Pepsinized cashew proteins are hypoallergenic and
immunogenic and provide effective immunotherapy in

mice with cashew allergy
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Background: IgE-mediated allergic reactions to cashews and
other nuts can trigger life-threatening anaphylaxis. Proactive
therapies to decrease reaction severity do not exist.

Objectives: We aimed to determine the efficacy of pepsin-
digested cashew proteins used as immunotherapy in a murine
model of cashew allergy.

Methods: Mice were sensitized to cashew and then underwent
challenges with digested or native cashew allergens to assess the
allergenicity of the protein preparations. Using native or
pepsinized cashew proteins, mice underwent oral or
intraperitoneal sensitization protocols to determine the
immunogenic properties of the protein preparations. Finally,
cashew-sensitized mice underwent an immunotherapy protocol
with native or pepsinized cashew proteins and subsequent
provocation challenges.

Results: Pepsinized cashew proteins elicited weaker allergic
reactions than native cashew proteins but importantly retained
the ability to stimulate cellular proliferation and cytokine
production. Mice sensitized with pepsinized proteins reacted on
challenge with native allergens, demonstrating that pepsinized
allergens retain immunogenicity in vivo. Inmunotherapy with
pepsinized cashew allergens significantly decreased allergic
symptoms and body temperature decrease relative to placebo
after challenge with native and pepsinized proteins.
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Immunologic changes were comparable after immunotherapy
with native or pepsinized allergens: Ty2-type cytokine secretion
from splenocytes was decreased, whereas specific IgG; and
IgG., levels were increased.

Conclusions: Pepsinized cashew proteins are effective in
treating cashew allergy in mice and appear to work through the
same mechanisms as native protein immunotherapy. (J Allergy
Clin Immunol 2012;130:716-23.)

Key words: Food allergy, tree nut allergy, cashew, immunotherapy,
pepsin, murine model

Food allergies affect approximately 6% to 8% of children and
4% of adults in the United States and other westernized societies.
Allergic reactions to foods range in severity from mild skin symp-
toms to anaphylactic shock and account for an estimated 200,000
emergency department visits annually.2 Peanuts and tree nuts ap-
pear to cause the most severe reactions and are implicated in the
majority of fatal food-induced reactions.> An estimated 1.4% of
the US population is allergic to peanuts or tree nuts, with an ap-
parent doubling of those allergic to tree nuts in the last 5 years.*
Allergic reactions to cashew have been described as particularly
severe in nature.’

Typically, IgE-mediated allergic disease can be treated by
using subcutaneous administration of allergen extracts, as is
routinely done for aeroallergen and insect venom allergies.
However, administration of intact allergens for peanut allergy
was deemed unsafe, leaving researchers to find alternate thera-
peutic strategies for food allergy.® Oral immunotherapy,” sublin-
gual immunotherapy,'® anti-IgE injections,'' and Chinese
herbs'>"? are all being tested in human subjects with peanut
and other food allergies. Other approaches have targeted the
unique properties of allergens that serve to reduce allergenicity
while retaining immunogenicity. For example, mutated engi-
neered peanut proteins were generated such that IgE binding
was diminished but T cell-stimulating properties were main-
tained.'* Peptide immunotherapy has shown promise in clinical
trials for bee venom'® and cat allergy,'®!” as well as in animal
models of food allergy."'®

Previous studies have shown that pepsin and trypsin digestion
products of peanut allergens generated in vitro retain immuno-
genic properties both in human cell assays'®?® and in animal
models.?' The ability of these digestion products to stimulate T
cells makes them interesting immunotherapy candidates for
food allergy. We hypothesized that pepsin-digested nut allergens
used as immunotherapy would downregulate allergic responses in
sensitized mice. In this study we used 2 murine models of cashew
allergy to investigate the immunogenic and allergenic properties
of pepsin-digested cashew allergens. In an oral sensitization
model cashew proteins were fed intragastrically to mimic the
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Abbreviations used
nCSH: Native cashew protein extract
pCSH: Pepsin-digested cashew protein extract

route of sensitization in human subjects. In a second murine
model we used intraperitoneal injections to induce hypersensi-
tivity, which bypasses gastroduodenal digestion. After our initial
studies, we administered pepsinized cashew proteins in orally
sensitized mice using an established immunotherapy protocol.22

METHODS

Pepsin digestion of cashew proteins

Native cashew protein extract (nCSH) was prepared as previously de-
scribed®® and then diluted to a working concentration of 10 mg/mL in PBS.
The pH of the cashew protein solution was adjusted to 2.0 with 6 mol/L
HCI, and then pepsin (porcine derived, 3000 U/mg; Calbiochem, San Diego,
Calif) was added at a final concentration of 100 pwg/mL. The pepsin protein
constituted 1% (wt/wt) of the total protein in solution. The reaction was al-
lowed to proceed for 30 minutes at 37°C, at which time the pH was adjusted
to 7.5 with 6 mol/L NaOH to inactivate pepsin. The resulting products were
analyzed by using SDS-PAGE. The pepsin-digested cashew proteins will be
referred to as pepsin-digested cashew protein extract (pCSH).

Mice

C3H/HeJ female mice were obtained from Jackson Laboratories (Bar
Harbor, Me) at 3 weeks of age and then allowed to acclimate to their new
housing for 2 weeks before beginning experimental protocols. Mice were
housed under pathogen-free conditions with free access to water and food
while being kept on a diet free of any tree nuts (eg, cashews, walnuts, and
almonds) during the course of the study.

Murine models of cashew allergy

We used 2 previously reported murine models of food allergy. In the oral
sensitization model®* mice were fed 2 mg of nCSH or pCSH (protein antigen)
with 10 g of cholera toxin (List Biologics, Campbell, Calif) on days 1, 8, and
15 and then boosted on day 22 with 5 mg of protein antigen plus 10 pg of chol-
era toxin. In the intraperitoneal model mice were injected with 0.5 mg of pro-
tein antigen with 2 mg of aluminum hydroxide (Alum; Pierce, Rockford, I11)
on days 1, 8, and 22.%*> Mice were bled on day 36 to measure cashew-specific
IgE levels. All procedures were approved by the Institutional Animal Care and
Use Committee at Duke University Medical Center.

Food challenges in mice

Mice were challenged by means of intraperitoneal injection of nCSH or
pCSH. In both the oral and intraperitoneal sensitization models, mice were
challenged with up to 1.0 mg of nCSH or pCSH. After injection, mice were
monitored for allergic symptoms and scored on a 0- to 5-point scale (0, no
symptoms; 1, scratching around the nose and head; 2, puffiness around the
eyes and mouth with reduced activity; 3, labored respiration, cyanosis around
the mouth and tail, or both; 4, no activity after prodding or tremor and
convulsion; and 5, death) at 30 minutes after challenge.”* Body temperatures
were measured with a rectal probe before the challenge and at 30 minutes after
the challenge. Body temperatures are reported as the change in body temper-
ature (ie, 30 minute-reading minus baseline reading).

Immunotherapy in sensitized mice
After mice were sensitized as described above, they underwent 3 intraper-
itoneal injections per week (ie, Monday, Wednesday, and Friday) over a
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4-week immunotherapy protocol similar to those previously described.'**?

The model thus represents immunotherapy administration to animals with
an established hypersensitivity to cashew. By using the oral sensitization
model, treatment began at 50 wg per injection of nCSH or pCSH during
week 1, 125 pg per injection during week 2, and maintenance dosing at 200
g per injection during weeks 3 and 4. Mice were bled 10 days after comple-
tion of the immunotherapy protocol to measure immunoglobulin levels and
challenged 4 days later. Naive mice did not receive cashew during sensitiza-
tion and only received PBS during the immunotherapy phase and thus repre-
sent a nonsensitized control group that was expected not to react to nCSH or
pCSH challenges.

Cytokines, proliferations, and immunoglobulins

Splenocyte cultures were carried out as previously described.?® Briefly, 5
million cells were cultured in the presence of 100 pwg/mL protein antigen in
2 mL of culture medium for 96 hours. Culture supernatants were collected,
and cytokines were quantified by using ELISA, according to the manufac-
turer’s recommendations (R&D Systems, Minneapolis, Minn). Proliferations
were measured with a tritiated thymidine incorporation assay after 96 hours in
culture, as previously described.® Cashew-specific IgE, IgG;, and IgGy,
levels were quantified, as previously reported.”

Statistical analyses

Statistical analyses were performed with GraphPad Prism 5 software
(GraphPad Software, La Jolla, Calif). Allergic symptom scores were com-
pared with the Mann-Whitney test. Body temperatures, cytokine levels, and
immunoglobulin levels were compared with the unpaired 2-tailed ¢ test. P
values of less than .05 were considered significant.

RESULTS
pPCSH is hypoallergenic in vivo compared with
nCSH

Native cashew proteins digested with pepsin for 30 minutes
generated decreased molecular weight protein fragments. Intact
nCSH proteins range in molecular weight from 4.5 to greater than
70 kDa, whereas pCSH fragments are less than 10 kDa, with the
majority of peptides in the 3- to 6-kDa range (Fig 1, A). The large
vicilin and legumin proteins are obviously hydrolyzed by pepsin.
To determine whether pCSH would result in decreased allergic re-
actions, we used 2 murine models of cashew allergy.

Mice sensitized by means of intraperitoneal injection with
nCSH had significantly reduced allergic reactions to pCSH
compared with reactions seen after nCSH challenges. A dose-
response study demonstrated that neither protein preparation
causes reactions at 0.1 mg, but at the 0.4- and 1.0-mg challenges,
nCSH causes significantly more severe allergic symptoms and
body temperature decreases than pCSH (Fig 1, B). Mice sensi-
tized by means of oral gavage with nCSH also underwent a
dose-response study and were similarly shown to require a
much larger challenge dose of pCSH than nCSH to induce com-
parable allergic symptoms and body temperature decreases (Fig
1, C). Approximately 4 times the amount of pCSH is required
to induce the same reaction severity as a nCSH challenge.

Splenocytes from nCSH-sensitized mice are
responsive to pCSH

Spleen cells from mice sensitized either orally or intraperito-
neally with nCSH were used to study T-cell responses.
Mice sensitized by means of oral gavage with nCSH had very
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FIG 1. Allergic reactions to native or pepsin-digested proteins in mice. A, SDS-PAGE gel showing nCSH and
pCSH. B, Mice sensitized by means of intraperitoneal injection of nCSH were challenged with nCSH or pCSH
at increasing doses and assessed for body temperatures and symptom scores. C, Orally sensitized mice
challenged with nCSH or pCSH at increasing doses were assessed for body temperatures and symptom
scores. Circles or triangles represent individual mice. Bars represent means with SDs. *P < .05 and
**P < .01. Data shown are results after initial experiments to determine optimal challenge doses in groups

consisting of 3 mice each.
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FIG 2. Cellular responses to nCSH and pCSH. Splenocytes from orally or intraperitoneally sensitized mice (A
and B, respectively) were cultured with nCSH or pCSH and assessed for Ty2/Ty1 cytokine production. Bars
represent means with SDs by using 4 individual mice per group. Data shown are representative of 2 sepa-

rate experiments.

similar T-cell responses irrespective of whether cells were
cultured in the presence of nCSH or pCSH (Fig 2, A). Levels of
the Ty2-type cytokines IL-4, IL-13, and IL-5, as well as the
Tyl-type cytokine IFN-vy, were not significantly different be-
tween the 2 cashew preparations. These results indicate that
pCSH retains critical T-cell epitopes within the peptide

fragments. In mice sensitized intraperitoneally with nCSH,
pCSH and nCSH both caused cellular proliferations that were
not significantly different (data not shown). Comparable levels
of IL-4 and IFN-y were found for cells cultured with either
nCSH or pCSH proteins in the intraperitoneal sensitization model
as well (Fig 2, B).
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FIG 3. In vivo immunogenicity of nCSH and pCSH. Mice were sensitized with nCSH or pCSH by means of
oral or intraperitoneal (i.p.) administration. Orally sensitized mice were assessed for specific IgE (A) and
challenged with nCSH to determine allergic status by change in body temperature (B). Mice sensitized in-
traperitoneally were challenged with nCSH and assessed for symptom scores (C) and body temperature
changes (D). Circles represent individual mice. Bars represent means with SDs.

pCSH retains immunogenicity in vivo and primes
mice for hypersensitivity reactions

Mice were sensitized orally or by means of intraperitoneal
injection with pCSH and then studied for immunologic param-
eters. Mice administered pCSH by means of oral gavage had
comparable levels of cashew-specific IgE as mice sensitized with
nCSH (Fig 3, A). Secreted cytokines from splenocytes of these
mice demonstrated that pCSH sensitization results in a strong
Tyu2-skewed response, which is not different than that seen after
sensitization with nCSH (data not shown). After sensitization
with either nCSH or pCSH, mice were challenged with nCSH.
Challenge outcomes demonstrated that mice sensitized with
pCSH have comparable allergic reactions, as measured based
on both symptoms and body temperature (Fig 3, B), as mice sen-
sitized with nCSH.

Sensitization in mice by means of intraperitoneal injection is
distinct from sensitization through the oral route in that no gastric
digestion occurs. Because it is possible that mice fed orally with
nCSH and pCSH end up being sensitized to very similar protein
fragments in vivo, we tested whether intraperitoneal injection of
nCSH or pCSH would produce the same outcomes observed in
the oral sensitization model. The intraperitoneally sensitized
mice were challenged with nCSH, and both groups of mice expe-
rienced severe reactions, with no differences in symptom scores
and body temperatures (Fig 3, C and D). Cytokine responses
again demonstrated a Ty2-skewed response in both groups of
mice (data not shown).

Sera from mice sensitized by means of intraperitoneal injection
with nCSH or sensitized orally with nCSH were compared by
using ELISA to assess differences in the binding preferences of
IgE to intact or digested linearized proteins. Ratios of anti-nCSH
to anti-pCSH IgE levels were calculated for the 2 different
methods of allergic sensitization. The ratio of IgE binding

nCSH/pCSH was significantly higher in the mice sensitized by
means of intraperitoneal injection compared with that seen in
orally sensitized mice (Fig 4). These findings indicate that intra-
peritoneal sensitization produces IgE that preferentially binds
structurally intact cashew proteins more so than linear peptides.
Mice sensitized by means of oral gavage, in contrast, have IgE
that binds nCSH and pCSH with less preference, providing evi-
dence that mice sensitized orally have IgE that recognizes both
structural and linear epitopes of cashew proteins more so than
IgE from mice sensitized by means of intraperitoneal injection.

Immunotherapy with pCSH reduces allergic
reactions in orally sensitized mice

Our initial findings that pCSH is hypoallergenic but strongly
immunogenic led us to hypothesize that pCSH would be a useful
therapeutic reagent. Cashew hypersensitivity was established in
mice and then immunotherapy was initiated to test this hypoth-
esis. Orally sensitized mice treated with pCSH or nCSH immu-
notherapy displayed no differences in allergic reactions during
nCSH challenge (Fig 5, A). Both mice undergoing pCSH immu-
notherapy and those undergoing nCSH immunotherapy had me-
dian symptom scores of zero, whereas the placebo group had
scores and body temperature decreases indicative of severe aller-
gic reactions. However, when these groups of mice were chal-
lenged with pCSH, the nCSH immunotherapy group reacted as
severely as the placebo group, whereas pCSH immunotherapy
mice had significantly less body temperature decrease and signif-
icantly lower symptom scores (Fig 5, B). These findings indicate
that pCSH immunotherapy can prevent anaphylaxis after chal-
lenges with both nCSH and pCSH, whereas nCSH immunother-
apy is only effective in preventing reactions induced by nCSH
challenge.
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FIG 4. Comparison of IgE binding to nCSH and pCSH in mice sensitized by means of intraperitoneal (i.p.)
injection or oral gavage. Mice were sensitized with nCSH by means of either intraperitoneal injection or
oral gavage, and serum IgE levels were measured against nCSH or pCSH by using ELISA. Absolute levels
of IgE are shown, as well as ratios of anti-nCSH/anti-pCSH IgE. Bars represent means with SDs. Circles rep-

resent individual murine sera. **P < .01.
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FIG 5. Immunotherapy (/T) with nCSH and pCSH in orally sensitized mice. Mice were sensitized with nCSH
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Challenges with 1.0 mg of pCSH were assessed for symptom scores and body temperatures. Circles repre-
sent individual mice. Bars represent means with SDs. **P < .01 versus placebo, #P < .05 versus pCSH immu-
notherapy, and ##P < .01 versus pCSH immunotherapy. Data shown are combined results from 2

independent experiments using 5 mice per group.

pCSH immunotherapy induces IgG production and
decreases T2 cytokine responses in orally
sensitized mice

Immunologic changes associated with pCSH and nCSH immu-
notherapy were studied in orally sensitized mice. nCSH immu-
notherapy elicited dramatic increases in levels of IgG; and IgG,,
specific for n"CSH; however, much lower levels were found that
were anti-pCSH (Fig 6, A and B). pCSH immunotherapy induced
approximately equal levels of anti-nCSH and anti-pCSH IgG; or
IgG,,. The IgG responses reflect the outcomes measured in

nCSH and pCSH challenges. No significant differences were
found between groups for IgE levels (Fig 6, C). Cytokine re-
sponses were greatly affected by both pCSH and nCSH immuno-
therapy because both led to significant decreases in IL-13 and IL-5
levels compared with those seen after placebo treatment (Fig 6, D).

DISCUSSION
Producing protein allergens that are hypoallergenic and im-
munogenic is a typical strategy when developing immunotherapy
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FIG 6. Humoral and cellular profiles after immunotherapy (IT) in orally sensitized mice. Mice sensitized
orally with nCSH were given nCSH, pCSH, or placebo immunotherapy. Serum levels of anti-nCSH and
anti-pCSH IgG, (A), IgG2, (B), and IgE (C) after immunotherapy are shown. Cytokines secreted from spleno-
cytes of the immunotherapy groups are also shown (D). Bars represent means with SDs. * P< .05 versus pla-
cebo, **P < .01 versus placebo, #P < .05 versus pCSH immunotherapy, and ##P < .01 versus pCSH
immunotherapy. Data shown are representative of 2 experiments and include 5 mice per group.

reagents for IgE-mediated allergies. Much work has focused on
manipulating allergens with recombinant DNA technology. For
example, site-directed mutation of allergens can destroy IgE-
binding properties while retaining T-cell epitopes, as has been
shown for the major peanut allergens.“"25 Another manipulation
used in pollen allergy is to rearrange the domains of structural ep-
itopes, as was done to produce a hypoallergenic Bet v 1 mole-
cule®® This approach, although often effective, is labor
intensive with regard to identifying allergen IgE epitopes, manip-
ulating genetic material of the allergens, and then producing and
purifying the modified allergens from in vitro cell cultures. Pep-
tide immunotherapy takes this strategy a step further by using
small peptides incapable of cross-linking IgE on mast cells, but
T cell-stimulating epitopes remain because the entire protein se-
quence of the allergen is represented.'®

Pepsin digestion of allergens has been shown to decrease
allergenicity, particularly in the context of oral allergy syn-
drome?” but also for food allergens.”® We hypothesized that
pepsin-digested cashew allergens would elicit milder allergic re-
actions in mice sensitized to cashew proteins. A drastic difference
in the molecular weight of cashew seed storage proteins is appar-
ent after 30 minutes of pepsin digestion (Fig 1, A). The majority of
cashew protein fragments in pCSH end up in the molecular
weight range of 3 to 6 kDa. These peptides can still bind and
cross-link IgE molecules, as evidenced by in vivo challenges;
however, we found that pepsin digestion was enough to signifi-
cantly decrease the allergenicity in mice sensitized by means of
oral gavage or intraperitoneal injection. In both sensitization
models approximately 4 to 5 times higher doses of pCSH were re-
quired to induce the same severity of reactions as nCSH. In our
models pCSH is thus hypoallergenic compared with nCSH.

To determine the immunogenic potential of pCSH, we first
studied T-cell responses in cell cultures. Splenocytes from mice
sensitized to cashew by means of oral gavage or intraperitoneal
injection responded to both nCSH and pCSH with no significant
differences in terms of Ty2- and Ty1-type cytokines and cellular
proliferation. Encouraged by the outcomes of pCSH stimulation
in vitro, we determined the in vivo immunogenic potential of
this protein preparation. pCSH administered orally induced IgE,
Ty2-type cytokine responses, and primed mice for allergic reac-
tions to the same extent as nCSH sensitization. Additionally,
pCSH administered intraperitoneally produced the same out-
comes as nCSH administered intraperitoneally, clearly demon-
strating that pCSH retains immunogenic properties in vivo and
primes mice for allergic reactions. Importantly, Western blotting
demonstrated that both forms of the sensitizing antigen, nCSH
and pCSH, administered either orally or by means of intraperito-
neal injection resulted in reactivity with the same cashew aller-
gens, indicating that digestion products of cashew extract
contain protein fragments with both B- and T-cell epitopes of vi-
cilin and legumin allergens (data not shown). These findings col-
lectively argue that for cashew antigens in C3H/HeJ mice,
simulated gastric digestion does not significantly alter the anti-
gen’s immunogenic potential.

The overall goal of these experiments was to determine
whether pepsin could achieve similar results as other methods
(ie, recombinant DNA technology) for producing immunotherapy
reagents. Once we achieved both of the aforementioned criteria,
reducing IgE-mediated reactions and retaining T cell-stimulating
abilities, with simple pepsin digestion, we determined the efficacy
of pCSH as an immunotherapy for cashew allergy. As shown in
Fig 5, pCSH is highly effective for treating cashew allergy, with
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pCSH immunotherapy working as effectively as nCSH immuno-
therapy to decrease allergic reactions on challenge with nCSH.
Both pCSH and nCSH immunotherapy resulted in significantly
increased IgG; and IgG,, anti-nCSH levels relative to placebo.
Additionally, both immunotherapy reagents decreased Ty2-type
cytokine levels from cultured spleen cells, indicating that similar
mechanisms are invoked by pCSH immunotherapy and nCSH
immunotherapy.

Orally administered antigens do not always induce consistent
anaphylactic reactions in this model,” prompting us to mimic an
oral challenge by injecting pCSH to produce more pronounced
clinical symptoms. Interestingly, pCSH immunotherapy pre-
vented allergic reactions to pCSH challenge, although nCSH im-
munotherapy did not (Fig 5, B). We hypothesize that this reflects
the nature of the sensitizing antigen, which is likely pepsin di-
gested, at least in part, in the oral sensitization model. The idea
is that nCSH immunotherapy drives protective IgG responses to
structural epitopes (surface exposed) of the allergens, whereas
pCSH drives production of IgG against linearized epitopes (bur-
ied within the allergens), which likely mimic the sensitizing epi-
tope’s B cells used to produce IgE. Indeed, mice sensitized by
means of oral gavage have IgE that binds to pepsin-digested lin-
earized cashew peptides with greater frequency than IgE from
mice sensitized by means of intraperitoneal injection, which
have IgE that preferentially binds structurally intact cashew pro-
teins (Fig 4). This explanation fits with experimental data for the 2
immunotherapy groups’ IgG; and IgGy, levels specific for pCSH,
in which levels after pCSH immunotherapy are significantly
higher than those after nCSH immunotherapy (Fig 6, A and B).
This is an interesting and unexpected finding that highlights the
potential importance of producing blocking IgG antibodies di-
rected at the same epitopes that were used to produce IgE. This
might be an important observation for clinical immunotherapy
for food allergy in which both structural and linear epitopes
have been reportedm'32 and nonoral routes of sensitization,
such as the epicutaneous route, might exist.*?

Although these preclinical results in mice demonstrate the
hypoallergenicity and efficacy of immunotherapy, future studies
should focus on human cellular responses. For example, digested
cashew proteins should be tested in basophil activation assays by
using blood from patients with cashew allergy. T-cell responses
also need to be investigated to determine whether pCSH can cause
proliferation and cytokine secretion from human T cells. If
successful, possible routes of administration could be through
subcutaneous injection, sublingual dosing, or epicutaneous ap-
plication. Furthermore, additional studies with cashew or other
food allergens should also focus on optimization of enzymatic
digestion times and use of other enzymes to strike an ideal balance
of hypoallergenicity and capacity to stimulate T cells. In terms of
utility for human studies, an enzymatic digestion approach might
be more practical than approaches aimed at identifying all T-cell
epitopes for each HLA type (ie, peptide immunotherapy) because
the digested allergens might provide enough T cell-stimulating
peptides for any patient with cashew allergy. Clearly, further
studies are required before immunotherapy with pepsin-digested
allergens should be attempted in clinical trials.

In conclusion, we have demonstrated that pCSH is an effective
immunotherapy in a murine model of cashew allergy because
pCSH can drive T- and B-cell responses with the added benefit of
hypoallergenicity. This might represent a novel approach of
immunotherapy for cashew allergy.

J ALLERGY CLIN IMMUNOL
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Clinical implications: Immunotherapy with hypoallergenic
digested food allergens does not require identification of indi-

vidual T-cell epitopes and might generate beneficial IgG re-
sponses that are distinct from native allergen immunotherapy.
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