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ABSTRACT

FcyRIIB, the only inhibitory IgG Fc receptor, functions to
suppress the hyper-activation of immune cells. Numer-
ous studies have illustrated its inhibitory function
through the ITIM motif in the cytoplasmic tail of FcyRIIB.
However, later studies revealed that in addition to the
ITIM, the transmembrane (TM) domain of FcyRIIB is also
indispensable for its inhibitory function. Indeed, recent
epidemiological studies revealed that a non-synony-
mous single nucleotide polymorphism (rs1050501)
within the TM domain of FcyRIIB, responsible for the
1232T substitution, is associated with the susceptibility
to systemic lupus erythematosus (SLE). In this review,
we will summarize these epidemiological and functional
studies of FcyRIIB-1232T in the past few years, and will
further discuss the mechanisms accounting for the
functional loss of FcyRIIB-I1232T. Our review will help the
reader gain a deeper understanding of the importance of
the TM domain in mediating the inhibitory function of
FcyRIIB and may provide insights to a new therapeutic
target for the associated diseases.
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INTRODUCTION

Receptors for the Fc portion of IgG molecules (FcyRs) play
important roles in regulating the activation of immune cells for
the purpose of balancing immunoprotection and
immunopathology. The human immune system contains six
types of canonical FcyRs, including the high affinity receptor

FcyRI, and low affinity receptors FcyRIIA, FcyRIIB, FcyRIIC,
FcyRINA, as well as FcyRIIIB, among which FcyRIIB is the
only one possessing an inhibitory function (Amigorena et al.,
1989; Nimmerjahn and Ravetch, 2011; Pincetic et al., 2014b;
Smith and Clatworthy, 2010b). Activating FcyRs transduces a
signal through the immunoreceptor tyrosine-based activation
motif (ITAM) in its intracellular domain, or the associated
signaling subunit called FcR common y-chain (Blank et al.,
2009; Daeron, 1997). In marked contrast, FcyRIIB possesses
an immunoreceptor tyrosine-based inhibition motif (ITIM) in
its intracellular domain (Bolland and Ravetch, 2000). When
activated by antigen-antibody immune complex, the tyrosine
within the ITIM could be phosphorylated by the Src-family
kinase Lyn, leading to recruitment of SH2-containing SHIP
and/or SHP to transduce inhibitory signal cascades (Nim-
merjahn and Ravetch, 2008). FcyRIIB is ubiquitously
expressed on most types of immune cells including dendritic
cells (DCs), monocytes, macrophages, mast cells, neu-
trophils, basophils and even memory CD8" T cells (Daeron
et al., 1993; Ravetch and Kinet, 1991; Starbeck-Miller et al.,
2014). In addition, FcyRIIB was found to be expressed in
microglia, participating in the phagocytosis in central nervous
system (CNS) infection (Peress, 1993). In B cells, FcyRIIB
serves as the exclusive FcyR expressed on the plasma
membrane, which potently suppresses B cell activation,
antigen internalization and presentation to T cells after bind-
ing to the antigen-antibody complex. All of these studies
reinforce the universal and crucial role of FcyRIIB in down-
regulating the activation and function of all these immune
cells (Lehmann et al., 2012). Thus, malfunction of FcyRIIB is
usually detrimental for the immune system (Niederer et al.,
2010a; Pincetic et al., 2014a; Smith and Clatworthy, 2010a).
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Indeed, single nucleotide polymorphisms (SNPs) of the
human FcyRIIB gene significantly influence the susceptibility
to autoimmune diseases (Kyogoku et al., 2002b; Niederer
et al.,, 2010a; Smith and Clatworthy, 2010a). Recent epi-
demiological studies revealed a non-synonymous single
nucleotide polymorphism (rs1050501) within the transmem-
brane (TM) domain of FcyRIIB, causing the 1232T substitu-
tion, is associated with the susceptibility to systemic lupus
erythematosus (SLE) (Kyogoku et al., 2002a). In this review,
we will summarize these epidemiological and functional
studies of FcyRIIB-1232T in the past few years and will further
discuss the mechanisms accounting for the functional loss of
FcyRIIB-1232T. We will also discuss the evolutionary con-
servation of the TM domain among different FcyRs in differ-
ent species. Our review will help the reader gain a deeper
understanding of the importance of the TM domain in medi-
ating the inhibitory function of FcyRIIB and may provide
insights to a new therapeutic target for the associated
diseases.

EPIDEMIOLOGY STUDIES OF FCIRIIB-1232T WITH
AUTOIMMUNE DISEASES

Human FCGR2B gene possesses a number of SNPs,
including several SNPs in the promoter region and eight
missense SNPs. Amongst the nonsynonymous SNPs, the
T-to-C transition in exon 5 (rs1050501), which leads to a
replacement of isoleucine at position 232 by threonine
(FcyRIIB-1232T variant), occurs at a notable frequency and
is associated with autoimmune disease. In 2002, Kyogoku
first demonstrated the correlation of FcyRIIB-1232T with the
susceptibility to SLE in Japanese (Kyogoku et al., 2002a),
while the epidemiology studies of FcyRIIB-1232T in the
context of autoimmune diseases sprung up in the years to
follow. Later studies further confirmed that FcyRIIB-1232T
was also associated with the susceptibility to SLE in Thai
(Siriboonrit et al., 2003), Chinese (Chu et al., 2004) and also
Caucasian (Willcocks et al., 2010) populations. According to
Chu’'s work, FcyRIIB-1232T is highly associated with
nephritis in SLE patients (Chu et al., 2004). Interestingly, it is
also found that homozygosity for this polymorphism is
associated with protection against severe malaria, where
selection pressure may contribute to the higher frequency of
FcyRIIB-T232 and, hence, SLE in Africans and Southeast
Asians (Willcocks et al., 2010).

Aside from SLE, rheumatoid arthritis (RA) is another
common systemic autoimmune disease. Although epidemi-
ology studies in literature did not find a significant correlation
between FcyRIIB-1232T homozygotes with RA (Chen et al.,
2008; Kyogoku et al., 2002c; Radstake et al., 2006), it is
striking to observe that RA patients carrying homozygous
FcyRIIB-T232 would develop severe radiologic joint damage
during the first six-year course of the disease (Radstake
et al., 2006). Besides, the FcyRIIB-1232T is associated with
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susceptibility to RA in Chinese population according to our
unpublished statistical data.

Though epidemiological studies revealed the association
of FcyRIIB-1232T with SLE and RA, the correlation studies
with other autoimmune diseases are still scarce. It has
already been proved that there is a lower expression level of
FcyRIIB in multiple sclerosis (MS) patients (Tackenberg
et al., 2009). And among idiopathic thrombocytopenic pur-
pura (ITP) patients, a higher frequency of hetero FcyRIIB-
1232/1232T genotype is observed in chronic disease patients
compared to that in acute disease patients (Bruin et al.,
2004). All these results indicate that FcyRIIB may play a
sophisticated role in different autoimmune diseases.

TRANSMEMBRANE DOMAIN-DEPENDENT
INHIBITORY FUNCTION OF FCIRIIB

Although numerous studies have reported the critical role of
ITIM as a prerequisite for the inhibitory function of FcyRIIB,
recent reports also revealed that the unique property of the
TM domain is also essential for its role of inhibition. In this
section, we will discuss the four possible mechanisms
through which the TM-domain is required for the inhibitory
function of FcyRIIB: (1) impeding the conformational chan-
ges of BCR, which is crucial for the initiation of B cell
receptor (BCR) downstream signaling; (2) co-localizing with
lipid raft to activate the inhibitory signaling; (3) blocking the
synaptic co-localization of BCR and CD19 microclusters; (4)
conferring fast lateral mobility.

The initiation of BCR signaling is reported to be accom-
panied by a “closed to open” form transition of the cyto-
plasmic domains of the BCR (Sohn et al., 2008b; Tolar et al.,
2005) (Fig. 1A). According to model 1, blocking the confor-
mational changes in the cytoplasmic domains of the BCRs
might be one of the approaches for FcyRIIB to play its
inhibitory role. Indeed, FcyRIIB was proved to block the
transition to active signaling conformation when colligated
with BCR, however FcyRIIB-1232T failed to inhibit such
conformational changes of BCR (Liu et al., 2010), even
though FcyRIIB-1232T maintains an intact extracellular
domain for ligand recognition and an intact intracellular ITIM
(Fig. 1B).

It was indicated by fluorescence resonance energy
transfer (FRET) assay that the interaction between BCR and
lipid raft transiently take place at the periphery of the B cell
immunological synapse where BCR-antigen clusters are
newly formed (Sohn et al., 2008b). In contrast, the interaction
between FcyRIIB and lipid raft is much more stable and the
co-localization of FcyRIIB with raft lipid is found to be inde-
pendent of the activity of Src family kinase (Liu et al., 2010).
In model 2, when co-localizing with BCR in the lipid raft,
FcyRIIB inhibits the early events of BCR activation, such as
BCR recruitment and oligomerization in the lipid raft, in
addition to BCR downstream signaling. In 2002, Kono et al.
indicated that spatial association between the FcyRIIB TM
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Figure 1. A conformational change blocking model. (A) Shown are the “close to open” conformational changes within the
cytoplasmic tail of BCR during the cross-membrane signal transduction. (B) FcyRIIB-1232 blocks such conformational changes in the

cytoplasmic domains of BCR, whereas FcyRIIB-T232 fails to do so.

domain and lipid raft is essential for its inhibitory signaling
(Kono et al, 2002). However, FcyRIIB-1232T exhibited
defective membrane proximal signaling compared to
FcyRIIB-WT (Floto et al., 2005). The subsequent study by
Western blot and live cell imaging with fluorescently labeled
cholera toxin B, a lipid raft marker, discovered more FcyRIIB
co-localized with lipid raft than FcyRIIB-1232T, confirming the
necessity of the residence to sphingolipid rafts (Floto et al.,
2005; Kono et al., 2005). As the signal pathway dependent
on the interaction between FcyRIIB-1232T and protein
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kinases that reside preferentially in lipid-raft-rich domains
might be interfered, thus the inhibitory function is impaired
(Fig. 2).

Model 3 relies on the finding that the TM domain of
FcyRIIB is responsible for blocking the synaptic colocaliza-
tion of BCR and CD19 microclusters. CD19 is the activating
co-receptor of BCR, which promotes BCR signaling when
co-localizing with BCR in the lipid raft during B cell activation.
In 2000, Fong et al. noticed that dephosphorylation of CD19
was independent of the cytoplasmic tail of FcyRIIB (Fong
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Figure 2. A diagram of the lipid raft-residing model explaining the dysfunction of FcyRIIB-1232T. Model of the FcyRIIB and
FcyRIIB-1232T showing that FcyRIIB-1232T fails to distribute to lipid raft, which results in the impairment of the inhibitory function.

Orange color shows lipid raft.

et al., 2000). Our study showed that both of FcyRIIB with or
without cytoplasmic tail could significantly impair the colo-
calization of BCR and CD19 microclusters, however a chi-
meric construct with a truncated TM from fruit fly N-Cadherin
completely lost this inhibitory function (Xu et al., 2014). The
loss-of-function mutant FcyRIIB-1232T also failed to block the
synaptic colocalization of the BCR with CD19, leading to
dysregulated recruitment of downstream signaling molecule
pPI3K to the membrane proximal signalosome. Early studies
provided evidence that FcyRIIB-I1232T is incapable of
inhibiting receptor activation due to the reduced affinity to
sphingolipid rafts, whereas strikingly, the chimeric construct
containing a truncated TM of a lipid rafts resident protein,
linker for activation of T cells (LAT) (Tanimura et al., 2003)
could not rescue such inhibitory function (Xu et al., 2014).
This result indicated that the inhibitory function of blocking
synaptic colocalization of BCR and CD19 microclusters may
depend on its unique TM sequence instead of its affinity to
lipid rafts. Therefore, a possible functional model is that
FcyRIIB prevents the colocalization of BCR and CD19 to
attenuate the boosting of BCR signaling from CD19 (Fig. 3).

Recent studies also revealed the polymorphism FcyRIIB-
1232T affects the lateral mobility of FcyRIIB, and its enrich-
ment to the immune complexes (ICs) significantly decreases
after stimulation. However, if FcyRIIB-1232T was given suf-
ficient time to diffuse and interact with ICs or its TM domain
was substituted with one of a fast floating CD86 molecule, its
inhibitory function can be reinstated (Xu et al., 2016). Hence,
the lateral mobility could be one of the key factors for
FcyRIIB to downregulate the BCR signaling. This mecha-
nistic explanation of how a single amino acid change in the
TM domain of FcyRIIB results in its dysfunction, which can
be described as a “catch-me-if-you-can” model (model 4,
Fig. 4). This model suggests that the inhibitory function of

© The Author(s) 2018. This article is an open access publication

FcyRIIB is dependent on its lateral mobility, which is a
property mainly determined by the TM domain of the
receptor. It is generally believed that FcyRIIB acts mainly as
a co-receptor to regulate the activation of the main activating
immune receptors like FcyRI and BCR, which show high
affinity to their ligand at nanomole range (Batista and Neu-
berger, 2000; Lu et al., 2015). In contrast, FcyRIIB and its
ligand, Fc portion of human IgG antibody, show low-affinity at
micromole range (Mimura et al., 2001). In this case, it is very
likely that BCR binding to antigens is much more instanta-
neous than FcyRIIB colliding with the Fc of IgG upon IC
stimulation. BCR is a relatively slow diffusion molecule,
which becomes nearly immobile after encountering antigens.
Defeated in the initial binding competition, FcyRIIB has to
diffuse in a random manner until it collides with the Fc portion
of clustered IgG with avidity effects in preformed IC micro-
clusters, which finally enriches these molecules to initiate
their inhibitory function. In order to collide with the Fc region
of IgG in the immune-complex that has been caught by the
BCRs, the faster that FcyRIIB diffuses, the better of a chance
it would have at catching the Fc region and induce inhibition
to the activation signaling from BCR in a timely manner. The
model is also supported by the study using the PALM-based
super-resolution imaging and Monte Carlo simulation anal-
ysis, which suggested that the lack of sufficient lateral
mobility of FcyRIIB-1232T hinders its successful collision and
enrichment in the IC microclusters and the subsequent
assembly of larger-sized FcyRIIB nanoclusters in response
to ICs (Xu et al., 2016).

UNIQUE SEQUENCE OF FCIRIIB TM DOMAIN

The TM domain sequences of human FcyRIl members are
highly conserved among different subclasses but differing
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Figure 3. A CD19-blocking model that reveals the inhibitory function of FcyRIIB. The FcyRIIB can inhibit B cell activation by
preventing CD19, which is an activating co-receptor, from colocalizing with BCR microclusters. The impaired function of FcyRIIB-
1232T can also be explained as the failure in blocking the colocalization.
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Figure 4. The “catch-me-if-you-can” model. The model indicates that the fast lateral mobility of FcyRIIB is crucial for its inhibitory
function. Due to the high affinity between BCR and antigen, the BCR is more likely to catch the antigen before FcyRIIB catch the IgG
upon immunocomplex stimulation. Then the low affinity FcyRIIB-WT has to diffuse fast enough to catch the IgG and stop the BCR
signaling in time. In marked contrast, FcyRIIB-1232T fails to “catch” the IC due to its slow diffusion and thus loses its inhibitory
function.
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Figure 5. An alignment of the transmembrane domain of Fcy receptors. (A) Shown are alignments of the transmembrane
domain sequences of low affinity Fcy receptors in NCBI. The conserved regions are highlighted in red color. (B) Shown are
alignments of the transmembrane domain sequences from different species that are available in NCBI. The conserved regions are

highlighted in red color.

from that of FcyRI and FcyRIII (Fig. 5A). Amongst the FcyRII
family, FcyRIIC, which has the same extracellular and TM
domains as FcyRIIB and the same cytoplasmic tail as
FcyRIIA, is believed to generate from the gene recombination
between FcyRIIB and FcyRIIA (Warmerdam et al., 1993). The
SNP Q57stop in FcyRIIC, up-regulating the expression of this
activating FcyRIIC, leads to enhanced immune response and
autoimmune disease in both human patients and transgenic
mice (Li et al., 2013). Different, but analogous to FcyRIIB,
which possesses Thr230 and 11e232, FcyRIIA has a Thr at site
232 and an lle at site 230 (Fig. 5A), however, thus far no study
has reported any dysfunction of this TM domain. Notably,
protein sequences of the TM domain of FcyRIIB are evolu-
tionarily conserved amongst species (Fig. 5B). All functional
FcyRIIBs conserve the Thr residue in the TM domain, how-
ever, itis remarkable that none of them has two Thr distributed
in such close positions like FcyRIIB-1232T. The substitution of
lle to Thr at site 232 inserts a polar amino acid residue into the
TM domain, which definitely bends the a-helices of the TM
domain (Ballesteros et al., 2000). This was further supported
by the molecular dynamics simulation results which sug-
gested that the bending of the FcyRIIB TM helix can be
exacerbated by the residue substitution of 1232T (Xu et al.,
2016). Thus, the appearance of Thr230 and Thr232 at the TM
domain of FcyRIIB-1232T in such close proximity may cause
an unbearable bending, which would lead to a decreased
lateral mobility.

Indeed, when we swapped the TM domain of FcyRIIB-
1232T into different type- TM molecules, such as TfR, MHC-
1 and CD86 (Xu et al., 2014), we found only TM-CD86 could
rescue the inhibitory function like wild type FcyRIIB (Xu et al.,
2016). Among them, TfR was shown to be a non-lipid-raft
associated protein (Harder et al., 1998) and MHC-1 had a

© The Author(s) 2018. This article is an open access publication

slow lateral mobility (Georgiou et al., 2002), while CD86 had
the shortest predicted TM domain and fastest lateral mobility
(Xu et al.,, 2016). As expected, the chimeric constructs
FcyRIIB-TM-TfR showed a loss-of-function phenomenon (Xu
et al., 2014). This result combined with the result of FcyRIIB-
TM-LAT suggests that a sole non-lipid raft residing or con-
stitutive lipid raft residing TM cannot rescue the inhibitory
function of FcyRIIB. There could be two explanations for this
result according to the four models above: First, there was
an early report by Sohn et al. showing that FcyRIIB is not
located in lipid raft regions in quiescent B cells, but translo-
cated to the lipid rafts upon BCR and FcyRIIB co-ligation
(Sohn et al.,, 2008a). Second, the sequence of the TM
domain of FcyRIIB is also important in exerting its inhibitory
function. It is generally believed that FcyRIIB acts mainly as
a co-receptor to regulate the activation of the main activating
immune receptors like FcyRI and BCR, which show high
affinity to their ligand at nanomole range (Batista and Neu-
berger, 2000; Lu et al., 2015). Comparatively, FcyRIIB and its
ligand, Fc portion of human IgG antibody, show low-affinity at
micromole range (Mimura et al., 2001). In this case, it is very
likely that BCR binding to antigens is much more instanta-
neous than FcyRIIB colliding with the Fc of IgG upon
immunocomplex stimulation.

CONCLUSION AND FUTURE DIRECTION

The association between FcyRIIB-1232T and autoimmune
diseases has been identified for over 14 years. Lots of
studies have revealed the correlation, but the mechanism by
which 1232T substitution in the TM domain causes the loss-
of-function phenotype is not entirely known yet. A better
understanding of this SNP shall give insight to the subtle
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regulation of the TM domain of type-l transmembrane
receptor to their functions and may provide a new approach
and target for autoimmune disease diagnosis and therapies.

A recent study revealed that the inhibitory function of
FcyRIIB is dependent on its TM domain, rather than the ITIM
motif present in the cytoplasmic domain, to block the synaptic
colocalization of BCR and CD19 microclusters (Xu et al.,
2014). We propose that the TM domain provides an extra layer
of inhibitory function for FcyRIIB to secure its unique position
as the only inhibitory IgG FcR to downregulate immune
responses (Hippen et al., 1997). Although the exact molecular
mechanism remains unclear, it is revealed that the proper TM
domain of FcyRIIB can impede BCR’s conformational chan-
ges, activate the inhibitory signaling distributed to lipid rafts,
inhibit the recruitment of CD19 to B cell IS, which depends on
its fast lateral mobility. The importance of the FcyRIIB TM
domain is also supported by a rich amount of epidemiological
studies showing a strong positive correlation of the FcyRIIB-
1232T mutant with SLE disease (Chen et al., 2006; Chu et al.,
2004; Clatworthy et al., 2007; Kyogoku et al., 2002a; Kyogoku
etal., 2004; Niederer et al., 2010a; Niederer et al., 2010b; Pan
et al., 2006; Siriboonrit et al., 2003; Willcocks et al., 2010).

In conclusion, the inhibitory role of the FcyRIIB TM
domain in BCR signaling may functionally explain the
pathological mechanism of SLE and other autoimmune
diseases.

ACKNOWLEDGEMENTS

This work is supported by funds from the National Basic Research
Program (973 Program) (No. 2014CB542500) and the National
Natural Science Foundation China (Grant Nos. 81422020 and
81621002).

ABBREVIATIONS

BCR, B cell receptor; CNS, central nervous system; DC, dendritic
cell; FeyR, receptor for Fc portion of IgG molecule; FRET, fluores-
cence resonance energy transfer; IC, immune complex; ITAM,
immunoreceptor tyrosine-based activation motif; ITIM, immunore-
ceptor tyrosine-based inhibition motif; ITP, idiopathic thrombocy-
topenic purpura; LAT, linker for activation of T cells; RA, rheumatoid
arthritis; SLE, systemic lupus erythematosus; SNP, single nucleotide
polymorphism; TM, transmembrane.

COMPLIANCE WITH ETHICS GUIDELINES

Junyi Wang, Zongyu Li, Liling Xu, Hengwen Yang and Wanli Liu
declare that they have no conflict of interest. This article does not
contain any studies with human or animal subjects performed by the
any of the authors.

OPEN ACCESS

This article is distributed under the terms of the Creative Commons
Attribution 4.0 International License (http://creativecommons.org/

1010

licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

REFERENCES

Amigorena S, Bonnerot C, Choquet D, Fridman WH, Teillaud JL
(1989) Fc-Gamma-Rii expression in resting and activated lym-
phocytes-B. Eur J Immunol 19:1379-1385

Ballesteros JA, Deupi X, Olivella M, Haaksma EEJ, Pardo L (2000)
Serine and threonine residues bend alpha-helices in the chi(1) =
g(-) conformation. Biophys J 79:2754—-2760

Batista FD, Neuberger MS (2000) B cells extract and present
immobilized antigen: implications for affinity discrimination.
EMBO J 19:513-520

Blank U, Launay P, Benhamou M, Monteiro RC (2009) Inhibitory
ITAMs as novel regulators of immunity. Immunol Rev 232:59-71

Bolland S, Ravetch JV (2000) Spontaneous autoimmune disease in
Fc(gamma)RIIB-deficient mice results from strain-specific epis-
tasis. Immunity 13:277-285

Bruin M, Bierings M, Uiterwaal C, Revesz T, Bode L, Wiesman ME,
Kuijpers T, Tamminga R, de Haas M (2004) Platelet count,
previous infection and FCGR2B genotype predict development of
chronic disease in newly diagnosed idiopathic thrombocytopenia
in childhood: results of a prospective study. Br J Haematol
127:561-567

Chen JY, Wang CM, Wu JM, Ho HH, Luo SF (2006) Association of
rheumatoid factor production with FcgammaRllla polymorphism
in Taiwanese rheumatoid arthritis. Clin Exp Immunol 144:10-16

Chen JY, Wang CM, Ma CC, Hsu LA, Ho HH, Wu YJJ, Kuo SN, Wu J
(2008) A transmembrane polymorphism in Fc gamma RIlb
(FCGR2B) is associated with the production of anti-cyclic
citrullinated peptide autoantibodies in Taiwanese RA. Genes
Immun 9:680-688

Chu ZT, Tsuchiya N, Kyogoku C, Ohashi J, Qian YP, Xu SB, Mao
CZ, Chu JY, Tokunaga K (2004) Association of Fcgamma
receptor IIb polymorphism with susceptibility to systemic lupus
erythematosus in Chinese: a common susceptibility gene in the
Asian populations. Tissue Antigens 63:21-27

Clatworthy MR, Willcocks L, Urban B, Langhorne J, Williams TN,
Peshu N, Watkins NA, Floto RA, Smith KG (2007) Systemic lupus
erythematosus-associated defects in the inhibitory receptor
FcgammaRllb reduce susceptibility to malaria. Proc Natl Acad
Sci USA 104:7169-7174

Daeron M (1997) Fc receptor biology. Annu Rev Immunol 15:203—
234

Daeron M, Malbec O, Latour S, Bonnerot C, Segal DM, Fridman WH
(1993) Distinct intracytoplasmic sequences are required for
endocytosis and phagocytosis via murine Fc gamma RII in mast
cells. Int Immunol 5:1393-1401

Floto RA, Clatworthy MR, Heilbronn KR, Rosner DR, MacAry PA,
Rankin A, Lehner PJ, Ouwehand WH, Allen JM, Watkins NA,
Smith KGC (2005) Loss of function of a lupus-associated Fc
gamma RIIb polymorphism through exclusion from lipid rafts. Nat
Med 11:1056-1058

© The Author(s) 2018. This article is an open access publication


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Transmembrane domain dependent inhibition of FcyRIIB

REVIEW

Fong DC, Brauweiler A, Minskoff SA, Bruhns P, Tamir I, Mellman |,
Daeron M, Cambier JC (2000) Mutational analysis reveals
multiple distinct sites within Fc gamma receptor 1IB that function
in inhibitory signaling. J Immunol 165:4453-4462

Georgiou G, Bahra SS, Mackie AR, Wolfe CA, O’Shea P, Ladha S,
Fernandez N, Cherry RJ (2002) Measurement of the lateral
diffusion of human MHC class | molecules on HelLa cells by
fluorescence recovery after photobleaching using a phycoerythrin
probe. Biophys J 82:1828-1834

Harder T, Scheiffele P, Verkade P, Simons K (1998) Lipid domain
structure of the plasma membrane revealed by patching of
membrane components. J Cell Biol 141:929-942

Hippen KL, Buhl AM, Dambrosio D, Nakamura K, Persin C, Cambier
JC (1997) Fc gamma RIIB1 inhibition of BCR-mediated phos-
phoinositide hydrolysis and Ca2+ mobilization is integrated by
CD19 dephosphorylation. Immunity 7:49-58

Kono H, Suzuki T, Yamamoto K, Okada M, Yamamoto T, Honda Z
(2002) Spatial raft coalescence represents an initial step in Fc
gamma R signaling. J Immunol 169:193-203

Kono H, Kyogoku C, Suzuki T, Tsuchiya N, Honda H, Yamamoto K,
Tokunaga K, Honda Z (2005) FcgammaRIIB 11e232Thr trans-
membrane polymorphism associated with human systemic lupus
erythematosus decreases affinity to lipid rafts and attenuates
inhibitory effects on B cell receptor signaling. Hum Mol Genet
14:2881-2892

Kyogoku C, Dijstelbloem HM, Tsuchiya N, Hatta Y, Kato H,
Yamaguchi A, Fukazawa T, Jansen MD, Hashimoto H, van de
Winkel JG et al (2002a) Fcgamma receptor gene polymorphisms
in Japanese patients with systemic lupus erythematosus: contri-
bution of FCGR2B to genetic susceptibility. Arthritis Rheum
46:1242—-1254

Kyogoku C, Dijstelbloem HM, Tsuchiya N, Hatta Y, Kato H,
Yamaguchi A, Fukazawa T, Jansen MD, Hashimoto H, van de
Winkel JGJ et al (2002b) Fc gamma receptor gene polymor-
phisms in Japanese patients with systemic lupus erythematosus -
Contribution of FCGR2B to genetic susceptibility. Arthritis Rheum
46:1242—-1254

Kyogoku C, Tsuchiya N, Matsuta K, Tokunaga K (2002c) Studies on
the association of Fc gamma receptor IIA, 1B, IlIA and 1lIB
polymorphisms with rheumatoid arthritis in the Japanese: evi-
dence for a genetic interaction between HLA-DRB1 and
FCGR3A. Genes Immun 3:488-493

Kyogoku C, Tsuchiya N, Wu H, Tsao BP, Tokunaga K (2004)
Association of Fcgamma receptor IlIA, but not [IB and llIA,
polymorphisms with systemic lupus erythematosus: a family-
based association study in Caucasians. Arthritis Rheum 50:671—
673

Lehmann B, Schwab |, Bohm S, Lux A, Biburger M, Nimmerjahn F
(2012) FcgammaRIIB: a modulator of cell activation and humoral
tolerance. Expert Rev Clin Immunol 8:243-254

Li XR, Wu JM, Ptacek T, Redden DT, Brown EE, Alarcon GS, Ramsey-
Goldman R, Petri MA, Reveille JD, Kaslow RA, et al. (2013) Allelic-
dependent expression of an activating Fc receptor on B cells
enhances humoral immune responses. Sci Transl Med 5

Liu WL, Sohn HW, Tolar P, Meckel T, Pierce SK (2010) Antigen-
induced oligomerization of the B cell receptor is an early target of
Fc gamma RIIB inhibition. J Immunol 184:1977-1989

© The Author(s) 2018. This article is an open access publication

Lu J, Chu J, Zou Z, Hamacher NB, Rixon MW, Sun PD (2015)
Structure of FcgammaRlI in complex with Fc reveals the impor-
tance of glycan recognition for high-affinity IgG binding. Proc Natl
Acad Sci USA 112:833-838

Mimura Y, Sondermann P, Ghirlando R, Lund J, Young SP, Goodall
M, Jefferis R (2001) Role of oligosaccharide residues of IgG1-Fc
in Fc gamma RIlb binding. J Biol Chem 276:45539-45547

Niederer HA, Clatworthy MR, Willcocks LC, Smith KG (2010a)
FcgammaRIIB, FcgammaRIIIB, and systemic lupus erythemato-
sus. Ann N Y Acad Sci 1183:69-88

Niederer HA, Willcocks LC, Rayner TF, Yang W, Lau YL, Williams
TN, Scott JA, Urban BC, Peshu N, Dunstan SJ et al (2010b)
Copy number, linkage disequilibrium and disease association in
the FCGR locus. Hum Mol Genet 19:3282-3294

Nimmerjahn F, Ravetch JV (2008) Fc gamma receptors as regula-
tors of immune responses. Nat Rev Immunol 8:34-47

Nimmerjahn F, Ravetch JV (2011) FcyRs in health and disease. Curr
Top Microbiol Immunol 350:105-125

Pan F, Zhang K, Li X, Xu J, Hao J, Ye D (2006) Association of
Fcgamma receptor IIB gene polymorphism with genetic suscep-
tibility to systemic lupus erythematosus in Chinese populations—a
family-based association study. J Dermatol Sci 43:35-41

Peress NS (1993) Identification of Fc gamma RI, Il and Ill on normal
human brain ramified microglia and on microglia in senile plaques
in Alzheimer’s disease. J Neuroimmunol 48:71-79

Pincetic A, Bournazos S, DiLillo DJ, Maamary J, Wang TT, Dahan R,
Fiebiger BM, Ravetch JV (2014a) Type | and type Il Fc receptors
regulate innate and adaptive immunity. Nat Immunol 15:707-716

Pincetic A, Bournazos S, Dilillo DJ, Maamary J, Wang TT, Dahan R,
Fiebiger BM, Ravetch JV (2014b) Type | and type Il Fc receptors
regulate innate and adaptive immunity. Nat Immunol 15:707

Radstake TRDJ, Franke B, Wenink MH, Nabbe KCAA, Coenen
MJH, Welsing P, Bonvini E, Koenig S, van den Berg WB, Barrera
P, van Riel PLCM (2006) The functional variant of the inhibitory
Fc gamma receptor lIb (CD32B) is associated with the rate of
radiologic joint damage and dendritic cell function in rheumatoid
arthritis. Arthritis Rheum 54:3828-3837

Ravetch JV, Kinet JP (1991) Fc receptors. Annu Rev Immunol
9:457-492

Siriboonrit U, Tsuchiya N, Sirikong M, Kyogoku C, Bejrachandra S,
Suthipinittharm P, Luangtrakool K, Srinak D, Thongpradit R,
Fujiwara K et al (2003) Association of Fcgamma receptor IIb and
lllb polymorphisms with susceptibility to systemic lupus erythe-
matosus in Thais. Tissue Antigens 61:374-383

Smith KG, Clatworthy MR (2010a) FcgammaRIIB in autoimmunity
and infection: evolutionary and therapeutic implications. Nat Rev
Immunol 10:328-343

Smith KGC, Clatworthy MR (2010b) Fc[gamma]RIIB in autoimmunity
and infection: evolutionary and therapeutic implications. Nat Rev
Immunol 10:328-343

Sohn HW, Pierce SK, Tzeng SJ (2008a) Live cell imaging reveals
that the inhibitory Fc gamma RIIB destabilizes B cell receptor
membrane-lipid blocks immune synapse formation. J Immunol
180:793-799

Sohn HW, Tolar P, Pierce SK (2008b) Membrane heterogeneities in
the formation of B cell receptor-Lyn kinase microclusters and the
immune synapse. J Cell Biol 182:367-379

1011

©
&)
o3
=
(]
e
o
|
o




©
&)
o
=
()
e
(o]
| 99
o

REVIEW

Junyi Wang et al.

Starbeck-Miller GR, Badovinac VP, Barber DL, Harty JT (2014)
Cutting edge: expression of FcgammaRIIB tempers memory CD8
T cell function in vivo. J Immunol 192:35-39

Tackenberg B, Jelcic |, Baerenwaldt A, Oertel WH, Sommer N,
Nimmerjahn F, Lunemann JD (2009) Impaired inhibitory Fc
gamma receptor IIB expression on B cells in chronic inflamma-
tory demyelinating polyneuropathy. Proc Natl Acad Sci USA
106:4788-4792

Tanimura N, Nagafuku M, Minaki Y, Umeda Y, Hayashi F, Sakakura
J, Kato A, Liddicoat DR, Ogata M, Hamaoka T, Kosugi A (2003)
Dynamic changes in the mobility of LAT in aggregated lipid rafts
upon T cell activation. J Cell Biol 160:125-135

Tolar P, Sohn HW, Pierce SK (2005) The initiation of antigen-induced B
cell antigen receptor signaling viewed in living cells by fluores-
cence resonance energy transfer. Nat Immunol 6:1168-1176

Warmerdam PAM, Nabben NMJM, Vandegraaf SAR, Vandewinkel
JGJ, Capel PJA (1993) The human low affinity immunoglobulin-G

1012

Fc receptor-lic gene is a result of an unequal crossover event.
J Biol Chem 268:7346-7349

Willcocks LC, Carr EJ, Niederer HA, Rayner TF, Williams TN, Yang
WL, Scott JAG, Urban BC, Peshu N, Vyse TJ et al (2010) A
defunctioning polymorphism in FCGR2B is associated with
protection against malaria but susceptibility to systemic lupus
erythematosus. Proc Natl Acad Sci USA 107:7881-7885

Xu L, Li G, Wang J, Fan Y, Wan Z, Zhang S, Shaheen S, Li J, Wang
L, Yue C et al (2014) Through an ITIM-independent mechanism
the FcgammaRIIB blocks B cell activation by disrupting the
colocalized microclustering of the B cell receptor and CD19.
J Immunol 192:5179-5191

Xu L, Xia M, Guo J, Sun X, Li H, Xu C, Gu X, Zhang H, Yi J, Fang Y
et al (2016) Impairment on the lateral mobility induced by
structural changes underlies the functional deficiency of the
lupus-associated polymorphism FcgammaRIIB-T232. J Exp Med
213:2707-2727

© The Author(s) 2018. This article is an open access publication



	Transmembrane domain dependent inhibitory function of&#146;Fc&#x03B3;RIIB
	Abstract
	INTRODUCTION
	EPIDEMIOLOGY STUDIES OF Fc&#x03B3;RIIB-I232T WITH AUTOIMMUNE DISEASES
	TRANSMEMBRANE DOMAIN-DEPENDENT INHIBITORY FUNCTION OF Fc&#x03B3;RIIB
	UNIQUE SEQUENCE OF Fc&#x03B3;RIIB TM DOMAIN
	CONCLUSION AND FUTURE DIRECTION
	ACKNOWLEDGEMENTS
	REFERENCES




