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Summary
Following antigen/IgE-mediated aggregation of high affinity IgE-receptors (FcεRI), mast cells
(MCs) degranulate and release inflammatory mediators leading to the induction of allergic
reactions including anaphylaxis. Migration of MCs to resident tissues and sites of inflammation is
regulated by tissue chemotactic factors such as stem cell factor (SCF [KIT ligand]). Despite
inducing similar early signaling events to antigen, chemotactic factors, including SCF, produce
minimal degranulation in the absence of other stimuli. We therefore investigated whether
processes regulating MC chemotaxis are rate limiting for MC mediator release. To investigate this
issue, we disrupted actin polymerization, a requirement for MC chemotaxis, with latrunculin B
and cytochalasin B, then examined chemotaxis and mediator release in human (hu)MCs induced
by antigen or SCF. As expected, such disruption minimally affected early signaling pathways, but
attenuated SCF-induced huMC chemotaxis. In contrast, SCF, in the absence of other stimuli,
induced substantial degranulation in a concentration-dependent manner following actin
disassembly. It also moderately enhanced antigen-mediated huMC degranulation which was
further enhanced in the presence of SCF. These observations suggest that processes regulating cell
migration limit MC degranulation as a consequence of cytoskeletal reorganization.
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Introduction
Mast cell (MC) activation, with the subsequent release of inflammatory mediators, is a
central process in the initiation of allergic inflammation. Antigen-induced aggregation of the
IgE-high affinity IgE receptor (FcεRI) complex is considered the principle mode of
initiating the necessary signaling cascades for mediator release [1]. Nevertheless, other
intrinsic, extrinsic, or physical stimuli can modulate antigen-dependent MC activation or, by
themselves, induce MC mediator release in experimental models [2]. However, the extent to
which these other stimuli contribute to MC-induced pathology in humans is not entirely
clear.
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MC infiltration is observed at sites of inflammation and is also associated with chronic
allergic disease and bacterial and helminthic infections [3–6]. Stem cell factor (SCF), the
ligand for the MC growth factor receptor, KIT, is a principle factor produced within tissues
that can induce MC chemotaxis [7]. SCF is required for MC homeostasis [8], and can
synergize with antigen to enhance MC degranulation and cytokine production [9, 10].
However, SCF induces minimal degranulation in the absence of other stimuli [9]. In
contrast, antigen potently induces MC degranulation but is a much weaker stimulant of
chemotaxis than SCF even though activated KIT and FcεRI initiate many of the same early
signaling events in MCs [11]. These data suggest that, chemotaxis and degranulation may be
inversely regulated such that distal processes that regulate chemotaxis may be rate limiting
for degranulation.

One common distal feature of MC degranulation and chemotaxis is the requirement for
cytoskeletal reorganization which occurs as a result of polymerized (filamentous; F)-actin
de-polymerization/re-polymerization [12]. It is thought that F-actin de-polymerization
facilitates granule extrusion from the cytosol during exocytosis [13–16] whereas,
conversely, we [17] and others [18–21] have shown that actin polymerization is crucial for
MC chemotaxis. We have, therefore, examined the possibility that the balance of these
opposing actions may direct MC function with regards to the relative exclusivity of
degranulation and chemotaxis of activated MCs.

Here we show that disruption of actin polymerization attenuated SCF-induced migration of
human (hu)MCs whereas the ability of SCF to amplify antigen-mediated degranulation or to
induce degranulation on its own was markedly enhanced. These data thus reveal that
processes regulating F-actin dynamics, leading to cytoskeletal reorganization, dictate the
outcome of the MC response to antigen and SCF, and furthermore suggest that actin
polymerization during chemotaxis may be rate limiting for degranulation.

Results
Contrasting chemotaxis and degranulation in huMCs induced through FcεRI and KIT

We first compared the effects of FcεRI aggregation, induced by the addition of streptavidin
(SA) to biotinylated human (hu)IgE-sensitized cells, and KIT activation, induced by the
addition of SCF, on huMC degranulation and chemotaxis. As previously reported [10, 22,
23], FcεRI aggregation induced a dose-dependent increase in huMC degranulation, whereas
KIT activation produced no evidence of degranulation (Fig. 1A). In contrast to
degranulation and the slight chemotactic response observed in mouse bone marrow-derived
MCs (BMMCs) [17], such FcεRI aggregation failed to evoke huMC chemotaxis whereas
SCF-induced KIT activation markedly promoted this response (Fig. 1B). Thus, in huMCs
and in the absence of other stimuli, the processes of MC degranulation and migration, as
mediated via FcεRI and KIT, appear to be exclusive of each other.

F-actin content increases in both SA- or SCF-stimulated huMCs
F-actin de-polymerization/re-polymerization is a critical process in MC degranulation [13,
14, 18, 24]. In BMMCs, antigen induces rapid (0–2 minutes after activation) F-actin de-
polymerization, followed by re-polymerization which often results in levels greater than that
observed in non-stimulated cells [17, 18, 25]. In the rat basophilic leukemia cell line
(RBL-2H3), the initial rapid de-polymerization is not observed, but a similar increase in
total F-actin in the cells occurs in later phases of cell activation (5–30 min) [13, 24, 26]. It is
thought that disruption of the F-actin barrier is essential to allow the granules to migrate
through the cytosol and cytoplasmic membrane [27]. Conversely, actin polymerization has
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been shown to be critical for MC chemotaxis [7]. We thus examined whether FcεRI
aggregation (SA) and SCF affected the status of F-actin in huMCs in dissimilar ways.

In contrast to the noticeable reorganization of the F-actin ring formation observed in
BMMCs activated with antigen [15], we observed minimal gross changes in the membrane
ring structure in huMCs following challenge with either SA or SCF when examined
qualitatively using confocal microscopy (Fig. 2A). Furthermore, we observed no discernible
differences in the relative localization of cytosolic granules and F-actin, as assessed by MC
tryptase and F-actin staining under these conditions (Fig. 2A).

Adopting a more quantitative approach, we examined F-actin by FACS analysis following
phalloidin staining. We found that both SA and SCF stimulation resulted in a rapid and
prolonged increase in F-actin content in the huMCs (Fig. 2B and C). This indicated that,
although no discernible structural changes in F-actin assembly were perceived by confocal
microscopy, as observed in other MC systems [27], both FcεRI- and SCF-mediated
stimulation of huMCs was associated with F-actin assembly.

Disruption of actin polymerization in huMCs attenuates SCF-induced huMC chemotaxis
To investigate the relative roles of such actin polymerization in huMC chemotaxis and
degranulation, we disrupted this process with latrunculin B [28], a macrolide compound that
binds to monomeric actin, thus preventing its ability to polymerize [29]. As shown in Figure
3A, latrunculin B noticeably disrupted integrity of the F-actin ring in the huMCs, both in the
resting cells and those challenged with SCF. Furthermore, latrunculin B-mediated F-actin
disassembly was enhanced after SCF stimulation (Fig. 3B), thus indicating that both actin
polymerization and depolymerization occurs simultaneously following SCF challenge.

The outcome of this disruption of F-actin organization on SCF-induced huMC chemotaxis
was next examined. As predicted from previous studies [17, 20, 30], latrunculin B
completely prevented the ability of huMC to migrate towards SCF (Fig. 4A). This was not
due to an adverse effect on cell viability as determined by lack of any increase in annexin-
positive cells under these experimental conditions (Fig. 4B). Therefore, these data confirm
that disruption of F-actin assembly directly inhibits huMC migration.

Disruption of actin polymerization in huMCs has marginal effect on early SCF-induced
signaling

To establish that the inhibition of huMC chemotaxis by prevention of actin polymerization
was not a consequence of disruption of key signaling events, we next examined the ability of
latrunculin B to inhibit the ability of SCF to initiate phospholipase (PL)Cγ and PI3K
activation which are responsible for inducing the calcium signal known to regulate MC
chemotaxis [7, 31]. To do this, we respectively examined the phosphorylation status of
PLCγ1 and PLCγ2, and of the surrogate PI3K activation marker, protein kinase B (AKT), 2
min after addition of SCF. We also examined the phophorylation status of MAP kinases
(ERK 1/2, JNK, and P38) which also contribute to this response [7]. As shown in Fig. 5A
and Supporting Information Fig. 1A, SCF-induced signals leading to the calcium response
were not inhibited under conditions that disrupt actin polymerization. If anything, there was
a slight increase in PLCγ1 phosphorylation. Also, latrunculin B treatment had little effect on
the phosphorylation of the MAP kinases except for a modest, albeit significant, increase in
p38 phosphorylation (Fig. 5B and Supporting Information Fig. 1B). A modest increase was
also observed in the calcium signal in latrunculin B-treated cells (Fig. 5C) which was
consistent with the small increase in PLCγ1 phosphorylation. This increase however did not
reach the levels or the rapidity as observed in response to SA (Fig. 5D). Latrunculin B is
reported to induce a calcium signal by itself in B cells [32] but this was not apparent in
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huMCs (data not shown). Overall, our data suggested that latrunculin minimally perturbed
early signaling events in huMCs.

Disruption of F-actin assembly enables SCF to induce degranulation of huMCs
Although SCF does not induce degranulation by itself, as shown in Fig. 6A and reported
elsewhere [22], SCF induces a concentration-dependent increase in huMC degranulation
with a maximal release at 30 ng/ml SCF in the presence of a threshold concentration SA (1
ng/ml). Also and similar to observations with mouse BMMCs [15], antigen-stimulated
degranulation of huMCs was enhanced by latrunculin B (Fig. 6B). Of particular note,
however, substantial degranulation (~40% release) was evoked by SCF in the absence of SA
following latrunculin B treatment even though SCF does not normally induce degranulation
(Fig. 6C). Degranulation was further augmented by co-stimulation with SA in a manner
consistent with the potentiation observed on co-stimulation in the absence of latrunculin B
(Fig. 6C).

The remarkable ability of SCF to induce degranulation in latrunculin-treated cells was
further investigated over its effective concentration range (0–100 ng/ml; [22]) by comparing
the effects of latrunculin B with cytochalasin B, a compound that binds to F-actin and
prevents its elongation [33]. The presence of either inhibitor revealed that SCF in the
absence of SA produced significant degranulation in a concentration-dependent manner with
maximal degranulation being observed at 30 ng/ml. The responses observed in the
latrunculin B-treated cells (Fig. 6D) exceeded those achieved with a threshold concentration
of SA (as in Fig. 6A) and approached those obtained following optimal SA challenge (as in
Fig. 6B). Treatment with cytochalasin B, which inhibits association and dissociation of actin
subunits at the barbed ends of F-actin [33], also allowed SCF to induce degranulation, albeit
to a lesser extent than latrunculin B (Fig. 6E). Since cytochalasin B may also retard
disassembly of actin filaments, this may account for its reduced efficacy in promoting
degranulation as compared with that of lantrunculin B if disassembly is an essential process
in degranulation. Taken together, these data demonstrate that, regardless of the mechanism
which the F-actin reorganization is attenuated, an inefficient F-actin reorganization relieves
the block that prevents SCF from initiating degranulation in huMCs.

Disassembly of F-actin in huMCs potentiates the production of IL-8 by SCF
In addition to degranulation, activated MCs also generate a suite of cytokines and
chemokines. Although SCF fails to induce degranulation, it can stimulate production of
specific cytokines and chemokines by itself and this production is greatly enhanced in
combination with antigen [9]. Hence, we examined whether disassembly of F-actin would
also enhance cytokine release in response to SCF, either alone or in combination with
antigen. As shown in Fig. 7, SCF alone caused no or minimal production of GM-CSF,
MCP-1, and IL-8 but among these, only IL-8 production was markedly potentiated by
latrunculin B treatment (Fig. 7A and C). Cell viability was unaffected by latrunculin B (Fig.
7D).

Examination of the activation state of transcription factors that drive cytokine production in
mast cells revealed that SCF, in the absence or presence of latrunculin B, caused little or no
activating phosphorylations of NFκB and NFAT by 30 min (data not shown). However, by
30 min (Fig. 7E–F), SCF stimulation had resulted in significant increases in levels of c-Jun
and of phosphorylated c-Jun which were enhanced in latrunculin B-treated cells. The c-Jun
gene is rapidly inducible by antigen [34], and apparently by SCF (this report), and c-Jun is a
component of the activator protein complex, AP1, which is known to regulate IL-8 gene
transcription [35]. How actin disassembly might promote induction of c-Jun is unclear at
present.
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Taken together these data reveal that by disrupting a critical process required for MC
chemotaxis, actin polymerization, SCF acquires the ability to induce degranulation and an
increase in the production of IL-8 but not of other cytokines examined.

Discussion
MCs are multifunctional cells whose diverse responses can be finely tuned by the concurrent
or independent engagement of specific classes of cell surface receptors that may favor one
type of response over others as for example chemotaxis over degranulation or cytokine
production. The signaling pathways linking these receptors to their own particular responses
have been described in detail [36] and it is clear that these pathways share common features,
especially at the early stages of signaling. For example, although KIT, FcεRI, G protein-
coupled receptors and Toll-like receptors (TLRs) mediate quite divergent responses, they all
have the ability to activate PI3K and MAP kinases, and, with the exception of TLRs, induce
a calcium signal [36–38]. Nevertheless, further studies are needed as to how these different
classes of receptors can promote one particular response over another. In this study, we have
investigated one aspect, namely the mutually exclusive abilities of FcεRI and KIT to induce
respectively degranulation and chemotaxis in huMCs. We propose that such selectivity may
be a consequence of a distal rate limiting process which, in the example described in this
study, is associated with cytoskelatal rearrangement linked to actin polymerization.

Our current and previous studies [9, 23] indicate that, in the absence of other stimuli, huMCs
have limited capacity to degranulate in response to SCF and to migrate following FcεRI
aggregation. This observation differs from previous studies with rodent MCs [7, 39],
including our own [17], in which FcεRI aggregation can induce chemotaxis but to a much
lesser extent than SCF. The reason for this difference is unclear but, as with certain other
responses [40], this would indicate that mouse MC biology may not reflect that of huMCs.
Nevertheless, the data from both species point to differential regulation of MC degranulation
and chemotaxis by antigen and SCF respectively.

To identify steps that limit degranulation while permitting chemotaxis in SCF-stimulated
cells and the converse situation for antigen, we focused on actin polymerization/
depolymerization since cytoskeletal reorganization is a key process in granule extrusion
[14,41] and a driving force for cell migration [27,42]. Studies in mouse BMMCs suggest
that extensive actin depolymerization is required for degranulation [15, 17]. However, we
observed no F-actin rearrangement in huMCs in response to either SCF or following FcεRI
cross-linking (Fig. 2) as has been reported for antigen-stimulated RBL-2H3 cells [13, 24,
26]. It is possible that the cycle of de-polymerization and re-polymerization occurs more
rapidly in huMCs than in BMMCs and is complete before our 2 minute observation time-
point. In addition and more likely, F-actin remodeling may be highly localized in huMCs
such that actin de-polymerization occurs at some sites while re-polymerization occurs at
other sites within individual cells. Regardless, it is apparent that extensive actin-remodeling
takes place because of the increased SCF-induced depolymerization of F-actin in
lantrunculin B-treated huMCs (Fig. 3) and that this actin-remodeling is required for huMC
chemotaxis [20, 21, 26].

The ability to latrunculin B to dissociate the chemotactic from degranulation response to
SCF without affecting early signaling events, allowed us to conclude that the mechanics of
F-actin assembly/disassembly that are required for chemotaxis differ from and suppress
those required for degranulation. The data also suggest that SCF simultaneously generates
signals for chemotaxis and degranulation but those for chemotaxis normally predominate in
huMCs, presumably at the level of F-actin remodeling. This conclusion was supported by
the inability of SCF to induce degranulation concurrently with chemotaxis and by the switch

Smrž et al. Page 5

Eur J Immunol. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to degranulation instead of chemotaxis following disassembly of F-actin with latrunculin B.
Too little is known about the differences between chemotaxis and degranulation in actin
remodeling or the exact interactions with actin-regulatory proteins, to know how this switch
to degranulation occurs. It is known that oscillations in F-actin assembly and cytosolic Ca2+

are tightly coupled in a latrunculin B-sensitive manner [43] and that the oscillations in
calcium ions coincide with oscillatory bursts in degranulation [44] in antigen-stimulated
RBL-2H3 MCs. However, comparable studies have not been conducted with SCF and, in
particular, how these dynamics are altered by the combination of antigen and SCF.

Of note, SCF-mediated degranulation in the presence of latrunculin B occurred without
compromised cell viability and within the normal concentration range used for SCF-
mediated responses (i.e. 0–100 ng/ml). Of note, this response reached the magnitude of that
observed with an optimal concentration of SA. Also, consistent with recent findings of
potential links between cytoskeletal reorganization and cytokine release [45], SCF-induced
IL-8 release was also enhanced following lantrunculin B-induced F-actin disassembly
possibly through enhanced induction of c-Jun.

In summary, in this study we have described how a component of cytoskeletal
rearrangement during SCF-mediated chemotaxis, namely F-actin assembly, limits
degranulation, presumably due to differences in the type of F-actin remodeling required for
chemotaxis and degranulation. The biological implications for our observations are three-
fold. Firstly, the studies with latrunculin B indicate that F-actin assembly is critical for
chemotaxis but not degranulation where disassembly may be the preeminent requirement
and that SCF can generate signals for either process. Secondly, it could be assumed that it
would be detrimental for MCs to degranulate, and thus become refractory to further
stimulation during migration, prior to residing in their target tissues. As such, SCF and
similar chemotactic agents would limit the capacity of MCs to degranulate while generating
the required signals for chemotaxis. Lastly, migration to other tissues during innate and
acquired defensive reactions which result in the generation and localized release of
inflammatory mediators would be inefficient and undesirable. Whether disruption of such
processes exists in disease states is unknown. However, if they were to occur, the
consequences for progression of MC-driven disease would be profound.

Materials and Methods
Primary huMC culture

CD34+ peripheral blood progenitors were isolated from healthy donors and used to prepare
huMCs as described [46]. The donors provided an informed consent, and cells were obtained
under a protocol (NCT00001756) approved by the National Institutes of Health Internal
Review Board.

Antibodies and reagents
The protein-specific antibodies were: MC tryptase (Abcam, Cambridge, MA), β-actin
(Sigma-Aldrich, St. Louis, MO; Cell Signaling Technology, Beverley, MA), fluorophore-
conjugated antibodies (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA),
horseradish peroxidase-conjugated rabbit IgG (Amersham Biosciences, Piscataway, NJ),
mouse IgG Fc-specific antibody (Sigma-Aldrich), and human myeloma IgE (Calbiochem,
La Jolla, CA) biotinylated by the NIAID Core Facility. The phosphoprotein-specific
antibodies to: KITY721 and PLCγ1Tyr783 (Invitrogen, Carlsbad,CA), PLCγ2Tyr759,
AKTThr308, ERK1/2Thr202/Tyr204, JNKThr183/Tyr185, P38Thr180/Tyr182, NFκBSer356, c-
JunSer63, c-Jun (Cell Signaling Technology, Beverley, MA) and NFATTyr339 (Santa Cruz
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Biotechnology, Santa Cruz, CA) Other reagents: donkey serum (Santa Cruz Biotechnology),
FITC- or TRITC-conjugated phalloidin, latrunculin B and cytochalasin B (Sigma-Aldrich).

Cell activation
HuMCs were, or were not, sensitized with bio-huIgE; 100 ng/ml [47] and starved in
cytokine-free media overnight. FcεRI aggregation was subsequently achieved by cross-
linking the bio-huIgE with SA. For immunoblotting, degranulation, flow cytometry, and
confocal microscopy studies, the cells were harvested and then activated as described [48].
For cytokine release studies, the cells were washed with cytokine-free media and stimulated
by adding an equal amount of 2× stimulant in cytokine-free media and the cells were further
incubated at 37 °C / 5 % CO2 for the time period indicated.

Degranulation, cytokine production
Degranulation was determined after 30 min activation as a percentage of β-hexosaminidase
released into supernantant [49]. Cytokine production was determined after 6 h activation and
calculated as a concentration of cytokines released by 1.0 × 106 cells/ml cells into
supernatant using Quantikine ELISA kits (R&D Systems, Minneapolis, MN).

Immunoblotting, flow cytometry and calcium measurement
Lysates of the activated cells were prepared and analyzed by immunoblotting as described
[48]. Annexin V/PI staining was performed as described [50]. To label F-actin, the activated
cells were fixed with [4% (w/v) paraformaldehyde, 5 mM EDTA, 5 mM EGTA, PBS] for 30
min, washed with PBS then permeabilized with [0.1 % (v/v) Triton-X100, 5 % (w/v) BSA, 2
mM EGTA, PBS] for 5 min. The cells were washed with PBS and quenched with [5 % (w/v)
BSA, 2 mM EGTA, PBS] for 30 min then incubated with 1 µg/ml phalloidin-TRITC in [5 %
(w/v) BSA, 2 mM EGTA, PBS] for 1 h and washed with [0.5 % (w/v) BSA, 0.2 mM EGTA,
PBS] followed by PBS. The stained cells were analyzed by flow cytometry using
FACSCalibur with CellQuest 3.3 software (BD Biosciences), and the acquired data analyzed
by FlowJo 7.6 software (TreeStar). The intact cells (Supporting Information Fig. 2A) were
used for evaluation in the phalloidin-FITC staining assays. An additional gating used in the
evaluation is indicated in the figures. The calcium measurement was performed as described
[51].

Migration assay
Migration assays were performed in Transwell® permeable supports with 8.0 µm pore size
membrane in a 24-well plate (Costar®) (Corning, Corning, NY). Cells were transferred into
cytokine-free media (0.5–4 × 106), then mixed (1:1) with the cytokine-free media with or
without the indicated inhibitor. One hundred µl of the suspension was then transferred to the
upper chamber and this chamber placed over the bottom chamber containing 600 µl
cytokine-free media with or without the inhibitor. After 30 min incubation at 37 °C / 5 %
CO2, the upper chambers were replaced over the bottom chambers containing 600 µl
cytokine-free media with or without the inhibitor and containing, or not, SCF (10 ng/ml).
After 4 h incubation at 37 °C / 5 % CO2, the upper chambers were removed, the migrated
cells in the bottom chamber collected and their numbers determined. A post-assay viability
of the cells in the upper chamber was determined by annexin V/PI staining and flow
cytometry as described above. The PI/Annexin V positive cell populations were considered
as dead cells (Supporting Information Fig. 2B).

Confocal microscopy
Cell activation was stopped by adding an equal amount of (40 mM EDTA, 40mM EGTA,
PBS) and the cells were transferred onto poly-lysine (100 µg/ml) coated slides positioned in
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a 24-well plate. After 5 min, the cells were fixed with 1 ml of (4% (w/v) paraformaldehyde,
5 mM EDTA, 5 mM EGTA, PBS) for 30 min. The fixed cells were washed with PBS and
permeabilized with (0.1 % (v/v) Triton-X100, 5 % (w/v) BSA, 2 mM EGTA, PBS) for 5
min. The cells were washed with PBS and quenched with (5 % (w/v) BSA, 2 mM EGTA,
PBS) for 30 min. The cells were then incubated with 5 µg/ml MC mouse tryptase-specific
antibody and 1 µg/ml phalloidin-TRITC in (5 % (w/v) BSA, 2 mM EGTA, PBS
supplemented with 200 × diluted donkey serum) for 1 h. The cells were washed with PBS
and (5 % (w/v) BSA, 2 mM EGTA, PBS) and then incubated with 5–10 µg/ml donkey
mouse IgG-specific Alexa488-conjugared secondary antibody in (5 % (w/v) BSA, 2 mM
EGTA, PBS supplemented with 200 × diluted donkey serum) for 1 h. The cells were washed
with (5 % (w/v) BSA, 2 mM EGTA, PBS), then PBS. The cells were stained with DAPI (2
µg/ml) for 10–20 min, washed with PBS then mounted on support slides using Prolong®
Gold anti-fade reagent (Invitrogen). The images were acquired on Leica SP5 confocal
microscope (Leica Microsystems, Exton, PA) using 63× oil immersion objective with
numerical aperture 1.4. The acquired images were deconvolved with Huygens Essential
software (Scientific Volume Imaging BV, Hilversum, The Netherlands) and processed with
Imaris software (Bitplane AG, Zurich, Switzerland).

Statistical analysis
Means and SEM were computed from the number of individual experiments indicated where
each individual experiment is defined as that conducted on cells derived from different
individual donors. Where multiple experiments were conducted using the same donor, these
results were averaged prior to inclusion in the final analysis as a single replicate. Unpaired
Student t test was used to determine the statistical significance of differences between
groups. Data were considered significant when P<0.05.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

BMMC bone marrow-derived mast cell

F-actin filamentous actin

FcεRI high affinity IgE receptor

huMC human mast cell

MC mast cell

RBL 2H3 rat basophilic leukemia 2H3 mast cell line

SA streptavidin

SCF stem cell factor
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Figure 1.
Differential regulation of huMC degranulation and migration by FcεRI and KIT. (A)
Sensitized (bio-huIgE; 100 ng/ml) and cytokine-starved (overnight) huMCs were activated
with SA or SCF (0–100 ng/ml) for 30 min and degranulation was determined. (B) Sensitized
and starved huMCs were transferred into cytokine-free media and the number of cells
migrating through a 8.0 µm pore membrane towards vehicle (Ctrl; control), SA (10 ng/ml)
or SCF (10 ng/ml) after 4 h was determined. (A, B) Data are shown as mean + SEM of n=3
individual donors and *P<0.05, Student’s t-test, between SA- and SCF-stimulation (A), or
control (Ctrl) and SA- or SCF-induced chemotaxis (B).
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Figure 2.
F-actin content in huMCs following FcεRI aggregation or KIT activation. (A) Sensitized
(bio-huIgE; 100 ng/ml) and cytokine-starved (overnight) huMCs were activated with vehicle
alone (Ctrl), SA (100 ng/ml), or SCF (100 ng/ml) for 2 min. Immobilized, fixed and
permeabilized cells were stained for F-actin (phalloidin-TRITC; red), MC tryptase (green),
and nucleus (DAPI; blue), The cells were then analyzed by confocal microscopy and
acquired images deconvolved. Scale bars represent 5 µm. (B) Sensitized and starved huMCs
were activated with vehicle alone (solid line histogram), or SA or SCF (100 ng/ml; filled
histogram) for the indicated time periods. Fixed and permeabilized cells were stained for F-
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actin with phalloidin-FITC and analyzed by flow cytometry. Unstained and unstimulated
cells (dotted line) were used as a negative control. (A, B) Data shown are representative of
data obtained from 3 individual donors. (C) The fluorescence of phalloidin-FITC positive
cells in (B) (the gate indicated) was normalized and evaluated, and shown as mean + SEM
of n=3 donors. *P<0.05, Student’s t-test.
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Figure 3.
Inhibition of actin polymerization by latrunculin B in resting and SCF-stimulated huMCs.
(A) Non-sensitized and cytokine-starved huMCs were pre-treated (La+), or not (La−), with
latrunculin B (1 µM) for 20 min and then activated with SCF (100 ng/ml) for the times
indicated. Immobilized, fixed and permeabilized cells were stained for F-actin (phalloidin-
TRITC; red) and nucleus (DAPI; blue), and then analyzed by confocal microscopy. Scale
bars represent 20 µm. Data shown are representative of images analyzed from 3 donors. (B)
Non-sensitized and starved huMCs were pre-treated (La+), or not (La−), with latrunculin B
(1 µM) for 20 min and then activated with vehicle alone (Ctrl) or SCF (100 ng/ml) for 2 min.
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Fixed and permeabilized cells were stained for F-actin with phalloidin-FITC and analyzed
by flow cytometry. Unstained and unstimulated cells were used as a negative control. The
fluorescence of phalloidin-FITC positive cells (gated as in Fig. 1B) was normalized and
evaluated, and shown as mean + SEM of n=3 individual donors. *P<0.05, Student’s t-test.
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Figure 4.
Effect of disrupted actin polymerization on SCF-induced huMC chemotaxis. (A) Sensitized
(bio-huIgE; 100 ng/ml) and cytokine-starved huMCs were transferred into cytokine-free
media with or without latrunculin B (1 µM) and incubated at 37°C for 30 min. Then the
number of cells migrating through a 8.0 µm pore membrane towards vehicle (Ctrl;
chemokinesis) or SCF (10 ng/ml) in the presence or absence of latrunculin B (1 µM) after 4
h was determined. (B) Post-assay viability of cells in (A) was determined by annexin V/PI
staining and flow cytometry, and normalized data were evaluated. (A, B) Data are shown as
mean + SEM of n=3 individual donors. *P<0.05, Student’s t-test, between chemokinesis
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(Ctrl) in the presence (La+) or absence (La−) of latrunculin B, or chemokinesis (Ctrl) and
SCF-induced chemotaxis.
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Figure 5.
Impact of inhibition of actin polymerization by latrunculin B in huMCs on early SCF-
induced signaling events. (A–B) Non-sensitized and cytokine-starved huMCs were pre-
treated (La+), or not (La−), with latrunculin B (1 µM) for 20 min, then activated, or not
(Ctrl), with SCF (100 ng/ml) for 2 min. The cells were lysed and analyzed by
immunoblotting. β-actin was used as a loading control and data shown are from one donor
but are representative of immunoblots performed for 3 donors. Quantitative data for all 3
donors are shown in Supporting Information Fig. 1. (C) Non-sensitized and starved huMCs
were loaded with Fura-2, pre-treated (La+), or not (La−), with latrunculin B (1 µM) for 20
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min and then activated with SCF (100 ng/ml) and calcium response was analyzed. (D)
Sensitized and starved huMCs were loaded with Fura-2, then activated with SCF (100 ng/
ml) or SA (100 ng/ml) and calcium response was analyzed. (C–D) Data are shown as mean
+ SEM of n=3 individual donors. *P<0.05, Student’s t-test, between latrunculin B-treated
and non-treated (C) or differentially activated (D) cells.
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Figure 6.
Effect of inhibition of actin polymerization on huMC degranulation after stimulation with
SA and/or SCF. (A) Sensitized (bio-huIgE; 100 ng/ml) and starved huMCs were activated
with SCF (0–100 ng/ml) in the presence or absence of SA (1 ng/ml) for 30 min and
degranulation was determined. (B) Sensitized (bio-huIgE) and cytokine-starved huMCs
were pre-treated (La+), or not (Ctrl), with latrunculin B (1 µM) for 20 min and then
activated with SA (0–100 ng/ml) for 30 min and degranulation was determined. (C)
Sensitized and cytokine-starved huMCs were pre-treated (La+), or not, with latrunculin B (1
µM) for 20 min and then activated with SA (0–100 ng/ml) in the presence of SCF (100 ng/
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ml). Degranulation of the latrunculin B-untreated and SA-stimulated cells from (A). (Ctrl) is
shown for a comparison. (D) Non-sensitized and starved huMCs were pre-treated (La+), or
not (Ctrl), with latrunculin B (1 µM) for 20 min and then activated with SCF (0–300 ng/ml)
for 30 min and degranulation was determined. (E) Non-sensitized and SCF-starved huMCs
were pre-treated (CytoB), or not (Ctrl), with cytochalasin B (20 µM) for 20 min and then
activated with SCF (0–300 ng/ml) for 30 min and degranulation was determined. Data are
shown as mean + SEM of n=4 donors (A, E) and n=3 individual donors (B–D). *P<0.05,
Student’s t-test, between differentially stimulated (A) or treated (B–E) cells.
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Figure 7.
Inhibition of actin polymerization selectively impacts huMC cytokine production after
stimulation with SCF. (A–C) Non-sensitized and SCF-starved huMCs were, or not (Ctrl),
challenged with SCF (100 ng/ml) for 6 h in cytokine-free media and released cytokines were
determined. (D) Post-assay viability of cells in (A–C) was determined by annexin V/PI
staining and flow cytometry, and normalized data were evaluated. (E) Typical immunoblots
for experiments performed as in (A–C) except that cells were sensitized and lysed 30 min
after addition of SCF. Quantitative data are shown in (F). Data are shown as mean + SEM of
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n=3 individual donors. *P<0.05, Student’s t-test, between latrunculin B-treated and non-
treated, or unstimulated and stimulated cells.
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