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arly history of IgE discovery and characterization

The purification and characterization of canine IgE
ckey and Schwartzman, 1967; Patterson et al., 1968)
alleled closely that of human IgE, and followed by only a
rt time the physiochemical characterization of human

IgE (Ishizaka et al., 1966). Prior to the identification and
naming of the human immunoglobulin protein, IgE, by the
husband and wife team Kimishige and Teruko Ishizaka, the
serum factor capable of mediating allergic responses to
allergens was called a reagin (Stanworth, 1993), and was
first demonstrated experimentally in the skin sensitizing,
P–K assay by Prausnitz and Kustner in 1921 (Cohen and
Zelaya-Quesada, 2004).

This direct association between a particular serum
immunoglobulin and allergic responses or reaginic activity,
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Canine IgE discovery and characterization historically closely paralleled that of human IgE.

The reason for this would seem to be the early recognition of the spontaneous

manifestation of allergic diseases in dogs that are nearly identical to human allergic

diseases. The discovery and characterization of human IgE being dependent upon its

biological activity in sensitizing mast cells and basophils was matched early on by

analogous approaches readily applied to dogs. Following the early work on IgE, cloning and

sequencing of the IgE heavy chain, epsilon, lagged well behind the human and rodent for

want of IgE producing canine myelomas. As with human allergic diseases, measurement of

allergen-specific and total IgE in canine tissues and body fluids revealed the same

associations with various disease manifestations that some times defied discovery of

straight-forward cause and effect relationships because of the complexity of pathogenesis

in spontaneous allergic disease. However it is clear that research on IgE in spontaneously

allergic dogs offers many opportunities to explore novel immunotherapeutic approaches

to the control of allergic disease that will benefit both dogs and humans.

� 2009 Published by Elsevier B.V.
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defined by P–K assays or skin prick tests and the classic
clinical signs of anaphylaxis as well as atopic dermatitis,
rhinitis and asthma, is identical for dogs and humans and
thus resulted in the same path to discovery of IgE in both
species over nearly an identical time frame. Anaphylaxis in
the dog was described in detail by Dean and Webb (1924);
and, suspicion of the existence of spontaneous canine
allergic disease, including its heritability, mimicking human
allergies was voiced as early as 1937 by Tuft. Wittich (1941)
demonstrated with a case involving seasonal ‘‘hay fever’’ in a
fox terrier that passive sensitization with canine serum,
measured by P–K, was possible in both a normal dog and a
human volunteer; and, that resolution of clinical signs in
dogs as in humans was effected by immunotherapeutic
desensitization using repeated injections of mixed regional
weed pollens. Wittich also quoted Tuft from his 1937
textbook as follows:

‘‘Tuft mentions that sneezing and wheezing in dogs
may represent symptoms of allergy ‘which have
occurred spontaneously and possibly as the result of
hereditary influence’ but states ‘although these findings
are suggestive, no definite proof of the existence of
spontaneously occurring allergic manifestations in the
lower animal has as yet been obtained’.’’

The path to isolating and distinguishing IgE from the
other immunoglobulins in the dog was essentially the
same as for human IgE. Initially, molecular weight
fractionation by ammonium salt precipitation and ultra-
centrifugation followed by starch block electrophoresis
indicated reaginic activity was distinct from 7S IgG and 19
S IgM (Patterson and Sparks, 1962; Patterson et al., 1963).
Next, molecular weight sieving of reaginic serum by
column chromatography confirmed this molecular size
distinction of IgE (P–K activity) from IgG and IgM, and
showed that rabbit antisera developed against this size
fraction of reaginic serum neutralized P–K activity even
after absorption with chromotographically pure IgG and
IgM as well as myeloma IgA (Rockey and Schwartzman,
1967; Patterson et al., 1968; Schwartzman et al., 1971;
Halliwell et al., 1972).

As with human IgE characterization, most of the serum
sources of IgE were from spontaneously allergic dogs. The
value of spontaneously allergic dogs for the study of IgE
and its role in allergic disease manifestation was recog-
nized early on and colonies of allergic dogs were
established at the Schwartzman lab (Schwartzman et al.,
1971) and the Patterson lab (Patterson et al., 1963).

The successful use of IgE-specific antisera to character-
ize and purify human IgE from sera was greatly facilitated
for application to human studies and eventual clinical
assays by the discovery of an IgE myeloma patient in 1967
by Johansson and Bennich. The very low concentrations of
IgE found in normal and even atopic patient sera (<5 mg/
ml) was the major reason for the delay in IgE character-
ization compared to the other immunoglobulins. Thus the
discovery of this myeloma source enhanced anti-IgE
reagent development (Johansson, 1967; Wide et al.,
1967); and, became the basis for the widely used clinical
immunoassays for measuring human total and allergen-
specific IgE (De Filippi et al., 1981). A comparable canine

IgE myeloma immunoglobulin was developed much later
by a heterohybridoma approach in 1994 (Gebhard et al.,
1995).

Refinement of rabbit antisera specificity for canine IgE,
before the availability of a dog IgE myeloma protein,
depended on the diligent application of chromatographic
fractionation of high IgE dog sera and careful absorption
with chromatographically purified IgG and dog IgA
myeloma protein (Halliwell et al., 1972, 1975). Applica-
tions of the rabbit antisera developed against dog IgE were
mainly to studies concerned with confirming the cross
reactivity and implied close sequence homology between
canine and human IgE; and later, documentation of tissue
localization of IgE (Halliwell, 1973, 1975). Unlike the
antisera developed against human IgE the anti-canine IgE
reagent did not yet have a major commercial market for
diagnostic test application. The first mouse monoclonal
antibody specific for canine IgE was reported by DeBoer
et al. (1993)); and, it was made against immunoglobulin
isolated from serum and bound a heat-labile epitope. Later,
using canine IgE generated by canine�mouse heterohy-
bridoma cell lines as immunogens, mouse monoclonal
antibodies specific for heat stable epitopes (Hammerberg
et al., 1997) were developed that bound at different sites
on the epsilon chain (Hammerberg, 2008).

Shortly after the demonstration of the specificity of the
rabbit antisera against canine IgE, Halliwell (1975) used
this reagent to provide evidence that mast cells in skin and
mucosal surfaces bound IgE and were thus activated to
respond to allergens. This was a key observation in that in
the contemporary human medicine literature the question
of the mast cell binding IgE at tissue sites was still being
addressed (Tada and Ishizaka, 1970; Gerber et al., 1971). In
this same report Halliwell confirmed in dogs the observa-
tions made in humans by Tada and Ishizaka (1970) that IgE
production was apparently occurring locally at mucosal
and skin sites and to some extent in the immediately
draining lymph nodes rather than by splenic plasma cells
(Halliwell, 1975). He speculated that this localized
production may have been part of the reason for the
relatively low levels of IgE seen in circulation.

Early on it was demonstrated that there was sufficient
homology between human and canine IgE that the
standard P–K reaginic activity assay could be performed
in humans to detect canine IgE (Wittich, 1941). This
homology extended to the cross reactivity of rabbit
antisera developed against human myeloma IgE with
canine IgE (Halliwell et al., 1972). As suggested by the early
observation of human P–K reactivity with canine sera,
human high affinity receptors for IgE epsilon chain on mast
cells that are required for signaling mast cell degranulation
likewise recognize canine IgE; and, indeed the human high
affinity epsilon chain receptor (FceRI) alpha chain respon-
sible for binding IgE is now used in one of the commercially
available immunoassays for measurement of dog IgE
(Stedman et al., 2001).

2. Cloning and sequencing of the epsilon chain

The close parallel between canine and human allergic
diseases fostered mutual advances in the characterization
Please cite this article in press as: Hammerberg, B., Canine immunoglobulin E. Vet. Immunol. Immunopathol. (2009),
doi:10.1016/j.vetimm.2009.09.009
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gE and its role in activating mast cells during the early
es prior to the 1980s as shown above. Subsequently,

h the ascendance of molecular biology, the work on IgE
s directed to gene sequencing, activation and switching.

human IgE myeloma, cited above, permitted the
tein sequencing of the epsilon chain in 1974 (von Bahr-
dstrom and Bennich, 1974), but the epsilon gene was

sequenced until a DNA library of the IgE producing
eloma cell line was constructed in 1982 (Flanagan and
bitts, 1982). IgE producing tumors from rats allowed
uencing of the epsilon chain for this species at about the
e time (Hellman et al., 1982). Similarly, the ability to
erate mouse hybridoma cell lines that produced IgE
litated the sequencing of mouse (Ishida et al., 1982) IgE
ilon constant region.
The absence of spontaneous IgE producing myelomas in
s and the difficulty in producing canine heterohybri-
as (Gebhard et al., 1995) delayed the sequencing of

ine epsilon chain until Patel et al. (1995) used a clever
roach of screening a canine liver genomic DNA
teriophage library with the human IgA alpha chain
e. The expectation that the high degree of homology in

ha chain genes among mammalian species would
eal alpha chain gene positive bacteriophage clones
s fulfilled when five clones were identified. The authors

speculated that the close linkage between IgE epsilon
es and IgA alpha genes would increase the likelihood of
ing clones containing both epsilon and alpha chain
es; and, this proved to be the case when probing the
clones with human epsilon gene fragments showed
of the clones to be positive. This clone provided

uence data showing closer homology between human
dog epsilon chain derived protein sequence than

ween mouse and human. Although IgE constant region
es are the least homologous of all the immunoglobulin
es in mammals (Patel et al., 1995) canine epsilon
tein sequence homology with humans is 57% for the
ire heavy chain (mouse is 44% and rat is 46%

ologous with human) with 62% homology at the
domain where much of the binding interaction

ween IgE and the high affinity receptor for the epsilon
in (FceRI) takes place. Apparently this is sufficient
ology to allow the observed sensitization of human

st cells by dog IgE in the P–K reaction (Wittich, 1941). As
ussed below (auto-antibodies against IgE), the higher
ree of canine� human homology has been the basis for
eloping canine� human IgE chimeric proteins with
stitutions in Ce 1–4 domains to determine the role of
se domains and possible targets for auto-immunization
inst IgE as therapy for allergic diseases in both humans
dogs (Hunter et al., 2008; Ledin et al., 2006).

pplication to disease

Without doubt IgE is essential for the manifestation of
rgic shock and early phase allergic localized reactions
skin and mucosal surfaces of the lung and gastro-
stinal tract; and, this was demonstrated for reaginic

um factors, later shown to be IgE, in dogs as it was being
cribed for humans. But it was not until the recent
ilability of Omalizumab that conclusive proof of cause

and effect relationships were established between IgE and
some spontaneous symptoms thought to be dependent on
IgE. The lack of strong correlation in humans between
levels of total serum IgE or allergen-specific IgE, with all
manifestations of atopic dermatitis, asthma or food
hypersensitivities (Wang et al., 2008; Wood et al., 2007)
is even more evident in dogs (Hill et al., 1995; Fraser et al.,
2003). Commercial application of measurements of serum
IgE levels to the diagnosis of allergic diseases provides
relevant information but is not definitive in how total and
allergen-specific IgE levels relate to disease manifestation.
Reputable veterinary testing labs routinely counsel that
the results of their tests must be taken in the context of
other diagnostic evidence (DeBoer and Hillier, 2001).

The simplistic assumption that IgE sensitized mast cells
and basophils are all that is needed for disease manifesta-
tion ignores the complexity of inflammatory regulatory
mechanisms (Novak et al., 2003; Novak and Bieber, 2005)
and the importance of localized production of IgE in
affected tissues (Bruhns et al., 2005; Zemann et al., 2002).
Demonstration of IgE’s initiating, but often circumscribed,
role in inflammation is now made clear by the clinical use
of a newly developed humanized mouse monoclonal
antibody specific for IgE, Omalizumab. Omalizumab is a
protein resulting from an immunoglobulin gene made up
of human constant region genes linked to mouse variable
region genes from a clone that produced monoclonal
antibody specific for the site on IgE that binds to FceRI
receptor thereby blocking its ability to sensitize mast cells
and basophils (Chang, 2000). Systemic administration of
Omalizumab reduces free IgE in circulation to levels where
expression of FceRI on basophils and mast cells are
markedly decreased, resulting in mast cell and basophil
stabilization (Chang and Shiung, 2006). Omalizumab has
been shown to significantly reduce clinical signs of asthma
and other allergic diseases (Chang et al., 2007). This success
has encouraged attempts to stimulate production of
spontaneous IgG auto-antibodies against self-IgE at
selected epsilon chain epitope sites by use of vaccination
with modified peptides in dogs (Ledin et al., 2006). Clearly,
if this approach is successful in dogs, where natural levels
of IgE are much higher than in humans and the same risks
of untoward effects can be measured (Ledin et al., 2006),
then a similar approach would likely be attempted in
humans (Hellman, 2008).

4. IgE is not required for resistance to parasites

Ubiquitous correlations of high levels of systemic and
local tissue IgE with the presence of a variety of helminth
parasites makes it tempting to conclude that there is a
cause and effect relationship between IgE and resistance to
parasites (Bethony et al., 2005; Turner et al., 2005; Mitre
and Nutman, 2006), and that the function of IgE is in
defense against helminth parasites (Capron and Capron,
1994). However, this hypothesis was challenged more than
10 years ago by researchers with long experience in the
field (Else and Finkelman, 1998). Conclusive demonstra-
tion that parasite-specific IgE was not essential to
protection against parasites has been recently provided
by experiments with rodents (Finkelman et al., 2004; Zhao
ease cite this article in press as: Hammerberg, B., Canine immunoglobulin E. Vet. Immunol. Immunopathol. (2009),
oi:10.1016/j.vetimm.2009.09.009
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et al., 2008). It is apparent from circumstantial observation
of common nematode infections, including Ancylostoma

and Trichuris, in mature dogs that re-infection and adult
worm survival are not greatly diminished by the presence
of circulating nematode-specific IgE (data not published).

If indeed parasite-specific IgE were essential to
protection against helminth infection, then current mono-
clonal antibody anti-IgE therapy with Omalizumab would
have a high risk of causing disease and this has not been
observed with over 30 phase II trials and the general use of
this product in a wide spectrum of the human population
(Chang and Shiung, 2006). The likelihood is that the
elevated polyclonal and parasite-specific IgE responses
stimulated by helminth infection are often independent of
a host’s protective inflammatory response, although IgE
may well facilitate, to some degree, a role of mast cells in
this response (Else and Finkelman, 1998).

The importance of clearly demonstrating that IgE is
essential for protection against particular helminth para-
sites in humans and the outbred populations of concern to
veterinary medicine cannot be over stated in light of efforts
to develop effective vaccines against helminth parasites. The
measure of success of these vaccines may be inaccurate if IgE
titers are looked upon as defining protection. The complex-
ity of host–helminth interactions during the infective stage,
as well as during long-term chronic infection, suggests that
antigen non-specific inflammatory responses by a variety of
cells, in addition to T helper 2 cells, such as intestinal
epithelial cell function, mucus production and enteric
muscle contraction play major roles in worm expulsion
(Finkelman et al., 2004). The balance of effector and
regulatory T cells, defined by local production of cytokines
such as IL-10, IL-4 and IL-13, may more closely define host
protection than parasite-specific IgE (Rausch et al., 2008).
That is not to say that IgE production by B cells, driven by IL-4
and other cytokines, may not function as an approximate
surrogate for measurement of protective T helper 2 cell
responses, but parasite antigen-specific IgE levels may well
be incidental to host protective responses.

5. IgE production by canine B cells

There is direct evidence from flow cytometry studies
that many canine B cells in circulation have switched to IgE
commitment and display surface IgE (Jackson et al., 2002).
This conclusion is supported by the observation that
stimulation of canine circulating B cells with IL-4 alone
results in IgE production by these cells, whereas CD 40
ligation inhibits IgE production in IL-4-stimulated cells
(Goedert et al., 2000). These authors speculated that many
canine B cells in circulation may be pre-activated (possibly
memory B cells) and have switched to IgE germline
transcription, and thus would not require T cell or CD40
ligation to produce IgE (Goedert et al., 2000). As demon-
strated for human B cells by Miyashita et al. (1997) CD40
ligation of pre-activated B cells results in inhibition of
replication and immunoglobulin production; whether or
not this is the mechanism for canine IgE inhibition by CD40
ligand remains to be determined.

High levels of serum IgE routinely observed in
individual dogs with and without clinical signs of allergic

disease, as cited above, would be a likely consequence of
large populations of circulating pre-activated canine B
cells. Elevated serum IgE in dogs is a heritable trait that has
been demonstrated in colonies of inbred dogs (de Weck
et al., 1997; Redman et al., 2001). Correlative studies of B
cell activation status and serum IgE in dogs may be
informative to understanding mechanisms of elevated IgE
observed in humans and associated with allergic signs.

6. IgE binding to blood and dermal dendritic cells

The distribution of IgE on various cell types relates
directly to the relative importance of total and allergen
specific IgE in the pathogenesis of allergic diseases. This
has been demonstrated by the efficacy of humanized
monoclonal antibody Omalizumab in treating asthma and
other IgE mediated diseases in humans (Chang et al.,
2007). The empirical observation of this therapy is far
from being fully explained on mechanistic basis, and the
similarity of canine atopic disease to human disease may
offer important pathways to understanding and improv-
ing anti-IgE therapy. Likewise, the expression of the FceRI
on human dendritic cells in circulation and at tissue sites
has been known for 20 years yet the potential role of IgE
receptors on DC in pathogenesis and therapy remains
largely unknown (Novak et al., 2003, 2008; Bieber, 2007).
One of the limitations of rodent models in elucidating
pathways of anti-IgE therapy is the lack of high affinity
receptor for IgE on rodent dendritic cells (Novak et al.,
2003). In contrast to rodents and more like humans,
canine CD1c + dendritic cells bearing IgE have been
demonstrated in large numbers in blood (Jackson et al.,
2002) and in skin (Olivry et al., 2001; Olivry et al., 2006).
Recently the success of sublingual immunotherapy (SLIT)
in humans has encouraged further work on finding
optimal oral mucosal sites for allergen application that
result in tolerance; and, the relative abundance of DC
compared to mast cells, both bearing FceRI, is suggested to
indicate these optimal sites (Allam et al., 2006, 2008).
Clearly, an approach to SLIT in dogs, with appropriate use
of adhesive pads designed for mucosal surfaces (Razafin-
dratsita et al., 2007), would benefit from knowledge about
the distribution of FceRI-bearing dendritic cells at oral
mucosal sites.

7. Summary

The discovery and characterization of canine IgE has
been greatly facilitated by the characterization or allergic
diseases in dogs early in the twentieth century and by the
appreciation of the remarkable homology between human
and canine spontaneous atopic disease (Wittich, 1941).
This homology of spontaneous allergic disease manifesta-
tion suggests analogous mechanisms of pathogenesis
between humans and dogs; and indeed, the expression
of FceRI on various cells types in tissues involved with
allergic disease lesions is nearly identical and far more
analogous between humans and dogs compared to
humans and rodents. This is an important consideration
for exploring new pathways to allergic disease therapy and
diagnosis in dogs.
Please cite this article in press as: Hammerberg, B., Canine immunoglobulin E. Vet. Immunol. Immunopathol. (2009),
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