
Peanut allergy: a growing phenomenon

Wesley Burks

J Clin Invest. 2003;111(7):950-952. https://doi.org/10.1172/JCI18233.

Peanut allergy is one of the most serious of the immediate hypersensitivity reactions to foods in terms of persistence and
severity and appears to be a growing problem (1). The prevalence of food hypersensitivity in adults is reportedly less
common, but a recent survey in the US found that 1.3% of adults are allergic to peanuts or tree nuts (2). Recently, in a
cohort of American children referred for the evaluation of atopic dermatitis, the prevalence of allergic reactivity to peanuts
was nearly twice as high as that in a similar group evaluated a decade earlier (3). In spite of increased recognition and
understanding of food allergies, food is the single most common cause of anaphylaxis seen in hospital emergency
departments (4), accounting for about one-third of anaphylaxis cases seen. It is estimated that about 30,000 food-induced
anaphylactic events are seen in American emergency departments each year, 200 of which are fatal (5). Either peanuts
or tree nuts cause more than 80% of these reactions. Due to the persistence of the reaction and the lack of effective
treatment, peanut-specific immunotherapy is currently being examined as a treatment option. An understanding of the
molecular mechanisms is vital to ensure the eventual, effective treatment of peanut-allergic patients. Th2 polarization of
cytokines The study by Turcanu et al. (6) in this issue of […]
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repressing our sodium transporters in
our kidney, the frequency of salt-sensi-
tive hypertension would have been
even higher and hypertension even
much more severe.
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Peanut allergy is one of the most seri-
ous of the immediate hypersensitivity
reactions to foods in terms of persist-
ence and severity and appears to be a
growing problem (1). The prevalence
of food hypersensitivity in adults is
reportedly less common, but a recent
survey in the US found that 1.3% of
adults are allergic to peanuts or tree
nuts (2). Recently, in a cohort of Amer-
ican children referred for the evalua-
tion of atopic dermatitis, the preva-
lence of allergic reactivity to peanuts
was nearly twice as high as that in a
similar group evaluated a decade earli-
er (3). In spite of increased recognition
and understanding of food allergies,
food is the single most common cause

of anaphylaxis seen in hospital emer-
gency departments (4), accounting for
about one-third of anaphylaxis cases
seen. It is estimated that about 30,000
food-induced anaphylactic events are
seen in American emergency depart-
ments each year, 200 of which are fatal
(5). Either peanuts or tree nuts cause
more than 80% of these reactions.

Due to the persistence of the reac-
tion and the lack of effective treat-
ment, peanut-specific immunotherapy
is currently being examined as a treat-
ment option. An understanding of the
molecular mechanisms is vital to
ensure the eventual, effective treat-
ment of peanut-allergic patients.

Th2 polarization of cytokines
The study by Turcanu et al. (6) in this
issue of the JCI uses a novel approach,
that of CFSE staining to separate
peanut-specific lymphocytes by flow
cytometry and subsequent cloning.
Due to technical difficulties arising
from the low frequency of allergen-
specific cells in the blood, previous

studies have been complicated and not
easily interpreted. Human T cells,
when repeatedly stimulated in vitro,
will often develop a Th2 phenotype
regardless of their origin (7, 8).

In this study, the authors compare
peanut-allergic individuals, individu-
als who have outgrown peanut aller-
gy, and those who had always tolerat-
ed peanuts (6). Peripheral blood
lymphocytes in the peanut-allergic
individuals demonstrated a Th2
polarization of cytokine production
by peanut-specific cells with low levels
of IFN-γ and TNF-α and high levels of
IL-4, IL-5, and IL-13. In the individu-
als who had outgrown their peanut
allergy and the nonallergic controls,
the cytokines showed a Th1 bias with
high levels of IFN-γ and TNF-α and
low levels of IL-4, IL-5, and IL-13. An
interesting part of the study investi-
gated individuals who were allergic to
eggs, using similar laboratory and
cloning techniques. As in the peanut-
specific cells, the egg-allergic individ-
uals’ peripheral blood lymphocytes
had a Th2 skewing of their ovalbu-
min-specific T cells (Figure 1).

This evidence that peanut antigens
do not in themselves induce a Th2
cytokine response is not surprising,
since all food allergy patients share
similar clinical symptoms in the skin,
gastrointestinal tract, and respiratory
tract. The results of the present study
(6) will help in the evaluation of
future immunomodulatory treat-
ments for food allergy and in studies
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that examine the natural history of
food allergic reactions.

Peanut-specific IgE
The sequence of events necessary to
produce allergen-specific IgE suggests
several potential avenues for immuno-
modulatory intervention. These ap-
proaches can be placed into two gen-
eral categories: (a) strategies designed
to inhibit IgE or the interaction of
mediators important to IgE produc-
tion, and (b) strategies designed to
alter T cell activation. The second cat-
egory includes induction of T cell
anergy by use of allergen-specific pep-
tides (T cell epitopes), and modulation
of Th cell development by means that
favor a Th1 cytokine response and/or
by prevention of T cell proliferation.

Allergen immunotherapy is an effec-
tive therapeutic modality to prevent
further anaphylactic episodes in

patients with insect-sting hypersensi-
tivity when they have experienced sig-
nificant systemic symptoms (9).
Because allergen immunotherapy can
downregulate the specific-IgE re-
sponse and the cellular response to
allergens, it is now being studied as a
possible option for patients with life-
long food allergies (10). The goal of
peanut-specific immunotherapy would
not be to allow patients to eat peanuts
at will, but rather to give them some
protection in case of accidental inges-
tion. Given the partial rate of response
and high rate of adverse reactions to
traditional food immunotherapy in
previous studies, and the frequent
occurrence of accidental peanut inges-
tion, alternative forms of immuno-
therapy are necessary for this poten-
tially fatal allergy. The findings by
Turcanu et al. (6) provide additional
laboratory data about the possible

mechanism of the food hypersensitiv-
ity response that can be studied as
patients with food allergy are placed
on food-specific immunotherapy.

One of the more exciting recent
developments in the treatment of food
allergy is novel immunotherapeutic
strategies designed to alter the
immune system’s response to food
allergens. These strategies are now
being examined in animal models as
potential treatment modalities (11).
They include cytokine-modulated
immunotherapy, immunostimulatory
sequence–modulated immunotherapy,
plasmid DNA immunotherapy, aller-
gen-peptide immunotherapy, and
“engineered” (mutated) allergen pro-
tein immunotherapy. All of these
methods strive to elicit a Th1-type
response or tolerance from the
immune system in response to a spe-
cific food allergen.

Natural history of peanut allergy
It will be even be more interesting to
elucidate why only a few food allergens
induce the type of Th2 response early
in life that is demonstrated in this
study (6), and why certain people out-
grow their food allergy. In this study,
individuals allergic to peanuts and
individuals allergic to eggs had a simi-
lar Th2-skewed cytokine response.
However, the natural history of the
clinical symptoms of peanut allergy is
quite different from that of the symp-
toms of egg allergy. Peanut allergy is
infrequently outgrown (12), while egg
allergy is typically outgrown in the
first 4–5 years of life.

The novel approach used by these
authors to identify antigen-specific T
cells will likely have important implica-
tions for future studies of allergic dis-
ease, as well as autoimmune disorders.
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Figure 1
Foods enter the gastrointestinal tract and undergo protein digestion and then antigen (Ag) pro-
cessing. Some Ag enters the blood stream to be distributed at distal sites throughout the body
(particularly the skin and respiratory mucosa along with sites in the gastrointestinal mucosa). As
the antigen-presenting cell presents Ag to the T cell, specific cytokines are produced. In the peanut-
allergic individual, the T cells will secrete increased amounts of IL-4, IL-5, and IL-13, among other
mediators, and reduced amounts of IFN-γ and TNF-α when compared to that in an individual who
is not allergic to peanuts. The T cell in turn regulates eventual peanut-specific IgE production by B
cells. Peanut-specific IgE is attached to mast cells in the gastrointestinal tract, skin, and respira-
tory tract mucosa. Subsequently, on ingestion of peanuts, in the peanut-allergic individual, the
protein is digested and the Ag binds peanut-specific IgE on the mast cell, causing activation of the
mast cell with mediator release at the mucosal site. Clinical symptoms ensue.
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Tissue factor exposed at sites of vascu-
lar injury initiates coagulation result-
ing in thrombin generation. In addi-
tion to converting fibrinogen to fibrin,
thrombin amplifies its own generation
by activating platelets and by activating
factors V and VIII, key cofactors in
coagulation. Consequently, tight regu-
lation of thrombin activity is essential
to prevent excessive thrombosis (1).

Regulation of thrombin
Two naturally occurring anticoagu-
lant pathways serve to regulate throm-
bin; the protein C pathway and
antithrombin. The protein C pathway
is initiated when thrombin binds to
thrombomodulin, a thrombin recep-
tor expressed by endothelial cells (2).
Once bound to thrombomodulin,
thrombin undergoes a conformation-
al change at its active site that converts
it from a procoagulant enzyme into a
potent activator of protein C. Activat-
ed protein C, in concert with its cofac-
tor protein S, serves as an anticoagu-
lant by degrading and inactivating
activated factors V and VIII (2).

Several lines of evidence highlight
the physiological importance of the

protein C pathway. Mice totally defi-
cient in thrombomodulin die in utero
(3), whereas ablation of endothelial
thrombomodulin causes early onset
thrombosis (4). Likewise, patients with
protein C or protein S deficiency are
prone to thrombosis, as are those with
the factor V Leiden mutation, a point
mutation that renders activated factor
V Leiden relatively resistant to inacti-
vation by activated protein C (5).

Antithrombin also is critical for the
regulation of coagulation. A member of
the serine proteinase inhibitor (serpin)
superfamily, antithrombin inhibits
thrombin and other clotting enzymes
in a slow, progressive fashion. The
importance of antithrombin is high-
lighted by the fact that patients with
heterozygous antithrombin deficiency
have a thrombotic tendency (5, 6).
Complete deficiency of antithrombin is
likely to be incompatible with life, a
concept supported by the observation
that knocking out the antithrombin
gene in mice results in intrauterine
death from massive thrombosis (7).

Heparan sulfate
The activity of antithrombin is en-
hanced by heparin. Antithrombin pos-
sesses a heparin binding site that inter-
acts with a unique pentasaccharide
sequence found on one-third of the
chains of unfractionated heparin. Key to
high-affinity binding of antithrombin to
this pentasaccharide sequence is 3-O-sul-
fated glucosamine, the middle saccha-
ride unit of the pentasaccharide (8). Pen-
tasaccharide binding to antithrombin

induces conformational changes in the
reactive center loop of the serpin that
accelerate the rate at which antithrom-
bin inhibits its target proteases by two to
three orders of magnitude.

Although heparin is found in gran-
ules of human mast cells, it is not the
physiological counterpart of medicinal
heparin. Recent studies indicate that
mast cell heparin regulates the types
and amounts of positively-charged
proteases stored in mast cell granules.
Thus, mast cells deficient in heparin-
synthesizing enzyme have altered mor-
phology (9) and their granules contain
reduced amounts of tryptase, chymase,
and carboxypeptidase A (10). Not only
are protease levels reduced, but their
activity may also be limited because
heparin enhances the activity of some
mast cell proteases (11).

Current thinking is that the physio-
logical counterpart of medicinal
heparin is heparan sulfate, a glycos-
aminoglycan found on the surface of
most eukaryotic cells and in the extra-
cellular matrix. Anchored to the cell
surface by its proteoglycan core, the
functional units of heparan sulfate are
found on its branching glycosamino-
glycan side-chains (Figure 1). Cultured
endothelial cells synthesize heparan
sulfate and 1% to 10% of the molecules
have anticoagulant activity because
they contain the 3-O-sulfated glu-
cosamine residue that is the hallmark
of the antithrombin-binding pen-
tasaccharide (11).

Antithrombin binds to cultured
endothelial cells and binding is reduced
when the cells are pretreated with
heparinase (12), suggesting that this
interaction is mediated by heparan sul-
fate. When radiolabeled antithrombin
is used, over 90% of the antithrombin
that binds to cultured endothelial cells
or to the surface of perfused aortic seg-
ments can be localized to the suben-
dothelial matrix (13). Exposure of cul-
tured endothelial cells to IL-1 or tumor
necrosis factor reduces heparan sulfate
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