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Abstract

Gads is a Grb2-like adaptor protein expressed in hematopoietic cells. We demonstrated that mast

cells from Gads ™/~

mice have selective functional defects. Bone marrow-derived mast cells from

Gads ™'~ mice failed to induce Ca2* mobilization, degranulation and cytokine production upon cross-

linking of FceRlI. In vivo passive cutaneous anaphylaxis was also greatly impaired in Gads

~/~ mice. In

contrast, Gads was dispensable for Toll-like receptor-mediated cytokine production in mast cells.
Accordingly, mast cell-dependent resistance to acute peritoneal bacterial infection is not reduced in
Gads™’~ mice in vivo. Moreover, mature T and B cell responses and antibody production upon

immunization were apparently normal in Gads ™/~

mice. Thus, inhibition of Gads in vivo would

suppress the IgE-mediated allergic reaction with minimum adverse effects on both innate
and acquired immune responses, and Gads could be an ideal target for the control of allergic

responses.

Introduction

IgE is the central mediator of allergic responses via the acti-
vation of mast cells and basophils (1, 2). The cross-linking of
FceRl, predominantly expressed on these cells, with IgE and
multivalent antigens initiates an activation cascade via tyro-
sine phosphorylation of immunoreceptor tyrosine-based acti-
vation motif (ITAM) by a protein tyrosine kinase (PTK), Lyn.
Another PTK, Syk, is then recruited to the phospho-ITAMs of
FcRy chains, where it phosphorylates adaptor molecules such
as LAT and SLP-76 (8, 4). Accumulating evidence demon-
strates that LAT and SLP-76 play critical roles in FceRI signal-
ing (5-9); however, the specific inhibition of FceRI signaling
for the treatment of allergic disease has not been achieved.
Gads is a Grb2-like SH3-SH2-SH3 adaptor protein (also
called Mona, Grf40, GRID or GrpL) that is expressed in he-
matopoietic tissues such as T cells, B cells, mast cells, NK
cells, monocytes and plasmacytoid dendritic cells (10-14).
In T cells, Gads associates with phosphorylated LAT through
the SH2 domain, thereby recruiting SLP-76 which is constitu-
tively bound to the SH3 domain of Gads (15, 16). In Gads-
deficient (—/—) mice, stimulation of thymocytes through the
TCR leads to uncoupling of LAT and SLP-76 and decreased
Ca®* mobilization, resulting in impaired B-selection of T cells
in the thymus (17, 18). Although Gads is also expressed in

mast cells, its precise role in mast cell function remains un-
clear. Since a mutant form of SLP-76 lacking Gads-binding
sites could not restore FceRI-mediated mast cell responses
in SLP-76-deficient mast cells (19, 20), Gads likely contrib-
utes to the coupling of LAT and SLP-76 in IgE-mediated acti-
vation of mast cells, and it may be a possible target for the
efficient inhibition of FceRI signaling.

Because of their central role in mediating allergies, mast
cells have been extensively studied as therapeutic targets for
the treatment of allergic responses. However, recent studies
have revealed that mast cells also play critical roles in host
defense against bacterial infection through the Toll-like recep-
tor (TLR)-mediated rapid secretion of inflammatory cytokines
or chemokines (21-23). Given that signals through FceRI and
TLR can induce overlapping inflammatory cytokines in mast
cells (24), the blockade of mast cell function as a means of
treating allergic diseases should be targeted to FceRl-specific
pathways in order to keep defense function intact.

Here, we demonstrate that the disruption of Gads impairs
FceRI-mediated degranulation and cytokine production, with
no effect on other mast cell functions such as TLR-mediated
responses or on acquired immune responses through T and
B cells.
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Methods

Mice

Gads ™~ mice with B6 and 129 mixed genetic background
were previously described (17). KitVs"W=s" mice (25) were
purchased from Nihon SLC (Hamamatsu, Japan). All mice
were maintained under specific pathogen-free conditions in
accordance with institutional guidelines.

Antibodies

Mouse anti-dinitrophenol (DNP) IgE (SPE-7) was purchased
from Sigma (St Louis, MO, USA); anti-phospho-Erk antibody
from Promega (Madison, WI, USA); anti-phospho-Syk from
Cell Signaling Technology (Beverly, MA, USA) and anti-actin
from Sigma. Anti-mouse IgG-HRP and Protein G Sepharose
were purchased from Amersham Biosciences (Piscataway, NJ,
USA), and anti-rabbit Ig-HRP was from Zymed (San Francisco,
CA, USA). Anti-CD63 was described previously (26). Anti-
Gads was kindly provided by C. J. McGlade (Hospital for
Sick Children, Toronto, Ontario, Canada).

Degranulation assays

For antigen cross-linking, mast cells were sensitized with 1
ug mi~" mouse anti-DNP IgE at 37°C for 4 h and then stimu-
lated with the indicated amounts of DNP-HSA. Degranula-
tion assays were performed as previously described (27).
Sensitized mast cells were briefly treated with DNP-HSA in
Tyrode’s buffer in 96-well plates for 30 min. Supernatants and
cell lysates were assayed for p-hexosaminidase activity. The
percentage of specific B-hexosaminidase release was calcu-
lated as [supernatant activity/(supernatant activity + cell
lysate activity)] X 100.

Western blot

Bone marrow-derived mast cells (BMMCs) were sensitized
with 1 pg mi~" anti-DNP IgE (SPE-7) for 18 h and stimulated
with DNP-HSA at 37°C for the times indicated. Cells were
lysed in lysis buffer containing 1% Nonidet P-40 and sub-
jected to western blot as previously described (27).

Ca®* mobilization

Ca?* influx was measured as previously described (27).
Briefly, BMMCs were sensitized with 1 ng mi~" IgE for 18 h,
followed by incubation with 10 uM indo-1-AM (Molecular
Probes, Eugene, OR, USA) in the presence of F127 and
0.2% FCS at 37°C for 30 min. Cells were stimulated with var-
ious amounts of DNP-HSA or ionomycin. Ca®" mobilization
was analyzed with a BD-LSR (BD Biosciences) equipped
with UV lasers. Ratiometric analysis of Ca®*-bound indo-1
(FL5)/Ca®*-free indo-1 (FL4) was performed using FlowJo
(Tree Star, San Carlos, CA, USA) software.

Flow cytometric analysis of degranulation

Degranulation was analyzed by flow cytometry as described
(26). Briefly, BMMCs were sensitized with 1 ug mli~' IgE for
4 h and then stimulated with 15 ng mI~" DNP-HSA for 30
min in Tyrode’s buffer. Cells were fixed with 4% PFA for 15
min, followed by staining with anti-CD63 antibody and PE-
conjugated goat anti-mouse 1gG (H+L) Fab (Cedarlane,

Ontario, Canada). Surface expression of CD63 was deter-
mined by flow cytometer.

Staining of mast cells

Stomachs and pieces of dorsal skin were removed and em-
bedded in paraffin. Sections were stained with Alcian blue
and nuclear fast red. The number of mast cells in the stom-
ach was counted as previously described (28).

Passive cutaneous anaphylaxis

Passive cutaneous anaphylaxis (PCA) was performed as
previously described (29). Mice were injected intra-dermally
in the ears with anti-DNP IgE (SPE-7) at 0.5 pg 20 ul~".
Twenty-four hours after IgE sensitization, 250 pg of DNP-
HSA and Evans blue dye (1.25 mg) in 0.25 ml saline were
injected intravenously. Thirty minutes after antigen challenge,
the mice were sacrificed and the ears removed. Evans blue
dye that had leaked into the ear tissues was extracted and
quantified by spectrophotometry at a wavelength of 650 nm.

Lymphocyte proliferation

For T cell response, 1 X 10° splenic T cells were stimulated
with anti-CD3. For staphylococcal enterotoxin B (SEB) stimu-
lation, 1 X 10° splenic T cells were stimulated with SEB
(Toxin Technology, Sarasota, FL, USA) and 4 x 10° T cell-
depleted splenocytes. For B cell proliferation, B220" cells
were purified from splenocytes by MACS and stimulated
with anti-IgM, anti-CD40 or LPS. Cells were cultured for
42 h, pulsed with [*H]thymidine and harvested after 6 h.
[*H]thymidine incorporation was determined by liquid scintil-
lation counter (Amersham Pharmacia, Uppsala, Sweden).

In vivo immunization

Mice were injected intra-peritonially with 200 ug ovalbumin
peptide (OVA) (Grade lll, A5378, Sigma) emulsified in CFA.
After 6 weeks, mice were injected with 200 ng OVA in in-
complete Freund’s adjuvant. Two weeks after the second im-
munization, the concentrations of OVA-specific IgM and IgG
in serum were determined by ELISA. For ELISA, plates were
coated with 1 mg mlI™' OVA, and anti-mouse IgM-HRP
(61-6820, Zymed) and anti-mouse IgG-HRP (NA931V,
Amersham Pharmacia) were used as detection antibodies.

Model for bacterial peritonitis

Cecal ligation and puncture were performed as previously
described (21). Mice were anesthetized and the cecum was
exposed by a 1- to 2-cm midline incision in the anterior ab-
domen. The distal half of the cecum was ligated and then
punctured twice with an 18-G needle. The mice were ob-
served for mortality over a period of 14 days.

Results

Gads is required for FcRI-mediated mast cell activation

BMMCs from Gads ™~ mice were established by a standard
method and found to express surface FceRI at levels similar
to those expressed on wild-type mast cells (Fig. 1A). IL-3-
mediated growth of BMMCs was similar in wild-type and
Gads™~ mice (data not shown), indicating that Gads is
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Fig. 1. Impaired FceRI-mediated responses in Gads ™~ BMMCs. (A)
Surface FceRl expression levels of BMMCs in Gads*~ and Gads '~
mice. Cells were left unstained (open histograms) or stained with
anti-FceRla-PE (filled histograms). (B) B-Hexosaminidase release.
BMMCs were stimulated with IgE and antigen as described in
Methods and the release of B-hexosaminidase was determined. Data
are expressed as percentage of maximum release. Data from three
independent mice for each group are shown. (C) Induction of CD63
expression on cell surface. BMMCs were left unstimulated (thin line)
or stimulated with IgE and antigen for 30 min (thick line), stained with
anti-CD63 and anti-rat IgG-PE and analyzed by flow cytometer. (D)
Cytokine production of BMMCs. BMMCs from Gads*'~ and Gads™~
mice were sensitized with 1 ug mi~" anti-DNP IgE and stimulated
with 15 ng mi~" DNP-HSA for 4 h. IL-6 (left) and TNFa (right)
production was determined by ELISA.

dispensable for IL-3 receptor signaling. However, when
FceRl was engaged with DNP-HSA after sensitization with
anti-DNP IgE, Gads™~ BMMCs showed markedly less
degranulation than the wild-type cells as measured by
B-hexosaminidase secretion (Fig. 1B). This was also con-
firmed by the lower cell surface CD63 expression, a cellular
marker of mast cell degranulation (26), in Gads™'~ BMMCs
(Fig. 1C). Production of IL-6 and tumor necrosis factor (TNF)
o was also impaired in Gads™'~ BMMCs (Fig. 1D). This is
not due to a general defect in the Gads™'~ BMMCs since
both Gads*~ and Gads™~ BMMCs showed an equivalent
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amount of degranulation and cytokine production upon stim-
ulation with ionomycin which bypasses the FceRl-proximal
signaling events (Fig. 1B and D). These results suggest that
Gads is critical for the production of allergy-related media-
tors by FceRI cross-linking in mast cells.

Gads is critical for in vivo allergic reaction but not mast cell
development

We next analyzed the effect of Gads in mast cell develop-
ment and activation in vivo. Gads™~ mice showed no
defects in the number of mucosal mast cells in the skin and
stomach (Fig. 2A) or in the number of peritoneal resident
mast cells (Fig. 2B). These results indicate that although the
Gads is expressed in mast cells, it is dispensable for the de-
velopment of mast cells in vivo.

In order to examine the significance of Gads in the FceRI-
mediated allergic reaction, Gads ™'~ and Gads*'~ mice were
tested for their capacity to mount PCA. Mast cell-mediated
in vivo anaphylaxis was monitored by measuring leakage of
dye at the site of mast cell sensitization with specific IgE.
Both Gads*~ and Gads ™/~ mice were sensitized with anti-
DNP IgE in the ear and challenged with intravenous injection
of DNP-HSA and the dye. Leakage of the dye was mea-
sured as a marker of increased permeability of blood ves-
sels. Gads™~ mice showed significantly reduced dye
leakage compared with Gads*™~ mice (Fig. 2C), indicating
that Gads is required for optimal type | allergic response.

Gads is essential for Ca®* mobilization but not activation of
MAP kinases

Following the initial observation that FceRIl-mediated mast
cell activation and in vivo allergic reaction are impaired, we
examined intracellular signaling in Gads ™~ mast cells. Intra-
cellular Ca®* influx upon cross-linking of FceRI was impaired
in Gads™~ BMMCs (Fig. 3A, left panels), whereas ionomy-
cin-induced Ca?* influx in Gads™~ BMMCs was comparable
to that in Gads*~ BMMCs (Fig. 3A, right panel).

In contrast, the phosphorylation of Erk, JNK and p38 by
FceRI stimulation was comparable in Gads ™'~ and Gads*~
BMMCs (Fig. 3B). Thus, FceRI-induced activation of the
MAP kinase (MAPK) family, which is shown to be involved in
other mast cell functions such as IgE-induced survival (27),
is not dependent on Gads.

To address the molecular mechanism of Gads-mediated
Ca?* responses, we analyzed SLP-76 that is critical regulator
of PLCy-Ca®* pathway (30). Stimulation-dependent associa-
tion of LAT and SLP-76 was markedly diminished in the ab-
sence of Gads (Fig. 3B), although phosphorylation of LAT
was normally observed (Fig. 3B and C). Thus, similar to
TCR-mediated signaling in T cells, Gads acts as an adaptor
protein that couples LAT and SLP-76 in mast cells, which is
required for Ca®* influx possibly through SLP-76-PLCy axis.

Gads is dispensable for acquired immune responses

Although loss of Gads interferes with T cell development in the
thymus (17, 18), reduced but substantial number of T cells
emigrate to the peripheral lymphoid organs (31). However, pe-
ripheral Gads™~ T cells exhibited no impaired responses
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Fig. 2. Normal mast cell development and impaired allergic reaction in
Gads™~ mice. (A) Mast cells in the forestomach in Gads™~ mice.
Sections were stained with Alcian blue and nuclear fast red.
Representative fields from three independent sections are shown.
The average number of mast cells is shown (cells mm~2). Average
mast cell number in the skin of Gads*'~ and Gads ™/~ mice is 87.1 *
7.3 and 107 + 7.8 cells cm™', respectively. (B) Development of
peritoneal mast cells. Cells in peritoneal cavity were counted and
analyzed for the expression of c-kit and FceRla. The percentage of
peritoneal mast cells (c-kit"FceRlo™) within total peritoneal cells is
shown. (C) In vivo PCA responses in Gads™'~ mice. Mice were
sensitized with anti-DNP and challenged with DNP-HSA and Evans
blue dye for 30 min and then dye leakage into ear tissues was
quantified. Symbol indicates individual mouse of each group from three
experiments. Mast cell-deficient Kit"Vs"W-=" mice were also examined
as an independent experiment and shown as negative control.
Horizontal bars indicate mean values. **P < 0.001 (Student’s t-test).

induced by anti-CD3 (Fig. 4A) and staphylococcal superanti-
gen, SEB (Fig. 4B). Purified CD4* T cells from Gads ™/~ mice
also showed normal responses upon stimulation through

TCR and CD28 (data not shown). We found no apparent dif-
ference in BCR-, CD40- and TLR-mediated responses be-
tween B cells from Gads™~ and Gads*'~ mice in vitro (Fig.
4C and D). Furthermore, in vivo immunization with T cell-de-
pendent antigen OVA induced similar amounts of antigen-
specific IgM and IgG in the sera of Gads™~ and Gads*/~
mice (Fig. 4E and F). These results suggest that Gads defi-
ciency would not essentially affect the acquired immune
responses of peripheral mature T and B cells.

Gads is dispensable for mast cell activation through TLR

Finally, we analyzed whether Gads is involved in TLR-mediated
mast cell activation that is critical for first defense against acute
infection. In the in vitro assay, BMMCs from Gads"”~ and
Gads™~ mice produced comparable amounts of IL-6 and
TNFo upon LPS stimulation (Fig. 5A), suggesting that Gads
plays a minimum role in the TLR-mediated activation of mast
cells. For the in vivo assay, we used puncture-induced acute
septic peritonitis to test the role of Gads in the TLR-mediated
activation of mast cells. It has been shown that resistance to
this acute infection is mediated by mast cell activation
through TLR since TLR4~/~ mice as well as mast cell-
deficient Wv/Wv mice exhibit extreme susceptibility and die
(21, 22). Gads™'~ mice exhibited a motility curve similar to
that of Gads*~ mice after puncture (Fig. 5B). These results
suggest that Gads is dispensable for the innate response of
mast cells to pathogens through TLR, both in vitro and in vivo.

Discussion

In mast cells, the B and y subunits of FceRIl contain ITAM
and cross-linking of the receptor induces phosphorylation of
the ITAM, which initiates specific signaling events through
Lyn, Fyn, Syk, LAT and SLP-76 for degranulation and cyto-
kine production (32). We have shown that the point mutation
of ITAM within FcRy results in complete abrogation of FceRI-
mediated mast cell activation in vitro and in vivo (33).

Therefore, FcRy-ITAM or its downstream molecules could
be targets for the treatment of allergic diseases (34), al-
though the redundancy and broad expression of these mole-
cules make it difficult to control mast cell responses in
a selective manner. Deficiency of such molecules as Syk,
LAT, SLP-76 and Vav1 leads to profound impairment of lym-
phocyte development and function (35-39) as well as FceRl
signaling (5, 9, 40, 41). Adhesion and degranulation promot-
ing adaptor protein (ADAP) was initially reported as a posi-
tive regulator of mast cell degranulation (42), but ADAP~/~
mice did not show any defects in mast cell function (20). Al-
though MIST (also called as Cink), a SLP-76-related adaptor
molecule, is selectively expressed in mast cells and NK cells
(43, 44), this protein is dispensable for the normal function of
mast cells (45). On the other hand, the genetic disruption of
a Gads-related adaptor, Grb2, results in embryonic lethality
(46).

Gads has been demonstrated to play a crucial role in nor-
mal TCR-mediated signaling during thymocyte development
(17, 18). However, mature T cells from Gads™~ mice are ca-
pable of responding to signals through TCR (31), and lack
of the Gads had minor effect on B cell development and
function (47). Our study also supports this idea. In contrast,



Selective role of Gads in allergic responses 1293

A 15 ng/ml 5 ng/ml lonomycin
400 700
r’F L] P e
< /
z W {
4 %
[ w
W m | LT — Gads*"
— Gads™”
150 150
0 300 0 300 0 300
B Total lysates IP: anti-LAT
Gads+- Gads™” Gads+- Gads™”
Stim. - + - + - + - +
e - - - <SLP-76
Blot:
' .
anti-PY 50 -... :l IgH
37 - : . < LAT
C Gads+- Gads™
IgE (min) 0 2 5 15 30 0 2 5 15 30
Blot :anti-pErk _—— == = —
anti-pJNK — e — — — =
anti-pp38 T o e L — —

anti-Gads | WE-_S————_— a—

ANti-f-actin | -G N————— — ——— ——

anti-pLAT - e .-

Fig. 3. Ca®* influx but not MAPK activation is defective in Gads™~ BMMCs. (A) Ca?* influx. BMMCs from Gads*~ (dark lines) and Gads ™~ (light
lines) mice were sensitized with 1 ug mi~" IgE for 18 h. Cells were loaded with indo-1, followed by stimulation with indicated concentrations of
DNP-HSA or 1 pM ionomycin. (B) Phosphorylation-dependent association of SLP-76 and LAT. BMMCs from Gads*~ and Gads /'~ mice were left
unstimulated (—) or stimulated with pervanadate for 5 min (+) and cell lysates were immunoprecipitated with anti-LAT, followed by western blot
with anti-phosphotyrosine (PY). The molecular mass markers (in kD) are shown on the left. (C) Tyrosine phosphorylation of signaling molecules.
IgE-sensitized BMMCs were stimulated with 15 pg mi~" of DNP-HSA for indicated periods, and total lysates were analyzed for phosphorylation
using anti-phospho-specific antibodies, anti-Gads and anti-B-actin.

mast cells from Gads-deficient mice exhibited significant im- The differential effect of Gads on different cells in the im-
pairment in their response to IgE-mediated signaling. Fur- mune system can be explained as follows. For B cells, BLNK/
thermore, it has been recently reported that blockade of SLP-65, a B cell homologue of SLP-76, possesses its own
Gads-SLP-76 interaction by the Gads-binding fragment of membrane-localizing capacity in a LAT-independent manner
SLP-76 efficiently suppresses FceRI-mediated mast cell acti- (30, 49), and therefore its signaling pathway does not require
vation in vitro (48). Gads, as a linker of LAT and SLP-76. The modest effect of
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mice. (A-B) T cell proliferative responses upon TCR stimulation. Splenic T cells were stimulated

with anti-CD3 mAb (A) or SEB (B) for 42 h, pulsed with [°H]thymidine and harvested after 6 h. [°H] incorporation was determined by liquid
scintillation counter and expressed as count per minutes (c.p.m.). (C-D) B cell proliferative responses upon stimulation through BCR, CD40 and
TLR. B220* splenic B cells were purified and stimulated with anti-IgM (C), anti-CD40 and 10 pg mi~' LPS (D). Cells were cultured for 42 h, pulsed
with [®H]thymidine and harvested after 6 h. (E) In vivo antibody production. Mice were immunized with OVA twice. Two weeks after second
immunization, serum concentration of OVA-specific IgM (left) and IgG (right) was determined by ELISA. No OVA-specific IgE was detected (data

not shown). Data were means = SD for four mice in each group.

Gads deficiency on mature T cells was also supported by the
analysis using a mutant form of SLP-76 which lacks the
Gads-binding site. The Gads-binding site of SLP-76 is abso-
lutely required for FceRI-mediated mast cell degranulation or
cytokine production (19, 20), whereas the same mutant is
able to partly restore TCR signaling in SLP-76-deficient ma-
ture T cell lines (50, 51). This could be explained by the
fact that Gads-independent recruitment of SLP-76 to the sig-
naling complex might be operating in mature T cells as pro-
posed previously (30). It is also possible that T cells that
matured in the thymus without Gads are unique and capable
of responding to TCR-mediated stimuli in the absence of

Gads. Although IgG receptors, such as FcyRl or FcyRlll, also
utilize ITAM-containing FcRy chain, the recent finding that
SLP-76 is dispensable for FcyR-mediated macrophage acti-
vation implies the minimum contribution of Gads in this path-
way (52, 53).

Thus, among a number of signaling molecules shared by
ITAM-containing receptors, Gads has a preferential role in
mast cells. The limited role of Gads in mast cell function
and its dispensable role in mature lymphocytes make this
molecule an ideal target for therapeutic interventions aimed
at inhibiting the allergic response. Gads may also play a criti-
cal role in allergic responses induced by basophils, since
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Fig. 5. Gads is dispensable for mast cell-mediated innate immune responses. (A) LPS-induced cytokine production in BMMCs. BMMCs were
stimulated with indicated amounts of LPS or 1 uM ionomycin for 24 h, and TNFa (left) and IL-6 (right) concentrations were determined by ELISA.
(B) Survival in acute septic peritonitis. Lines are mortality curves of Gads*~ (open circles) and Gads ™~ (closed circles) after cecal ligation and

puncture (n = 16 per genotype).

they do express FceRI and trigger IgE-mediated chronic al-
lergic inflammation (54).

The FceRI-mediated signal has two separate effects on
mast cell function (55). Cross-linking of the receptor induces
degranulation and cytokine production that is dependent on
Ca?* influx, whereas IgE binding without cross-linking results
in sustained activation of Erk to maintain the survival of mast
cells (27, 56, 57). Our results clearly demonstrate the critical
role of Gads in the Ca®" pathway and degranulation, but not
in MAPK activation. Indeed, IgE-induced survival of mast cells
via sustained Erk activation is not dependent on Gads (58).

Mast cells also play a critical protective role in acute bac-
terial infection by producing TNF and other cytokines
through TLR-mediated stimulation (21). The importance of
these cytokines as a first defense against infection was re-
cently reaffirmed by the evidence of an increasing risk of se-
rious infections in patients treated with anti-TNF antibody
therapy (59). In targeting mast cells for the treatment of aller-
gic diseases, it is necessary to preserve the viability and
antibacterial function of these cells. As demonstrated in both
in vitro and in vivo assays, lack of Gads function in adult

mice seems to inhibit the mast cell or basophil function re-
sponsible for allergic reactions without affecting other func-
tions such as TLR-mediated inflammatory responses.

From these results, it would be of great interest to develop
a specific inhibitor of Gads function and to test its effect on
allergic responses in vivo.
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Abbreviations

ADAP adhesion and degranulation promoting adaptor protein
BMMC bone marrow-derived mast cells

DNP dinitrophenol

ITAM immunoreceptor tyrosine-based activation motif

MAPK MAP kinase

OVA ovalbumin peptide

PCA passive cutaneous anaphylaxis

PTK protein tyrosine kinase

SEB staphylococcal enterotoxin B
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TLR Toll-like receptor
TNF tumor necrosis factor
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