Glycan Epitopes Currently Recognized as Targets for IgE Antibodies
It has long been recognized that sera from some patients have IgE antibodies (ab) specific for
oligosaccharide rather than protein epitopes. In the earliest studies related to pollen antigens, these
oligosaccharide epitopes were designated as cross-reactive carbohydrate determinants (CCD) because
they proved to be responsible for extensive cross-reactions in vitro (1-3). Subsequently, several other
groups of antigens were identified where the target of the IgE ab response was found to comprise
oligosaccharide epitopes (4). These include antigens from the plant kingdom, insect venoms, and some
components from nematode parasites (4-7). Since 2008, sensitization to another category of IgEbinding glycans including galactose-alpha-1,3-galactose (alpha-gal) which can be induced by bites of
different tick species has been recognized (8-10). These oligosaccharides are best thought of as
haptens because they can be expressed on proteins from multiple different species. Furthermore, in
the case of alpha-gal the epitope for IgE ab can also be expressed on a lipid backbone (11, 12). There
are many problems associated with including these epitopes in the allergen database, the most
obvious of which is that none of them are related to a particular species, while the standard allergen
nomenclature system is based on individual proteins, each produced by a species. In addition, the
biosynthesis of an oligosaccharide is dependent on a series of enzymes related to each step in the
process. Thus although the loss or inactivation of an enzyme can alter the structure of a glycan epitope,
there is no such thing as a single gene that controls the production of an oligosaccharide (13, 14).
Despite the obvious difficulties with incorporating glycan epitopes into the database, many members
of the WHO/IUIS Allergen Nomenclature Sub-Committee had realized that the lack of a section on
glycan epitopes in the database was increasingly irrational.
There isn’t a simple way to classify the oligosaccharides since the IgE ab responses are not
restricted to one group. In addition, in many cases it is difficult to define the species that induced a
response. However, the first approach was to describe the general characteristics of the glycans
related to pollens, venoms, nematode worms and ticks (2-4, 15). This approach identified ~20
oligosaccharides where there was clear evidence of their significance for allergic disease and which
should be the initial proposal for the database. At this point it is clear that although there are
biochemical conventions for the description of an oligosaccharide, there are several types of
abbreviations, many of which are already in use. In this proposal, each oligosaccharide will be
presented as a stick diagram with the accepted system for the individual monosaccharide residues (Fig
1). It is essential in any publication or presentation about an oligosaccharide to describe or illustrate
its structure before using an abbreviation.
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Symptoms Related to IgE ab Responses to Oligosaccharide Epitopes
The early studies related to CCD provided considerable evidence that IgE ab responses to
these epitopes did not contribute to allergy symptoms (1, 3). This was particularly clear in relation to
CCD epitopes on pollen antigens (2). The data is less clear in relation to venom antigens (7), but it has
not been established that IgE ab specific for oligosaccharides play a significant role in acute allergic
reactions to venom (15). Equally there is no good evidence that the symptoms that occur with
nematodes entering the skin are related to IgE ab specific for oligosaccharides. There is extensive
evidence about the presence of IgE ab to oligosaccharides on schistosomes and schistosome egg
antigens (SEA) however, there have been very few studies on the relevance of these IgE ab with
respect to symptoms. Thus, it remains unclear whether the intense itching that can occur with
schistosomes of the pathogenic species or with cercaria of duck schistosomes (swimmer’s itch) are
caused by or contributed to by IgE ab to oligosaccharides. The situation in relation to the mammalian
oligosaccharide alpha-gal is completely different because in this case there is extensive evidence that
severe symptoms both immediate during cetuximab infusions and reactions occurring 3-6 hours after
eating red meat are directly related to specific IgE ab (8, 16-19). The delay before the start of
symptoms after eating red meat in patients with the alpha-gal syndrome may be explained by the
digestion of glycolipids (11, 12). Furthermore the digestion of glycolipids over 3-6 hours which allows
the formation of low density lipoproteins (LDL) or HDL could be highly relevant to understanding the
potential chronic effects of eating red meat (20, 21).
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Definition of Epitopes
The glycan targets for IgE ab are by definition non-human, this is with the possible exception
of IgE to the B blood group antigen which is immunogenic in humans who have A or O blood groups.
Glycoproteins are formed by posttranslational attachment or assembly of the oligosaccharide moiety
on the new synthesized protein in a process that generally occurs in two phases. In the production of
N-linked oligosaccharides, the core structure starts with two GlcNAc monosaccharides attached to the
side chain of asparagine (N) followed by a trimannosyl structure (Fig 1). The initial core structure is
created in the Rough Endoplasmic Reticulum (RER) and is linked to asparagine (N) residues that are in
the configuration of either NXS or NXT where S is serine, T threonine and X any amino acid except
proline. There are a few examples of IgE ab binding epitopes consisting of O-linked glycans (2). An
example of IgE ab binding to O-linked glycans is the mugwort pollen allergen Art v 1 and homologous
allergens (Fig 2).

These N-linked and O-linked structures are clearly defined as parts of glycoproteins, and since
the oligosaccharide can be attached to two commonly occurring sequence motifs, the structure is
clearly not species specific (Fig 2). By contrast there are a few examples where a sugar structure
contributes to a known protein allergen epitope, recognized by an antibody in a species-specific way.
This situation has been clearly defined for an epitope on the cockroach allergen Bla g 2, where the role
of a glycan as part of the epitope has been demonstrated in relation to both the binding of a
monoclonal antibody and basophil histamine release (22, 23). In addition, the primary epitope for IgE
ab binding on tomato allergen Sola l 2 (previously named Lyc e 2) has been shown to be MUXF (24).
Similar data may be relevant to vespid venom allergen Ves m 2. Recent studies have also suggested
that this “epitope-hapten” effect can also occur for alpha-gal (25). Following formation of the core
glycan structure, saccharides may be trimmed or added in the Golgi apparatus in a process that
requires several different enzymes. An oligosaccharide can be foreign to humans either because it
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includes a linkage that doesn’t occur in humans or because the structure includes non-human
monosaccharides such as Xylose or the sialic acid, N-glycolyl neuraminic acid [Neu5Gc] (Fig 1). A
specific feature for Neu5Gc as a non-human carbohydrate is that it can be absorbed from food and is
readily incorporated into human glycoproteins (4). The antigenic and IgE-inducing properties of
Neu5Gc are a matter of debate (4).
The descriptions in this section of the database will conform to the conventions established
by the Consortium for Functional Glycomics (26). The oligosaccharides will be described in relation to
four groups:
Group A:

Classical CCD’s (N-glycans) and O-glycans including oligosaccharides related to plants and
venomous insects (Figs 1, 2, and 3).

Group B:

The nematode parasites and in particular the oligosaccharides that are present on
schistosomes and schistosome Egg Antigens (SEA) (Fig 4).

Group C:

Mammalian non-human oligosaccharides including galactose alpha-1,3-galactose, and
other monosaccharides such as N-glycolyl neuraminic acid. Alpha-gal is present in all
mammals except great apes and Old World monkeys, but the route of sensitization in the
USA, Australia, Europe and Japan is in almost all cases from one or more species of tick
(Fig 5) (9, 10, 27-29).

Group D:

Short chain galacto-oligosaccharides (scGOS) produced from milk by bacterial betagalactosidase (Fig 5)

Description of the four Groups:
Group A. Cross Reactive Carbohydrate Determinants: Classical CCD (N-glycans) and O-glycans
The first groups described in any detail were those on plant and venom proteins. These have
a basic structure or core of two GlcNAc sugars with two or three terminal mannose residues. To these
are added a xylose on the proximal mannose and/or a fucose residue linked alpha 1-3 on the first
GlcNAc in the core (Fig 3). While these sugars were first recognized on plant proteins, e.g. bromelain
from pineapple, similar oligosaccharides are present on proteins found in honeybee or wasp venom
(Fig 3). Despite occasional cases where clinically significant reactions have occurred related to IgE ab
to CCD, most investigators have concluded that antibodies to these sugars play little role in symptoms
related to natural exposure (1-3). O-glycans, also included in this group, are carbohydrates attached
to the side chain oxygen atom of serine or threonine residues in a protein. O-linked glycans are known
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to be present on ragweed Amb a 4, mugwort Art v1, grass pollen Phl p 1, and gum arabic from acacia,
as well as some yeasts and molds.

Group B. Oligosaccharide Epitopes that are the Targets for IgE ab Responses to Schistosomes and
other Helminths
The existence of serum antibodies related to schistosomes or schistosome cercaria has been
known since the earliest days of the Prausnitz-Kuestner test (30). The evidence that these antibodies
against schistosome antigens were IgE was an important aspect of studies related to the early
gatekeeper hypothesis of the role of IgE ab (31). The fact that these antibodies include specific IgE ab
directed at oligosaccharides came from several investigators. In many cases these oligosaccharides
are distinguished by a single terminal galactose or N-acetyl galactosamine residue (GalNAc) (Fig 4).
Many different structures are found on other helminths, most of which are clearly foreign to humans
but have not been fully investigated as targets of human IgE ab (4). Although the presence of
oligosaccharides on other helminths is well established, there is relatively little evidence about the
significance of these epitopes in relation to human IgE ab.
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Group C. Mammalian non-human oligosaccharides including galactose-alpha-1,3-galactose, and
other monosaccharides such as N-glycolyl neuraminic acid.
The third major group of glycan epitopes was first recognized by Karl Landsteiner who
reported in 1925 that all humans had “natural” antibodies to a “B like” antigen that was present on
the red blood cells of all non-primate mammals (32). This antigen was subsequently recognized as a
major transplantation antigen of the non-primate mammals (32, 33). Dr. Uri Galili and others have
done extensive work on the transplantation aspects of this antigen and they defined the structure as
galactose-alpha-1,3-galactose (alpha-gal) (33). This oligosaccharide is indeed very close in structure to
the blood group B antigens (Fig 5). In common with other blood group antigens, alpha-gal can be
expressed on proteins or lipids (Fig 5) (11, 12). Thus, due to similarities with the B-antigen, individuals
with blood group B have a reduced risk of sensitization to alpha-Gal in some but not all studies and a
reduced risk of mammalian meat allergy (34, 35). IgE ab to alpha-gal were first recognized during the
investigation of anaphylactic reactions to the monoclonal antibody cetuximab used in cancer
treatment (8). This antibody is specific for Epidermal Growth Factor Receptor (EGFR) and is produced
commercially in a cell line (SP2O) derived from mice (8). Those experiments demonstrated that the
target of the IgE ab binding to cetuximab was an oligosaccharide which in most cases was the
diantennary form of alpha-gal and was the dominant glycan epitope expressed on the variable region
of the Fab portion of the heavy chain of the molecule (8). Furthermore, it was clear that these IgE ab
were present in sera prior to the reaction, which occurred during the first infusion of cetuximab.
Subsequent experiments demonstrated that in some areas of Virginia, North Carolina, Tennessee, and
Arkansas, these IgE ab to alpha-gal were present in 15-20% of the adult population. It has also become
clear that these IgE ab relate to tick bites in the USA and also in Australia, Sweden, France, Germany,
Japan and many other countries (9, 10, 28, 29, 36-39). If patients with IgE ab to alpha-gal eat meat or
organs from non-primate mammals, a proportion of them (between 5 and 20%) will experience an
allergic or anaphylactic reaction which in most cases starts between 3 and 6 hours after eating meat
(19, 40-42). The oligosaccharide target definitely includes the two terminal galactose sugars but may
also be influenced by the adjacent monosaccharide which is GlcNAc (Fig 5). IgE ab can certainly bind
to trisaccharide structures (43, 44). It is well established that the oligosaccharide, alpha-gal, is present
on mammalian tissues either as part of a glycoprotein or a glycolipid. At present, it seems likely that
the primary forms contributing to sensitization are glycoproteins. However, there are good reasons
for thinking that the glycolipid forms of alpha-gal could at least contribute to the delay in symptoms
after eating red meat (11, 19). What is certain is that the IgE ab response to this epitope can represent
40% or more of the total IgE in the circulation and that not surprisingly an IgE ab response to alphagal can lead to a rapid increase in total IgE (35). Sensitization to alpha-gal has also been found to be a
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risk factor for coronary artery disease (21). Finally, other non-human mammalian monosaccharides
such as N-glycolyl neuraminic acid (Neu5Gc) can be included in this group (Figs 1 and 5) (44).

Group D: Short chain galacto-oligosaccharides (scGOS) produced by bacterial beta-galactosidase
GOS are commercially produced prebiotics consisting of mixtures of oligomers containing
glucose and polymerized galactose units including ß1-6, ß1-4, and ß1-3 bonds (45). Allergic reactions
to GOS have been reported mainly in Southeast Asia. Short chain GOS (scGOS) are produced through
the enzymatic conversion of lactose, using beta-galactosidase derived from bacteria that are added to
the commercial products (e.g. such as supplemented cow’s milk formula for infants). But they also
occur naturally in human and animal milk. They typically consist of a chain of 2–6 galactose molecules
attached to glucose (Fig 5). Contrary to the carbohydrates of the other 3 groups, scGOS are not bound
to proteins in milk. Initially, occupational asthma in Japanese oyster farm workers was found to be
associated with a carbohydrate linked to a high molecular weight allergen of sea squirt (46). A series
of workers with sea squirt allergy showed immediate-type hypersensitivity reactions on ingestion of a
lactic acid beverage commonly available in Japan. GOS present in that beverage gave positive results
in skin and histamine release tests. The observed cross-reactivity between GOS and the sea squirt
antigen suggested that the sea squirt was the sensitizing allergen source. When GOS was introduced
in several milk formulas, the first cases of cow’s milk tolerant children who developed anaphylaxis
following ingestion of cow’s milk formula supplemented with GOS were reported (47). Patients
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reacted to fractions of scGOS containing 3 sugar units or greater in skin prick test and basophil
activation. However, not all scGOS are allergenic. Kaneko et al. were able to identify two allergenic
scGOS and to develop a hypoallergenic one by using a beta-galactosidase from a different microbial
source (48). Despite recent evidence from Singapore suggesting that sensitization to scGOS is related
to dust mite sensitization, it remains true that prebiotics are widely available all over the world
whereas allergic reactions seem to be limited to Asia, pointing to a still unknown primary sensitizing
source (49).
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