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Background: The CXC chemokine receptor 4 (CXCR4) ispre-
dominantly expressed on inactivated naive T lymphocytes, B
lymphocytes, dendritic cells, and endothelial cells. CXC
chemokine stromal cell-derived factor 1a (SDF-1a) isthe only
known ligand for CXCRA4. To date, the CXCR4 expression and
function of SDF-1a in basophils are unknown.

Objective: The purpose of this study was to investigate the
expression of CXCR4 and functions of SDF-1a in basophils
and to characterize therole of the CXCR4-SDF-1a receptor
ligand pair in the allergic inflammation.

Methods: Basophil purification, flow cytometry, real-time
quantitative RT-PCR assay, Northern blotting, intracellular
free Ca2* change, chemotaxis assay, and histamine release
assay were used.

Results: CXCR4 is abundantly expressed on peripheral blood
resting basophils (91%). Likewise, CXCR4 messenger (m)RNA
is expressed in resting basophils (3.2 x 103 copies per 2 x 102
cells). The existence of CXCR4 mRNA was also confirmed in
basophils by means of Northern blot analysis. SDF-1a induces
an increasein intracellular free Ca2* in basophils. SDF-1a
activates basophils to chemotaxis (chemotactic index = 3.8)
and histamine release (36% of total content) through CXCR4
on the cells. The chemokines SDF-1a, eotaxin, RANTES,
monocyte chemoattractant protein (MCP) 1, and macrophage
inflammatory protein (MI1P) 1a have been demonstrated at
different potenciesin induction of chemotaxis (ectaxin > SDF-
1la > RANTES OMCP-1>> MIP-1a) and histamine release
(MCP-1 O0SDF-1a > eotaxin > RANTES > MIP-1a). The opti-
mal concentration seen for SDF-1a effects (chemotaxis and
histamine release) on basophils was 100 ng/mL.

Conclusion: Theseresultsindicate that the CXCR4-SDF-1a
receptor ligand pair may beimportant for the recruitment and
activation of the basophils, which is a characteristic effector
cell of the allergic inflammation. (J Allergy Clin Immunol
2000;106:313-20.)
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The CXC chemokine receptor 4 (CXCR4), with the
CXC chemokine stromal cell-derived factor 1a (SDF-
1a) as the only known ligand, has been shown to be an
important coreceptor for HIV-1 infection.l CXCR4 is
predominantly expressed on the naive, inactivated,
CD26'ovCD45RA*CD45R0O- T-cell subset of periphera
blood lymphocytes,2 B lymphocytes,3 dendritic cells4
endothelial cells,5 and mature polyploid megakaryo-
cytes.6 CXCR4 expression is rapidly upregulated on
PBMCs during PHA stimulation and IL-2 priming, and
cellular responsiveness to SDF-1a is simultaneously
increased.2 SDF-1a is a highly efficacious lymphocyte
chemoattractant. It induces an increase in intracellular
free Ca2* ([Ca?*];) and chemotaxis in CX CR4-transfect-
ed cells and inhibitsinfection by CXCR4-dependent HIV
virus.l To date, the CXCR4 expression has not been
reported in basophils. In the present study we have doc-
umented that CXCR4 is abundantly expressed on human
peripheral blood resting basophils. CXCR4 messenger
(m)RNA expression in resting basophils has been detect-
ed by real-time quantitative RT-PCR and Northern blot-
ting. SDF-1a induces an increase in [Ca2*]; in basophils.
Furthermore, SDF-1a activates basophils into chemo-
taxis and induces histamine release through CXCR4 on
the cells, which is demonstrated by the fact that anti-
CXCK4 mAb blocks SDF-1a-induced chemotaxis and
histamine release. Our results suggest that the CXCR4-
SDF-1a receptor ligand pair isimportant for the recruit-
ment and activation of basophils.

METHODS
Basophil purification

As described elsewhere,” 50 mL of EDTA-anticoagulated venous
blood from healthy nonallergic subjects was immediately subjected
to adiscontinuous Percoll gradient to obtain basophil-enriched cells
followed by depletion of contaminating cells by addition of Dy-
nabeads M-450 (CD3, CD4, CD8, CD14, CD15, and CD19). The
purity of basophils ranged from 85% to 95%, as determined by using
the Alcian blue staining method. In some experiments, subsequent to
the negative selection, a positive selection was applied by using Dy-
nabeads M-450 coated with mouse anti-IgE receptor mAb (CRA-1,
Cosmo BioCo Ltd) to obtain greater than 99% basophils.

Flow cytometry

As previously described,8 freshly isolated basophils were first
incubated with a mouse anti-human CXCR4 mAb (clone number
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Abbreviations used
[Ca?*];: Intracellular free Ca2*
CXCR: CXC chemokine receptor
fMLP: N-formyl-Met-Leu-Phe
MCNC: Migrating cells on negative control
MCP: Monocyte chemoattractant protein
MIP: Macrophage inflammatory protein
SDF-1a: Chemokine stromal cell-derived factor 1a

44708.111, R&D Systems Europe Ltd) at 5 pg/mL or 5 pg/mL
matched isotype mouse 19G,, (Dako) in PBS containing 2% human
pooled AB serum and 0.1% sodium azide for 20 minutes. The cells
were then washed twice in staining buffer and resuspended in FITC-
conjugated F(ab), donkey anti-mouse mAb (1:250 vol/vol, Jackson
ImmunoResearch Laboratories Inc) for 20 minutes, followed by
washing twice in staining buffer. The cells were incubated with a
rabbit anti-human IgE mAb (Dako)® at 5 pg/mL in PBS containing
2% human pooled AB serum and 0.1% sodium azide for 20 minutes,
followed by washing twice. Finally, the cells were labeled with phy-
coerythrin-conjugated goat anti-rabbit mAb (1:250 vol/vol, Sigma
Chemica Co) for 20 minutes and washed twice in staining buffer.
All procedures were carried out at 4°C. The analyses were per-
formed with a flow cytometer (COULTER XL). In some experi-
ments the stained cells were spun down on a slide and photographed
under a conventional immunofluorescence microscope (400x).

Real-time quantitative RT-PCR assay

All real-time quantitative RT-PCR experiments were performed,
as described elsewhere 1011 Briefly, total RNA from peripheral rest-
ing basophils (2 x 10° cells, purity >99%) was prepared by using
Quick Prep Total RNA Extraction Kit (Pharmacia Biotech), and any
potential contaminating chromosomal DNA was digested with
DNAse | according to the manufacturer’s instructions. For reverse
transcription, the RNA was reverse transcribed by using oligo
(dT)1,.15 @d Superscript 1l reverse transcriptase (Life Technolo-
gies), according to the manufacturer’s instructions. Reverse tran-
scription was performed for 60 minutes at 37°C, and any potential
contaminating protein was denatured by incubation for 10 minutes
at 95°C. Quantitative PCR was performed in special optical tubesin
a 96-well microtiter plate (PE Applied Biosystems) format on an
ABI PRISM 7700 Sequence Detector Systems (PE Applied Biosys-
tems), according to the manufacturer’s instructions. The following
sequences of the specific primers for CXCR4 (DNA Technology)
and B-actin (PE Applied Biosystems) were used: CXCR4 sense 5'-
CAGCGGTTACCATGGAGGG-3"; CXCR4 antisense, 5- TTC-
CTCGGTGTAGTTATCTGAAGTGT-3"; CXCRA4-specific probe,
5-ATCAGTTCCATTCCTTTGCCTCTTTTGCA-3; B-actin
sense, 5-ATTGCCGACAGGATGCAGAA-3’; B-actin antisense,
5"-GCTGATCCACATCTGCTGGAA-3; B-actin—specific probe,
5-CAAGATCATTGCTCCTCCTGAGCGCA-3".

These oligonucleotide sequences were designed by using soft-
ware Primer Express 1.0 (PE Applied Biosystems). They span exon
junctions to prevent amplification of genomic DNA. Tagman uni-
versal PCR master mix (PE Applied Biosystems) containing Passive
Reference 1 (ROX) was used to normalize for non-PCR—related
fluctuationsin fluorescence signal. The reporter dye was 6-carboxy-
fluorescein, and the quencher was 6-carboxy-tetramethyl-rho-
damine. The standard DNA template with known amounts of mole-
cules (1.0 x 103, 2.0 x 103, 4.0 x 103, 1.0 x 104, 2.0 x 104, and 1.0
x 105 per well) and no-template controls were used to create stan-
dard curves. All unknown complementary (C)DNAs were diluted to
contain equal amounts of B-actin cDNA. The standards, no-tem-
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plate controls, and unknown samples were added in a total volume
of 50 L per reaction. PCR retaining conditions were 2 minutes at
50°C and 10 minutes at 95°C and 40 cycleswith 15 seconds at 95°C
and 60 seconds at 60°C for each amplification. Potential PCR prod-
uct contamination was digested by uracil-N-glycosylase because
deoxythymidine triphosphate is substituted by deoxyuridine
triphosphate.10 All PCR experiments were performed with a hot
start. In the reaction system uracil-N-glycosylase and AmpliTag
Gold (PE Applied Biosystems) were applied according to the man-
ufacturer’s instructions.10.11 To analyze data of PCR products, two
terms were used to express the results: AR,,, representing the nor-
malized reporter signal minus the baseline signal established in the
first few cycles PCR, and Cy (threshold cycle), representing the
PCR cycle at which an increase in reporter fluorescence signal
above a baseline can first be detected.

Northern blot analysis

As previously described,12 total RNA from peripheral basophils
or different cells as indicated was prepared by using Quick Prep
Total RNA Extraction Kit (Pharmacia Biotech). Five micrograms of
total RNA from each sample was el ectrophoresed under denaturing
conditions, followed by blotting onto Nytran membranes (Schleich-
er & Schuell Inc) and cross-linked by using UV irradiation. cDNA
probes were |abeled with a-phosphorous 32 deoxycytidine triphos-
phate. CXCR4 cDNA probe was obtained by PCR amplification of
the sequence mentioned above from total RNA of CD3* T lympho-
cytes from umbilical blood. The membranes were hybridized
overnight with 106 cpm/mL of phosphorous 32-1abeled probe, fol-
lowed by intensively washing with 0.2x standard saline citrate (1x
standard saline citrate = 0.15 mol/L NaCl and 0.015 mol/L sodium
citrate, pH 7.0) and 0.1% SDS before being autoradiographed.

Intracellular free Ca2+ change
g

As previously described,13 approximately 50,000 purified
basophils were loaded with fura 2-acetooxymethylester (2 pmol/L) at
37°Cinatotal volume of 1 mL of Pipeshbuffer. The cellswere washed
once with Pipes buffer. The fura 2-AM—- oaded basophils were resus-
pended in Pipes buffer. Samples of 1-mL basophil suspensions were
placed in a specialy constructed chamber (Nunc). The chamber was
placed at a digital imaging system consisting of Zeiss Axiovert 135
microscope, a light sensitive video camera (Genesys, DAGE MTI),
and software from Universal Imaging Company. One hundred micro-
liters of either SDF-1a or macrophage inflammatory protein (MIP)
la (final reaction concentration, 50 ng/mL or 0.5 ng/mL) and
ionophore (final reaction concentration, 0.1 nmol/L) was applied
from the top of the chamber directly onto the basophil suspensions
and gently mixed to ensure immediate and uniform exposure of the
cellsto the chemokine or reagent tested. The changes in [Ca2*]; were
determined by the gray values from a single cell or total cells and
were converted into [Ca2*]; by dividing fluorescence emissions mea
sured after 340 and 380 nm excitation. The Rmax value was 1.1, and
the Rmin value was 0.1. The dissociation constant for fura 2 was 224
nmol/L, and sf2/sh2 was 2.

Chemotaxis assay

The following human recombinant chemokines were studied:
SDF-1a, eotaxin, RANTES, monocyte chemoattractant protein
(MCP) 1, and MIP-1a (R&D Systems Europe Ltd). The chemotaxis
assay was a 48-well microchamber (Neuro Probe) technique.14
Briefly, chemokines were diluted in RPMI-1640 with 0.5% BSA
and placed in the lower wells (25 pL). Fifty microliters of the cell
suspension at 1 x 105 cellsymL was added to the upper well of the
chamber, which was separated from the lower well by a 5-pum pore
size, polycarbonate, polyvinylpyrolidone-free membrane (Nucleo-
pore). The chamber was incubated for 120 minutes at 37°C in an
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FIG 1. Double color flow cytometric analysis of the distribution of CXCR4 (B) on resting human basophils
(left side), including observation under an immunofluorescence microscope (right side). The cells were
freshly isolated from healthy nonallergic donors, as described in the “Methods” section. A, A matched iso-
type mouse IgG,, negative control for CXCR4. The percentages of CXCR4+ cells are indicated in the
“Results” section. The cells were stained as detailed in the “Methods” section. The pictures on the right
side are observations under immunofluorescence microscope with FITC light. The data are from a single
experiment, which is representative of 4 similar experiments performed.

atmosphere containing 5% CO,, allowing the cells to migrate
toward the chemokine indicated. Then the membrane was carefully
removed, fixed in 70% methanol, and stained for 5 minutes in
Coomassie brilliant blue. The cells that migrated and adhered to the
lower surface of the membrane were counted by using alight micro-
scope. Approximately 6% of basophils will migrate spontaneously
(known as migrating cells on negative control [MCNC]),15 corre-
sponding to between 250 and 400 cells. This may vary from day to
day, but it varies very little within the same day’s experiments. The
chemokine-induced degranulation will not affect the chemotaxis
assay because Coomassie brilliant blue stains nuclear protein, and
only the number of migrating cellswill be taken into account in the
assay. The results were expressed as the chemotactic index, which
is the ratio between the numbers of migrating cells in the sample
and those in the medium control14 and with SD. For blocking tests
of basophil chemotaxis toward SDF-1a, the cells were preincubated
with either anti-CXCR4 mAb (5 pg/mL, R&D Systems Europe Ltd;
clone number 12G5) or with isotype mouse 1gG,, (5 pg/mL) for 60
minutes at room temperature before chemotaxis assay. In some
experiments the cellswere primed with I1L-3 (10 ng/mL) for 10 min-
utes before chemotaxis assays.

Histamine release assay

The following human recombinant chemokines or reagents were
studied in histamine release assays. SDF-1a, eotaxin, RANTES,
MCP-1, MIP-1a, N-formyl-Met-Leu-Phe (fMLP; Sigma), and
mouse anti-human IgE (Dako). The purified basophils were tested
either freshly primed or IL-3 primed (10 ng/mL for 10 minutes). His-
tamine release was performed as described elsewhere.16 Briefly, the

cells were suspended at a concentration of 50,000 cells per milliliter
in Pipes buffer, and aliquots of 25 pL of purified basophils were
added in glass fiber—coated microtiter plates (The RefLab), of which
25 pL of stimulus had previoudly been added to each well (total reac-
tion volume, 50 pL). All stimulations were performed in duplicates,
and the glass fiber—coated microtiter plates were incubated for 60
minutes at 37°C. During incubation, released histamine will adsorb to
the glassfibers with high affinity and selectivity. After incubation, the
plates were rinsed with deionized water, followed by another incuba-
tion with 175 pL of 0.4% SDS per well for 30 minutes at 37°C to
ensure a complete remova of interfering substances. Subsequently,
the plates were rinsed again with deionized water. The histamine
release was determined by using the o-phthal dial dehyde method and
expressed in percentages of the total content of histamine, which was
determined after cell lysis in an identical aiquot of the sample.16
Spontaneous histamine releases were less than 5% in all experiments.

RESULTS
CXCR4 is expressed on basophils

We examined the expression of CXCR4 on human
peripheral resting basophils. The results from flow cyto-
metric analyses document that in freshly isolated basophils
there are 91.3% of CXCRA4* and surface-bound IgE* cells?
whereas CXCR4* IgE- cdll fractions congtitute less than
2% (Fig 1, B, left; contaminating lymphocytes morpholog-
ically determined under immunofluorescence microscope).
There are more than 95% surface-bound IgE* cellsin both
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FIG 2. The plots of the real-time detection and amplification for CXCR4 in cDNA of resting basophils. A, Red
plots represent the amplification for CXCR4 in cDNA samples; orange plots represent the amplification for
CXCR4 in 10-fold diluted cDNA samples. Blue plots represent the amplification of standard DNA template
(2.0 x 104 copies) with a housekeeping gene (B-actin). Cts were 20.8 for standard DNA template, 25.4 for
CXCR4 in cDNA samples, and 26.6 for CXCR4 in 10-fold diluted cDNA samples. B, Red plots represent the
amplification for B-actin in cDNA samples; orange plots represent the amplification for B-actin in 10-fold
diluted in cDNA samples. Blue plots represent the amplification of standard DNA template (2.0 x 104 copies)
with a housekeeping gene (B-actin). Cys were 20.8 for standard DNA template, 22.5 for B-actin in cDNA sam-
ples, and 24.8 for B-actin in 10-fold diluted in cDNA samples. C, The linear relationship between C; and log
starting quantity (SQ) of standard DNA template (black circles) or target (CXCR4 and B-actin) in cDNA sam-
ples (red circles). The plots are representatives of 4 similar experiments. D, CXCR4 mRNA Northern blot of
different cells. Total RNA from different cells as indicated were isolated, electrophoresed, and blotted, as
described in the “Methods” section. The hybridization signals for CXCR4 mRNA from different cells were
shown in the upper panel. The 28S recombinant RNAs in the lower panel confirm comparable amounts of

loaded total RNA.

the CXCR4 mAb and the matched 1gG,, isotype antibody-
negative control (Fig 1, A and B, left), indicating the purity
of isolated periphera basophilsin this experiment. A posi-
tive staining has been observed with an immunofluores-
cence microscope (Fig 1, B, right). The negative control
was isotype mouse 1gG,, (Fig 1, A, right).

CXCR4 mRNA is expressed in basophils

The results in Fig 2, A, show that mRNA of CXCR4
has been detected in the human peripheral resting
basophils (purity >99%). Compared with the amplifica-
tion of the standard DNA template (2.0 x 104 copies)
with a housekeeping gene (B-actin), there are approxi-
mately 3.2 x 103 copies of CXCR4 in the tested 5-uL
samples of original cDNA product from 2 x 105 resting
basophils (red plots), and there are approximately 2.5 x
102 copies for CXCR4 in the tested 5-puL 10-fold diluted
samples of cDNA product from 2 x 105 resting basophils
(orange plots). Theresultsin Fig 2, B, show that mRNA
of a housekeeping gene (B-actin) has been detected in
samples of the human peripheral resting basophils. Com-
pared with the amplification of standard DNA template
(2.0 x 104 copies) with a housekeeping gene (B-actin),
there are approximately 6.5 x 103 copies for B-actin in

the tested 5-uL samples of original cDNA product from
2 x 105 resting basophils (red plots), and there are
approximately 7 x 102 copies for -actin in the tested 5-
pL 10-fold diluted samples of cDNA product from rest-
ing basophils (orange plots). In al experiments the cor-
relation coefficients are around 0.94. Additionally,
identical quantitative RT-PCR results have been obtained
from experiments by using SYBR Green as a reporter
(basophil purity >99%, data not shown). CXCR4 mRNA
expression in basophils has also been confirmed by
Northern blotting, as shown in Fig 2, D. In the upper
panel basophils indeed expressed CXCR4 mRNA,
whereas T lymphocytes abundantly express CXCR4
MRNA (as a positive control). CXCR4 mRNA is aso
weakly expressed in KU812 (basophilic cell line),
whereas it is not seen in eosinophils. In the lower panel
it is showing that comparable total RNA amounts from
different cells have been added.

SDF-1a induces increase in [CaZ+]; in
basophils

SDF-1a induces an increase in [Ca2*]; in basophils.
There is an immediate increase in [Ca2*]; on SDF-1a
(CXCR4 ligand) stimulation at a concentration of 50
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ng/mL (Fig 3, B and D) but no increase in [Ca?*]; a a
lower dose (0.5 ng/mL; Fig 3, A). MIP-1a, which is
known to activate the basophils and has been used as a
positive control (Fig 3, C; 50 ng/mL), where it induces
less increase in [Ca2*]; in purified basophils. A maximal
increase in [Ca2*]; is demonstrated by an addition of ion-
omycin after stimulation with SDF-1a and MIP-1a. In
Fig 3, D, the changes of intercellular free Ca2* in 9 indi-
vidual basophils were recorded simultaneously after
stimulation with SDF-1a.

SDF-1a induces chemotaxis in basophils
through CXCR4

We have examined the abilities of SDF-1a, eotaxin,
RANTES, MCP-1, and MIP-1a to induce basophil
chemotaxis. SDF-1a has induced significant basophil
chemotactic migration. The results in Table | show that
SDF-1a induces chemotactic migration in freshly isolated
basophils, yielding typical bell-shaped, dose-dependent,
chemotaxis response curves. The optimal chemotactic
concentration of SDF-l1a is at 100 ng/L. Eotaxin,
RANTES, and MCP-1 have been used as positive con-
trolsthat have also induced a stronger or similar basophil
chemotactic migration (Table I). The different chemotac-
tic potencies of the chemokines applied are as follows:
eotaxin > SDF-1a > RANTES 0O MCP-1 >> MIP-1a.
Interestingly, IL-3 priming has not potentiated basophil
chemotaxis induced by the chemokines applied. To con-
firm that the basophil chemotaxis we have observed is
indeed induced by SDF-1a through CXCR4, we have
used anti-CXCR4 mADb to block the basophil chemotac-
tic activity of SDF-1a. The anti-CXCR4 mAb can com-
pletely block the SDF-lo-induced chemotaxis of
basophils (chemotactic index = 1.08 £ 0.06 and MCNC
=237 £ 59 at 100 ng/mL; P <.001, n = 3), whereas the
isotype antibody has no blocking effect at al (chemotac-
tic index = 3.18 £ 0.27 and MCNC = 203 + 55 at 100
ng/mL; P > .05, n = 3). We have aso used anti-CCR3
mAb (clone number 7B11, Leukocite, Inc), which actu-
aly binds to basophils in the blocking test. The anti-
CCR3 mAb cannot block SDF-la—-induced basophil
chemotaxis but completely blocks eotaxin-induced
basophil chemotaxis (data not shown). These results
demonstrate that SDF-1a induces chemotaxis in
basophils through the CXCR4. In our experimental sys-
tem chemotactic indices of 1.8 to 2.0 are considered
moderate, 2.1 to 3.0 are considered strong, and greater
than 3.1 are considered very strong.1517

SDF-1a induces histamine release in
basophils through CXCR4

We have examined the abilities of SDF-1a, eotaxin,
RANTES, MCP-1, MIP-1qa, aIgE, and fMLP to induce
basophil histamine release. Interestingly, SDF-1a has
induced histamine release in purified basophilsin a dose-
dependent manner (Fig 4). The resultsin Fig 4 show that
SDF-1a induces histamine release in freshly isolated
basophils, yielding typical bell-shaped, dose-dependent,
response curves. The optimal release concentration of
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FIG 3. The changes of [Ca2+]; in total human basophils or a single
basophil after chemokine stimulation. The fura 2-loaded
basophils were stimulated with 0.5 ng/mL SDF-1a (A) or 50
ng/mL (B and D) and with 50 ng/mL MIP-1a (C). lonomycin was
applied at a final concentration of 0.1 nmol/L. B and C, Averaged
changes of [Ca2+]; in the total cells. D, The changes of [Ca2+]; in 9
individual basophils were recorded simultaneously after stimula-
tion with SDF-1a. The figures are representatives of 3 similar
experiments.

SDF-1a isat 100 ng/mL (36% of total histamine content).
Eotaxin, RANTES, and MCP-1 have been used as posi-
tive controls, al of which haveinduced histamine release.
SDF-1a induces a significantly higher histamine release
from basophils compared with MIP-1a, which is in
agreement with previous reports. As expected, the a-IgE
and fMLP also induce histamine release from freshly iso-
lated basophils. The different histamine release potencies
of the chemokines applied are as follows: MCP-1 [1SDF-
la > eotaxin > RANTES > MIP-1a. Interestingly, IL-3
priming has potentiated histamine release from basophils
induced by these chemokines applied with the exception
of MIP-1a. Anti-CXCR4 mAb (5 pg/mL) completely
inhibits SDF-1a—induced histamine release in purified
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FIG 4. The histamine release of basophils induced by a-IgE, SDF-1a, eotaxin, RANTES, MCP-1, MIP-1a, and
fMLP as indicated. The basophils were isolated from venous blood from healthy volunteers and incubated
without (open squares) or with IL-3 (filled squares) at 10 ng/mL for 10 minutes before histamine release
assay. The chemokines indicated in the figure were applied as indicated in the “Methods” section. The con-
centrations of chemokines or other reagents are indicated in the figure as 7, 2, 3, 4, and 5. They represent
12.5, 25, 50, 100, and 1000 ng/mL for chemokines (0-5 represent 5, 12.5, 25, 50, 100, and 1000 ng/mL for SDF-
1a); 4, 10, 40, 100, and 400 U/mL for a-IgE; and 10-10, 10-9, 10-8, 10-7, and 10-¢ mol/L for fMLP, respectively.
All illustrated data were determined as described in the “Methods” section and expressed as percentages
based on triplicate determination of histamine release on each concentration of chemokine or other
reagent. The data are from a single experiment, which is representative of 5 similar experiments performed.
On average, SDF-1a-induced (at 100 ng/mL) histamine releases of basophils are 20.6% = 12.9% in freshly
isolated cells and 37.8% + 18.7% in IL-3-primed cells. The statistical data for 5 conducted experiments show
that there is a statistically significant difference (P < .02) in freshly isolated basophil histamine release ver-
sus IL-3-primed basophil histamine release at optimal concentrations of each corresponding chemokine
applied, except MIP-1a. There is no statistically significant difference (P > .05) in freshly isolated basophil
histamine release versus IL-3—-primed basophil histamine release induced by MIP-1a and fMLP.

TABLE I. Chemotaxis of untreated and IL-3—primed basophils toward chemokines
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Chemokinet

Untreated basophils® IL-3-primed basophils™

1* 10 100 1000 MCNC 1 10 100 1000

MCNC

SDF-1a
Eotaxin
RANTES
MCP-1
MIP-1a

1.08 £ 0.12
114+ 0.24
112+ 0.12
1.11+0.12
1.01+0.26

327 £ 59
297 + 48
297 + 48
327 £ 59
297 + 48

0.98+0.18% 355+ 0.34 3.8+0.31
1.09+0.17 439+040 45+0.62
112+ 0.18 2.88+0.21 3.04+ 1.06
1.05+0.16 2.07+0.37 281+0.14
1.06+0.39 1.93+0.18 1.97+0.31

1.05+£0.13 3.66+ 0.17 3.59+0.32 1.29+ 0.28 320+ 60
118+ 0.11 329+ 0.46 441+ 0.29 149+ 0.26 262+ 42
131+£0.28292+046 3.11+0.29 119+ 0.26 262+ 42
1.07+£0.08 205+ 0.32 3.03+0.11 1.12+0.36 320+ 60
1.07+0.30 1.85+ 0.31 1.99+0.28 1.03+ 0.10 262+ 42

*Basophils were isolated from venous blood from healthy volunteers and incubated with or without IL-3 (10 ng/mL) for 10 minutes before chemotaxis assay.
fChemokines indicated in the table were applied as indicated in the “Methods” section.
*Concentrations of chemokines were applied in nanograms per milliliter.

SAll listed data were determined as described in the “Methods” section and expressed as chemotactic index + SD, which was based on triplicate determination
of chemotaxins on each concentration of chemoattractant. The listed data are from a single representative experiment of 5 performed. Among the 5 experi-
ments, 100 ng/mL SDF-1a produced an average chemotactic index of 4.12 + 0.62 in freshly isolated cells and a chemotactic index of 3.39 + 0.37 in IL-
3—primed cells. The statistical analysis of 5 experiments shows that there was no statistically significant difference (P > .05) between freshly isolated basophil
chemotaxis and |L-3—primed basophil chemotaxis in any concentration of the chemokines applied.

basophils (<5% of total histamine content), whereas anti-
IgE—induced histamine rel eases have not been affected by
anti-CXCR4 mAb (34% of total histamine content). Thus
these results demonstrate that SDF-1a induces histamine
release in basophils through CXCR4. Additional experi-
ments have demonstrated that SDF-1a induces histamine
release in dextran-sedimented leukocytes from normal
subjects (n = 12, data not shown).

DISCUSSION

Several CC chemokines and their receptors have been
considered to play an important role in alergic inflam-
mation because of their abilities to activate

basophils.1819 Human blood basophils express high
numbers of the chemokine receptors CCR1, CCR2, and
CCR3, which subsequently bind to their ligands MCP-1,
MCP-3, MCP-4, eotaxin, and RANTES to activate the
cells20-24 So far, few studies have addressed CXC
chemokine receptors and the functions of their ligandsin
human peripheral blood basophils. However, it has been
demonstrated that human basophils express CXCR1 and
CXCR2 and that IL-8 and growth-regulating oncogene
induce activation of basophils.2526 CXCR4 is broadly
expressed in the cells of the immune system! and the
cells in the central nervous system.27 It can mediate
migration of different resting or activated leukocytes and
hematopoietic progenitors in response to its ligand SDF-
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FIG 5. Schematic diagram to illustrate the interaction of the SDF-1a-CXCR4 pair in various cell types.

la. It has been found that beyond T lymphocytes and
monocytes, SDF-1a also attracts naive and memory, but
not germinal center, B lymphocytes.3 To our knowledge,
it isthefirst report that human peripheral blood basophils
express CXCR4, which has been here documented at
both the protein and mRNA levels. We have also demon-
strated that on binding to its receptor CXCR4 on
basophils, SDF-1a causes a rise of [Ca?*]; influx,
chemotactic migration, and histamine release. Thus the
CXCR4-SDF-1a receptor ligand pair may be important
for the recruitment and activation of basophils, which are
characteristic effector cells of alergic inflammation.
Basophils express high levels of C5areceptors, CCR2,
CCR3, CXCR1, CXCR2, and platelet-activating factor
receptors and lower levels of fMLP receptors. Chemoat-
tractant receptors mediate different cellular responses
unrelated to their expression levelsin terms of leukocyte
C4 formation and release.?8 It has been shown that CC
chemokines activate basophil and eosinophil leukocytes
with different selectivities and patterns of activity. The
most effective are MCP-1, MCP-2, and MCP-3.
RANTES is a weak stimulus of mediator release and a
strong chemoattractant for basophils and eosinophils.2®
CCRS3 is the major receptor for eotaxin, eotaxin 2,19
RANTES, and MCP-4 in human basophils. The charac-
teristic effector cells of allergic inflammation, basophils

and eosinophils, are largely dependent on CCRS3 for
migration toward different chemokines into inflamed tis-
sues.21 Natural human C5adesarg is a strong inducer of
release of inflammatory mediators by human basophils,
particularly in several cytokine-primed cells. It triggers
basophil mediator release superior to that of other
endogenous |gE-independent agonists, such as MCP-1,
IL-8, C3a, and platelet-activating factor. Priming of
basophils with either IL-3, IL-5, GM-CSF, or nerve
growth factor enhances histamine release and conditions
the cellsto produce large amounts of leukotriene C4.30 In
the present study we have compared the different chemo-
tactic potencies of chemokines. We have found that the
applied chemokines can induce basophil chemotaxis
with different potencies (eotaxin > SDF-1a > RANTES
OMCP-1 >> MIP-1a). Interestingly, IL-3 priming has
not affected the basophil chemotactic response to the
chemokines applied. Moreover, we have also compared
the histamine release of basophils induced by the
chemokines applied, resulting in the following ranking of
potencies: MCP-1 [0 SDF-1a > eotaxin > RANTES >
MIP-1a. In contrast to chemotaxis experiments, IL-3
priming has potentiated histamine release from basophils
induced by the chemokines applied (except MIP-1a).
Our results are in agreement with other studies demon-
strating that chemokines activate basophil leukocytes
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with different selectivities and patterns of activity.18-24.28-30
The novel findings about CXCR4 expression on
basophils and SDF-1a as an activator of basophils will
draw certain attention, and therefore the considerations
of the mechanisms of allergic basophil recruitment
should include the possibility that the SDF-1a-CXCR4
receptor ligand pair participates. A schematic diagram to
illustrate SDF-1a-CXCR4 receptor ligand pair interac-
tion in various cell types, including those of the alergic
response, was developed (Fig 5). It overall describes the
main findingsin SDF-1a-CXCR4 pair studies so far. The
findings of CXCR4 in HIV coentry and angiogenesis
were not included to simplify the figure.

In conclusion, the SDF-1a-CXCR4 pair seems to rep-
resent a new signal-activation system of the basophil.
Interestingly, SDF-1a has been described as a constitu-
tive, rather than an inflammatory, chemokine,3! whereas
we have here found that it induces chemotaxis and hista-
mine release in basophils, processes that are usually
associated with allergic reactions. This could indicate
that the SDF-1a CXCR4 pair is more important for
inflammation than previously believed, that the basophil
may participate in other biologic functions such as
postinflammatory regenerative processes, or both.

We thank Hans O. Madsen and Lars P. Ryder (The National Uni-
versity Hospital, Denmark) for their useful suggestions and Gitte
Pedersen and Anne Corfitz for their excellent technical assistance.
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