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Human subjects without peanut allergy
demonstrate T cell–dependent, TH2-biased,
peanut-specific cytokine and chemokine
responses independent of TH1 expression

Tina B. Thottingal, MSc,a Bill P. Stefura, BSc,a F. Estelle R. Simons, MD,a,b Gary A.

Bannon, PhD,c* Wesley Burks, MD,d and Kent T. HayGlass, PhD,a,b for the Canadian

Institutes of Health Research National Training Program in Allergy and Asthma

Research Winnipeg, Manitoba, Canada, Little Rock, Ark, and Durham, NC
Background: Peanut allergy is a major cause of anaphylaxis.

Regulation of immune responses to peanut allergen, particularly

why sensitization does not usually progress to allergic reactions,

is not well investigated. Most studies focus exclusively on

serologic responses and individuals with peanut allergy.

Objective: We sought to determine the existence, prevalence,

and nature of peanut-specific, T cell–dependent cytokine and

chemokine responses of adults who eat peanut without having

symptoms.

Methods: We developed systems to examine specific immunity

in peanut-tolerant individuals who had (1) negative histories

and negative peanut skin test responses, (2) negative histories

and positive peanut skin test responses, and (3) clinically

apparent peanut allergy. After primary culture of PBMCs

restimulated with whole peanut extract, we quantified

responses characteristic of TH1 (IFN-g and CXCL10) and

TH2-like immunity (IL-5, IL-13, CCL17, and CCL22) using

ultrasensitive ELISAs. Antigen-presenting cell costimulatory

requirements (CD4, HLA-DR, CD80/86, and cytotoxic T

lymphocyte–associated antigen 4 [CTLA4] Ig) were

determined.

Results: T cell–dependent, peanut-specific IL-5, IL-13, and

CCL22 were common in peanut-tolerant individuals,

regardless of whether they had positive or negative skin test
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responses. These were blocked by anti-CD4 and were

dependent on CD28/CD86 costimulation. None of the 70

individuals studied had demonstrable IFN-g or CXCL10

responses to peanut. All demonstrated TH1 and TH2 responses

to the ubiquitous recall antigen streptokinase.

Conclusions: Qualitatively similar and quantitatively

increasing peanut-specific TH2 responses in the consistent

absence of putatively protective TH1 immunity were found in

both peanut-tolerant individuals and those with peanut allergy.

Clinical implications: The continuum of responses between

individuals with negative and individuals with positive skin test

results, rather than TH1 versus TH2 bias, might be important in

peanut allergy. (J Allergy Clin Immunol 2006;nnn:nnn-nnn.)

Key words: Food allergy, peanut allergy, anaphylaxis, T cell,
cytokine, chemokine, costimulation

Food allergies, in particular peanut allergy, are major
triggers of anaphylaxis in many countries.1-4 Exposure to
peanut is ubiquitous. Sensitization, with or without subse-
quent development of clinically apparent peanut allergy,
has increased in prevalence.5-7 Current estimates indi-
cate that some 1% to 2% of populations in the developed
world exhibit signs and symptoms of peanut allergy after
ingestion.5-9

Understanding of the immunologic mechanisms that
allow peanut sensitization in a substantial segment of the
population and those that determine its progression to
clinical manifestations in a minority of individuals re-
mains limited. Extensive studies provide valuable insight
on biochemical characterization of constituent peanut
allergens and the diversity of epitope/antibody interac-
tions.10-19 In contrast, the nature of the T-cell response is
much less well understood.3,20,21 Several studies demon-
strate proliferation of PBMCs in response to peanut aller-
gen stimulation.22-25 This approach reveals that T-cell
activation is readily observed in allergic individuals, but
proliferative responses reveal little about the nature of
the response evoked. In efforts to better understand im-
mune regulation in such individuals, several groups exam-
ined IL-4 and IFN-g mRNA transcripts23,26-28 or, because
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Abbreviations used
CTLA4: Cytotoxic T lymphocyte–associated antigen 4

PMA: Phorbol 12-myristate 13-acetate

SPT: Skin prick test

WPE: Whole peanut extract

of the low frequency of any antigen-specific T cell
in vivo, derived cell lines or clones of peanut-specific
T cells.22,24,29 Such studies are informative, but their inter-
pretation is constrained by (1) the small number of individ-
uals and T-cell clones studied because of the effort
involved in deriving T-cell clones and (2) the effect of ex-
traneous and endogenous mediators encountered during
the cycles of clonal derivation and expansion that might
skew the function of T-cell clones obtained.

Using an innovative strategy combining peanut antigen
stimulation during initial culture and then polyclonal
activation with phorbol 12-myristate 13-acetate (PMA)
plus ionomycin during analysis of cytokine responses,
Turcanu et al30 identified peanut-reactive T cells. In the 9
individuals with peanut allergy studied, the frequency of
peanut-specific, cytokine-producing cells that underwent
clonal expansion was seen as TH2 biased, with IFN-g/
IL-4 or IFN-g/IL-13 ratios of approximately 1:1 to 30:1.
Nine individuals without peanut allergy, also stimulated
with peanut antigen followed by PMA plus ionomycin,
exhibited more intense IFN-g/IL-4 or IFN-g/IL-13 ratios,
with medians ranging from 40:1 to 80:1. These data were
taken in support of the notion that TH1-biased responses
underlie oral tolerance.

Understanding the immune mechanisms underlying
sensitization and subsequent failure to progress to clinical
sensitivity would provide important insight into future
avenues of prevention, therapy, or both. Given the intense
interest in developing more effective approaches to food
allergy management,4,31-35 better understanding of the im-
munologic basis of naturally acquired functional tolerance
that is exhibited by environmentally exposed but clinically
tolerant human subjects is a logical prerequisite. However,
virtually nothing is known of peanut-specific responses
in human subjects who can eat peanut without having an
allergic reaction because most studies focus largely or
exclusively on individuals with peanut allergy.8,36-38

We hypothesized that individuals who can ingest
peanut without exhibiting symptoms of allergic or ana-
phylactic reactions (peanut-tolerant individuals) might
nevertheless respond to this ubiquitous antigen immuno-
logically and that using peanut allergen to stimulate
PBMCs from these individuals would provide information
about the nature of their immunologic responsiveness.
Extrapolating from studies carried out with T-cell clones,
intense polyclonal activators, or both30,36-40 for food anti-
gens or with antigen-specific activation in primary culture
for inhalant allergens,41-44 we speculated that nonallergic
adults would exhibit well-defined, TH1-biased im-
mune response to peanut concomitant with minimal or
undetectable TH2-like activation. We tested these hypoth-
eses by measuring antigen-driven cytokine and chemokine
responses to peanut and to an unrelated control antigen
in short-term primary culture of PBMCs directly ex vivo
paired with ultrasensitive ELISAs that we developed.
Surprisingly, although classical, costimulation-dependent,
TH2-associated peanut responses were readily found in
many nonallergic individuals, as were TH1 immune re-
sponses to the bacterial recall antigen streptokinase,
peanut-specific TH1-associated responses were not evi-
dent in the populations studied.

METHODS

Participants

The University of Manitoba Research Ethics Board approved

the study, and written informed consent was obtained from each

individual before enrollment. In total, detailed data are provided on

60 adults without peanut allergy and 10 adults with peanut allergy

(convincing history and positive skin test response) aged 18 to 35

years who were recruited in response to advertisements. Among

nonallergic individuals, a detailed allergy history consistent with

a lack of clinical reactivity ever to peanut was obtained. These

individuals took no precautions to avoid and were regularly exposed

to dietary peanut without symptoms. In subsequent experiments

individuals without peanut allergy were divided into 2 groups based

on their response to epicutaneous testing with 1:20 wt/vol peanut/

glycerin extract (Bencard Allergy Laboratories, Mississauga,

Ontario). We carried out detailed analyses on a cohort of 50

individuals able to ingest peanut without exhibiting any signs or

symptoms and who had negative epicutaneous test responses (<3 mm

in diameter prick-through drop technique) to peanut allergen and

a cohort of 10 individuals who were able to eat peanut without

exhibiting any signs or symptoms of an allergic reaction but had

a clearly positive (4-23 mm in diameter) wheal response to peanut

allergen. These individuals were sensitized but asymptomatic to

peanut. Most of these individuals with positive peanut skin prick test

(SPT) responses also exhibited positive skin test responses or clini-

cal symptoms to additional unrelated allergens. A third cohort of 10

peanut-sensitized individuals with convincing histories of anaphy-

laxis within the previous 5 years and who made stringent efforts to

avoid environmental peanut were subsequently recruited, and their

peanut-specific cytokine responses were characterized in response to

the same stimuli.

PBMC isolation

Fifty milliliters of whole blood was collected into 2 mL of 2.7%

EDTA. PBMCs were obtained by means of centrifugation from

whole blood diluted by 50% with 0.85% NaCl to improve cell yields

by using Histopaque-1077 Ficoll (Sigma Aldrich Canada, Ltd,

Oakville, Ontario, Canada). Cells collected from the interface were

washed twice with 0.85% NaCl and resuspended in 4 mL of RPMI

1640 supplemented with 10% FBS, 2 mM L-glutamine, and 2 3 1025

2-mercaptoethanol. Cell viability was greater than 95%, as deter-

mined by using trypan blue exclusion.41-44

Preparation of peanut antigen

Roasted peanut antigen was prepared as previously described.11

Briefly, peanuts were defatted with hexane, powdered, and extracted

for 24 hours in an aqueous phosphate buffer and then centrifuged,

and total protein was determined. Ara h 2 represents 10% to 12%

of total protein in whole peanut extract (WPE).
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FIG 1. Optimization of time and dose-response curves for peanut extract–stimulated TH2 responses. PBMCs

from subjects without peanut allergy were cultured directly ex vivo with 2, 10, 50 or 200 mg/mL WPE. Super-

natants were collected at 5 or 7 days (and days 3 and 9, as shown in Figs E1 and E2 in the Online Repository at

www.jacionline.org) and then analyzed with cytokine- or chemokine-specific ELISAs.
Short-term primary culture of PBMCs

The culture system was established and optimized by using a

range of concentrations of WPE from 2 to 200 mg/mL. Cells were

cultured (5 3 105 cells per well) at 37�C for 3, 5, 7, or 9 days in 96-

well round-bottom microwell plates by using a minimum of 2 wells

per condition. Simultaneously, parallel cultures were set up using

5000 U/mL of the recall antigen streptokinase as a positive control.

Based on the data obtained, most experiments were subsequently

performed with 10 and 100 mg/mL WPE (the optimal concentrations

for inducing cytokine and chemokine production) in culture for

5 days, and the time of peak responses for the indicators were exam-

ined. Analysis of costimulatory requirements for allergen-specific

cytokine production was conducted with media alone versus

10 mg/mL WPE, each in the presence and absence of (1) 2 mg/mL

aCD4 (BD PharMingen, Mississauga, Canada), (2) 2 mg/mL anti-

HLA-DR (BD PharMingen), (3) 5 mg/mL aCD80 (BD

PharMingen), (4) 5 mg/mL aCD86 (BD PharMingen), or (5) 5 mg/

mL cytotoxic T lymphocyte–associated antigen 4 [CTLA4] Ig

(provided by Dr Peter Nickerson, University of Manitoba).
Supernatants were collected at day 5 and stored at 220�C until ana-

lyzed by means of ELISA.

Cytokine and chemokine ELISAs

Sandwich ELISAs were used to determine IL-5, IL-13, CCL17,

CCL22, IFN-g, and CXCL10 production in cell supernatants after

in vitro stimulation of PBMCs with WPE alone or after addition of

neutralizing antibodies to coreceptors and costimulatory molecules.

Recombinant cytokine and matched pair anti-cytokine and biotiny-

lated anti-cytokine antibodies for IL-5, IL-13, and IFN-g were pur-

chased from BD PharMingen, Peprotech (Rocky Hill, NJ) or the

National Institutes of Health (Bethesda, Md). Similar reagents for

chemokine analysis were obtained from R&D Systems (Minneap-

olis, Minn) and Peprotech. Detection was carried out with streptavidin

alkaline phosphatase (Jackson Immunoresearch Laboratories, Inc,

West Grove, Pa) and p-nitrophenol phosphate substrate tablets

(Sigma Aldrich Canada, Ltd). Plates were read at 405 to 690 nm

(SOFTmax Pro 3.2.1 program, SpectraMax 190; Molecular Devices

Corp, Sunnyvale, Calif). Detection limits were as follows: IFN-g,
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FIG 2. Optimal time and dose-response curves for peanut extract–stimulated production of TH1 immunity–

associated cytokines. PBMCs were cultured and analyzed as described for Fig 1. Mean cytokine production

(6 SEM) is shown from 2 individuals representative of 7 examined in detail.
0.2 U/mL (approximately 23 pg/mL of World Health Organization

standard Gxg01–902–535); CXCL10, 7.8 pg/mL; IL-5, 5.9 pg/mL;

IL-13, 4.7 pg/mL; CCL17, 3.9 pg/mL; and CCL22, 7.8 pg/mL.

Statistical analysis

Data were obtained from at least 4 dilutions against a standard

curve for each ELISA plate, with each condition tested in duplicate.

All statistical analyses were carried out with GraphPad Prism 3

software (GraphPad, San Diego, Calif). Where sufficient data were

obtained for Gaussian distributions, the Student t test (matched pairs)

was used. Nonparametric analyses were conducted with validated

Wilcoxon matched pairs. The Fisher exact test was used to compare

the frequency of cytokine and chemokine responses between groups

with negative skin test responses and those with positive skin test re-

sponses (both with negative histories). Differences were considered

significant at a P value of less than .05.

RESULTS

Peanut allergen–specific stimulation of
fresh PBMCs in primary culture

Given the well-established caveats of extrapolating
from T-cell clones to in vivo conditions and the concerns
about using polyclonal or pharmacologic activators as sur-
rogates for specific allergen, we sought to establish sys-
tems that would allow characterization of responses by
fresh unselected PBMCs on stimulation with peanut aller-
gen in primary culture. Because our primary focus was on
individuals without peanut allergy and these were likely
to be the most challenging patients in whom to detect
responses, optimization studies for identification and
measurement of peanut-specific cytokine and chemokine
production were carried out in 7 individuals with negative
histories (peanut-tolerant individuals) and positive skin
test responses to determine (1) whether such responses
were detectable in short-term primary culture ex vivo by
using ultrasensitive ELISAs that we developed, (2) the op-
timal concentration of WPE eliciting peanut-specific cyto-
kine and chemokine responses, and (3) the kinetics of
cytokine production.

PBMCs were incubated for 3, 5, 7, or 9 days at
concentrations of WPE ranging from 2 to 200 mg/mL.
The resulting culture supernatants were examined for
indicators of peanut-driven T-cell activation. Production
of representative TH2 cytokines (IL-5 and IL-13) and che-
mokines (CCL17 and CCL22, data not shown) was found,
with detailed results for 2 individuals shown in Fig 1.
Maximal responses were similarly evident at 10 to 50
mg/mL WPE on day 5 of culture, with kinetics much like
those seen for inhalant allergen–driven cytokine produc-
tion.41 However, in marked contrast to responses seen
after primary culture with inhalant antigens,41-44 production
of type 1 cytokine (IFN-g) and chemokine (CXCL10)
responses to WPE were consistently undetectable, being
no different from the low background levels seen in
medium alone (Fig 2). Peanut-specific responses at days 3
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FIG 3. Peanut nonallergic populations exhibit readily detected peanut-specific TH2-like cytokine and chemo-

kine production. PBMCs were cultured in the presence of medium alone, 5000 U/mL streptokinase (SK),

or 10 or 100 mg/mL peanut (WPE) for 5 days. TH2 cytokine (A), chemokine (B), and TH1 (C) responses are

shown. Each bar represents the mean (1SEM) response seen for the population, with significance determined

by using the Student t test. NS, Not significant.
and 9 were markedly lower (see Figs E1 and E2 in
the Online Repository at www.jacionline.org), demonstrat-
ing that the apparent absence of type 1 immunity did not
merely reflect differences in the kinetics of the response
for different cytokines. Based on these results, concentra-
tions of 10 and 100 mg/mL WPE and 5-day cultures were
used for stimulation in most subsequent experiments.

Peanut-specific cytokine and chemokine
responses in adults with negative histories

To determine the prevalence of responses in individ-
uals with negative histories who could eat peanut without
symptoms, we examined a panel of immunoregulatory
cytokines and chemokines in a large group of individuals
without peanut allergy. The population of environmen-
tally peanut-exposed but clinically nonallergic adults
exhibited increased IL-5 and IL-13 responses on WPE
stimulation (Fig 3, A). Several of these individuals ex-
hibited undetectable (<0.35 KU) peanut RAST responses,
indicating the occurrence of cellular immunity in the
absence of (detectable) peanut-specific IgE. When char-
acterizing TH2-like chemokine responses over this
clinically tolerant population, a difference in production
of CCR4-binding family members CCL17 and CCL22
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was evident. Substantive increases in peanut-driven
CCL22 were evident, but CCL17 responses were
sporadic and not significant in the group as a whole
(Fig 3).

As seen for the initial 7 individuals recruited, neither
IFN-g nor CXCL10, characteristic TH1-associated im-
mune responses, were detectable in response to WPE stim-
ulation in any of the individuals subsequently examined
(Fig 3, C; P > .05). The capacity and sensitivity of the assay
systems used to quantify IFN-g production are indicated
by the significant responses (P < .0001) seen on streptoki-
nase stimulation, ranging from 1.1 to 911 U/mL IFN-g and
48 pg to 147,000 pg/mL CXCL10. Similarly, TH2-like (IL-
5, IL-13, CCL17, and CCL22) cytokine and chemokine
production was readily seen after primary culture of cells
from these individuals with streptokinase (Fig 3).

FIG 4. Peanut-driven cytokine production by adults without pea-

nut allergy is dependent on recognition of antigen in the context

of MHC class II stimulation, CD4 stimulation, and costimulation.

PBMCs from 7 individuals were stimulated in vitro with medium or

10 mg/mL peanut extract with or without indicated blocking anti-

bodies or normal mouse IgG (not shown) for 5 days. Means

(SEM) were compared by using the Student t test (*P < .03-.001).
T-cell and antigen-presenting cell
costimulatory molecule requirements
for peanut-specific responses

Peanut-stimulated PBMCs were cultured with anti-
bodies that block key coreceptors and costimulatory
molecules commonly required for antigen-mediated T-
cell activation to determine the T-cell dependence of these
responses and investigate immunologic mechanisms that
might control peanut-specific recall cytokine and chemo-
kine responses in individuals with negative histories. Anti-
CD4 or anti-MHC class II (HLA-DR), but not normal
mouse IgG (not shown), consistently reduced peanut-
stimulated IL-5, IL-13, and CCL22 responses to back-
ground levels (Fig 4). These data indicate that the TH2-like
cytokine production described above is dependent on pea-
nut-specific stimulation rather than nonspecific triggers,
such as mitogens, that could potentially be present in the
peanut antigen extract.

To more precisely detail costimulatory requirements
of T-cell activation by peanut in these individuals, we
examined the effect of interfering with the CD28:CD80/
CD86 T-cell/antigen-presenting cell pathway. Abrogation
of antigen-driven responses in the presence of CTLA4Ig,
blocking the active binding site for both CD80 and CD86,
demonstrated that costimulation through this pathway is
required for these recall responses. The differential inten-
sity of the decreases seen on blocking CD80 versus CD86
demonstrated that costimulation is predominately CD86,
rather than CD80, dependent (Fig 4).

Comparison of peanut-specific cytokine and
chemokine responses in individuals with
negative histories: Negative skin test
responses versus positive skin test responses

Volunteers with no history of clinical peanut sensitivity
were skin tested with peanut extract, and the response of
their cultured PBMCs to peanut antigen stimulation was
determined as described above to evaluate possible dif-
ferences in cytokine responses of individuals with positive
skin test responses versus those with negative skin test
responses who could ingest peanut without exhibiting
symptoms. We established a cohort of 10 individuals with

TABLE I. Populations without peanut allergy but with

positive SPT responses demonstrate greater frequencies

of type 2 cytokine–producing individuals than do

populations without peanut allergy but with

negative SPT responses

Cytokine SPT2/total SPT1/total

P value

(Fisher test)

IL-5 13/49 8/10 .002

IL-13 13/45 8/10 .004

CCL22 12/44 6/8 .02

IFN-g 0/44 0/9 NS

CXCL10 0/44 0/9 NS

NS, Not significant.
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FIG 5. Peanut-specific type 2 responses are evident in both unsensitized and peanut-sensitized populations

with negative histories in the absence of peanut-stimulated TH1 immunity. PBMCs from individuals without

peanut allergy with negative or positive SPT responses were cultured with medium alone or WPE for 5

days. Medians were compared by using the Wilcoxon matched-pairs test and the Mann-Whitney U test (*).
negative histories and positive SPT responses and 50
individuals with negative histories and negative SPT
responses to assess WPE-driven responses. The 2 groups
exhibited similar patterns of cytokine and chemokine
production, but the frequency at which responses were
detected (Table I) and the intensity with which they were
expressed (Fig 5) were clearly higher in individuals with
positive peanut skin test responses. The group with posi-
tive SPT responses had IL-5, IL-13, and CCL22 responses
significantly more frequently than did the group with neg-
ative SPT responses (P 5 .04 to .002, Table I). When
examined on an individual cytokine basis, 48% (23/49)
of individuals with negative SPT responses exhibited pea-
nut-specific IL-5, IL-13, or CCL22 responses, whereas
90% (9/10) of individuals with negative histories and pos-
itive SPT responses had quantifiable responses expressed
as the production of one or more of these TH2-associated
cytokines or chemokines on stimulation with peanut ex-
tract (Table I). However, when examining TH1 cytokine
or chemokine responses from either population, none of
these individuals with negative peanut histories exhibited
peanut-dependent IFN-g or CXCL10 responses above
background values.

To enable comparison of these data obtained in clini-
cally peanut-tolerant individuals with those obtained in
individuals who exhibit convincing clinical histories of
peanut allergy, we recruited 10 adults with peanut allergy
who make great efforts to avoid environmental peanut
exposure but who have experienced a peanut-driven
anaphylactic episode in the preceding 5 years. The same
pattern of cytokine production was evident, with clearly
defined responses in IL-5, IL-13, and both TH2-immunity
chemokines examined but no evidence of peanut-driven
TH1-like recall responses to peanut (Fig 6). Thus examin-
ing the data as a whole, although the intensity of the clin-
ical sensitivity to peanut (plus vs minus), peanut skin test
intensity (ranging from 3 to 28 mm among peanut-sensi-
tized individuals with negative histories), and peanut-
stimulated TH2 cytokine/chemokine production were
clearly distinct, peanut-stimulated expression of the TH1
cytokine IFN-g or the TH1 chemokine CXCL10 was con-
sistently indistinguishable in all 3 groups.
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DISCUSSION

Allergic individuals have maladaptive immune re-
sponses and display clinically apparent symptoms to
specific food allergens or other allergens to which they
have been previously exposed. Current theories argue that
in contrast healthy individuals mount protective immune
responses against these allergens, become immunologi-
cally tolerant to them, or both. Although there is extensive
literature examining serologic responses, published infor-
mation about cytokine or chemokine responses and
mechanisms of T-cell activation to food allergens is scant.
Here we developed sensitive systems to detect and quan-
tify T-cell responses in short-term primary culture from
individuals who are not clinically allergic to peanut in
comparison with those with convincing clinical histories
of peanut allergy. Our focus on this population was driven
by the ubiquitous nature of peanut exposure in many
countries and by the fact that sensitization, generally
defined as skin test positivity, is much more prevalent than
are clinically apparent signs and symptoms of disease.

Peanut-driven skin test and cytokine/chemokine
responses are frequent in individuals with negative histo-
ries who tolerate peanut ingestion. They are characterized
by substantial levels of production of peanut-specific
TH2 cytokines, including IL-5 and IL-13. Production of

FIG 6. Peanut-driven cytokine and chemokine responses in adults

with peanut allergy are dominated by TH2 immunity. PBMCs from

10 individuals with convincing histories of peanut allergy were cul-

tured in the presence of medium alone or WPE for 5 days. Medians,

complete ranges, and 25% to 75% quartiles were compared by

using the Wilcoxon matched-pairs test.
peanut-specific CCL22 responses in the absence of pea-
nut-specific CCL17 responses indicates differential pro-
duction of CCR4-binding chemokine family members in
peanut-sensitized populations with negative histories ver-
sus those with positive histories. Moreover, subanalysis
of TH2 cytokine and chemokine production between the
2 groups with negative histories, as stratified by skin test
positivity, revealed differences in cytokine production.
When comparing IL-5, IL-13, and CCL22 responses,
those by individuals with positive SPT responses were
substantially more intense than those of individuals with
negative SPT responses (P < .05 to .0008, Fig 5). As an
alternative approach, comparing the frequency of TH2
between individuals with negative and individuals with
positive SPT responses, the group with positive SPT re-
sponses exhibited IL-5, IL-13, and CCL22 responses
more frequently than the group with negative SPT re-
sponses (P 5 .04 to .002, Table I). Moreover, up to 48%
(23/49) of individuals with negative SPT responses versus
90% (9/10) of individuals with positive SPT responses
displayed either IL-5, IL-13, or CCL22. Thus a substantial
proportion of peanut-tolerant individuals demonstrate
commitment to readily quantified TH2 responses.

Although a diverse pattern of type 2 responses was
evident in individuals in each population, IL-13 and
CCL22 proved to be the most consistent biomarkers to
parallel skin test positivity. Extensive careful work has
been done to determine a quantitative relationship be-
tween peanut RAST values or skin test intensities and
clinical outcomes.45-47 Although valuable at the extremes
of the spectrum (very high or undetectable RAST values
having a strong positive predictive value), there is a soft
relationship between specific quantities of circulating
IgE, quantitative intensity of skin test responses, and pre-
dictive value of the frequency or intensity of clinical reac-
tivity across the broad midrange of RAST values. Our data
extend this analysis by demonstrating that even among a
proportion of individuals with negative skin test responses
and RAST results, peanut-specific cytokine responses can
be readily evident. Thus any single indicator in isolation
(skin test response, RAST result, or cytokine production)
is not predictive of clinical reactivity.

Interestingly, we found that peanut-specific IL-5 and
IL-13 production by individuals with positive skin test
responses and negative histories was seen here at con-
centrations equal to or greater than grass pollen–driven
responses from individuals without grass pollen allergy41

by using highly similar experimental systems. Although
this reflects responses from small numbers of individuals
(10 for peanut and 20 for grass pollen), it suggests that
peanut allergens might be more potent stimulators of cy-
tokine production than aeroallergens such as grass pollen.
Studies with a larger cohort of sensitized individuals who
are clinically tolerant to peanut are currently underway.

Notwithstanding the hypothesis that oral tolerance to
peanut26,30 or cow’s milk antigens39 is associated with
dominant ‘‘protective TH1-biased’’ cytokine production,
we were consistently unable to detect differences in
peanut-specific (TH1, IFN-g, or chemokine CXCL10)
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responses when comparing peanut-stimulated and media
control cultures for 70 individuals seen on multiple occa-
sions. This differs from the findings of Dorion et al,26

working with 6 subjects without peanut allergy and puri-
fied Ara h 2, or Turcanu et al,30 who found that cloned pea-
nut-specific lymphocytes from 9 nonallergic children, as
well as several children who had outgrown their peanut al-
lergy, displayed a clearly dominant TH1 phenotype after
peanut extract combined with PMA-ionomycin stimula-
tion. This might be attributable to differences in the popu-
lations studied (adults vs children), the means used to
assess recall responses (secreted protein vs intracellular
staining), stimulation conditions used to evoke responses
(primary culture of peanut-stimulated PBMCs vs PMA-
ionomycin stimulation of peanut-derived, short-term T-
cell clones), the antigen used (WPE vs purified Ara h 2),
or the small numbers of individuals examined. In this re-
gard the recent report by Castro et al,37 using conditions
similar to those used by Turcanu et al,30 that found that
nonproliferating peanut-specific cells, rather than CFSE-
low proliferating cells,37 are responsible for most cytokine
production, is important to consider. Clearly, more atten-
tion to defining the immunoregulatory response in both
sensitized/allergic and sensitized/nonallergic human sub-
jects will be important.

In light of the lack of evidence in our study for an
association of clinical tolerance with dominant TH1-bi-
ased immunity, an observation evident in groups with or
without positive peanut skin test responses, the mecha-
nism or mechanisms responsible for prevention of sensiti-
zation or progression to clinically apparent disease remain
unclear. Although our data from a cohort of 60 adults with-
out peanut allergy argues strongly against putatively pro-
tective TH1 biases in such individuals, several alternative
mechanisms are possible. Among these, there is much
interest in the role of differential expression of TGF-b,
IL-10, and/or CTLA4 expression by various cell types
that might include T regulatory cells.48,49 Because the pri-
mary objective of our study was to determine whether
evidence of peanut-driven, T cell–dependent cytokine
production was seen in peanut-tolerant adults and because
of analysis of the cytokines and chemokines listed above
and other readouts in which detectable responses were
not evident (ie, eotaxin, data not shown), there was an
insufficient sample to examine IL-10 (or TGF-b) levels.
Similarly, IL-10 was not examined in other peanut-
specific T-cell activation studies.30

Preferential involvement of specific HLA-DR haplo-
types has been suggested in the presentation of peanut
allergen–immunodominant epitopes and thus in the ab-
sence or development of clinically evident peanut al-
lergy.50,51 When peanut-stimulated PBMCs were cultured
with blocking antibodies against key coreceptors and cos-
timulatory molecules required in the classical CD28:
CD80/CD86 T-cell/antigen-presenting cell activation
pathway, we were able to show for the first time that
TcR/CD4 recognition of peanut allergen peptides in the
context of MHC class II molecules is essential for pea-
nut-specific IL-5, IL-13, and CCL22 production in
peanut-tolerant individuals. Moreover, although virtually
all peanut-specific cytokine and chemokine production
was CD86 dependent, blocking of CD80 generally had
no effect on expression of these responses, demonstrating
that costimulation is CD86 mediated and not CD80
mediated.

In summary, these data show that a substantial propor-
tion of adults who eat peanut without allergic symptoms or
signs mount immune responses to this ubiquitous antigen,
regardless of the presence or absence of skin test positivity
to peanut. We speculate that increased TH2 cytokine pro-
duction in anaphylactic individuals with positive peanut
skin test responses and positive histories, rather than differ-
ences in putatively protective TH1-biased cytokine and
chemokine production, differentiates individuals who are
clinically tolerant to peanut from those who exhibit clinical
signs and symptoms caused by peanut. Taken together
with differences in the intensity of peanut-specific cyto-
kine production and the frequency of responses between
individuals without peanut allergy with negative and those
with positive SPT responses, this suggests that a spectrum
of intensity of TH2 responses, as opposed to control of their
induction and consequent presence or absence, serves as a
key factor in determining the presence versus absence of
clinical allergy symptoms to peanut. Studies are currently
underway to test this hypothesis.

We thank Peter W. Nickerson, MD; Bill Stefura, BSc; and Sandra

S. Goritz, RN.
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