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Lactobacillus pentosus strain S-PT84 isolated from Kyoto pickles has immunomodulatory activities. In the
present study, the immunomodulatory component and the mechanism of S-PT84 were investigated. Intact cell
wall, but not protoplast/polysaccharide-peptidoglycan, induced Thl-cytokine from peritoneal macrophages as
much as whole cell of S-PT84. Thl-cytokine production from macrophages in Toll-like receptor 2 or 4 (TLR2/
TLR4) knock out (K.O.) mice were decreased compared to wild-type mice and further decrease was indicated
in TLR2/4 double K.O. mice. These results indicate that the cell wall is important as an immunomodulatory
component, and immunomodulatory activities are activated through TLR2/4.

We investigated the effects of S-PT84 on mucosal immunity in the intestinal tract and lungs. In the intestinal
tract, S-PT84 induced IL-5 and IL-6 production from Peyer’s patch cells and enhanced IgA production both
Peyer’s patch cells and small intestine. In Salmonella Typhimurium or cholera toxin exposure experiment,
antigen-specific IgA was enhanced by S-PT84 ingestion compared to the control. In the lungs, natural killer
(NK) activity and interferon-alpha (IFN-a) production were increased in S-PT84 group compared to control
group in influenza virus infection. These results suggest a possibility that the risk of bacterial or viral infection is
decreased by S-PT84 ingestion.

We investigated the effect of S-PT84 ingestion on immune functions in healthy volunteers. Each volunteer had
taken placebo tablet, or S-PT84 tablet which contains 0.5 billion, 1.5 billion or 4.5 billion of S-PT84 respectively,
for 4 weeks. NK activity was significantly increased in the 1.5 billion S-PT84 ingestion group after 2 weeks and
IFN-o. production was significantly enhanced in all S-PT84 ingestion groups after 2 or 4 weeks. These results

suggest that the immune functions in healthy volunteers are enhanced by S-PT84 ingestion.

Key words —Lactobacillus pentosus strain S-PT84, immunomodulatory effects, natural killer activity,
interferon-a., Thl-cytokine, IgA
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Fig. 1 Intact cell wall structure is the most important component for ability of IL-12 induction.BALB/c mice were pretreated
intraperitoneally with 2ml of 4.05% thioglycolate medium. Peritoneal macrophages were harvested 4 days after injection
of the thioglycolate medium. The cells were treated with intact cell wall (ICW), protoplast (PP), polysaccharide-
peptidoglycan (PS-PG), freeze dried whole cell of S-PT84 (Each fraction was prepared as equivalent to 0.7 X 10% or 7
X 10° cells/mL) for 24h. IL-12 concentration in culture supernatants was measured by ELISA (n=3). N.D.,not detected
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Effects of culture-temperature of S-PT84 on the acquisition of the ability to induce IL-12 production.

Peritoneal macrophages were harvested from BALB/¢ mice and treated with S-PT84 (7 X 10°cells/mL) prepared by cul-
tivation at 25°C (open column), 30°C (gray column) or 37°C (closed column), respectively, for 24h. IL-12 concen-
tration in culture supernatants was determined by ELISA. Significance of difference between 30°C group and the other
groups was shown as **P<0.01 (n=3).
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Diaminopimelic acid content of cell wall is changed by culture-temperature.

S-PT84 was cultivated at 25°C (open column), 30°C (gray column) or 37°C (closed column) for 24h, respectively.
Freeze dried whole cell samples were hydrolyzed. Amino acid analysis of hydrolyzed samples was performed using
an L8800 amino acid analyzer. Diaminopimelic acid was used as an indicator of the cell wall components. Statistically

significant differences between 30°C group and 37°C group: **P<0.01 (n=3).
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Fig. 4 The cell wall thickness and cell diameter are changed by culture-temperature.
The cell wall thickness was defined from outside of the inner electron dense layer of cell (dotted line) to the outside
limit of cell (solid line) that we can confirm. The cell wall thickness was calculated according to the formula: [(The
minor axis of the cell: solid arrow)-(The length of cytoplasm part: dotted arrow)]/2 (nm). S-PT84 was cultivated at
25°C (open column), 30°C (gray column) or 37°C (closed column) for 24h, respectively. All samples performed the
transmission electron microscope (TEM) photography. Statistically significant differences between 30°C group and

other groups: *P <0.05, **P<0.01 (n=152-233).
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Fig. 5 IL-12 production from resident peritoneal macrophages (wild type, TLR2 K.O., TLR4 K.O. or TLR2/4 K.O. C57BL/6

mice).

Macrophages were treated with S-PT84 (7.0 X 10° cells/ml) for 24h. IL-12 concentration in culture supernatants was

measured by ELISA (n=4).
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Fig. 6 IgA production from peyer’s patch cells (PPC) of BALB/c mice treated with S-PT84.
Peyer’s patch cells were harvested from BALB/c mice and treated with S-PT84 prepared by cultivation at 37°C for 7
days. IgA concentration in culture supernatants was determined by ELISA (n=3). *Statistically significant difference
between control group and 7 X 10° cells/ml S-PT84 group (P<0.05).
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Fig. 7 IgA (A), IL-5 (B), IL-6 (C) and IFN-y (D) production from splenocytes (SPCs), mesenteric lymph node cells
(MLNs) or Peyer’s patch cells (PPCs) of BALB/c mice treated with S-PT84 or without S-PT84 (Cont). BALB/c
mice were fed an AIN-93M diet or AIN-93M diet containing 0.0075 % S-PT84 for a week at libitum. Each cells were
treated with S-PT84 (0.7 % 10° cells/mL) for 7 days (IgA) or for 24 hrs (IL-5, IL-6 and IEN- y).

Each group consists of 3 mice. *, **Statistically significant differences between control group and S-PT84 group (P<

0.05,P<0.01).
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Fig. 8 IgA content in small intestine of BALB/c mice non-treated 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 a weeks at libitum. Small intestine was collected and
homogenized individually. IgA concentration in supernatants of homogenized solution was determined by ELISA.

IEZach grou)p consists of 5-9 mice. **Statistically significant difference between control group and 0.075% S-PT84 group
P<0.01).
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Fig. 9 Effects of S-PT84 treatment on the amounts of IgA in small intestine.
BALB/c mice were fed an AIN-93M diet or AIN-93M diet containing 0.0075% S-PT84 for 34 days at libitum. Mice
were infected orally with S. Typhimurium LT-2 (1x10° cfu/mouse) on day 0. Small intestine was collected and S.
Typhimurium-specific IgA concentration in small intestine was determined by ELISA on day3, 6 10 and 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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Fig. 10 Cholera toxin (CT)-specific IgA in small intestine of BALB/c mice treated with S-PT84.
BALB/c mice were fed an AIN-93M diet, AIN-93M diet containing 0.0075 % or 0.075 % S-PT84 for 4 weeks at
libitum. Mice were treated orally with CT (10 ug/mouse) twice in the experiment (1W and 3W). CT specific-IgA
concentration in small intestine was determined by ELISA. Each group consists of 4 mice. **Statistically significant
difference between control group and S-PT84 group (P<0.01).
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Fig. 11  Survival rate of S-PT84-treated mice subjected to PR8 inoculation.
BALB/c mice were pretreated intranasally with 20ug/mouse S-PT84 (triangle), 200ug/mouse S-PT84 (square), or
PBS (circle) for 3 consecutive days before PR8 infection. The mice were subsequently infected with PRS8. Survival of

each animal was monitored every day. Each group consists of 17mice. *Statistically significant difference between the
control group and the 200ug/mouse S-PT84 group (P <0.05).
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Fig. 12 Titer of influenza virus in bronchoalveolar lavage fluid (BALF) of mice subjected to PR8 infection.
BALB/c mice were pretreated intranasally with 20 ug/mouse S-PT84 (gray column), 200ug/mouse S-PT84 (closed
column), or PBS (open column) for 3 days before PR8 infection. The mice were subsequently infected with PRS.
BALF were collected at Day 7 (the time when infected animals begin to die). BALF sample were used to quantify the
virus titer by TCIDs,. Each group consists of 11-12 mice. *Statistically significant difference between control group and

S-PT84 group (P<0.05).
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IFN-a and IL-12 concentration in bronchoalveolar lavage fluid (BALF) in the PR8 infection model.

BALB/c mice were pretreated intranasally with 20ug/mouse S-PT84 (gray column), 200ug/mouse S-PT84 (closed
column), or PBS (open column) for 3 days before PRS infection. The mice were subsequently infected with
PR8. BALF were collected at Day 7 (the time when infected animals begin to die). BALF samples were used for
quantifying cytokines by ELISA. Each group consists of 5-6 mice. *Statistically significant difference between control
group and S-PT84 group (P<0.05) .
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NK activity in the lungs of S-PT84-treated mice subjected to PR8 inoculation.

BALB/c mice were pretreated intranasally with 20ug/mouse S-PT84 (gray column), 200ug/mouse S-PT84 (closed
column), or PBS (open column) for 3 consecutive days before PR8 infection. The mice were subsequently infected
with PR8. The mouse lungs were taken at Day 7 (the time when infected animals begin to die), and lymphocytes were
isolated. Lung lymphocytes were used for quantifying NK activity by PINK methods. Each group consisted of 9 mice.
*Statistically significant difference between the control group and the 200ug/mouse S-PT84 group (P<0.01).
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Table 1. Background data of volunteers in this study
Placebo 0.5x10%ells | 1.5X10%ells | 4.5Xx10%ells
n 9 8 8 10
M/F 6/3 6/2 5/3 6/4
Age (y) 43.2+3.0 41.9+3.0 454+38 42.0+27
NK activity |
% 16.5+£3.1 17.0x27 16.0+£2.7 15.2+2.6
(E:T 10:1) (%)

Values of age and NK activity are means * S.D.

FERE & L CRMIMBEZER (PBMC) @ NK &4 B
& invitro TR Y £4 7 A4 VA (HV]) % &Y

SR 742D PBMC 25 D IFN- a fEAE Z A WT:.

NK {EM O FER % Fig. 1512, IFN-a EABEOKER
% Fig. 16 1278 L 7z, S-PT84 #£ 15

Change of NK activity from OW

40

20

-20

Placebo

2wk

0.5 1.5 4.

EAEERE T

40

20

o

-20

5 Placebo

S-PT84(x<10° cells)

L.
BAURFEN 70 NK JEE 2R L T2,
S-PT84 #HRIZHUHE IZIEH 2 HE H 5 Wik 4EE T,
IFN- a EAEDB R LM EZ R L.

B2 HEHIZBWTER L NK il O A58

BER4BHIEECTIEZZ WD O DER

4wk

0.5 1.5

7z, $RTD

iRz, Ak

4.5

S-PT84(x10° cells)

% : P<0.05 vs Placebo

Fig. 15 Effect of S-PT84 intake on NK activity of PBMC NK activities in PBMC were measured before, 2 weeks after and 4
weeks after intake of tablets containing S-PT84 or placebo.
*Statistically significant difference between the placebo group and 1.5 % 10° cells S-PT84 group (P<0.05).
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Fig. 16 Effect of S-PT84 intake on IFN- & production from PBMC.
IFN- a production from PBMC was measured before, 2 weeks after and 4 weeks after intake of tablets containing
S-PT84 or placebo.
*Statistically significant difference between the placebo group and S-PT84 group (P<0.05).
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BRI MR ERE, MR—®s & F ik
MEZTo 7205, 77 wREEL S-PT84 BRTHEEH
FHITERLEZZIROLNT, RIEE O 48
BRI B W TEAMICHIBIE W 2 L RS L
7o. LEDOKEERD S, S-PT84 H% fkftEE T 2
TEITED, b MAEHKREAHERS - RS D 2
EDURIR S LTz,

7. fEEE

FLIRTEE Lactobacillus pentosus S-PT84 1k D F ¥ 5
HERIZOWT, EHERSB L CEAA 1 =X 4
DFS % 4T > 72, S-PT84 #£ D Thl %% E/EH
IS OMERF & NUTCIIUEE S EEE CTH B 2 L8
REE NI, Flo<xZu 77 —Yn5OThl
BHERA =X NELT, FITTLR2 B X412
X2V T FNVIREPEETH L Z LWL ML
Lol

JIT S-PT84 ¥R 512 & 2 (1) BB RER,
BLU Q) KEMREGEOEIZONWT Y X
FRWCHRE 21To7:. 20fER, (1) BEICE
WTIHIL-5, IL-6 % &EDIgAFHEMEY 1 v 4
VOEATUENIRD LN, BIgAEEDIEF 2
EEDIT, FNVERT, AVIBERLEDOHE
RS 2 RERN T A EEFEOEH I 2 2 L2,
(2) MERERIZ B W CIXRBGYRITIC B T 2 HRE
BIXOPLOVANVRI A MDA VEEZN L TREGR
PR 2 RT Z LD E R 5Tz, TRED
fR» 5, S-PT84 k% HHEMIZIEN S 2 2 &£ T,
BRITNT 2 ) A7 HAEP T & 2 AR AR S
nij:.

®%IZ, b MBS S-PT84 HRIEE D F A%
IZOWTHES %17 o 72, S-PT84 k% 5, 15 172
F 45 EME % 4 BEERT 52 LT, 77 ERE
BEEIZHE LTI A VAESF A S oA v TH B
IFN-a EAPBRICEZ L2 Z EPHL L E L 5
7. TERRETH L NKIGED, 77 RE
BB ICHE L T IS REBIRCARIIEE 5 2
EDPBHLrEL T, DEDORERD»G, S-PT84
FRlZe MWW T b REHKET SO 2 2 L0385
nELT o,

RN, EEFEOGLALEIIRNE, BREO
AT - THREHBEICEE S IO TV B L F
ZbNb. $7, R—XVv2OEBERKIED
1, SARS R4 ¥ 7 vz v Y 3 B GYE
DBBIZHMEND X I ITholz. ZDLI LT
B s, FUEHEBE R BIEITHER: - BHL, BPC
RUCBHEE &5 2 LI3ERICEEREETD
2LEzZoNS. B, FICAREICEoTHA
DRSEEERE, O\ TR & #ERF © & AUTIRHE I
FHCThDEEZOND O, KABETH W
BEBEME A BT I B L TV S T2,

A

FEAREBIY) R B LB E B ) LT, K
BEERIRSE ARPIEE RS REPEEREIRIC
HATERHFORERL 2T, FLARHEOZETIC
Hizh, ZRUDERAEHY T LIzF Y b)) —
v T v A AR BERERAT O BRI,
DX DEILFL BT E 7.

XEE

Lactobacillus pentosus 1%, FAMEBERERR 7 I /& L C
L7 7=Y, DZNVEIVEE L-Y73I /X)) Vg,
D-77=v&EFTEH Y7 I/X) VBIIMOM
FOEIMIZIZE EAEEETNTEL T, MEEEICRRN T
B ChH Bz, FOER»OHEOSERETHENT 2
ZLEHMARETH D
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