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ABSTRACT

It is increasingly appreciated that the part of an anti-
body not involved in the binding of antigen—the Fc
region — plays an important biological role. It activates
a variety of receptors not only on so-called effector cells
such as macrophages and granulocytes, but also on lym-
phocytes, and it can thereby modulate the immune
response itself. Over the past 2 years much new infor-
mation has been gained about the structure of such
receptors, in large part through molecular genetics. In
this review we describe the structure and some aspects
of the function of the most complicated of the cellular
Fc receptors so far identified: the receptor with high
affinity for immunoglobulin E (IgE) on mast cells. The
structure of its IgE-binding chain is strikingly similar
to the corresponding polypeptide of an immunoglobulin
G receptor. Like the latter and like a receptor that binds
polymeric immunoglobulin, segments of the protein
resemble immunoglobulin sequences. It is surprising
that other IgE-binding proteins that putatively serve
related functions have completely different structures.
— MEeTzGER, H.; KINET, J.-P. How antibodies work:
focus on Fc receptors. FASEB J. 2: 3-11; 1988.
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MUuCH OF THE USEFUL WORK PERFORMED BY antibodies
is accomplished simply by the attachment of the immuno-
globulin to the offending antigen. Such binding is suffi-
cient to prevent penetration of tissues by a variety of
organisms and to neutralize many toxic substances. In
addition, however, after combining with antigens, anti-
bodies can recruit a variety of defense systems such as
phagocytosis, cell-mediated killing, and secretion of a var-
iety of potent effector substances.

These two aspects of antibody function, the binding
to antigen and the mobilization of defense systems, are
carried out by discrete regions of the antibody molecule
—the Fab and Fc regions, respectively. An intriguing
question has been how these regions interact function-
ally. For example, does the attachment of antibody to an-
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tigen lead to a subtle activation of the Fc region, thereby
triggering effector functions? Although still espoused by
some, the weight of evidence speaks against such an idea.
It appears rather that aggregation of the Fc regions en-
gendered by multiple antibodies binding to the same an-
tigen is both sufficient and necessary (1, 2).

The antigen-combining site has been, until recently,
the principal focus for those interested in the analysis
of antibodies. The mechanisms by which highly similar
proteins can express a rich diversity of combining sites
has presented an exciting challenge to geneticists, pro-
tein chemists, and crystallographers alike. They have
done their job well, and the broad outlines of the com-
plex genetic mechanisms and the protean structures they
generate are now defined (3). Because antibodies that
bind small or modest-sized ligands can be selected for
study, the ability to investigate the relationship between
structure and function (binding) has been another at-
tractive aspect of focusing on the antigen-combining sites.

Much less experimental attention had been accorded
the Fc regions of the molecule. In part, this resulted from
the paucity of information about the molecules that in-
teract with this region, the complement component C1
being the outstanding exception (4). Furthermore, as
these Fc receptors began to be identified, they were found
to be large proteins and present only in tiny amounts.
Both factors present formidable difficulties for obtain-
ing satisfying high-resolution answers to questions about
their interactions with Fc regions. Despite these problems,
interest in the Fc region of antibodies and the proteins
with which it interacts is now increasing. In part there
is a growing recognition that such Fc receptors can greatly
modulate control of antibody production (5)—a central
problem in immunology. In addition, there is a develop-
ing appreciation that understanding the activation of cells
by immunoglobulins provides an exciting scientific chal-
lenge as well as a potential approach to modifying harm-
ful cellular reactions seen in allergy, autoimmunity, and
inflammatory disorders.

In this review we focus first on the state of our knowl-
edge about one of these receptors— the receptor with
high affinity for immunoglobulin E (IgE). We then
broaden the discussion to other molecules that interact
with the Fc region of this immunoglobulin. Finally, we
close with a wider glimpse at the world of Fc receptors
to explain further why these proteins are stimulating
renewed interest.



THE RECEPTOR WITH HIGH AFFINITY FOR IgE

Overview

Some 35 million Americans suffer from allergic disorders
(6), disorders whose distressing symptoms in large part
result from the actions of this receptor. Its role in allergy
is as follows: The allergic individual produces an abnor-
mal amount of IgE in response to seemingly innocuous
antigens. This IgE then binds to the high-affinity recep-
tor that is present on mast cells and basophils exclusively.
The attachment of monomeric IgE via its Fc region to
the receptor does not by itself stimulate the cells, but if
even a small fraction of the cell-bound IgE reacts with
antigen, the cells respond rapidly. They explosively dis-
charge their granular contents (Fig. 1), convert the arachi-
donic acid side chains on the phospholipids of their
plasma membrane into prostaglandins and leukotrienes,
and then release these potent mediators. The latter and
the granular mediators can account for many of the clin-
ical symptoms of allergy. (In populations subject to para-
sitic infections, this same reaction likely has a more salu-
tary role by assisting in the expulsion and killing of the
invading organisms.)

New developments in three aspects of this system are
particularly exciting: 1) the development of techniques
that will permit identification of the sites on IgE that in-
teract with the receptor with potential therapeutic im-
plications, 2) increased knowledge about the structure
of the receptor and isolation of the genes that code for
this protein, and 3) increased knowledge about the com-
plex reactions activated by the receptor.

Interaction of IgE with receptor

The availability of tumors that secrete large amounts of
IgE (normally present in microgram or lower concentra-
tions in serum) and, recently, of IgE monoclonal anti-
bodies, as well as of mast cell-like tumor lines has permit-
ted a rigorous analysis of the binding reaction (7). The
reaction is consistent with a simple bimolecular forward
reaction (k; = 1-2 x 10° M™'-57") and a unimolecular
back reaction (k-; < 1 x 107%). No cofactors are required
and the stoichiometry indicates that one molecule of IgE
binds to one molecule of receptor. Although both the re-
ceptor (below) and IgE are rich in carbohydrate, there
is evidence that these moieties do not significantly
influence the binding of IgE to the receptor (7, 8).

A fertile area to explore in developing therapies for
allergic diseases is to prevent binding of the IgE to the
receptor. Specifically, if one could identify those regions
on the IgE that interact with the receptor, one could con-
struct peptides or other molecules that could inhibit the
binding. Several approaches are being employed. Inas-
much as crystallographic data on Fc regions exist only
for immunoglobulin G (IgG), attempts have been made
to model the Fc region of IgE to look for promising sites
to investigate. Figure 2 is the model proposed by Padlan
and Davies (9) using interactive computer graphics pro-
gram, the data from 2 2.9 A analysis of human IgG Fc,

and the amino acid sequence deduced from the cloned
gene for the human IgE heavy chain. Because IgE con-
tains an extra set of domains compared with IgG, se-
quence homologies and other plausible assumptions were
required to build the model.

Until direct crystallographic data become available,
such models must suffice to assess whether potential sites
implicated by direct experiment are plausible. One such
experimental approach that has become practical is the
in vivo synthesis of selected peptides of the Fc region by
transfection of bacteria with modified cDNAs of the €
heavy chain. This has been the approach used by Gould
and colleagues (10). The peptides were tested to see if
they could block the binding of antigen-specific IgE to
intact cells, thereby preventing degranulation when an-
tigen was subsequently added. So far, the smallest ac-
tive fragment they have discovered contains 76 residues
from glutamine-301 in the carboxy-terminal portion of
the C,; domain to arginine-376 in the amino-terminal
portion of the C.; domain. These findings are consis-
tent with the results from earlier studies in which we ex-
amined what portion of the Fc region was protected from
cleavage when it was bound to the receptor. In these and
other studies the interface between the C,,; and C.5 do-
mains was implicated (7). Others have claimed to have
isolated smaller active peptides. In one case this claim
has repeatedly failed to be reproduced by others. In the
second, more recent study (11) there are some disturb-
ing features that remain to be explained. In particular,
one can calculate that only a few percent of the total
receptors were examined. Furthermore, although the con-
centrations of peptide required for inhibition suggested
a relatively low affinity, once the peptides were bound
the inhibition was not reversed by washing. These
findings appear to be inconsistent with each other.

One aspect of this general approach deserves mention.
Whereas there are good cell lines for studying the bind-
ing of IgE to rodent cells in vitro, no adequate human
cell lines are available for similarly studying the bind-
ing to the human receptors — the system of primary in-
terest. Thus, the studies by Geha et al. (10) had to be
performed by skin testing— an assay that is much more
cumbersome, potentially hazardous, and less quantita-
tive. The recent success in cloning of the receptor (be-
low) makes it likely that one will soon be able to prepare
cells transfected with the human receptor and thereby
be able to perform binding studies in vitro. Thus, through
the use of molecular genetics the tools are now available,
or soon will be, to explore rigorously the sites on IgE
that interact with the receptor and to develop inhibitors
of that reaction.

Transforming such inhibitors into therapeutically use-
ful reagents will present additional problems, but these
should not be insurmountable. On the other hand, one
can envision certain limitations. The slow dissociation
of IgE from its receptor makes it likely that inhibitors
of the binding could not displace IgE that is already
bound but could only prevent additional molecules from
binding. Therefore, such inhibitors can be useful at best
in preventing allergic attacks and are unlikely to be effec-
tive in aborting them.

METZGER AND KINET



Figure 1. Electron micrograph of a rat peritoneal mast cell that was reacted with ovalbumin-specific IgE and then with ovalbumin. The
cell was fixed at 60 s after addition of the antigen. Many of the perigranular membranes surrounding the granules show evidence of fusion
or fission (small, filled arrows) and some of the granular contents have already been released (large, open arrows). From ref 6a.

Structure of the receptor

The IgE-binding polypeptide

Because of its high affinity, identification of that portion
of the receptor that includes the combining site for IgE
was accomplished rather easily. This single polypeptide
—now called o — fully accounts for the binding activity.
Using the rat basophilic leukemia cell line, one was able
to isolate enough of this chain to study its structure in
some detail. It was found to contain about 30% by weight
of carbohydrate and to have a moderately hydrophobic
amino acid composition (7, 12). By a variety of criteria
this chain is exposed on the extracellular aspect of the
plasma membrane whereas the evidence that it penetrates
the lipid bilayer and has a cytoplasmic component was
largely negative and at best ambiguous. We and our col-
leagues recently isolated and sequenced the cDNA that
codes for this chain (13), and this has provided substan-
tial new information about the topology of & and other
aspects of its structure.

The gene was identified by synthesizing an oligonu-
cleotide probe based on the sequence of a tryptic pep-
tide isolated from a digest of purified « chain. (The amino
terminus of the & chain is blocked so that direct sequenc-
ing of the intact chain was not possible.) The oligonucleo-
tide was then used to screen a library of cDNA prepared
from size-fractionated mRNA derived from the basophil-
ic leukemia cells.

The characteristics of the cDNA are as follows: It
predicts an amino acid sequence consistent with a leader
sequence that would, after cleavage, leave a peptide of
227 residues. The amino-terminal 180 residues show
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seven potential sites for N-glycosylation and therefore
probably represent the extracellular portion of a. There
are two moderately homologous presumptive cystine-
bridged loops that bear some of the hallmarks of the
disulfide loops in immunoglobulins. However, the loops
in the receptor would be some 20 or more residues shorter
than the corresponding ones in immunoglobulins.

This long hydrophilic sequence is followed by a very
hydrophobic one of about 20 amino acids, which is sug-
gestive of a transmembrane segment. Notably it contains
a single charged residue—an aspartic acid. Finally, a
highly basic sequence of 27 amino acids likely represents
a cytoplasmic tail.

The sequence predicted by the cDNA gratifyingly con-
forms to all the known properties of the a chain deter-
mined by direct analysis, and conflicts with none of them
(13). Further direct evidence that the isolated gene cor-
responds to the a chain is based on polyclonal antibodies
elicited against peptides constructed on the basis of the
cDNA sequence. Such antibodies will detect isolated o
chains with immunoblot procedures (C. Ra, J.-P. Kinet,
J- Kochan, and J. Hakimi, unpublished observations).
Although at this writing successful expression has not
yet been confirmed, there are several reasons why this
may be difficult to demonstrate in the absence of coex-
pression of the other polypeptides that comprise the
receptor (see below).

Preliminary data suggest that the cDNA for the ro-
dent a chain can serve as a useful probe to identify its
human analog (J. Kochan and J.-P. Kinet, unpublished
data). Once this is accomplished and the human « is ex-
pressed, it can obviate the current difficulties in study-
ing the binding of human IgE (see above).



Figure 2. a-Carbon backbone of human IgE Fc. Every 10th residue
is indicated by small circles and the disulfide bonds are indicated
by the larger circles. The C,; domains are at the top, the C.s do-
mains are in the middle, and the C., domains are at the bottom.
The carbohydrate moieties shown between the two C,; domains are
as they are found in human IgG Fc. From ref 9.

Unusual instability of the receptor

The a chain was initially thought to comprise the receptor
in its entirety. Measurements of the molecular weight
of the solubilized receptors in nondenaturing solvents,
labeling of the receptor with specific probes, and use of
cross-linking reagents first alerted us to the possibility
that components were being lost during the affinity
purification of the receptor. This was surprising because
we had already made a considerable effort to develop a
double immunospecific purification procedure that elimi-
nated use of conventional denaturants. We subsequently
recognized —and similar observations are now being
made in other systems—that the mild detergents com-
monly used to solubilize membrane proteins may not
always be as harmless as they are commonly thought to
be. We found that micellar detergent could dissociate the
a chains from two other types of polypeptides (8 and )
(14, 15), but that by using appropriate mixtures of de-
tergent and phospholipids throughout the purification,
the three types of polypeptide could be copurified. Sub-
sequently we determined that once solubilized, the recep-
tor would remain in solution even in submicellar deter-
gent, and at these low concentrations of the detergent,
the receptor is also substantially stabilized.

The instability of the receptor can be put to good
use. Thus, employing Triton X-114—a detergent that

separates into discrete phases at room temperature where
it forms supramicellar aggregates —we can readily dis-
sociate and separate the « from the 8 and vy chains for
preparative purposes (16). Subsequent analyses have
provided considerable structural information about the
8 and + chains (Table 1), and good progress is being made
on the the isolation of the cDNAs that code for these
chains. It is reasonable to anticipate that it will soon be
possible to cotransfect cells with the cDNAs for all three
polypeptides and in this way achieve adequate expres-
sion (see above).

What is a subunit of a membrane protein?

An interesting question raised by these findings is
whether the 8 and vy chains should be considered part
of the receptor or discrete entities. There are few useful
criteria to resolve this dilemma. One expects that subunits
of a single protein should have a simple, small-number
stoichiometric relationship to each other. In addition, we
think it appropriate to determine whether the putative
subunits are coordinately synthesized and degraded. This
has proved to be the case for the a, 8, and v chains (17).
The recent failure to obtain expression (13) now suggests
an additional criterion. If the expression of one chain
is dependent on the coexpression of others, this is strong
evidence that they should be considered as subunits of
a single receptor.

Mechanism of action

Role of aggregation

As noted earlier, the simple binding of IgE to the recep-
tor does not stimulate cells to degranulate and causes no
known perturbation. Such stimulation occurs only when
the receptor-bound IgE interacts with a multivalent an-
tigen. Because the receptor to which the IgE is bound
is mobile in the plane of the membrane, such an inter-
action automatically leads to aggregation of the recep-
tors. This latter step is the essential one as shown by the
finding that when receptors are aggregated even in the
absence of IgE (e.g., by adding a multivalent antirecep-
tor antibody), the cells are stimulated (18, 19). There-
fore, the IgE determines which antigens can activate the
cell, but mechanistically plays only a passive role.

TABLE 1. Subunits of the receptor with high affinity for IgE*

Parameter a B LY
M;, kDa 37 33 7
No. per receptor 1 1 2
Carbohydrate 30% 0 0
Amino terminus Blocked Blocked  Blocked
Amino acid composition Known® Known®  Known’
Extracellular domain 180 residues ? ?
Transmembrane segment 20 residues’ + +
Cytoplasmic domain 27 residues’ + +

“Data are for the receptor isolated from rat basophilic leukemia

cells. Ref 13. ‘Ref 12.
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Several questions arise concerning the aggregation of
the receptor: How many receptor molecules have to be
aggregated to initiate a signal? How does the number
of signals relate to the cellular response? What is the na-
ture of the signal or signals and what is the role.of the
receptor in generating them?

Several years ago we attempted to define the minimal
unit signal, i.e., the number of receptors that must be
aggregated in any single complex to generate a response
(20). For this purpose, we used preformed oligomers of
IgE, i.e., dimers, trimers, and oligomers of higher multi-
plicity. We examined which of them would initiate de-
granulation or, in more recent studies (21), would activate
one of the biochemical perturbations that has been impli-
cated in the sequence of events leading to secretion. Un-
der favorable circumstances such studies showed that
dimers were sufficient, although higher oligomers stimu-
lated the cells more vigorously. Recent observations by
Menon et al. (22) show that the interpretation of such
studies is not as straightforward as originally thought.
Thus it appears that even small aggregates of receptors
can spontaneously aggregate with each other. Therefore,
although dimers of IgE, which generate dimers of recep-
tors, are capable of initiating degranulation, the mecha-
nistically important aggregate could be larger. On the
other hand, there are considerable data to suggest that
only a small fraction of the total available receptors need
to be aggregated to obtain a substantial, even maximal,
cellular response.

Nature of the signal

A variety of cellular alterations have been implicated as
early events initiated by the receptor (Table 2). The evi-
dence for their involvement stems in part from results of
experiments employing inhibitors, e.g., the use of pro-
tease inhibitors or inhibitors of methyl transfer reactions.
In other experiments, increases in incorporation of label
into metabolites have been observed, e.g., into labeled
inositol phosphates. The nature of the early signals in-
itiated by the receptor is currently hotly debated and ana-
lyses of some of the contadictory claims have been pub-
lished (7, 23). Here we discuss only some general aspects
as well as a few selected items—in both cases focusing
on questions that remain unresolved.

One of the principal barriers to exploring the function-
al questions is the lack of suitably simple preparations.
Thus essentially all of the published work has been per-
formed on intact cells, making it difficult or impossible
to determine whether certain phenomena are direct or
indirect consequences of the action of the receptor.
Elaborate flow diagrams have been published illustrating
a complicated array of biochemical reactions that are
postulated to occur in the plasma membrane, but no
membrane preparations that exhibit a quantitatively
meaningful amount of activity have been reported. Ob-
taining such preparations to examine rigorously the
receptor-mediated events deserves highest priority.

A further lack is the failure to identify other molecules
that mediate some of the reported activities. The one pos-
sible exception stems from the work by Pecht and his col-
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leagues on the so-called cromolyn-binding protein. Else-
where we have summarized and critically evaluated these
studies (7), and in the 2 years since that analysis was writ-
ten, little further clarification has been published. These
workers claim to have isolated a protein whose interac-
tion with the aggregated receptor for Ing leads to the
formation of a channel permeable to Ca*". The work has
not yet been published in a manner that can be repro-
duced by others, and furthermore other workers have
been unable to observe such channels with patch-clamp
techniques (24, 25). Nevertheless, studies employing **Ca
suggest that influx of Ca?" is a prominent feature of recep-
tor activation (26).

A substantial biochemical signal initiated by the receptor,
one that is readily reproduced, is the hydrolysis of phos-
phoinositides into diacyl glycerol and inositol (poly)phos-
phate(s). This reaction is currently being explored in
depth because there is evidence that it represents one
of the earliest perturbations initiated by the receptor (23,
27). By analogy with other systems where inositol phos-
phates are generated, one anticipates that the receptor
should interact with a GTP-binding protein, which in
turn activates a phospholipase C (28). Isolation of these
components and reconstituting them along with the
receptor are the necessary next steps toward understand-
ing this aspect of the receptor’s function.

In general, such studies offer an attractive alternative
approach to developing a therapy for allergic reactions.
Because the receptor is found only on mast cells and
basophils and does not appear to serve a critical homeo-
static function, interfering with its action should lead to
few side effects. Furthermore, by such inhibition one
could hope to abort allergic attacks rather than only pre-
vent them (cf. above).

OTHER PROTEINS THAT BIND IgE

Structure

Three other proteins that bind the Fc region of IgE have
been identified and their putative cDNA has been cloned
(Table 3). Each is distinctive and none resembles the IgE-
binding chain of the high-affinity receptor. Liu and col-
leagues fractionated mRNA from rat basophilic leuke-
mia cells and obtained a fraction that, when injected into
frog oocytes, appeared to code for a 31,000-Da protein
with IgE-binding capacity. A cDNA was subsequently
isolated whose coding sequence predicts a 27,573-Da pro-
tein (29). The predicted amino acid sequence is com-
pletely different from that predicted by the cDNA we have
isolated. Similarly, the composition predicted for the Liu
protein is very different from that experimentally deter-
mined for any of the subunits of the high-affinity recep-
tor. An amino-terminal domain shows distinctive repeti-
tive sequences of nine amino acids rich in proline, glycine,
and alanine. There is no apparent signal sequence and
none for a transmembrane segment. The nature of this
protein, its tissue distribution, and its funtional role are
still uncertain.

Three groups independently isolated a cDNA from
the human B lymphoblastoid line RPMI-8866 that ap-

7



TABLE 2. Early events stimulated by the receptor with high affinity for IgE*

Phenomenon Comment

Very rapid; molecular
basis undefined

Possibly through
interaction with actin

Morphological changes
Immobilization of receptors

Unlikely to be required
for secretion

Internalization of receptors

Based exclusively on
studies with inhibitors

Activation of serine protease

Stimulation of lipid methylation Controversial

Stimulation of adenylate cyclase Not observed with some

cells

Good correlation with
aggregation of
receptors

Hydrolysis of phosphatidylinositides

Rise in intracellular Ca® Mechanism(s) controver-

sial; insufficient alone
to stimulate secretion

“Citations for each of these phenomena are found in ref 7. See also
ref 23.

pears to code for a receptor with low affinity for IgE
(30-33). The cDNA predicts an amino acid sequence
of 321 residues. This protein, like the transferrin recep-
tor and a few other membrane proteins, appears to be

TABLE 3. Cellular Fc receptors for which cDNA has been isolated

oriented such that the carboxy terminus is on the out-
side of the cell. This sequence shows considerable ho-
mology to chicken hepatic lectin.

A third protein has been identified by Ishizaka and
colleagues on T lymphocytes, and a cDNA has been
cloned that appears to code for it (33). Its sequence of
556 amino acids is distinct from that of the proteins al-
ready referred to and is unrelated to any previously
described proteins other than polymerases of several
retroviruses. Although the IgE-binding factor it codes
for is immunologically related to a cell-bound T lym-
phocyte receptor, the cDNA so far isolated does not con-
tain an obvious transmembrane segment.

Role in B cell differentiation

The aforementioned B and T lymphocyte proteins that
bind IgE (and related ones that similarly bind other im-
munoglobulins) are of particular interest because of their
apparent role in regulating production and secretion of
immunoglobulins of the homologous isotype. In turn,
the expression of these receptors or binding factors ap-
pears to be regulated by the concentration of the homolo-
gous isotype in the extracellular fluids. The molecular
mechanisms of these fascinating regulatory circuits will
be challenging to explore. This suggests a subtle role for
the Fc regions of antibodies that has only recently been
anticipated (5).

Location Sequence length
of amino Transmembrane
Protein Ref Ligand Cells terminus Total domain Comment
High-affinity receptor, 13 IgE Mast cell, External 227 20 Two presumptive
a chain basophil disulfide loops
homologous to
immunoglobulins
IgE-binding 19 IgE RBL,? other No data 262 ? Repetitive sequences
rich in proline,
alanine, glycine
Low-affinity IgE 30-32 IgE B lymphocyte, Internal 321 23 Homology to hepatic
receptor ? other lectin
IgE-binding factor 33 IgE T-lymphocytes No data 556 ? Homology to
retroviral
polymerases
Receptor for IgG
a 34 IgG Macrophage External 231 20 Two presumptive
disulfide loops
homologous to
immunoglobulins
B 34 IgG Macrophage, T External 300 26 Extracellular portion
lymphocyte highly homologous
to o
B2 34 IgG Macrophage, T External 254 26 Identical to 8, except
lymphocyte for missing 138
residues in
presumed
intracellular
domain
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Fc RECEPTORS FOR IgG

Structure

There is evidence for a wide variety of membrane pro-
teins that bind immunoglobulins other than IgE. The
most detailed information is available for two of these: a
receptor with moderate affinity for IgG on macrophages
(and a related one on T lymphocytes) and a receptor on
epithelial cells for polymeric immunoglobulins (see be-
low). Ravetch et al. have isolated three discrete cDNAs
from libraries prepared from mouse macrophages and T
lymphocytes that code for highly homologous membrane
proteins and that function as Fc receptors for IgG (34).
One cDNA was derived from an mRNA that is expressed
only in macrophages and was dubbed «. Its deduced
amino acid sequence suggests a signal peptide, an amino-
terminal extracellular domain of 185 residues, a trans-
membrane segment of 20 residues, and a carboxy-
terminal cytoplasmic tail of 26 residues. The extracellular
and transmembrane domains (but not the cytoplasmic
tail) of this murine protein show substantial homology
with the corresponding segments of the IgE-binding
chain of the rat high-affinity receptor (see above). There
is a 50% overall homology at the nucleotide level (~30%
at the amino acid level) and even greater homology in
selected areas such as in the amino terminus of the extra-
cellular domain and in the transmembrane portion. The
latter contains an aspartic acid residue and is surrounded
by eight amino acids that are identical to those in the
corresponding domain of the IgE-binding sequence. Like
the IgE-binding chain, there are two presumptive shortened
disulfide loops in the extracellular domain and these are
moderately homologous to immunoglobulin sequences.
The two related sequences 3, and B, (see also refs 35
and 36) are found in T lymphocytes and macrophages.
They have identical extracellular domains that are 95%
homologous over a 170-residue stretch with the o se-
quence. However, their identical transmembrane seg-
ments and related cytoplasmic tails are totally different
from the analogous portions of a.

It is noteworthy that although it has been possible to
express the B, gene, this has not been possible with the «
gene. Perhaps the same factors that have so far precluded
expression of the IgE-binding subunit of the high-affinity
receptor may account for the failure to express the & gene
of the IgG receptor. Conceivably the aspartic acid residue,
in the transmembrane segment, must be neutralized by
a positive charge in the transmembrane segment on one
of the known subunits of the IgE receptor, or on an as-
yet-unidentified subunit of the IgG receptor.

Fernandez-Botran and Suzuki (37) have attempted to
characterize the Fc receptors on the same line of T lym-
phocytes used by Ravetch et al. (34), as well as on the
P388D, murine macrophage-like line. Their preparations
seem heavily contaminated (figure 2 in ref 37). The
amino acid composition of the protein they character-
ized (38), whose peptide molecular weight most closely
equals that predicted for the protein coded by 8,, bears
no relationship to the latter. Furthermore, Ravetch et al.
failed to find a 8; mRNA in the P388D, line (34).
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Function of IgG receptors

The functional role of the proteins encoded by 8, and
B2 on lymphocytes is uncertain. Possibly they represent
the Fc receptors (and generate the IgG-binding factors)
that regulate IgG production as has been described for
the IgE-binding proteins on B and T cells (above). How-
ever, it is curious that there is no corresponding structur-
al resemblance to the lymphocyte IgE-binding proteins.
The functional role of the 8 and a proteins in macro-
phages is also not clear although here they likely stimulate
phagocytosis, lysosomal enzyme release, and arachidonic
acid metabolism. Macrophages have previously been
shown to express three receptors for IgG that have dis-
tinctive isotypic specificity. How these relate to o, 8,, and
B2 has not yet been clarified. Although the receptor that
is specific for IgG, and IgG,, reacts with a widely used
monoclonal antibody called 2.4G2 and this same antibody
reacts with transfected 8, (and presumably with 8,, be-
cause the latter has an identical extracellular portion),
further studies are needed. Young et al. (39) incorporated
isolated receptors from macrophages into liposomes.
When immune complexes were added, they observed the
opening of Na* channels (39). No further studies of this
phenomenon have appeared and its functional signifi-
cance is uncertain. Fernandez-Botran and Suzuki originally
proposed that their preparations had intrinsic phospholi-
pase A, activity although more recent publications refer
to this activity as merely associated (38). The availability
of the genes that presumptively code for these proteins may
now allow a more rigorous assessment of these phenomena.

Fc RECEPTORS THAT TRANSPORT ANTIBODIES

So far, all of the Fc receptors we have considered appear
to participate in either the regulation of antibody synthe-
sis or in the recruitment of effector systems during an
immune response. An additional family of Fc receptors
appears to function as part of the normal biosynthetic
pathway by which antibodies are delivered to where they
can fulfill their intended activity. The best characterized
is a receptor found at the basolateral membrane of
epithelial cells that transports polymeric immunoglobu-
lins (immunoglobulins A and M) through the cell and
across the apical membrane (40). There a protease cleaves
the receptor so that the noncovalently or covalently bound
immunoglobulin is released with an attached fragment
of the receptor, the secretory component. Like the IgE-
binding chain of the high-affinity receptor and the IgG-
binding chain of the IgG receptors, the receptor for poly
Ig has repeating immunoglobulin-like domains. However,
all five are of standard length and are not truncated like
those in the aforementioned receptors for IgG and IgE
(above). There is no evidence that these receptors are
activated when interacting with the antibody. There are
functionally related receptors for transporting IgG across
various epithelial cells but molecular analysis of these is
still in its infancy. The molecular mechanisms employed
by the cells to direct the receptor and subsequently the
receptor-Ig adduct to the appropriate membranes are of
great interest.



CONCLUDING REMARKS

Molecular genetic techniques now permit rigorous com-
parative studies of the family of proteins that share the
property of binding to the Fc region of immunoglobulins.
It is already clear that this is a polyglot family whose
diverse functional language is mediated by a correspond-
ingly diverse set of structures. All except those whose prin-
cipal function is transcellular transport require activa-
tion. Where available, the evidence suggests that this
stimulation is engendered by aggregation of the receptor.
It might be supposed that this common requirement
would reflect some common structural motif in either
the transmembrane or cytoplasmic domains, but such
a pattern has not emerged. It is possible that the diver-
sity of these domains reflects the diversity of other cellular
proteins that are activated by the different receptors. An
interesting alternative explanation is that the transduc-
tion elements of these receptors have not yet been
identified. The only Fc receptor that has been demon-
strated to consist of multiple subunits is the receptor with
high affinity for IgE. The non-Ig-binding subunits of this
receptor initially eluded detection because they dis-
sociated during purification. It is possible that some of
the other proteins described here are likewise only the
ligand-binding part of the receptor and that the mechan-
istically important components remain to be discovered.
An analogy may be drawn with the only protein whose
activation by binding to antibody aggregates is relatively
well understood: the C1 protein of the classical comple-
ment pathway referred to in the introduction (4). This
oligomer of 22 polypeptide chains may presage the com-
plexity with which we may ultimately have to cope in
order to understand the world of Fc receptors.

One of the hallmarks of quantum progress in a field
is when it becomes possible to analyze the important
molecules and not just phenomena. The field of Fc recep-
tors is now at this stage. Using the molecular knowledge
to explain the phenomena will be the next step.  [Fj]
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