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Red kidney bean (Phaseolus vulgaris L.) is one the most commonly consumed legumes that requires an in
depth understanding of its allergenicity. Therefore, the aim of this study was to explore the allergenicity
of red kidney bean proteins following oral exposure in BALB/c mice and elucidate the levels of Th1/Th2
transcription factors induced by red kidney bean proteins in rat basophilic leukemia cells (RBL-2H3 cells)
passively sensitized with the sera of red kidney bean sensitized mice. Red kidney bean proteins showed
enhanced levels of total and specific IgE, anaphylactic symptoms, thymic stromal lymphopoietin (TSLP)
and peritoneal albumin over control. Enhanced release of b-hexosaminidase along with up regulated
expressions of GATA-3, STAT-6, T-bet, c-MAF and NFAT were observed in the RBL-2H3 cells exposed with
red kidney bean proteins when compared to that of the controls. Taken together, exposure of red kidney
bean proteins may cause allergic symptoms in mice and the ambivalent effect on Th2/Th1 transcription
factors in RBL-2H3 cells.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction non-IgE-mediated food allergy. Recently, mixed type of allergic
Food, especially legume allergy is a raising concern which
may cause several health complications ranging from sneezing,
rhinitis, bronchial asthma, adipose tissue inflammation and sys-
temic metabolic alterations to life threatening anaphylaxis and
in extreme cases death [1,2]. Being a major source of vegetarian
proteins, leguminous foods are consumed throughout the world
and due to its high consumption; the chances of legume allergy
are also very high. Allergenicity of several legumes including
peanut, soybean, lentil, chickpea, green gram and red gram have
been well studied [3]. But, most of the in depth and mechanistic
studies are limited to peanut and soybean, and not explored in
several leguminous foods including red kidney bean (Phaseolus
vulgaris L.), a commonly consumed legume worldwide. Most of
the food allergic reactions are caused by IgE mediated immediate
type hypersensitivity reactions, but non IgE mediated reactions
have also been reported [4]. The late eczematous reaction in
the patients of cow milk allergy is a common example of a
reactions has also been reported in the several legumes includ-
ing peanut and chickpea [5,6]. The Th1/Th2 balance plays a very
crucial role in the determination of immune reactions. The tran-
scription factors like signal transducer and activator of transcrip-
tion 6 (STAT-6), trans-acting T-cell-specific transcription factor
GATA-3, T-bet, NFAT and transcription factor Maf or c-maf have
been found to be actively involved in Th1/Th2 balance [7]. Food
allergic reactions generally induce in the individuals with im-
paired oral tolerance and controlled by several immune mole-
cules including Foxp3 [8,9].

Therefore, the aim of this study was to explore the effect of red
kidney bean proteins following oral exposure in BALB/c mice and
also to determine effect on Th1/Th2 transcription factors following
exposure of red kidney bean proteins in rat basophilic leukemia
cells (RBL-2H3 cells).
2. Methods

2.1. Extraction of crude protein extracts

Red kidney bean crude protein extract (abbreviated as red kid-
ney bean) and peanut crude protein extract (abbreviated as pea-
nut) were prepared according to the earlier described method [10].
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2.2. Animal

Healthy 6–8 week old female BALB/c mice (22 ± 3 g) were ob-
tained from the animal breeding colony of Gheru campus, CSIR-
IITR, Lucknow, India. Animals were maintained under standard
laboratory conditions in pathogen free environment and on red
kidney bean free diet. Animal studies were carried out after ap-
proval of the animal ethics committee of CSIR-IITR, Lucknow.
2.3. Animal treatment protocol

In brief, mice were randomly divided into three groups (n = 15/
group). Control, red kidney bean and peanut groups of mice were
gavaged daily up to 42 days with phosphate buffer saline or PBS,
pH 7.4 (100 lL), red kidney bean (100 lg in 100 ll PBS) and peanut
(100 lg in 100 ll PBS), respectively. Blood samples were with-
drawn from the retro-orbital sinus to estimate serum allergic
parameters on day 15th, 43rd and 59th. On day 60th, control, red
kidney bean and peanut groups (n = 10/group) were challenged
with 1 ml of 5 mg/ml of the respective proteins.
2.4. Serum immunoglobulins

Total IgE levels in the sera of control and red kidney bean trea-
ted mice were estimated by OptEIA mouse IgE kit (BD Biosciences,
Germany) as per the manufacturer’s instructions. Specific IgE levels
were estimated according to the earlier described methods [11].
2.5. Anaphylactic symptoms

The clinical symptoms induced after challenge in the control
and red kidney bean sensitized mice was observed as per the ear-
lier described scoring system [12]. The core body temperature or
rectal temperature was measured before and after the challenge
in the control and red kidney bean treated groups using a digital
rectal thermometer (Bioseb, France).
2.6. Serum TSLP level

The serum TSLP level was determined in the sera of control and
red kidney bean treated mice using an ELISA kit (Ebioscience, Inc.
CA, USA) following manufacturers’ instructions.
2.7. Vascular permeability assay

Vascular permeability or vascular leakage was studied 40 min
after the challenge as per the earlier described method [13]. In
brief, 3 ml of PBS, 10 mM EDTA injected into the peritoneal cavity
of control as well as red kidney bean treated mice. Following, a
1 min abdominal massage, peritoneal lavage fluids were aspirated,
gently. Further, peritoneal lavage fluids were centrifuged at
600 rpm for 6 min at 4 �C and the supernatant was collected. The
albumin content in the supernatants was estimated by bicinchon-
inic acid kit (Thermo Scientific, USA). Albumin levels of control
mice challenged with the same amount of red kidney bean was
used as background level. Bovine serum albumin (BSA) was used
as standard to calculate the concentrations of albumin.
2.8. Histopathology of the intestine

For histopathology, the intestinal tissues of control and red kid-
ney bean treated mice were fixed in 10% formalin in PBS, embed-
ded in paraffin, and cut into 3–5-lm thick sections.
2.9. Fluorescence histochemistry for Foxp3 level in the intestine

The expression of Foxp3 in the intestine of control and red kid-
ney bean treated and challenged mice was studied with the help of
fluorescent histochemistry following the earlier described protocol
[14]. Briefly, goat antimouse Foxp3 (Santa Cruz Biotechnology, Inc.
USA) in dilution 1:200 was used as primary antibody while anti-
goat-Alexa Fluor-488 antibody (Invitrogen, USA) was used as sec-
ondary antibody. Prolonged gold antifade reagent with DAPI
(Invitrogen, USA) was used as mounting media. The images were
captured by confocal microscope (Leica Micosystem, Germany).

2.10. Passive cutaneous anaphylaxis (PCA)

The PCA was carried out according to the previously described
method with slight modifications [15]. Briefly, the abdomens of
naïve mice were shaved and intradermally injected with 10 ll of
serum from red kidney bean treated and control groups, respec-
tively. Following 48 h of serum administration, each mouse re-
ceived an intravenous dose of 100 ll of the PBS and red kidney
bean (2.5 lg/ll) in the presence of 0.5% Evans blue dye (Sigma Al-
drich, Mo, USA) in PBS. The appearance of wheal was observed
within 30 min and a reaction diameter of >3 mm was considered
a positive PCA response.

2.11. Serum cytokine levels using flowcytometry

At day 43, the levels of cytokines IL-2, IL-4, IL-6, IL-10, IFN-gam-
ma and TNF-a were estimated in the serum of red kidney bean
treated and control mice by Th1/Th2 CBA cytokines kit (BD Biosci-
ences, San Jose, California) using flowcytometry (BD FACS Canto II).

2.12. Priming and sensitization of RBL-2H3 cells

Rat basophilic leukemia cells (RBL-2H3 cells) were obtained
from American type cell culture (ATCC, Manassas, VA). The priming
of RBL-2H3 cells with the sera (dilution 1:10) of red kidney bean
sensitized mice was carried out according to the earlier described
method [16]. The cells were challenged with different concentra-
tions (20, 40, 60, 80, 100 and 120 lg) of red kidney bean for
90 min. The control group was challenged either with PBS or lysis
buffer (0.1% Triton-X 100). The plate was put on the ice to termi-
nate the ongoing reactions. The supernatant were kept for the esti-
mation of b-hexosaminidase release assays.

2.13. b-hexosaminidase release assay

The release of b-hexosaminidase was estimated according to
the earlier described protocol [17]. In brief, 75 ll from aforesaid
supernatants and substrate buffer for b-hexosaminidase (1.2 mm
4-methylumbelliferyl-N-acetyl-b-D-glucosaminide in 0.05 M
CH3COONa, pH 4.4) were mixed in a 96 well plate, and incubated
at 37 �C for 90 min. The quenching buffer (0.1 M Glycine, 0.1 M
Na2CO3, pH 10.0) was used to stop the reaction. The observance
was taken at 405 nm (ELISA plate reader, Biotek, Power Wave
XS2). The percentage of b-hexosaminidase release was calculated
as per the formula given below:

%Releaseofb� hexosaminidase :

¼ fðSampleb� hexosaminidaseÞ � ðBackgroundb� hexosaminidaseÞg
fðTotalb� hexosaminidaseÞ � ðBackgroundb� hexosaminidaseÞg � 100: ð1Þ
2.14. Immunofluorescence for transcription factors

The expressions of Th1/Th2 transcription factors GATA-3, STAT-
6, T-bet, c-MAF and NFAT were observed by immunofluorescence
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according to the protocol described online [18]. In brief, RBL-2H3
cells (1 � 106 cells) were primed and challenged with a dose of
100 lg red kidney bean as per described in the above section.
Formaldehyde was used to fix the cells while 5% goat serum was
used for blocking the nonspecific sites. The antibodies for GATA-
3, STAT-6, c-MAF, NFAT and T-bet were obtained from the BD Bio-
sciences, San Jose, California and Santa Cruz biotechnology, Inc.
Santa Cruz, CA, respectively. These antibodies were used as pri-
mary antibodies (dilution 1:200) while Alexa Fluor� 488 Goat
anti-Mouse IgG (Invitrogen, Carlsbad, CA, USA) was used as sec-
ondary antibody. Further, Prolong gold antifade reagent with 40,
6-Diamidino-2-Phenylindole, Dihydrochloride (DAPI; Invitrogen,
Carlsbad, CA, USA) was used as mounting media. Images were cap-
tured by confocal microscope (Leica Microsystems, Germany).

2.15. Western blots for transcription factors

The levels of Th1/Th2 transcription factors GATA-3, STAT-6 (BD
Biosciences, San Jose, California), T-bet, NFAT and c-MAF (Santa
Cruz Biotechnology, Inc. Santa Cruz, CA) in RBL-2H3 cells were de-
tected by immunoblotting [19]. The b-tubulin (Santa Cruz Biotech-
nology, Inc. Santa Cruz, CA) was used as internal control.

2.16. Statistical analysis

The statistical significance of the data obtained was determined
using a software package from InStat version 3�0 (Graph pad, San
Diego, CA, USA; http://www.graphpad.com) using the Bonferroni
analysis of variance (ANOVAs) test. Values for all measurements
have been expressed as means ± SEM. Differences between groups
were considered significant when p < 0�05.
3. Results

3.1. Allergic symptoms in BALB/c mice following oral exposure of red
kidney proteins

The level of total IgE was found significantly increased on 15
(p < 0.01), 43 (p < 0.001) and 59 days (p < 0.01) in the sera of red
kidney bean treated mice over control mice (Fig. 1A). Further, the
levels of specific IgE were also found significantly enhanced in 15
(p < 0.05), 43 (p < 0.001) and 59 (p < 0.01) days in the sera of red
kidney bean treated mice over control (Fig. 1B). The mice sensi-
tized and challenged with red kidney bean showed scratching
around the nose and mouth (anaphylactic score 2; 30%), forced res-
piration (score 3, 30%); and 30% showed symptoms of score 4, like,
severe diarrhea including unconsciousness or negligible response
despite the gentle touch and score 5 in 10% (Fig. 1C). A decrease
of 2–3 �C in the rectal temperature of red kidney bean sensitized
and challenged mice was noticed after 40 min of challenge while
control mice failed to show any decrease in the rectal temperature
(Fig. 1D). Enhanced level (p < 0.05) of the peritoneal albumin was
observed in red kidney bean treated and challenged mice as com-
pared to control (Fig. 1E). Furthermore, significant (p < 0.001) in-
crease in the serum TSLP level was found in red kidney bean
treated mice when compared to that of control (Fig. 1F).

3.2. Foxp3 level and histopathology of the intestine

An insignificant increase in the mean intensity of the intestinal
Foxp3 level was found in red kidney bean treated group when
compared to the control (Fig. 2A). Further, the histopathological
studies of the intestine of red kidney bean treated and challenged
mice explored exfoliations in the intestinal wall as well as infiltra-
tion of leukocytes (Fig. 2B).
3.3. Positive PCA against red kidney beans

The appearance of a blue wheal at the site of intra-dermal ser-
um injection was observed within 30 min following antigen chal-
lenge, and a reaction diameter of 3.9 mm was observed in red
kidney bean treated naïve mice, while no spot was found at the site
of post intra-dermal injection in the control (Fig. 2C).

3.4. Red kidney bean exposure demonstrated higher cytokines
secretion

Significantly enhanced levels of IL-4 (p < 0.05), IL-6 (p < 0.001),
IL-10 (p < 0.05), IFN-c (p < 0.05) and TNF-a (p < 0.01) were ob-
served in red kidney bean exposed group over the control group
(Fig. 3A–E).

3.5. Enhanced mediator release and transcription factors in RBL-2H3
cells

A significant (p < 0.05) release of b-hexosaminidase was ob-
served following exposure of different doses of red kidney bean
in RBL-2H3 cells. The percentage release were 58, 64, 68, 72, 75
and 74% in 20, 40, 60, 80, 100 and 120 lg red kidney bean exposed
group, respectively (Fig. 4A). Further, the significantly enhanced
mean intensities of GATA-3 (p < 0.001), STAT-6 (p < 0.001), c-MAF
(p < 0.01), T-bet (p < 0.001) and NFAT (p < 0.05) were found in red
kidney bean treated group when compared to that of the controls
(Fig. 4B–F). Furthermore, western blot analysis showed signifi-
cantly enhanced levels of STAT-6 (p < 0.05), GATA-3 (p < 0.001),
T-bet (p < 0.05), c-MAF (p < 0.001) and NFAT (p < 0.05) in red kid-
ney bean treated RBL-2H3 cells when compared to control (Fig. 5).
4. Discussion

Most of the food allergy reactions have been reported to cause
by ‘‘Big Eight’’ foods that include peanut, tree nut, soybean, egg,
wheat, crustaceans, fish and milk. About 25% most allergic foods
come from leguminous foods. The red kidney bean has been re-
ported to cause allergic reactions in BALB/c mice and allergic rhini-
tis patients [11]. Previously, red kidney bean allergenicity was
assessed in BALB/c mice using the intraperitoneal route of sensiti-
zation [11]. Since, oral route is the natural route, which is not com-
parable to other modes of exposure owing to distinct mechanisms
of tolerance/allergenicity, therefore, in this study, oral exposure of
red kidney bean was administered to the BALB/c mice to under-
stand the mechanism of sensitization following oral route of
exposure.

The approach of this study was very similar to that of the mouse
model of rice and egg allergies with simple oral sensitization with-
out the use of adjuvant [20,21]. In the present study, along with to-
tal and specific IgE, clinical symptoms were also found enhanced
that are frequently reported parameters in food allergy. Similar
outcomes like higher levels of serum anti-ovalbumin IgE and ana-
phylaxis after oral challenge have also been reported in OVA al-
lergy [21,22]. The results obtained following oral exposure of red
kidney bean in BALB/c mice showed similar outcomes of elevated
total and specific IgE, systemic anaphylaxis score and rectal tem-
perature but, to a lesser extent.

The level of the peritoneal albumin is an in vivo marker of mast
cell degranulation and vascular permeability during the anaphy-
laxis reactions [13,23]. In this study, increased level of peritoneal
albumin in the red kidney bean treated group indicated the in-
creased vascular leakage in the intestine and severity of anaphy-
laxis. Such observation has been reported in the various cases of
allergies [24].

http://www.graphpad.com


Fig. 1. Immunoglobulin levels and anaphylaxis in mice. (A) Total IgE (B) specific IgE (C) systemic anaphylaxis score (D) rectal temperature (E) peritoneal albumin and (F) TSLP
levels in the red kidney bean treated and control mice (⁄p < 0.05; ⁄⁄p<0.01; ⁄⁄⁄p<0.001).
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Recent studies have reported that TSLP is involved in the initi-
ation of Th2 differentiation as well as in allergic inflammatory re-
sponses [25]. Further, TSLP has been found to be expressed by
epithelial cells at barrier surfaces, activated bronchial smooth mus-
cle cells, and activated mast cells in allergic subjects [26]. In this
study, the increase amount of TSLP in red kidney bean treated
group indicated the severity of allergy induced by red kidney bean
oral exposure.

The prevalence of food allergy is limited to the susceptible indi-
viduals because of the several factors including the impaired oral
tolerance. The oral tolerance has been reported to be linked with
the expression of CD4 + CD25+ Treg cells [27]. The depletion of



Fig. 2. Foxp3, histopathology and passive cutaneous anaphylaxis. (A) Level of intestinal Foxp3 (B) histopathology of intestine and (C) passive cutaneous anaphylaxis in red
kidney bean treated and control mice (ns = nonsignificant). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)

Fig. 3. Cytokines in the serum. (A) IL-4 (B) IL-6 (C) IL-10 (D) IFN-gamma and (F) TNF-alpha levels in the sera of red kidney bean treated and control mice (⁄p < 0.05; ⁄⁄p < 0.01;
⁄⁄⁄p < 0.001).
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Fig. 4. Mediator release and Th1/Th2 transcription factors in RBL-2H3 cells. (A) Release of b-hexosaminidase (B) expressions of GATA-3 (C) STAT-6 (D) c-MAF (E) T-bet and (F)
NFAT in control and red kidney bean treated cells, respectively. Alexa fluor-488 goat antimouse IgG (AF-488) was used as secondary antibody while DAPI was used for nuclear
staining. Merged image is indicating both AF-488 and DAPI staining (⁄p < 0.05; ⁄⁄p < 0.01; ⁄⁄⁄p < 0.001).

Fig. 5. Western blots for transcription factors in RBL-2H3 cells. The figure demonstrates Western blot result of STAT-6, GATA-3, T-bet, c-MAF, and NFAT along with the
respective densitometry (⁄p < 0.05; ⁄⁄⁄p < 0.001).
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CD4 + CD25+ Treg cells during sensitization to peanut increases
allergen-specific antibody levels and mast cell degranulation after
oral challenge with peanut in mice [27,28]. In our study, the intes-
tine of red kidney bean treated mice showed a non significant in-
crease of Foxp3 level. This result showed the possibility of red
kidney bean induced allergenicity because, the level of Foxp3 has
been reported to be enhanced in partial or complete tolerated mice
in case of whey [29].
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PCA is used to observe the immediate type allergic reactions in
several foods [30]. In this study, a significant increase was observed
in the skin of naïve mice indicating the possibility of IgE mediated
reactions in red kidney bean treated and sensitized mice. Similarly,
in an adjuvant free mouse model of oral allergenic sensitization for
rice seed protein, the PCA reaction has been found positive in the
treated group [31].

Cytokines are very important molecules involved in the preva-
lence of allergic reactions. In this study the levels of cytokines IL-
4, IL-6, and IL-10 were found elevated in the sera of red kidney
bean treated mice. The enhanced levels of IL-4, IL-6, and IL-10 have
been reported to induce the allergic and inflammatory responses
[32]. Further, the levels of IFN-c and TNF-a were found enhanced
in the sera of red kidney bean treated mice. It has been reported
that IFN-c and TNF-a activate mast cells and induces release of
allergic mediators [33].

RBL-2H3 cells are one of the pivotal tools to elaborate the mast
cells/basophils degranulation potential induced by allergens [34].
When allergens come in contact with IgE primed mast cells it gets
cross-linked to the two IgE. Following this, a cascade of signaling
events takes place in the mast cells/basophils that ultimately leads
to degranulation of the cells and release of several mediators
including b-hexosaminidase [35]. In this study, passively sensitized
RBL-2H3 cells following exposure of red kidney bean showed en-
hanced release of b-hexosaminidase. The release of b-hexosamini-
dase indicates the mast cells/basophils degranulation potential of
red kidney bean.

A transcription factor is a protein which binds to specific DNA
sequences, and regulates genetic information from DNA to mRNA
[36,37]. Transcription factors like STAT-6, GATA-3, NFAT, c-MAF,
and T-bet have been reported to be actively involved in Th2/Th1
balance [7] Higher expressions of STAT-6, GATA-3, NFAT, T-bet
and c-MAF in red kidney bean treated RBL-2H3 cells indicated
the prevalence of mixed type of allergic reactions. It has been re-
ported that STAT6 is a key transcription factor required for anti-
gen-mediated production of cytokines in mast cells [38]. In one
of the study carried out by Ishijima et al. (2011), it has been re-
ported that GATA factors directly activate PLC-c1 gene transcrip-
tion through a conserved GATA-binding motif that resides in the
50-upstream sequence [39]. The role of PLC-c is well studied during
the mast cell degranulation [40]. The IL-4 gene transcription is crit-
ically regulated by c-MAF [41]. NFAT transcription factors have
been reported to play an important role in the allergic events espe-
cially in Ca++ signaling during the degranulation of mast cells [42].
Han et al. (2011) studied antiallergic properties of Psidium guajava
ethyl acetate extract on IgE-mediated allergic responses in RBL-
2H3 cells and found that the extract suppressed antigen-induced
activation of NFAT that ultimately lead to reduced production of
Th2 cytokines and FceRI-dependent signaling events in mast cells
[43]. The increased level of T-bet expression indicated toward the
possibility of Th1 reactions along with Th2 induced by red kidney
bean proteins. This may be because of the presence of amylase
inhibitors or lectins in red kidney bean [44]. The phytohemagglu-
tinins of red kidney bean may induce the expression of T-bet found
in the study carried out in the bone marrow derived mast cells
(BMMCs) [45]. Taking together, the outcomes of the different tran-
scription factors in the red kidney bean treated RBL-2H3 cells indi-
cated an environment positive to allergic reactions.
5. Conclusion

In summary, oral exposure of red kidney bean in BALB/c mice
led to the enhanced levels of total and specific IgE, anaphylactic
symptoms, TSLP, serum cytokines and albumin levels. Further,
in vitro study using RBL-2H3 cells demonstrated an enhanced re-
lease of b-hexosaminidase along with up regulated levels of tran-
scription factors GATA-3, STAT-6, T-bet, c-MAF and NFAT
indicating mixed fate of allergic reactions. Taken together, red kid-
ney bean may induce allergic symptoms both in the in vivo and
in vitro conditions.
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