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�-Defensins are small antimicrobial polypeptides that are
mainly expressed by epithelial cells and play an important role
in the antimicrobial innate immune response. In addition to the
direct microbicidal effects of these polypeptides, members of
the �-defensin super family have the capacity to promote local
innate inflammatory and systemic adaptive immune responses,
which are in part mediated by the CC-chemokine receptor
CCR6.Herewe report the expression of recombinantmBD4and
its human orthologue hBD2 fused to the constant domain of
human IgG1 to obtain correct folding and to increase stability
and solubility using the Drosophila S2 expression system. Puri-
fied recombinant mBD4:Ig and hBD2:Ig fusion proteins
retained potent antimicrobial activity against Gram-negative
and Gram-positive bacteria. Furthermore, these �-defensin
fusion proteins showed specific binding to CCR6-expressing
cells as revealed by flow cytometry. Interestingly, although
hBD2:Ig bound to both human and mouse CCR6-expressing
cells, mBD4:Ig did only bind tomCCR6-expressing cells but not
to hCCR6-expressing cells. Both �-defensin fusion proteins
demonstrated chemotactic activity for cells expressing the
mouse CC-chemokine receptor CCR6. The chemokine ligand
CCL20 competed with the �-defensin fusion proteins for spe-
cific binding to CCR6 as analyzed by fluorescence-activated cell
sorter analysis. Both �-defensin fusion proteins demonstrated
chemotactic activity for cells expressing themouseCCR6 recep-
tor, but mBD4:Ig did not induce chemotactic activity of cells
expressing human CCR6. This result supports our finding that
mBD4 does not interact with human CCR6-expressing cells.
Further evidence for specific interaction of the �-defensin
fusion proteins with CCR6-expressing cells is demonstrated by
the observation that CCL20 and �-defensin fusion proteins
desensitize each other in inducing chemotactic activity. In addi-
tion both mBD4:Ig and hBD2:Ig demonstrated CCR6-indepen-
dent chemotaxis of freshly isolated mouse resident peritoneal
cells and human peripheral bloodmononuclear cells, indicating
the interaction with another chemotaxis-inducing receptor.
Thus, the �-defensin fusion proteins used in this study retained
their biological activity and are a feasible tool to identify and
analyze specific �-defensin receptor interactions.

�-Defensins are cationic, antimicrobial peptides contribut-
ing to host defense against bacterial, fungal, and viral infections
(1). Mouse �-defensin 4 (mBD4,2 Defb4) is recognized as an
orthologue of human �-defensin 2 (hBD2 or DEFB102). Based
on the primary structural analysis, mBD4 demonstrates about
45% homology to its human orthologue on the protein level,
containing three conserved cysteine linkages, characteristic for
the �-defensin super family. Expression of mBD4-mRNA has
been detected in a number of tissues, e.g. trachea, tongue, and
epithelial cells lining various organs, and can be induced by
Toll-like receptor agonists such as lipopolysaccharide and by
proinflammatory stimuli (2). Immunohistochemical staining
revealed a strongly induced expression of mBD4 protein in
bronchial epithelial cells of the lung during the course of exper-
imental tuberculosis infection (3). A recent report demon-
strated an enhanced expression of mBD4 protein in the upper
and lower airway mucosa in mice after infection with human
influenza A virus (4). These results strongly suggest that mBD4
expression is also inducible in response to microbial organisms
andproinflammatory stimuli as described for othermembers of
the mouse �-defensin super family. The expression of its
human orthologue hBD2 is induced by various proinflamma-
tory stimuli, e.g. tumor necrosis factor, interleukin-1, and inter-
feron-� (5), and in response to pathogen-associated molecular
patterns (PAMPs) after infection with Gram-positive and
Gram-negative bacteria (6, 7). At the transcriptional level,
induction of hBD2-mRNA was detected in epithelial cells,
peripheral blood, monocytes, and keratinocytes (8–10).
In addition to having potent antimicrobial effects, previous

reports indicate that mouse �-defensin 2 (mBD2) activates
mouse dendritic cells through interacting with Toll-like recep-
tor 4 (TLR4) and many human and mouse �-defensins, e.g.
human �-defensin 2 (hBD2), hBD3,mBD2,mBD3 andmBD29,
are chemotactic for dendritic cells and memory T cells via the
chemokine receptor CCR6, thus, providing a link between
innate and adaptive immune responses (11–14). Although
�-defensin usage of CCR6 as a chemotactic receptor is docu-
mented in many reports, it has not been shown whether �-de-
fensins can specifically bind to CCR6. Furthermore, a more
recent study using chemically synthesized �-defensins con-
cluded that CCR6 was not involved in �-defensin-induced
migration of leukocytes (15). Therefore, it remains somewhat
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controversial whether CCR6 can bind to�-defensins andmedi-
ate its chemotactic effects.
To determine whether �-defensins can interact with CCR6,

we generated fusion proteins in which hBD2 or its mouse
orthologue mBD4 is fused to the Fc portion of human IgG1.
Here we report the successful expression and purification of
both �-defensin fusion proteins hBD2 and mBD4, which
retained their potent antimicrobial activity. Functional testing
by fluorescence-activated cell sorter analysis revealed specific
binding to the CC-chemokine receptor CCR6, which was par-
alleled by induction of chemotactic activity for CCR6-express-
ing cells.

EXPERIMENTAL PROCEDURES

Expression and Purification of the mBD4:Ig, hBD2:Ig, and
mCCL20:Ig Fusion Proteins—All fusion proteins were gener-
ated by insertion of the mBD4, hBD2, and mCCL20 cDNA
encoding for the mature polypeptides into the Signal Ig plus
vector (R&DSystems,Wiesbaden,Germany). The cDNAswere
subcloned into the pMTBiP/V5-His A expression vector
(Invitrogen) after PCR amplification of the mBD4:Ig, hBD2:Ig,
and mCCL20:Ig cDNAs using the following primers: 5�-CCC
AGA TCT AAT CCA ATA ACA TGC ATG-3� for mBD4–5�;
5�-CCCAGATCTGTTACGTGCCTGAAAAGCGG-3� for
hBD2–5�; 5�-CCCAGATCTATGGCCTGCGGTGGCAAG
CG-3� for mCCL20–5�; 5�-CG CGG CCG CCA TCA TTT
ACC CGG AGA CAG G-3� for human IgG1-Fc-3�. Stable
expressing S2 cells were selected and maintained in hygromy-
cin (0.3 mg/ml; Invitrogen). The �-defensin fusion proteins
were purified from the culture medium using HiTrap Pro-
tein G HP columns (GE Healthcare) according to the manu-
facturer’s instructions. Expression and purification of the
fusion proteins were confirmed by Western blotting using
peroxidase-conjugated donkey anti-human IgG monoclonal
antibody (Dianova, Hamburg, Germany). The constant
domain of human IgG1 without �-defensin fusion (hIgG1)
was expressed and purified as described above and used as a
negative control.
Antibacterial Assay—Bacteria (Escherichia coli, ATCC

25922; Bacillus subtilis, ATCC 6633) were grown in LB broth
(USB Corp., Staufen, Germany) to 1.0 A600 at 37 °C with vigor-
ous shaking (220 rpm) and diluted with MT-LB buffer (16 mM

disodiumhydrogen phosphate, 5mM sodiumdihydrogen phos-
phate, 150 mM sodium chloride, and 1% LB broth) to a final
concentration of 1 � 104 colony forming units/ml. Bacteria
were incubated on a shaker (220 rpm) for 3 h at 37 °C with 0–5
�g/ml mBD4:Ig, hBD2:Ig, hIgG1 in a volume of 100 �l and
plated at an appropriate dilution on LB-agar plates. LB-agar
plates were incubated overnight at 37 °C, and colony forming
units were determined. Antibacterial assays were performed in
triplicate. Results were presented as the mean � S.D. of tripli-
cate. Three independent experiments were performed, and
representative data are shown.
Flow Cytometric Analysis—All staining and washing steps

were performed for 20 min on ice in phosphate-buffered saline
containing 2% fetal calf serum and 0.05% azide. Mouse and
human CCR6 expressing HEK293 (mCCR6/293, hCCR6/293)
cells were washed and incubated with 10% rat serum to prevent

nonspecific binding. 1 � 106 cells were incubated with 1 �g/ml
control Ig (hIgG1), mCCL20:Ig, or �-defensin fusion protein.
After washing, the cells were labeled with phycoerythrin-con-
jugated anti-human IgG-Fc antibody (Dianova), washed, and
analyzed by flow cytometry. In competitive inhibition assays 1
�g/ml mCCL20 or hCCL20 (Peprotech, Rocky Hill, NJ) was
added 20min before the addition ofmBD4:Ig or hBD2:Ig fusion
protein. Three separate experiments were performed, and rep-
resentative data are shown.
Target Cell Preparation and Chemotaxis Assay—HEK293

cells expressing mCCR6 (mCCR6/293) or hCCR6 (hCCR6/
293) were maintained in Dulbecco’s modified Eagle’s medium
containing 10% fetal calf serum and 800 �g/ml G418 and used
in a chemotaxis assay when they reached 60�70% confluence.
Human peripheral blood enriched in mononuclear cells was
obtained from healthy donors by leukapheresis (Transfusion
Medicine Department, Clinical Center, National Institutes of
Health, Bethesda, MD, with the approved human subjects’
agreements). The blood was centrifuged through Histopaque-
1077 (Sigma), andperipheral bloodmononuclear cells collected
at the interface were washed with phosphate-buffered saline.
After centrifugation through an iso-osmotic Percoll (GE
Healthcare) gradient, the enriched monocytes (PBMs) were
obtained from the top of the gradient. Mouse resident perito-
neal cells (RPCs) were obtained by lavage of the peritoneum of
8-week-old C57BL/6 mice with 5 ml of ice-cold phosphate-
buffered saline containing heparin (20 units/ml) and EDTA (5
mM). Both HEK293 cells and primary cells were suspended in
chemotaxis medium (RPMI 1640 containing 1% bovine serum
albumin, 20 mM HEPES, 2 mM L-glutamine, 100 units/ml peni-
cillin, and 100 �g/ml streptomycin) at 1 � 106/ml. The migra-
tion of both types of cells in response to chemoattractants
(�-defensins or control chemotactic factors) was determined
using the 48-well microchemotaxis chamber assay. In brief,
chemoattractants diluted in chemotaxis medium at the indi-
cated concentrations were put into the lower wells of a 48-well
microchemotaxis chamber (Neuro Probe, Cabin John, MA),
and cell suspension was added into the upper wells. The lower
and upper compartments were separated by a 5-�m uncoated
(for primary cells) or a 10-�m collagen-coated (for HEK293
cells) polycarbonate filter membrane (Osmonics, Livermore,
CA). In certain experiments primary cells were preincubated
with 100 ng/ml chemoattractant (as indicated) for 30 min at
37 °C in humidified air containing 5% CO2. After incubation at
37 °C for 1.5 h for primary cells and 5 h for HEK293 cells in
humidified air with 5% CO2, the filters were removed, scraped,
and stained, and the number of cells migrating across the filter
was counted under a light microscope. The results (mean �
S.D. of triplicate wells) were presented as the number of cells
per high power field. Three independent experimentswere per-
formed, and representative data are shown.
Sequence Alignment—The alignment of amino acid se-

quences was performed using the ClustalW algorithm.

RESULTS

Expression and Antimicrobial Activity of the mBD4:Ig and
hBD2:Ig Fusion Proteins—The mBD4 (Defb4) protein demon-
strated 45% homology to hBD2 on the protein level, with sig-
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nificantly lower homology to hBD1
(31%), hBD3 (20%), and hBD4
(20%). Furthermore, the character-
istic cysteine residues of the �-de-
fensin super family were completely
conserved (Fig. 1a). To obtain cor-
rect folding and increased stability
and solubility of the recombinant
�-defensins, we expressed the ma-
ture mBD4 and hBD2 polypeptides
as fusion proteins fused to the con-
stant domain (Fc) of human IgG1
(mBD4:Ig, hBD2:Ig) in theDrosoph-
ila S2 system. As a positive control,
we also expressed mouse CCL20
fused to human IgG1 (mCCL20:Ig)
(Fig. 1b). Stable expression of the
mBD4:Ig, hBD2:Ig, and mCCL20:Ig
fusion proteins followed by purifi-
cation and Western blot analysis
using an anti-human IgG antibody
resulted in detection of a single pro-
tein band with the expected appar-
ent molecular mass of �37kDa (Fig.
1c). The recombinant expressed
fusion proteins retained antimicro-
bial activity against Gram-negative
and Gram-positive bacteria. The
mBD4:Ig and hBD2:Ig killed E. coli
and B. subtilis with a concentration
as low as 1 �g/ml at physiological
salt concentrations (Fig. 2, a–d).
The antimicrobial effect ofmBD4:Ig
and hBD2:Ig is comparable with
previously reported recombinant
�-defensins (6, 17, 18). In contrast,
recombinant human IgG1 without
�-defensin fusion (hIgG1) did not
exhibit any antimicrobial activity
against E. coli or B. subtilis (Fig. 2,
e and f), demonstrating that the
�-defensin component of the
hIgG1 fusion proteins seems to be
responsible for the antimicrobial
effect.
Binding of mBD4:Ig and hBD2:Ig

to CCR6-expressing Cells—�-De-
fensins have been shown to be che-
motactic by interacting with the
chemokine receptor CCR6. Thus,
CCR6 is able to act as a receptor for
�-defensins as well as the chemo-
kine CCL20. Interaction of �-de-
fensins with the CCR6 receptor has
so far only been detected indirectly
based on the induction of chemo-
tactic activity for CCR6-expressing
cells. We, therefore, proposed to

FIGURE 1. Expression of mBD4 and its human orthologue hBD2 as IgG1-Fc fusion proteins. a, alignment is
shown of the predicted amino acid sequence of mBD4 with other human �-defensins using the ClustalW
algorithm. Conserved residues among mBD4 and hBD2 are shown in gray, and conserved cysteine residues are
highlighted in black. b, schematic drawing of the �-defensin fusion proteins is shown. c, shown is a Western blot
analysis of the recombinant expressed mBD4:Ig, hBD2:Ig, and mCCL20:Ig fusion proteins using a peroxidase-
conjugated donkey anti-human IgG monoclonal antibody for detection. MW, molecular mass marker.

FIGURE 2. Antimicrobial activity of the mBD4:Ig and hBD2:Ig fusion proteins. Antimicrobial assays were
performed as described under “Experimental Procedures” using E. coli (ATCC 25922) and B. subtilis (ATCC
6633). To determine the number of colony forming units (CFU), serial dilutions of samples with or without the
indicated concentrations of the fusion proteins were plated, and colony counts were performed 24 h later. Data
are the means � S.D. of one representative experiment of three, each done in triplicate.
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show the direct binding of mBD4:Ig and hBD2:Ig to CCR6-
expressing HEK293 cells.
Incubation of mouse CCL20:Ig (mCCL20:Ig) with mouse

(mCCR6/293)- or human CCR6- (hCCR6/293)-expressing
HEK293 cells, as detected with an anti-human IgG-phyco-

erythrin conjugate, resulted in con-
sistent binding of mCCL20:Ig to
mCCR6- or hCCR6-expressing
HEK293 cells (Fig. 3, a and d).
No binding was observed when
mCCR6- or hCCR6-expressing
HEK293 cells were incubated with
recombinant human IgG1 without
�-defensin fusion (hIgG1). HBD2:Ig
fusion protein demonstrated bind-
ing to both mCCR6- and hCCR6-
expressing cells (Fig. 3, c and f). In
contrast, mBD4:Ig fusion protein
was species-specific and bound to
mCCR6-expressing cells but not to
cells expressing hCCR6 (Fig. 3, b
and e).
To further verify specific inter-

action of the �-defensin fusion
proteins with their respective CCR6
receptor, we performed desensi-
tization assays by preincubation
of mCCR6-expressing cells with
mCCL20- or hCCR6-expressing cells
with hCCL20 before adding the �-de-
fensin fusion protein (mBD4:Ig and
hBD2:Ig) followed by detection with
an anti-human IgG-phycoerythrin
conjugate. The binding of mBD4:Ig
to mCCR6 as well as the binding of
hBD2 to hCCR6 was partially inhib-
ited by the prior addition of an equal
amount of mCCL20 or hCCL20

(Fig. 4), providing additional evidence to support specific bind-
ing of the �-defensin fusion proteins to their respective CCR6
receptor.
MBD4 and hBD2 Induced Chemotactic Activity of CCR6-ex-

pressing Cells—Previous studies have revealed that hBD2 is
chemotactic for CD45RO� memory T cells and for immature,
but not mature dendritic cells. The chemotactic activity has
been shown to be mediated by the human CC chemokine
receptor 6 (CCR6), (11). Furthermore, mBD2 and mBD3 are
chemotactic for immature mouse dendritic cells as well as
HEK293 cells transfected to express mouse CCR6 (11, 13).
Recently, we have demonstrated that themBD14:Ig fusion pro-
tein is chemotactic for CCR6-expressing cells as well as for
freshly isolated mouse RPCs (19). In line with these experi-
ments, we tested mBD4:Ig and its human orthologue hBD2:Ig
for their chemotactic effect on HEK293 cells expressing
mCCR6 or hCCR6. As shown in Fig. 5a, mCCL20 induced
dose-dependent chemotactic activity of cells expressing
mCCR6. Recombinant mBD4:Ig and hBD2:Ig fusion proteins
also induced migration of mCCR6-expressing HEK293 cells in
a dose-dependent and typical bimodal manner. Recombinant
human IgG1 did not induce any chemotactic activity ofHEK293
cells expressingmCCR6 (Fig. 5b). The dose-dependent chemo-
tactic activity of mBD4:Ig and hBD2:Ig toward mCCR6-ex-
pressing cells was abrogated after preincubation of the

FIGURE 3. Binding analysis of mBD4:Ig, hBD2:Ig, and mCCL20:Ig to CCR6-expressing cells using flow
cytometry. Shown is fluorescence-activated cell sorter analysis as described under “Experimental Procedures”
of mCCL20:Ig, mBD4:Ig, and hBD2:Ig (black line) using mouse CCR6 (a– c) and human CCR6 expressing HEK293
cells (d–f), respectively, and hIgG1 as a negative control (filled gray) in each experiment. Data represent one
experiment of three independent experiments.

FIGURE 4. Competition assays for binding of mBD4:Ig and hBD2:Ig to
mCCR6- and hCCR6-expressing cells. HEK293 cells stably transfected with
mCCR6 were incubated with 1 �g/ml mBD4:Ig (black line) or 1 �g/ml hIgG1
(filled gray) (a), and cells transfected with hCCR6 were incubated with 1 �g/ml
hBD2:Ig (black line) or 1 �g/ml hIgG1 (filled gray) (b). For competition analysis
transfected HEK293 cells were pretreated with mCCL20 (a) or hCCL20 (b) 20
min before the addition of �-defensin fusion proteins (dashed line). Binding
was determined by flow cytometry using a phycoerythrin (PE)-conjugated
anti-human IgG-Fc antibody. Data show one representative experiment of
three independent experiments.
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mCCR6-expressing cells with mCCL20, indicating that CCR6-
specific desensitization resulted in an unresponsiveness of the
cells toward �-defensin fusion proteins (Fig. 5, c and d). Fur-
thermore, desensitization of mCCR6-expressing cells using

mBD4:Ig or hBD2:Ig resulted in
unresponsiveness of the cells to-
ward mCCL20 (Fig. 5e). These
results clearly demonstrate that
mBD4 and hBD2 are capable of 1)
binding to and 2) inducing chemo-
tactic activity of cells using the
mouse CC chemokine receptor 6.
Based on our binding results us-
ing hCCR6-expressing cells and
mBD4:Ig and hBD2:Ig fusion pro-
teins, we tested mBD4:Ig and
hBD2:Ig for their chemotactic effect
onHEK293 cells expressing hCCR6.
Human CCL20 induced dose-de-
pendent chemotactic activity of
cells expressing hCCR6 (Fig. 6a).
Although recombinant hBD2:Ig fu-
sion protein also induced migration
of hCCR6-expressing HEK293 cells
in a dose-dependent and typical
bimodal manner, mBD4:Ig failed to
induce any chemotactic activity of
cells expressing hCCR6 (Fig. 6b).
This result is in accordancewith our
observation that mBD4:Ig did not
bind to hCCR6-expressing cells as
revealed by fluorescence-activated
cell sorter analysis. Recombinant
human IgG1 did not show any che-
motactic activity for HEK293 cells
expressing hCCR6 (Fig. 6b). The
dose-dependent chemotactic activ-
ity of hBD2:Ig toward hCCR6-ex-
pressing cells was abrogated after
preincubation of the hCCR6-ex-
pressing cells with hCCL20 (Fig. 6c),
and conversely, the chemotactic
activity of hCCL20 was abrogated
by preincubating hCCR6-expressing
cellswithhBD2:Ig (Fig. 6d), indicating
that specific desensitization of cells
expressing hCCR6 could be achieved
by �-defensins.
Furthermore, we analyzed the

chemotactic activity of recombi-
nant mBD4:Ig and hBD2:Ig for
mouse resident peritoneal cells and
human peripheral blood mononu-
clear cells. In line with previous
experiments using mBD14:Ig (19),
both mBD4:Ig and hBD2:Ig fusion
proteins were chemotactic for
freshly isolatedmouse RPCs and for

human PBMs (Fig. 7, a and b). Because these cells do not
express CCR6, mBD4 and hBD2 presumably use at least one
additional as yet undescribed chemotactic receptor besides
CCR6.

FIGURE 5. Chemotactic activity of mBD4:Ig and hBD2:Ig for mouse CCR6-expressing cells. The migration
of mock transfected HEK293 cells and HEK293 cells stably expressing mCCR6 in response to various concen-
trations of mCCL20 (a) and recombinant mBD4:Ig, hBD2:Ig and hIgG (b) was tested using a 48-well chemotaxis
chamber assay. The migration of HEK293 cells stably expressing mCCR6 in response to various concentrations
of recombinant mBD4:Ig (c) and hBD2:Ig (d) after preincubation with mCCL20 (100 ng/ml) or in response to
various concentrations of mCCL20 after preincubation with mBD4:Ig or hBD2:Ig (e) was tested using a 48-well
chemotaxis chamber assay as described under “Experimental Procedures.” Data are the means � S.D. of one
representative experiment of three, each done in triplicate. HPF, high power field.

�-Defensin Binding and Chemoattraction of CCR6� Cells

7032 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 285 • NUMBER 10 • MARCH 5, 2010



DISCUSSION

We expressed mBD4 and hBD2 fused to the constant region
of human IgG1 in Drosophila S2 cells. The secretion of these
fusion proteins by S2 cells circumvents the problem of recov-
ering a bactericidal polypeptide from bacterial host cells in suf-
ficient biologically active amounts. In addition, correct folding
is often a problem in polypeptides with a higher number of
cysteine residues (20) and is achieved more readily using insect
than bacterial cells. Although the antimicrobial activity of
hBD2 either synthesized or produced in E. coli has been exten-
sively tested using various Gram-positive and Gram-negative
bacterial strains, fungi, and viruses (21–23), little is known
about the antimicrobial activity of its mouse orthologuemBD4.
The recombinant mBD4:Ig and hBD2:Ig fusion proteins both
retained potent bactericidal activity against both Gram-posi-

tive and Gram-negative bacteria at
physiological salt concentrations.
Taking advantage of the human

IgG1-Fc tail fused to the �-defensin
moiety, we tested the binding ability
of these �-defensin fusion proteins
to mCCR6- and hCCR6-positive
cells by using an anti-human Fc spe-
cific antibody for detection. Mouse
CCL20:Ig as well as mBD4:Ig
and hBD2:Ig demonstrated specific
binding tomCCR6-expressing cells.
No binding was observed using the
unfused hIgG1 protein or HEK293
cells that do not express mCCR6 or
hCCR6. Binding specificity of the
�-defensin fusion proteins was ver-
ified by the addition of equal
amounts of human ormouse CCL20,
resulting in competitive inhibition of
binding to human or mouse CCR6,
respectively. Although both human
and mouse �-defensins bound
mCCR6-expressing HEK293 cells,
interestingly, mBD4:Ig failed to
bind to cells expressing the human
CCR6 receptor. Themolecular basis
of this species-specific binding to
CCR6 is yet unclear and needs to be
addressed in the near future. This to
our knowledge is the first report
demonstrating direct species-spe-
cific binding of mBD4:Ig and
cross-species binding of hBD2:Ig
to the chemokine receptor CCR6
as revealed by fluorescence-acti-
vated cell sorter analysis.
Several studies demonstrated

that �-defensins can induce chemo-
tactic activity by interacting with
CCR6 and that the chemotactic
activity can be inhibited by pertussis
toxin, suggesting that this is medi-

ated byG�1 protein-coupled receptors (24). Additionally, it has
been demonstrated that intramolecular disulfide bonding is
important for the chemotactic activity of �-defensins and that
alterations of the cysteine residues affects the chemotactic
activity of the polypeptide (25). Recently, we were able to dem-
onstrate that mBD14, the functional orthologue of human
�-defensin 3 (hBD3), is chemotactic for cells expressing
mCCR6 (19). These results were independently verified byTay-
lor et al. (16), demonstrating that single cysteine residues are
needed for the chemotactic function of hBD3 and mBD14 but
also that additional residues within the correct folded �-de-
fensins are important for their chemotactic activity. Incorrect
folding probably accounts for the recent report suggesting that
�-defensins do not act through CCR6 (15). Our results clearly
demonstrate that the specific binding of �-defensins to CCR6,

FIGURE 6. Chemotactic activity of mBD4:Ig and hBD2:Ig for human CCR6-expressing cells. The migration
of mock-transfected HEK293 cells and HEK293 cells stably expressing human CCR6 in response to various
concentrations of hCCL20 (a) and recombinant mBD4:Ig, hBD2:Ig, and hIgG (b) was tested using a 48-well
chemotaxis chamber assay. The migration of HEK293 cells stably expressing human CCR6 in response to
various concentrations of recombinant hBD2:Ig after pre-incubation with human CCL20 (100 ng/ml) (c) or in
response to various concentrations of human CCL20 after pre-incubation with hBD2:Ig (d) was tested using a
48-well chemotaxis chamber assay as described under “Experimental Procedures.” Data are the means � S.D.
of one representative experiment of three, each done in triplicate. HPF, high power field.
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as revealed by flow cytometry analysis, correlates with the
induction of chemotactic activity in cells expressingCCR6. Fur-
thermore, preincubation with the functional chemokine ligand
for CCR6 specifically induced homologous desensitization and
inhibited subsequent chemotactic responses to the tested�-de-
fensins. However, the chemotactic activity of mBD4:Ig and
hBD2:Ig toward freshly isolated primary mouse RPCs and
humanPBMs, as reported for other�-defensins, is independent
of CCR6 as these cells do not express CCR6.
Consequently, both of these �-defensins use at least one

additional chemotactic receptor besides CCR6. We have
recently identified CCR2 as responsible for the chemotactic
effect on these defensins on monocytes.3 The chemotactic
activities of �-defensins predict that they contribute to the

recruitment of immune cells to the sites of infection, thereby
supporting innate and adaptive immune responses.
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FIGURE 7. Chemotactic activity of mBD4:Ig and hBD2:Ig for freshly iso-
lated mouse RPCs and human PBMs. The migration of freshly isolated
mouse RPCs (a) and freshly isolated human PBMs in response to various con-
centrations of recombinant mBD4:Ig, hBD2:Ig and hIgG1 (b) was tested using
a 48-well chemotaxis chamber assay as described under “Experimental Pro-
cedures.” Data are the means � S.D. of one representative experiment of
three, each done in triplicate. HPF, high power field.
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