
Contents lists available at ScienceDirect

Seminars in Immunology

journal homepage: www.elsevier.com/locate/ysmim

Review

Oral immunotherapy for food allergy

Deborah M. Hussey Freelanda,b, Monali Manohara,b, Sandra Andorfa,b, Benjamin D. Hobsonb,
Wenming Zhanga,b, Kari C. Nadeaua,b,c,⁎

a Sean N. Parker Center for Allergy and Asthma Research at Stanford University, Stanford University, Stanford, CA 94305, USA
b Division of Pulmonary and Critical Care Medicine, Stanford University, Stanford, CA 94305, USA
c Division of Allergy, Immunology and Rheumatology, Department of Medicine, Stanford University, Stanford, CA 94305, USA

A R T I C L E I N F O

Keywords:
Antigen-specific
Epitope
Oral food challenge
Sustained unresponsiveness
T helper 2 cell
Tolerogenic

A B S T R A C T

Food allergy is a pathological, potentially deadly cascade of immune responses to molecules or molecular
fragments that are normally innocuous when encountered in foods, such as milk, egg, or peanut. As the incidence
and prevalence of food allergy rise, the standard of care is poised to advance beyond food allergen avoidance
coupled with injectable epinephrine treatment of allergen-induced systemic reactions. Recent studies provide
evidence that oral immunotherapy may effectively redirect the atopic immune responses of food allergy patients
as they ingest small but gradually increasing allergen doses over many months, eliciting safer immune responses
to these antigens. Research into the molecular and cellular bases of pathological and therapeutic immune re-
sponses, and into the possibilities for their safe and effective modulation, is generating tremendous interest in
basic and clinical immunology. We synthesize developments, innovations, and key challenges in our under-
standing of the immune mechanisms associated with atopy and oral immunotherapy for food allergy.

1. Introduction

Food allergy affects 8% of children and 5% of adults in the U.S.
[1,2], and epidemiological data generally indicate an increase in its
prevalence [2]. However, the current standard of care for all food al-
lergies is minimal, consisting of food-allergen avoidance and emergency
treatment of potentially fatal allergen-induced systemic reactions with
injectable epinephrine; the constant risk of severe allergic reaction
adversely impacts the quality of life of food-allergy patients and their
families. The growing, global, unmet need for safe and effective treat-
ment can best be met by understanding the cellular and molecular
mechanisms of promising immunotherapeutic approaches under clin-
ical investigation [3].

The mechanistic role of IgE in atopic immune responses provides a
useful distinction among types of food allergy: IgE-mediated food al-
lergy is characterized by acute, potentially life-threatening immune
responses, while non-IgE-mediated food allergy is driven by slower,
cell-mediated responses. This review focuses on IgE-mediated food al-
lergy, in which food allergen epitopes bind to IgE molecules which also
bind FcεRI receptors on immune effector cells, such as basophils, mast
cells, and antigen-presenting dendritic cells. Epitope-specific cross-
linking of the IgE-bound receptors results in degranulation of basophils
and mast cells, releasing pre-formed histamine and other inflammatory
molecules that generate a rapid atopic reaction [4]. Additional

inflammatory mediators, such as platelet activating factor, leukotrienes
and the cytokines interleukin-4 (IL-4), IL-5, and IL-13, are then pro-
duced de novo, augmenting the inflammatory immune response [4].
Membrane-bound IgE on B cells also forms a complex with CD23 and
CD21, increasing production of soluble IgE [5] and escalating the IgE-
mediated immune response. The resulting symptoms may include gas-
trointestinal responses (e.g., pruritus, abdominal pain, nausea, vo-
miting), respiratory responses (e.g., airway inflammation, wheezing),
dermal responses (e.g., pruritus, angioedema, urticaria), and systemic
responses (e.g., hypotension, hypothermia). An anaphylactic response
involves multiple organ systems and rapidly may become life-threa-
tening [6].

Recent clinical studies reviewed here provide evidence that oral
immunotherapy (OIT) can be used safely and effectively to reduce the
sensitivity of food allergy (FA) patients to food antigens (Ag). However,
it is not yet clear the extent to which such patients develop desensiti-
zation (DS, defined as a lack of clinical reactivity to Ag, the main-
tenance of which requires regular Ag exposure), as distinct from sus-
tained unresponsiveness (SU), in which the patient exhibits a long-term
and perhaps permanent loss of reactivity to Ag that is independent of
continued Ag exposure. Novel findings from our group and others are
elucidating the mechanisms by which DS and SU are established
through OIT.

In OIT, FA study participants ingest small but gradually increasing
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doses of specific food Ag over the course of several months, with the
goal of progressively retraining their immune responses to establish DS
and possibly SU to the Ag (Fig. 1) [7]. Because other FA diagnostic
tools, such as measurements of blood levels of Ag-specific IgE and skin-
prick tests, are known to generate false positives that could confound
research results [8,9], an initial, definitive FA diagnosis is made using a
double-blind, placebo-controlled, oral food challenge (DBPCFC) with
one or more target Ag. On the first day of OIT, the participant ingests
increasing doses of the target Ag under clinical care to determine the
highest tolerated dose. After this initial-day dose escalation, the highest
tolerated dose is used to begin a dose-escalation phase, in which the
dose is increased in a visit to the clinic every 1–2 weeks until the de-
signated maintenance dose is tolerated. Then, during the maintenance
phase which ranges from months to years, the participant daily ingests
the maintenance dose of the FA. A desensitization DBPCFC is ad-
ministered in the clinic at the end of the maintenance phase, to assess
the efficacy of the treatment protocol. If a statistically significant in-
crease in the tolerated dose to a level that is protective against acci-
dental Ag exposure is found, the OIT is deemed successful. DS, or a
reduction in adverse immune response that is maintained through
regular Ag exposure, is often achieved through OIT, along with lower
risk of anaphylaxis and increased quality of life for FA participants and
their families.

To test for SU, an Ag avoidance phase of weeks to months may be
added after the termination of OIT, ending with a followup DBPCFC. If
the target dose is tolerated after the avoidance phase, the participant
has achieved SU to that dose, a reduced immune response to Ag that
persists even without continued, regular Ag exposure. Since a DBPCFC
is not prospective, the duration and variance of SU are unknown. The
mechanisms underlying SU, its potential durability and defeat, and its
comparison to healthy tolerance are promising research areas that
could be of tremendous benefit to our understanding of healthy, atopic,
and therapy-induced immune states.

The field of FA OIT is very active and growing. This review focuses
on recent, peer-reviewed studies, prioritizing phase II trials with a
placebo arm, clearly defined dosing, and those that required a screening
DBPCFC (sDBPCFC) to avoid confounding due to false positive FA di-
agnoses. We also prioritize studies with associated, long-term followup
to assess SU, and associated mechanistic studies. We highlight recent
advances in the safety, efficacy, and mechanistic understanding of OIT.

2. Immune mechanisms

The immunological mechanisms of: (1) the establishment and
maintenance of a healthy state of immune tolerance to food antigens;
(2) food allergy; and (3) desensitization established through OIT are
drawing increasing research interest. The evolution of this research is
addressed in several recent reviews [10–16]; key features are outlined
here. While we focus on food allergy research in humans, we also cite
relevant hypotheses based on research in closely related atopic diseases,
and in mouse models.

2.1. Tolerance

The variety of cells forming the healthy intestinal epithelium pre-
sent a selective barrier to food antigens in the intestinal lumen (Fig. 2).
Segmented, filamentous bacteria (SFB) and secreted, dimeric IgA pro-
mote homeostasis at the luminal surface [17]. SFB may induce IL-17-
and IL-22-producing CD4+ T helper cells (Th17) in the lamina propria
[18]. In Peyer’s patches, Th17 may convert to T follicular helper cells
(Tfh) and contribute to IL-21-mediated B-cell homing and secretion of
IgA [19].

Food Ag are taken up by absorptive enterocytes [15], and are also
sampled directly from the lumen by CD103+ dendritic cells (DC),
which can extend a process through the transcellular pore of a micro-
fold (M) cell in a Peyer’s patch [20], or through a tight junction be-
tween epithelial cells [21]. CX3CR1+ macrophages also sample luminal
food Ag, and can transfer Ag directly to DC [22,23].

Ag-bearing DC then migrate to a draining lymph node and present
antigen to naïve CD4+ T cells, producing TGFβ and retinoic acid to
promote the induction of Ag-specific, FoxP3+ regulatory T cells (Treg)
[22,24–26]. Treg then express gut-homing markers such as α4β7 and
return to the lamina propria [27], where they produce IL-10 and TGFβ,
potentially inhibiting mast cell degranulation [28] and sustaining tol-
erance [10,29]. CX3CR1+ macrophages also produce IL-10, con-
tributing to the induction of Treg in the lamina propria [30,31].

2.2. Atopy

Cellular and molecular mechanisms underlying T helper 2 cell-
mediated atopic response to food antigens are outlined in Fig. 3. It is
possible that exposure to food allergens through a compromised epi-
thelial barrier in the skin may lead to allergic sensitization [32]; atopic
dermatitis is the first step of the atopic march to food allergy [33,34]. In

Fig. 1. Example food allergen OIT study design.
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the gastrointestinal tract, epithelial damage allows food Ag to bypass
the selective mechanisms of transport into the lamina propria,
prompting the release of the alarmins IL-25, IL-33 and thymic stromal
lymphopoietin (TSLP), epithelium-derived cytokines implicated in in-
itiating inflammatory immune responses mediated by T helper 2 cells
(Th2) [35]. IL-25 stimulates type 2 innate lymphoid cells (ILC2) and
drives ILC2 production of the inflammatory cytokine IL-13 [36,37].
With TSLP, IL-25 promotes the development of T helper 9 cells (Th9)
which produce IL-9 [38–41], which in turn prompts the accumulation
and activation of mast cells [42]. IL-33 contributes to ILC2 expansion
and production of the inflammatory cytokine IL-4 [43]. TSLP has been
shown to activate ILC2 [35], as well as DC that prime the differentiation
of naïve CD4+ T cells into Th2 [44]; the latter activation may occur
through upregulation of OX40L on the DC surface [45]. TSLP also ac-
tivates DC that drive the differentiation of Tfh which help memory B
cells to produce IgE via an IL-4- and/or IL-13-dependent mechanism
[46].

Both ILC2 and Th2 cells produce IL-4, IL-5 and IL-13 [47,48]. IL-4
inhibits Treg function, activates mast cells [43], and drives Treg re-
programming into Th2 [49]. IL-5 promotes the development and
maintenance of eosinophils associated with atopic reaction [50]; with
IL-13, IL-5 promotes eosinophil accumulation [51]. IL-13 also prompts
DC homing to the draining lymph nodes to promote the conversion of
naïve CD4+ T cells into Th2 [52].

2.3. Desensitization

Exploration of the immune mechanistic similarities and differences
among health and the desensitization and SU that can be established by
OIT is becoming increasingly feasible as more clinical trials enter long-
term followup; selected mechanisms are outlined in Fig. 4. Over the

course of OIT, Ag-specific Th2 become apoptotic [53] and anergic [54],
and Ag-induced Treg function increases as methylation of the forkhead
box protein 3 (FOXP3) gene in these cells decreases [55].

In healthy individuals, Ag-specific CD4+ Treg and type 1 regulatory
T cells (Tr1) secrete IL-10, which suppresses IgE production while in-
ducing that of IgG4 [56]; in OIT, Ag-specific IgE decreases while IgG4

increases [57]. Studies of Ag-specific immunotherapy for the major bee
venom Ag, phospholipase A2, suggest that Ag-specific type 1 B reg-
ulatory cells (Breg) increasingly produce IL-10 over the course of im-
munotherapy, contributing to IgG4 production [58,59] and inhibiting
IgE-dependent mast cell activation [60]. IgG4 has been shown to inhibit
Ag-induced mast cell and basophil activation [61]; Treg also inhibit
mast cells by contact, via OX40–OX40L interaction [28]. As desensiti-
zation develops through Ag-specific immunotherapy, mast cell and
basophil activation are suppressed [62].

Treg also inhibit DCs required for the activation of effector T cells,
perhaps via cytotoxic T lymphocyte antigen 4 (CTLA4)- [63] or lym-
phocyte activation gene 3 (LAG3)- [64,65] mediated interaction [66].

In egg OIT, high Ag-specific IgA levels at baseline have been asso-
ciated with response to therapy [57], and increase in Ag-specific IgA2

levels from below the control level at baseline have been observed in
egg-allergic children [67].

3. Oral immunotherapy (OIT) strategies

3.1. OIT

OIT trials are very valuable resources for the study of the cellular
and molecular mechanisms by which FA pathology and treatment are
effected. For example, a pilot study to examine the role of invariant
natural killer T cells (iNKT) in OIT was performed with 11 highly

Fig. 2. Immune cell types and cytokines involved in
healthy tolerance to food antigens. SFB: segmented,
filamentous bacteria.
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allergic children having a history of anaphylaxis to cow’s milk and a
positive sDBPCFC [68]. An open course of lactose-free cow’s milk OIT
was given, with antihistamine and with a protocol for temporary dose
reduction during illness, but without placebo, building up to a main-
tenance dose of 8 g cow’s milk protein or 8 ounces cow’s milk over 3–7
months. 90% of participants reached and continued at the maintenance
dose for at least 12 weeks, demonstrating the safety and efficacy of the
OIT, which the authors suggest may have been enhanced by the use of
antihistamines and reduced dosing during illness.

iNKT are responsive to lipids presented by CD1d, and are able to
secrete both Th1 and Th2 cytokines [68]. Peripheral blood iNKT were
sorted via flow cytometry to assess their induction, and stimulated with
milk sphingomyelin and a positive and a negative control to assess their
cytokine production profiles at baseline, after reaching maintenance
dose, and after 12 weeks at the maintenance dose. Peripheral blood
iNKT, which occur at lower levels in children with cow’s milk allergy,
were significantly induced by OIT. These iNKT also exhibit Th2-
skewing in cow’s milk allergic children, and OIT was found significantly
to shift their cytokine profile from Th2 to Th1, increasing IFNγ pro-
duction and decreasing that of IL-4 and IL-13. This pilot study suggests
a role for iNKT in FA that may provide helpful targets for treatment.

3.2. OIT with blocking antibodies

Allergen-specific blocking antibodies can play important roles in
allergen-specific immunotherapies such as OIT [69,70]. Since IgE plays
a key role in IgE-mediated food allergy, the deployment of antibodies
against IgE is an important strategy for increasing the efficacy of OIT.
However, if an anti-IgE Ab were to bind not only to soluble IgE, but also
to IgE bound to its FcεRI receptors on immune effector cells, then the
anti-IgE may have the same effect as a food Ag epitope, cross-linking

the bound IgE and triggering a cascade of inflammatory immune re-
sponses.

Omalizumab is a humanized monoclonal antibody (mAb) against
IgE that binds to free IgE in the bloodstream, blocking the interaction of
IgE with FcεRI receptors, thereby effectively reducing the amount of IgE
available to trigger the release of inflammatory mediators from baso-
phils and mast cells [5]. Omalizumab also binds to membrane-bound
IgE, and thus can block increased IgE production by B cells [71].
However, omalizumab does not bind to IgE that is already bound to
either FcεRI or CD23, so that omalizumab does not trigger the in-
flammatory cascade. Further, surface FcεRI is unstable when not bound
to IgE, so that reducing the IgE available to bind FcεRI results in the
downregulation of FcεRI on the surfaces of immune effector cells, mi-
tigating basophil [72] and mast cell [73] activation as well as antigen
presentation by dendritic cells to T cells [74]. Circulating IgE bound to
omalizumab may still be able to bind food Ag epitopes, so that free Ag
levels are also reduced [75]. Several trials explore the role of omali-
zumab as an IgE-blocking mAb adjuvant to OIT, testing its effects on
OIT safety and efficacy.

A randomized, multi-site, double-blind, placebo-controlled, clinical
trial of cow’s milk OIT tested whether the use of omalizumab as an
adjuvant improved the safety or efficacy of OIT [76]. 57 participants
with milk allergy confirmed by sDBPCFC were randomized into either
an omalizumab or a placebo treatment group; after 4 months of treat-
ment, OIT was initiated. Omalizumab was discontinued at 28 months,
at which point participants who passed a DBPCFC were deemed to have
achieved DS. OIT was discontinued at 30 months, and those who passed
a DBPCFC at 32 months were deemed to have achieved SU. Though the
efficacy outcomes (DS and SU) did not differ significantly between the
omalizumab and placebo groups, those in the omalizumab group re-
quired significantly fewer OIT doses to achieve the maintenance dose,

Fig. 3. T helper 2 cell-mediated atopic response to
food antigens.

D.M.H. Freeland et al. Seminars in Immunology xxx (xxxx) xxx–xxx

4



and safety outcomes were significantly improved.
A mechanistic study of blood samples collected from these partici-

pants throughout the study investigated the effects of omalizumab on
Ag-induced basophil and T cell activation, and sought to identify pre-
dictive biomarkers of benefit from the addition of omalizumab to OIT
[77]. No significant increase in the percentage of casein-specific reg-
ulatory T cells was observed in OIT in either group. However, partici-
pants with higher basophil reactivity (indicated by surface expression
of CD63) at baseline had higher adverse reaction rates, and CD63 was
significantly decreased at the 3 highest concentrations of milk in the
omalizumab arm compared to the placebo arm throughout the omali-
zumab treatment period. Lower baseline milk IgE/total IgE ratios were
found among subjects who achieved SU: this correlation was highly
significant in the omalizumab arm, but not in the placebo arm. These
findings suggest that these two biomarkers taken together may be
predictive of the greatest benefit from the use of omalizumab as an
adjuvant to OIT. In addition, participants who reached DS had both
lower CD63 expression at 1 and 10 μg/mL milk stimulant and higher
casein-specific and β-lactoglobulin-specific IgG4/IgE ratios at the week
28 DBPCFC, as did those who reached SU at the week 32 DBPCFC,

showing significant correlations between these concurrent biomarkers
and DS and SU clinical outcomes.

A randomized, double-blind, placebo-controlled study of peanut
OIT evaluated whether the use of omalizumab as an adjuvant could
facilitate rapid DS in highly peanut allergic participants [78]. 37 par-
ticipants with peanut allergy established by sDBPCFC were randomized
into either an omalizumab or a placebo treatment group; after 12 weeks
of treatment, participants began OIT with a rapid DS period of up to
250 mg peanut protein in one day. Those who tolerated this DS pro-
cedure continued with 8 weeks of updosing to reach a target dose of
2000 mg peanut protein. Ability to tolerate 2000 mg of peanut protein
at 6 weeks after the withdrawal of study drug (primary endpoint) was
assessed; those passing this assessment continued on OIT at this dose
and underwent an open food challenge with 4000 mg peanut protein at
12 weeks after the withdrawal of study drug (secondary endpoint).
Statistically significant findings include: the highest tolerated peanut
protein dose at the initial rapid DS was over an order of magnitude
higher for those in the omalizumab group; and the proportions of this
group reaching the primary and the secondary endpoints were ∼6
times higher than those of the placebo group (Table 1). The use of IgE-

Fig. 4. Immune cell types and cytokines involved in
desensitization to food antigens.

Table 1
Examples of OIT strategies.

Form of OIT Type of drug Mechanism

Prevention Oral allergen administration Effects may include increased function of Ag-specific CD4+FOXP3+ Treg

Treatment Oral allergen administration Effects may include increased function of Ag-specific CD4+FOXP3+ Treg

With adjunct omalizumab Humanized mouse mAb to IgE Binds free and membrane-bound IgE, but not IgE bound to FcεRI or CD23
With adjunct mepolizumab Humanized mouse mAb to IL-5 Blocks IL-5-mediated signaling (Fig. 2)
With adjunct rezlisumab Humanized mouse mAb to IL-5 Blocks IL-5-mediated signaling (Fig. 2)
With adjunct ANB020 Humanized mAb to IL-33 Blocks IL-33-mediated signaling (Fig. 2)
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blocking omalizumab in conjunction with OIT facilitated rapid DS over
as few as 8 weeks, and for most DS participants, DS could be maintained
after omalizumab withdrawal.

A phase I, single-site trial was the first to test whether omalizumab
could be used in conjunction with OIT to achieve desensitization to
multiple food allergens rapidly and simultaneously [79]. 25 children
with multiple sDBPCFC-diagnosed food allergies were treated with
omalizumab for 8 weeks before starting OIT for up to 5 food allergens
concurrently; omalizumab treatment continued for the first 8 weeks of
OIT. The median time to reach the maintenance dose of 4 g per food
allergen was 18 weeks, which was 67 weeks earlier than the median
time to achieve desensitization to 4 g per allergen than could be
achieved by OIT alone, with comparable safety [80].

A mechanistic study of blood samples collected at 0, 9, and 18
months from a subset of these participants, and from a control group on
food-allergen avoidance, examined changes in T cell clonotype asso-
ciated with OIT + omalizumab [81]. Sequences of the TCR-β of peanut-
responsive CD4+ T cells were assessed for changes in clonal distribu-
tion and compared with the unstimulated, whole T cell repertoire.
Peanut-responsive T cell clones were found to be highly diverse, and
only 6% of the clones identified at a given time point persisted to the
next, regardless of treatment group. While the relative frequency of
each clone in the persistent, perhaps stable memory, population did not
change in the control group, a change in clonal distribution over the
course of OIT was observed. These results suggest that T cell replace-
ment may be a contributing mechanism to the establishment of de-
sensitization via OIT.

Recently published crystal structures of omalizumab provide in-
formation on its binding epitopes that could be used to engineer addi-
tional molecules to complement the immunotherapeutic effects of
omalizumab [5,82]. Alternatively, IgG4 is thought also to act as a
blocking antibody, competing with IgE for binding sites on Ag epitopes.
Since various peanut OIT studies have found IgG4 to increase sig-
nificantly with treatment, a study compared the inhibition of peanut-
induced activation of basophils and mast cells by IgG4 in peanut-sen-
sitive (but tolerant) children and PA children [61]. The ratio of peanut-
specific IgG4 to peanut-specific IgE was significantly higher in peanut-
sensitive but tolerant (PS) patients than in PA patients. Peanut-induced
activation of mast cells and basophils from a PA patient was inhibited
by plasma from PS patients, as well as by plasma from peanut OIT
participants. When these inhibitory plasmas were depleted of IgG4 and
their effects retested, mast cell inhibition was reduced. This study
suggests that the clinical effectiveness of IgG4 as a blocking Ab that may
increase the efficacy of OIT warrants exploration. Other studies indicate
that CD23 may play a major role in IgE-facilitated allergen presentation
to T cells, so that the inhibition of this process by allergen-specific IgG
blocking antibodies could be a major mechanism for the reduction of T
cell activation in the course of allergen-specific OIT [83–87].

In addition to IgE, other mediators of the atopic response dia-
grammed in Fig. 2 may be targeted by blocking Abs (Table 1). For
example, the IL-33 receptor, ST2, when knocked out in a mouse model
of house dust mite or peanut allergy, demonstrated the necessity of IL-
33 mediation to establishing a Th2-mediated atopic response [88]; in-
terfering with IL-33-ST2-binding, and thus interfering with ILC2 acti-
vation and IL-4 production, may be a fruitful therapeutic approach
[43,89]. In addition, the accumulation of eosinophils associated with
the Th2-mediated atopic response may be mitigated by blocking IL-5-
mediated signaling using an anti-IL-5 Ab, such as mepolizumab [90], or
reslizumab [91].

3.3. Further promising therapeutic strategies

A very different adjuvant strategy for OIT was tested in a rando-
mized, double-blind, placebo-controlled trial of peanut OIT with the
probiotic Lactobacillus rhamnosus CGMCC 1.3724, which may promote
Treg induction and Th1 cytokine responses [92]. Specific IgE levels and

SPT results above the 95% positive predictive values for clinical peanut
allergy were used to determine allergic status; a sDBPCFC was not re-
quired due to ethical concerns. Sixty-two peanut-allergic children (1–10
years old) were randomized into OIT + adjuvant and placebo groups;
the 18-month treatment consisted of a 1-day rush induction phase, an 8-
month buildup phase with updosing every 2 weeks to reach the
2000 mg maintenance dose of peanut protein, and a 10-month main-
tenance phase. A DBPCFC to 4000 mg peanut protein was performed on
the final day of treatment to assess DS; those who passed eliminated
peanut from their diet for at least 2 weeks and underwent a second
DBPCFC to 4000 mg peanut protein to test for SU (the authors ac-
knowledge that an elimination period of at least 4 weeks is now ad-
visable). While the results are striking in that 89.7% of participants
receiving OIT + adjuvant achieved DS compared to 7.1% of those re-
ceiving placebo (p < 0.001), and 82.1% of participants receiving OI-
T + adjuvant achieved SU compared to 3.6% of those receiving placebo
(p < 0.001), no comparison was made to the efficacies of OIT alone or
to the administration of probiotic alone. The use of probiotics as ad-
juvants to increase OIT efficacy warrants further investigation.

A study of sublingual immunotherapy noted that while OIT can
induce desensitization to far greater doses of Ag than can SLIT, SLIT
may be useful as a means to progress to OIT in the highly allergic, and
may also be a useful route for the administration of adjuvants to OIT
[93].

4. Further mechanistic insights

Mechanistic studies of different immune cell subsets during short-
and long-term courses of OIT are important to perform, to try to dis-
cover new targets for rational drug design in food allergy in the future.
For example, a study was recently published using peripheral blood
mononuclear cells (PBMCs) from 21 peanut-allergic (PA) individuals
and 7 healthy controls to determine whether functional peanut-specific
type 1 regulatory T cells (Tr1), which are potent immune response
suppressors, could be induced in PA individuals at baseline or after
short-term (3 − 12 months) or long-term (>3 years) OIT [94]. Den-
dritic cells (DC) were differentiated from PBMCs in the presence of IL-
10 and pulsed with peanut Ag Ara h 1 and 2; resulting tolerogenic DC-
10 were used as antigen-presenting cells to induce a subset of Tr1 cells
from autologous CD4+ T cells in vitro in the presence of IL-10. While
similar levels of peanut-specific Tr1 could be induced from these CD4+
T cells of individuals in all 4 study groups, the CD4+ T cells of healthy
controls tended to be anergic, while those from all PA groups exhibited
high Th2 cytokine production. Since induced Tr1 were Ag-specific and
expressed gut-homing receptors, it appears that they lack the functional
capacity to inhibit Th2 responses in PA individuals [94]. In separate
studies, the flow cytometry analysis of PBMCs collected during the
maintenance phase from peanut-allergic OIT participants treated with
[79] and without [80] adjunctive omalizumab showed significant de-
creases in IL-4+ peanut-specific CD4+ T cells from the OIT (n = 11,
p = 0.004) and OIT + omalizumab (n= 10, p = 1.8e-06) groups, each
compared to those of untreated peanut-allergic controls (n= 13),
possibly indicating a shift away from a Th2 phenotype (Fig. 5; Man-
ohar, Andorf, et al., unpublished data).

5. Conclusion

As oral immunotherapy advances the management and prevention
of food allergy, research aimed at its molecular and cellular mechan-
isms advances our understanding of healthy, pathological, and ther-
apeutic human immune responses. Innovations to extend the safety and
efficacy of OIT prominently include the use of blocking antibodies as
adjuvants to OIT, interfering with various effector pathways that
otherwise could bring about the clinical manifestations of IgE-mediated
atopic immune response. Mechanistic research focused on the estab-
lishment of healthy immune tolerance to foods, and on the durability
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and defeasibility of sustained unresponsiveness to food antigens ef-
fected by OIT, promises very significant advances in the immunology
and treatment of food allergy.
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