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Role of Adaptor Molecule Gab2 in Mast Cell-mediated Allergy Response
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Mast cells are major players in allergic responses. IgE-dependent activation through Fc epsilon RI leads to degranu-
lation and cytokine production, both of which require Gab2. To clarify how the signals diverge at Gab2, we established
Gab2 knock-in mice that express Gab2 mutated at either the PI-3K- or SHP-2-binding sites. Examination of these
mutants showed that both binding sites were required for the degranulation and anaphylaxis response, but not for
cytokine production or contact hypersensitivity. Furthermore, the PI-3K- but not the SHP-2-binding site was important
for granule translocation during degranulation. We also identified a small GTPase, ARF1, as the downstream target of
PI-3K that regulates granule translocation. Fc epsilon RI-stimulation induced ARF1 activation, and this response was
dependent on Fyn and the PI-3K-binding site of Gab2. ARF1 activity was required for the Fc epsilon RI-mediated gran-
ule translocation. These results indicate that Fyn/Gab2/PI-3K/ARF1-mediated signaling is specifically involved in gran-
ule translocation and the anaphylaxis response. In this review, I discussed how Gab2 controls biological events especially

for mast cell degranulation and allergy response.
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Fig. 1. The Mast Cell Degranulation is Regulated by Granule
Translocation and Calcium Signaling Pathway

Calcium mobilization is required for FceRI-mediated mast cell degranu-
lation and is regulated by Lyn/LAT/SLP-76/PLCy-mediated signal path-
way. Calcium mobilization controls granule-plasma membrane fusion
process. In addition to this process, microtubule-dependent granule translo-
cation is important for mast cell degranulation. This step is a calcium-in-
dependent manner.
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Fig. 2. The Fyn/Gab2-Mediated Pathway is Important for
Microtubule Formation and Granule Translocation

(A) Either wild-type, Gab2-, or Fyn-KO BMMCs were sensitized with
IgE and stimulated with 100 ng/mL DNP-HSA (Ag) for the times indicated.
Stimulated cells were lysed in 0.1% Triton X-100. Triton X-100-insoluble
fraction was subjected to Western blot analysis using anti-tubulin antibody.
(B) Either wild-type, Gab2-, Fyn-, Lyn-, or SLP-76-KO BMMCs introduced
with CD63-GFP were sensitized for 6 h with IgE and stimulated with DNP-
HSA (Ag) for 10 min. The frequency of cells showing granule translocation
to the plasma membrane was quantified.

[Fig. 2(A)]. & 512 CD63GFP #Z 5 DRIEY
A MRS R X8 2 2 & TRIBEIKER) 72 58k 0%
fraemmat U7fE R, Fyn RO Gab2 RIE~ 2 Mg
TIRIIHENTNWSAY, Lyn KO SLP-76 RIE< A
MO TIIHRI SN TN ERHS MRS 72
[Fig. 2(B)]. I 5 DEERMS, Fyn-Gab2 > 75
JAZFERR BRI/ NG D PSS K O FERL D MR~ D
BITICREZREZL TWS ZENRBINZ. D X
512, Gab2 249 2K BITHIHEE 2 S &
I % HMT, Gab2 7 F® API-3K (Gab24PI-3K :
Gab2 & PI3K L OB ZEZHEFT HERNK)
ASHP-2 (Gab24SHP-2 : Gab2 & SHP-2 & D&E
ZHETLZARAE) #HEY1 MIREREZEAL -
Gab2 /w7 A U ERNL L7 (Fig.3). Zh
5Gab2 /w7 A 2RI ADERNS T A MildzE
SHEREE S B RERINE R/ & 2 A, Gab24PI-
3K X7 A T Gab24ASHP-2 <7 A Hisk~ A bl
EDHIT, BEERISEMET L T/ [Fig. 4(A)].
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Fig. 3. Establishment of Gab2 Knock-in Mice

Schematic representation of the Gab2 protein showing the pleckstrin
homology domain (PH) and the phosphotyrosine residues that bind PI-3K
or SHP-2. Y denotes tyrosine residues that are potential phosphorylation
sites. Y603 and Y632 are the predicated SHP-2-binding sites. Y441, Y465,
and Y573 are the predicated PI-3K-binding sites.
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Fig. 4. The Binding Sites of PI-3K is Required for Mast Cell Degranuation and Granule Translocation

(A) IgE-sensitized BMMCs from Gab2 WT, Gab24SHP-2, or Gab24PI-3K knock-in mice were treated with DNP-HSA (Ag; 0, 6.25, 12.5, 25, or 50 ng/mL);
degranulation was assayed by S-hexosaminidase release after 30 min of Ag stimulation. (B) Gab2 WT, Gab2 ASHP-2, or Gab24PI-3K knock-in-derived BMMCs
transfected with CD63-GFP were sensitized for 12 h with IgE and then stimulated with DNP-HSA (Ag; 50 ng/mL) for 10 min. The frequency of cells showing gran-

ule translocation to the plasma membrane was quantified.
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Fig. 5. Structure of ARF1

ARF1 is containing the myristoylated amino-terminal alpha helix. The
consensus GTP-binding motifs conserved among Ras-family GTP-binding
proteins are shown in G1-G3. Switch 1 and 2 are important for binding of
effector molecules of ARFI.
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Fig. 6. ARF1 Peptide Inhibitor Blocks FceRI-mediated ARF1 Activation

(A) BMMCs were not treated or were treated with ARF1 peptide inhibitor (MTM-ARF1; 100 ug/mL) for 30 min and stimulated with DNP-HSA (Ag; 50 ng/
mL) for the indicated times. The presence of GTP-bound ARF1 was determined by precipitation assay using GST-GGA3. ARF1 activity was quantified den-
sitometrically. (B) The cell-permeable peptide, MTM-ARF1 is containing a membrane-translocating motif (MTM) sequence and the N-terminal portion of ARF1.
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Fig. 7. ARFI1 Activation is Involved in FceRI-mediated Mast Cell Degranulation and Granule Translocation

(A) IgE-sensitized BMMCs were treated with MTM-ARF1 for 15 min; after 30 min of Ag stimulation (DNP-HSA; 50 ng/mL), degranulation was assayed by
b-hexosaminidase release. (B) BMMCs transfected with CD63-GFP were pretreated with either vehicle (—) or MTM-ARF1 (+) for 15 min and then stimulated
with DNP-HSA (Ag; 50 ng/mL) for 10 min. The frequency of cells showing granule translocation to the plasma membrane was quantified.
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Fig. 8. Model of the FceRI-mediated Fyn/Gab2/PI-3K/
ARF1 Signaling Pathway Involved in Granule Translocation
and Mast Cell Degranulation

FceRI activates the Src family kinase Fyn, which phosphorylates/acti-
vates Gab2, and phosphorylated Gab2 then associates the SH2 domain of PI-
3K. PI-3K controls granule translocation and degranulation via ARF1 acti-
vation.
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