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Introduction

Summary

Neutrophil chemokine receptor expression can be altered by exposure to
Toll-like receptor (TLR) agonists, a process that is thought to have the
potential to localize neutrophils to sites of infection. In order to investi-
gate this process in more detail, we examined the regulation of highly
pure neutrophil CXCR1 and CXCR2 expression and function by selective
agonists of TLR2 (Pams;CSK,) and TLR4 (lipopolysaccharide, LPS).
CXCR1 and CXCR2 were down-regulated by TLR engagement. CXCR2
loss was more rapid and showed a dependence upon soluble helper mole-
cules (LPS binding protein and CD14) that was not evident for CXCRI,
suggesting differential coupling of LPS signalling to CXCR1 and CXCR2
loss. However, TLR engagement in highly pure neutrophils did not result
in complete loss of chemokine receptors, and LPS-treated neutrophils
remained able to mount a respiratory burst to CXCL8 and CXCL1, and
were able to migrate towards CXCL8 in assays of under-agarose chemo-
taxis. Thus, although treatment of purified human neutrophils with TLR2
and TLR4 agonists modifies chemokine receptor expression, remaining
receptors remain functionally competent.

Keywords: inflammation; neutrophil; chemokine receptors; Toll-like
receptors

inflammatory disease.” CXCR1, a selective receptor bind-
ing only CXCL8 and CXCL6 at high affinity” is thought

Neutrophils are crucial to defence against bacterial infec-
tion, but their inappropriate activation is thought to be a
major contributor to inflammatory disease." Options for
therapeutic targeting of their function in disease include
inhibiting their recruitment™ or preventing their activa-
tion." The regulation of these processes is likely to be
linked, which provides further options to control neutro-
philic inflammation in vivo.

Neutrophil recruitment to sites of infection is heavily
dependent upon chemokines such as CXCL8.* The per-
ipheral blood neutrophil expresses two main chemokine
receptors on the cell surface, CXCR1 and CXCR2.>®
CXCR?2 is thought to be predominantly responsible for
neutrophil recruitment in response to its many ligands,
including interleukin-8 (IL-8)/CXCL8 and melanoma
growth stimulatory activity (MGSA)/CXCL1” and antago-
nists of CXCR2 are showing promise in the treatment of

to perhaps have a greater role in regulating neutrophil
activation.®

At sites of inflammation, neutrophils encounter many
molecules for which they have specific receptors and that
can regulate chemokine function. Activated complement
fragments such as Cb5a cause some down-regulation of
chemokine receptor expression, and temporary reductions
in signalling through CXCRI and CXCR2.° Bacterial prod-
ucts, such as lippolysaccharide (LPS; activating Toll-like
receptor-4 (TLR4)), and lipopeptides (activating TLR2),
also cause variable down-regulation of neutrophil chemo-
kine receptors. Some investigators have shown that engage-
ment of neutrophil TLRs causes marked down-regulation
of mRNA and protein levels of CXCR1 and 2.”'° In a more
complicated mouse system, LPS pretreatment of neutro-
phils could also enhance chemokine responses by altering
expression of the G protein receptor kinases (GRKs)

Abbreviations: TLR, Toll-like receptor; CXCL, C-X-C chemokine ligand; CXCR, C-X-C chemokine receptor; pLPS, purified LPS;

LBP, LPS-binding protein.
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responsible for chemokine receptor (CKR) desensitiza-
tion."" Others have shown that high concentrations of LPS
may actually cause human neutrophils to up-regulate CKR
expression,'* though such up-regulation may be temporary
and followed by a later phase of receptor loss."”

We have recently begun to investigate neutrophil TLR
responses using cells depleted of peripheral blood mono-
nuclear cells (PBMC) by negative magnetic selection, as
we have found that PBMC contaminating standard neu-
trophil preparations are important in regulating many
neutrophil responses to LPS.'*™'® We showed previously
that CXCR1 was more resistant to TLR-induced down-
regulation than was CXCR2'* and set out in this work to
study in detail the consequences of TLR2 and TLR4
engagement on neutrophil chemokine receptor expression
and function.

Materials and methods

Reagents

General laboratory and cell culture reagents, buffers, low-
endotoxin bovine serum albumin (BSA), commercial LPS
(cLPS) from Escherichia coli serotype 0111:B4, and gra-
nulocyte-macrophage colony-stimulating factor (GM-CSF)
were from Sigma (Poole, UK) or Invitrogen (Paisley,
UK). fluoroscein isothiocyanate (FITC)-anti-CXCRI and
phycoerythrin (PE)-anti-CXCR2 monoclonal antibodies
(mAbs) and controls, and recombinant human soluble
CD14 (the extracellular domain) and LPS binding pro-
tein (LBP) were from R & D Systems (Abingdon, UK).
Pam;CysSerLys, (Pam;CSK,) was from EMC Microcollec-
tions (Ttbingen, Germany). Purified LPS (pLPS) from
E. coli strain K235 was a generous gift of Dr Stefanie
Vogel (University of Maryland), and was prepared as
described.'” Cytokines and were from Peprotech EC
(London, UK). C5a was a generous gift of Dr Peter Monk
(Sheffield, UK). The CXCR2 antagonist SB225002 was
purchased from Calbiochem (Merck Biosciences Ltd,
Nottingham, UK), and was dissolved in dimethylsulph-
oxide. Fetal calf serum (FCS) was from Cambrex
BioScience, (Wokingham, UK), and contained <0-5 EU/ml
endotoxin.

Cell preparation

Peripheral venous blood was taken with informed consent
from healthy volunteers in accordance with a protocol
approved by the South Sheffield Local Research Ethics
Committee. Blood was anticoagulated with trisodium cit-
rate, plasma and platelets removed by centrifugation, and
following dextran sedimentation, PBMC were separated
from granulocytes by density either over plasma/Percoll
or sterile, endotoxin-free Histopaque 1077 gradients.'*'?
Neutrophils were further purified by negative magnetic
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selection as described'®'® using a custom cocktail from
StemCell Technologies (Vancouver, Canada), containing
antibodies to CD36, CD2, CD3, CD19, CD56 and glyco-
phorin A. This protocol depleted almost all contamin-
ating cells (except eosinophils, which do not express
functional TLR2 and TLR4'° and would be extremely
unlikely to modify the neutrophil responses studied here).

Modulation of chemokine receptor expression

Neutrophils were stimulated with agonists in the indicated
buffer for the relevant time period, and cell surface expres-
sion of chemokine receptors measured by flow cytometry.
Unless indicated, experiments used Assay Buffer (AB),
which was comprised of Dulbecco’s modified phosphate-
buffered saline (PBS) containing Ca®*/Mg** + 2% FCS +
10 mm HEPES + 0-18% glucose, pH 7-3-7-4. In some
experiments, FCS was substituted with LBP and sCD14, in
the presence of a low amount of low-endotoxin BSA
(based on pilot experiments determining amounts of LBP
and sCD14 required to support pLPS-mediated r-selectin
shedding). After stimulation, cells were washed with ice-
cold fluorescence-activated cell sorting (FACS) buffer
(PBS without Ca**/Mg*" + 10 mm HEPES + 0-25% BSA,
pH 7-3-7-4), and dual-stained with anti-CXCR1 (10 pg/
ml) and anti-CXCR2 (10 pg/ml). Isotype-matched con-
trols and single-stained samples were used to set baselines
and compensation. Binding of mAbs was detected using a
FACSCalibur flow cytometer (Becton Dickinson, Cowley,
UK). Specific binding was calculated by obtaining mean
fluorescence intensity values (MFIs) and subtracting the
MFI of the isotype control. For the majority of experi-
ments, data were expressed as the percentage specific MFI
of buffer-treated cells, in keeping with previous work.°®

Detection of respiratory burst

Respiratory burst was detected by changes in DCF
(dichlorodihydrofluorescein diacetate) fluorescence as
described."*'® Neutrophils were loaded with 5 um DCF
for 30 min at 37°, 5% CO,, then treated with the indica-
ted agonists. Cells were then washed in cold PBS and ana-
lysed immediately by flow cytometry.

Chemotaxis

Neutrophil chemotaxis was measured using an under-
agarose chemotaxis system in accordance with published
techniques.'”*® Gels consisting of 3 ml of 0-6% low-endo-
toxin agarose (Promega, Southampton, UK) in 50%
RPMI/50% Hank’s balanced salt solution (HBSS) were
cast in 3 cm tissue culture plates. Holes (3 mm in dia-
meter) were cut in the gel, 2 mm apart, and neutrophils
(10 pl, 10 x 10%/ml) placed in one well, and chemo-
attractant placed in the adjacent well. Neutrophils were
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pretreated with medium alone, or medium containing
pLPS. Chemotaxis was subsequently allowed to proceed
during which the pLPS remained present in the cell wells.
The plates were incubated at 37° in a 5% CO, incubator
for 2.5 hr, and then fixed by incubation overnight in
3 ml methanol. The gel was removed, and cells fixed to
the culture dish were visualized by staining with Diff-
Quick (Gamidor Ltd, Oxford, UK) and photographed
under 10X magnification. Data capture was in black and
white; colour was applied to the images using Adobe
Photoshop 7.0 (Adobe Systems Incorporated, San Jose,
CA) to enhance picture clarity.

Statistics

Comparisons of more than two data sets were performed
by anova and a posthoc test as indicated, using the
Prism 4.0 program (GraphPad Software Inc, San Diego,
CA).

Results

Different regulation of CXCR1 and CXCR2
expression by TLR agonists

Initial studies determined the ability of selective agonists
of TLR2 and TLR4 to regulate expression of neutrophil
CXCR1 and CXCR2. Neutrophils were prepared by negat-
ive magnetic selection to effectively deplete contaminating
PBMC, and stimulated with highly purified LPS (pLPS),

Pam3;CSK,, or CXCL8. Figure 1 shows that CXCR1 was
relatively resistant to loss induced by its homologous lig-
and (CXCL8), and that incubation (up to 3 hr) with TLR
agonists resulted in a slow loss of expression. Purified
LPS and Pam;CSK, treatment reduced CXCRI expression
to 74 £ 9% and 70 £ 7% at 1 hr, respectively, and to
425 £ 17% and 42 + 10% at 3 hr (mean = SEM, each
P <0-05 for 1hr versus 3 hr treatment effects, deter-
mined by two-way aNova). In contrast, CXCR2 expres-
sion was more rapidly lost after stimulation with TLR
agonists. Stimulation with pLPS exerted its maximal
effects on CXCR2 expression at the earliest time point
studied (1 hr). Activation of TLR2 caused a concentra-
tion-dependent loss of CXCR2 expression similar to that
previously described'* but its maximal effect took longer
to become apparent and was significantly different at
1 versus 3 hr (P < 0-05 measured by two-way ANOVA,
particularly evident at the 100 ng/ml Pam;CSK,
concentration).

Loss of CXCR2 is not dependent upon generation
of its ligands

Monocytic cells down-regulate CCR1 after activation by
pLPS and Pam;CSK,, via a mechanism involving genera-
tion of CCR1 ligands acting in an autocrine manner, and
TLR-mediated CCR1 loss is inhibited by a CCR1 antag-
onist.”’ Because neutrophils secrete CXCL8**** we inves-
tigated whether similar mechanisms might be involved in

the regulation of neutrophil CXCR2 by TLR agonists.
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Figure 1. TLR agonists cause down-regulation of CXCR1 and CXCR2. Neutrophils were highly purified by negative magnetic selection and trea-
ted with pLPS (a and ¢) or Pam;CSK, (b and d) for 1 or 3 hr, then washed and stained with anti-CXCR1 (a and b) and anti-CXCR2 (c and d)
mAbs prior to analysis of cell surface receptor expression by flow cytometry. Control buffer or CXCL8-treated samples generated data that is dis-

played in both the pLPS and Pam;CSK, graphs for comparison. Data in all graphs are expressed as the percentage of specific mean fluorescence

of the sample treated with buffer alone at the one hr time point, and are mean = SEM of 3-15 experiments, each from a separate donor. (e) The
effects of a one hr treatment with buffer (solid line) pLPS (10 pg/ml; fine dashed line) or Pam;CSK, (10 pg/ml; coarse dashed line) on expression

of CXCRI and CXCR?2 as detected by flow cytometry.
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Figure 2. CXCR loss is not inhibited by a CXCR2 antagonist. Neu-
trophils were highly purified by negative magnetic selection, and
pretreated with buffer or the CXCR2 antagonist, SB225002, prior to
stimulation with pLPS or CXCLS8. Following 1 hr of stimulation with
these agonists, receptor expression of CXCR1 (a) and CXCR2 (b) was
measured by flow cytometry as described. Data in all graphs are
expressed as the percentage of specific mean fluorescence of the sam-
ples treated with buffer alone in the absence of SB225002, and are
the mean = SEM of five experiments, each from a separate donor.
Significant inhibition of CXCL-8-induced down-regulation of CXCR2
after treatment with SB225002 are indicated by *P < 0-05 and
***P < 0-001, analysed by aNova and Tukey’s post-test.

Figure 2 shows that pretreatment of neutrophils with high
concentrations of a potent and selective CXCR2 antagon-
ist (ICso 22 nm for binding of '*’I-CXCL8 to CXCR2**)
failed to prevent loss of CXCR2 induced by TLR2 or
TLR4 agonists, but inhibited down-regulation of CXCR2
caused by CXCLS.

Loss of CXCRs is enhanced by proinflammatory
mediators

Neutrophils encounter many mediators at sites of inflam-
mation, some of which, such as C5a and tumour necrosis
factor-o  (TNF-a), can also down-regulate neutrophil
chemokine receptor expression.”*>*® To determine the
potential for other inflammatory mediators to enhance
TLR-mediated loss of neutrophil CKRs, highly pure neu-
trophils were pretreated with a panel of neutrophil activa-
tors, and then pLPS (1 ng/ml) or medium added to the
cells. Figure 3 shows that of the indicated mediators at
the concentrations tested, only TNF-o had a marked
effect on CXCR1 expression, and this effect was modestly
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Figure 3. Inflammatory mediators and pLPS can cooperate in the
induction of CXCR loss. Neutrophils were highly purified by negative
magnetic selection and pretreated with medium, IL-18 (100 ng/ml),
PAF (100 nm), GM-CSF (50 U/ml), TNF-o. (100 ng/ml), IFN-y
(100 ng/ml), or C5a (10 nm) for 1 hr, after which pLPS (1 ng/ml) or
medium was added for a further hour. Expression of CXCR1 (a) and
CXCR2 (b) was measured by flow cytometry as described. Data are
expressed as the percentage of specific mean fluorescence of the sam-
ples treated with buffer alone, and are the mean + SEM of three
experiments, each from a separate donor. The dashed line indicates
the 100% expression level, i.e. that of cells treated with buffer alone.
The solid line shows the expression level in those samples treated
with buffer for the first hour, followed by addition of pLPS (these
values are mean + SEM: 80-9 + 8% for CXCRI1; 57 +2:3% for
CXCR2). ***Indicates that addition of pLPS to cells pretreated with
TNF-a resulted in a significant additive down-regulation (P < 0-001)
of CXCR1 and CXCR2 expression, whilst *indicates that addition of
PLPS to cells pretreated with GM-CSF resulted in a significant down-
regulation (P < 0-05) of CXCR2 expression alone. fffIndicates a sig-
nificant difference (P < 0-001) in the CXCR2 expression levels
between buffer and pLPS treatment in IFN-y pretreated cells (data
analysed by aNova and Bonferroni’s post-test).

enhanced when pLPS was added to the cells. In contrast,
a wide variety of mediators caused loss of CXCR2 from
the cell surface. Of the tested mediators, only IL-18 and
interferon-y (IFN-y) showed no ability to cause CXCR2
loss at the concentrations and times studied. Pretreatment
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with the cytokines GM-CSF, and in particular TNF-a,
resulted in a dramatic loss of CXCR2 expression, with a
further additive effect induced by pLPS.

LPS-driven loss of CXCR2, but not CXCR1,
is dependent upon CD14 and LBP

We typically use a low concentration of FCS (2%) in our
buffers, which we have previously shown to effectively
support LPS-induced r-selectin shedding in neutrophils.'®
Serum may contain other neutrophil activators that are
poorly characterized, and we therefore investigated pLPS
responses in serum-free systems reconstituted with sCD14
and LBP. Responses were studied in two media contain-
ing LBP and sCD14 at concentrations of 10 and 20 ng/ml
or 100 and 200 ng/ml, respectively, compared to media
containing low-endotoxin BSA alone. Human serum from
healthy subjects contains a median of 7-9 pg/ml of LBP
and 32 pg/ml of sCD14”’; thus the maximal concentra-
tions we used were approximately equivalent to 1-2%
(LBP) and 6% (sCD14) serum, consistent with other
in vitro experiments. Figure 4 shows that increasing
amounts of available sCD14 and LBP within the tested
ranges had no effect on pLPS-induced loss of CXCR1. In
contrast, CXCR2 loss induced by pLPS was markedly
dependent upon the amounts of available sCD14 and
LBP. There were no differences in the down-regulation
of CXCR1 and CXCR2 induced by Pam;CSK, in any
medium (data not shown).

Despite receptor down-regulation, functional
responses can remain

Treatment of neutrophils with cLPS for 1 hr abolishes
CXCL8-induced calcium flux*® potentially mediated at
least in part by loss of receptor expression. To investigate
the effects of pLPS pretreatment on neutrophil chemo-
taxis, we utilized the under-agarose chemotaxis system.
Because CXCR2 has been thought to be primarily respon-
sible for neutrophil chemotaxis, neutrophils were initially
treated with pLPS for 1 hr, the first measured time point
at which maximal CXCR2 down-regulation was reached.
CXCL8 induced a dose-dependent migration of neutro-
phils that was not abolished by pretreatment of the neu-
trophils with pLPS (Fig. 5). Cells that were pretreated
with pLPS for 3 hr (corresponding with maximal meas-
ured CXCR1 down-regulation), also still showed a
chemotactic response to CXCL8 that was similar to that
seen in cells pretreated with pLPS for 1 hr (n = 3, data
not shown). We were unable to observe chemotaxis of
neutrophils to CXCL1 at any dose tested (up to
100 pmol/well), whether cells were pretreated with med-
ium alone or pLPS.

In further experiments, we investigated whether pre-
treatment of neutrophils with pLPS for 1 hr would reduce
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Figure 4. LBP and sCDI14 can enhance TLR4-mediated loss of
CXCR2 but not CXCRI1. Highly purified neutrophils were incubated
in low endotoxin BSA containing LBP and sCD14 (0/0, 10/20, or
100/200 ng/ml of LBP/sCD14), with buffer or varying concentrations
of pLPS as indicated. One hr later, expression of CXCR1 (a) and
CXCR2 (b) was measured by flow cytometry as described. Data
shown are mean + SEM from four to six experiments, each from a
separate donor. The LBP and sCD14 concentrations exerted a signifi-
cant effect in (b) (P < 0-001) as determined by two-way ANOVA.

the respiratory burst seen in response to chemokines
acting on CXCR1 and CXCR2 (CXCL8) or CXCR2 alone
(CXCL1). CXCLI1 and CXCL8 were still able to induce a
modest increase in respiratory burst even after pretreat-
ment with 10 ng/ml pLPS for 1 hr in the 100 ng/ml
LBP + 200 ng/ml CD14 medium. However, the effect of
these chemokines was weak compared to that induced
by N-formylmethylleucylphenylanaline (fMLP) 100 nm
(100 nm CXCL8 induced 17 * 3-7% and CXCL1 induced
20 *+ 8-4% (mean £ SEM, n = 4) of the fMLP response
in pLPS-pretreated cells, data not shown).

Discussion

We and others have shown that TLR engagement can
down-regulate neutrophil chemokine receptor expres-
sion,”'* a potentially important mechanism regulating cell
positioning and activation.”**' However, our previous
work has shown that neutrophil responses to TLR agonists
can be significantly modified by contaminating PBMC in
routine cell preparations'*'® and the detailed effects of
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Figure 5. Neutrophils treated with pLPS still show directed migra-
tion to CXCL8. Highly purified neutrophils were treated with pLPS
(10 ng/ml) or buffer for 1 hr, and then placed in 3 mm diameter
wells (still in the medium containing the pLPS) in agarose-filled
plates, and allowed to migrate to buffer (a, b) or CXCL8 1 pmol
(¢, d), 10 pmol (e, f), or 100 pmol (g, h), placed in a separate well
2 mm to the right. Following chemotaxis, the plates were fixed, the
cells stained, and photographed at 10x magnification. Lines drawn
on the pictures indicate the approximate leading edge of cell migra-
tion. Data shown are a representative experiment from six experi-
ments, each from a separate donor. The left hand column (a, ¢, e, g)
shows migration of cells pretreated with buffer, the right hand
column (b, d, f, h) shows migration of cells pretreated with pLPS.

individual TLR engagement on neutrophil responses still
remains to be fully determined. Here, we describe the spe-
cific effects of selective TLR2 and TLR4 agonists on the
regulation of neutrophil CXCRI1 and CXCR2 expression.
We show that loss of CXCR?2 in response to TLR agonists
is more rapid than loss of CXCR1; and furthermore that

© 2005 Blackwell Publishing Ltd, Immunology, 115, 90-98
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TLR4-induced loss of CXCR2, but not CXCRI1, can be
modified by enhanced efficiency of LPS presentation. We
also show that despite treatment with TLR agonists, neu-
trophils can remain at least partially functionally compet-
ent with respect to chemokine activation.

In highly purified neutrophils, we found that TLR-
induced down-regulation of CXCR1 was slower than that
of CXCR2. The levels of neutrophil CXCR1 and CXCR2
down-regulation observed at 1 hr are consistent with pre-
vious results using a different pair of specific anti-CXCR1
and anti-CXCR2 mAbs reported by our group.'* Stimula-
tion of neutrophils with TLR agonists over these conc-
entration ranges causes marked leucocyte activation
measured by up-regulation of CD11b or cytokine genera-
tion, and in the case of TLR4 agonists, some prolongation
of life span.'*'> Our data are therefore extremely unlikely
to be confounded by decreased cell viability or non-speci-
fic down-regulation of multiple cell surface markers. In
whole blood, neutrophil CXCR2 is again more sensitive
to down-regulation by LPS than CXCR1.** Other stimuli
that cause heterologous desensitization of neutrophil
chemokine responses, such as C5a, fMLP, and TNF-a are
also relatively poor stimulators of CXCR1 loss,>*® form-
ing a picture of CXCRI as a receptor whose expression
on the cell surface is relatively protected.

CXCR2 expression was rapidly lost from the neutrophil
surface after activation of either TLR2 or TLR4. CXCR2
shows greater homologous down-regulation in response
to CXCL8 than does CXCR1°® and shows loss of cell sur-
face expression following stimulation with ligands such as
C5a (these data and ref 6), fMLP® TNF-a (these data and
ref 26), platelet-activating factor (PAF) and GM-CSF
(these data). CXCR2 is overall more likely to be internal-
ized than CXCRI1, consistent with data showing that the
cytoplasmic regions of these closely homologous recep-
tors are different and subject to specific regulation.”>’
CXCR?2 is vulnerable to degradation after internalization®
and is less likely than CXCR1 to be re-expressed following
internalization, providing further mechanisms to reinforce
its down-regulation.*® These data reinforce the lability of
CXCR2 expression compared to the relative stability of
CXCRI. Consistent with our data, neutrophils derived
from synovial fluid of arthritic patients showed down-
regulation but not complete loss of CXCR1 and CXCR2
(and of these, down-regulation of CXCR2 was greater).”
Interestingly though, not all studies have seen this slower
down-regulation of CXCR1, and some found that activa-
tion of neutrophils with LPS caused gradient-purified
neutrophils to rapidly lose both CXCR1 and CXCR2.*%°

LPS signalling is dependent upon helper molecules such
as CD14 and LBP (reviewed in 40), providing a sensitive
and complex regulation of neutrophil responses to LPS.*!
TLR4-mediated loss of CXCR2, but not CXCR1, was
sensitive to changes in the concentrations of these acces-
sory molecules. These data raise the possibility that

95



|. Sabroe et al.

LPS-mediated alterations in CXCR1 expression may be
mediated by other signalling pathways additional to, or
other than, the classic CD14/MD-2/TLR4 system. Such
signalling could result from other ‘helper’ or LPS-binding
molecules involved in LPS responses such as CD11b.*%*?
The concentrations of pLPS required to induce down-
regulation of CXCR1 were also relatively high, again sug-
gesting that in vivo, microbial-derived stimuli may be poor
stimulators of CXCR1 loss, potentially favouring retention
of biologically active receptors on neutrophils in inflam-
matory sites. TLR2-mediated down-regulation of chemo-
kine receptor expression was not altered by changes in
LBP concentration, in keeping with the lack of a role for
LBP in responses to lipoproteins. Though TLR2 can use
CD14 as an accessory molecule® responses to Pam;CSK,
were not enhanced by increasing the supply of sCD14.

We have shown that agonists of TLR2 and TLR4
induce down-regulation of CCR1 expression in monocytic
cells via the generation of MIP-10/CCL3, which acts in
an autocrine manner to cause loss of its cognate recep-
tor.”! Neutrophils express CXCL8 in response to activa-
tion'**>** and accordingly, we investigated whether a
similar mechanism might apply in the neutrophil. We
observed no inhibition of TLR-mediated CXCR2 loss by a
small molecule antagonist of CXCR2, data that are in
keeping with work that showed that anti-CXCL8 antibod-
ies did not prevent cLPS-induced loss of neutrophil
CXCRs in whole blood.*® Similarly, cycloheximide does
not inhibit LPS-induced CXCR1/2 down-regulation.®
However, neutrophil CXCL8 generation is regulated by
cell density and autocrine mediators in a complex fash-
ion”” and it would be unsurprising if autocrine CXCL8
generation did not under some circumstances contribute
to TLR-mediated neutrophil CXCR1/2 down-regulation.

Neutrophils in the peripheral blood express approxi-
mately 2—4 x 10* CXCL8 receptors per cell** with a ratio
of CXCRI:CXCR2 of approximately 1:1° to 2:1,*>*
and therefore even a 60% reduction in receptor expression
would leave a relatively large pool of potentially compet-
ent receptors. We previously showed that pretreatment of
neutrophils with C5a or fMLP caused rapid heterologous
desensitization of CXCL8 and CXCLI-induced calcium
flux followed by a phase of loss of CXCR2 expression.’®
However, the degree to which desensitization of receptor
signalling persisted or recovered was at least in part inde-
pendently regulated from receptor expression.’ Also, the
regulation of internalization, chemotaxis, and calcium flux
occurs through different regions of CXCR1 and CXCR2,
thus loss of one signal does not mean that all responses
will be absent.”® Purthermore, under certain circum-
stances, TLR engagement may actually enhance neutrophil
chemokine signalling by inhibiting expression of GRKs."!
This complicated interplay between desensitization of sig-
nalling, priming of signalling, and regulation of responses
by control of cell-surface receptor expression renders
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prediction of the consequences of receptor loss on cell
function difficult. Whilst others have shown that LPS
pretreatment completely inhibits CXCL8 calcium signal-
ling®®® and neutrophil chemotaxis in chemotaxis cham-
bers,” we observed that pLPS pretreatment did not abolish
chemotaxis under agarose towards CXCLS8, suggesting that
remaining receptors remain at least partially functional.
Whilst not surprising, given the level of receptor loss
we observed, these data using under-agarose chemotaxis
are different to results where chemotaxis was studied in
Boyden chambers, and suggest that some preservation of
chemokine responses at sites of inflammation is likely to
be desirable. We cannot exclude that this might in part
reflect an alteration in CXCR expression or function in
neutrophils interacting with the chemotaxis plate and/or
agarose, but in keeping with our observations, neutrophils
from patients with sepsis show decreased CXCR2 expres-
sion and chemotactic responses, but preserved functional
CXCRI expression.”” Furthermore in our study, LPS treat-
ment did not prevent CXCL8 and CXCL1-induced respir-
atory burst.

Our studies do not determine whether CXCR1 or
CXCR?2 is principally responsible for the observed under-
agarose chemotaxis to CXCL8. A number of studies have
investigated the roles of these receptors in chemotaxis,
with sometimes conflicting results.**® Experience with
small molecule antagonists of CXCR2 favours a dominant
role for this receptor in mediating neutrophil recruit-
ment;** however, there may be a role for both receptors
in the regulation of cell recruitment. CXCL1 and CXCL7
are high affinity ligands for CXCR2 and low affinity
ligands for CXCRI1. Ludwig et al. demonstrated that
these chemokines cause neutrophil chemotaxis at low
concentrations via CXCR2, and at high concentrations via
CXCRI1* in a mechanism also postulated to allow
recruitment of cells into areas with high local chemokine
concentrations.” Again, relative preservation of CXCR1
expression would aid this mechanism.

In summary, we show that CXCR2 is more sensitive to
TLR-induced loss, and that LPS signalling for CXCR1 loss
is less dependent upon CD14 and LBP. We also show that
neutrophil recruitment to CXCL8 is unlikely to be com-
pletely inhibited by TLR-mediated CXCR loss. In combi-
nation with other inflammatory mediators present at sites
of inflammation, particularly TNF-o, down-regulation of
neutrophil chemokine receptors is likely to be more pro-
found. Because concentrations of mediators such as
CXCLS8 are likely to increase as a cell progresses towards
sites of inflammation, we speculate that these processes
may alternatively provide a way of regulating the sensitiv-
ity of the cell to widely differing concentrations of local
agonists. This would allow preservation of chemokine
responses even if concentrations change many fold, as has
been suggested before in the context of fMLP-mediated
cross-desensitization.’

© 2005 Blackwell Publishing Ltd, /mmunology, 115, 90-98
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