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sponse to cashew, walnut and peanut. The cashew- plus wal-
nut-sensitized mice experienced stronger clinical reactions 
to walnut, recognized additional walnut allergens and se-
creted significantly more IL-4 and IL-5 in walnut-stimulated 
splenocyte assays compared to the monosensitized mice. 
 Conclusions:  Cross-reactivity in vivo was found between 
 cashew and walnut, while cross-reactivity among cashew, 
walnut and peanut was demonstrated at the T cell level. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 In predisposed individuals, virtually any food can 
cause an IgE-mediated reaction; however, there are 8 
foods responsible for the vast majority of type I allergic 
reactions: milk, egg, peanuts, fish, shellfish, soy, tree nuts 
and wheat  [1] . While many individuals outgrow food 
 allergies, allergies to peanuts and tree nuts are concern-
ing because there is only an approximately 20 and 10% 
chance, respectively, of outgrowing these allergies  [2, 3] . 
This fact is troubling for the approximately 1.2% of chil-
dren in the USA with peanut and/or tree nut allergies  [4] , 
because peanuts and tree nuts are implicated as the major 
culprits of fatal food-induced anaphylactic reactions
 [5, 6] .

  Tree nuts, such as walnut, cashew, hazelnut, almond, 
pecan, Brazil nut, pine nut, macadamia, pistachio and co-
conut, are all capable of inducing allergic reactions in a 
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 Abstract 

  Background:  Examination of IgE cross-reactivity among 
nuts has been limited to in vitro experiments. Cross-reactiv-
ity studies of nuts at the T cell level are difficult to interpret 
because of the inability to determine which cellular respons-
es are from a true sensitization and which are due to cross-
reactivity. Using a mouse model in which the sensitizing nuts 
are controlled may provide novel methods to investigate
in vivo and T cell cross-reactivity.  Methods:  C3H/HeJ mice 
were sensitized by intraperitoneal injection of cashew alone 
(monosensitized mice), or cashew plus walnut, utilizing 
alum as an adjuvant. Both groups underwent challenges to 
cashew, walnut and peanut, with subsequent monitoring of 
anaphylactic reactions. Anaphylactic antibodies were quan-
tified by ELISA, and protein allergens were identified by 
Western blotting. Cellular responses were studied via sple-
nocyte proliferation assay and measurement of secreted 
 cytokines.  Results:  The monosensitized mice reacted to 
 cashew and walnut during challenges, with significantly 
weaker reactions induced on challenge with peanut. Cross-
reactive IgE to walnut and peanut were detected by ELISA, 
and the cross-reactive allergens were identified as vicilin 
proteins. In cellular assays, splenocytes from the monosen-
sitized mice proliferated and produced IL-4 and IL-5 in re-
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sensitized patient  [7, 8] . Walnut and cashew allergies have 
been identified as the most frequent tree nut allergies in 
the USA  [2, 4, 8] . One study found that 86% of children 
allergic to nuts (peanuts and/or tree nuts) are sensitized 
to multiple nuts and 47% are multiallergic  [9] , while re-
ports of allergic reactions due to tree nut cross-reactivity 
have also appeared in the literature  [10, 11] . These find-
ings often lead to nut-allergic patients being instructed to 
avoid all tree nuts and peanuts once a diagnosis of allergy 
to any one nut is made  [8, 9] .

  Taxonomic classification of walnut, cashew and
peanut shows that all three belong to the Magnoliopsida 
class (dicotyledons), while peanut  (Arachis hypogaea)  and 
cashew  (Anacardium occidentale)  belong to the same sub-
class, Rosidae, and walnut  (Juglans regia)  is a member of 
the Hamamelidae subclass  [12] . However, phylogenetic 
trees based on amino acid sequence alignments of vicil-
ins, legumins and 2S albumins from these nuts indicate 
that cashew and walnut are evolutionarily more closely 
related to each other than either is to peanut  [13] . Cross-
reactive studies using human IgE have shown relatively 
low cross-reactivity between cashew and peanut, moder-
ate cross-reactivity between walnut and cashew and little 
or no cross-reactivity between walnut and peanut  [14–
18] . T cell cross-reactivity of nuts has rarely been studied, 
likely because of the implicit problems in determining 
patients’ true sensitizations, with the only available re-
port finding no cross-reactivity of peanut-specific T cell 
clones stimulated with hazelnut or Brazil nut extracts 
 [19] .

  Studying cross-reactivity in vivo in a mouse model 
may help determine which in vitro allergen cross-reactiv-
ity is clinically relevant. Determining the T cell cross-re-
activity among nuts in a mouse model in which the sen-
sitizing antigen is known can provide pertinent informa-
tion with regard to the development of multi-nut allergy 
in humans and potential immunotherapy approaches. 
We used C3H/HeJ mice as a model for studying the cross-
reactivity of cashew, walnut and peanut in vivo and com-
pared cross-reactive B and T cell responses in monosen-
sitized, cashew-allergic mice to those in truly multisensi-
tized, cashew- plus walnut-allergic mice. 

  Materials and Methods 

 Cashew, Walnut, Peanut, Macadamia and Egg Extracts  
 Cashew, walnut (English), peanut and macadamia extracts 

were prepared from raw seeds. Ground seeds were mixed in a 1:   5 
(w:v) ratio in 2 !  PBS and homogenized for 30 min while main-
taining an alkaline pH (approx. 8.5). Centrifugation at 30,000  g  

for 30 min at 4   °   C was carried out to clarify the supernatant by 
removal of insoluble material and the fat layer. Ammonium sul-
fate precipitation at 90% saturation was used to concentrate the 
proteins, with final resuspension in PBS. The protein solutions 
were dialyzed against water to remove excess salt, and then ex-
changed into PBS using dialysis. After sterile filtration of the ex-
tracts, the protein concentration was determined via bicincho-
ninic acid assay (Pierce, Rockford, Ill., USA), and all extracts were 
subjected to polyacrylamide gel electrophoresis under denaturing 
and reducing conditions utilizing Coomassie blue staining to vi-
sualize protein bands. Egg extract was prepared from dried egg 
whites using a procedure similar to the nut extractions.

  Sensitization of Mice 
 Five-week-old female C3H/HeJ mice purchased from the Jack-

son Laboratory (Bar Harbor, Me., USA) were maintained on tree-
nut- and peanut-free food (PMI Nutrition International, St. Lou-
is, Mo., USA) under pathogen-free conditions following standard 
guidelines for care and use  [20] . The sensitization schedule was 
based on our previous study using intraperitoneal sensitization to 
peanut  [21] . Mice were divided into 3 groups consisting of 5 mice 
each: monosensitization to cashew (CSH mice), double sensitiza-
tion to both cashew and walnut (CSH + WN mice) and sham con-
trol (naïve mice). Injections consisted of 0.5 mg of the appropriate 
nut extract or PBS alone, with 2.0 mg of alum given intraperitone-
ally. The schedule is summarized in  figure 1 .

  Challenges and Assessment of Reactions 
 The sensitized animals were first challenged 19 days after the 

last sensitization doses. Mice were challenged intraperitoneally 
with cashew (1 mg), walnut (1 mg) and peanut (1 and 3 mg), 
spaced approximately 1 week apart ( fig. 1 ). Anaphylactic reac-
tions were assessed 30 min after challenge and scored on a scale 
from 0 to 5 using a pre-established scoring method from our pre-
vious studies  [21] . Core body temperature was measured before 
challenge and immediately following the score assessment using 
a rectal probe.

  IgE and IgG1 Measurements 
 Submandibular facial sampling was used to collect sera from 

individual mice 2 weeks following administration of the last sen-
sitizing dose ( fig. 1 ). Cashew-, walnut- and peanut-specific IgE 
and IgG1 were measured by ELISA using a reference curve, as de-
scribed previously for peanut  [21] . Plates were coated with appro-
priate nut extracts (20  � g/ml) in carbonate-bicarbonate buffer at 
pH 9.6. For IgE measurements, sera were pretreated with protein 
G beads (Pierce) to remove IgG, otherwise serum dilutions were 
optimized and used without further treatment. Detection of IgE 
was performed with sheep anti-mouse IgE (0.5  � g/ml; Binding 
Site, Birmingham, UK), followed by biotinylated donkey anti-
sheep IgG (0.5  � g/ml; Accurate Chemical, Westbury, N.Y., USA) 
and neutravidin-horseradish peroxidase (HRP; 0.2  � g/ml; Pierce). 
IgG1 was detected by HRP-conjugated goat anti-mouse IgG1 
(Southern Biotech, Birmingham, Ala., USA) used at 1:   40,000. The 
HRP activity was measured with color development of 3,3 � ,5,5 � -
tetramethylbenzidine substrate (KPL, Gaithersburg, Md., USA).

  Western Blotting for IgG1-Reactive Proteins 
 Protein extracts were separated on NuPAGE 4–12% Bis-Tris 

gels (Invitrogen, Carlsbad, Calif., USA) and then transferred onto 
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Immobilon polyvinylidene difluoride membranes (Millipore, 
Bedford, Mass., USA). Blots were blocked using 2% BSA in PBS 
containing 0.05% Tween-20 (PBST-BSA). Sera from each group of 
mice were pooled and then diluted in PBST-BSA before incubation 
with the blots. IgG1 was detected with HRP-conjugated goat anti-
mouse IgG1 (Southern Biotech). The blots were developed with a 
chemiluminescence detection kit (Super Signal West Pico Chemi-
luminescent Substrate, Pierce). For inhibition studies to verify 
cross-reactivity, sera were incubated with 50  � g of walnut or pea-
nut extracts for 6 h before overnight incubation with the blots. 

  Identification of IgG1-Binding Proteins 
 Walnut and peanut bands were excised after separation on 

NuPAGE 4–12% Bis-Tris gels (Invitrogen) and processed by the 
Duke Proteomics Core Facility. Proteins underwent in-gel tryp-
sin digestion and were identified using liquid chromatograpy-
tandem mass spectrometry (LC-MS/MS) on a Q-ToF Premier 
mass spectrometer (Waters, Milford, Mass., USA) coupled to a 
Nano Acquity liquid chromatograph (Waters). MS/MS data were 
processed using Mascot Distiller (Matrix Sciences Ltd., Boston, 
Mass., USA) and searched with Mascot v2.2 (Matrix Sciences) 
against either the Swissprot 51.6 database or the Trembl 35.5 da-
tabase with Viridiplantae taxonomy. 

  Proliferation Assay and Measurement of Secreted Cytokines 
 Splenocytes were isolated from individual mice at least 2 weeks 

following completion of challenges. Cells were plated at a density 
of 2.5  !  10 6 /ml in complete media (RPMI-1640 supplemented 
with 10% FBS, 100 U/ml penicillin, 100  � g/ml streptomycin and 
2 m M  glutamine). Antigens, also in complete media, were used at 
the following concentrations: 100  � g/ml for cashew, walnut, pea-
nut and macadamia, and 200  � g/ml for egg. All cultures were 
carried out in a  humidified incubator at 37   °   C in 5% CO 2 . Prolif-
eration assays were carried out in triplicate in 96-well round-bot-
tom plates, with cells being pulsed with 0.5  � Ci of [ 3 H]thymidine/
well at 78 h, harvested 18 h later and counted for  � -radioactivity 
(Wallac, Turku, Finland). Cultures for cytokine assays were per-
formed in 24-well plates with supernatant collection at 96 h. Cy-
tokines secreted into the culture media were quantified by ELISA, 
using antibodies from Biolegend (San Diego, Calif., USA; clones 
used were: IL-4: 11B11 for capture, BVD6-24G2 for detection; IL-
5: TRFK5 for capture, TRFK4 for detection) following the manu-
facturer’s instructions.

  Statistics 
 Statistical analyses were performed using SPSS 15.0 for Win-

dows (SPSS Inc., Chicago, Ill., USA). Differences in the symptom 
scores were assessed with the nonparametric Mann-Whitney U 
test. All other statistical comparisons were made with the inde-
pendent sample t test, not assuming equal variances. Differences 
were considered statistically significant with a p value of less than 
0.05.

  Results 

 Assessment of in vivo Cross-Reactivity between 
Cashew, Walnut and Peanut  
 Following sensitization, mice were challenged intra-

peritoneally with cashew, walnut and peanut. The CSH 
mice reacted to both cashew and walnut with median 
symptom scores of 2, demonstrating in vivo   cross-reac-
tivity between these nuts ( fig. 2 a). The symptom scores 
correlated with the measured decrease in body tempera-
ture, with the cashew challenge producing a slightly larg-
er drop in temperature, i.e. 4.1   °   C, than the 3.1   °   C decrease 
following the walnut challenge ( fig. 2 b). Significantly 
milder reactions were observed on challenge with the 
same dose (1 mg) of peanut (p  !  0.05), resulting in a me-
dian symptom score of 1 and a modest 1.9   °   C temperature 
decrease. Interestingly, the mice could be pushed to have 
stronger reactions to peanut with an increased challenge 
dose of 3 mg ( fig. 2 ).

  The CSH + WN mice had stronger anaphylactic scores 
than the CSH group in response to both the cashew and 
walnut challenges, although only the differences in the 
walnut challenges reached statistical significance be-
tween the two groups of mice (p  !  0.01). Cashew chal-
lenge produced a median score of 3 and a temperature 
drop of 4.3   °   C, while walnut reactions produced a median 
symptom score of 3 and a temperature decrease of 5.4   °   C. 
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  Fig. 1.  Schedule of sensitization, blood collection and challenges 
for the CSH mice, CSH + WN mice and naïve mice. During the 
sensitization phase, mice were injected intraperitoneally with the 
nut extract (cashew or walnut) or PBS, plus alum as an adjuvant 

on the days shown. Blood was collected 2 weeks following the last 
immunization for studies on the immunoglobulin responses. 
Mice were then challenged intraperitoneally with cashew, walnut 
and peanut (PN) on the days shown. 

C
o

lo
r v

er
si

o
n 

av
ai

la
b

le
 o

n
lin

e



 Kulis/Pons/Burks

 

Int Arch Allergy Immunol 2009;148:109–117112

The 1-mg peanut challenge produced significantly weak-
er anaphylactic reactions than either the cashew or wal-
nut challenges (p  !  0.05), giving a median symptom score 
of 1, which could again be exacerbated by administering 
a larger dose of 3 mg ( fig. 2 ).

  In vitro Characterization of Antibody Cross-Reactivity 
between Cashew, Walnut and Peanut 
 To investigate the extent of cross-reacting antibodies 

responsible for the in vivo allergic reactions, specific IgE 
and IgG1 for cashew, walnut and peanut were measured 

by ELISA ( fig. 3 ). The highest IgE levels for the CSH mice 
were found with cashew, while lower levels were mea-
sured in response to walnut and peanut ( fig. 3 a). Walnut-
specific IgE in the CSH mice appeared to be above a 
threshold capable of inducing strong anaphylactic reac-
tions, whereas peanut-specific IgE was below this critical 
threshold and therefore triggered weak reactions at the 
same challenge dose. The CSH + WN mice developed 
strong IgE responses to both cashew and walnut, while 
lower concentrations were found for peanut. Approxi-
mately 11-fold more walnut-specific IgE was found in the 
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  Fig. 2.  Anaphylactic symptom scores and change in body tem-
perature following challenges. Groups of mice were challenged 
intraperitoneally with the quantities of nuts shown (PN = peanut). 
Anaphylactic reactions were assessed by monitoring clinical 
symptoms and measuring changes in body temperature.  a  Symp-
tom scores for the two groups. Circles represent individual mice. 

Bars represent the median outcome for each challenge.  b  Tem-
perature changes for the two groups. The average is shown with 
the standard deviation.  a  p  !  0.05: Statistically significant differ-
ence compared to 1 mg of peanut;  b  p  !  0.05: statistically signifi-
cant difference compared to 3 mg of peanut. 
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CSH + WN mice compared to the CSH mice, demon-
strating a highly significant difference (p  !  0.01). Spe-
cific IgG1 was also quantified with similar patterns as for 
IgE ( fig. 3 b), and a highly significant difference in wal-
nut-specific IgG1 between the two groups was found (p  !  
0.01).

  Western blotting was used to identify the allergenic 
proteins in each nut extract. The CSH mouse IgG1 recog-
nized 6 bands in the cashew extract ranging from 19.6 to 
84.9 kDa. The proteins at 47.0 and 30.2 kDa in cashew 
( fig. 4 b) presumably correspond to Ana o 1 and Ana o 2, 
the 7S and 11S globulins, respectively, which were identi-
fied in a previous report  [22] . The overall banding pattern 
was nearly identical to that found in a previous report us-
ing human IgE  [22] , except that the 2S albumin was ab-
sent from the mouse immunoblot, a phenomenon also 
seen with walnut allergens in the atopic dog model of 
Teuber et al.  [23] . Cross-reactive proteins were detected 
in walnut at 75.0 kDa and a smeared band with a molec-
ular weight range of 93.7–114.1 kDa, and in peanut at 66.3 
kDa, and were identified as Jug r 2 and Ara h 1 by tryptic 
digestion LC-MS/MS ( fig. 4 b). Interestingly, the inhibi-
tion studies revealed cross-reactivity between walnut and 
peanut, as the walnut binding antibodies are inhibited 
after preincubation with peanut. Cross-reactivity be-
tween walnut and peanut vicilins has previously been ob-
served in a walnut- plus peanut-allergic subject  [11] .

  The CSH + WN mice displayed the same banding pat-
tern in response to the cashew extract as the CSH mice, 
but recognized additional bands at 71.4, 20.6 and 5.7 kDa 
in the walnut extract ( fig. 4 c). These additional bands, 
which we identified by LC-MS/MS, corresponded to pro-
teins previously shown to bind human IgE  [24, 25] . The 
5.7-kDa allergen was identified as the large subunit of Jug 
r 1, the walnut 2S albumin; the 20.6-kDa band contained 
the basic subunit of Jug r 4, the legumin in walnut, and a 
fragment of Jug r 2, the walnut vicilin, and the 71.4-kDa 
band was identified as Jug r 2. 

  Investigation of T Cell Cross-Reactivity of Cashew, 
Walnut and Peanut 
 A proliferation assay and quantification of secreted 

cytokines were used to assess the cellular responses to 
cashew, walnut and peanut, along with macadamia, a tree 
nut that the mice never received, and the unrelated aller-
genic food, egg. The CSH mice showed the strongest pro-
liferation response to cashew, with slightly weaker re-
sponses to walnut, peanut and macadamia, and no ap-
preciable proliferation in response to egg ( fig. 5 ). The 
highest IL-4 secretion for these mice was in response to 
cashew stimulation, with lower levels produced by wal-
nut, peanut and macadamia stimulations ( fig. 6 a). IL-5 
was produced at equal levels by cashew, walnut and pea-
nut stimulation of CSH mouse splenocytes, with a lower 
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  Fig. 3.  Nut-specific antibodies in the serum of mice following sen-
sitization. Values shown are averages with standard deviation.
 a  IgE in response to cashew, walnut and peanut in the sensitized 
mice. IgE levels in naïve mice for each nut were subtracted from 
those in the sensitized mice and are thus set to zero (not shown). 

 b  IgG1 in response to cashew, walnut and peanut in the sensitized 
mice. IgG1 levels in naïve mice were less than 0.3  � g/ml for each 
nut and are not shown.  *  p    !  0.01: Statistically significant differ-
ences between the two groups of mice for the walnut-specific im-
munoglobulins. PN = peanut.      
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level produced by macadamia ( fig. 6 b). All antigens ex-
cept macadamia induced significantly different levels of 
IL-4 and IL-5 secretion in the CSH mice compared to 
those produced in response to egg (p  !  0.05).

  The CSH + WN mice showed strong proliferation re-
sponses to both cashew and walnut, with milder respons-
es to peanut and macadamia ( fig. 5 ). These mice secreted 
high levels of IL-4 and IL-5 when stimulated with either 
cashew or walnut, with lower levels in response to peanut 
and macadamia, and virtually no response to egg ( fig. 6 ). 
Importantly, there was a significant difference between 
the CSH mice and CSH + WN mice with regard to IL-4 
and IL-5 secretion following walnut stimulation (p  !  
0.05), which correlates well with the differences observed 
in walnut-specific IgE and IgG1 between these groups of 
mice. 

  Discussion 

 Tree nut allergy develops during childhood and usu-
ally persists throughout the life of the patient  [2] . Similar 
to peanut allergy, tree nut allergy results from IgE anti-
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SDS-PAGE gel showing the protein profile of peanut (P), cashew 
(C) and walnut (W) extracts.  b  Proteins recognized by IgG1 in 
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Inhibition studies were performed with no inhibitor (Ø), walnut 
or peanut (PN), and demonstrated that the cross-reacting pro-

teins can be inhibited with the appropriate nut extract. The cross-
reactive peanut protein was identified as Ara h 1, and the cross-
reactive walnut protein was found to be Jug r 2.  c  Western blot 
showing the cashew (C) and walnut (W) allergens in the CSH + 
WN mice. Notice that additional bands are recognized in walnut 
compared to the CSH mice.             
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  Fig. 5.  Splenocyte proliferation assay for CSH mice and CSH + 
WN mice in response to various food antigens. Triplicate cultures 
of splenocytes were used to calculate the stimulation indices, us-
ing RPMI stimulation as the reference, for an individual mouse 
in response to cashew, walnut, peanut (PN), macadamia (MAC) 
or egg. Naïve mice were always normalized to a stimulation index 
of 1.0, and the other groups were adjusted accordingly. Values 
shown are averages of at least 3 individual mouse stimulation in-
dices, with the exception of egg stimulation, which was only car-
ried out on 2 mice per group.                   
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bodies aimed at 3 classes of seed storage proteins: vicilins 
(7S globulins), legumins (11S globulins) and 2S albumins 
 [7] . The homology among these tree nut and peanut pro-
teins has been studied in vitro using human IgE  [14–17] . 
In this report, we studied cross-reactivity among cashew, 
walnut and peanut using an in vivo approach. Our find-
ings show a high degree of in vivo cross-reactivity be-
tween cashew and walnut, with a weaker cross-reactivity 
between cashew and peanut ( fig. 2 ).

  The in vivo cross-reactivity between cashew and wal-
nut observed in our study seems to mimic what has been 
reported in the clinic with tree nut allergy, namely that 
if a patient has an allergic reaction to one nut, they will 
likely react to others and are therefore advised to avoid 
all nuts  [2, 9] . Mice sensitized to only cashew reacted al-
most as strongly to walnut as they did to the cashew ex-
tract, with the vicilin Jug r 2 being implicated as the 
cross-reactive allergen ( fig. 4 b). Interestingly, we saw 
only mild symptoms with our standard challenge dose 
of peanut in these mice, but could induce more signifi-
cant reactions to peanut when the dose was increased, 
indicating that there is a threshold for peanut-induced 
reactions in a CSH mouse ( fig. 2 ). The concept of study-
ing cross-reactive food-induced anaphylactic reactions 
in mice is not new, although previous work by Lifrani et 
al.  [26]  on peanut and lupine (legumes) failed to demon-
strate in vivo cross-reactivity despite the presence of 
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cross-reactive IgE and IgG1. It is uncertain why this 
study was unsuccessful in showing cross-allergenicity, 
but it could be that the lupine challenge dose was too low, 
as the researchers administered 1 mg of lupine intra-
peritoneally, the same dose used to induce strong peanut 
reactions in that study. The C3H/HeJ strain appears to 
be an acceptable model to study in vivo cross-reactivity 
of food allergens and may be used in conjunction with 
other studies using human cells, such as recent work us-
ing a basophil histamine release assay to assess cross-re-
activity between the walnut and sesame 11S globulins 
 [27] , to further characterize clinically relevant cross-re-
active allergens.

  Our study was designed so that we could compare al-
lergic reactions from cross-reactivity to reactions involv-
ing true multisensitization. The CSH + WN mice experi-
enced significantly severer anaphylactic reactions to wal-
nut than the CSH mice, demonstrating that allergic 
reactions resulting from cross-reactive proteins are weak-
er than allergic reactions from proteins to which sensiti-
zation has occurred. The IgG1-binding proteins in the 
two allergic groups of mice were the same for cashew pro-
teins, but different bands in walnut were recognized by 
the CSH + WN mice. This agrees with our finding of in-
creased walnut-specific IgE and IgG1 in the CSH + WN 
mice compared to the monosensitized CSH mice ( fig. 3 ). 
Interestingly, this phenomenon was recently reported on 
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  Fig. 6.  Secreted IL-4 and IL-5 levels from tree-nut-sensitized mice. 
Splenocytes were stimulated with cashew, walnut, peanut (PN), 
macadamia (MAC), egg or medium alone (RPMI) and cultured 
for 96 h. ELISA was used to quantify IL-4 ( a ) and IL-5 ( b ). Values 
shown are averages with standard deviations and represent at 

least 3 mice per condition, except for egg, which represents only 
2 mice.      *  p    !  0.05: Statistically significant difference between the 
two groups of mice for walnut-stimulated IL-4 and IL-5 secre-
tion.     
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