
Letter to the Editor

Disulfide-linked dimerization of the FcRg chain is required for positive
and negative regulation of mast cell activation via FcεRI

Dear Editor,

Mast cells (MCs) express the high-affinity IgE receptor (FcεRI) as a
tetramerconsistingof the IgE-bindingFcεRIa chainand twosignaling
subunits: the FcRb chain and a disulfide-linked homodimer of FcRg
chains. The FcRg chain homodimer, a signal transducer in rodent
andhumanMCs, is a critical component of FcεRI. Previous studies us-
ing chimeric antigen receptors with the FcRg chain intracellular
domain have suggested that FcRg chain homodimerization is
required to induce sufficient antigen-dependent cellular responses
in MCs.1,2 Such a finding suggests that disulfide-mediated homo-
dimerization of FcRg chainsmay play an important role inMCactiva-
tion via the FcεRI complex containing FcεRIa and FcRb chains. Unlike
intact FcεRI, however, such chimeric receptors cannot assemble
FcεRIa and FcRb chains. Thus, the biological significance of the disul-
fide bond between FcRg chains in FcεRI-mediated cellular responses
is poorly understood. In this study, we prepared murine bone
marrow-derivedMCs (BMMCs)with orwithout a serine substitution
at the cysteine7 residue (C7S) of the FcRg transmembrane (TM) re-
gion and used retroviral gene transfer to introduce the FcRg TM con-
structs into FcRg�/� MCs (Fig. 1A). Wild-type and mutated FcRg
BMMCs were named abgWT and abgC7S, respectively. In abgC7S

BMMCs, disulfide-linked dimerization of the FcRg chain was
completely abolished in the presence or absence of a reducing agent
(Fig.1B). However, cell surface FcεRIa expressionwas comparable be-
tween abgWT and abgC7S BMMCs in the presence or absence of IgE
(Fig. 1C,D). These data suggest that the disulfide bond between
FcRg chains does not contribute to the regulation of cell surface
expression of FcεRI in BMMCs in the presence or absence of IgE.

Although the expression level of FcRg chain proteins in abgC7S

BMMCs was markedly reduced (Fig. 2A), the amount of FcRg pro-
tein co-precipitating with the FcRb protein was comparable in
abgWT and abgC7S cell lysates solubilized using the mild detergent
digitonin. Moreover, FcεRI engagement-induced receptor internali-
zation was decreased in BMMCs by introduction of the C7S muta-
tion into the FcRg TM region (data not shown). Collectively, these
results raise the possibility that abgC7S BMMCs exhibit altered
cellular responses following FcεRI cross-linking. Finally, we exam-
ined whether the C7S mutation in the FcRg chain TM domain af-
fects FcεRI-triggered degranulation responses and cytokine
production. Because MC activation through FcεRI leads to bell-
shaped cellular response curves depending on the strength of the
stimulation,3,4 IgE-sensitized abgWT and abgC7S BMMCs were stim-
ulated with sub-optimal (2 ng/ml), optimal (20 ng/ml), and supra-

optimal (200 ng/ml) antigen concentrations. As shown in Figure 2C
and D, introduction of the C7S mutation into the FcRg chain TM
domain resulted in various alterations in FcεRI-dependent degran-
ulation and cytokine production. Upon sub-optimal antigen stimu-
lation, abgC7S BMMCs showed lower levels of degranulation and
cytokine production than abgWT BMMCs. However, when stimu-
lated with a high dose of antigen, degranulation responses and
cytokine production were significantly greater in abgC7S than in
abgWT BMMCs. These findings suggest that in MCs, FcRg dimeriza-
tion through the Cys7 residue contributes to controlling optimal
degranulation and cytokine production, depending on the strength
of FcεRI stimulation. To the best of our knowledge, this report is the
first to address the biological actions of the disulfide bond between
FcRg chains in the regulation of FcεRI-dependent MC activation.

Rodent FcεRI requires all three types of subunits to assemble as a
tetramer (abg2).5 In this study, basal expression of FcεRI on the cell
surface and theamountof FcRgproteinassembledwith theFcRbpro-
tein were comparable in abgWT and abgC7S BMMCs. These findings
suggest that the FcRgC7S chain also interacts with the FcεRIa and
FcRb subunits, even though abgC7S BMMCs lack a disulfide bond be-
tween theFcRg chains.However, it is unclearwhether FcεRI inabgC7S

BMMCs is actually expressed as a tetramer (abg2) or a trimer (abg).
Future biochemical analysis will be required to determine the
composition of the nascent FcεRI complex in abgC7S BMMCs.

In the present study,we could not elucidatewhyabolishing disul-
fide bonds in FcRg chains results in altered FcεRI-mediated degranu-
lation and cytokine production in response to the strength of FcεRI
stimulation. In our previous study,6 the strength of FcεRI cross-
linkingwas found to determinewhether FcRb acts as a dual regulator
(positive and negative) for MC activation. FcRb enhances degranula-
tion and cytokine production in the presence of sub-optimal stimu-
lation,whereas FcRb reduces degranulation and cytokine production
in thepresenceof supra-optimal stimulus.At present,webelieve that
in abgC7S BMMCs, engagement of FcεRI with IgE and an antigen is
insufficient to elicit the dual functions of FcRb for the following rea-
sons: (i) the stability of the FcεRI complex is essential for optimal ag-
gregation of FcεRI, which induces tyrosine phosphorylation of FcRb
relative to positive and negative regulation of MC activation4,7; and
(ii) the stability of the FcεRI complexwasactually decreased inabgC7S

BMMCs compared to that in abgWT BMMCs (Fig. 2B). As demon-
strated in Figure 2A, however, FcRg chain protein expression was
partially reduced inabgC7S BMMCs. Thus,wecannot exclude thepos-
sibility that reduction of intracellular FcRg proteins uncoupled with
FcεRImay result indysregulated cellular responses inabgC7S BMMCs.

Many missense mutations in the FCER1G gene have been re-
ported in the public human gene database GeneCards, although
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Fig. 1. A single mutation in the FcRg TM domain does not alter FcεRI expression in MCs. (A) Wild-type FcRg (FcRgWT) and mutant FcRg (FcRgC7S) with a cysteine residue in the TM
domain replaced with a serine residue. (B) The introduction of FcRg genes into FcRg-null MCs resulted in defective disulfide bonds. SDS-PAGE was performed in the presence or
absence of a reducing reagent and analyzed by immunoblotting with an anti-FcRg polyclonal antibody as described in Supplementary Methods. The results shown are represen-
tative of three independent experiments with similar results. (C) Comparable expression of FcεRIa in abgWT and abgC7S BMMCs. (D) IgE-mediated up-regulation of FcεRI on the cell
surface. In (C) and (D), the data shown represent the means ± SD of samples (n ¼ 4) obtained from four independent experiments.

Fig. 2. abgC7S BMMCs show altered degranulation responses and cytokine production in response to antigen concentrations. (A) Western blot analysis of FcRb and FcRg expression.
Black triangles indicate that a reduced amount of cell lysate was loaded. (B) Comparable association between FcRb and FcRg in abgWT and abgC7S cell lysates solubilized using the
mild detergent digitonin. In (A) and (B), the results are representative of three independent experiments with similar results. IgE-sensitized abgWT and abgC7S BMMCs were stim-
ulated with antigen (TNP-BSA) at the indicated concentrations for 0.5 h to assess degranulation (C) or 8 h to assess cytokine production (D). The data shown represent the mean ± SE
of quadruplicate experiments and are expressed as the relative percentage of degranulation and cytokine production in the presence of the calcium ionophore A23187 (1 mM).
*p < 0.05; **p < 0.01 (Student's t-test).
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individuals carrying a missense mutation at Cys7 of FCER1G have
not yet been reported. We consider that Cys7 may be well
conserved in humans to ensure FcRg disulfide bond formation
and FcεRI signaling in response to antigens.

In conclusion, in the present study, we reveal novel actions of
the FcRg chain during FcεRI-dependent MC activation, and our
findings strengthen our understanding of antigen-specificMC func-
tion in allergic inflammation.
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