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Modulation of Peanut-specific humoral and cellular
responses pre- and post-oral immunotherapy
This editorial discusses the findings of the paper in this issue by Wisniewski et al. [3], pp. 1201-1213.
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Peanut allergy is common, particularly in Western
countries. Clinical manifestations range from oral pru-
ritus to fatal anaphylactic reaction and there is no
cure. Clinical trials with either antigen-specific sublin-
gual immunotherapy (SLIT) or oral immunotherapy
(OIT) have shown promise; trials with epicutaneous
immunotherapy (EPIT) are also moving forward [1].
However, the risk associated with immunotherapy (IT)
has precluded its use in common clinical practice [2].
In food allergy, it is important to distinguish between
the outcomes of desensitization vs. induction of sus-
tained unresponsiveness after immunotherapy. Desensi-
tization is defined as non-responsiveness to allergen
challenge while on immunotherapy, or immediately
after therapy. Induction of sustained unresponsiveness
is usually defined as non-responsiveness to food chal-
lenge 4–6 weeks after the end of therapy. Current clin-
ical trials in food allergy show that IT can lead to
desensitization and sustained unresponsiveness. How-
ever, the finding of sustained unresponsiveness post-IT
cannot be equated to induction of long-term immune
tolerance without further studies. Additionally, it
remains unclear whether different IT approaches in
peanut allergy are equally effective in leading to tran-
sient desensitization, sustained unresponsiveness or the
induction of long-lasting tolerance. Improved under-
standing of the mechanisms that lead to desensitiza-
tion and tolerance would facilitate the refinement of
clinical protocols to achieve optimal clinical efficacy,

while minimizing adverse side effects. To provide
answers, studies have been undertaken to characterize
peanut allergen-specific humoral and cellular responses
in peanut-allergic (PA) subjects pre- and post-immu-
notherapy.

In this issue of Clinical and Experimental Allergy,
Wisniewski et al. examined the modulation of humoral
and cellular responses towards Ara h 1 and Ara h 2, two
of the most studied peanut allergens, in PA subjects pre-
and post-OIT [3]. In their patient cohort, the majority of
subjects were sensitized to both Ara h 1 and Ara h 2
with Ara h 2 IgE levels exceeding those of Ara h 1.
Mono-sensitized subjects were also observed, but these
subjects generally had lower whole peanut IgE levels
than the dual-sensitized subjects. The observed rarity of
Ara h 1 mono-sensitized subjects could be taken to sug-
gest that unique Ara h 1-specific IgE epitopes are
uncommon. Correspondingly, the presence of Ara h 2
dual-sensitized subjects and mono-sensitized subjects
might suggest Ara h 2 IgE epitopes could be subdivided
into both unique and Ara h 1 cross-reactive epitopes as
described earlier [4].

Peanut-specific T cell responses in PA were next
functionally characterized by Wisniewski et al. For
these experiments, PBMC were stimulated with either
Ara h 1 or Ara h 2, cultured for 7 days and examined
by flow cytometry. CD3+ T cells that up-regulated
CD25 were considered to be peanut-specific T cells.
Using this criteria, they observed activation of Ara h
1- and Ara h 2-specific cells in PA subjects, but not in
non-allergic subjects. Notably, subjects that were
mono-sensitized to Ara h 2 also had Ara h 1-specific T
cell responses. By examining IL-4 and IFN-c production
within the CD25+ T cells, they observed a Th2 skewing
amongst the Ara h 1- and Ara h 2-activated T cells.

Wisniewski et al. also examined humoral responses
towards Ara h 1 and Ara h 2 in a group of 17 subjects
following 12–24 months of OIT. These subjects
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were treated with a relatively low dose of peanut, that is
less than 600 mg/day in this study, compared to
4000 mg/day of peanut or higher in some of the current
trials [5]. All of these subjects were clinically desensi-
tized (according to open food challenge), but 13 of 17
maintained a value of peanut-specific IgE of greater than
15 kUA/L. PA subjects had significantly elevated peanut-
specific IgG4 (in particular Ara h 2-specific IgG4) after
OIT. Increases in peanut-specific IgG4 after OIT had been
reported earlier [5–7]. However, increased IgG4 may
simply be a consequence of repeated allergen exposure
and is not necessarily linked to clinical efficacy. For
example, a study by Vickery et al. showed that increases
in peanut-specific IgG4 alone could not account for the
induction of sustained unresponsiveness. However, the
ratio of peanut-specific IgG4/IgE has been shown to
effectively segregate the sustained unresponsiveness
group from the desensitized group [5].

Peanut-specific T cell responses were similarly char-
acterized in seven desensitized subjects while they were
on maintenance therapy. Importantly, while peanut-
specific Th2 cells were still detectable in these subjects,
the ratio of IL-4- and IFN-c-producing cells changed,
such that the overall response was diverted from a Th2
profile towards a Th1 profile with more Th1 cells and
less Th2 cells after OIT. Yet the proportion of peanut-
specific cells that co-produced IL-4 and IFN-c remained
the same before and after OIT. These data appear to
imply that (1) Th2 cells are not being converted to Th1
cells during OIT, which suggests a preferential reduction
of Th2 cells and/or preferential expansion of Th1 cells)
and (2) the residual PA-specific T cells, which produced
Th2 cytokines as detected after OIT, are poised to be
reactivated and undermine the durability of the OIT
after treatment.

Induction of allergen-specific regulatory T cells is
believed to play a key role in the induction of desensiti-
zation and tolerance through allergen-specific immuno-
therapy [8]. Yet, conclusive data from human studies
that validate this mechanism are still lacking. The study
by Wisniewski et al. addressed the question of whether
antigen-specific IL-10-producing regulatory T cells
(Type 1 regulatory T cells or Tr1) are induced as a con-
sequence of OIT. Using PBMC samples stimulated in vi-
tro with peanut allergens, they observed that the
supernatants collected from the post-OIT samples had
higher levels of IL-10 compared to pre-OIT sample from
the same subject. Similar frequencies of IL-10-produc-
ing cells were observed in subjects before and after OIT.
The authors speculated that most of IL-10 came from
non-T cells in these cultures. Such non-T cells could
include IL-10-secreting antigen-presenting cells and B
cells [9, 10]. Alternatively, it is possible that activation
of IL-10-secreting cells by peanut antigens during OIT
elicits higher amounts of IL-10 on a per cell basis.

Induction of antigen-specific Foxp3+ regulatory T
cells (Tregs) has likewise been explored as a major
mechanism for successful immunotherapy [11]. Others
have shown that both successful SLIT and OIT led to
hypomethylation of promoter region of Foxp3 as well
as expression of Foxp3 [12, 13]. Wisniewski et al. docu-
mented the presence of Foxp3+ allergen-specific T cells
in post-OIT samples. They also discovered that when,
peanut-specific cells expressed higher levels of Foxp3,
they produced higher amounts of Th2 cytokines;
similarly, IL-4+ T cells expressed higher levels of Foxp3
compared to IL-13+, c-IFN+ and IL-17+ T cells. There-
fore, it would appear that the Foxp3+ T cells observed
in this study were activated Th2 cells and not regula-
tory T cells. Interestingly, the cytokine profiles of
Foxp3+ peanut-specific T cells were similar before and
after OIT. It is known that activated human CD4+ T
cells transiently express Foxp3 and correspondingly
acquire some suppressive properties [14]. The current
data further support that expression of Foxp3 can be a
marker of activated Th2 cells. Transient expression of
Foxp3 in activated CD4+ T cells may be an intrinsic
cellular mechanism that limits cell division. Cumula-
tively, these observations uncovered factors that must
be considered when using Foxp3 as a marker to distin-
guish bona fide Treg from activated T cells in human
studies.

Overall, Wisniewski et al. observed an increase in
allergen-specific Th1 cells and a concomitant decrease
in Th2 cells after OIT. Yet peanut-specific T cells that
produced Th2 cytokines were still detected in desensi-
tized subjects. The data did not reveal any clear induc-
tion of IL-10 Tr1 or Foxp3+ Tregs after OIT. It should
be noted that there is no evidence that the subjects
selected for this study had attained sustained unrespon-
siveness or long-term tolerance; this may account for
the absence of Treg induction. In addition, LAP+
CD4+Foxp3- regulatory T cells that are capable of pro-
ducing TGF-b [15] were not investigated in this study.
Data interpretation was also confounded to some extent
by the use of a 7-day in vitro expansion for detection
of antigen-specific T cells, as this assay format would
not be expected to favour the expansion of regulatory
T cells. It is possible that a more direct approach, such
as detecting allergen-specific T cells ex vivo using HLA
class II tetramer staining or CD154 up-regulation assay,
could provide a more conclusive evaluation of antigen-
specific Treg induction during OIT [16, 17].

Despite the interesting observations of this new
study, some aspects of the mechanisms that lead to the
induction of desensitization and tolerance after anti-
gen-specific IT remain unclear, although deletion of
Th2 cells upon repeated antigen stimulation did
appear to be a crucial part of the process. A similar
mechanism for induction of tolerance in subcutaneous
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IP for aeroallergens has been observed [18]. In addition
to the deletion process, induction of regulatory T cells
should be essential for maintenance of long-term toler-
ance. At present, it is still uncertain which subtypes of
Tregs, such as Foxp3+ Treg, Foxp3- IL-10-producing
Tr1 or LAP1-1-associated Treg, are the key players in
successful IT. Firm conclusions have been hampered by
the difficulty in detecting these cells, which is probably
caused by their short lifespan and inherently low fre-
quencies [7]. Lastly, there remains the question whether
OIT, SLIT and EPIT operate under the same mechanistic
pathway that induces desensitization versus tolerance.
OIT, SLIT and EPIT use different dosages of allergens
(ranging from 4000 mg/day in OIT to 2 mg/day in SLIT,
and less than 0.5 mg/day in EPIT), and the route of
administration would dictate that allergens are encoun-
tered by immune cells in different anatomical location
with different subsets of dendritic cells. Activation of T
cells by different subsets of dendritic cells with different
dosages of antigen could plausibly lead to very differ-
ent pathways of immune modulation. As such, it is
important to distinguish the cellular immune status of
subjects that are utilized in mechanistic studies, differ-
entiating between desensitization and tolerance induc-
tion. For example, a recent study showed that weekly

consumption of peanut by infants at high risk of devel-
oping peanut allergy for 3 years significantly reduced
the incidence of peanut allergy by age 5 compared to
the placebo arm. It is still under investigation whether
subjects in the active arm of this study will develop
peanut allergy once they stop consuming peanut [19].
Current technological advances, such as RNAseq, Flui-
digm array, multicolour flow cytometry and mass
cytometry, on allergen-specific T cells should help to
more clearly delineate desensitization versus tolerance.

In spite of the remaining unanswered questions, this
study by Wisniewski et al. and other mechanistic clini-
cal studies of food allergy clearly emphasize the feasi-
bility of identifying the aspects of cellular immune
status that distinguishes between desensitization and
tolerance induction. These pursuits are important not
only to facilitate refinement of antigen-specific immu-
notherapy in food allergy, seasonal allergy and peren-
nial allergy, but also to provide guidance for induction
of tolerance in other disease settings, including the
treatment of autoimmune diseases such as multiple
sclerosis and type 1 diabetes [20, 21].

Conflict of interest: The authors declare no conflict of
interest.

References

1 Jones SM, Burks AW, Dupont C. State

of the art on food allergen immuno-

therapy: oral, sublingual, and epicuta-

neous. J Allergy Clin Immunol 2014;

133:318–23.
2 Wood RA, Sampson HA. Oral immuno-

therapy for the treatment of peanut

allergy: is it ready for prime time? J

Allergy Clin Immunol Pract 2014;

2:97–8.
3 Wisniewski J, Commins S, Agrawal R

et al. Analysis of cytokine production

by peanut-reactive T cells identifies

residual Th2 effectors in highly allergic

children who received peanut oral

immunotherapy. Clin Exp Allergy

2015; 45:1201–1213.
4 Bublin M, Kostadinova M, Radauer C

et al. IgE cross-reactivity between the

major peanut allergen Ara h 2 and the

nonhomologous allergens Ara h 1 and

Ara h 3. J Allergy Clin Immunol 2013;

132:118–24.
5 Vickery BP, Scurlock AM, Kulis M

et al. Sustained unresponsiveness to

peanut in subjects who have completed

peanut oral immunotherapy. J Allergy

Clin Immunol 2014; 133:468–75.

6 Nozawa A, Okamoto Y, Moverare R,

Borres MP, Kurihara K. Monitoring Ara

h 1, 2 and 3-sIgE and sIgG4 antibodies

in peanut allergic children receiving

oral rush immunotherapy. Pediatr

Allergy Immunol 2014; 25:323–8.
7 Jones SM, Pons L, Roberts JL et al.

Clinical efficacy and immune regulation

with peanut oral immunotherapy. J

Allergy Clin Immunol 2009; 124:292–
300, 300.

8 Palomares O. The role of regulatory T

cells in IgE-mediated food allergy. J

Investig Allergol Clin Immunol 2013;

23:371–82.
9 Novak N, Bieber T, Katoh N. Engage-

ment of Fc epsilon RI on human

monocytes induces the production of

IL-10 and prevents their differentiation

in dendritic cells. J Immunol 2001;

167:797–804.
10 van de Veen W, Stanic B, Yaman G

et al. IgG4 production is confined to

human IL-10-producing regulatory B

cells that suppress antigen-specific

immune responses. J Allergy Clin

Immunol 2013; 131:1204–12.
11 Palomares O, Ruckert B, Jartti T et al.

Induction and maintenance of aller-

gen-specific FOXP3+ Treg cells in

human tonsils as potential first-line

organs of oral tolerance. J Allergy Clin

Immunol 2012; 129:510–20, 520.
12 Swamy RS, Reshamwala N, Hunter T

et al. Epigenetic modifications and

improved regulatory T-cell function in

subjects undergoing dual sublingual

immunotherapy. J Allergy Clin Immu-

nol 2012; 130:215–24.
13 Syed A, Garcia MA, Lyu SC et al. Peanut

oral immunotherapy results in increased

antigen-induced regulatory T-cell func-

tion and hypomethylation of forkhead

box protein 3 (FOXP3). J Allergy Clin

Immunol 2014; 133:500–10.
14 Walker MR, Kasprowicz DJ, Gersuk VH

et al. Induction of FoxP3 and acquisi-

tion of T regulatory activity by stimu-

lated human CD4+. J Clin Invest 2003;

112:1437–43.
15 Gandhi R, Farez MF, Wang Y, Kozoriz

D, Quintana FJ, Weiner HL. Cutting

edge: human latency-associated pep-

tide+ T cells: a novel regulatory T cell

subset. J Immunol 2010; 184:4620–4.
16 Delong JH, Simpson KH, Wambre E,

James EA, Robinson D, Kwok WW. Ara

h 1-reactive T cells in individuals with

peanut allergy. J Allergy Clin Immunol

2011; 127:1211–8.

© 2015 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 45 : 1146–1149

1148 W. W. Kwok et al.



17 Archila LD, Jeong D, Pascal M et al.

Jug r 2-reactive CD4 T cells have a

dominant immune role in walnut

allergy. J Allergy Clin Immunol 2015.

In press.

18 Wambre E, Delong JH, James EA et al.

Specific immunotherapy modifies aller-

gen-specific CD4(+) T-cell responses in

an epitope-dependent manner. J Allergy

Clin Immunol 2014; 133:872–9.
19 Du TG, Roberts G, Sayre PH et al. Ran-

domized trial of peanut consumption

in infants at risk for peanut allergy. N

Engl J Med 2015; 372:803–13.
20 Walczak A, Siger M, Ciach A, Szczepa-

nik M, Selmaj K. Transdermal applica-

tion of myelin peptides in multiple

sclerosis treatment. JAMA Neurol

2013; 70:1105–9.
21 Thrower SL, James L, Hall W et al.

Proinsulin peptide immunotherapy in

type 1 diabetes: report of a first-in-

man Phase I safety study. Clin Exp

Immunol 2009; 155:156–65.

© 2015 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 45 : 1146–1149

Peanut-specific IgG4, IgE and T cell responses 1149


