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Abstract

Immunoglobulin D is an ancient biological molecule which evolved and may cooperate functionally with Immunoglobulin M. It is expressed on B-lymphocytes and is
secreted into the blood stream. It is produced as a monomeric antibody similar to Immunoglobulin G, and has a half-life of less than 3 days. IgD is involved in various
immune related functions including as a “replacement” in certain instances for IgM or IgA in individuals that may have deficiencies in one of these antibody classes.

Introduction

Immunoglobulin D (IgD or gamma D) was discovered in the
early 1960’s (1). The antibody has a molecular weight of 185 kDa and
represents about 0.25% of the total amount of all immunoglobulins in
the human serum [1]. IgD is thought to have a distant evolutionary
history as it is associated with species that possess adaptive immune
responses. The oldest of these are the certain species of cartilaginous
fish which were present 500 million years ago [2]. This is at a juncture
in evolutionary history when some of the first jawed vertebrates are
thought to have appeared. The theory is that IgD has remained as is
structurally and probably functionally since. IgD is expressed on
B-lymphocytes as they leave the bone marrow as immature cells. As
B-lymphocytes reach maturity, they will express both IgM and IgD
[3]. IgD may have a role in allergic reactions as it may bind to both
basophils and mast cells. These cell types have a common origin in the
bone marrow but differentiate along slightly different pathways [4,5].
All these observations lead to the conclusion that IgD is at least partially
a form of surveillance which is ancient in origin as it is positioned at
sites of antigen entry into the mucosa.

Structure

IgD is found in serum at relatively low levels, about 30 micrograms/
mL. The structure is similar to IgG and IgE. It is composed of two heavy
and two light chains that are held together by di-sulfide bonds. IgD
has a hinge region that intersects the FAB and FC region of the intact
molecule and has a molecular weight of IgD is about 185 kDa. The di-
sulfide bonds are relatively heat labile and are susceptible to proteases.
IgD has a flexible locus to complement, and may act as a substitute in
case of IgM defects [7]. B-lymphocytes may express IgD by alternative
RNA splicing and class switching combinations. The latter occurs only
in higher animals and leads to IgD diversification. IgD has an H region
comprised of an amino terminal region with an influx of threonine and
alanine residues. It also has 3 C domains. The C-terminal regions are
rich in arginine and glutamate. These are modified by O-glycosylation
for binding the IgD receptor onto T-lymphocytes. The H regions of
human IgD interact with heparin and associated proteoglycans which are
expressed on basophils and mast cells, indicating a common origin [7].

IgD function and clinical significance

As mentioned, IgD exists in human (and other animal sera)
at relatively low levels, the role it plays is specialized and is often in
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concert with cells, specifically at the surface. IgD may also circulate
but not in abundance and this circulation appears to be localized. As
part of the cell surface interaction function, IgD acts as a B-lymphocyte
activation signal. B cells, when activated, produce specific antibody in
response to an antigen. As part of the ballet which is the relationship
between IgD and IgM, IgM is solely expressed by non-activated or
immature B lymphocytes, which means that normally IgM is expressed
into maturity of an organism. When B lymphocytes leave the bone
marrow where they are “born” IgD will begin to be expressed. When
the B lymphocyte reaches maturity, it will express both antibody types,
but with IgM predominating.

Circulating IgD is probably derived from a switch from IgM to IgD
in the pharyngeal areas [8,9]. A significant function of secreted IgD
appears to be in immunity of the upper respiratory track. Evidence
suggests that in individuals deficient in either IgM or IgA, IgD levels
are increased if either of these immunoglobulins are not in normal
concentrations. It has been observed that IgA deficient patients with
chronic upper respiratory infections will show an increase in IgD nasal
plasma cells [10]. Further, patients exposed to respiratory pathogens
such as rubella or Mycobacterium tuberculosis show an increase in
serum IgD. As mentioned above, IgD is rare in the spleen or intestine.
However, it is more abundant in the tonsillar mucosa. These plasma
cells may enter the circulatory system where they colonize other
mucosal sites.

Secreted IgD, in addition to interactions with microbes directly via
V-specific on the antibody itself, establishes direct Fc interactions with
mast cells, basophils and monocytes. In the case of basophils, this leads
to the release of IL-4 which can activate B-cells and thus IgG production
[8]. However, that actual receptor has not as yet been identified [11].

IgD has the ability to activate certain pro-inflammatory functions
in the immune system such as fever, antibiotic resistant inflammation
(which may be systemic) and elevated serum IgD. These are some of the
characteristics of hyper IgD syndrome, which is caused by substitutions
of mevalonate kinase. Elevated IgD levels also cause periodic fever
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aphthous stomatitis pharyngitis adenitis is another disease that has
periodic fever coupled with aseptic mucosal inflammation. IgD armed
basophils are present in the mucosa. While it is not clear what the
pathogenesis of this syndrome is, it is clear that unfettered, IgD levels
are associated with it [8,12].
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