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Murine contact hypersensitivity (CHS) is one of
the most frequently used animal models of human
allergic contact dermatitis. We investigated the inhi-
bitory effects of soybean and soy isoflavone (SI)
diets on 2,4-dinitrofluorobenzene- (DNFB) induced
CHS in mice. The DNFB-induced ear swelling was
inhibited in the soy- and SI-treated groups.
Histopathological investigations revealed that oral
feeding of soybean and SI attenuated ear tissue
edema and reduced the number of Gr-1+ cell infil-
trations into ear tissues. DNA microarray analysis
showed that the expression of Ccl24, Xcl1, Ifng, and
Ccl17 in the ear tissues was lower in the soy-treated
mice than in the positive controls. In addition,
CCL24 mRNA and protein expression in the ear tis-
sues were more highly suppressed in the soy- and
SI-treated groups. These results suggest that soy-
bean and SI consumption downregulated the gene
and protein expression of CCL24, thereby affording
protection against CHS in mice.

Key words: soybean; isoflavones; contact hypersensi-
tivity; chemokine (C-C motif) ligand 24

Soybean has been a staple of Asian diets for thou-
sands of years and contains several phytochemicals
such as soy isoflavones (SIs), saponins, sterols, and lig-
nans. The reduced prevalence of several chronic dis-
eases has been attributed to the consumption of SI-rich
soy food.1,2) Recent clinical studies have found that
soy food and SIs have significant health benefits in
subjects with certain types of cancers,3) cardiovascular
diseases,4) osteoporosis,5) and menopausal symptoms.6)

Soybean contains 12 different SI isomers: three agly-
cones (genistein, daidzein, and glycitein), their respec-
tive β-glycosides (genistin, daidzin, and glycitin), and
each of these three β-glycosides esterified with either

malonic acid (malonyl genistin, malonyl daidzin, and
malonyl glycitin) or acetic acid (acetyl genistin, acetyl
daidzin, and acetyl glycitin). Genistein, daidzein, and
glycitein account for ~50, 40, and 10%, respectively, of
the total SI content when all forms of the individual
SIs are considered aglycones.7) SI aglycones are the
bioactive forms, whereas the β-glycoside forms are pre-
dominant in soybean. Because these β-glycoside forms
have a higher molecular weight and hydrophilicity than
SI aglycones, they must be hydrolyzed to be absorbed
across the enterocyte of healthy adults.8)

Previous studies using in vivo models showed that
isoflavones mostly exhibit immunosuppressive func-
tions.9–11) Genistein injection has been shown to sup-
press delayed-type hypersensitivity (DHS) response to
oxazolone12) and 4-hydroxy-3-nitrophenyl acetyl suc-
cinimide (NP-O-SU).13) High intake of soy food and
SIs is also associated with reduced prevalence of aller-
gic rhinitis14) and chronic obstructive pulmonary dis-
ease.15) Oral administration of SIs and genistein
significantly reduces ovalbumin-induced airway hyper-
responsiveness and inhibits eosinophil infiltration in
mouse models of allergic asthma.16) In patients with
asthma, dietary SI supplementation has been shown to
reduce eosinophil leukotriene C4 (LTC4) synthesis and
eosinophilic airway inflammation.17)

Other studies in mouse models have shown that oral
administration of genistein suppresses ovalbumin-speci-
fic immune responses,18) a fermented soy product
reduces peanut-induced allergy symptoms,19) dietary
genistein and daidzein protect mice from peanut-in-
duced allergy,20) and a daidzein-rich isoflavone agly-
cone preparation protects mice from dextran sulfate
sodium-induced colitis.21) Similarly, genistein is also
known to decrease 2,4,6-trinitrobenzenesulfonic acid-in-
duced acute inflammation in rats.22) Nevertheless, stud-
ies on the utilization of soybean and SIs in human
immune dysfunctions are very limited and are as yet
restricted to animal models.9)

*Corresponding author. Email: naganot@mw.kawasaki-m.ac.jp
Abbreviations: SI, soy isoflavone; CHS, contact hypersensitivity; DNFB, 2,4-dinitrofluorobenzene; ACD, allergic contact dermatitis; DHS, delayed-
type hypersensitivity; IHC, immunohistochemistry; CCL24, chemokine (C-C motif) ligand 24; XCL1, chemokine (C motif) ligand 1; ELISA,
enzyme-linked immunosorbent assay.
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Allergic contact dermatitis (ACD) is one of the most
common skin diseases caused by DHS responses to
antigens that come into contact with the skin. Contact
hypersensitivity (CHS) is an experimental animal
model for human ACD.23–25) The MF® diet (Oriental
Yeast) is one of the most widely used commercial
chows and formulated with soy protein. Studies have
shown that most commercial rodent diets contain high
amount of SIs because of the presence of soy pro-
teins.26) We hypothesized that the MF diet could show
inhibitory effects on CHS because of its high SI con-
tent. In the present study, therefore, we used the MF
diet and a commercial isoflavone, and investigated the
inhibitory effects and mechanisms of action of soybean
and SI on CHS.

Materials and methods
Materials. Two kinds of chows, MF and F2PLD1,

and Soyaflavone HG were obtained from Oriental Yeast
(Tokyo, Japan) and Fuji Oil (Izumisano, Japan), respec-
tively.

Reagents. 2,4-Dinitrofluorobenzene (DNFB) was
purchased from Kanto Chemical, Tokyo, Japan. Anti-
Mouse Ly-6G (Gr-1) Purified (14-5831) and Biotin
Mouse Anti-Rat IgG2b (550327) were obtained from
eBioscience (San Diego, CA, USA) and BD Bio-
sciences (Bedford, MA, USA), respectively. TaqMan
gene expression assays were purchased from Applied
Biosystems (Waltham, MA, USA) for the following
genes: chemokine (C-C motif) ligand 24 (Ccl24,
Mm00444701_m1), chemokine (C motif) ligand 1
(Xcl1, Mm00434772_m1), and β-actin (Actb,
Mm00607939_s1). All other chemicals were reagent
grade and used without further purification.

SI contents. SI contents were determined using a
previously reported method.27)

Animals. Female BALB/c mice (6 weeks old; 15–
20 g body weight) were purchased from Japan SLC
(Hamamatsu, Japan). The mice were housed in a room
with a 12-h light and dark cycle and maintained at 25
± 2°C. The experimental design was in accordance with
the guidelines for animal experimentation and was
approved by the Animal Experimental Committee of
Kawasaki University of Medical Welfare (authorization
number 13-011) and Kawasaki Medical School (autho-
rization number 14-019).

Contact hypersensitivity test. The mice were
divided into four groups, which were fed F2PLD1 and
acidified water (negative control group, n = 3, and posi-
tive control group, n = 6), MF and acidified water (soy-
treated group, n = 6), or F2PLD1 and 0.1% Soy-
aflavone HG (SI-treated group, n = 6). The mice were
sensitized on days 0 and 1 by applying 50 μL of 0.5%
DNFB diluted in acetone/olive oil (4:1) on the shaved
abdominal skin. The animals were then challenged by

the application of 20 μL of 0.15% DNFB on the dorsal
side of both ears on days 5 and 12. The negative con-
trol mice were sensitized and challenged with vehicle
(without DNFB). The ear thickness of the mice was
measured using a soft touch micrometer (CLM1-
15QM, Mitutoyo, Tokyo, Japan). Ear swelling was cal-
culated as the difference in thickness before and after
challenge. All animal experimental procedures were
performed under anesthesia with sevoflurane (Maruishi
Pharmaceutical, Osaka, Japan).

Histological analysis. Ear tissues of mice were
harvested 24 h after the second challenge with DNFB
and fixed with IHC zinc fixative (BD Biosciences) for
24 h. Paraffin-embedded ear tissues were stained with
hematoxylin and eosin and subjected to immunohisto-
chemistry (IHC) analyses conducted using Ventana Dis-
covery® XT (Ventana Medical Systems, Tucson, AZ,
USA). The antibodies used were anti-mouse Gr-1 (dilu-
tion, 1:25) and secondary biotinylated mouse anti-rat
IgG2b (dilution, 1:25). Images were acquired using a
microscope (Axio Photo, Carl Zeiss AG, Oberkochen,
Germany).

Gene expression assay. Ear tissues of mice were
collected 24 h after the second challenge with DNFB.
Total RNA was extracted from the ear tissues using an
RNeasy Fibrous Tissue Mini Kit (Qiagen, Valencia,
CA). DNA microarray analysis was performed using a
GeneChip® Mouse Gene 2.0 ST Array (Affymetrix,
Santa Clara, CA, USA) by Filgen (Nagoya, Japan).
Total RNA was reverse transcribed using the ReverTra
Ace® qPCR RT Master Mix with gDNA remover (Toy-
obo, Osaka, Japan). Ccl24 and Xcl1 mRNA levels were
determined by real-time PCR on StepOnePlus™
(Applied Biosystems) according to the manufacturer’s
protocol using TaqMan gene expression assays and
THUNDERBIRD® probe qPCR mix (Toyobo). β-Actin
was used as a control for normalization, and the assays
were performed in triplicate. Fluorescence data were
analyzed using the StepOnePlus™ software and
expressed as Ct, the number of cycles needed to gener-
ate a fluorescent signal above a predefined threshold.

CCL24 enzyme-linked immunosorbent assay. Ear
tissues of mice were collected 24 h after the second
challenge with DNFB. CCL24 expression was deter-
mined using a mouse CCL24/Eotaxin-2 DuoSet®

ELISA development system (R&D Systems, Min-
neapolis, MN) according to the manufacturer’s instruc-
tion. Protein concentration was determined using the
Pierce™ BCA protein assay kit (Thermo Fisher Scien-
tific, Waltham, MA, USA). These assays were per-
formed in duplicate.

Statistical analysis. The data were represented as
the mean ± standard error of the mean (SEM). Statisti-
cal significance was calculated by one-way analysis of
variance (ANOVA), followed by Tukey’s post hoc
tests, using the Origin 8.5 software (OriginLab,
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Northampton, MA, USA). The data were considered
significant at p < 0.05.

Results
Isoflavone content and the concentration of

Soyaflavone HG for SI-treated mice
The isoflavone content in MF was 51.2 mg/100 g

(0.0512%); however, it was not detected in F2PLD1. In
contrast, Soyaflavone HG contained 54.4% SI. The
water intake by the mice was greater than their diet
intake. Thus, we chose 0.1% as the concentration of
Soyaflavone HG solution for SI-treated mice.

The suppressive effects of dietary soybean and SI on
DNFB-induced ear swelling

Generally, a CHS response is induced by application
of DNFB to the ear of DNFB-sensitized mice. The
degree of ear swelling correlates with the intensity of
effector response, and the swelling peaks 24–48 h after
the challenge.24) Thus, we examined the ear swelling
induced by DNFB challenge to evaluate the suppres-
sive effects of soybean and SI on CHS responses. The
sensitized mice were challenged with 0.15% DNFB on
days 5 and 12. The ear swelling was evaluated 24 h
after the second challenge (Fig. 1). Compared to that in
the positive control group (0.190 ± 0.009 mm), the soy-
treated (0.134 ± 0.004 mm) and SI-treated (0.144 ±
0.005 mm) groups showed reduced (29.5 and 24.2%,
respectively) ear swelling (p < 0.01 vs. the positive
control). These results indicated that CHS responses
were suppressed by oral feeding of soybean or SI.

Dietary soybean and SI inhibit edema and immune
cell infiltration in contact allergic ear tissue
We conducted histopathological analysis of the

inflamed ear tissues 24 h after the second challenge
with DNFB (Fig. 2). Prominent tissue edema and
increased numbers of infiltrating immune cells were
observed in the positive control mice compared to that
in the negative control mice. The ear swelling in the
soy- and SI-treated mice was lower than that in the
positive control mice. IHC analyses were conducted by
staining for Gr-1, a marker expressed by granulocytes
and monocytes, to determine the infiltration of myeloid
immune cells, which were recruited in large numbers to
the site of allergen challenge during the effector phase
(Fig. 3). The number of infiltrated Gr-1-positive cells
in contact allergic ear tissues decreased to a greater
extent in the soy-treated (212 ± 18 cells/mm2) and SI-
treated (230 ± 18 cells/mm2) groups than in the positive
control group (360 ± 33 cells/mm2). The number of Gr-
1-positive cells infiltrated into contact allergic ear tis-
sues in the soy- and SI-treated groups was decreased
with 41.1 and 36.1%, respectively, compared to that in
the positive control group. These results pointed toward
an anti-inflammatory role for soybean and SI in CHS.

Attenuating effects of dietary soybean and SI on the
secretion of cytokines
To clarify the mechanisms underlying the attenuation

of CHS in mice fed with soybean and SI, we used
DNA microarray analyses to examine the differences in
gene expression in the inflamed ear tissues 24 h after
the second challenge with DNFB in the soy-treated and
positive control mice. The comparison between the
soy-treated and positive control mice showed that the
cytokine genes Ccl24, Xcl1, Ifng, and Ccl17 were most
downregulated (Table 1). The gene expression of Ccl24
and Xcl1 was determined by real-time PCR (Fig. 4).
The gene expression of Ccl24 and Xcl1 in the soy- and
SI-treated groups was lower than that in the positive
control group, even though the gene expression of Xcl1
was not significantly different between the soy-treated
and positive control groups. We further examined
CCL24 protein production in the ear tissues via ELISA
(Fig. 5). CCL24 levels were significantly suppressed in
the soy- and SI-treated groups compared to those in the
positive control group. These results demonstrated that
oral feeding of soybean or SI reduced CCL24 secretion
in contact allergic ear tissues.

Discussion

The results of this study clearly demonstrated that
oral feeding of soybean or SI suppressed CHS.
Histopathological investigations of inflamed ear
revealed that soy and SI attenuated tissue edema and
reduced the number of infiltrating Gr-1-positive
immune cells. Our observations are in line with those
of reports showing that genistein suppressed DHS
response to hapten in mouse models.12,13) Verdrengh
et al. demonstrated that DHS response to oxazolone
was more significantly suppressed in genistein-treated
mice than in the control mice. Genistein treatment also

Fig. 1. Feeding mice with soybean and SI attenuates ear swelling
due to contact allergy.
Notes: BALB/c mice were fed either MF/acidified water (soy-trea-

ted group, n = 6), F2PLD1/0.1% Soyaflavone HG (soy isoflavone-
(SI) treated group, n = 6), or F2PLD1/acidified water (negative con-
trol group, n = 3, and positive control group, n = 6). Mice in each
group were sensitized (S) with 0.5% 2,4-dinitrofluorobenzene
(DNFB), and were challenged (C) with 0.15% DNFB. The negative
control mice were sensitized and challenged with vehicle. Ear thick-
ness was measured using a micrometer and ear swelling was calcu-
lated as the difference in ear thickness before and after the challenge.
(A) Experimental protocol. (B) Ear swelling 24 h after the second
DNFB challenge. NC, negative control group; PC, positive control
group; Soy, soy-treated group; SI, SI-treated group. Each value repre-
sents the mean ± SEM. Data are representative of 3 independent
experiments with similar results; **p < 0.01 vs. the positive control.

Inhibitory effect of soybean and SI on CHS 3

D
ow

nl
oa

de
d 

by
 [

U
ni

v 
di

 R
om

a 
T

or
 V

er
ga

ta
] 

at
 0

0:
35

 1
6 

M
ar

ch
 2

01
6 



Fig. 2. Histopathological images of DNFB-challenged mouse ears.
Notes: Mice were sensitized and challenged as described in Fig. 1. Ear tissues were collected 24 h after the second challenge and fixed with zinc

for 24 h. Paraffin-embedded ear tissue sections were stained with hematoxylin and eosin. (A) Negative control. (B) Positive control. (C) Soy-trea-
ted. (D) Soy isoflavone- (SI) treated. Scale bars, 500 μm.

Fig. 3. Feeding mice with soybean and SI inhibits the infiltration of myeloid immune cells.
Notes: Paraffin-embedded ear tissue sections were prepared as described in the figure legend of Fig. 2. These sections were immunohistochemi-

cally (IHC) stained with an anti-Gr-1 antibody. IHC-stained ear tissue images of (A) positive control, (B) soy-treated, and (C) soy isoflavone-(SI)
treated mice. Gr-1-positive cells were stained dark-brown and cell nuclei were stained blue with hematoxylin. Scale bars, 200 μm. (D) The number
of Gr-1-positive cells infiltrating into ear tissues. PC, positive control group; Soy, soy-treated group; SI, SI-treated group. Each value represents the
mean ± SEM of measurements from 6 mice each. Data are representative of 2 independent experiments with similar results; **p < 0.01 vs. the posi-
tive control.
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led to a decrease in the levels of oxazolone-specific
IgG.12) In another study, Yellayi et al. reported that
genistein suppressed DHS response to NP-O-SU in
ovariectomized mice.13) There was a 46–67% decrease
in the DHS response in the footpads of mice injected
8–80 mg/kg genistein compared to that in the controls.
Histopathological examination of their feet revealed
lower cell infiltration in genistein-treated mice than in
the controls, together with a reduction in the numbers
of CD4+ and CD8+ T cells in the popliteal lymph
nodes. The effects of genistein are mediated through
both estrogen receptor (ER) and non-ER pathways.13)

In this study, however, we used a mixture of SIs and
not genistein. High total isoflavone serum concentra-
tions were observed in adult mice that were fed com-
mercial rodent diets formulated with soy protein (mean
values: 1,212–2,388 ng/mL). The bacterially derived
metabolite equol was the major isoflavone identified in
the serum of these mice, and accounted for 90–97% of
the total serum isoflavones.26) In addition, soybean con-
tains several other phytochemicals such as saponins,
sterols, and lignans.28) Therefore, further investigation
of SI isomers and other soybean phytochemicals is
warranted.

Some of the mechanisms underlying the immune-
regulatory effects of soy and SI could be attributed to
the attenuation of cytokines and chemokines. In this
study, DNA microarray analysis showed that the gene
expression of Ccl24, Xcl1, Ifng, and Ccl17 was down-
regulated to a higher extent in the soy-treated group
than in the positive control group. In addition, CCL24
mRNA and protein expression were more highly sup-
pressed in the soy- and SI-treated groups than in the
positive control group. CCL24 (eotaxin-2) is a cytokine
belonging to the CC chemokine family. CCL24 inter-
acts with chemokine receptor CCR3 to induce chemo-

taxis in eosinophils.30) CCL24 has a dominant role in
promoting airway eosinophilia, even though recruitment
of eosinophils to the lungs of mice during an allergic
response is regulated by both CCL11 (eotaxin) and
CCL24.30) Transgenic co-expression of CCL24 and IL-
5 within the airway leads to chronic eosinophil-associ-
ated lung damage as observed in severe asthma.31) Dur-
ing airway responses or upon IL-4 overexpression,
CCL24 is significantly upregulated.32) In contrast, when
the expression of chemokine genes at the elicitation site
of trinitrochlorobenzene-induced CHS was examined in
BALB/c mice, of the 33 genes analyzed, including
Ccl11 and Ccl24, Ccl11 and Ccl24 were not among the
11 genes showing altered expression levels.33) In the
present study, however, the gene expression of Ccl24
was detected in DNA microarray analysis. CCL24
mRNA and protein production were also more highly
suppressed in soy- and SI-treated groups than in the
positive control group. Therefore, unlike in mouse
models of allergic asthma, the role of CCL24 in CHS
remains unknown.
Eosinophils are key effector cells in the pathogenesis

of allergic inflammation.29) In this study, feeding mice
with soybean and SI reduced the number of infiltrating
Gr-1-positive immune cells. Several reports have docu-
mented the effects of SI on eosinophils. For example,
oral administration of SI and genistein significantly
reduced ovalbumin-induced airway hyper-responsive-
ness (AHR) and inhibited eosinophil infiltration in
mouse models of allergic asthma. The potency of 100
mg/kg SI on AHR inhibition was similar to that of
genistein at a dose of 30 mg/kg. Furthermore, SI and
genistein suppressed ovalbumin-induced mRNA expres-
sion of Ccl11.16) In another study, genistein inhibited
eosinophil LTC4 synthesis in ex vivo cultures of eosino-
phils derived from patients with allergic asthma by
blocking the activation of 5-lipoxygenase. In patients
with asthma, dietary SI supplementation reduced eosi-
nophil LTC4 synthesis and eosinophilic airway inflam-
mation.17)

Most commercial rodent diets contain high amount
of SIs because of the inclusion of soy protein in the
formulations. Brown and Setchell reported an average
of 39.4–82.9 mg/100 g total SI in widely used commer-
cial chows.26) In this study, we used 2 commercial
chows: MF and F2PLD1. The MF diet is one of the
most widely used commercial chows formulated with

Table 1. Cytokine genes downregulated in the soy-treated mouse
compared with the positive control as determined by DNA microarray
analysis.

Cytokine Gene symbol Ratio

Chemokine (C-C motif) ligand 24 Ccl24 0.59
Chemokine (C motif) ligand 1 Xcl1 0.68
Interferon-γ Ifng 0.70
Chemokine (C-C motif) ligand 17 Ccl17 0.71

Fig. 4. Effect of feeding mice with soybean and SI on Ccl24 and Xcl1 mRNA expression.
Notes: Mice were sensitized and challenged as described in Fig. 1. Ear tissues of mice were collected 24 h after the second challenge. Expression

of Ccl24 and Xcl1 mRNA levels were determined by real-time PCR. Actb (β-actin) was used as a control for normalization. (A) Ccl24 mRNA
expression. (B) Xcl1 mRNA expression. PC, positive control group; Soy, soy-treated group; SI, soy isoflavone- (SI) treated group. Each value
represents the mean ± SEM of measurements from groups of six mice each; *p < 0.05 vs. the positive control.
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soy protein. While the total SI concentration of MF
was 51.2 mg/100 g, SI was not detected in F2PLD1.
The measured average daily food intake in our study
was 1.9 g per mouse; hence, 0.97 mg of SI was con-
sumed each day via the MF diet. Consequently, each
mouse was exposed to approximately 49 mg SI/kg
body weight/day. For comparison, SI intake, although
variable across populations, ranges from 30 to
40 mg/day in Asian adults (samples collected from var-
ious parts of Japan and Shanghai).34) These results
indicate that the SI intake by the mice used in the pre-
sent study was relatively high, but was not physiologi-
cally relevant when compared to human SI intake.
However, we showed that soybean in MF suppressed
CHS and that this could mainly be attributed to its SI
content. Currently, we are investigating the inhibitory
effects of SI on CHS at lower doses.

In summary, our data provide evidence that feeding
mice with soybean and SI attenuates CHS and down-
regulates CCL24 mRNA and protein production. These
results suggest that SI consumption may have a thera-
peutic effect in ACD. Further research will be directed
toward testing the beneficial effects of SI on ACD in
human subjects. Development of new therapeutic
approaches for ACD is of significant importance to
public health, and our results could have wide implica-
tions for the development of future treatment strategies
of ACD.
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