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Abstract

The use of lactic-acid bacteria (LAB) is effective for preventing and curing immune disorders by activating the immune

system in the digestive tract and the consequent immune response in the blood. In this study, LAB and mixed LABs were

used in an atopic dermatitis (AD) mouse model. Alleviation of AD was observed based on the change in cytokine level and

immunohistochemical staining. An ex vivo test showed that immunoglobulin-E and interleukin (IL)-4 levels were signifi-

cantly lower in all groups treated with LAB than in the group treated with only 1-chloro-2,4-dinitrobenzene. Results of an

in vivo test based on the ex vivo results showed that the scratch score decreased in all groups treated with the LAB and par-

ticularly decreased in the group treated with mixed LABs. Additionally, the T helper (Th) 1 cytokines interferon-gamma and

IL-12p40 were upregulated by the LAB and mixed-LABs, whereas levels of the Th2 cytokine IL-4 were downregulated in

a mouse model of AD-like skin lesions. Furthermore, hematoxylin & eosin and immunohistochemical staining of the dorsal

area of the mice in each group showed that AD improved in the LAB-treated groups. These results suggest that LAB and

mixed LABs inhibit the development of AD in NC/Nga mice by suppressing the Th2 cell response and increasing the Th1

cell response. Our results indicate that mixed LABs are better than LAB for treating AD-like skin lesions.
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Introduction

Atopic dermatitis (AD) is a chronic or recurrent inflam-

matory skin disorder (Leung et al., 2003). AD affects

mainly infants and young children, and its prevalence is

increasing rapidly in the world (Mancini et al., 2008).

Furthermore, AD is not only a skin disorder but is also a

signal of allergic march, such as allergic asthma or rhini-

tis (Ker et al., 2009). The accurate pathophysiology of

AD, however, has not yet been defined. Until now, it is

known to be a multifactorial disease involved with genetic

susceptibility, an immune response to increased antigens

by the impaired skin and the gut barrier function, and the

product of a certain lifestyle (e.g., dietary habits) and of

the environment (Wakabayashi et al., 2008). It is not easy

to cure AD, and it is necessary to manage some of its

modifiable risk factors and to modulate the immune reac-

tions to it.

Also, various immunologic disturbances have been re-

ported in atopic patients. Their related skin lesions showed

excessive production of IL-4, IL-5, IL-9, IL-10, and IL-

13 by the Th2-cell-mediated immune response (Kay et al.,

1991; Ohmen et al., 1995; Tazawa et al., 2004). Moreover,

AD is related to elevated serum IgE levels and to the

decreased production of IL-12 and IFN-γ by the Th1

immune reaction (Lester et al., 1995; Rosenfeldt et al.,

2003).

Lactic acid bacteria (LAB) are emerging as useful sup-

plements for AD. It is reported that some LAB strains,

such as Lctobacillus rhamnosus, Lactobacillus reuteri,

Bifidobacterium bifidum, Bifidobacterium lactis, and Lac-

tobaccilus acidophilus, are effective in the treatment of

AD in children (Kalliomaki et al., 2001; Rousset et al.,

1991). LABs are a primary prevention in infants at high

risk of AD (Kim et al., 2010). However, AD is not yet

consistent (Brouwer et al., 2006; Folster-Holst et al.,

2006; Taylor et al., 2007). It was also reported that this

effect may depend on the kind of LAB strain used (Wak-

abayashi et al., 2008).

NC/Nga mice originated from Japanese fancy mice at

Nagoya University (Nagoya, Japan) in 1957. They develop

AD-like skin lesions and IgE hyperproduction under con-

ventional conditions with itching, erythema, and hemor-

rhage, followed by edematous superficial erosion, deep
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excoriation, scaling, dryness of the skin, and retarded

growth (Vestergaard et al., 2000; Matsuda et al., 1997).

These pathophysiologic observations in AD of NC/Nga

mice highly resemble those in human AD, so this strain

of mouse has been considered a useful animal model to

study pathologic mechanisms of human AD (Suto et al.,

1999).

In the present study, the immune responses and cytok-

ine expressions of several LAB strains (Lactobacillus

casei, Lactobacillus rhamnosus, Lactobacillus plantarum,

and Bifidobacterium lactis), respectively, and a mixture

of 1-chloro-2,4-dinitrobenzene (DNCB)-treated whole

blood cells were investigated through an in-vitro test, and

the beneficial effects of such LAB strains were examined

using NC/Nga mice on which DNCB was repeatedly

applied cutaneously, which are suitable models for AD.

Furthermore, the action mechanism of LAB in the treat-

ment of AD was elucidated.

Materials and Methods

LAB samples and reagents

The Lactobacillus casei (LC), Lactobacillus rhamnosus

(LR), Lactobacillus plantarum (LP), and Bifidobacterium

lactis (BL) that were used (108 CFU/head) and orally

administered once daily in this study were cultured from

the CELLBIOTECH Co. culture collection (Korea). The

LAB was isolated with a separator. The 1-chloro-2,4-dini-

trobenzene (DNCB) was purchased from Sigma (USA)

and was used after recrystallization with acetone.

Ex-vivo test

The whole blood cells obtained from normal NC/Nga

mice were mixed at a ratio of 1:5 in IEME media (2 nM

glutamax, 10% FBS, 50 µmol betamercaptoethanol, 0.1%

penicillin-streptomycin complex, pH 7.4, Gibco). Fifty

microliters of whole blood cells were placed in the pre-

pared 150-µL IMEM media (10% FBS, 0.1 penicillin-

streptomycin complex, pH 7.4) in each well of a 96-well

plate, and were then cultured for 24 h in a 5% CO
2
 incu-

bator. The whole blood cells were dropped (50 µL in each

well) in an atopic environment created by adding 3 µg/

mL DNCB in a solution of acetone and ethanol mixed at

a ratio of 1:4, after which the cells were incubated for 12

h. One µg/mL-LAB-sample-treated whole blood cells

were also incubated for 12 h, and supernatants were used

for measurement after centrifuging at 1,000 rpm at 4oC

for 10 min. After the supernatant was obtained in the

whole-blood-cell culture test, the levels of IgE (Mouse

IgE ELISA Kit, BD Bioscience) and IL-4 (Mouse IL-4

Immunoassay ELISA Kit, R&D Systems) were mea-

sured.

Animals and induction of AD-like skin lesions

Eight-week-old male NC/Nga mice were purchased from

Central LAB Animal Inc. (Korea) and were acclimatized

for one week, with free access to water and a basic diet

consisting of AIN-76A. They were housed in an air-con-

ditioned room whose temperature was maintained at

24±1°C and with 55±10% humidity and lighting (lights

on from 07:00 to 19:00). All the animal procedures and

experiments that were conducted were in accordance with

Guidelines for Animal Experiments (CBTA-005). The

mice were anesthetized with ether, and their back hair

was shaved with a clipper and a shaver. AD-like skin

lesions were induced by sensitization to and repeated

challenge with DNCB. Briefly, to induce AD, the mice

were treated with a 0.5% DNCB solution six times in two

weeks, after which they were treated with a 1% DNCB

solution four times in two weeks. The DNCB solution

was manufactured by adding DNCB to acetone:olive oil

at a ratio of 3:1. During the experiment, the body weight

changes were measured two times per week for six wk.

After three mice were randomly chosen from a group and

were transferred to a new cage, the numbers of times that

they scratched were counted for 10 min and were then

averaged.

Collection of tissue samples

The mice were etherized after 12 h starvation, and their

colons and lymph nodes were extracted. Each colon was

cut into three pieces, and the piece that was farthest from

the cecum was sliced for the observation of the mucosa.

The lymph node and the colon tissues were washed three

or four times with PBS at 0oC, and were then stored at

-70oC until use. The tissue samples for H&E staining

were fixed in a 10% formalin solution and were then

stored at 4oC.

Biochemical serum analysis

Blood was collected from the heart under ether anesthe-

sia, and plasma was immediately prepared via centrifuga-

tion and then stored at -20oC until use. The plasma levels

of IgE, IL-4 (Mouse IL-5 Immunoassay ELISA Kit, R&D

Systems), IL-12 (Mouse IL-12 p70 Immunoassay ELISA

Kit), and IFN-gamma (Mouse IFN Immunoassay ELISA

Kit) were measured ten times via dilution, and the plasma

levels of immunoglobulin G (IgG) were measured using a
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Luminex® 100TM instrument set (Komabiotech, Seoul,

South Korea).

Microscopic observation

For the preparation of the skin samples for pathological

examination, the skin tissue with AD was cut off, fixed in

10% formalin for 24 h, and washed with water. The tissue

was dehydrated in alcohol (for 1 h each in 70, 80, 90, and

100%) and xylene (3 steps, 1 h for each step), and was

embedded into paraffin. The paraffin block was sliced at

7 µm thickness, stained with hematoxylin-eosin (H&E),

and observed with a microscope. The tissue was also im-

munohistochemically stained with anti-IL-4 antibody (1:

50 dilution; Santacruz Biotechnology, Inc., CA, USA)

and diaminobenzidine (DAB, 2-min colorization), and

was examined under a microscope.

Statistical analysis

The data were processed with Graphpad PrismTM 5.0,

and the statistical parameters, mean value, and standard

deviation in a group were calculated and compared with

those from other groups. The significance was determined

via ANOVA (p<0.05).

Results

Ex-vivo assay of the change in the cytokine level

From the NC/Nga mice with AD, whole blood was col-

lected and cultured. The cultured whole blood was treated

with either LAB or mixed LAB, and the changes in the

IgE and IL-4 levels in the culture were observed. The IgE

level significantly decreased in all the groups treated with

LAB or mixed LAB compared with the groups with AD,

and in particular, in the LAB-treated groups, it decreased

to a level close to the normal level (Fig. 1A). As such,

although the level of IL-4 that induces the synthesis of

IgE was significantly lower in the LAB-treated groups

than in LAB-untreated groups, it was not considerably

different between the groups treated with LAB and those

treated with mixed LAB (Fig. 1B). 

Improvement of the scratch score through the oral

administration of LAB

Either LAB or mixed LAB was orally administered to

the NC/Nga mice with DNCB-induced AD for six weeks.

Then gross examination for dermatitis was performed,

and the scratch scores were measured. When LAB was

administered during the experiment period, no decrease

in body weight due to LAB or to the stress resulting from

the oral administration of LAB was observed. 

The scratch score, an indicator of AD, was constantly

high in the positive control whereas it significantly decreased

in all the groups treated with LAB. Among the LAB-

treated groups, that to which mixed LAB was adminis-

tered showed the largest decrease in scratching (Fig. 2A).

In addition, the gross examination of the inflammation in

each group after the completion of the experiment showed

that the level of inflammation in all the LAB-treated groups

decreased to a level close to that of the normal group

(Fig. 2B).

Changes in the serum cytokine levels due to the

oral administration of LAB

Both the scratch scores and the gross examination

results showed that the serum cytokine levels in the NC/

Nga mice changed based on the alleviation of AD. The

levels of both IgE and IL-4 decreased more in the LAB-

treated groups than in the LAB-untreated groups, and par-

Fig. 1. Effects of various LAB strains on IgE (a) and IL-4 (b) secretion from the DNCB-treated whole blood cells in vitro. Whole

blood cells were prepared from NC/Nga mice. IgE and IL-4 levels were measured by ELISA. The results are expressed as means

± SD (n=5). *p<0.05 vs. (+) control. LAB, lactic acid bacteria; LC, Lactobacillus casei; LR, Lactobacillus rhamnosus; LP, Lacto-

bacillus plantarum; BL, Bifidobacterium lactis
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ticularly decreased more in the mixed-LAB-treated group

than in the other groups (Fig. 3).

The measurement of the levels of IL-12 and IFN-gamma,

both of which are Th1-related cytokines that inhibit the

expression of IL-4, a type of cytokine related with Th2,

revealed that the IL-12 level was lower in the positive

control than in the negative control. In contrast, the IL-12

level significantly increased in all the LAB-treated groups,

and was similar to that of the groups in which AD was

not induced.

Similar to IL-12, IFN-gamma also increased. Although

the significantly increased IL-12 level in the LAB-treated

groups became close to that of the negative control, the

IFN-gamma level increased in all the LAB-treated groups,

Fig. 2. Photographs of skin features and scratch score in NC/Nga mice. A: Changes of the scratch score on DNCB-induced AD-like

skin lesions in NC/Nga mice. The mice were fed respectively the LAB mixture, LC, LR, LP and BL for 6 wk. Scratch score on

facial and back skin was measured for 10 min at 1-wk intervals. The results are expressed as means ± SD (n=3). *p<0.05 vs. (+)

control. LAB, lactic acid bacteria; LC, Lactobacillus casei; LR, Lactobacillus rhamnosus; LP, Lactobacillus plantarum; BL, Bifi-

dobacterium lactis. B: Atopic dermatitis-NC/Nga mouse induced by (1→0.5%) DNCB solution treated with indicated LAB

(Mixture, LC, LR, LP, BL) sample for 6 weeks Normal mice without DNCB-induced AD-like skin lesions (a), control mice with

DNCB-induced AD-like skin lesions (b) and experimental mice of LAB and LAB mixture administration with DNCB-induced

AD-like skin lesions (d-g)

Fig. 3. Serum levels of immunoglobulin (Ig) E and Th2-related cytokines (IL-4) in the experimental groups. mIgE (A) and mIL-4

(B) were measured by using ELISA kit. The results are expressed as means ± SD (n=5). *p<0.05 vs. (+) control. LAB, lactic acid

bacteria; LC, Lactobacillus casei; LR, Lactobacillus rhamnosus; LP, Lactobacillus plantarum; BL, Bifidobacterium lactis.
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particularly in the group treated with mixed LAB (Fig. 4).

Histopathology after the oral administration of

LAB

The H&E staining of the dermal tissues that were re-

moved from the NCNC/Nga mice in each group showed

that the epidermises and dermises were thicker, and more

mast cells and eosinophils were found in the positive con-

trol, in which AD was induced, than in the negative con-

trol (Fig. 5A). After IHC staining for IL-4 and IL-5 in the

dermal tissues, IL-5 was observed in the subcutaneous

tissues of the positive control. This indicated that the AD-

inducing agents activated the immune system, particu-

larly the Th2 cells, thereby increasing the production of

IgE in the B cells, and inducing the activation of the mast

cells and basophils in this region, consequently causing

an allergic reaction (Fig. 5B,C). In contrast, the H&E

staining of the dermal tissues of the mice in which AD

was induced but that were treated with LAB showed

thickened epidermises and dermises, and the increased

number of immune cells returned to the normal level.

Discussion

The beneficial effect of LAB for AD has been well

reported in many studies, although there have been few

studies on the effects of particular LAB (e.g., L. casei, L.

rhamnosus, L. plantarum, and B. lactis). In this study, the

treatment effects of LC, LR, LP, and BL, all of which are

LAB, in the NC/Nga mice with DNCB-induced AD were

examined, and the degrees of alleviation of AD through

the administration of LAB and mixed LAB were com-

pared.

First, the alleviation of AD through the administration

Fig. 4. Effects of various LAB strain administrations on serum levels of Th1-related cytokines in NC/Nga mice. mIL-12 (A) and

mIFN-gamma (B) were measured by ELISA. The results are expressed as means ± SD (n=6). *p<0.05 vs. (+)control. LAB, lactic

acid bacteria; LC, Lactobacillus casei; LR, Lactobacillus rhamnosus; LP, Lactobacillus plantarum; BL, Bifidobacterium lactis

Fig. 5. Histopathologic features of back skin induced by DNCB and effects of repeated administration of LAB samples. A: Mag-

nification of hematoxilin & eosin (H&E) staining were 200. Histopathologic features of expression of IL-4 (A) and IL-5 (B) on

DNCB-induced AD-like skin lesion. (-)CTL: Normal mice without DNCB-induced AD-like skin lesions, (+)CTL: control mice

with DNCB-induced AD-like skin lesions, experimental mice (Mixture, LC, LR, LP, BL) of LAB mixture administration with

DNCB-induced AD-like skin lesions. LAB, lactic acid bacteria; LC, Lactobacillus casei; LR, Lactobacillus rhamnosus; LP, Lac-

tobacillus plantarum; BL, Bifidobacterium lactis IHC stain, 200
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of mixed LAB was indirectly examined using the whole

blood collected from the mouse models in which AD was

induced. The IgE and IL-4 levels were significantly lower

in the LAB-treated groups than in the LAB-untreated

groups. The IgE levels were slightly lower in the mixed-

LAB-treated groups than in the group treated with a sin-

gle LAB strain. As for the IL-4 level, it was lower in all

the LAB-treated groups than in the control.

In addition, there was a slight difference between the

single LAB strain and mixed LAB, although such differ-

ence was not significant. The previous studies reported

that the IgE produced from the B cells degranulated the

mast cells and activated the eosinophils (Gunther et al.,

2005; Hiroi et al., 1998; Homey et al., 2006; van der

Kleij et al., 2004). Thus, based on the fact that the single

LAB strain and the mixed LAB inhibited IgE, the possi-

bility of alleviating AD through the administration of

LAB was suggested.

Previous studies reported that in an NC/Nga mouse

model, LAB reduced the scratch score and the AD symp-

toms. The scratch score is considered an important indi-

cator of the alleviation of AD. It is a critical element in

reducing the symptoms of AD as well as in preventing

secondary infection. Although the results of this experi-

ment regarding the effect of the administration of a single

LAB strain and mixed-LAB on the scratch score are not

sufficient to meet the requirements for the alleviation of

AD, they are considered valid for the alleviation of pri-

mary AD. The change in the cytokine level in AD is

known to be triggered by the immune system based on

the activation of Th2, in which the differentiation of the

undifferentiated T helper (Th) cell into Th2 is overly

facilitated. In this process, the Th2 cell produces interleu-

kin-4 (IL-4), IL-5, Il-13, IL-9, and IL-10 (Ferrick et al.,

1995; Pivarcsi et al., 2004; Viljanen et al., 2005). Among

these, IL-4 and Il-13 promote the synthesis of immuno-

globulin E (IgE) and IgG1. In humans, they are known to

promote the synthesis of IgE and IgG4 (Aversa et al.,

1993; Matsuda et al., 1997). In this study, the examina-

tion of the pattern of changes in the cytokines related with

the serum Th2 of the mice after the administration of a

single LAB strain and mixed LAB showed that IgE and

Il-4 decreased in the LAB-untreated groups. In particular,

IgE showed a bigger decrease trend in the mixed-LAB-

treated groups than in the groups to which a single LAB

strain was administered. In addition, the IgE levels of the

positive control increased fourfold those of the negative

control, whereas the IgE levels of the LAB-treated groups

significantly decreased threefold those of the positive

control, with the largest decrease found in the mixed-

LAB-treated groups. Moreover, the IL-4 level more sig-

nificantly decreased in all the LAB-treated groups than in

the positive control. Thus, the administration of mixed

LAB is considered effective in alleviating the symptoms

of AD in an animal model.

Although it cannot be concluded that the results of this

experiment, which measured the level of cytokine related

with Th1 and Th2, definitely indicate the alleviation of

the symptoms of AD, it was demonstrated in this study

that the administration of LAB alleviated the symptoms

of AD by decreasing the level of IL-4 (Th2 family) and

increasing the level of IL-12 and IFN-gamma (Th1 fam-

ily of cytokines). As such, it was found that the adminis-

tration of mixed LAB is more effective than that of a

single LAB strain in that the level of cytokines in the

mixed-LAB-treated became closer to the normal level

than that in the group treated with a single LAB strain

did. Various stimulants cause keratinocytes to secrete var-

ious cytokines, such as IL-4, TNF-alpha, and IFN-gamma,

and keratinocytes are influenced by various cytokines via

the TGF-beta receptors (Maeda et al., 2001).

Therefore, it was demonstrated that the administration

of LAB can alleviate the symptoms of AD by examining

the levels of expression of IL-4 and IL-5 in dermal cells

due to DNCB in each treatment group. The levels of ex-

pression of IL-4 and IL-5 were found to have decreased

in all the LAB-treated groups, although the difference

between the expression levels in the groups treated with a

single LAB strain and in those treated with mixed-LAB

was not quantifiable. This result is believed to directly

confirm the result observed in the serum as it occurred in

the skin in which AD was induced. The beneficial effi-

cacy of LAB is well documented in various literatures,

and the role of such bacteria in relation with the immune

system was recently reported (Choi et al., 2010). In this

study, the improvement effect of LAB on an atopic dis-

ease was proven. Therefore, if the four kinds of LAB

combinations that were used in this study will be applied

to daily products, it is expected that daily products will

play an important role in improving the atopic symptoms

in atopic patients, and in helping restore such patients’

original strength.
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