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Lactobacillus pentosus (L. pentosus) strain S-PT84, isolated from Kyoto pickles, enhances splenic natural killer (NK)
cell activity, and has high T-helper1 (Th1) cytokine and type 1-IFN (IFN-) inducing activity. In the present study, we
investigated the influence of S-PT84 ingestion on the mucosal immunity of healthy and Salmonella Typhimurium (S.
Typhimurium)-infected mice. In the S. Typhimurium infection model, numbers of S. Typhimurium in feces and the
spleen were significantly decreased, and body weight loss and deterioration in the general health score of S.
Typhimurium-infected mice were improved by S-PT84 ingestion. Oral administration of S-PT84 enhanced IL-5 and
IL-6 production from Peyer’s patch cells in vitro, with a concomitant significant increase in IgA production from
Peyer’s patch cells, which may explain the mechanism of enhanced IgA production in the small intestine in vivo. These
results suggest that S-PT84 ingestion is useful for the maintenance of health or the improvement of certain symptoms
during pathogen infection.
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INTRODUCTION

Lactic acid bacteria are widely used as a health food
and are generally recognized as safe. These bacteria are
useful in the treatment of several type of diarrhea,
including antibiotics-associated, pathogen-induced or
traveler’s diarrhea (1–4). Several reports have indicated
that lactic acid bacteria ingestion may inhibit pathogen
invasion into mouse organs through immunomodulating
effects in the intestine (5–7). Other reports have indicated
that heat-killed bacteria may show an anti-infective effect
against S. Typhimurium (8, 9). Furthermore, these
bacteria were observed to improve inflammatory bowel
disease or irritable bowel syndrome (10–12). Therefore, it
is thought that lactic acid bacteria in the intestine provide
various beneficial effects to the host. In addition to the
above reports, many reports have indicated that lactic
acid bacteria (13, 14) or probiotics (15, 16) modulate
systemic or mucosal immunity. However, while there is
one report that a L. pentosus strain enhances salivary IgA
production (17), it is not known whether L. pentosus
strains affect mucosal immunity in the intestine.

L. pentosus strain S-PT84 is a lactic acid bacterium of
plant origin which was isolated from Kyoto pickles
(shibazuke). S-PT84 stimulates IL-12 and IFN-
production through interactions between dendritic cells
and natural killer (NK) cells (18). S-PT84 enhances
splenic NK cell activity and exhibits anti-allergic effects
by modulating the T-helper 1 and T-helper 2 ratio and
inducing regulatory T cells (19). Furthermore, intranasal
administration of S-PT84 enhances IL-12 and IFN-
production in the respiratory tract, promotes NK activity
against influenza virus infection in the lung, improves
weight loss, and reduces mortality associated with viral
infection (20). These results indicate that S-PT84 can
stimulate the immune function in the spleen or in the
respiratory tract and counteract viral infection. However,
the effect of S-PT84 ingestion on mucosal immunity (as
the first contact immune organ after lactic acid bacteria
ingestion) has not yet been elucidated. In this study, we
investigated the influence of S-PT84 ingestion on the
mucosal immunity of healthy and S. Typhimurium-
infected mice.

MATERIALS AND METHODS

Animals
BALB/c male and female mice, 4- to 10-weeks-old,
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were obtained from Japan SLC, Inc. (Hamamatsu, Japan).
These animals were fed a commercial diet (AIN-93M,
Oriental Yeast Co. Ltd., Tokyo, Japan) and tap water ad
libitum, and they were housed for 1 week at 25 ± 1C and
60 ± 5% humidity under a 12-hr light-dark cycle before
experimentation. Experiments were approved by the
Animal Care and Use Committee of Suntory Holdings
Limited and performed according to the Guideline for
Animal Care and Use of Suntory Holdings Limited (This
guideline complies with the Law for the Humane
Treatment and Management of Animals, Law No. 105,
1973, as revised on June 1, 2006).

Preparation of L. pentosus S-PT84
S-PT84  was  cu l tu r ed  i n  MRS b ro t h  ( D i f co

Laboratories, Detroit, MI, USA) at 37°C for 24 hr.
Cultured S-PT84 were collected by centrifugation at
9190×g for 10 min, washed twice with sterile saline,
washed with distilled water, and heat-killed at 95°C for 5
min. Heat-killed S-PT84 were freeze-dried and then
added at 0.0075 wt% or 0.075 wt% to AIN-93M diet.
Numbers of S-PT84 per unit weight were 500 million
cells/mg.

Preparation of S. Typhimurium LT-2
S. Typhimurium LT-2 (ATCC15277) was cultured in

Luria-Bertani (LB) broth (Difco Laboratories, Detroit,
MI, USA). One hundred microliters of S. Typhimurium
stock solution was added to 10 ml of LB broth, and
cultured at 37°C for 2–6 hr until the OD550 reached 0.2–
0.3. Next, 2 ml of this culture solution was added to 1000
ml LB broth and cultured at 37°C for 18 hr. Cultured S.
Typhimurium were collected by centrifugation at 9190×g
for 10 min, washed with distilled water, and suspended at
2 × 109 colony forming unit (cfu)/ml in phosphate-
buffered saline (PBS, Nissui Pharmaceutical Co., Tokyo,
Japan).

S. Typhimurium infection model
The experimental procedure is summarized in Fig. 1A.

AIN-93M control diet or diet containing 0.0075 % of S-
PT84 was given for 7 days before S. Typhimurium
infection. On the day following the 7-day ingestion
period of each diet, mice were orally administered 0.5 ml
of 5.6% NaHCO3 in Hank’s Balanced Salt Solution
(HBSS, Invitrogen, California, USA) for neutralization of
gastric acid. After 15 min, 0.5 ml of S. Typhimurium LT-
2 (2 × 109 cfu/ml) was orally administered to mice. The
mice were subsequently maintained on their respective
diets until examination. The changes in body weight and

general health scores of the mice were monitored for 13
days after infection. The general health score was scored
following the description of Shu et al. (7). Score 5 :
Mouse bright-eyed and alert, has a smooth coat with a
sheen, responds to stimulus, shows interest in its
environment. Score 4 : Fur slightly ruffled, a loss of sheen
to the coat, mouse remains alert and active. Score 3 : Fur
noticeably ruffled, parts of coat form clumps, mouse not
as alert or active, less interested in environment outside of
cage, signs of hyperventilating when handled. Score 2 :
Mouse hunched over and sleepy, little interest shown in
environment, fur clumped. Score 1 : Mouse not reactive
to stimulus, fur has a “bottle brush” appearance, i.e.,
standing on end, mouse hunched over preferring to sleep
than react to environment, mouse cold to touch, paws are
cold to touch; Score 0 : death.

The feces and the spleen of each mouse were collected
at 3, 6 and 10 days after infection, for determination of S.
T y p h i m u r i u m  n u m b er s .  T h e s e  s a m p l e s  w er e
homogenized individually in 0.1% peptone water. One
hundred microliters of the supernatants (serially diluted
in 0.1% peptone water) were plated on LB agar
(containing 1.5% agar and 20 g/l LB broth), and S.
Typhimurium colonies were enumerated after incubation
at 37°C for 24 h.

Mice were anesthetized with diethyl ether and
sacrificed by exsanguinations at 3, 6, 10 or 24–26 days
after infection to collect the small intestine, for
determination of IgA concentration, and homogenized
individually in PBS with 0.05% Tween 20. After
centrifugation (9190×g, 10 min), supernatants were
collected and stored at –80°C until further analysis.

Effect of S-PT84 on IgA production from Peyer’s patch 
cells in vitro

The experimental procedure is summarized in Fig. 1B.
Mice were anesthetized with diethyl ether and sacrificed
by exsanguination. Peyer’s patches in the small intestine
were aseptically removed, and Peyer’s patch cells (PPCs)
were prepared after removal of erythrocytes. PPCs were
cultured in the absence or presence of S-PT84 (at 0.7×106

or 7×106 cells/ml) in 0.2 ml (approximately 2 × 106 cells/
ml) of RPMI-1640 (Nakalai Tesque, Kyoto, Japan)
supplemented with 10% heat-inactivated fetal bovine
serum (FBS) (Cambrex, Charles City, IA, USA), 100 U/
ml of penicillin, and 100 g/ml of streptomycin in a 96-
well culture plate (Corning, Corning, NY, USA) at 37°C
for 7 days. Then, supernatants were collected for
determination of IgA concentration and stored at –80°C
until further analysis.
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Effect of S-PT84 ingestion on IgA and cytokine 
production from Peyer’s patch cells (PPCs), mesenteric 
lymph nodes (MLNs) cells and splenocytes (SPCs)

The experimental procedure is summarized in Fig. 1C.
AIN-93M control diet or S-PT84 diet (0.0075% or
0.075%) was given for 7 days before each tissue
separation. The day following the 7-day ingestion period
of each diet, mice were anesthetized with diethyl ether
and sacrificed by exsanguination. The small intestine of
each mouse was collected for determination of IgA

content, and homogenized individually in PBS with
0.05% Tween 20. After centrifugation (9190 × g, 10 min),
supernatants were collected and stored at –80°C until
further analysis. SPCs, MLNs and PPCs were aseptically
removed, and the cells from each tissue were prepared
after depletion of erythrocytes. PPCs and MLNs were
cultured in the presence of S-PT84 (at 0.7 × 106 cells/ml)
in 0.2 ml (approximately 2 × 106 cells/ml), and SPCs, in
0.5 ml (approximately 5 × 106 cells/ml) of RPMI-1640
supplemented with 10% FBS, 100 U/ml of penicillin, and

Fig. 1. Experimental procedure of this study.
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100 microg/ml of streptomycin in a 96-well culture plate
at 37°C for 24 hr (for determination of cytokine
concentration) or 168 hr (for determination of IgA
concentration). Supernatants were collected and stored at
–80°C until further analysis.

ELISA for determination of cytokine or IgA 
concentration

IL-5, IL-6 or IFN- concentration was measured using
BD OptEIATM Set Mouse IL-5, IL-6 or IFN- ELISA kits
(BD Bioscience, NJ, USA), respectively, according to the
manufacturer’s recommended protocol. Total and S.
Typhimurium-specific IgA concentrations were also
determined by ELISA. ELISA plates (96-well) were
coated overnight with purified goat anti-mouse IgA
(Southern Biotech, Alabama, USA) or 1× 107 cfu/well of
UV-killed S. Typhimurium LT-2 in carbonate coating
buffer. Each sample was added, and incubated for 1 hr.
Plates were washed with PBS containing 0.05% Tween
20 and treated with biotin-conjugated anti-mouse IgA
(Southern Biotech, Alabama, USA). Plates were labeled
using streptavidin-horseradish peroxidase (HRP) (1/250,
Millipore, Billerica, MA, USA), and developed using a
tetramethylbenzidine and hydrogen peroxide substrate.
Absorption at 450 nm was determined, and the IgA
concentration was calculated as g/g tissue or absorption/
g tissue.

Statistical analysis
Data are presented as the mean  standard error (SE).

Significant differences in values were determined using
Student’s t-test or two-way ANOVA. p-values less than
0.05 were considered significant.

RESULTS

Effects of S-PT84 ingestion on S. Typhimurium LT-2-
infected BALB/c mice

To determine whether several symptoms of pathogenic
microbe infection are improved by S-PT84 ingestion, we
examined the effects of S-PT84 ingestion on body weight
change, general health score and mucosal immunity in S.
Typhimurium LT-2-infected mice.

As shown in Fig. 2, the transient weight reduction that
peaks 10 days after infection was significantly improved
by S-PT84 ingestion. Furthermore, the deterioration in
general health score (fur noticeably ruffled, mouse not as
alert or active, signs of hyperventilating when handled)
was significantly improved by S-PT84 ingestion (Fig. 3).
The amount of S-PT84 intake, calculated from the
average intake of food, was about 110 million cells per
mouse (data not shown).

To determine why several symptoms were improved,
we examined numbers of S. Typhimurium in feces and
the spleen at days 3, 6 and 10. As shown in Fig. 4,
numbers of S. Typhimurium in feces in the S-PT84
treated group were decreased on each observation day,
and were significantly decreased on day 3 (Fig. 4A).
Although remarkable changes were not observed on day 3
and day 6, numbers of S. Typhimurium were significantly
decreased on day 10 in the spleens of S-PT84 treated mice
(Fig. 4B).

To understand why bacterial numbers decreased, we

Fig. 2. Body weight change after S. Typhimurium LT-2
infection. Each group consists of 9–10 mice. *, **,
##Stat is t ical ly signif icant  differences between S.
Typhimurium infected group and S. Typhimurium infected
+ S-PT84 treated group (*p<0.05, **p<0.01 : Student’s t-
test, ##p<0.01 : two-way ANOVA).

Fig. 3. General health score change after S. Typhimurium LT-2
infection. Each group consists of 6 mice. **Statistically
significant difference between S. Typhimurium infected
group and S. Typhimurium infected + S-PT84 treated group
(**p<0.01: two-way ANOVA).
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examined the total- and S. Typhimurium-specific IgA
content in the small intestine according to the protocol
described in Fig. 1A (Fig. 5). Total IgA was slightly
increased by S-PT84 ingestion on day 10, but without
statistical significance (Fig. 5A). S. Typhimurium-
specific IgA was slightly increased by S-PT84 ingestion
on day 3 or 10, but without statistical significance (Fig.
5B), on the other hand, it was significantly increased on
day 24–26 (Fig. 5C).

Effects of S-PT84 on the mucosal immunity of normal 
BALB/c mice

To investigate other mechanisms involved in the

beneficial effect of S-PT84 ingestion in the pathogen
infection model, we examined the effect of S-PT84
ingestion on mucosal immunity before infection.

First, we examined the effect of S-PT84 on IgA
production from PPCs in vitro. As shown in Fig. 6, PPCs
treated with S-PT84 showed a dose-dependent increase in
IgA production and produced significantly higher
amounts of IgA than the control when treated with 7 × 106

S-PT84 cells/mL.
Next, we examined whether the immune response of

several organs in mice was affected by 0.0075% S-PT84-
diet ingestion. The amount of S-PT84 intake, calculated
from the average intake of food, was about 100 million

Fig. 4. Numbers of S. Typhimurium in feces (A) and in the spleen (B) after S.
Typhimurium. LT-2 infection. Each group consists of 6–12 mice. *Statistically
significant difference between S. Typhimurium infected group and S. Typhimurium
infected + S-PT84 treated group (p<0.05 : Student’s t-test).

Fig. 5. Effects of S-PT84 treatment on the amounts of IgA in small intestine. Total (A) and S.
Typhimurium-specific (B) IgA in small intestine of BALB/c mice at day 3–10, and S.
Typhimurium-specific (C) IgA in small intestine at day 24–26. Each group consists of 3–9
mice. *Statistically significant difference S. Typhimurium infected group and S. Typhimurium
infected + S-PT84 treated group (p<0.05).
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cells per mouse over 7 days (data not shown). In
splenocytes and mesenteric lymph nodes, IgA, IL-5 and
IL-6 production was not affected by S-PT84 ingestion
(Figs. 7A, B, and C). IFN- production was increased in
each tissue, but without statistical significance (Fig. 7D).
On the other hand, IgA, IL-5 and IL-6 production in PPCs

were significantly increased by S-PT84 ingestion (Figs.
7A, B and C).

Finally, we examined whether IgA content in the small
intestine was increased by 0.0075 or 0.075% S-PT84-diet
ingestion, and whether this effect was dose-dependant.
The amount of ingested S-PT84, calculated from the
average intake of food, was about 0.1 billion and 1 billion
cells per mouse over 7 days, respectively (data not
shown). As shown in Fig. 8, IgA content in the small
intestine showed a dose-dependent increase, and became
significantly, about 2-fold, higher than the control after
administration of the high dose of S-PT84.

DISCUSSION

Lactic acid bacteria have various beneficial effects on
human health (21, 22). Especially, many reports have
i n d i c a t e d  t h a t  l a c t i c  ac i d  b a c t e r i a  p r o m o t e
immunomodulatory effects, anti-infectious activity, or
epithelial barrier function in the gut (23–25) .  S.
Typhimurium is a notorious diarrhea-inducing pathogen,
and several reports have demonstrated that lactic acid
bacter ia  inges t ion decreases  the  number  of  S.
Typhimurium in  feces ,  l iver  or  the  spleen via
immunological or non-immunological functions (5–9).
However ,  only  a  few repor ts  have  shown tha t

Fig. 6. IgA production from Peyer’s patch cells (PPCs) of
BALB/c mice treated with S-PT84. Each group consists of
3 mice. *Statistically significant difference between control
group and 7  106 cells/ml S-PT84 group (p<0.05).

Fig. 7. IgA (A), IL-5 (B), IL-6 (C) and IFN-γ (D) production from splenocytes (SPCs), mesenteric lymph node
cells (MLNs) or Peyer’s patch cells (PPCs) of BALB/c mice treated with S-PT84. Each group consists of 3
mice. *, **Statistically significant differences between control group and S-PT84 group (p<0.05, p<0.01 :
Student’s t-test).
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deter iorat ion in  the  general  heal th  score  of  S.
Typhimurium-infected mice was improved by lactic acid
bacteria ingestion (8, 26).

In the present study, we evaluated the effects of S-
PT84 ingestion on S. Typhimurium-induced body weight
loss and general health score deterioration. S-PT84
ingestion provided a significant protective effect against
S. Typhimurium-induced body weight loss and general
health score deterioration of the mice (Figs. 2 and 3). The
number of S. Typhimurium in feces and the spleen were
observed to be low in the S-PT84 group compared to the
control. We consider that S. Typhimurium translocation
to the spleen was significantly reduced (Fig. 4B),
probably because the growth of S. Typhimurium in mice
was inhibited, as shown by the decrease in the bacterial
number in feces (Fig. 4A). These results suggest that S-
PT84 ingestion was effective for maintenance of health or
for improvement of several symptoms during pathogen
infection. Furthermore, these efficacies may have been
the result of inhibition of S. Typhimurium growth and
reduction of organ invasion in the mice.

To determine why the number of S. Typhimurium
decreased, we examined changes in the mucosal
immunity of the small intestine. In the S. Typhimurium
infection model, total and S. Typhimurium-specific IgA
were not changed by S-PT84 ingestion from 3 to 10 days
after infection, although S. Typhimurium-specific IgA
was significantly enhanced on days 24-26 (Fig. 5). On the
other hand, total IgA production from PPCs was
enhanced by S-PT84 stimulation in vitro (Fig. 6), and IgA
content in the small intestine was increased by 7 days of

S-PT84 ingestion in vivo (Fig. 8). Cerutti and Rescigno
reported that secretory IgA provides protection against
several pathogens (bacteria and virus) (27). Revolledo et
al. reported that the ingestion of several probiotic-
containing products was effective in the S. Typhimurium
infection model and that potent reduction in S.
Typhimurium colonization and inhibition of organ
invasion were indicated in groups possessing high
intestinal total IgA content (28). These reports and the
present data indicate the possibility that IgA content in the
small intestine is enhanced by S-PT84 ingestion before S.
Typhimurium infection, and that the alteration in IgA
content results in inhibition of body weight loss and
general health score deterioration resulting from
Salmonella infection.

Peyer’s patches play an important role in the
homeostasis or activation of mucosal immunity, and
these tissue are closely associated with IgA production
(29). In the present study, we demonstrated that IgA
content in the small intestine was significantly increased
by the high dose of S-PT84 ingestion, and IgA production
from PPCs in the S-PT84 group was enhanced by S-PT84
re-stimulation compared to the control. IL-5 and IL-6
production from PPCs was enhanced at the same time.
Both IL-5 and IL-6 are known as potent IgA-producing
cytokines in the mucosal immune system (30, 31).
Several reports have demonstrated that both IL-5 and IL-
6 synergistically enhance IgA production from PPCs in
vitro (32), or increase in IgA content in vivo (33).
Furthermore, Harata et al. reported that Lactobacillus GG
and Lactobacillus gasseri exhibit distinct strain-
dependant immunomodulatory effects in mice PP, and
that Lactobacillus GG has a high IL-6-producing capacity
that indicates high IgA production in vivo (34). Therefore,
we consider that the enhancement of IgA production from
PPCs by S-PT84 was caused by the induction of IL-5 and
IL-6. In other tissues (SPCs and MLNs), IL-5 and IL-6
production was unchanged in both the control and S-
PT84 groups, probably resulting in unaltered IgA
production. These results suggest that S-PT84 affects
cytokine production in PP only in the intestine, and where
it also enhance IgA production.. On the other hand, IFN-
 production was induced in all tissues (though without
statisticall significance), therefore we think that S-PT84
induces Th1 immunity in both the systemic and mucosal
immune systems.

In conclusion, in the S. Typhimurium infection model,
the numbers of S. Typhimurium in feces and the spleen
were significantly decreased by S-PT84 ingestion, and
these efficacies might be due to enhanced mucosal
i m m u n i t y .  S e v e r a l  s y m p t o m s  o b s e r v e d  i n  S .

Fig. 8. IgA content in small intestine of BALB/c mice
untreated or treated with S-PT84. BALB/c mice were fed an
AIN-93M diet or AIN-93M diet containing 0.0075 or
0.075% S-PT84 for 7 days ad libitum. Each group consists of
5–9 mice. **Statistically significant. difference between
control group and 0.075% S-PT84 group (p<0.01).
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Typhimurium-infected mice were improved by S-PT84
ingestion, and these improvements were the result of
inhibited S. Typhimurium growth and invasion. These
results suggest that S-PT84 ingestion is useful for the
maintenance of health or for the improvement of certain
symptoms occurring during pathogen infection.
However, we could not confirm in this study whether S-
PT84 ingestion induces S. Typhimurium-specific IgA in
the early stage of infection. Therefore, we need to
examine further the potency of S-PT84-induced antibody
production in response to Salmonella or other pathogens.
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