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DESCRI PTI ON LACTI C ACI D BACTERI A W TH | MMUNOREGULATI NG
ACTI VI TIES TECHNI CAL FI ELD The present invention

woeb@iiee1s880 novel strains of Lactobacillus penPasuB2005/006709

havi ng i mmunoregul ati ng activities. BACKGROUND ART
Lactic acid bacteria are known to exhi bit various
beneficial bioactivities sudh-as an intestine

regul ating activity and i mmunostinulating activity.
Many of the Lactic acid bacteria with such benefici al
bi oactivities are separ WEPEREMIARN| ntestinal tract
or fernmented dairy products obtained from ani nmal
sources. Some lactic acid bacteria from plant sources
are al so known to exhibit inmmunostinulating

activities. An exanphA€TIC lACIDcBACGTHRIA eri a havi ng
i mmunostinmul ating activities is found, for exanple, in

Pat ent DocupEmtH LMMUNO RBGILISATING Aeatohatild us

pl antarum L- 137 strain. O her exanples include the
Lactobacillus brevis Labre strain separated from
"Suguki," which is a particular kind of traditional

e SICHRMRELT & 1 Separ ated Trom shi bazuke,
anot her kind of Kyot.o pickles (see, Non-Patent

Docunthes Presont pitwifnipesundmlatfs japdnedovel strains of

Lai d- Open Patent Publicatjon No. 167972/ 1998 o
Lactobacillus pentosus having immunoregulating activities.

BACKGROUND ART

Lactic acid bacteria are known to exhibit various
beneficial bioactivities such as an intestine regulating activity
and immunostimulating activity. Many of the Lactic acid
bacteria with such beneficial bioactivities are separated from
the intestinal tract or fermented dairy products obtained from
animal sources. Some lactic acid bacteria from plant sources
are also known to exhibit immunostimulating activities.

An example of lactic acid bacteria having
immunostimulating activities is found, for example, in Patent
Document 1, which discloses the Lactobacillus plantarum L-137
strain. Other examples include the Lactobacillus brevis Labre
strain separated from “Suguki,” which is a particular kind of
traditional pickles produced in Kyoto, and the Lactobacillus
pentosus DA74N strain separated from “Shibazuke,” another

kind of Kyoto pickles (see Non-Patent Documents 1, 2).
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{ Tokukai hei 10- 167972; published on June 23, 1998)
[ Non- Pat ent Docunent 1] Screening of inmune-enhanci ng

weoenaisiieéisss: St udy of i nmune-enhanci ng ef f ect sPOT/JP2005/006709

Lactobacilli strains by in vitro stinulation human

peri pheral blood nononuclear cells, Atsuko KISH, Aoi
KOKUBO, Kaoru AKATANI, Erik@ QUG TANA, Setsuya FUJI TA,
Tsunat aro Kl SHI DA, Pasken Journal 15. 2 1-26, 2002.

[ Non- Pat ent Docunent 2]} The 6th Intestinal Bacteria
Conf eifafea t Brmamedat kiln Gakkai) , May 30-3 1, 2002,
Abstract, Kaoru AKATANI, Atsuko KISHI, Eriko OUG TANA,
Aoi KDKpB®.e sSetlsaidh g nTRa tEain Fudp G crItBML DNo . AL G772/ 1998
variety of bacteria can be separated fromthe

(Faidi kudhai 1K-At@7 pirek| pablasidedtonsJtield @835d1 O8#). t he
pi ckl es i nclude other bacterial strains, in addition

to th[qq(l}ﬁbpgt(ghlta]j)acwyhtelﬁtt g i nmunosti nul ating
activities or other beneficial bioactivities. Anmong

di 1 CSERLERARS T b | ShALAS SAPRNALSG, [ IPRBRRCs:  Study  of

pi ckl es, Lact®Oba ant arum and“Lact obaci I | us

BRRLER T GuTTRY, DL o ERRRN A IRy (A8 in wiro
by DheRaAe vt rsssanched L s thefelone SOeleds i
If(EngpIIl, ackioci: aIC{i(ng%a]gtOe,ri ?{asc?rq;?r a}x%%’]f?z&%rﬂt h](ie)?“iil({:gl e(S)'UGITANA,
Setsuya FUJITA, Tsunataro KISHIDA, Pasken Journal 15. 21-26,
2002.

[Non-Patent Document 2]

The 6th Intestinal Bacteria Conference (Chonai Saikin
Gakkai), May 30-31, 2002, Abstfact, Kaoru AKATANI, Atsuko
KISHI, Eriko OUGITANA, Aoi KOKUBO, Setsuya FUJITA,
Tsunataro KISHIDA.

A wide variety of bacteria can be separated from the
traditional Kyoto pickles, and it is believed that the pickles
include other bacterial strains, in addition to the Labre strain,
with the immunostimulating activities or other beneficial
bioactivities. Among different bacterial strains separated from
the pickles, Lactobacillus plantarum and Lactobacillus pentosus
are most frequently separated. However, the effects of bacteria
separated from the pickles have not been actively researched. It

is therefore expected to find a bacterial strain with useful

bioactivities from lactic acid bacteria separated from the
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The present invention was nmade in view of the
foregoi ng problem and an object of the invention is

woaogriovissle saf e and functional foods, bever ageeT/JRIwds/006709

drugs containing a bacterial strain having

I mmunor egul ating activities or other useful

bi oactivities, using |lactic3acid bacteria separated

fromthe traditional Kyoto pickles. DI SCLOSURE OF

I NVENTI ON The inventors of the present invention

piaklgsnt |y worked to sol ve the foregoing problems. In
acconplishing the invention, the inventors

i nvesthgapedsemtuinyentl et i wgsachiadie iins vo¢wl®@fkthdsforegoing
of lactic acid bacteria separated from pi ckles, and
poolleiedaaddetmidig@ et odytlod inmamidbegikato ngrovide safe and
activities of Lactobacillus pentosus bacteria anong

fiiec EiRRpd [tfBE dRac beketadels, Wasn d O@Jf}dﬁas contesHlihgt Batbacterial
t he Lactobacillus pentosus bacteria had strong

étq]&iﬂorg%wgggivnggﬁ{fﬁ’éféﬁlatgﬂ%ggﬁi&ﬁ}ﬂﬂ%t'ber other wuseful

I nvent i ['acti c acl teria, i ch bel ong
to Lactobacillus_ penio , nar " Shi keg
b CAYPHES: e ol ER TR BhRtetl e B “From the
aci d bacterja accorij{igng to the present invention have
5 KOBESHY LR iMGXAEPi vity or no assinilating
activity for glycerol. It is preferable that the
| actic acid bacteria be an extracellular
pol ysacchari de-producing strain. It is preferable that
Dh8 A0S URE: IQF JAAVENBI@¥cor di ng t ot he present
i nvention be a Lactobacillus pentosus S-PT84 strain

The inventors of the present invention diligently worked to
solve the foregoing problems. In accomplishing the invention,
the inventors investigated immunoregulating activities of 16
kinds of lactic acid bacteria separated from pickles, and
conducted a detailed study of immunoregulating activities of
Lactobacillus pentosus bacteria among the separated bacteria.
It was found as a result that the Lactobacillus pentosus bacteria
had strong immunoregulating activities.

Specifically, the invention provides lactic acid bacteria,
which ©belong to Lactobacillus pentosus, separated from
“Shibazuke” and having immunoregulating activities. The lactic
acid bacteria according to the present invention have a weak
assimilating activity or no assimilating activity for glycerol. It
is preferable that the lactic acid bacteria be an extracellular

polysaccharide-producing strain.

It is preferable that the lactic acid bacteria according to
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(FERM ABP- 10028) . The Lactobacillus pentosus S- PT84
strain was separated from " Shi bazuke" by the

wonventierss, and was found to possess strong PCT/JP2005/006709

i mmunoregul ating activities. The Lactobacillus

pentosus S-PT84 strain is also called a DS84C strain.

The Lactobacillus pentosus-% T84 strain

{Lact obaci |l us pentosus SAM 2336) is deposited with

t he deposit nunber FERM ABP- 10028 at the )
e pFReGRhANVRRtéAn DeganfaritRaedivaryentosus S-PT84 strain
Nati onal Institute of Advanced |Industrial Science and

(RIERM| ag3P¢ DOSD8). Fdwe alfiatdeacillider peatdsng &-RT84 strain
nat ure and advantages of the invention, reference

whaeul separgeed tfeotrhe“®8hsbhag kit abyedhdesenviepiicars, and was
taken in conjunction with the acconpanyi ng draw ngs.

BRiEE DESCRYHISERk OFs N@ﬁlﬁlﬁqoiegﬁlétﬁ{%gfactivities. The

representing the result of a macrophage IL-

LAY B LR P Y BIRY Bharln I 2156 PIRE0R Dssac
B0 SR S I 35 LS kp i Agrain (Lactobacilius
peptosum AN h2adBl 1 sermsilet ot oPeednmosit number
12 concentration in response to intraperitonea

RERM stABP-dWQB28| adti cthei dlBserepatonal 16P&teE oPrganism

| actic aci dbacteri a.
Depositary in the National Institute of Advanced Industrial

Science and Technology (AIST).

For a fuller understanding of the nature and advantages
of the invention, reference should be made to the ensuing
detailed description taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a graph representing the resuit of a macrophage
IL-12 induction test conducted through in vitro stimulation
using 16 kinds of lactic acid bacteria.

Fig. 2 is a graph representing changes in serum IL-12
concentration in response to intraperitoneal administration of
S-PT84.

Fig. 3 is a graph representing the results of measurement
on serum IL-12 concentration in response to intraperitoneal

administration of lactic acid bacteria to 16 kinds of lactic acid
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Fig. 4(a) through Fig. 4(c) are flow cytonetric charts
representing cytokine production from spl enocytes

woansadeisy S- PT84 stinulation, in which Fig. 4eay/Jpmos/006709

the result using a culture nmedium from non-sti nul at ed

spl enocytes, Fig. 4(b) is the result using a culture

medi um from heat-killed S-PP4 cells stinulated

spl enocytes, and Fig. 4(c) is the result using a

cul ture nedium from concanaval in A stinul at ed

Rartei&t es. Fig. 5(a) through Fig. 5(c) are flow

cytonetric charts representing effects of S-PT84

sti mFig.i oh(an dosenghDsiig.andl(aDeare céldw, aytomhettic charts
Fig. 5(a) is the result using non-stinulated

I esmytiesg &y ki(d) predulgionsditonusspleheaytds | ¢e@dsed by
S-PT84 cells stinulated spl enocytes, and Fig. 5(c) is

shpTRas Winvsiddognneanayaidin Rigt i 4phptied the result using a
spl enocytes. Fig. 6is a graph representing the result

O 1¢TERS UnRRUm OB ¥ A5 HV bt Blla BERALIChKERAESY PRy, 4(b) is

In response to |ntraper|tonea admni s ratl

%héjl:%éul%'lgsu?%aa ANk ec 1€ f?)rg Eﬁ%% ?%accyi{%%ioscPTSél cells

arts I'eprese tlng e Nt raperitonea
s t|o on and 9+ cel,l s of
Eq@ Wgy 2 mdchFrsgg h)1§ sthfeTrallf using a
for the control, and Fig. 7(b) .is the result Wi th

ey BtHe Aued St f 59%@0@@%8811@1 4 glapiiladsde splenpgytes.
the result of neasurenent on serum|L- 12 )
concehtg.atd @ i threaght oFighi ch(9- Fst flsw cytometric charts

representing effects of S-PT84 stimulation on CD4+, CD8+, and
CD69+ cells, in which Fig. 5(a) is the result wusing
non-stimulated splenocytes, Fig. 5(b) is the result using
heat-killed S-PT84 cells stimulated splenocytes, and Fig. 5(c) is
the result using concanavalin A stimulated splenocytes.

Fig. 6 is a graph representing the result of measurement
on NK activity of hepatic lymphocytes in response to
intraperitoneal administration of S-PT84.

Fig. 7(a) and Fig. 7(b) are flow cytometric charts
representing effects of S-PT84 intraperitoneal administration on
CD4+, CD8+, and CD69+ cells of hepatic lymphocytes, in which
Fig. 7(a) is the result for the control, and Fig. 7(b) is the result
with S-PT84 administration.

Fig. 8 is a graph representing the result of measurement
on serum IL-12 concentration in mice to which S-PT84 was

orally administered.
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orally adm nistered.Fig. 9 is a graph representing the
result of neasurenent of splenic NK activity of mce

woOaQooshiielss S- PT84 was oral ly adm ni stered. Fi g. PCD/JPHOH006709

graph representing the result of measurenent of Th |

/ Th2 ratio in splenocytes of mce to which S PT84 was

orally adnministered. Fig. tBts a graph representing

changes in the weight of mce to which S-PT84 was

orally adnministered, .in response to cycl ophospham de

adni nl\ésgw& iisna Brgphirepyesestaps ther 688Hit Rf fpeasurement
result of neasurenent of serumIL- 12 concentration in

of ceplenihi 8K Saptdvityaobralice donmiwhichr PT84 was orally
response to cycl ophospham de admi nistration. Fig. 13
hdmirgisaplretdepr esenti ng changes in OVA-specific I gE
concentration in mce to which S-PT84 was orally

adm nigg eneylisFh gerddhi feprds@nbin €S @B6I1Y dheneasurement
result of neasurenent of total |IgE concentration 3

YEeKs 1Zf'ft1f?2 A AR @ﬁ%h%itdgf%@%gﬂ_f”}rﬁ%et %W}?Rrﬁ-ﬂ&ﬂm was

was orally adm nister:¢ 5 is a graph
FEEEE R Ly, focuel on supbressing of et
g}lrc%_"\g{ Mwﬁce@%gur%dpeﬂ lsélgxegssén 1%SgT c'\pa:)gglé(sﬁilcl:At gl vl\\lr%ight of
mice to which S-PT84 was orally administered, in response to
cyclophosphamide administration.

Fig. 12 is a graph representing the result of measurement
of serum IL-12 concentration in mice to which S-PT84 was
orally administered, in response to cyclophosphamide
administration.

Fig. 13 is a graph representing changes in OVA-specific
IgE concentration in mice to which S-PT84 was orally
administered.

Fig. 14 is a graph representing the result of measurement
of total IgE concentration 3 weeks after OVA administration in
mice to which S-PT84 was orally administered.

Fig. 15 is a graph representing NK activity reduction

suppressing effects in mice to which S-PT84 was ofally

administered and which were placed under stress.

BEST MODE FOR CARRYING OUT THE INVENTION

The following will describe one embodiment of the present
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The followng will describe one enbodi nent of the
presentinvention. It is to be noted that the invention
woOo0saticiss mi ted in any way by the foll ow ng PCT/JP2005/006709
description. Lactic acid bacteria according to the
present invention belong to Lactobacillus pentosus
separated from " Shi bazuke,”'7ene ki nd of traditional
Kyot o pi ckl es, and having i mmunoregul ati ng activities.
As used herein, the term "inmunoregul ating activity”, . ;
inskertiono lthis ftondre ewted dbeityBhenip et isonot limited in
dr opped i mmune function (inmmunostinulating activity)
aaty ey f iy att e fio Ho veupp rdessimigtasm excess i mune
function to an appropriate |evel (inmunosuppressing
actividotic. ddidadshéteriat acdotdisigatb othehgresent invention
activities, the termis also used to refer to the
HIBGd b Of aBFibEXIINGS AP ARUTM R AFGE Defran “Shibazuke,”
celTdlar imunity and hunoral imunity. Non-limting
exanpl foi n .ati_-Rg LWYRHUT es;d de: i
qlg@ 1?%}(? JFTUnpr Ll ghin aﬁ&/'o‘fb ﬁéuﬁl@fé ‘and having

Cili I on Or suppression of tTytoki proddct i on;
.activation of lynphocytes; enhapce t. of NK tur
TR ST | RGTBULIRT arS Thoredm Esp Dfte: the  term

suppression of immune . redyction; and antji-aller . .
e mERgTegul R Eng ariuHbe Pefrs 200 FaCabioriidias gotivating
according to the present invention be an extracellul ar )
golsysadyhaer dalnppedi nignsvaien {wpsjiomhdimmparegtigaulating
chem cal structure of EPS varies greatly fromgenus to
Perivsty)speci ehe ofspetioss, ofindugipra §8ing sdnaigkCcgiRe 1mmune
EPS of lactic acid bacteria according to the present

function to an appropriate level (immunosuppressing activity).

In addition to or instead of these activities, the term is also
used to refer to the function of achieving an optimum balance
between cellular immunity and humoral immunity. Non-limiting
examples of immunoregulating activities include: facilitation or
suppression of cytokine production; activation of lymphocytes;
enhancement of NK (natural killer) activity; improvement of
Th1/Th2 balance; suppression of immune reduction; and
anti-allergy activity.

It is preferable that lactic aéid bacteria according to the
present invention be an extracellular polysaccharide-producing
strain (EPS). The property or chemical structure of EPS varies
greatly from genus to genus, species to species, and strain to
strain. The EPS of lactic acid bacteria according to the present
invention produces capsular polysaccharides, which

accumulate on the bacteria surface and is easily recognizable
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i nvention produces capsul ar pol ysacchari des, which
accunul ate on the bacteria surface and is easily

woeesgnéBabl eby | ndi an i nk staining. The ESP- pPOUAMBiI00§006709

strain is nore hydrophilic than strains that produce

no ESP. This is advantageous in food applications. A
representative exanple of td&tic acid bacteria

according to the present invention is the

Lact obaci | | us_ pentosus S-PT84 strain. This bacterial

By dinflian dépksi s@iniigh thaeddpdbrPradiing-ERMFaBp- is more
10028 at the International Patent O gani sm Depositary
hydirbpNatd ortdlan nssitaines ofthadvapredlueeusthpei aESP. This is
Sci ence and Technol ogy (Al ST) . Based on the criteria

advech thgleww s tihefoodeappiicadfiohlse present invention
separated and selected 16 kinds of lactic acid

bact epi peprosenhthar stimidtekbnda ceic ladgidobacdddris according

pl antarum and 12 ki nds of Lactobacillus pentosus)

P L g?%éé‘ntlﬁ-élf%ﬁ@foﬂfié A4id CL&E%@%&@HH?% ?fW??lgus S-PT84

sel ecte rom-t ant lactic acid cter

t hey. wer.ge, bacil| i u ct obaci s 2) .0mr .
PRl atY abrShrRel nthaiL "thardsBiced cbifffc the deposit
separ at e ﬁe‘nA y.proliferated desirahly in_a .
Sitnbes e AREY BaY il Hhe uitruidiehabPhtent Organism
" Shi bazuke."” The 16 _kinds of lactic acid bacteria were .
Pepnsidaryi i ridspedlationalqdaisdiantet pfi Adwgnced Industrial
interleukin 12 (sinply "IL- 12" hereinafter) . The

Seseh tesimdeliechatoliolgy (AtSdhbaci | | us pent osus S-PT84

strain (sinply "S- PT84" hereinafter) vyielded the

hi gheBlased on the criteria noted below, the inventors of the
present invention separated and selected 16 kinds of lactic acid
bacteria from “Shibazuke” (4 kinds of Lactobacillus plantarum,
and 12 kinds of Lactobacillus pentosus). Specifically, 16 kinds
of lactic acid bacteria were selected from the plant lactic acid
bacteria if (1) they were bacilli (genus Lactobacillus), (2) more
than one strain with the same characteristics was separated,
(3) they proliferated desirably in a culture medium, and (4) they
were distinct to “Shibazuke.”

The 16 kinds of lactic acid bacteria were compared with
respect to inducible activity of interleukin 12 (simply “IL-12”
hereinafter). The result showed that the Lactobacillus pentosus
S-PT84 strain (simply “S-PT84” hereinafter) yielded the highest
concentration of serum IL-12 when intraperitoneally

administered to mice.

Detailed studies of S-PT84 immunoregulating activities led
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concentration of serumlL- 12 when intraperitoneally
adm nistered to mce. Detail ed studi es of S- PT84

wonmasneésgul ati ng activities | edto the foll ow RQT/IP2005/006709

findings. (1) Wien processed in vitro in the
spl enocytes prepared frommce, the S PT84 induced the
production of IFN-g (interf&eon Y) and TNF-a (tunor
necrosis factor a) of the Thl -type cytokine, and
t hereby increased the nunber of CD4+CD69+cells and
esing fidings, the S-PT84 functioned to
activate the helper T cells or killer T cells. (2)
Wien (It "ipeni tpneatsyeddmmnpstrer éd themisgdendeytes prepared
S- PT84 enhanced the NK activity of the hepatic
frpmhonyitces. thoe addiRPT8A, ihduSddi84hiencpeashdctioer of IFN-y
nunber of CD8+cells and CD8+CD69+cells, and thereby

@ahene@thh he)calhdl ar NIFtGUN{thiyn o3) n¥BeHs P alth¥tor o) of the
adm ni stered to mce, the S-PT84 raised the

’ié%}%;?ﬂ?%%gi;bﬁg‘%%fnée”é'ﬂ L-tHere B CiBRTES ' Q%‘ih'ébethgl}Eber of

CD3+ cells’'in the spleen, and ere

EMRTENCRIRNS 28bid! BRgtHBEAATOCY g 28 % the 5-PTae
e B e e e AT L Bl iy2e R S5
adm nj stration of cycl ophospham de, and suppressed
i mmun€2)r e¥apBse HrHigRsUHonERIhAdBiaisiered to mice, the

adm nistered to mce, the S-PT84 suppressed increase
DfPOBdl bumlianceiAfhe K fictivigF ahdheohalpatic lymphocytes. In

addition, the S-PT84 increased the number of CDS8+cells and
CD8+CD69+cells, and thereby enhanced the cellular immunity.

(3) When orally administered to mice, the S-PT84 raised
the concentration of serum IL-12, increased the number of
CD4+, CD8+, and CD3+ cells in the spleen, and thereby
enhanced the NK activity of the splenocytes. As a result, the
Th1l/Th2 balance in the splenocytes became Thl dominant.

(4) When orally administered to mice, the S-PT84
suppressed a weight loss caused by administration of

cyclophosphamide, and suppressed immune response reduction.

(5) When orally administered to mice, the S-PT84
suppressed increase of ovalbumin (OVA)-specific IgE and total
IgE, even when sensitized with OVA.

(6) When orally administered to mice, the S-PT84

suppressed stress-induced reduction of NK activity.
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| gE, even when sensitized with OVA. (6) Wen orally
adm nistered to mce, the S-PT84 suppressed
woennwsgeissduced reducti on of NK activity. Fr om PO@IR2005/006709
findings, the S-PT84 was confirned to be a strain with
i mmunoregul ating activities.- Table 1 bel ow shows
bacterial characteristics-df0o the S-PT84. [Table 1]- i
i - Lactobacillus pentosus is generally known to have
strong induciblity of glycerol. However, the S-PT84
had & menak thesienifiadingsacthei Sy PB4 ginpseradnfiasned to be a
shown in Table 1. Thus, the S-PT84 was found to be

sdirbigrenth fm@mmar@gheatm@mﬂmmlebam | | us pentosus.
After extracting DNA from.S-PT84, a total of about. 500

bp i rAhk entihe14®Il QRoWs t I dRIIRNA g YBSristics of the
sequenced using the Mcroseq Full Gene 16S r DNA kit .
q(%hed Bi osystens) . The 16Sr RNA gene sequence (SEQ :
1) was 100% honol ogous to the 16SrRNA gene -
sequ & ?gof tact‘obaci'l | us pentosus JCMI (D792 11)
Fr omlt fi%s the s- PT84 was identified as Lactobacill us
pentosus. The S-PT84 is nore hydrophilic than bacteria
t hat produce no EPS, and . has essentially.no adherence
to a plastic surface. Further, the S-PT84 has -
€ellembirphblogyo aggl oneration activity floBagidasts.
Lactic acid bacterra according to the present

Bpweation are . Absent
Gram staining - I'Dositive;:
Mobility (' o Absent
End spore ‘ ~ |'‘Absent
Catalase reaction oo - Negative
Growth at 15°C : ' Good

No
Growth at 5°C

growth

Sugar assimilating activity

(Positivef +, Negative: -, Weakly positive: w)

D-arabinose -

L-arabinose +
Ribose : | +
D-xylose | ’ : +
L-xylose . -
Galactose | +
Glucose |+
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usable in the formof a conposition, and nore suitably
as a pharmaceutical conposition having

wonmmasneégul ati on activities. The lactic acid BactirI0H006709

may be contained in a conposition either directly

‘(viable or dead), or in the formof an inclusion or

processed cells, for exanplkl -Viable cells may be
obtained froman inclusion of lactic acid bacteria
such as a broth of lactic acid bacteria| Dead cells
ryidies®bt ai ned by subjecting viable celts to heat, W
Irradiation, or a formalin treatnment, fT¢r exanplel The
Wwiahheseel | s or dead cells may be ground+or crushged -
ITIt0 processed celts. —That 15,- a tacticT '
@@ugh@getalnlng conp03|t|on u3|ng Iactl(vacid-bacterha

of

t+he Pt esept—Aventton—thctudes—at—east—oene—ofy
I i:t am d bacteria according to the pfesent
nve] |o aninclusion of | actic-acid bacteria; nd
Rl o esied cells of lactic acid bacterial Exanpl es| of
IR0 aci d bacteria according to the pidsent

i nvention include viable cells, wet cells, and dr| ed
&dllahiostie | actic acid bacteria inclusiof nay be a
suspension of lactic acid bacteria, a cllture . nedium
dfadtes¢ i c aci d bacteria (including |actie acid
pacteria, supernatant, and mediamitser ), a broth of
Ihelibiosaci d bacter| a (obt ai ned by r enovi mg a soI i d

-Cofponent fromthe—etutture—rredch uny, Ot erfrented—m | k
OIfreihgfdé c acid bacteria (lactic acid ba¢teria
rano sour mlk voghurt etc. )} The processe
(?1 qf l actic acid bacteria may
CEro w
Xylitol L : |+

Lactobacillus pentoeus is generally known to have strong
induciblity of glycerol. However, the S-PT84 had a weak
a331m11at1ng activity for glycerol ‘as shown in Table 1. Thus,
the S-PT84 was found to be different from any other known
Lactobacillus pentosus.

After extracting DNA from S-PT84, a total of about 500 bp
in the entire region of the 16SrRNA gene was sequenced using
the Microseq Full Gene 168 rDNA kit (Applied Biosystems). The .
16SrRNA gene sequence (SEQ ID NO: 1) was 100% homolqgous
to the 16SrRNA gene sequence of Lactob‘a‘cillus pentosus JCMT
(.D792 11). From this, _‘the S-PT84 was identified as Lactobacillus

pentosus.
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be, for exanple, ground cells, crushed cells,
liquefied cells (extract, etc.) , concentrated cells,

woasisaiesBl s, dried cells (spray-dried cells, PCT/JP2005/006709

freeze-dried cells, vacuumdried cells, drumdried
cells) , or diluted cells. The Lactobacillus pentosus
S-PT84 according to the prek2nt invention is separated
fromthe fernmented " Shi bazuke," and as such a

conposition containing the product of_fernented )
frui tEheyvegePdi%s, 1sor mefealydrepbilict j £has ¢ bacteria  that
bacteria of the present invention is also suitable as

predficernof EPBacind heisdebacndialycom aidiengnce to a plastic
conmposition using lactic acid bacteria of the present
suvendeé ofutitheshothd SePTB84dhhbatsbkaatiallgcind agglomeration
bacteria according to the present invention are safe

@@ﬁw@efbpe}ye@@@‘separ ated fromfood, as described
above.” It i's preferable that a lactic acid

bact e]ﬂéétﬁzoQEEH”BQBtEPi‘H’%%icUr‘aEn%SE&ggtﬂé‘giﬂe%e%ﬂ $hvention are

bacteria of the present inventio used as a

pha ceut jcal oS ti iRg: | e i 0g:

AURRGRCRLL AL AP o BRI RS bty as o
f]?lOdS and dtri ks, and nedicanments. \W.en used_as food lati
phagmageuticak pr SOMROSEtIORht t RAYHE | ¢ 4Pfpunoregulation
bact eri a- contai ni ng conposition be provided as health

2By 1HAB-ng | munoregul ating activities. Further, the

l'actic acid bacteria-containing conposition nay be o
conbi ibe le¢thiconvishttastalriaweteber sondeidet sr 4« composition
vitam ns, or various other conponents to provide

slixtrersdiiged tlye(viabdecod s .ddad) ,exarip ehet forthacf iam anicusion or
bact eri a- contal ni ng conposition may be provi ded

processed cells, for example. Viable cells may be obtained from
an inclusion of lactic acid bacteria such as a broth of lactic
acid bacteria. Dead cells may be obtained by subjecting viable
cells to heat, UV irradiation, or a formalin treatment, for
example. The viable cells or dead cells may be ground or
crushed into processed cells.

That is, a lactic acid-containing composition using lactic
acid bacteria of the present invention includes at least one of:
lactic acid bacteria according to the present invention; an
inclusion of lactic acid bacteria; and processed cells of lactic
acid bacteria. Examples of lactic acid bacteria according to the
present invention include viable cells, wet cells, and dried cells.
The lactic acid bacteria inclusion may be a suspension of lactic

acid bacteria, a culture medium of lactic acid bacteria

(including lactic acid bacteria, supernatant, and medium itself),
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in the formof a tablet, a capsule, a health drink, a
dairy product such as yoghurt, a flavor enhancer,

wonresasess f ood, dessert, or confectionary. FOPCT/JP2005/006709

medi canent use, the lactic acid bacteria-containing
conposition may be prepared into a nedi canent as an

active conponent in conbi rat3en with conventi onal

auxiliaries conmonly used in the field of drug

preparation, Exanples of such auxjliaries_include: an )
axbrptene! lReiigd&cida hagiatiagiabtrined| byr ireanpving a solid
fragrance, a solubilizing agent, a suspendi ng agent,
comhpocenti fgoaygebhe Thdthwemmeddusape o fammented milk of
particularly limted. For exanple, the nedicament may

ketio hbédf bamtetia (lakltéd , acidabavteriaa lgewerhge, asour milk,
powder, a syrup, a suppository, or an injection. The

PEShrSL rédd. pn Tt BrotebBedmedirammiatsid@icid bacteria may

pafticularly limted either. For exanple, oral

?gm %étéééh%e,;%&hnad@aﬁ} réth8Re @néells, liquefied cells

ransint esti nistration are avail abl e.
(EvREesr  EsecbboesPREEsRRRke R HEE e BRI Hpied cetls
S Sh™ ST et R sl e aricd  cells,
These bacterial strains were compared with respect to
drvmeidriedacaalishy osf diihated egﬁllﬁ-l’ﬁbﬂlq@)olzamﬂus pentosus
order to select strains wth good Th |-type imuno
St Pididaticegrabinlg tg thopresemtsinwentigeds Faphgaged from the
}e!rilinted “Shibazuke,” and as such a composition containing
the product of fermented fruits, vegetables, or cereals with
lactic acid bacteria of the present invention is also suitable as
one form of a lactic acid bacteria-containing composition using
lactic acid bacteria of the present invention. It should be noted
that lactic acid bacteria according to the present invention are
safe because they are separated from food, as described above.
It is preferable that a lactic acid bacteria-containing
composition using lactic acid bacteria of the present invention
be used as a  pharmaceutical composition having
immunoregulating activities. Some of the suitable examples
include foods and drinks, and medicaments. When used as food
or drink, it is preferable that the lactic acid bacteria-containing
composition be provided as health food having

immunoregulating  activities. Further, the lactic acid

bacteria-containing composition may be combined with
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names of strain and species, and the presence or

absence of EPS. Fromthe result of conparison for IL-
wa2o0isnderss bl e activity, the activity of DS84C BCTAPI005/006709

(S-PT84) was found to be particularly strong. As such,

subsequent experinents were conducted only for S-PT84.

[Table 2 J[IL- 12 inductionldy in vitro stinmulation]

First, 4.05%thioglycolate was intraperitoneally

adm nistered to BALB/c mice, (7 weeks of age, mnale)

qereeniionagh sweetaperss oneklififus.ophtaf@inger @r various other

collected with PBS, and adjusted to 2 X 106 cells/nmL

ersirpp et s medi lymooﬂdtcaimﬂswg-s_‘ﬂi%k:ﬁ& phedugitsur Eomasxample,

i nocul ated on a 24-well plate (0.5 m/well) . Then,

theatlakitld edidebhetétihmogitdinials esehpstitiom weasg be provided

added to each well, and, after 24 hour incubation, the

id-tHe CORcendf adi QQbPétthf ésag@wet agt H’@ﬁltﬁea@ﬂ&ﬂg a dairy

Since the active formof IL- 1 P70 conblmngtvvo

]?frj(?g;lctts Rt agd g%%i]_aﬁp@ %lorﬂ‘g{?f)fat:h%l‘i’{f' h_ pﬂ@ce?%%d food,

was neasure or t’he neasurenent o

t El LISA kit (BD Ph
%@ﬁe&l’hgr srb#etCt}épg ghownI i n( Fig. ?r mAggleg) C}N:Zr

from the inducible gctiyvit l. 12 vari
greatF9 eVé‘hd%ﬁ?oWé’r’cqwéJ??r aithe ]cﬁc'%l‘ﬁeaézé bgrdsria- %(l)ntammg

sane parental strain. Anmong these strains, the
CREIRY S iR IpAYt b@uMﬁWwdgﬁnm pveordicaprgat as an active

(DS84C) , and DS25C.
component in combination with conventional auxiliaries

commonly used in the field of drug preparation. Examples of
such auxiliaries include: an excipient, a binder, a disintegrator,
a lubricant, a fragrance, a solubilizing agent, a suspending
agent, and a coating agent. The form of dosage is not
particularly limited. For example, the medicament may be in
the form of a tablet, a capsule, a granule, a powder, a syrup, a
suppository, or an injection. The administration route of the
medicament is not particularly limited either. For example, oral
administration, rectal administration, and transintestinal
administration are available.

[Examples]

[Lactic acid bacteria strains used]

Four kinds of Lactobacillus plantarum and twelve kinds of
Lactobacillus pentosus were separated from “Shibazuke,” a kind
of traditional Kyoto pickles. These bacterial strains were

compared with respect to inducible activity of interleukin 12
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[IL- 12 induction by in vivo stinulation] A suspension
(solvent; saline solution) of heat-killed cells (500m

wQhlo@/126188 nouse) of each strain was intraperiteaeaPioys/006709

adm nistered to BALB/c nmice (7 weeks of age, nale)

After 6hours, the cervical was dislocated and the

bl ood was coll ected fromthes heart. For the control

m ce, the sane anpbunt of saline solution was . -

adm ni stered. The bl ood was coll ected 6 hours after '
(Theladim rirst ratdon becawsdeatpr etiainmr ywattal ygped Thl-type
using S-PT84 had reveal ed that the peak concentration
iohnpeho@titrulbdingcabsliby hdos eddlersthwein used, Table 2 lists
adm ni stration of dead cells (Fig. 27). After t he

5 ARS VoS GebliRched éﬁ@cf&f uR@st1g! heeseecky or absence of

centrifugation. The - 12 cdoncentration in the serum
%\ggﬁgc?#]{ Eﬂem’éguiljg%f ﬁ;faﬁg:é? éfh}v\%l—?lnéz#lgﬁ%%lmgs activity,

|s cleagr fromEi oncent ation, of _serum | |- '
%beﬁ’ f° éagPﬁé‘h liﬂ' %3 I'Eﬁ%) Wil Th ?—O&f%ﬂ to be

(DS84C) DS5 1C, and D825C re adm ni stered, conpare

RpRTHCIHAr kN SEsPnEs| dee ENETS PTERSE8EaR) KaPSmEents were

hi ghest concentration, only this 'strain was used in

camdegdent OB)lEeﬁOII'ITSﬁPg‘84t Ef fects. S-PT84 on

| ynphocyt es] Spl eens were rem)ved, fromBALB/c mce (7

weeksTafblege] nmal e), and spl enocytes were prepar ed

according to ordinary nethod. The spl enocytes were

cultured for 24 hours in a

‘ Ex&aceﬂular
Strain : Species Lo
s polysaccharide (EPS)
DW6SN Lactobacﬁlus. pentosus ‘ -
DW69C ‘ La(;tobacﬂlus. pent,osus. | +
bSS4N 'Lactobacillus. pentosus'l ‘ .
DS84C (S-PT84) - | Lactobacillus. pentosus 4
DB30N Lactobacillus. penfosus L
DB30C Lactobacillus. pentosus | - +
DA74N Lactobacillus. peﬁtosus -
DA74C Lactobacillus. pentosus +
DSS1IN Lactobacillus. pentosus , -
DS51C Lactobacillus. pentosus. T
DB22N ‘Lactobacillus. plantarum | - .
DB22C N Lactobacillus. plantarum | ‘ +
DS25N Lactobacillus. péntosus L
DS25C Lactobacillus. pentosus | +
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medi um containing (1 mg/m) of heat-killed S-PT84

cells. As a control, the splenocytes were cul tured
wabkasaie1ssa nedi um (control) . As anot her cont POT/JP100&006709
spl enocytes were also cultured in a mediumw th the
addi tion of concanavalin A (2.5 mg/nL) (Con A) . In
order to determ ne the typd@#f cytoki neproduced by the
stimulus of the heat-killed S-PT84 cells, the cytokine
concentration in tlhe supernatant of each nmedi um was
measur B$206i ng t he legipaciliepd piatieFiiigen) . The
spl enocytes were doll ected and | abel edf with the
fl uor e®SaA - | abel gd-aahobhaciDes. ptantaodp ( CY- CHCROVE(t m
abel, BD bioscience), anti-CD8 antibody (FITC | abel,
I munot ech) , and anti-CD69 anti body (PE | abel, BD
bi osci ence), and the respective proportions of CD4-,
CD8- ,[1BnH2GH@upesdh i ifebitsotithiRaswAd Wi th the
flow cytonetry (Beckman Coulter) . Fig. 4 depicts the

resulg;qf cyt Q—Kbge/c)pro‘%%'k‘r}{))%ﬁfboﬂt%- 4(@)asids tihf ragititoneally

using ‘a cul ture nmedi um i

non-stinul ate
spl enocyt es We! (D) Al e si.Bg cu r
URSHL A mRLe' TS (YRS BeC e, ateer 4
| enpcytes, and Fig. 4(c) Is the result. using a.
FurBlraBE TN EAcRbEEes K Rallitagd Sith PBS, and
afﬁi).lenoctes. As is clear fromFig. 4, the S-PT84 L.
justiads o Rluked 0Fee)ls/ Arlervsing REME mediim gantaining
necrosis factor a), which were not observed in the
oWt rRBS. Thbse ayltokienssaseiroqulated yps eytskiweld. plate (0.5
was therefore believed that the S PT84 specifically
mhfuedt). Thhen,t ipat-killed cells (10 pg/mL) of each strain were
added to each well, and, after 24 hour incubation, the IL-12
concentration of the supernatant was measured. Since the
active form of IL-12 is P70 combining two subunits p35 and
p40, the concentration of IL-12 (p70) was measured. For the
measurement of IL—12, the OptEIA mouse IL-12 ELISA kit (BD
Pharmingen) was used.

The results are shown in Fig. 1. As is clear from Fig. 1,
the inducible activity of IL-12 varied greatly even among the
strains of the same species or same parental strain. Among
these strains, the activity was particularly high in DWG69N,
S-PT84 (DS84C), and DS25C.

[IL-12 induction by in vivo stimulation]

A suspension (solvent; saline solution) of heat-killed cells

(5001g/0.2mL/mouse) of each strain was intraperitoneally

administered to BALB/c mice (7 weeks of age, male). After 6
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cyt oki nes. The Th2-type cytokines such as IL-4 or IL-5
were not produced at all. Wth the concanavalin A

werhisulass on, anot her type of Th |-type cyt oki ReT/JP1002006709

(interleukin 2), was produced. Fig. 5 shows how t he

CD4+, CD8+, and CD69+ cells were affected. Fig. 5(a)

is the result using non-st- bvl-at ed spl enocytes. Fig.

5(b) is the result using heat-killed S-PT84cells

stinmul ated spl enocytes (1 mg/%ﬁ?11 . Fi % 5(c) is the

heygst Hse meveednwas idisloeatedi anddtbpl bheedt axas |gpllected
Fig. 5 the directions of arrows indicate increasing
fromhettse dfequosi Fovethvelden frml edck, divd aeenenaimeuntAst saline
is clear fromFig. 5 the helper T cells and killer T

seltdonerwasctaddmtiedsbyrdde TheT8ooldCheagesdlbected 6 hours
hepati c | ynphocytes after intraperitoneal

AN tRkr ﬁHrﬁE‘nPétr@:tE’JﬁM)ef‘éaﬁyé;@e@;i]a_?é‘li&ﬁﬁié(?ﬁt analysis using
saline solution) of heat-killed S-PT84 cells (500m g/

. / )x"kgwﬁe | Nj r [ erddPaeAt £a i
%56@?/4%5& ( V\%%Eis %ﬁgggzﬂen—g%@a. c ter Erf‘%%glrjlr s(,)f serum
[ was . re e and- hepatic mhocyt.es._were .
a4 Bt S FERE G AATRIT A I3 578) Gsad cels (Fig

al i sol.uti s intraperitoneally adm nistered.
i‘heA&%‘écW%igy‘)% s grtedy SfBsmaeas collected by
measured by a PINK nethod. The PINK nethod is a nethod
ontEinegatienng ite dltdoxrenserityptionf ithethsusgerum was
| ynphocytes according to the follow ng procedure.
meastyredt awgdt cgie¢ YAPtEIA s mhabsleed 1B ELISA kit (BD
3, 3" -di oct adecyl oxacar bocyani ne perchlorate (Do) |,
Phiaehirsgén).

The results are shown in Fig. 3. As is clear from Fig. 3,
the concentration of serum IL-12 was significantly high for
samples to which S-PT84 (DS84C), DS51C, and DS25C were
administered, compared with the control. Since the S-PT84
(DS84C) had the highest concentration, only this strain was
used in subsequent experiments.

[Effects S-PT84 on lymphocytes]

Spleens were removed from BALB/c mice (7 weeks of age,
male), and splenocytes were prepared according to ordinary
method. The splenocytes were cultured for 24 hours in a
medium containing (1 pg/ml) of heat-killed S-PT84 cells. As a
control, the splenocytes were cultured alone in a medium
(control). As another control, the splenocytes were also

cultured in a medium with the addition of concanavalin A (2.5

pg/mL) (Con A). In order to determine the type of cytokine
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hydr ophobi ¢ fluorescent dye for |abeling a nmenbrane.
Then, the nucleus of the dead cell is double stained

wWoi2005/1p618pi di um i odi de (PlI) which is a PCT/JP2005/006709

menbr ane-i nper neabl e nucl ei ¢ acid binding fluorescent

dye. The Yac- 1 cells were detected with the flow

cytonetry, using Do sinpl<€l8taining for uninjured

cells, and double staining for injured cells. Further,

the other hepatic cells were |abeled with the

predoescey | @bel sdmanluscolath ¢ bbaat il SlCROMN G4 cells, the
| abel , BD bi oscience) , anti-CD8 anti body (FITC | abel,
¢yﬂmjni11®(rhjncandratibin ch6thansubednatBmtl afedacBDmedium was
bi osci ence), and the respective proportions of CD4-

©H&hsusdd GEoAgpoaet CBARSt |(B]E£Phaﬁ‘ﬁ‘ﬁﬁ@'%@ﬂz]w’ltlﬁletQﬁlenocytes
flow cytonetry (Beckrmn Coulter) . Fig ows the

weshl t cRfiiddterrt iyhlly TRBRVEGTERFith! N tHD. f@uoragc@ﬁt labeled
activity (9% indicates cellular cytotoxicity of

2! gﬁ%ﬁﬂp% Ctd)xgﬁzgo éW%I@?ﬁ#QMEEﬁC lag'b ndBﬁ? CPloscmnce),

I O |nd|c val'ue o € number ’reac

“e?f-idﬁﬁ'eé’@?‘&ﬁé -' @F%é“ﬁﬂbhﬁ.xnﬁr@ﬁwf{ﬁ E?rﬁph@n 8iti-CD69
h f whi ch_the

AP ¥as (T By r SPBFHL orll) ~ RAARCAFSCE)ed A9 clfBsr | Fespective
hi gher than that of the control. Fig. 7 shows the

prepbriidns Ob4+CIehs+ CI8- coegd c&IDE9-mpsiive mejls were
7(a) is the result for the control, and Fig. 7(b) is

mtea sesed twitilt hhichf oad rdyrtiosh ety c(Bem‘krﬁal?F Louktart) her,

in Fig. 7, the directions of arrows indicate

i ncrepsd NG depies thepesstiitvedf cytokine production. Fig. 4(a)
is the result using a culture medium from non-stimulated
splenocytes, Fig. 4(b) is the result using a culture medium from
heat-killed S-PT84 cells stimulated splenocytes, and Fig. 4(c) is
the result using a culture medium from concanavalin A
stimulated splenocytes. As is clear from Fig. 4, the S-PT84
stimulus produced IFN-y (interferon y) and TNF-a (tumor
necrosis factor a), which were not observed in the control.
These cytokines were Thl-type cytokines. It was therefore
believed that the S-PT84 specifically induced Thl-type
cytokines. The Th2-type cytokines such as IL-4 or IL-5 were not
produced at all. With the concanavalin A stimulation, another

type of Thl-type cytokine, IL-2 (interleukin 2), was produced.

Fig. 5 shows how the CD4+, CD8+, and CD69+ cells were

-affected. Fig. 5(a) is the result wusing non-stimulated

splenocytes. Fig. 5(b) is the result using heat-killed S-PT84
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cells for each surface antigen. As is clear from Fig.

7, the nunber of CD8+ cells, as well as CD8+CD69+
woebdsgicsBear |y i ncreased. It was therefore forad/Jrivas/ 006709

the adm nistration of S-PT84 increases the nunber of

the killer T cells in the liver, as well as the nunber

of active killer T cells. {T®-l /Th2 bal ance

regulating activity by oral admnistration of S PT84]

Six BALB/c mce (7 weeks of age, nmale) were allowed

eoldpi gkisIRngad gpddnosyites- ¢bntig/mhg. vBigr Sfe} is the result

week (equivalent of 2 ng/ day) . As a control group,

wbing cenddhavalis: PA84 twarel aieel. spideocybes welak, Fig. 5, the

bl ood was collected fromthe heart, and spleen was

dapiednsThe sermowyasn doth st pticFeasin denklad@ iy of positive
centrifugation, and the IL- 12 concentration in the

SEMNYMIYRS BRIP US AHT S ngnttbgeﬁpt ESA igougeakltrdéd EFigS.A 5, the
kit (BD Biosciences) . Fromthe spleen, splenocytes

I -ghi y : upber, of o
LSRRI BRI o e SN copl e BB s
I ynmph tes were caunt ed. asurenent was de wmith .
the ROHPERe e Py HeRRk | LERRAOEREr Boc BET oriftrperitoneal
respective cells) .. rther, the NK activity was
ﬁ‘r& 1§(§r%§lqrhé)f)P‘lsl\R§%e4t]hod. A neasurenent of Th |
/ Th2 ratio was also carried out (2 .5 mg/m of ]
concahavsPREAsien alsowent;o s@lingn sokutimhoede heat-killed
spl enocytes for 24 hours, and the concentrations of
3eBTBH ng ¢d¢lld andSO0PNgy 0 R2ite/ supesept amwvawser e administered
nmeasured) . The Th | /Th2 ratio was obtai ned
intraperitoneally to C57BL/6 mice (7 weeks of age, male). After
24 hours, liver was removed, and hepatic lymphocytes were
prepared by centrifugation. As a control, only the saline
solution was intraperitoneally administered. The NK activity of
the hepatic lymphocytes was measured by a PINK method. The
PINK method is a method for calculating the cytotoxic activity
of the mouse lymphocytes according to the following procedure.
First, a target cell Yac-1 is labeled with
3,3’-dioctadecyloxacarbocyanine perchlorate (Dio), which is a
hydrophobic fluorescent dye for labeling a membrane. Then, the
nucleus of the dead cell is double stained with propidium
iodide (PI), which is a membrane-impermeable nucleic acid
binding fluorescent dye. The Yac-1 cells were detected with the
flow cytometry, using Dio simple staining for uninjured cells,

and double staining for injured cells. Further, the other hepatic

cells were labeled with the fluorescent-labeled anti-CD4
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by dividing the FN-g concentration by 11-4
concentration. Fig. 8 shows the result of neasurenent

wofRomsanenss | L- 12 concentration. As is clear frearBPmo5/006709

8, the concentration of serumlL- 12 in the

S-PT84-orally adm nistered mce was significantly

hi gher than that of the con2Pol group (Cont) . Table 3

bel ow represents the result of measurenent of CD4+

CD8+, and CD3+ c .. As_is clear fromFig )
%EI'ZQWP@YI y%ﬁo@ﬁ@ﬁo%ﬂ%t ledela tBﬁherhly)St%ence), anti-CD8

increase.[Table 3 ] Fig. 9 shows the result of

anasvodpe(flTd? IRbdetiminynokach) garg] are-QD @6t antilyody (P

(%9 indicates cytotoxicity of the nouse spl enocytes
kgsensBYabioscieance )i Andatthe iredipeaitése t peopalkrtivwd of CD4-,
t he nunber of reacted spl enocytes versus the nunber of

¥ees L cehls Chs9-peéidve f e8INsFiderd. nw@sulﬁeactwwri Ythe flow
of the spl enocytes prepared fromthe mce to which

ﬁ,ﬁ#’l&ﬁet S%B’éﬁkkﬂafld@oﬁ‘il% red was significantly

er t at of the control group (Cont) . Fig. 10

h h .

o ordbr & IR S0 e A e P th ras Al st 1n Fie.
h t.h || dmi ni st d h

Gonchi ifﬁqfawﬁra PopoitRtRb TEPF’%{T@EL?qfroigxé‘f‘tya of the

corrpared with the control group (Cont) . As descri bed

Byyvee thepabic - dyperBpcokPhe a@dinfludedctih magdt d:T ratio

whi ch the S-PT84 was orally adm nistered. As a result,
indicates the value of the number of reacted hepatic

lymphocytes versus the number of Yac-1 cells. As is clear from
Fig. 6, the NK activity of the hepatic lymphocytes prepared from
mice to which the S-PT84 was intraperitoneally administered
was clearly higher than that of the control.

Fig. 7 shows the results for CD4+, CD8+, and CD69+ cells,
in which Fig. 7(a) is the result for the control, and Fig. 7(b) is
the result with the administration of S-PT84. Further, in Fig. 7,
the directions of arrows indicate increasing numbers of positive
cells for each surface antigen. As is clear from Fig. 7, the
number of CD8+ cells, as well as CD8+CD69+ cells, clearly
increased. It was therefore found that the administration of
S-PT84 increases the number of the killer T cells in the liver, as
well aé the number of active killer T cells.

[Th1l/Th2 balance regulating activity by oral
administration of S-PT84]

Six BALB/c mice (7 weeks of age, male) were allowed to
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the Th | /Th2 bal ance shifted to Th I dom nant, and
the NK activity increased as a result. This proved the

wOohods/14dis® bal anceadj usting activity and PCT/JP2005/006709

i mmunostinulating activity of the S-PT84. [Effects on

change of the weight of cycl ophosphan de-adm ni stered

m ce] Twenty BALB/ c¢ nice {Z2lweeks of age, nmale) were

di vided into two groups of an al nost equal average

wei ght, so as to provide an S-PT84_adm ni stered group

drtnlan §-‘ﬂ5’m4nof£%1@|ﬁ1 n@i@)e@ogﬁ%%ll%gonwadlergrggp) a week
The S-PT84 adm nistered group was all owed to drink
ERTBRleddac{c?2 g fday).aldm g cwatteolf grodp, dsyps mice with no
(equivalent of 2 ng/ day) . After 8 days fromthe

St BT bofwarkriud &d 1 #fiten,o200v sekk b lfod weh spbodpbésiidiom the
(CY) (antitunor chenotherapeutic drug, alkylating

Begrt) MR8 spléaRewiasoreahbyeddmAbsEeFAt ®ad lcollected from
i ndi vi dual s.” A wei ght of each individual was neasured

L
ARSI SEL Rk D0, PR ALER pfu b LY mLisa e
e RN 4 —
lg;‘:o(r)]}cri?rllglry £nEe£tfl'$c§:gl,S aor?dltLI-lelrzttu%ob%lf‘CE)ifotnhé nCD4+, CD8+, and
CD3+ «cells in the splenic Ilymphocytes were counted
(measurement was made with the flow cytometry, using labeled
antibpdies of the respective cells). Further, the NK activity was
measured by the PINK method. A measurement of Th1l/Th2
ratio was also carried out (2.5 pg/ml of concanavalin A was
allowed to act on 5 X 10% mouse splenocytes for 24 hours, and
the concentrations of resulting IL-4 and IFN-y in the
supernatant were measured). The Th1/Th2 ratio was obtained
by dividing the IFN-y concentration by I1-4 concentration.

Fig. 8 shows the result of measurement of serum IL-12
concentration. As is clear from Fig. 8, the concentration of
serum IL-12 in the S-PT84-orally administered mice was
significantly higher than that of the control group (Cont).

Table 3 below represents the result of measurement of

CD4+, CD8+, and CD3+ cells. As is clear from Fig. 3, the

" splenic lymphocyte T subset had a tendency to increase.
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cycl ophospham de-adm ni stered mce] BALB/c mce (7
weeks of age, nale) were divided into 5 groups: an

wanvesaaéss group (5 mice) ; an S-PT84non- adm nPeTAPEAS/006709

and CY non-adm nistered group (10 mce); an S PT84
non-adm ni stered and CY administered group (10 mce);
an S-PT84 adm ni stered and g@Y.non-adm ni st er ed group
(10 mice); and an S-PT84 adm ni stered and CY

adm ni stered group (11 mce) . The two S-PT84

adm rjirsftdeed] groups were allowed to drink S-PT84 (dead
cells)-containing water for 12 days (equivalent of 2

rrg/ day) . After 7 days fromthe start of
n'F acnham--d

ny ¥ s YaYar-voy o O\
vulll ||| Ql T Clll ||, LUU“H—’ f\y \Jy\Jl Uplluo‘pllalll < \./l/

¢
IR f!‘?ﬁiﬁ@ﬁﬁu“ L SarsPEY B0 0Y <oRl)

admi_ni st er ed groups.. After b d fromthe CY
adniRSEY at i dn. agé'ésﬁeqny on gﬁéﬁ’n‘]@:osal ine 19 .

solution) of |[heat-killed ce|ls of S PT84 (500m g/
0. 2r€Dfbuse) |was 1dtlF@gerit pneadd.rabi ni stered 2.6 the

mce of all droups except fpr the untreated group. SiX
hourgDaft er tlhe adudsti.4trat| on 9f7:3-1PT784 dead ced.lis,

brood—was—Totrectedfromthe heart—n attndrvirduals;
I nclagng those |@7t5h1@ gunt r pat egh gL pyiR. Fromth922
celHeetedb uu, t+he—serum NS eeleected Uy

centrlfugatl on, and the IL- 12 concentration in the
serum was neasured with the OptEl A nouse IL- 12 ELI SA
klt ( D armn en) . The.results are shown 0. . .
2 JBary the ergulh P meath eient ol Akoackivity. In
the S- PT84 non- adm ni stered rouP L.
Fig. 9, the NK activity (%) icates cytotoxicity of the mouse

splenocytes against Yac-1, and E:T ratié indicates ‘t.hé valte of .‘

the number of reacted splenocytes versué the number of Yac-1

cells. As is clear from Fig. 9, the NK activity of the spleno‘cyte"s

prepared from the mice to which S-PT84 was orally
administered was significantly higher thah that of the control
group (Cont). | |

Fig. 10 shows the result of measurement of Th1l/Th?2 ratio.
As is clear from Fig. 10, the splenocytes prepared from mice to
which the S-PT84 was orally administered had a considerably
large proportion 6f Thl cytokine as compared with the control
group (Cont). | |

As described above, the Thl-type cytbkine was induced in
mice to which the S-PT84 was orally admin,istefed. As a result,
the Thl/ThZ balance shifted to Thl dominant, and the NK

activity increased as a result. This proved the Thl/Th2 balance
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reduced the IL- 12 concentration in the serumby a
consi derabl e anount. On the other hand, in the S-PT84

wadnisniieser ed group, the reduction of IL- 12 PCT/JP2005/006709

concentration in the serum caused by the CY

adm ni strati on was suppressed significantly, and

thelL- 12 concentration i R33he serum was al nost equa

to that of the control group. Fromthese results, it

was proved that the S-PT84 has the ability to suppress
aaljnstihig | assiviiy | amche imenusnostimaledingy avtivity of the
ot her words, the immunostinulating activity of the

S84 .was confirned. [Analysis of anti-allergy

activities] Thirty-six BALB/c mce (7 weeks of age,

mal e)|papEEtdli vi degh | nt ochewgdroupsf an uhig eat edreight of
group (5 mce) ; a control group (10 mce) ; an S-PT84

1L.CeY g a_ - t dmi ni st d
C%i%&%@%??%@d? e s "l oved o
rin - PT84 - K1) 7 .
CequiVipery BB Thldy (O RELRE BL A Rl HEF divided
. , 0.5 ng/ kg aof S-PT184 f i bl dmi ni d
if5P FuRakEo P SoPhl 2RuAGrT SEfIDRL SRETAREr JKGIEPT SO as to
group. and control group were allowed to drink ta

A p
pradde oray wBekRd8Not edpkidiisteredpe TP siBHoi @ S-PT84
drug with anti-allergenic and anti-inflammtory

ractradmissistanddwas gused as (gopdsoli vegromp) ol drlug.  S-PT84
One week and two weeks after the S PT84 uptake or Dex
adiministésdd ongraupi xtwae calloared ngt@0 driplof S-PT84 (dead
oval bum n

cells)-containing water for 22 days (equivalent of 2 mg/day).
After 8 days from the start of administration, 200 mg/kg of
cyclophosphamide (CY) (antitumor chemotherapeutic drug,
alkylating agent) was intraperitoneally administered to all
individuals. A weight of each individual was measured on the
1st, 2nd, 3rd, 5th, 8th, 12th, and 15th days from the CY
administration.

Fig. 11 shows changes in average body weight in the both
groups. As is clear from Fig. 11, a body weight loés caused by
the CY administration was suppressed in the S-PT84
administered group, as compared with the control group
(Control).

[Effects on IL-12 production in
cyclophosphamide-administered mice]

BALB/c mice (7 weeks of age, male) were divided into 5

groups: an untreated group (S mice); an S-PT84
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(OVA) and 2 ng of al um num hydroxi de gel was
intraperitoneally adm nistered to the mce of all

waroespscscept for the untreated group. From t RETSRPWOFIEH6709

adm nistration (0 week) to the 5th week, bl ood was

coll ected every week a total of 6 tines fromall

i ndi vidual s, and an OVA-spe24fic | gEconcentration was
nmeasur ed. The neasurenent of OVA-specific IgE

concentration in the serumwas carried out according
nen-peliEingtanschea d (&Y ngoa -askdninstegsdErnomiud 0 gEce); an
ELI SA kit (BD Pharm ngen) in which OVA was coated

BrBTédd nufn t+ddndaistered anti 6¥dydrishigteree lgiroarp (10 mice);
sanple fromthe third week, total |1gE was neasured.

dhe SwBg4engithinistatedl 498 WB¥ @ﬁfﬁi@djnﬁﬁis&éﬁ@ddgﬁgup (10
to the ELI SA nethod, using the OptEl A nouse | gE ELI SA

Hike)Flathd 13n SHOPP AN ARMAIN| $t P 0881 EVCalliBinistered group
concentration. Fig. 14 shows the result of neasurenent

Lot I { j :

(1 SFAEL | PROE R PG AN o IS 200 BB, Wi qlipwed co
LRI t d_the_i. f

BT pebT PIEY GRACHE ert el v HE BifFar TR n IPRe 12 davs

(Bt eBitgros | Gantis) 4Tk erAREH rom CRES cdrpfel the  start of

group, though sonme suppressing effect was observed.

Famigstratiqn, 20mg/leendd gyclaphogptamide (E¥ldantitumor

and Dex group significantly suppressed increase of
theatotlyGapautit rdtign edkydenpag eslgenth was oomtamdritoneally
group (control)

administered to the CY administered groups. After 5 days from
the CY administration, a suspension (solvent; saline solution)
of heat-killed cells of S-PT84 (500ng/0.2ml/mouse) was
intraperitoneally administered to the mice of all groups except
for the untreated group. Six hours after the administration of
S-PT84 dead cells, blood was collected from the heart in all
individuals, including those in the 'untreated group. From the
collected blood, the serum was collected by centrifugation, and
the IL-12 concentration in the serum was measured with the
OptEIA mouse IL-12 ELISA kit (BD Pharmingen).

The results are shown in Fig. 12. As is clear from Fig.A 12,
the CY administration in the S-PT84 non-administered group
reduced the IL-12 concentration in the serum by a considerable
amount. On the other hand, in the S-PT84 administered group,

the reduction of IL-12 concentration in the serum caused by

the CY administration was suppressed significantly, and the
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It becane clear fromthese results that the S-PT84 had
an anti-allergy activity. [Analysis of suppressing

wehbwsateiss stress-i nduced i nmune reduction] N RETABXBENH06709

6 mce (6 weeks of age, nmale) were divided into three

groups of an al nost equal average wei ght, so as

toprovide a control group -(35nrice) , a stressed group

(3 mce) , and an S-PT84 adm ni stered and stressed

]&[ou (3 mce) . The S-PT84 adm nistered group was

ﬂoﬁe@on@eartrﬂkl@ PrB4heiesrrwd |Eqscahruisti sgurk do that of

for 7 days (equivalent of 2 ng/day) . On the eighth

thay cafntried goeipi.stration, a total of 6 mice in the

stressed group and the S-PT84 admi nistered and

st r esEedngthigsereesul tPpisedas prered, tiphaatd NPISP has the
m pol yet hyl ene tube whose tip had an air vent, and

4Bl fy Gloedufpbrads oW Sighltheo S8 AEl iBAYh ddeduction caused
depri‘'ved of food and water. From each animal, the

lgfleggfp.egﬁs othTV e r £0d $R G *ﬁ%@%ﬂlﬁ;ﬂg g.ctilvgty of the

for the neasurenent o activit

the resuld. . of asurenent on NK activity. The
é?lrg’t%s‘}eyag? &?&ﬁt%%éc}‘ea significant drop in NK
activjt onpared wi.th . the contral.group. The S-PT84
admi nﬂ%‘%@%é%llsaﬂg adptizalleq gyy 68%1%}‘%]ai ned NK activity
conparable to that of the control group, i.e. , the NK
act i vihyrivewdr RBALSE fai fmiedt I(Y hwge&ks t Rhn agmt Bfale) were
the stressed group. This proved that the S PT84 had
diedact initoyfaoir gnopres:samg st tresseidnguros i(bnmmiee); a control
group (10 mice); an S-PT84 group (11 mice); and a
dexamethasone administered group (10 mice). The S-PT84
group was allowed to drink S-PT84 (dead cells)-containing
water for 7 weeks (equivalent of 2 mg/day). To the Dex
administered group, 0.5 mg/kg of S-PT84 was forcibly
administered for 7 weeks by oral administration. The untreated
group and control group were allowed to drink tap water for 7
weeks. Note that, the Dex is a steroid drug with anti-allergenic
and anti-inflammatory activities, and was used as a positive

control drug. One week and two weeks after the S-PT84 uptake

or Dex administration, a mixture containing 20 pg of ovalbumin

(OVA) and 2 mg of aluminum hydroxide gel was

intraperitoneally administered to the mice of all groups except
for the untreated group. From the second administration (O
week) to the Sth week, blood was collected every week a total of

6 times from all individuals, and an OVA-specific IgE
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reduction. [Producing exanple 1: Tablet] An
S- PT84- cont ai ni ng nedi canent (tablet) was produced

weacowsridérsy to the foll owi ng procedures. A m xt BCEJP2005/006709

containing 66.7 g of a dried pulverized powder of

S-PT84, 232.0 g of lactose, and 1.3 g of magnesi um

stearate was punched with -a268i-ngl e punch tabl eting

machi ne, so as toproduce tablets each having a

di ameter of 10 mm and a wei ght of 300 ng. [Producin .
exapphératiomgrast measrsads e e sHremgnth of @igA-SPemflc
solid ml|k conmponent was added to comercially
hBidantentidkiomnd the sdioumr wamsaalriedesut @astarding to the
for 3 days so as to prepare yoghurt. The resulting

F20BW tmbat odl ,dessinable rhbaMied [PpeEIA mgoesdIe® ELISA kit
Lactic acid bacteria drinks] By using S-PT84., a

(Bot iLhaghdihehprif Srhidkh WoVAr eRaedcdhtddt hastead of the
conpositions Shown in Table 4. The resulting lactic

S PR S AP LA IR S i week,
QA1 SEF aPRonanBAIHARY, ol Fad BrkEg e T B, PG} leB was
R d T AT orbma Vbt deLERY! S8 R G0 B56mE) fhg OPIEIA
inthe art are intended to be included within the

megpee dgE B kA iti-ng cl ai ns.

Fig. 13 shows changes in OVA-specific IgE concentration.

Fig. 14 shows the result of measurement on total IgE

‘concentration on the 374 week of the experiment start. As is

clear from Fig. 13, the S-PT84 group significantly suppressed
the increase of OVA-specific IgE concentration as compared
with the control group (control). In the Dex group, the result
was not significantly different from the control group, though
some suppressing effect was observed. Further, as is clear from
Fig. 14, the S-PT84 group and Dex group significantly
suppressed increase of total IgE concentration as compared
with the control group (control).

It became clear from these results that the S-PT84 had an
anti-allergy activity.

[Analysis of suppressing effect on stress-induced immune
reduction]

Nine C57BL/6 mice (6 weeks of age, male) were divided

into three groups of an almost equal average weight, so as to
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| NDUSTRI AL APPLI CABI LI TY Lactic acid bacteria
according to the present invention belong to

waoaoetsabess | | us pent osus, and have i mMmunor egul aPCTGP2005/006709

activities. Thus, with the uptake of the lactic acid
bacteria, the imune function is activated, and

reduction of imune functi-o&7i-s suppressed. Furt her,

by adj usting the bal ance of inmune function, adverse

effects of excess i mune funpction on the body can be
E%%@e&@q@@ii&r%pd(%aet@)i,aaa&,téélséieﬁlggr@um@ mice), and
present invention can be inplenented as health food or
aediTdEdds aflministenodeqndt istgesseidvi grewp (3 mice). The
Therefore, the invention is useful is food industries
BrBTHarhménis tated ngiustpi e sClaAldBetl tbadrickaS-8T84 (dead
bacteria, which belong to Lactobacillus pentosus,

seps]- ARtk dindmg Sh taz gke"7 adsly Bad i vaTemtobe gl @ld May). On
activities. 2. The lactic acid bacteria a s set forth

ﬂ'be A @HPHL . dpeseivthd hea hitlik er 6ot bacttewg 3 mice in the

elong to Lactobacillus pentosus haVe.a weak

S LRS! JHAY 1R TS, PR ARLANBAGELH. gl streosed
A PO o D e SR BACPANGE  PRIRELAR & S trnl Bolyethylene
teli%é%%ﬁlols%l t?irp %oeltalsaar?Cahi?'r\izgr?i_:,p;%%u?‘iers] riscttg?li ?6r 24 hours. The
control group was deprived of food and water. From each
animal, the spleen was removed, and splenic lymphocytes were
prepared for the measurement of NK activity.

Fig. 15 shows the result of measurement on NK activity.
The stressed group showed a significant drop in NK activity
compared with the control group. The S-PT84 administered and
stressed group maintained NK activity comparable to that of the
control group, i.e., the NK activity level was significantly higher
than that of the stressed group. This proved that the S-PT84
had the activity of suppressing stress-induced immune
reduction.

[Producing example 1: Tablet]

An S-PT84-containing medicament (tablet) was produced
according to the following procedures.

A mixture containing 66.7 g of a dried pulverized powder

of S-PT84, 232.0 g of lactose, and 1.3 g of magnesium stearate

was punched with a single punch tableting machine, so as to
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4. The lactic acid bacteria as set forth in -claim 3,
wherein the lactic acid bacteria that belong to

waoaoetsabess | | us pent osus are a Lactobacil | us peRCOSPH05/006709

S- PT84 strain (FERM ABP-10028) . SEQUENCE LI STI NG < 10>

Suntory Limted LOU S PASTEUR CENTER FOR MEDI CAL

RESEARCH <120> Lactic AcidBacteria Wth

| mrunor egul ati ng Activities <130> SU0502 <150> JP

2004- 159446 <151> 2004-05-28-<160> 1 <170> Patent In

H\_{%du eltaflfljcQﬁ datRliaviald a<@ldm NG 54189 mm and a weight

act obaci [ Tus pentosus <400> I gacgaacgct ggcggcgtgc

v g.t gacatg caagt Ggaac gaactctggt attgattggt 60
%P

chtta tgatttacat ttgagtgagt ggcgaactgg tgagtaacac
gt gggaaacc 120 tgcccagaag, af.aa cacct ggaaa '
cagaﬁgi‘fpgélqlgcgcSgé‘ﬂﬁ?ﬁg‘c%%%r%ﬂm cgcat ggt cc
gagtttgaaa gatggcttcg gctatcactt ttggatggtc ccgcggegta
240 ¥ ﬁﬁgﬁqrrg@md@%gtraaﬂég@bftft&ci??/ggwatiga%ﬂ% component
acgt agccga cctgagaggg 300 taatcggcca cattgggact . :
wagaxaddgdcte camacnectialdyggugied lgc aytlhgggad3ghe mixture was
atcttccaca atggacgaaa gtctgatgga gcaacgccgc gtgagt gaag
Abgged tieg ¢8nd for 3 days so as to prepare yoghurt. The

resulting yoghurt had a desirable flavor.

[Producing example 3: Lactic acid bacteria drinks]

By using S-PT84, a lactic acid bacteria drink WaS'prepafed
with the compositions ‘shbwn in Table 4. The resulting lactic

acid bacteria drink had a desirable .ﬂaVOr. '

[Table 4]

Compositions Parts by weight
S-PT84 fermented milk with 21%

solid milk component ‘ ' 14.76
Fructose glucose syrup } A 13.31
Pectin : A 0.5
Citric acid | 0.08 |
Flavoring agent .0.15
Water : , 71.2
Total 100

The invention beihg thus described; it will be obvious that
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gctcgtaaaa ctctgttgtt aaagaagaac atatctgaga gtaactgttc
aggtattgac 480 ggtatttaac cagaaagcca cggctaacta

wogb@aeegga gccgcggt aa tacgtaggtg 540 gcaagcgt PQT/JP2005/006709

tccggattta ttgggcgtaa agcgagcgca ggcggttttt taagtctgat
600 gtgaaagcct tcggctcaac cgaagaagtg cat cggaaac
t gggaaactt gagtgcagaa 660 -gdggacagtg gaactccatg
t gt agcggt g aaat gcgt ag at at at ggaa gaacaccagt 720

gcgaaggcg gctgtctgg&actgtaactga cgctgaggct cgaaagtatg
é@?a@@mcwasroragga garigdcéngmaygyt sareccgbuch variations
aaacgat gaa tgctaagtgt tggagggttt 840 ccgcccttca
gtgatgtdgcbeaneganded agcatdepgrctutgdyoayt th e guricgc@aagd scope
900 gctgaaactc aaaggaattg acgggggccc gcacaagcgg
dDgebeatigivagstivtgat 46 d968110aagehace®d UdpgaiEesld as would be
accaggtctt gacatactat gcaaatctaa gagattagac 1020

Sbi6aL! 68 BAGAGHIIRA LidCadH Aokt G 9ALEAY LDUHAASE Chcluded
tgtcgtgaga 1080 tgttgggtta agtcccgcaa cgagcgcaac

&zﬂﬁﬁ{ﬁtﬂ& s%%ge%‘fac@l% %h%%&ﬁ{g%%lé%%.gca“ ctggt
gagact gccg gtgacaaaCc ggaggaadgt ggggat gacg tcaaatcatc
1200 atgcccctta tgacctgggc tacacacgtg ctacaat gga

t ggt acaacg agttgcgaac 1260 tcgcgagagt aagct aatct
C ca ttc t attgtagg ctgcaactcg 1320
Hﬁbﬁg&;gélgt%%éggé@;g&aﬁ( aat cg cggat cagoa tgccgcggtg
aatacgttcc 1380 cgggcct;gt acacaccgcc cgtcacacca ) .
tgagagat:tgct@gxfbc agsiesin cagegygingsdogithgcpresent invention
aggaaccagc cgcctaaggt gggacagatg attagggtga agtcgtaaca
BeDin gggo adewgb baggdgsageifmkts, and have immunoregulating
activities. Thus, with the uptake of the lactic acid bacteria, the
immune function is activated, and reduction of immune
function is suppressed. Further, by adjusting the balance of
immune function, adverse effects of excess immune function on
the body can be suppressed.

Lactic acid bacteria according to the present invention can
be implemented as health food or medicaments with

immunoregulating activities. Therefore, the invention is useful

is food industries and pharmaceutical industries.
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CLATMS
1. Lactic acid Dbacteria, Wh1ch belong to Lactobaczllus

pentosus, separated ~ from ‘Shlbazuke”~ and  having

immunoregulating activities.

2. The lactic acid bacteria as set forth in claim 1, wherein
the lactic acid bacteria:that beldng: to Lactoba’cillus pentosus
have a weak assimilating activity or no assim.il:ating acfivity for

glycerol.

3. The lactic. acid bacterla as set forth in clalm 2 ‘wherein

the 1act1c acid bacterla that belong to Lactobaczllus pentosus. -

are an extracellular polysacohamde-producmg straln. o

4. The lactic acid bacteria as set forth in claim 3, _Wherein

the lactic acid bacteria that belong to Lactobacillus pentosus

are a Lactobacillus pentosus S-PT84 strain (FERM ABP-10028).



