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NK cells at the interface between innate and adaptive
immunity
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In recent years a novel concept has emerged indicating that the actual role of natural killer (NK) cells is not confined to the
destruction of virus-infected cells or tumors. Indeed, different NK subsets exist that display major functional differences in their
cytolytic activity, cytokine production and homing capabilities. In particular, CD56high CD16� NK cells that largely predominate in
lymph nodes, have little cytolytic activity but release high levels of cytokines whereas CD56low CD16þ NK cells that predominate
in peripheral blood and inflamed tissues, display lower cytokine production, but potent cytotoxicity. The latter is characterized by
granule polarization and exocytosis of various proteins including perforin and granzymes that mediate target cell killing. The
recruitment of CD56low CD16þ NK cells into inflamed peripheral tissues is orchestrated by various chemochines including the
newly identified Chemerin. At these sites, NK cells, upon engagement of different triggering receptors become activated and
upregulate their cytokine production and cytotoxicity after interaction with myeloid dendritic cells (DCs). Importantly, during this
interaction NK cells also mediate the ‘editing’ of DCs undergoing maturation. This process appears to play a crucial role in
shaping both innate and adaptive immune responses. Indeed, only DCs undergoing this NK-mediated quality control would
become fully mature and capable of inducing priming of protective Th1 responses.
Cell Death and Differentiation (2008) 15, 226–233; doi:10.1038/sj.cdd.4402170; published online 1 June 2007

Natural killer (NK) cells function as important sentinels of the
immune system, working as primary responders and alerting
the host to the presence of infectious organisms. These cells
represent a subset of cytotoxic lymphocytes that is able to
recognize and lyse tumor cells and virus-infected cells without
previous sensitization.1,2 NK cells derive from the bone
marrow, circulate in the blood and become activated by
cytokines, pathogen-derived substances or upon encounter-
ing target cells that express ligands for NK cell receptors.3 NK
cell receptors are encoded in the germ line and do not undergo
somatic recombination like B- and T-cell antigen receptors;4 it
is the balance of signals from activating and inhibitory
receptors that determines the outcome of NK cell function.5

Some inhibitory receptors recognize MHC class I, which is
present on virtually all healthy cells, and prevent NK cell attack
against these cells.6–9 Loss of MHC class I from cells owing to
infection or tumor transformation can lead to NK cell
activation, as proposed by the ‘missing self hypothesis’,10

provided that an activating receptor is engaged. The activat-
ing NK receptors bind to host-derived or pathogen-encoded
ligands that are upregulated on ‘stressed’ or infected cells.
Upon activation, NK cells directly lyse target cells by

exocytosis of perforin and granzymes. Moreover, NK cells
also display regulatory capabilities mediated by various
cytokines released upon engagement of different triggering
NK receptors or upon signaling by other cytokines. This is
particularly relevant during the early phases of inflammatory
responses.11 Several data have recently highlighted the role
of the interactions between NK cells and other cells of the
innate immune system that occur during the early phases of
acute inflammation, secondary to infection. Various studies
were focused on the crosstalk between NK cells and
monocyte-derived dendritic cells (DCs)12–21 and more re-
cently on the involvement of plasmacytoid dendritic cells
(PDC), mast cells, basophils, eosinophils, and neutrophils.22–24

In view of these observations it appears that a complicated
network of interactions25 can take place after the recruitment
of these different cells to inflammatory sites in response to
tissue damage resulting from invasion by pathogens (or tumor
cells).

In this review, we will highlight recent studies on the
mechanisms by which NK cells are recruited to inflamed
tissues and respond to pathogens, and will underscore the
unique role of NK cells in both innate and adaptive immunity.
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Multiple Integrated Signals Control Degranulation and
Killing by NK Cells

Several structurally distinct activation receptors have been
implicated in NK cell cytotoxicity, a complex process that
involves adhesion, synapse formation, and granule polariza-
tion and exocytosis.26,27 Besides expression of several
receptors that mediate natural cytotoxicity,5 expression of
CD16 on a majority of NK cells renders them strong mediators
of antibody-dependent cellular cytotoxicity (ADCC) against
IgG coated target cells.28 However because of the multiplicity
of receptor/ligand interactions between NK cells and target
cells, it has been difficult to assign specific functions to
individual receptors. In NK cells, lytic granules are secretory
lysosomes that contain a dense core, including various
proteins that are involved in cytotoxic function such as
perforin and granzymes. The combined function of these
proteins leads to the generation of pores on the plasma
membrane and activation of the caspase cascade after
cleavage of caspase-3. The latter activates caspase-
activated DNase that degrades DNA, thus inducing apoptosis
of target cells.

The core of lytic granules is surrounded by a lipid bilayer
that contains Fas ligand and lysosomal-associated mem-
brane glycoproteins (LAMPs).29 Degranulation by NK cells
results in depletion of intracellular perforin and LAMP-1
(CD107a) appearance at the cell surface.30 Recently, Long
and co-workers31–33 demonstrated that cytolytic granule
polarization and degranulation are two steps in NK cell-
mediated cytotoxicity that are controlled separately by signals
emanating from distinct receptors. Thus, engagement of
integrin LFA-1 by its ligand, ICAM-1, signals for polarization;
whereas CD16 engagement by its ligand, IgG Fc, triggers
degranulation. Neither polarization nor degranulation is

sufficient for efficient target cell lysis; however, coengage-
ment of CD16 and of LFA-1 results in strong cytotoxicity. The
signal from LFA-1 for polarization and the signal from CD16
for degranulation appear to be separate, because LFA-1
provided no enhancement of degranulation, and CD16
provided only a small increase in polarization. The degranula-
tion induced by CD16 engagement suggested that other
ITAM-associated receptors, such as the natural cytotoxicity
receptors NKp46, NKp44, and NKp30,34 also might be
sufficient to induce degranulation. However, at least in resting
NK cells, the only activating receptor inducing efficient
cytotoxicity appears represented by CD16.32,33 On the other
hand, in activated NK cells the responsiveness of the natural
cytotoxicity receptors is strongly upregulated; in line with this
concept we observed that cross-linking of these receptors by
plastic-bound specific mAbs was sufficient to induce CD107a
exposure at the NK cell surface (Figure 1) and a sharp
decrement of the amount of intracellular perforin (not shown).

NK Cell Migration into Inflamed Tissues

During inflammation, viral infection and tumor growth, NK
cells are rapidly recruited from the blood into injured
tissues.18–21 NK cell recruitment is governed by integrated
signals, which include adhesion molecules and chemotactic
factors. CD56low CD16þ NK cells express both b1 and b2
integrins, as well as the ligands for E- and P-selectins. In
addition to these molecules, CD56high NK cells also express
high levels of L-selectin, a pivotal molecule for the interaction
with lymph node high endothelial venules. A crucial role in the
transendothelial migration process of different leukocyte
types including NK cells is also played by the DNAM-1
receptor expressed on human NK cells.35 Its ligands, PVR

Figure 1 Induction of CD107a expression on the surface of IL2-activated human natural killer (NK) cells. NK cells that had been cultured overnight in the presence of
exogenous IL2 were incubated for 3 h at 371C in the absence or in the presence of various stimuli, including P815 cell line, P815 and anti-CD16 mAb, K562 cell line, plate-
bound anti-NKp46 or anti-NKp30 mAbs. PE-anti-human CD107a mAb lysosomal-associated membrane glycoprotein-1 (LAMP-1) was included during the incubation.
Thereafter, cells were stained with PC5-conjugated anti-CD56 mAb and PE-anti-CD107a mAb
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and Nectin-2, are present at the cell junctions on primary
vascular endothelial cells and mAb against DNAM-1 or PVR
(CD155) inhibited the transendothelial NK cell migration. The
DNAM-1/PVR interaction appears to play an essential role
during the diapedesis step, since, in the presence of anti
DNAM-1 or anti-PVR mAb, migrating leukocytes were
arrested at the apical surface of the endothelium over
intercellular junctions.36 Various soluble factors play an
important role in the early events that favor the extravasation
of NK cells and the subsequent induction of their priming.
These include various cytokines and chemokines that are
released by resident DC and other cell types including
endothelial cells, macrophages, neutrophils, fibroblasts, mast
cells and eosinophils during pathogen-induced inflammation
in peripheral tissues. The mechanism of NK cell recruitment
appears to involve chemokines such as CXCL8, CCL3 and
CX3CL1.18 Indeed most classical NK cells (CD56low CD16þ )
express CXCR1 and CX3CR1 while the minor CD56high

CD16� NK subset express CCR7.37–39 On the basis of their
surface phenotype it is conceivable that CD56low CD16þ cells
may be mainly recruited in pathogen-invaded inflamed
tissues, whereas CD56high CD16� cells may be essentially
attracted by secondary lymphoid compartments such as
lymph nodes.18 Indeed, in lymph nodes, CCL21 is highly
expressed in high endothelial venules (HEVs), lymphatic
vessels, and stromal/interdigitating DCs (predominantly in
T-cell areas), whereas CCL19 is highly expressed in mature
DCs within the T cell zone of para-cortex.40,41 Accordingly
within normal non-inflamed lymph nodes NK cells, which are
localized in the para-follicular area next to the para-cortical
T-cell area,42,43 are homogeneously characterized by the
CD56high CD94/NKG2Aþ surface phenotype, by low levels of
cytolytic activity and by the production of high amounts of
interferon (IFN)-g. Thus these cells are very similar to the
small CD56high CD16� NK cell subset that is found in
peripheral blood. The developmental relationship between
these two NK cell subsets remains controversial although a
recent report demonstrated that upon exposure to interleukin
IL2, IL15 or IL12 in vitro peripheral blood CD56high NK cells
gain the typical pattern of CD56low NK cells.44 Indeed ex-vivo
analysis of human NK cells showed that CD16 and KIR
expression was similar in NK cells derived from efferent lymph
and PB, while the same molecules were almost absent in NK
cells collected from non-reactive lymph nodes (LN), suggest-
ing that NK cells leave the LN after KIR acquisition. In line with
this concept, CD56low NK cells displayed shorter telomeres
than CD56high NK cells. These data suggest that CD56high

CD16� KIR� and CD56low CD16þ KIRþ /� NK cells corre-
spond to sequential steps of differentiation and that secondary
lymphoid tissues may represent sites of NK cell development
and self-tolerance acquisition.

It is important to note that the acquisition of KIR within LN
does not necessarily imply that each single NK cell should
undergo maturation at these sites. In this context, recent data
indicated that during maturation NK cells undergo an
education process based on the recognition of self-HLA class
I molecules that allows the acquisition of a full functional
competence. These data clearly suggest that this process
must be confined to those NK cells that express at least one
receptor for self-HLA class I although, even in normal

individuals, some NK cells are generated that lack these
receptors. Such cells, however, would not be dangerous
since, in the absence of adequate education, they would not
acquire functional competence. In lymph nodes, NK cells
lacking inhibitory receptors for self-HLA may not exist since
even before KIR acquisition they express high levels of CD94/
NKG2A (which represent a classical feature of all CD56high

CD16� NK cells). Thus KIR acquisition in LN appears to be
confined to NK cells that have been previously subjected to
the education process,45 upon recognition of HLA-E. Conse-
quently, KIR acquisition in LN does not represent a step of NK
cell maturation from immature NK precursors but rather a
‘switch’ from a KIR� to a KIRþ phenotype.

NK Cells and DCs Meet in Inflamed Tissues

Recently, an additional chemokine has been described that is
likely to play a crucial role in NK cell recruitment at inflamed
sites. This is represented by Chemerin, which is a chemotactic
agonist recently identified as the ligand of ChemR23, a
serpentine receptor that was originally detected on the
surface of mononuclear phagocytes and DCs.46

More recently, the Chemerin receptor (Figure 2) has been
described on blood NK cells: indeed it was shown that
ChemR23 expression marks the major CD56low CD16þ

peripheral blood NK cell subset, with no expression by
CD56high NK cells.47 Consistent with their CD56low pheno-
type, ChemR23þ cells express CXCR1 as well as KIRs and
CD16 molecules. Importantly, Chemerin promotes the migra-
tion of NK cells and this migration is dependent on ChemR23,
as based on the inhibitory effects of ChemR23 blocking
antibodies. Despite the large body of evidence about the role
of NK cell–DC interactions, little evidence supports the
concept that this interaction indeed takes place in peripheral
tissues, in vivo.48 However, analysis of the expression of
ChemR23 by NK cells in pathological conditions known to be
characterized by elevated tissue accumulation of DC such as
oral lichen planus (OLP) showed, in addition to numerous
CD123þ /BDCA2þ and DC-SIGNþ DC, the presence of
CD3� CD56þ NK cells. Both DC subsets and NK cells
expressed ChemR23 with NK cells accounting for about 25%
of the total ChemR23þ cells present in each lesion. Only a
fraction of ChemR23þ NK cells expressed CD69, an early
activation marker, suggesting that ChemR23 was mostly
expressed by recently recruited NK cells. This finding may
also indicate that only a fraction of the recruited NK cell
population undergoes activation at inflammatory sites. Since
NK cells were found in close proximity with both plasmacytoid
and myeloid DC,47 it is likely that this interaction will result in
reciprocal cell activation. Under normal conditions, chemerin
is absent in non-lymphoid peripheral tissues, including dermis
and epidermis;46 on the other hand, in OLP lesions,
endothelial cells lining blood vessels express chemerin.47

This finding further supports the role of chemerin in the
recruitment and co-localization of NK cells and DC subsets in
inflamed tissues. Altogether, the different mechanisms
described above would explain how NK cells can be recruited
to inflamed tissues and meet with immature DC (iDC) within a
short period of time after pathogen attack.
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Activation of NK Cells in Peripheral Tissues

After being recruited into inflamed tissues, NK cells can
interact with other cell types of the innate immune system.24,25

These interactions can modulate NK cell functions as a result
of mechanisms of cell to cell contact (favoring receptor/ligand
interactions) and of the activity of soluble factors. For
example, a close cell to cell contact is required in the case
of NK-monocyte-derived DC interactions.18–21 During such
NK-DC contact, DCs undergoing maturation after antigen
uptake release cytokines that can greatly influence the
functional behavior of NK cells. For example, DC-derived
IL12 is crucial not only for inducing NK cells to release
interferon (IFN)-g but also, for enhancing NK-cell cytotoxi-
city.49 The formation of ‘stimulatory synapses’ between NK
and DC has been shown to promote a polarized secretion of
IL12 (present in DC preassembled stores) toward NK cells.50

On the other hand, enhancement of NK cytotoxicity can also
be induced by type I IFN abundantly secreted by PDC51 or
mastocytes.52 Therefore, the upregulation of NK-mediated
killing is greatly influenced by the type of cytokines released
by bystander cells during innate immune responses. In turn,
the apoptotic/necrotic material or heat-shock proteins that are
generated as a result of the NK-mediated killing of tumors
or virus-infected cells can modulate the function of DC or
other bystander cells.18 It has been shown that NK cells
kill certain virus-infected or tumor cells expressing low
levels of MHC class I molecules and subsequently can prime
DCs to promote Th1 responses53 and highly protective CD8

T-cell-mediated memory responses.54 Moreover, NK-DC
interactions can induce primary tumor rejection and long-term
CTL memory, apparently bypassing the requirement for
helper CD4þ T cells.55

Another mechanism by which recruited NK cells can
become activated and upregulate their cytolytic activity is
based on the usage of Toll-like receptors. It has been shown
that circulating as well as in vitro activated human NK cells
express these receptors including TLR3 and TLR9, that
enable them to respond both to viral and bacterial products.56

For example, the simultaneous engagement of TLR3 on both
NK cells and monocyte-derived DC appears to be sufficient to
initiate a series of events, characteristics of the early phases
of innate immune responses. Thus, exposure of NK and
myeloid DC to dsRNA (a classical TLR3 ligand) results in IL12
secretion by DCs and in NK cell activation, as revealed by the
surface expression of CD69 and CD25. In addition, TLR-
stimulated NK cells, in the presence of IL12, release cytokines
including IFN-g and tumor necrosis factor (TNF)-a and acquire
a higher cytolytic activity against tumor target cells.

NK Cell-Mediated Killing of DC

Once activated, NK cells recruited to sites of inflammation,
acquire the capability of killing immature myeloid DCs.18–21

This effect is due to the fact that immature DCs typically
underexpress HLA-class I molecules that would protect from
NK-mediated lysis. On the other hand, DCs that, after Ag

Figure 2 ChemR23 expression on natural killer (NK) cell subsets. Human natural killer cells can be divided into CD56low CD16þ , killer Ig-like receptors (KIR) þ /� and
CD56high CD16� KIR� subsets, displaying different functions, phenotype and tissue localization. CD56low NK cells dominate in peripheral blood (PB), whereas CD56high are
enriched in secondary lymphoid organs. Indeed, the majority (X95%) of peripheral blood NK cells belongs to the CD56low CD16þ cytolytic NK subset, that carry homing
markers for inflamed peripheral sites (CXCR1 and CX3CR1) and perforin to rapidly mediate cytotoxicity. It has also been shown that CD56low CD16þ but not CD56high CD16�

NK cells express the recently identified ChemR23 receptor for the chemotactic agent Chemerin, which is a potent inducer of NK cell recruitment into inflamed peripheral
tissues. On the other hand, CD56high CD16� NK cells, unlike CD56low CD16þ , express the receptor for the stem cell factor (c-kit or CD117), the a-chain of IL7 receptor and
homing markers for secondary lymphoid organs, namely CCR7, CD62L and CXCR3
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uptake, undergo maturation, upregulate MHC-class I expres-
sion becoming essentially resistant to NK cells.57 During the
process of maturation, DCs not only upregulate HLA
molecules, but also chemokine receptors such as CCR7,
and co-stimulatory molecules belonging to the B7 molecular
family.58 The expression of these molecules is crucial for the
subsequent DC cell migration to LN and priming of T
lymphocytes. It has been suggested that the NK-mediated
killing of DCs may serve to keep in check the quality and the
quantity of DCs undergoing maturation (‘editing’ pro-
cess).18,25 According to this view, DCs that fail to express
sufficient amounts of MHC molecules would be removed.
Thanks to this mechanism NK cells may prevent the survival
of faulty DCs that after expression of CCR7 and migration to
lymph nodes, would induce inappropriate, low-affinity, T-cell
priming25 resulting either in Th2 responses or in a state of
tolerization.59 In this context, in the absence of NK cells, the in
vivo default development pathway of CD4 T cells appears
strongly biased toward the acquisition of a Th2 pheno-
type.60,61

The NK cell receptors that are involved in DC recognition
and killing are represented by NKp3015 and DNAM-1.62

Indeed blocking of these receptors by specific mAbs was
shown to inhibit sharply the NK-mediated killing of immature
DCs. In line with these data, NK cells from acute myeloid
leukemia (AML) and HIV patients, which frequently express
an NKp30 dull phenotype63,64 had an impaired ability of killing
DCs.65,66 Moreover killing of DCs can also be inhibited in the
presence of TGF-b, a cytokine inducing a profound down-
regulation of the surface expression of NKp30.67 On the other
hand tryptophan, catabolite L-kynurenine (IDO), although
affecting NK cell-mediated killing of tumor cells by down-
regulating the expression of NKp46 and NKG2D, does not
impair NK-mediated DC killing because it has no effect
on NKp30 expression.68 The importance of DNAM-1 not
only as an activating receptor involved in DC killing but also
as an adhesion molecule was demonstrated by the finding
that NK cells from patients affected by type 1 leukocyte
adhesion deficiency (lacking expression of LFA-1) displayed
unaltered ability to kill DCs.69 The ability of NK cells to
kill DCs also involves various HLA-specific inhibitory
receptors as demonstrated by the analysis of NK cell clones.
In view of these studies it appears that killing of autologous
immature DC is confined to NK-cells expressing the HLA-E-
specific CD94-NKG2A inhibitory receptor but lacking inhibi-
tory KIRs specific for self-HLA-class I alleles.70 In line with this
finding immature myeloid DC, although displaying a general
downregulation of surface HLA class I molecules, are
characterized by particularly low levels of surface HLA-E
molecules.

NK Cell-Mediated Differentiation of DC

It has been suggested that, during the early phases of an
inflammatory response, the engagement of TLRs by PAMPs
may not be confined to NK and DCs but could also involve
other cell types, including resident mast cells,71 neutrophils,72

eosinophils73 or PDCs.51 It is likely that these cells, through
the release of cytokines other than IL12 (e.g. IL4, IFN-a or
IL18), could differentially modulate the functional capability of

bystander NK and DCs. Indeed it has recently been proposed
that the early exposure of NK cells to IL4 could deviate the
subsequent adaptive immune response towards the acquisi-
tion of a non-Th1 phenotype.74 In particular, while short-term
NK-cell exposure to IL12 promoted the release of high levels
of both IFN-g and TNF-a and the acquisition of cytolytic
activity, exposure to IL4 resulted in poor cytokine production
and low cytolytic activity. Accordingly, NK cells exposed to
IL12 may favor the differentiation/selection of appropriate
mature DCs for subsequent Th1 cell priming in lymph nodes.
On the contrary, NK cells exposed to IL4 would not exert DC
selection, may impair efficient Th1 priming and favor either
tolerogenic or Th2-type responses. Another recent study
proposed that, in addition to IL12, other cytokines, such as
IL18, released by DCs or by macrophages, in response to
pathogens, may influence the ‘helper’ activity of NK cells,75

IL18, but not other NK cell-activating cytokines, would
promote the development of a unique type of helper NK cells
characterized by the CD56þ /CD83þ /CCR7þ /CD25þ phe-
notype. These IL18-induced NK cells appear to display high
migratory responsiveness to LN-produced chemokines, a
distinctive ability to support IL12 production by DCs and to
promote Th1 responses by CD4þ T cells (Figure 3). Thus it
may be possible that not only ‘classical’ CD56high CD16� but
also CD56low CD16þ NK cells (at least under certain
conditions) could migrate to lymph nodes. However, CD56high

CD16� NK cells would reach these sites directly from the
blood, whereas CD56low CD16þ NK cells would follow a
different route that include their activation by IL18 released by
APCs encountered within inflamed peripheral tissues. Inter-
estingly, since IL18-induced ‘migratory’ NK cells, unlike
conventional CD56low CD16þ NK cells, display low cytotoxi-
city but high cytokine release it is possible that their role within
secondary lymphoid tissues may not be different from that of
‘resident’ CD56high CD16� NK cells.

It has also been shown that IL18, released by DC, might
play a role during the early phases of innate immune
responses by recruiting PDCs, through IL18-receptor expres-
sion. In addition, PDC exposed to IL18 may skew the
development of adaptive immunity towards Th1 polariza-
tion.76 The pattern of TLR expression in PDCs is profoundly
different from that of DCs. Thus, PDCs do not express TLR1,
2, 3, 4, 5 and 6 but, similar to NK cells, express TLR9, a
receptor specific for unmethylated CpG derived from bacteria
or from viruses.77 It has been shown that, in the presence of
stimulation via TLR9, the NK–PDC interaction results in
upregulation of the NK-mediated cytotoxicity against various
tumor target cells. In turn, NK cells promote PDC maturation
and upregulate their production of IFN-a in response to
CpG.22,78 Interestingly, while NK cells cannot exert an editing
program on PDCs due to the poor susceptibility of these cells
to NK-mediated lysis, when co-cultured with TLR9-stimulated
PDCs, NK cells acquire lytic activity against immature DCs.
Thus, it is possible that cellular interactions occurring between
NK and PDCs in response to TLR9 stimulation may influence
the maturation and acquisition of functional competence by
bystander DCs. These data suggest that a multidirectional
PDC-NK-DC crosstalk may deeply affect the outcome of
antiviral and anti-tumor immunity by regulating both innate NK
cell responses and Th polarization.78
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The molecular interactions regulating the cross talk
between NK and monocyte-derived DCs might change at
least in part when DCs are subjected to viral infection. In this
context a recent study by Draghi et al.79 analyzed the impact
of influenza-infected human DCs on NK cell activation. It
appears that, at variance with uninfected DCs,15,80 the ligands
for both NKG2D (ULBP) and NKp46 (hemagglutinin) activat-
ing receptors are expressed on the surface of infected DCs
(Figure 4). Importantly, under these conditions, the use of
antibodies against these receptors could inhibit NK cell
activation and IFN-g release. Interestingly, the upregulation
of NK cell-mediated cytotoxicity induced by infected DCs was
mainly dependent on IFN-a, whereas IL12 was only neces-
sary for enhancing IFN-g production by NK cells.79

Concluding Remarks

It is becoming clear that many different cell types of the innate
immune system are playing a key role during the early phases
of infections. These cells interact with each other in inflamed
tissues and in secondary lymphoid organs leading to
modulation or amplification of different effector mechanisms.
Most cellular interactions appear to require direct cell to cell
contact to favor the polarized delivery of cytokines, such as
IL12, IL4 and IFN-a. These are released in response to a large

Figure 3 Helper and effector natural killer (NK) cells are generated in inflamed peripheral tissues. CD56low CD16þ NK cells are recruited to peripheral inflammatory sites
in response to chemokine gradients. Then these cells become activated upon encounter with tumors or virus-infected cells that are recognized via different triggering receptors
expressed at the NK surface. Alternatively, NK cells may become activated upon encounter with pathogen-derived products that are recognized via TLRs. Once activated NK
cells acquire distinct functional characteristics depending upon the prevalence of IL12 versus IL18 available within the inflammatory microenvironment. In the presence of IL12
(released by DCs upon Ag recognition), NK cells acquire the ability to kill those dendritic cells (DCs) that have not been suitably activated by the Ag. These DCs, different from
those undergoing appropriate maturation, do not upregulate HLA class I molecules and, similar to immature DCs, would remain susceptible to NK-mediated killing. Meanwhile,
the same NK cells release cytokines such as tumor necrosis factor (TNF)-a and interferon (IFN)-g that have been demonstrated to facilitate the progression of pathogen-
responsive DCs towards a full maturation. The latter is characterized by a strong upregulation of HLA expression, by the de novo expression of CCR7 and by the upregulation
of co-stimulatory molecules such as CD80 and CD86. These mature DCs migrate to secondary lymphoid compartments to promote Th1 polarization. On the other hand, NK
cells would remain within the inflamed tissue and, in the absence of further stimulation, may return to their original quiescent status. Alternatively, upon exposure to massive
doses of IL18, NK cells may acquire a helper phenotype characterized by strong upregulation of IFN-g release, but poor cytolytic activity. The fate of these NK cells might be
different from that of IL12-induced effector NK cells. Indeed IL18-induced helper NK cells by acquiring the expression of surface CCR7 (and CD83) could respond to CCL19/
CCL21 and migrate to secondary lymphoid organs

Figure 4 Different receptor–ligand interactions characterize the cross talk
between natural killer (NK) cells and virus-infected or non-infected dendritic cells
(DCs). The capability of NK cells of killing autologous myeloid immature DCs (iDCs)
(but not mDCs) is a most remarkable event occurring during the NK-DC cross talk.
This effect is based on the capability of NK cells of discriminating between myeloid
iDCs (that typically under express HLA-class I molecules) and DCs that, after Ag
uptake, upregulate HLA-class I expression while they undergo maturation. The
process by which NK cells eliminate iDCs has been shown to initiate with the
engagement of the NKp30 and DNAM.1 activating receptors by ligands expressed
on iDCs. Indeed, blocking of NKp30 and DNAM.1 by specific mAbs sharply inhibited
the NK-mediated killing of iDCs. Following influenza infection DCs acquire the
expression of ULBP and HA recognized by NKG2D and NKp46 respectively.
Accordingly the interaction between NK cells and influenza-infected DCs is inhibited
by mAbs specific for these two receptors
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array of microbial products that upon binding to different TLRs
can simultaneously activate different effector cells of the
innate immunity, including NK cells. The polarizing effect of
IL12 and IFN-a released in the microenvironment modulates
the functional capability of NK cells that acquire the ability to
mediate their editing program. This is leading to the genera-
tion of mature DCs that after migration into LN are skewing
T-cell priming towards highly polarized Th1 responses. On the
contrary, the release of type 2 cytokines including IL4, IL5 and
IL13 within the inflammatory microenvironment may deviate
the subsequent T cell priming towards unpolarized or Th2-
adaptive responses. Thus the outcome of these cellular
interactions may have dramatic impact on the quality and
strength of downstream adaptive responses. In conclusion,
these data suggest that classical innate effector cells such as
NK cells can also be viewed as regulatory cells that depending
on the cellular interactions and on the type of cytokines
released after pathogen invasion play a key role in skewing
T-cell priming.

It is likely that understanding of the innate interactions
taking place at the interface between innate and adaptive
immunity may have a major impact also in designing novel
therapeutic approaches against different invading pathogens
and, perhaps, tumors.
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