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Abstract
AIM: To investigate the immune response of peripheral 
blood mononuclear cells (PBMCs) and dendritic cells 
(DCs) that were stimulated by probiotic preparations.

METHODS: PBMCs were isolated, cultured, and stimu-
lated with Bio-Three (a mixture of Bacillus mesentericus , 
Clostridium butyricum and Enterococcus faecalis ; 105, 
106 and 107 CFU/mL for 24 h). Cytokine production of 
(1) circulating PBMCs; (2) PBMCs stimulated by probiotic 
preparation; (3) monocyte-derived DCs; and (4) DC and 

T cell co-culture was determined by enzyme-linked im-
munosorbent assay. Phenotypic analysis of circulating 
PBMCs was also investigated by flow cytometry. Blood 
was obtained from individuals who consumed Bio-Three 
(109 CFU/d B. mesentericus, C. butyricum and E. faecalis)  
for 2 wk, or those who did not take probiotics orally. 

RESULTS: In culture supernatants, interferon-γ (IFN-γ) 
and interleukin (IL)-10 production increased, but IL-4 
and tumor necrosis factor-α (TNF-α) production by 
PBMCs decreased after 1 and 2 wk of probiotic treat-
ment. Flow cytometry was also performed on day 14 
and detected enhanced expression of CD11b, HLA-DR, 
CD4, CD45RA, CD25, CD44 and CD69 in response to 
Bio-Three. Furthermore, IL-10 and IL-12 were upregu-
lated in supernatants of monocyte-derived DCs, and 
IFN-γ and IL-10 were enhanced in supernatants of CD4+ 
T cells co-cultured with DCs. 

CONCLUSION: Bio-Three appeared to stimulate the 
Th1 immune response, downregulate pro-inflammatory 
cytokines (TNF-α) and upregulate anti-inflammatory cy-
tokine (IL-10). Probiotics could be effective in activation 
of PBMCs and DCs. 
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INTRODUCTION
The use of  probiotics to promote human health has 
been proposed for many years. Mechanisms of  probi-
otic actions include effects on luminal microbial ecology 
and immune modulation, particularly through balance 
control of  pro-inflammatory and anti-inflammatory cy-
tokines[1-4]. Currently, species of  lactobacillus and bifido-
bacteria are most widely used to prevent and treat allergy 
and intestinal disorders; other strains such as Bacillus, 
Clostridium, Streptococcus, Escherichia coli and Saccharomyces 
have received increased attention.

To date, the most extensively studied and best docu-
mented probiotic application is for the treatment of  acute 
infectious diarrhea, prevention of  antibiotic-associated 
diarrhea, and allergic diseases[5-7]. Many other benefits are 
largely unproven, including therapeutic use in necrotizing 
enterocolitis, irritable bowel syndrome, constipation, in-
flammatory bowel diseases, pouchitis, and Helicobacter pylori 
infection[5-7]. 

It has been proposed that many effects of  probiotics 
are mediated via immune modulation[3]. There are host-spe-
cific and strain-specific differences in the activities of  pro-
biotic bacteria. Some strains can enhance or eliminate the 
activity of  other strains in vivo[1,2,8]. Previously, most studies 
that have reported the beneficial effect of  probiotics have 
been on single strain preparations. Few have examined the 
effect of  multiple strain preparations (e.g. VSL#3)[9,10]. Our 
study was undertaken to investigate whether Bio-Three 
(a mixture of  Bacillus mesentericus, Clostridium butyricum and 
Enterococcus faecalis) affects immune regulation in human 
peripheral blood mononuclear cells (PBMCs). 

The primary effectors of  the human gut are antigen-
presenting cells [APCs, including monocytes, macro-
phages, and dendritic cells (DC)], which provide nonspe-
cific innate immune protection. APCs are responsible for 
detecting microbes through Toll-like receptors (TLRs) 
and presenting their antigenic structures to T cells. This 
triggering process of  APCs initiates a signal transduction 
cascade that leads to the release of  cytokines and initia-
tion of  the acquired immune response[2,11,12]. Among the 
APCs, DCs are the most potent. These differentiate from 
CD14+ monocytes in vitro in response to granulocyte-
macrophage colony-stimulating factor (GM-CSF) and in-
terleukin (IL)-4[10,13,14]. DCs activated by microbes further 
stimulate the development of  T helper type 1 (Th1) and T 
helper type 2 (Th2) cells or regulatory T cells[1,15].

Several cytokines are involved in immune modulation. 
Tumor necrosis factor-α (TNF-α) and IL-6 are pro-in-
flammatory cytokines that are involved in systemic inflam-
mation and the acute phase reaction[12]. IL-12 together 
with interferon-γ (IFN-γ) causes a shift towards a Th1 
response, which favors the development of  cell-mediated 
and cytotoxic immunity[2]. Prostaglandin E2 (PGE2), to-
gether with IL-4, causes a shift towards a Th2 immune 
response, which favors the production of  antibodies and 
the induction of  IgE and allergic responses[2]. IL-10 (an 
anti-inflammatory cytokine) enhances the generation of  
regulatory T (Treg) cells[1,2]. Treg cells seem to suppress or 
regulate effector T cell function through production of  

cytokines such as IL-10 and transforming growth factor-β 
(TGF-β). 

The purpose of  this study was to determine whether a 
probiotic combination (Bio-Three) had immunomodulatory 
effects (altered the phenotype of  circulating lymphocytes or 
monocytes) in human PBMCs. We observed the expression 
of  specific cytokines and changes in PBMC phenotypes. 

MATERIALS AND METHODS
The study protocol was approved by the Institutional Re-
view Board of  Chang Gung Memorial Hospital, Taiwan, 
China.

PBMC preparation 
Blood cells were separated from platelet-rich plasma and 
suspended in RPMI 1640 medium. Human PBMCs were 
isolated by centrifugation of  buffy coats on Lymphoprep 
(Nycomed, Oslo, Norway) gradients. After washing, cells 
were resuspended at a concentration of  1 × 106 cells/mL 
in RPMI 1640 medium that contained 10% heat-inactivat-
ed fetal bovine serum. 

Source of blood donors
All experiments were performed with cells obtained 
from 14 blood donor volunteers. Subjects were eligible 
if  they were in good general health and were not cur-
rently taking medications, probiotics, and other supple-
ments. These blood donors were divided randomly into 
two groups: group A (n = 7) consumed the probiotic 
preparation Bio-Three 5 × 108 CFU/dose twice daily 
(total 109 CFU/d) for 2 wk, and group B (n = 7), the 
negative control, did not consume probiotics. Peripheral 
blood samples were obtained from each subject by veni-
puncture on day 7 (week 1) and day 14 (week 2). 

Probiotic preparation for stimulation experiments
The probiotic preparation Bio-Three was a lyophilized 
mixture that consisted of  three different bacteria (B. mes-
entericus, C. butyricum and E. faecalis), at a concentration of  
3 × 108 live bacteria/packet. 3 × 108 live bacteria were re-
constituted in 3 mL sterile PBS without additives, and se-
rial dilutions (1:10) were made in sterile PBS for addition 
to cell cultures.

PBMC cultures and stimulation experiments
The concentration of  PBMCs (obtained from groups A 
and B) was adjusted to 105 cells/mL in complete medium, 
and the cells were transferred to 24-well plates. Some wells 
were collected for cytokine detection [by enzyme-linked 
immunosorbent assay (ELISA)] after 12 h culture at 37℃. 
The remaining wells were then stimulated with Bio-Three 
for 24 h at 37℃ in an atmosphere that contained 5% 
CO2. Initial dose-response experiments were performed 
by co-culturing 105 (1:1), 106 (1:10), and 107 CFU (1:100) 
of  bacteria per mL (host cells: bacteria ratio), respectively. 
Culture supernatants were collected, and triplicates were 
pooled and kept at -20℃ until analyzed by ELISA. The 
remaining cells in the culture plates were mixed with 
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TRIzol Reagent (Gibco Life Technologies, Carlsbad, CA, 
USA) and stored at -20℃ for gene expression analysis. 
Repeated thawing and freezing were avoided. 

Cytokine determination 
Concentrations of  IFN-γ, IL-4, TNF-α, IL-10, and IL12 
p70 in the supernatants of  cell cultures were determined 
by ELISA. All antibodies and standards were purchased 
from Pharmingen (San Diego, CA, USA). Costar plates 
(Invitrogen, San Diego, CA, USA) were coated with the 
following capture monoclonal antibodies (mAbs): anti-
IFN-γ (MQ2-13A5), anti-IL-4 (8D4-8), anti-IL-12 p70 
(20C2), anti-TNF-α (MAb1), and anti-IL-10 (JES3-9D7). 
Standard curves were generated using recombinant hu-
man IFN-γ, IL-4, IL-12 p70, TNF-α, and IL-10, respec-
tively. The following biotinylated antibodies were used 
for detection: anti-IFN-γ (MQ2-39C3), anti-IL-4 (MP4-
25D2), anti-IL-12 p40/p70 (C8.6), anti-TNF-α (MAb11), 
and anti-IL-10 (JES3-12G8). Samples, standards, bioti-
nylated antibodies, and streptavidin-horseradish peroxi-
dase were diluted in high-performance ELISA dilution 
buffer (Sanquin, Amsterdam, Netherlands).

Detection of PBMC cytokine mRNA expression 
Cytokine mRNA expression in PBMCs was evalu-
ated by real-time polymerase chain reaction (PCR). 
Total cellular RNA was isolated from frozen cultured 
PBMCs using TRIzol (Gibco Life Technologies) ac-
cording to the manufacturer’s instructions. cDNA was 
synthesized and used as templates for PCR using spe-
cific primers for human IFN-γ (forward: 5'-GCATC-
GTTTTGGGTTCTCTTGGCTGTTACTGC; reverse: 
5'-CTCCTTTTTCGCTTCCCTGTTTTAGCTGCTGG), 
IL-4 (forward: 5'-TCTCACCTCCCAACTGCTTCC; re-
verse: 5'-CGTTTCAGGAATCGGATCAGC), TNF-α 
(forward: 5'-AGCCAGTAGCTCATGTTGTAGCAA; re-
verse: 5'-GGCACTATCAGCTGGTTGTCTGT), IL-10 
(forward: 5'-GCTGGAGGACTTTAAGGGTTACCT; 
reverse: 5'-CTTGATGTCTGGGTCTTGGTTCT), IL-12 
(forward: 5'-TGGATGCTATTCACAAGCTCAAGT; 
reverse: 5'-TGGTTTGATGATGTCTCTGATGAAG), 
and β-actin (forward: 5'-GCATGGAGTCCTGTGGCAT; 
reverse: 5'-CTAGAAGCATTTGCGGTGG). All experi-
mental samples were amplified in duplicate. The results 
were normalized to β-actin expression.

Phenotypic analysis by flow cytometry
Flow cytometry was performed on day 14 after enroll-
ment and detected the expression of  immune phenotype 
distributions. White blood cells were stained using a panel 
of  mAbs directed against surface antigens expressed 
by PBMCs, lymphocytes, monocytes and the appropri-
ate species-specific IgG isotype controls. After blocking 
with FCγⅢ/ⅡR antibody (CD16/CD32; Pharmingen), 
the cells were stained with mAbs directed against CD4, 
CD45RA, CD45RO, CD14 fluorescein isothiocyanate, 
together with one of  the activation markers: CD3, CD8, 
CD19, CD25, CD44, CD69, or CD11b, HLA-DR (all 
phycoerythrin-conjugated; Pharmingen). We analyzed 

10 000-20 000 cells using a FACSCalibur system (Becton-
Dickinson, Franklin Lakes, NJ, USA) equipped with Cel-
lQuest software (San Jose, CA, USA). 

Generation of monocyte-derived DCs
CD14-positive monocytes were then purified from the 
mononuclear cells by magnetic cell sorting by using posi-
tive selection according to the manufacturer’s protocol 
(Miltenyi Biotec, Bergisch Gladbach, Germany). Mono-
cytes (106 cells/mL) were cultured in six-well plates in 
endotoxin-free RPMI 1640 medium supplemented with 
250 U/mL recombinant IL-4 (R&D Systems, Abingdon, 
UK) and 250 U/mL recombinant GM-CSF (R&D Sys-
tems). The cells were cultured in the presence of  5% CO2 
at 37℃ for 7 d. Fresh medium that contained IL-4 and 
GM-CSF was added every second day. This procedure re-
sulted in generation of  immature DCs that were positive 
for CD11b but negative for CD14. 

Isolation of human CD4+ T cells and co-culture with DCs 
PBMCs were isolated by centrifugation of  buffy coats on 
Lymphoprep gradients. CD4+ T cells were separated using 
negative selection affinity columns (R&D Systems), accord-
ing to the manufacturer’s instructions. After separation, 
the T cells were washed and resuspended in RPMI 1640 
culture medium supplemented with 5% heat-inactivated 
human AB serum, 100 IU/mL penicillin, 100 µg/mL strep-
tomycin, and 2 mmol/L L-glutamine. Purified CD4+ T 
cells (1 × 106/mL) were stimulated by the combination of  
immobilized anti-CD3 (1 µg/mL) and soluble anti-CD28  

(5 µg/mL) mAbs (Pharmingen). Subsequently, purified 
CD4+ T cells were incubated with the above DCs at a ratio 
of  2.5 × 105/mL DCs to 106/mL T cells. After 48 h of  co-
culture, concentrations of  IFN-γ, IL-4, IL-10, and IL12 p70 
in the culture supernatants were determined by ELISA.

Statistical analysis
Statistical analysis was performed using a paired samples 
t test to reveal significant between-group differences in 
cytokine production. In all cases, P < 0.05 was considered 
as significant. Statistical calculations were performed using 
the GraphPad Software Prism 3.03 (San Diego, CA, USA) 
and SPSS for Windows 12.0 (Chicago, IL, USA).

RESULTS
Effects of Bio-Three on PBMCs isolated from blood 
donors
To determine the cytokine production of  PBMCs, we 
examined the supernatants of  cells isolated from blood 
donors. Group A consumed Bio-Three and group B was 
a negative control. In Figure 1, IFN-γ, IL-10 and IL-12 
levels were upregulated in group A, but IL-4 and TNF-α 
levels were downregulated at 1 and 2 wk after Bio-Three 
consumption. This indicates that this probiotic prepara-
tion enhances cytokines associated with Th1 (IFN-γ, 
IL-12) and anti-inflammatory (IL-10) responses. In con-
trast, it might reduce cytokine production associated with 
Th2 (IL-4) and pro-inflammatory (TNF-α) responses.
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Enhancement of IFN-γ and IL-10 levels, but inhibition of 
TNF-α production in bacterial stimulation experiments 
To explore the effects of  probiotic bacteria on PBMCs, 
we performed stimulation experiments with different 
bacteria at concentrations of  105, 106 and 107 CFU/mL. 

The level of  IFN-γ was significantly higher in group 
A (probiotics) than group B (negative control) (Figures 2 
and 3). Moreover, the level of  IFN-γ revealed a dose-de-
pendent effect of  Bio-Three. There was no significant ef-
fect on IL-4 level, although it seemed slightly lower in the 
probiotic group. In contrast, TNF-α level was decreased 
at weeks 1 and 2 in the probiotic group (Figures 2 and 3). 
TNF-α level was significantly lower in response to restim-
ulation with 107 CFU/mL probiotic bacteria after 2 wk 
of  Bio-Three consumption. The probiotic group showed 
increased IL-10 production, which was maximal follow-
ing restimulation with 106-107 CFU/mL probiotic bacteria 
at week 2. The level of  IL-12 was low in both groups, 
which suggested that Bio-Three had no significant effect 
on IL-12 production (Figures 2 and 3). After stimulation 
with Bio-Three and co-culture in vitro, the IL-12 level in 
supernatants of  PBMCs was upregulated (Figures 2 and 3). 
PBMCs can be activated by in vivo stimulation (probiotic 
consumption) and probiotic bacteria re-stimulation in vitro, 
which enhanced IFN-γ and IL-10 production, as well as 
downregulated TNF-α production.

Initial cytokine levels and immune phenotype 
distribution in PBMCs from blood donors
Initial concentrations of  IFN-γ, IL-4, TNF-α, IL-10, and 
IL12 p70 in the supernatants of  isolated human PBMCs 

were determined (Figure 4A) by ELISA. To determine the 
effect of  probiotics (Bio-Three) on PBMCs, phenotypic 
analysis of  immune responses was also studied. Figure 4B  
shows that probiotics might alter the expression of  some 
T cell and DC surface phenotypes compared with con-
trols, such as CD4+ (54.2% ± 3.6% vs 43.4% ± 3.0%), 
CD45RA+ (69.1% ± 4.2% vs 43.3% ± 3.6%), CD25+ 
(15.1% ± 2.6% vs 9.8% ± 2.3%), CD44+ (48.3% ± 3.8% 
vs 40.1% ± 3.2%), CD69+ (45.6% ± 2.4% vs 34.3% ± 
2.7%), CD11b+ (63.6% ± 4.5% vs 51.8% ± 2.8%) and 
HLA-DR (29.9% ± 2.7% vs 22.3% ± 2.3%). Probiotics 
can enhance expression of  CD4, CD45RB, CD44, CD69, 
CD25, CD11b and HLA-DR, which indicates alternation 
of  co-stimulation with markers of  Th cells and DCs.

Effect of probiotics on expression of CD14, CD 11b and 
HLA-DR
To determine the effect of  Bio-Three on circulating 
monocytes and APCs (such as DCs), phenotypic analysis 
of  CD14, CD 11b and HLA-DR was also studied. Pro-
biotics can also enhance the expression of  CD11b, and 
HLA-DR in gating monocytes and granulocytes (Figure 5), 
which indicates alternation of  co-stimulation with marker 
of  DCs. However, the expression of  CD14 was similar in 
the probiotics and control groups. 

Enhancement of CD4, CD45RA, CD44, CD69 and CD25 
expression 
To determine the effect of  Bio-Three on circulating lym-
phocytes, phenotypic analysis of  T cells and B cells was 
also studied. Figure 6 shows that probiotics can alter the 
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Figure 1  Effects of Bio-Three on peripheral blood mononuclear cells isolated from blood donors. Concentrations of interferon-γ (IFN-γ), interleukin (IL)-4, 
tumor necrosis factor-α (TNF-α), IL-10, and IL-12 p70 in the supernatants of peripheral blood mononuclear cells (PBMCs) (105 cells/mL) incubated for 12 h were 
determined by enzyme-linked immunosorbent assay. The data shown are the values of different cytokines in the supernatants of PBMCs, which were collected at 1 
and 2 wk after Bio-Three consumption, compared with controls. The results are presented as the mean ± SD.
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Figure 2  Effects of Bio-Three re-stimulation on cytokine production of peripheral blood mononuclear cells isolated at 1 wk after consumption, compared 
with controls. Peripheral blood mononuclear cells (PBMCs) (105 cells/mL) were stimulated at a host cell: bacteria ratio of 1:1, 1:10 and 1:100. A: At 24 h after 
bacterial stimulation, cell culture supernatants were collected and cytokine levels were determined by enzyme-linked immunosorbent assay; B: The remaining cells 
in the culture plates were mixed with TRIzol Reagent, and cytokine mRNA expression was analyzed by real-time polymerase chain reaction. The fold increases were 
compared to that of control cells, which was set at 1. The columns represent the means and the error bars indicate the SD. aP < 0.05, bP < 0.01 vs control cells; cP < 0.05, 
dP < 0.01 vs controls at the same host cell:bacteria ratio. IFN-γ: Interferon-γ; IL-4: Interleukin-4; TNF-α: Tumor necrosis factor-α. 
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Figure 3  Effects of Bio-Three re-stimulation on cytokine production in peripheral blood mononuclear cells isolated at 2 wk after consumption, compared 
with controls. Peripheral blood mononuclear cells (PBMCs) (105 cells/mL) were stimulated at a host cell: bacteria ratio of 1:1, 1:10 and 1:100. A: At 24 h after 
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expression of  some T-cell surface phenotypes compared 
with controls, such as CD4+ (63.2% ± 4.6% vs 45.6% 

± 3.1%), CD45RA+ (69.2% ± 3.9% vs 42.3% ± 2.6%), 
CD25+ (13.2% ± 2.5% vs 8.7% ± 2.1%), CD44+ (47.3% 

Bio-Three consumption
Control group

Figure 4  Measuring initial cytokine levels and determining immune phenotype distributions in peripheral blood mononuclear cells isolated from blood 
donors. A: Initial concentrations of interferon-γ (IFN-γ), interleukin (IL)-4, tumor necrosis factor-α (TNF-α), IL-10, and IL-12 p70 in the supernatants of human 
peripheral blood mononuclear cells (PBMCs) were determined by enzyme-linked immunosorbent assay. The results are presented as the mean ± SD. Statistically 
significant differences compared with the controls (aP < 0.05); B: To determine the effect of Bio-Three on PBMCs, phenotypic analysis of the immune response was 
studied. The solid histogram shows the control results, and the unshaded area shows the level of expression of co-stimulatory molecules after Bio-Three consumption. 
The data shown are representative of three experiments performed. Probiotics might enhance expression of CD4, CD45RB, CD44, CD69, CD25, CD11b and HLA-
DR, which indicates alternation of co-stimulatory markers of T helper cells and dendritic cells.
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± 3.6% vs 39.8% ± 3.8%) and CD69+ (56.6% ± 2.3% vs 
32.1% ± 2.6%). Flow cytometry showed that probiotic 

treatment was associated with altered expression of  CD4 
(Th cells), CD45RA (naïve T cells), CD25 (Treg cells), 
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Figure 5  Flow cytometry results for CD14, CD11b and HLA-
DR expression on monocytes and granulocytes. Probiotics can 
enhance expression of CD11b and HLA-DR by gating monocytes 
and granulocytes. The solid histogram shows results for controls, 
and the unshaded area shows the level of expression of co-
stimulatory molecules after Bio-Three treatment. The data shown 
are representative of three experiments performed. 
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CD44 and CD69 (T-cell activation markers) on lympho-
cytes, but there was no significant effect on the expression 
of  CD3, CD8 or CD45RO.

Effect of probiotics on monocyte-derived DCs
To determine the effect of  probiotics on DCs, we iso-
lated monocytes and cultured them at 37℃ for 7 d. In the 
culture supernatants from monocyte-derived DCs, IL-10 
and IL-12 levels were upregulated in the probiotic group 
compared to the control group (Figure 7). This indicates 
that Bio-Three can stimulate monocyte-derived DCs to 
produce more IL-10 and IL-12.

Probiotics enhance cytokine levels associated with Th1 
and Treg cells in CD4+ T cells co-cultured with DCs 
To explore the effect of  probiotic consumption on DC 
and CD4+ T cell differentiation, we use a cell culture mod-
el to study cytokine levels in the supernatants of  CD4+ T 
cells co-cultured with monocyte-derived DCs. Bio-Three 
upregulated IFN-γ (associated with Th1) and IL-10 (as-
sociated with Treg cells) levels in the supernatants of  DCs 
and CD4+ T cells co-cultured for 48 h (Figure 8). 

DISCUSSION
The role of  intestinal microflora as a modulator of  the 
immune response has been studied intensively in recent 
years. Lactobacillus species are the most well-studied both 
in vitro and in vivo, and could have clinical importance in 
inducing phagocytosis and IgA secretion, modifying T-cell 
responses, enhancing Th1 responses, and attenuating Th2 
responses[2,15-17]. However, how intestinal microbes interact 
with the mucosal immune system remains unclear[15]. The 
ability of  different strains of  Lactobacillus to induce pro-
duction of  key cytokines such as IL-12 and IL-10 varies 
markedly[2,8]. 

The functionally different CD4+ Th cell subsets 
known as Th1 and Th2 have different cytokine profiles. 
The Th1/Th2 paradigm is relevant to the pathogenesis of  
several pathological conditions and provides the rationale 
for the development of  new strategies for treating and 
preventing diseases. The development of  polarized Th1 

or Th2 responses depends on environmental factors [e.g. 
dose of  antigen, nature of  the immunogen, and cytokines 
(IL-4, IL-12 or interferons) at the time of  antigen presen-
tation], or on other undefined factors that mainly affect 
so-called natural immunity[18]. Th1-dominated responses 
are potentially effective in eradicating infectious agents, 
including those hidden within the host cells.

In our study, probiotics upregulated IFN-γ levels and 
moderately downregulated IL-4 in the supernatant of  
cultured PBMCs, which suggests that probiotics enhance 
the Th1 immune response and suppress the Th2 immune 
response. 

The effects of  consuming probiotics other than lactic 
acid bacteria are relatively unexplored. Bacillus strains are 
used in the treatment of  diarrhea[19]. Additionally, they 
have antimicrobial activities, induce secretory IgA, IFN-γ, 
IL-12, IL-10 and TGF-β production, stimulate CD4+ T 
cell proliferation, and suppress IL-4 levels[20,21]. The clinical 
and immunomodulatory effects of  Clostridium and Entero-
coccus species are well documented in animal models. Heat-
inactivated C. butyricum enhanced IFN-γ production, poly-
clonal antibody formation, and phagocytosis in a mouse 
model[22,23]. Moreover, culture supernatants of  C. butyricum 
TO-A downregulate TLR4 expression in human colonic 
epithelial cells[24]. Feeding E. faecium SF68 to mice has been 
documented to antagonize Giardia intestinalis infection and 
increase the percentage of  CD4+ T cells in the Peyer’s  
patches and spleen[25]. It has also been suggested that ad-
equate E. faecium after antibiotic treatment improves the 
intestinal ecosystem, and thereby prevents the shift to Th2 
immunity in neonatal mice[26]. 

The present study focused on the probiotic mixture 
Bio-Three of B. mesentericus, C. butyricum and E. faecalis. We 
speculated that each species of  Bio-Three would modify 
the immune function differently, thus leading to more 
complex effects. To date, few studies have examined the 
clinical effects of  Bio-Three. One study has found that 
Bio-Three prevents enterohemorrhagic Escherichia coli 
O157: H7 infection in rabbits[27]. Another has found that 
Bio-Three is effective in patients with ulcerative colitis 
that is refractory to conventional therapy[28]. Administra-
tion of  Bio-Three to infants changes the composition of  

300

200

100

0

IL
-1

2 
(p

g/
m

L)

Bio-Three group      Control group

a

Monocyte-derived dendritic cells
 (7 d after culture)

300

200

100

0

IL
-1

0 
(p

g/
m

L)

Bio-Three group      Control group

a

Monocyte-derived dendritic cells
 (7 d after culture)
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intestinal flora and decreases serum endotoxin produced 
by potentially pathogenic microorganisms[29], and probably 
reduces infectious complications after pancreaticoduode-
nectomy[30].

In the present study, Bio-Three induced IL-10 pro-
duction and increased the number of  Treg cells (CD4+ 
and CD25+ T lymphocytes). IL-10 modulates immune 
responses by probiotic bacteria[2,15,31] by inhibiting syn-
thesis of  IL-2, IL-12 and TNF-α produced by cells such 
as APCs and Th1 cells[10,12,32]. Increased IL-10 production 
might explain why Bio-Three inhibits TNF-α produc-
tion, which can be harmful at high levels[3,33].

IL-12 plays a central role in promoting the Th1 re-
sponse[2,10]. Specific strains of  Lactobacillus enhance IL-12 
production by human mononuclear cells[34,35]. However, 
in our study, this effect was limited probably because 
of  strains in Bio-Three were not stimulatory. Other ex-
planations include inhibition by IL-10, shorter time of  
stimulation in vitro (24 h), and inadequate dose (around 
109 organisms/d). In previous studies, daily doses of  
1010-1011 (but not < 109) organisms of  probiotic lactic 
acid bacteria conferred physiological benefits[36,37]. In 
the present study, IL-12 level in both groups was low, 
therefore, the influence of  Bio-Three dose on IL-12 
production should be further investigated. Notably, not 
all probiotics species can induce IL-12 production. 

We used a previously published method (105, 106 and 
107 CFU/mL bacteria co-cultured with PBMCs (105/mL) 

for 1 d (the ratio of  bacteria:PBMC was 1:1, 10:1 and 
100:1) to investigate how the concentration of  bacteria 
affects cytokine production[35,38,39]. A prior study has dem-
onstrated that Lactobacillus dose-dependently stimulates 
PBMC expression of  cytokines[39]. In our system, the 
optimum dose was around 106-107 CFU/mL, which was 
almost statistically significant (P < 0.05). However, cy-
tokine production was less at the highest concentration 
(108 CFU/mL bacteria, data not shown), which suggested 
that stimulation of  PBMCs was not fully dose-dependent. 
This inconsistency between the responses to Bio-Three 
and Lactobacillus may have been due to species differences. 
Moreover, the possibility that highly concentrated cell de-
bris induces apoptosis, deletion, or cell death of  PBMCs 
should be considered. 

In our experiment, CD4+, CD45RA+ and CD25+ 
T lymphocytes were upregulated, whereas CD14+ cells 
showed no significant change. DCs are CD11b+ cells 
that can differentiate from CD14+ monocytes[10,40]. The 
expression of  CD11b+ cells in our study suggested that 
they were increased by exposure to Bio-Three. DCs 
regulate the development of  T cell responses, especially 
the polarization of  such responses[1,2]. It has been dem-
onstrated that exposure to probiotic bacteria upregulates 
markers of  DC maturation, such as HLA-DR and mem-
bers of  the B7 family (CD80, CD86)[10,31,41-44]. High but 
not low doses of  probiotic organisms induce DC matu-
ration, which suggests that different intracellular signal-
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ing pathways are activated by high doses[10,45]. 
As described above, the level of  HLA-DR (a marker 

of  immune stimulation), which participates in DC signal-
ing, is usually enhanced. In the present study, Bio-Three 
had an enhancing effect on expression of  HLA-DR. Fur-
thermore, co-culture with DCs and CD4+ T cells, showed 
upregulation of  IFN-γ (associated with Th1 cells) and 
IL-10 (regulatory cytokine) in the supernatants. 

To date, the real pathways of  probiotic immunomodu-
latory effects are not fully understood, and some types of  
immune cells that are primed by probiotics might be the 
connection between in vivo and in vitro stimulation. We pro-
posed that PBMCs are involved in the in vivo sensitizing 
effect of  Bio-Three and further in vitro stimulatory effects. 
The monocyte-derived DC transformation might play a 
key role in the mechanism of  probiotic immunomodula-
tion. DCs are the most potent APCs that are primed by 
probiotic bacteria, and they are the principal stimulators 
of  naïve T cells to drive further immune responses. 

In conclusion, we found that probiotics (Bio-Three) 
increased expression of  IFN-γ (associated with Th1 cells), 
increased IL-10 production (anti-inflammatory cytokine), 
and decreased TNF-α level. The optimum concentration 
of  Bio-Three for cytokine production was around 106- 
107 CFU/mL. It is reasonable to speculate that Bio-Three 
redirected the immune system toward an anti-inflammato-
ry phenotype, rather than an aggressive immune response, 
even at a relatively low dose (109 organisms/d for 2 wk). 
Furthermore, the short term in vivo (2 wk) and in vitro (24 h)  
exposure was probably sufficient to promote a Th1 cell 
response and HLA-DR expression on DCs. 
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