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Abstract

Antibodies can act like adjuvants. They can potently enhance the antibody response, and in the case of IgG and IgE also the T cell respons
the very antigen they are specific for. In this review we will discuss the recent advances made in our understanding of the underlying mechani
of antibody-mediated feedback enhancement. The immuno-stimulatory properties of IgM, IgG1, IgG2a, IgG2b, IgG3 and IgE will be reviewed
relationship to the complement system and Fc receptors and the physiological relevance will be discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction enhanced. IgG immune complexes are also potent inducers of
immunological memony7], giving early rise to high affinity
Antigens provoke differentimmune responses when they arenemory B cell48].
introduced to the immune system bound by antibodies, as com- Antibody/antigen complexes can interact with three different
pared to when they are introduced alone. Antibodies have thiypes of cellular receptors: the B cell receptor, Fc receptors and
ability to regulate the antibody response to the antigen they ar@ the case of complement activating Ig subclasses also comple-
specific for, in a process called antibody feedback regulatioment receptors. Although murine IgG2a and IgG2b can activate
[1,2]. The outcome of antibody feedback regulation can either beomplement, neither these subclasses nor IgG1 require a func-
an almost completely inhibited antibody response or a stronglyional complement system in order to be able to enh§hd®].
enhanced antibody response, depending mainly on the nature Bfiese observations suggest involvement of Fc receptors for IgG
the antigen. Large particulate antigens, such as sheep red blo@fcyR). In mice there are five types of Fc receptors for IgG: the
cells, are efficiently suppressed by IgG. On the other hand, theeonatal FcR (FcRn), Rl (CD64), FeyRIIB (CD32), FeyRIlI
same IgG antibodies will enhance the antibody response to sal€D16) and the newly characterizedyRiV [11,12] FcyRl,
uble protein antigeng§3]. In this review we will concentrate FcyRIIl and FeyRIV are activating receptors, differing in affin-
on antibody-mediated enhancement of antibody responses, disy, subclass-specificity and cellular expression. They all require
cussing recent advances in our understanding of the underlyirnthe common gamma chain (FgRor functional expression and
mechanisms. for conferring an activating signal upon crosslinking by antigen-
bound 1gG. FcR contains an immunoreceptor tyrosine-based
activation motif (ITAM), which gets phosphorylated upon recep-
tor crosslinking, initiating an activating signaling cascétigl.
FcyRIIB is an inhibitory receptor which has an immunorecep-

IgG antibodies efficiently enhance antibody responses to th{o' tyrosine-based inhibitory motif (ITIM) inits cytoplasmic tail.
very antigen they are specific for, provided it is a soluble proteirf=0-crosslinking of FgRIIB with ITAM-bearing receptors, such

antigen. Both primary IgM4] and IgG[3,5,6] responses are a3 activating Fc receptors and the B cell receptor, results in an
inhibition of cellular activation by the ITAM-bearing receptor

2. Enhancement of antibody responses by IgG1, IgG2a
and IgG2b/antigen complexes

- [14].
* Corresponding author. Tel.: +46 18 611 11 75; fax: +46 18 55 89 31. Experiments in mice deficient of FgRlacking functional
E-mail address: andrew.getahun@genpat.uu.se (A. Getahun). FcyRI, FeyRIIl and FeyRIV) revealed that antibody enhance-
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ment mediated by 1gG1, IgG2a and to a lesser extent IgG2b Taken together our current state of knowledge suggests that
is dependent on the presence of activatingFs[6]. Acti- activating and inhibitory Fg receptors act on different levels
vating FeyRs are expressed on a number of cell types, withwhen regulating the antibody response to IgG-bound antigen.
macrophages, dendritic cells (DCs) and follicular dendritic cells  IgG-bound antigen is efficiently taken up by activatinggRs
(FDCs) being the most relevant for antibody responses. Bonen antigen presenting cells and presented to antigen-specific
marrow transfer experiments showed that FDCs do not need b cells, provoking stronger T helper cell responses. This will
express Fc receptors for efficient IgG-mediated enhancemeiricrease the likelihood of antigen-specific B cells getting the T
to occur[7]. In vitro studies have shown that antigen present-cell help they require.
ing cells which acquire IgG-bound antigen via Fc receptors, Antigen-specific B cells will receive activating signals
present antigen at concentrations over a 100-fold lower comafter clustering of B cell receptors by the antigen present in
pared to those exposed to free antigéh,16] Crosslinking IgG/antigen complexes. However, the Fc domains of the 1gG
of activating FgRs by IgG/antigen complexes also induce DC present in the complex will interact with fRI1B on the B cell,
maturation, turning DCs into better antigen presenting s attenuating activating signals. It should be stressed thaR FB
This raises the possibility that IgG-mediated antigen presentanly attenuates antibody responses and does not completely
tion plays a major role in enhancing antibody responses, binhibitthem, as IgG/antigen complexes provoke strong antibody
inducing stronger T cell responses, which provide better help toesponses in wildtype mice (with functional¥RrIIB) [5,6]. To
antigen-specific B cells. reduce FgRIIB-mediated attenuation, germinal center B cells
To directly visualize the effect of IgG2a/antigen complexesexpress reduced levels offRIIB [26]. Furthermore, ithas been
on the antigen-specific T cell response in vivo, we adoptivelysuggested that the high levels of\RIIB expression of FDCs
transferred OVA-specific DO11.10 T cells (collected from within germinal centers will further reduce B cell inhibition by
mouse transgenic for a T cell receptor recognizing an OVAcompeting for the F¢RIIB ligands within IgG/antigen com-
peptide on Al) into normal BALB/c mice[18]. The effects plexes[27]. A moderate level of FgRIIB-mediated attenuation
of immunization on the antigen-specific T cell populationwill result in appropriate antibody responses. Defects result in
can then be followed by flow cytometry using a clonotypic unwanted antibody responses, as demonstrated in autoimmune-
monoclonal antibody specific for the DO11.10 T cell receptorprone mouse strains which have a promoter polymorphism
As expected, immunization with IgG2a/OVA complexes resulting in reduced R&RIIB expression in germinal center B
induced enhanced IgG anti-OVA serum titers in the recipientscells and higher antibody respong@8,29]. In addition, mice
The enhanced antibody response was preceded by a rapdéficient of FgRIIB develop spontaneous immune complex-
expansion of OVA-specific CD4cells, peaking at day 3 post mediated autoimmune disea$a8,31]
immunization. A 3.2-9.5-fold increase in population size was
observed when compared to the response induced by antig8n Enhancement of antibody responses by IgG3/antigen,
alone. Similar experiments in FgRleficient mice showed that, IgM/antigen and complement
like lgG2a-mediated enhancement of the antibody response,
enhancement of the T cell response is dependent on activating Murine IgG3 is the dominating IgG subclass in responses
FcyRs[18]. to bacterial polysaccharides. This implies that 1IgG3, together
FcyRIIB negatively influences antibody responses and IgGwith IgM, plays a major role in antibody responses to thymus
mediated inflammation (reviewed if19]). When FgRIIB- independent type Il antigens. Since 1gG1, IgG2a and IgG2b
deficient mice are immunized with IgG/antigen complexesplay important roles in feedback enhancement, we decided to
antibody responses are greatly enhanced (250-470-fold cormvestigate whether also IgG3 has an effect. Monoclonal TNP-
pared to 10-fold in wildtype mice}6,18]. FcyRIIB—/~ mice  specific IgG3 antibodies were generated, and mice were immu-
also developed stronger secondary responses after primimgzed intravenously with purified 19gG3 and TNP-conjugated
with lgG2a/antigen complexes. The higher antibody titers inprotein antigens in physiological salt solutions. IgG3 enhances
FcyRIIB~~ mice are reflected in higher numbers of B cells the carrier-specific antibody response in all normal mouse strains
producing specific IgG and an earlier onset of germinal centetested, often several 100-fol82]. There has been some uncer-
formation[18]. FcyRIIB is widely expressed on haematopoi- tainty about whether there is an Fc-receptor that binds IgG3 or
etic cells, lacking only on erythrocytes, T cells and NK cells.not. Murine macrophages were early on shown to bind mono-
Theoretically FgRIIB could affect antibody responses by neg- clonal IgG3/sheep red blood ce]&3] and more recently RdRl
atively regulating B cell activation and/or antigen presentationwas reported to bind murine 1Ig@34]. However, 1gG3 effi-
Co-crosslinking of FgRIIB with the B cell receptor inhibits B ciently enhances antibody responses in mice lackingRiFc
cell activation[20,21] and antigen presentation via the B cell [35] as well as in mice lacking the common FgRhain or
receptof22,23] FcyRIIB has also been reported to negatively FcyRIIB [32]. This suggests an effector mechanism indepen-
influence FgR-mediated DC maturatiof24], although others dent of Fg/Rs.
did not observe this effe¢25]. To get an indication of whether Apart from using FcRs, antibodies can feedback enhance
FcyRIIB negatively influences IgG-mediated T cell activation, antibody responses via the complement system. IgM is depen-
wildtype and FgRIIB~/~ mice were compared in their ability dent on a functional complement system to be able to enhance
toinduce delayed-type hypersensitivity reactions. No differencantibody responses. Monoclonal IgM, which owing to a point
between the two strains was foufid]. mutation is unable to activate complement, is unable to enhance
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[36]. Polyclonal IgM cannot enhance antibody responses ihe binding of other IgG3 molecules via Fc—Fc interactii@ag.
mice depleted of C3 by treatment with cobra venom factorTherefore, the probability that two IgG3 molecules end up close
[36] or in knock-out mice lacking complement receptors 1 andenough on the cell surface to bind C1gq may be greater than that
2 (CR1/2)[10]. Moreover, monomeric IgM, which is unable of the other IgG subclasses which rely on high antibody con-
to activate complement, lost its ability to enhance antibodycentrations and epitope densities.
responsef37]. To investigate whether complement is involved ~ Whatthenis the molecular mechanism behind involvement of
in IlgG3-mediated enhancement of antibody responses, miaggmplement in immune responses? The answer to this question
were treated with cobra venom factor to deplete them of C3is not yet clear, but several hypotheses have received experi-
Such animals had an impaired, although not completely absemental support, and it is not unlikely more than one mecha-
response to IgG3/BSA-TNR32]. A more pronounced effect nisms operate simultaneously. First, complement plays a role
was seen when the ability of IgG3 to enhance antibody responsés localization of antigen on FDC in splenic follicles and may
was tested in mice lacking complement receptors 1 af#2pR  thereby increase the effective concentration of antigen avail-
Together, these findings suggest that 1gG3, like IgM, primarable to stimulate B cellg37,56] Second, antigen-opsonized by
ily uses the complement system to feedback enhance antibodpmplement may be taken up efficiently by antigen-presenting
responses. cells via complement receptors, and cause increased activation
There is a well known connection between the complementof T helper cells and indirectly enhanced antibody responses.
system and antibody responses. Initially, Pepys demonstratéithere are many examples of CR2-mediated antigen uptake
that decomplementation of mice with cobra venom factor, lecand efficient presentation in in vitro studigs/—60] and also
to impaired antibody responses to thymus-dependent antigefi®m one in vivo study using antigen coupled to anti-CR1/2
[38]. These findings were extended to show that responseantibodieg61]. However, in other in vivo studies where anti-
to suboptimal doses of both thymus-dependent and thymudody responses were impaired owing to blockade of CR1/2
independent antigens were inhibited by cobra venom factoff62] or deficiency of C3 and Cf48], T cell priming was nor-
treatmenf39-41] A similar phenotype was observed in animals mal. Moreover, IgG3/OVA-TNP complex§35], as opposed to
with hereditary deficiencies in C4, C3 or ¢22-46]and in  1gG2a/OVA-TNP- and IgE/OVA-TNP complexgis3,63] were
humans lacking C447]. Subsequently, it was shown that tar- poor inducers of CD4T cell proliferation in vivo. Since 1gG3,
geting of the genes for C3 and ¢#8B] as well as CR1/249,50]  but not IgG2a or IgE, is complement-dependent in its feedback
led to impaired antibody responses. The fact that deficiency aénhancing role, this indicates that antigen presentation plays a
alternative pathway factor [51] was compatible with normal minor role for antibody responses involving complement. CR2
antibody responses, suggested that the link between complécD21) is associated with CD19 on the B cell surface, and co-
ment and antibody responses is to be found in classical pathwayosslinking of CR2/CD19 with the B cell receptor lowers the
activation. threshold for B cell signalling in vitr§64,65] Therefore, a third
Whereas IgM and IgG3 require complement in order topossibility for why animals lacking CR1/2 or C4, C2 and C3
enhance antibody responses, IgGl, IgG2a and IgG2b camave poor antibody responses to suboptimal doses of antigen,
enhance without complement. IgM is a very efficient activa-is that this amplification step is abrogated in the absence of the
tor of complement. Once it has bound an antigen and assumedceptor itself or the C3 split products required for its ligation.
the spider shape allowing it to fix C1q, one single IgM moleculeThis idea is supported by the observation that CR2 expressed on
can lyse an erythrocy{®2,53] The requirement for conforma- B cells is required for normal antibody responf&g]. Comple-
tion change before IgM can bind C1g may explain why it only ment plays arole in primary antibody responses. Since classical,
enhances antibody responses to large antigens like erythrocytbst not alternative, complement activation is involved, one must
[36], keyhole limpet hemocyaning7] and malaria parasites ask the question of how sufficient amounts of antigen-specific
[54], all of which would allow IgM to attach with several of its antibodies in a naive animal can be present to activate comple-
antigen-binding domains and expose its C1q binding sites. Iment. An interesting possibility, suggested by studies in mice
contrast, IgM does not seem to enhance responses to small plaeking secretory IgM67,68], is that the presence of natural
teins as BSA and OVA (B. Heyman, unpublished observations)gM antibodies are required for normal antibody responses to
These are all smaller than the IgM molecule and would not béhymus-dependent antigens.
appropriate for allowing conformation changes. In contrast to
IgM, one single 1gG molecule has too low affinity for C1q to 4. Enhancement of antibody responses by IgE/antigen
allow sufficient binding times for activation of C1r and C1s. complexes
Therefore, two or more IgG molecules must aggregate before a
sufficient affinity for C1q is reached. The probability that two  Introducing antigen bound to IgE to the immune system
IgG molecules end up close enough on the surface of an antigdras dramatic effects on the antigen-specific antibody response,
to cooperate in the binding of C1q is relatively small, perhapsncreasing titers up to a 1000-fold. Primary IgM, IgG and IgE
explainingwhy IgG1, IgG2aand IgG2b preferentially usglRs  responses are enhanc®-71] and more efficient immuno-
to enhance antibody responses. Why then is IgG3 able to utilizZegical memory is induced70]. A rapid increase in specific
complement in feedback enhancement? One possibility is thaggG-producing B cells is seen, peaking 6 days after primary
this subclass has the capacity for cooperative binding: once orimmunization[71]. Serum titers of specific IgG peak at day 7
IgG3 molecule has bound to, e.g. a bacterial surface, it facilitateand remain high for weelg'1].
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The first clue as to how IgE facilitates such enhanced antiefficient presentation of antigenic peptides on B cells to T
body responses came from the observation that IgE-mediatexlls[90-92]
antibody enhancement is completely dependent on CD23, the In a recent stud{63] we tested whether IgE-mediated anti-
low affinity Fc receptor for IgE. IgE cannot enhance in micegen presentation by B cells occurs in vivo and if this results in
treated with anti-CD23 mAb$9,70]or in CD23-deficient mice  enhanced antibody responses. To examine the effect of immu-
[72,73] Lack ofinvolvement of the high affinity receptorfor IgE, nization with IgE/antigen complexes on the antigen-specific
FceRI, was confirmed in Fcigdeficient mice, which have no T helper cell response the DO11.10 adoptive transfer system,
surface expression of ERI [6]. described above, was used. Immunization with IgE/OVA com-

CD23is a C-type lectin-like receptor, present on the cell surplexes, but not OVA alone, resulted in an enhanced IgG anti-OVA
face both as monomers and trimers, with the latter having aesponse, which was preceded by a potent and rapid"dD4
higher affinity for IgE (1.45< 108 M—1) [74,75] CD23 exists cell response. The number of OVA-specific T cells was sig-
in two isoforms (CD23a and CD23b) and additional alternativenificantly increased at day 2 post immunization and peaked at
splice variants of CD23b. Mice constitutively express CD23aday 3 with a 6—21-fold expansion. The observed expansion in
on B cells[76] and FDCs[77]. Upon stimulation with IL-  cell numbers was due to T cell activation as we demonstrated
4 and lipopolysaccharide, CD23b mRNA can be detected ithat the T cells went through several rounds of division and
murine B cells and other haematopoietic c€fi8]. CD23b and changed the expression of cell surface markers from a naive to
CD23b alternative splice variants have also been detected @am activated phenotype. In analogy with the enhanced antibody
intestinal epithelial cell§79]. CD23 has several physiologi- responses observed after immunization with IgE/antigen com-
cal functions, besides facilitating IgE-mediated enhancemerglexes, enhanced T cell responses required CD23 but s&tFc
of antibody respons€$9,72] Under specific conditions, i.e. To verify that the CD23 effector cells indeed were B cells
immunization with antigen in alum, CD23 acts as a negativeas proposed, we performed cell transfer studies in which puri-
regulator of IgE, and to a lesser extent, IgG1 produd@ingl]  fied CD23 or CD23™ B cells were transferred to CD23
This apparent paradox is probably explained by the involvementecipients. As expected, IgE/OVA complexes only enhanced T
of a different ligand for CD23 than IgE, as antigen-specific IgEcell responses in mice receiving CD2B cells, strongly sug-
concentrations will be very low during primary immunization. In gesting that the effector cel a B cell. Binding of IgE/antigen
animal models for food allergy, CD23 expressed in the intestineomplexes to CD23 on B cells could, besides facilitate efficient
mediates transepithelial transport of free IgE and IgE/allergemantigen presentation, also affect the B cell in other ways to pro-
complexeg82,83] mote enhanced antibody responses.

Four potential mechanisms could explain how IgE-bound To investigate this, we used allotype chimeras in which
antigen provokes stronger antibody responses via CD23: (1JD23" spleen cells from C.B-17 mice (expressing Ig of allo-
decreasing the threshold for B cell activation by involving type b) were transferred to CD2%3 recipients on a BALB/c
CR2 (CD21); (2) targeting to FDCs, making the antigen morebackground (expressing Ig of allotype a). Immunization with
immunostimulatory; (3) co-crosslinking of CD23 with the B IgE/antigen complexes resulted in enhanced antibody produc-
cell receptor, facilitating B cell activation; (4) enhancing antigention by CD23 B cells[63]. This demonstrated that enhanced
presentation by CD23B cells, resulting in better T cell help to antigen presentation is sufficient to enhance antibody responses.
antigen-specific B cells. The first two alternatives are unlikely toThe observation also makes it unlikely that signaling involving
be involved. Although human CD23 has been shown to interad€D23 on the antigen-specific B cell is required for enhanced
with CR2, influencing B cell activatiof84], no such interaction IgE-mediated antibody productioty la B cell.
has been observed in mif#5]. This is probably due to the low Taken together all evidence supports the model where IgE-
amino acid homology between the part of human CD23 shown tbound antigen is targeted to CD23 on B cells, taken up, pro-
interact with human CD21 and the corresponding part of murineessed and efficiently presented to T cells. The enhanced acti-
CD23[86]. Deposition of IgE/antigen complexes on FDCs hasvation of antigen-specific T helper cells then provide better
been shown to occyi77] and FDCs efficiently present icco- help to antigen-specific B cells, resulting in enhanced antibody
somes, immune complex-coated bodies, to B cells. Howevergsponses. The central role of B cells in IgE-mediated enhance-
chimeric mice, in which FDCs were CD23and bone marrow- ment would explain the rapid kinetics of the enhanced antibody
derived cells CD23, showed no defects in their response toresponsg71]. The majority of freshly isolated splenic B cells,
IgE/antigen complexdd 3]. regardless of antigen specificity, bind IgE immune complexes

The latter study strongly suggests a role for CO2B  via CD23[93], this should increase the likelihood of antigen-
cells, since B cells are the only bone marrow-derived cells tspecific B cells getting activated. Whether or not B cells have the
constitutively express CD23. Inducible CD23b is not likely to ability to active n&ve T cells in vivo is a matter of debdi@4,95]
be involved since IgE-mediated enhancement is unperturbealthough antigen-specific B cells have indeed been reported to
in IL-4-deficient mice[87]. The effects of crosslinking CD23 do s0[96,97] IgE mediated T cell activation by CD23 cells
with the B cell receptor or with other CD23 molecules onis an interesting model for B cell mediated antigen presentation
B cells are relatively unclear, although they seem to be of &ince the B cells acquire antigen via an “unspecific” receptor
negative naturd88,89] On the other hand, in vitro experi- and are most likely antigen-unspecific.
ments have shown that CD23 expressed on B cells mediates IgE-mediated enhancement of antigen-specific antibody and
efficient uptake of antigen in complex with IgE, followed by T cell responses results in a positive feedback loop strengthening
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Table 1
Antibody feedback enhancement: requirements and proposed mechanisms
Antibody isotype present in immune complex Antigen Impaired in Mechanism?
IgM Particulate antigens, KLH CR?Z-, CVF-treated mice B cell activation
1gG3 Soluble protein antigens CRZ, CVF-treated mice B cell activation
1gG1, IgG2a, IgG2b Soluble protein antigens RcR mice Antigen presentation (by DC)
IgE Soluble protein antigens CD253 mice Antigen presentation (by B cells)

immune responses to antigens which provoke IgE responses,[3] Enriques-Rincon F, Klaus GGB. Differing effects of monoclonal anti-
such as helminthic parasites. However, in the western world it is hapten antibodies on humoral responses to soluble or particulate anti-
more likely to be involved in the development of allergic disease __ 9€nS- Immunology 1984;52:129-36. o
. . . [4] Wiersma EJ. Enhancement of the antibody response to protein anti-
_[98’991 Supportforarole ,for IgE-mgd|ated antigen pregentauon gens by specific IgG under different experimental conditions. Scand J
in allergy comes from animal studi¢s00,101]and studies on Immunol 1992:36:193—200.
patient materia]92,102,103] [5] Coulie P, Van Snick J. Enhancement of IgG anti-carrier responses by
IgG2-anti-hapten antibodies in mice. Eur J Immunol 1985;15:793-8.
[6] Wernersson S, Karlsson M, Dahlétn J, Mattsson R, Verbeek JS,
5. Concluding remarks Heyman B. IgG-mediated enhancement of Ab responses is low in
FcRy chain deficient mice and increased inyRil deficient mice. J
Antibodies arising early in an immune response such as IgM _ Immunol 1999;163:618-22.

. Diaz de Sahl T, Heyman B. IgG2a-mediated enhancement of antibody
and IgG3, use complement to enhance antibody responses an responses is dependent of R¢Rbone marrow-derived cells. Scand J

X

are most likely to act directly on the antigen-specific B cell, low- Immunol 2001:54:1-7.

ering the threshold for B cell activation by interacting with CR2  [g] Kunkl A, Klaus GGB. The generation of memory cells. IV. Immu-
(seeTable ). This will stimulate the development of a potent nization with antigen-antibody complexes accelerates the development
antibody response and probably reflects the way “natural” anti- of B-memory cells, the formation of germinal centres and the mat-

. S . uration of antibody affinity in the secondary responses. Immunology
bodies help initiating antibody respon$63%,68] Enhancement 1081:43:371-7.

by antibodies being produced later in an immune response, such[g] Wiersma EJ, Nose M, Heyman BB. Evidence of IgG-mediated
as IgG1, 1gG2a, 1IgG2b and IgE, will play a role in the immune enhancement of the antibody response in mice without classical path-
response to persisting antigens and during secondary responses. way complement activation. Eur J Immunol 1990;20:2585-9.

They enhance antibody responses by enhancing"’CDd_e” [10] Applequist SE, Dahlstm J, Jiang N, Molina H, Heyman B. Antibody

. . oo . _ . production in mice deficient for complement receptors 1 and 2 can be
responses, increasing the likelihood of antigen-specific B and induced by IgG/Ag and IgE/Ag, but not IgM/Ag complexes. J Immunol

T cells interacting. Interestingly, I9G can also induce CO8 2000:165:2398-403.

cell response§l7,104,105] By affecting T cell responses the  [11] Hulett MD, Hogarth PM. Molecular basis of Fc receptor function. Adv
beneficiary effects of antibodies will go beyond opsonizing and Immunol 1994;57:1-127.

neutralization of antigen. Indeed recent observations within thel12] Nimmerjahn F, Bruhns P, Horiuchi K, Ravetch JV.ARIV: a novel

field of bacteriology{106], virology [107] and tumor biology EER with distinct 1IgG subclass specificity. Immunity 2005;23(1):41—

[104,108]Jare in support of this notion. [13] Daeron M. Fc receptor biology. Annu Rev Immunol 1997;15:203-34.
[14] Daeron M, Latour S, Malbec O, Espinosa E, Pina P, Pasmans S,
et al. The same tyrosine-based inhibition motif, in the intracyto-
plasmic domain of FgRIIB, regulates negatively BCR-, TCR-, and
FcR-dependent cell activation. Immunity 1995;3:635—46.
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