derived NK 
cells acquire functional receptors and cytolytic activity. The Journal of Immunology. 
2005;175(8):5095-103. 
132. Woll PS, Grzywacz B, Tian X, Marcus RK, Knorr DA, Verneris MR, et al. Human 
embryonic stem cells differentiate into a homogeneous population of natural killer cells with 
potent in vivo antitumor activity. Blood. 2009;113(24):6094-101. 
133. Ni Z, Knorr DA, Clouser CL, Hexum MK, Southern P, Mansky LM, et al. Human 
pluripotent stem cells produce natural killer cells that mediate anti-HIV-1 activity by utilizing 
diverse cellular mechanisms. Journal of virology. 2011;85(1):43-50. 
134. Trinchieri G, Matsumoto-Kobayashi M, Clark S, Seehra J, London L, Perussia B. 
Response of resting human peripheral blood natural killer cells to interleukin 2. The Journal of 
experimental medicine. 1984;160(4):1147-69. 
135. Carson WE, Fehniger TA, Haldar S, Eckhert K, Lindemann MJ, Lai C-F, et al. A potential 
role for interleukin-15 in the regulation of human natural killer cell survival. Journal of Clinical 
Investigation. 1997;99(5):937. 
136. Becknell B, Caligiuri MA. Interleukin-2, interleukin-15, and their roles in human natural 
killer cells. Advances in immunology. 2005;86:209-39. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                 31 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

137. Berg M, Lundqvist A, McCoy Jr P, Samsel L, Fan Y, Tawab A, et al. Clinical-grade ex 
vivo-expanded human natural killer cells up-regulate activating receptors and death receptor 
ligands and have enhanced cytolytic activity against tumor cells. Cytotherapy. 2009;11(3):341-
55. 
138. Harada H, Watanabe S, Saijo K, Ishiwata I, Ohno T. A Wilms tumor cell line, HFWT, can 
greatly stimulate proliferation of CD56+ human natural killer cells and their novel precursors in 
blood mononuclear cells. Experimental hematology. 2004;32(7):614-21. 
139. Robertson M, Cameron C, Lazo S, Cochran K, Voss S, Ritz J. Costimulation of human 
natural killer cell proliferation: role of accessory cytokines and cell contact-dependent signals. 
Natural immunity. 1995;15(5):213-26. 
140. Boyiadzis M, Memon S, Carson J, Allen K, Szczepanski MJ, Vance BA, et al. Up-
regulation of NK cell activating receptors following allogeneic hematopoietic stem cell 
transplantation under a lymphodepleting reduced intensity regimen is associated with elevated 
IL-15 levels. Biology of Blood and Marrow Transplantation. 2008;14(3):290-300. 
141. Altvater B, Landmeier S, Pscherer S, Temme J, Schweer K, Kailayangiri S, et al. 2B4 
(CD244) signaling by recombinant antigen-specific chimeric receptors costimulates natural 
killer cell activation to leukemia and neuroblastoma cells. Clinical Cancer Research. 
2009;15(15):4857-66. 
142. Imai C, Iwamoto S, Campana D. Genetic modification of primary natural killer cells 
overcomes inhibitory signals and induces specific killing of leukemic cells. Blood. 
2005;106(1):376-83. 
143. Godal R, Bachanova V, Gleason M, McCullar V, Yun GH, Cooley S, et al. Natural killer 
cell killing of acute myelogenous leukemia and acute lymphoblastic leukemia blasts by killer 
cell immunoglobulin-like receptor–negative natural killer cells after NKG2A and LIR-1 
blockade. Biology of Blood and Marrow Transplantation. 2010;16(5):612-21. 
144. Fujisaki H, Kakuda H, Shimasaki N, Imai C, Ma J, Lockey T, et al. Expansion of highly 
cytotoxic human natural killer cells for cancer cell therapy. Cancer research. 2009;69(9):4010-7. 
145. Schirrmann T, Pecher G. Specific targeting of CD33+ leukemia cells by a natural killer 
cell line modified with a chimeric receptor. Leukemia research. 2005;29(3):301-6. 
146. Müller T, Uherek C, Maki G, Chow KU, Schimpf A, Klingemann H-G, et al. Expression 
of a CD20-specific chimeric antigen receptor enhances cytotoxic activity of NK cells and 
overcomes NK-resistance of lymphoma and leukemia cells. Cancer Immunology, 
Immunotherapy. 2008;57(3):411-23. 
147. Kruschinski A, Moosmann A, Poschke I, Norell H, Chmielewski M, Seliger B, et al. 
Engineering antigen-specific primary human NK cells against HER-2 positive carcinomas. 
Proceedings of the National Academy of Sciences. 2008;105(45):17481-6. 

 

IJSER

http://www.ijser.org/



