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Challenge of human mast cells with both stem cell factor (SCF) and IL-4 enhances antigen-dependent
mediator release raising the assumption of intracellular crosstalk between the IL-4, SCF, and FceRI
signaling pathways. Here, we analyzed the intracellular crosstalk of IL-4-, SCF-, and IgE-dependent acti-
vation pathways in mucosal mast cells isolated from human intestine. The release of 3-hexosaminidase,
leukotriene Cy4, and IL-8, but not IL-6, was strongly enhanced in response to sequential challenge of mast
cells with IL-4, SCF and FceRI cross-linking compared to stimulation by FceRI cross-linking alone. Previous
studies revealed that MAPK and other serine/threonine kinases are involved in mast cell activation pro-

Ié;{g{g;iz cesses. Here we found that activation of mast cells by FceRI cross-linking alone results in phosphorylation
Human of ERK and p38, but not of Akt. Stimulation with SCF alone also induced phosphorylation of ERK and p38,
Mast cell and additionally of Akt. IL-4 priming enhanced activation of ERK, but blocked activation of p38. Activa-
Mucosa tion of p38 was required for IL-6 production explaining the inhibitory effect of IL-4 on IL-6 expression in

Signal transduction human mast cells. Moreover, IL-4 priming that anteceded FceRI cross-linking induced activation of Akt.
The combined challenge of mast cells with IL-4, SCF and FceRI cross-linking substantially up-regulated
activation of Akt, whereas blocking of Akt inhibited the pronounced production and release of IL-8 in
response to the three mast cell agonists. In summary, our data demonstrate that ERK, p38, and especially
Akt play an important role in cross-linking IL-4 priming, SCF signaling, and IgE-dependent activation of
mature human mast cells.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The role of mast cells in immediate type allergic reactions and
other inflammatory processes are well established. They exert their
biological functions by releasing inflammatory mediators as a con-
sequence of IgE-dependent and IgE-independent activation. Such
mediators derive pre-synthesized from granules, like histamine
and proteases, or are de novo synthesized upon mast cell acti-
vation like leukotriene (LT) C4, prostaglandins, chemokines and
cytokines (Bischoff, 2007; Galli et al., 2008; Kalesnikoff and Galli,
2008).

A receptor mediating most effective human mast cell activa-
tion is FceRl, the high-affinity IgE receptor (Blank and Rivera,
2004; Rivera and Gilfillan, 2006). In addition, particular cytokines

Abbreviations: LT, leukotriene; SCF, stem cell factor; B-hex, 3-hexosaminidase.
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have been identified as important regulators of human mast cell
function, such as the mast cell growth factor stem cell factor
(SCF) and IL-4 (Babina et al., 2004; Bischoff et al., 1997, 1999;
Hu et al., 2007; Lorentz et al., 2000). In vitro, SCF induces mast
cell mediator release only at high concentration above 5-10 ng/ml
and low efficacy compared to IgE-dependent activation; however,
it is the most important mast cell survival factor both in vitro
and in vivo (Bischoff et al.,, 1997). Moreover, SCF substantially
enhances antigen-dependent mediator release from human mast
cells (Bischoff et al., 1997; Bischoff and Dahinden, 1992). In contrast
to SCF, IL-4 fails to induce mediator release per se in human mast
cells, but enhances Igé-dependent mediator release, IgE-dependent
Th2-type cytokine generation, and cell proliferation in the presence
of SCF (Bischoff et al., 1999; Lorentz et al., 2000). Interestingly, IL-4
affects mast cells via a mechanism that is independent of STAT6
(Lorentz et al., 2005). Here, we hypothesized that there must be
some overlapping as well as distinct interactions between the sig-
naling pathways of FceRlI, c-Kit and IL-4 receptor independent of
STAT6 that are required for the priming effects of SCF and IL-4
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on antigen-dependent mast cell mediator release (Hundley et al.,
2004; Lorentz et al., 2005). These interactions could include activa-
tion of PLC, D, and A2, PI3K and its downstream target Akt/protein
kinase B (referred as Akt hereafter), MAPK, and JAK/STAT signaling
pathways (Gilfillan and Tkaczyk, 2006; Gilfillan and Rivera, 2009;
Nelms etal., 1999; Rivera and Gilfillan, 2006). Intracellular signaling
transduction is mediated, by activation or deactivation of regula-
tory proteins through phosphorylation or dephosphorylation by
protein kinases and phosphatases. One major mechanism that is
responsible for transduction of extracellular signals into a cellu-
lar response is the highly conserved MAPK superfamily. The MAPK
superfamily includes three important members, namely ERK, JNK,
and p38 (Raman et al., 2007).

Signaling interfaces connecting anti-IgE-, SCF-, and IL-4-
dependent activation might be of importance for understanding
the molecular basis of allergic reactions and for the definition of
new therapeutic targets. We therefore analyzed mediator release
and cytokine/chemokine expression in human mucosal mast cells
in response to IL-4-, SCF-, and IgE-dependent stimulation, either
separately or in combination, and examined the underlying intra-
cellular signals. We found differential activation of ERK and p38
- two important MAPK family members - and identified Akt as
important kinase of the intracellular crosstalk of IL-4, SCF, and FceRI
cross-linking.

2. Materials and methods
2.1. Materials

Reagents were obtained from the following sources:
RPMI1640 + GlutaMax®I from Invitrogen/Gibco (Paisley, UK);
serum from Biochrom AG (Berlin, Germany); antibiotics from PAN
Biotech GmBH (Aidenbach, Germany); CD117 MicroBead Kit and
Dead Cell Removal Kit from Miltenyi Biotec (Bergisch-Gladbach,
Germany); cytokines from PeproTech (London, UK); Sybr®Green
PCR Master Mix from Applied Biosystems (Foster City, USA); LTC4
ELISA Kit from Assay Designs (Ann Arbor, USA); Procarta Cytokine-
assay from Affymetrix (Santa Clara, USA); Human Phosph-MAPK
Array Kit from R&D Systems (Abingdon, USA); Akti-1/2 from
Merck KGaA (Darmstadt, Germany); all other inhibitors from
Alexis (Lausen, Switzerland). The inhibitors were dissolved in
dimethyl sulfoxide (DMSO) as concentrated stocks and stored
according to the manufactures’ instructions and diluted by at least
1000-fold with PBS before use to yield a final concentration of
<0.1% DMSO.

2.2. Isolation and culture of mature human mast cells

Mature human mast cells were isolated from surgical tissue
specimens (macroscopically normal tissue) derived from patients
who underwent bowel resection because of cancer by mechan-
ical and enzymatic tissue dispersion (Sellge and Bischoff, 2006).
Permission to conduct the study was obtained from the local eth-
ical committee (Stuttgart, Germany). After overnight incubation
in culture medium (RPMI1640 + GlutaMax®I supplemented with
10% heat-inactivated foetal calf serum, 100 pg/ml streptomycin,
100 pg/ml gentamycin, 100 pg/ml penicillin and 0.5 pg/ml ampho-
tericin B) mast cells were enriched by positive selection of c-Kit
expressing cells using magnetic cell separation system, CD117
microbead kit after dead cell removal kit (MACS™ system). The
fraction containing the c-Kit-positive cells was cultured at a density
of 2 x 10° mast cells per mlin medium supplemented with 25 ng/ml
of rhSCF. Generally, after 2-3 weeks mast cell purity increases to
95-100%. Only cell preparations with purity >95% were used for
experiments. Pure mast cells were cultured in the presence of SCF

alone or in combination with 2 ng/ml rhIL-4 for 10 d before used in
the described experiments.

2.3. Stimulation of mast cells and inhibitors

SCF was withdrawn overnight and cells were treated with
myeloma IgE for 60min and stimulated with 1pg/ml anti-
human IgE, 100 ng/ml SCF or a combination of both for 10 min
to determine phosphorylation status of MAPK and other ser-
ine/threonine kinases, for 90 min to analyze the mRNA expression
of cytokines/chemokines, or for 6h to examine the release of
cytokines/chemokines. The pathway inhibitors SP600125 (20 wM),
SB203580 (5 wM), Akti-1/2 (10 wM), and PD98059 (50 wM) were
added in the indicated concentrations 60 min prior to FceRI cross-
linking. The inhibitory components were solubilized in 100% DMSO.
Controls were carried out with DMSO at a concentration equivalent
to the dilution of the inhibitor (=0.1%).

2.4. RNA preparation and real-time RT-PCR

Total RNA was prepared from 1 x 10° mast cells and real-
time RT-PCR was performed as described (Lorentz et al.,
2005). The following specific sense and anti-sense primer
were used for the PCR: GAPDH: 5-TGGTCTCCTCTGACTTCAAC-
3’, 5'-CCTGTTGCTGTAGCCAAATT-3’, product size: 128bp; IL-6:
5-GATGGATGCTTCCAATCTGG-3/, 5-TGGCATTTGTGGTTGGGTCA-
3/, product size: 226 bp; IL-8: 5'-CTGAGAGTGATTGAGAGTGG-3/,
5'-ACAACCCTCTGCACCCAGTT-3/, product size: 122bp. To quan-
tify mRNA expression real-time RT-PCR reactions containing 1.5 .l
of cDNA template (sample or standard), 8 ul of HyO, 10l of
SYBR®Green PCR Master Mix, and 0.25ul 20uM sense and
anti-sense primer were performed in optical tubes (Applied Biosys-
tems). Reaction mixture without cDNA was used as negative control
in each run. All reactions were performed using the ICycler (Bio-
Rad Laboratories, Munich, Germany). Specificity of the reaction was
controlled by melt curve and separation of amplified fragments on
1% agarose gel.

2.5. LTC4 and B-hexosaminidase release

Concentration of LTC4 in the supernatant collected after stim-
ulation for 90 min was determined by ELISA kit in accordance to
the manufactures’ instructions. Degranulation response of mast
cells was quantified by determining the amount of released [3-
hexosaminidase (3-hex) in the supernatant by color enzyme assay
(Schwartz et al., 1979). The percent degranulation of mast cells was
estimated by the following formula: (3-hex activity in the super-
natant fraction/total -hex activity in the cellular and supernatant
fraction) x 100.

2.6. Cytokine release

Cytokine release was measured by multiplex bead immunoas-
say (Luminex 100, Luminex Corporation, Austin, TX, USA) according
to the manufactures’ instructions and using Procarta Cytokine-
assay. The cytokines were quantified (pg/ml) by using standards
supplied with the Kkits.

2.7. Proteome Profiler™ Array

Relative phosphorylation levels of all three major families of
MAPK (ERK1/2, p38a/B/v/d, JNK1/2/3/pan) and Akt 1/2/3/pan,
RSK1/2, GSK-3a/B, MSK2, HSP27 as well as p70 S6 kinase were
determined by Human Phospho-MAPK Array Kit according to
the manufactures’ instructions. The antigen-antibody complexes
were visualized using electrochemiluminescence detection system
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Fig. 1. Stimulation by FceRI cross-linking, SCF, and IL-4 induce potentiated release and expression of inflammatory mediators in mast cells. Mast cells were cultured with
SCF alone or with IL-4 (+) in addition to SCF for 10 d. SCF was withdrawn overnight and cells were treated with myeloma IgE for 60 min and stimulated with anti-human IgE
(IgE/algE) (+), SCF (+) or a combination of both for 6 h to determine the release of cytokines/chemokines, or for 90 min to analyze the release of 3-hex as well as LTCy4, and
to determine the mRNA expression of IL-6 and IL-8. (A) 3-hex release measured by enzymatic color reaction expressed in percent of total content (n=5). (B) LTC,4 release
analyzed by conventional ELISA expressed as pg/10° cells (n=6). (C and D) Cytokine and chemokine release measured by multiplex bead immunoassay and ELISA for IL-6
(n=3) (C), and IL-8 (n=8) (D) expressed as pg/10° cells. (E and F) Mast cell cytokine mRNA expression analyzed by real-time RT-PCR (n=4) for IL-6 (E), and IL-8 (F). To
calculate the relative transcription level of the genes of interest, the copy number for the mRNA of the gene of interest was calculated and divided by that of GAPDH mRNA.
Means +SEM; * indicates p <0.05 for significant difference, n means independent experiments using mast cells derived from independent surgical tissue specimens.

as described by the manufacturer (Fluor Chem, Biozym Scien-
tific GmbH, Germany). The obtained signals were measured by
bioimaging analyzer (Alpha Innotech Corporation, San Leandro, CA,
USA).

2.8. Statistics

Data from multiple experiments were expressed as
mean + SEM. T-test was used to analyze differences between
two groups. A value of p<0.05 was considered to be statistically
significant.

3. Results

3.1. IL-4, SCF, and FceRI cross-linking act synergistically in
triggering inflammatory mediator release

Sequential challenge of mast cells with IL-4, SCF or IL-4 and SCF,
in combination with FceRI cross-linking led to a more pronounced
mediator release than FceRI cross-linking alone. This holds true for
degranulation, assessed by 3-hex release (Fig. 1A), and for de novo
synthesis and release of LTC,4 (Fig. 1B) and IL-8 (Fig. 1D and F), but
not for IL-6 (Fig. 1C and E). The release of IL-6 was attenuated in the
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Fig. 2. Phosphorylation of ERK and p38 in response to FceRI cross-linking, SCF, and/or IL-4. Mast cells were cultured with SCF or with IL-4 (+) in addition to SCF for 10d. SCF
was withdrawn overnight and cells were treated with myeloma IgE for 60 min and stimulated with anti-human IgE (IgE/aIgE) (+), SCF (+) or a combination of both for 10 min.
Phosphorylation levels of ERK and p38 was measured by Proteome Profiler Antibody Array. Activation levels of these MAPK as detected were quantified using densitometry.
(A and D) Phospho-ERK1/2 (A) and phospho-p38a/y (D) in response to IgE/aIgE and SCF. (B and E) Phospho-ERK1/2 (B) and phospho-p38a/+y (E) in response to IgE/aIgE and
IL-4. (C and F) Phospho-ERK1/2 (C) and phospho-p38a/vy (F) in response to IgE/alIgE, SCF, and IL-4. Data of the activation of ERK1 and ERK2, respectively p38a and p38y were
combined evaluated since they show equal tendency. The phospho-antibody signals were normalized against positive controls. Representative autoradiographs are shown

(means +SEM, n=4; * indicates p <0.05 for significant difference).

presence of IL-4. Challenge with SCF or IL-4 per se without further
stimulation by FceRI cross-linking did not induce or enhance the
release of pro-inflammatory mediators in mature human mast cells.
ExceptIL-6, the release reaction was more pronounced in mast cells
pre-treated with SCF and IL-4 compared to treatment with SCF or
IL-4 alone prior to FceRI cross-linking.

3.2. SCF and IL-4 both account for enhanced IgE-dependent ERK
activation but have distinct effects on p38

In the next set of experiments, signaling pathways correspond-
ing to the different stimulation procedures were analyzed. The
MAPK family members ERK, p38, and JNK are known to be involved
in cell proliferation and cytokine expression (Johnson and Lapadat,
2002; Lorentz et al., 2005). Therefore, we wondered if these MAPK
family members become activated through FceRI cross-linking,
SCF, or IL-4 per se or in combination. Both, SCF and FceRI cross-
linking induced phosphorylation of ERK as well as phosphorylation
of p38 (Fig. 2A and D). The combined stimulation by SCF and FceRI
cross-linking strongly increased the activation of ERK. IL-4 alone
had no visible effect on MAPK phosphorylation, but in combination
with IgE/anti-IgE IL-4 accounted for an increased phosphorylation
of ERK, but suppressed activation of p38 (Fig. 2B and E). Combined
treatment with SCF, IL-4 and FceRI cross-linking resulted in an
additionally enhanced activation of ERK compared to those cells
stimulated by FceRI cross-linking or FceRI cross-linking and IL-4
(Fig. 2C). Phosphorylation of p38 was also increased by combined
treatment with IL-4, SCF, and FceRI cross-linking in comparison
to IL-4 primed and IgE/anti-IgE stimulated cells, but was less pro-
nounced thanin those cells treated with SCF and FceRI cross-linking

(Fig. 2F). We determined only low activation of JNK and observed
no significant differences between SCF, FceRI cross-linking or IL-4
treatment (data not shown).

3.3. Inhibition of p38 blocks IL-6 expression

To further assess the role of MAPK on cytokine release we
applied specific inhibitors for p38 and MEK. The addition of the
specific p38 inhibitor SB203580 attenuated the IL-6 mRNA expres-
sion in mast cells (Fig. 3B). SB203580 inhibited the SCF response
and especially the combined SCF and IgE response, but did not
affect the IgE response alone. However, SB203580 obviously did
not block the kinase activity of other MAPK like ERK and JNK (Davis
et al,, 2004). Neither the release of (3-hex nor the expression of IL-
8 mRNA were significantly affected by SB203580 (Fig. 3A and C).
Pre-incubation with the specific MEK inhibitor PD98059 resulted
in a down-regulation of IL-8 mRNA expression without affecting
expression of IL-6 and release of 3-hex (Fig. 3D-F).

3.4. Sequential stimulation with IL-4 and FceRI cross-linking, but
not FceRI cross-linking per se induces phosphorylation of Akt

Besides MAPK family members, several other intracellular ser-
ine/threonine kinases are of relevance in the signaling cascade of
c-Kit, FceRl, and IL-4 receptor (Gilfillan and Rivera, 2009; Nelms
et al., 1999; Rivera and Gilfillan, 2006). Therefore we analyzed
activation of different serine/threonine kinases in response to
treatment with anti-Igk, SCF, and/or IL-4. Noteworthy, the ser-
ine/threonine kinase Akt was phosphorylated in response to SCF
stimulation, but nearly no Akt phosphorylation was measured in
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* indicates p <0.05 for significant difference.
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response to FceRI cross-linking alone. Consistent with these find-
ings, the combined treatment with IgE/anti-IgE and SCF did not
cause an increased Akt phosphorylation, compared to stimula-
tion with SCF alone (Fig. 4A). IL-4 by itself did not induce any
detectable phosphorylation of Akt, but pre-treatment of human
intestinal mast cells with IL-4 prior to FceRI cross-linking resulted
in Akt phosphorylation. We observed a substantially enhanced
Akt activation in response to combined treatment with IL-4, SCF,
and FceRI cross-linking in comparison to those cells stimulated by
SCF, SCF and IgE or IL-4 and IgE (Fig. 4C). The most pronounced
chemokine/cytokine production in response to FceRI cross-linking
combined with SCF and/or IL-4 priming was found for IL-8. To ana-
lyze whether this effect is due to Akt activation, mast cells were
treated with the specific Akt inhibitor Akti-1/2 prior to stimulation
with SCF, IL-4 and/or FceRlI cross-linking. The enhanced production
of IL-8 in response to SCF and IL-4 priming was mostly inhibited
by pre-treatment with Akti-1/2 (Fig. 4D). Moreover, the enhanced
LTC4 generation induced by the combined stimulations was also
down-regulated. Taken together, our findings support a central role
of Akt in the crosstalk of downstream signaling events of FceRI,
c-Kit, and IL-4 receptor in mature human mast cells.

4. Discussion

During the last years it has been recognized that SCF or IL-4,
respectively, prime human mast cells for enhanced IgE-dependent
mediator release and cytokine generation (Bischoff et al., 1999;
Gilfillan and Rivera, 2009; Hundley et al., 2004; Lorentz et al., 2005;
Lorentz and Bischoff, 2001). Here, we report that the combined
challenge with IL-4 and SCF causes a further enhancement of IgE-
dependent mediator release in mature human mast cells and we
provide insights in the underlying signaling cascades.

FceRlI, c-Kit, and the IL-4 receptor share common downstream
signaling pathways. One of the major mechanisms responsible for
the transduction of extracellular signals into a cellular response
is the highly conserved MAPK superfamily comprising ERK, JNK,
and p38 (Weston et al., 2002). The combined stimulation with SCF
and FceRI cross-linking strongly enhanced ERK and p38 activa-
tion as well as the production of cytokines and chemokines. These
results indicate that the induced ERK and p38 activity correlate
with the release and production of cytokines/chemokines following
FceRlI cross-linking and SCF stimulation. However, SCF alone caused
phosphorylation of ERK and p38, but did not induce release of 3-
hex or LTC4 on its own in human mucosal mast cells. This implicates
that ERK or p38 activation per se is not sufficient to initiate inflam-
matory mediator release in mast cells, but requires the activation
of a second, distinct signal transduction pathway. Hundley et al.
(2004) suggested that SCF fails to induce degranulation because of
itsinability to activate PKC, which is an important primary signal for
the degranulation of mast cells (Gilfillan and Tkaczyk, 2006). Con-
sistently, own observations using the inhibitor G6 6975, a selective
inhibitor of PKC, demonstrated that inhibition of this kinase did not
affect the SCF induced expression of cytokines/chemokines, such as
IL-5, IL-8, or MIP-13, but inhibited IgE-mediated histamine release
(Martiny-Baron et al., 1993, own unpublished data). These results
indicate that the induced expression of cytokines/chemokines and
the potentiated antigen-mediated expression by SCF appear inde-
pendent from PKC.

Surprisingly, neither FceRI cross-linking nor SCF stimulation
caused a clearly increased phosphorylation of JNKin human intesti-
nal mast cells. These observations are contrary to findings in rodent
mast cells and human umbilical cord blood mast cells but match
with findings in human basophils (Gibbs et al., 2005; Ishizuka et al.,
1996; Kimata et al., 2000). On the other side, usage of JNK inhibitor
SP600125 resulted in a down-regulated release of pre-stored [3-hex

and mRNA expression of IL-8 and IL-6 in human intestinal mast cells
(data not shown). Tanemura et al. (2009) revealed in their recent
study that SP600125 abrogates FceRI-induced degranulation and
cytokine gene expression by inhibiting the kinase activity of PI3K
in mouse mast cells, suggesting that SP600125 does not only specif-
ically block JNK, but also PI3K. However, SP600125 had no effect on
the phosphorylation of Akt, ERK, and p38 in human HMC-1 mast
cells (Wang et al., 2006). Hence, we analyzed the release of 3-hex
as well as the expression of IL-8 of mast cells treated with wort-
mannin - a selective PI3K inhibitor - prior to FceRI cross-linking.
PI3K is a key effector of the downstream serine/threonine kinase
Akt (Gilfillan and Tkaczyk, 2006). Wortmannin inhibited the release
of B-hex and the expression of IL-8 (own unpublished data). Possi-
bly, SP60015 inhibits mediator release and IL-8 mRNA expression
by blocking PI3K.

In accordance with earlier findings in mice, we observed that IL-
4 priming of mast cells failed to activate ERK, p38, and JNK by itself
(Foltzetal., 1997). Noteworthy, treatment of human intestinal mast
cells with IL-4 enhanced the IgE-dependent activation of ERK but
blocked the IgE-dependent activation of p38. Observations in dif-
ferent cell lines and in primary mouse mast cells demonstrated that
IL-4 did not induce tyrosine phosphorylation of p38 in mast cells but
in other cell types, such as T- and pro-B-lymphocyte cell lines (Hunt
et al., 2002). Thus, it appears that activation of MAPK pathways in
response to IL-4 stimulation is highly cell type dependent. Similar to
our findings in human mast cells, pre-treatment with IL-4 blocked
the LPS-induced p38 activity in RAW 264.7 murine macrophages
(Hunt et al., 2002). Interestingly, IL-4 in synergy with FceRI cross-
linking resulted in an increased mediator release and cytokine and
chemokine production, butin aninhibited IL-6 expression, suggest-
ing that IL-6 expression and release depends on p38 activation in
human intestinal mast cells. Indeed, using p38 inhibitor SB203580
we found an inhibition of IL-6 expression, but not of IL-8. More-
over SB203580 did not affect the release of prestored mediators.
It has been shown that p38 promote transactivation of the tran-
scription factor NF-kB which is an important regulator of the IL-6
expression (Boudreau et al., 2004). The inability of IL-4 to induce
phosphorylation, respectively the inhibition of p38 phosphoryla-
tion, despite causing human intestinal mast cell proliferation and
enhanced mediator release and production besides IL-6, indicates
that p38 MAPK activation is indeed not necessary for this enhance-
ment.

Besides the MAPK family members, other serine/threonine
kinases like Akt are of importance for the transduction of
extracellular signals into a cellular response. The intracellular ser-
ine/threonine kinase Akt is implicated in a variety of cellular
functions, such as survival, metabolism, and cell growth (Sale and
Sale, 2008). Akt was shown to be activated upon cross-linking of
FceRl, or SCF activation in primary cultured mouse mast cells as
well as in the rat mast cell line RBL-2H3, and to be involved in the
FceRI-induced production of IL-2 and TNF-a (Ishizuka et al., 1999;
Kitaura et al., 2000). In contrast to previous findings in rodent mast
cells, we found that FceRI cross-linking did not effect phosphory-
lation of Akt in human intestinal mast cells. Our findings indicate
that Akt is not responsible for mediator expression and/or release
in human intestinal mast cells in response to antigen-dependent
activation alone.

In contrast to FceRI cross-linking, treatment of human intestinal
mast cells with SCF caused a strong activation of Akt. Most inter-
estingly, we found that priming with IL-4 before IgE-stimulation
resulted in a strong activation of Akt, indicating that SCF or IL-4 are
necessary for the activation of Akt. Moreover, a combined addition
of IL-4 and SCF further potentiated the activation of Akt follow-
ing FceRI cross-linking. These results strongly suggest Akt being an
important element for the intracellular communication between
the three different receptors, FceRI, c-Kit, IL-4. Consistently, inhibi-
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tion of Akt by the specific inhibitor Akti-1/2 resulted in a markedly
down-regulated SCF and IL-4 induced IL-8 release, suggesting that
Akt cross-links the signaling pathways of SCF, IL-4, and antigen in
mature human mast cells. Although we observed no further Akt
phosphorylation in response to FceRI cross-linking in comparison
to unstimulated cells, treatment with Akti-1/2 slightly attenuated
IgE-mediated IL-8 production. This could be due to the Akti-1/2-
caused complete inhibition of the basal Akt phosphorylation we
measured in IgE-stimulated mast cells.

In the underlying study we analyzed signaling molecules in mast
cells with regard to their activation levels in response to priming
with IL-4 for several days. It could be assumed that cells incubated
for 10 days in the presence of SCF alone will differ in the expres-
sion of numerous signaling molecules from cells incubated for 10
days in the presence of both SCF and IL-4; other changes than those
found here could contribute to different responses to various lig-
ands. Thus, a detailed analysis of the whole transcription could
bring further insight in such changes induced by different priming
factors and will be object of future studies.

In conclusion, SCF and IL-4 are required for the activation of
Akt in IgE-stimulated human intestinal mast cells. Moreover SCF
enhances phosphorylation of p38 whereas IL-4 inhibits it, showing
common and distinct pathways of SCF and IL-4 in human mast cell
activation. Our findings reveal a differential activation of MAPK and
Akt following mast cell challenge with SCF and IL-4 and triggering
by FceRI cross-linking, providing new insights into the crosstalk of
signaling pathways responsible for mast cell activation.
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