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Abstract

Background—ImmuBalance™ is a koji fungus (Aspergillus oryzae) and lactic acid fermented
soybean product. This unique production process is believed to create a food supplement that
helps to induce or maintain normal immune response.

Objective—To assess possible therapeutic effects of ImmuBalance™ on peanut hypersensitivity
using a murine model of peanut allergy (PNA).

Methods—~Peanut (PN) allergic C3H/HeJ mice were fed standard mouse chow containing 0.5%
or 1.0% ImmuBalance (ImmuBalance 2X), radiation-inactivated 1.0% ImmuBalance (I-
ImmuBalance 2X), or regular diet chow (sham) for 4 weeks, beginning 10 weeks after the initial
PN sensitization, and then challenged with PN. Anaphylactic symptom scores, plasma histamine,
serum peanut specific-1gE levels and splenocyte cytokine profiles were determined.

Results—While 100 % of sham-treated peanut-allergic mice developed anaphylactic reactions
with a median score of 3.3 following peanut challenge, only 50% of ImmuBalance, 30% of
ImmuBalance 2X and 40% of I-ImmuBalance 2X-treated mice developed allergic reactions with
median scores of 1.0, 0.4, and 0.5 respectively, which were significantly less than that in the
sham-treated mice( p<0.05). Plasma histamine and PN specific-IgE levels were also significantly
less in all treated mice than in sham-treated mice (p<0.05). Furthermore, IL-4, IL-5 and IL-13
production by PN-stimulated splenocytes in vitro from ImmuBalance fed mice were markedly
reduced compared to sham-treated mice, whereas IFN-y production was moderately increased.
TGF-B and TNF-a production were similar.

Conclusions—ImmuBalance protects against peanut-induced anaphylaxis when administered as
a food supplement in this model. Protection was associated with down-regulation of Th2
responses. This supplement may provide a potential novel therapy for peanut allergy.
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Introduction

Peanut allergy (PNA) has been the target of most research on food allergy therapy for
several reasons: peanut (PN) is one of the most common foods leading to anaphylactic
reactions including fatal and near-fatal food-anaphylactic reactions; (1-4) PNA is difficult to
avoid because of its frequent presence in manufactured foods; PNA is a lifelong condition in
the most affected subjects; and the prevalence of PNA is increasing in westernized
countries.(5;6) Given the persistence of this condition and the lack of therapeutic modalities,
allergen-specific immunotherapy (IT) is currently being re-explored as a treatment option.
Previous attempts to use peanut-specific IT were unsuccessful because of significant adverse
effects (7). Soybean seed storage proteins share considerable amino acid homology with PN
allergens(8). Soy IT could have a lower risk of adverse reactions than classical PN IT, while
providing some level of desensitization, and may provide a new therapeutic intervention for
PNA(8). Pons et al (8) reported that soybean protein IT reduced peanut-allergic responses in
the PNA mouse model. However, soy IT had no effect on PN-specific IgE, and there was an
increase in TNF-a, a proinflammatory cytokine. Furthermore soy was administrated
intraperitoneally, which is not a clinical option in man. Alternative soy-based IT may be
useful in the management of peanut allergy.

Another novel approach, which appears to have potential therapeutic benefits for food
allergy, is probiotic therapy. A recent Finnish trial found that high-risk infants fed
Lactobacillus rhamnosus GG (LGG) early in life had a decreased incidence of IgE-
associated dermatitis.(9) In another study, administration of LGG to allergic infants
increased levels of IFN- in isolated blood cells suggesting a possible Thl stimulatory effect,
(10), which has been associated with the development of peanut tolerance (11). Although the
term probiotic was classically defined as a “live microbial food supplement which
beneficially affects the host animal by improving its intestinal microbial balance” (12), the
definition has been further refined to “living microorganisms, which upon ingestion in
certain numbers, exert health benefits beyond inherent basic nutrition” (13)More recently,
the National Center for Complementary and Alternative Medicine of the National Institutes
of Health established a more comprehensive description of probiotics. It states that
“probiotics can be administered orally as dietary supplements and in yogurt, fermented and
unfermented milk, infant formula, bacterial lyophilizates, juices, and even candy. They may
be applied topically and as suppositories. Probiotics in dietary supplements or foods may be
live, heat-treated, irradiated, spray-dried, or freeze-dried. Inactivated probiotics may be as
effective as live probiotics in certain conditions and may be more favorable because of
lower infectious risk (especially in infants whose gut defense barrier is immature) (14).
Probiotic studies, however, are still in the exploratory stage, and the feasibility of treating
severe food allergy such as PNA with probiotic materials has not been previously explored.
Although, the previous Finnish study reported evidence for prevention of food allergy,
evaluation of the effects of probiotic products on established food allergy, particularly PNA,
is limited.

The probiotic, ImmuBalance™ (Nichimo Co., Ltd., Tokyo, Japan) is a proprietary koji
fermentation product made by fermenting defatted soybeans with Aspergillus oryzae, and
lactic acid bacteria (Pediococcus parvulus and Enterococcus faecium) according to a new
Japanese fermentation technology. Koji molds have traditionally been used in Japanese
fermentation technology to produce a number of foods, such as miso (fermented soybean
paste), shoyu (soy sauce), and sake (alcoholic beverage)(15). Recently, consumption of
fermented soy products has been suggested to be of possible benefit for allergic conditions.
A cross-sectional study of the relationship between soy product intake and prevalence of
allergic rhinitis in pregnant Japanese women showed a clear inverse linear trend between
dietary miso intake and prevalence of allergic rhinitis(16). Another study reported that soy
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sauce has hypoallergenic and anti-allergic properties(17). Recently an open-label pilot study
reported that oral administration of Immubalance daily for 3 months improved clinical
symptoms of Japanese cedar pollinosis (18). Given the need for effective and practical
methods to treat food allergy, especially PNA, and based on previous studies, we
hypothesized that ImmuBalance may have an immunotherapeutic effect on PNA. Given the
potential life-threatening reactions of PNA, animal models of peanut allergy, which closely
mimic human PNA, have provided useful tools to investigate the potential therapies for
PNA(19-22). In this study, we tested the effect of ImmuBalance in two different doses on an
established murine model of PNA. Furthermore, since inactivated probiotics may be more
desirable than live organisms for treatment of pediatric diseases, we also tested effects of
irradiation sterilized ImmuBalance (I-lmmuBalance), which contains inactivated
microorganisms. Standard mouse chow supplemented with ImmuBalance or I-ImmuBalance
was employed as a means of administering the probiotics, thereby mimicking animal and
human use of fermented soy products as food supplements. We found that PN challenged
ImmuBalance-treated mice exhibited significantly reduced clinical symptoms as compared
with control mice. I-immuBalance was comparable to ImmuBalance. ImmuBalance
protection against PNA might be secondary to its suppressive effect on Th2 responses.
These results suggest that ImmuBalance and perhaps I-ImmuBalance may have potential for
developing a novel probiotic therapy for PNA and other food allergies

MATERIALS AND METHODS

Mice and reagents

Five-week-old female C3H/HeJ mice purchased from the Jackson Laboratory (Bar Harbor,
ME) were maintained on PN-free chow under specific pathogen-free conditions. Standard
guidelines for the care and use of animals were followed. Freshly ground, roasted, whole PN
was employed as allergen. Crude PN extract (CPE) was prepared as described previously.
(23) Cholera toxin was purchased from List Biological Laboratories, Inc (Campbell, CA).
Concanavalin A (Con A) and albumin, human-dinatrophenyl (DNP-albumin) were
purchased from Sigma (St Louis, MO). Antibodies for ELISAs were purchased from The
Binding Site, Inc, (San Diego, CA) or PharMingen (San Diego, CA).

Preparation of InmuBalance/l-immuBalance containing mouse Chow

ImmuBalance powders added to diet chow were products of Nichimo Co. Ltd., Japan. To
manufacture this product, defatted soybean is fed into fermentation chamber. While the
chamber mixes the defatted soybeans, water was sprayed over the defatted soybean
uniformly until its moisture content became approximately 41%. The defatted soybean was
steam sterilized at 100°C for 150 minutes and left in the chamber at ambient temperature
until it reached room temperature. The defatted soybean was mixed again in the chamber
while koji mold (a commercially available culture of Aspergillus oryzae) was added. The
mixture was kept in the chamber at a controlled optimum growth temperature (40°C). As
hyphae grow from the spores, the defatted soybean starts to clump. The defatted soybean
was mixed again in the chamber until it was well separated and then left in the chamber at
the controlled optimum growth temperature (40°C) for continued hyphae growth for 20
hours. The defatted soybean was mixed again in the chamber and clumps separated. The
above cycle was repeated once until the fermentation process is completed. The defatted
soybean is then transferred from the fermentation chamber to the hydration and degradation
machine. Water is added to the defatted soybean in the hydration and degradation machine
to increase its moisture content uniformly. After water is added, the defatted soybean is left
for at least 24 hours at a controlled temperature at 40°C. The extent of hydrolysis of the
defatted soybean by the enzymes of koji fungus is determined and the hydration and
degradation time is adjusted. Enterococcus and Pediococcus begin to grow from koji
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incubation through hydrolysis. After enzymatic degradation, the fermented defatted soybean
was transferred to a warm air dryer. Temperature and airflow are adjusted so that its
moisture content becomes 13% or less. The dried fermented soybean is then fed into a
crusher and pulverized at 80 mesh pass, and the moisture content becomes 6% or less. The
pulverized fermented soybean is then packaged. The control data of final product,
ImmuBalance are outlined in Table 1.

Diet chow containing ImmuBalance used in this study were formulated by adding 0.5% or
1% of ImmuBalance to the standard rodent diet chow # 5053 (weigh, ImmuBalance vs
chow) (Research Diets Inc., New Brunswick, NJ). In each ImmuBalance containing chow,
0.5% ImmuBalance chow was composed of 9.0 x 107/g of lactic acid bacteria and named
ImmuBalance; 1.0% ImmuBalance chow was composed of 1.8 x 108/g lactic acid bacteria
and was labeled ImmuBalance 2X. In addition, 1.0% ImmuBalance chow was irradiated by
Co%0 as previously described 24 for the purpose of inactivation of microorganisms, and was
labeled I-ImmuBalance 2X”. Based on the daily mouse chow consumption (approximately
3.5 g), the daily dosage of lactic acid bacteria used in this study was 3.15 x 108-6.3 x 108,
which was within the bacterial dose range previously used in murine models (25;26).

PN sensitization/challenge and treatment

Mice were sensitized intragastrically (i.g.) as shown in Figure 1A with ground PN (10 mg
per mouse) plus cholera toxin (20 ug per mouse), and boosted at weeks 6 and 8 with PN.
Treatment began at week 10 at which time PN hypersensitivity was established, as
demonstrated previously. (27) At week 10, PN allergic mice were fed ImmuBalance,
ImmuBalance 2X, or I-ImmuBalance 2X diets for four weeks. Sham-treated PN allergic
mice and naive mice (non-sensitized) were maintained on regular diet chow (# 5053).
Twenty-four hours after completing the 4-week treatment, all mice were challenged i.g. with
200 mg of PN.

Mouse chow consumption was monitored daily during the treatment. Body weight was
measured at week 14, one day prior to the challenge.

Assessment of hypersensitivity reactions

Anaphylactic reactions were scored using a previously described scoring system-(21) 0, no
symptoms; 1, scratching and rubbing around the snout and head; 2, puffiness around the
eyes and snout, pilar erection, diarrhea, and reduced activity or standing still with an
increased respiratory rate; 3, wheezing, labored respiration, and cyanosis around the mouth;
4, symptoms as in no; 3 with loss of consciousness, tremors, and/or convulsion; 5, death.

In addition, to obtain a more objective measure of anaphylaxis severity, rectal temperatures
were measured 30 minutes after challenge using a thermal probe (Harvard Apparatus,
Newark, NJ).

Measurement of plasma histamine levels and mast cell degranulation

Plasma was collected 30 minutes after challenge, and histamine levels were determined
using an enzyme immunoassay kit (ImmunoTECH, Marseille, France), as previously
described.(21)

Measurement of serum peanut-specific IgE, IgG1, and 1gG2a levels

Venous blood samples were obtained from tail veins twice during the sensitization protocol
(weeks 3 and 7), 1 day prior to treatment (week 10), 2 weeks after initiating treatment (week
12) and 1 day prior to challenge (week 14). Sera were collected and stored at —80°C until
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analyzed. Levels of peanut-specific IgE, 1Ggl and 1gG2a were determined by ELISA as
previously described.(21)

proliferation and cytokine measurements

Splenocytes were prepared following the PN challenge as previously described.(8;27;28)
Thirty minutes after challenge and recording of anaphylactic response scores, mice were
sacrificed and spleens from each group were removed and pooled. Splenocytes were isolated
by mincing the spleens between 2 sterile slides (Fisher Scientific), lysing of RBCs with
lysing buffer (Sigma Chemical Co), and passaging through a cell strainer (Becton Dickinson
and Co). After extensive washing, cells were suspended in complete cell culture medium
(RPMI 1640 containing 10% FCS and 1% penicillin-streptomycin). For proliferation assays,
splenocytes (1 x 106 cells per well in 0.2 mL) were cultured with CPE (200 pg/mL) in
triplicate in 96-well plates. Unstimulated cells and Concanavalin (Con A, 2.5 ug/ml)-
stimulated cells were used as negative and positive controls, respectively. Three days later,
the cultures received an 18-hour pulse of 1 mCi [3H]thymidine per well. The cells were then
harvested and the incorporated radioactivity counted in a 3 scintillation counter. The results
were expressed as counts per minute (CPM) as described previously(29).

In parallel, cell suspensions were cultured in four replicates in 24-well plates (4x108/well/
mL) in the presence of 200 pg/ml CPE, 2.5 ng/ml ConA, or medium alone. Supernatants
were collected and pooled from each group after 72-hour culture and stored at —80°C until
analyzed. Supernatants were collected after 72 hours of culture. Cytokine levels were
determined by ELISA in triplicate according to the manufacturer’s instructions (R&D
Systems, Minneapolis, MN, for IL-13; PharMingen, San Diego, CA, for all others).

Acute toxicity study

To ensure the safety of the diets, we conducted acute toxicity studies utilizing large single
oral doses of I-ImmuBalance in mice as described previously(30). Naive female C3H/HeJ
mice (n=10) maintained on standard diet were fed I-ImmuBalance at 20 times the equivalent
mouse daily dose (35 mg/day), and observed for 24 hours. Mice were then sacrificed for
histological analyses. In addition, male and female Sprague Dawley rats (n=5 each group)
were fed 1.25 g/kg, 2.5 g/kg, and 5 g/kg body weight of I-ImmuBalance followed by a 14
day observation period, and then sacrificed for histological analyses. The dose of 5 g/kg
body weight of I-ImmuBalance tested in this study is 100 times the previously
recommended human daily dose (50 mg/kg).

Microorganism-free ImmuBalance preparation—ImmuBalance was dissolved in
saline (w:v=1:3), mixed and stored at 4°C for 24 h. After centrifugation at 3,000 rpm at 4°C
for 10 min, the supernatant was collected and the remaining pellet was rinsed with saline,
followed by centrifugation. The supernatants from the two centrifugations were combined,
and freeze dried.

Determine ImmuBalance binding to PN—specific IgE antibodies in human sera
—Since a number of previous publications have demonstrated that fermented soy products
are hypoallergenic(31;32), and since our goal was to determine whether ImmnuBalance can
be of benefit for the treatment of peanut allergy when used as a dietary supplement, we
investigated whether there was any cross-reactivity between peanut and ImmuBalance. Sera
from PN allergic patients (n=4) with greater than 100 kU a/L of peanut-specific IgE were
obtained and diluted (1:50) in fish-gelatin PBST (0.5%). Immulon 11 96-well plates
(Dynatech Laboratories, Inc, Chantilly, VA) were coated with 2ug/mL CPE or
microorganism free ImmuBalance (MF-1B) pretreated as above in coating buffer (Sigma, St
Louis, MO). A 50 ul sample was added to each well in duplicate. After blocking and
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washing, anti-human IgE conjugated with HRP (KPL Gaithersburg, MD)(1:2000 dilutions)
were added. Plates were then developed with TMB Microwell Peroxidase Substrate (KPL)
and read on a microplate reader (Molecular Devices. Sunnyvale, CA) at 650 nM. The data

are expressed as optimal density (OD).

Statistical analysis

RESULTS

Data were analyzed using SigmaStat 2.03 software (SPSS Inc. Chicago, IL). For studies
with a single outcome measurement, we performed an overall Analysis of Variance (One
way ANOVA) followed by pairwise testing using Bonferroni’s adjustment. For data that
appeared skewed, i.e. non-normally distributed, differences between groups were analyzed
by One Way Analysis of Variance on Ranks followed by all pairwise comparisons. p values
=0.05 were considered significant

Measurements of daily chow consumption and body weight

Since mouse chow supplementation was used to administer ImmuBalance, daily mouse
chow consumption was monitored during the treatment course to exclude the influence of
variations in amounts of mouse chow consumption on the outcomes of ImmuBalance
treatment. Body weights were obtained one day prior to the initiation of treatment and one
day prior to the final challenge. Average daily mouse chow consumption was approximately
3.5 g, and there was no significant difference in chow consumption between the groups (Fig
1B). Furthermore, body weights did not differ between groups (Fig 1C).

Reduction of PN-induced anaphylactic reactions

Anaphylactic symptom scores were determined 30 minutes after oral PN challenge. As
shown in Fig 2 A, all mice in the sham-treated group exhibited symptoms such as puffiness
around the eyes, swelling around the snout, and diarrhea (score 2, 20%); labored respiration
(score 3, 30%); and near fatal reactions such as loss of consciousness or little activity despite
gentle prodding (score 4, 50%). The median score was 3.2 (range: 2-4). In contrast, 50%,
30% and 40% of ImmuBalance, ImmuBalance 2X and I-ImmuBalance 2X treated-mice
showed symptoms. The median scores in those treated groups were 1(range: 0-3);
0.4(range: 0-2); 0.5(range: 0-2) respectively, significantly lower than that seen in the sham-
treated group (p<0.05). Naive mice showed no reaction to challenge (Fig 2 A). Protection
against peanut-induced anaphylaxis appeared to be more pronounced in the double-dose
ImmuBalance and I-ImmuBalance treated mice.

Since decreased core body temperatures reflect the severity of systemic anaphylaxis in mice,
rectal temperatures were obtained 25 minutes after the PN challenge to objectively measure
the severity of systemic anaphylaxis. Temperatures in the naive group ranged between 37° C
and 38°C after oral PN challenge, whereas rectal temperatures in 8 of 10 mice in the sham-
treated group were 1° to 4°C below normal. There was a significant difference in mean
temperatures between sham and naive groups (p<0.01). The mean temperatures of mice in
all treated groups were higher than those of the sham-treated group, and ImmuBalance 2X-
treated and I-ImmuBalance 2X-treated groups reached statistical significance (p < 0.05 vs
sham). The temperatures in these groups were not significantly different from naive mice
(Fig 2 B). These results demonstrate that ImmuBalance was effective in protecting PN
allergic mice from PN-induced anaphylactic reactions, and that a double dose of
ImmuBalance enhanced the protection. Inactivation of microoganisms by irradiation in
ImmuBalance did not significantly reduce its effectiveness.

Clin Exp Allergy. Author manuscript; available in PMC 2009 November 1.
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Reduction of plasma histamine levels

Histamine is the major mediator of systemic anaphylactic reactions. Consistent with our
previous findings(21), histamine levels in the sham-treated group were markedly elevated
following peanut challenge. In contrast, histamine levels in all ImmuBalance-treated groups
were significantly lower than those of the sham-treated group (Fig 3, p<0.05) being lowest
in the ImmuBalance 2X-and I-ImmuBalance 2X-treated group.

Reduction of PN-specific IgE levels

ImmuBalance treatment was initiated 10 weeks following the initial PN sensitization, at
which time PN-specific IgE levels were markedly elevated. After two weeks treatment
(week 12), IgE levels in all ImmuBalance-treated groups were significantly lower than those
in the sham-treated groups (Fig 4A, p<0.05) and they remained significantly lower at the
time of challenge (week 14). Reduction of IgE levels appeared to be more pronounced in the
ImmuBalance 2X and I- ImmuBalance 2X groups. There were no significant differences in
IgG1 or IgG2a levels between groups (Fig 4B). There results suggest that the effect of
ImmuBalance on PNA was due at least in part to reduction of PN-specific IgE.

Suppression of PN-specific T-cell proliferation and Th2 cytokine production

Consistent with our previous finding, splenocytes from sham-treated, PN-allergic mice
showed a marked proliferative response to PN stimulation in vitro. PN-induced proliferative
responses of splenocytes from ImmuBalance treated mice were significantly less than those
from sham-treated mice (P < 0.01, Fig 5) and were essentially the same as splenocytes from
naive mice. Interestingly, ImmuBalance treatment did not decrease the proliferative
response to Con A stimulation, suggesting that the effect of ImmuBalance on T cells was PN
antigen specific (data not shown).

PN stimulated splenocytes from all ImmuBalance treated mice secreted less IL-4, IL-5, and
IL-13 than splenocytes from sham-treated mice (Fig 6A-C), and ImmuBalance 2X and I-
ImmuBalance 2X virtually abrogated I1L-4 production. All treatments increased PN-
stimulated IFN-y zproduction (Fig 6D), and the higher dose appeared to be have a greater
effect. No differences TGF- and TNF-a production by splenocytes were detected between
groups (Fig 6E and F) whereas IL-10 levels were moderately decreased (Fig 6G). These
results show that ImmuBalance and I-ImmuBalance treatment resulted in specific
suppression of both PN-induced T-cell proliferation and PN-activated Th2 cytokine
secretion.

Acute toxicity evaluation

Like other fermented soy products, ImmuBalance is consumed by livestock and humans,
and is considered to be safe. We found that no deaths occurred 24 hours after feeding 20
times the mouse daily dose of I-ImmuBalance to naive C3H/HeJ mice. In addition, no
deaths occurred over the 14 day observation period in Sprague Dawley rats fed the
equivalent of 100 times the dose previously used in humans during 14 days observation. In
addition, there were no abnormalities in histological analyses or body weight. These results
together with the finding of no effect on body weights of PN-allergic mice show that I-
ImmuBalance has a high margin of safety.

ImmuBalance does not bind to PN—specific IgE antibodies in human sera—
Previous studies showed that fermented soy (Miso) is a hypo-allergenic soybean product(32)
and that there is a surprisingly low rate of co-reactivity between PN and soy.(33) To further
test potential ImmuBalance cross reactions in PN-allergic patients, we utilized an ELISA to
test whether proteins in ImmuBalance were recognized by IgE antibodies in sera from PN-

Clin Exp Allergy. Author manuscript; available in PMC 2009 November 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 8

allergic patients. As shown in Fig 6, there was marked IgE binding in the PN coated wells,
but no detectable IgE in the MF-IB coated wells. This result demonstrates that ImmuBalance
does not bind to PN—specific IgE antibodies in human sera.

DISCUSSION

At the present time, strict avoidance of food allergens and ready access to self-injectable
epinephrine is the standard of care for food allergy. Unfortunately, for a ubiquitous food
such as peanut, the possibility of inadvertent ingestion is high. It is estimated that over 50%
of PN allergic individuals will experience an accidental reaction to peanuts over a 2-year
period.(34) Consequently there is a great need for effective and safe therapies for PNA.

In this study, we demonstrated that ImmuBalance significantly suppressed PNA in this
model. ImmuBalance consumption significantly suppressed anaphylactic symptoms, which
were related to a significant suppression of histamine release and peanut-specific IgE
production. ImmuBalance also showed an immunomodulatory effect as evidenced by a
reduction of Th2 and increase of Th1l responses.. In addition, we found that the therapeutic
effect of I-immuBalance, which contains inactivated microorganisms, was comparable to
ImmuBalance, which contained live organisms. Inactivated probiotics may carry a lower
risk for children, who are more prone to food allergy than adults. Thus, I-ImmuBalance may
provide additional advantages over live probiotics for food allergic children.

To further explore the immunotherapeutic effect of ImmuBalance or I-ImmuBalance on
PNA in this model, we measured levels of TGF-, a Th3 cytokine, and IL-10, a T regulatory
cytokine. We found no differences in TGF-f3 production by splenocytes between treated and
untreated PN-allergic mice, and only minor reductions in IL-10 in ImmuBalance or I-
ImmuBalance treated mice, suggesting that ImmuBalance and I-ImmuBalance mediated
protection against peanut-induced anaphylaxis in this model is not clearly associated with
IL-10 or TGF-B regulatory cytokine levels. Alteration of Th1/Th2 responses may be an
important mechanism underlying ImmuBalance or I-ImmuBalance therapeutic effect.
However, in this study we did not rule out a potential role for regulatory cells involved in
the clinical protection by ImmuBalance. Other potential mechanisms have not yet been
explored.

Since soybeans and peanuts are both members of the legume family, potential cross-
reactivity reactions of PN-allergic individuals to soy proteins must be considered. Clinical
studies have shown a low rate of co-reactivity to PN and soy.(33;35-37) Furthermore, it was
shown that fermented soy (Miso) is a hypoallergenic soybean product(32) and that about
80% of soybean-sensitive patients could ingest these soy products without any adverse
reactions (27). Another study using a sandwich ELISA found that the soy allergen (Gly m
Bd 28K) was not detected in fermented soybean products such as natto, soy sauce and miso,
or in processed foods containing soybean protein isolate.(31) Our study found that
ImmuBalance was not recognized by IgE antibodies in sera from peanut-sensitive patients.
Probiatics are generally considered safe for dietary consumption, however, inactivated
probiotics may be more desirable than live probiotics. (14) Cooked fermented soy products
in the diet are common. However, one previous study reported that the use of inactivated
LGG for the treatment of eczema was associated with adverse gastrointestinal symptoms
and diarrhea (38). In our study, no abnormalities were observed in I-ImmuBalance-treated
mice or ImmuBalance at the effective doses. We also tested acute toxicity of I-immuBalance
in mice and rats, and no toxicity was observed at well above the effective dose, suggesting a
high margin of safety. Taken together, ImmuBalance, particularly I-immuBalance, may
prove to be a novel and effective therapy for PNA.

Clin Exp Allergy. Author manuscript; available in PMC 2009 November 1.
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We are aware of the limitations of this study. While Immunobalance appears to have a
significant therapeutic effect in this model, the product is a complex mixture of soy proteins
and micro-organisms. We plan in the future to dissect the relative contributions of the
Aspergillus fungus, the two lactic acid bacteria and modified soy protein, polysaccharides,
and isoflavones etc. Some studies have demonstrated that Japanese-style fermented soy
sauce, but not chemically fermented soy sauce promotes digestion. (39) A double-blind
placebo controlled clinical trial involvning 51 subjects showed that shoyu polysacchrides
from soy sauce improved quality of life for patients with seasonal allergic rhinitis(40). We
suspect that probiotics in ImmuBalance may play a major role and that other components
(microorganism-free fermented soy) may be necessary to generate a maximal effect of
ImmuBalance on peanut allergy. Studies are underway to characterize pharmacological
components in ImmuBalance product by comparing the efficacy and potency of inactivated
Aspergillus oryzae, and lactic acid bacteria (Pediococcus parvulus and Enterococcus
faecium) alone, and microorganism-free fermented soy from ImmuBalance on PNA using
the same model system. In future studies, it is also important to address how much of the
beneficial effect is due to TLR signaling versus immune tolerance. Furthermore, it may be a
potential risk to use Immunobalance in peanut allergic patients who are also sensitized to
Aspergillus antigens. We will address this question in future studies by determining if
proteins in Immunobalance bind to Aspergillus specific IgE obtained from mould allergic
patients.

In conclusion, this study demonstrated that ImmuBalance consumption has a therapeutic
effect on PNA in a murine model of peanut anaphylaxis. Like other fermented soy products,
ImmuBalance is hypoallergenic, and has an excellent safety profile. These findings suggest
that ImmuBalance may be safe for PN-allergic patients. Since inactivated probiotics may be
more desirable than live organisms for treating childhood food allergy, and I-ImmuBalance
will be the focus of our future studies. Future studies will investigate the immunologically
active components in I-ImmuBalance, whether I-ImmuBalance can provide long term
protection, and whether it will block other food allergies.
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Fig 1. A. Experimental protocol

C3H/HeJ mice were sensitized/boosted with PN and CT over 8 weeks as indicated. Different
doses of ImmuBalance or I-ImmuBalance-containing chow were fed for 4 weeks
commencing at week 10. All mice were challenged at week 14 (24 hours after completing
the treatment). B. Chow consumption. Mouse chow consumption was monitored daily
during the treatment. Data are meant SEM of daily chow consumption of mouse in each
group (N=10 in Sham, 8 in ImmuBalance, 10 in ImmuBalance 2X, 5 in I-ImmuBalance 2X
and 10 in naive) from 2 sets of in vivo experiments. C. Body weights. Body weights were
measured at week 14, one day prior to challenge. Data are depicted as mean+ SEM mouse
body weight in each group as in Fig 2B.
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Fig. 2. Evaluation of anaphylactic reactions

Thirty minutes following PN challenge, anaphylactic symptom scores (A) and rectal
temperatures (B) were evaluated. Bars indicate median for symptom score and mean for
temperature for mice in each group (same numbers of mice in each group as in Fig 1).
*p<0.05 vs. Sham; **p<0.01 vs. Sham; # # p<0.01 vs. Naive
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Fig. 3. Plasma histamine levels

30 minutes following oral PN challenge, blood was collected and plasma histamine levels
were measured using an enzyme immunoassay. Data are expressed as means + SEM for
mice from each group (same numbers of mice as in Fig 1). *P<0.05 vs sham.
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Fig 4. A. Serum PN-specific IgE levels

Blood was collected from tail veins of each group of mice at the time points indicated, and
sera were obtained. Serum PN-specific IgE levels were determined by ELISA. Data are
expressed as means = SEM (same numbers of mice as in Fig 1). *p<0.05 vs Sham. B. Serum
PN specific 1gG1 (gray bars) and 1gG2a (solid bars) were determined by ELISA. Data are
means + SEM (same numbers of mice as in Fig 1) at week 14 one day before challenge.
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Fig 5. Proliferation assay

Immediately following evaluation of anaphylactic reactions, pooled splenocytes from each
group of mice (n=5/group, from one set of in vivo experiment) were prepared and cultured in
the presence or absence of CPE, or Con A. Data are expressed as Mean + SEM of triplicates.
** p<0.01 vs sham.
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Fig 6. Effect of ImmuBalance on splenocyte cytokine production

Splenocytes prepared as noted in Fig 5 were cultured in the presence or absence of CPE.
Supernatants were harvested after 72 hours culture. Cytokine levels were measured by
ELISA. Data are expressed as Mean + SEM of duplicates of ELISA.
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Fig. 7. ImmuBalance does not bind to peanut —specific IgE antibodies in human sera

Sera from 4 peanut allergic patients with higher than 100 kU /L peanut-1gE were diluted
(1:50) and added to wells coated with either CPE or MF-IB. Binding to peanut-specific IgE
antibodies was determined by ELISA. Results are expressed as mean + SEM of O.D from 4
samples. CPE, Crude peanut extract; MF-IB, Microorganism-free ImmuBalance.
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