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INTRODUCTION 

+6748 

Immunoglobulins are multichained glycoproteins synthesized by all verte­
brate species, which serve as the fundamental recognition units in immune 
reactions. In such reactions they serve a dual role. One role is to serve as 
receptors, stimulation of which initiates the immune response to a particu­
lar antigen. This stimulation can result in both a proliferation of antigen­
specific lymphocytes and differentiation of lymphocytes into plasma cells 
that secrete antigen-specific immunoglobulins ("antibodies"). 

A second role of immunoglobulins is to serve as the effector substances 
which, upon interaction with the antigen, ultimately lead to disposal of the 
latter. Antibodies have no capacity to degrade or alter irreversibly the 
offending antigen. A variety of indirect mechanisms are utilized instead. For 
example, antibodies directed to surface antigens on a cell may destroy the 
cell by initiating a complex interaction involving the set of proteins collec­
tively called complement (1). Complement activation can directly damage 
cell plasma membranes leading to cytolysis. In other instances, particles 
coated with antibodies may become phagocytosed with subsequent degrada­
tion occurring in the phagocyte's lysozomes (2, 3). Still another mechanism 
(with which I deal in greater detail) involves adherence of antibodies to 
cells, exposure of which to the antigen initiates exocytosis of granules from 
the cells (4). The contents of these granules stimulate a variety of reactions 
that can be loosely grouped as inflammatory. These reactions are apparently 
directed to the removal of the antigen by nonspecific means. 
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428 METZGER 

In this review, I describe what is known about how immunoglobulin 
molecules interact with antigens and how this interaction leads to the 
consequences discussed above. Much more is known about the former than 
about the latter. Several of the topics discussed have been the subjects of 
separate recent reviews. The literature cited is therefore meant to be illustra­
tive rather than exhaustive. 

GROSS STRUCTURE OF ANTIBODIES 

Almost all the information we have about the structure of antibodies is 
derived from analyses of immunoglobulins secreted by cells. Historically 
the first molecules studied were those whose production was stimulated by 
immunization with specific antigens (5). The ability to;;'perform detailed 
analyses was considerably enhanced as it became recognized that the, prod­
ucts of neoplastic plasma cells-or plasma-like cells-'-were antibody-like 
(6). In diseases such as multiple myeloma or Waldenstrom's macro­
globulinemia the serum may contain vast amounts of homogeneous -im­
munoglobulins, which can be isolated readily, sequenced, and even 
subjected to crystallographic analysis (7-9). In this section I summarize 
those aspects of immunoglobulin structure necessary to understand how 
these proteins function. Detailed descriptions are available (e.g. 10, 11). 

Chain Structure 

As already mentioned, immunoglobulins are multichained. They can be 
described by the formula (HLhn. In most instances n = 1; that is, there are 
four chains. In two "classes" of immunoglobulins, higher polymers are 
formed: n = 2 or 3 in some IgA and n = 5 in most IgM proteins. As 
suggested by the formula, an individual immunoglobulin shows 2n-fold 
symmetry. 

LIGHT CHAINS L in the formula signifies light chains. These have a 
molecular weight of approximately 23,000. Two major classes are found in 
many species: K and A. There are no known functional correlates that can 
be assigned to these two classes. Moreover, since in several species one of 
the classes is practically absent (12) without an apparent deficiency of 
immune responsiveness, it is unlikely that the classes have contemporary 
significance. Light chains have an internal repeat structure consisting of two 
globular units ["domains" (13)] each about 110 amino acids long. While the 
amino acid sequences of the two units show only a distant relationship, the 
three-dimensional structure exhibits a fundamental similarity (14) referred 
to as the immunoglobulin fold. The 11O-amino acid unit at the amino 
terminal end shows great sequence diversity and is termed the variable 
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ANTIBODY-MEDIATED ACTIVATION 429 

domain of the light chain (yd. The variability in V L is not random; several 
short "hypervariable" stretches are interspersed among more invariant 
"framework" sequences (15, 16). While linearly separated in the primary 
sequence, the hypervariable stretches are brought together spatially by the 
three-dimensional folding of the V L domain. The carboxy-terminal unit 
( Cd is almost invariant among chains of the same class. 

HEAVY CHAINS The H chains of immunoglobulins have a structure rem­
iniscent of that of L chains. There is an internal repeating structure of four 
or five globular domains, each again about 110 amino acids in length. The 
unit at the amino-terminal end shows a distinctive sequence variability 
much like that of VL and is termed VH. The remaining domains show more 
obvious sequence homology to each other. Each is folded into the character­
istic immunoglobulin fold pattern. These domains are referred to as CHI,  
CH2, CH3, and where present CH4. 

In humans there are nine classes of heavy chains; seven (yl;y2,y3,y4, 
al ,a2, and S) have three CH domains, while two (,.,. and e) have four. Other 
differences among heavy chain classes include class-specific constant region 
sequence differences and carbohydrate side chains. In addition, all except 
the,.,. and e chains have an additional stretch of amino acids which is 
interposed between two C domains. The sequences of these extra segments 
bear no obvious relationship to the sequences in the domains. These seg­
ments are referred to as the "hinge" regions (17) because there is a variety 
of evidence suggesting that they serve as the principal site of flexibility in 
the immunoglobulin (18). The hinge regions of the different classes of 
immunoglobulins are distinctive ( Table I). There are no known functional 
correlates to these variations. 

Table 1 Comparison of hinge regions of human immunoglobulins 

Length of 
Immunoglobulin amino acid Number of Number of Location of hinge 

class residuesa cysteines pro lines or flexible interface 

IgGI 18 3b 5 CHI :CH2 
IgG2 15 4 4 CHI :CH2 
IgG3 65 11 22 CHI :CH2 
IgG4 15 2 5 CHI :CH2 
IgA 25 3 11 CHI :CH2 
IgM oc 1 CH2:CH3d 
IgE oc 2 CH2:CH3 

aSee Reference (19). Residue 216 (20) was used as the starting point. Data on IgG2 
and IgG3 from References (21,22) respectively. 

bOne of these contributes to the heavy-light chain disulfide. 
cNo apparent hinge sequence. 
dThere is also evidence for flexibility at the CHI :CH2 interface (23). 
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430 METZGER 

Topology of Domains 
Most immunoglobulins have at least one disulfide bond that links each light 
chain to a heavy chain and one disulfide that links the two heavy chains to 
each other. The exact sequence position and number of these interchain 
disulfides vary for the different classes. Nevertheless, the available informa­
tion suggests that they are similarly arranged in space. While undoubtedly 
stabilizing the overall structure of the molecule, in many instances mild 
reduction, which selectively cleaves these interchain disulfide bonds ( leav­
ing the intrachain disulfides intact), causes no gross chain dissociation. The 
domains are topologically arranged as follows ( proceeding from the amino 
terminal ends): V L: V H, CL: CH 1, CH2: CH2, CH3: CR3, and when present 
CH4: CH4. The structure is Y -shaped with the arms formed by the two 
"Pab" regions (V L: V H, CL: CH 1) and the leg ( Pc region) formed by the 
remaining heavy chain constant region domains ( 24). 

Combining Sites 
Since antibodies have no known intrinsic capacity to irreversibly affect the 
antigens to which they bind, it is clear that they must interact with two 
classes of substances: antigens and effector substances. The latter I refer 
to by the general term receptors. I discuss the justification of this term 
below. 

COMBINING SITES FOR ANTIGENS The combining sites for antigens on 
antibodies have been defined in considerable detail (9). The stoichiometry 
is one site per heavy chain-light chain pair. In IgG, ( HL)z, there are two 
such identical sites; in IgM, ( HL)IO, there are ten. Each site forms a depres­
sion at the tip of a Fab region. The walls of the cavity are largely formed 
by the hypervariable regions of V L and V R. It is the spatial arrangement and 
chemical nature of the side chains of the amino acid residues in the hyper­
variable regions that account for antibody specificity. Though in some 
instances charge-charge interactions may play a role, mostly cooperative 
weak interactions account for the free energy of binding ( 25, 26). In several 
instances, there is evidence that small conformational changes in either the 
antigen (27) or the combining site ( 2 8) enhance complementarity ( induced 
fit). In favorable circumstances the AG of binding can be < -9 kcal though 
'" -7 kcal is more commonly observed. The combining sites vary in size 
encompassing, e.g. 2-6 monosaccharide or amino acid residues ( 10). The 
kinetics of binding are unremarkable; the first-order dissociation rate con­
stant usually determines the relative magnitude of the equilibrium constant 
( 29, 30). To the extent that information is available there is nothing unique 
about antibody-combining sites for antigens compared to the combining 
sites for ligands on other proteins. 
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ANTIBODY-MEDIATED ACTIVATION 431 

COMBINING SITES FOR RECEPTORS Immunoglobulins are known to 
interact physiologically with three substances other than those required for 
the biosynthesis, physiological transport, and degradation of the polypep­
tide chains. One of the three is J chain, an -15,000 molecular weight 
polypeptide associated with the polymeric forms IgM and IgA (31). It is 
likely that J chain contributes to the polymerization process; other func­
tions for it are more speCUlative (3 1). A second substance is secretory 
component-a 70,000 dalton glycoprotein which is associated with im­
munoglobulins found in secretions (32). Its likely role is to protect the 
immunoglobulin from premature degradation. Both J-chain and secretory 
component are associated with the Fc regions. Finally there is the class of 
substances referred to here as receptors. By this term I mean those entities 
that upon interaction with antigen-antibody complexes stimulate some 
form of effector system. The extent to which these receptors have been 
defined and characterized is quite variable. In one instance, the classical 
complement system, the receptor (Clq) has been visualized by electronmi­
croscopy (33, 34) and detailed structural analysis is proceeding rapidly (35). 
At the other extreme, e.g. the receptor for endogenous immunoglobulin on 
B-Iymphocytes, the existence of a receptor can only be inferred and even 
that inference is not accepted by some (see section on B lymphocytes). 

With only one well-documented exception, the evidence suggests that the 
receptors of various effector systems interact with the Fc region of immuno­
globulins. The one documented exception is the "alternate" complement 
pathway, activation of which can be mediated by Fab regions (36). 

The sites of interaction between receptors and the Fc regions of antibod­
ies are as yet only poorly defined. There is considerable evidence that Clq 
interacts principally with the CH2 regions on IgG molecules (37-39), and 
a 62 amino acid peptide from this region shows substantial Clq binding 
activity (40). Tryptophans have been implicated in the interaction (39, 41, 
42). Active peptides derived from the CH4 domain of IgM have been de­
scribed (43). As discussed elsewhere (44), the significance of this finding is 
uncertain. 

Mast cells have receptors for IgE and there is indirect evidence that the 
penultimate CH3 domains of the E-chains are involved (45). The evidence 
for a combining site on a pentapeptide sequence from the CH2 region of the 
E -chains (46) is very doubtful (47). 

A variety of cells contain so-called Fc receptors, that is, plasma-mem­
brane components that bind antigen-antibody complexes via the Fc of the 
antibodies. There is evidence for CH2, CH3, or both CH2 and CH3 being 
involved (48). The apparent discrepancies remain unresolved. 

The cells (B-cells) from which the antibody secreting cells (plasma cells) 
are derived have immunoglobulins on their surfaces whose specificity is 
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432 METZGER 

identical with that of the antibody which the daughter cell(s) will produce. 
There is evidence that most of the Fc region of the surface immunoglobulin 
on B-cells is exposed [reviewed in reference (49)]. This suggests that only 
the carboxy-terminal region of the surface immunoglobulin reacts with the 
putative cell receptor. 

COMBINING SITE INTERACTIONS 

Structural Studies 

DOMAIN INTERACTIONS It is clear from the previous discussion that 
the combining sites on antibodies for antigens are spatially removed from 
the combining sites for the receptors of effector systems. It is therefore 
appropriate to consider how these combining sites and the domains in 
which they reside may interact. 

Trans interactions Trans interactions are the interfaces between �omains 
lying on alternate sides of the axes of pseudosymmetry between the heavy 
and light chains and the axis of symmetry between the carboxy-terminal 
halves of the heavy chains. These interactions are with one exception strong; 
however, direct studies are still limited. 

The V L and V H domains interact so strongly that noncovalently bound 
"Fv" fragments consisting of one VL and one VH can be isolated (50). The 
antigen-binding properties of such fragments are little different from those 
of the intact antibodies. This suggests that the three-dimensional structure 
of the two domains is well maintained. 

The CH 1 and CL domains face each other over a broad interface. There 
are numerous close interactions as determined directly in several X-ray 
analyses (7, 8). The interface between CH3 domains is very similar to that 
between CH 1 and CL (24, 5 1). Selective cleavage of the heavy chains amino­
terminal to the CH3 domains yields a dimeric fragment (CH3)z whose non­
covalently bound domains cannot be dissociated from one another without 
denaturants (52). 

The only domains that are known to have weak or even mildly repulsive 
interactions are the CH2 domains. There is evidence that in the absence of 
interchain disulfides these domains can, and perhaps prefer to, spread apart 
(52-54); however, the disulfide bond(s) can be reformed by deliberate oxida­
tion. 

Cis interactions While there is ample evidence for significant interactions 
between domains normal to the long axis of the molecule, longitudinal or 
cis interactions are much fewer. The X-ray data indicate· few interactions 
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between VL and CL or VH and CHI in the Fab regions (7,8). Furthennore, 
the angle formed by the axes of pseudosymmetry between V L and V Hand 
CL and CHt is quite variable (24). 

There is a striking lack of evidence for cis interactions between the 
carboxy-terminal domains of Fab (CL and CHI and the amino terminal· 
domains of Fc (CH2). In the most intensively studied immunoglobulins­
IgG-a hinge region separates these domains (Table 1). It is here that the 
well known ready cleavage of immunoglobulins by proteases occurs. By a 
variety of criteria the fine structure of the resulting fragments is unchanged 
by this cleavage. Moreover, the fragments produced, Fab and Fc, show no 
tendency to associate. 

Some data suggest that CH2 and CH3 interact strongly (55); however, 
other data do not support this (56, 57). In any case, such interactions do 
not appear to perturb the basic structure of the individual domains substan­
tially. 

ANTIGEN-INDUCED CHANGES While the study of domain interactions 
in immunoglobulins can provide valuable clues about the likelihood of 
combining site interactions, the results are usually too imprecise to permit 
one to predict accurately whether such interactions actually occur. A more 
reliable approach is to search for ligand-induced changes directly. In this 
section I consider changes in the structure of immunoglobulins induced by 
ligands; in the following sections, I consider changes in the functional 
propert�es of the combining sites themselves. The older data as well as the 
results of more recent studies have been reviewed in detail (44, 58) and I 
limit my discussion here to a description of the methods used and a sum­
mary of the principal findings. 

Direct studies, e.g. by X-ray diffraction analyses of myeloma proteins in 
the presence and absence of antigen-like ligands, have failed to detect 
changes in conformation (9). These studies have so far been limited to an 
investigation of Fab fragments. Nonetheless, if the Fab regions do not 
change it is hard to imagine that the Fc regions in the intact molecule would 
change unless cleavage of the molecule into its Fab and Fe regions itself 
would produce a liganded conformation. This was in fact proposed by 
Huber et al (59). These workers raised the possibility that antigen-induced 
changes in the Fab regions would lead to altered Fab: Fc interactions 
through a shortening of the hinge regions. The failure to observe the anti­
gen-induced changes in the isolated Fab regions was explained by postulat­
ing that they were already in the liganded form as a result of the proteolytic 
cleavage used to produce the fragments. The authors made two predictions 
that posed critical tests of their theory. One was that the Fab (and the Fc 
regions) would be different in the intact versus the cleaved molecule. The 
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434 METZGER 

second prediction was that antigen should induce a change in the rate with 
which the hinge region can be cleaved by proteases or the rate at which 
hinge region disulfides can be cleaved by reducing agents. Both predictions 
appear to have been wrong (24, 60), and there is really no direct evidence 
for this theory. This theory potentially explained the unusual findings of 
Pilz et al (6 1, 62). These workers, using low angle X-ray scattering, de­
scribed antigen-induced changes in the calculated radius of gyration of 
antibody but not in the radius of gyration of the isolated Fab fragments. The 
failure to find support for the theory of Huber et al leaves the results of the 
scattering studies unexplained. 

Other indirect studies by a wide variety of physicochemical techniques 
(optical rotatory dispersion, circular dichroism, circular polarization of 
luminescence, depolarization of fluorescence, fluorescence, electron spin 
and nuclear magnetic resonance, neutron scattering, hydrogen exchange, 
immunochemical analysis) have failed to detect changes in Fc due to anti­
gen binding, have detected changes that cannot be clearly assigned to the 
Fc regions, or have failed to document that the observed changes are 
stoichiometrically correlated with antigen combining site saturation (44, 
58). 

Functional Studies 

ACTIVATION BY ANTIGENS The most direct way to study the effect of 
antigen binding on the interaction of antibody with receptors is to look for 
functional correlates. It has long been known that a variety of effector 
systems are optimally stimulated by antigen-antibody complexes consisting 
of more than one antibody molecule. What has been uncertain is whether 
the aggregation of antibody molecules (0) provides the critical signal per 
se, (b) is important only indirectly (aggregation being required to initiate 
or enhance conformational changes), or (c) is incidental. 

An apparent exception to the rule that antibody aggregates are required 
for optimal responses is the observation that single molecules ofIgM appear 
to be capable of initiating the classical complement cascade upon interac­
tion with antigen (63). This is more of a semantic exception than a real one. 
Since effector system receptors interact with the Fc regions it is aggregation 
of the Fc regions with which we are concerned. IgM contains five Fc regions 
per molecule and in this case Fc aggregation may still be of importance. In 
this instance the aggregation would be an intro- rather than inter-molecu­
lar. 

All of the older and much of the recent data are consistent with a failure 
of antibodies to activate effector systems unless the Fc regions of two or 
more antibody molecules are aggregated. The results of two recent investi­
gations appear to be exceptions. In the first, an apparently monofunctional 
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antigen stimulated complement interaction with IgM antibodies (64). There 
are two unusual aspects to these and related experiments. First though the 
antigen may be monovalent it must be large-much larger than conceivably 
necessary to fill the antigen-combining site. Second, the stoichiometry does 
not seem appropriate. Optimal interaction with complement occurred un­
der conditions where apparently only a minute fraction of the antigen­
combining sites should have been saturated (44). 

In the second study a bivalent antigen was used-an artificial dimer of 
the "loop" sequence of chicken lysozyme (65). Upon interaction with IgG 
antibodies several phenomena occurred that led to the proposal that a 
circular complex between the bivalent antigen and single bivalent antibodies 
occurred. Substantial additions of antigen did not appear to disrupt the 
postulated circular complexes. Nevertheless, the interaction with comple­
ment observed with such complexes was remarkably sensitive to excess 
antigen. Thus, in its functional properties this system behaves just like other 
systems where aggregation of antibodies appears to be critical. I can only 
conclude that the exceptional findings of Brown and Koshland (64) and 
Pecht et al (65) need further clarification before their more general signifi­
cance can be evaluated. 

ACTIVATION WITHOUT ANTIGENS The importance of aggregation is 
suggested by the finding that aggregation of antibody Fe regions by what­
ever means can stimulate effector systems. Aggregation induced by heating, 
cross-linking reagents, and antibodies to antibodies have all been found 
effective (66---68). Moreover, the same results can be obtained with isolated 
Fc regions. Thus neither antigens nor the antigen-combining sites of anti­
bodies are required. 

The principle of parsimony leads me to conclude that the aggregation is 
the critical event per se. I think it unlikely that in all the procedures used 
to aggregate the antibody, a similar specific conformational change occurs 
in the Fc regions. Others conclude differently (reviewed in 69). 

MECHANISM OF ANTIBODY-MEDIATED 
ACTIVATION 

In some systems (e.g. complement), receptor binding is promoted by com­
plexing of antigen with antibody. In others (e.g. the IgE-mast cell system) 
the receptor interacts with the antibody in the absence of antigen, but the 
system is not activated unless the antibody becomes aggregated. 

Regardless of whether the antibody is simply aggregated or aggregated 
and conformationally changed, several possibilities can be envisioned with 
regard to the role of the antibody in the subsequent events. 
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Alternative Mechanisms 
One, possibility is that the antibody is directly involved. It may be, for 
example, that the aggregated or aggregated and altered Fc regions become 
enzymatically active. Alternatively, the altered Fc regions might inter­
act with a new component and changes in the latter might generate the 
signal. 

A second possibility is that the antibody is only very indirectly involved, 
that it is the receptor that binds to the antibody which plays the critical role. 
A clear choice between these major alternatives can now be made in one 

; antibody-mediated system: the IgE-mast cell system. 

IgE-Mast Cell System 
IgE is a four-chained immunoglobulin whose epsilon (e) heavy chains have 
four constant region domains (70). Like all other immunoglobulins it is 
secreted by plasma cells. Its unique property is its ability to bind with 
exceedingly high affinity to mast cells or the related peripheral blood baso­
phils (71). The binding is via the Fc region, and by itself is not known to 
perturb the cell to which it is bound. Since the Fc regions of IgE are the 
same regardless of the specificity of the antigen-combining sites in the Fab 
regions, a single mast cell may bind antibodies of a variety of specificities. 
As many as 106 IgE can bind specifically to the surface membrane (72). Any 
manipulation that leads to surface aggregation of the IgE Fc regions [cross­
linking by antigens (73), bifunctional reagents (74), anti-1gB (75), and 
lectins (76)] stimulates the cells to undergo degranulation. Other, nonanti­
body reagents can also trigger the cells (77). In some of these studies it has 
been shown that the cells are compartmentalized in that local, partial, 
degranulation can occur (78, 79). It appears likely that IgE-mediated stimu­
lation is similarly compartmentalized so that multiple stimulatory events 
over the cell surface may be necessary to achieve maximal release. It has 
recently been demonstrated unambiguously that dimers of 19B (prepared 
with bifunctional cross-linking reagents) are fully capable of initiating indi­
vidual stimulatory events ("unit signals") (73). The cell component that 
binds IgE to the cell surface is being studied by several groups. It is a 
glycoprotein 5-10 X 1()4 daltons in mass and behaves like an integral mem­
brane protein (reviewed in 80). Importantly, it is functionally univale�t; one 
molecule of receptor binds only one molecule of 19B. Thus when 19B is 
aggregated, there is a stoichiometric aggregation of the receptors. Using 
antibodies directed to the receptor, it has recently been shown that mas­
tocytoma cells grown in the total absence of JgE can be triggered by (bivalent) 
antireceptor antibodies (8 1). IgE blocks the antireceptor-induced release. 
Similar studies on normal cells have yielded similar results (82, 83). While 
the latter cells contain some IgE on their surfaces, control studies suggested 
no role for the IgE in the antireceptor-stimulated degranulation. 
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Thus in this system, the antibody appears to function exclusively as a 
mechanism by which specific antigens can aggregate ( dimerize) receptors. 
No other role for the IgE must be invoked. 

Complement 

The importance of aggregation of antibodies in antibody-mediated comple­
ment activation has already been referred to. In the classical pathway, this 
involves the interaction of Clq with antibody. By unknown mechanisms Clr 
and CIs, components attached to Clq, are activated leading to proteolytic 
conversion of inactive CIs to active CIs by Clr. Activated CIs is itself a 
protease that reacts with subsequent components. It is uncertain whether 
the initial activation requires the participation of specific regions on the 
immunoglobulin other than those directly involved in binding Clq. There 
are some data that suggest that simple interaction of Clq is inadequate (42); 
however, in those experimental manipulations it is possible that changes in 
the topology of the combining sites were affected. These changes may have 
been responsible for the failure to observe complement activation in the face 
of unaltered Clq binding. It would be interesting to test whether cross­
linking of the combining sites for antibody on Clq ( e.g. with antibodies 
directed to those regions) would result in CI activation. 

B Lymphocyte 

Another system of paramount interest to immunologists is the B-Iym­
phocyte. As indicated previously these cells have surface-bound immuno­
globulin which they themselves produce. (This is in contrast to the mast 
cells referred to above, in the section on the IgE-mast cell system, which 
do not synthesize the IgE bound to their surface membranes.) The surface 
immunoglobulin on the ontogenetically most primitive B-cells is IgMs-the 
four-chained subunit of IgM. Later, IgD may appear and still later other 
classes of antibody ( 84). On any particular cell all the surface immuno­
globulins have identical combining sites for antigens (85). 

The surface immunoglobulins have the properties of integral membrane 
proteins. The structures involved in the integration of the immunoglobulins 
in the membrane have not been identified. There is conflicting evidence for 
a hydrophobic "tail" or other constituent on the surface immunoglobulin 
that would explain its capacity to bind to the membrane of B-cells (86-89; 
see also 49). Consequently it is possible that a still unidentified immuno­
globulin-binding component exists. It would be interesting to explore this 
possibility by the use of cross-linking reagents. 

There is still considerable controversy about the role of the immuno­
globulin of B lymphocytes. At one extreme is the proposal that the role of 
the antibody is exclusively to bind antigens (90). It is suggested that struc-
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tures on the antigen itself or structures that have become attached to the 
antigen (e.g. by prior interaction of antigen with other cells or cell products) 
provide the stimulatory signal. Others have postulated a direct role for the 
immunoglobulin with or without invoking "second" signals (91). 

Nevertheless, a variety of studies have shown that antibodies directed to 
this surface immunoglobulin are stimulatory (92-97). Bivalent antibody is 
required. Even in those cases where the signal appears to have been inhibi­
tory (98), more than a passive role for the surface immunoglobulin (or the 
component that binds it to the cell surface) is implied. 

Other Systems 

IMMUNOLOGICAL SYSTEMS Recent results suggest that thymus­
derived (T) lymphocytes have intrinsic antibodies on their surface mem­
branes (99). The precise nature of these antibodies, and even their presence, 
has been in much dispute (100). Too little is known about this system to 
allow one to compare it to the others referred to above. 

A variety of other cells have the capacity to bind extrinsic antibody to 
their surface membranes with or without the presence of complement [see 
Chapters 8, 10--l3 in reference (101)]. In all of these, cell activation appears 
to require aggregated antibody (Fc regions). Undoubtedly the requirement 
for aggregated antibody is partially explained by the enhanced binding 
achieved by multivalent interactions. Whether in addition the aggregation 
is required to activate is uncertain. Experiments with antibodies directed 
to the Fc receptors on such cells would be of interest. Since bivalent frag­
ments of antibodies can be prepared that lack Fc regions, the effect of 
aggregating the Fc receptors per se could be assessed. 

NONIMMUNOLOGICAL SYSTEMS It has recently been observed that 
bivalent (i.e. cross-linking) antibodies directed to hormone receptors can in 
certain instances mimic the activity of the hormone [see Chapters 25-27 in 
reference (101)]. I mention these not as other examples of antibody­
mediated cell activation; they are, but in a different sense than used in this 
review. The results with antibody-mediated triggering of hormone receptors 
do, however, raise the possibility that in other systems aggregation of recep­
tors may be significant. In at least one of these systems-the insulin system 
-there is new evidence that the hormone is self-aggregating when bound 
to the surface membrane (102 ). 

SEQUELAE OF ACTIVATION 

Surface Phenomena 
It is by now well known that many cell membrane components are more 
or less freely mobile in the plane of the membrane. It is not surprising 
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therefore that cross-linking of surface antibody, if extensive enough, can 
lead to substantial surface redistribution (reviewed in 49, 103). 

In one well defined system, the 19B-mast cell system (see section on 
19B-mast cell system), it has been possible to investigate directly the role 
of gross surface redistribution in the 19B-mediated cell activation (104, 
105). There is good evidence that redistribution, though it can occur, does 
not contribute to cell stimulation. In studies in which 19B-coated cells were 
reacted with anti-1gB the dose of the latter could be titrated such that 
various amounts of IgE redistribution occurred. No correlation between 
exocytosis and gross redistribution was observed. Indeed, doses of anti-IgE 
that were high enough to induce gross redistribution during the time period 
in which exocytosis was anticipated were inhibitory (104). The mechanism 
of this inhibition is unknown. 

Comparable studies on systems such as B-Iymphocytes are difficult to 
perform. The problem is that most of the criteria used to study activation 
occur long after the addition of the stimulant. Discussions on the role of 
redistribution in the variety of B-Iymphocyte responses are not conclusive 
(49, 10). 

In addition to causing surface rearrangements, cross-linking reagents can 
induce endocytosis of membrane components. The possible role of internali­
zation in antibody-mediated cell activation is uncertain (49, 103). 

Metabolic Changes 
In no instance are there data that define the immediate sequelae of antigen­
antibody reactions on the surfaces of cells. In the 19B-mast cell system, 
receptor aggregation appears to provide the initial signal. What the signal 
consists of is unknown. In that system the only extrinsic substance required 
is free CaH (106). Several studies suggest that a change in Ca2+ permeabil­
ity occurs at an early stage but whether this is step two or twenty-two is 
unknown (107, 108). Recent discussions of other metabolic events in this 
system can be found in reference (77). In the 19B-mast cell system it is 
possible to isolate the receptor. Studies are proceeding in several laborato­
ries to see whether isolated receptors (a) can produce detectable changes 
or (b) are altered during triggering. 

There is a vast literature on metabolic changes in lymphocytes stimulated 
by antigen and other substances. There are recent reviews by Gomperts 
(107) dealing with the role of calcium, by Ferber & Resch (109) on changes 
in membrane lipids, by Kaplan (110) on Na+ /K + transport, and by Wed­
ner & Parker ( I l l) on cyclic nucleotides and other changes. The interested 
reader may, however, first want to read the review by Waksman & Wagshal 
(112). These authors while focusing on the role of "cytokines"-soluble 
mediators produced by or acting upon lymphocytes---emphasize the com­
plexities that must be dealt with. There is enormous heterogeneity of cell 
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types and cell cycle stages in the usual systems studied. The frequent use 
of lectins that can react with a vast number of different cell-surface compo­
nents complicates the interpretation of findings even more. It seems likely 
that definitive information will require the use of more well defined systems 
than are commonly used at present. 

SUMMARY AND CONCLUSIONS 

The importance of aggregation in antibody-mediated reactions has been 
widely accepted for decades. What has eluded definition are the reasons 
aggregation is so necessary. One simple possibility, that by permitting mul­
tiple cooperative interactions it enhances antigen binding to antibody, un­
doubtedly is part of the answer. The weight of the evidence suggests that 
this explanation is insufficient, however. Rather, aggregation per se is neces­
sary and in particular, aggregation of those regions of the antibody molecule 
that react with the receptors of effector systems. Again one might postulate 
that this simply enhances the binding of antibody to receptors but again 
while this is undoubtedly true it is only a partial explanation. It could be 
that aggregation of the antibody creates changes in the latter that are 
required for activation of the receptor. To the extent that the changes are 
postulated to be topological, i.e. that they involve changes in the arrange­
ment in space of the combining sites on antibodies for receptors, there is 
considerable evidence in support of this notion. There is little or no evidence 
in favor of the postulate that aggregation produces meaningful changes in 
the structure of the combining sites for receptors per se, and there is at least 
one system where this can be pretty well ruled out. In 19B-mediated stimula­
tion of mast cells it is possible to eliminate the IgE altogether; aggregating 
the receptor itself is sufficient. 

My own conclusion is that the receptors of the effector systems should 
now receive the intensive experimental attention that has heretofore been 
directed toward the antibody molecules. We need to understand the role of 
aggregation in triggering the receptors. In the case of the classical pathway 
of complement activation this means understanding how intramolecular 
changes in Clq activate Clr. In the case of the cell receptor for IgE this 
means understanding how dimerization of the surface receptor produces 
changes. Such knowledge could provide the basis for new approaches to 
therapeutic intervention. 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

9.
19

:4
27

-4
45

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ANTIBODY-MEDIATED ACTIVATION 441 

Literature Cited 

1. Miiller-Eberhard, H. J. 1975. Comple­
ment. Ann. Rev. Biochem. 44:697-724 

2. Nelson, D. S., ed. 1969. Macrophages 
and Immunity. Amsterdam: North­
Holland. 336 pp. 

3. Weismann, G., Dukar, P. 1970. The 
role of Iysozomes in immune resposes. 
Adv. Immunol. 12:283-331 

4. Becker, E. L., Henson, P. M. 1973. In 
vitro studies of immunologically in­
duced secretion\of mediators from cells 
and related phenomena. Adv. Immunol 
17:94-193 

5. Kabat, E. A. 1939. The molecular 
weight of antibodies. J. Exp. Med. 
69:103-18 

6. Putnam, F. W. 1953. Proteins in multi­
ple myeloma: Physicochemical study of 
serum proteins. J. Bioi. Chem. 202: 
727-43 

7. Poljak, R. J. 1975. X-ray diffraction 
studies of immunoglobulins. Adv. Im­
munol. 21:1-33 

8. Davies, D. R., Padlan, E. A., Segal, D. 
M. 1975. Three dimensional structure 
of immunoglobulins. Ann. Rev. Bio­
chem. 44:639-67 

9. Padlan, E. A. 1977. Structural basis for 
the specificity of antibody-antigen reac­
tions and structural mechanisms for di­
versification of antigen-binding specifi­
cities. Q. Rev. Biophys. 10:35-65 

10. Nisonoff, A., Hopper, J. E., Spring, S. 
B. 1975. The Antibody Molecule. New 
York: Academic. 542 pp. 

11. Kabat, E. A. 1976. Structural Concepts 
in Immunology and Immunochemistry. 
New York: Holt, Rinehart and Win­
ston. 547 pp. 2nd ed. 

12. Hood, L., Gray, W. R., Sanders, B. G., 
Dreyer, W. J. 1967. Light chain evolu­
tion. Cold Spring Harbor Symp. Quant. 
Biol 32: 133-45 

13. Edelman, G. M., Gall, W. E. 1969. The 
antibody problem. Ann. Rev. Biochem. 
38:415-66 

14. Schiffer, M., Girling, R. L., Ely, K. R., 
Edmundson, A. B. 1973. Structurlr of a 
A-type Bence-Jones protein at 3.5 A res­
olution. Biochemistry 12:4233-4631 

15. Franek, F. 1969. In Developmental As­
pects of Antibody Formation and Struc­
ture, ed. J. Sterzl, I. Riha. New York: 
Academic 

16. Wu, T. T., Kabat, E. 1970. An analysis 
of the sequences of the variable regions 
of Bence-Jones proteins and myeloma 
light chains and their implications for 
antibody complementarity. J. Exp. 
Med. 132:211-50 

17. Feinstein, A., Rowe, A. J. 1965. 
Molecular mechanism of an antigen­
antibody complex. Nature 205:147-49 

18. Noelken, M. E., Nelson, C. A., Buck­
ley, C. E. III., Tanford, C. 1965. Gross 
conformation of rabbit 7S y-immuno­
globulin and its papain-cleaved frag­
ments. J. Bioi. Chem. 240:218-24 

19. Beal, D., Feinstein, A. 1976. Structure 
and function of the constant regions of 
immunoglobulins. Q. Rev. Biophys. 9: 
135-80 

20. Edelman, G. M., Cunningham, B. A., 
Gall, W. E., Gottlieb, P. D., Ruti­
shauser, U., Waxdal, M. J. 1969. The 
covalent structure of an entire yG im­
munoglobulin molecule. Proc. Natl. 
Acad. Sci, USA 63:78-85 

21. Milstein, C., Frangione, B. 1971. Disul­
phide bridges of heavy chain of human 
IgG2. Biochem. J. 121:217-25 

22. Michaelson, T. E., Frangione, B., 
Franklin, E. C. 1977. Primary structure 
of the "hinge" region of human IgG3. 
J. Bioi. Chem. 252:883-89 

23. Holowka, D. A., Cathou, R. E. 1976. 
Conformation of immunoglobulin M: 
Nanosecond fluorescence depolariza­
tion analysis of segmental flexibity in 
anti-E-l dimethylamino-s-naphalene­
sulfonyl-L-Iysine IgM from horse, pig 
and shark. Biochemistry 15:3379-90 

24. Silverton, E. W., Navia, M. A., Davies, 
D. R. 1977. Three dimensional struc­
ture of an intact human immunoglobu­
lin. Proc. Natl Acad. Sci. USA 
74:5140-44 

25. Pauling, L. 1962. In The Specificity of 
Serological Reactions, ed. K. Land­
steiner, pp. 275-93. New York: Dover, 
330 pp. 

26. Karush, F. 1962. Immunologic specific­
ity and molecular structure. Adv. Im­
munol. 2:1-40 

27. Samuels, A. 1963. Immunoenzymolo­
gy-reaction processes, kinetics and the 
role of conformational alteration. Ann. 
NY Acad. Sci. 103:858-89 

28. Lancet, D., Pecht, I. 1976. Kinetic evi­
dence for hapten-induced conforma­
tional transitions in immunoglobulin 
MOPC 460. Proc. Natl Acad. Sci. USA 
73:3549-53 

29. Day, L. A., Sturtevant, J. M., Singer, S. 
J. 1963. The kinetics of the reactions 
between antibody to the 2,4-dinitrophe­
nyl group and specific hapten. Ann. NY 
Acad. Sci. 103:611-25 

30. Pecht, I., Lancet, D. 1977. In Chemical 
Relaxation in Molecular Biology, ed. I. 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

9.
19

:4
27

-4
45

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



442 METZGER 

Pecht, R. Rigler, pp. 306--38. Heidel­
berg: Springer. 418 pp. 

31. Koshland, M. E. 1975. Structure and 
function of the J-chain. Adv. Immunol. 
20:41-69 

32. Frangione, B. 1975. In Immunodefi­
ciency and Immunogenetics, ed. B. 
Benacerraf, pp. 2-53. Lancaster: Med. 
Tech. Pub!. Co. 

33. Shelton, E., Yonemasu, K. and Stroud, 
R. M. 1972. Ultrastructure of the hu­
man complement component, Clq. 
Proc. Natl. Acad. Sci. USA 69:65-68 

34. Svehag, S. E., Manheim, L., Bloth; B. 
....--1972. Ultrastructure of human Clq pro­

tein. Nature 238:117-18 
35. Reid, K. B. M., Sim, R. B., Faiers, A. 

B. 1977. Inhibition of the reconstitution 
of the haemolytic activity of the first 
component of human complement by a 
pepsin-derived fragment of subcompo­
nent Clq. Biochem. J. 161:239-45 

36. Gotze, 0., MUller-Eberhard, H. J. 1976. 
The alternative pathway of complement 
activation. Adv. Immunol. 24:1-35 

37. Colomb, M. G., Porter, R. R. 1975. 
Characterization of a plasmin-digest 
fragment of rabbit IgG that binds anti­
gen and complement. Biochem. J. 
145:177-83 

38. Yasmeen, D., Ellerson, J. R., Dorring­
ton, K. J., Painter, R. H. 1976. Struc­
ture and function of immunoglobulin 
domains. IV. Distribution of some effec­
tor functions among Cy2 and Cy3 
homology regions of human IgG. J. Im­
munol. 116:518-26 

39. Isenman, D. E., Ellerson, J. R., Painter, 
R. H., Dorrington, K. J. 1977. Correla­
tion between the exposure of aromatic 
chromophores at the surface of the Fc 
domains of immunoglobulin G and 
their ability to bind complement. Bio­
chemistry 16:233-40 

40. Kehoe, J. M., Bourgois, A., Capra, J. 
D., Fougereau, M. 1974. Amino acid 
sequence of a murine immunoglobulin 
fragment that possesses complement 
fixing activity. Biochemistry 13:2499-
2504 

41. Cohen, S., Becker, L. A. 1968. The 
effect of benzylation or sequential 
amidination and benzylation on the 
ability of rabbit 'jiG antibody to fix com­
plement. J. Immunol. 100:403-6 

42. Allen, R., Isliker, H. 1974. Studies on 
the complement-binding site of rabbit 
immunoglobulin G. I. Modification of 
tryphophan residues and their role in 
anti-complementary activity of rabbit 
IgG. Immunochemistry 11:175-80 

43. Hurst, M. M., Volanakis, J., Hester, R. 
B., Stroud, R. M., Bennett, J. C. 1975. 
The structural basis for binding of com­
plement by IgM. J. Exp. Med. 
140:1117-21 

44. Metzger, H. 1978. The effect of antigen 
on antibodies: Recent studies. Con temp. 
Top. MoL Immunol. 7:119-52 

45. Dorrington, K. J., Bennich, H. 1973. 
Thermally induced structural changes 
in immunoglobulin E. J. BioL Chem. 
248:8378-84 

46. Hamburger, R. N. 1975. Peptide inhibi­
tion of the Prausnitz Kustner reaction . 
Science 189:389-90 

47. Bennich, H., Ragnarsson, U., Johan­
sson, S. G. 0., Ishizaka, K., Ishizaka, 
T., Levy, D. A., Lichtenstein, L. M. 
1977. Failure of the putative IgE pen­
tapeptide to compete with IgE for 
receptors on basophils and mast cells. 
Int. Arch. Allergy AppL ImmunoL 
53:459-68 

48. Ovary, Z., Saluk, P. H., Quijada, L., 
Laurin, M. E. 1976. Biologic activities 
of rabbit immunoglobulin G in relation 
to domains of the Fc region. J. Im­
munoL 116: 1265-71 

49. Loor, F. 1977. Structure and dynamics 
of the lymphocyte surface in relation to 
differentiation and activation. hog. Al­
lergy 23:1-153 

50. Inbar, D., Hochman, H., Givol, D. 
1972. Localization of antibody-combin­
ing sites within the variable portions of 
heavy and light chains. hoc. Natl. 
Acad. Sci. USA 69:2659-62 

51. Deisenhofer, J., Colman, P. M., Epp, 
0., Huber, R. 1976. Crystallographic 
structural studies of a human Fc frag­
ment. II. A complete model based on a 
fourier map at 3.5 A resolution. Hoppe­
Seyler's Z Physiol. Chem. 351:1421-34 

52. Charlwood, P. A., Utsumi, S. 1969. 
Conformation changes and dissociation 
of Fc fragments of rabbit immuno­
globulin G as a function of pH. Bio­
chem. J. 112:357-65 

53. Romans, D. G., Tilley, C. A., Crook­
ston, M. C., Falk, R. E., Dorrington, K. 
J. 1977. Conversion of incomplete anti­
bodies to direct agglutinins by mild re­
duction: Evidence for segmental flexi­
bility within the Fc fragment of im­
munoglobulin G. hoc. Natl. Acad. Sci. 
USA 74:2531-35 

54. Chan, L. M., Cathou, R. E. 1977. The 
role of the inter-heavy chain disulfide 
bond in modulating the flexibility of im­
munoglobulin G antibody. J. MoL BioL 
112:653-56 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

9.
19

:4
27

-4
45

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ANTIBODY-MEDIATED ACTIVATION 443 

55. Michaelson, T. E. 1976. Indications 
that the Cy2 homology region is not a 
regular domain. Scand. J. Immunol. 
5:1123-27 

56. Burton, D. R., Forsen, S., Karlstrom, 
G., Dwek, R. A., McLaughlin, A. C., 
Uain-Hobson, S. 1977. The determina­
tion of molecular-motion parameters 
from proton-relaxation enhancement 
measurements in a number of Gd(III) 
antibody fragment complexes. Eur. J. 
Biochem. 75:445-54 

57. Burton, D. R., Dwek, R. A., Forsen, S., 
Karlstrom, G. 1977. A novel approach 
to water proton relaxation in paramag­
netic ion macromolecular complexes. 
Biochemistry 16:250--54 

58. Metzger, H. 1974. Effect of antigen 
binding on antibody properties. Adv. 
Immunol. 18:169-207 

59. Huber, R., Deisenhofer, J., Colman, P. 
M., Matsushima, M., Palm, W. 1976. 
Crystallographic structure studies of an 
IgG molecule and an Fc fragment. Na­
ture 264:415-20 

60. Wright, J. K., Engel, J., Jaton, J-C. 
1978. Selective reduction and proteol­
ysis in the hinge region of liganded and 
unliganded antibodies. Identical kinet­
ics suggest lack of conformational 
change in the hinge region. Eur. J. Im­
munol. 8:309-14 

61. Pilz, I., Kratky, 0., Licht, A., Sela, M. 
1973. Shape and volume of anti-poly ala­
nine antibodies in the presence and ab­
sence of tetra-o-alanine as followed by 
small-angle x-ray scattering. Biochemis­
try 12:4998-5005 

62. Pilz, I., Kratky, 0., Karush, F. 1974. 
Changes of the conformation of rabbit 
IgG antibody caused by the specific 
binding of a hapten. Eur. J. Biochem. 
41:91-96 

63. Borsos, T., Rapp, H. J. 1965. Hemoly­
sin titration based on fixation of the "ac­
tivated first component of complement: 
Evidence that one molecule of hemoly­
sin suffices to sensitize an erythrocyte. 
J. Immunol. 95:559-66 

64. Brown, J. C., Koshland, M. E. 1975. 
Activation of antibody Fc function 
by antigen-induced conformational 
changes. Proc. Natl. Acad. Sci. USA 
72:5111-15 

65. Pecht, I., Ehrenberg, E., Calif, E., Ar­
non, R. 1977. Conformational changes 
and complement activation induced 
upon antigen binding to antibodies. Bio­
chem. Biophys. Res. Commun. 74: 
1302-9 

66. Ishizaka, K., Ishizaka, T. 1960. 
Biologic activity of aggregated y-globu-

lin. II. A study of various methods for 
aggregation and species differences. J. 
Immunol. 85:163-71 

67. Ishizaka, K., Ishizaka, T., Banovitz, J. 
1965. Biologic activity of aggregated 
y-globulin. VII. Minimum size of ag­
gregated y-globulin or its piece III re­
quired for the induction of skin reac­
tivity and complement fixation. J. Im­
munol. 94:824-32 

68. Augener, W., Grey, H. M., Cooper, N. 
R., Miiller-Eberhard, H. J. 1971. The 
reaction of monomeric and aggregated 
immunoglobulin with Cl. Immuno­
chemistry 8:1011-20 

69. Hoffmann, L. G. 1976. Antibodies as 
allosteric proteins. III. An alternative 
model, and some predictions. Immuno­
chemistry 13:737-42 

70. Bennich, H. H., Johansson, S. G. 0., 
von Bahr-Lindstom, H. 1978. In Imme­
diate Hypersensitivity, ed. M. Bach, pp. 
1-36. New York: Dekker 

71. Ishizaka, T., Ishizaka, K. 1975. Biology 
of immunoglobulin E. Prog. Allergy 
19:60-121 

72. Metzger, H. 1977. In Receptors and 
Recognition, ed. P. Cuatrecasas, M. F. 
Greaves, 4:7-102 London: Chapman & 
Hall Ser. A 

73. Siraganian, R. P., Hook, W. A., Levine, 
B. B. 1975. Specific in vitro hista­
mine release from basophils by diva­
lent haptens: Evidence for activa­
tion by simple bridging of membrane 
bound antibody. Immunochemistry 12; 
149-57 

74. Segal, D. M., Taurog, J. D., Metzger, 
H. 1977. Dimeric immunoglobulin E 
serves as a unit signal for mast cell de­
granulation. Proc. Natl. Acad. Sci. USA 
74:2993-97 

75. Ishizaka, K., Ishizaka, T. 1969. Im­
mune mechanisms of reversed type rea­
ginic hypersensitivity. J. Immunol. 
103:588-95 

76. Magro, A. M. 1974. Involvement of IgE 
in Con A-induced histamine release 
from human basophils in vitro. Nature 
249:572-73 

77. Morrison, D. C., Henson, P. M. 1978. 
See Ref. 70, pp. 431-502 

78. Diamant, B., Kruger, P. G., Uvnas, B. 
1970. Local degranulation of individual 
rat peritoneal mast cells induced by 
compound 48/80. Acta Physiol. Scand. 
79:1-5 

79. Tasaka, K., Yamasaki, H. 1973. Local 
degranulation and histamine release 
from a single rat mast cell by microelec­
trophoretic application of basic hista-

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

9.
19

:4
27

-4
45

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



444 METZGER 

mine releasers and antigen. Acta Der­
matoL Venereol. SuppL 73:167-74 

80. Metzger, H. 1978. The IgE-mast cell 
system as a paradigm for the study of 
antibody mechanisms. ImmunoL Rev. 
41:186-99 

81. Isersky, C., Taurog, J. D., Poy, G., 
Metzger, H. 1978. Triggering of cul­
tured mastocytoma cells by antibodies 
to the receptor for IgE. J. ImmunoL 
121:549-58 

82. Ishizaka, T., Chang, T. H., Taggart, M., 
Ishizaka, K. 1977. Histamine release 
from rat mast cells by antibodies against 
rat basophilic leukemia cell membrane. 
J. Immunol. 119:1589-96 

83. Ishizaka, T., Ishizaka, K. 1978. Trig­
gering of histamine release from rat 
mast cells by divalent antibodies against 
IgE-receptors. J. Immunol. 120:800-5 

84. Parkhouse, R. M. E., Cooper, M. D. 
1977. A model for the differentiation of 
B-Iymphocytes with implications for 
the biological role of IgD. Immunol. 
Rev. 37:105-26 

85. Pernis, B., Brovet, J. C., Seligmann, M. 
1974. IgD and IgM on the membrane of 
lymphoid cells in macroglobulinemia: 
Evidence for identity of membrane IgD 
and IgM antibody activity in a case with 
anti-IgG receptors. Eur. J. Immunol. 
4:776-82 

86. Melcher, U., Eidels, L., Uhr, J. W. 
1975. Are immunoglobulins integral 
membrane proteins? Nature 258: 
434-35 

87. Melcher, U., Uhr, J. W. 1976. Cell sur­
face Ig. XVI. Polypeptide chain struc­
tures of mouse IgM and IgD-like mole­
cules. J. ImmunoL 116:409-15 

88. Melcher, U., Uhr, J. W. 1977. Density 
differences between membrane and se­
creted immunoglobulins of murine 
splenocytes. Biochemistry 16:145-52 

89. McIlhinney, R. A. J., Richardson, N. 
E., Feinstein, A. 1978. Evidence for a 
C-terminal tyrosine residue in human 
and mouse B-Iymphocyte membrane p. 
chains. Nature 272:555-57 

90. Coutinho, A., Gronowicz, E., Moller, 
G. 1975. In Immune Recognition. ed. 
A. Rosenthal, pp. 63-83. New York: 
Academic. 855 pp. 

91. Cohen, M. 1971. The take home lesson. 
Ann. NY Acad. Sci. 190:529-84 

92. Sell, S., Gell, P. G. H. 1965. Studies on 
rabbit lymphocytes in vitro. I. Stimula­
tion of blast transformation with an anti 
allotype serum. J. Exp. Med. 122: 
423-40 

93. Kishimoto, T., Miyake, T., Nishizawa, 
Y., Watanabe, T., Yamamura, Y. 

1975. Triggering mechanism of B-Iym­
phocytes. I. Effect of anti-Ig and im­
munoglobulin enhancing soluble factor 
on differentiation and proliferation of 
B-cells. J. ImmunoL 115:1179-84 

94. Kishimoto, T., Ishizaka, K. 1975. Reg­
ulation of antibody response in vitro. 
IX. Induction of secondary anti-hapten 
IgG antibody response by anti­
immunoglobulin and enhancing soluble 
factor. J. ImmunoL 114:585-91 

95. Weiner, H. L., Moorhead, J. W., 
Yamaga, K., Kubo, R. T. 1976. Anti­
immunoglobulin stimulation of murine 
lymphocytes. II. Identification of cell 
surface target molecules and require­
ments for cross-linkage. J. Immunol. 
117:1527-31 

' 

96. Weiner, H. L., Scribner, D. J., Moor­
head, J. W. 1978. Anti-immunoglobulin 
stimulation of murine lymphocytes. IV. 
Re-expression and fate of cell surface 
receptors during stimulation. J. Im­
munol. 120:1907-12 

97. Sieckmann, D. G., Asofsky, R., Mosier, 
D. E., Zitron, I. M., Paul, W. E. 1978. 
Activation of mouse lymphocytes by 
anti-immunoglobulin. I. Parameters of 
the proliferative response. J. Exp. Med. 
147:814-29 

98. Andersson, J., Bullock, W. W., Melch­
ers, F. 1974. Inhibition of mitogenic 
stimulation of mouse lymphocytes by 
anti-mouse Ig antibodies. I. Mode of ac­
tion. Eur. J. Immunol 4:715-22 

99. Sercarz, E. E., Herzenberg, L. A., Fox, 
C. F., eds. 1977. Immune System: Ge­
netics and Regulation. New York: Aca­
demic. 761 pp. 

100. Warner, N. L. 1974. Membrane im­
munoglobulins and antigen receptors 
on B and T lymphocytes. Adv. Im­
munol. 19:67-216 

101. Cinader, B., ed. 1977. Immunology of 
Receptors. New York: Dekker. 524 pp. 

102. Schlessinger, J., Shechter, Y., Willing­
ham, M. C. and Pastan, I. 1978. Direct 
visualization of binding, aggregation 
and internalization of insulin and epi­
dermal growth factor on living fibro­
blastic cells. Proc. Natl. Acad. Sci. USA 
75:2659-63 

103. Schreiner, G. F., Unanue, E. R. 1976. 
Membrane and cytoplasmic changes in 
B lymphocytes induced by ligand-sur­
face immunoglobulin interaction. Adv. 
Immunol. 24:37-165 

104. Becker, K. E., Ishizaka, T., Metzger, 
H., Ishizaka, K., Grimley, P. 1973. Sur­
face 19E on human basophils during 
histamine release. J. Exp. Met!. 108: 
394-409 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

9.
19

:4
27

-4
45

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



ANTIBODY-MEDIATED ACTIVATION 445 

lOS. Lawson, D., Fewtrell, C., Gomperts, B., 
Raff, M. C. 1975. Antiimmunoglobulin 
induced histamine secretion by rat 
peritoneal mast cells studied by im­
muno-ferritin electron-microscopy. J. 
Exp. Med. 142:391-402 

106. Uvnas, B. 1974. Histamine storage and 
release. Fed. Proc. 33:2172-76 

107. Gomperts, B. D. 1976. See Ref. 72, Vol. 
2, pp. 43-102 

108. Foreman, J. c., Hallet, M. B., Mongar, 
J. L. 1977. The relationship between 
histamine secretion and 4lCa uptake by 
mast cells. J. Physiol. 271:193-214 

109. Ferber, E., Resch, K. 1977. In The 

Lymphocyte. ed. J. J. Marchalonis. pp. 
593-618. New York: Dekker. 704 pp. 

110. Kaplan, J. G. 1978. Membrane cation 
transport and the control of prolifera­
tion of mammalian cells. Ann. Rev. 
PhysioL 40:19-41 

111. Wedner, H. J., Parker, C. W. 1976. 
Lymphocyte activation. Frog. Allergy 
20:195-300 

112. Waksman, B. H., Wagshal, A. B. 1978. 
Lymphocyte functions acted on by im­
munoregulatory cytokines. Significance 
of the cell cycle. Cell. Immunol. 
36:180-96 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
97

9.
19

:4
27

-4
45

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

4/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Pharmacology and Toxicology Online
	Most Downloaded Pharmacology and Toxicology Reviews
	Most Cited Pharmacology and Toxicology Reviews
	Annual Review of Pharmacology and Toxicology Errata
	View Current Editorial Committee


	ar: 
	logo: 



