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Abstract. Bacillus Calmette-Guerin extract (BCGE) has been
proven to be clinically effective for anaphylactic disease, infec-
tious diseases and cancer. In this study, we investigated the
effect of the intramuscular application of BCGE on 2.4-dini-
trochlorobenzene (DNCB)-induced atopic dermatitis (AD).
We established an AD model in BALB/c mice by repeated
local exposure of DNCB to the ear and dorsal skin. Following
intramuscular application of BCGE, the ear thickness, mast
cell infiltration, serum total immunoglobulin E (IgE) and
histamine level were measured. In addition, levels of inter-
leukin (IL)-4, IL-13, interferon (IFN)-y and tumor necrosis
factor (TNF)-a in the ears were assayed. BCGE reduced
AD symptoms based on ear thickness, dermatitis score,
histopathological analysis and serum IgE levels. In addition,
BCGE inhibited mast cell infiltration into the ear and eleva-
tion of serum histamine, increased IFN-vy level and suppressed
IL-4,1L-13 and TNF-a levels in the ears. Furthermore, BCGE
attenuated the NF-xBp65 expression in the nuclear extract of
the ear tissue. Taken together, our results demonstrated that
intramuscular application of BCGE exerts beneficial effects on
the symptoms of AD suggesting that BCGE may be a candi-
date for the treatment of AD.

Introduction

Atopic dermatitis (AD) is a chronic, incurable, immune disease
characterized by a relapsing course. Although the etiology of
AD has not been fully described, genetic and environmental
factors are believed to contribute to the underlying pathogenic
mechanisms. AD is a biphasic inflammatory skin disease that
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is provoked by an imbalance between T-helper (Th) 1 and
Th2 immune responses. In particular, AD has been associated
with the Th2 phenotype in which interleukin (IL)-4, IL-5, and
IL-13 secretion and Th2-type cytokine-mediated IgE produc-
tion are dominant (1). In addition, the accumulation of large
numbers of eosinophils, mast cells and dendritic cells (DCs)
has been observed in the epidermis and the dermis of patients
with AD (2).

Numerous therapeutic trials have been performed in
order to improve the symptoms of AD but with limited
success. These include the prevention of Th2 responses,
the enhancement of Thl responses and the reduction of IgE
concentration (3). Topical glucocorticoids are important
and effective remedies for the treatment of AD. It is well
established, however, that the prolonged use of a high dose of
glucocorticoids causes a variety of side effects (4). Therefore,
there is a great need for the development of new and effective
therapies for AD.

Bacillus Calmette-Guerin extract (BCGE), including
mainly lipopolysaccharide (77.8%) and nucleic acid (16.67%),
is extracted from Bacillus Calmette-Guerin (BCG) by
phenol. Lipopolysaccharide in BCGE is the main component
of the cell wall in BCG, which is able to bind with toll-like
receptors on the surface of dendritic cells, promoting the
maturation of dendritic cells and secretion of 1L-12, which
causes the transformation from TO to T1 and secretion of
IFN-v (5). The toll ligand in cell walls of BCG is able to
bind to toll-like receptors and then promote the maturation
of DCs and the secretion of IL-12, which causes the trans-
formation of TO to T1 and the secretion of IFN-vy (5). There
is a rich CpG sequence in the genomic DNA of BCG, which
is also named the immunostimulatory DNA sequence and is
able to activate numerous immune effector cells. Yamamoto
et al (6) demonstrated for the first time that DNA from
Mycobacterium bovis (M.bovis) BCG activated natural killer
(NK) cells and enhanced IFN-y production in mice. They
also determined several sequences of 30-mer oligonucle-
otides that most potently augment the secretion of IFN-vy
and NK activity (7). Fujieda et al (8) demonstrated that the
DNA fraction purified from M. bovis BCG inhibited IgE
production and enhanced production of IFN-y and IL-12 in
human peripheral blood mononuclear cells from normal and
atopic donors. It may be assumed that the DNA fraction in
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the nucleic acid of BCGE was crucial for the relief of atopic
symptoms by inhibiting IgE production. Recently, BCGE
has been proven clinically effective for anaphylactic disease,
infectious diseases and cancer in China (9). However, the
effect of BCGE on AD was not elucidated. In the present
study, we examined the effect of BCGE on AD lesions using
the BALB/c model. Assessment was made by measuring
ear thickness, histopathological changes including mast cell
count, cytokine levels in the ear tissue, serum total IgE and
histamine levels.

Materials and methods

Animals. Eight-week-old female BALB/c mice were
purchased from the Center of Experimental Animals of the
China Medical University (Shenyang, Liaoning, China) and
all the procedures were performed in accordance with the
NIH Guide for the Care and Use of Laboratory Animals (10).
All animal experiments were performed in accordance with
the Institutional Animal Ethics Committee and Animal Care
guidelines for experimental animals at the China Medical
University.

BCGE and reagents. BCGE was purchased from Wanma
Pharmaceutical Co. Ltd. (Zhejiang, China), containing
14.663% nucleic acid, 10.005% water, 0.782% calcium, 0.270%
inorganic phosphorus, 61.145% polysaccharides, 0.005%
protein and 0.558% potassium. The extract was dissolved in
saline for the experiments. DNCB was purchased from Sigma
Chemical Co. Ltd. (St. Louis, MO, USA) and was dissolved in
acetone/olive oil (1:3) solution.

Induction of dermatitis. Induction of AD was performed by
using DNCB, as previously described (11), with minor modifi-
cations. The schematic experimental procedure was described
in Fig. 1A. A total of 50 ul 1% DNCB was applied to the outer
and inner surfaces of mouse ears and 100 ul of the same solu-
tion was applied to shaved dorsal skin on day 1 and 3. Then the
same dose of 1% DNCB was applied once a week alternatively
for 3 weeks.

Group and treatment. Mice were randomly divided into four
groups: control group without DNCB application; AD group
with DNCB application; 25 ug/kg BCGE-treated group with
25 ug/kg BCGE intramuscular administration and DNCB
application; 75 ug/kg BCGE-treated group with 75 pg/kg
BCGE intramuscular administration and DNCB application.
The BCGE powder was dissolved in saline for intramuscular
application. The same volume of saline was applied to the
control and AD group instead of BCGE solution. On day 7,
BCGE was intramuscularly applied every other day for
3 weeks. Following the last application of BCGE, the mice
were sacrificed to investigate immunological and histological
changes.

Ear thickness and clinical score of dermatitis severity. Ear
thickness was measured twice a week using a micrometer
(Mitutoyo Corporation, Kanagawa, Japan). The severity
of dermatitis on the ear and back regions was evaluated
twice a week. The development of i) erythema/hemorrhage,
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ii) scarring/dryness, iii) edema and iv) excoriation/erosion
was scored as O (none), 1 (mild), 2 (moderate) or 3 (severe).
The sum of the individual scores comprised the dermatitis
score (12).

Histological observation. Ear samples were obtained 24 h
following the final application of BCGE fixed in 10% buffered
formalin, embedded in paraffin and sectioned at 4 ym. For
pathological observation, skin sections were stained with
hematoxylin and eosin (H&E). For the measurement of mast
cell infiltration, skin sections were stained with toluidine
blue and the number of mast cells in five sites was selected at
random and counted.

Measurement of serum total IgE and histamine levels. Serum
concentrations of IgE and histamine were determined by an
IgE ELISA kit (Shibayagi Co., Ltd., Shibukawa, Japan) and
histamine ELISA kit (Oxford Biomedical Research, Rochester,
MI, USA), respectively, according to the manufacturer's
instructions.

Measurement of cytokine levels in the ear. Tissue homog-
enate supernatant was acquired as previously described (13).
Cytokine levels of IL-4, IL-13, IFN-y and TNF-a in the ear
were determined by an ELISA kit (R&D Systems, Wiesbaden,
Germany) according to the manufacturer's instructions.

Measurement of NF-kBp65 expression in the nuclear extract
of the ear tissue. Nuclear proteins were extracted from the
ear tissue using a nuclear protein extraction kit (Beyotime
Biotechnology, Jiangsu, China). NF-kB p65 expression in the
nuclear extract was detected by western blotting.

Statistical analysis. Data are presented as the means + SD.
Comparisons of more than two groups were made with a
one-way analysis of variance ANOVA followed by Dunnett's
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Effects of BCGE on DNCB-induced atopic dermatitis. As
shown in Fig. 1B-D, repeated topical application of DNCB
significantly increased ear thickness and dermatitis in
BALB/c mice compared with the control group. However, the
application of BCGE reduced the DNCB-induced dermatitis
(dermatitis index and ear thickness) since day 14 following
DNCB application in a dose-dependent manner. Furthermore,
histopathological data demonstrated that excessive inflamma-
tory cells in the dermis were observed in the mice of the AD
group. However, the application of BCGE reduced DNCB-
induced inflammatory cell infiltration in a dose-dependent
manner. These results indicated that BCGE suppressed the
DNCB-induced dermatitis in a dose-dependent manner.

Effect of BCGE on mast cell infiltration, serum total IgE and
histamine levels in the ear. To further investigate, we assessed
the effects of BCGE on the infiltration of mast cells, an impor-
tant effector cell and source of histamine involved in AD, into
the ears. As shown in Fig. 2A and B, the infiltration of mast
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Figure 1. Effects of BCGE on the development of DNCB-induced AD in BALB/c mice. (A) Experimental schedule for the induction of dermatitis.
(B) Histopathological features of skin lesions. (C) Dermatitis score was assessed using the criteria described in the materials and methods section. (D) Ear
thickness was measured with a dial thickness gauge. Values are expressed as the means + SD. “P<0.05 vs. control group. 'P<0.05 vs. AD group. BCGE, Bacillus
Calmette-Guerin extract; DNCB, 2 4-dinitrochlorobenzene; AD, atopic dermatitis.

A

=]

Ig E (ng/ml)

Histamine (ng/ml)

60
40
20
0 ) .

Mast cell number

3001
2501
2001
150
1001

50

iEE N
Q‘ﬁ%

¥
<
QG

s

Figure 2. Effect of BCGE on mast cell infiltration, serum total IgE and histamine levels in BALB/c mice. (A) Ear sections were stained with toluidine blue.
(B) The number of mast cells in five sites selected at random was counted with a microscope at a magnification of x200. (C) Levels of IgE and (D) histamine
were measured in serum obtained from animals. The detailed experimental procedure is described in the materials and methods section. Values are expressed
as the means + SD. ”P<0.05 vs. control group. ‘P<0.05 vs. AD group. BCGE, Bacillus Calmette-Guerin extract; IgE, immunoglobulin E; AD, atopic dermatitis.
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Figure 3. Effects of BCGE on cytokine levels in the ear. Levels of IL-4, IFN-y, IL-13 and TNF-a were measured in ear biopsy homogenates. The detailed
experimental procedure is described in the materials and methods section. Values are expressed as the means + S.D. “P<0.05 vs. control group. 'P<0.05 vs. AD
group. BCGE, Bacillus Calmette-Guerin extract; IL, interleukin; TNF-a, tumor necrosis factor-o; IFN-y, interferon-y; AD, atopic dermatitis.

cells induced by DNCB was suppressed by BCGE treatment.
As shown in Fig. 2C and D, the level of IgE in the AD group was
significantly higher than those in the control group (P<0.05).
BCGE reduced the level of IgE in a dose-dependent manner.
Similarly, the histamine level in the AD group increased
compared with those in the control group, whereas the levels
in the BCGE-treated group decreased compared with those
in the control group. These results demonstrated that treat-
ment with BCGE prevented the development of dermatitis in
BALB/c mice.

Effects of BCGE on cytokine levels in the ear. In order to gain
better insights into the molecular mechanisms involved in the
effect of BCGE on AD, IL-4, IL-13, IFN-y and TNF-a were
measured in ear biopsy homogenates of BALB/C mice. The
level of IL-4, IL-13 and TNF-a in the AD group was higher
than those in the control group (P<0.05), while the level of
IFN-v did not change significantly (P>0.05), the intramus-
cular application of BCGE markedly reduced DNCB-induced
increases in IL-4, IL-13 and TNF-a, while it elevated the
IFN-vy level in a dose-dependent manner (Fig. 3).

Effects of BCGE on NF-kBp65 expression in the nuclear
extract of the ear tissue. Treatment of BCGE significantly
downregulated the expression levels of IL-4,IL-13 and TNF-a
(Fig. 3). Since NF-«kB is one of the most common transcription
factors involved in the expression of those cytokines (14,15),
we tested whether BCGE treatment is capable of reducing
the NF-kBp65 expression in the nuclear extract of ear tissue
by western blotting. Indeed, BCGE treatment significantly
downregulated the NF-kBp65 expression in a dose-dependent
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Figure 4. Inhibition of NF-kBp65 expression in the nuclear extract of ear tissue
by BCGE. The level of nuclear NF-kBp65 in the ear tissue of AD mice was
measured by mouse anti-p65 antibody. The expression level of lamin B was
used as a loading control. The detailed experimental procedure is described in
the materials and methods section. Values are expressed as the means + SD.
"P<0.05 vs. control group. "P<0.05 vs. AD group. BCGE, Bacillus Calmette-
Guerin extract; AD, atopic dermatitis; NF-xB, nuclear factor-kB.

manner (Fig. 4). Data indicated that BCGE downregulated
the levels of IL-4, IL-13 and TNF-a, which may be due to
downregulation of NF-kBp65 expression.
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Discussion

In the present study, we investigated the effect of BCGE on a
DNCB-induced AD model in BALB/c mice. We demonstrated
that typical AD was observed by the repeated alternative
application of DNCB. Ear swelling and eczematous skin
lesions were observed, and serum total IgE was increased.
Histopathological analysis also revealed the infiltration
of leukocytes, particularly mast cells, into the AD region.
Intramuscular application of BCGE significantly inhibited
these AD symptoms revealing the beneficial effect of BCGE
on AD.

Mast cells are known as key effector cells in IgE-mediated
allergic disorders and are activated by the cross-linking
of a high affinity IgE receptor. Upon activation, mast cells
undergo degranulation and release a variety of biologically
active substances, which play an important role in host
defense and allergic reactions, including AD. Among the
immune mediators released from the mast cells, histamine
is one of the best characterized and most potent (16,17). In
patients with AD, increases of histamine levels have been
observed (18).

Infiltration of mast cells into the dermis is a necessary
factor in order to define an appropriate animal model for
AD (19). In the present study, we demonstrated that repeated
treatment of DNCB resulted in mast cell infiltration into the
dermis in the ear, suggesting that the animal model of AD
used in this study satisfied AD conditions. Intraperitoneal
application of BCGE significantly suppressed the infiltration
of mast cells in the skin lesions of the AD mice and serum
histamine release, suggesting that the activation and migration
of mast cells may be a target of BCGE in AD.

Mast cell activation and histamine release are tightly regu-
lated by IgE from B cells and serum IgE levels are elevated
in proportion to the development of AD (19-21). In our study,
DNCB-induced serum total IgE levels were reduced by BCGE.
From these results, we assume that BCGE alleviates AD
lesions through the inhibition of IgE production. IgE synthesis
by B cells is regulated by Th2 cytokines, particularly IL-4 and
IL-13. In humans, overproduction of IL-4 is a critical factor in
AD development (22). Sensitization to an allergen reflects the
allergen's ability to elicit a Th2 cell response, in which IL-4
and IL-13 drive IgE production by promoting class-switch
recombination in B cells (17). In our results, BCGE decreased
IL-4 and IL-13, which are important in isotype switching to
IgE. These results imply that BCGE is capable of reducing
serum IgE by suppressing the Th2 response, in particular the
production of IL-4 and IL-13.

The production of pro-inflammatory cytokines, particu-
larly TNF-a, by epidermal cells, is one of the key events in the
initiation of AD (23). TNF-a produced at the initiation stage
of AD induces the production of various chemokines/adhesion
molecules, which causes the recruitment and proliferation of
leukocytes within the skin. BCGE is known to possess anti-
inflammatory activities (24,25). We previously demonstrated
that the production of TNF-a was inhibited by BCGE in acti-
vated human mast cells (26). Therefore, we hypothesize that
the inhibitory effect of BCGE on leukocyte infiltration in our
AD model may be mediated by the blocking of TNF-a and
downstream chemokines/adhesion molecules.
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The NF-kB transcription factor is important in a number
of cellular processes, particularly in inflammation and tumor
development. NF-kB is normally sequestered in the cytoplasm
by a family of inhibitory proteins known as inhibitors of kB
(IxkB). A wide variety of stimuli cause the phosphorylation of
IxBa, which is followed by its ubiquitination and subsequent
degradation. The loss of IkBa results in the release of the free
NF-«B unit p65, which translocates from the cytoplasm to the
nucleus, where p65 induces the expression of numerous pro-
inflammatory molecules (27). In our study, BCGE attenuated
the expression of nuclear NF-kBp65 in the ear, which may
explain its inhibitory effect on levels of cytokines, however,
additional evidence is required.

In conclusion, the present study demonstrates that the
intramuscular application of BCGE inhibits the develop-
ment of DNCB-induced AD symptoms in BALB/c mice.
The inhibitory effect of BCGE was mediated by inhibiting
histamine release, the production of IgE and the level of IL-4,
IL-13 and TNF-a, while increasing the level of IFN-y. The
underlying mechanism of the therapeutic effect of BCGE is
mainly mediated by a reduction of NF-kBp65 transactivity.
Our results suggest that BCGE may be a potential therapeutic
candidate for AD.
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