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The history of IgD began in 1965 when Rowe and Fahey (1) studied a 
human myeloma protein which was not reactive with antisera against the known 

heavy (H) chains of the human. Classes of Ig or isotypes are defined by their 
H chains and in 1956, IgG, IgM and IgA were the 3 recognized isotypes (containing 
Y , ~ , and a chains respectively). Since the protein appeared to have the same 
structure as Ig i.e. it contained 2 light (L) chains and 2 H chains, it was de
duced that this molecule probably was composed of a new class of H chain. Anti
serum was raised in the rabbit to this myeloma protein and was rendered speci
fic to the new H chain. The antiserum that reacted with this new class of Ig 
did not react with the 3 other known classes of Ig. By the accepted nomenclature , 
the H chain was called o and the intact molecule IgD. It was found that the con
centration of IgD in human serum is very low, an average of approximately 30 
micrograms/ml (2). It also became clear that the molecule fragmented very easily 
(2) during isolation so that study of IgD was extraordinarily hampered by the 
inability to obtain large amounts in native form. The little work that was · done 
suggested that IgD does not share any of the biological activities of other im
munoglobulin classes, such as fixation of complement (3) and induction of ana
phylaxtic reactions in the skin (3) . There were claims of antibody activity in 
the IgD class (4-6) but these reports were not ·completely convincing. Therefore, 
over the next seven years, there was relatively little interest in this trace 
immunoglobulin in the serum of humans which didn't seem to do very much . 

What is known concerning the detailed structure of immunoglobulin D? · 
As mentioned above, the molecule has two H chains and 2 L chains that are disul
fide bonded (7-10) (Fig. 1). TheN-terminal half of each L chain and theN
terminal one quarter of each H chain differs from one !gO-myeloma to another 
(11-13). This is the variable portion (V) of the molecule that is responsible 
for antigenic specificity and there is presumably a large bank of genes in our 

Figure 1. Structure of IgD. 
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chromosomes (V g~nes) each of which codes for a different variable region. 
The C-terminal three quarters of the y chain is the same a~ong differe~t 
myeloma proteins. This constant portion (C) of the myeloma is coded for by 
the 6 structural gene and there presumably !5 only one copy per haploid 
genome . The structure is very similar to lgG except for a markedly increased 
carbohydrate content (A, 14) and possibly ~n exte~ded hi~ge r~gion (i5 ) 1. e. 
the region between the V and C portions of the H cha i n. The hinge region 
which gives f l exibility to the mol ecule is 11:;uai1y about 20 ami no acids in 
length. In the 6 chain this region may be 2-5 times its normal length . 

The genetic control of an lg molecule is diagramatica11y illustr~ ted i n 
Fig. 2. This is ~ very simplified version. Thus, I have not ind i cate1 t hat 
within a VH gene there are 4 hypervariable rP.gions nor have I indicated t h~ 
subcl asses of t he CH genes. The major point to b~ made is t hat each ~o:yp~p
tide chain in th~ moiecule is coded for by two genes in contrast to the old 
dog~a of one ge~e - one protein (13) . Troe structure ar.d 0 en~t i c cor. tro: of. 
all Ig molecules regardless of specificity or ciass is essentially similar. 

__ -- - ·- - · _ _!jgure ?....:. __ Genetic control of an Ig . molec~}.":j_~gM)~_ . 
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IgD is secreted into the serum by plasma cells. Plasma cells are the 
progeny of a class of lymphocytes called bone marrow derived or B lyml)l":ocytes . 
Most of you ·know thilt our immune system is composed of t\-10 major popul ations 
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of cells which have different functions (16) (Fig. 3): B cells are responsible 
for humoral immunity and as mentioned above give rise to plasma cells; thymus
derived lymphocytes (T cells) are responsible for cellular immunity and the 
regulation both positive and negative of B cells. T cells differentiate into 
immunocompetent cells in the thymus which is a central lymphoid organ. From 
the thymus, they migrate to peripheral lymphoid organs. In the chicken, B 
cells differentiate in an organ called the bursa of Fabricius; its counterpart 
in mammals is not known. 

Figure 3. The development of the 2 major populations 
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Two major objectives of biologists and clinicians are to understand the 
differentiation pathway of B lymphocytes and the mechanisms underlying the 
"triggering" of B lymphocytes by antigen so that they replicate and differen
tiate into plasma cells. The biologist is interested because the system is a 
model for the understanding of differentiation of somatic cells and for their 
activation by a specific molecule. The physician is interested because he 
perceives that if the processes in question are thoroughly understood, it is 
more likely that he can intervene in a selective fashion to alter the immune 
response in a clinically beneficial manner. 
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What do we know about B cell differentiation in relation to the isotype 
of antibody that is synthesized? Wi have known for 15 years that IgM is the 
predominant antibody in the primary response and that IgG is the major class 
of antibody of the secondary response ('17-20). It would be predicted, there
fore, that the B lymphocyte which is the precursor of the IgM secreting cell 
should have IgM on its surface whereas the memory B lymphocyte that will become 
an IgG-secreting cell should have IgG receptors. Thus, the concept arose that 
a cell initially made IgM and switched to IgG but that the specificity of the 
antibody for antigen remained the same. The concept of B cell differentiation 
which was prevalent until last year is shown in Fig. 4. This is an hypothesis 
developed by Cooper and his colleagues (21) at the University of Alabama at 
Birmingham. Stem cells differentiate within a central lymphoid orga~. possibly 
the bone marrow or the fetal liver along a pathway in which they switch iso
types; that is, the class of celi surface Ig changes from IgM to IgG to IgA 
but the specificity for antigen remains the same. These cells, each with their 
respective isotype, emigrate to peripheral lymphoid tissue and set up sepa~ate 
lines of lymphocytes which are then prepared to give an antibody response of 
the respective isotype after stimulation by antigen and T cells. 

Figure 4. Model of B cell differentiation. 
(Lawton, Kinkade, Cooper) 
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Since IgG is the major class present in human serum, it would be pre
dicted that IgG would be the major isotype on circulating B cells. Studies 
of human circulating B cells (22) using fluorescein-conjugated whole + 
anti-human Ig indicated that IgG-bearing cells make up the majority of Ig 
cells. I want to emphasize the attractiveness of this hypothesis and its 
simplicity. The cell is basically advertising on its surface the specificity 
and class of the Ig that it will produce and secrete in enormous amounts 
after stimulation by antigen. 

This concept of B lymphocyte differentiation has been challenged, however, 
by recent additional findings at the cellular level. Cellular studies of IgD 
began in 1972 when van Boxel et ~- (23) demonstrated by i~munofluorescence 
that about 3-5% of peripheral blood lymphocytes in human adults have surface 
IgD. Subsequently, it was shown that newborn (cord) blood contained approxi
mately 15% o+ cells (24). These observations which were confirmed (25-28) 
luggested that IgD was prominent early in ontogeny and declined in ad~lthood 
and that it might in some way be concerned with the development of B lymphocytes. 

These observations prompted a re-evaluation of surface Ig in chronic lympho
cytic leukemia, a disease in which a single clone of B cells becomes neoplastic. 
Thus, the Ig expressed on this clone of cells is a homogeneous Ig. It contains 
a single type of light chain, a single class of heavy chain and a particular 
set of V regions. Previously, almost all chronic lymphocytic leukemias appeared 
to have IgM. A small number appeared to have L chain but no detectable H chain. 
When chronic lymphocytic leukemia patients were re-evaluated with anti- o serum 
it was observed that the vast majority of chronic lymphocytic leukemia patients 
have IgD on their cells (29). The majority of patients like normal adult humans 
have IgD and IgM on the same cell (24, 28-30). A small number of patients have 
only IgM and a small number of patients have only IgD on their cells. 

It was important to demonstrate that the IgM and the IgD are synthesized 
by the cell on which they reside rather than having been passively adsorbed 
from the serum .i!l vivo. For this reason, Row2 and his colleagues (24) treated 
such cells with anti- o (or anti- ~ ) in order to cap the cell surface IgD (or 
IgM) and thereby remove it from the surface. Using immunofluorescent anti- o 
(or anti- ~ ), they observed the reappearance of the isotype in question on 
the cell - surface during culture. The rest~lts strongly suggest that both classes 
of Ig's are made by the cells on which they reside. . 

The next critical question was whether the specificity for antigen of 
these two isotypes on the same cell was similar. From the informational point 
of view they should be. Thus, it would seem utterly inappropriate to have two 
antibody receptors on the same cell with different specificities for antiaen. 
Such a situation would, in fact, negate clonal selection in which each cl~ne of 
cells has only one specificity for antigen. This question was answered by an 
extremely clever experiment again making use of clinical material. Kunkel and 
his colleagues (31) examined cell surface Ig in a patient with chronic lympho
cytic leukemia who, in addition, had a concomitant monoclonal Igt~ in his serum. 
About 10% of patients with chronic lymphocytic leukemia have such a monoclonal 
Ig. It is caused by the differentiation of some of the neoplastic B cells into 
plasma cells which then secrete large amounts of homogeneous Ig which is identi
cal to the IgM on the surface of the leukemic B cells. It is possible to make 
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an antibody in the rabbit against this homogeneous IgM in the sera which is spe
cific to the antigen combining sites of the Ig. This is called an anti-idiotype. 
It is an antibody that recognizes the variable portion of the Land H chains 
that participate in the combining site fer antigen. This type of antibody will 
not recognize other Ig molecules but only those that ·have the unique variable se
quences of the particular myeloma protein which was used to raise the antibody. 

Fig. 5 summarizes diagrammatically the experiment performed by Kunkel and 
his co-workers. Treatment of the leukemic cells with univalent (F(ab' ))anti
idiotype caused no redistribution of the surface IgM so that rhodamine con
jugated univalent (F(ab') ) anti-~ showed a homogenous red ring. If, however, 
bivalent (F(ab' )2 ) anti-idiotype was added, the cells redistributed their IgM 
(and IgD) molecules into a cap which was visible after staining with the rhoda-
mine univalent anti-~ Similar results vtere obtained when anti- 11 was substi-
tuted for anti- ~ . 

Figure 5. Plan of experiments using human leukemic 
B cells to prove that IgM and IgD on the 
same cell have identical specificity for 
antigen. 
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These studies in the human, as intriguinq as they \~ere, provoked sur
prisingly little excitement from immunologists and clinicians. No one knew 
what to make of IgD. It was thought that it might be foetal Ig that gradually 
disappeared in the adult and that was reexpressed in neoplasms of B cells. 
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One and one-half years ago, my colleagues and I described a new class of 
mouse lg at the Second International · congress of Immunology (32). The properti es 
of this class of Ig were so similar to those of human IgD that we proposed that 
it was the murine analog. Studies of the biochemistry and biology of this mole
cule have been pursued by Dr. Ellen Vitetta, myself and our colleagues in the 
Department of Microbiology. The major technique that we have employed was to 
insert a radioactive iodine label into the Ig molecules on the surface of intact 
lymphocytes (33). Fig. 6 shows, diagrammatically, the approach used. The 
major features are that 125I is inserted into cell surface molecules by means 
of an enzymatic reaction; the cell is then lysed, and the radioactive cell 
surface Ig is isolated by precipitation with specific antibody. The immunopre
cipitate is then dissolved, the H and L chains separated and the chains electro
phoresed on acrylamide gel in sodium dodecyl sulfate. The result is that the 
H and L chains are separated because of their different molecular weights . The 
major advantage of this approach was that it allowed, for the first time, quanti
tative biochemical studies of cell surface Ig. 

Figure 6. Enzymatic iodination of intaCt lymphocytes. 
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Fig. 7 shows the results of examining mouse splenocytes by this tech
nique (34). As can be seen, precipitation with anti- ll followed by reduction 
discloses a ll and L chain peak. When the supernatant of this first precipi 
tate is then treated with anti-L chain, an additional immunoprecipitate is 
formed and after reduction, electrophoretic analysis reveals that it has an H 
chain with a different mobility than ll, y, or a. 
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0 

Figure 7. Analysis on acrylamide gel electrophoresis in 
sodium dodecyl sulfate of cell surface lg from 
murine splenocytes. ll and L chains are ob
served after anti-ll treatment. Anti-L chain 
brings down an additional class of Ig; its H 
chain has a faste_r mobility than JJ· 
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The biochemical characteristics of this new class of murine IgD are 
summarized in Table I (35) . The properties are similar to those described 
for serum IgD in the human, so that we propose that this new isotype is 
murine !gO. Formal proof demands information at the amino acid sequencing 
level. 

--- ···-- · -- · 

TABLE I 

lgD-LIKE NATURE OF SURFACE lg 

1. Molecular weight - 170,000; H chain 
65,000. 

2. Not immunoprecipitable with anti-Jl, anti-r or 
anti-a. 

3. Carbohydrate content of H chain Fv 15%. 

4. Not detected in secretions or serum; easily 
detectable on the cell surface. 

5. H chain is easily degraded following cell lysis. 

9 

Tables II and III summarize the findings concerning the biology of the 
molecule (34, 36-40). IgD is acquired neonatally on splenocytes after the 
appearance of lgM. The acquisition of IgD does not require a functioning 
thymus or the presence of antigen. IgD is not present on bone marrow cells. 
By_ transferring boRe marrow to lethally irradiated recipients, it was -observed 

TABLE II 

ONTOGENY 

1. lgD develops after lgiVI on splenocytes of 
neonates (1-2 weeks of age) 

2. Acquisition of I gO appears to be thymus 
and antigen independent 

3. Cellular sequence is lgM only -+ lgM + 
I gO -+ I gO only 
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that IgM appeared first in the spleen and IgD subsequently. Thus, the acqui
sition of IgD appears to be a late differentiation step which is already pro
grammed in the B cell line. Since the spleen has a much lower proportion of 
IgD than lymph nodes, it is probable that the differentiation step takes place 
in this organ. Finally, IgD on cells is more readily cleaved by papain and 
trypsin than is IgM. 

TABLE Ill 

DIFFERENTIATION 

1. lgD is absent from bone marrow (and thymus) 

2. During differentiation, lgD develops after lgM 
on adult splenocytes 

3. lgD is synthesized by the cells on which it 
resides -

4. large cells in the spleen bear lgM only; small 
cells are double bearers or bear I gO only 

5. lgD accounts for about 60% of H chain 
radioactivity in spleen and 85-95% in nodes 
and Payer's patches 

It should be emphasized that we have been unable to detect IgD in mouse 
serum or in incubation medium of short term cultures of murine lymphoid tissue 
labeled with radioactive amino acids. We believe, therefore, that the .develop
ment of IgD plasma cells may be a late evolutionary event. 

We have not found IgG or IgA on the surface of murine cells by our 
radioiodination technique (41). Recently, reinvestigation of surface IgG in 
humans by irrmunofluorescence using reagents which are not "sticky" (F(abl) 2) 
indicates a very small number of IgG+ cells in the peripheral blood, approxi
mately 0.2% according to Kunkel and c~workers '(42). Indeed, there are some 
individuals in which none has been detected . 

Our studies, therefore, supported by those of Kunkel, indicate a marked 
dichotomy between the representation of isotypes on cells compared to serum. 
!gO, a trace component of human serum and not detected in mouse serum, is the 
major cell surface isotype. IgG, the majol' serum isotype in both species, 
is barely represented, if at all, on cells. It is clear that cell surface IgD 
cannot be concerned with secretion of IgD. Rather, cell surface IgD must be 
concerned in some way with the synthesis and secretion of other classes of Ig. 
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There are several possibilities ·to consider with regard to a function 
of cell surface IgD. We are particularly intrigued with the possibility that 
IgD is a receptor that triggers the B lymphocyte because IgD is acquired at the 
same time (34) that immunocompetence markedly increases (43) . We have therefore 
proposed a model (Fig. 8) which accommodates many of the biological findings 
concerning lgD and which suggests a central role for IgD in the "triggering" of 
B lymphocytes by antigen. 

Figure 8. Model of B cell differentiation 
incorporating IgD (Vitetta and Uhr) . 
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In the bone marrow, stem cells acquire lgM and migrate to the spleen. 
In the spleen, such IgM-bearing cells differentiate into blast cells whose 
progeny are small lymphocytes bearing both IgM and IgD. These cells migrate 
into thoracic duct and blood seeding peripheral lymphoid tissues including 
Peyer's patches. 
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The interaction of antigen with IgM-bearing blasts in the spleen results 
in tolerance. In contrast, interacti6n of antigen and T cell signals with 
IgM-IgO-bearing cells in the spleen results in differentiation into IgM
secreting plasma cells or IgM-memory cells. Interaction of antigen with 
IgM-IgO bearers results in differentiation into !gO-bearing lymphocytes i.e. 
loss of cell surface lgM. The cells that bear only IgD are the precursors 
of the plasma cells secreting IgG or IgA after additional antigenic stimu
lation, i.e. they switch synthesis of isotypes 2 times, ~too to y ( a , £ ). 

The !gO-bearing cells in the Peyer ' s patches will differentiate mainly into 
IgA-secreting plasma cells whereas those in the lymph nodes become predominantly 
IgG-secreting plasma cells. 

There is therefore a series of antigen-independent differentiation steps 
between a stem cell and a splenic lymphocyte bearing both IgM and IgD and a 
series of antigen-dependent steps between the double bearing lymphocytes and 
plasma cells secreting IgG or IgA. T cell cooperation is probably important in 
all of the antigen-dependent steps for T-dependent antigens. 

The critical features of the model are: 1. The accommodation of IgD 
into B cell maturation as a late event during both ontogeny and differentiation. 
2. The postulation that IgO is a "triggering" receptor. 3. The proposal that 
switches in synthesis of Ig class occur both in the lymphocyte ( ~ to o ) and 
the plasma cell ( o to y, a, or £ ). The genetic events underlying the 
switch from IgM to IgD are diagrammatically illustrated in Fig. 9. 

Figure 9. Genetic control of isotype switch 
from IgM to !gO. 

-- - - - -· -

VH1 VH2 VH3 VHN Cp. c8 Cy Ca CE 
I I I ••• ~ • •• I I I I I 

INSERTION I ! 
' 

VH2 Cp. cB Cy Ca CE , .................... , 
+ 

l I I 

fL chain 

INSERTION II ~ 
Cp. VH2 c8 Cy ca CE 

J---f .................... , I I 
~ 

8 chain 

Two other features of the model are highly speculative: The relegation of 
cells bearing only receptor IgM to a tolerance-induction compartment and the 
omission of cells bearing receptor IgG or IgA. 
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The impetus fc1· o~itting c£1~s hear~ng IgG or IgA receptors is based on 
the uncertainty of their ~xistence and the considerable simplification of the 
model if there a;o. on 1y two isotypes ~hat serve as receptors. We therefore 
deliberately cast this model in its minimal form. If IgD or IgA receptor
b<:!aring cells c0ulc ~e definitively demo'nstrated they could be incorporated 
into the model late in the differentiation pathway i.e. the progeny of 
antigen-st.im;Jlatior of an IgD-bearing 1ymphn~yte. 

The impetus fnr suqgesting that IgM i s a tolerance-inducing receptor is 
conceptual rather than experimental. It was suggested because if there are 
only 2 )sotypes that serve as ~eceptors, they presumably serve different func
tions. Since IgD apocars late in ontogeny at a point in time when immuno
competence incr eases markedly. we suggest that it is a ''triggering" receptor 
and, therefore, that IgM which appears early in ontogeny serves an opposite 
function. Tl-)~ hyro thes~s explair,s simp1y 7.he signal discrimination between 
induction of tolerance and stimulation. The constant portion of the H chains 
of the 2 isot.vres is different, thereby p1·oviding a structural basis for 2 
different signals. Our model readily explains tolerance to self proteins in 
the embryo bec'ltAse a triggering isotype is not present. 

! want to emphasize the purpose of di~cussing this model. It can be 
considered a yardstick for measuring the gaps in our understanding of the 
mechanisms underlyinr~ induction of tolerance versus stimulation and the steps 
involved in the maturation and dissemination of B lymphocytes. 

In Considering possible molecular mechanisms underlying the "triggering" 
capacity of IgD, we are intrigued by the susceptibility to proteolysis men
tioned previously. We therefore propose a simple and testable model (Fig. 10) 
that suggests a central role fo~ proteolysis. IgD binds to its multivalent 
ligand, expos ing a critical site in the hingt:: rEgion for subsequent attack by 
a proteolytic enzyme. The proteolytic enzyme may bs provided !::ly an accessory 
cell such as the macrophage or T cell. Proteo1ysis results in removai of the 
Fd portion. The remaining F~ portion h?.s a hinding site exoosed that was pre
viously inaccessihle. l'his site interacts vrlth another surface molecule 
Jeading to a signal which is then transmitted to the cell cytoplasm. 

Figur~ 10. Model of B cell triggering by antigen. 
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The possiblity that these postulated interactions involve the complement 
(C') pathway is an intriguing one. B lymphocytes have a receptor for comple
ment (44). A possible function of this receptor is that the bound C' is needed 
for triggering of B lymphocytes (45). Support for this idea was recently pro
vided by the demonstration that human C3b can activate murine B splenocytes (46). 
It may well be therefore that stimulation of B lymphocytes by antigens is caused 
by a series of cell surface molecular interactions involving the C' cascade and 
proteolytic cleavages. 

Clearly the opportunities to test models such as the above ones are present. 
For example, we are attempting to determine whether or not the Fe fragments of 
lgD fix C'. We are studying whether cells bearing IgM only are more easily 
tolerized than cells bearing both IgM and IgD. With a little imagination, one 
can visualize new and remarkable approaches to altering the immune response 
if we understand the underlying mechanisms. 

What is the raison d'etre for the additional and profound complication 
of receptor IgD presumably designed to play a regulatory role? Of course, 
higher organisms require regulatory mechanisms far more complex than needed 
for bacteria and other lower forms of life. The immune system, however, has 
3 problems in addition to those faced by most other organ systems in mammals: 
(1} The immune system contains a very large number of different specialized 
components, that is, subsets of lymphocytes each of which is programmed to 
perform a highly specialized function. This is probably due in part to the 
requirement for dealing with a variety of microbial challenges which include 
defending a large number of body compartments. (2) These components are 
distributed among many organs and tissues (e.g. bone marrow, thymus, . 
blood, thoracic duct, mucous membranes, appendix, Peye·.· 's patches, peripheral 
lymphoid tissue, etc.). Clearly, extraordinarily tight regulation is necessary 
to keep the manycomponents of this immune system distributed throughout the 
body functioning as a single organized tissue. (3) There is uneven stimula
tion by antigen. Thus, both infection and deliberate irnmunization induce 
brisk immune responses with enormous enlargement of the regional lymphoid 
organ, considerable elevation of immunoglobulin as well as antibody titers 
and frequently an extraordinary inflammatory response at the site of immunogen 
deposition. Nonetheless, these marked immune responses are rapidly dampened 
and although antibody formation may continue at a very low rate and immunologic 
memory for the lifetime of the individual, most of the components of the immune 
response quickly return to steady state function. The immune system, therefore, 
needs more than a self-recognition system; it also requires a series of mecha
nisms to quench and modulate the immune response. Surface IgD may be one re
ceptor of a large number of surface recognition units yet to be described whose 
function is, in the broad sense, to assure regulation of this complex system. 

As physicians, we should not be dismayed by this complexity. On the con
trary, if we can understand fully the many different components of the immune 
response and the means by which these components are regulated, we will be in 
a much stronger position to develop highly selective means of modulating the 
immune response for therapeutic purposes. 
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