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Inhibition of the Antigen-Induced Activation of RBL-2H3 Cells by 
Gab2 siRNA 
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Gab2 plays an important role in FcRI mediated signal events which lead to degranulation from mast cells. The 
present study was designed to investigate the effect of the synthetic Gab2 (scaffolding adapter Grb2-associated 
binder 2) siRNA on the antigen-induced activation of RBL-2H3 cells. A double stranded siRNA against Gab2- 
mRNA was synthesized and transfected into RBL-2H3 cells. After 6 h, cells were then sensitized with dinitrophenyl 
(DNP)-specific IgE overnight and challenged with dinitrophenyl-human serum albumin (DNP-HSA) to induce 
mast cell degranulation before supernatants were collected. Effects of Gab2 siRNA on antigen-induced release of 
-hexosaminidase and histamine, cytokine production and regulation of the proteins in the pathway were measured 
by enzymatic assay, EIA, ELISA and Western blotting. Treatment with Gab2 siRNA significantly decreased Gab2 
expression, inhibited the FcRI-mediated mast cell release of -hexosaminidase and histamine, reduced the 
production of IL-4 and TNF- and inhibited the phosphorylation of Akt, PKC and p38 mitogen-activated protein 
kinase (MAPK). Data showed that Gab2 siRNA could suppress the antigen-induced activation of RBL-2H3 cells 
and suggested a possible mechanism through inhibition of signaling molecules downstream of Gab2 in the 
FcRI-mediated Ca2+-independent pathway. Furthermore, potential usefulness of Gab2 knock-down as a method 
for inhibition of mast cell-mediated allergic reactions was demonstrated. Cellular & Molecular Immunology. 2008; 
5(6):433-438. 
 
Key Words: RNA interference, Gab2, RBL-2H3 cell 
 
 
Introduction 
 
Mast cells play significant roles in allergic diseases. Upon 
activation by the high-affinity IgE receptors (FcRI), they 
release factors such as histamine, cytokines, chemokines that 
ultimately cause allergic responses (1, 2). Gab2 is a 
downstream molecule of FcRI and plays an important role 
in FcRI-mediated signaling events in mast cells. Gab2 
belongs to the Gab2/daughter of sevenless family of 

scaffolding adapters and is required for FcRI triggered 
responses, including degranulation induction, cytokine 
expression and chemokine production in mast cells (3). 
Studies indicated that Gab2 possessed multiple effects on 
antigen-induced and FcRI-initiated activation of mast cells. 
It regulates the PI3 pathway, which is required for mast cell 
degranulation (4). It also affects small GTPase RhoA 
expression and microtubule polymerization, which are 
important events in the calcium-independent degranulation 
process. Therefore, Gab2 is a potential target for mast cell- 
related diseases (5).  
   RNA interference (RNAi) is an advanced technology for 
targeted gene silencing. RNAi is mediated by siRNAs which 
are produced from long double-stranded RNA (dsRNA) by 
the Dicer protein in cells. This process can also be achieved 
by delivery of a synthetic dsRNA or a plasmid DNA coding a 
shRNA to the cells (6).   
   Rat basophilic leukemia cell line RBL-2H3, which 
possesses phenotypic characteristics of mucosal mast cells, is 
a tumor analog of mast cells and widely used in mast cell- 
associated studies. After stimulation with antigen, these cells 
release -hexosaminidase, a marker of mast cell degranulation 
(7). To demonstrate the effect of Gab2 siRNA on antigen- 
induced activation of mast cells, the antigen DNP-specific 
IgE-induced release of -hexosaminidase, histamine, and 
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cytokine production were examined. To further correlate 
these changes to FcRI-induced signaling pathway, phospho- 
rylation of regulatory proteins such as Akt, PKC and 
MAPKs (p38, ERK and JNK) were also investigated. 
 
Materials and Methods 
 
RNA  
The sequence of the synthesized oligonucleotides (Sangon 
Biological Engineering Technology & Services Co., Ltd, 
Shanghai, China) against Gab2 was: 1) 5’-AAA CGC UGG 
UUU AUA CUG CGG-3’(Gab2 siRNA1); 2) 5’-AAG GAG 
UGC CAG CUU CUC UCA-3’ (Gab2 siRNA2); 3) 5’-AAC 
UCC AGU UCC UCC CAG UAC-3’ (Gab2 siRNA3). 
Scrambled fluorescein-labeled negative control siRNA was: 
5’-AAG GGA UCG GAC UUC ACU UCC-3’. 
 
Cell culture, transfection and treatment 
RBL-2H3 cells from China Center for Type Culture 
Collection (Wuhan, China) were cultured in EMEM (Gibco 
Life Technologies, Paisley, UK) containing 10% (v/v) FBS 
(Gibco Life Technologies), 100 U/ml penicillin and 100 
g/ml streptomycin in an incubator with 5% CO2 at 37oC. At 
confluency, cells were trypsinized and resuspended in fresh 
medium and transfected with siRNA at a final concentration 
of 100 nM using LipofectAMINE 2000 transfection reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Cells transfected with scrambled 
siRNA were used as negative control, and cells receiving 
DMEM without any DNA as mock transfection or non- 
transfected control.  
   Six hours after transfection, all cells (the siRNA 
transfected, the scrambled siRNA control or the mock 
transfection control) were treated by 200 ng/ml DNP-specific 
IgE (Sigma, St. Louis, MO, USA) for overnight sensitization, 
and then challenged with 20 ng/ml DNP-HSA (Sigma) at 
37oC for specific time before proceeding to all the following 
experiments. 
 
Reverse transcription-polymerase chain reaction (RT-PCR) 
Total RNA was extracted with Trizol (Invitrogen) reagent 
from cells (1.5 × 105/ml) challenged by antigen for 30 min 
according to manufacturer’s instruction. Total RNA (2 µg) 
was subjected to reverse transcription and the following 
primers (Sangon, China) were designed for PCR: Gab2 
(forward primer: 5’-CTG AGA CTG ATA ACG AGG AT-3’, 
reverse primer: 5’-GAG GTG TTT CTG CTT GAC-3’, 240 
bp), and -actin (forward primer: 5’-ATG TTT GAG ACC 
TTC AAC AC-3’, reverse primer: 5’-CAC GTC ACA CTT 
CAT GAT GG-3’, 491 bp). Amplification conditions used 
were 95oC for 5 min followed by 30 cycles of 94oC for 30 
sec, 55oC for 30 sec and 72oC for 35 sec, and finally 72oC for 
3 min.  
 
Assays for -hexosaminidase and histamine secretions 
Twenty micro liters of the culture supernatants were removed 
from cells (3.0 × 105/ml) that were challenged by antigen for 

30 min, and mixed with an equal volume of substrate 
solution (p-nitrophenyl-N-acetyl--D-glucosaminide, 2 mM 
in 0.1 M citrate, pH 4.5) and incubated for 1 h at 37°C. The 
reaction was then terminated by adding 200 l of stopping 
buffer (0.1 M Na2CO3/NaHCO3, pH 10.0) and the absorbance 
was measured with a microplate reader at 405 nm (BioRad 
680 microplate reader, BioRad Company, Hercules, CA, 
USA). The supernatant was also used for measurement of 
histamine (SPI Bio, Massy Cedex, France) release according 
to the manufacturer’s protocol in the EIA system. 
 
Calcium measurement  
RBL-2H3 cells were sensitized with 200 ng/ml of DNP- 
specific IgE overnight, and they (1.0 × 106/ml) were resuspended 
and incubated with 5 M Fluo-3/AM in culturing media for 1 
h at 37oC. After 3 times of washing with PBS, cells were 
stimulated with 20 ng/ml of DNP-HSA and Fluo-3 
fluorescence (Molecular Probes, Oregon, WA, USA). Cells 
were then analyzed by a FACScan flow cytometer (Becton 
Dickinson Immunocytometry Systems, San Jose, CA, USA). 
Mean fluorescence intensity was calculated using CellQuest 
software. 
 
Measurement of IL-4 and TNF- 
Culture supernatants from cells (5.0 × 106/ml) challenged 
with antigen for 1 h were used for ELISA assay for 
measurement of IL-4 (BD Biosciences, San Jose, CA, USA) 
and TNF- (BD Biosciences) according to kit instructions. 
 
Immunoblotting 
Cells (3.0 × 106/ml) challenged by antigen for 10-30 min 
were lysed in 100 l lysis buffer (20 mM HEPES, pH 7.3, 
1% Triton X-100, 10% glycerol, 50 mM NaF, 0.1 mM EDTA, 
10 g/ml PMSF, 1 mM Na3VO4, 5 g/ml leupeptin) on ice 
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Figure 1. Effect of Gab2 siRNA on gene and protein expressions
of Gab2. RBL-2H3 cells were transfected with either mock 
(DMEM medium only), scrambled siRNA or Gab2 siRNA. (A) 
Total RNA was extracted and analyzed by RT-PCR with primers 
specific to Gab2 and -actin. (B) Total protein was extracted and 
analyzed by Western blot with the indicated antibody. Data are
representatives of three independently performed experiments. 
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for 30 min. Lysates were centrifuged at 10,000 g and 4°C for 
10 min. About 20 l (60 g of total protein) of the supernatant 
was subjected to SDS-PAGE and immunoblotting with 
anti-Gab2 (Upstate Biotechnology Charlottesville, VA, USA), 
anti-LAT (BD Biosciences, Franklin Lakes, NJ, USA), and 
anti-Akt, anti-phospho-Akt (Ser473), anti-anti-PKC, anti- 
phospho-PKC (Tyr311), anti-ERK, anti-phospho-ERK 
(Thr202/Tyr204), anti-phospho-p38 MAPK (Thr180/Tyr182), 
anti-p38 MAPK, anti-phoshpho-JNK, anti-JNK antibodies 
(all from Cell Signaling Technology). Portions of the 
supernatant were also subjected to immunoprecipitation 
assay using anti-LAT antibody and G-Sepharose according to 
standard procedures. Immunoprecipitated proteins were 
separated by SDS-PAGE and detected by Western blot 
analysis with anti-phosphotyrosine antibody. Hybridized 
protein was detected using ECL chemiluminescence reagents 
(Pierce, Rockford, IL, USA). 
 
Statistical analysis  
Data obtained in the studies were statistically evaluated using 

a one-way analysis of variance followed by Bonferroni’s test, 
p < 0.05 was considered as significant. 
 
Results 
 
Suppression of Gab2 by siRNA  
To investigate the effect of Gab2 siRNA on RBL-2H3 cells, 
the effectiveness of the Gab2 siRNA was examined by 
semiquantitative RT-PCR and Western blot. As shown in 
Figure 1, mRNA level of Gab2 (Figure 1A) was significantly 
decreased upon Gab2 siRNA2 and siRNA3 transfection of 
the RBL-2H3 cells, but not the Gab2 siRNA1. Consistently, 
expression of Gab2 (Figure 1B) protein was also markedly 
decreased, as compared with those in the scrambled siRNA 
control and the mock transfected cells. Gab2 siRNA2 was 
chosen as the siRNA for subsequent experiments. 
 
Inhibition of RBL-2H3 cell degranulation by Gab2 siRNA  
As an indicator of the degranulation of RBL-2H3 cells, the 
release of -hexosaminidase into the supernatant was 
measured. When Gab2 siRNA was transfected to RBL-2H3 
cells and stimulated with DNP-HSA, less -hexosaminidase 
was found in the medium, indicating the inhibition of cell 
degranulation (Figure 2A). In addition, Gab2 siRNA 
suppressed the histamine (Figure 2B) release from RBL-2H3 
cells. 
 
Gab2 siRNA had no effect on Ca2+ influx in RBL-2H3 cells 
Increased level of intracellular Ca2+ is an important indicator 
for degranulation in the Ca2+-dependent pathway. To 
investigate the effect of Gab2 siRNA on Ca2+ influx of 
RBL-2H3 cells stimulated with DNP-HSA, the levels of Ca2+ 
were examined in the Gab2 siRNA treated cells. No 
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Figure 2. Effect of Gab2 siRNA on the FcRI-mediated release 
of -hexosaminidase and histamine from RBL-2H3 cells.
RBL-H3 cells (3.0 × 105/ml) were incubated for 24 h in the medium 
containing anti-DNP IgE. Cells were then washed and incubated 
with PIPES buffer containing DNP-HSA (20 ng/ml) for 30 min at 
37oC. (A) -hexosaminidase release. (B) Histamine release. Results 
were expressed as mean ± SD, *p < 0.05 vs mock and scrambled 
siRNA groups. Data are representatives of three experiments. 
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Figure 3. Effect of Gab2 siRNA on the calcium mobilization.
RBL-2H3 cells were sensitized with 200 ng/ml of DNP-specific IgE 
for 24 h. Cells (1.0 × 106/ml) were then treated with 20 ng/ml DNP-
HSA and Fluo-3 fluorescence. Samples were analyzed with a 
FACScan flow cytometer. Mean channel fluorescence intensities 
were calculated using CellQuest software.  
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significant difference was found from the control group 
(Figure 3). 
 
Repression of FcRI-induced cytokine production by Gab2 
siRNA in RBL-2H3 cells 
Since IL-4 and TNF- play important roles in allergic 
diseases, effects of Gab2 siRNA on the production of these 
two FcRI-induced cytokines were examined. As shown in 
Figure 4, treatment with Gab2 siRNA resulted in significant 
suppression of IL-4 and TNF- secretion in RBL-2H3 cells. 
 
Inhibition of FcRI-induced signaling pathway in RBL-2H3 
cells by Gab2 siRNA  
Gab2, Akt and PKC are the key factors for increasing the 
intracellular Ca2+ level in the Ca2+-independent degranulation 
pathway and MAPK regulates the production of cytokines. 
As analyzed by Western blot, results showed that Gab2 
siRNA suppressed the phosphorylation of Akt (Figure 5A), 
PKC (Figure 5B) and p38 (Figure 5C), whereas it had no 

effect on the phosphorylation of ERK (Figure 5D) and JNK 
(Figure 5E). LAT is essential for the activation of PLC, 
which results in an increase in the intracellular Ca2+ level and 
activates the Ca2+-dependent pathway. Gab2 siRNA could not 
change the level of LAT (Figure 5F). 
 
Discussion 
 
FcRI-mediated signaling events in antigen stimulated 
RBL-2H3 cells can be classified into two independent yet 
complementary pathways based on the Ca2+-dependence. The 
Ca2+-dependent pathway is activated by Lyn/Syk/LAT axis, 
which causes the activation of phospholipase C (PLC) and 
a critical increase of the intracellular Ca2+ level. The 
Ca2+-independent pathway is activated by Fyn/Gab2/PI3K 
(phosphoinositide 3-kinase) axis, where Gab2 plays a key 
role in signal transmission from FcRI to downstream 
molecules (8). 
   Gab2 contains an N-terminal pleckstrin homology (PH) 
domain, several proline-rich motifs, and multiple tyrosyl 
phosphorylation sites. Studies have shown that Gab2 is a key 
component of FcRI signaling in mast cells (4). Perravicini et 
al. demonstrated that downregulation of Gab2 phospho- 
rylation could result in impaired degranulation in Fyn- 
deficient BMMC cells (9). Yu et al. reported Gab2 could be 
activated by Syk for the degranulation of RBL-2H3 cells (10). 
Since Gab2 plays a key role in the FcRI-mediated 
degranulation response in the Ca2+-independent pathway, we 
hypothesized that Gab2 siRNA would block the signal 
transduction from upstream to downstream molecules and 
lead to decreased -hexosaminidase release and chemical 
mediator/cytokine productions.  
   Previous studies implicated that several downstream 
molecules of Gab2, such as Akt, PKC and p38, played 
considerable roles in the degranulation and cytokine 
production in antigen stimulated mast cells (4, 7). PI3K is a 
downstream target of the Gab2, which plays an important 
role in FcRI-mediated activation of mast cells. It was 
originally isolated as a heterodimeric enzyme which includes 
a regulatory subunit, p85 and a catalytic subunit, p110. 
Akt is a downstream effector of PI3K and an indicator of 
PI3K activity. Phosphorylation of Akt is a significant event in 
mast cell proliferation and cytokine production. Gab2 can 
activate Akt by binding to the p85 subunit of PI3K and 
activation of Akt is notably impaired in Gab2-deficient 
BMMC (9, 11). PKC is an isoform of PKC and can be 
activated by PDK1, which is involved in degranulation of the 
calcium-independent pathway. Parravicini et al. suggested 
that inhibition of Gab2 phosphorylation resulted in decreased 
phosphorylation of both Akt and PKC in Fyn-null mast cells 
(9). Phosphorylation of Akt and PKC can up-regulate the 
production of cytokines, such as IL-2, IL-4 and TNF-, in 
response to FcRI activation (12). 
   Reports indicated that some downstream signaling events 
of FcRI may be involved in antigen-induced action of mast 
cells which lead to cytokine expression including 

*

0

40

80

120

160

Mock Scrambled 
siRNA

Gab2 siRNA2

IL
-4

 (
p

g/
m

l)

*

0

100

200

300

400

500

Mock Scrambled 
siRNA

Gab2 siRNA2

T
N

F
-

(p
g/

m
l)

DNP-HSA

Control

A

B
DNP-HSA

Control

 
 
Figure 4. Effect of Gab2 siRNA on the production of IL-4 and 
TNF-. RBL-H3 cells (5.0 × 106/ml) were incubated for 24 h in the 
medium containing anti-DNP IgE. Cells were then washed and 
incubated with PIPES buffer containing DNP-HSA (20 ng/ml) for 1 
h at 37oC. The production of IL-4 (A) and TNF- (B) in the 
supernatant of cells was measured by ELISA. Results were 
expressed as mean ± SD, *p < 0.05 vs mock and scrambled siRNA 
groups. Data are representatives of three experiments.  
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phosphorylation of JNK, p38 and p44/42 MAPK, NFB, 
NFNT, etc. (13). p38 MAPK has been shown to play 
important roles in the production of several cytokines (14). 
To support this, Koranteng et al. reported that specific p38 
MAPK inhibitor SB203580 inhibited the antigen-induced 
expression of IL-4 mRNA in RBL-2H3 cells (15). Boudreau 
et al. demonstrated that p38 MAPK regulated the production 
of IL-6 in the human mast cell line 1 (HMC-1) (16). Our 
results indicated that phosphorylation of JNK and p44/42 
MAPK was not obviously affected by Gab2 siRNA. One of 
explanations is that they could be effectually activated by 
some molecules of Ca2+-dependent pathway. For instance, 
anti-DNP IgE can activate them by phosphorylation of PLC 
which is an important molecule of downstream of FcRI and 
plays a key role in calcium influx (17, 18).  
   To investigate the specificity of Gab2 siRNA on 
degranulation, we also investigated whether Gab2 siRNA 
could suppress the release of -hexosaminidase through the 
Ca2+-dependent pathway. However, results in this study 
suggested that Gab2 siRNA could not affect the 
degranulation level via this pathway, as it could change 
neither the phosphorylation status of LAT (Figure 5F) nor the 
calcium level (Figure 3) when stimulated with DNP-HSA. 
Based on our data, it can be concluded that Gab2 siRNA 
decreased the antigen-induced phosphorylation of down- 
stream signaling molecules, such as Akt and PKC, which 
might have led to the inhibition of RBL-2H3 cell 
degranulation. Data also demonstrated that Gab2 siRNA 
significantly decreased the FcRI-mediated cytokine production, 
possibly via the suppression of the phosphorylation of 
downstream signaling molecules, such as Akt, PKC and 
p38.  

   In summary, the chosen Gab2 siRNA successfully 
suppressed the expression of Gab2, inhibited degranulation 
and cytokine productions in antigen-stimulated RBL-2H3 
cells. Meanwhile, phosphorylations of Gab2 and its down- 
stream signaling molecules of the FcRI-mediated Ca2+- 
independent pathway, Akt, PKC and p38 were also 
decreased. These observations suggest that inhibition of these 
signaling components in this Ca2+-independent pathway may 
be one the important mechanisms by which Gab2 knock- 
down suppresses mast cell degranulation and cytokine 
production. Based on the known roles of these molecules 
from the literature, the suppression of degranulation in 
RBL-2H3 cells may be caused by the inhibition of 
phosphorylations of Gab2, Akt and PKC; on the other hand, 
the suppression of cytokine production may be resulted from 
the down-regulation of phosphorylations of Gab2, Akt, PKC 
and p38. Our findings demonstrated the usefulness of 
selective Gab2 siRNA as a potential therapeutic tool to 
reduce mast cell-mediated allergic reactions. 
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