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Peanut allergic subjects’ peripheral blood mononuclear cell
proliferative responses to crude peanut protein
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Summary

Background Peanut allergy is characterized by a high frequency of severe and occasionally
fatal reactions.

Objective To determine if there are features of threvitro cellular response that may
account for the observed severity of peanut allergy.

Methods Skin-prick testing (SPT), RAST assay of serum peanut-specific and total IgE and
mixed peripheral blood mononuclear cells (PBMC) proliferative responses to crude peanut
protein were measured in 44 peanut allergics with varying severity of clinical reactions.
PBMC responses of 13 non-peanut allergic controls (six atopic) were also studied.
Results Subjects’ PBMCs proliferated more than controls’, even without stimulation.
Subjects’ PBMC proliferative responses did not correlate with clinical severity, SPT weal
size or peanut-specific IgE levels. Controls’ PBMCs did not respond to peanut. There was
no correlation between PBMC response and time since last reaction to peanut. Subjects’
PBMCs responded more than controls, to mitogen as well as allergen. Proliferation
increased with increasing concentration of peanut profe(.0001).

Conclusion PBMCs of peanut allergics demonstrate a dose-dependent response to peanut
which does not correlate with clinical severity, SPT reaction or levels of peanut specific IgE.
The response is antigen-specific. Peanut protein is not mitogenic and is not acting as a
superantigen. While there are non-specific differences in the PBMC responses of peanut
allergic individuals compared with atopic and non-atopic controls, these differences do not
explain the unique severity of peanut allergy.
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are few data on food allergy relating clinical severity to IgE
levels [7] or peripheral blood mononuclear cell (PBMC)
Food allergy affects up to 8% of children [1] and reactionsresponses [8].

to peanut are the most common cause of fatal and near-fatal It is possible that the generally severe phenotype of
food-related anaphylaxis in both adults and children [2,3]peanut allergy is influenced by a combination of factors
The prevalence of peanut allergy is increasing — recensuch as a mitogenic effect of peanut proteins, an exagger-
figures suggest 0.6% of British 4-year-olds are peanutted allergenicity of peanut proteins, hyperreactivity of
allergic and an additional similar number are sensitizedsensitized T cells to peanut protein or a higher frequency
but have had no clinical reactions to peanut [4]. The numbeof circulating peanut- sensitized T cells. Dorion and Leung
of referrals for evaluation of peanut allergy has doubled inhave proposed that restricted use of th& V-cell receptor

the last 10 years [5]. Unlike allergies to cow’s milk or egg, (TCR) may account, partly, for the severity of the immune
peanut allergy frequently persists into adulthood [6]. Thereresponse to peanut [9]. Studies have confirmed the presence
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recognition of peanut allergens, using clonal analysisControls
[11,12]. We have recently shown an overrepresentation o{_
certain HLA class Il genotypes in peanut allergic subjects
and their families, compared to unrelated controls [13]. (

en adult controls were studied (five male). Five controls
two male) were atopic but none was food allergic and none
To identify whether cellular factors contribute to the had a positive SPT or RAST to peanut. Three subjects who

severity of peanut allergy we have investigated the pBMC eported peanut allergy but had negative SPTs and negative

proliferative responses to crude peanut protein in 44 peanuqtpe.n challenges [.1.5] were also studied, One_ qf these
allergic patients and studied the correlation of PBMCfSUbJeCtS had a positive SPT to grass pollen and is included

proliferation with clinical severity, skin-prick test (SPT) in the atop|_c contr_ol group. The other t\_NO pe_anut chal-
) o nge negative subjects had no other manifestations of atopy
weal size and both total and peanut-specific serum Igl%e

levels. We have compared PBMC proliferative responseéi,lnd are included in the ‘non-atopic control” group. Blood

with the mitogen phytohaemagglutinin (PHA) and anti- was only taken from children at the same time as clinically

) . indicated tests.
CD3, the cow m|_Ik allergen, beta-lactoglobulin (BLG) and Radioallergosorbent (RAST) measurement of serum
three concentrations of crude peanut extract (CPE).

peanut specific IgE was performed using a commercially
available liquid allergen based micro titre plate ELISA
Materials and methods system (Euro/DPC Ltd, Llanberis, UK).

Subjects . .
Isolation of mixed PBMCs
Forty-four peanut allergic patients were studied (30 child-

ren, 21 male mean age 4.25 years, range 1—14 years and Ygnous blood (5-10mL) was collected over heparin. Per_i-
adults, four male, mean age 28.5 years, range 15-37 yearé)her?” blood r_nonor_luclear cells were separated by density
Peanut allergy was confirmed by personal interview revealdradient centrifugation on Lymphoprep (Nycomed Pharma
ing an unequivocal history of reaction to an exposure tg*S, Norway) [16] for 25min at 4 C at 2000rpm. Cells were
peanut, supported by positive skin-prick tests (SPT) withésuspended in RPMI 1640 medium (Gibco Life Tech-
peanut (1:10 w/v peanut mix [Runner, Virginia, Spanish]nologies, UK) supplemented with 2mmol ofGlutamine,
Miles Inc., Indiana, USA). SPT was considered positive if it 100 [U/mL of penicillin and 100 mg/mL streptomycin.
elicited a weal equal to or greater than the response to 1%
histamine (positive control) in the absence of any respons
to saline 0.9% (negative control). Double-blind, placebo-
controlled food challenges (DBPCFC) were not undertakenMixed PBMCs (18/well and 125L of autologous plasma/
but we have shown in open challenges of subjects reporting/ell) were cultured in 5% C@at 37°C in round bottomed
peanut allergy that the false positive rate of peanut SPT i96-well micro-titre plates (Costar, Cambridge, MA, USA).
only 13% [14]. The clinical details and SPTs with other Cultures were undertaken in triplicate with negative control
allergens of some of the children involved in this study have(cells incubated in same volume of culture medium without
been published elsewhere [15]. mitogen or antigen — ‘unstimulated’ cells). ‘Stimulated’
Twenty-six subjects (59%) had asthma, 30 (68%) eczemaells were incubated with either mitogen or antigen. Mito-
and 17 (38%) seasonal and/or perennial rhinitis. Allergy togenic proliferation was studied in response to phyto-
tree nuts was reported by 17 subjects (38%); to milk by twohaemagglutinin  (PHA, 0.1mg/mL, Sigma Chemicals,
subjects (4.5%); to egg two subjects (4.5%), to legumedoole, UK) and, in a subgroup of patients, anti-CD3
(other than peanut) two subjects (4.5%); fish two (4.5%)(25pm/mL, Ortho Diagnostics, USA). To investigate
fruit one (2.25%) and wheat one (2.25%). whether the response to PHA was due to it being a plant
Six subjects (13.6%) had mild peanut allergy (rash orectin, and therefore similar to some peanut proteins, the
urticaria), 21 (47.7%) had moderate peanut allergy (rangingesponse to the mitogen anti-CD3 was studied in six peanut
from facial oedema to laryngeal oedema) and 17 (38.6%) hadlllergic subjects. These results were compared to those of
severe symptoms such as wheeze, cyanosis or fainting/collapséx atopic and seven non-atopic adult controls generated
Twenty-five subjects (56.8%) had suffered a reaction inby another study in the department under identical, but
the previous year, 11 of which had been in the preceding &ot contemporaneous, experimental conditions. These con-
months. Two subjects (4.5%) had not had a reaction for mor&rol results are reported here with the kind permission of
than 5 years. Seventeen subjects (38%) had ever attend&d Mandy Jones.
hospital for emergency treatment of a reaction to peanut and The antigenic response to the unrelated food allergen
only five (11.4%) had ever received or self-administeredoetalactoglobulin (BLG, 1 mg/mL, Sigma), a major aller-
injected adrenaline. genic component of cow’s milk, was also studied. The cells

Broliferation assay
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were cultured with concentrations of crude peanut proteirEthical approval

(CPE, Sigma) of 0.01 mg/mL, 0.1 mg/mL and 1.0 mg/mL. . .
These concentrations span some of those used by de Jo-rll—he study was approved by the Southampton Joint Ethics

who showed a dose-dependent proliferative response ov?S:rg bcommittee and written personal or parental informed

concentrations from 1 to 25@y/mL [12]. onsent was obtained from each subject and control.
Cultures were pulsed with tritiated methylthymidine

(1 pmcu/well)PHITAR; Amersham International, Amersham, Results

(UK) after 3 days in the case of mitogen and after 6 daysin _

the case of antigen and were harvested 16 h later. Theddedian peanut SPT weal size was 6 mm (range 3—15mm).

times for pulsing and harvesting have been shown in thidedian peanut RAST score was 3[0 1,2,3,4,5,6], and

laboratory [18] and others [19] to be optimal for studies ofMedian total IgE was 1161U/mL (5-12001U/mL). This

PHA and antigens. Proliferation was determined by liquid!oW median total IgE may reflect the predominance of

scintillation counting of {H]TdR incorporation. Results are Young children in the group. Seven subjects had a RAST

expressed either as counts per minute (cpm) or as a ratio &f 0. These subjects hgd a range of positive SPT reactions to

the counts of cells stimulated with mitogen or antigen ovefP&anut of 3—10mm. Five of these were under 2 years of age.

unstimulated (negative control) cells. A ratio (SI) of greater | WO had mild reactions, three moderate and two severe

than three to one was considered significant. reactions, by history.

Statistical methods Proliferative response of unstimulated cells

Laboratory data were analysed using Arcus Professionalhere was a significant difference between the absolute
Statistical Analysis Software, version 2.03 A (copyright IE counts of unstimulated cells of subjects (median 767 cpm,
Buchan, 1992) and SPSS for Windows, version 6.1 (SPS$ange 200-124 420) and controls (median 286, range 203—
Chicago, USA). The Mann—Whitney-test was used to 1800, Mann—WhitneyU-test, P=0.03), see Table 1. In
compare means of non-parametric data from independemeanut allergic subjects there was no significant association
groups. Spearman’s rank correlation (expressed as thgetween clinical severity and counts of unstimulated cells
coefficient rho,) and the Wilcoxon signed rank test were (Spearmans’ coefficient=—0.009,P = 0.96).

used to evaluate correlation of nonparametric data on

individual groups. Kruskal-Wallis test was used for one :
way analysis of variance of non parametric data. Two-tailecJDBNIC responses to mitogen and allergen

P-values and 95% confidence intervals were used for alResponses to the mitogens PHA and anti CD3 and the
data analysis. allergens BLG and CPE were significantly greater than

Table 1. Proliferative responses of peanut allergics and controls to mitogen and antigen

Peanut allergic median Mann—Whitney
cpm Peanut allergic median Control median Control median Sls
(range) Sl cpm Sl P-value
Unstim 767 286 0.03
(200-124 420) (203-1802)
PHA 4304 7.54 934 5.0 0.03
(20-292 338) (3.1-79) (430-20764) (2.5-10.6)
BLG 1162 15 488 1.7 0.8
(166-118771) (0.2-6.7) (245-3429) (0.57-4.2)
CPE 0.01 2310 4.23 309 1.2 <0.0001
(274—-298700) (0.7-26.4) (170-2239) (0.72-1.52)
CPE 0.1 4871 5.86 526 14 <0.0001
(590-360964) (1.49-35.4) (288-967) (0.43-2.86)
CPE 1.0 6150 8.5 598 1.66 <0.0001
(892-552728) (2.53-46) (337-1124) (0.62-2.84)
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the counts of unstimulated T cells for both peanut allergic 199
subjects and controls (Wilcoxon signed rank, matched
pairs, P<0.0001 in every case). The proliferative 0
responses to either mitogen or allergen of the two control 80 |- N
groups did not differ significantly and the two control — 70
groups have been combined for further analysis, excep®?
where specified. < 60 - 1

= 50 P=0.0026 I
PBMC response to mitogen (PHA and anti-CD3) :,21:_3 40 n
There was a response to PHA in all groups (Fig. 1) but 30L $
peanut allergics’ PBMCs were significantly more respon- = P=NS P=0.04
sive to PHA than were controls (subjects’ median SI 7.54 20 |-
[3-79.16] vs controls 5.0 [2.5-10], Mann—Whitnéj 10 $ é:
test, P=0.03), see Table 1. There was no correlation =+ —
between PBMC response to PHA and clinical severity 0 N oD Atopi P t
(Kruskal-Wallis 1-wayanova x*=2.0,P= 0.37). controls . controls  allergics

The mean proliferative response (SI) of peanut allergics
to anti CD3 was 16.07sg 4.03). Non-atopic controls’ Fig. 1. Proliferative responses of controls’ and peanut allergics’
mean response was 19.3% (6.09) and atopic controls’ PBMCs to PHA.
mean response was 44.3& @5.86). There was no diff-
erence between subjects’ and the combined controls’ _ >
responses to anti-CD3 (Mann—Whitney=0.6). There ~©XPosure to peanut (Kruskal-Wallis 1-wayova x*=

was no difference between subjects’ responses to PHA angt4°,P=0.49, Fig_. 4). .
anti CD3 (Wilcoxon Matched paiZ=-0.15,P=0.91). There was no difference in PBMC responses to 1 mg/mL

The response to mitogen was similar whether due to th&PE yvhen peanufc allergic SUb]eCt_S, were cl_assmed
plant derived PHA or to anti-CD3. according to severity of reported clinical reaction to

peanut (Spearman’s rank correlation coefficient, rho
_ (p)=-0.1178, Cl —0.33-0.2/R =0.45), to peanut SPT
PBMC response to beta-lactaglobulin weal size p=-0.22, Cl —0.49-0.08P=0.15), RAST

There was no difference between subjects’ and controlst? = 0-25, 9' —0.07-0.51P=0.12), or total serum IgE
responses to BLG (Sls 1.5 (0.2—6.7) vs 1.7[0.57 4.26]concentration ¢=0.15, Cl —0.18-0.4%=0.38).
Mann—-WhitneyU-test,P=0.8).

PBMC response to peanut 50

In peanut allergic subjects there was a dose-response
relationship with statistically significant increases of T-cell 40
prEIif((a)rition/btla_twee; :tlhg pe;amtt (cv?/r:centrations cr)]f 3.01_mg@ p:<9.0001 +
mL, 0.1mg/mL and 1.0 mg/m ilcoxon matched-pairs

signed- ranks,P<0.0001, andP<0.0001, respectively, 30 - P=<0.0001  P=<0.0001
see Table 1 and Fig. 2). PBMCs of atopic and non-atopic ® +
controls did not respond significantly to peanut protein at.® 20 L
the concentrations tested (Fig. 3). Peanut allergic PBMCg
responses were significantly greater than those of combined

controls at each peanut protein concentration — median 10 |- i

tion

Sls 4.23 vs 1.2 at 0.01 mg/mL (Mann—Whitnéj-test
P<0.001); at 0.1 mg/mL 5.86 vs 1.420.001) and at
1mg/mL 8.5 vs 1.66F=0.0001), respectively. Amongst 0
peanut allergics there was no association between the slope

of the PBMC dose-response curve to CPE and either
clinical severity (Kruskal-Wallis 1-wagnova x?=1.15, Fig. 2.Proliferative responses of peanut allergics’ PBMCs to crude
P =0.56) or between PBMC response and time since lagpeanut protein (CPE).

+
+
;
0.01 0.1 1.0

Peanut protein concn (mg/mL)
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60 — Other workers have shown that the severity of reactions to
L peanut is not due to a mitogenic effect of peanut protein
[10,11]. This is confirmed by our study, where controls

50 i ) P<0.0001 '* (atopic and non-atopic) did not respond significantly to
= i peanut protein at the concentrations tested. Peanut protein
© 40 - « > > did not stimulate proliferation of unsensitized T cells in
s X P=NS P=0.013 = controls and clinical severity correlated neither with counts
£ 30 of unstimulated PBMCs (higher in peanut allergic subjects
qa-_, X than controls) nor with response to CPE. HLA class Il
S 20 _ restriction of T-cell recognition of peanut proteins [11]
a - suggests that a superantigen effect is not a major factor in

allergic reactions to peanut.

10 — Peanut allergics’ PBMCs responded to PHA significantly

- more than the PBMCs of atopic controls, most of whom had

ot = W allergies to inhalant allergens to which they were constantly
Non-atopic Atopic Peanut or frequently exposed. A plant derived lectin such as the

controls controls allergics  minor peanut allergen peanut agglutinin PNA can act as a

Fig. 3. Proliferative responses of controls’ and peanut allergics’'mitogen to bovine PBMCs [20] but this appears not to be a
PBMCs to crude peanut protein (1.0 mg/mL). significant factor in the response to crude peanut extract for
two reasons. de Jong has shown firstly that PNA alone

Discussion stimulates peanut allergic PBMCs only weakly and sec-

) ) ] ondly that PNA does not stimulate control PBMCs signifi-
Peanut allergy is characterized by a higher frequency ofantly [12]. Our study confirmed that control PBMCs did
severe and fatal reactions than is found in other food,gt react to CPE. Peanut allergics’ PBMCS responded
allergies [2,3]. Our study of 44 unselected peanut allergicgpecifically to peanut antigen. The response was antigen
shows that neither the simpilevivo test (skin-prick testing) - specific, with no difference between subjects (only two
nor RAST assay of peanut-specific IgE correlated with thegpjects reported milk allergy) and controls in response to
severity of reported reaction. Examination of an earlier stegpe milk protein BLG. Responses to peanut by peanut

in the allergic pathway — T-cell proliferative responses — gjjergics’ PBMCs were greater than the responses of egg
did not reveal any factor predictive of clinical reactivity. zjiergics, PBMCs to ovalbumin [21].

The proliferative response of peanut allergic subjects’ The higher rate of proliferation by PBMCs of peanut
PBMCs to crude peanut protein was unrelated to thejiergics compared to controls in the unstimulated state and
time interval from the last exposure to testing and did noffter stimulation with PHA and antiCD3 (disregarding their
account for the observed frequency of severe reactions tgergen-specific response to CPE) suggests there may be
peanut. some intrinsic excessive reactivity of peanut allergics’
T cells, even in the resting state, possibly due to the
unavoidable, frequent exposures to peanut [7,22]. Such

25 frequent high-dose, but intermittent exposure may repeat-
edly up regulate peanut sensitised T cells in contrast to

201~ down regulation by low dose constant exposure of asth-
15 — T matics to inhalant allergens. However, even in subjects who

) — successfully avoided peanut for relatively long periods,

10— gl significant proliferative responses were seen.
5L —— There are no data on the relative expression of markers
1 of memory T cells (CD45R0) and of activated T cells

oL | ‘ ‘ ‘ ‘ (CD25) in subjects allergic to different foods. Due to the
n_1-2 m})mhs 10 6-12 #:ths 17 5 yzears frequency of exposure to peanut of peanut _aIIergics

3-5 months 1-5 years [7,22], — and by inference the general population — a

Time since last reaction most interesting study would a longitudinal study of

KruskaHWallis one-way ANOVA, P=0.486 the developing T-cell populations and their prolifera-

*(CPE)=1.0mg/mL tive responses in individuals (children) known to be

Fig. 4. Proliferation in response to peanut vs time since lastSensitized but without a history of an allergic reaction to
reaction. peanut [4].
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This unselected group of 44 peanut allergics contained and food-specific IgE antibodies in food sensitive atopic der-
only six subjects with a history of mild reactions to peanut.  matitis. J Invest Allergol Clin Immunol 1993; 3:174—7.
This uneven distribution may account for the lack of 9 Dorion BJ, Leung DYM. Selective expansion of T cells
correlation of clinical severity with PBMC responses. This ‘iggrsesg'gg \32 in peanut allergy. Pediatr Allergy Immunol
study has shown that peanut allergic PBMCs react signifi- O i
cantly to mitogenic as well as antigen specific stimulation10 Dorion BJ, Burks AW, Harbeck R et al. The production of

but that th fi d t lat ith clinical interferon-gamma in response to a major peanut allergen, Ara h
u a eseé reactions do not correfate with clinica I, correlates with serum levels of IgE anti-Ara h II. J Allergy

reactivity to peanut. Other factors in the allergic response  jin immunol 1994: 93:93—09.

may be more important. Further studies of HLA class 1113 Higgins JA, Lamb JR, Lake RA, O’Hehir RE. Polyclonal and
restriction and TCR expression in large groups of peanut clonal analysis of human CD4T -lymphocyte responses to nut
allergics and further studies of proliferative responses to extracts. Imnmunology 1995; 84:91-7.
isolated and purified peanut proteins are required to elucii2 De Jong EC, Spanhaak S, Martens BPM et al. Food allergen
date the cellular mechanisms of this most severe food (peanut) -specific J2 clones generated from the peripheral
allergy. blood of a patient with peanut allergy. J Allergy Clin Immunol
1996; 98:73-81.

13 Howell WM, Turner SJ, Hourihane J O'B et al. HLA class |l
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