
Neutrophil mobilization and clearance in the bone marrow

Introduction

The innate arm of the immune system provides a critical

first line of defence in the immune response against

invading pathogens. In particular, neutrophils play an

important role in limiting the expansion and dissemina-

tion of bacterial and viral infections. However, in a num-

ber of inflammatory diseases, such as acute respiratory

distress syndrome (ARDS), post ischemic injury and

arthritis, neutrophil accumulation and activation in

tissues has a detrimental effect. Thus the controlled

production, mobilization and subsequent clearance of

these cells are a tightly regulated series of events.

Neutrophil mobilization

Neutrophil mobilization during inflammation

There is a large storage pool of mature neutrophils in the

bone marrow, termed the bone marrow reserve. These

neutrophils may be rapidly mobilized during an inflamma-

tory episode or in response to infection, resulting in a dra-

matic rise in circulating neutrophil numbers. In mice, the

bone marrow reserve is estimated to be 120 million cells,

while the total number of neutrophils in the circulation of

a naı̈ve mouse is < 2�5 million. As such, the rapid egress of

neutrophils from the bone marrow reserve can increase

circulating numbers by 10-fold within a matter of hours.

Mobilization from the bone marrow therefore represents a

critical step in the trafficking of neutrophils to sites of

inflammation.

The mature neutrophils that constitute the bone mar-

row reserve reside in the so-called haematopoietic cords

and are separated from the blood by the bone marrow

sinusoidal endothelium. Mobilization of neutrophils

therefore requires the migration of neutrophils across the

sinusoidal endothelium in an ablumenal to lumenal direc-

tion. Consistent with this mechanism of egress, we have

shown that there is a significant increase in the absolute

number of neutrophils present in the bone marrow sinu-

soids within 15 min of a single intravenous (i.v.) injection

of the chemokine macrophage inflammatory protein-2

(MIP-2).1 It has been shown that the adventitial cells and

basement membrane underlying these sinusoidal endo-

thelial cells do not form a continuous barrier and thus

the blood–bone marrow barrier is composed solely of

the bone marrow sinusoidal endothelium. Analysis of the

bone marrow by transmission electron microscopy shows
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Summary

The bone marrow is the site of neutrophil production, a process that is

regulated by the cytokine granulocyte colony-stimulating factor (G-CSF).

Mature neutrophils are continually released into the circulation, with an

estimated 1011 neutrophils exiting the bone marrow daily under basal

conditions. These leucocytes have a short half-life in the blood of

�6�5 hr, and are subsequently destroyed in the spleen, liver and indeed

the bone marrow itself. Additionally, mature neutrophils are retained in

the bone marrow by the stromal cell-derived factor (SDF-1a)/chemokine

(C-X-C motif) receptor 4 (CXCR4) chemokine axis and form the bone

marrow reserve. Following infection or inflammatory insult, neutrophil

release from the bone marrow reserve is substantially elevated and this

process is mediated by the co-ordinated actions of cytokines and chemo-

kines. In this review we discuss the factors and molecular mechanisms

regulating the neutrophil mobilization and consider the mechanisms and

functional significance of neutrophil clearance via the bone marrow.
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that neutrophils traverse the endothelium by the process

of transcellular migration, migrating through the endo-

thelial cell body, rather than at cell–cell junctions1

(Fig. 1). Given that in humans 1011 neutrophils are mobi-

lized from the bone marrow per day, it seems logical that

cellular egress does not impair the integrity of this endo-

thelial barrier. Indeed, when the endothelial barrier is

impaired by administration of cytochalasin D, an agent

that disrupts the actin cytoskeleton, leucocytes are

released from the bone marrow in the absence of a spe-

cific stimulus in a non-selective manner.1 Thus the bone

marrow sinusoidal endothelium plays a critical role in

regulating leucocyte egress from the bone marrow.

Neutrophil retention via the stromal cell-derived
factor (SDF-1a)/chemokine (C-X-C motif) receptor 4
(CXCR4) chemokine axis

The chemokine SDF-1a (CXCL12) was originally identi-

fied in the supernatant of bone marrow stromal cells.2 It

has subsequently been shown that this chemokine is

expressed constitutively at high levels in the bone mar-

row. We have shown that mature neutrophils which com-

prise the bone marrow reserve express low, but detectable

levels of CXCR4, the receptor for SDF-1a.3 Interestingly,

these cells exhibit high intracellular levels of CXCR4, sug-

gesting that when the receptor is expressed at the cell sur-

face it may be rapidly endocytosed as a result of the high

levels of SDF-1a in the bone marrow microenvironment.

The level of CXCR4 expression on bone marrow

neutrophils is not sufficient to support chemotaxis; how-

ever, when a CXCR4 antagonist is administered to mice

or humans there is a rapid increase in circulating neu-

trophils as a result of the egress of neutrophils from the

bone marrow, suggesting that SDF-1a acts as a retention

factor for neutrophils in the bone marrow.3,4 Other lines

of evidence support the hypothesis that endogenous

SDF-1a is a retention factor for bone marrow neutroph-

ils. Thus, when irradiated wild-type (WT) mice are

re-populated with bone marrow from CXCR4-deficient

mice, there are fewer neutrophils in the bone marrow.5

Furthermore, treatment of mice over several days with

granulocyte colony-stimulating factor (G-CSF) was shown

to reduce levels of SDF-1a and increase the mobilization

of neutrophils from the bone marrow.6 Finally, it has

been shown that patients with wart, hypogammaglobuli-

naemia, infection and myelokathexis (WHIM) syndrome

have an activating mutation in the C terminal of CXCR4,

and leucocytes from these patients which express CXCR4

exhibit enhanced responsiveness to SDF-1a.7 While these

patients have normal numbers of neutrophils in their

bone marrow they exhibit a blood neutropenia, which

may be explained by the increased strength of the SDF-

1a/CXCR4 chemokine axis retaining the neutrophils in

the bone marrow.

Factors regulating neutrophil mobilization during
inflammation

While it has been known for many years that many

inflammatory reactions are associated with a rapid and

selective mobilization of neutrophils from the bone

marrow, the identity of the factors mediating this response

was unknown. However, a variety of chemotactic factors,

including leukotriene B4, C5a and the chemokine inter-

leukin (IL)-8, have been shown to induce a rapid blood

neutrophilia when injected i.v. into rabbits and mice, indi-

cating that such factors can create chemotactic gradients

from the blood across the sinusoidal endothelium, thereby

driving neutrophil exit from the bone marrow.8–10 We

developed an in situ perfusion system of the rat and mouse

femoral bone marrow to directly investigate the factors

and mechanisms regulating neutrophil mobilization from

the bone marrow. In this system the femoral artery is

cannulated to allow direct infusion of buffer and reagents

into the bone marrow vasculature. Leucocytes exiting the

bone marrow are collected via cannulation of the femoral

vein. In this way the absolute numbers of leucocytes and

their rate of mobilization can be quantified. Using this sys-

tem we showed that the ELR (Glu-Leu-Arg motif) + CXC

chemokines KC (CXCL1) and MIP-2 (CXCL2) infused

directly into the femoral artery stimulated the rapid and

selective mobilization of neutrophils from the bone

(b)(a)

Figure 1. Neutrophils which are mobilized from the bone marrow

must cross the sinusoidal endothelium. (a) Electron micrograph illus-

trating the transcellular migration of a neutrophil (arrow) through

murine bone marrow sinusoidal endothelium (arrowheads) into the

lumen following infusion of 0�1 mm of the chemokine (C-X-C motif)

receptor 4 (CXCR4) antagonist AMD3100 (Sigma Aldrich, Poole,

UK) for 10 min, followed by 20 min with buffer alone, prior to per-

fusion fixation and preparation for transmission electron microscopy.

(b) Migration of a neutrophil across the sinusoidal endothelium

following infusion of macrophage inflammatory protein (MIP)-2. Rat

femoral bone marrow was infused with MIP-2 (3 nmol/l) for 10 min,

followed by 20 min with buffer alone, prior to perfusion fixation and

preparation for scanning electron microscopy.
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marrow.3,11 Interestingly, we also showed that, when

the SDF-1a retention signal was blocked with a CXCR4

antagonist, the chemokine-driven mobilization of neutro-

phils from the bone marrow was enhanced.3

Chemokines are generated locally at sites of inflamma-

tion and orchestrate the recruitment of specific

subpopulations of leucocytes from the blood into tis-

sues.12 Specifically, they have been shown to stimulate

neutrophil adhesion and transmigration across the

endothelium of post-capillary venules and to direct the

migration of neutrophils within the tissue to the site of

inflammation. While numerous studies have reported an

elevation in plasma levels of CXC chemokines during

inflammatory reactions, the functional significance of this

was, for a long time, unclear.

To assess whether chemokines contributed to neutrophil

mobilization during an inflammatory response, we used a

murine model of acute peritonitis. Two hours following a

single intraperitoneal (i.p.) injection of thioglycollate, we

noted a significant increase in the circulating numbers of

neutrophils. This was inhibited by 84% when mice were

pretreated with neutralizing monoclonal antibodies

(mAbs) to the CXC chemokines KC and MIP-2, indicating

that these chemokines, generated in the peritoneum, acted

remotely to promote neutrophil mobilization from the

bone marrow.13 Indeed, when chemokine alone was

administered i.p., after 2 hr we observed an increase in

both circulating numbers of neutrophils and the numbers

of neutrophils in the peritoneum, consistent with the

concept that chemokines have a dual action, acting locally

to stimulate recruitment and systemically to promote

mobilization.

Mice with genetic deletion of either G-CSF or the

G-CSF receptor (G-CSFR) have very few neutrophils in

their blood and bone marrow, and evidence suggests that

under homeostatic conditions G-CSF regulates both

granulopoiesis and neutrophil mobilization from the bone

marrow.6,14 The latter effect is thought to be attributable

to an indirect effect of G-CSF reducing the production of

SDF-1a by stromal cells and down-regulating CXCR4

expression on neutrophils.6,15,16 While these are chronic

effects of G-CSF, it has also been shown that a single

intravenous injection of G-CSF leads to a rapid increase

in circulating neutrophil numbers in both mice and

humans. We have shown that direct infusion of G-CSF

into the bone marrow vasculature using the in situ per-

fusion system of the femoral bone marrow leads to the

selective mobilization of neutrophils.13 Increased serum

levels of G-CSF have been associated with inflammation

in animal models and in humans.17–20 In the acute peri-

tonitis model, blockade of G-CSF caused a significant

reduction in both the blood and tissue neutrophils. How-

ever, interestingly, an i.p. injection of G-CSF alone

resulted in a rapid increase in circulating neutrophil

numbers, but critically did not stimulate neutrophil

recruitment into the peritoneum. Thus, in contrast to the

chemokines, G-CSF generated at the site of inflammation

acts solely to stimulate neutrophil mobilization from the

bone marrow (Fig. 2). These findings suggest that the

mechanisms underlying neutrophil mobilization by

chemokines and G-CSF are distinct. Indeed, in contrast

to ELR + CXC chemokines, G-CSF was neither chemo-

tactic or chemokinetic for murine neutrophils in vitro.

Further, G-CSF did not prime the migratory responses of

neutrophils to chemokines.

As described above, we have previously shown that the

chemokine SDF-1a delivers a negative signal to bone

marrow neutrophils, reducing their migration in response

to the CXC chemokines. We believe that this negative sig-

nal acts in vivo to retain neutrophils in the bone marrow,

where SDF-1a is produced constitutively. Intriguingly, we

found that in vitro the inhibitory effect of SDF-1a on

neutrophil chemotaxis could be abrogated by addition of

G-CSF, thereby reconstituting chemotaxis towards the

CXC chemokine.13 It has previously been reported that,

when mice are treated over several days with G-CSF, lev-

els of SDF-1a are reduced in the bone marrow.6 Further-

more, G-CSF can reduce the expression of CXCR4 on

neutrophils.15,16 Our results suggest that G-CSF can also

rapidly inhibit the retention signal delivered by SDF-1a
acting via CXCR4, thereby stimulating the acute mobiliza-

BloodBone
Marrow

Inflammation

KC
MIP-2

KC
MIP-2

G-CSFG-CSF

CXCR4

CXCR2

Figure 2. Granulocyte colony-stimulating factor (G-CSF) and ELR

(Glu-Leu-Arg motif) + CXC chemokines act in a co-ordinated man-

ner to mobilize and recruit neutrophils to the site of inflammation.

G-CSF (blue arrows) and the ELR + CXC chemokines macrophage

inflammatory protein (MIP)-2 and KC (green arrows) act to mobi-

lize neutrophils from the bone marrow into the circulation; however,

only MIP-2 and KC recruit neutrophils from the blood to the site of

inflammation. KC and MIP-2 act via chemokine CXC receptor 2

(CXCR2) on neutrophils, whereas G-CSF down-regulates the expres-

sion of CXCR4 on neutrophils, thus reducing retention via the

CXCR4/stromal cell-derived factor (SDF-1a) axis and mobilizing

neutrophils into the circulation.
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tion of neutrophils from the bone marrow. The molecular

mechanisms underlying this response are currently

unclear.

In the peritonitis model, blockade of either G-CSF or

CXC chemokines alone resulted in > 70% inhibition of

neutrophil mobilization, suggesting to us that during an

inflammatory response optimal mobilization requires the

combined actions of these two factors. Indeed, using the

in situ perfusion system of the murine femoral bone

marrow, we showed that infusion of either chemokine or

G-CSF alone led to the acute mobilization of neutrophils;

however, when G-CSF was co-infused with the chemo-

kine, the number of neutrophils mobilized was more than

additive.13

We propose a new paradigm for the acute mobilization

of neutrophils from the bone marrow in response to

inflammation that is dependent on the co-ordinated

actions of both G-CSF and CXC chemokines acting via

distinct mechanisms. Thus we believe that G-CSF disrupts

the retention signal delivered by SDF-1a in the bone mar-

row and thereby facilitates the migration of neutrophils

across the bone marrow sinusoidal endothelium in

response to the chemotactic gradient created by blood-

borne chemokines.

Molecular mechanisms regulating neutrophil
mobilization

Integrins

Neutrophils in the blood adhere to and migrate across

the vascular endothelium of postcapillary venules to gain

access to sites of inflammation. The role of specific adhe-

sion molecules in this process has been studied exten-

sively (reviewed in Ley et al.21). In contrast, very little is

known about the role of adhesion molecules in the egress

of leucocytes across the bone marrow sinusoidal endothe-

lium during their mobilization. Of note, prior studies

examining the bone marrow by immunohistochemistry

revealed that the bone marrow sinusoidal endothelium is

unique in that it constitutively expresses vascular cell

adhesion molecule-1 (VCAM-1), intercellular adhesion

molecule-1 (ICAM-1), P-selectin and E-selectin, molecules

normally up-regulated at sites of inflammation.22,23 Using

our in situ perfusion system and specific blocking mAbs,

we therefore investigated the role of specific adhesion

molecules in the mobilization process.

The expression of L-selectin (CD62L) on neutrophils

plays a role in tethering and rolling along postcapillary

venules, prior to their transmigration across the vascular

endothelium to sites of inflammation.24 When activated

with chemokines, neutrophils rapidly shed L-selectin

within a matter of minutes.25 While shedding is not

required for leucocyte transmigration per se, it regulates

the velocity with which neutrophils roll along the endo-

thelium.26,27 In terms of neutrophil egress out of the bone

marrow, neutrophils do not roll along the endothelium;

hence the relevance of L-selectin shedding to this process

is questionable. However, analysis of phenotypic changes

in neutrophils during inflammatory responses in humans

and in animal models consistently reveals that neutrophils

rapidly mobilized from the bone marrow exhibit very low

levels of L-selectin.28,29 Furthermore, it has been proposed

that L-selectin is a retention factor for neutrophils in the

bone marrow and that shedding is a prerequisite for

mobilization.29 Similarly, using the in situ perfusion sys-

tem of the femoral bone marrow, we have shown that

neutrophils shed L-selectin as they are mobilized from the

bone marrow in response to chemokines.11 However,

when a sheddase inhibitor was infused into the bone

marrow vasculature, chemokine-driven neutrophil mobili-

zation was unaffected, suggesting that shedding is not

required for this process.11

Neutrophils express high levels of the CD18 integrins,

in particular CD11a:CD18 [lymphocyte function-associ-

ated antigen (LFA)-1] and CD11b:CD18 (Mac-1). These

integrins mediate firm adhesion to ICAM-1, an adhe-

sion molecule expressed by the endothelium during

inflammation, and are invariably required for the

recruitment of neutrophils into tissue during inflamma-

tory reactions.21 However, there is a report that shows

that blood neutrophilia stimulated by an intravenous

injection of lipopolysaccharide (LPS), C5a or tumour

necrosis factor (TNF)-a is not reduced by neutralization

of CD18.30 Further, our studies show that blockade of

CD18 with a neutralizing mAb does not affect the rate

or total number of neutrophils mobilized from the

bone marrow in response to a CXC chemokine.11

Taken together, these results indicate that CD18 is not

required for neutrophil mobilization during inflamma-

tion.

The adhesion molecule VCAM-1 is not constitutively

expressed on endothelium in the majority of tissues, but

up-regulated during inflammatory reactions. However,

this adhesion molecule is expressed constitutively by bone

marrow stromal cells and the bone marrow sinusoidal

endothelium.22,23 The alpha 4 integrin CD49d, which

binds to VCAM-1, is expressed at low levels on rodent

neutrophils and has been shown to play a role in neutro-

phil recruitment into tissues during specific inflammatory

reactions.31,32 We found that the expression of CD49d is

elevated as neutrophils are mobilized from the bone

marrow. Further, both neutralizing mAbs and a specific

CD49d antagonist inhibited neutrophil mobilization stim-

ulated by the CXC chemokine MIP-2.11 This suggests that

the transendothelial migration of neutrophils across the

bone marrow endothelium is facilitated by an interaction

of CD49d on neutrophils with VCAM-1 expressed by the

sinusoidal endothelium. Whether such interactions also

operate in humans is currently unknown.
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Signalling molecules

We propose that chemokines stimulate the egress of

neutrophils from the bone marrow by effectively creating

a chemotactic gradient across the sinusoidal endothelium

and thereby stimulating neutrophil chemotaxis and

transmigration. The recruitment of neutrophils to sites

of inflammation in vivo and their chemokine-driven

migration in vitro can be severely reduced by application

of specific inhibitors of p38MAP kinase.33–35 We showed

that an inhibitor of p38MAP kinase caused a dose-

dependent inhibition of the chemotaxis of rat bone mar-

row-derived neutrophils towards MIP-2 in vitro and

caused a marked inhibition of the chemokine-stimulated

mobilization of neutrophils in situ.1 Inhibition of

neutrophil mobilization may therefore represent another

relevant target for the anti-inflammatory actions of

p38 inhibitors.

Matrix metalloproteinases

Matrix metalloproteinases (MMPs) have been shown to

play a role in the recruitment of neutrophils to sites of

inflammation, where neutrophils are required to migrate

extravascularly through the extracellular matrix. In con-

trast, using a broad-spectrum MMP inhibitor, we have

found no direct involvement of MMPs in neutrophil

mobilization stimulated by the CXC chemokines.1

Clearance of neutrophils via the bone marrow

Trafficking to the bone marrow

Following their recruitment to sites of infection and

injury, there is a subsequent need for the removal and

clearance of infiltrating leucocytes, including neutrophils,

in order to promote the resolution of inflammation.36

Neutrophil clearance in such situations has been well

characterized;37 however, neutrophil clearance under

homeostatic conditions has been less well documented.

Under normal conditions apoptotic neutrophils are not

detected in the circulation and when we consider that the

half-life of a neutrophil in the circulation is �6�5 hr38

and that 1011 of these cytotoxic cells are released into the

blood per day, the need for an efficient removal system is

evident.

Neutrophils are programmed to respond rapidly to

inflammatory insults and so the expression of their cell

surface receptors is extremely dynamic. Additionally,

alterations in receptor expression patterns occur as cells

age; thus, as neutrophils become senescent, there is a pro-

gressive decrease in CXCR2 expression and a concomitant

increase in CXCR4.3,39 This corresponds functionally to a

decline in migration towards ELR + CXC chemokines,

such as KC and MIP-2, and an increased responsiveness

to SDF-1a. These events occur prior to the onset of apop-

tosis, and thus senescent neutrophils are functionally and

phenotypically distinct from apoptotic neutrophils. The

bone marrow is known to constitutively express high

levels of SDF-1a, and we and others have shown that

the migration of senescent neutrophils to this tissue is

dependent upon the CXCR4/SDF-1a chemokine axis.

However, the fate of neutrophils upon reaching the bone

marrow has previously been unclear. We have shown that

CXCR4hi-expressing cells preferentially home to the bone

marrow and thus we hypothesized that the bone marrow

is a site of neutrophil clearance. Consistent with this the-

ory, in both human and animal models, following the i.v.

injection of radiolabelled neutrophils under basal condi-

tions, high levels of radioactivity were detected in the

bone marrow, liver and spleen.40–43 We have quantified

this in a murine model and have confirmed that each of

these organs is responsible for the clearance of �30% of

neutrophils from the circulation under homeostatic con-

ditions.44

The role of stromal macrophages

The role of macrophages in the removal of cellular deb-

ris, including apoptotic neutrophils, from sites of

inflammation has been well described.37 Furthermore,

reticular endothelial macrophages in the spleen and liver

are responsible for the removal of pre-apoptotic neu-

trophils from the circulation under homeostatic and

inflammatory conditions.41,44,45 Thus we hypothesized

that resident bone marrow macrophages present in the

haematopoietic cords may have a similar function. A

role for stromal macrophages in removal of extraneous

cellular material in bone marrow is not without prece-

dent as they are known to be essential for the removal

of non-productive B cells during lymphopoiesis46,47 and

removal of nuclei expelled by developing erythroblasts.48

Additionally, early electron microscope (EM) studies

revealed that the bone marrow is an active site of

neutrophil degradation during embyrogenesis. In one

study 75% of leucocytes in the fetal bone marrow were

shown to be granulocytes in varying stages of cell death,

and apoptotic neutrophils within macrophages were

observed.49 The conclusion was drawn that prior to the

establishment of haematopoiesis the bone marrow was

the site of neutrophil destruction. Further to this,

electromicrographs from human adult bone marrow

revealed apoptotic neutrophils within stromal macro-

phages.50 However, in both cases it was unclear if these

represented cells that had returned to the marrow or

that were being destroyed prior to release into the circu-

lation. We have recently demonstrated that

myeloperoxidase-positive macrophages containing apop-

totic neutrophils can be readily observed in normal bone

marrow under homeostatic conditions. Furthermore,
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using a model system where senescent neutrophils were

stably labelled with fluorescent microspheres and injected

intravenously into mice, we were able to demonstrate

that, upon return to the bone marrow, senescent

neutrophils are specifically cleared by resident stromal

macrophages.44

The role of G-CSF and IL-17

Whilst macrophages of the reticular endothelial system in

the spleen and the liver are ideally situated for the removal

of circulating cells, neutrophils must actively cross the bone

marrow sinusoidal endothelium to enter the hematopoietic

compartment of the bone marrow where stromal macro-

phages are located. This demonstrates that neutrophil

migration to the bone marrow is an active rather than pas-

sive event, as apoptotic neutrophils are unable to migrate.

Furthermore, such an expenditure of energy implies a func-

tional purpose for this process. This may be explained by

considering the dual function of the bone marrow in both

the production and clearance of neutrophils.

In addition to its role in mobilization of the neutrophil

reserve during inflammation, G-CSF plays a key role in

granulopoiesis under both inflammatory and homeostatic

conditions; however, the cellular source of G-CSF in the

bone marrow and the factors regulating its production

under homeostatic conditions has not been identified.51

Interestingly, we have shown that the uptake of apoptotic

neutrophils by bone marrow macrophages stimulates the

production of G-CSF.44 This is in contrast to inflamma-

tory macrophages, for example peritoneal macrophages,

which down-regulate cytokine (including G-CSF) and

chemokine production following phagocytosis of apopto-

tic cells and thus dampen the immune response and pro-

mote resolution and clearance of inflammation.36 It is

perhaps not surprising that stromal macrophages respond

in a different manner to activated, inflammatory macro-

phages in terms of cytokine and chemokine expression

and this is consistent with the observation that these dif-

ferent subsets of macrophages rely on differential receptor

expression for the phagocytosis of apoptotic cells.52,53 We

propose that the clearance of neutrophils in the bone

marrow represents a potential mechanism for the local

regulation of G-CSF, and hence neutrophil, production.

Our model suggests that under homeostatic conditions

senescent neutrophils return to the bone marrow via the

CXCR4/SDF-1a chemokine axis where they are cleared

by resident stromal macrophages. This stimulates the pro-

duction of G-CSF, which may act as a positive mecha-

nism for maintaining neutrophil homeostasis (Fig. 3).

The cytokine IL-17 has been shown to be involved in

neutrophil recruitment in several inflammatory models

via the induction of G-CSF and ELR + CXC chemokin-

es.54–57 Studies using adhesion molecule-deficient mice

have implicated IL-17 in homeostatic regulation, but the

high plasma levels of both G-CSF and IL-17, and thus

inherent neutrophilia, in these mice complicate interpre-

tation of these data.58 However, IL-17-deficient animals

have normal numbers of circulating neutrophils com-

pared with wild type59 and the blockade of G-CSF but

not IL-17 under basal conditions decreases the number of

circulating neutrophils.44 Together, these data indicate

that IL-17 plays no role in the trafficking of neutrophils

to the bone marrow under basal conditions, but may be

an important factor under inflammatory conditions.

Concluding remarks

Neutrophils are one of the first cells to be recruited in order

to defend the body against invading pathogens, yet also are

a major cause of pathology when uncontrolled. A more

complete understanding of the mechanisms that control

their mobilization, recruitment and clearance will help elu-

cidate the processes by which the body responds to and

resolves inflammation and may thus reveal new therapeutic

strategies for the treatment of inflammatory disorders.
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