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Capsule Summary: Alpha-gal-containing glycolipids activate basophils sensitized with plasma
from alpha-gal allergic subjects in an IgE-dependent manner suggesting a role for glycolipid in

the effector phase of IgE-mediated food allergy.
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TO THE EDITOR:

Alpha-gal mammalian meat allergy is a novel food allergy associated with tick bites and specific
(s)IgE antibodies to the oligosaccharide galactose-a-1,3-galactose (alpha-gal)(1). Alpha-gal food
allergy challenges the current paradigm for food allergy in several ways. First, reactions are
typically delayed, appearing 3-6 hours after eating mammalian meat. Second, alpha-gal allergy
is associated with IgE antibodies against a carbohydrate moiety rather than a protein. Third,
patients can develop alpha-gal food allergy in late adulthood after a clear period of
immunologic tolerance. Our understanding of the pathogenesis of alpha-gal allergy is poor.
Immunomodulatory properties of ticks appear to play an important role in its development. In
the US, serum IgE antibodies to alpha-gal rise after tick bites from the lone star

tick, Amblyomma americanum(1).

Allergic reactions to alpha-gal may not occur with every allergen exposure. This variability
depends on the amount of allergen ingested and the biological macromolecules within the
alpha-gal-containing food. During food challenges, we found that lipid-rich mammalian meats
were associated with more consistent, severe reactions(2). Thus, we hypothesized that
glycolipid could activate allergic effector cells in alpha-gal allergy. A role for lipids in enhancing
allergenic potency has been described in peach(3) and cow’s milk allergies(4). We now
demonstrate that alpha-gal-sigE binds mammalian glycolipids and that alpha-gal-containing
glycolipids can activate basophils sensitized with alpha-gal-sigE, highlighting a potential role for
glycolipid in alpha-gal meat allergy.

To determine whether alpha-gal-sigE could bind glycolipid containing alpha-gal, we took
advantage of the ability of the MHC I-like antigen presenting molecule CD1d to bind glycolipid
in order to fix the alpha-gal-containing glycolipids onto a solid phase (ImmunoCAP). The
hydrophobic groove of CD1d can bind a diversity of lipids (5). Lipids bound by CD1d include
glycolipids with beta-anomeric glyosidic linkages, including isoglobotrihexosylceramide (iGb3)
and globotrihexosylceramide (Gb3) (6) as well as the synthetic Gb3 analog PBS-112 and iGb3
analog PBS-113 (7). The sugar groups of beta-linked glycolipids protrude outward from the
CD1d binding cleft (6) providing an opportunity for recognition by antibodies specific for the
relevant oligosaccharide. The polar heads of Gb3, iGB3, PBS-112, and PBS-113 contain alpha-
gal moieties, but notably, iGb3 and PBS-113 contain the galactose-a-1,3-galactose alpha-gal
moiety (from here on, referred to as “alpha-gal”) implicated in alpha-gal mammalian meat
allergy (7), while PBS-112 and Gb3 contain galactose-a-1,4-galactose moieties (Figure E1, A-C, in
this article’s Online Repository at www.jacionline.org). Experimental procedures are detailed in
the Methods section in this article’s Online Repository. Briefly, human (h)CD1d monomers
loaded with glycolipids Gb3 and iGb3 were biotinylated as described (8) and attached to the
streptavidin solid phase of the ImmunoCAP (Phadia) (Figure E1, D, in this article’s Online
Repository). Plasma IgE from mammalian-meat allergic subjects bound glycolipid presented by
hCD1d and did so with increased specificity to glycolipids containing alpha-gal (Figure E1, E, in
this article’s Online Repository). Unloaded, biotinylated hCD1d monomers served as a negative
control (Figure E1, E, in this article’s Online Repository). Additionally, plasma from 2 non-alpha-
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gal allergic control subjects without alpha-gal-sIgE (<0.10kU/L) did not bind Gb3, iGb3, and PBS-
113 (not shown).

To determine whether alpha-gal-containing glycolipid could functionally trigger basophil
degranulation, we used an indirect basophil activation test (BAT) and measured upregulation in
the frequency of CD63" basophils as a marker of basophil activation. Donor basophils within
peripheral blood mononuclear cells (PBMCs) from a non-alpha-gal allergic subject were stripped
of IgE with cold lactic acid and then sensitized with plasma from control or alpha-gal allergic
(AGA) subjects. Lactic acid stripping of primary human basophils resulted in a 25-fold decrease
in surface-bound IgE, but did not affect surface expression of the human FceRIa (Figure E2 in
this article’s Online Repository). Sensitized cells were exposed to IL-3 alone or IL-3 and one of
the following stimuli for 30 minutes: dimethylsulfoxide (DMSO) carrier, crosslinking anti-IgE
antibodies, the alpha-gal-containing glycoprotein cetuximab, alpha-gal-containing glycolipid
PBS-113, or glycolipid PBS-112 (contains galactose-0-1,4-galactose). As we had limited access to
the naturally occurring glycolipids Gb3 and iGb3, we used their synthetic analogs, PBS-112 and
PBS-113, in these experiments. Glycolipids were not loaded onto CD1d, but were added directly
to the media. CD63 expression on Lineage HLA-DR'CD123°CD203c" basophils was assessed by
flow cytometry (Figure 1A). We found that the frequency of CD63" basophils increased
significantly following sensitization with AGA plasma and stimulation with alpha-gal-containing
glycolipid (p<0.05, Figure 1B). PBS-112, which does not contain galactose-0-1,3-galactose alpha-
gal moieties, did not affect CD63 expression (Figure 1B). We have previously shown that when
alpha-gal allergic subjects undergo mammalian meat challenge, the frequency of circulating
basophils that upregulate cell-surface expression of CD63 peaks at 4 hours after challenge.
Notably, the frequency of CD63" basophils also increased in some non-alpha-gal allergic
controls following meat challenge (1). Similarly, in our indirect BAT we did see modest
increases in the frequency of CD63" donor basophils sensitized with control plasma and
challenged with alpha-gal-containing compounds. We speculate that this could be due to
signaling through activating Fcy receptors on basophils bound to alpha-gal-specific I1gG.
However, taken in aggregate, activation of donor basophils by alpha-gal-containing compounds
was more robust when donor basophils were sensitized with alpha-gal allergic plasma (Figure
1B).

Surprisingly, using this in vitro system, we did not observe a significant correlation between the
frequency of CD63" cells and alpha-gal-sigE levels or alpha-gal-sigE and total IgE ratio despite
the broad range of alpha-gal-sIgE in the plasma samples used (0.27 to 96 IU/ml, Figure E3, A-D,
in this article’s Online Repository). However, a significant practical limitation to this in vitro
system is the variability in donor leukocyte preparations, in native IgE stripping and IgE loading,
and in cellular response to IL-3 priming across the pooled experiments. Taken together, these
factors likely explain why we did not observe a correlation.

The logarithm of a compound’s partition coeeficient between n-octanol and water (c-log P) is
an established means of measuring a compound’s hydrophilicity, with low hydrophilicity
corresponding to high c-log P values. The c-log P of PBS-113 is 13.1, indicating that it will not be
monomeric in aqueous solution, but will be associated with other lipids, most stably in lipid
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bilayers. This suggests that when alpha-gal-containing glycolipids are added directly to aqueous
media containing sensitized, primary human basophils, they are likely to aggregate into lipid
bilayers that could serve as multivalent antigen sources that could crosslink alpha-gal-specific
IgE-FceRI complexes. To explore this hypothesis, we generated blank control liposomes and
liposomes containing PBS-113 (PBS113-liposome, Table E2, in this article’s Online Repository),
both approximately 200 nm in size, and used these particles to stimulate basophils sensitized
with plasma containing alpha-gal-specific IgE. We found that compared to stimulation with
control liposomes or the sucrose vehicle, the frequency of CD63" basophils increased following
stimulation with PBS113-liposome in a dose-dependent manner (Figure 1C). This demonstrates
that alpha-gal-containing glycolipid incorporated into stable lipid bilayers (PBS113-liposome)
served as a multivalent source of glycolipid antigen with the ability to crosslink surface-bound
IgE on human basophils. Notably, the hapten dinitrophenyl incorporated into phospholipid
liposomes has been shown to induce degranulation of rat basophil leukemia cells sensitized
dinitrophenyl-specific IgE(9). Our data expand and reinforce this earlier observation, but within
the context of glycolipid-mediated activation of primary human basophils sensitized with a
glycan-specific IgE.

Basophil stimulation took place in 75% RPMI media which contains no lipids or proteins and
25% human plasma vol/vol. The protein concentration of this hydrophilic stimulation
environment is lower than in whole blood. The structures PBS-113 forms that allow it to
stimulate appropriately sensitized basophils in this low protein environment may also form in
the higher protein environment of plasma or whole blood. However, PBS-113 stimulation in this
setting may be muted due to decreased alpha-gal glycolipid multimerization and increased
binding of alpha-gal glycolipids to plasma proteins present at higher concentrations.

To investigate whether basophil activation was IgE-dependent, donor basophils were stripped
of IgE and incubated with plasma from alpha-gal allergic subjects in the presence of increasing
concentrations of the monoclonal blocking anti-IgE antibody omalizumab. We found that the
frequency of CD63" basophils declined as the concentration of omalizumab increased (Figure
1D). Moreover, omalizumab blocked basophil activation induced by alpha-gal-containing
glycolipid (PBS-113) or glycoprotein (cetuximab) antigens (Figure 1D). These data suggest that a
30-minute incubation with alpha-gal-containing compounds activate appropriately sensitized
basophils in an IgE-dependent fashion and that this effect is independent of the form in which
the glycan antigen is presented.

To our knowledge, this is the first demonstration that mammalian glycolipid can activate
allergic effector cells via surface-bound specific IgE. Given the delayed reaction onset after
mammalian meat ingestion in alpha-gal allergic individuals, perhaps failure of antigen to appear
rapidly in circulation or packaging of immunogenic lipids with plasma proteins or CD1d
glycolipid antigen-presenting molecules delays allergic effector cell activation, possibly
explaining the delay in allergic symptoms. These results suggest a unique role for glycolipid
rarely described in IgE-mediated food allergy.
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Figure Legend:

Figure 1. Glycolipid-Mediated Basophil Activation in Alpha-Gal Allergy. (A) Flow cytometry
gating strategy used to identify activated Lineage HLA-DR'CD123"CD203c"CD63" basophils. (B)
Frequency of CD63" activated donor basophils increases when PBMCs are sensitized with alpha-
gal allergic plasma and stimulated with alpha-gal-containing glycolipid PBS-113. Glycolipids
were not loaded onto CD1d, but added directly to media. Controls = open circles, n=14; Alpha-
gal allergic = black squares, n=15. *p<0.05 by Mann-Whitney Test. (C) Frequency of CD63+
activated donor basophils increases when PBMCs are sensitized with alpha-gal allergic plasma
and stimulated with increasing doses of alpha-gal-containing liposome (PBS113-Liposome).
Individual subject responses are shown on the left and pooled results using plasma from 3
alpha-gal allergic subjects are shown on the right. *p<0.05 by 1-way ANOVA followed by
Dunnett’s multiple comparison’s test. (D) Basophil activation mediated by alpha-gal-containing
glycolipid (PBS-113) and glycoprotein (cetuximab) is impaired in the presence of omalizumab, a
monoclonal antibody against IgE. Pooled results from 2 alpha-gal allergic subjects.
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