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Human eosinophils display directed chemotactic activity toward an
array of soluble chemokines. Eosinophils have been observed to
migrate to draining lymph nodes in experimental models of allergic
inflammation, yet it is unknown whether eosinophils express CCR7,
a key chemokine receptor in coordinating leukocyte trafficking to
lymphnodes. Thepurposeof this study is todemonstrateexpression
of CCR7 by human eosinophils and functional responses to CCL19
and CCL21, the known ligands of CCR7. Human eosinophils were
purifiedbynegative selection fromhealthydonors.CCR7expression
of freshlypurified,unstimulatedeosinophilsandof IL-5–primedeosi-
nophils was determined by flow cytometry and Western blot. Che-
motaxis to CCL19 and CCL21 was measured in transwell assays.
Shape changes to CCL19 and CCL21 were analyzed by flow cytom-
etryandmicroscopy.Calciumfluxesoffluo-4AM–loadedeosinophils
were recorded by flow cytometry after chemokine stimulation. ERK
phosphorylation of CCL19- and CCL21-stimulated eosinophils was
measured by Western blot and Luminex assay. Human eosinophils
expressed CCR7 as demonstrated by flow cytometry and Western
blots. Eosinophils exhibited detectable cell surface expression of
CCR7. IL-5–primed eosinophils exhibited chemotaxis toward CCL19
and CCL21 in a dose-dependent fashion. Upon stimulation with
CCL19 or CCL21, IL-5–primed eosinophils demonstrated dose-
dependent shape changeswith polarization of F-actin and exhibited
calcium influxes. Finally, primed eosinophils stimulated with CCL19
or CCL21 exhibited increased phosphorylation of ERK in response to
bothCCR7 ligands.Wedemonstrate thathumaneosinophils express
CCR7andhavemultipotent responses to theknown ligandsofCCR7.
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Eosinophils are granulocytes that have been implicated as inte-
gral components of Th2 inflammation associated with allergic
airways inflammation. Although eosinophils have important func-
tions that are related to the release of cytotoxic cationic granule
proteins and of lipid mediators, including leukotriene C4, they
also have diverse immunoregulatory functions in innate and adap-
tive immunity (1).

Eosinophils display directed chemotactic activity toward an
array of soluble chemokines, including several chemokines that
bind to the eotaxin receptor CCR3 (2–6). Although CCR3 is a
highly expressed chemokine receptor, eosinophils express sev-
eral additional chemokine receptors (7, 8). Chemokines have
important effects on eosinophils beyond chemotaxis, causing
them to be activated and modulating their immunoregulatory

functions, as most prominently demonstrated by the multipo-
tent effects of CCL11 on eosinophils (6, 9–11).

Several types of leukocytes, including lymphocytes and den-
dritic cells, migrate to lymph nodes under the direction of the
chemokines CCL19 and CCL21 and their receptor CCR7, fa-
cilitating leukocyte interactions, such as antigen presentation,
within lymph nodes (12). We have previously demonstrated
in a murine model of airways inflammation that eosinophils
traffic to regional lymph nodes after exposure to antigen and
function as professional antigen-presenting cells (13). Other
researchers have observed eosinophil migration to draining
lymph nodes in murine allergic inflammation (14–16). Although
a prior report described inducible CCR7 expression in an eosin-
ophilic leukemia cell line, it is unknown whether primary human
eosinophils express CCR7 (17). That report also described che-
motaxis of human eosinophils to CCL21 but only after stimula-
tion with high concentrations of GM-CSF, IL-3, and IFN-g (17).

Here we document the expression of CCR7 by primary hu-
man eosinophils. We show that IL-5–primed eosinophils exhibit
chemotaxis, shape changes, calcium fluxes, and ERK phosphor-
ylation in response to CCL19 and CCL21, the known ligands of
CCR7. These findings identify CCR7 as functionally present in
human eosinophils and potentially important in modulating their
activation and immunoregulatory roles.

MATERIALS AND METHODS

Eosinophil Purification

Venous blood specimens were collected after informed consent under
protocols approved by the Institutional Review Board at Beth Israel
Deaconess Medical Center. Eosinophils were isolated from peripheral
blood of normal and mildly atopic blood donors by negative selection
(StemCell Technologies, Vancouver, BC, Canada) as previously de-
scribed (18). Eosinophil purity, assessed by Hema 3 staining (Fisher
Scientific, Waltham, MA) of cytocentrifuge smears, was routinely
greater than 99% of nucleated cells. Viability, assessed by trypan blue
(Life Technologies, Grand Island, NY) exclusion, was routinely greater
than 99%.

Eosinophil Priming

For experiments using IL-5–primed cells, purified eosinophils were
suspended in RPMI 1640 (supplemented with 10% FBS and 1%
penicillin/streptomycin) with 10 ng/ml recombinant human IL-5 (R&D
Systems, Minneapolis, MN) and incubated at 378C for 48 hours.
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CLINICAL RELEVANCE

Several lines of evidence have demonstrated that leukocytes
traffic to lymph nodes under the direction of the chemokine
receptor CCR7. We demonstrate here the novel findings that
human eosinophils express CCR7 and have multipotent
responses to the known ligands of CCR7, CCL19, and
CCL21. These findings are important in that they suggest that
eosinophil migration to lymph nodesmay be facilitated by the
presence of functional CCR7, potentially relevant to allergic
airways inflammation and eosinophilic pulmonary diseases.
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Antibodies and Reagents

Anti-CCR7 rabbit polyclonal antibody (Abcam, Cambridge, MA) and
corresponding blocking peptide (Abcam), anti–phospho-ERK1/2 mAb
(clone D13.14.4E; Cell Signaling, Danvers, MA), anti-ERK1/2 mAb

(clone 137F5; Cell Signaling), and rabbit polyclonal anti–glyceraldehyde
3-phosphate dehydrogenase antibody (GAPDH) (Sigma-Aldrich, St.
Louis, MO) were used for Western blotting. Anti-CCR7 unconjugated
mAb (clone E75; Abcam), Alexa 647-conjugated and Alexa 488-conjugated
anti-CCR7 mAbs (clone G043H7; Biolegend, San Diego, CA), and PE-
conjugated anti–Siglec-8 mAb (clone 7C9; Biolegend) were used for flow
cytometry. Recombinant humanCCL19 and CCL21 were fromR&DSystems.

Chemotaxis Assays

Transwell permeable supports containing polycarbonate mem-
branes with 5.0-mm pores (Corning, Lowell, MA) were used. IL-
5–primed eosinophils were resuspended in RPMI 1640 with 0.1%
ovalbumin, 24 mM Hepes, and 2 mM glutamine at a concentration
of 2 3 106 eosinophils per ml. The lower chamber below the trans-
well contained 600 ml of chemokine-containing medium or control
medium. Eosinophil suspensions (100 ml) were added to the upper
chamber. Eosinophil suspensions added directly to control medium
without a transwell were used as the reference standard for calcu-
lating the fraction of migrating cells. Wells for each experiment
were set up in duplicate. Plates were incubated for 1 hour at 378C.
Transwell inserts were removed, 6 ml of 0.5 M EDTA was added to
each well, and plates were incubated for 10 minutes at 378C. Cells
were counted in triplicate for 15 seconds by flow cytometry.

Eosinophil Shape Changes

Eosinophil shape changes were imaged using phase microscopy with an
inverted microscope (Nikon TE-300). Analyses of eosinophil cytoskel-
etal rearrangements by F-actin staining and measurement of shape
changes by flow cytometry were performed as previously described (19).

Measurement of Intracellular Calcium

Eosinophils (1.5 3 106 cells/ml) were loaded with 1 mM fluo-4 AM
(Life Technologies) in 1% FBS in Hanks’ balanced salt solution for
30 minutes at room temperature before chemokine stimulation. Fluo-
rescence changes were recorded over time by flow cytometry.

;

Figure 1. CCR7 expression by human eosinophils. Flow cytometry

events representing intact cells were analyzed, and debris was excluded
by forward- and side-scatter gating. Shaded histograms represent CCR7

staining and are overlaid on unshaded dashed histograms representing

irrelevant isotype control staining. (A) Flow cytometry of unstimulated,

freshly purified eosinophils and IL-5–primed eosinophils for surface ex-
pression of CCR7. Eosinophils demonstrating viability by propidium

iodide exclusion were included in the analysis. The histogram plots

show single experiments representative of four independent experi-
ments for unstimulated eosinophils and IL-5–stimulated eosinophils.

The set of histograms displayed is from the same donor. Data are

expressed as percentage of maximum cell count (% of Max). Forward

scatter versus CCR7 fluorescence plots of these data are presented in
Figure E2. Bar graphs depict geometric mean fluorescence intensity

(MFI) averaged over the four donors tested for the freshly purified,

unstimulated condition (P ¼ 0.08, paired t test; bars represent SEM)

and the IL-5–primed condition (*P , 0.03, paired t test; bars represent
SEM). (B) Flow cytometry of unstimulated, freshly purified eosinophils

and IL-5–primed eosinophils for total CCR7 expression. Eosinophils were

fixed in 2% paraformaldehyde and permeabilized with 90% methanol

before staining. The histogram plots are from a single donor and are
representative of four separate experiments from four separate donors.

Forward scatter versus CCR7 fluorescence plots of these data are pre-

sented in Figure E3. Bar graphs depict geometric MFI averaged over the
four donors tested (*P , 0.005, paired t test; bars represent SEM). (C)

Western blot for CCR7 of freshly purified, unstimulated eosinophils and

IL-5–primed eosinophils. Peripheral blood mononuclear cells (PBMCs)

from the donor providing eosinophils served as a positive control. Glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) expression served

as a loading control. Data are representative of four independent

experiments.
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Luminex Assay of Protein Phosphorylation

IL-5–primed eosinophils were subjected to lysis in buffer containing
1% Triton X-100, 10% glycerol, and 0.5% hexadecyl trimethylammo-
nium bromide, supplemented by protease inhibitor cocktail (Roche,
Basel, Switzerland) and phosphatase inhibitor cocktail (Sigma-Aldrich).
The quantities of phosphorylated ERK1/2 and of GAPDH in lysates
were assayed using commercially available multiplex kits (Millipore,
Billerica, MA).

RESULTS

CCR7 Expression by Human Eosinophils

We first sought to demonstrate expression of CCR7 on the sur-
face of human eosinophils. The eosinophil-specific marker

Siglec-8 was expressed by all cells after purification of eosino-
phils from whole blood, indicative of a pure eosinophil popula-
tion (see Figure E1 in the online supplement). Viability of
eosinophils by propidium iodide staining was routinely 97 to
99% after 48 hours of incubation in IL-5–containing medium
before antibody staining (data not shown). Eosinophils were stain-
ed with propidium iodide after primary and secondary antibody
staining, and only cells that demonstrated viability by propidium
iodide exclusion were included in the analysis. Cell surface staining
for CCR7 on nonpermeabilized human eosinophils, both freshly
purified and IL-5–primed, was performed and demonstrated
surface expression of CCR7 (Figure 1A and Figure E2; four
independent experiments from four separate donors each for
freshly purified and IL-5–primed conditions; three donors were
common to freshly purified and IL-5–primed conditions).

To confirm the expression of CCR7 by human eosinophils,
flow cytometry was performed for the expression of the total
pool of CCR7 in permeabilized, freshly purified, unstimulated
human eosinophils and in permeabilized, IL-5–primed (48 h)
human eosinophils. Eosinophils were fixed in 2% paraformal-
dehyde and permeabilized with 90% methanol before antibody
staining. Freshly purified, unstimulated eosinophils and eosino-
phils primed for 48 hours with IL-5 demonstrated uniform
expression of CCR7 (Figure 1B and Figure E3). For both unsti-
mulated and IL-5–primed eosinophils, geometric means (mean
fluorescence intensity) of aggregate data from four donors
showed statistically significant expression of CCR7 (Figure
1B; paired t test, P , 0.005 for both conditions; all four donors
were common to both conditions). When an alternative perme-
abilization method was used using 0.1% saponin, similar results
were observed, indicating that the CCR7 signal was not an ar-
tifact of the permeabilization process (Figure E4). In addition,
Western blots for CCR7 were performed in unstimulated eosi-
nophils and IL-5–primed eosinophils and showed expression of
CCR7 in both conditions (Figure 1C; data representative of four
independent experiments). When a CCR7 blocking peptide
against the primary antibody was present during primary anti-
body incubation, specific CCR7 signal was diminished on West-
ern blots (Figure E5).

Human Eosinophil Chemotaxis to CCL19 and CCL21

IL-5–primed eosinophils showed statistically significant chemo-
taxis (Wilcoxon matched pairs test, P , 0.05) to CCL19 and
CCL21 (200 ng/ml) compared with vehicle control (Figure 2A;

;

Figure 2. Chemotaxis of IL-5–primed human eosinophils to CCL19 and

CCL21. (A) Aggregate chemotaxis data averaged from 11 separate
donors. CCL19 and CCL21 concentration was 200 ng/ml in the lower

chamber. Migrating cells are expressed as a fraction of cells counted

when added directly without the presence of a transwell. For all che-

motaxis experiments, counts are representative of intact eosinophils
gated by forward- and side-scatter characteristics. *P , 0.05 compared

with vehicle control; **P , 0.05 compared with CCL19 (Wilcoxon

matched pairs test; bars represent SEM). (B) Chemokinesis assay with
200 ng/ml of CCL19 or CCL21 in upper chamber did not show statis-

tically significant nondirectional chemokinetic activity (Wilcoxon

matched pairs test). NS ¼ not significant compared with vehicle con-

trol. Bars represent SEM. Data are aggregated from three separate
experiments from three separate donors. (C and D) Dose-response of

eosinophil chemotaxis to CCL19 (C) and CCL21 (D). For CCL19 and

CCL21, chemotaxis increased as the concentration of chemokine in the

lower chamber increased (P , 0.05, one-way ANOVA for CCL19 and
CCL21). Data are aggregated from three independent experiments

from three separate donors.
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data aggregated from 11 independent experiments). Eosinophil
chemotaxis to 200 ng/ml CCL21 was greater than chemotaxis to
200 ng/ml CCL19 (Wilcoxon matched pairs test, P , 0.05).
Migration of IL-5–primed eosinophils was not due to nondirec-
tional chemokinetic activity, as assayed by transwell migration
with 200 ng/ml chemokine present in the upper chamber only
(Figure 2B). Dose-dependent chemotaxis of IL-5–primed
human eosinophils was observed for CCL19 (Figure 2C) and
CCL21 (Figure 2D) (P , 0.05, one-way ANOVA for both
CCL19 and CCL21; data aggregated from three experiments
for each chemokine). Chemotaxis for both chemokines in-
creased in a dose-dependent fashion.

Shape Change of Human Eosinophils to CCL19 and CCL21

IL-5–primed eosinophils demonstrated elongated shape change
in response to stimulation for 10 minutes with CCL11 (100 ng/ml),
CCL19 (2 mg/ml), and CCL21 (2 mg/ml) compared with rounded
untreated cells (Figure 3A). The inset images (Figure 3A) dem-
onstrate F-actin rearrangement and polarization by Alexa 488–
phalloidin staining (green), with nuclei stained by Hoescht dye
(blue). Shape change was confirmed by increased flow cytometric
forward scatter, which showed a marked shift to a larger forward-
scatter state with CCL19 and CCL21 stimulation (Figure 3B and
Figure E6). Mean forward scatter increased with escalating doses
of CCL19 and CCL21 (Figure 3C).

Calcium Influx of Human Eosinophils with CCL19

and CCL21 Stimulation

Freshly purified eosinophils demonstrated a small but observable
calcium influx when stimulated with CCL19 or CCL21 (1 mg/ml)

(Figure 4A). Calcium influx with CCL11 stimulation (100 ng/ml)
served as a positive control and was not affected by preceding
stimulation with CCR7 ligands. IL-5–primed eosinophils had
robust calcium influx detectable by flow cytometry when stim-
ulated by CCL19 and CCL21. There was no desensitization to
CCL11-mediated calcium influx from the preceding calcium
influx induced by CCR7 ligands (Figure 4A). CCL19- and
CCL21-mediated calcium influx in IL-5–primed eosinophils
had mutual cross-desensitization at high dose (5 mg/ml), consis-
tent with action of both chemokines through the same receptor
(Figure 4B). In addition, inhibition of calcium influx by pertussis
toxin was observed, consistent with the relevant receptor being
a G protein–coupled CC chemokine receptor (Figure 4C). Ex-
tracellular calcium chelation with EGTA in calcium-free me-
dium did not inhibit CCL19- and CCL21-mediated calcium
influx, indicative of intracellular release of calcium after stimu-
lation with CCR7 ligands (Figure 4C).

ERK Phosphorylation with CCL19 and CCL21 Stimulation

We assayed phosphorylation of ERK in IL-5–primed human
eosinophils after incubation with 500 ng/ml of CCL19 and
CCL21. Western blots showed an increase in phosphorylated
ERK1/2 at 1- and 3-minute time points with CCL19 and
CCL21 stimulation (Figure 5A). Phospho-ERK was only mini-
mally detected in unstimulated cells (time 0). To measure the
time course over a longer scale, we used a Luminex bead–based
approach to test eosinophils from four separate donors, mea-
suring the ratio of the signal for phospho-ERK to the signal for
GAPDH. We found that the early induction of phospho-ERK
by CCL19 and CCL21 abated at later time points, returning
almost to baseline in the case of CCL21 (Figure 5B).

Figure 3. CCR7-mediated shape changes and F-

actin rearrangement. (A) Visualization of shape

change by microscopy. Eosinophils were cultured
with IL-5 for 48 hours and then stimulated with

vehicle, CCL11 (100 ng/ml), CCL19 (2 mg/ml), or

CCL21 (2 mg/ml) for 10 minutes. F-actin staining

with Alexa 488–conjugated phalloidin appears in
green, and Hoescht nuclear staining appears in blue

(insets). (B) Quantification of shape changes at

above chemokine doses and duration by flow cyto-

metric analysis of forward scatter (FSC). Histograms
of shape change data are from a single experiment

representative of four separate experiments from

four separate donors. Forward-scatter versus side-
scatter plots of these data are presented in Figure

E6. (C) Aggregate data from shape change experi-

ments (four experiments). Bar graphs demonstrate

a concentration-dependent (10-min stimulation)
increase in mean forward scatter expressed as a ratio

to vehicle-treated control cells (Cont). (Dunnett’s

multiple comparisons test, *P , 0.05).
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DISCUSSION

We demonstrate that human eosinophils express the chemokine
receptor CCR7 and are functionally responsive to CCL19 and
CCL21, the known ligands of CCR7. Our data definitively show
that primary human eosinophils express CCR7 at the protein
level. The detection of CCR7 on the cell surface is consistent

with its functional relevance in human eosinophils. Furthermore,
eosinophils have not only demonstrable surface expression of
CCR7 in nonpermeabilized cells but significant stores of intracel-
lular CCR7 as well. The expression of CCR7 by human eosino-
phils is supported by its detection in permeabilized cells using
two distinct permeabilization methods (methanol and saponin
permeabilization) and detection by Western blot analysis.

Prior reports of intracellular pools of chemokine receptors in
leukocytes have been a source of controversy. Specifically, a re-
port of intracellular staining of lymphocytes of CCR5 detected
by flow cytometry (20) was refuted by a subsequent study sug-
gesting that the detection of intracellular CCR5 was an artifact
of the permeabilization method (21). We therefore used meth-
anol permeabilization and saponin permeabilization to confirm
our results. Both methods have been successfully used in dem-
onstrating intracellular cytokine or chemokine receptor expres-
sion by human eosinophils (22, 23). In addition, we confirmed
by Western blots the expression of CCR7 protein by human
eosinophils.

It has previously been shown that antigen-loaded mouse eosi-
nophils instilled intratracheally traffic to regional draining lymph
nodes, where they interact with CD41 T cells expressing
antigen-specific T-cell receptor (13). This interaction leads to
the activation and proliferation of T cells and to the production
of Th2 cytokines, specifically IL-4 (13). However, whether the
migration of eosinophils to draining lymph nodes in mouse
models of allergic inflammation is mediated by CCR7 has not
been established. Recent data by Jacobsen and colleagues indi-
cate that CCR7 may not be necessary for accumulation of eosi-
nophils in lymph nodes given that eosinophils from CCR72/2 mice
also migrate to draining lymph nodes (24). However, the im-
portance of CCR7-mediated chemotaxis to the movement of
eosinophils in humans remains unknown. Our data establish
that human eosinophils are capable of expressing CCR7 and
of responding in a multifaceted manner, including chemotaxis,
to stimulation by the ligands of CCR7. There has been addi-
tional recent precedent for the migration of granulocyte pop-
ulations in response to CCR7, with human neutrophils showing
chemotactic activity to CCL19 and CCL21 (25).

Unlike in the one prior report of eosinophil chemotaxis to
CCL21 (17), eosinophils were primed here in a more physio-
logic fashion with IL-5 before functional assays, with multiple
lines of evidence supporting the importance of IL-5 priming in
facilitating multipotent responses of eosinophils to chemokine
stimuli (26–29). Therefore, we used IL-5 priming in all of the
experiments demonstrating functional effects of stimulation

;

Figure 4. CCL19- and CCL21-induced calcium flux. (A) Purified unsti-

mulated eosinophils and IL-5–primed eosinophils were loaded with fluo-
4 AM, and calcium flux was recorded using flow cytometry. Baseline was

established for 35 seconds before chemokines were added. Arrows indi-

cate time of addition of CCL19 (1 mg/ml), CCL21 (1 mg/ml), or CCL11

(100 ng/ml). Data are representative of four separate experiments from
separate donors. (B) Cross-desensitization of CCL19 and CCL21 for

calcium flux. Calcium flux of IL-5–primed eosinophils was measured

as above. Arrows indicate time of addition of CCL19 (5 mg/ml) or
CCL21 (5 mg/ml). Data are representative of three separate experi-

ments from separate donors. (C) In the upper panel, IL-5–primed

eosinophils were pretreated with pertussis toxin (PTX) (1 mg/ml). In

the lower panel, eosinophils were resuspended in calcium-free medium
with 2 mM EGTA for 10 minutes before the addition of CCL19 and

CCL21. Arrows indicate time of addition of CCL19 (1 mg/ml) or CCL21

(1 mg/ml). Data are representative of three separate experiments from

separate donors.
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with CCR7 ligands. Chemotaxis was observed with submicro-
molar concentrations of CCL19 and CCL21, fully supportive of
migration of eosinophils in the presence of physiologically rel-
evant concentrations of these chemokines. We found that
CCL21 is a more potent stimulus for eosinophil chemotaxis than
CCL19. These data are in accordance with recent findings of
greater potency of CCL21 than CCL19 in inducing murine dendritic
cell chemotaxis in a three-dimensional experimental model (30).

Eosinophil shape change is consistent with a relationship
between chemoattractant-induced responses and the earliest
phases of leukocyte recruitment from the microcirculation
(31). Because shape change must occur before or during its
movement, we examined eosinophil shape change using micros-
copy and flow cytometry, observing this phenomenon by both
methods with CCL19 and CCL21 stimulation of IL-5–primed
human eosinophils. We found that eosinophil shape change to
stimulation by CCR7 ligands is a concentration-dependent process.
Significantly, eosinophils undergo cytoskeletal rearrangement with
F-actin polarization in response to CCL19 and CCL21, further

supporting a role for these chemokines in eosinophil motility
and recruitment.

Chemokines induce rapid fluxes in intracellular calcium after
receptor binding (32). We found CCL19- and CCL21-induced
calcium influx in IL-5–primed eosinophils as additional ev-
idence of functional binding of these chemokines to human
eosinophils. One advantage of using a flow cytometric approach
to analysis of calcium flux is the ability to assess the proportion
of cells responding to a given ligand (33). Only a small pop-
ulation of fresh eosinophils responded to CCL19 or CCL21,
although effective calcium influx was elicited by CCL11
(eotaxin-1). In contrast, a large proportion of total IL-5–primed
eosinophils responded to CCL19 or CCL21.

It is possible in mice and humans that the actions of CCL19
and CCL21 occur through an alternate and unidentified receptor
to CCR7. Conflicting data exist on the ability of humanCCL21 to
signal through CXCR3 as an alternative to CCR7 (34–36). The
data that we present demonstrating cross-desensitization of
calcium influx by CCL19 and CCL21 suggest that the two che-
mokines act on the same receptor in IL-5–primed human eosi-
nophils. CCR7 remains the only receptor that definitively has
functional binding to both CCL19 and CCL21. Although human
eosinophils express CXCR3 (37), given our detection of CCR7
in IL-5–primed eosinophils and the multiple effects seen of
CCL19 and CCL21 stimulation on IL-5–primed eosinophils,
our findings likely represent signaling through CCR7.

CCL19 and CCL21 also induced the early phosphorylation of
ERK in IL-5–primed human eosinophils. Although data from
Western blot and Luminex analysis are concordant in their find-
ings of early ERK phosphorylation, the precise point of peak
phosphorylation cannot be definitively identified between the
1- and 3-minute time points, perhaps partially due to variability
between donors. In dendritic cells, CCL19 and CCL21 stimula-
tion activates MAP kinase members and Rho, which indepen-
dently regulate chemotaxis and migratory speed, respectively
(38). ERK phosphorylation in eosinophils may parallel that ob-
served in dendritic cells, regulating chemotaxis and associated
events such as shape change and calcium flux.

The data presented here demonstrate that the ligands of
CCR7, CCL19, and CCL21 have wide-ranging effects on human
eosinophils, including chemotaxis, fully consistent with the expres-
sion of functional CCR7 by eosinophils and potentially relevant to
allergic airways inflammation and eosinophilic pulmonary disease.

Author disclosures are available with the text of this article at www.atsjournals.org.
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