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Biological cellular systems are groups of cells sharing a set of characteristics, mainly key
function and origin. Phagocytes are crucial in the host defense against microbial infection.
The previously proposed phagocyte cell systems including the most recent and presently
prevailing one, the mononuclear phagocyte system (MPS), grouped mononuclear cells but
excluded neutrophils, creating an unacceptable situation. As neutrophils are archetypical
phagocytes that must be members of comprehensive phagocyte systems, Silva recently
proposed the creation of a myeloid phagocyte system (MYPS) that adds neutrophils to the
MPS. The phagocytes grouped in the MYPS include the leukocytes neutrophils, inflam-
matory monocytes, macrophages, and immature myeloid DCs. Here the justifications
behind the inclusion of neutrophils in a phagocyte system is expanded and the MYPS
are further characterized as a group of dedicated phagocytic cells that function in an inter
acting and cooperative way in the host defense against microbial infection. Neutrophils and
macrophages are considered the main arms of this system.
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INTRODUCTION

When infectious agents pass the peripheral defenses and invade
sterile body territories they face innate antimicrobial mechanisms.
The pathological result of the presence of a microbe within a
host is dependent on the virulence of the pathogen and on the
defense competence of the host (Finlay and Falkow, 1989; Casade-
vall and Pirofski, 2001). When functioning as a pathogen, the
infectious agent is living from its pathogenicity, but when the host
antimicrobial protective mechanisms dominate there is the effi-
cient protective intervention of several immune and non-immune
cells. This intervention is crucially centered on the antimicrobial
activities of phagocyte cells, mainly macrophages and neutrophils.
Although epithelial cells, fibroblasts, and other cells can phago-
cytose, in this text the term phagocytes is used for cells whose
main function is phagocytosis and that have been classically
called professional or dedicated phagocytes, namely neutrophils,
inflammatory monocytes, macrophages, and immature dendritic
cells (DCs).

Phagocytosis is the process by which eukaryotic cells engulf
large particles (>0.5 pm) including prokaryotic and eukaryotic
cells. When functioning as a microbe-killing mechanism, phago-
cytosis triggers rich antimicrobial processes that use a large array
of mechanisms involving oxidants like reactive oxygen/nitrogen
species (ROS, RNS), granule proteins, and iron-withholding

molecules (reviewed in Flannagan etal., 2009). Although phago-
cytes operate using phagocytic and non-phagocytic mechanisms
(Silva, 2010a,b), phagocytosis is the activity that confers their
typical character.

METCHNIKOFF, PHAGOCYTES, AND PHAGOCYTOSIS

While lower eukaryotes use phagocytosis mainly for the acquisi-
tion of nutrients, phagocytosis in metazoans is primarily carried
out by the specialized professional phagocytes, macrophages, and
neutrophils, for a wide range of tasks that include, but are
not restricted to, uptake and destruction of invading pathogens
(Dale et al., 2008; Cassatella et al., 2009; Silva, 2010a,b).

Although the uptake of particles by cells has been reported
before, Metchnikoff, stimulated by Carl Claus, introduced the
term “phagocyte,” and the theory of phagocytosis and phagocytic
cells is a fundamental contribution by Metchnikoff. His semi-
nal observations behind the phagocytosis theory are extensively
discussed in two publications translated to English (Metchnikoff,
1893, 1905) and in biographic texts (see for example Tauber,
2003; Kaufmann, 2008). Metchnikoff understood that phagocy-
tosis represents a central defense mechanism of the host against
microbial invaders. The main roots of the theory of phagocytic
cells originated from the initial observations made in starfish
larva and later in vertebrates. In 1984, working with natural yeast
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infection in Daphnia, he reported on the antimicrobial activity of
phagocytes. In 1887, he described the two types of professional
phagocytes in vertebrates, macrophages and neutrophils, the lat-
ter initially called “microphages” (Metchnikoff, 1893). Another
important Metchnikoff’s contribution to the field of phagocytosis
was the understanding that the lamprey’s larvae (ammocoetes) was
the lowest biological entity where macrophages and neutrophils
coexisted (Metchnikoff, 1905).

The morphological antinomy macrophage/microphage origi-
nated by Metchnikoff, based on the differences in morphological
size of the two phagocytes (Metchnikoff, 1893), does not have
a corresponding parallel with respect to their function. Indeed,
when considering the roles of the two phagocytes against micro-
bial infection, Metchnikoff calls neutrophils “principal combat-
ants” and throughout his publications and lectures he stressed
that both macrophages and neutrophils were important play-
ers: “Phagocytosis is exhibited not only by the macrophages
but also, in a high degree, by the microphages which stand
out as the defensive cells par excellence against microorganisms”
(Metchnikoff, 1905).

NEUTROPHILS: ARCHETYPES OF PHAGOCYTE CELLS

In spite of the importance Metchnikoff attributed to neutrophils
as a phagocyte archetype, the post-Metchnikoff evolving trend
was to consider macrophages the essential phagocytes minimiz-
ing the importance of neutrophils. This macrophage-centric view
was reflected in the exclusion of the neutrophil in the initial
attribution, in 1967, of the label “professional phagocytes” to
macrophages (Rabinovitch, 1967) and in the creation of systems
of phagocytic cells that excluded the neutrophil (Aschoff, 1924;
Volterra, 1927; van Furth etal., 1972). This cell was considered at
the time a terminally differentiated phagocyte with very limited
functional capacities. However, the evolution of knowledge about
phagocytes progressively led to a new concept of neutrophils as
archetypical phagocytic and modulator immune cells, with an
origin common to that of the macrophages (Cassatella, 1995,
1999; Rabinovitch, 1995; Akashi et al., 2000; Cassatella et al., 2009;
Borregaard, 2010; Silva, 2010b; Costantini and Cassatella, 2011;
Mantovani etal., 2011). This new perspective of the neutrophil
highlighted novel unexpected capabilities for this essential com-
ponent of the immune system, which is still under further study
nowadays.

Although varying among mammals, the antimicrobial capac-
ity of neutrophils is higher than that of macrophages (Levy,
2004; Segal, 2005). Neutrophils are equipped with a huge assort-
ment of microbicidal mechanisms and use multiple antimicrobial
molecules stored in enormous amounts in granules (Borregaard
and Cowland, 1997; Segal, 2005). Production of ROS is most
prominent in neutrophils as compared with macrophages (Nathan
and Shiloh, 2000). Several antimicrobial proteins that are an
important part of the neutrophil arsenal are lacking or scarce in
the tissue macrophage (Levay and Viljoen, 1995; Lehrer and Ganz,
2002; Selsted and Ouellette, 2005). This is the case of defensins
and cathelicidins, the major families of mammalian antimicrobial
peptides of neutrophils (Ganz, 2003), and of lactoferrin (Levay
and Viljoen, 1995). The bactericidal/permeability-increasing pro-
tein (BPI) is also specific of neutrophils (Weiss and Olsson, 1987).

Myeloperoxidase (MPO), which is an important enzyme involved
in oxidative antimicrobial mechanisms of neutrophils, is present
in circulating mammal monocytes but is lost as these mature into
macrophages (Klebanoff, 2005), which correlates with decay in
antimicrobial activity (Locksley etal., 1987).

PHAGOCYTE CELL SYSTEMS

Biological cellular systems are groups of cells that share common
features, mostly function and origin (Aschoff, 1924; van Furth
etal., 1972). Following the pioneer studies by Metchnikoff sev-
eral systems of phagocytic cells have been created and, strangely,
all these were confined to mononuclear cells and excluded neu-
trophils. One argument used in the proposal of these mononuclear
systems was that Metchnikoff considered macrophages as the
major phagocytic cells, an interpretation that, as discussed above,
is not justified. Aschoff (1924) created the “reticuloendothe-
lial system” (RES), formed by mononuclear cells with presumed
phagocytic capacity but neutrophils were left outside for not
being considered major phagocytes (Aschoff, 1924). Following
progressive criticisms to the previous systems, the “mononuclear
phagocyte system” (MPS) was created in 1969 based on a proposal
by van Furth and coworkers at a Conference dedicated to Mononu-
clear Phagocytes. This proposal was formally published (van Furth
etal., 1972) and described the MPS as a system of dedicated phago-
cytic cells with similar morphology, function, origin and kinetics,
grouping monocytes/macrophages, and their precursors but again
excluding neutrophils. This exclusion was based on the argument
that “although polymorphonuclear phagocytes are mononuclear
too, they belong to another cell line because of their different
origin and divergent kinetic and functional behavior” (van Furth
etal,, 1972). When the MPS was proposed, knowledge on myel-
ogenesis was limited and the common origin of neutrophils and
macrophages was not known, the neutrophils being considered to
belong to a cell line separated from that of the MPS members and
to be a terminally differentiated phagocytic effector with limited
kinetic and functional capacities.

Comprehensive phagocyte cell systems must include neu-
trophils and Silva recently proposed an enlarged system grouping
dedicated phagocytic cells including neutrophils (Silva, 2010a). All
dedicated phagocytes are of the myeloid lineage (Figure 1) as they
originate in the “common myeloid progenitors” (CMPs) via the
“granulocyte/macrophage lineage-restricted progenitors” (GMPs;
Akashi etal., 2000; Iwasaki and Akashi, 2007). Thus, the new sys-
tem was labeled myeloid phagocyte system (MYPS; Silva, 2010a).
Here the justifications for such proposal are extended and the
MYPS are further characterized focusing on human and mouse
studies.

THE MEMBERS OF THE MYPS

The leukocytes of the MYPS share origin, avid phagocytic
abilities, and kinetics. Regarding their morphology, the pre-
cursor forms of all members of the MYPS are similar except
for the mature circulating neutrophil. Mature neutrophils are
mononuclear like the other members of the MYPS but the ter-
minal mature form is morphologically differentiated and has
a polylobed nucleus. This has been considered as a structural
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FIGURE 1 | Main steps and players of myelopoiesis in the context of
the MYPS. Graph depicting one interpretation of the still evolving view of
the myelopoiesis pathways (blue arrows) associated with the poiesis of the
members of the MYPS in mice and humans. This interpretation takes into
consideration recent publications whose references are given below (see
also the reviews Friedman, 2002; lwasaki and Akashi, 2007; Varol etal.,
2009; Geissmann etal., 2010b). HSCs give rise to CMPs (1) (Akashi etal.,
2000; Manz etal., 2002). CMPs originate GMPs (2) and MEPs (3) (Akashi
etal., 2000; Manz etal., 2002). GMPs differentiate into Monocytes (4),
Eosinophils, Basophils, Mast cells, and Neutrophils (5) (Akashi etal., 2000;
Iwasaki and Akashi, 2007) and MDPs (7) (lwasaki and Akashi, 2007). An
alternative to the view that MDPs originate from GMPs considered that
MDPs would directly derive from CMPs; Fogg etal., 2006). Monocytes
mature into Macrophages (6) (van Furth etal., 1973; Akashi etal., 2000;
Sunderkotter etal., 2004; Fogg etal., 2006). The pathways to myeloid DCs
include MDPs [originated from GMPs (7); lwasaki and Akashi, 2007] that
differentiate into CDPs (8) (Onai etal., 2007; Liu etal., 2009) and these give
rise to Immature myeloid DCs (9) [that originate cDCs (10)], and pDCs (11)
(Naik etal., 2006, 2007). The members of the MYPS are highlighted in bold.
MYPS, myeloid phagocyte system; HSCs, hematopoietic stem cells;
CMPs, common myeloid precursors; GMPs, granulocyte/macrophage
precursors; MEPs, megakaryocyte/erythrocyte progenitors; MDPs,
macrophage/DC progenitors; CDPs, common DC progenitors; cDCs,
conventional (or classic) myeloid DCs; pDCs, plasmacytoid DCs.

specialization that facilitates the mechanical deformation, allow-
ing neutrophils to “squeeze” through tight spaces when moving to
inflammatory/infectious foci.

The list of MYPS members proposed below may have to be
altered according to the continuously evolving knowledge in this
area. This is particularly relevant for DCs since they share to a
great extent the origin and function of other cell members of the
MYPS. Of notice, all except neutrophils are antigen-presenting
cells. However, since the concept of MYPS, as it stands presently,
requires a high phagocytic profile, among the DC cell populations,
only immature myeloid DCs were included.

NEUTROPHILS

All granulocytes are phagocytic but neutrophils (mouse and
human key markers: CD66b, LY6-G) are the only exhibiting avid
phagocytosis. As already stressed, neutrophils have been acquir-
ing a progressive status of fundamental phagocytic immune cells
(Cassatella, 1995, 1999; Rabinovitch, 1995; Cassatella et al., 2009;
Borregaard, 2010; Silva, 2010b; Costantini and Cassatella, 2011;
Mantovani etal., 2011) with phagocytic abilities superior to those
of macrophages (see Section Neutrophils: archetypes of phago-
cyte cells). Comprehensive reviews on these leukocytes include
recent contributions (Nathan, 2006; Nauseef, 2007; Dale etal.,
2008; Borregaard, 2010).

INFLAMMATORY MONOCYTES

Inflammatory monocytes constitute a heterogeneous group of
macrophage progenitors and have been divided into two main
subsets: a short-lived “inflammatory subset” (key markers; mouse:
CD11b, F4/80, Ly6 C; human: CDI11b, LY6C) that homes to
inflamed tissue, and a “resident subset,” with a longer half-life, that
homes to non-inflamed tissues (Geissmann etal., 2003). Inflam-
matory monocytes are phagocytic and use this capacity as an
antimicrobial mechanism (Grage-Griebenow etal., 2001; Sun-
derkotter et al., 2004; Serbina et al., 2008; Soehnlein et al., 2008¢).

MACROPHAGES

Macrophages (key markers; mouse: CD11b (Mac-1), F4/80;
human: CD33) have remarkable phagocytic abilities that largely
surpass their contribution to direct antimicrobial host mecha-
nisms of defense. Many recent comprehensive reviews on these
phagocytes are available (Hume, 2006; Mosser and Edwards, 2008;
Serbina et al., 2008; Pluddemann etal., 2011).

IMMATURE MYELOID DCs

Dendritic cells (Steinman and Banchereau, 2007) were not
included in the MPS based in part on the interpretation that they
“are not highly phagocytic” (van Furth etal,, 1972). They are a
group of primarily antigen presenting and immunomodulatory
cells whose distinctiveness has been debated (Hume, 2008; Geiss-
mann etal., 2010a). Mature DCs are not considered dedicated
phagocytes and have not been included in the group of professional
phagocytes (Rabinovitch, 1995). Mature DCs have a limited capac-
ity for lysosomal degradation of ingested material (Delamarre
etal,, 2005) and, in contrast to neutrophils and macrophages, are
not involved in direct pathogen clearance (Savina and Amigorena,
2007). On the other hand, immature myeloid DCs are phagocytic
(Inaba et al., 1993b; Steinman and Swanson, 1995) and have direct
effector antimicrobial activities (Banchereau and Steinman, 1998;
Banchereau etal., 2000). Thus, they are included as members of
the MYPS.

NEUTROPHILS AS ESSENTIAL MEMBERS OF

PHAGOCYTE CELL SYSTEMS

Several arguments justify the inclusion of neutrophils in any
comprehensive phagocyte cell system, as follows.

1. Neutrophils are archetypical phagocytes: As referred before, the
exclusion of neutrophils from the MPS was based on the inter-
pretation that their origin and kinetic and functional behavior
are different from those of monocytes/macrophages, interpre-
tation that, with the advances in knowledge, has been proved
incorrect.

2. Neutrophils, monocytes/macrophages and immature myeloid
DCs have a common origin: The initial view that neutrophils
and macrophages arise from a common late bone marrow
precursor (Metcalf, 1989; Inaba etal., 1993a) has been con-
firmed by results showing that these phagocytes originate from
hematopoietic stem cells (HSC) which differentiate through
common pathways that also lead to immature myeloid DCs
(Akashi etal., 2000; Iwasaki and Akashi, 2007; Figure 1).

3. Macrophages and neutrophils share important features: Impor-
tant features shared by macrophages and neutrophils with
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respect to their common origin include: (i) avid phagocytic
capabilities (Dale et al., 2008); (ii) presence of common surface
markers like chemokine receptors (Silva, 2010a) and recep-
tors for Igs and complement (Dale etal., 2008), and common
patterns of cytokine and chemokine secretion (Silva, 2010a);
(iii) common expression of pattern recognition receptors (PRR)
(Janeway, 1989); (iv) cooperative participation in the orchestra-
tion of adaptive immune responses (Silva, 2010b); (v) scavenger
capacity [while macrophages are the main scavenger phago-
cyte (Parnaik etal., 2000), neutrophils may function as a
backup system when the scavenging capacity of macrophages
is overwhelmed in situations of hyper-inflammation (Rydell-
Tormanen etal., 2006)]; (vi) similarity on the kinetic behav-
ior under inflammatory/infectious conditions (Silva, 2010a).
Also to consider are reports on the possible conversion of
neutrophils into macrophages (Araki etal., 2004; Sasmono
etal., 2007). Additionally, two functional criteria that were
taken into consideration to select cells to be grouped in the
MPS, namely pinocytosis and the ability to attach firmly to
a glass surface (van Furth etal., 1972), are now known to
be exhibited by neutrophils as well (Hoffstein etal., 1981;
Davis etal., 1986).

4. Macrophage/neutrophil functional partnership: The cooper-
ation between the members of a cell system enhances its
functional efficiency (Seeley, 2002; Shou etal., 2007). Data
discussed above and elsewhere (Silva, 2010a,b, 2011) indicate
that the MYPS is an assembly of dedicated phagocytic cells that
function in an interacting and cooperative way.

While sharing several functions, macrophages and neutrophils
are specialized cells with functional and function-related mor-
phological distinctive features. These features are complementary
and provide varied levels of antimicrobial capacities and cytotox-
icity, and tissue-specific localization and lifespan (Silva, 2010a).
These distinctive features explain why macrophages and neu-
trophils are not able to replace each other as central players
of antimicrobial immunity, as indicated by the pathology asso-
ciated with some human and murine phagocyte deficiencies
(Dale and Liles, 2002).

The combination of shared and complementary features of
macrophages and neutrophils promotes their cooperative partici-
pation as effectors and modulators in immunity against infection
(Silva,2010a,b). This cooperation is clearly illustrated by the ability
of macrophages, in their process of killing intracellular bacte-
ria, to take up proteins and peptides (e.g., human neutrophil
peptide 1) produced and released by neutrophils. In addition,
macrophages are also able to engulf apoptotic neutrophils and
make use of the antimicrobial molecules present in their granules.
Based on these results (Silva etal., 1989; Sharma et al., 2000; Tan
etal., 2006; Sawant etal., 2010), in 2009 Silva proposed the con-
cept of macrophage/neutrophil partnership in the host response
against infection (Silva, 2010a), a concept extensively reviewed in
Silva (2011).

The framework of the concept of macrophage/neutrophil part-
nership (Silva, 2010a,b, 2011), which is a central facet of the MYPS
system, includes several cooperative macrophage/neutrophil activ-
ities. (i) At the initiation of the infectious inflammation, complex

networks of cytokines and chemokines originate through inter-
action of monocytes/macrophages and neutrophils at the infec-
tious/inflammatory foci (Silva, 2010a; Soehnlein and Lindbom,
2010). (ii) Amplification of the limited antimicrobial capacity of
macrophages by the acquisition of neutrophil potent microbici-
dal molecules without transit as extracellular damage associated
molecular pattern molecules (DAMPs), thus reducing the harm
due to excessive inflammation (Silva etal., 1989; Silva, 2010a).
In situations where macrophages handle diverse intramacrophage
microbes in different ways, antimicrobial components of neu-
trophil granules, acquired by macrophages through uptake of
neutrophils or neutrophil granules, are mobilized to the diverse
types of microbe-containing vacuoles (Silva, 2011). At these loca-
tions the acquired molecules may exert their antimicrobial role
through a direct activity against the intramacrophage pathogens
(Sharma etal., 2000; Tan et al., 2006) or through interaction with
the endogenous macrophage antimicrobial mechanisms (Lincoln
etal., 1995; Marodi etal., 1998). (iii) A non-phagocytic facet of
the interactive cooperation macrophage/neutrophil at the effector
level is the reciprocal activation of monocytes/macrophages and
neutrophils. Monocytes/macrophages can be activated directly by
neutrophil products, including released granule molecules, with
boosting of their phagocytic and antimicrobial capacities (Lima
and Kierszenbaum, 1985; Ichinose etal., 1996; Zughaier etal,
2005; Soehnlein et al., 2008a,b,c) and neutrophils are activated by
macrophage-secreted cytokines and chemokines and acquire an
inflammatory effector phenotype (reviewed in Silva, 2010a). (iv)
Interaction and cooperation results in the resolution of the infec-
tious inflammation upon control of the infectious process, as well
(Silva, 2010a; Soehnlein and Lindbom, 2010). A similar concept
was proposed after the initial paper by Silva (Soehnlein and
Lindbom, 2010).

This cooperative partnership represents a factor for increased
efficiency of the MYPS. As already noted by Metchnikoff
(1905), the presence of two professional phagocytes is exclu-
sive of the immune system of vertebrates. The cooperation
macrophage/neutrophil within the competences of the MYPS,
allows an immune attack strategy against microbial infections
based on two complementary phagocytes that safely take advan-
tage of powerful neutrophil microbicidal factors that are trans-
ferred to the infected macrophage. This is a safe way of
macrophages to make use of powerful but dangerous microbi-
cidal molecules avoiding the problems of permanently carrying
these cytotoxic factors. This strategy is a target of key virulence
mechanisms of successful pathogens.

CONCLUSION

Based on the principle that phagocyte cell systems must include
all dedicated phagocytic cells, the creation of the MYPS (Silva,
2010a) was proposed, changing the unacceptable prevailing sit-
uation where the only phagocyte cell system in use (MPS)
excludes neutrophils. The members of this system have common
origin and share avid phagocytic abilities. Besides individ-
ual activities of the members of a cellular system, coopera-
tion between them enhances the system’s functional efficiency.
Macrophage/neutrophil partnership, important in phagocytic,
immunomodulatory, and inflammation pro-resolving activities,
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is particularly relevant in the operation of the MYPS (Silva,
2010a). Thus, neutrophils and macrophages are the main arms

of this system.

In conclusion, the MYPS is a system of dedicated phago-
cytic cells that groups neutrophils, inflammatory monocytes,
macrophages, and immature myeloid DCs; these functions in

REFERENCES

Akashi, K., Traver, D., Miyamoto, T.,
and Weissman, I. L. (2000). A clono-
genic common myeloid progenitor
that gives rise to all myeloid lineages.
Nature 404, 193-197.

Araki, H., Katayama, N., Yamashita,
Y., Mano, H., Fujieda, A., Usui, E.,
Mitani, H., Ohishi, K., Nishii, K.,
Masuya, M., Minami, N., Nobori, T.,
and Shiku, H. (2004). Reprogram-
ming of human postmitotic neu-
trophils into macrophages by growth
factors. Blood 103, 2973-2980.

Aschoff, L. (1924). “Reticulo-
endothelial system,” in Lectures
on Pathology. NY: Paul B. Hoeber,
Inc.

Banchereau, J., Briere, E, Caux, C.,
Davoust, J., Lebecque, S., Liu, Y.
J., Pulendran, B., and Palucka, K.
(2000). Immunobiology of dendritic
cells. Annu. Rev. Immunol. 18,
767-811.

Banchereau, J., and Steinman, R.
M. (1998). Dendritic cells and the
control of immunity. Nature 392,
245-252.

Borregaard, N. (2010). Neutrophils,
from marrow to microbes. Immunity
33, 657-670.

Borregaard, N., and Cowland, J. B.
(1997). Granules of the human neu-
trophilic polymorphonuclear leuko-
cyte. Blood 89, 3503-3521.

Casadevall, A., and Pirofski, L.
(2001). Host-pathogen interactions:
the attributes of virulence. J. Infect.
Dis. 184, 337-344.

Cassatella, M. A. (1995). The produc-
tion of cytokines by polymorphonu-
clear neutrophils. Immunol. Today
16, 21-26.

Cassatella, M. A. (1999). Neutrophil-
derived proteins: selling cytokines
by the pound. Adv. Immunol. 73,
369-509.

Cassatella, M. A., Locati, M., and Man-
tovani, A. (2009). Never underes-
timate the power of a neutrophil.
Immunity 31, 698-700.

Costantini, C., and Cassatella, M.
A. (2011). The defensive alliance
between neutrophils and NK cells as
a novel arm of innate immunity. J.
Leukoc. Biol. 89,221-233.

Dale, D., and Liles, W. (2002). “Neu-
trophils and Monocytes:
physiology and disorders of neu-
trophil and monocyte production,” in

normal

Blood: Priciples and Practice of Hema-
tology, eds R. I. Handin, S. E. Lux, and
T. P. Stossel (New York: Lippincott
Williams & Wilkins), 455-482.

Dale, D. C., Boxer, L., and Liles, W. C.
(2008). The phagocytes: neutrophils
and monocytes. Blood 112, 935-945.

Davis, B. H., McCabe, E., and
Langweiler, M. (1986). Characteri-
zation of f-Met-Leu-Phe-stimulated
fluid pinocytosis in human poly-
morphonuclear leukocytes by flow
cytometry. Cytometry 7,251-262.

Delamarre, L., Pack, M., Chang, H.,
Mellman, I., and Trombetta, E. S.
(2005). Differential lysosomal pro-
teolysis in antigen-presenting cells
determines antigen fate. Science 307,
1630-1634.

Finlay, B. B, and Falkow, S.
(1989). Common themes in micro-
bial pathogenicity. Microbiol. Rev. 53,
210-230.

Flannagan, R. S., Cosio, G., and Grin-
stein, S. (2009). Antimicrobial mech-
anisms of phagocytes and bacterial
evasion strategies. Nat. Rev. Micro-
biol. 7,355-366.

Fogg, D. K., Sibon, C., Miled, C.,
Jung, S., Aucouturier, P,, Littman, D.
R., Cumano, A., and Geissmann, F
(2006). A clonogenic bone marrow
progenitor specific for macrophages
and dendritic cells. Science 311,
83-87.

Friedman, A. D. (2002). Transcrip-
tional regulation of granulocyte and
monocyte development. Oncogene
21, 3377-3390.

Ganz, T. (2003). Defensins: antimi-
crobial peptides of innate immunity.
Nat. Rev. Immunol. 3, 710-720.

Geissmann, F, Gordon, S., Hume, D.
A., Mowat, A. M., and Randolph, G.
J. (2010a). Unravelling mononuclear
phagocyte heterogeneity. Nat. Rev.
Immunol. 10, 453-460.

Geissmann, E, Manz, M. G, Jung, S.,
Sieweke, M. H., Merad, M., and Ley,
K. (2010b). Development of mono-
cytes, macrophages, and dendritic
cells. Science 327, 656—661.

Geissmann, F, Jung, S., and Littman, D.
R. (2003). Blood monocytes consist
of two principal subsets with distinct
migratory properties. Immunity 19,
71-82.

Grage-Griebenow, E., Zawatzky, R.,
Kahlert, H., Brade, L., Flad, H.,
and Ernst, M. (2001). Identification

an interacting and cooperative way in the host defense against

microbial infection.

ACKNOWLEDGMENTS

Anabela Costa and José Pestana provided important editorial

assistance.

of a novel dendritic cell-like subset
of CD64(+)/CD16(+) blood mono-
cytes. Eur. J. Immunol. 31, 48-56.

Hoffstein, S. T., Weissmann, G., and
Pearlstein, E. (1981). Fibonectin is
a component of the surface coat of
human neutrophils. J. Cell Sci. 50,
315-327.

Hume, D. A. (2006). The mononu-
clear phagocyte system. Curr. Opin.
Immunol. 18, 49-53.

Hume, D. A. (2008). Macrophages as
APC and the dendritic cell myth. J.
Immunol. 181, 5829-5835.

Ichinose, M., Asai, M., Imai, K., and
Sawada, M. (1996). Enhancement
of phagocytosis by corticostatin 1
(CSI) in cultured mouse peritoneal
macrophages. Immunopharmacology
35,103-109.

Inaba, K., Inaba, M., Deguchi, M.,
Hagi, K., Yasumizu, R., Ikehara, S.,
Muramatsu, S., and Steinman, R. M.
(1993a). Granulocytes, macrophages,
and dendritic cells arise from a com-
mon major histocompatibility com-
plex class II-negative progenitor in
mouse bone marrow. Proc. Natl.
Acad. Sci. U.S.A. 90, 3038-3042.

Inaba, K., Inaba, M., Naito, M., and
Steinman, R. M. (1993b). Dendritic
cell progenitors phagocytose partic-
ulates, including bacillus Calmette—
Guerin organisms, and sensitize mice
to mycobacterial antigens in vivo. J.
Exp. Med. 178, 479-488.

Iwasaki, H., and Akashi, K. (2007).
Myeloid lineage commitment from
the hematopoietic stem cell. Immu-
nity26, 726-740.

Janeway, C. A. Jr. (1989). Approaching
the asymptote? Evolution and revo-
lution in immunology. Cold Spring
Harb. Symp. Quant. Biol. 54(Pt 1),
1-13.

Kaufmann, S. H. (2008). Immunology’s
foundation: the 100-year anniversary
of the Nobel Prize to Paul Ehrlich and
Elie Metchnikoff. Nat. Immunol. 9,
705-712.

Klebanoff, S. J. (2005). Myeloperoxi-
dase: friend and foe. J. Leukoc. Biol.
77,598-625.

Lehrer, R. I, and Ganz, T. (2002).
Cathelicidins: a family of endogenous
antimicrobial peptides. Curr. Opin.
Hematol. 9, 18-22.

Levay, P. E, and Viljoen, M. (1995).
Lactoferrin: a general review. Haema-
tologica 80, 252-267.

Levy, O. (2004). Antimicrobial pro-
teins and peptides: anti-infective
molecules of mammalian leukocytes.
J. Leukoc. Biol. 76, 909-925.

Lima, M. E, and Kierszenbaum, FE
(1985). Lactoferrin effects on phago-
cytic cell function. I. Increased uptake
and killing of an intracellular par-
asite by murine macrophages and
human monocytes. J. Immunol. 134,
4176-4183.

Lincoln, J. A., Lefkowitz, D. L., Cain, T.,
Castro, A., Mills, K. C., Lefkowitz, S.
S., Moguilevsky, N., and Bollen, A.
(1995). Exogenous myeloperoxidase
enhances bacterial phagocytosis and
intracellular killing by macrophages.
Infect. Immun. 63, 3042—-3047.

Liu, K., Victora, G. D., Schwickert, T. A.,
Guermonprez, P., Meredith, M. M.,
Yao, K., Chu, E E, Randolph, G. J.,
Rudensky, A. Y., and Nussenzweig, M.
(2009). In vivo analysis of dendritic
cell development and homeostasis.
Science 324, 392-397.

Locksley, R. M., Nelson, C. S.,
Fankhauser, J. E., and Klebanoff, S. J.
(1987). Loss of granule myeloperoxi-
dase during in vitro culture of human
monocytes correlates with decay in
antiprotozoa activity. Am. J. Trop.
Med. Hyg. 36, 541-548.

Mantovani, A., Cassatella, M. A.,
Costantini, C., and Jaillon, S. (2011).
Neutrophils in the activation and reg-
ulation of innate and adaptive immu-
nity. Nat. Rev. Immunol. 11,519-531.

Manz, M. G., Miyamoto, T., Akashi, K.,
and Weissman, I. L. (2002). Prospec-
tive isolation of human clonogenic
common myeloid progenitors. Proc.
Natl. Acad. Sci. US.A. 99, 11872—
11877.

Marodi, L., Tournay, C., Kaposzta,
R., Johnston, R. B. Jr., and Mogu-
ilevsky, N. (1998). Augmentation
of human macrophage candidaci-
dal capacity by recombinant human
myeloperoxidase and granulocyte-
macrophage colony-stimulating fac-
tor. Infect. Immun. 66, 2750-2754.

Metcalf, D. (1989).
control of cell division, differenti-
ation commitment and maturation
in haemopoietic cells. Nature 339,
27-30.

Metchnikoff, E. (1893). Lectures on the
Comparative Pathology of Inflamma-
tion. London: Kegan Paul, Trench,
Trubner & Co. Ltd.

The molecular

www.frontiersin.org

July 2012 | Volume 3 | Article 174 | 5


http://www.frontiersin.org/
http://www.frontiersin.org/Microbial_Immunology/archive

Silva and Correia-Neves

Neutrophils and phagocyte systems

Metchnikoff, E. (1905). Immunity in
Infective Diseases.
bridge University Press.

Mosser, D. M., and Edwards, J. P.
(2008). Exploring the full spectrum
of macrophage activation. Nat. Rev.
Immunol. 8,958-969.

Naik, S. H., Metcalf, D., van Nieuwen-
huijze, A., Wicks, I, Wu, L.,
O’Keeffe, M., and Shortman, K.
(2006). Intrasplenic steady-state den-
dritic cell precursors that are distinct
from monocytes. Nat. Immunol. 7,
663—671.

Naik, S. H., Sathe, P, Park, H. Y., Met-
calf, D., Proietto, A. 1., Dakic, A.,
Carotta, S., O’Keeffe, M., Bahlo, M.,
Papenfuss, A., Kwak, J. Y., Wu, L., and
Shortman, K. (2007). Development
of plasmacytoid and conventional
dendritic cell subtypes from single
precursor cells derived in vitro and in
vivo. Nat. Immunol. 8, 1217—-1226.

Nathan, C. (2006). Neutrophils and
immunity: challenges and opportu-
nities. Nat. Rev. Immunol. 6,173-182.

Nathan, C., and Shiloh, M. U. (2000).
Reactive oxygen and nitrogen inter-
mediates in the relationship between
mammalian hosts and microbial
pathogens. Proc. Natl. Acad. Sci.
U.S.A.97,8841-8848.

Nauseef, W. M. (2007). How human
neutrophils kil and degrade
microbes:  an integrated
Immunol. Rev. 219, 88-102.

Onai, N., Obata-Onai, A., Schmid,
M. A, Ohteki, T., Jarrossay, D.,
and Manz, M. G. (2007). Iden-
tification of clonogenic common
Flt3+M-CSFR+ plasmacytoid and
conventional dendritic cell progen-
itors in mouse bone marrow. Nat.
Immunol. 8,1207-1216.

Parnaik, R., Raff, M. C., and Scholes,
J. (2000). Differences between the
clearance of apoptotic cells by profes-
sional and non-professional phago-
cytes. Curr. Biol. 10, 857-860.

Pluddemann, A., Mukhopadhyay, S.,
and Gordon, S. (2011). Innate
immunity to intracellular pathogens:
macrophage receptors and responses
to microbial entry. Immunol. Rev.
240, 11-24.

Rabinovitch, M. (1967). “Nonprofes-
sional” and “professional” phagocy-
tosis: particle uptake by L cells and
by macrophages. J. Cell Biol. 35,
108A-109A.

Rabinovitch, M. (1995). Professional
and non-professional phagocytes: an
introduction. Trends Cell Biol. 5,
85-87.

London: Cam-

view.

Rydell-Tormanen, K., Uller, L., and
Erjefalt, J. S. (2006). Neutrophil
cannibalism — a back up when
the macrophage clearance system is
insufficient. Respir. Res. 7, 143.

Sasmono, R. T., Ehrnsperger, A.,
Cronau, S. L., Ravasi, T., Kandane,
R., Hickey, M. J,, Cook, A. D,
Himes, S. R., Hamilton, J. A., and
Hume, D. A. (2007). Mouse neu-
trophilic granulocytes express mRNA
encoding the macrophage colony-
stimulating factor receptor (CSF-1R)
as well as many other macrophage-
specific transcripts and can transdif-
ferentiate into macrophages in vitro
in response to CSF-1. J. Leukoc. Biol.
82, 111-123.

Savina, A., and Amigorena, S. (2007).
Phagocytosis and antigen presenta-
tion in dendritic cells. Imnmunol. Rev.
219, 143-156.

Sawant, K. V., Cho, H., Lyons, M., Ly,
L. H., and McMurray, D. N. (2010).
Guinea pig neutrophil-macrophage
interactions during infection with
Mpycobacterium tuberculosis. Microbes
Infect. 12, 828-837.

Seeley, T. D. (2002). When is self-
organization used in biological sys-
tems? Biol. Bull. 202, 314-318.

Segal, A. W. (2005). How neutrophils
kill microbes. Annu. Rev. Immunol.
23,197-223.

Selsted, M. E., and Ouellette, A. J.
(2005). Mammalian defensins in the
antimicrobial immune response. Nat.
Immunol. 6, 551-557.

Serbina, N. V., Jia, T., Hohl, T. M.,
and Pamer, E. G. (2008). Monocyte-
mediated defense against microbial
pathogens. Annu. Rev. Immunol. 26,
421-452.

Sharma, S., Verma, I., and Khuller, G.
K. (2000). Antibacterial activity of
human neutrophil peptide-1 against
Mycobacterium tuberculosis H37Rv:
in vitro and ex vivo study. Eur. Respir.
J. 16, 112-117.

Shou, W.,, Ram, S., and Vilar, J.
M. (2007). Synthetic cooperation in
engineered yeast populations. Proc.
Natl. Acad. Sci. U.S.A. 104, 1877—
1882.

Silva, M. T. (2010a). When two is bet-
ter than one: macrophages and neu-
trophils work in concert in innate
immunity as complementary and
cooperative partners of a myeloid
phagocyte system. J. Leukoc. Biol. 87,
93-106.

Silva, M. T. (2010b). Neutrophils and
macrophages work in concert as
inducers and effectors of adaptive

immunity against extracellular and
intracellular microbial pathogens. J.
Leukoc. Biol. 87, 805-813.

Silva, M. T. (2011). Macrophage phago-
cytosis of neutrophils at inflamma-
tory/infectious foci: a cooperative
mechanism in the control of infec-
tion and infectious inflammation. J.
Leukoc. Biol. 89, 675—683.

Silva, M. T, Silva, M. N, and
Appelberg, R. (1989). Neutrophil-
macrophage cooperation in the host
defence against mycobacterial infec-
tions. Microb. Pathog. 6, 369-380.

Soehnlein, O., Kai-Larsen, Y., Frithiof,
R., Sorensen, O. E., Kenne, E.
Scharffetter-Kochanek, K., Eriksson,
E. E., Herwald, H., Agerberth, B.,
and Lindbom, L. (2008a). Neutrophil
primary granule proteins HBP and
HNP1-3 boost bacterial phagocytosis
by human and murine macrophages.
J. Clin. Invest. 118, 3491-3502.

Soehnlein, O., Kenne, E., Rotzius, P,
Eriksson, E. E., and Lindbom, L.
(2008b). Neutrophil secretion prod-
ucts regulate anti-bacterial activity in
monocytes and macrophages. Clin.
Exp. Immunol. 151, 139-145.

Soehnlein, O., Zernecke, A., Eriks-
son, E. E., Rothfuchs, A. G., Pham,
C. T., Herwald, H., Bidzhekov, K.,
Rottenberg, M. E., Weber, C., and
Lindbom, L. (2008c). Neutrophil
secretion products pave the way for
inflammatory monocytes. Blood 112,
1461-1471.

Soehnlein, O., and Lindbom, L. (2010).
Phagocyte partnership during the
onset and resolution of inflamma-
tion. Nat. Rev. Immunol. 10,427-439.

Steinman, R. M., and Banchereau, J.
(2007). Taking dendritic cells into
medicine. Nature 449, 419-426.

Steinman, R. M., and Swanson, J.
(1995). The endocytic activity of den-
dritic cells. J. Exp. Med. 182, 283-288.

Sunderkotter, C., Nikolic, T., Dillon,
M. J, Van Rooijen, N., Stehling,
M., Drevets, D. A, and Lee-
nen, P. J. (2004). Subpopulations
of mouse blood monocytes differ
in maturation stage and inflamma-
tory response. J. Immunol. 172,
4410-4417.

Tan, B. H., Meinken, C., Bastian,
M., Bruns, H., Legaspi, A., Ochoa,
M. T, Krutzik, S. R., Bloom, B.
R, Ganz, T., Modlin, R. L., and
Stenger, S. (2006). Macrophages
acquire neutrophil granules for
antimicrobial activity against intra-
cellular pathogens. J. Immunol. 177,
1864-1871.

Tauber, A. 1. (2003). Metchnikoff and
the phagocytosis theory. Nat. Rev.
Mol. Cell Biol. 4, 897-901.

van Furth, R., Cohn, Z. A., Hirsch,
J. G., Humpbhrey, J. H., Spector, W.
G., and Langevoort, H. L. (1972).
The mononuclear phagocyte system:
a new classification of macrophages,
monocytes, and their precursor cells.
Bull.  World Health Organ. 46,
845-852.

van Furth, R., Diesselhoff-den Dulk, M.
C., and Mattie, H. (1973). Quanti-
tative study on the production and
kinetics of mononuclear phagocytes
during an acute inflammatory reac-
tion. J. Exp. Med. 138, 1314-1330.

Varol, C., Yona, S., and Jung, S.
(2009). Origins and tissue-context-
dependent fates of blood monocytes.
Immunol. Cell Biol. 87, 30-38.

Volterra, M. (1927). Ricerche sul sis-
tema reticulo-istiociterio. Lo Speri-
mentale. Archivio di Biologia normale
e patologica 81, 319.

Weiss, J., and Olsson, I. (1987).
Cellular and subcellular localiza-
tion of the bactericidal/permeability-
increasing protein of neutrophils.
Blood 69, 652-659.

Zughaier, S. M., Shafer, W. M., and
Stephens, D. S. (2005). Antimicro-
bial peptides and endotoxin inhibit
cytokine and nitric oxide release but
amplify respiratory burst response
in human and murine macrophages.
Cell. Microbiol. 7,1251-1262.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.

Received: 28 February 2012; accepted: 08
June 2012; published online: 04 July 2012.
Citation: Silva MT and Correia-Neves
M (2012) Neutrophils and macrophages:
the main partners of phagocyte cell sys-
tems. Front. Immun. 3:174. doi: 10.3389/
fimmu.2012.00174

This article was submitted to Frontiers
in Microbial Immunology, a specialty of
Frontiers in Immunology.

Copyright © 2012 Silva and Correia-
Neves. This is an open-access article dis-
tributed under the terms of the Creative
Commons Attribution License, which
permits use, distribution and reproduc-
tion in other forums, provided the origi-
nal authors and source are credited and
subject to any copyright notices concern-
ing any third-party graphics etc.

Frontiers in Immunology | Microbial Immunology

July 2012 | Volume 3 | Article 174 | 6


http://dx.doi.org/10.3389/fimmu.2012.00174
http://dx.doi.org/10.3389/fimmu.2012.00174
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Microbial_Immunology/
http://www.frontiersin.org/Microbial_Immunology/archive

	Neutrophils and macrophages: the main partners of phagocyte cell systems
	Introduction
	Metchnikoff, phagocytes, and phagocytosis
	Neutrophils: Archetypes of phagocyte cells
	Phagocyte cell systems
	The members of the MYPS
	Neutrophils
	Inflammatory monocytes
	Macrophages
	Immature myeloid DCs

	Neutrophils as essential members of phagocyte cell systems
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


