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STRUCTURE AND ExPRESSION 
OF Fc RECEPTORS (FcR) 

Catherine Sautes 

Different classes of cell surface receptors have the ability to interact 
with the Fc domain of Ig. The largest and most extensively char

acterized group are the FcR which belong to the immunoglobulin su
pergene family. These include receptors mediating major functions of 
the immune system and immunoglobulin transporters, exemplified by 
the poly-immunoglobulin receptor for IgM and IgA, and the IgG trans
porter of neonatal gut, recently characterized at the three-dimensional 
structure level. Some other FcR are lectin like molecules such as the 
low affinity receptor for IgE. 

Since their initial discovery in the early 1970s, FcRs for all immu
noglobulin isotypes have been described including IgG (FcyR), IgE (Fc£R), 
IgA (FcaR), IgM (FcJ.LR) and IgD (FcoR) on cells of the immune sys
tem. These cell surface glycoproteins mediate a variety of effector re
sponses, when crosslinked by their ligands. Among the various FcR, 
FcyR and FceR have been extensively studied. Most FcR are trans
membrane glycoproteins with a ligand binding chain associated or not 
to one or two chains shared by several FcR and/or by other immune 
receptors. The extracellular domains of the ligand binding subunits 
consist of two to three Ig domains of the C2 family. They are highly 
conserved sequence identity values ranging from 70%-98% within the 
FcyR group to 40% between FcyR and FceR. The FcyR mediate an 
exceptionally wide range of biological activities upon binding of IgG
antigen complexes. These include mediator release, internalization of 
complexes, antibody-dependent cell mediated cytotoxicity and nega
tive regulation of other effector functions. Recent advances using mu
tagenesis approaches have led to the understanding of the structural 
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basis of FcyR functional diversity. The common ligand-binding do
mains are coupled to distinct intracellular domains which transduce 
specific signals either directly or via the associated chains. Within these 
intracytoplasmic sequences, tyrosine activating motifs (immune tyrosine 
activating motifs or ITAM) shared by other cell surface receptors such 
as the BCR and the TCR have been identified as well as inhibitory 
motifs (immune tyrosine inhibiting motif or ITIM) involved in the 
negative regulation of other effector functions (see chapters 3 and 4). 

In contrast with the FcyR family, the FCERs comprise only two 
members. The high affinity FCER, expressed by basophils, Langerhans 
cells and eosinophils, is responsible for the IgE-triggered allergic re
sponse. The low affinity FCER which does not belong to the super Ig 
family but to an animal lectin family, has a much wider distribution 
on immune cells and plays a key role in B cell responses. 

Soon after the discovery of FcyR, molecules binding antigen
complexed IgG were detected in culture supernatants of mouse lym
phoid cells and were called immunoglobulin G-binding factors. These 
IgG binding factors (lgG-BF) were hypothesized to be derived from 
membrane FcyR. The existence of soluble forms of FcR was later gen
eralized to isotypes other than IgG and to species other than mice. 
When the structures of FcR genes and protein have been elucidated it 
became apparent that these soluble receptors were either produced by 
proteolytic cleavage of the extracellular domain of FcR or encoded by 
alternatively spliced mRNA. 

This chapter describes the structure and cellular distribution of 
the various FcR, with particular focus on FcyR and FeeR. The character
istics of the structure and functions of their soluble forms mentioned 
in this chapter are found in chapter 6. 

NOMENCLATURE 
The FcRs are designated by the subscript of the immunoglobulin 

isotype (Table 2.1). Thus, FcyR, FeeR, FcaR, FCI!R and F~R bind IgG, 
19E, 19A, IgM, and IgD, respectively. Within FcR for a single immuno
globulin isotype, several classes have been defined. Class I receptors bind 
their ligand with high affinity. Three such receptors have now been 
characterized: FcyRl, FCERI and FcaRl for monomeric IgG, IgE and 
19A, respectively. Receptors that react only with antigen-complexed im
munoglobulin are of class II or III (e.g., FcyRlI, FcyRlII, FCERlI).l 

Genes coding for FcR bear the name of the corresponding recep
tor. When several genes encode receptors of the same class, they bear 
the name of the receptor, followed by a capital Roman letter. For ex
ample, in humans, a total of eight genes have been described (Table 2.2). 
Three genes FcyRIA, FcyRlB and FcyRlC encode FcyRl, FcyRlIA, FcyRlIB 
and FcyRlIC genes encode FcyRlI, and two genes FcyRllIA and FcyRlIIB 
code for FcyRlII. Some genes have allelic forms, which are designated 
by capital Roman letters as superscripts. The human FcyRlIA gene has 
two alleles, FcyRlIAHR and FcyRlIALR, as does the human FcyRlIIB 
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gene (FcyRIIIBNA-l and FcyRIIIBNA-2). Finally, alternative splicing of 
FcyR mRNA generates several transcripts of a single gene, designated 
by Roman letters and Arabic numbers. In the human two transcripts 
have been described for FcyRIB and FcyRIIA gene: FcyRIbl, FcyRIb2 
and FcyRIIal, FcyRIIa2 respectively. In man, three transcripts have 
been described for FcyRII, FcyRIIbl, FcyRIIb2 and FcyRIIb3, and four 
in mouse FcyRIIb, FcyRIIb2, FcyRIIb3 and FcyRIIb'l. 

Table 2.1. FeR nomenclature 

Species Roman letter m,h (mFcR, hFcR) 
Ligand Greek letter 1, £, a, 11, l) FcyR, FuR, FcaR ... ) 
isotype Subscript 

Classes Roman numbers I, II, III (FcyRl, FcyRIL) 

Genes Roman capital letter A, B,C (FcyRIIA, FcyRIIIB ... ) 

Alleles Roman capital letter LH/HR, NA 1 /NA2 (FcyRIIALR, 
Superscript FcyRIIIBNA.I ... ) 

RNA transcripts Roman letter bl, b2, b3 (FcyRllbl, FcyRllb2 ... ) 
and proteins and arabic number 

Subunit Greek letter a, P, 1 (Fc£Rla, FcyRIIIA1 ... ) 

Table 2.2. Fe.,R genes and isoforms 

Mouse Human 

Genes mFcyRl mFcyRlI mFcyRl1I hFcyRlA hFcyRlIA hFcyRIIIA 
(Alleles) (Ly 17.1 ,Ly17.2) (HR/LR) 

hFcyRlB hFcyRlIB hFcyRlIIB 
(NA1/NA2) 

hFcyRlC hFcyRlIC 

Chromosomal 
localization 3 lp13,lq21 lq23 lq23 

CD, Ly Ly17 CD64 CD32 CD16 

Receptor mFcyRl mFcyRllb1, mFcyRlII hFcyRla hFcyRlla1,a2* hFcyRllla 
isoforms b'1,b2,b3* hFcyRlb1,b2 hFcyRllb 1 ,b2,b3 hFcyRlllb 

hFcyRlc hFcyRllc 

*Soluble form, lacks transmembrane region 
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In addition, one must consider that some FcRs are composed of 
several subunits, sometimes shared by different FcR. Each subunit is 
designated by a Greek letter. For instance the high-affinity FceRI is 
composed of three, IX, ~, Y subunits, y being also part of the low-affin
ity FcyRIIIA, FcyRI and FeaRI. 

Human FcRs are also defined by the CD nomenclature, CD64 for 
FcyRI, CD32 for FcyRII, CD16 for FcyRIII, and CD23 for FceRII. 
Although convenient, this nomenclature completely excludes the large 
molecular heterogeneity of FcRs for a given isotype, which underlies 
their high functional diversity. 

Table 2.3. Cell distribution of Fc-;R 

Cells Receptors 

Mouse Human 

FcyRl FcyRll FcyRlII FcyRla FcyRll FcyRlII 

bl b'l b2 b3 al a2 bl/b2/c a b 

Neutrophils + +? ? + + + + + 

Eosinophils + + + 

Basophils + + 

Mast cells + + + 

Monocytes + + + + + + 

Macrophages + + + + + + + + + 

Langerhans cells + + + + + + + 

B cells + + + 

Tcells + + + 
T')CD3CD16+ 

NK cells + ± + 

Platelets + + + 



Structure and Expression of Fe Receptors (feR) 33 

MEMBERS OF THE IMMUNOGLOBULIN SUPERFAMILY 

RECEPTORS FOR IGG (FcyR) 
In mice and humans three types of receptors bind IgG (Table 2.2).1-7 

FcyRI are receptors for monomeric IgG whereas FcyRII and FcyRIII 
bind IgG-containing immune complexes. The expression of FcyRI is 
restricted to cells of the monocyte! macrophage lineage whereas FcyRII 
are widely distributed on cells of the immune system (Table 2.3). FcyRII 
are found on lymphocytes, macrophages, platelets, polymorphonuclear 
cells, mast cells, and Langerhans cells. FcyRIII is the only FcyR expressed 
by all NK cells, and it is coexpressed with other FcyR on macrophages, 
basophils, neutrophils, and Langerhans cells. A significant structural 
homology, characteristic of the immunoglobulin supergene family, defines 
the FcyR family. 

In mice, one gene encodes FcyRI, which is composed of three 
immunoglobulin-like ectodomains, a transmembrane spanning region, 
and an intracytoplasmic tail. A single gene encodes three transmem
brane FcyRII glycoproteins, generated by alternative splicing: FcyRIIbl, 
FcyRIIb'l and FcyRIIb2. FcyRIIb3 is a soluble receptor lacking the 
TM region of FcyRIIb2. One gene encodes the IgG-binding a. chain 
of FcyRIII, which has 95% amino acid sequence homology with FcyRII 
in its ectodomains. It differs from FcyRII by its transmembrane and 
intracellular regions and because its expression requires association with 
an homodimer of y chains. 

In humans, three genes encode FcyRI isoforms, but only one trans
membrane glycoprotein, homologous to the murine FcyRI, has been 
identified. Three genes encode FcyRII, where additional protein diver
sity is provided by alternative splicing of the first intracellular exon 
generating two transmembrane isoforms of FcyRIIB, FcyRIIbl and 
FcyRIIb2. Finally, two genes encode two isoforms of FCYRIII, FcyRIIIA 
being homologous to its murine counterpart, with a transmembrane 
a. chain associated to signal transducing chains. On neutrophils, FcyRIII
B is a phosphatidyl-inositol-anchored molecule. 

The genes encoding the human and mouse FcyR are located on 
chromosome 1 with the exception of the mouse FcyRI on chromo
some 3. These genes have arisen by duplication and divergence of a 
common ancestor gene. 

The high affinity FcyR (FcyRI) 
As compared to the other FcyR expressed by cells of the immune 

system (FcyRII and FcyRIII), FcyRI (Table 2.4) have two unique char
acteristics: they are high affinity receptors binding monomeric IgG and 
their extracellular region comprises three extracellular domains. The third 
extracellular domain is distinct from the first two domains shared by the 
other two FcyR, suggesting that the unique IgG binding characteristic 
of FcyRI are conferred by this additional domain. 
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In humans as in mice, FcyRI is expressed by cells of the monocyte 
macrophage lineage. It is also present on human neutrophils. 

Mouse FcyRI 
Mouse FcyRI is a 72 kDa glycoprotein with a 42 kDa polypep

tidic backbone comprising an extracellular region of 273 amino acids 
containing three Ig-like domains, a single transmembrane region of 23 

Table 2.4. Characteristics of Fc;R1 

Mouse Human 

Receptor isoforms L ~ ~ 
la Ib2 Ibl 

Molecular Mass (kOa) 
Glycoprotein 72 72 NO NO 
Polypeptide 42 40 

Associated subunits 'Ychain FceRI 

Affinity for IgG (Ka) 1 07-1 08M-l 1 08-1 09M-l <107 M-l NO 

Specificity for IgG 
Mouse 2a>>>1,2b,3 2a = 3>>> 1 ,2b NO NO 
Human 3>1>4»>2 3>1>4>>>2 NO NO 

mAbs 
10.1 32.2 

197.1,22,44.1 
62 

Expression Monocytes Monocytes NO NO 
Macrophages Macrophages 

Neutrophils 
Eosinophils 

Regulation of expression IFN-y p IFN-y p NO NO 
IL-lO P 

G-CSF P 
IL-4 ~ 

Ie 

NO 

NO 

NO 
NO 

NO 

NO 
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amino acids and a cytoplasmic tail of 84 amino-acids. A single mFcyRI 
gene has been identified comprising six exons: two exons encoding 
the 5'-untranslated region (UTR) and leader sequences (Ll and L2), 
three exons encoding the extracellular region, one for each Ig-like do
main (D1, D2, D3), and one exon encoding the transmembrane cyto
plasmic and 3/UTR sequences. The gene is located on chromosome 3 
which is syntenic with the region containing the genes on human chro
mosome 1 encoding hFcyRI. A polymorphism has been described for 
mFcyRI. The non-obese diabetic strain (NOD) express a receptor with 
a 73 amino acid deletion in the cytoplasmic tail due to a stop codon. 

Mouse FerRI binds monomeric IgG with high affinity 
(Ka = 107-108M-l). It is the only FcyR that binds a single mIgG sub
class, IgG2a. Mouse FcyRI exhibits a specificity for human IgG 1, IgG3 
and to IgG4 with a lower affinity. Up to now, no mAbs have been 
obtained towards mFcyRI. This receptor has been detected on mono
cytes and macrophages and IFNy increases its expression. 

Human FcyRI 
Of the three genes encoding hFcyRI, only FcyRIA encodes a mem

brane receptor, hFcyRIa. This receptor is a 72 kDa glycoprotein with 
a 40 kDa polypeptide backbone comprising an extracellular region of 292 
amino acids with three Ig-like domains, a single transmembrane span
ning region of 21 amino acids and an intracytoplasmic tail. Like its mu
rine homologue FcyRI-A, it comprises six exons. The two other FcyRI 
genes, FcyRI-B an FcyRI-C have identical structure but contain stop 
codons in the exon encoding the third extracellular domain. Transcripts 
FcyRIb l and FcyRIc generated by FcyRIB and FcyRIC respectively, have 
been described but these may encode for soluble receptors which have 
not been identified yet. An additional transcript (FcyRIb2) has been 
described which lacks sequences corresponding to D3, the third extracel
lular domain. Transfection experiments have shown that FcyRIb2 binds 
only IgG complexes but not monomeric IgG. However no such protein 
has been identified on the membrane of hematopoietic cells. The three 
hFcyRI genes have been mapped at position 1q21. Recently, hFcyRIa has 
been shown to associate with homodimers of the y subunit of the high 
affinity receptor for IgE, FCERI. The complexes were detected on mono
cytes and could be reconstituted by cotransfection of the hFcyRIa and 
FaRIy subunit cDNA into COS cells. Comparison of cDNA and ge
netic sequences suggest genetic polymorphism of hFcyRIa. Individuals 
who lack FcyRI have been described in a Belgium family. However the 
structural basis of this polymorphism has not been determined yet. 

Scatchard analysis of the binding of monomeric IgG have shown 
that hFcyRIa binds IgG with an affinity constant of 108_109M-I. The 
receptor binds human IgG 1 and IgG3 with high affinity and human 
IgG4 with a lower affinity but does not bind human IgG2. Notably, 
FcyRI bind aggregated IgG with similar affinity than monomeric IgG. 
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IFN-y increases FcyRI expression on monocytes, macrophages 
and increases the expression of the receptor on neutrophils and on 
eosinophils. The promoter of hFcyRI gene contains an IFN-y re
sponse element (GIRE) that binds STAT1 alpha transcription fac
tor. S When isolated from human blood monocytes and neutrophils, 
FcyRI are saturated by serum IgG. This raises questions of how 
this receptor can distinguish IgG-opsonized particles. The IFNy-induced 
upregulation of FcyRI which may occur at inflammatory sites may 
playa role in this function. G-CSF and GM-CSF induce also ex
pression of FcyRI on neutrophils. Injections of GM-CSF are cur
rently being used in cancer patients to increase FcyRI-dependent 
tumor cell toxicity exerted by neutrophils. On monocytes, whereas 
IL-10 upregulates hFcyRI expression, IL-4 was reported to downregulate 
its expression. 

Several mAbs to hFcyRI have been described, e.g., 10.1, 197.1, 
22, 62 and 44.1. Only two of them, 10.1 and 197.1 block the bind
ing of IgG to FcyRI. 

FcyRI-IgG interaction 
By generating chimeric mFcyRI/mFcyRII receptors, the Ig binding 

roles of the extracellular domain of mFcyRI have been defined. The 
first two domains of mFcyRI bind IgG with low affinity and domain 3 
confers high affinity binding to the receptor. Similar observations have 
been made in man. Notably, the unique binding of mIgG2a by mFcyRI 
appears to require interaction between domains 2 and 3 as replace
ment of domain 1 of mFcyRI by domain 1 of mFcyRII has no influ
ence on binding, in contrast to the replacement of domains 1 and 2 
of mFcyRI with those of mFcyRII. Thus domain 2 of mFcyRI seems 
to play a key role in IgG binding. 

The Cy2 domain of IgG is of importance for binding to FcyRI as 
shown by mAb inhibition studies and by the use of chimeric Ig gener
ated between hIgG and mIgE where Oy2 and/or Cy3 were exchanged 
with Cd and CE4. The region Leu234 to Ser239 (Leu-Leu-Gly-Gly
Pro-Ser) in Cy2 which forms the hinge proximal region is crucial for 
the interaction. This sequence is present in all IgG isotypes that bind 
to hFcyRI with high affinity (hIgG 1, hIgG3, mIgG2a, rat IgG2b and 
rabbit IgG) but diverges in mIgG2b and hIgG4 which bind to FcyRI 
with low affinity, mIgG2b containing Glu at position 235 and hIgG4 
containing Phe at position 234 (Table 2.5). A second region of Cy2 
comprising a hinge proximal bend lying in proximity with the previ
ous one is also implicated in binding, as shown by substitution of 
Pro331 situated in this loop. Finally, aglycosylation of Cy2 decreases 
its affinity for hFcyRI. 

In addition to Cy2, studies with chimeric Ig have shown that Cy3 
does seem to playa role in the binding of IgG to FcyRI possibly by 
stabilization of the Fc structure. 
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The type 2 low affinity FcyR (FeyRII) 
Among the various FcyR, FcyRII are the most diverse and widely 

distributed. Three isoforms encoded by a single gene have been described 
in the mouse and a total of six isoforms encoded by three distinct genes 
exist in humans. One of their characteristics is that some of these isoforms 
are soluble receptors, produced by alternative splicing. One of these 
isoforms has been described in mouse, FcyRIlb3 and one in the hu
man, FcyRIIa2. The membrane isoforms are composed of two extra
cellular Ig-like domains, a transmembrane region and a cytoplasmic 
tail. They are found on virtually every FcyR-bearing cell with the ex
ception of the NK cells. Unlike FcyRI, their affinity for monomeric 
IgG is low (Ka is less than 107M-I) and they essentially interact with 
IgG immune complexes. 

Mouse FcyRII 
A single mFcyRiI gene has been identified that encodes three tran

scripts generated by alternative splicing of transmembrane or intra
cytoplasmic sequences FcyRIIb1, b2 and b3 (Table 2.6). The mFcyRiI 
gene comprises 10 exons, four encoding 5'UT and leader sequence 
(Ll to L3), two encoding the two extracellular domains (D1 and D2), 

Table 2.5. Comparison of IgG CH2 hinge proximal regions 

Residue Human Mouse 
number* 

IgGl IgG2 IgG3 IgG4 IgG2a IgG2b IgGl 

231 ALA ALA ALA ALA ALA ALA VAL 

232 PRO PRO PRO PRO PRO PRO PRO 

233 GLU GLU GLU GLU GLU GLU GLU 

234 LEU LEU LEU LEU LEU LEU 

235 LEU ALA LEU LEU LEU GLY 

236 GLY GLY GLY GLY GLY 

237 GLY GLY GLY GLY GLY GLY VAL 

238 PRO PRO PRO PRO PRO PRO SER 

* corresponding to human IgG 
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Table 2.6. Characteristics of mouse Fc')ill/ 

Receptor ~ ~ ~ ~ 
Isoforms* IIbl iib'1 IIb2 IIb3 

Associated subunits 

Molecular Mass (kDa) 
Glycoprotein 40- 60 40-60 40 - 60 50 
Polypeptide 37 32 31 25 

Affinity for IgG (Ka) <107 M-l ND ND ND 

Specificity for IgG 
mouse 1 = 2a = 2b>>>3 ND 1 = 2a = 2b»>3 1 = 2a = 2b»>3 
human 3>1>2>4 ND ND 

mAbs 2.4G2, anti Ly17.2 2.4G2 2.4G2 2.4G2 

Cellular distribution B cells Macrophages Macrophages Macrophages 
Mast cells B cells Langerhans cells Langerhans cells 

T cells (activated) Tcells 
Mast cells Mast cells 

• a fourth isoform, FcgRllb'l, has been recently described. See text for details. 

one the transmembrane region (TM) and three (Cl to C3) encoding 
the cytoplasmic and 3' UT sequences. The mFcyRIIbl and mFcyRIIb2 
transcripts of the mFcyRII gene encode transmembrane glycoproteins 
with a molecular weight ranging from 40-60 kDa. After removal of 
the N-linked saccharides, the apparent molecular weight of the recep
tors are 37 and 32 kDa respectively. They are composed of a 180 amino 
acid long extracellular region, a 26 amino acid transmembrane region 
and an intracytoplasmic tail of 94 amino acids for FcyRIIbl and 47 
amino acids for FcyRIIb2. Thus FcyRIIb2 differs from FcyRIIb 1 only 
by the lack of a 47 amino acid sequence encoded by the first 
intracytoplasmic exon the receptor. FcyRIIbl is mostly expressed in 
lymphocytes and mast cells whereas FcyRIIb2 is preponderant in mac
rophages and epidermal Langerhans cells.9 A fourth membrane FcrRII 
isoform, FcyRIIb'l, has been identified recently at the mRNA and protein 
levels.lO It differs from FcyRIIbl by the lack of the C terminal 28 
amino acids of the first intracytoplasmic exon. FcyRIIb'l corresponds 
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to a 32 kDa glycoprotein expressed in macrophages, B, T and mast 
cell lines, in normal spleen cells and in resting or LPS-activated 
B cells. Notably, the first IC exon of the human FcyRIIB gene ends 
by a single splice site in the downstream intron and encodes a 19 
amino acid sequence homologous to the 19 residues of the first I C 
exon of FcyRIIb 'I, suggesting that FcyRIIb'1 is the murine homologue 
of human FcyRIIbl. The third FcyRII isoform, FcyRIIb3, corresponds 
to a soluble receptor that circulates in biological fluids. 11 This 40-45 kDa 
glycoprotein gives, after deglycosylation, a 25 kDa polypeptide that 
comprises the extracellular region and the sequences encoded by the 
second and third intracytoplasmic exons, but lacks sequences encoded 
by the TM and the first intracytoplasmic exons. Macrophages and 
Langerhans cells secrete FcyRIIb3, as shown at the transcript level by 
PCR amplification and sequencing, and at the protein level by west
ern blotting and characterization of CN-Br cleaved peptides. 

The extracellular region of mouse FcyRII demonstrates an overall 
60% amino acid identity with the hFcyRII extracellular counterpart. 
Mouse monoclonal antibodies have identified two allelic forms Lyl7a 
and Lyl7b that encode the two polymorphic forms of mFcyRII. The 
two alleles Ly17.1 and Ly17.2 differ in two codons encoding FcyRII, 
Pro116 and Glnl61 being found in the Ly17.1 form and Leu116 and 
Leul61 in the Ly17.2 form. These amino acids are located in the sec
ond extracellular domain of the receptor. Notably, anti-Lyl7 antibod
ies inhibit the binding of complexed IgG to the receptor, suggesting 
that these residues are located near the IgG-binding site. 

Mouse FcyRII binds poorly monomeric IgG (Ka below 107M-I). It 
also binds mouse IgE with low affinity. With the exception of mouse 
IgG3, mFcyRII bind all mouse IgG isotypes, IgG I, IgG2a and IgG2b. 
Studies of the association and dissociation kinetics between mouse IgG 
and mFcyRII reconstituted into planar membranesl2 have shown that 
mouse IgGI, IgG2a and IgG2b exhibit similar kinetic parameters, that 
mIgG3 does not bind and that possible allosteric changes that might 
occur in IgGI-anti DNP mAb after hapten binding do not apprecia
bly affect the kinetic characteristics of mFcyRII binding. Low ionic 
strength buffer decreases the dissociation kinetics of mIgG to mFcyRII. 
Although a distinct receptor for mouse IgG3 has been detected by 
rosette formation with IgG3-sensitized erythrocytes, its molecular iden
tification remains to be elucidated. Mouse FcyRII bind preferentially 
human IgG I and IgG3 subclasses. 

A number of reports have shown that aggregated IgG upregulates 
the expression of FcyR on T cells.13.14 Mouse IgG I, IgG2b, IgG2a not 
IgG3 or the 2.4G2 MAb produce the effect. It is visible 6-12h after 
contact with ligand and can be detected qualitatively by rosette for
mation or quantitatively by 125I-Iabeled 2.4G2 binding.6 Whether IgG 
decreases FcyRII degradation or increases its expression has not been 
elucidated. Among cytokines, murine IFN-a~ was found to upregulate 
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FcyRII expression on hybridoma T cells l5 and recombinant IFN-y to 
increase moderately FcyRII expression in mouse macrophages, due to 
the upregulation on FcyRIII and downregulation of FcyRII.16 Finally, 
IL-4 decreases FcyRII expression in splenic B cells whereas it has no 
effect on B cells linesY 

Only two mAbs have been described that bind mFcyRII, 2AG2, a 
rat mAb, the first mAb produced against FcyR and a mouse mAb anti
Ly 17.2 that detects the Ly-17.2 polymorphic form of mFcyRII. Both 
react with conformational epitopes and inhibit the binding of IgG into 
mFcyRII. The 2AG2 mAb reacts with mFcyRII and mFcyRIII. 

Human FerRII 
In contrast with the relatively simple murine situation, three hFcyRII 

genes have been described that encode a total of five distinct mem
brane receptors and one soluble receptor (Table 2.7). The three hFcyRII 
genes, F cyRI lA, hFcyRIIB and hFcyRIIC are similar in structure, each 
comprising eight exons. Two exons encode the 5'UTR and leader se
quence (11 and L2), two exons the extracellular region (01 and 02), 
one the transmembrane region (TM) and three exons (Cl, C2 and 
C3) encode the cytoplasmic domain and 3'UTR. The hFcyRII genes 
have been mapped to q23-24 on chromosome 1 and are linked with 
the hFcyRIII genes. 

The hFcyRIIA gene encodes a membrane receptor (FcyRIlal) and 
a soluble receptor (FcyRIla2) produced by alternative splicing of the 
TM exon. 18 The hFcyRIlal glycoprotein has a molecular weight of 
40 kDa in monocytes and was found to be associated with a homodimer 
of y chains present also in FceRI.19 It resolves in a 36 kOa polypeptide 
after removal of the N-linked saccharides. The predicted receptor con
tains an extracellular region of 178 amino acids, a transmembrane re
gion of 29 amino acids and cytoplasmic tail of 76 amino acids in 
Langerhans cells. The soluble FcyRIla2 glycoprotein has an apparent 
molecular mass of 35 kOa in Langerhans cells, and the corresponding 
polypeptide of 32 kOa. The predicted receptor is identical to FcyRIIal 
in the extracellular and intracytoplasmic sequences but lacks the trans
membrane region. The FcyRIla transcripts have been detected by PCR 
in platelets, epidermal Langerhans cells,20 as well as in some mega
caryocytic, erythroleukemia and monocytic cell lines. 18,21 The hFcyRIla2 
protein is found in serum. 

The hFcyRIIB gene encodes three transcripts, hFcyRIlbl, hFcyRIlb2 
and hFcyRIlb3. The FcyRIlb2 and b3 transcripts are produced by al
ternative splicing. The hFcyRIlb2 isoform is produced by alternative 
splicing of the first intracytoplasmic exon and FcyRIlb3 by alternative 
splicing of the second exon encoding the leader peptide. The predicted 
hFcyRIIb 1 receptor is composed of an extracellular domain of 179 amino 
acids, a transmembrane region of 23 amino acids and a cytoplasmic 
tail of 61 amino acids. The predicted hFcyRIlb2 receptor is identical 
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except for the lack of the 19 amino acid sequence encoded by the first 
cytoplasmic exon. The hFcyRIlb 1 and b2 transcripts have been found 
in Band myelomonocytic cells. The hFcyRIlb3 glycoprotein should 
be identical to hFcyRIlb2. The hFcyRIlbl and hFcyRIlb2 glycopro
teins have a molecular weight of 40 kDa. After removal of N-linked 
saccharides, the polypeptides have apparent molecular of 29 and 27 kDa 
respectively. 

FcyRIIC results most likely from an unequal crossover event lo
cated in ICI between FcyRIIA and FcyRIIB. The part of FcyRIIC 
upstream of this putative crossover point differs only in five nucle
otides from the FcyRIIB gene and the part downstream of this point 
differs in only 19 nucleotides from FcyRIIA. The hFcyRIIC gene en
codes a single transcript present in myelomonocytic cells, B cells and 
NK cells. The predicted protein has an extracellular region of 178 
amino acids, a transmembrane domain of 29 amino acids and an 
intracytoplasmic tail of 75 amino acids. In vivo, the membrane ex
pression of FcyRIlc remains to be established. 

Notably, hFcyRIIA and hFcyRIIB encoded receptors have strong 
homologies in their respective extracellular and transmembrane regions 
(85% overall amino acid identity) but remarkably differ in their leader 
peptide and cytoplasmic tail. 

Human FcyRII bind weakly monomeric IgG (Ka below 107M-I) 
and react mostly with IgG-complexes. The heterogeneity of hFcyRII 
receptors raises the question of the isotypic specification of these dis
tinct receptors. The two allelic forms, hFcyRIlaHR and hFcyRIlaLR, bind 
hlgG3, hlgG 1 but not hlgG4. They markedly differ in the binding of 
human IgG2: the hFcyRIIaLR exhibits strong binding and hFcyRIIaHR 

a lower one. Both forms bind mlgG2a and mIgG2b, whereas only 
hFcyRIlaHR binds mlgG 1 strongly. Based on sequence comparisons, 
hFcyRIlbl, hFcyRIlb2, hFcyRIlb3 should bind IgG similarly since they 
have identical extracellular sequences. Transfection experiments have 
shown that hF cyRIl b 1 binds human IgG 1 and IgG3 » human 
IgG2 > human IgG4 > and mouse IgG2a = mouse IgG2b > mouse IgG 1. 

Human FcyRII is widely distributed on cells of the immune sys
tem. It is expressed by almost all leukocytes with the exception of 
some T cells and most NK cells.22 It is the only FcyR class present on 
basophils, platelets, B lymphocytes, Langerhans cells. It has also been 
detected on nonimmune cells such as trophoblasts and endothelial cells 
of the placenta. The products of the distinct hFcyRII genes are differ
entially expressed in some leukocytes. Whereas myelomonocytic cells 
express transcripts for all three FcyRII genes (aI, a2, bl, b2 and c), 
mature B cells express FcyRII-B gene products and some B cell lines 
express FcyRII-A. Megakatyocytic cell lines such as K562 express FcyRIlal 
and secrete FcyRIla2. Cells and platelets also secrete FcyRIla2. 

Cytokines such as IFN-y and IL-3 upregulate the expression of 
hFcyRII on eosinophils. IL-4 decreases their expression on monocytes. 
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Stimulation of B cells with anti-IgM or IL-4 results in significant in
crease in hFcyRIIbl accompanied by a decrease in hFcyRIIb2 as 
shown by PCR23 Several mAbs have been produced which bind hFcyRII. 
These include IV.3, CIKM5, KuFc79, 41H16, ZE1, KB61, AT10, 
7.30, 8.2, 8.26 and 8.7. With the exception of 8.2 and CIKM5 all 
these mAbs block the binding of IgG to FcyRII. Using chimeric 
FcR it has been shown that IV.3, 8.26, 8.7 and 7.30 react with 
epitopes located on the second extracellular domain whereas CIKM5 
react with epitopes which involve the first and second extracellular 
domains. 

The low affinity hFcrR genes and two of the genes for the IgE 
high affinity receptor (FCERI a and r subunit) are clustered on 
chromosome 1q23, as shown in Figure 2.1. This region is syntenic to 
mouse chromosome 1, where the FcyRII and FcyRIII mouse and hu
man low affinity receptors genes are found. Comparison of FcyRII and 
FcyRIII gene organization and of cDNA sequences has suggested that 
FcyRII and FcyRIII derive from an ancestral FcR gene by duplication, 
recombination and diversification.3 Mouse FcrRII would be the pri
mordial receptors. The FcyRII evolutionary lineage involves the FcyRII 
genes whereas the FcyRIII lineage also includes the a chain of FCERI. 
The hFcyRII A gene may have arisen by a recombination between mouse 
FcyRII and FcyRIII genes, whereas the 5' end of the gene has derived 
from FcrRIII and the 3' end from FcyRI!. Comparison between the 
various hFcyRII genes with mFcyRII has suggested the following order 
for hFcyRII evolution: FcyRIIB ~ FcyRIIC ~ FcyRII-A. The FcyRI 
genes may have also derived from this pathway, via the addition of an 
exon encoding the third extracellular domain. The three hFcyRI also 
map to chromosome 1. The syntenic region on the mouse maps on 
chromosome 3. 

Allelic forms of hFcyRIIA gene, hFcyRIIAHR and hFcyRIIALR have 
been described. The monocytes of individuals expressing FcyRIIAHR 
(High Responders = HR) strongly stimulate T cells in the presence of 
anti-CD3 antibodies of mIgG 1 isotype whereas those expressing 
FcyRIIALR (Low Responders = LR) have a weak stimulatory capacity. 
Both alleles differ in two codons located in the first and second extra
cellular domains respectively. The two allelic variants have a glutamine 
or tryptophan at position 27 and an arginine or histidine at position 131 
of the extracellular domains. They differ in their IgG binding capac
ity, the polymorphism at residue 131 being crucial for recognition of 
mouse IgG 1 and human IgG2 whereas the polymorphism at residue 27 
has no apparent effect. Transfection of native and chimeric cDNA have 
shown that arginine 131 is crucial for binding mouse IgG and histi
dine 131 for binding human IgG2. A polymorphism has also been 
described in hFcyRIlb1, tyrosine at position 235 being substituted by 
an aspartic acid. This substitution results in defective receptor inter
nalization, as shown by transfection experiments. 
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FcyRII-IgG interaction 
The identification and characterization of the HRlLR polymor

phism of hFcyRII (on residue 131) and of the Ly17 polymorphism of 
mFcyRII (on residues 116 and 161) clearly implicate the second extra
cellular domain of FcyRII in the binding of IgG (Fig. 2.2). Studies 
using chimeric receptors between hFcyRII and hFcERIa chain demon
strated that domain 2 is the IgG binding domain and that domain 1 
of hFcyRII also seems to be involved. Its role seems most likely to 

influence receptor conformation, by stabilizing the structure of do
main 2. Within the FcyRII domain 2, the IgG binding region is lo
cated on an eight amino acid segment (Asn154 to Ser161). Within 
this fragment, lIe155 and Gly156 are crucial for binding. Based on 
these studies and on the previously described related structure of CD4 
domain, a three dimensional model of hFcyRII domain 2 has been pro
posed by Hogarth and colleagues.? The putative eight residue binding 
region is located in the F-G loop of domain 2 (Fig. 2.2), at the inter
face of domain 1. The hydrophobic residues at position 155 and 156 
(lIe and Gly) may contribute to a hydrophobic cleft between the F-G 
and B-C loops. Notably Gly156 is conserved in all low affinity FcyR 
sequences and hydrophobic residues only are present at position 155 
in all FcyRII sequences (Fig. 2.2). Other residues implicated by poly
morphism studies in the binding of IgG by FcyRII are located in loop 
regions in close proximity to the 154-161 binding region = residue 131 
of mFcyRII in the C'-E loop and residues Pro1l4 and Leu159 of hFcyRII 
in the adjacent B-C and F-G loops respectively. 

Similarly to FcyRI, the Cy2 region of IgG is the crucial binding 
site to FcyRII (Fig.2.3). Thus aglycosylation of the Cy2 domain of hIgG 1 
and hIgG3 results in loss of binding. Sequence comparisons and stud
ies using a panel of hIgG3 mutants in the 234-237 region have dem
onstrated that the Cy2 domain binding site for hFcyRI and hFcyRII 
are similar, and correspond to the hinge proximal hydrophobic region, 
residues 234-237 (Leu Leu Gly Gly) (Table 2.5) being crucial for binding 
to both receptors. Notably whereas Leu234 is crucial for binding to 
hFcyRII, Leu235 seems important for binding to hFcyRI. In addition 
to Cy2, Cy3 may also play an important role by conferring another 
binding site or by stabilizing the Cy2 strucrure. 

Type 3 low affinity FcyR (FcyRIII) 
Among the various FcyR, FcyRIII displays unique characteristics 

(Table 2.8). In the human, one of its isoform, FcyRIllb, is not an 
integral membrane protein but is anchored to the plasma membrane 
via a glycosylphosphatidyl (GPI) anchor. Also, mFcyRIII, as well as 
the human isoform hFcyRIlIa, is the only FcyR expressed by NK cells. 
A soluble form of FcyRIII produced by proteolytic cleavage of mem
brane FcyRIII represents the most abundant soluble FcyR found in 
human blood. Notably it binds cell surface receptors other than Ig 
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such as complement receptors type 3 and 4.24,25 and triggers cytokine 
production via these receptors. Thus FcyRIII can be viewed as a re
ceptor for IgG and a membrane bound cytokine. 

Mouse FcyRIII 
In the mouse, FcyRIII is encoded by a unique gene linked to the 

mFcyRII gene on a genomic fragment located at the Ly-17 locus of 
chromosome 1. It comprises two exons encoding the 5'UTR and leader 
sequence, two exons for the extracellular region, and a single exon 
encoding the transmembrane and cytoplasmic regions and 3' UTR. 
Mouse FcyRIII is an integral membrane 40-50 kDa glycoprotein which 
resolves, after removal of N-linked oligosaccharides, into a 29 kDa 

Fig. 2.3. Stereograph of the alpha-carbon backbone of human IgG 1 Fe using the coordinates defined by 
Deisenhofer (1981) showing binding sites for protein A, C1q (filled circles) and FqR (residues 234 to 237 : 
Leu Leu Gly GIy). The beta pleated sheets are drawn with thick bonds, thicker for the first sheets. The Gm 
al/otypic markers are indicated by open circles. 
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polypeptide. It has a predicted extracellular region of 184 amino 
acids containing two 19-1ike domains, a transmembrane region of 
21 amino acids and a short cytoplasmic tail of 26 amino acids. 
Mouse FcyRIlI has a strong sequence homology with mFcyRIl in 
its extracellular domain (six amino acid differences) but diverges 
markedly from mFcyRII in the leader peptide, transmembrane and 
cytoplasmic tail. 

The membrane expression of mFcyRIII requires coexpression of 
the y chain of another FcR, the FeeRI high affinity receptor. On mast 
cells, immunoprecipitation experiments have shown that it is also as
sociated to the ~ chain of FcyRI. The y chain is a 8kDa polypeptide 
which comprises five amino acids in its extracellular region, a trans
membrane region of 21 amino acids and a cytoplasmic tail of 42 amino 
acids. Notably, both in man and in mouse, the y chain gene maps to 
chromosome 1, in the same region as the low affinity FcyR and the 
a chain of FceRI (Fig. 2.1). 

Natural killer cells and macrophages express FcyRIll. The only mAb 
reacting with mFcyR described so far, 2.4G2, detects both mFcyRIII 
and mFcyRII and inhibits IgG binding to these receptors. 

HUMAN FeyRIII 
Human FcyRIII glycoprotein exists in two isoforms, hFcyRIIIa and 

hFcyRIIIb that differ in membrane expression. Whereas hFcyRIIIa is a 
transmembrane molecule associated with the y chain of FeeRI, hFcyRIIIb 
is anchored to the plasma membrane by a glycosyl phosphatidyl inosi
tol (GPI) moiety. The hFcyRIIIa isoform is expressed in NKcells, 
monocytes, mast cells and FcyRIIIb in neutrophils. On mast cells it 
may be associated with the ~ subunit of FCERI.26 A cell type specific 
glycosylation of FcyRIIIa has been described, monocytic FcyRIIIa mi
grating as a broad band between 42 and 72 kDa and NK FcyRIIIa 
between 47 and 58 kDa.27 FcyRIIIa and b give rise, after deglycosylation, 
to polypeptides of 33 and 29 kDa, respectively. 

Two genes, hFcyRIIIA and hFcyRIIIB encode hFcyRIII, each pro
ducing a unique transcript, hFcyRIIIa and hFcyRIIIb. The two genes 
comprise two exons encoding the 5'UTR and leader sequence, one 
exon encoding each of the extracellular domains and one exon encod
ing transmembrane region, the cytoplasmic tail and the 3 'UTR se
quences. The genes are located on the q23,24 region of chromosome 1, 
linked to the hFcyRII genes (Fig. 2.1). The hFcyRIIIa and hFcyRIIIb 
transcripts encode receptors comprising an extracellular region of 190 
amino acids, a transmembrane region of 21 amino acids and a cyto
plasmic tail of 25 and 4 amino acids respectively. The shorter cyto
plasmic tail of hFcyRIIIb results from a single nucleotide change gen
erating a stop codon. Sequence analysis and mutagenesis experiments 
have shown that serine at position 203 plays a key role in the mem
brane anchoring of hFcyRIIIb via a GPI moiety. The hFcyRIIIa isoform 
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contains a phenylalanine at this position which does not allow forma
tion of the GPI anchor but instead the expression of a transmembrane 
molecule. 

The hFcyRIlla isoforms require association to small size transmem
brane polypeptides for efficient cell surface expression. In NK cells 
hFcyRIlla is associated with homo- and/or heterodimers of the Fa:RIy 
subunit and of the ~ subunit of the T cell receptor linked by disulfide 
bridges. The genes encoding these subunits map to the q23.24 region 
of chromosome 1 that contains also the hFcyRII, hFcyRIII, FcrRI genes 
(Fig.2.1). Transfection experiments have shown that hFcyRIlla can 
additionally associate with the ~ subunit of FcrRI. Sequence compari
sons of the transmembrane region of FcyRIII have shown the exist
ence of a conserved stretch of eight amino acids, including an aspartic 
acid residue which may be crucial for association to the y or ~ subunits. 

A polymorphism designated NAl/NA2 has been described for 
hFcyRIllb. The NA2 form has six glycosylation sites and the NAI has 
four. The two allelic variants differ in four amino acids. At two posi
tions this results in the loss of N-linked glycosylation sites. The ap
parent molecular weights of hFcyRIllbNAI and hFcyRIllbNA2 polypep
tides slightly differ, that of hFcyRIllbNAI being 2.4 kDa smaller than 
that of hFcyRIllbNA2 • 

The two hFcyRIII isoforms bind human IgG with low affinity 
{around 107M-I}. 

Human FcyRIIIb binds human IgG3 and IgG 1 but not human 
IgG2 and IgG4. Binding of mouse IgG3, IgG2a and to a lesser extent 
mouse IgG 1, but not mouse IgG2b, have been described for both 
isoforms. 

Notably the extracellular domain of hFcyRIllb binds other ligands 
than IgG. Neutrophil hFcyRIIIb interacts with complement receptor 
type 3 (CR3) or CDllb/CDlS and with FcyRII,28-31 The interactions 
with CR3 occur via the lectin-like domain of CD 11 b and involve prob
ably the high mannose-containing oligo saccharides of hFcyRIIIb.32,33 
Since hFcyRIIIb is a GPI-linked molecule, it is indeed unable to transduce 
by itself signals upon ligand binding. Its association to CR3 or to 
FcyRII may be crucial for signaling. Indeed the triggering of FcyRIIIb 
on neutrophils elicits signaling events which activate protein tyrosine 
kinases leading to phosphorylation of FcyRI!. 

The hFcyRIII isoforms differ in cell surface expression. Human 
FcyRIIIa is expressed on NK cells, macro phages a subpopulation of 
T cells (T y~) cells and on monocytes, whereas hFcyRIllb is exclusively 
present on neutrophils. The promoter regions of FcyRIII genes display 
tissue-specific transcriptional activities reflecting tissue distribution, and 
nucleotide differences that might contribute to cell type-specific tran
scription of FcyRIII genes have been identified.34 The elements con
ferring the cell type-specific expression of the FcyRIII genes have been 
mapped recently within the 51 flanking sequences and first intron of 
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the human FeyRIIIA and FcyRIIIB genes, by using transgenic mice. 35 
Cytokines influence membrane levels of hFeyRIII. The expression of 
hFcyRIIIa is increased by TNF-~ and hFcyRIIIb can be up regulated 
by IFNy, TGF-~, GM-CSF and GCSF, and downregulated by TNFa. 
In addition IL-4 downregulates FcyRIll expression. 

Several mAbs against hFcyRIll have been produced which include 
3GB, 4F7, VEP13, Leulla, b, and c B73.1, GRM-l, CLB Gran II, 
1 D3 and BW20912. The B73.1, Leullc and CLB Gran 11 mAbs are 
specific for the NAI form and GRM-l for the NA2 form. 

FcyRIII-IgG interaction 
The two FeyRIll isoforms, hFcyRIIIa and hFeyRIllb seem to have 

different affinities for hIgG (Ka = 2 x 107M-l and Ka < 107M-l respec
tively). The two NAI and NA2 allelic forms which differ in glycosylation 
site number (4 and 6 respectively) may not interact similarly with IgG, 
the NAI isoform binding better IgG3 than NA2. Moreover, the dif
ferent glycosylated forms of FeyRIlla found on NK cells with a high 
mannose oligosaccharide content and on monocytes with a low man
nose content seem to have different affinities for IgG, FeyRIlla on 
NK having higher affinity than FcyRIIIb on monocytes. 

Like FeyRII, the second domain of FcyRIll is the IgG binding 
domain, as shown in the rat and in the human (Fig. 2.2). Residues in 
the F-G loop also play a major role. Other residues located in the 
B-C and C-C' loops may participate to the binding.36,37 

The precise location of the FeR binding site on IgG is still not 
achieved. Both Cy3 and Cy2 domains seem important as well as the 
glycosylation of IgG. 

It is of interest that the same structural elements on the low affin
ity Fey receptors, e.g., F-G loops, interact with the same region on 
the IgG molecules, e.g., the hinge region, between amino acids 233 
and 237. Although the amino acid residues involved in ligand binding 
of FeyRIIIB are not conserved among Fe receptors, the F-G loop of 
different FeyR may constitute similar binding sites for IgG. 

THE HIGH AFFINITY RECEPTOR FOR IGE (FceRI) 
The high affinity receptor for IgE, the receptor that initiates aller

gic reactions, has several major characteristic features (Table 2.9).3,38,39 
Although it binds monomeric IgE, it is totally unresponsive to the 
uncombined antibody but undergoes structural changes only when 
exposed to antigen-IgE complex. Interaction of receptor-bound IgE with 
a multimeric antigen is necessary to initiate cell activation. In addi
tion Fc£RI is a typical example of multimeric receptor containing three 
types of subunits, i.e., the a chain that contains the binding site for 
IgE, a ~ chain and two y chains. Finally, affinity for ligand is very 
high, one to two orders of magnitude above that of FcyRI. This im
plies that only a few molecules of IgE needed to trigger activation 



52 Cell-Mediated Effects of Immunoglobulins 

Table 2.9. Characteristics of FceRl 

Characteristic 

Associated subunits 

Receptor forms 

Molecular Mass (kDa) 
Glycoprotein 
Polypeptide 

Affinity for IgE 

Chromosomal Localization 

Cellular distribution 

Human FceRI 

IX ~ y2, IX y2 

45-65(1X), 32(~), 7-9(y) 
26.4, 25.9, 7-8 

1 q23(1X), 11 q13(~), 1 q23(y) 

Mast cells 
Basophils 

Langerhans cells 
Eosinophils 

Monocytes (activated) 
Platelets 

Mouse FceRI 

IX ~ y2 

45-65(1X), 32(~), 7-9(y) 
25.8, 25.9, 7.8 

1 q(IX), 19(~), 1 q(y) 

Mast cells 
Basophils 

signals. FaR! has been extensively studied in humans rats and mice_3.38.39 
Characteristics of FaR! in these species will be discussed in parallel 
in view of their similarities. 

The early characterization of FceR! in the rat basophilic leukemia 
line RBL-2H3 led to the identification of a single polypeptide corresponding 
to the IX chain. The initial failure to detect the additional ~ and y subunits 
was due to the sensitivity of the noncovalent association between the 
subunits to mild detergents, purification of the intact complex requir
ing submicellar concentrations of detergent. In fact, FceR! is a tet
ramer composed of a ligand-binding transmembrane glycoprotein, the 
IX chain, a polypeptide that crosses the plasma membrane four times 
and has both amino and carboxy termini in the cytoplasm, the ~-chain, 
and a dimer of two disulfide-linked-transmembrane polypeptides, the 
y chains. A structural model for FceRI has been proposed, based on 
sequences from the corresponding cDNA.39 The IX chain is a highly 
glycosylated polypeptide of molecular weight ranging from 45-65 kDa 
that resolves in a 26 kDa protein after treatment by N -glycosydases. 
The amino acid sequence deducted from cDNA shows that it is com
posed of an extracellular region of two Ig-like domains (I80 amino 
acids in the human and 181 in the rats) a transmembrane region of 
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21 amino acids and cytoplasmic tails of 20, 25 and 31 residues for 
the rat, mouse and human a. chains respectively. Sequence identity be
tween the predicted human mouse and rat a. chains is around 38%, 
the transmembrane region exhibiting the highest homology (62%). 
Interestingly a stretch of eight consecutive residues (LFAVDTGL) com
mon to the transmembrane region of the three species a. chains is also 
conserved in the transmembrane region of mouse and human FcyRIll. 
These residues may be involved in the interaction with the y chains 
associated to these receptors. In addition, the two extracellular domains 
of the a. chain are homologous both in size and sequence (35%) to 
the corresponding domains in FcyRIll. Among a total of 95 amino acids 
which are conserved in the rat mouse and human a. chains, 61 are also 
found in both human and mouse FcyRIII, suggesting that the Fc£RIa. chain 
and FcyRIll genes probably arose from a common ancestor by gene 
duplication (see above). Notably FCERIa. and FcyRIII genes have a similar 
organization: two exons encode the 5'UTR and leader sequence, one 
exon each of Ig-like domains, and a single exon encoding the trans
membrane, cytoplasmic tail and 3'UTR. The human Fc£RIa. gene has 
been mapped on chromosome 1, band lq23 (Fig. 2.1), as the low af
finity hFcyRI genes and its mouse homologue. The predicted rat mouse 
and human p-subunits comprise 243, 235 and 244 amino acids re
spectively with a high degree of sequence homology (69%). 

Hydrophobicity plot analysis and mAb studies suggest that the FCERIP 
crosses four times the plasma membrane and has both the NH2 and 
COOH termini in the cytoplasm. The Fc£RIp gene is a single gene 
composed of one exon for the 5'UTR and part of the NH2 terminus, 
six exons for the transmembrane regions and one exon for the C ter
minus and 3'UTR. The mouse gene maps to chromosome 19, linked 
to the Ly-l locus and the human gene to chromosome llql3. 

Comparison of sequences deducted from cDNA shows that the 
y subunits from rat mouse and human receptor are highly conserved 
(86% amino acids identity). FCERIy polypeptide has a short extracellular 
region of five amino acids, a transmembrane region of 21 amino acids 
and a large cytoplasmic tail of 42 amino acids. There are two cysteine 
residues located at each end of the plasma membrane, the y chain 
homodimers being formed via a disulfide bridge occurring between 
the N-terminal CySH residues. The FCERIy also associates with mFcyRIII, 
hFcyRIlla, FcyRI and FcyRII and is also a member of the TCR-CD3 
complex. The human y chain subunit gene has been mapped to chromo
some 1 band q23, the same region that contains the Fc£RIa. chain gene 
and the low-affinity FcyR genes. The mouse FCERIy has also been mapped 
on chromosome 1 to a region containing the Fc£RIa. gene and the low 
affinity FcyR genes. T ransfection experiments have shown that in the rat 
and in the mouse both p and y subunits are necessary for efficient 
surface expression of the a. subunit. In contrast, in the human, 
coexpression of the 'Y chain is sufficient for expression of Fc£RIa.. 
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Monomeric IgE binds to FCERI with high affinity (Ka~1010M-l). 
Human FCERI binds IgE from the three species whereas rodent FCERI 
binds only rodent 19B. Similarly to FcyRI II , FCERI binds lectins as 
recently shown by its capacity to bind EBP, a ~-galactoside binding 
lectin previously identified as Mac2. 

In rodents, FCERI has been detected on two cell types only: mast 
cells and basophils. In the human it is also present on Langerhans 
cells, activated monocytes, eosinophils and was recently described in 
platelets at the mRNA and protein levels (M. Joseph et aI, submitted). 
Several mAbs have been produced against rat and human FCERIa chain. 
Epitope mapping studies have suggested that the second extracellular 
domain of the a chain plays a major role in IgE binding. 

FceRI-IgG interaction 
FCERI is a tetrameric complex composed of an IgE binding a subunit, 

a ~ subunit and a dimer of two y subunits. The ~ and y subunits have 
no direct role in the binding of IgE to FCERI. As with FcyR, the sec
ond extracellular domain of hFcERI is the IgE binding domain whereas 
the first domain plays a crucial role in maintaining the stability of the 
receptor to permit high affinity IgE binding. Rat IgE seems to also 
bind epitopes localized in domain 1 of FCERI. Studies with human chi
meric Fc receptors have shown that four regions contribute to the binding 
of IgE to domain 2: Ser93 to Phel04, Arglll to Glu125, Tyr129 to 
Ser13? and Lys154 to Glul61. A molecular model of hFCERIa domain 2 
based on the structure of CD4 has been generated by Hogarth and 
colleagues. Loops located in the second domain and juxtaposed at the 
interface with domain 1 (F-G, C'-E and B-C loops) as well as Band 
C strands are involved in IgE binding (Fig. 2.2). 

The principal domain in the Fc region of IgE involved in binding 
to FCERI is CE3. The roles of CE2 and CE4 are less clear, but they 
may provide supporting structural roles. Within Cd, Asp330 to Leu363 
region is necessary for binding. This may represent a similar structure 
to the hinge proximal region in IgG identified as crucial for the bind
ing to FcyRI and FcyRII. 

Receptor for 19A (FcaR) 
The only FcaR described so far is the human myeloid high affin

ity FcaR (FeaRI) that belongs to the Ig superfamily and is structur
ally related to FcyR and FCERI. Human FcaRI (CD89) is a 55 to 
75 kDa integral membrane glycoprotein with a 32 kDa polypeptidic 
core which is associated with FcRy chain.40 The amino acid compris
ing sequence predicted from cDNA indicates that it is composed of 
287 amino acids, an extracellular region of 206 amino acids, a trans
membrane region of 19 amino acids and a cytoplasmic tail of 21 amino 
acids. The extracellular region is homologous to that of other FcR 
belonging to the Ig superfamily. Sequence comparisons suggest that 
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FcaR diverged from a common ancestor gene early in the evolution of 
the Ig superfamily FcR. It is not on the same chromosome as the 
other Ig superfamily members and has been mapped on chromo
some 19q3.4. The gene for the human myeloid FcaR consists of five 
exons, two encode the leader peptide, two the two homologous Ig-like 
domains and the final exon encodes a short extracellular region, a hy
drophobic transmembrane region and a short cytoplasmic tai1.41 Hu
man FcaR is expressed associated with the y chain of FceRI. However 
transfection experiments have shown that the y chain is not necessary 
for membrane expression of FcaR. The receptor binds IgAl and IgA2 
both in monomeric and polymeric forms, with an affinity for mo
nomeric human IgA of 5 x 107M-I. It is expressed on monocytes, 
macrophages, neutrophils, eosinophils and mesangial cells. TGF~ 
downregulates its expression.42 Several mAbs have been produced that 
recognize hFcaRI (My43, A3, A59, A62 and A77), My43 inhibiting 
the binding of IgA to the receptor. 

POLY IGR 
The poly IgR is the receptor that mediates transcytosis of poly

meric IgG and IgA complex from the basolateral membrane of glan
dular epithelial cells to the apical membrane. After binding of the com
plexes to the poly IgR, complexes of ligand and receptors are endocytosed 
and migrate by transcytosis to the apical surface. The Ig complexes 
are then released in association with secretory component, a proteolytic 
cleavage product of the poly IgR. The poly IgR is a transmembrane 
glycoprotein with, depending on the species, three to five extracellular 
domains, a single transmembrane region and a cytoplasmic tail. The 
extracellular domains are highly conserved and exhibit a significant 
degree of homology with the variable domain of Ig, and are thus par
tially related to the leukocyte FcR which have homologies with the 
constant (C2) domains of Ig. Comparison of the predicted sequences 
of rabbit, rat and human poly IgR shows that the extracellular regions 
display 34% identity and the transmembrane and cytoplasmic regions 
74 and 60% respectively, reflecting most probably conservation of se
quences important for receptor function. The poly IgR is encoded by 
a single gene composed of a total of 11 exons. Several transcripts are 
produced by alternative splicing of the exons encoding the extracellu
lar domains. A 14 amino acid peptide of the cytoplasmic tail appears 
crucial for transcytosis and the 30 C-terminal residues for rapid basolateral 
endocytosis of the receptor. The human poly IgR gene maps to 
chromosome lq31-41. Cytokines such as IFN-y, TNF-a and IL-4 in
crease expression of poly Ig-R on epithelial cells. 

NEONATAL FcR (FcRN) 
FcRn differs from the other FcR by several characteristic features. 

It is the receptor on intestinal epithelial cells which mediates the transfer 
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of Ig from milk to the blood in newborn mice and rats. This recep
tor, which helps newborn animals to acquire passive immunity, is 
heterodimer composed of a transmembrane IgG-binding glycoprotein, 
the a chain, and of p2-microglobulin. The a chain of FcRn exhibits 
homologies with MHC class I antigens. The extracellular region of 
the a chain of FcRn comprises three Ig-like domains homologous to 
class I MHC antigens, a transmembrane region and a cytoplasmic tail. 
A three dimensional structure of a secreted form of FcRn has been 
obtained recently.43.44 FcRn structure looks similar to the structure of 
MHC molecules (Fig. 2.4). The counterpart of the MHC peptide site 
is closed in FcRn making the FcRn groove incapable of binding pep
tides. A low resolution crystal structure of the complex between FcRn 
and Fc localized the binding site for Fc to a site distinct from the 
counterpart of the peptide groove.43.44 FcRn binds to Fc at the inter
face between CH 2 and CH3 domains (from Glu272 to His285 residues) 
which contains several histidine residues that could account for the 
pH-dependency of the FcRn/lgG interaction. FcRn co-crystallized as 
dimer with a single Fc. A model of interaction between Fc and FcRn 
at the cell surface has been suggested from these studies (Fig. 2.2).43.44 

The gene encoding mouse FcRn has been mapped to chromosome 7, 
i.e., on a different chromosome than MHC antigens. The overall in
tron-exon organization of the FcRn gene is similar to that of the MHC 
class I gene. Phylogenetic tree analysis suggests that the FcRn gene di
verged from MHC class I gene after the emergence of amphibians but 
before the split of placental and marsupial animals. FcRn bind IgG with 
high affinity (Ka 107, 108M-I). Binding occurs only at low pH, in the 
acidic environment of the gut. The receptor is expressed in epithelial 
cells of the neonatal rat and mouse small intestine and in the yolk 
sac, as shown by northern blot. It is also present on the canalicular 
cell surface of adult hepatocytes suggesting that it may bind luminal 
IgG and provide a potential communication between parenchymal 
immune cells and bile.45 

MEMBERS OF THE ANIMAL LECTIN SUPERFAMILY 

THE Low AFFINITY RECEPTOR FOR IGE (FCERII) 
The low affinity receptor for IgE, FCERII, has several characteristic 

features. In contrast with the FcR described above, it displays a signifi
cant homology with a large family of calcium-dependent (C-type) animal 
lectins, including the asialo glycoprotein receptor and mannose bind
ing proteins. Most probably because of this property human FaRII binds 
to other molecules than IgE such as CD2l, identified as the comple
ment receptor 2 (CR2) and the receptor for Epstein-Barr virus, and 
with CDllb and CDllc, the a chains of the P2 integrin adhesion 
molecule complexes CDllb/CD18 and CDllclCD18. FaRII is a type II 
transmembrane glycoprotein, with a large external COOH-terminal region 
and a short NH2-terminal intracytoplasmic tail. Similar to most FcR, 
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class I 

Fig. 2.4. (a, shown above) Ribbon diagram of FcRn. (Reprinted with permission from 
Burmeister et al. Nature 1994; 372:336-343, © MacMillan Magazines Ltd.) (b, shown 
below) Schematic view of the packing in the co-crystal to illustrate the possible network 
of 2: 1 FcRn/Fc complexes forming on a membrane. (Reprinted with permission from 
Burmeister et al. Nature 1994; 372:379-383, © MacMillan Magazines Ltd.) 

b Membrane 

Membrane 
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a soluble form of FceRII capable of binding IgE and acting as a cytokine 
is released in the extracellular fluid. Thus, FCERII could be viewed as 
a receptor for IgE, an adhesion molecule and a membrane bound 
cytokine.46-49 

Structure 
Human FCERII (CD23) is a single chain 45 kDa glycoprotein. It 

contains one chain of N-linked carbohydrates of the complex type, 
several O-linked carbohydrates and sialic acid residues. The gene en
coding FCERII is present on chromosome 19, spans about 13kb, and 
consists of 11 exons. Exons 4-11 encode the external COOH terminal 
part of the molecule: exons 5-7 code for highly related 21 amino ac
ids repetitive sequences, forming a leucine zipper, the closely linked 
exons 9-11 encode the soluble fragment released by cleavage of mem
brane FCERII that binds IgE and is homologous to animal lectin fam
ily members. Notably the carbohydrate-binding domain of the asialo
glycoprotein receptor shows exactly the same genomic arrangement as 
the FCERII gene, suggesting a common ancestral origin of these two 
genes. The FCERII promoter contains an IL-4 responsive element. 

Two transcripts which differ by six amino acids at the cytoplasmic 
amino terminus are generated, FCERIla and FCERIlb. FCERIlb mRNA 
lacks the first two exons and starts with an optional exon that is lo
cated in intron II. FCERII deducted polypeptide sequence is composed 
of a NH2 terminal cytoplasmic region of 23 (FceRIla) or 18 (FcERIlb) 
amino acids, a transmembrane region of 21 amino acids and an exter
nal 277 amino acid-long COOH region. 

FceRII binds IgE with intermediate affinity (Ka = 107_108M-l). Studies 
using a series of deletion mutants delimited the IgE binding site to a 
region of 128 amino acids (residues 160 to 287), which overlap the 
lectin domain. The region between the lectin domain and the mem
brane is predicted to form a a-helical coiled coil, called the stalk re
gion, one of the main consequences of which is the formation of tri
mers on the cell surface.50 

Proteolytic cleavage in the stalk region generates a major 25 kDa 
nonglycosylated polypeptide, expanding from amino acids 119 to 321. 
This fragment contains the IgE binding site as well as the homology 
domain to C type lectin family members, which spaces from Cysl63 
to Cys282, contains three intra-disulfide bridges, and, in reverse con
figuration, ("DGR"), the common recognition sequence of some integrin 
receptors. Chemical crosslinking studies have shown that this fragment 
forms hexamers in solution. 50 

The FCERII binding site on human IgE has been mapped to the 
Cd constant region domain. Although human 19E is heavily glycosylated, 
and FCERII a lectin-like structure, the IgE carbohydrates are not in
volved in the interaction. Notably, the binding sites of IgE to FCERl 
and FCERlI are located close to each other. 
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Recent evidence indicates that Fc£RII interacts with other mole
cules than IgE, namely the complement receptor 2 (CD21),49.51 and 
the a chains of the ~2 integrin heterodimers, CDllb/CD18 and CDl1c1 
CD18.52 The interactions with ~2 integrins are calcium dependent and 
inhibited by monosaccharides suggesting that they most probably in
volve the C-type lectin site of FceRII and sugars present on the cellu
lar ligands. The CD23-CD21 interaction may playa role in T-B co
operation for IgE production, and pairing of CD23 with CDllb or 
CD 11 c may be involved in inflammatory reactions. 

Mouse Fc£RII 
The structure of mouse FceRII is very similar to that found in 

humans. It is a 49 kDa glycoprotein containing two N-linked carbo
hydrates of the complex type, sialic acid residues and a-linked carbo
hydrates. After solubilization mouse FceRII has the tendency to form 
oligomers. Murine FC£RlI displays 74% homology with human Fc£RIIa, 
but with several significant differences: (1) the presence of two, in
stead of one, glycosylation sites in the mouse receptor; (2) the murine 
Fc£RII has a fourth 21 amino acid repetitive sequence; and (3) the 
murine FC£RlI terminates just before the inverted RGD sequence, lacking 
this integrin receptor consensus motif. Mouse FceRII also exists in 
two isoforms which are generated by alternative splicing and differ in 
their intracytoplasmic NH2-terminus. Mouse FceRII exist as an oligo
mer and as a monomer on the cell surface and analysis of engineered 
Fc£RII molecules that had deletions in the stalk region indicated that 
formation of the oligomeric structure is dependent on this region.53.54 

Soluble fragments are formed by proteolytic cleavage of surface 
Fc£RII in the stalk region. Cleavage sites differ from those in hFc£RII. 
One consequence is the low ability of the mouse product to bind IgE 
consistent with a monomeric instead of oligomeric interaction with IgE.55 

The two FceRII isoforms have different cellular expression. Fc£RIIa 
is found on resting B cells whereas Fc£RIIb is expressed by the other 
Langerhans monocytes, macrophages, platelets and cells. 

Fc£RII is a B cell differentiation marker, restricted to mature B cells 
coexpressing sIgM and sIgD56 and lost after Ig isotype switching as 
well as during the differentiation of B cells into Ig-secreting cells. Some 
transformed B cells, like the IgG-secreting RPMI8866 cells may ex
press Fc£RII after switching and, in some cases malignant B cells from 
patients with chronic-lymphocytic-leukemia may co express sIgG or sIgA 
together with CD23 even in the absence of sIgD. 

Fc£RII may also be found at low levels on a small proportion of 
normal T cells, or among T cells of patients with hyper IgE (Kimura dis
ease). The expression of Fc£RII was also detected on T cells from allergic 
donors stimulated in vitro with allergen. The constitutive expression 
of Fc£RII by some human HTLV -1 transformed T cell clones has been 
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demonstrated as well on T lymphocytes isolated from HIV-infected 
patients. Mice bearing an IgE-secreting plasmocytoma have a high pro
portion of their CD8+ T cells capable of binding IgEY Whereas freshly 
isolated monocytes or alveolar macrophages bear little or no FceRII, 
monocytes of patients with elevated IgE levels or alveolar macroph
ages from patients with allergic asthma express FceRIIb. 

Epidermal cells from patients with atopic dermatitis express FceRII 
and release soluble FceRII in the culture supernatants. Follicular den
dritic cells, especially those localized in the light zone of germinal centers, 
are particularly rich in CD23 which may playa role in B cell differen
tiation through interaction with CD21. Recently FceRII was also found 
on thymic epithelial cells, bone marrow stromal cells and keratino
cytes. Eosinophils express FceRII at variable levels in hypereosinophilic 
patients, as shown by immunohistochemistry, and both isoforms are 
detected by RT-PCR (M. Capron, in preparation). 

Regulation of Fc£RII expression 
The expression of CD23 is regulated by cytokines and by surface 

molecules. On B cells, IL-4 triggers expression of both types of FceRIps 
with a predominant effect on type b. The IL-4 signals leading to FceRII 
gene activation are mediated via a PKC-dependent pathway. IL-13 which 
shares a common receptor with IL-4 was also shown recently to in
duce FceRII expression on B cells. On the contrary, IFNy, IFNa., TGF~ 
and TGFa. inhibit IL4-induced expression of FceRII on normal B cells. 
Down regulation by IFNy and TGFa. occur at the mRNA.59 Whereas 
L TB4 and PAF increase the IL4-induced up regulation of FceRII, PGE2 

inhibits this phenomenon. 
Several B cell activation signals markedly increase the IL4-induced 

expression of FceRII, such as contact-dependent interaction with T cells 
via CD40-CD40L pairing, engagement of slg, or CD72. In contrast, 
mAbs against CD20 decrease FceRII expression by stimulating the re
lease of soluble FceRII on the surface of EBV-transformed B cells and 
IL4-stimulated normal B cells. 

The regulation of CD23 expression on monocytes is different from 
that on B cells. For example, freshly isolated normal monocytes do 
not express CD23 and, in contrast to B cells, IFN-y does not suppress 
but rather enhances CD23 expression on monocytes. As in B cells, 
glucocorticoids and TGF-~ inhibit CD23 on monocytes. The 1.25 
dihydroxy-vitamin D3 inhibits CD23 expression on IL4-stimulated 
monocytes without affecting the expression of either the type a or b 
CD23 isoforms by highly-purified B cells. The regulation of CD23 on 
T cells appears to be similar to that on B cells. 

Finally, the CD23 ligand, IgE was found to up regulate FceRII in 
T and B lymphocytes.6 As IgE itself was not found to increase the 
synthetic rate of FceRII, the most likely explanation of these observa
tion is that IgE occupancy of FceRII decreases its degradation. 
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THE Low AFFINITY RECEPTORS FOR IGM FOR IGD 
Binding of IgM to human lymphocytes has been documented for 

more than two decades60 using rosetting techniques. IgM binding to 
murine lymphocytes was detected more recently, using quantitative 
immunofluorescence techniques57.61 and IgM binding to human NK 
cells has been similarly documented.62 A 58 kDa PIPLC sensitive IgM 
binding molecule, up regulated by cell activation, was detected on 
B-lineage cells.63 

Human T cells express also FCJ.l.R but with characteristics more 
distinct than those present on B cells: relative resistance to PIPLC treat
ment, downregulation upon cell activation and molecular size (60 kDa}.64 

Receptors for IgD (RFc3) have been described on murine CD4+ 
T cells and T cell clones by rosetting techniques using IgD-SRBC. 65.66 
Calcium ions are needed for optimal IgD-binding, as well as N-linked 
glycosylation, suggesting that RFc3 are animal lectin family members. 
Incubation of resting T cells with aggregated (but not monomeric) IgD 
or T cell activation causes RFc3 up regulation. The Fc J.l.R and Fc3R 
await further molecular characterization. 

Fc RECEPTORS ON MICROORGANISMS 
A fascinating evolutionary characteristic is the expression of mole

cules with high affinity and specificity for immunoglobulin by micro
organisms. Besides their usefulness to purify IgG by protein A or 
G immunoadsorbents, their existence addresses the question of the role 
of these molecules in escape from immune attack and, more generally, in 
the microorganism's biology. Since this question has not been resolved, 
this chapter will only briefly summarize the structural and specificity 
knowledge of these receptors. 

BACTERIAL Fc RECEPTORS 
Six types of bacterial FcR are distinguished, according to their 

functional reactivity with different species and IgG subclasses.67 Type I 
receptors, frequently termed protein A, are found on the surface of 
most strains of Staphylococcus aureus. They are composed of five ho
mology units, each capable of binding Fc of IgG with a Ka of 3.1 06M-I, 
and a sixth region that binds to cell walls. Protein A reacts with all 
human IgG subclasses. Type II receptors are also found on cenain chains 
of group A streptococci. They display different IgG-binding specifica
tions and await complete molecular characterization. Type III recep
tors are expressed on most group C and G streptococci. Also known 
as protein G, this receptor binds human IgG with high affinity 
(Ka = 109M-I) as well as most mammalian IgG. Its structure resembles 
that of protein A, with six domains, followed by a membrane-anchor
ing region. There is, however, no homology between the immunoglo
bulin-binding regions of protein A and protein G. Types IV, V and 
VI receptors, expressed on different streptococcal strains, bind IgG from 



62 Cell-Mediated Effects of Immunoglobulins 

different species with variable affinities. They have not yet been mo
lecularly characterized. Prevotella intermedia, a suspected agent of adult 
chronic periodontitis display also IgG-Fc-binding activity. This FcR 
differs from the six types reported above and has a molecular mass of 
65 kDa.68 

Fc RECEPTORS ON PARASITES 
Some parasites are capable of reacting with immune complexes 

through specific receptors. For example, Schistosoma mansoni schistosomula 
bear a receptor reacting with the Fc portion of IgG and with 
~2-microglobulin. The interaction of immune complexes with this re
ceptor activates the production by the parasite of a proteolytic enzyme 
that cleaves the Fc portion of IgG, protecting the microorganism from 
the immune attack. A similar mode of escape could be used by Leishma
nia and trypanosomes. The latter have three receptors, with different specifi
cations for immunoglobulin isotypes, the expression of which varies with 
the cell cycle, and these are also released as soluble molecules.69 

VIRUS-AsSOCIATED Fc RECEPTORS 
Cells infected with herpes viruses, such as herpes simplex, cytome

galovirus, or varicellazoster virus, acquire FcR at their membranes. These 
receptors are encoded by the viruses and not the infected cells, and 
bind the Fc portion of IgG. The S peplomer protein of three distinct 
antigenic subgroup of the Coronaviridae (mouse hepatitis virus, bo
vine coronavirus and porcine transmissible gastroenterites virus) also 
bind IgG-Fc and react with 2.4G mAb,7° The role of viral FcR in 
virus discrimination is still hypothetical. 
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