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pressed the allergic reactions compared to the soy-free diet. 
 Conclusion:  Rodent diet is an important variable and needs 
to be taken into consideration when designing experiments 
involving animal models. Our results indicate that elimina-
tion of soy components from the diet enhances peanut sen-
sitization in BALB/c mice. In addition to serving as a valuable 
tool to mimic human food allergy, the dietary influence on 
the immune response could have far-reaching consequenc-
es in research involving animal models. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Laboratory animal diets are often an overlooked vari-
able in biomedical research. In spite of significant ad-
vances and availability of new formulations of rodent di-
ets, the influence of specific dietary components of rodent 
diets in biomedical research is not fully appreciated. For 
over 50 years, countless animals have been bred and 
maintained on commercial soy-based diets without obvi-
ous detrimental results. Soybeans are inexpensive but nu-
tritionally complete with essential amino acids and fatty 
acids. In addition, soybeans are an abundant source of 
immune-modulatory and phytoestrogenic compounds 
called isoflavones. Several reports show the impact of di-
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 Abstract 

  Background:  Food allergy research is hampered by a lack of 
animal models that consistently mimic human food allergic 
responses. Laboratory mice are generally fed grain-based 
chow made with large amounts of soybeans rich in immuno-
modulatory isoflavones. We tested the role of dietary soy 
components in the induction of food allergic responses in 
the BALB/c mouse strain, which is known to be resistant to 
anaphylaxis when orally challenged by food allergens.  Meth-

ods:  Mice were fed a soy-free diet for 2 generations. After 
weaning, mice were maintained on the same diet or fed a 
diet containing soy isoflavones, i.e. genistein and daidzein, 
followed by weekly oral sensitizations with crude peanut ex-
tract plus cholera toxin and finally challenged at week 7. The 
anaphylactic symptoms, body temperature, peanut-specific 
antibodies and mast cell degranulation were assessed.  Re-

sults:  Soy-free diet mice showed significantly higher ana-
phylactic symptom scores and mast cell degranulation after 
challenge and higher peanut-specific antibody levels than 
mice fed regular chow. Introduction of a regular soy diet or 
an isoflavone diet to soy-free diet mice significantly sup-
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etary isoflavones on various aspects of animal research 
 [1–5] . Circulating isoflavone levels are an important fac-
tor in research involving animal models. High plasma 
and urine isoflavone levels have been demonstrated in 
mice fed with standard chows  [1] . While phytoestrogenic 
effects of isoflavones on animal physiology are well rec-
ognized, the specific influence of dietary isoflavones on 
the immune response is still not clear  [6] . Significant 
batch-to-batch variations of isoflavone content in rodent 
chow are well documented  [2, 3, 7] . These variations 
could influence the outcome of the research and also po-
tentially affect reproducibility of experimental results. 
This issue is much more relevant to food allergy research.

  BALB/c and C57/BL6 mice are commonly used mouse 
strains in biomedical research. Several genetic alterations 
and knockout/-in mice are available in these strains. 
However, failure to develop anaphylaxis in response to 
ingestion of a food allergen prevents full utilization of 
these mice in food allergy research. Most mouse strains 
require an adjuvant to break mucosal tolerance and to 
mount an immune response to oral/intragastric sensitiza-
tion with food allergens, with BALB/c mice being among 
the best responders in terms of IgE response. Yet, BALB/c 
mice do not show detectable anaphylaxis following oral 
challenge with the allergen and a minimal response when 
challenged via the intraperitoneal route  [8, 9] . Allergen-
specific IgE levels in C3H/HeJ and C3H/HeOuJ mice are 
significantly lower compared to BALB/c, but these mice 
readily develop anaphylaxis upon challenge, closely mim-
icking human food allergy  [8, 10, 11] . A number of stud-
ies in these mouse models have contributed towards de-
veloping new therapies for peanut allergy  [12] . We have 
shown that dietary isoflavones suppress peanut allergic 
symptoms in C3H/HeJ mice  [10]  and upper airway hy-
persensitivity in BALB/c mice  [13] . 

  We tested the effect of eliminating dietary soy compo-
nents on the induction of anaphylactic responses to pea-
nut in ‘soy-free’ BALB/c mice, bred for 2 generations on 
a soy-free diet. The F2 generation of ‘soy-free’ mice was 
used for 2 specific reasons: (1) to prevent prior sensitiza-
tion to peanut components (as several peanut allergens 
share amino acid homology with that of soy  [14] ) and (2) 
to reduce the neonatal exposure to soy isoflavones 
through the placenta or breast milk  [15, 16] . We found 
that by altering one single group of molecules (isofla-
vones) in the diet, the sensitization to peanut allergens 
can be influenced. The implications of these results reach 
far beyond food allergy, in areas such as the development 
of functional foods and nutraceuticals, novel dietary for-
mulations for immune disorders, etc.

  Materials and Methods 

 This study was approved by the Institutional Animal Care and 
Use Committee. BALB/c mice (18–21 per group) were fed a regu-
lar rodent chow, or bred for 2 generations on a soy-free diet. After 
weaning, soy-free mice were maintained on soy-free chow (15 fe-
male, 6 male) or switched to a diet containing 1,500 p.p.m. genis-
tein and daidzein (isoflavone diet; 14 female, 4 male) for 2 weeks. 
Mice were orally sensitized weekly with 10 mg crude peanut ex-
tract (CPE) and 10 μg cholera toxin as adjuvant. In weeks 6 and 7, 
mice were challenged orally twice in 30-min intervals with 100 mg 
CPE. The anaphylactic reactions were scored, and the rectal tem-
peratures were recorded after 30 min  [10] . In week 7, 30 min after 
the oral challenge, mice were then challenged intraperitoneally 
with 9 mg defatted peanut protein, and anaphylactic scores and 
temperatures were recorded 30 min later. The percentages of de-
granulated mast cells were scored in ear sections obtained 60 min 
after the final challenge. Serum peanut-specific antibody levels and 
plasma mouse mast cell protease-1 (mMCP-1) were measured by 
ELISA. DNA methylation changes in the  IL4  promoter were as-
sessed by pyrosequencing technology  [17] . Detailed descriptions 
of methods and compositions of the diets are provided as supple-
mentary material (online suppl. table 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000430497).

  Results 

 Peanut-Induced Anaphylaxis in Soy-Free Mice 
 BALB/c mice (18–21/group) were bred for 2 genera-

tions on a soy-free diet. After weaning, the F2 mice were 
maintained on the soy-free chow or switched to a diet 
containing 1,500 p.p.m. genistein and daidzein (isofla-
vone diet;  fig. 1 a). Control mice were fed a regular rodent 
chow (soy diet). Isoflavone levels were tested in pooled 
mouse sera by HPLC. BALB/c mice that were fed a soy-
free diet for 2 generations showed very low or undetect-
able serum isoflavone levels compared to mice that were 
on a soy diet (regular chow; online suppl. table 2 and on-
line suppl. fig. 1).

  Mice (18–21/group) were orally sensitized weekly with 
10 mg CPE and 10 μg of cholera toxin ( fig. 1 b). In week 7, 
mice were orally challenged with 100 mg of CPE, their 
anaphylactic scores and the rectal temperatures were 
 recorded followed by an intraperitoneal challenge with 
9 mg defatted peanut protein, and anaphylactic scores and 
temperatures were recorded as described  [10] . After oral 
challenge with peanut, 67% (14 out of 21) of soy-free mice 
showed symptoms of systemic anaphylaxis with severity 
varying from mild (score 1) to mild-moderate (score 2). 
In contrast, 42% (8 out of 19) of the mice fed regular chow 
(soy diet) showed anaphylactic symptoms which were sig-
nificantly milder compared to those in soy-free mice [me-
dian: 1 vs. 0, interquartile range (IQR): 1 vs. 1, p = 0.033; 
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 fig. 2 a]. Interestingly, introduction of dietary isoflavones 
to soy-free mice (n = 18) resulted in significantly reduced 
anaphylactic symptoms after oral challenge when com-
pared to soy-free diet mice (n = 21; similar to that seen in 
mice consuming regular chow; median: 1 vs. 0, IQR: 1 vs. 
0, p = 0.0008;  fig. 2 a). When challenged by the intraperi-
toneal route, anaphylaxis was severer in all mice irrespec-
tive of diet. The anaphylaxis symptom scores were similar 
between soy-free diet mice and mice fed regular chow (soy 
diet; median: 2.5 vs. 2.5, IQR: 0.5 vs. 0.5, p = 0.16) after 
intraperitoneal challenge ( fig. 2 b), but significantly higher 
than that of mice fed an isoflavone diet (median: 2.5 vs. 
2.0, IQR: 0.5 vs. 0, p = 0.0077). The symptom scores in the 
isoflavone diet mice were also lower when compared to 
mice fed regular chow (soy diet; median: 2.0 vs. 2.5, IQR: 
0. vs. 0.5, p = 0.031;  fig. 2 b). 

  The anaphylactic symptoms after peanut challenge 
were closely correlated with the drop in body tempera-
ture. The body temperature change after oral challenge 
was subtle ranging from +0.6 to –1.4   °   C in soy-free diet 
mice and +1.0 to –0.4   °   C in mice fed a regular chow (soy 

diet) and significantly lower in soy-free diet mice com-
pared to mice fed a regular chow (median: 0.1 vs. 0.3   °   C, 
IQR: 0.5 vs. 0.55, p = 0.0071;  fig. 2 c). The drop in body 
temperature was dramatic after intraperitoneal challenge 
ranging from –2.9 to –6.1   °   C in soy-free diet mice and 
–0.2 to –4.9   °   C in mice fed a regular chow. The drop in 
body temperature was significantly greater in soy-free 
diet mice compared to mice fed a regular chow (median: 
–4.4 vs. –3.10   °   C, IQR: 1.8 vs. 2.35, p = 0.0011) and also 
when compared to isoflavone diet mice (median: –4.4 vs. 
–3.9   °   C, IQR: 1.8 vs. 0.93, p = 0.0003;  fig.  2 d). Naïve/ 
unsensitized, peanut-challenged mice from the respec-
tive groups failed to elicit any anaphylactic symptoms 
 following oral or intraperitoneal challenges. Likewise, the 
change in body temperature was also minimal in all na-
ïve/unsensitized, peanut-challenged mice.

  Dietary Soybean Components Suppress 
Peanut-Induced Mast Cell Degranulation 
 The anaphylactic scores and drop in body temperature 

correlate with the mast cell degranulation seen in ear sec-
tions obtained 60 min following intraperitoneal challenge 
and sacrifice. The percentages of degranulated mast cells 
were significantly higher in soy-free mice (n = 21) than 
those fed the soy diet (n = 19; median: 70 vs. 59%, IQR: 
10 vs. 6, p = 0.0001) or isoflavone diet (n = 18, median: 70 
vs. 59%, IQR: 10 vs. 5.5, p < 0.0001;  fig. 3 a). However, the 
percentages of degranulated mast cells in mice fed the 
 isoflavone diet did not differ when compared to mice fed 
the regular chow (median: 59 vs. 59%, IQR: 5.5 vs. 6, p = 
0.133). mMCP-1 is a β-chymase that is expressed in intes-
tinal mast cells and is found in elevated levels during ana-
phylactic reactions. Plasma mMCP-1 levels were signifi-
cantly elevated after peanut intraperitoneal challenge in 
soy-free diet mice (n = 21) compared to mice fed the reg-
ular chow (n = 19; median: 68.5 vs. 27.5 ng/ml, IQR: 167.4 
vs. 19.4, p = 0.0059;  fig. 3 b) but not when compared to 
isoflavone diet mice (median: 82.19 vs. 68.5 ng/ml, IQR: 
69.95 vs. 167.4, p = 0.46). There were no significant dif-
ferences in median mMCP-1 levels between the groups 
after oral peanut challenge ( fig. 3 c). 

  Humoral Response to Peanut Sensitization Is 
Enhanced in Soy-Free Mice 
 Significantly higher levels of peanut-specific IgE, 

 IgG1and IgG2a were found in the serum of soy-free mice 
(n = 12) when compared to mice fed the soy diet (n = 19; 
 fig. 4 ), with peanut-specific antibody levels: IgE, median: 
164 vs. 132 ng/ml, IQR: 169.5 vs. 80, p = 0.0166; IgG1, 
median: 62.4 vs. 40.1 μg/ml, IQR: 7.65 vs. 24.45, p = 0.006; 

Oral

W0

Oral
Oral +

intraperitoneal

Sensitization Challenge

Soy dietIsoflavone diet
(gen. + daid.)

Soy-free
diet

W1 W2 W3 W5 W6 W7

Bleedb

Soy-free mice
F2

Control mice

a

  Fig. 1.  Generation of soy-free mice and mouse group assignments. 
 a  BALB/c mice were maintained and bred for 2 generations with a 
soy-free diet. The F2 soy-free mice were either fed the same diet or 
a diet containing 1,500 p.p.m. genistein (gen.) and daidzein (daid.) 
for 2 weeks before sensitizing with peanuts. Control mice were fed 
regular rodent chow.  b  Peanut sensitization: 6- to 8-week-old 
BALB/c mice were sensitized weekly with CPE and cholera toxin 
for 5 weeks and orally challenged with CPE (in weeks 6 and 7) or 
intraperitoneally (in week 7) with peanut protein extracts. The 
anaphylactic symptoms were scored, and body temperature was 
recorded 30 min after the final intraperitoneal challenge (for de-
tails, see Materials and Methods). 
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IgG2a, median: 11.7 vs. 4.8 μg/ml, IQR: 9.73 vs. 1.7, p  ≤  
0.0001. Similar differences in peanut-specific antibody 
levels were found between soy-free mice and mice fed the 
isoflavone diet (n = 18), with IgE, median: 164 vs. 109 ng/
ml, IQR: 169.5 vs. 109.5, p = 0.0055; IgG1, median: 62.4 
vs. 26.6 μg/ml, IQR: 7.65 vs. 35.65, p = 0.0012; IgG2a, 
 median: 11.7 vs. 4.45 μg/ml, IQR: 9.73 vs. 1.23, p < 0.0001 
( fig. 4 ). These data show that elimination of soy from the 
diet renders mice more susceptible to sensitization to 
food. The suppression of allergic responses observed in 
mice on a soy diet (regular chow) can be established by 
dietary introduction of just 2 isoflavones (genistein and 
daidzein), which correlated with the serum isoflavone 
content (online suppl. table 2). 

  Dietary Isoflavones Do Not Induce Epigenetic 
Modifications in IL-4 Promoter 
 Isoflavones (especially genistein) have been shown to 

induce epigenetic modifications  [18–20] . To test whether 
dietary introduction of isoflavones will induce epigenetic 
modifications of promoter sites of IL-4, we tested the de-
methylation of specific CpG sequences in 2 sites of the 
IL-4 promoter region in mouse splenocytes and mesen-
teric lymph node cells by pyrosequencing (online suppl. 
fig. 2)  [21] . There were no significant changes in percent-
age of methylated CpG sequences in DNA obtained from 
splenocytes (online suppl. fig.  2a and b) or mesenteric 
lymph node cells (online suppl. fig. 2c and d) from unsen-
sitized (naïve) mice fed soy-free or regular chow. How-
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  Fig. 2.  BALB/c mice maintained with a soy-free diet (n = 21), reg-
ular chow (control; n = 19) or soy-free mice with an isoflavone diet 
(n = 18) were sensitized and challenged with peanut extracts, as 
detailed in the Materials and Methods. The anaphylactic scores 
were recorded 60 min after oral peanut challenge in week 7 ( a ) fol-
lowed by intraperitoneal challenge ( b ). Rectal temperatures were 
measured 30 min after oral challenge ( c ) and the final intraperito-

neal challenge ( d ). The change in the body temperature is present-
ed as box-and-whisker Tukey plots. Naïve/unsensitized mice in 
all diet groups were appropriately challenged with peanut (PN). 
PBS = Phosphate-buffered saline; isoflavone = genistein + daid-
zein. Data from 3 independent experiments are shown.  *  p < 0.05, 
 *  *  p < 0.01,  *  *  *  p < 0.001. 
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ever, the percentage of methylation was drastically de-
creased in site i (CpG –408 ) but not site ii (CpG –393 ) in all 
peanut-sensitized mice (irrespective of exposure to iso-
flavones for generations), suggesting an upregulation of 
IL-4 expression (online suppl. fig. 2). These data suggest 
that dietary isoflavones have a negligible effect on epigen-
etic modifications induced during the allergic immune 
response. 

  Discussion 

 Animal models of food allergy have significantly con-
tributed to our understanding of the pathogenesis of food 
allergy. However, animal models that accurately repre-
sent human disease are still lacking  [22] . An ideal mouse 
model for food allergy should demonstrate a high IgE hu-
moral response and robust anaphylaxis following oral al-
lergen challenge. Unfortunately, there are several strain-
dependent variations in the development of allergic re-
sponses toward food, and none of the available mouse 
models fulfill all these criteria. C3H/HeJ but not BALB/c 
mice were more susceptible to cow’s milk and peanut 
 sensitization  [9] . Similarly, oral challenge of C3H/HeJ, 
C57BL/6 and BALB/c mice did not lead to any systemic 
anaphylactic response. C3H/HeJ (and to a lesser extent 
C57BL/6) but not BALB/c mice elicited a robust systemic 
anaphylaxis after peanut intraperitoneal challenge  [8] . 
Our finding of enhanced sensitivity to peanut oral chal-
lenge in BALB/c mice fed a soy-free diet is significant be-
cause of the physiological relevance of sensitization and 

secondary exposure in humans. These results show that 
BALB/c mice can be a useful food allergy model when ap-
propriate dietary modifications and sensitization proto-
cols are employed. By utilizing a soy-free diet, a longer 
sensitization protocol and a higher concentration of pea-
nut for challenges, we were able to show detectable symp-
tom scores and other indicators of allergic responses in 
BALB/c mice. All these allergic responses were less pro-
nounced in mice fed an isoflavone diet. The mechanism 
behind the action of isoflavones is at least in part due to 
their action on mast cell degranulation ( fig. 3 ) and sup-
pression of humoral responses against peanuts ( fig.  4 ) 
which are in line with our previous reports  [10, 13] . 

  Dietary components are an important factor in shap-
ing the immune response to food allergens. Soybean com-
ponents in rodent diet provide a large dose of isoflavones 
and thereby exert its effects on the mucosal response on 
a continuous basis. The gastrointestinal microbiome and 
the mucosal membrane-bound lactase phlorizin hydro-
lase convert the inactive isoflavone glycosides to active 
aglycones  [23, 24] . Therefore, the bioavailability of isofla-
vones and their effects are much more pronounced at the 
level of the gastrointestinal tract and are very important 
for regulating the immune response to food allergens. 
The phytoestrogen content in animal chow influences 
many biochemical or morphological end points as well as 
breeding and health of offspring  [1, 25, 26] . However, 
commercial rodent diets containing significant quantities 
of phytoestrogens are being used in animal facilities for 
breeding and maintenance. Although we did not com-
pare the breeding capacity of mice fed different diets, 
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  Fig. 3.  BALB/c mice maintained with a soy-free diet (n = 21), reg-
ular chow (control; n = 19) or soy-free mice with an isoflavone diet 
(genistein + daidzein; n = 18) were sensitized and challenged with 
peanut extracts as detailed in the Materials and Methods. The per-
centages of degranulated mast cells were calculated in histological 
sections of ears collected within 60 min after the final intraperito-

neal challenge ( a ). mMCP-1 levels were tested in plasma samples 
collected within 60 min after the final intraperitoneal challenge ( b ) 
or 30 min after the oral challenge ( c ). The results are presented as 
box-and-whisker Tukey plots. Data from 3 independent experi-
ments are shown.    *  p < 0.05,  *  *  *  p < 0.001.     
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there were no detrimental effects or breeding issues with 
the diet free of soybean components. The soy-free casein-
based diet meets the nutrient specifications of NIH-31 
open formula diet which was designed to support gesta-
tion, lactation and growth. In addition, we did not ob-
serve any significant differences in experimental readouts 
between male and female mice (data not shown). We 
show that BALB/c mice, which do not normally show 
anaphylaxis to food allergens, can become susceptible 
when ingesting a soy-free diet ( fig. 2 ). Mice maintained 
on regular soy-based chow are possibly exposed to differ-
ent isoflavone concentrations over the course of the sen-
sitization protocol due to high batch-to-batch variations 
in their total aglycone content (online suppl. table  1). 
Therefore, the differences seen in soy-free versus regular 
chow are subtle, and the significance is diminished in 
small sample sizes.

  Isoflavones are known to induce epigenetic modifica-
tions during cancer pathogenesis  [18, 19] . Epigenetic 
mechanisms have been implicated in allergic responses 
 [17, 27] . Maternal peanut allergy was associated with hy-
pomethylation at CpG –408  and CpG –393  of the IL-4 pro-
moter in splenocytes and mesenteric lymph node cells in 
offspring compared to offspring of naïve mice  [17] . Sim-
ilarly, in an asthma mouse model, antigen plus diesel ex-
posure induced hypomethylation at CpG –408  of the IL-4 
promoter, and the degree of methylation at CpG –408  cor-
related inversely with IgE levels  [21] . These reports sug-
gested that the CpG –408  and CpG –393  are functionally 
 important CpG residues at the IL-4 promoter  [21, 28] . 
However, we did not find any remarkable epigenetic 
modulation of dietary isoflavones in the promoter region 

of IL-4, a key Th2 cytokine for developing allergic re-
sponses (online suppl. fig. 2). In this light, one can spec-
ulate that the specificity and the mechanism of action 
of isoflavones vary under different pathological condi-
tions due to the fact that isoflavones affect a number of 
cell types and have beneficial effects in a number of dis-
eases  [6] . 

  In conclusion, we demonstrate that by eliminating soy 
from the diet, allergic responses can be enhanced and that 
a single class of phytochemicals (isoflavones) can reverse 
this response. This dietary manipulation can be a useful 
tool to study food allergy in mouse strains that are ame-
nable for genetic manipulations. Batch-to-batch varia-
tions in isoflavone content in rodent diets  [2, 3, 7]  may 
contribute to fluctuations in the experimental data, espe-
cially those involving the immune system. Therefore, it is 
important to check and control the isoflavone content in 
rodent diet formulations when designing animal experi-
ments to obtain reliable and reproducible experimental 
data. 
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  Fig. 4.  Peanut-specific serum IgE ( a ), IgG1 ( b ) and IgG2a ( c ) were 
measured by ELISA at week 6 of sensitization of BALB/c mice 
maintained with a soy-free diet (n = 12), regular chow (control; 
n = 19) or soy-free mice with an isoflavone diet (genistein + daid-

zein; n = 18). The results are presented as box-and-whisker Tukey 
plots. Data from 2 independent experiments are shown.    *  p < 0.05,
 *  *  p < 0.01,  *  *  *  p < 0.001. 
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Supplementary Material

Supplementary Table S1. Isoflavone content (ppm) of rodent chow, 5053 PicoLab Rodent Diet

20 (provided by Purina Animal Nutrition LLC.)

5053 PicoLab
Rodent Diet 20

Total Daidzein
(Aglycone
Units)

Total Genistein
(Aglycone
Units)

Total Glycitein
(Aglycone
Units)

Total Isoflavones
(Aglycone Units)

Average 173.8 190.5 38.2 395.9

Min 92 114 15 237

Max 281 353 64 655

STD 44.1 50.1 10 95.6

Supplementary Table S2. Approximate serum isoflavone levels measured by semi-quantitative

HPLC

Mouse groups genistein (µM) daidzein (µM)

Soy-free diet (w-0) 0.78 0

Soy-diet (regular chow) (w-0) 5.65 2.9

Isoflavone diet
(after 2 weeks of diet, at
sensitization)

4.04 5.5
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Supplementary Figure Legend

Supplementary Figure S1. Serum isoflavone HPLC profiles of mice fed control or soy-free

diet: 500 ul of pooled serum from mice fed on soy-free diet, soy-diet (regular chow) or

isoflavone diet were extracted with acidic methanol and HPLC was performed using a C18

column.

Supplementary Figure S2. DNA from spleen (A & B) or pooled mesenteric lymph nodes (C &

D) from naïve or peanut-sensitized mice (week 7) groups were tested for % CpG methylation in

two IL-4 promotor regions, site “i” (CpG-408) and site “ii” (CpG-393) by pyrosequencing

technology.

Materials and Methods

Generation of soy-free animals

This study was approved by Institutional Animal Care and Use Committee of the Icahn School

of Medicine at Mount Sinai and was performed according to the applicable guidelines (Protocol

# 97-0452 #2). BALB/c mice (18-21 per group) (The Jackson Laboratory) were bred for two

generations on a soy-free diet (5K96, a modified AIN-93 diet from TestDiet, Purina Inc, St

Louis, MO).  The soy-free diet is a casein-based diet that meets the nutrient specifications

comparable to that of regular rodent chow. Control mice (10♀, 9♂) were purchased from the

Jackson Laboratory and fed regular rodent chow (soy diet, 5053 PicoLab Rodent Diet 20, Purina

Inc) (Supplementary Table 1, obtained from Purina Inc).  After weaning, the soy-free mice were

maintained on soy-free chow (15♀, 6♂) or switched to a diet containing 1500 ppm isoflavones,

genistein and daidzein (isoflavone diet) (LC Laboratories, Woburn, MA) (14 ♀, 4♂) for two
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weeks. Isoflavone levels in pooled mice sera were tested by high performance liquid

chromatography using a C-18 column.

Rodent Diets

The standard “5053- PicoLab Rodent Diet 20” (Purina Inc)  is made of ground corn, dehulled

soybean meal, wheat middlings, ground wheat, fish meal, cane molasses, wheat germ, driet beet

pulp, brewers dried yeast, dehydrated alfalfa meal, ground oats, soybean oil, dried whey,

vitamins and minerals. Chemical composition: protein 20%; fat 5%; fiber 4.7%, ash 6.1%, gross

energy 4.07 kcal/gm.

Soy-free diet (5K96-Verified Casein Diet) (TestDiet, Purina Inc) is a natural ingredient

diet that consistently shows <1.0 ppm total isoflavones. The diet composition is comparable to

standard 5053 PicoLab Rodent Diet in terms of total proteins, fats, vitamins and minerals. The

primary ingredients in the soy-free diet are ground wheat, ground corn, wheat middlings, ground

oats, fish meal, casein, corn gluten meal, soybean oil, vitamins and minerals. Chemical

composition: protein 19%; fat 4.3%; fibre 3.5%, Ash 5.7%, gross energy 4.06 kcal/gm. The

isoflavone diet (5AC5) (TestDiet, Purina Inc)  is a modified 5K96-casein diet containing

genistein and daidzein at concentrations 0.15% (1500 PPM) each. Therefore, the chemical

composition of 5AC5 diet is very similar to 5K96 diet.

Peanut sensitization and assessment of anaphylaxis

Mice were orally sensitized weekly with 10 mg crude peanut extract (CPE) and 10 μg of cholera

toxin (CT) (Sigma-Aldrich Inc) as adjuvant (Fig 1B). On week 6 & 7, mice were orally

challenged twice in 30 min intervals with 100 mg CPE. The anaphylactic reactions were scored
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and the rectal temperatures were recorded after 30 min by an investigator blinded to the identity

of the mouse groups as previously described [12], with slight modifications. Briefly,

anaphylactic reactions in mice were scored as follows: 1) Scratching and rubbing around snout

and head 2) Puffiness around eyes and snout; diarrhea; pilar erection; reduced activity; increased

respiratory rate 3) Wheezing and labored respiration; cyanosis around mouth and tail 4) No

activity after prodding; tremors and convulsions 5) Death. Mice showing two or more symptoms

within a score were given an additional 0.5 points. On week 7, 30 min after the oral challenge,

mice were then challenged intra-peritoneally (i/p) with 9 mg defatted peanut protein and

anaphylactic scores and temperatures were recorded 30 min later, as above. Blood samples were

collected by sub-mandibular bleeding and plasma peanut-specific antibody levels were measured

by ELISA. The percentage of degranulated mast cells were scored in histological ear sections

obtained after sacrificing the mice within 60 min of final challenge. Ear sections were stained

with toluidine blue to identify mast cells as previously published [13]. A degranulated mast cell

was defined as a toluidine blue-positive cell with 5 or more distinctly stained granules

completely outside of the cell. At least one hundred mast cells in each ear sample were counted.

Plasma mouse mast cell protease-1 (mMCP-1) levels were measured by ELISA (Ebioscience).

Peanut-specific antibody ELISA

ELISA plates (CoStar) were coated with crude peanut extract (500 ug/ml for IgE and 10 ug/ml

for IgG1 and IgG2a) or anti-mouse IgE, IgG1 or IgG2a antibodies (0.5 µg/ml, 10 µg/ml and 4

µg/ml, respectively) for standards as described previously [12,13]. The plates were blocked with

2% BSA for IgE or 1% HSA for IgG1 and IgG2a and incubated with appropriate dilutions of
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mouse serum or serial dilutions of standard mouse IgE, IgG1 or IgG2a for 18 h at 4oC. The plates

were washed 3 times with wash buffer (PBS with 0.2% tween 20) and incubated for 1h with

biotinylated rat anti-mouse IgE, IgG1 or IgG2a respectively, followed by wash and color

development with avidin-peroxidase and peroxidase substrate (2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid, ABTS). The absorbance was read at 405 nm. Peanut-

specific antibody levels were estimated by extrapolating the absorbance with the standard curve

and shown as “reference units”.

DNA pyrosequencing and methylation analysis

Single cell splenocyte suspensions were prepared by gently grinding spleens using a syringe

plunger and passing through 100 µm Nylon cell strainers followed by red blood cell lysis.

Mesenteric lymph nodes (MLNs) were mechanically dispersed with 18G needles, incubated in 3

mg/ml collagenase plus 0.1mg/ml DNAse I for 1 hr at 37 ᵒC, and then aspirated through 20G

needles. The cell suspensions were preserved in RLT buffer (Qiagen) until DNA extraction.

Genomic DNA from mesenteric MLN cells and splenocytes was isolated using an AllPrep mini

DNA kit (Qiagen). Isolated DNA was then bisulfite-converted using Epitect plus DNA Bisulfite

kit (Qiagen) as per the manufacturer’s instructions. Bisulfite-converted DNA was used to

amplify promoter regions of IL-4 genes by PCR using the primers:

forward: GTTTTTAAGGGGTTTTTATAGTAGGAAGT;

reverse: Biotin-AATTACCACTAACTCTCCTCCTACA;

PCR products were subjected to pyrosequencing using the Pyromark Q24 system using the

pyrosequencing primer: AGATTTTTTTGATATTATTTTGTTT. Methylation levels of PCR

products at each CpG site were determined using PyroMark 24 run software (Qiagen).
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Serum isoflavone estimation by HPLC

Pooled mice sera were mixed with equal volume of helix pomatia glucuronidase (10,000

units/ml) and incubated for 18h at 37oC. The proteins were precipitated by mixing with

dichloromethane, followed by extraction with acetonitrile at 50oC. HPLC was performed using

Waters Alliance 2695 HPLC system (Waters Corp). The separation was performed on a

ZORBAX SB-C18 column (Agilent Technologies). Individual isoflavones are distinguished by

their absorption peaks at 254 nm. The peaks were identified by using pure compounds as

controls and determination of molecular weights by means of mass spectrometry. The isoflavone

content in mice sera is estimated by calculating the area under the curves of chromatograms and

extrapolated using the standard curve of pure compounds.

Statistics

The nonparametric, unpaired one-tailed Mann-Whitney test was used to calculate statistical

significance using Prism Software (GraphPad Software Inc). P values were reported prior to

adjusting for multiple comparisons on the inflation of the type I error rate.
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