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1. AROBENEER

fEGE I HRAICEZ TB D, HANEEEZ>TL
' MBS RIEER BN BEROEM LR IC K
DFESNLZEPRON, BRFPCEGEEBEROER &
Z0/5. EE, IEEEREROBEPHS NP LR >TE
THEY, BIHBOREZZEDOA > A Vi EZER
THIESHESNTVEY. BEO®E T, MEMHK
@ DNA %5839 % Toll like receptor (TLR) 9 /K48
SEv TR, EEMEFRHGEEIC X S B ELT S
ZEREN. ZOWEEZT, HA X TLRY LB
DORMRICER L, TLRY ZHIET 5 Z &I & 0 B % 1
TE5DTIERVWIEEZEZR. KETTLRO 7T =R
FEULTEBL-OPHABEA Y 2 DNA (ODN) T#»
%. ODN X, #MEMOT ) LAEFHNCHKT 250 DNA
Wil Td 5. EHIHIZCpGEF —7 % &t ODN i3
CpG # U T DNA (CpG-ODN) &IEiZh, %7 s
AR HRE S TVS. &x 1, AERAABEHOS
J LECHN KD, s e 2/ 9 %5 CpG-ODN
ZREBLTED, MSST &% L7z% 7, ODNIZ
BOBRESINDHEEBICEIDABINTLES D, BRA
WEAHLT LT ) H T ODN 288352 & T
BEEMtERE %2 N9 % “DNanocap” ZFFELTHD,
ODN OB ZAHEE LT3, ZZ TAMETI,
MsST % 51 7 )Vt U7z MsSTcap ®#%OEENIC & 5 AE
TEIHEIRD RIS O W TREE L 72,

2. tRR DA

FEEREE LT, 10kcal% Fat (control &) ##3fH3 %
NT #, 60kcal% Fat (=fEli®&) z##HL, ODN z&
FxWVHTEN (cap) 2ROBET 2 cap BB LUE
fEfi &M L, MsSTcap =#&[#59 % MsSTcap &
DI3FEEZRE L. C57BL/6)J i~ X% 458 TEA
L, HEHEERS X OWE RO K2 HHERS EHE L7z,
1 EE O P E#, &5 [\l DNanocap OfEO# 5 %
At L7z, FOHKS5E, 1EZEH2D 1 mg/ k% 200 uL
DY CEEEEEAEKCBESYE, BOV YT
OC1lmLYY Y YERWTITo 72, 6BERERIC, fktz
control B - 3EEMEICER L, BOKREB XUHE
7o, 15K A R ARt L. B
HIICIE, v 7 A% 16 KRS Y, Bk, 5o
IZ &V IMAEE 2 JIER, 2g/kg D7V —ABRZREN

K5 L, ERNZOEEORLZHEE L. MEEDORE
121 ACCU-CHEK Aviva nano % i\ 7z. & 1 i B
%, BOKGZHEML, 16 @RRICHIZITo 7. BHE
FAREN B KOz R L, MESEE2HEE L.
775 RNeasy Lipid Tissue Mini Kit iZ& D Total RNA
ZHH U7z, 55 N7z Total RNA » 6B RISIC K
D cDNA Z &L, MHi&DBIEFFHIH% Real-time E&
PCRICTH#f L7z, &7z, JEIC L [E, w7 ADOKERE
Z{1-o7.

3. iR DRMERE

BHEOKEREOKEE, NTHEHBL cap BEB LV
MsSTcap TR AERBICHEENHEM UL 2. —75, cap B
EHEEL, MsSTcap BICBWLWTHRIEENIMEL Ko7z
(Fig. 1). &7z, HBELAEHESOERIE NT B & H#g
L, cap B LU MsSTcap BICB W THEZEMP R
5Nz (Fig. 2). HEBREZIHETERRZIR NG
» o7z (Fig. 3). BAMHBROKEE, NT & T3 IMmEE
BZ7Va—-20%O%E%, 155 TE—r %X, £0
BIMBEEIZHAD LT W o /e, —5, cap BECIIEO#K 5%,
MAEEIX 30 7 TE =2 2R, ZOHBER 2 BAMER
ZRLU7z. COMEMEIE MsSTcap BETyEBRICRE SN, &
DA LRA Y MIBWTS cap B8 L U MsSTcap B
BCHRE A ERER s WA b -7 (Fig. 4).
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BEFHRBRMBTOMSR, BIHHE#SICBWT, Leptin ®
FIA cap BEE HLEE L T MsSTcap B IcB W THRICH
U7z (Fig. 5). Tnfa %813, NT B L& L, cap
BICBWTHERICHEML 2. —7, Tnfa %BE L cap B
EH#E L, MsSTcap BElcBWTHEICEA L (Fig. 6).
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Fig. 4 MEERERICHT 3 MEEOZE(L
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b CHUREE % RIE L7z,
BEEEICERZH D (P<0.05).

JEIICBE LT, Pparg #HBZMITL-. TO/E, NT
BEHBL, capBICBLWTHBRLSRIAMMAIHRAS L
=, —7, cap B & MsSTcap B TOE B 22 LR
snhihot (Fig. 7).
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4. TRRED SRR - ER

AREFZETIE, TLRO %/ L CHREFREER = %3 25
BEE R CpG-ODN Td % MsST ##Z OB S &, AL
OMFIZNRAZFE L7z, NTHEHEL, cap BIIBWT
REFERICHEMLIZZ S, BIEET IV ZAOEE
ICRI L7z, &7z, cap BF& B L, MsSTcap BTk
BEFARIETRLEZ. 2oZ&h»sH, MsSTeap Ik 5HE
WOMMEIZNRATRIE S N7z, KR LAREIEES K ORFE
HREICB L TIE, cap B MsSTcap B THERELZIIR
Shiziroie. FEARRERICEIL T, cap BE& MsSTcap
HEICERZEIBONED 127, BPOMBEEORD
KELT, AToMEEdEHRPROoND.

MEoOBZFRBEMBITICELT, BHEBKICB TS
Leptin FBLH% cap B & I L MsSTcap B CHEICHEM
L7z, V7F VIZEEIHIP T 1OV F —HEOHEHNICR]
ELTWAIENRESNTBEY, Leptin HH OB
B ot LIHIAIc @< 2 & AR S n 38 7z, Tnfa
FHICELTIE, NTEEHKL cap ETHEICHEML
7z. 5612, cap BE& H# L MsSTcap B cAHRICHD
U7z, BEFPREED Ae s T I B 4 EERZ 2L T
BO, EWEYA AL D OBREERLT T R 2D
FEEETORE, 28501 22 ViEHEEZEET S L
AHI S N T WA, Tumor necrosis factor (TNF)-a
EREBENLZIEEY A PHA D1 DTHAS. TNF 77
IY—YA M AA 23 TNF ZAFICEES N, Nuclear
factor-kappa(NF- k)B f& g 2 G AL L, RIEISE % &FH
HypZemrmonTnd’ £z, RIEVIFLTH
% NF-«B Zig#HET S LICk D, BEEMERIEHEIC
LAMHEHNWNET S ENMESNTNEY. Lizdo
T, ERMEROGEEIC X FR S N7 IRHHER D RIE
75 MsSTcap B I &, MO 2 IH L 72 T eetE A
Ezons. FEOBMEFIHBEICEL T, Peroxisome
proliferator-activated receptor (PPAR)-y D F ¥ f# i
Z{7-7:. PPAR-yZEMEOZLICEbH Y, HFET
DOERIFERIZENFOREMTERICEP 5 Z EPImESNT
WA NT #E L, cap BECORBUEMAHEZ SN,
FENEREIC LB OERFAREI NS, LAL,
cap Bf &t L MsSTcap B CIZBIEFRICAR &2
BRoNEDP ST,

5. BENIRIRE, SEDFRE

AFETIE, AEEEA Y I DNA ZEMET IV~ RIZ
BOKETHZET, YTRAOEKENERICERT A2 &
PRI SN, 2LT, BIEZKICBIT20W <D DEIR
TREOE#IHERSNL. LrL, KEMETRT S E4
72 BRI RZZEHS & 7e > Tz, MsSTcap I
X B HUETERI R OMEFBFE O—4 & LT, RIFZETHIE L
e OBEFRFAOEGOBEENIEZ SND. TD
2%, 5%IEDNA~YA 707 LA %7 IEHEED

MR BT RIOB L, 28 LIBEFICETSS
YIRTBUNRIVTOBREN RO 5N 5. KHETIE, KBH
HAREMEEE ML L, EERES KRB TFHERTE
17 7. FEMGREAR 3t IR %0 B R AE M 72 % %
BEAIFELTWAS, L > T, thofER#Eico»
THRBOBITEITO CEPRETH S, 7z, BWER
THRONHERICELT, Bk ihE LRfiac sz
w7z in vitro #B& % 1T\, MsST @ BRI 22/ % 5%
HICRNT T 2B D 5.

DNanocap O#E5HFEICBEAL T, RMETIIROY ~
FEHAWZEREIRO#% S %217 > TWwb. DNanocap O#%
CFEEAAEEE WO FlA 5, ODN % Haetkaq - sk
MO -2y —7 v b LUTEMELRZED TV
X, R 2RE Clds < BHEBARUC X 5EEI RO 5h
5. FEBRICEKL O 7 )V —7T% DNanocap %~ 7 A
FSEHTIBEA T C & THHRERS ¥ 2 ERAROMEEICH
DHATWS., L ->T, EENERHI MsSTcap %
BERA LRI ZRM L, BHBIGEZITS LD
SHEMOMONESFETHS. HHERIEORS L RY
D, HER- ¥4IV 70y hu—LPRELZZEDS,
RN D MsSTcap DIREEZFHMICHET T 2 L0 EF H
5. 20z, FTIIROKEIIBIT 2% MsSTcap
DERERERFNTHIEPBDETHS. SHOFEEL
T, MsST I & 2 MBI IIH X 5 = X L 0 FEfl 7 fF A &,
MsSTcap ® BHEBEGERZ1T5 ZEPLEENS.
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Oral delivery of oligodeoxynucleotide from lactic acid bacteria ameliorates obesity
Takeshi Shimosato

We have identified immunomodulatory DNA sequences from immunoregulatory probiotics and confirmed that several
synthetic oligodeoxynucleotides (ODN) derived from these sequences retain these immunomodulatory properties.
Bacterial DNA contains CpG motifs that stimulate Toll-like receptor 9 (TLR9) -expressing cells, facilitating a protective
innate immune response. Previously, we reported the use of acid-resistant ODN nanoparticles consisting of ODNs
packaged in calcium-based nanocapsules (“DNanocaps”) ; the resulting carbonate apatite particles were introduced
into cells using a cell transfection method. In recent years, it has been reported that knock-out of the TLR9 leads to the
enhanced development of obesity in a mouse model of diet-induced obesity. In the present work, we examined the effect
in a mouse obesity model of oral administration of DNanocaps (MsSTcaps) containing CpG-ODN (MsST) derived from
a lactic acid bacteria. We found that the weight of the MsSTcap group was decreased significantly compared to that of
the control group. In addition, we found that expression of the leptin-encoding gene increased in the epididymal adipose
tissue in the MsSTcap group (compared to the control group). Together, these results suggest that orally administered
MsSTcaps have potential as a therapeutic agent for the treatment of obesity.
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