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Cross-reactive antigens for natural IgE antibodies:
allergens with the potential to transform a dormant
to an active allergic response?

This editorial was prompted by the findings of the paper in this issue by S. Blank et al. [1], pp. 976-985.

B. A. Baldo
Sydney, Australia

Introduction

The study by Blank et al. [1] in this issue is interesting
from a number of viewpoints, biological, chemical and
medical, covering as it does, major proteins from royal
jelly, the intriguing substance with nutritional and cast-
determining properties (for bees); the elegant proteomic
approaches employed; the recombinant expression of
glycosylated proteins by baculovirus infection of moth
cells; identification of the royal jelly proteins as venom
components; and finally, analysis of the allergenicity of
the proteins without interference from attached carbohy-
drate. The methodology represents impressive state-
of-the-art approaches to the study of allergens efficiently
applied, but it is the mystery of the so-called CCDs that
left one musing. Carbohydrates are not allergens so what
is all that carbohydrate-reactive IgE doing there in serum
and what is its significance? Not a new question, but
highlighted here by the juxtaposition of the apparent
insignificance of the carbohydrate antigens and the
advanced technology-assisted definition of the allergenic
role of the Apis proteins. If there are a lot of different
carbohydrate antigens that bind with IgE antibodies, are
they all of no consequence allergenically and clinically?

Antibodies to carbohydrate determinants

Serum IgE antibodies from some allergic patients detect
cross-reactions between extracts of various plant-
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derived foods, pollens and Hymenoptera venoms. These
antibodies, also sometimes induced by Hymenoptera
stings [2, 3], are complementary to carbohydrate
determinants that have been given the designation
cross-reactive carbohydrate determinants (CCDs). The
structural basis of the plant and insect cross-reactions
are N-linked glycans containing oligosaccharides with
both D-xylose and core a-1,3-L-fucose allergenic resi-
dues (Fig. 1a) [3-5]. Despite the presence of the CCDs in
many potentially allergenic foods, pollens and venoms
and the presence of IgE antibodies complementary to
these structures in sera of allergic patients, lack of
symptoms and negative reactions to CCDs in skin prick
tests generally shows that these glycans apparently
have no clinical relevance [6, 7].

Although IgE antibodies to CCDs appear to be formed
in response to exposure to the various plant materials
and venoms, particularly pollens, some of the antibod-
ies are ‘natural’, that is, antibodies formed without
exposure to foreign antigens via infection or passive or
active immunization. Certainly, there are natural anti-
bodies to carbohydrate antigens — IgG antibodies in
normal subjects with specificities for naturally occur-
ring antigens that the host is constantly exposed to
such as normal gastrointestinal and pulmonary bacterial
flora. In fact, most of the high titre natural antibodies
appear to show anti-carbohydrate specificity and
include the anti-blood group A, B and Lewis antibodies
(Fig. 1b), antibodies to the cryptic T (Thomsen-Friedenr-
eich)-antigen (Fig. 1c) expressed on the cell surfaces of
T-lymphomas and most human carcinomas and anti-
bodies to N-glycolylneuraminic acid, a sialic acid
thought to be absent in healthy humans [8] (Fig. 1d).
One of the natural antibodies found in all individuals
tested shows specific recognition of an o-1,3-linked
D-galactose disaccharide (Fig. 1e) [9], a structure found
in the mouse, rabbit, calf and pig, but not in humans



Cross-reactive allergens and natural IgE antibodies 811

(@) o-D-Man—(l »6)\

B-D-Man—(1-4)—B-D-GleNAc—(1-4)-B-D-GlcNAc—
2 3

a-D-Man—(1-3) | |
B-D-Xyl-1 o-L-Fue-1
Leb
(b) ¢
H Le’
o-L-Fue-1 o-L-Fuc—1
Type I a-D-GalNAc
chain A : 2 4
or —(1-3)+B-D-Gal—(1-3)—B-D—GlcNAc—(1»3)\
a-D-Gal (1-4) type 2 chain
B B-D-Gal—(1-3)-B-D-GlcNAc—

Type 2 chain

(c) B-D-Gal—(1-3)-ai-D-GalNAc

(d) COOHO
oH
HO
HO CH___CH,OH
NH cH
° OH
CH,OH
(e)  o-D-Gal(1-3)-B-D-Gal
CH3 OH
(f) 1 |
CH;— 7CHZCH2—o—ﬁfoH
CH3
CH3 o

CH,

|
“cHy \o—CHZCHrerCH3

CH3

|
curn@cuzt:Hz—o CH,
\C/
CH3 I
(e)

Fig. 1. Structures of some plant- and animal-derived cross-reactive
carbohydrate and other antigens complementary to quantitatively
important human natural IgE antibodies. (a) A complex plant
N-glycan containing terminal D-mannose residues together with a
B1,2-linked D-xylose and core o1,3-L-fucose both of which (high-
lighted) are involved in IgE antibody binding to CCDs. (b) Terminal
portion of the ABH blood group glycan structure showing the sugars
involved in the A, B, H, Le® and Le® blood group specificities. (c) The
Thomsen-Friedenreich T-antigen. (d) N-glycolylneuraminic acid.
(e) The galactose disaccharide complementary to human anti-galactose
natural antibodies. (f) Phosphorylcholine and (g) Succinylcholine with
a structure common to both highlighted.

except for the B blood group antigen, which carries an
o-1-2-linked L-fucose on the penultimate D-galactose
(Fig. 1b) that prevents binding to the antibody. A con-
nection between IgE antibodies to the galactose disac-
charide and anaphylaxis in humans was recently shown
in a most curious way when patients receiving cetux-
imab, a chimeric mouse-human IgG, monoclonal anti-
body approved for cancer treatment, experienced severe
immediate hypersensitivity reactions. The antibodies
involved in the reaction were specific for the galactose
disaccharide present on the Fab portion of the antibody
at asparagine 88 of the heavy chains [10]. Most of the
patients who reacted already had the IgE antibodies in
their serum before therapy began and the coincidence
of intravenous presentation and the presence of the
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complementary carbohydrate allergenic determinant in
at least a divalent form allowed cross-linkage of mast
cell-bound IgE antibodies and the resultant allergic
response that could not have been suspected. The ques-
tion of how the subjects become sensitized to the disac-
charide in the first place appears to have been
explained by findings from recent studies on adult-
onset delayed anaphylaxis, angioedema or urticaria
occurring 3 to 6 hours after consuming red meat. IgE
antibodies to the o-linked galactose disaccharide
present on tissues of non-primate mammals and hence
in the red meat were found in the sera of the patients
and investigation of the causes of this IgE antibody
response led to the conclusion that tick bites, in some
as-yet unknown way, are associated with development
of the allergic sensitivity [11].

Carbohydrate antigens, phosphorylcholine and parasitic
diseases

Carbohydrate antigens are also relevant to, and of
interest in, the study of parasitic diseases where evi-
dence suggests that glycans and glycolipids from helm-
inths show immunomodulatory effects. In nematodes,
these effects have been shown to be associated with
phosphorylcholine (PC) (Fig. 1f) connected by phospho-
diester linkage with N-acetyl-D-glucosamine in both
N-linked proteoglycans and glycolipids, and include
activities that are broadly anti-inflammatory such as
promotion of Th2 responses, inhibition of B lymphocyte
proliferation and inhibition of pro-inflammatory
cytokine production by macrophages [12]. Antibodies
to PC have been demonstrated in mice developed under
sterile conditions and are found in humans as naturally
occurring non-pathogenic autoantibodies produced by
CD5 + /B-1 B cells [13]. PC is the immunodominant
structure in pneumococcal teichoic acid [14] and
so-called ‘C-substances’ widely distributed in bacteria,
fungi, protozoa, plants, arthropods and helminths
[15, 16]. C-substances precipitate with C-reactive pro-
tein and anti-PC, both reactions are inhibited by PC
and the antibodies may protect against Strepfococcus
pneumoniae infections and artherosclerosis [17, 18].
C-substances, isolated from house dust mites, fungi and
Ascaris sp by affinity chromatography on C-reactive
protein and mouse myeloma anti-PC IgA support media
were shown to be allergenic in IgE antibody binding,
skin prick test and histamine release studies [15].

It has been suggested that the IgE class of antibodies
and responses involving it could have evolved as a
defence against helminth infection [19], but there has
been no epidemiological evidence to support this. In
both laboratory animals and humans, helminth infec-
tion and high levels of IgE antibodies are not accompa-
nied by allergic symptoms. Nematode-infected rats
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actively immune to the parasite are known to reject a
challenge infection in the absence of allergic symptoms
and, in humans, allergies are uncommon in individuals
infected with helminthic parasites. However, when rats
and mice are challenged intravenously with parasite
antigens, deaths from anaphylaxis commonly occur
[20], a scenario similar to the sequence of events and
outcome seen with the anaphylactic responses occurring
after intravenous injection of the chimeric monoclonal
antibody in patients pre-sensitized to the galactose
disaccharide. In both cases, the host has gone from a
clinically dormant situation where sensitization to an
unsuspected antigen exists, only to be exposed cata-
strophically when the antigen, perhaps in a different
guise, is introduced intravenously for reasons quite
unrelated to the host’s original antigen contacts. As
well as human natural antibodies to PC, some antibod-
ies to various parasite antigens are likely to be comple-
mentary to PC and of the IgE class. These antibodies
might or might not play a beneficial role in patient
responses to the parasite but, for the discussion here,
what is more pertinent is the possible potential of these
antibodies to provoke an immediate type I allergic reac-
tion following an intravenous challenge with an anti-
gen containing an accessible PC determinant or a cross-
reactive structure. As already mentioned, C-substances
occur widely and contain PC as an immunodominant
structure, but their administration intravenously is usu-
ally unlikely. Other sources of PC include phosphatidyl-
choline and sphingomyelin, but in these phospholipid
forms in cell membranes, the PC is not exposed for rec-
ognition by the immune system unless made accessible
by treatment with phospholipase A2.

IgE antibodies to phosphorylcholine and anaphylaxis

There is, however, a likely candidate that might act to
convert an apparently clinically dormant allergic state
with anti-PC immunoglobulin E into an antibody-medi-
ated lethal anaphylactic response. In the perioperative
situation, pre-existing IgE antibodies of unknown origin
in the sera of some patients receiving a neuromuscular
blocking drug (NMBD) for the first time can mediate a
life-threatening anaphylactic reaction. The antibodies,
specific for tertiary and quaternary substituted ammo-
nium ions [21], detect these groups on NMBDs such as
succinylcholine (Fig. 1g) and atracurium and the drugs,
by virtue of at least two of these well-separated ions,
are able to flexibly cross-link and activate mast cells to
release the mediators of anaphylaxis. The specificity of
the antibodies equips them to react readily with PC and
it was recently suggested [22] that this quaternary
ammonium compound might be the stimulating antigen
and natural antigenic complement for the IgE antibod-
ies responsible for the NMBD-induced allergic reactions

during anaesthesia. Figures 1f and g show the identity
in structure of the extended quaternary ammonium
groups on PC and the identified allergenic terminal
groups widely separated at each end of succinylcholine
[21, 22].

From the inactive to the active allergic state — what are
the mechanisms?

With the foregoing examples in mind, we can return to
the CCDs where, at the moment, we do not have
enough information on the variety of specificities likely
to be involved in IgE responses, although we can
already be sure of the occurrence of antibodies to a
range of diverse structures from simple sugars such as
D-galactose, L-fucose, D-xylose and D-mannose in oli-
gosaccharide or glycoconjugate form to neuraminic
acids and PC from glycolipids. Viewed from this per-
spective, the intravenous administration of any new
therapeutic recombinant protein or other agents that
might have some structural features in common with
component entities of glycoconjugates should be criti-
cally examined for their potential to elicit an unsus-
pected serious allergic response. If the above
interpretations and speculations are correct, an expla-
nation is still needed for the benign nature of the
humoural response to the CCDs with its absence of clin-
ical symptoms and its contrast with the predicted aller-
gic activation following intravenous presentation of the
appropriate antigen. Interference with IgE antibody
binding by blocking antibodies such as IgG, is utilized
in desensitization injections (immunotherapy) for the
treatment of common allergies and protective antibod-
ies to CCDs have been demonstrated in sera of patients
receiving grass pollen immunotherapy and in patients
occupationally exposed to bovine and porcine proteins
[23]. Evidence that IgG, antibodies may block IgE path-
ways is seen in the delayed development of protective
IgE antibody-mediated immunity in schistosoma infec-
tion in humans [24, 25]. A further question that needs
addressing is why should the route of antigen challenge
make such a difference in transforming the apparent
absence of allergy to a clear type I hypersensitivity
response? This is clearly demonstrated in parasite-
infected laboratory animals and in the human examples
discussed here, but apart from the well-known fact that
anaphylaxis is a key risk of peripheral intravenous ther-
apy and the parenteral route of administration increases
the severity and frequency of an anaphylactic reaction,
there seems to be no readily apparent explanation.
Excluding the possible involvement of blocking anti-
bodies, the absence of allergic clinical symptoms to
CCDs and the uncharacteristic delay in anaphylaxis fol-
lowing red meat ingestion may be the consequence of
digestion of the antigen and/or processing by the
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immune system. This is not a consideration with intra-
venous administration where the antigen is delivered
rapidly undigested and unprocessed ready to interact
immediately with IgE antibodies in the serum and on
mast cells.

In conclusion, there are indications and some evidence
that CCDs as oligosaccharides and glycoconjugates, and
PC found in some glycolipids, should be viewed, until
proven otherwise, not just as potential allergens for
inducing allergic cross-reactivities between foods, pol-
lens and venoms, or as clinically insignificant antigens
causing false-positive results in in vitro IgE antibody

assays, but as potential allergens that are part of a
dormant allergic response ‘waiting’ as it were for the
right stimulus via the right route to activate their
involvement in a full-blown immediate hypersensitivity
response. Evidence for this conclusion is clearly still
incomplete, for example, if blocking antibodies are
involved, what mechanisms overcome the block? Future
research on mechanisms underlying allergic recognition
of CCDs carried out with this perspective in mind may
lead to some new insights and reveal the correctness or
otherwise of the interpretations and predictions outlined
here.

References

1

Blank S, Bantleon FI, McIntyre M,
Ollert M, Spillner E. The major royal
jelly proteins 8 and 9 (Api m 11) are
glycosylated components of Apis mel-
lifera venom with allergenic potential
beyond carbohydrate-based reactivity.
Clin Exp Allergy 2012; 42:976-85.

Tangvoranuntakul P, Gagneux P,
Diaz, S et al. Human uptake and
incorporation of an immunogenic non-
human dietary sialic acid. Proc Natl
Acad Sci USA 2003; 100:12045-50.

Galili U, Rachmilewitz EA, Peleg A,
Flechner I. A unique natural human IgG
antibody with anti-a-galactosyl speci-
ficity. J Exp Med 1984; 160:1519-31.

18

Su J, Georgiades A, Wu R, Thulin T, de
Faire U, Frostegard J. Antibodies of
IgM subclass to phosphorylcholine and
oxidized LDL are protective factors for
artherosclerosis in patients with hyper-
tension. Artherosclerosis 2006; 188:
160-6.

Capron A, Dessaint J-P, Haque A,
Capron M. Antibody-dependent cell-

2 Aalberse RC, Koshte V, Clemens JG. 10 Chung CH, Mirakhur B, Chan E ef al. mediated cytotoxicity against parasites.
Immunoglobulin E antibodies that Cetuximab-induced anaphylaxis and Progr Allergy 1982; 31:234-67.
crossreact with vegetable foods, pollen, IgE specific for galactose-o-galactose. 20 Bell RG. IgE, allergies and helminth
and Hymenoptera venom. J Allergy N Engl J Med 2008; 358:1109-17. parasites: a new perspective on an old
Clin Immunol 1981; 68:356—64. 11 Commins SP, James HR, Kelly EA ef al. conundrum. Immunol Cell Biol 1996;

3 Altmann F. The role of protein glyco- The relevance of tick bites to the 74:337-45.
sylation in allergy. Int Arch Allergy production of IgE antibodies to the 21 Baldo BA, Fisher MM. Substituted
Immunol 2007; 142:99-115. mammalian oligosaccharide galactose- ammonium ions as allergenic determi-

4 Priem B, Gitti R, Bush CA, Gross KC. o-1,3-galactose. J Allergy Clin Immunol nants in drug allergy. Nature 1983;
Structure of ten free N-glycans in rip- 2011; 127:1286-93. 306:262—4.
ening tomato fruit (arabinose is a con- 12 Harnett W, Harnett MM. Molecular 22 Baldo BA, Fisher MM, Pham NH. On
stituent of a plant N-glycan). Plant basis of worm-induced immunomodu- the origin and specificity of antibodies
Physiol 1993; 102:445-58. lation. Parasite Immunol 2006; 28: to neuromuscular blocking (muscle

5 Tretter V, Altmann F, Kubelka V, Marz 535-43. relaxant) drugs: an immunochemical
L, Becker WM. Fucose alpha 1,3-linked 13 Beckmann E, Bach MA. Phosphorylch- perspective. Clin Exp Allergy 20009;
to the core region of glycoprotein oline on isologous red blood cells 39:325-44.

N-glycans creates an important epitope induces polyclonal but not anti-phos- 23 Krop EJ, Stapel SO, De Vrieze H, Van
for IgE from honeybee venom allergic phorylcholine plaque-forming cells in der Zee JS. Immunoglobulin E and G4
individuals. Int Arch Allergy Immunol mice. Eur J Immunol 1984; 14:595-8. antibody responses in occupational air-
1993; 102:259-66. 14 Brundish DE, Baddiley J. Pneumococ- way exposure to bovine and porcine

6 Van der Veen MJ, van Ree R, Aalberse cal C-substance, a ribitol teichoic acid plasma proteins. Int Arch Allergy
RC et al. Poor biologic activity of cross- containing choline phosphate. Biochem Immunol 2006; 139:237—44.
reactive IgE directed to carbohydrate J 1968; 110:573-82. 24 Hagan P, Blumenthal UJ, Dunn D,
determinants of glycoprteins. J Allergy 15 Baldo BA, Krilis S, Fletcher TC. Phospho- Simpson AJG, Wilkins HA. Human IgE,
Clin Immunol 1997; 100:327-34. rylcholine-containing allergens. Natur- IgG4 and resistance to reinfection with

7 Kochuyrt AM, Van Hoeyveld EM, wissenschaften 1979; 66:623-5. Schistosoma  haematobium.  Nature
Stevens EA. Prevalence and clinical 16 Harnett W, Harnett MM. Phosphorylch- 1991; 349:243-5.
relevance of specific immunoglobulin oline: friend or foe of the immune sys- 25 Jiz M, Friedman JF, Leenstra T et al.
E to pollen caused by sting-induced tem? Immunol Today 1999; 20:125-9. Immunoglobulin E (IgE) responses to
specific immunoglobulin E to cross- 17 Briles DE, Forman C, Hudak S, Claflin paramyosin predict resistance to rein-

reacting carbohydrate determinants in
Hymenoptera venoms. Clin Exp Allergy
2005; 35:441-7.

JL. Anti-phosphorylcholine antibodies
of the T15 idiotype are optimally pro-
tective against Streptococcus pneumo-
niae. J Exp Med 1982; 156:1177-85.

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 810-813

fection with Schistosoma japonicum
and are attenuated by IgG4. Infect and
Immunity 2009; 77:2051-8.



