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Abstract

Complement component C3a causes a robust degranulation in human mast cells. Whether C3a also stimulates chemokine production in
human mast cells and what signaling pathway it activates is not known. In the present study, we demonstrate toatl@B8ded primary
mast cells and a human mast cell line LAD 2 express surface C3a receptors at similar levels. Furthermore, C3&0&uggdrnalization
of cell surface C3a receptors in both cell types. We therefore used LAD 2 cells as a model to study C3a-induced biological responses and
signaling in human mast cells. We found that C3a stimulated substantial degranulation and induced chemokine monocyte chemoattractant
protein 1 (MCP-1/CCL2) and regulated upon activation, normal T-cell expressed and secreted (RANTES/CCLS5) production in LAD 2 mast
cells. C3a caused a rapid and sustained extracellular-signal-regulated kinase (ERK) phosphorylation and Akt phosphorylation in LAD 2
mast cells. Furthermore, U0126 and LY294002, which respectively inhibit MEK-induced ERK phosphorylation and PI3 kinase-mediated
Akt phosphorylation had distinct effects on C3a-induced responses. Thus, U0126, which blocked C3a-induced RANTES/CCL5 production
by 50.6+ 2.3%, inhibited MCP-1/CCL2 generation by 85:D.6%. In contrast, LY294002 had no effect on C3a-induced RANTES/CCL5
production but blocked MCP-1/CCL2 generation by 88.7.5%. These data demonstrate that C3a activates divergent signaling pathways to
induce chemokine production in human mast cells.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction mediators increase vascular permeability, recruit inflamma-
tory cells to the airway and promote smooth muscle contrac-
Mast cells play a central role in the pathogenesis of asthmation (Panettieri, 2008
(Rivera, 2002; Turner and Kinet, 1999 great deal of re- The complement system forms an important part of innate
search has focused on mast cell activation via the activationimmunity against bacteria and other pathogens. As a system
of cell surface high affinity IgE (F&RI) receptors. Cross-  of ‘pattern recognition molecules’, foreign surface antigens
linking of FceRI on mast cells by allergen results in degranu- and immune complexes initiate a proteolytic pathway lead-
lation, leukotriene generation and cytokine synthesis. Theseing to the formation of a lytic membrane attack complex.
The anaphylatoxins C3a and C5a are generated as byprod-
- ucts of complement activation. C3a and Cb5a interact with
Abbreviations: HMC-1, human mast cell line-1; C3aR, C3a receptor; their cognate G protein coupled receptors (GPCR) to activate
Cb5aR, C5a receptor; MCP—l/CCLZ,_mo_nocyte chemoattractant protein-1; basophils, eosinophils and monocthsiB(:hoff etal., 1990:
SRQT;E(?/CCLS, regulated upon activation normal T-cells expressed and Daffern et al., 1995: MacGlashan and Warner, J)QSludies
* Corresponding author. Tel.: +1 215 573 1993; fax: +1 215 573 2050. With animal models clearly demonstrated an important role
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2000; Drouin et al., 2002; Humbles et al., 200However, with L-glutamine (2 mM), penicillin (100 1U/ml), strepto-
the cell type that mediates the effects of C3a in asthma has noimycin (100wg/ml), recombinant human SCF (100 ng/ml),
been determined. RBL-2H3 cells and murine bone-marrow- recombinant human IL-6 (100 ng/ml) and rhIL-3 (30 ng/ml)
derived mast cells, which are commonly used to studyR¥c (first week only) Kirshenbaum et al., 1999 Hemide-
signaling pathways in mast cells, do notexpress C3areceptorpletions were performed weekly with media containing
(C3aR) Erdei et al., 2004; Erdei and Pecht, 199&lthough rhSCF (100 ng/ml) and rhiL-6 (100 ng/ml). Human mast
an immature human mast cell line HMC-1 natively express cell line, LAD 2 cells were maintained in StemPro-34
C3aR Ahamed et al., 2004; Hartmann et al., 1997; Nilsson medium supplemented with 100 ng/ml stem cell factor (SCF)
etal., 1996, the inability of C3a to cause mediator release in (Kirshenbaum et al., 2003Human mast cell line, HMC-1
this cell line limits its usefulness. cells were cultured in IMDM supplemented with 10% FCS,
Woolhiser et al. (2004jecently showed that C3a stim- glutamine (2 mM), penicillin (100 IU/ml) and streptomycin
ulates degranulation in primary CD34ell-derived human  (100u.g/ml).
mast cells. However, responsiveness of these mast cells to
C3a is variable and appears to depend on the Cx2dl 2.3. Flow cytometry
donor, thus making it difficult to use these cells for signaling
studies. Recently, two human mast cell lines LAD 1 and 2  The expression of C3aR on the cell surface was evalu-
have been developed and characterized, which closely resemated by flow cytometry as describefiamed et al., 2001
ble primary cultures of CD34cell-derived human mastcells  Briefly, 0.2x 1(P cells were washed with HEPES buffered
(Drexler and MacLeod, 2003; Kirshenbaum et al., 2008e saline containing 0.1% BSA. The cells were then incubated
purpose of the present study was to utilize LAD 2 mast cells with rabbit IgG or rabbit anti-human C3aR antibody (1:100
to delineate the C3a-induced responses and signaling in hudilutions) for 1 h at £C. After washing, cells were incubated
man mast cells. Here, we demonstrate the novel finding thatwith FITC-labeled goat anti-rabbit IgG secondary antibody.
C3a induces chemokine MCP-1/CCL2 and RANTES/CCL5 Cells were fixed in 1% paraformaldehyde and analyzed on
production in human mast cells. This study also reveals a FACStaP-S flow cytometer (BD Biosciences, Mountain
unexpected findings regarding the signaling pathways via View, CA).
which C3a induces chemokine production in human mast
cells. 2.4. Calcium measurements

Ca&* mobilization was determined as described previously

2. Materials and methods (Ali et al., 1999. Briefly, cells (1x 10°) were loaded with
1uM indo-1 AM in the presence of LM pluronic F-127
2.1. Chemicals and reagents for 30 min at room temperature. Cells were washed and re-

suspended in 1.5 ml of HEPES-buffered saline?‘Gaobi-

Purified C3a was obtained from Advance Research lization was measured after ligand stimulation in a Hitachi
Technologies (San Diego, CA). C5a and LY294002 were F-2500 spectrophotometer with an excitation wavelength of
purchased from Sigma (St. Louis, MO) and U0126 from 355nm and an emission wavelength of 410 nm and the data
Calbiochem (La Jolla, CA). Indo-1 AM and pluronic F-127 were expressed as a ratio of 355/410.
were from Molecular Probes (Eugene, OR). Polyclonal C3aR
antibody and normal rabbit IgG were obtained from Torrey 2.5. Assay of degranulation
Pines Biolabs Inc. (Houston, TX). Human recombinant stem
cell factor (SCF) and interleukin-6 (IL-6) were purchased LAD 2 mast cells (5< 10°) were seeded into 96-well
from Peprotech (Rocky Hill, NJ). Interleukin-3 (IL-3) was plates in a total volume of 50l of buffer containing 0.1%
purchased from Biosource (Camarillo, CA). DNP-BSA was BSA and exposed to different concentrations of C3a or Cba
purchased from Biosearch Technologies (Novato, CA). Anti- for 30 min. For tota3-hexosaminidase release, control cells
DNP-IgE was generous gift from Dr. Juan Rivera (NIH). were lysed in 5@l of 0.1% Triton X-100. Aliquots (15ul)
Goat-anti-rabbit IgG conjugated to FITC and all tissue cul- of supernatants or cell lysates were incubated witf.l1&f
ture reagents were purchased from Invitrogen (Gaithersburg,1 mM p-nitrophenyIN-acetyl3-p-glucosamine for 1.5h at
MD). Reagents for ELISA kits were purchased from R & D 37°C. Reaction was stopped by adding 280f a 0.1 M
Systems (Minneapolis, MN). Phosphoplus p44/42 MAP ki- Na;CO3/0.1 M NaHCGQ buffer and absorbance was mea-
nase (ERK) (Thr202/Tyr204) and Phosphoplus Akt (Ser 473) sured at 405 nnmAli et al., 1999.
kits were from Cell Signaling (Beverly, MA).

2.6. Assay of MCP-1/CCL2 and RANTES/CCL5

2.2. Cell culture production

Human CD34 cell-derived mast cells were cultured in LAD 2 mast cells (0.2 10° per well in 40Qul basal
serum-free media StemPro-34 (Invitrogen) supplemented medium) were stimulated with C3a (100nM) or Cba
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