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Abstract

Background: Beneficial effects of probiotics have been re-
ported for patients with allergic diseases and intestinal dis-
orders. There is increasing interest in studying the role of
different strains or combined probiotic administration on
immunoregulation. In this study, we investigated whether
probiotics modulate the immune response through regulat-
ing T cell proliferation and differentiation. Methods: We ex-
amined the effect of probiotic | (a combination of Lactobacil-
lus acidophilus and Bifidobacterium bifidus) and probiotic Il (a
combination of L. acidophilus and B. infantis) on cell survival
and proliferation, the progression of the cell cycle, and the
production of Th1/Th2 cytokines by mitogen-stimulated
murine spleen cells and human peripheral blood mono-
nuclear cells (PBMCs). Results: Our experimental results
showed that high concentrations (=1 x 10% CFU/ml) of pro-
biotic | or Il inhibited mitogen-induced cell proliferation and
arrested the cell cycle at the G0/G1 stage in both mitogen-
stimulated spleen cells and PBMCs. In the results of low con-
centrations (<1 x 10° CFU/ml), probiotic | or Il enhanced the
production of IFN-vy but inhibited the production of IL-4. Our
results indicated that high concentrations of probiotic | or |l
treatment could attenuate mitogen-induced overactive im-

mune responses. On the other hand, low concentrations of
probiotic | or Il treatment could promote a shift in the Th1/
Th2 balance toward Thil-skewed immunity. Conclusion:
Dose selection is an important issue for probiotic studies.
Our results indicated that probiotics have beneficial effects
on regulating T cell-mediated immune responses by attenu-
ating mitogen-induced overactive immune responses and
promoting Th1 immune responses.

Copyright © 2011 S. Karger AG, Basel

Introduction

Probiotics are live nonpathogenic bacteria that confer
health benefits beyond their nutritional value [1]. The ther-
apeutic potential of probiotics has been demonstrated
mainly in experimental colitis as well as in human inflam-
matory bowel diseases [2]. Normal intestinal flora is im-
portant for health and, kept in balance, it crucially influ-
ences the normal structural and functional development
of the mucosal immune system [3]. Microaerophilic lacto-
bacilli and anaerobiotic bifidobacteria are important
members of the human indigenous flora of the large intes-
tine and have beneficial effects in humans [4]. Our previ-
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ous report indicated that oral probiotics Lactobacillus aci-
dophilus and Bifidobacterium infantis reduce the incidence
and severity of necrotizing enterocolitis in very low birth
weight infants [5]. The possible mechanisms by which pro-
biotics may protect from necrotizing enterocolitis include
competitive exclusion of potential pathogens [6], inhibi-
tion of the growth of pathogens [7, 8], and modification of
the host immune response to microbial products [9, 10].

The therapeutic benefits of L. acidophilus and bifido-
bacteria are mediated by (i) the prevention of intestinal
infections and diarrheal diseases, (ii) the enhancement of
immunity, (iii) the prevention of colon cancer, (iv) the im-
provement of lactose utilization, and (v) stabilization of the
gut mucosal barrier, among other factors [11]. Lactobacilli
are frequently used as probiotics to promote human health
due to their effects on potentiating the immune response
and preventing intestinal infection, among many others
[12-14]. Previous studies have reported that L. acidophilus
induces the production of TNF-a, IL-6, and IL-10 by hu-
man peripheral blood mononuclear cells (PBMCs) [15],
enhances the activation and maturation of mouse and hu-
man dendritic cells [16, 17], and induces the apoptosis of
antigen-stimulated T cells [18]. On the other hand, Bifido-
bacterium is a dominant genus of infants’ fecal flora that
represent up to 90% of the total gut microflora in breast-
fed babies [19] and up to 15% of that in adults [20]. Some
strains of the genus Bifidobacterium exhibit anti-inflam-
matory properties [21-23], increase intestinal IgA secre-
tion [24], and induce dendritic cell maturation [25].

There is increasing interest in studying the role of dif-
ferent strains of probiotics on proinflammatory and anti-
inflammatory cytokine secretion from macrophages.
These cytokines are important in regulating local in-
flammatory responses [1, 21, 26]. In Crohn’s disease, the
potent proinflammatory cytokine TNF-a seems to play
a pivotal role in the pathogenesis of altered mucosal im-
mune function [27, 28]. Several observations lead to the
notion that enhanced secretion of Thl-type cytokines,
such as IL-2 and IFN-v, and TNF-q, acts as a key factor
in the pathogenesis of Crohn’s disease [29, 30]. Addition-
ally, IFN-vy mainly augments cellular immunities and ex-
hibits antitumor responses, and it inhibits the production
of Th2-type cytokines such as IL-4. It is well known that
helper T cells play a major role in the regulation of muco-
sal immune responses. Accordingly, the effects of probi-
otics on the functions of T cells could help to understand
the possible role of probiotics in human health. The aim
of this study was to investigate whether probiotics modu-
late the immune response through regulating T cell pro-
liferation and differentiation.

Probiotic-Modulated T Cell Immune
Response

Materials and Methods

Mice

BALB/c mice were obtained from the National Laboratory An-
imal Center (Taipei, Taiwan) and maintained in the Animal Cen-
ter of China Medical University (Taichung, Taiwan). The animal
room was kept on a 12-hour light and dark cycle with a constant
temperature and humidity. All mice were bled at 8 weeks of age.
All procedures conformed to the Guide for the Care and Use of
Laboratory Animals (National Research Council, USA).

Reagents

Concanavalin A (ConA), phytohemagglutinin (PHA), phor-
bol myristate acetate, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT), ionomycin, propidium iodide, Tri-
ton X-100, and EDTA were purchased from Sigma Chemical (St.
Louis, Mo., USA). RPMI-1640 medium, Hank’s balanced salt so-
lution, penicillin, streptomycin, L-glutamine, and fetal calf serum
were purchased from Gibco BRL (Grand Island, N.Y., USA). Fi-
coll-Hypaque density gradient was purchased from Amersham
Biosciences (Uppsala, Sweden). The MRS broth, Rogosa SL agar,
and raffinose-Bifidobacterium agar were purchased from Difco
Laboratories (Detroit, Mich., USA). ELISA Kkits for the detection
of human and mouse IFN-y and IL-4 were purchased from BD
Pharmingen (San Diego, Calif., USA). For intracellular staining,
brefeldin A, fixation buffer, permeabilization buffer, FITC-la-
beled anti-human IFN-y mAb, PE-labeled anti-human IL-4 mAb,
FITC-labeled anti-mouse IFN-y mAb, and PE-labeled anti-mouse
IL-4 mAb were purchased from eBioscience (San Diego, Calif,,
USA).

Bacterial Culture

L. acidophilus (10° CFU NCDO 1748, obtained from the Na-
tional Collection of Dairy Organisms, Reading, UK), B. bifidum
(10° CFU NCDO 1453, obtained from the National Collection of
Dairy Organisms), and B. infantis (strain ATCC 15697, obtained
from the American Type Culture Collection, Rockville, Md.,
USA) were activated in MRS broth. The MRS broth was subcul-
tured in Rogosa SL agar for differential isolated L. acidophilus and
it was subcultured in raffinose-Bifidobacterium agar for differen-
tial isolated B. bifidum and B. infantis. All plates were incubated
at 37°C for 48 h under anaerobic conditions. Probiotic I (contains
L. acidophilus and B. bifidus) and probiotic II (contains L. aci-
dophilus and B. infantis) were used in the following experiments.

Cell Culture

Animals were sacrificed by cervical spine dislocation. The
spleen was removed and crushed into a single cell suspension, and
red blood cells were lysed by Tris-buffered ammonium chloride
before washing 3 times with Hank’s balanced salt solution [31].
Human whole blood was collected from healthy volunteers and
the PBMCs were isolated by Ficoll-Hypaque density gradient cen-
trifugation as described previously [31]. Cell numbers were deter-
mined using a hemocytometer, and viabilities were assessed via
the trypan blue dye exclusion method. Cells were seeded at a den-
sity of 2 X 10° cells/ml and incubated at 37°C in humidified 5%
C0,/95% air to allow macrophages to adhere. Two hours later, the
nonadherent cells were collected and incubated with medium
containing various concentrations of test compounds. The mito-
genic response to plant lectins (ConA or PHA) is conventionally
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used to measure cell-mediated immunity in mammals [32, 33].
Both ConA and PHA mitogens stimulate T lymphocytes by indi-
rectly cross-linking the T cell receptor complex [34]. Control cells
were grown under identical conditions but were not exposed to
the test compounds or mitogen. All culture materials were pur-
chased from BD Biosciences (San Jose, Calif., USA); it had been
clearly indicated that these were endotoxin free.

MTT Assay

Human PBMCs and murine spleen cells were seeded at a den-
sity of 1 X 10° cells/ml in 96-well U-bottom plates and incubated
with different concentrations of probiotic I or II in the presence
or absence of ConA or PHA for 2 days at 37°C in humidified 5%
CO,/95% air. In addition, we seeded the untreated cells at a range
of 1.25 X 10%*-4 X 10° cells/ml in 96-well U-bottom plates for
constructing a standard curve which was used to calculate the
cell number at the end of the incubation period. After 48 h, cells
were incubated with basal medium containing 0.5 mg/ml MTT
in a CO, incubator at 37°C for 4 h. The plates were centrifuged
(5 min at 500 g) and supernatants were removed. Hydrochloric
acid (0.04 N) in isopropanol (100 pl) was added to each well and
the absorbance was measured at 570 nm (reference wavelength
650 nm) with a microplate reader (VersaMax; Molecular Devices,
Sunnyvale, Calif., USA).

Cytokine Assay

Cells were incubated with different concentrations of probi-
otic I, probiotic IL, L. acidophilus, B. bifidus, or B. infantis in the
presence or absence of ConA or PHA for 2 days. The supernatants
were then harvested and stored at -80°C until analyzed by ELISA.

Cell Cycle Analysis

Human PBMCs and murine spleen cells were stimulated with
5 pg/ml ConA or PHA and different concentrations of probiotic
I, probiotic 11, L. acidophilus, B. bifidus, or B. infantis for 3 days
and cell cycle analysis was performed using the method described
previously [35]. Briefly, cells were washed with PBS and stained
with 20 pg/ml propidium iodide in 0.1% Triton X-100,and 0.1 mM
EDTA. Cell suspensions were analyzed using a FACSCalibur flow
cytometer (Becton Dickinson, San Jose, Calif., USA). The per-
centages of cell cycle distribution in the G0/GI, S, and G2/M phas-
es were determined using MODFIT software (Becton Dickinson).

Intracellular Staining

Human PBMCs and murine spleen cells were incubated with
different concentrations of probiotic I or I in the presence or ab-
sence of ConA or PHA for 2 days at 37°C in humidified 5%
C0,/95% air. At the end of the incubation period, cells were stim-
ulated with 10”7 M phorbol myristate acetate plus 1 pg/ml iono-
mycin for 6 h. Brefeldin A (10 pwg/ml) was added during the last
2 h of culture. For intracellular staining, cells were fixed with
fixation buffer for 30 min and permeabilized with permeabiliza-
tion buffer for 30 min following the manufacturer’s instructions
(eBiosciences). Cells were stained with FITC-labeled anti-IFN-vy
and PE-labeled anti-IL-4 mAb (eBiosciences) and analyzed using
a FACSCalibur flow cytometer (Becton Dickinson).

Statistical Analysis
All experimental data were shown as means = SD and accom-
panied by the number of independent experiments. For in vitro
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data, statistical analysis was performed using Student’s t test, and
differences were regarded as statistically significant for p values
of less than 5% (p < 0.05), 1% (p < 0.01), and 0.1% (p < 0.001).

Results

The Effect of Probiotics on Cell Survival and

Proliferation in Both Murine Spleen Cells and

Human PBMCs

We examined whether probiotic I or II affect cell sur-
vival in both murine spleen cells and human PBMCs.
Murine spleen cells and human PBMCs were treated with
various dosages (4 X 10% 2 x 10% 1 X 10° and 0.2 X
10° CFU/ml) of probiotic I or IT in the presence or absence
of ConA or PHA for 2 days. Cell survival was examined
by MTT assay. The experimental results showed that pro-
biotic I or II did not affect cell survival under these treat-
ment dosages in either murine or human mitogen-acti-
vated T cells (fig. 1). However, probiotic I or IT inhibited
both human and murine mitogen-activated T cell prolif-
eration at concentrations of =1 X 10® CFU/ml (fig. 1). In
order to examine whether probiotic I or II could divide
and proliferate in our culture conditions, we performed
an MTT assay to determine the viability of probiotic I or
IT alone. Our results of the MTT assay showed that the
OD values of the probiotic I or II culture were indistin-
guishable from the background (data not shown). This
also indicated that probiotics I and II did not divide and
proliferate in our culture conditions.

The Effect of Probiotics on the Cell Cycle Distribution

of Mitogen-Activated Spleen Cells

We examined the effects of probiotic I or I on the cell
cycle distribution of spleen cells. Murine spleen cells were
treated with various dosages (4 x 10%,2 x 10%,1 x 105,
and 0.2 X 10° CFU/ml) of probiotic I or I in the presence
or absence of ConA for 2 days. The experimental results
showed that probiotic I did not affect the cell cycle distri-
bution of spleen cells (table 1). However, 2 X 10° or high-
er concentrations of probiotic IT could promote the cell
cycle progression of spleen cells from Gl to the S phase
(table 1). On the other hand, our experimental results
showed that treating ConA-stimulated spleen cells with
1 X 10° CFU/ml or higher concentrations of probiotic I
or II significantly increased the percentage of cells in the
GO/G1 phase and dramatically decreased the cell popula-
tion in the S phase (table 1). In addition, treating ConA-
stimulated spleen cells with probiotic I induced more
cells to accumulate in the GO/G1 cell cycle compared to
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Fig. 1. Effects of probiotics I and II on cell survival in both murine and human mitogen-activated T cells. Hu-
man PBMCs and murine spleen cells were treated with various dosages of probiotic I or II in the presence or
absence of 2.5 pg/ml ConA or 5 pg/ml PHA for 2 days. Cell survival was examined by MTT assay. The data
represent the means £ SD of triplicate experiments. Statistical analysis was performed using Student’s t test.

*p<0.05.

treatment with probiotic II (table 1). Furthermore, to clar-
ify which probiotics contribute to arresting mitogen-
stimulated spleen cells’ cell cycle, we studied the individ-
ual activity of the bacteria in probiotic I or II. Different
amounts of L. acidophilus, B. bifidus, or B. infantis were
used to treat spleen cells in the presence of ConA. The
results showed that these 3 strains had similar activities
in arresting the mitogen-activated cell cycle in the G0/G1
stage in the presence of 2 X 10® CFU/ml or higher con-
centrations (for details, see online supplementary table 1,
www.karger.com/do0i/10.1159/000322350).

Probiotic-Modulated T Cell Immune
Response

The Effect of Probiotics on Th1/Th2 Cytokine

Production by ConA-Stimulated Spleen Cells

While investigating the effects of probiotic I and pro-
biotic IT on Th1- and Th2-type cytokine production, we
detected the Thl-type cytokine, IFN-v, and Th2-type
cytokine, IL-4, produced by ConA-stimulated spleen
cells in the presence of probiotic I or II. The experimen-
tal results showed that treating ConA-stimulated spleen
cells with 1 X 10%,0.2 x 105 or 0.1 X 10° CFU/ml of
probiotic I or II significantly promoted the production of
IFN-vy compared to treatment with ConA alone (fig. 2a).
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Fig. 2. Effects of probiotics I and I on Th1/Th2 cytokine production by mitogen-stimulated spleen cells. Spleen
cells were stimulated with 2.5 pug/ml ConA and different concentrations of probiotic I or II for 2 days. Super-
natants were collected and the levels of IFN-vy (a) and IL-4 (b) were determined by ELISA. ¢ Analysis of intra-
cellular cytokine production by ConA-stimulated spleen cells treated with probiotic I or II. The data represent
the means * SD of triplicate cultures. Statistical analysis was performed using Student’s t test. * p < 0.05;

** p < 0.01; *** p < 0.001.

In contrast, treating cells with 1 x 10°,0.2 X 105, or 0.1
X 10% CFU/ml of probiotic I or IT decreased the produc-
tion of IL-4 by ConA-stimulated spleen cells (fig. 2b).
Treating spleen cells with probiotic I or II alone did not
affect the production of IFN-v or IL-4 (data not shown).
We further confirmed the cytokine produced by ConA-
stimulated spleen cells treated with probiotic I or IT using
an intracellular staining assay. Our experimental results
indicated that treating ConA-stimulated spleen cells
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with probiotic I or II increases the proportion of IFN-vy-
producing cells (fig. 2¢). In contrast, treating ConA-
stimulated spleen cells with probiotic I or IT decreases the
proportion of IL-4-producing cells (fig. 2c). Treating
spleen cells with probiotic I or IT alone did not affect the
proportion of IFN-vy- or IL-4-producing cells (data not
shown).
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Table 1. Effects of probiotic I and probiotic IT on the cell cycle dis-
tribution of spleen cells

Table 2. Effects of probiotic I and probiotic IT on the cell cycle dis-
tribution of PBMCs

GO/G1 S G2/M GO/G1 S G2/M
Spleen cells only 91.6 7.88 0.52  PBMCs only 96.63 1.21 2.16
2.5 pg/ml ConA 54.05  39.67 6.28 5 pg/ml PHA 61.94 2498  13.08
Probiotic I Probiotic I
4 X 10° CFU/ml + 2.5 pg/ml ConA  93.17*** 0.02*** 6.81 4 x 10°CFU/ml + 5 pg/ml PHA  89.37*** 5]1%** 55)%*
2 X 10° CFU/ml + 2.5 pg/ml ConA  85.53%** 0.03*** 14.44* 2 x 10° CFU/ml + 5 pwg/ml PHA  80.5**  8.59*** 10.91
1 X 10° CFU/ml + 2.5 pg/ml ConA ~ 7826**  4.68*** 17.05* 1 x 10°CFU/ml+ 5 pg/mlPHA  73.79** 16.77**  9.43*
0.2 X 10° CFU/ml + 2.5 pg/ml ConA 5291  39.99 7.10 0.1 x 10°CFU/ml + 5 pg/ml PHA 69.05*  20.23*  10.72
4 X 10° CFU/ml 98.22 155 024 001 x 10°CFU/ml + 5 pg/ml PHA 62.51  21.54 1595
2 x 10° CFU/ml 96.06 3.88 0.06 4 x 10° CFU/ml 97.41 1.05 1.54
1 x 10° CFU/ml 93.11 4.08 281 2 x 10% CFU/ml 95.25 0.89 3.86
0.2 X 10° CFU/ml 91.84 6.10 206 1 x 10°CFU/ml 96.28 1.11 2.61
Probiotic Il 0.1 x 10° 6CFU/ml 97.58 1.23 1.19
4 x 10° CFU/ml + 2.5 pg/ml ConA  76.34** 23.64* 0.02** 0.01 X 10° CFU/ml 96.57 101 242
2 X 10° CFU/ml + 2.5 wg/ml ConA  69.34*  28.84* 1.82%*  Probiotic II
1 x 10° CFU/ml + 2.5 pg/ml ConA  64.58* 26.84* 8.58 4 X 10° CFU/ml + 5 pg/ml PHA  88.09%**  5.64%** 627**
0.2 X 10° CFU/ml + 2.5 pg/ml ConA 57.37  36.59  6.04 2 X 106 CFU/ml + 5 ug/ml PHA ~ 81.73**  93***  gg7**
4 x 10° CFU/ml 79.15%  20.84** 0.01 1 X 10° CFU/ml + 5 pg/ml PHA  74.31** 15.08** 10.61
2 X 10° CFU/ml 83.93" 13.23" 2.84 0.1 X 10° CFU/ml + 5 ug/ml PHA 6621 2229 1151
1 x 10° CFU/ml 91.04 646 250  0.01 x 10° CFU/ml + 5 ug/ml PHA 63.15 2489  11.96
0.2 X 10° CFU/ml 91.75 556  2.68 4 X 10° CFU/ml 98.25 1.21 0.54
2 X 10° CFU/ml 97.54 1.13 1.33
*p <0.05; ** p < 0.01; *** p < 0.001 compared to cells treated 1 x 10° CFU/ml 97.15 1.06 1.79
with ConA only. * p < 0.05; ** p < 0.01 compared to cells only. 0.1 X 10° CFU/ml 96.48 1.05 2.47
0.01 X 10° CFU/ml 96.78 0.99 223

The Effect of Probiotics on the Cell Cycle Distribution

of Mitogen-Stimulated PBMCs

We further compared the effects of probiotic I or I on
the cell cycle distribution of PBMCs. Human PBMCs
were treated with various dosages (4 X 105, 2 x 106,
1 x 105 0.1 x 10% and 0.01 X 10% CFU/ml) of probi-
otic I or II in the presence or absence of PHA for 2 days.
The experimental results showed that probiotic I or II
did not affect the cell cycle distribution of PBMCs (ta-
ble 2). On the other hand, our experimental results
showed that 0.1 X 10°® CFU/ml or higher concentrations
of probiotic I arrested the PHA-stimulated cell cycle dis-
tribution in the GO/G1 stage (table 2). In addition, 1 X
10° CFU/ml or higher concentrations of probiotic II ar-
rested the PHA-stimulated cell cycle distribution in the
GO/G1 stage (table 2). Furthermore, the effects of each
strain of bacteria of probiotic I or IT on PHA-stimulated
PBMCs were also examined. We found that 0.1 x 10°
CFU/ml or higher concentrations of L. acidophilus or B.
bifidus had similar inhibitory effects on G0/G1 arrest. In
addition, 1 X 10% CFU/ml of B. infantis arrested the

Probiotic-Modulated T Cell Immune
Response

*p <0.05; ** p < 0.01; *** p < 0.001 compared to cells treated
with PHA only.

PHA-stimulated PBMCs in the GO0/G1 stage (online
suppl. table 2).

The Effect of Probiotics on Th1/Th2 Cytokine

Production by PHA-Stimulated PBMCs

We further examined the effect of probiotic I and
probiotic IT on Thl- and Th2-type cytokine production
by PHA-stimulated PBMCs. The experimental results
showed that 0.1 X 10° or 0.01 X 10°® CFU/ml of probi-
otic I or II promoted the production of IFN-vy by PHA-
stimulated PBMCs (fig. 3a). In contrast, 0.1 X 10 and
0.01 X 10% CFU/ml of probiotic I or II decreased the pro-
duction of IL-4 by PHA-stimulated PBMCs in a dose-
dependent manner (fig. 3b). Treating PBMCs with probi-
otic I or II alone did not affect the production of IFN-vy
or IL-4 (data not shown). We further confirmed the cy-
tokine produced by PHA-stimulated PBMCs treated with
probiotic I or I using an intracellular staining assay. Our

Int Arch Allergy Immunol 2011;156:128-136 133
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Fig. 3. Effects of probiotics I and II on Th1/Th2 cytokine production by mitogen-stimulated PBMCs. PBMCs
were stimulated with 5 wg/ml PHA and different concentrations of probiotic I or II for 2 days. Supernatants
were collected and the levels of IFN-vy (a) and IL-4 (b) were determined by ELISA. ¢ Analysis of intracellular
cytokine production by PHA-stimulated PBMCs treated with probiotic I or II. The data represent the means *
SD of triplicate cultures. Statistical analysis was performed using Student’s t test. * p < 0.05; ** p < 0.01; *** p <

0.001.

experimental results indicated that treating PHA-stimu-
lated PBMCs with probiotic I or II increases the propor-
tion of IFN-vy-producing cells (fig. 3c). In contrast, treat-
ing PHA-stimulated PBMCs with probiotic I or II de-
creased the proportion of IL-4-producing cells (fig. 3¢).
Treating PBMCs with probiotic I or IT alone did not affect
the proportion of IFN-y- or IL-4-producing cells (data
not shown).
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Discussion

Health claims of probiotics used in functional food
and pharmaceutical preparations are based on the ca-
pacity of these microorganisms to stimulate the host
immune system [36]. Probiotics are gaining interest as
alternatives for antibiotics or anti-inflammatory drugs
[37]. However, their mode of action in immunoregulation
is poorly understood. In the present study, we examined
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whether probiotics modulate the immune response
through regulating T cell proliferation and differentia-
tion and focused on the effect of combined probiotic ad-
ministration on the immunomodulatory function.

Our results showed that treating cells with high con-
centrations (=1 X 10°® CFU/ml) of probiotic I or IT inhib-
its mitogen-induced cell proliferation and arrests the cell
cycle distribution in the GO/GI phase in both mitogen-
stimulated spleen cells and PBMCs. Stimulation with L.
acidophilus, B. bifidus, or B. infantis alone also arrests the
cell cycle distribution of mitogen-stimulated spleen cells
and PBMCs in the GO/G1 phase. Similar immunomodu-
latory effects have been reported, maintaining that L.
acidophilus strain L-92 induces the apoptosis of antigen-
stimulated T cells [18]. These results suggest that adminis-
tration of probiotic I or II could attenuate the mitogen-
induced overactive immune response. In addition, our
experimental results showed that the combination of
probiotic treatments (probiotic I or II) has stronger effects
on arresting cell cycle progression in the GO/G1 phase than
do treatments with 1 probiotic alone. This finding sug-
gested that combined probiotic treatment may have addi-
tive effects on arresting cell cycle progression in the G0/G1
phase in both mitogen-stimulated spleen cells and PBMCs.

Based on our results, 1 X 10° CFU/ml of probiotic I or
IT had weaker effects on regulating IFN-vy and IL-4 pro-
duction than <1 X 10° CFU/ml of probiotic I or II did.
The results of intracellular staining also showed that 1 X
10® CFU/ml of probiotic I or I had weaker effects on in-
tracellular IFN-vy expression. Our results indicated that
high concentrations (=1 X 10° CFU/ml) of probiotic I or
IT not only affect mitogen-induced cell proliferation and
cell cycle distribution but also reduce the production of
IFN-vy in both mitogen-stimulated spleen cells and
PBMCs. We suggest that high concentrations (=1 x 10°
CFU/ml) of probiotic I or II may impair the activity of
both mitogen-stimulated spleen cells and PBMCs. A
higher IFN-vy/IL-4 ratio was observed when mice ConA-
stimulated spleen cells and human PHA-stimulated
PBMCs were treated with 0.2 X 10°or 0.1 X 10° CFU/ml
of probiotics, respectively. These results suggested that
treating cells with probiotic I or probiotic II may lead to
a switch in the T cell response from Th2 to Thl. Further-
more, ConA-stimulated spleen cells or human PHA-
stimulated PBMCs produced lower amounts of IFN-vy
and IL-4 when cells were treated with 1 X 10® CFU/ml of
probiotics than when cells were treated with 0.2 X 10° or
0.1 x 10° CFU/ml of probiotics, respectively. These find-
ings implied that lower concentrations of probiotics
might be optimal for modulating T cell functions. In this

Probiotic-Modulated T Cell Immune
Response

study, we also found that regardless of whether probiotics
were pre-heat-treated or not their inhibitory effects on
mitogen-activated T cells were similar (data not shown).
This suggested that active and inactive probiotics show
equal effects on modulating immune cell functions.

Several reports have shown that probiotics skew the
Th1/Th2 balance toward Thl by increasing the produc-
tion of Thl-type cytokines (IL-12 and IFN-vy) in mono-
cytes, dendritic cells, macrophages, and PBMCs after
cells have been incubated with several strains of Lactoba-
cillus or Bifidobacterium [18, 21, 26, 38]. Furthermore, the
effects of Lactobacillus or Bifidobacterium on the stimu-
lation of Th1 immunity have also been reported in clini-
cal trials [39]. In addition, spleen cells from mice given L.
acidophilus also produced significantly higher amounts
of IFN-y in response to stimulation with ConA com-
pared to cells from the control mice [40]. Previous studies
have indicated that L. casei strain Shirota feeding in-
duced a Th1 response rather than a Th2 response [26, 38].
Similarly, we found that either probiotic I or probiotic II
promotes a Thl response in mice and humans. On the
other hand, the increased production of IFN-y suggested
that this cytokine may be an important factor in enhanc-
ing the cellular immunity and inhibition of cancer cell
proliferation that have been observed by many research
groups [41-44]. Therefore, these reports may highlight an
important immunomodulatory role for commensal bac-
teria in the gastrointestinal tract.
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