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Summary

Human b defensin-3 (hBD-3) is an antimicrobial peptide with diverse

functionality. We investigated the capacity of hBD-3 and, for comparison,

Pam3CSK4 and LL-37 to induce co-stimulatory molecules and chemokine

expression in monocytes. These stimuli differentially induced CD80 and

CD86 on the surface of monocytes and each stimulant induced a variety of

chemokines including monocyte chemoattractant protein 1 (MCP-1), Gro-

a, macrophage-derived chemokine (MDC) and macrophage inflammatory

protein 1b (MIP1b), while only hBD-3 and Pam3CSK4 significantly

induced the angiogenesis factor, vascular endothelial growth factor

(VEGF). Human BD-3 induced similar chemokines in monocyte-derived

macrophages and additionally induced expression of Regulated upon acti-

vation normal T-cell expressed and presumably secreted (RANTES) in

these cells. Comparison of monocytes from HIV+ and HIV– donors indi-

cated that monocytes from HIV+ donors were more likely to spontane-

ously express certain chemokines (MIP-1a, MIP-1b and MCP-1) and less

able to increase expression of other molecules in response to hBD-3

(MDC, Gro-a and VEGF). Chemokine receptor expression (CCR5, CCR2

and CXCR2) was relatively normal in monocytes from HIV+ donors com-

pared with cells from HIV– donors with the exception of diminished

expression of the receptor for MDC, CCR4, which was reduced in the

patrolling monocyte subset (CD14+ CD16++) of HIV+ donors. These

observations implicate chemokine induction by hBD-3 as a potentially

important mechanism for orchestrating cell migration into inflamed tis-

sues. Alterations in chemokine production or their receptors in monocytes

of HIV-infected persons could influence cell migration and modify the

effects of hBD-3 at sites of inflammation.
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Introduction

Human b defensin-3 (hBD-3) is an inducible antimicro-

bial peptide that is produced by epithelial cells. This

molecule mediates the killing of microbes,1 chemotaxis

of CCR2+ cells such as monocytes2 and activation of

antigen-presenting cells (monocytes and myeloid

dendritic cells3,4). These diverse functions indicate that

hBD-3 could play an important role in both innate and

adaptive defences. Increased expression of hBD-3 is

observed in inflammatory microenvironments including

psoriasis and oral carcinoma.1,5 Because monocytes are

chemoattracted by hBD-35,6 and can potentially migrate

into inflamed tissues,7 it is important to consider the

functional effects of hBD-3 on these cells. Our previous

studies identified Toll-like receptor 1/2 (TLR1/2) -depen-

dent signalling as a mechanism by which hBD-3 could

cause activation of these cells.3 Human BD-3-mediated

activation of monocytes induced expression of co-stimu-

latory molecules (CD80 and CD86) as well as expression

of various cytokines including interleukin-6 (IL-6), IL-1b
and IL-8.3,8

Other antimicrobial molecules have chemotactic prop-

erties and may also activate monocytes. For example, the

cathelicidin-derived peptide, LL-37, can enhance IL-1b
release from lipopolysaccharide-primed monocytes via a

ª 2013 John Wiley & Sons Ltd, Immunology, 140, 413–420 413

IMMUNOLOGY OR IG INAL ART ICLE



P2X7-dependent mechanism and can also induce the

production of monocyte chemoattractant protein-1

(MCP-1) chemokine from these cells.9 LL-37 is also

reported to influence monocyte maturation, poten-

tially resulting in cells with more pro-inflammatory

characteristics.10

To further assess the effects of antimicrobial peptides

on monocytic cells, we examined the induction of

co-stimulatory molecules, CD80 and CD86, as well as

an array of chemokines by hBD-3, LL-37 and a well-

defined Toll-like receptor 1/2 (TLR1/2) agonist,

PAM3CSK4. In addition, we asked if chemokine induc-

tion by hBD-3 might be diminished in cells from HIV+

donors because we have previously found evidence for

decreased induction of CD80 in cells from HIV+

donors compared with cells from healthy controls.11

Our results suggest that hBD-3 activation of monocytic

cells could play an important role in orchestrating

inflammatory microenvironments by inducing chemoki-

ne expression and this activity may be modified in

HIV disease.

Materials and methods

Donors and cells

Cells were obtained from healthy adult volunteers and

HIV+ donors with IRB-approved protocols and informed

consent. For chemokine production studies, the HIV+

donors consisted of three viraemic and six aviraemic sub-

jects. Purified monocytes were prepared with EasySep

monocyte isolation kits (STEMCELL Technologies) and

achieved > 85% purity. Monocyte-derived macrophages

were generated by incubating cells with 100 ng/ml macro-

phage colony-stimulating factor (M-CSF) for 7 days. Cells

were incubated in complete medium consisting of RPMI

10% fetal calf serum plus L-glutamine.

For studies of chemokine receptor expression, freshly iso-

lated peripheral blood mononuclear cells (PBMC) were

stained with anti-CD14 Peridinin chlorophyll protein

(PerCP; BD Biosciences, San Jose, CA), anti-CD16

allophycocyanin-chychrom 7 (APC-Cy7; Biolegend, San

Diego, CA), anti-CCR5 APC (BD Pharmingen), anti-CCR2

PerCP Cy5.5 (Biolegend), anti-CXCR2 FITC (Biolegend)

and anti-CCR4 phycoerythrin-Cy7 (BD Pharmingen,

Franklin Lakes, NJ). Cells were incubated for 10 min at

room temperature, washed in PBS/BSA buffer, fixed in 1%

paraformaldehyde and analysed by flow cytometry. Subjects

for these studies included 27 HIV+ donors and 18 healthy

control donors. The HIV+ donors had a median CD4 cell

count of 589 cells/ll and a median plasma HIV RNA of

33 copies/ml. All but three HIV+ donors were receiving

anti-retroviral therapy at the time of the study and all but

four of the HIV+ donors had a viral load below 500 copies/

ml. The age of the HIV+ donors (median = 47 years) and

HIV– donors (median = 38 years) was not significantly

different.

Activation of monocytes and monocyte-derived macro-
phages

Purified monocytes were incubated overnight in medium

alone or medium plus hBD-3 (20 lg/ml; Peptide Interna-

tional, Louisville, KY), LL-37 (20 lg/ml; AnaSpec, Fre-

mont, CA) or Pam3CSK4 (500 ng/ml; Invivogen, San

Diego, CA). Cells were harvested the next day for flow

cytometric analyses. Supernatants were collected and

stored at �80°C until analysed by infrared array.

Monocyte-derived macrophages were washed at the

end of 7 days and replenished with fresh medium. Cells

were then either stimulated with hBD-3 or incubated in

medium alone overnight. Culture supernatants were har-

vested and stored at �80°C until analysed by infrared

chemokine array. Cells were harvested with ice-cold PBS

and gently scraped. The recovered cells were analysed by

flow cytometry.

Flow cytometric analyses

Monocytes were stained with antibodies reactive to CD14,

CD80 and CD86. Propidium iodide (PI) was used to

assess viability. Propidium iodide (10 lg/ml) was added

to cells 10 min before analysis. Cells were examined on

an LSRII flow cytometer.

Chemokine arrays

Searchlight IR custom Array kits were used for multiplex

infrared analyses (Aushon Biosystems, Billerica, MA).

Briefly, chemokine capture antibodies were spotted to the

bottom of 96-well plates. Fifty microlitres of supernatants

or standards were added to 96-well plates and non-bound

proteins were washed away after 3 hr incubation at room

temperature. Secondary biotinylated detecting antibodies

were added and incubated 30 min at room temperature.

Plates were washed and streptavidin-DyLightTM 800

Fluor was added for 30 min at room temperature. Plates

were rotated for the duration of incubations. After

another wash, plates were centrifuged and scanned with

an Odyssey infrared imager and analysed with SEARCH-

LIGHT ARRAY software.

Statistical analyses

Non-parametric paired tests were used to assess differences

between chemokine concentrations in supernatants from cells

that were stimulated compared with cells incubated in med-

ium alone. Mann–Whitney U-tests were used to compare

results with cells from HIV+ and HIV� donors. Analyses

were performed with SPSS software (IBM, Armonk, NY).
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Results

Differential induction of co-stimulatory molecules by
hBD-3, Pam3CSK4 and LL-37

To assess monocyte responses to hBD-3, LL-37 or

Pam3CSK4, we incubated purified monocytes with these

various stimuli in overnight cell cultures and subse-

quently examined induction of co-stimulatory molecule

surface expression by flow cytometric analysis. Human

BD-3, and to a modest extent Pam3CSK4, induced CD80

expression in monocytes whereas LL-37 did not affect the

expression of this co-stimulatory molecule (Fig. 1a). All

three stimuli induced CD86 expression, although hBD-3

provided the most pronounced effects (Fig. 1b). As the

intensity of CD86 expression among CD86+ cells

appeared to be different depending on the stimuli, we

further assessed MFI of CD86+ cells in each experimental

condition (medium or medium plus various stimulants).

Both hBD-3 and LL-37 tended to increase the intensity

of CD86 expression above the levels observed in unstimu-

lated monocytes, whereas Pam3CSK4 did not (Fig. 1b).

Hence, co-stimulatory molecule expression is differen-

tially modulated by hBD-3, LL-37 and Pam3CSK4 in

human monocytes.

Importantly, we have previously tested hBD-3 from this

source for contaminants that might explain its activity.

The chemically synthesized hBD-3 reagent failed to acti-

vate a variety of TLR-expressing cell lines including

TLR4+ cells lines, the levels of endotoxin by Limulus

amoebocyte lysate assay were below the limits of

detection and the activity of the reagent was completely

inhibited by boiling.3 Therefore, the greater activity of

hBD-3 relative to the other stimulants is not readily

explained by contamination of the reagent.

Induction of chemokines by hBD-3, LL-37 or
Pam3CSK4 in monocytes

Inflammatory responses are shaped by activation of anti-

gen-presenting cells and by expression of chemokines that

draw different cell types into tissues. We considered the

possibility that hBD-3, LL-37 and Pam3CSK4 might dif-

ferentially induce chemokines from human monocytes.

Purified monocytes were stimulated overnight with hBD-

3, Pam3CSK4 or LL-37 at concentrations that optimally

induced co-stimulatory molecule expression on the sur-

face of monocytes. Cell culture supernatants were col-

lected for infrared cytokine arrays. Pam3CSK4 and hBD-3

induced a variety of chemokines from human monocytes

including Gro-a, macrophage-derived chemokine (MDC),

MCP-1, macrophage inflammatory protein 1a and 1b
(MIP-1a and MIP-1b) as well as the angiogenic factor,

vascular endothelial growth factor (VEGF) (Fig. 2). LL-37

had similar activity, although the responses appeared less

pronounced in general and not statistically significant for

VEGF induction. In contrast to the induction of chemo-

kines described above, we did not find evidence for sig-

nificant induction of a variety of other chemokines or

cytokines including Regulated upon activation normal

T-cell expressed and presumably secreted (RANTES),

myeloid progenitor inhibitory factor-1 or monokine

Figure 1. Differential induction of co-stimula-

tory molecules in monocytes activated by

human b-defensin-3 (hBD-3), Pam3CSk4 or

LL-37. Purified monocytes were incubated

overnight in medium alone or in medium sup-

plemented with hBD-3 (20 lg/ml), Pam3CSK4

(500 ng/ml) or LL-37 (20 lg/ml). CD80 and

CD86 expression was measured among CD14+

cells by flow cytometry. Representative histo-

grams are shown (a). Cumulative data from

five or six donors are shown for each condi-

tion (b). Delta CD80 (or CD86) mean fluores-

cence intensity (MFI) was calculated by

subtracting the MFI of CD80 (or CD86) on

monocytes in medium alone from the CD80

(or CD86) MFI in monocytes incubated with

each stimulus. MFI of CD86+ cells refers to the

MFI observed on cells gated only among the

CD14+ CD86+ events. Horizontal bars repre-

sent the mean of the data.
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induced by interferon-c (MIG) or IL-15 by any of the

stimuli tested (not shown). Overall, these data suggest

that a similar pattern of chemokine induction can be

induced from monocytes by these various stimulants,

although LL-37 seems to provide the least robust stimulus

at the concentrations tested.

To confirm that the chemokines induced by hBD-3

were monocyte-derived, PBMC or CD14-depleted PBMC

from two different donors were tested for chemokine

production after stimulation with hBD-3. With the excep-

tion of VEGF, we found evidence of induction of each of

these molecules in PBMC treated with hBD-3. Among the

other molecules tested, depletion of CD14+ cells resulted

in loss of hBD-3-induced chemokine induction in all

cases except for MIP1a (see Supplementary material,

Fig. S1). Overall, these data are supportive of a primary

role of monocytes as a source for these chemokines in

hBD-3-stimulated cell cultures.

Human BD-3 induces chemokines in monocyte-
derived macrophages

Expression of hBD-3 can be especially increased in

inflamed tissues. Therefore, it was important to ascertain

if cells that better resemble tissue macrophages might also

respond to hBD-3 stimulation. To generate macrophages,

purified CD14+ cells (purified by negative selection) were

incubated with M-CSF for 7 days as previously

described.2 The cells became large and granular by flow

cytometric analyses and produced high spontaneous levels

of MDC (Fig. 3), consistent with their maturation into

macrophages.12,13 After 7 days, culture supernatant from

monocyte-derived macrophages was replaced with fresh

media or fresh media plus hBD-3 and cells were then

incubated overnight. Chemokines were detected in super-

natants from these cells by infrared array. In three of four

experiments, hBD-3 induced Gro-a, MIP1a, MCP-1,

whereas in four of four experiments we found evidence

of MIP-1b and RANTES induction (Fig. 3). Unlike

monocytes, there was no evidence of induction of MDC

(Fig. 3) or VEGF (not shown) in these cells. It is possible

in the case of MDC that increased spontaneous produc-

tion of this chemokine may have limited the capacity for

further induction. These data suggest that the induction

of chemokines by hBD-3 is also likely to occur in more

mature, monocyte-derived macrophages.

Altered expression of chemokines in cells from HIV+
donors

We have recently demonstrated that monocytes from

HIV+ donors respond less well to hBD-3 stimulation as

determined by the induction of CD80 surface expression.

This defect was observed in cells from viraemic as well as

treated, aviraemic donors suggesting that viraemia was

not a critical determinant. To investigate the possibility

Figure 2. Induction of chemokines and angio-

genesis factors in monocytes stimulated with

human b-defensin-3 (hBD-3), Pam3CSK4 or

LL-37. Purified monocytes were incubated

overnight in medium alone (n = 6), hBD-3

(n = 6), Pam3CSK4 (n = 4) or LL-37 (n = 5)

as described in Fig. 1. Cell culture supernatants

were stored until analysed in batch by infrared

chemokine arrays. Statistically significant dif-

ferences (P < 0�05) were observed between

stimulated cells and unstimulated cells in each

condition except for vascular endothelial

growth factor (VEGF) induction by LL-37. The

lower limits of detection for each of the assays

was 2�5 pg/ml (Gro-a), 2�1 pg/ml (macro-

phage-derived chemokine; MDC), 2�5 pg/ml

(monocyte chemoattractant protein 1; MCP-1),

2�5 pg/ml (macrophage inflammatory protein

1a; MIP-1a), 3 pg/ml (MIP-1b) and 21 pg/ml

(VEGF). Horizontal bars represent the median

of the data.
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that chemokine induction might also be altered in HIV

infection, we compared hBD-3 induction of chemokines

in cells from nine HIV+ donors with that in monocytes

from six control donors. The HIV+ donors included three

viraemic donors (plasma HIV RNA levels of 28 124,

157 792 and 166 206 copies/ml) and six aviraemic donors

(< 48 copies/ml). The median CD4 cell count of our

HIV+ donors was 370 cells/µl, ranging from 140 to

871 cells/ll. Interestingly, several chemokines including

MCP-1, MIP-1a and MIP-1b were produced at height-

ened levels spontaneously in purified monocytes from

HIV+ donors that were incubated overnight in medium

alone (Fig. 4). After hBD-3 stimulation, induction of

VEGF, Gro-a and MDC were all diminished in cells from

HIV+ donors and a similar trend was noticed for MIP-1b
(Fig. 4). We have recently shown that hBD-3 can cause

membrane damage in monocytes from healthy donors at

the concentration used in these studies and that this

could result in cell death in a minority of monocytes.14

Comparison of propidium iodide staining in monocytes

cultured in medium alone or in medium supplemented

with hBD-3 did not demonstrate appreciable differences

in PI bright cells when comparing cells from HIV+ and

control donors, suggesting that cell death as a result of

hBD-3 exposure was not responsible for the differences in

chemokine induction by cells from HIV+ and HIV�

donors (%PI bright monocytes in cell cultures from

HIV+ donors versus % bright from control donors after

hBD-3 treatment). These data are consistent with our

previous observations suggesting that monocytes from

HIV+ donors are generally less readily activated by hBD-3

stimulation than cells from healthy controls11 and provide

evidence that monocytes from HIV+ donors may be more

likely to spontaneously release certain chemokines into

their environment than cells from healthy controls.

Chemokine receptor expression is not significantly
altered in cells from HIV+ donors

It is possible that monocytes from HIV+ donors may have

modified chemokine receptor expression that compensates

for modified chemokine production. Freshly isolated

monocytes from 18 healthy donors and 27 HIV+ donors

were stained with antibodies reactive against CD14 and

CD16 to identify monocyte subsets as CD14++ CD16�

(traditional monocytes), CD14++ CD16+ (inflammatory

monocytes) and CD14+ CD16++ (patrolling monocytes)15.

Each subset was evaluated for expression of CCR2 (MCP-1

receptor), CXCR2 (Gro-a receptor), CCR5 (b chemokine

receptor) and CCR4 (MDC receptor). The expression of

these receptors was clearly distinguishable between mono-

cyte subsets. CXCR2, CCR2 and CCR4 expression was

lower among CD14+ CD16++ patrolling monocytes,

whereas, CCR5 expression was markedly increased in this

subset compared with the other subsets (Fig. 5). Expres-

sion of chemokine receptors was mostly similar when com-

paring monocytes from HIV+ and HIV� donors with the

exception of a significant reduction in CCR4 expression

that was observed in CD14+ CD16++ patrolling monocyte

subset from HIV+ donors. A trend towards lower CXCR2

Figure 3. Induction of chemokines in mono-

cyte-derived macrophages by human b-defen-
sin-3 (hBD-3). Purified monocytes were

incubated with macrophage colony-stimulating

factor for 7 days. Cells were washed and fresh

medium was added. Some cells were stimu-

lated overnight with hBD-3 or left unstimu-

lated. Cell culture supernatants were assessed

by infrared array technology. Cells from four

different donors were tested.
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expression was noted among CD14++ CD16� traditional

monocytes from HIV+ donors, which was not significantly

different. The expression of chemokine receptors was not

correlated with age, or current or nadir CD4 cell counts

within our HIV+ population.

Discussion

We have previously shown that hBD-3 and Pam3CSK4

differentially induce expression of co-stimulatory mole-

cules in the surface of monocytes such that hBD-3

induces expression of CD86 and CD80, whereas

Pam3CSK4 only marginally affects CD86 expression and

may even cause down-modulation of this molecule.8 Our

results from these studies suggest that Pam3CSK4 can

induce CD86 although the density of CD86 expression is

not enhanced above background levels. As our previous

studies demonstrated a dependence on IL-10 production

for diminished CD86 induction by Pam3CSK4, it is pos-

sible that differences in the levels of IL-10 produced in

these cultures could account for the differences between

these studies and our previous observations.8 In addition,

we find that LL-37 induces increases in both percentages

and density of CD86 expression in monocytes in the

absence of CD80 induction. Interestingly, in most sam-

ples, CD86 induction is limited to a subset of monocytes

after LL-37 stimulation, suggesting that some monocyte

subsets may be more responsive to LL-37 than others.

Further studies of monocyte subset responses may pro-

vide insight into this possibility.

The significance of CD86 induction without CD80

induction by LL-37 is unknown as both of these mole-

cules serve as co-stimulatory ligands for CD28. Nonethe-

less, CD80 seems to interact better than CD86 with the

immunoregulatory receptor CTLA-4,16 and immune acti-

vation in the absence of either CD80 or CD86 may have

differential consequences for T-cell maturation.17 The dif-

ferential modulation of these co-stimulatory molecules

may therefore have important consequences for directing

T-cell maturation.

Induction of chemokines is a key mechanism for shaping

inflammatory microenvironments. Here we find evidence

that hBD-3 induces the expression of several chemokines

and angiogenesis factors (MCP-1, MIP-1a, MIP-1b, MDC,

Gro-a and VEGF) in monocytes and macrophages. MCP-1

acts in a similar manner to hBD-3 and can chemoattract

Figure 4. Altered chemokine expression in

HIV disease. Purified monocytes from HIV�

donors (n = 6) and HIV+ donors (n = 9) were

incubated overnight in medium alone or in

medium plus human b-defensin-3 (hBD-3;

20 lg/ml). Supernatants were assessed for

chemokine concentrations by infrared array.

Spontaneous production of certain chemokines

were elevated in cells from HIV+ donors (a),

while induction of chemokines by hBD-3

above the levels observed in cells incubated in

medium alone tended to be diminished in cells

from HIV+ donors (b). Horizontal bars repre-

sent the median of the data.
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monocytes via CCR2.18 Both MIP-1a and MIP-1b are

b chemokines that interact with CCR5 to attract memory

T cells19,20 and MDC mediates chemotaxis via CCR4,

resulting in the potential recruitment of T helper type 2

cells and dendritic cells.21 Gro-a binds CXCR2 and causes

the chemotaxis of neutrophils and monocytes.22,23 Similar

to VEGF, Gro-a can also play a role in the vascularization

of tissues.23,24 These findings provide evidence that hBD-3

orchestrates the influx of diverse pro-inflammatory cell

types not just by direct recruitment of CCR2+ cells but also

by activating monocytes and macrophages to release addi-

tional chemokines. Furthermore, induction of angiogenesis

factors by hBD-3 could contribute to tissue repair in some

cases and may also exacerbate tumour growth in circum-

stances where hBD-3 expression may be increased in or

near cancerous lesions.5

Monocytes from HIV+ donors display a variety of

phenotypic and functional alterations. These cells appear

to be activated in HIV disease as indicated by their

increased expression of CD69 and HLA-DR25,26 and are

also less capable of responding to type I interferon

stimulation.26,27 In these studies, we find that monocytes

from HIV+ donors more readily produce chemokines

(MCP-1, MIP-1a and MIP-1b) spontaneously in the

absence of overt stimulation and we find evidence that

monocytes are less able to release chemokines or growth

factors (VEGF, Gro-a and MDC) after stimulation with

hBD-3. Notably, the chemokines that are spontaneously

produced at high levels and the chemokines that are

less readily induced by hBD-3 in cells from HIV+

donors are not overlapping, suggesting that high back-

ground production of chemokines does not account for

failure to optimally induce their expression from these

cells.

Our studies also define the expression of chemokine

receptors on monocyte subsets in freshly isolated cells

from HIV+ donors. CCR5 and CCR2 expression appeared

to be relatively unperturbed in cells from HIV+ donors,

whereas CXCR2 and CCR4 expression was marginally

decreased in certain subsets. The potential reduction in

expression of these particular receptors in cells from

HIV+ donors together with the diminished induction of

their respective ligands after hBD-3 stimulation provides

evidence that these chemokine axes may be perturbed in

monocytes from HIV+ donors.

Monocyte function may be influenced in HIV disease

by exposure to microbial products or to type I interfer-

ons;28 however, the mechanism that accounts for

diminished responsiveness to hBD-3 stimulation in HIV

infection11 remains to be determined. Importantly, our

studies of chemokine induction in monocytes from

HIV+ donors represent only a small number of subjects

and we have only anecdotally examined responses in

viraemic and aviraemic subjects. From our previous

studies of CD80 induction by hBD-3, viraemia does

not seem to play a major role in diminished hBD-3

responsiveness;11 however, this may depend on the

functional read-out being investigated. Assessment of

monocyte responses to antimicrobial peptide-mediated

stimulation and discernment of the mechanism(s)

responsible for monocyte dysfunction may provide new

insights into immune deficiencies in HIV-infected per-

sons, including those persons receiving anti-retroviral

therapy.
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Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Peripheral blood mononuclear cells (PBMC)

or CD14-depleted PBMC from healthy control donors

were incubated overnight in medium alone or medium

plus human b-defensin-3 (hBD-3; 20 lg/ml). With the

exception of macrophage inflammatory protein 1a (MIP-

1a), CD14 depletion diminished chemokine expression in

PBMC, providing evidence that hBD-3-induction of

chemokines was dependent on CD14+ cells.

Figure S2. Peripheral blood mononuclear cells (PBMC)

were incubated with antibodies reactive to CD14, CD16,

CCR2, CXCR2, CCR5 and CCR4 for 10 min at room

temperature. Cells were washed and analysed on an LSRII

flow cytometer. Cellular debris and granulocytes were

removed from analyses by forward and side scatter gating.

Doublets were removed with FSC-H and FSC-A plots.

Cells that were CD14++ CD16�, CD14++ CD16+ and

CD14+ CD16++ were identified (a) and evaluated for

expression of CCR2, CXCR2, CCR4 and CCR5 as indi-

cated (b). An example from a healthy control donor is

shown.
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