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Abstract Apart from their direct antimicrobial activities
against invading pathogens, antimicrobial peptides exhibit
additional protective functions that have led to their being
named host defense peptides (HDPs). These functions
include the stimulation of the production of cytokines/
chemokines, the promotion of chemotaxis and cell prolifer-
ation and the induction of angiogenesis and wound healing.
AG-30/5C is a novel angiogenic HDP that in addition to
its antimicrobial activity also activates fibroblasts and
endothelial cells and promotes angiogenesis and wound
healing. Given that mast cells are found primarily in the
vicinity of vessels, where they are intimately involved in
wound healing, we hypothesized that AG-30/5C may acti-
vate mast cells. We demonstrated that AG-30/5C activated
LAD?2 human mast cells to degranulate and produce lipid
mediators including leukotriene Cy4, prostaglandin D, and E,.
Moreover, AG-30/5C increased mast cell chemotaxis and
induced the production of the cytokines GM-CSF and TNF-a
and various chemokines, such as IL-8, MCP-1, MCP-3, MIP-
1o and MIP-1B. The chemotaxis and cytokine/chemokine
production induced by AG-30/5C were suppressed by both
pertussis toxin and U-73122, suggesting the involvement of
the G protein and phospholipase C pathways in AG-30/5C-
induced mast cell activation. Furthermore, these pathways
were activated downstream of the MAPK and NF-kB sig-
naling molecules, as demonstrated by the inhibitory effects
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of ERK-, JNK-, p38- and NF-kB-specific inhibitors on
cytokine/chemokine production. Interestingly, AG-30/5C
caused the phosphorylation of MAPKSs and IkB. We suggest
that the angiogenic and antimicrobial peptide AG-30/5C
plays a key role in the recruitment and activation of human
mast cells at inflammation and wound sites.
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Abbreviations

AG-30/5C Angiogenic peptide-30/5C

EIA Enzyme immunoassay

ERK Extracellular signal-regulated kinase

GM-CSF  Granulocyte-macrophage colony-stimulating
factor

hBD Human [-defensin

HDP Host defense peptide

IL Interleukin

JNK c-Jun N-terminal kinase

LT Leukotriene

MAPK Mitogen-activated protein kinase

MCP Monocyte chemoattractant protein

MIP Macrophage inflammatory protein

NF-xB Nuclear factor-xB

PG Prostaglandin

PLC Phospholipase C
TNF Tumor necrosis factor
Introduction

A large body of evidence now shows that antimicrobial
peptides (AMPs) are important as a first line of defense in
vertebrates against a broad spectrum of bacteria, viruses
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and fungi [1]. Defensins and cathelicidins are the largest
groups of AMPs that have been most extensively studied.
In addition to exhibiting direct and/or indirect antimicro-
bial activity, AMPs, such as human B-defensins (hBDs)
and cathelicidin LL-37, display a wide variety of protective
and immunomodulatory functions that have led to AMPs
being called host defense peptides (HDPs). Among their
immunomodulatory functions, HDPs modulate inflamma-
tory responses; promote chemotaxis, cell proliferation and
differentiation; stimulate the production of many
chemokines and certain cytokines; suppress harmful pro-
inflammatory responses; and accelerate angiogenesis and
wound healing [2-6].

Recently, the Kaneda laboratory developed a small
angiogenic peptide (AG)-30 that exhibits both antimicro-
bial and wound healing activities [7]. AG-30 was screened
from a human library of angiogenic factors, and it contains
an amphipathic o-helix structure with hydrophobic and
cationic residues [7]. In addition to its antimicrobial
activity against various bacteria, AG-30 induces -cell
growth in endothelial cells, stimulates these cells to gen-
erate angiogenesis-related cytokines and augments neo-
vascularization [7]. However, taking into account the fact
that the AG-30 molecule is unstable and easily degraded by
proteases, the authors developed a modified version of the
AG-30 peptide by replacing several of its amino acids with
cationic amino acids, resulting in a new molecule named
AG-30/5C [8]. Compared to the original AG-30 peptide,
AG-30/5C shows enhanced antimicrobial activity and an
enhanced ability to induce endothelial cell migration,
angiogenesis and wound healing [8].

Although mast cells are known primarily for initiating
allergic reactions, they also play a crucial role in host
defenses against invading pathogens. Mast cells are pro-
fessional immune cells that are strategically located at sites
exposed to the external milieu, such as the skin, gut and
airways [9, 10]. They are therefore among the first cells to
encounter pathogens [9, 11]. Mast cells promote innate
immune responses by releasing a panel of preformed
inflammatory mediators, such as histamine, de novo-pro-
duced eicosanoids, cytokines, chemokines and growth
factors [9]. Furthermore, mast cells are closely associated
with vascular and lymphatic vessels, and they stimulate re-
epithelialization, angiogenesis and tissue remodeling to
accelerate wound healing [12].

Given that both mast cells and AG-30/5C are intimately
involved in angiogenesis and wound healing [8], the aim of
this study was to examine whether AG-30/5C can activate
mast cells. We observed that AG-30/5C caused human
mast cell degranulation and the production of eicosanoids
and various cytokines and chemokines. In addition, AG-30/
5C induced mast cell chemotaxis. AG-30/5C-induced mast
cell activation involved the G protein, phospholipase C

(PLC), mitogen-activated protein kinase (MAPK) and
nuclear factor-kB (NF-kB) pathways. These findings sug-
gest novel role for AG-30/5C in the regulation of innate
immunity whereby it recruits and activates human mast
cells at inflammation and wound sites.

Materials and methods
Reagents

AG-30/5C was purchased from the Peptide Institute
(Osaka, Japan). Antibodies against phosphorylated ERK,
p38, INK and IxB as well as unphosphorylated ERK, p38,
JNK and IkB were obtained from Cell Signaling Tech-
nology (Beverly, MA). The G protein inhibitor pertussis
toxin, the phospholipase C (PLC) inhibitor U-73122, the
ERK inhibitor U0126, the p38 inhibitor SB203580, the
JNK inhibitor II and the NF-kB activation inhibitor II were
purchased from Calbiochem (La Jolla, CA). Enzyme
immunoassay (EIA) kits for detecting leukotriene (LT) Cy4
and prostaglandin (PG) D, and PGE, were obtained from
Cayman Chemical Company (Ann Arbor, MI), whereas the
cytokine and chemokine ELISA kits were obtained from
R&D Systems (Minneapolis, MN).

Mast cell culture

The human mast cell line LAD2 was a generous gift from
Dr. A. Kirshenbaum at the National Institutes of Health
(Bethesda, MD). Cells were maintained in serum-free Stem
Pro-34 media (Invitrogen, Carlsbad, CA) containing
nutrient supplements, 2 mM L-glutamine, 100 IU/ml
penicillin, 100 pg/ml streptomycin and 100 ng/ml recom-
binant human stem cell factor (Wako, Osaka, Japan), as
previously reported [13]. The culture medium was hemi-
depleted every week with fresh medium, and cells were
maintained at 1 x 10’ cells/ml. The cells were periodically
tested for expression of c-Kit and FceRI (data not shown).

p-Hexosaminidase release assay

Mast cells were washed in Tyrode’s buffer (10 mM
HEPES [pH 7.4], 130 mM NaCl, 5 mM KCI, 5.6 mM
glucose, 0.1 % BSA, 1 mM CacCl, and 0.6 mM MgCl,), re-
suspended in Tyrode’s buffer at 2 x 10° cells/100 pl and
then stimulated with various doses of AG-30/5C for 40 min
at 37 °C. To measure B-hexosaminidase activity, the cul-
ture supernatants were incubated with 1.3 mg/ml 4-nitro-
phenyl-N-acetyl-B-p-glucopyranoside (Sigma-Aldrich, St.
Louis, MO) for 90 min at 37 °C. The reaction was devel-
oped with 0.2 M glycine, and absorbance was measured at
405 nm. B-Hexosaminidase release was calculated as a
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percentage of the total -hexosaminidase content, which
was determined after lysing the cells with 1 % Triton
X-100. In some experiments, mast cells were pre-treated
with various inhibitors for 2 h before stimulation with AG-
30/5C.

EIA and ELISA

Mast cells (1 x 10° cells) were incubated with AG-30/5C
for 30 min (for EIA) or 3 h (for ELISA) at 37 °C. After
stimulation, the cell cultures were centrifuged, and the cell-
free supernatants were used for LTC,, PGD, and PGE,
quantification using an EIA, while the concentrations of
granulocyte-macrophage colony-stimulating factor (GM-
CSF), interleukin (IL)-8, monocyte chemoattractant protein
(MCP)-1, MCP-3, macrophage-inflammatory protein
(MIP)-10a, MIP-1f and tumor necrosis factor (TNF)-o were
determined using ELISA kits according to the manufac-
turer’s instructions. In some experiments, cells were treated
with various inhibitors for 2 h before stimulation with AG-
30/5C, and the assays were then performed as above.

Chemotaxis assay

Mast cells at 1.5 x 10’ cells/50 pl were added to the upper
wells of a 48-well chemotaxis microchamber (modified
Boyden chamber, Neuroprobe, Cabin John, MD). The
upper wells were separated from the lower wells, which
contained various doses of AG-30/5C, by an 8-pum pore-
size polyvinylpyrrolidone-free polycarbonate membrane
(Neuro Probe). Following 3-h incubation, the mast cells
that had migrated and adhered to the underside of the
membrane were fixed and stained using DiffQuick
(Kokusai Shiyaku, Kobe, Japan). After the membranes
were mounted onto slides, the migrated cells were counted
under a light microscope in three randomly chosen high-
power fields per membrane. In some experiments, various
inhibitors were added 2 h prior to the assay, and chemo-
taxis was then evaluated as described above.

Western blot analysis

Mast cells (1 x 10° cells) were stimulated with AG-30/5C
for the indicated periods. After stimulation, the cells were
lysed in RIPA buffer (Cell Signaling Technology), and
equal amounts of lysate proteins were subjected to 12.5 %
SDS-PAGE. After non-specific binding sites were blocked,
the immunoblots were incubated with polyclonal antibod-
ies against phosphorylated or unphosphorylated ERK,
JNK, p38 and IxB overnight according to the manufac-
turer’s instructions. The membranes were developed using
Luminata Forte Western HRP substrate (Millipore, Biller-
ica, MA) and imaged using Fujifilm LAS-4000 Plus.
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Statistical analysis

The statistical analysis consisted of either ANOVA fol-
lowed by the appropriate post hoc test or a Student’s ¢ test
using Prism GraphPad for Windows (Prism 5, GraphPad
Software, San Diego, CA). P < 0.05 was considered sig-
nificant. The results are presented as the mean
values £ SD.

Results
AG-30/5C induces human mast cell degranulation

Given that both mast cells and AG-30/5C play important
roles in the wound healing process, and because HDPs such
as defensins and cathelicidins, which accelerate wound
healing, have been reported to activate mast cells [14—16],
we hypothesized that AG-30/5C may also stimulate mast
cells. We first investigated whether AG-30/5C induces
mast cell degranulation. As pictured in Fig. 1, AG-30/5C
potently induced mast cell degranulation, as assessed by
analysis of B-hexosaminidase release from LAD2 human
mast cells. This release was dose-dependent, and a statis-
tically significant release of 44 % was observed at AG-30/
5C concentrations as low as 0.3 uM. hBD-3 (at a con-
centration of 2.5 uM), which is known to cause mast cell
degranulation [16], was used as a positive control, and it
induced nearly identical degranulating potency to that of
AG-30/5C at 2.5 uM. We confirmed that the AG-30/5C
doses used in this study were not cytotoxic by evaluating
trypan blue dye exclusion and lactate dehydrogenase
activity (data not shown).

100

B-Hexosaminidase release (%)

AG-30/5C (uM)

Fig. 1 AG-30/5C induces human mast cell degranulation. Mast cells
(2 x 10 cells) were incubated with 0.15-2.5 uM AG-30/5C, 2.5 uM
hBD-3 or diluent (0.01 % acetic acid; Ctrl, control). After 40 min of
incubation at 37 °C, B-hexosaminidase release was measured in the
supernatants, as described in the “Materials and methods” sec-
tion. Values are shown as the mean + SD of four separate experi-
ments and were compared between stimulated and non-stimulated
cells (Ctrl, control). ***P < 0.001, ****P < 0.0001
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Activation of mast cells by AG-30/5C results
in the production of lipid mediators

Following activation, mast cells release preformed gran-
ules. They also de novo produce various lipid mediators,
such as PGs and LTs [9, 10]. Because AG-30/5C caused
mast cell degranulation, we tested whether it also induced
the production of lipid mediators. AG-30/5C noticeably
enhanced the production of LTC4, PGD, and PGE, in a
dose-dependent manner (Fig. 2). AG-30/5C (10 uM) and
hBD-3 (5§ uM), which was used as a positive control,
induced similar amounts of PGD, and PGE,, whereas the
potency of AG-30/5C to stimulate LTC,4 production was
1.5-fold lower than that of hBD-3.

AG-30/5C stimulation induces chemotaxis in human
mast cells

A number of mast cell activators, including HDPs, have been
shown to not only induce degranulation and the release of
lipid mediators but also to cause mast cell migration [17].
Therefore, we examined whether AG-30/5C activation
would induce a mast cell chemotactic response. Chemotaxis
assays performed using a modified Boyden chamber
demonstrated that AG-30/5C caused the directional migra-
tion of mast cells, resulting in a typical bell-shaped dose-
dependent curve. The optimal concentration of AG-30/5C
for maximal migration was observed to be 1.25 pM, which
yielded to fivefold increase in migration compared to
migration observed in the control cells (Fig. 3).

AG-30/5C stimulates the production of cytokines
and chemokines by mast cells

During inflammatory responses, mast cell activation also
results in the coordinated production of various cytokines
and chemokines. Therefore, we performed ELISA to
evaluate whether AG-30/5C can stimulate mast cells to
generate cytokines and chemokines. Among the cytokines
and chemokines tested, we observed that AG-30/5C
selectively elicited the production of the cytokines GM-
CSF and TNF-a and chemokines including IL-8, MCP-1,
MCP-3, MIP-1a and MIP-18 (Fig. 4). This effect was
dose-dependent. In the preliminary time-course experi-
ments, the production of cytokines and chemokines was
highest after 3 h of stimulation with AG-30/5C.

AG-30/5C-induced mast cell activation is pertussis
toxin- and U-73122-sensitive

To characterize the signal transduction pathways involved
in AG-30/5C-mediated mast cell activation, cells were pre-
treated with a G protein inhibitor, pertussis toxin, or a PLC
inhibitor, U-73122. We found that treating the mast cells
with pertussis toxin or U-73122 before stimulation with
AG-30/5C strongly suppressed AG-30/5C-induced mast
cell degranulation (Fig. 5a), chemotaxis (Fig. 5b) and the
production of GM-CSF, TNF-a, IL-8, MCP-1, MCP-3,
MIP-1a and MIP-1§ (Fig. 5¢). Furthermore, we also con-
firmed that both pertussis toxin and U-73122 also abolished
the AG-30/5C-induced production of LTC,, PGD, and
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Fig. 3 AG-30/5C mediates mast cell chemotaxis. Mast cells
(1.5 x 10° cells) were placed in the upper wells of a chemotaxis
microchamber and allowed to migrate toward 0.15-5 pM AG-30/5C
or diluent (0.01 % acetic acid; Ctrl, control) for 3 h at 37 °C.
Chemotaxis was assessed by counting the number of cells that
migrated through the polycarbonate membrane under a light micro-
scope in three randomly chosen high-power fields (HPF). Values are
shown as the mean & SD of five separate experiments and were
compared between stimulated and non-stimulated cells (Ctrl, control).
*P < 0.05, #*P < 0.001, ****P < 0.0001

PGE, (data not shown). Together, these observations sug-
gest that AG-30/5C-mediated mast cell activation involves
the G protein and PLC pathways.

Activation of the MAPK and NF-kB pathways is
necessary for AG-30/5C-mediated mast cell
stimulation

The activation of mast cells involves several signaling
pathways, including the activation of the MAPK and NF-
kB pathways, which lead to the production of cytokines
and chemokines [18]. To further explore AG-30/5C sig-
naling, we examined whether this peptide could activate
MAPKs and NF-kB because these molecules have been
shown to be involved in the HDP-mediated activation of
mast cells [16, 17]. As shown in Fig. 6a, AG-30/5C
markedly induced the phosphorylation of the MAPKSs
ERK, JNK, p38 and IxB. Activation of ERK, JNK and IxB
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Fig. 4 AG-30/5C induces the production of cytokines and chemoki-
nes in mast cells. Mast cells (1 x 10° cells) were incubated with
1.25-10 pM AG-30/5C or diluent (Ctrl, control) for 3 h. Following
incubation, the concentrations of GM-CSF, TNF-a, IL-8, MCP-1,
MCP-3, MIP-10. and MIP-1f released into the culture supernatants
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AG-30/5C (uM)

were determined using ELISA. The values are shown as the
mean + SD of four to six separate experiments and were compared
between the stimulated and non-stimulated cells (Ctrl, control).
*P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 5 Effects of pertussis toxin and U-73122 on AG-30/5C-induced
mast cell activation. Cells were pre-treated with 100-200 ng/ml
pertussis toxin (PTx), 10-20 pM U-73122 or 0.1 % DMSO for 2 h.
a Pre-treated cells (2 x 10%) were stimulated with 2.5 M AG-30/5C
or diluent (0.01 % acetic acid; Ctrl, control) for 40 min, and -
hexosaminidase release was then measured. b Pre-treated cells were
incubated with 1.25 puM AG-30/5C or diluent (0.01 % acetic acid,;
Ctrl, control) for 3 h, and a chemotaxis assay was then performed.
¢ Pre-treated cells were also evaluated for cytokine and chemokine

was observed as early as 5 min after stimulation, while
activation of p38 was detected at 15 min post-stimulation.
Furthermore, we confirmed that activation of the MAPK

production following 3 h of stimulation with 10 pM AG-30/5C or
diluent (0.01 % acetic acid; Ctrl, control), and the levels of GM-CSF,
TNF-o, IL-8, MCP-1, MCP-3, MIP-1a and MIP-1 released into the
supernatants were determined using ELISA. Values are shown as the
mean + SD of four to six separate experiments. ***P < 0.001 and
*#k*P < (0.0001 for comparisons between untreated cells (Ctrl,
control) and stimulated groups without inhibitor (AG-30/5C).
#P < 0.05, ##P < 0.01, #HP <0.001 and #HHP < 0.0001 for
comparisons between the presence and absence of inhibitors

and NF-xB pathways was necessary for AG-30/5C-medi-
ated cytokine and chemokine production by pre-treating
mast cells with specific inhibitors of MAPKs and NF-«kB.
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U0126 (an ERK inhibitor), a JNK inhibitor, SB203580 (a
p38 inhibitor) and an inhibitor of NF-xB activation all
markedly suppressed the AG-30/5C-induced production of
IL-8, MCP-1, MCP-3, MIP-1a and MIP-1f8. We observed
similar inhibitory effects when we used MAPK and NF-kB
inhibitors on the AG-30/5C-induced production of GM-
CSF and TNF-a (data not shown).

Discussion

Given that mast cells are intimately involved in angio-
genesis and wound healing and that an angiogenic
antimicrobial peptide, AG-30/5C, increases angiogenesis
and accelerates wound healing [8], we hypothesized that
this peptide could activate mast cells. Here, we show that
AG-30/5C stimulates mast cells to migrate, degranulate
and release de novo-synthesized lipid mediators, such as
LTs and PGs, and various cytokines and chemokines.
Studies of the molecular mechanisms involved in these
processes suggest that AG-30/5C-mediated mast cell acti-
vation occurs through the G protein, PLC, MAPK and NF-
kB pathways. These observations imply that AG-30/5C
may recruit and activate human mast cells at inflammation
and wound sites.

When tissue is injured, mast cell numbers significantly
increase during the inflammation phase of wounding
healing, and these cells can become activated [12]. Upon
activation, mast cells release a wide variety of preformed
and newly generated inflammatory mediators, including
LTs and PGs, which not only promote inflammation and
vasodilation but also accelerate tissue repair [19, 20]. The
release of these inflammatory mediators can also contribute
to the formation of scars [21, 22]. Furthermore, mast cells
produce several growth factors, such as vascular endothe-
lial growth factor, fibroblast growth factor and transform-
ing growth factor-f3, which have the potential to contribute
to wound healing through effects on blood vessels [23]. We
found that AG-30/5C induced mast cell migration and
caused degranulation and the secretion of eicosanoids.
Furthermore, in unpublished data, we also confirmed that
AG-30/5C increased the production of vascular endothelial
growth factor and fibroblast growth factor. Because AG-
30/5C is known to promote wound healing [8], our data
suggest that this HDP may accelerate the wound healing
process by activating mast cells. Studies on the direct role
that AG-30/5C-mediated mast cell activation plays in
wound healing are therefore necessary.

Following activation, mast cells also produce numerous
inflammatory cytokines and chemokines. Among the var-
ious cytokines and chemokines we tested, AG-30/5C
selectively induced the production of the cytokines GM-
CSF and TNF-a and chemokines, such as IL-8, MCP-1,

@ Springer

MCP-3, MIP-1o0 and MIP-1f, which are implicated in
many inflammatory processes, including those associated
with wound healing. Indeed, in addition to their roles in the
regulation of inflammation, both GM-CSF and TNF-a have
been proposed to contribute to neovascularization, tissue
remodeling or re-epithelialization, which are involved in
wound healing [24, 25]. As for the chemokines IL-8, MCP-
1, MCP-3, MIP-1a and MIP-1, they are known to par-
ticipate in the regulation of epithelialization, tissue
remodeling and angiogenesis, and to contribute to wound
healing through their tightly regulated ability to recruit
neutrophils, macrophages, lymphocytes and mast cells to
inflammatory and wound sites (reviewed in [26]). For
instance, IL-8 plays a crucial role in re-epithelialization
and tissue remodeling by increasing cell migration and
proliferation and inducing metalloproteinase expression in
leukocytes [27]. MCP-1 specifically accelerates re-epithe-
lialization and angiogenesis, and a lack of MCP-1 in vivo
has been shown to delay wound healing [23]. As for MCP-
3, it induces the migration of circulating angiogenic cells
and stimulates angiogenesis [28]. Furthermore, similar to
IL-8 and MCP-1, MIP-1a and MIP-1§ induce the expres-
sion of metalloproteinases to regulate tissue remodeling
[29]. Taken together, the current study suggests that the
angiogenic and antimicrobial peptide AG-30/5C may
contribute to wound healing by stimulating mast cells to
release histamine, eicosanoids, cytokines and chemokines.

To increase our understanding of the mechanisms
underlying AG-30/5C-mediated mast cell activation, the
involvement of the G protein and PLC pathways was
evaluated because numerous mast cell stimulators,
including HDPs, activate mast cells through the G protein
and PLC pathways [14, 16]. Both pertussis toxin and
U-73122, specific inhibitors of the G protein and PLC
pathways, respectively, suppressed AG-30/5C-mediated
mast cell activation, indicating that AG-30/5C exerts its
stimulatory effects on human mast cells via the G protein
and PLC pathways. It is currently unclear whether a
receptor for AG-30/5C exists; therefore, studies on AG-30/
5C-mediated receptor pathway are necessary. However,
similar to other mast cell secretagogues, it is also possible
that AG-30/5C may act through non-selective membrane
receptors, or it may directly bind to and activate G proteins
coupled to PLC [30]. We showed that AG-30/5C-mediated
downstream signaling involved the MAPK and NF-xB
pathways by demonstrating that AG-30/5C induced the
activation of ERK, JNK, p38 and NF-xB and that the
specific inhibition of these molecules abolished AG-30/5C-
mediated mast cell stimulation. Activation of the MAPK
and NF-kB pathways in human mast cells has been
reported to result in the production of various cytokines
and chemokines, including those found to be induced by
AG-30/5C in the current study [18, 31]. Importantly, hBDs
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<«Fig. 6 AG-30/5C stimulates mast cell chemokine production via the
MAPK and NF-«B pathways. a AG-30/5C induces the phosphory-
lation of MAPKSs and IkB. Mast cells were stimulated with 5 uM of
AG-30/5C or diluent (Ctrl, control) for 5-120 min and then lysed.
Equal amounts of protein were subjected to 12.5 % SDS-PAGE using
antibodies directed against phosphorylated or unphosphorylated ERK
(p-ERK and ERK), JNK (p-JNK and JNK), p38 (p-p38 and p38) and
1B (p-IxB and IkB). The results show one representative experiment
from four independent experiments that yielded similar results.
b Mast cells were pre-treated with 10 pM U0126, JNK inhibitor II
(JNK inh II), SB203580, NF-kB activation inhibitor II (NF-kB inh II)
or 0.1 % DMSO for 2 h. The cells were then exposed to 10 uM AG-
30/5C or diluent (Ctrl, control) for 3 h, and the levels of chemokines
released into the supernatants were determined using ELISA. Values
are shown as the mean £ SD of five to seven separate experiments.
##%kP < (0.001 and ****P < (0.0001 for comparisons between
untreated cells (Ctrl, control) and stimulated groups without inhibitor
(AG-30/5C). ###P < 0.001 and ##HHP < 0.0001 for comparisons
between the presence and absence of inhibitors

and LL-37 have also been reported to induce the produc-
tion of cytokines and chemokines by activating the MAPK
and NF-xB pathways [13, 32-34], suggesting similarities
between HDPs in their immunomodulatory functions.

In summary, the current study demonstrates that AG-30/
5C causes human mast cell migration, degranulation and
the release of eicosanoids and cytokines/chemokines.
Therefore, in addition to its antimicrobial activity, we
propose that the novel angiogenic antimicrobial peptide
AG-30/5C may contribute to the acceleration of the wound
healing process through at least during the recruitment and
activation of mast cells.
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