CHAPTER 17

Fc Receptor Targeting in the Treatment
of Allergy, Autoimmune Diseases

and Cancer
Akira Nakamura,* Tomohiro Kubo and Toshiyuki Takai

Abstract

c receptors (FcRs) play an important role in the maintenance of an adequate activation

threshold of various cells in antibody-mediated immune responses. Analyses of murine

models show that the inhibitory FcR, FcyRIIB plays a pivotal role in the suppression of
antibody-mediated allergy and autoimmunity. On the other hand, the activating-type FcRs are
essential for the development of these diseases, suggesting that regulation of inhibitory or activating
FcR is an ideal target for a therapeutic agent. Recent experimental or clinical studies also indicate
that FcRs function as key receptors in the treatment with monoclonal antibodies (mAbs) therapy.
This review summarizes FcR functions and highlights possible FcR-targeting therapies including
mADb therapies for allergy, autoimmune diseases and cancer.

Introduction

FcRs are widely expressed on hemopoietic cells and distinguished by their structure, function,
distribution and ligands, such as IgG, IgM, IgE and IgA. FcRs have homologous extracellular
immunoglobulin domains, however, there are functionally two kinds of FcRs, the activation
type and the inhibitory type FcRs. Recent analysis using FcRs-deficient mice have revealed that
immune responses by antibodies depend upon regulation of activating and inhibitory FcR.*
Deletion of activating FcRs does not elicit antibody-mediated responses, whereas deletion of
inhibitory FcRs causes excessive antibody responses, resulting in the development of allergic or
autoimmune disorders.

Immunotherapy using mAbs is a new strategy against allergy, autoimmune diseases and cancer.
Genetic engineering enabled the development of humanized antibodies, leading to rapid progress
of mAb therapy. In particular, activating FcRs play a pivotal role in the effects of mAb therapy. In
addition to mAbs therapy, recent studies reveal that an inhibitory FcR, FeyRIIB, contributes to the
effect of intravenous immunoglobulin (IVIg) therapy. This review summarizes the immunological
functions of FcRs and focuses on FcR-targeting therapy.
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FcR Function

Structure

Most FcRs belong to immunoglobulin superfamily proteins. Since the detailed biochemistry of
FcRs hasbeen reviewed in Chapter 3 of Section I, this chapter briefly introduces the FeR structure
and function. Figure 1 shows the schematic structure of representative FcyRs, FcyRIA, FeyRIIA,
FcyRIIB, FeyRIIIA, FcyRIIIB and a recently discovered murine FeyRIV.> While FcyRIA binds
to IgG with high affinity, FeyRIB, FcyRIC, FeyRIIs (FeyRIIA, FeyRIIB and FeyRIIC), FeyRI1ls
(FcyRIIIA and FeyRIHIB) and FeyRIV have low affinity to IgG. FcyRIA, FeyRIIIA and murine
FeyRIV require the FcR y-chain (FcRy) for their surface expression and signal delivery. Human
FcRs for IgE, FceRs, are encoded by two genes, FceRI and FeeRIL FeeRI, which associates with
the FcRy and FceRI B-chain (FceyRIB), binds to IgE with high affinity (>10'°M). Therefore,
monomeric IgE constitutively binds to FceRI on the surface of mast cells or basophils. Low-affinity
FceRITis a C-type lectin family protein. In humans, there are three kinds of FcRs for IgA, FcoR1,
polymeric Igreceptor (poly-IgR) and Fca/uR. IgA antibodies are enriched in serum and in mucosal
tissue and have three forms, monomeric, dimeric and secretory forms. The poly-IgR can transport
dimeric IgA across the cpithelium. Feat/uR can bind both IgA and IgM. The neonatal FcR for
IgG, FcRn, which is an MHC class I-like molecule, is responsible for perinatal IgG transport and
for IgG homeostasis in adults.”

Regarding FeR structural information, crystal structures of IgG-FeyRIII, IgE-FceRI and
IgA-FcaRI complexes have been reported, showing the detailed information of the binding interac-
tion between Ig-Fc fragments and FeRs.*'2 Atomic-level structural information on the extracellular
domains of FcyRIIa, FcyRIIb, FceRI and FcaRI was also elucidated.!*'¢ These FcRs contain two
Ig-like domains in their extracellular regions and bear similar structures in that the two ectodo-
mains bend at an acute angle to cach other. The structural analysis of IgG1-Fc fragment-FeyRIII
complex reveals that FcyRIII binds the lower hinge region and constant region 2 (Cy2) of the Fc
fragment.? The IgE-Fc fragment-FceRI complex has similar conformation to that of FeyRIII com-
plex, in which the bindingsite is located in the Ce2-Ce3 linker region.” Furthermore, the binding
site of both FcyRIII and FceRI to the Ig-Fc fragment is situated in the D2 domain, which is the
carboxyl-terminal of ectodomains.®? The structure of IgA-Fc fragment-FcatRI complex is different
from that of other FcRs.° The Ig domains of FcoRI are rotated by ~180° from the positions seen
in other FcRs.'7"® FcorR1 binds to the interface of Ca2 and Ca3 domains.

Activating and Inbibitory FcRs—ITAM and ITIM Signaling
Antibody-mediated cellular activation is regulated by activating and inhibitory FcRs.
Activating-type FcRs, FeyRI, FoyRIIL FeyRIV and FeeRI trigger cellular activation through
FcRy that contains an intracellular immunoreceptor tyrosine-based activation motif (ITAM).
FceRI associates with both FcRy and FceRIf that also contains ITAM in the cytoplasm. On the
contrary, FcyRIIB bears an immunoreceptor tyrosine-based inhibitory motif (ITIM) and inhibits
ITAM-mediated cellular activation triggered through receptors upon cross-linking through im-
mune complexes (ICs) with activating-type receptors such as FeyRI, FeyRIIL FcyRIV and FceRI
or B cell antigen receptor (BCR). Figure 2A shows the activatingand inhibitory signalingin B cell
responses. Upon clustering activating FcRs, intracellular Src family protein tyrosine kinases such as
Lyn, Fyn, Fgr and Hck phosphorylate the tyrosine residues of the ITAM,'*? which then become the
target for cytosolic protein kinase Syk. Simultaneously, the coengagement of activating-type recep-
tor and FeyRIIB by ICs results in the tyrosine phosphorylation of the ITIM and the recruitment
of Src-homology-2 (SH2)-domain-containing inositol 5°-phosphatase {SHIP). SHIP hydrolyzes
phosphatidylinositol-3,4,5-triphosphate, PtdIns(3,4,5)P3, to PtdIns(3,4)P;, leading to the disso-
ciation of Bruton’s tyrosine kinase (Btk) and phospholipase-y (PLC-y) from the membrane and
the inhibition of Ca influx into the cell?*? PtdIns(3,4,5)P3 also serves as the docking site of the
anti-apoptotic kinase, Akt. Thus, Akt cannot be recruited to the membrane when SHIP hydrolyzes
PtdIns(3,4,5)P3 to PtdIns(3,4)P;. Furthermore, phosphorylated SHIP provides binding sites for
the phosphotyrosine-binding (PTB) domain of the adaptor proteins, Shc and Dok, leading to the
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Figure 2. Three major roles of FcRs. A) Schematic signaling mechanisms mediated by activating
and inhibitory receptors on B-cells. Upon cross-linking of BCR by immune complexes (ICs)
on B-cells, Src family protein kinases such as Lyn, Blk and Fyn phosphorylate tyrosine resi-
dues in ITAM of Iga/B. Syk tyrosine kinase binds to the phosphorylated ITAMs and becomes
activated by Src family protein kinases. The activated kinases activates BLNK, phospholipase
C-y (PLC-y) and Tec kinases such as Btk. PLC-y cleaves phosphatidylinositol-4,5-bisphosphate
phosphatidylinositol, PtdIns(4,5)P,, to inositol-1,4,5-triphosphate (InsP;) and DAG, then initi-
ating Ca”" mobilization pathways. In contrast, SHIP hydrolyses PtdIns(3,4,5)P; to Ptdins(3,4)
P,. PtdIns(3,4,5)P; is the docking site of pleckstrin homology (PH) domain-containing pro-
teins, including Btk and PLC-y. Therefore, Btk and PLC-y cannot be recruited to membrane
Ptdins(3,4,5)P;, resulting in the inhibition of Ca? mobilization pathways. Ptdins(3,4,5)P; also
serves as the binding site of PH domain of Akt. Thus, Akt cannot be recruited to the mem-
brane after the recruitment of SHIP to the ITIM. Phosphorylated SHIP provides binding sites
for phosphotyrosine-binding (PTB) domain of adaptor proteins, Shc and Dok, leading to the
blocking the downstream Ras-MAP kinase pathways. B) Antibody-dependent cell-mediated
cytotoxicity (ADCC). ADCC is the killing attack of antibody-coated target cells, such as tumor
cells, by NK cells or macrophages with FcyRIil. ADCC has a major role in a mAb therapy for
cancer. C) FcyR-mediated effective antigen presentation on dendritic cells (DCs). FcyR effi-
ciently uptakes antigen-antibody complexes and upregulates the expression of both MHC class
[ and [l complexes bearing epitopes and costimulatory molecules, such as CD40, CD80 and
CD86. DCs stimulated by FcyR can effectively present antigens to T-cells and initiate strong
cellular and humoral responses. Abbreviations: BCR, B-cell receptor; BLNK, B-cell linker; Bk,
Bruton’s tyrosine kinase; DAG, diacylglycerol; Grb 2, growth-factor-receptor-bound protein
2; IC, immune complex; Ig: immunoglobulin; MHC, major histocompatibility complex; SHIP,
Src-homology-2 (SH2)-domain-containing inositol 5’-phosphatase; SHP, SH2-domain-containing
protein tyrosine phosphatase.
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inhibition of the Ras-MAP kinase pathway.”® This inhibitory signaling through FcyRIIB was also

observed in other immune cells including mast cells and macrophages.

Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)

The destruction of antibody-coated target cells by NX cells or macrophages is called ADCC
(Fig. 2B). Currently, ADCC seems to be the main mechanism of cytotoxicity against tumors medi-
ated by tumor antigen-specific antibodies. In 2 model of B16F10 melanoma lung metastasis, the
monoclonal antibody TA77 against tumor antigen gp75 is effective in the protection of metastatic
expansion.” Since the efficiency against tumor by TA77 is significantly impaired in FcRy-deficient
mice, ADCC is mediated by an FcRy-dependent mechanism.? In contrast, deletion of FcyRIIB
augments cytotoxicity induced by tumor specific antibody in vivo.? This increased cytotoxicity
in FcyRIIB deficiency is attributed to macrophage-mediated ADCC.

FcyR-Mediated Antigen Presentation on Dendritic Cells

Antigen uptake through FcyRs induces strong antigen-specific T-cell responses (Fig. 2C).7%
When compared to antigen alone, ICs are cfficiently internalized into dendritic cells (DCs)
through FcyRs. The FeyR-mediated efficient antigen-internalization initiates the DC-specific
antigen transport pathway in the cytosol. In addition, FcyR-mediated antigen loading leads
DCs to enhance the expression of costimulatory molecules, such as CD86 and MHC class II
molecules.”#* Although targeting ICs to FeyRs on DCs significantly enhances the efficiency of
antigen presentation,”?*3%3! it remains controversial whether inhibitory FcyRIIB contribute to
antigen presentation. Our previous paper demonstrated the positive contribution of FeyRIIB to
the class I and IT-restricted antigen presentation because FcyRIIB as well as FeyRI and FeyRIII
efficiently internalize ICs,”*® however, another group has shown that deletion of FcyRIIB en-
hances the efficiency of OVA-specific cytotoxic T-lymphocyte (CTL) activity, indicating that
FcyRIIB negatively regulates the FeyR-mediated augmenting pathway for antigen presentation.®
Moreover, a recent paper by Bergtold A, et al shows a unique role of FcyRIIB in ICs-mediated
antigen presentation by DCs.®* They showed that ICs taken up through FeyRIIB are inefficiently
degraded and do not reach a vesicular compartment but are instead detected intracellularly in
recycling endosomes as well as on the cell surface. The recycling effect of ICs by FeyRIIB on DCs
activates B-cells well, resulting in efficient T-independent humoral responses. Since this unique
effect of FcyRIIB is observed in FeRy-deficient DCs but not in wild-type DCs, further study will
be required for its physiological role.

FcR-Targeting Therapy
Antibody Therapy

Recently developed immunotherapy using mAbs is expected to provide new therapeutic agents
against various disorders, especially allergy, autoimmune diseases and cancer. This is mainly due
to advanced biotechnology by which genetic engineering has developed recombinant humanized
antibodies. The humanize antibody is about 95% human antibody and hardly has immunogenic-
ity, leading to the current rapid progress of mAb therapy. In addition to mAb therapy, recently,
FcR-directed bispecific antibodies that target both tumor antigens and FcRs on immune effector
cells are generated. In this chapter, we discuss current possible FcR-targeting mAb therapy in al-
lergy, autoimmunity and malignant disease.

General Mechanism of Antibody Therapy
Although a number of potential mechanisms have been pointed out in mAb therapy, the main
mechanism is as follows: 3%

1. Blocking effect. Blocking effect by mAb mainly targets the interruption of pro-inflam-
matory cytokines and/or cell-cell crosstalk such as receptor-ligand interaction.

2. Antigen targeting. In treatment of malignancy, the target of mAb therapy is a tumor-spe-
cific antigen. MAb bound to antigen is recognized by FeyR on immune cells, such as NK
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cells and macrophages, leading to the induction of ADCC and also activates classical
pathway of complement such as Clq.

3. Induction of signaling. In the mAb therapy of B-cell lymphoma, mAb crosslinks the target
molecules on target cell surface and induces the target cells to signaling that impairs cell
function.

Antibody Against Allergy

IgE-FceRl interaction on mast cells or basophils triggers allergic reaction. In almost all patients
who suffer allergic disease, the titers of serum IgE is elevated and thus, several passive anti-IgE
therapies that aim at a neutralizing effect against IgE have been developed. One of these, a hu-
manized anti-IgE monoclonal IgG1 antibody, Omalizumab (anti-IgE monoclonal antibody E25,
E25, humanised anti-IgE MAb, IGE 025, monoclonal antibody E25, olizumab, rhuMAb-E25,
Xolair), which is a nonanaphylactogenic murine anti-human IgE antibody directly against the
FceRIbinding domain of human IgE, is used for the treatment of allergic rhinitis and bronchial
asthma.** Omalizumab has three separate mechanistic components based on the results of the
clinical trails. Firstly, Omalizumab down-regulates IgF. production. Secondly, it down-regulates
FceRI expression in receptor-expressing cells such as basophils, mast cells and DCs. Thirdly, it
reduces both early allergic responses such as hypersensitivity reaction through IgE-FceRI in mast
cells and late allergic responses such as the infiltration of inflammatory cells after the release of
chemical mediators from mast cells. In particular, it is important that Omalizumab binds not only
to free IgE but also to the surface IgE on B-cells, which produce IgE, leading to the down-regulation
of IgE production. The possible mechanism is that the Fc region of Omalizumab crosslinks the
FcyRIIB on IgE-producing B-cells, resulting in the reduction of their IgE production.

Antibody Therapy Against Autoimmune Diseases

Although the exact mechanism of loss of self-tolerance remains unclear, the pathogenesis of these
autoimmune diseases is mainly due to the excessive inflammation mediated by pro-inflammatory
cytokines or autoantibodies that are initiated by autoreactive T-or B-cells.** Therefore, current
mAD therapies against autoimmune diseases aim at blocking cytokines and depletion of B-cells.
Particularly, passive anti-tumor necrosis factor (TNF)-at (infliximab, adalimumab) or anti-IL-6
receptor mAb (MRA) therapies show a remarkable effect in the suppression of disease progression
and severity in rheumatoid arthritis (RA) patients.** However, anti-cytokine antibody treatments
were considered to have no relation to FcR-mediated mechanisms. On the other hand, another
strategy of mAb treatment in autoimmune diseases that aims at the depletion of autoreactive
B-cells is considered as onc of the FcR-targeting therapy.

Currently, in patients with RA, systemic lupus erythematosus (SLE), myasthenia gravis, idio-
pathic thrombocytopenic purpura (ITP) and lymphomas, a humanized anei-CD20 IgG1 mAb
(Rituximab) is used for B-lymphocyte depletion therapy.*#° CD20 is a B-cell-specific antigen and
is expressed on almost all B-cell stages from preB-cells to plasma cells but not on hematopoietic
stem cell or other normal cells, indicating that CD20 is one of the ideal target molecules in B-cell
depletion treatment.® Several studies have shown that CD20 mAb therapy is effective in improv-
ing the symptoms and disease progression. The Rituximab has three putative mechanisms that
contribute to deplete B-cells as follows:*!

1. ADCC mediated by mainly monocytes, macrophages and NK cells. The therapeutic
effect is absence in FcRy-deficient mice. In addition, a recent study shows that FcyRI1la
polymorphism, which affects affinity to IgG1, may be associated with the response rate
in the treatment of SLE by affecting ADCC.5*53

2. Complement-dependent cytotoxicity induced by B-cell surface CD20-CD20mAb
complexes and subsequent binding Clq.

3. Induction of B-cell apoptosis by CD20mAb crosslinking.
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Antibody Therapy Against Malignant Disease

Recently, a targeted mAb therapy has made rapid progress in the treatment against cancers
including lymphoma and solid tumor.**5*% Particularly, mAb therapies for malignant lymphoma,
rituximab, alemtuzumab and trastuzumab, are partially mediated by FcR-mediated immune
response, ADCC.

Rituximab, which is also used in the treatment of autoimmune diseases, is the first anti-tumor
mAb drug admitted by the US Food and Drug Administration (FDA) in 1997. As mentioned
previously, Rituximab targets CD20 antigen, which is expressed on normal B-cells. CD20 is also
expressed on 95% of B-cell lymphomas.?” A combination of rituximab plus chemotherapy showed
a remarkable effect in patients with diffuse large B-cell [ymphoma and follicular lymphoma.® As
observed in patients with SLE, the clinical response of nonHodgkin lymphoma patients is also
associated with FeyRIITa polymorphism because the patients having FeyRIIIa-V158 genotype show
slightly higher response to rituximab than the patients having FeyRIIIa-F158 genotype.*®

Alemtuzumab targets CD52, which is a glycoprotein that is expressed on malignant lympho-
cytes as well as peripheral lymphocytes, but not on hacmopoietic stem cells. The main tumor
killing mechanism with alemtuzumab involves FeyRIII on macrophages that mediate ADCC
and cross-linking-induced apoptosis.”

Trastuzumab is a humanized anti-HER2 antibody that targets a tyrosine-kinase receptor.
HER2 is overexpressed on 30% of breast cancer cells and other solid tumors, such as nonsmall
cell lung cancer, ovarian and prostate cancer.®¢' Trastuzumab binds to HER2 with high affinity
and is internalized in the cytosol with its receptor through FcyR, resulting in the blockade of
downstrcam signaling pathways. A recent report shows that trastuzumab evokes ADCC,%? and
also augments CTL against HER2-expressed cancer cells, which may be due to the FeyR-mediated
effective cross-presentation by DCs.>%*

FcyRIIB-Targeting Therapy

FcyRIIB-Targeting Chimeric Recombinant Protein and Bispecific Antibody

As mentioned above, the mAb therapy targets activating FcRs, mainly FcyRIIT on NK cells
and macrophages. On the other hand, many murine studies demonstrate the inhibitory role of
FcyRIIB in allergy and autoimmunity. For example, FeyRIIB-deficient mice are sensitive to IgE
or IgG-mediated passive systemic anaphylaxy. FeyRIIB-deficient B6 or B6.Fas?”#" mice also show
spontaneous autoimmune glomerulonephritis,>* providing supporting evidence that FcyRIIB
functions as a critical suppressor gene in the development of murine autoimmunity. In human
disorders, several reports indicate that FeyRIIB polymorphism may associate with SLE.5 The
FcyRIIB polymorphism, threonine 232-FcyRIIB, have a single amino acid substitution (from
isoleucine to threonine) at position 232 within the transmembrane domain. Recently, Floto
R.A. et al demonstrated that human monocytes transfected with 232Th-FeyRIIB fail to inhibit
FcyRI-mediated cellular activation due to the impaired recruitment to sphingolipid rafts.7°
Although these findings show the involvement of FcyRIIB in the development of autoim-
munity in humans and strongly suggest that FyRIIB could be a potential therapeutic target,
FcyRIIB-targeting therapy has not been generated because there is an other type of human FeyRII,
activating-type FcyRIIA, that is very homologous to FeyRIIB. However, recently, FeyRIIB-targeting
chimeric recombinant protein and bispecific antibody that target both FeyRI-expressing cells and
FcyRIIB have been generated. The strategy of these chimeric molecules aims at the induction of
inhibitory signaling by crosslinking of FcyRI with FeyRIIB on human mast cells or basophils (Fig.
3). One of these, a human IgG1 Fc fragment (yHinge- CHy2-CHy3) linked with IgE Fe fragment
(CHe2-CHe3-CHe4), compulsorily links FceRI to FcyRIIB (Fig. 3A).” This Fey-Fce fusion
protein decreases IgE-mediated basophil histamine release and also inhibits IgE-mediated passive
cutaneous anaphylaxis in human FceRId transgenic mice. Another fusion protein is composed of a
human IgG1 Fcfragment (Fcy1) and a cat allergen (Fel d1) (Fig. 3B).” The Fey1-Fel d1 protein aims
at the crosslink between FcyRIIB and Fel d1-specific IgE antibody bound to FceRI. As observed
in the effect of the Fey-Fce protein, this Feyl-Fel d1 protein inhibits Fel d1-induced activation
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Figure 3. FcyRIIB-targeting chimeric recombinant protein and bispecific antibody. A) The
Fcy-Fee fusion protein binds to both FceRI and FeyRIIB, resulting in competing with IgE-FceRI
binding and the possible induction of inhibitory signaling through FcyRIIB. B) The Fcyl-Fel d1
protein aims at the crosslink between FcyRIIB and the major cat allergen, Fel d1-specific IgE
antibody bound to FceRI. C) The bispecific antibody, Fab’ anti-FcyRIIB-Fab’ anti-IgE protein,
that crosslinks IgE and FcyRIIB and inhibits IgE-induced histamine release of human mast
cells and basophils.

of human mast cells and basophils and also Fel d1-induced systemic anaphylaxis. Although these
two fusion proteins aim at the same strategy that is the induction of FeyRIIB-mediated inhibitory
signaling, currently, there is no direct evidence whether Fel d1 can induce inhibitory signaling
into the cells or not. In addition to these fusion proteins, a bispecific antibody against human Igk
and FeyRIT has been generated (Fig. 3C).” This bispecific antibody is composed of Fab’ fragment
of anti-human IgE and Fab’ fragment of anti-human FeyRIL The Fab’ anti-FeyRIIB-Fab’ anti-IgE
protein, which aims at the coengagement of IgE with FeyRIIB, inhibits IgE-induced histamine
release of human mast cells and basophils.

Anti-Human FcyRIIB Antibody Therapy

As mentioned above, there has been no specific anti-human FeyRIIB antibody due to the
high homology to FcyRIIA (96% homology). However, very recently, by immunizing human
FeyRIIA-transgenic mice, Rankin CT et af have succeeded in generating high affinity mAb against
human FcyRIIB that does not cross-react with FcyRITA 74

Administration of the humanized anti-human FcyRIIB antibody, 2B6, can eliminate
FeyRIIB-expressing B-cell lymphoma cell line in vitro or in vivo by ADCC. However, currently, it
remains unclear whether 2B6 can induce inhibitory signaling. Moreover, unlike rituximab-targeting
antigen CD20, FcyRIIB is expressed on various normal immune cells as well as on B-cell lympho-
mas, thus, further investigation will be required for the adaptation of clinical study.

1VIg—Possible FcyRIIB Targeting Therapy

Intravenous immunoglobulin (IVIg) has been used as the standard treatment for primary and
secondary immunodeficient disorders such as hypo- and agammaglobulinemia for prevention of
infectious disease. Currently, IVIg therapy has been established as an effective treatment for some
autoimmune diseases including I'TP,” Guillain-Barré syndrome,”® multiple sclerosis,” myasthenia
gravis,”® and vasculitis.”** Putative mechanisms of IVIg treatment are considered as follows:®!#?

1. Interaction mediated by the antibody variable regions in the F(ab "), portion. An example
is antagonistic effect against superantigens which could be related to the development of
Kawasaki disease.

2. Effects mediated by the Fe portion.

3. Inhibitory effect against deposition of activated complement such as the interception of
the conformation of complement membrane attack complex.

4. Effects mediated by immunoregulatory substances including soluble cytokine inhibitors
other than immunoglobulin.
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In particular, the Fc fragment plays an important role in these effects because intact IgG antibody
has more suppressive effects than the F(ab '), antibody in the treatment of the disease model such
as I'TP.3 It remains unclear whether the suppressive effect of the Fc fragment of IVIginteracts with
FcyRIIB, however, in a murine model of I'TP, FcyRIIB has been shown to play an essential role
in the effects of IVIg.® In ITP, autoantibody-coated platelets bind to FeyRIII on macrophages,
resulting in the FcyRIII cross-linking that triggers the phagocytosis of platelets. In a murine I'TP,
administration of the Fc fragment as well as IVIg to wild-type mice prevents platelet deletion in-
duced by pathogenic anti-platelet antibody. However, IVIg treatment does not have a therapeutic
effect in FeyRIIB-deficient mice or in mice treated with a blocking monoclonal antibody against
FcyRIIB and FeyRIIL, showing the requirement of FeyRIIB for the protection of ITP by IVIg3
In the nephrotoxic nephritis model induced by heterologus anti-glomerular basement membrane
antiserum, IVIg down-regulates FeyRIV expression, while up-regulates the surface expression of
FcyRIIB on macrophage infiltrating in the kidney and protects mice from fatal disease, suggesting
that FeyRIV as well as FeyRIIB also contribute to the effect of IVIg.* Moreover, in the arthritis
model induced by serum transfer from K/BxN mice, IVIg treatment is effective in protecting
arthritis in wild-type mice but not in FcyRIIB-deficient mice.® The protective mechanism is
partially associated with the increased population of FcyRIIB-expressing splenic macrophages,
resulting in the induction of inhibitory signaling through FcyRIIB triggered by the cross-linking
of FeyRIIB and FeyRIII or RIV by platelet-antibody ICs (Fig. 4A). These findings support the
hypothesis that IVIgis a possible FeyRIIB-targeting therapy, however, it remains unclear whether
the exact inhibitory signaling mediated by FeyRIIB involves the effect of IVIg treatment because
mice deficient in SHIP, SHP-1 and Btk respond to the ameliorating effects of IVIg with the same
kinetics as control mice.”

On the other hand, a recent report shows that the effect of IVIg in mouse ITP model seems
to involve the acute interaction of activating FcyRs on dendritic cells, while FcyRIIB hasa role in
the late phase of IVIg action.® The adoptive transfer of IVIg-primed wild-type DCs ameliorated
ITP, but donor cells from FcRy chain-deficient mice did not inhibit ITP. Expression of FeyRIIB
on donor DCs was not required for the amelioration of ITP, however, the effect of IVIg-treated
DCs was observed in FeyRIIB-sufficient recipients but not FeyRIIB-deficient mice. These findings
suggest that the interaction of IVIg with FcRy-associating receptors, including activating FeyRI or
paired immunoglobulin-like receptor (PIR)-A on DC, down-regulates the function of phagocytic
macrophages (Fig. 4B).

In addition to the contribution of activating FcyR, it is reported that FcRn plays an essential
role in the effects of IVIg in the arthritis model induced by serum transfer from K/BxN mice® and
autoimmune skin blistering disease model induced by pathogenic IgG transfer.”® FcRn-deficient
mice show less susceptibility to both arthritis and skin blistering disease models and these mice are
also resistant to the I'VIg treatment. These findings show that the recycling of antibody by FcRn
is critical for both the discase development and the therapeutic effect of IVIg in the pathogenic
autoantibody-induced diseases. It is possible that IVIg blocks the recycling of autoantibodies by
interacting with FcRn (Fig. 4C). These findings above suggest that both activating and inhibitory
FcRs contribute to the effect of IVIg treatment at the various phases.

Conclusion

‘The deregulation of balancing by FcR-mediated activation or inhibition signaling affects the
maintaining of peripheral tolerance, the prevention of allergic responses and the therapeutic effects
by mAbs or IVIg, supporting the idea that FcR-mediated signaling pathways as well as FeR itself
could be effective therapeutic targets. Recent accumulating structural analyses of FcR complexes
provide detailed information of several peptides blocking the interaction between FcRs and im-
munoglobulin.”** On the other hand, a molecule that targets FcR-mediated activation or inhibi-
tory signaling has been hindered. If FeyRIIB-targeting mAbs or chimeric recombinant proteins
can induce inhibitory signaling into immune or malignant cells, it will be launched as an effective
therapeutic agent to treat allergy, autoimmune discases and cancer.
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Figure 4. Possible mechanisms in [VIg treatment. A) In the murine model of ITP, anti-platelet
antibody-coated platelets bind to FcyRIIl or [V on macrophages, resulting in the FcyRIill or
RIV cross-linking that triggers the phagocytosis of platelets. Administration of IVIg increases
the population of FcyRIIB expressing splenic macrophages, resulting in the induction of
inhibitory signaling through FcyRIIB triggered by the cross-linking of FcyRIIB and FeyRIll or
RIV by platelet-antibody ICs. B) Interaction of 1VIg with FcRy-associating activating receptors
including FcyR or PIR-A on DC, might down-regulate the function of phagocytic macrophage.
C) The therapeutic saturation of FcRn by 1VIg might contribute to blocking the recycling of
pathogenic autoantibodies.
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