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NK cells are innate lymphoid cells endowed with cytotoxic capacity that play key roles in
the immune surveillance of tumors. Increasing evidence indicates that NK cell anti-tumor
response is shaped by bidirectional interactions with myeloid cell subsets such as
dendritic cells (DCs) and macrophages. DC-NK cell crosstalk in the tumor
microenvironment (TME) strongly impacts on the overall NK cell anti-tumor response as
DCs can affect NK cell survival and optimal activation while, in turn, NK cells can stimulate
DCs survival, maturation and tumor infiltration through the release of soluble factors.
Similarly, macrophages can either shape NK cell differentiation and function by expressing
activating receptor ligands and/or cytokines, or they can contribute to the establishment
of an immune-suppressive microenvironment through the expression and secretion of
molecules that ultimately lead to NK cell inhibition. Consequently, the exploitation of NK
cell interaction with DCs or macrophages in the tumor context may result in an
improvement of efficacy of immunotherapeutic approaches.
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INTRODUCTION

Natural killer (NK) cells are innate lymphoid cells that play a fundamental role in host resistance
against cancer thanks to their capacity to directly kill tumor cells and to regulate adaptive
tumor immunity.

NKcell activation is regulatedby the balance of a set of activatingand inhibitory receptors. Themajor
activating NK cell receptors include the natural cytotoxicity receptors (NCR) NKp30, NKp46, and
NKp44, as well as the NK group 2 member D (NKG2D), generally engaged by ligands commonly up-
regulated on tumor or infected cells as result of cell stress (1–3). Other receptors, including DNAX
accessory molecule 1 (DNAM1) and 2B4 act as co-receptors in NK cell activation (4, 5).

In normal conditions, cell surface inhibitory receptors recognize MHC Class I (MHC-I) molecules
expressed by healthy cells and inhibit NK cell function as a mechanism of self-tolerance (5, 6). When cells
undergo MHC-I downregulation because of infection or transformation, NK cell activation threshold is
reducedandactivating receptor signaling canbeunleashed topromoteNKcell cytotoxicity against suchcells.

Human blood and tissue NK cells are identified as CD3-CD56+ (the latter also named neuronal cell
adhesion molecule - NCAM) cells and represent a heterogeneous lymphoid population with distinct
phenotypic, functional and developmental features. The two most characterized NK cell subsets are an
immature CD56brightCD16- and a more mature CD56dimCD16+ population (7). CD56bright cells
org December 2021 | Volume 12 | Article 7871161

https://www.frontiersin.org/articles/10.3389/fimmu.2021.787116/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.787116/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:giovanni.bernardini@uniroma1.it
https://doi.org/10.3389/fimmu.2021.787116
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2021.787116
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2021.787116&domain=pdf&date_stamp=2021-12-17


Russo et al. NK Cell/Myeloid Cell Interplay in Cancer
display a prompter IFNg response following cytokine stimulation,
while CD56dim cells have higher cytotoxic capacity associated with
higher levels of granzymes and perforin stored in granules. Tissue
trafficking capacity of the two subsets are also distinctively
regulated by differential expression of chemotactic receptors:
CD56bright preferentially express CCR2, CCR5 and CXCR3 and
uniquely express CCR7, while CD56dim have the almost exclusive
expression of CXCR1, CX3CR1, S1P5 and CMKLR1 (8).

Themyeloid compartment includes different cell subtypes, such
as macrophages and dendritic cells (DC), characterized by high
degree ofplasticity andheterogeneity, andplay important functions
in both homeostatic and pathological conditions (9). Macrophages
are phagocytes with a key role in microbial clearance and tissue
repair whose phenotype strictly depends on their developmental
origin, tissue of residence and the environmental stimuli they are
exposed to (10). DCs are the most potent antigen-presenting cells
(APC) that play an essential role in T cell response and tolerance.
DCs are functionally shaped by the integration of tissue
environmental signals (11–13). In humans and mice, DCs have
been classified as conventional DCs (both cDC1s and cDC2s),
plasmacytoid DCs (pDCs), monocyte-derived DCs (moDCs) and
Langerhans cells, according to their ontogeny, phenotype, tissue
distribution andmolecular signature (14). Furthermore, additional
subsets with specific roles have been described such as DC3, a pro-
inflammatory IRF8-independent subset (15).
NK CELLS, DCs AND MACROPHAGES
IN CANCER

The tumor immune contexture, which defines the amounts and
types of tumor-infiltrating leukocytes, has been robustly
associated with specific clinical outcomes in patients. The
relevance of NK cells in the control of tumor growth and
inhibition of metastasis is supported by studies in experimental
mouse tumor models and in cancer patients. Indeed, depletion of
NK cells in mice bearing transplantation- or carcinogen-induced
tumors leads to enhanced tumor aggressiveness and spreading
(16, 17). Consistently, also in humans NK cell tumor infiltration
is associated with positive prognosis in some solid tumors (18,
19). On the other hand, low NK cell numbers and function are
associated with impaired tumor rejection (20), and anti-tumor
activity of circulating NK cells was reported to gradually decrease
along with progression of certain tumors (21–24). Finally, it is
well established that NK cell-based activity can be exploited to
treat some cancers, and this is supported by studies of
hematopoietic stem cell transplantation (HSCT) starting from
the groundbreaking observation by Velardi and colleagues
indicating efficacy of haploidentical NK cells transplantation
against myeloid leukemias (25). Although NK cell alloreactivity
plays a major role in this effect, the efficacy of the treatment is
also related to the observation that NK cells are the lymphocytes
that first reconstitute upon HSCT (25, 26).

Different DC subsets can localize in or be recruited to tumors
where they acquire and process tumor-associated antigens and
can thus initiate antigen-specific immunity or tolerance (27).
Frontiers in Immunology | www.frontiersin.org 2
Tumor-associated monocyte-derived and resident
macrophages (TAM) were shown to play a role in the regulation
of tumor growth and can support tumor progression by different
means, from stimulation of angiogenesis and tumor invasion to
suppression of adaptive immune responses (28–31). Roughly, it is
possible to distinguish between M1- and M2-polarized
macrophages; the first subset arises in response to Toll-like
Receptor (TLR) ligands and interferons (IFN) and exerts an
anti-tumor function sustained by the potential secretion of pro-
inflammatory cytokines, Th1-recruiting chemokines CXCL9 and
CXCL10 and the increased expression of MHC-II and
costimulatory molecules. On the contrary, M2 macrophages
expand in response to IL-4, IL-13, TGF-b and glucocorticoids
and exhibit a pro-tumoral phenotype as they are more phagocytic,
express higher levels of mannose and galactose receptors and have
a highly active arginase 1 (Arg1) pathway (32–35). Nevertheless,
this is an over-simplification due to the variety of phenotypes
displayed by these myeloid cells that do not often fit the M1/M2
dichotomous phenotypes. Recent single-cell transcriptomic
studies show accumulation of several mononuclear phagocyte
(MNP) populations in human tumors, some of which with
newly described phenotypes related to prevalent pro-tumor
activity (36–39). Zang and co-workers identified C1QC+ and
SPP1+ TAM accumulation in colorectal cancer, two populations
that differ in phenotypic features related to prevalent pro-
angiogenic and immunosuppressive function, respectively (12).
By integrating human monocytes and macrophages (MoMac)
single-cell RNA obtained from 41 datasets (the MoMac-
VERSE), Mulder et al. found that several cancer types display
expansion of conserved TAM populations, including IL4I1+ PD-
L1+ IDO1+ and TREM2+ that expressed mostly M1 and M2 relate
genes, respectively (38).

Also location of TAMs in the tumor microenvironment
(TME) has been correlated with specific functions, with
pathogenic macrophages accumulating at the invasive margin
in colorectal cancer, and to negatively correlate with T and NK
cell infiltration in several cancer types (36, 38, 39).

DCs, macrophages as well as a heterogenous pool of cells,
generally named myeloid-derived suppressor cells (MDSCs),
received growing attention in the last decades due to their clear
role in determining the polarization of the anti-tumor immune
response (40–42).

The Interaction Between NK Cells
and Myeloid Cells
The bi-directional interaction between NK cells and DCs was
first described twenty years ago and shown to impact activation,
maturation and function of both cell types. Indeed, the crosstalk
between immature DCs and NK cells may result in either DC
maturation or cell death in regard to the relative DC/NK cell
density and DC maturation stage (43, 44). DCs and NK cells
share the expression of similar chemotactic receptors, such as
CCR2, CCR4, CCR5, CXCR3, CCR7 and CMKLR1 and thus
both cell types can potentially be recruited by common patterns
of chemokines to inflammatory tissues and secondary lymphoid
organs (13, 45). The relevance of this functional cooperation in
December 2021 | Volume 12 | Article 787116
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immune response, including antiviral and antitumor immunity,
is now well established (46–48). NK cells likewise modulate
macrophage activation and polarization for example, by IFNg
production (49, 50). This regulatory role can also be effective on
macrophage precursors. For example, NK cells can promote
generation of Ly6Chigh monocytes in several types of infections
by regulating bone marrow precursors differentiation (51).
Moreover, a subset of choline acetyltransferase (ChAT)+ NK
cells was described to have a role in promoting CCR2+ Ly6Chigh

monocytes recruitment in central nervous system CNS during
experimental autoimmune encephalomyelitis (EAE) and to
reduce their disease-promoting effect by cell killing (52).

In analogy with adaptive immune cells, NK cells need priming
to gain full activation potential. This action can be accomplished
by IL-15 complexed to IL-15 receptor a-chain on the surface of
cDCs and macrophages (52–55). Similarly, macrophage-derived
IL-12 and IL-18 potently stimulate NK cell function and
synergize for high level of IFNg production (Figure 1) (56).

MDSCs represent myeloid cell subsets that strongly expand
during tumor growth and that cooperates with the other tumor-
associated myeloid cells to promote cancer development and the
establishment of an immune-suppressive environment. MDSCs
can affect NK cell phenotype in the tumor microenvironment
and hijack their anti-tumoral potential by direct cell-to-cell
interaction and/or by release of soluble factors such as PGE2,
TGF-beta, IL-10, IL-6 and IL-23. The mechanisms underlying
MDSC/NK functional interaction have been comprehensively
reviewed recently (57, 58).

Due to space constraints, we will limit the description of NK
cell crosstalk to DCs and macrophages in relation to the
tumor context.

NK Cell and DC Crosstalk in Cancer
Different DC subsets may have a different impact on NK cell
activation, survival and proliferation mostly on the basis of the
type of cytokine secreted. For instance, type I IFN produced by
pDCs promotes NK cell cytotoxicity (59, 60), whereas IL-12 and
IL-18 secreted by cDCs trigger cytokine production. cDC-
derived IL-12, in synergism with IL-18, is required for IFNg
and NK cell cytotoxicity (61, 62).

NK-DC crosstalk may depend on both cell-to-cell contact and
local release of cytokines (Figure 1). In vitro, NK cell activation
requires the assembly of DC stimulatory synapses and local
recruitment of IL-12/18-containing pre-assembled vesicles (63,
64). In addition, MIC-A and B expression by IFNa-stimulated
DCs may drive NK cell activation (63). On the contrary,
expression of ligands for the activating receptor NKG2D by
DCs promotes NKG2D downmodulation and negatively impacts
on optimal NK cell activation and tumor cytotoxicity in a
melanoma mouse model (64).

The NK-DC cell ratio represents an important factor
dictating either DC maturation or apoptosis. At high immature
DC : NK ratio, DCs undergo maturation, whereas low ratio is
associated with NK cell-mediated DC death (43, 65). In fact,
immature DCs are susceptible to MHC class-I dependent NK
lysis. On the other hand, mature DCs are resistant to autologous
NK-cell killing through the upregulation of MHC class-I
Frontiers in Immunology | www.frontiersin.org 3
molecules during maturation. These observations suggested an
immunoediting role of activated NK cells in the selection of
immunostimulatory DCs (66). Upon maturation, DCs also
upregulate the expression of adhesion molecules, such as
CD155 and CD112 (the ligands of DNAM-1) (65), which play
immune regulatory functions in tumor-infiltrating NK cells. In
fact, tumor-infiltrating NK cells commonly express TIGIT, a
checkpoint inhibitor receptor, that competes with DNAM-1 for
the binding of CD155 and CD122 (48, 67–70).

Activated NK cells can in return stimulate DC maturation
through the secretion of TNFa and IFNg that increase the ability of
DCs to produce cytokines and to prime Th1 and cytotoxic T
lymphocyte (CTL) responses (43, 71, 72). In melanoma patients,
NK cells regulate cDC1 survival and infiltration through the
intratumoral production of FLT3LG; this action correlates with the
efficacyof the therapeutic response toanti-PD1 immunotherapy (47).
Furthermore, the interaction of DCs with IL-15-activated NK cells
induces production of VEGF-C by DCs thus favoring lymphatic
vessels formation in vitro (71). TGF-b is a highly pleiotropic cytokine
whose role in physiology and pathological condition is strictly
context-dependent; above all activities, TGF-b is a master regulator
of the immune response and exerts a predominant inhibitory effect
on a variety of immune cells. According to the analysis of the
mononuclear phagocyte single cell RNA compendium from 41
datasets (MNP-VERSE), TGF-beta, CD48, Dectin-1 and MS4A4a
are equally expressed by all DC subsets found in several human
cancer types, i.e progenitor DC (pre-DC), cDC1 and CD11c+ cDC2
(that include cDC2 andDC3, DC2/DC3) [Figure 2, (38)]. Cytokines
of the TGF-b family represent an important regulatory pathway of
activated DCs (72); Activin A, a TGF-b familymember, is one of the
most upregulated cytokines during NK-DC interaction that was
found to act as an important negative feedback mechanism for
both NK cell and DC activation (69, 73). Interestingly, Activin A
impaired NK cell-mediated killing of cancer cells in vitro and in vivo
blockade of Activin A reduced lung metastases in a mouse model of
lung metastasis (74).

Role of Cell Migration in NK-DC
Interplay in Cancer
Among DC subsets, cDC1 is the most effective in antitumor
immunity (73) and the intratumoral abundance of cDC1 is
associated with better patients’ survival (47, 73). The presence of
cDC1s in the TME has been correlated with the presence of NK cells
and with increased survival of melanoma, glioblastoma and
neuroblastoma patients (75–78). Activated NK cells secrete several
chemokines, such as CCL4, CCL5 and XCL1, that are responsible
for the recruitment into the tumor of CCR5- and XCR1-expressing
cDC1s (13, 45). Immunoreactive tumors are also characterized by
the expression of CXCL9, CXCL10 and CXCL11 (45, 79, 80).
Notably, these DC-derived chemokines recruit activated T and
NK cells to promote efficient antitumor response (81, 82).

The potential relevance of the NK-cDC1 axis is emphasized
by the fact that it can be part of tumor evasion strategies. For
instance, it was shown in mouse models that tumor-derived
PGE2 can decrease NK cell viability and chemokine production,
and downregulate the expression of chemokine receptors by
cDC1s, including ccr5 and xcr1 (48). This process reduces cDC1
December 2021 | Volume 12 | Article 787116
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recruitment and expansion in situ and alters their capacity to
orchestrate an adaptive defensive response. Other immune
evasion mechanisms include the DCs-mediated secretion of
chemokines able to attract NK cell subsets that are less efficient
in anti-tumor immunity. For instance, in lung and breast cancer,
CXCL9 and CXCL10 preferentially recruit CD56bright, rather
than the more cytotoxic CD56dim NK cells (81). These data
suggest that NK cell functional exhaustion observed within the
TME may also depend on cell recruitment, but the effect of the
biased migration of NK cell populations on cDC1 accumulation
and survival is still not fully understood.

Crosstalk Between NK Cells and
Macrophages in Cancer
Macrophages are known to modulate NK cell function either
through soluble factors or through cell-to-cell contact and, in
turn, NK cell-derived inflammatory mediators can shape
macrophage phenotype (83–86). Macrophages have been
widely described as principal actors in directing NK cell
activity also in the tumor context thus affecting tumor onset
and growth and clinical outcomes (Figure 1) (87, 88). In regard
Frontiers in Immunology | www.frontiersin.org 4
of soluble factors, TAMs are described to express immune-
suppressive cytokines such as IL-4, IL-10, TGF-b (89, 90) and
mediators such as nitric oxide (87), to release a variety of
chemokines (e.g. CCL2, CCL5, CCL18, CCL20) and to express
enzymes whose activity is linked to an immune-suppressive
environment as arginase1 and indoleamine-pyrrole 2,3-
dioxygenase 1/2 (IDO 1/2) (88).

Among such factors, TGF-b produced by macrophages
potently affects NK cell activity: indeed, in vitro co-culture of
human NK cells with M2-polarized macrophages impaired
secretion of IFNg by CD56bright NK cells through a mechanism
mediated by soluble TGF-b (89). Monocyte/macrophage-derived
TGF-b1 has also been described to induce functional impairment
of NK cells infiltrating gastric cancer tumors that largely
correlated with downmodulation of activating receptors such
as CD16, NKp30, NKp46, NKG2D, DNAM-1, 2B4 and CD94
and reduced production of TNF-a and IFNg (90).

In addition, macrophages and NK cells interplay in the tumor
context can also be mediated by direct cell-to-cell contact. A
study carried out on Hodgkin lymphoma (HL) and on diffuse
large B-cell lymphoma (DLBCL) patients’ samples, described an
FIGURE 1 | Schematics of NK cell interactions with DCs and macrophages. Myeloid cells can have different impacts on NK cell activity in the tumor context. DCs
favor NK cell recruitment by release of CXCL9/10/11 and promote their activity in terms of proliferation, cytokine production and cytotoxicity through release of type
1 IFNs, IL-12 and IL-18, and by the expression of NKG2D ligands MIC-A/B. NK cells, in turn, can regulate DC infiltration by intratumor secretion of chemotactic
factors such as CCL4, CCL5, XCL1 and FLT3LG and stimulate their maturation through TNFa and IFNg secretion. In a similar way, macrophages release IL-15 and
IL-18, and can express MIC-A/B when stimulated, thus supporting NK cell proper activation. Moreover, they can drive NK cell tumor cytotoxicity in a MS4A4A/
Dectin-1-mediated recognition of cancer cells. On the other hand, DCs upregulate expression of TGF-b upon interaction with NK cells thus establishing negative
feedback on activation of both cells involved. Macrophages shape NK cells phenotype contributing to the establishment of an immune-suppressive environment via
the production of soluble factors such as TGF-b, IL-4, IL-10 and the expression of enzymes as Arg1 and IDO and of PD-L1, the ligand for PD-1 checkpoint receptor.
Ultimately, cancer cells produce PGE2 that negatively affects DC and NK cell activity.
December 2021 | Volume 12 | Article 787116
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immune evasion mechanism mediated by CD163+ monocytes/
macrophages expressing PD-L1/PD-L2 that promoted NK cell
phenotype switching towards an exhausted PD1hiCD3-

CD56hiCD16+/- phenotype evaluated in terms of expression of
markers of activation. This was largely due to PD1 expression as
assessed in TAMs and NK cells in vitro co-culture, since PD1
blockade was able to rescue NK cell activation, cytolysis and
degranulation potential (91). This function can be related to
macrophage distribution in the tumor lesion since PDL-1+

macrophages were found accumulated in clusters at the tumor
invasive margin in lung adenocarcinoma, this correlating with
impaired NK cell infiltration and features of reduced
functionality (36). Furthermore, in human hepatocellular
carcinoma, NK cell activity and lifespan were shown to be
regulated by tumor-activated CD48+ monocytes/macrophages
via the triggering of 2B4 that led to early NK cell activation and
subsequent exhaustion. In support of such observation, in vitro
treatment with anti-2B4 mAb at earlier time points attenuated
NK cell activation and restored NK cell ability to secrete IFNg
and TNFa at later stages (92). Finally, macrophages can also
express membrane-bound inhibitory cytokines: it has been
recently demonstrated that metastasis-associated macrophages
are able to suppress NK cell cytotoxicity through membrane-
bound TGF-b in a mouse model of metastatic breast cancer (93).

Although TAMs have been widely associated with reduced
NK cell activation, macrophages have also been shown to
promote NK cell anti-tumor activity (56, 94, 95). For instance,
a cell-to-cell contact-dependent mechanism involving DNAM1
and 2B4 and membrane-associated IL-18 expression was
described to favor IFNg secretion by NK cells. Bellora et al.
studied TAM-NK cell cross-talk in ascites of ovarian cancer
Frontiers in Immunology | www.frontiersin.org 5
patients and reported that untreated TAMs induce low NK cell
activation, while LPS-treated TAMs restored full NK cell
activation. In addition, activated TAMs were shown to
promote NK cell-dependent lysis of a NK cell-resistant ovarian
cancer cell line (OVCAR-3), possibly through IL-12/IL-18-
induced IFNg production (96). In mouse tumor model, Chiba
et al. revealed that N-glycans expressed on the surface of tumor
cells initiate a signaling cascade on DCs and macrophages via the
pattern recognition receptor Dectin-1 that ultimately leads to
promotion of NK cell anti-tumoral activity (97). Interestingly,
the tetraspan molecule MS4A4A, selectively expressed by M2-
polarized macrophages was demonstrated to be required for the
proper Dectin-1 mediated-NK cell activation in the metastatic
foci thus sustaining the anti-tumor response (98). Considering
the heterogeneity of macrophage subsets, populations associated
with immunosuppression are likely to preferentially express
molecules involved in NK cell inhibition. Indeed, analysis of
the MoMac-VERSE in cancers shows that IL4I1 macrophages, a
population of macrophages that co-express IDO1 and PD-L1,
preferentially express TGF-b and CD48 as compared to C1Q+

and TREM+ macrophages which preferentially express MARCO
and MS4A4a, respectively [Figure 2 (38)].

Although it is clearly established that NK cells can regulate
macrophage phenotype often leading to positive feedback loops
(94), little is still known about NK cell activity in shaping
macrophage function in the tumor context. A recent study
revealed the ability of peripheral blood tumor-associated NK
cells isolated from prostate cancer patients to release pro-
inflammatory cytokines and chemokines that favor monocyte
recruitment and M2-like polarization (95). In a glioma mouse
model, NK cell activation by environmental stimuli promotes the
A B

FIGURE 2 | Expression levels of genes regulating DC/NK macrophage/NK interplay in healthy tissues and cancer lesions. DotPlot showing relative expression levels
of genes presented in this review in Dendritic (A) and Macrophages (B) populations comparing a merge of scRNAseq of different healthy tissues (Healthy) or of
several cancer types (Cancer: lung, colon, liver, breast, stomach and pancreas). The scRNA datasets presented in this review were derived from (38), and were
downloaded from “https://gustaveroussy.github.io/FG-Lab/”. In detail, for the DC populations, classified in the MNP-VERSE dataset as pre-DC (progenitor DC),
cDC1 and DC2/DC3 (that include cDC2 and DC3), while for the Macrophages populations (the function of which is described in the text), we relied on the “MoMac-
VERSE” dataset. The indicated cell types were explored using Seurat (v4.04, https://satijalab.org/seurat/) within R version 4.0.5 (Shake and Throw). In blue and in
red are shown the expression levels of healthy cancerous tissues, respectively. Color intensity is proportional to expression levels. MARCO, Macrophage receptor
with collagenous structure; CLEC7A, C-type lectin domain family 7 member A or Dectin-1; IDO1, Indoleamine 2,3-dioxygenase.
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polarization of CD11b+ myeloid cell subsets towards a pro-
inflammatory phenotype through IFNg secretion, thus
enhancing the anti-tumor immune response (99).

Role of Cell Migration in NK-Macrophage
Interplay in Cancer
Tissue recruitment of monocytes or NK cells plays a critical role in
their interplay and thus impacts on monocyte-derived
inflammatory macrophage tissue accumulation and polarization
and, reciprocally, NK cell activation in pathological conditions.
For example, Kossmann and coworkers demonstrated that NK
cells and monocytes play a key role in the vascular dysfunction
induced by angiotensin II in a mouse model of hypertension. NK
cells were attracted in the vascular wall by myelomonocytic cells
and engaged with monocytes in inflammatory sites leading to
mutual activation involving production of IFNg (100). In addition,
chemokines produced by CCR2+ Ly6Chi monocytes and by a
population of ChAT+ NK cells in the brain were proposed to lead
to NK cell accumulation around the inflammatory monocytes
with inhibition of their proinflammatory effect (56). Moreover,
myeloid cells in lung tumors inhibit recruitment of NK cells upon
chemotherapy by affecting vessel activation state through secretion
of VEGF-A. In particular, VEGF-A reduced chemotherapy-
induced recruitment of NK cells suppressing the release of
chemerin, a NK cell chemoattractant, by lung endothelial cells
in s.c. mouse tumor model (101). Also, a role for “patrolling”
monocytes (PMo) in regulating NK cell anti-tumor activity has
been delineated in a murine model of lung cancer where PMo
induced NK cell recruitment through secretion of high levels of
CCL3, CCL4, CCL5 and their activation in the tumor site.
Furthermore, myeloid-specific deletion of Nr4a1, that is a
master regulator for PMo development, showed reduced NK cell
recruitment in tumor-bearing lungs and depletion of NK cells
mitigated the differences in metastasis between wild-type and
Nr4a1 knockout mice supporting the interplay between PMo
and NK cells in tumor inhibition (102).

Thus, the repertoire of chemoattractant receptors on NK cells
regulates their recruitment in diseased tissues and their local
interaction with specialized population of monocytes.
CONCLUSIONS AND THERAPEUTIC
PERSPECTIVES

Tumor infiltration by NK and T cells is often associated with good
prognosis. NK cells play an essential role in anti-tumor response,
but exploitationof their anti-tumor activity needs full cell activation
which is driven by elaborated environmental cues including
interactions with other cells, such as DCs and macrophages
(Figure 1) . Understanding this complex cell-to-cell
communication, that includes secretion of membrane-bound as
well as soluble cytokines and chemokines, is essential tomanipulate
efficiently NK cell function in inflammatory or tumor clinical
settings. Different types of cancers have developed molecular
strategies to interfere with this network to avoid activation of
anti-tumor immune cells, while favoring a local cell contexture
Frontiers in Immunology | www.frontiersin.org 6
able to sustain their growth. It is interesting that recognition of
tumor determinants mediated by innate receptors can lead to
complex outcomes in which NK cell activity can be affected both
in a positive and in a negative manner. Furthermore, in this
variegated scenario chemokine signals that drive TAM or DC
accumulation are considered an appealing therapeutic target
which is now very likely to affect NK cell function.

Restoring the functionality of NK-DC axis in the TME is a
promising therapeutic approach to limit cancer progression
(103). Both DCs and NK cells are crucial for the activation of
effective anti-tumor immune response, but their protective
functions are largely related to their ability to mutually interact
and develop immune responses against cancer.

Intratumoral electroporation of a plasmid encoding IL-12 was
effective in increasing the number of tumor infiltrating NK cells and
cDC1s, boosting T cell response and improving anti-PD1
immunotherapy (104). Another therapeutic target under
investigation is the XCR1-XCL1 axis, which can be exploited to
increase the frequency of infiltrating cDC1s and consequently the
numbers of intratumor T cells and NK cells (NCT00703222) (105).

Novel approaches to enhance theNK-DC axis involve the use of
monoclonal antibodies (mAbs). The chimeric mAb cetuximab,
targeting EGFR, activates NK cells and promotes DC maturation
and CD8+ T cell priming, leading to tumor antigen spreading and
Th1 cytokine release through a NK-DC crosstalk (106). Similarly,
stimulation of CD137 delivers a robust costimulatory signal to both
NK cells and DCs and improves cetuximab-mediated anti-tumor
immune response and overall patients’ survival (107).

Targeting of macrophages in cancer has proven to be an
interesting therapeutic approach to favor NK cell anti-tumor
activity. A promising strategy has been to reduce TAMs in the
tumormicroenvironment to favor the anti-tumor activity of cytotoxic
cells, for example by targeting CSF1R (colony stimulating factor 1
receptor) a receptor involved in TAMs tissue accumulation and
survival or chemokine receptors involved in MDSCs tumor
infiltration (108). Several phase 1 and 2 trials are currently under
way either in monotherapy or in combination therapy
(NCT01413022, NCT01804530, NCT01572519, NCT03557970,
NCT02713529, NCT01444404, NCT02499328, NCT03689699).

A second encouraging approach is the reprogramming of TAMs
into M1macrophages to support immunotherapy effectiveness. For
instance, poly I:C-treated macrophages were recently shown to
express NKG2D ligands and to induce a highly NK cell-mediated
cytotoxicity against tumor cells, but not against macrophages
themselves (109). In in vitro and in vivo experiments on
melanoma, M1 polarization promoted by nanovectors loaded
with poly I:C correlated with increased tumor infiltration of
activated NK and T cells and tumor regression (110). Finally,
targeting of the scavenger receptorMARCO, expressed on a specific
subpopulation of TAMs in amelanomamousemodel, was reported
to affect the inflammatory phenotype and themetabolism of TAMs,
resulting in increased serum levels of IL-15, activation of NK cells
within the primary tumor and increased NK cell accumulation in
metastatic lymph nodes (108). Further investigation on
macrophage-NK cell crosstalk in the tumor microenvironment
may furnish novel therapeutic strategies to unlock NK cell
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response against cancer cells or reverse TAMs pro-tumoral and
immune-suppressive function.
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85. Thomas DA, Massagué J. TGF-Beta Directly Targets Cytotoxic T Cell
Functions During Tumor Evasion of Immune Surveillance. Cancer Cell
(2005) 8:369–80. doi: 10.1016/j.ccr.2005.10.012

86. Mattiola I, Pesant M, Tentorio PF, Molgora M, Marcenaro E, Lugli E, et al.
Priming of Human Resting NK Cells by Autologous M1 Macrophages via
the Engagement of IL-1b, IFN-B, and IL-15 Pathways. J Immunol (2015)
195:2818–28. doi: 10.4049/jimmunol.1500325

87. Stiff A, Trikha P, Mundy-Bosse B, McMichael E, Mace TA, Benner B, et al.
Nitric Oxide Production by Myeloid-Derived Suppressor Cells Plays a Role
in Impairing Fc Receptor–Mediated Natural Killer Cell Function. Clin
Cancer Res (2018) 24:1891–904. doi: 10.1158/1078-0432.CCR-17-0691

88. Rodriguez PC, Quiceno DG, Zabaleta J, Ortiz B, Zea AH, Piazuelo MB,
et al. Arginase I Production in the Tumor Microenvironment by Mature
Myeloid Cells Inhibits T-Cell Receptor Expression and Antigen-Specific
T-Cell Responses. Cancer Res (2004) 64:5839–49. doi: 10.1158/0008-
5472.CAN-04-0465

89. Nuñez SY, Ziblat A, Secchiari F, Torres NI, Sierra JM, Raffo Iraolagoitia XL,
et al. Human M2 Macrophages Limit NK Cell Effector Functions Through
Frontiers in Immunology | www.frontiersin.org 9
Secretion of TGF-b and Engagement of CD85j. JI (2018) 200:1008–15.
doi: 10.4049/jimmunol.1700737

90. Peng L, Zhang J, Teng Y, Zhao Y, Wang T, Mao F, et al. Tumor-Associated
Monocytes/Macrophages Impair NK-Cell Function via Tgfb1 in Human
Gastric Cancer. Cancer Immunol Res (2017) 5:248–56. doi: 10.1158/2326-
6066.CIR-16-0152

91. Vari F, Arpon D, Keane C, Hertzberg MS, Talaulikar D, Jain S, et al. Immune
Evasion via PD-1/PD-L1 on NK Cells and Monocyte/Macrophages is More
Prominent in Hodgkin Lymphoma Than DLBCL. Blood (2018) 131:1809–
19. doi: 10.1182/blood-2017-07-796342

92. Wu Y, Kuang D-M, Pan W-D, Wan Y-L, Lao X-M, Wang D, et al.
Monocyte/macrophage-Elicited Natural Killer Cell Dysfunction in
Hepatocellular Carcinoma is Mediated by CD48/2B4 Interactions.
Hepatology (2013) 57:1107–16. doi: 10.1002/hep.26192

93. Brownlie D, Doughty D, Soong DY, Nixon C, Carragher NO, Carlin LM,
et al. Metastasis-Associated Macrophages Constrain Antitumor Capability
of Natural Killer Cells in the Metastatic Site at Least Partially by Membrane
Bound Transforming Growth Factor b. J Immunother Cancer (2021) 9:
e001740. doi: 10.1136/jitc-2020-001740

94. Duluc D, Corvaisier M, Blanchard S, Catala L, Descamps P, Gamelin E, et al.
Interferon-g Reverses the Immunosuppressive and Protumoral Properties
and Prevents the Generation of Human Tumor-Associated Macrophages.
Int J Cancer (2009) 125:367–73. doi: 10.1002/ijc.24401

95. Gallazzi M, Baci D, Mortara L, Bosi A, Buono G, Naselli A, et al. Prostate
Cancer Peripheral Blood NK Cells Show Enhanced CD9, CD49a, CXCR4,
CXCL8, MMP-9 Production and Secrete Monocyte-Recruiting and
Polarizing Factors. Front Immunol (2021) 11:586126. doi: 10.3389/
fimmu.2020.586126

96. Bellora F, Castriconi R, Dondero A, Pessino A, Nencioni A, Liggieri G, et al.
TLR Activation of Tumor-Associated Macrophages From Ovarian Cancer
Patients Triggers Cytolytic Activity of NK Cells: Innate Immunity. Eur J
Immunol (2014) 44:1814–22. doi: 10.1002/eji.201344130

97. Chiba S, Ikushima H, Ueki H, Yanai H, Kimura Y, Hangai S, et al.
Recognition of Tumor Cells by Dectin-1 Orchestrates Innate Immune
Cells for Anti-Tumor Responses. eLife (2014) 3:e04177. doi: 10.7554/
eLife.04177

98. Mattiola I, Tomay F, De Pizzol M, Silva-Gomes R, Savino B, Gulic T, et al.
The Macrophage Tetraspan MS4A4A Enhances Dectin-1-Dependent NK
Cell–Mediated Resistance to Metastasis. Nat Immunol (2019) 20:1012–22.
doi: 10.1038/s41590-019-0417-y

99. Garofalo S, Porzia A, Mainiero F, Di Angelantonio S, Cortese B, Basilico B,
et al. Environmental Stimuli Shape Microglial Plasticity in Glioma. eLife
(2017) 6:e33415. doi: 10.7554/eLife.33415

100. Kossmann S, Schwenk M, Hausding M, Karbach SH, Schmidgen MI, Brandt
M, et al. Angiotensin II–Induced Vascular Dysfunction Depends on
Interferon-g–Driven Immune Cell Recruitment and Mutual Activation of
Monocytes and NK-Cells. ATVB (2013) 33:1313–9. doi: 10.1161/
ATVBAHA.113.301437

101. Klose R, Krzywinska E, Castells M, Gotthardt D, Putz EM, Kantari-Mimoun
C, et al. Targeting VEGF-A in Myeloid Cells Enhances Natural Killer Cell
Responses to Chemotherapy and Ameliorates Cachexia. Nat Commun
(2016) 7:12528. doi: 10.1038/ncomms12528

102. Hanna RN, Cekic C, Sag D, Tacke R, Thomas GD, Nowyhed H, et al.
Patrolling Monocytes Control Tumor Metastasis to the Lung. Science (2015)
350:985–90. doi: 10.1126/science.aac9407

103. Peterson EE, Barry KC. The Natural Killer–Dendritic Cell Immune Axis in
Anti-Cancer Immunity and Immunotherapy. Front Immunol (2021)
11:621254. doi: 10.3389/fimmu.2020.621254

104. Algazi AP, Twitty CG, Tsai KK, Le M, Pierce R, Browning E, et al. Phase II
Trial of IL-12 Plasmid Transfection and PD-1 Blockade in Immunologically
Quiescent Melanoma. Clin Cancer Res (2020) 26:2827–37. doi: 10.1158/
1078-0432.CCR-19-2217

105. Matsuo K, Kitahata K, Kawabata F, Kamei M, Hara Y, Takamura S, et al.
Nakayama T. A Highly Active Form of XCL1/Lymphotactin Functions as an
Effective Adjuvant to Recruit Cross-Presenting Dendritic Cells for Induction
of Effector and Memory CD8+ T Cells. Front Immunol (2018) 9:2775.
doi: 10.3389/fimmu.2018.02775
December 2021 | Volume 12 | Article 787116

https://doi.org/10.1016/j.cytogfr.2015.06.002
https://doi.org/10.1016/j.cytogfr.2015.06.002
https://doi.org/10.1158/2159-8290.CD-15-0510
https://doi.org/10.1126/scisignal.aat7527
https://doi.org/10.1158/0008-5472.CAN-12-4366
https://doi.org/10.1038/s41467-020-19781-y
https://doi.org/10.1158/0008-5472.CAN-08-2281
https://doi.org/10.1158/0008-5472.CAN-08-2281
https://doi.org/10.1016/j.immuni.2016.03.012
https://doi.org/10.1016/j.canlet.2008.04.050
https://doi.org/10.1016/j.canlet.2008.04.050
https://doi.org/10.1158/2326-6066.CIR-18-0896
https://doi.org/10.4049/jimmunol.1301889
https://doi.org/10.4049/jimmunol.1301889
https://doi.org/10.3389/fimmu.2012.00403
https://doi.org/10.1016/j.immuni.2014.06.010
https://doi.org/10.1007/s10059-013-0194-7
https://doi.org/10.1016/j.ccr.2005.10.012
https://doi.org/10.4049/jimmunol.1500325
https://doi.org/10.1158/1078-0432.CCR-17-0691
https://doi.org/10.1158/0008-5472.CAN-04-0465
https://doi.org/10.1158/0008-5472.CAN-04-0465
https://doi.org/10.4049/jimmunol.1700737
https://doi.org/10.1158/2326-6066.CIR-16-0152
https://doi.org/10.1158/2326-6066.CIR-16-0152
https://doi.org/10.1182/blood-2017-07-796342
https://doi.org/10.1002/hep.26192
https://doi.org/10.1136/jitc-2020-001740
https://doi.org/10.1002/ijc.24401
https://doi.org/10.3389/fimmu.2020.586126
https://doi.org/10.3389/fimmu.2020.586126
https://doi.org/10.1002/eji.201344130
https://doi.org/10.7554/eLife.04177
https://doi.org/10.7554/eLife.04177
https://doi.org/10.1038/s41590-019-0417-y
https://doi.org/10.7554/eLife.33415
https://doi.org/10.1161/ATVBAHA.113.301437
https://doi.org/10.1161/ATVBAHA.113.301437
https://doi.org/10.1038/ncomms12528
https://doi.org/10.1126/science.aac9407
https://doi.org/10.3389/fimmu.2020.621254
https://doi.org/10.1158/1078-0432.CCR-19-2217
https://doi.org/10.1158/1078-0432.CCR-19-2217
https://doi.org/10.3389/fimmu.2018.02775
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Russo et al. NK Cell/Myeloid Cell Interplay in Cancer
106. Srivastava RM, Lee SC, Andrade Filho PA, Lord CA, Jie H-B, Davidson HC,
et al. Cetuximab-Activated Natural Killer and Dendritic Cells Collaborate to
Trigger Tumor Antigen–Specific T-Cell Immunity in Head and Neck Cancer
Patients. Clin Cancer Res (2013) 19:1858–72. doi: 10.1158/1078-0432.CCR-
12-2426

107. Srivastava RM, Trivedi S, Concha-Benavente F, Gibson SP, Reeder C,
Ferrone S, et al. CD137 Stimulation Enhances Cetuximab-Induced Natural
Killer: Dendritic Cell Priming of Antitumor T-Cell Immunity in Patients
With Head and Neck Cancer. Clin Cancer Res (2017) 23:707–16.
doi: 10.1158/1078-0432.CCR-16-0879

108. Eisinger S, Sarhan D, Boura VF, Ibarlucea-Benitez I, Tyystjärvi S, Oliynyk G,
et al. Targeting a Scavenger Receptor on Tumor-Associated Macrophages
Activates Tumor Cell Killing by Natural Killer Cells. Proc Natl Acad Sci USA
(2020) 117:32005–16. doi: 10.1073/pnas.2015343117

109. Zhou Z, Zhang C, Zhang J, Tian Z. Macrophages Help NK Cells to Attack
Tumor Cells by Stimulatory NKG2D Ligand But Protect Themselves From
NK Killing by Inhibitory Ligand Qa-1. PloS One (2012) 7:e36928.
doi: 10.1371/journal.pone.0036928

110. Liu L, Yi H, He H, Pan H, Cai L, Ma Y. Tumor Associated Macrophage-
Targeted microRNA Delivery With Dual-Responsive Polypeptide
Frontiers in Immunology | www.frontiersin.org 10
Nanovectors for Anti-Cancer Therapy. Biomaterials (2017) 134:166–79.
doi: 10.1016/j.biomaterials.2017.04.043

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Russo, Laffranchi, Tomaipitinca, Del Prete, Santoni, Sozzani and
Bernardini. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
December 2021 | Volume 12 | Article 787116

https://doi.org/10.1158/1078-0432.CCR-12-2426
https://doi.org/10.1158/1078-0432.CCR-12-2426
https://doi.org/10.1158/1078-0432.CCR-16-0879
https://doi.org/10.1073/pnas.2015343117
https://doi.org/10.1371/journal.pone.0036928
https://doi.org/10.1016/j.biomaterials.2017.04.043
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	NK Cell Anti-Tumor Surveillance in a Myeloid Cell-Shaped Environment
	Introduction
	NK Cells, DCs and Macrophages in Cancer
	The Interaction Between NK Cells and Myeloid Cells
	NK Cell and DC Crosstalk in Cancer
	Role of Cell Migration in NK-DC Interplay in Cancer
	Crosstalk Between NK Cells and Macrophages in Cancer
	Role of Cell Migration in NK-Macrophage Interplay in Cancer

	Conclusions and Therapeutic Perspectives
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


