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INTRODUCTION munoglobulin also are known from microorganisms. Surface
Fc receptors forimmunoglobulin G (fR) are essential links receptors fronStaphonc_occus aurentermed protein A as

. well as receptors from different group G streptococci in vitro
between the humoral and cellular components of the immuné

response. They bind the constant Fc region of an antibody rr%g used to purify I9G. The biological importance of these

ecule which at the same time binds with its antigen-specific I'—Igb rece_ptors anq that of parasite and virus-associated Fc re-
: . . ceptors is not entirely understood.

portion to cellbound or soluble antigenyRcin humans are

expressed in a variety of cell types derived from bone marr

such as monocytes, macrophages, neutrophils, and platelet§

these cells they trigger different cellular functions that are cor-

related to the defense of foreign or altered structures. Theséduman Fc y Receptor | (huFcgRI)

clude antibody dependent cellular cytotoxicity (ADCC), release_l_he human FRI (huFgRI) is constitutively expressed

of mediators and reactive oxygen species, phagocytosis, 8Hdmonocytes and macrophages with abowtiZ* copies/

other effector functions. OtheryR functions are the transport eIrI (1). Hofbauer cells in the stroma of the human placenta

e et cay i 2, Receptorcensty on o may
X Y. 9 enhanced by IFMer G-CSF from < X 10° copies/cell to

plasma concentration. )
. . 1 x 10* copies/cell (6). Three genes code foyfc FoyRIA,
Human FgR are members of the immunoglobulin SUpe'ifcleB zfnd FvRIC(: )mappedgon chromosome 1q;yil (7.9).

gene family. Three different receptor classes for 1gG hale?om the three FoR gene transcripts only FRla has been

been described: ¥Rl (CD64), FgRII (CD32), and FgRIII . . i
(CD16). Each receptor class exists in different isoforms. Tﬂgtecteq n the form of a translated memb_ra_ne prote|_n on he
matopoietic cells. The 72 kDa glycoprotein is comprised of

FcyRla, which is expressed mainly on mononuclear phago- : ; .
P y PhagP:ee extracellular domains, a membrane spanning region, and

cytes, binds soluble and complexed IgG with high affinit  cvionlasmic redion. It is the onlv recentor binding complex
The low-affinity Fo/RIla, the receptor with the widest cellu- ytop gion. y P g P

. . . - -1
lar distribution, binds 1gG only after specific binding to ak> well as monomeric IgG with high affinity ($0.0° M™,

. : : ) A able 1) (9). This is attributed to the third extracellular do-
antigen and in complexes, respectively. The Iow-a1"'f|n|t|¥1ain which is lacking in all other humanyRe(10). The
FeyRIIl exists in two different forms, the transmembran ' 9 §

FoyRlIlla which is expressed on macrophages and NK-ce IcyRIbl and FgRIc lack the transmembrane region due to a

and the glycosyl-phosphatidylinositol-anchoredA8lb stso_p codon in the exon encoding the th|rd_ extracellular do-
o . . main and therefore, these presumably exist as soluble pro-
which is restricted to neutrophils.

The neonatal FcR (FcRn) differs from theyRt, I, and teins. The FgRIb2 isoform, which lacks the third domain,

) . : . inds IgG complexes but not monomeric Ig@)(1This
Il in several ways. This receptor first described for neonafa . . )
: . : nowledge comes from transfection experiments; however,
rats shows high homology with MHC class | antigens. It IS

4 . o o such protein has been demonstrated on the membrane of
located on rat and mouse intestinal epithelial cells and m I atopoietic cells. Domain two also particioates in 1aG bind-
ates the transfer of immunoglobulin from milk to the bloo P ' P P g

and thus helps the newborn animal to acquire passive immu-
nity. In humans, the FcRn is expressed in the syncytiotroph@grrespondence to: Dr. Brigitte Flesch, Ph.D., Institute of Transfusion
blast of the placenta, in fetal and adult intestine, and in vascwatiicine, Michaelisstr. 5 24105, Kiel, Germany. E-mail: flesch@
endothelial cells. transfusion.uni-kiel.de
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TABLE 1. General characteristics of human IgG Fc receptors

FoRI FoRII FyRIll FcRn
Molecular weight 72 kDa 40 kDa 50-80 kDa 41-50 kDa
Transcripts la, Ib, Ic lla-R131, lla-H131 Illa, Nb-NA1, IlIb-NA2 FcRn
IIbl, IIb2, 11b3, llc

Association lay chain lla:y chain llla:y chain,§ chain Bom

Illb: GPI anchor
Copies/cell ~x10 ~ 3-6x 10" (neutrophiils) lib: 1-2x 10°
Affinity la: 10810 M7t <10M™? lNla: ~3x 10M™? 2-10x 10M7t

lib: < 10'M7* (pH dependent)
Isotype specificity hulgG3>1>4 lla-R131: hulgG3 > 1 hulgG3 =1 hulgGl1=2>3>4

mulgG1 > 2a > 2b
lla-H131: hulgG3>1>2
mlgG2a > 2b
IIb: hulgG3>1>4

ing, but domain three is critical to the high-affinity bindingmmunoreceptor tyrosine activation motif (ITAM), a consen-
of monomeric IgG. On the 1gG molecule, the C 2 domain $sis motif usually consisting of two YxxL sequences separated
involved in monocyte FcR binding (1) (Figure 1).yRta by 7 amino acids (14,15). Crosslinking of the receptor is fol-
specifically binds hulgG3, hulgG1, and hulgG4 with decreaswed by binding of Src family protein tyrosine kinase (PTK)
ing affinity. Until now, no allelic variation has been reportetb the ITAM leading to an activation of the Src family PTKs
for FoyRI. Four members of a Belgian family lack this rece@nd ITAM tyrosine phosphorylation (16,17). The next step is
tor due to a single nucleotide exchange leading to a termitranslocation or association of Syk family members with phos-
tion codon (12,13). phorylated ITAM (16,17) which is followed by activation of
Signal transduction by KR follows a cascade of events whiclphospholipase C (PLC) and phosphatidylinositol-3 (PI-3). Fur-
is common to many other immune system receptors such agiee steps are activation of protein kinase C (PKC) aritl Ca
T-cell receptor and the B-cell receptor. An early critical eventrislease from intracellular stores. The activation process may
tyrosine phosphorylation (10) which is associated with #ead to degranulation, mediator release, or phagocytosis.
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Fig. 1. Model describing the IgG-FR interaction. The Fab part of anthe FgRI. This illustration shows the special case of a three-molecule com-
antibody (here, HLA class-I specific) binds to the HLA antigen while the Fiex in that HLA antigen and R reside on the membrane of the same
part of the same antibody molecule binds to thgRFinvolving the G,  receptor cell.
domain of the IgG molecle and the extracellular domains three and two of
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The FgRla is associated with the FcR chain signaling uratglutamine to lysine exchange at position 127 in gRHa-
(10,18) which is a disulfid-linked homodimer containing twérg131 homozygous individual have been described (37). In
ITAMs that was first described in association with the Igthe latter case the cells of this individual bound both hulgG2
receptor (14,15). Crosslinking of theyRt by antibody or and mlgG1 in contrast to individuals homozygous foiRfia-
ligand activates a series of tyrosine kinases including meArg131 and -GIn127.
bers of both the Src family kinases (%pand p72*, PLOy1 The FgRIIb1, 1Ib2, and 11b3 isoforms are encoded by the
and PLG2 (19). FcyRIIB gene and differ only in some amino acids (27) The
FcyRIIb1 and IIb2 isoforms are identical except for a 19-
amino-acid insert in the cytoplasmic region ofyRidb1.
FcyRIIb3 lacks 21 nucleotides coding for the signal peptide

The human RgRIl exhibits the broadest cellular distribu-of FcyRIIb2. The FgRIIb molecules are preferentially ex-
tion among all FgR. It is expressed on monocytes, macroplpressed on monocytes and macrophages but also reside on B
ages, neutrophils, eosinophils, basophils, B cells, platelatslls (38). The FgRIIb1 molecule interacts well with hulgG3
dendritic cells, and Langerhans cells (9,20). Monocytes aaad hulgG1l and less well with 1gG4 complexes (39). The
neutrophils carrabout 3—6x 10* copies/cell (6). Addition- FcyRIIC gene codes for a protein that is intracellularly ho-
ally, FoyRIl is expressed on blood vessel endothelial celisologous to FgRIla and that extracellularly resembles the
and Hofbauer stromal cells of the placenta (2-5). In contr&syRIIb form, due to an unequal crossover between the
to FoyRI it binds 1gG with low affinity (< 10M™) only in  FcyRIIA and 1IB genes (40). RRIIC transcripts have been
complexes but not in monomeric form (9). The second eXetected on the membrane of B cells and myelomonocytic
tracellular domain is directly involved in IgG Fc binding butells (38) but the cellular expression of/fRtc has not been
the first domain also is required for optimal ligand bindingtudied in detail to date.

(21,22). Three different FgRII genes located on chromo- All FcyRII forms consist of two extracellular domains and
some 1g23-24 encode six glycoprotein isoforms (see Tahlebut FgRIla2 have a cell membrane and a cytoplasmic
1) of 40 kDa each (20, 23-25). The isoforms are hightggion. FgRIlal and llc contain a unique ITAM copy in their
homologous in their extracellular regions but differ in theaytoplasmic tail (20) that is critical for €amobilization, ty-
cytoplasmic regions (26). The ¥RIIA gene encodes the rosine phosphorylation, and phagocytosis, but not for immune
transmembrane receptor moleculeylRdal with a 76- complexinternalization (41-43). This and other functions such
amino-acid cytoplasmic portion. The yRlla2, on the as cytokine release and antigen presentation may be medi-
other hand, is a soluble molecule found in plasma becaased by association of the yRila with an FcRy chain unit

it has no transmembrane region (27). ThgRRtA gene (44). While cytokine release and antigen presentation can be
shows allelic variation due to single base exchanges tlraggered much more effectively by the FgRRhain ITAM,
cause amino acid exchangesod¥limportant for pheno- the FgRlla ITAM seems to be much more effective in ph-
typic variation is position 131 in which histidine and argininagocytosis (42). This ITAM of RRlla is structurally dis-
alternatively can be found (28). yRila-His131 is the only tinct from most other ITAMs in that it consists of 12 amino
form that binds hulgG2 efficiently, while #&lla-Arg131is acids separating the YxxL repeat in contrast to 7 amino acids
the ext¢usive receptor binding migG1l. FcR lla-His131n they- and¢-chains (20). Engangement ofyRtla is fol-

binds hulgG3, hulgG1, and hulgG2 with decreasing dbwed by tyrosine phosphorylation of many cellular proteins
finity, while FcyRlla-Arg131 only binds hulgG3 andincluding the receptor itself (45). Different Src family kinases
hulgG1 (9, 28-30) (see Table 1). In the Caucasian popmd PTK p72* associate to fRlla upon crosslinking. Fur-
lation, the FgRIIA gene frequencies range between 0.5er activation processes follow similar mechanisms as de-
and 0.57 for the His131 gene and between 0.43 and 6cBibed for FgRla (16). The F¢gR IIb1 and 11b2 isoforms are

for the Arg131 gene (31-33). We determined the phertbe only receptors with a cytoplasmic inhibition motif (ITIM
type frequencies in the German population as being 33.5%mmunoreceptor tyrosine-based inhibition motif) (42). In
for FoyRlla-Arg131 negative individuals (low responder foB cells this motif inhibits the receptor-mediated Ig produc-
mlgG1) and 66.5% for RRlla-Arg131 positive individuals tion and in phagocytic cells it seems to inhibit thgFita-

(high responder for migG1) (34). Tax et al. (35) calculatedediated phagocytosis (46).

70% high responders and 30% low responders from experi-

ments with antibody-induced T-cell proliferation in the CaLH
casian population. Interestingly, the frequencies in Japanese
differ from those values, in that only about 39% carry the In humans FgRIIl is encoded by two genes,JRillA and
FcyRlla-Arg131 gene (Arg/Arg131 and Arg/His131) but 94%-cyRIIIB, located on chromosome 1g23-24 (20,23). The two
are positive for the His131 gene (His/His131 and Arg/Higfferent gene products, #ella and FgRIlIb, share high
(32). An additional polymorphism at position 27 without eflhomology in their two extracellular domains, but completely
fect on the binding of human or mouse IgG isoforms (36) adiffer in their transmembrane and cytoplasmic regions (47).

Human Fc y Receptor Il (huFc yRII)

uman Fcy Receptor 11l (hu Fc yRIII)
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FeyRllla which is expressed on NK cells, macrophages aates the transport of maternal IgG from the uterine lumen to
subsets of monocytes and T cells, is a cell-type-specifite amniotic fluid from which it may be taken up by the fe-
glycosylated transmembrane protein of 42—72 kDa in mortas, while in the neonate, FcRn may mediate the transport of
cytes and 57-58 kDa in NK cells (48). AdditionallyyRdla 1gG from milk through the intestine. In humans, FcRn has
has been detected in Hofbauer cells of the placenta while lezen detected in the syncytiotrophoblast of the placenta
pression on the syncytiotrophoblast remains unclear (2-5,42)68,69) as well as in fetal and adult intestine (70) and dif-
The FgRllla binds monomeric and complexed hulgG1 anigrent vascular endothelia (71). The FCRn gene has been
hulgG3 with moderate affinity (810'M™) but not IgG2 and mapped to the human chromosome 19q13.3 (71). Structur-
IgG4 (50). For efficient cell-surface expression, the hally, FcRn differs extremely from the {Rl, Il and Ill. Itis a
FeyRlIlla on NK cells requires association to small transmerheterodimer consisting of two chains, an MHC class I-like
brane polypetides such as FgRor {2 homodimers oy-{ transmembrane 41-50-kBahain that is associated wghm
heterodimers while RRllla on macrophages associates onlf66).The crystal structure has been achieved for the rat FcRn
with FcRy chain homodimers (51). Crosslinking ofyRélla  (73,74). The extracellular region of thechain is comprised
on NK cells induces phosphorylation of the Fcéhain (52) of three Ig-like domains homologous to MHC class |, a trans-
and association of the Src-family PTK p%@vhich triggers membrane, and a cytoplasmic region. The counterpart of the
tyrosine phosphorylation of PI-3 kinase, RilGind PL§2 MHC peptide-binding groove in FcRn is closed and the 1gG
(53). On macrophages YRllla crosslinking also leads to Fc binding region is distinct from the MHC peptide binding
rapid tyrosine phosphorylation of p72(16). site (73). The alpha 3 domain of FcRn seems to affect the
In contrast, FgRIIIb does not contain any transmembranaffinity for IgG (75) while the binding site on the immuno-
or cytoplasmic region. The receptor molecule, which is rglobulin Fc for FcRn is localized on the CH2-CH3 domain
stricted to polymorphonuclear neutrophils (PMN), is anchor@terface (75,76). FcRn binds 1gG Fc in a 2:1 binding stoichi-
to the cell membrane by glycosyl-phosphatidylinositol (GPYmetry (74). All subclasses of 1gG (hulgGl = hulgG2 >
(54) without association with FgRorZ chains. It is the most hulgG3 < hulgG4) are bound with high affinity (2-£.0’
abundant of all ReR with 1-2x 10° copies/PMN (6). FRlllb ~ M™) in a pH-dependent manner (2,74). Optimum binding is
binds complexed hulgG1 and IgG3 with low affinity (< 10achieved between pH 5 and 6.5 (68) and is attributed to three
M™) (see Table 1) (55-57). Both,yRllla and FgRIlIb use histidines present at the CH2-CH3 domain interface of Fc
the second domain for ligand binding (58). Two allogenefé5). It has been suggested that IgG is bound by FcRn in acidi-
FcyRIIIB genes differ by five base substitutions which aréed endocytic vesicles either in the syncytiotrophoblast of
followed by four amino-acid exchanges in the extracellultte human placenta or in the rat yolk sac. IgG transport may
portion of the receptor (47,59). The corresponding polymdre enabled by endosomes that thereafter release IgG into the
phic glycoproteins, termed neutrophil antigens 1 (NA1) ampdasma at neutral pH where FcRn is unable to bind IgG (2).
2 (NA2), show different molecular masses in SDS-PAGAside from its IgG transporter function, FcRn is believed to
ranging from 50-65 kDa for NA1 to 65-80 kDa for NA2 dube involved in the regulation of serum IgG levels (77).
to two glycosylation sites in NA1 and four in NA2 (60). An
additional mutation of the NA2 form has been described whiBttacental Alkaline Phosphatase (PLAP) and
is characterized by an Ala78Asp substitution and is term&dnexin I

SH (61). Some individuals are reported who lack thy&Hth : I . -
due to total loss of the fRIIIB gene and at least partial loss PLAP is a GPl-linked protein presentin high amounts on the

of the F§RIIC gene (62—64). There is no evidence for ard ical surface of the syncy_tlotrophoblast andin the am_nlocho_rlon
. 2 . g f the placenta. The protein that has many allelic variants binds
disease association withyRillb deficiency. : . it
IgG with a low affinity of about % 10° M™ (2). It was sup-
Soluble forms of both RRIlla and IlIb have been reported. Lo . : .
. osed to function in the endocytosis of IgG at physiological pH
The products of proteolytic cleavage of the membrane for . ; .
. . : . . of the maternal blood (2,78). However, experiments with carci-
are found in saliva, synovial and seminal fluid, serum, and

plasma. The majority of the plasma form seems to be mainfma cell lines transfected with the PLAP cDNA do not sup-

derived from neutrophils, as individuals deficient inf#itlb pgrt this assumption (78). Another placental protein is the 40

. ; . kDa Annexin Il found in abundance in the trophoblast and en-
only have minor concentrations of solublg®lil, which then .
dothelial cells of the placenta (2,79). It has no membrane an-
has to come from RRIlla on NK cells (65).

chor and binds only immobilized aggregated IgG with low
affinity. A role in transmission of 1gG across the syncytiotro-
Neonatal Fc y Receptor (FCRn) phoblast is possible, but seems unlikely.

The neonatal FcR was first isolated from the intestine lelficrobial Fc Receptors
fetal rats (66); it was subsequently isolated from mice where
it is expressed in the yolk sac in late gestation and in epitheThe ability of some bacterial cell-surface proteins to bind
lial cells of the intestine of suckling neonates (67). It medgG has been used for many years to purify IgG. Protein Ais
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found on the surface of most strainsSofaureug80,81). It and immunoglobulins are structurally related. The domain type

binds hulgG1, 2 and 4 with affinities between B M™ used by the RR is considered to be evolutionarily older than

and 4x 10° M™ at the CH2-CH3 domain (82-84) and conthat used by immunoglobulins, indicating thagiRand immu-

sists of five IgG binding domains (85). Group G streptocoasbglobulins may have diverged very early on (93,95). Thus one

express protein G which binds all human IgG subclasses witin speculate that Fc receptor-like molecules evolved earlier

high affinity (Ka = 2-6 x1OM™) (82). The C-terminal part than immunoglobulins and that these molecules presumably

of the protein consists of three IgG-binding domains followdsbund molecules other than Ig.

by a region that anchors the protein to the cell surface (86).Experiments to detect the appearance of immunoglobulins
On their surface microorganisms have several host protaird Fc receptors in ontogeny have been undertaken with chicken

binding molecules which probably are important factors ahd mice. In both speciesyRedevelop earlier than immuno-

virulence.The S. aureugprotein Aand the protein G from globulins or immunoglobulin producing B cells (96—99).

various streptococci bind firmly to the Fc portions of mainly

immunoglobulin G from a range of mammalian species aRtNCTION OF FCyR

compete with the host Fc receptors. In this way the immuno-

globulin G Fc receptor-mediated cellular defense of the h%stlzli('y;2 nn;eg:a;e 2&;?2&%3? f?;gggiﬂﬁg;g;??:gm gge
is avoided by the invading microorganism (87,88). y 19 P Y.

phagocytosis of antibody-coated particles, pinocytosis of
soluble ligands, antibody dependent cellular cytotoxicity
PHYLOGENY AND ONTOGENY OF IGG AND FCyR  (ADCC), cytokine release, superoxide production, and anti-
en presentation after the uptake of small immune complexes
rf(fjable 2). The initial step for antigen presentation is the up-

Immunoglobulin domain-like folded molecules that are me
_bers of the immunoglobulin (Ig)_superfamny have been fou_ ake, processing, and MHC-restricted presentation of antigen
in bacteria and throughout the invertebrate phyla (89). Ig-l%e :

0 the T-lymphocyte. Blood monocytes and tissue macroph-

domains with a C2-like strand in receptor molecules have been . . .
ages usually are poor presenting cells for native antigens but

detected in sponges whose evolutionary paths diverged a o : .
800 million years ago from that of other animals. The classi%aqcome very effective in that IgG-captured antigen is recog

immunoglobulin molecules, however, with domains folded fljzed via membrane-boundy#(100). In contrast to endocy-

disulphide-bound heavy and light chains appear only in ve Ei;is, processing, and presentation of small antigen particles,
brates. The first known Ig isotype was IgM which is presen CC and phagocytosis intend to destroy 19G-coated cells.

found in all ancient and modern fish (90-92). True IgG evolved® phag_ocyt|c process may b_e divided into sever_al steps:
s . . receptor-ligand binding, extension of pseudopods, internal-
very late; it is restricted to mammalia.

There is much less known about the phylogeny of Fc rec|zat|on, and lysosomal fusion (101). The engulfment of par-

tors (for review see 93). Cell-surface molecules binding to tﬁ@les requirethe presence of IgG over the total circumference

Fc portion of IgG are reported f8r aureusind group G strep- (?Pth.e particle (ba_c teria, red bIOOd cell_, etc.) (.102)i Internaliza-
. : tion into phagocytic vacuoles is a protein tyrosine kinase (PTK)-
tococci, but they are not related to the mammalian Fc receptqrs. .
. . : ependent mechanism. Only after these vacuoles have fused
The earliest forms of IgM in sharks bind to shark leukocytes : ! .
o Wgh lysosomes can the engulfed bacteria be killed efficiently.
(94) indicating that receptor molecules for Ig must have evolve
early. However, nonmammalian Fc receptors are not characlt_ecr?RI Il and Il
ized in detail. Development of {iR-like structures early in evo- '
lution is possible as is the presence of unrelated molecules havingcyRI is the only receptor binding monomeric 1gG (9). Its
Ig-binding properties. In mammalia howevernyRdave been in-vivo functions have not been clarified in detail but it is
cloned from many species. The mammaliayRFconsist of assumed that the ¥Rla is saturated with IgG under serum

two to three immunoglobulin-like domains showing thatR=c conditions.This may hinder the binding of immune complexes

TABLE 2. Biological functions of human IgG Fc receptors

FoyRI FoyRlla FoyRIlb FoyRlIlla FoyRIIIb FcRn
Endocytosis + + — + _ _
Phagocytosis + + — + _ _
ADCC + + - + - _
Superoxide production + + - + - —
Cytokine production + + - + _ _
B cell down regulation - - + - - —
IgG transport through placenta a4+ +2 - 42 2 +
IgG regulation - - _ _ _ +

aSupposed function, mechanism unresolved.
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but alternate functions such as antigen presentation mayirige of IgG-coated rbc (118), by crosslinking of twoyRc
triggered effectively. Additionally, &I might mediate the molecules (119), or by crosslinking of an/Ranolecule with
passive sensitization (“arming”) of human macrophages wahother neighboring membrane protein by one antibody mol-
IgG antibodies resulting in the in vivo destruction of unsereecule (120). Monocytes release superoxide after incubation
sitized cells expressing the corresponding antigen (103)with IgG anti-D-coated rbc (118) while IFNnduced U937
vitro, numerous antibody-dependent functions have been dells produce superoxide after crosslinking of eithgRHc
scribed for the different FR (see Table 2). or Foyll by an FgR-specific monoclonal antibody and addi-
Principally, all three major classes ofyRcare able to in- tion of anti-mlg (119). IFN-primed monocytes demonstrate a
duce the phagocytosis of IgG-sensitized red blood celespiratory burst in response to some monoclonal antibodies
(43,104) and ADCC (6,105) but there are different requirspecific for FgRII, CD13, CD14, and MHC class 1l (120).
ments concerning signal transduction, IgG subclasses, naiiie underlying mechanism is the formation of a three-mol-
of the antigen and of the phagocytic cell. Concerning phagmule complex in which the Fab portion of a membrane anti-
cytosis as an FR mediated function, engagement of botgen specific antibody binds to this antigen while the Fc portion
the FgRI and the ITAM-containing FclRchain is necessary of the same antibody molecule binds simultaneously to the
to induce phagocytosis while ¥Rl alone is capable of FcyR (compare Fig. 1). In IFN-stimulated PMN, superoxide
endocytosing small immune complexes (106). In PMN, botalease may be triggered byyR¢ (121) while in resting neu-
FcyRlla and the GPl-anchoredyRillb induce actin filament trophils FgRII is essential for the 1gG-induced respiratory
assembly which is a prerequisite for motile behaviors suchtasgst (122,123). R®IIIb on neutrophils is essential for the
phagocytosis (107). Monocyte interactions with IgG-coatdxihding of small immune complexes but this binding alone
red blood cells such as rosette formation, ADCC, phagocytaithout the involvement of FRIl does not induce the re-
sis, and oxygen generation are predominantly mediatedlégse of oxygen radicals (55).
FoyRI in an IgG subclass-dependent manner (108,109). WhileMonocytes produce IL-8 in response to bacterial cell-wall
hulgG3 anti-D is predominantly involved in monocyte bindsroducts such as lipopolysaccharide but also do so aftet Fc
ing and rosette formation with rbc (110), hulgG1 anti-Derosslinking by immobilized 1gG (124). Additionally,
coated rbc are the preferential phagocytosis targets (111)Hosslinking of monocyte KR triggers IL-6 production, se-
contrast, in IFN-induced PMN, FgRI-specific phagocyto- cretion of tumor necrosis factor (125,126), and production of
sis of hulgG3 anti-D rbc predominates that of hulgG1 anti4onocyte chemoattractant protein-1 (MCP-1), which is in-
rbc (112). FgRIla has a minor but clearly detectable phageolved in the recruitment of monocytes to compartments with
cytosis capacity in monocytes and seems to be the mg Fammune complex deposition (127).
on PMN in mediating phagoytosis (30,112,113). In contrastEffective antigen presentation after internalization through
to FoyRI, hulgG3 seems to be more effective igffida-spe- FcyR has been demonstrated in different myeloid cells. All
cific phagocytosis induction than hulgG1 (112-114). In mogiree classes of FB enhance the presentation of IgG-
studies, FgRIlIb on neutrophils does not directly mediateomplexed antigens (128) in an MHC-restricted manner al-
phagocytosis of IgG-coated particles or red cells (104), ihbugh Gosselin et al. (129) demonstrated that human
contributes in actin filament assembly and primegRHe |gGl-enhanced presentation of tetanus toxoid is mediated by
dependent phagocytosis (107). One group however repéitgR | and not by FgRIl on monocytes. The only exception
that FgRIIIb on PMN is able to induce phagocytosis of IgGis Fo/RIIb1 on B cells that does not promote internalization
coated rbc (115). of bound immune complexes (128). In B lymphocytes, spe-
FoyRla, lla, and llla are each involved in the antibodycific membrane immunoglobulin binds antigen and leads to
dependent cellular cytotoxicity (ADCC) (6,105). The/Re internalization, processing, and presentation.
mediated killing of IgG-sensitized rbc is significantly
enhanced after IFN incubation of monocytes and nemmphgféonatal Fc Receptor
With regard to F¢gR, this may be explained by an increase
receptor expression. Effectiveness of cell lysis depends omhe FcRn is not only expressed in fetal and neonatal but
the 1gG subclasses and the cell types. While hulgG3 anti-&so in adult tissues (70,71). In addition to its involvement in
coated rbc are preferentially lysed by monocytes aftgRIFc the transport of IgG from the mother to the fetus or through
interaction, hulgG1-coated rbc are the predominant target fioe intestine of the neonate, the FcRn also regulates plasma
FcyRlIlla on NK cells (116). HulgG2 anti-D-coated rbc didgG levels. Recent evidence revealed that FcRn is the spe-
not trigger cellular functions presumably due to the relativetyfic IgG “protection receptor” that has been postulated by
inflexible hulgG2 anti-D molecule, while hulgG2 anti-A-Brambell et al. more than 30 years ago (71,77,130). After the
coated rbc were lysed effectively viayRtla on FgRIlla- uptake of antigen-bound IgG through the plasma membrane
His131-positive cells (117). into acidified pinocytic vacuoles, the antigen is released and
Superoxide production may be induced by each classl@& may be bound by the protection receptor that redirects its
FcyR. Reactive oxygen species may be induced either by bitrdnsport to the circulation. Both the unbound antigen and
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the Fc receptor would be directly catabolized in lysosomesery FcR-expressing cell and frequently appears as a total
By this mechanism, the “neonatal gut transport recept@brogation of the FcR function. It is because of this marked
would prevent IgG from entering degradative compartmernitsvitro effect that we assume that the HLA-induced inhibi-
such as lysosomes. High plasma IgG levels result in gredien is biologically relevant. Indeed, we correspondingly found
competition for FcRn binding, and therefore increased lyseeR inhibition in vivo, i.e., in monocytes of newborns whose
somal degradation, whereas lower IgG levels would beothers markedly produce antibodies to HLA of the neonate
upregulated by increased IgG release to the plasma. RecediB2). This also demonstrates that, as was proven earlier in
in FcRn knock-out mice, evidence was shown that the FcBRmanimal model (136), the maternal antibodies pass the pla-
is identical to the proposed “protection receptor” (71).  cental barrier and reach the corresponding HLA in the fetus.
Since the FcR-mediated destruction of anti-D sensitized fetal
red blood cells in hemolytic disease of the fetus and the new-
born (HDN) is the main pathogenic factor, we hypothesized
FoyRI, 11, and Il as well as FcRn have been detected in ttieat, in cases of not only maternal anti-D but also maternal
placenta. But the process of IgG transport through the pti-A antibodies, the latter can ameliorate the clinical course
centa from mother to fetus is not entirely clear to date (2). ©hHDN by inhibiting fetal and placental FcR (137) (Figs. 2
the way from the maternal blood to the fetal blood endothead 3). This hypothesis was independently confirmed in stud-
lium, the IgG molecules have to cross the syncytiotrophies on mothers and their newborns with HDN (138,139). Our
blast which expresses FcRn, Annexin I, PLAP, and possilglyoup came to the same conclusion in a multicenter study on
FoyRINl. As FcRn binds 1gG in a pH-dependent manner ihore individuals without, in contrast to Dooren et al. (138)
cannot be responsible for the uptake of IgG at neutral piHd Shepard et al. (139), selecting the cases by immunologi-
from the maternal blood at the apical plasma membranecaf criteria of the causative Rhesus antibodies. Contrary to
the syncytiotrophoblast. PLAP is highly expressed on thee findings of Dorren et al. (138) and in agreement with those
apical surface of the syncytiotrophoblast (2) but its expresf-Shepard et al. (139), we found that the ameliorating anti-
sion does not correlate with the 1gG binding, internalizatiobpdies were primarily specific for HLA A, B, and C (140).
and transcytosis (78). Initial IgG binding by Annexin Il alstMaternal HLA antibodies also could be protective against
seems unlikely due to the very low affinity for monomeriother detrimental antibodies of the mother, e.g., to fetal plate-
IgG (2,79). The presence ofyRIIl on the trophoblast seemslet antigens causing the fetal or neonatal alloimmune throm-
to be mainly restricted to the first trimester while there ab®cytopenia or passive autoimmune thrombocytopenia, and
conflicting results concerning the term placenta (4,49). Adde neutrophil granulocyte antigens causing the respective
tionally, neither FgRIlla nor Fg/RIlIb bind hulgG2 and
hulgG4 (50), both of which in fact cross the placenta evermaternal side placenta fetal side
IgG2 remains dbwer levels in the umbilical vein than in the
maternal peripheral blood (131). After the initial IgG uptake by
a hitherto unknown process, FcRn may bind IgG in vesicles
(e.g., endosomes) at acidic pH. Thereafter the vesicle membrane
may fuse with the basolateral plasma membrane of the syncy-
tiotrophoblast thus delivering IgG to the cell surface. There the
IgG is released by FcRn at neutral pH into the stroma.
Maternal antibodies directed against paternal determinants
of the fetus may lead to the formation of immune complexes .
which are bound by the Hofbauer cells of the stroma carryind9® ant"HLA\][/
FoyR 1, 11, and 111 (3,5,49). To reach the fetal blood circula-
tion monomeric IgG from the stromal side of the syncytiotro-
phoblast has to cross the fetal vessel endothelium which

expresses BRIl as sole IgG receptor (5). HoweveryRdl e.g. macro-
\](/7

Placental Fc Receptors

cell of the

has a very low affinity for monomeric IgG; it does not bind |gM anti-HLA phage of
hulgG4 and binds hulgG2 only in theyRtla-His131 form. the fetus
Therefore transport of 1gG into the fetal blood vessels re-
mains unresolved but, nevertheless, maternal antibodies trans-
mitted to the fetal circulation are able to inhibiyRemediated
functions (132)_ Fig. 2. Model of HLA-antibody induced fetal protection. Maternal 1gG

L . anti-HLA passes the placental barrier and sensitizes placental and fetal tar-
At least the human Rl and Il are inhibited by antibod- get cells. This causes Fc receptor blockade on the effector cells by formation

ies with specificity to all HLA antigens that are expressed @fhree-molecule complexes, thus preventing the Fc receptor-dependent in-
effector cells (109,133-135). The inhibition has an impact @ify to the target.
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maternal side placenta fetal side ies. Complement receptor 3 (CR3; CD11b/CD18) interacts
with FoyRIlIb. On neutrophils, R@RIIIb and CR3 cocap af-
ter incubation with an appropriate antibody (144) and coop-

fetal erate in the generation of respiratory burst (145). The latter
red blood

process requires tyrosine phosphorylation of the intracellular
activation motive of RRII in that ligation of CR3 on the
adherent PMN surface leads toyRdl association with the
actin cytoskeleton while coligation of yRlllb with CR3 is
required for tyrosine phosphorylation ofyRil. In contrast,
another study has demonstrated the cooperationy&¥ Fo
with CR3 on fibroblast transfectants to mediate phagocytosis
in the absence of KRII (146). FgRIla has been shown to
functionally interact with the glycoprotein Ib-IX-V complex
on platelets. Flow-cytometric-fluorescence energy transfer
e.g. macro- demonstrates a physical proximity of less than 10 nm between
fhha?";( of these receptors (147). Interaction of neighbored cell-bound
e tetus molecules often is induced by crosslinking via antibodies.

IgM anti-HLA\](/
Crosslinking of FgRIllb on neutrophils with anti-R&lll
F(ab), enhances phagocytosis mediated byRFA(107) and

Fig. 3. Influence of HLA-antibodies in HDN. In the hemolytic disease 0?o-l|gat|on Of. FQ_RII and FeRillb reSUIt‘.S in a phagocytic

the fetus and newborn (HDN), maternal IgG-anti-D passes the placentartges-ponse which is greater than that of either receptor alone or
fore parturition. The anti-D sensitizes fetal red blood cells which thereaftée sum of both (11). Engagement of twgfitlb molecules

can be attacked by Fc receptor-bearing effector cells (severe courses of HRKK one FgRlla molecule by one anti-kRIll-specific mono-

If the mother additionally produces an antibody specific for fetal HLA, theflonal antibody 3G8, binding with its Fab portions tgradb

this antibody also passes the placenta and causes Fc receptor inhibitio, 9 T ; ; :
with its F rtion to RRlla, in more effecient
the fetal effector cells, thus diminishing the Fc receptor-dependent injuryatoa S ¢ portion to a, induces a more effecie

the red blood cells (mild courses of HDN). neutrophil activation than does the crq;slinking of one of the
receptors separately (148).yRtll-specific monoclonal an-
t]ibodies and alloantisera significantly inhibityRtl-specific

alloimmune neutropenia of the child. Moreover, inhibition o hagocytosis and in IFN-inducedyRt expressing neutro-
fetal FcR by maternal HLA antibodies also could be tgagocy o b exp g n .
ils also FgRI specific phagocytosis by crosslinking dif-

mechanism by which the fetus protects itself against the Fn-

herent injuring effect—considerable if directed to a transe-rent FgR on the cell membrane (112,113). HLA antigens

. L Iso seem to reside in close proximity to differenfRFon
g:ﬁ)?te?caggggg ?):‘Ctﬁ;grirc])ﬁ(e)fr;haesaei:slzl?hae?rtlitr)r?rilﬁiéie?f;rﬁé surface of monocytes and neutrophils as HLA antibodies
yp 9 gicai¥hibit both FgRI- and FgRII-specific phagocytosis

D oLl ersure el gl seectn. W32 113) b i a aifrent mmuniain sonpe-
g yp vy P g r;}_Eendent impact on ¥Rl and 1l (109).

of time. Therefore, the aforementioned protective mechanis arly experiments using FR-inhibiting antibodies to
of specific FcR inhibition may well contribute to the mainte- y exp 9 9

nance of allotypia in a species (109), thought to be essen?i@lor histocompatibility (MHC) class-II antigens suggested

: . ) . : at these antigens andyRecare closely associated or identi-
for its survival during the co-evolution with pathogens th%%l (149). From further data it was concluded that antibodies

mimic host antiger}s to use the host’s inability to recogni%gHLA class Il (but not class 1) inhibited theyRcon lym-
and attack self antigens (141). phoid cells (150). Nusbacher et al. (151) observed that the

ANTIBODY-MEDIATED INTERACTION OF granulocyte phagocytosis of opsonized red cells was specifi-

DIFFERENT CELLBOUND MOLECULES (153) muine momeclonal antibodies with speciicy 1 vart
INCLUDING FCyR P y

ous molecules on human cells inhibited thgRFonly if the
Cell-membrane proteins often exist as clusters or raéstibody molecule was complete. The inhibition was abro-
within the membrane. Due to their proximity, these mengated if the monoclonal antibodies were employed as)z(ab
brane proteins may act together in the induction of signallifrggments. The authors concluded that inhibition was due to
and cellular functions. Not only transmembrane proteins hhe formation of a three-component complex composed of
also GPl-anchored proteins occur in microdomains within thatibody bound by its Fab portion to antigen and by its Fc
cell membrane as shown for decay-accelerating factor (DAFRggment to an R&R (compare Fig. 1). Our group found that
and folate receptor (142,143). Cooperation betwegR Bod heterologous and allogeneic antibodies with specificity to all
different molecules has been deduced from functional stMHC products are inhibitory to K&l and Il on monocytes,

1gG anti-D \](
IgG anti-HLA\]r
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macrophages, B cells, and granulocytes, if these productsldseng granulocytes, clinically relevant auto- and alloantibod-
expressed on the cells (109,134,135). B{dbagments of ies to the neutrophil-specific antigens NA1 and NA2 also can
monoclonal HLA class | and Il specific antibodies lost theinhibit FcR-dependent functions such as immune phagocyto-
inhibitory capacity (133). Class I-specific antibodies exests and cell activation in vitro (109,153). In in vivo animal
stronger inhibition than do class ll-specific antibodies (109n0dels, however, these antibodies may act in the opposite
which was confirmed by others measuring the inhibition @fay (157), and in patients where they can cause life-threat-
the FgR-dependent cell activation using chemiluminiscen@ning transfusion-related lung injury (158), autoimmune neu-
(153). HLA class-I antibodies are known to induce not ontyopenia and materno-fetal incompatibility (fetal or neonatal
capping of class | but also cocapping of class-Il antigens whakoimmune neutropenia).
class ll-specific antibodies only induce capping of the corre-
sponding class-Il antigens (154). Subsequent to this, theddNICAL IMPLICATIONS
antibodies induce endocytosis of the corresponding HLA g0-
tigens. Thus we assumed that the entire three-component cont-
plex, and possibly more constituents in the caps, areFcyR may be involved in disease in several ways. A num-
endocytosed and will be split in the lysosomes at pH 4-5. Wer of reports deal with the association of certayRAmoly-
also know that the bulk of HLA antigens are not degradedritorphic forms with different diseases. Additionally, complete
the cell and recycle to the cell surface while thgRFare deficiency of special receptors for IgG is under investigation.
catabolized in the cell (Fig. 4) (155). Because of this procdagrthermore, alloantibodies specific for epitopes oyRFc
and because the three-molecule complex is markedly canslecules influence cell function, as do antibodies directed
pact through binding of the middle parts of both moleculesgainst epitopes which are in close proximity tgiron the
the FcR, and the MHC antibody, this can explain the stroogll membrane. And lastly, i/-mediated functions are in-
inhibitory effect of MHC antibodies (Fig. 1). To date no facvolved in alloimmune diseases of the fetus and the newborn.
tors other than IgG-HLA antibodies could be identified within FcyR may directly contribute in disease generation. Inflam-
an allogeneic system as inhibitors of thgfF@hen analyzed matory mediators such as IffMr G-CSF enhance the ex-
by the monocyte immune phagocytosis inhibition (IPI; 155ession of FgRI on the neutrophil surface thus leading to an
and unpublished data) or a chemiluminescence test (1®6)hanced activation of monocytes and granulocytes (6) which
may be one of the factors responsible for vasculitis following
G-CSF therapy. In the case of idiopathic thrombocytic pur-
pura (ITP), autoantibodies bound to the platelet surface are

and Disease Association

/ recognized and degraded byRebearing cells of the reticulo-
& /\ endothelial system in spleen and liver. It is generally accepted
\{ N that this degradation provokes thrombocytopenia.
weeees [l o eceuresesesrearecl FcyRlla exhibits two polymorphic forms in that the
nHchhbUF R Ll FoyRIla-His131 form is the only B that binds hulgG2 in

complexed form while the FRlla-Arg131 is unable to do so
(29,30). Additionally significantly lower levels of IgG2 were
found in the serum of individuals homozygous for thg_fa-
His131 form, suggesting increased turnover of IgG2 in these
individuals (30). IgG2 is the main isotype produced in re-
sponse to bacterial polysaccharides and encapsulated bacte-
ria such asHemophilus influenzaand Streptococcus
pneumonia€159).And indeed, RRRlla-His131 homozygous
PMN phagocytosis of IgG2 opsonized bacteria is significantly
/ higher than that of R&Rlla-Arg131 homozygous cells
(160,161). In 48 children with recurrent bacterial respiratory
//\ tract infections, the RRIla-His/His131 type was less than
half that observed in healthy adults (160). Comparable re-
Fig. 4. Intracellular processing of internalized three-molecule complexedUlts were found in children with fulminant meningococcal
Subsequent to the bipolar binding of the MHC antibody to the MHC antiggeptic shock (162) suggesting deficiency offemediated

and to the Fc receptor the entire complex is moving laterally to patchegjeifence against the implicated pathogens yfRRAa-Arg131
caps of the cell. Thereafter the complex is ingested and split into its Consriif’rﬁividuals

ents in the acidic lysosome. The antibody and the Fc receptor are finally . . di th lati bet A
degraded but the MHC antigen recycles to the cell surface enabling the cePISCUSSIOnS regarding the correlation betweeyRHa

to eliminate more Fc receptors. A long-lasting deficiency of Fc receptor fulR0lymorphism and heparin-induced thrombocytopenia (HIT)
tion is the result (compare to reference 155). are controversial. Antibodies against a complex of heparin
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and platelet factor 4 (PF4) are thought to bind with the Faause is clearance of the antibody coated PMN through Fc
portion to the heparin/PF4 complex and with the Fc portiam mononuclear phagocytes.
to the FgRlla on the platelet membrane thus activating the Soluble forms of R |, 1, and Il have been described.
platelets. Theoretically this crosslinking would be most sigheir biological role is unknown to date, but regulation of B-
nificant, if the autoantibodies had the isotype hulgG2 awdll function and/or inhibition of immune complex activa-
the FgRIla had the allotype His131. In these instances otien of inflammatory cells have been discussed (181,182).
would assume severe courses of the disease. Not all patidfiesred levels of soluble FRIl and/or FgRIII have been
who generate heparin-dependent antibodies develop Hi€tected in patients with either rheumatoid arthritis and/or
Most of the serum antibodies against the heparin/PF4 cddt-E, in patients with stage C chronic lymphocytic leukemia,
plex are of the IgG1 isotype alone or in combination witlind in sites of inflammation (183-186).
19G2 or IgG3 (163). Some studies show an overrepresentatio®ome individuals with RR deficiencies have been de-
of the FgRIla-His/His131 genotype among HIT patientscribed in the literature. Four members of one Belgian family
(164,165), others describe an overrepresentation of thek the FgRI due to a single nucleotide exchange leading to
FcyRIla-Arg/Arg131 genotype especially among those Hlad termination codon. All family members are healthy (12,13).
patients with thromboembolic complications (166) whilendividuals lacking FgRIlIb due to a complete absence of
others disprove any correlation betweenMta polymor- the FgRIIIB gene have been identified the world over (62—
phism and HIT (167). 64,187). One individual suffered from SLE (187), while
The influence of the RRIla polymorphism on different among 21 individuals only some suffered from repeated in-
autoimmunologic disorders has been investigated. For sfestions, and in two, autoimmune thyreoditis was present (62).
temic lupus erythematosus (SLE) the/iRtda polymorphic Thus no precise disease association could be demonstrated.
form has been excluded as a genetic risk factor (168,168)wever, FgRIIIb deficiency may lead to alloimmunization
although the polymorphism might influence the clinical manin pregnant women or transfused patients. The alloantibodies
festation and course of the disease (170). In myastenia gréven may induce severe complications.
(MG) the FgRIla-His/His131 type was overrepresented in While on the one hand iR play an important role in the
those patients with thymoma compared to other MG patientathogenesis of autoimmune neutropenia, fetal or neonatal
while the FgRIlIb NA1/NA1 genotype dominated in thosealloimmune neutropenia, and the transfusion-related acute
patients with the most severe MG (171). lung injury, on the other hand they may be involved in the
Monocytes from patients with hereditary hemochromatamelioration of materno-fetal incompatibilty by HLA anti-
sis have a decreased antibody-mediated phagocytosis butiibifies in the hemolytic disease of the fetus or newborn. In
phenomenon cannot be attributed to a reduced level®&f Fcthis instance the FcR-mediated destruction of the sensitized
or Il expression or to FRIla polymorphism (172). red cells by FcR-bearing cells of the placenta and the fetus
It is reported that autoantibodies directed againgRFEc apparently can be prevented by maternal HLA antibodies
II, and 11l were found in sera of patients with different sygpassing the placenta to the child and abrogating FcR-medi-
temic autoimmune diseases such as SLE, Sjogren Syndroated functions (Fig. 3) (137,140). The same mechanism could
and progressive systemic sclerosis (173,174). The bindingefobserved in an entirely allogeneic animal model. Intrave-
these autoantibodies to the differenylRéearing cells might nous application of rabbit alloantibodies against MHC anti-
activate them and induce the release of oxygen radicals geds of the recipient prolonged the circulatory survival of
soluble mediators. Binding to ¥Rl could block the clear- subsequent transfused rabbit red cells sensitized with rabbit
ance of immune complexes. blood-group antibodies with properties comparable to those
Antineutrophil cytoplasmic antibodies (ANCA) are venof the human Rh-antibodies (188).
often found in patients with systemic vasculitis, above all in
Wegener’s granulomatosis. Neutrophils of these patients ex-
press antigens as proteinase 3, elastase, and others onﬁCeYrR and Therapy
cell surface which are normally located in intracellular gran- High doses of pooled 1gG from the plasma of healthy do-
ules (175). Dislocation of the antigens on the cell surfaners are used for the therapy of autoimmune disorders, but
makes them accessible to the autoantibodies which can ttitenmechanism of action is not known. Therapeutic concen-
activate the granulocytes by forming three-molecule cortmations of exogenous IgG may block the/Rtcon phago-
plexes, including the antigen andyRtla. This interaction cytes thus competing with the autoimmune antibodies f& Fc
induces degranulation and respiratory burst (176,177). Hdwnding sites. But only &l is able to bind monomeric 1gG.
ever, no association between thgf¢a polymorphism and Analogous to the mechanism mentioned in the preceding para-
Wegener’s granulomatosis with or without renal disease wggaph, we assume that the benefit of anti-D IgG for idiopathic
found (178). thrombocytopenic purpura (ITP) might be due to the con-
Autoantibodies with specificities for NA1 or NA2 on PMNtaminating HLA but not to the D antibodies. The HLA anti-
were demonstrated in autoimmune neutropenia (179,180). Doelies abrogate the FcR activity in the patient. This can only
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be true in po|yc|0na| (as opposed to monoc|0na|) anti-D-|gG5. Sedmak_ DD, Davis DH, Singh U,_van d§ Winkel JGJ, Anderson CL‘.
preparations. Indeed, there are indications that the latter are Expression of IgG Fc receptor antigens in placenta and on endothelial

ineffective while, in some cases, polyclonal anti-D may be
effective in D-negative patients (189,190). It has not yet beeg
proven that pure anti-D-IgG without contaminating HLA an-
tibodies (e.g., eluted from D-positive red cells or monoclonal’:
anti-D) is effective as a Rh-prophylaxis in Rh-negative
women. Similarly, the therapeutic effect of intravenous IgGg4
in ITP also may be due to contaminating HLA antibodies

which inhibit Fc receptors.

It is important to note that the intravenous application of9.
HLA antibodies as a therapeutic tool is still quite speculative

cells in humans. An immunohistochemical study. Am J Pathol
1991;138:175-181.

Fanger MW, Shen L, Graziano RF, Guyre PM. Cytotoxicity mediated
by human Fc receptors for IgG. Immunol Today 1989;10:92—-99.
van de Winkel JGJ, Ernst LK, Anderson CL, Chiu IM. Gene organiza-
tion of the human high affinity receptor for IgG, Fc Rl (CD64). J Biol
Chem 1991;266:13449-13455.

. de Wit TPM, Suijkerbuijk RF, Capel RJA, van Kessel AG, van de Winkel

JGJ.Assignment of three human high-affinityyReceptor | genes to
chromosome 1, band g21.1. Immunogenetics 1993;38:57-59.

van de Winkel JGJ, Capel PJA. Human IgG Fc receptor heterogeneity:
molecular aspects and clinical implications. Immunol Today 1993;
14:215-221.

in nature. It might even be hazardous to prove the therapeu{tg Hulett MD, Hogarth PM. Molecular basis of Fc receptor function. Adv

effect of FcR-inhibiting HLA antibodies in humans: almost

Immunol 1994;57:1-127.

simultaneously (and based on the same hypothesis) the groupspPorgesAJ, Redecha PB, Doebele R, Pan LC, Salmon JE, Kimberly
in Giessen and Amsterdam independently administered a hu- RP. Novel Fgreceptor 1 family gene products in human mononuclear

man polyclonal HLA antibody preparation intravenously to
volunteers. This resulted in a mild (191) and in a life-threat->
ening interstitial lung edema (transfusion related acute lung
injury, TRALI; 192). Whether the outcome is beneficial or13.
detrimental could depend upon the antibody quantity relative
to the recipients’ body weight and on the specificity of the14

antibodies against the patients’ HLA.
Another possible action of pooléglG includes the regu-

latory properties of anti-idiotype antibodies but the mechaté.

nism has not been proved. Another sibke therapy for

autoimmune disease is based on the IgG Ievel-regulatiqg
potential of FCRn. Agents reacting with the FcRn (anti-"
bodies, anti-sense nucleotides, etc.) could prevent the bind-

cells. J Clin Invest 1992;90:2101-21009.

2. Ceuppens JL, Baroja ML, van Vaeck F, Anderson CL. Defect in the

membrane expression of high affinity 72-kDyFeceptors on phago-
cytic cells in four healthy subjects. J Clin Invest 1988;82:571-578.
van de Winkel JGJ, de Wit TPM, Ernst LK, Capel PJA, Ceuppens JL.
Molecular basis for a familial defect in phagocyte expression of 1gG
receptor | (CD64). J Immunol 1995;154:2896—2903.

. Reth M. Antigen receptor tail clue. Nature 1989;338:383—-384.
15. Cambier JC. New nomenclature for the Reth motif (or ARH1/TAM/

ARAM/YXXL). Immunol Today 1995;16:110-114.

Agarwal A, Salem P, Robbins KC. Involvement ofsﬁ'?,Zi protein-
tyrosine kinase, in Rcreceptor signaling. J Biol Chem 1993;
268:15900-15905.

Kiener PA, Rankin BM, Burkhardt AL, et al. Cross-linking of Fe-
ceptor | (FgRI) and receptor Il (RdRIl) on monocytic cells activates

a signal transduction pathway common to both Fc receptors that in-

ing of autoantibodies to FcRn in endocytic vacuoles and volves the stimulation of p72 Syk protein tyrosine kinase. J Biol Chem
their subsequent release into the plasma. This blockade of 1993;268:24442-24448.

FcRn would induce degradation of ingested IgG molecule’$:

(193). Clinical trials using antibodies specific for differ-

ent FgR, anti-Rh antibodies, or bispecific antibodies argg.
in progress in autoimmune disorders like ITP, in cancer,
and in infectious diseases (for review see 194). These stud-
ies either use the FcR-blocking ability of antibodies (thu%o'
preventing degradation of target cells by FcR positive;
cells) or, in the case of bispecific antibodies, they bind

with the tumor-specific “arm” to the tumor cell and with
the FcR-specific “arm” to the fR-positive cell, mediat-
ing destruction of the tumor cell by phagocytosiaBCC.
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