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Probiotics are now being used as prophylactic agents.

Lactobacillus sp. and Bifidobacterium sp. are representative

strains of probiotics [1]. Some probiotics, such as Lactobacillus

plantarum, Bifidobacterium breve, and Bifidobacterium longum

W11, can regulate the mucosal barrier, enterocytes, innate

mucosal recognition (TLR), dendritic cells (DCs), T-cells, B-

cells, and stem cells [2-6].

T helper (Th) cells play important roles in adaptive

immune responses. Previous studies have classified Th

cells as a dichotomy between Th1 and Th2 cells. However,

recent studies have provided evidence that new subsets of

Th cells (Th9, Th17, Th22, and Tregs) also exist, thus

overturning the existing Th1-Th2 hypothesis [7, 8]. Th1

cells are responsible for cell-mediated immunity, producing

IL-2, IL-12, and interferon (IFN-γ). Th2 cells regulate

humoral immunity and produce IL-4, IL-6, IL-10, and TNF-α.

An imbalance of Th1/Th2 can cause several immunological

diseases, such as rheumatoid arthritis (Th1), allergies (Th2),

and cancer (Th2). Thus, it is important to maintain a balance

between Th1 and Th2 responses [9]. Recently, Lactobacillus

plantarum CJLP133 and Lactobacillus sakei proBio65 were

reported to help maintain Th1/Th2 balance and reduce the

hypersensitivity caused by Th2 cells [10, 11].

Bifidobacterium longum KACC 91563, isolated from the

feces of healthy neonates, can alleviate food allergies. It

also has a therapeutic effect on skin conditions like atopic

dermatitis. In addition, it has antioxidant and antihyper-

tensive effects [12-15]. However, the immunomodulatory

effects of B. longum KACC 91563 have not yet been

reported. Therefore, the present study investigates the

immunomodulatory effect of B. longum KACC 91563 on the

Th1/Th2 balance in murine primary spleen cells and

macrophages.

B. longum KACC 91563 was provided by the Rural

Development Administration at the National Institute of

Animal Science. Freeze-dried B. longum KACC 91563 was
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The present study evaluates the immunomodulatory effect of Bifidobacterium longum KACC

91563 in murine primary splenocytes and macrophages. B. longum KACC 91563 regulated T-

and B-cell proliferation and inhibited the Th1 (IL-2, IFN-γ)/Th2 (IL-4, IL-10) cytokine

imbalance and immune cytokine production. Moreover, immunoglobulin E (IgE) levels were

significantly lower after treatment with B. longum KACC 91563. These findings suggest that

B. longum KACC 91563 could modulate the systemic immune system toward both IgE

production and regulation of the Th1/Th2 balance.
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manufactured by Mediogen, Inc. (Korea) and contained 100

billion colony-forming units (CFU)/g. Four-week-old male

BALB/c mice (Koatech Animal Inc., Korea) were maintained

in a ventilated room with a 12-h day-night cycle at a

temperature of 25 ± 2oC and humidity of 50 ± 5%. The

animal protocol (KUIAC-18-02) was approved by the

Kyungnam University Instrumental Animal Care and Use

Committee (Korea).

To obtain a sufficient number of macrophages, the mice

were intraperitoneally injected with 2 ml of 4% thioglycollate

medium. Three days later, the mice were sacrificed by

cervical dislocation. Macrophages were harvested by

peritoneal lavage with 15 ml of RPMI medium. Splenocytes

were aseptically isolated from mice spleens and crushed by

passage through a sterile plastic strainer. The separated

splenocytes and macrophages were seeded at a concentration

of 1 × 106 cells/well in 96-well plates and incubated for

12 h. Then, the splenocytes were treated with RPMI,

lipopolysaccharide (LPS, 1 μg/ml), concanavalin A (Con A,

1 μg/ml), or B. longum KACC 91563 (106, 107, and 108

CFU/well) with mitogen. The macrophages were treated

with zymosan, zymosan inhibitor, or B. longum KACC

91563 (106, 107, and 108 CFU/well).

Assays of T-cell and B-cell proliferation (EZ-CyTox, Daeil

Lab Service, Korea) were performed using Con A or LPS as

described by Park et al. [16]. Cytokines and IgE in the

splenocytes were measured using the BD DuoSet ELISA

Kit (BD Biosciences, USA) and the mouse IgE ELISA kit

(LSBio, USA). The phagocytosis of peritoneal macrophages

was assessed using the CytoSelect 96-well Phagocytosis

Assay (zymosan substrate) Kit (Cell Biolabs, Inc., USA).

Zymosan substrate contained in the kit was used to

activate the macrophages. All experiments were conducted

according to the manufacturers’ instructions.

The experimental results were analyzed with Duncan’s

multiple range test after conducting a one-way analysis of

variance using the SPSS statistical program (SPSS Statistics

18.0; SPSS, Inc., USA).

T-cell proliferation was increased in the splenocytes of

the group treated with B. longum KACC 91563 compared to

the ConA-treated splenocytes. B-cell proliferation in the

splenocytes was significantly decreased (104.0 ± 4.8% and

82.6 ± 67.0%) in the group treated with B. longum KACC

91563 (107 and 108 CFU/well) compared to the LPS-treated

splenocytes (Fig. 1).

The IL-2, IFN-γ, IL-4, IL-6, IL-10, and TNF-α production in

cells treated with B. longum KACC 91563 was significantly

lower than that in cells treated only with mitogen (Figs. 2A-

2F).

IgE concentrations in the NC and groups treated with

B. longum KACC 91563 were significantly lower than those

of the LPS-treated group (Fig. 3).

The effects of B. longum KACC 91563 on macrophage

phagocytosis are shown in Fig. 4. The phagocytic activities

in the groups treated with B. longum KACC 91563 at 106-

107 CFU/well were comparable to those in the NC+Zymosan

group. However, treatment with B. longum KACC 91563 at

108 CFU/well had no significant effect on phagocytosis

compared to the NC group.

The spleen works with the immune system and attacks

external antibodies and infectious agents. Along with the

lymph nodes, it plays a very important role in immune

system function [17-19].

Con A is a mannose/glucose-binding plant lectin isolated

Fig. 1. Effects of Bifidobacterium longum KACC 91563 on T- and B-cell proliferation from splenocytes in Balb/c mice. 

(A) Cell only, ConA; treated with concanavalin A (1 µg/ml), 106, 107, 108; treated with concanavalin A and different doses of B. longum. (B) Cell

only, LPS; treated with lipopolysaccharide (1 µg/ml), 106, 107, 108; treated with lipopolysaccharide (1 µg/ml) and different doses of B. longum. All

data are expressed as mean±standard deviation. Statistical analyses were performed by Duncan’s multiple range tests after one-way ANOVA

using SPSS software. Differences were considered statistically significant at p < 0.05.
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from Jack bean (Canavalia ensiformis) seed. It is well known

as a selective T-cell mitogen that can activate the immune

system, recruit T-lymphocytes, and regulate cytokine

production [20]. LPS is a mitogen stimulant for B-lymphocytes.

LPS induces the proliferation and differentiation of mature

B-cells. It also induces the secretion of IL-4, IL-6, and IL-10

from B-cells [21-25].

T-cells in acquired immunity are divided into CD4+ T-

cells and CD8+ killer T-cells. CD4+ T-cells have different

functions determined by the presence of Th1 and Th2.

CD8+ T-cells are cytotoxic T-cells that can directly attack

natural killer cells, virus-infected cells, tumor cells, and

abnormal cells [26, 27]. Th1-type cytokines stimulate

phagocytosis mainly by increasing macrophage activity,

while Th2-type cytokines stimulate B-cell activity and

increase antibody production. The balance of immunity is

maintained by the complementary regulation of Th1- and

Th2-type cytokines [28-30]. 

Suppression of the Th2 lineage development decreases

the level of antigen-specific IgE and total IgE [31]. Macrophages

play an important role in the defense mechanism against

host infection and the killing of tumor cells. Modulation of

the antitumor properties of macrophages by various

biological response modifiers is an area that is attracting

Fig. 2. Effects of Bifidobacterium longum KACC 91563 on Th1-type cytokine (IL-2 and IFN-γ) and Th2-type cytokine (IL-4, IL-6, IL-

10, and TNF-α) production from splenocytes in Balb/c mice. 

NC; cell only, ConA; treated with concanavalin A (1 µg/ml), LPS; treated with lipopolysaccharide (1 µg/ml), 106, 107, 108; treated with

concanavalin A or lipopolysaccharide (1 µg/ml) and different doses of B. longum. All data are expressed as mean ± standard deviation. Statistical

analyses were performed by Duncan’s multiple range tests after one-way ANOVA using SPSS software. Differences were considered statistically

significant at p < 0.05.
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much interest in the area of cancer chemotherapy, which

can involve immunomodulation [32]. TNF-α secreted by

activated macrophages is also an important cytokine that

can regulate immune cell activity because it induces

inflammation and apoptosis [33]. Macrophages can be

classically activated (M1 macrophages) and alternatively

activated (M2 macrophages) [34, 35]. M1 macrophages

promote the Th1 immune system and M2 macrophages

promote the Th2 immune response [36-38].

Several probiotic strains, such as B. longum and L. johnsonii

have been reported to possess immunostimulatory properties,

although most of them have been isolated from dairy or

animal products [39, 40]. Hui et al. [41] found that B-cells

stimulated with 100–10,000 ng/ml LPS produced significant

levels of IL-4 and IL-10. Ren et al. [42] reported that treatment

with Bifidobacterium breve decreased the production of

ovalbumin-specific IgE and relieved type I allergy disease

in mice. Our findings showed that B. longum KACC 91563

had modulatory effects on the Th1/Th2 balance in spleen

cells and macrophages in vitro. It also modulated IgE

levels. These results suggest that B. longum KACC 91563

has the potential to be used as an immunostimulant in

immunodeficient subjects.
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