44 i b B I E e A

Vol.23 (2016)

<K 25 4 EEBD K >

INT I VX BGPRIE 7a 7 74 VOB AT 5
123 A BN RD S D Rt

Z B

AR, BRI R L E 721 T (L K
Bads iy FEDSASE, Bfa o ISADI A2 77 27 57—
THAHIEDRBEN TS, LHrL. ZO5T
AN ZALDOFEE T ITIEHS 2% > T
Vo A ZETHEICB VT, 290 REET
V= A% T, SR EEIUIAE D BRI X
DIFRADFIENZE L CHMT A2 &2 L
7oo BUBRIRVC EZ, WS 5 &L 2 RIATFR %
AT 5 7T AETER MR AL, AN 2
KA THLTFHF LI VBOBRPHZ, =
M &) GIFEBR % A L TP o IV AFAE S
A 252 L & Ml 2 ALBERE - BL 4 % it
S Ly FASAMRHEEN 2 DS ABUNERBE 2 TR % &
EDRHFNAEROFEHOOEDTHEZ EEWS
M L7ze L AR BN 2 15 PRI 12k
HTBHBATHIE, ZOBRNMEZER S 2w
) AEMETERELHVDG LT, BPADT
Bisul eI 2 0 b Lt g 20 X9 A
SOBERE LTRIEZVZ I VICER LT, 2L
7 3 VIR MR B BRIk LYUSE ] &
IRTZENMOLNT VWS, £ZT. RBFZETIE.
L 3 B R R S R IS B W T o vy 3 v G
(2 &0 R DTSR B AT O AL S 2 %
EIMPIOVTHRE Lize TORE, 7V 3Iv
512 & 0 R DT ERITIT AT 72 22 o 7225,
155 P T O HE I AYFE S AT B 1) 72 B PRI B D A it
WCEAL T AN H S Z EHRENT, 5HRED
WCREAE 2 e Ly IEWGEE SR 2 FBiT 5 7'

K & #H T
(USRI A 27 B T2 0 P 2 272

INAFT 49 7 AMER TV, T T 14 v 7 AW
RIZOBRITFTVWEWEEZ TV,

1. LU ®IC

JIEL S 0B PR 2 D ML PR B A X2 5 72
T KB A BIVRSAL L, M4
WAD) AT T 725 —TdhbI EIVEFNITR
ENTWVD, FRICIEDIFFEZ FH L L TR
T AR ANIN MV EE LR )VRAT T 778 —Th
HIEMWRENTWS, L LA N2 A
MHETZODZFDAH =X LIF I S HI
o TWhrolz, Bizblid~wy A% lnwTaey
TAABIETFEWDRas ¥ 7 F IV 2 iEMHALT 5L
HEe L, BEEZS 2S5 L, iz A
DFRENRFE LLRESINLZEEZ RN L. T L
T, TORIERMOO L DL LT, M chinL
727 7 KRN OB, THF a1
B A G B % A U OB BE L, IR O HE
(ZAAAE S 2 M SR o i 2 M o Ml 2 AL % 55
L, MBS LR Sk 2%
SEEYA P AA R T a7 7 —E e ENWE N,
FEDS AR HENY e DS ABUNBRR G R TR § 5 2 &
By B ARBEOREKROVEDTHSL I LEHL
a7z Ve MilEbERS LML 2
COWG % [N EALRETE 75w 34 | Senescence-

>~

associated secretory phenotype, SASP &\, &
DR EMIBIC BT 5 SASPBIG L, v bOFET L
I — WPEIR T 28 (non-alcoholic steatohepatitis,
NASH) 12 & & 2 WHIET 2 S AMERIC BT
HROLN, B MIBWTYH, SASP 2 i &



I IV BENME 70T 7 AV DAL E ST B DY AR R O KRG 45

TS A DI G5 L Z 2 bz,

D EH A DEATHIROM RS, Rl
FREBUIPE ) BN O Z AL 2545 BB HFA A %
T L EPHLENI IR o7 LAL, #IZE
ﬁﬁt%%?é%Wﬁ%tﬁ@?%#hf%h
X, ZORBNMREZES S 2w ) 2 EMES %
BELHVWSLZ LT, BADTDTREIC R 50
b, TOL) BB S OB E LT
EIZNT I VCER L 207 I VidbkiA gt
EEH 252 2 2o By, AR
R LT, BBl Y 7 F VR KdE Y 7L % B
KDL EVHIHEBOBRED D 52, 720 BN
M 2 LTl O &0 2 #3750y b
BB B L7 RN AS A D S
DV, VT IV PETIE R E 272,
ZZTAMZETIE, YT RAIZBVWTINVI I VR
G- L7202 BEWEEE I3 A O TR A5 H]
SNDDE)PITOVTHRE L7z 72, Fiab L
72k T NVT IV OBENMENDEED i S
NTWDBLIENL, 77 I 7E512X 0 BN
WOTa7 7 A WICEALDBD HNE N E ) I
DWTHRGES L7z,

2. B K

21 ¥R

HARZ LT 95Kk C57BL/6 7 A J ¢
HWEALTERL, MES <Y A 2 FZBICH
HL7z
22 EEFEMRDPAFZHEER

BB A~5HOHEF<T ZADF R EFIZ
0.5% DMBA (7,12- dimethylbenz[a]anthracene)
(7% N VIZHEM)50ul 2 1 %A L, Z O,
MEFLENIE BB~ 7 212, BEFLIR TSR A 2 @A L
7o~y ZZEHE AEF30HE S IR & (D12492,
Research Diets Inc) ¥ 7213 & (CE-2, CLEA
Japan Inc) Z I X, <7 AA330A#HIEL 72
KT~ A% R LIFASA DT & R L 72,

23 NI IVOREEEREE

IV IV (FATATAY) &S50 e h
LD 7O L 7)) a— VIZEM L, 7mg/ml
DINT I VBB Lo SOINVT IV
WEAREY2)40png/g DEIZHR D L HIT, H3
Wy T Ty 2SR ORS Lz, Eido
U S5 5 SR I S A B FE FEBR O AL T 20 8 i 2
530 AEOMOI0EM, 7 V7 I ViFWE 721
B 7oLy ) a— v ERE Lz,
2-4 REHEE DNA OFFE

IV I G E RO A0 L
#150mg B HL L. QIAamp DNA Stool Mini Kit
(Qiagen) % F\»CHAE b o b5 M A DNA % il
- R L 72,
25 BRMEZOT 71 VRN

I A TR @ 16SrRN A (= F D V1 ~ V3 5%
U2 PCR THIE L, kAT —7 % —
Miseq (£ )V X %) 12T, ZOMHEB O ILE Y]
RELZOBRYIN S, 77 I Vv ERGHEIHROB
WHIH O %, Qiime Y 7 b7 =7 % W T
M- U7z (Rt &AEICKEE) . PCRIEIRM 75
A2 —ZTomRMO b 0% L7z, 16S 27f:
5-AGRGTTTGATYMTGGCTCAG-3" 16S 518r:
5-WTTACCGCGGCTGCTGG-3

3. # R

3-1 FFREEEH O

TN 3 R 6 LD PINE RN 4.5 18,
3 ba—)VHE 4 DL A 5E) OISR
BuIs5MTh ., M CTHERZ I L7 (B 1),
32 BAMEZO7 71 IO

LB D% X NMITE & RIS D |
5008 UL 1 O NI L TW D Ewb
NTWb, A, WY —7 v —DB5IC X
0\ WK 7 5 O MR FERCH 1 i 2 A0 B LSRR A 12
HONIZT AT ENTREIC R o 72 BNHITE D
16SrRNA 15T O W FHIH O ERLE G 2 5. H



46 b I e A

Vol.23 (2016)

(1) FFiES 3
S

6

5

4

LDz avkOo—)L

B1 Loz vE58EIY NO—-ILECBITS
LB AT IER R
BEOBER : KB 2mm ~ bmm. & 2mm ki
MTETVWRVWEDLDHETAZ LI -
TWwbe, A, 7 V7 IvF-RElesHs L
72 ADFAE D O NI DNA 2 il - K53
L. WHAG Y —4 4% — Miseq (£ V2 F4E) 12T
16SrRNA B{n - O W 2851, V1 ~ V3 % & & all

% PCRICTHIE L., I A2 PE L2 2D
BeF 2 & Qiime fEFTIEIC TR Z2 508 L. 7 V7 3
YEGHBOBNME T 7 7 AV E KL ZO
AL & WA L7z,

R2x 7V I rixGaiko~y A2k
BUSFLRVOBHNMEO 707 7 4 V&R
9o Qiime EMNT DGR, BIREWZ L12, 7V
7 I P52 X ). Bacteroidaceae £ (K 2 (3,
A:148% —197%. B:14.7% — 17.9%).
Ruminococcaceae £t (B2 @, A :7.3%— 9.3 %.
B:6.1%— 8.5%). Lachnospiraceae#} (B2 ®), A:
2.0%—>4.8%. B:1.7%— 6.7 %) ORFEA A, B
2k E ST T O 5 EEHINL <
W72, —J Rikenellaceae B (B2 @ 13.1%— 8.8%.
B:16.1%— 8.6 %). Clostridiales "] IZJ& 3 % %%
FLARNVETHECTE Lo 7-HiE (B26), A
22.1%— 18.7%. B : 23.8%— 19.2%) 2SHH & H 12
WAL CTVize S OISR D - 72 Wil

S5H 1258
TORA

others
unclassified

iy
al IF

s
T AB

s ®

FEREVEIPLEWME

Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae
Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae
Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f
Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae
Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae
Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__S24-7;
Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f_Odorbacteraceae
Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Lactobacillaceae
Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Peptostreptococcaceae
Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae
Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae g_ Oscillospira
Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae

K2 JILIZVERSHERSIBRMEDODTOT 7 1)L (BLANL)
BAREDSEHDEED 1 EEU EDOEDZD~WITRI,




INT I L BIBEPHIE T T 7 AN DAL E AT BT A IR R o ME 47

B LT, SRAERY A Sarfl 2 e L, ML X
VETHELIZWEEZ TV,

4, E =B

Gl PSSEMER DA O N D 7 Vs 3 Y O
HAZ X0 NGRS O F8E B R % D S
W53 2BNMR O 707 7 4 VE(LE G
L7z ZofR, 30RO 7a ha—rofT
REDIGEAB Z V2 I 25 L4 R 0T
O b=V T, G RENCA B R 23R
Lotz Ll BWME 727 74V %&H
X 72 & T 5 Bacteroidaceae Bt @ W f 2% 7 v 7
IvGHETHAELTHEMLTYW A (B20),
Bacteroidaceae FHE 7 7 ARBEHRTH D, ki D
TATHRGE D DR R 5. FEIRIEEIUC X Y
SE7 Y ATIE AR~ 7 AR TEL
CWALTVDERTHDL, 7 V7 I VHERUCE
. Bacteroidaceae Ft 77 LAREVER SE N3 %
L), BEEERE oM FEL-Z L
. RO O TR O RS H D D
DEIREVAIRLTH B, 50700 3 %5
(2 & Y, Ruminococcaceae F+D W OB R S
M7z (B2 @), Ruminococcaceae Bt 1%, Al
THWMUBESAMEH OB 2 BWNMEA#H Y. 74
FLA-VBERVEIELEHOHHHE E LTH
BATVWAWTHL" Y 20k BIEHODH %
Ruminococcaceae Bt 257 V7 3 U 502 X 1) B
L7-2 & & BIREE,

DEofERr s, SEEERE V7 I 20
[El B U MR 70 7 7 A V% 3805 A B
707 7 A VITHE S S EHIIE L Z
BRI oTze GHEBIIIVY I VR RS
T5 70 ba—ERAA HFEMEE G2
FLRESRAT R0~ 7 A ML IR ISR 3 2 5B D X
TV REDDH B L Bb Do T AT 12 B

LT, 707 I 85128 0 ELT 5B
LAV ECRHE L. EFEETEZ 7T
BTONAF T4 I ARTVLNAF T4 v 7 RIS
DRIFBMIEEZHIFLI2VWEEZEZ TS,

oEr

RIFFEDBITICH 720 WPk By F L7z
ﬁﬁ%ﬁ&kﬁtﬁm-ﬁiw%@wﬁmbib
JEHH L B 3, HRTBEARR S - AR - D
HAEWRHERNCEE L 221E0 ) OWfgEE TS B
ORI BB 2 O 7EE 250 . FFEICH D 28
72D T W72 E T Lz, 5% E
MoOFTETORELBHOBL LIFETLLD
2. THESHREEZBV I TIOMEIALLSE
FEVCH L EFE 9,

X #

1) Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S,
Oyadomari S, Iwakura Y, Oshima K, Morita H, Hattori M,
Honda K, Ishikawa Y, Hara E, Ohtani N.

Obesity-induced gut microbial metabolite promotes liver
cancer through senescencesecretome.
Nature. 2013; 499 (7456):97-101.

2) Wang ME, Chen YC, Chen IS, Hsieh SC, Chen SS, Chiu
CH. Curcumin protects against thioacetamide-induced
hepatic fibrosis by attenuating the inflammatory response
and inducing apoptosis of damaged hepatocytes.

J Nutr Biochem. 2012; 23 (10): 1352-66.

3) LinJ, TangY, Kang Q, Feng Y, Chen A.
Curcumin inhibits gene expression of receptor for advanced
glycation end-products (RAGE) in hepatic stellate cells in
vitro by elevating PPARy activity and attenuating oxidative
stress.
Br J Pharmacol. 2012; 166 (8):2212-27.

4) Bengmark S.
Gut microbiota, immune development and function.
Pharmacol Res. 2013; 69(1):87-113.2012.

5) Minamida K, Kaneko M, Ohashi M, Sujaya IN, Sone T,
Wada M, Yokota A, Hara H, Asano K, Tomita F.
Effects of difructose anhydride III (DFA III) administration
on bile acids and growth of DFA Ill-assimilating bacterium
Ruminococcus productus on rat intestine.
J Biosci Bioeng. 2005; 99 (6):548-54.



48

i B I Vol.23 (2016)

The effect of Curcumin on the profile of gut microbiota
associated with obesity-induced liver cancer development

Naoko Ohtani
Department of Applied Biological Science, Faculty of Science and Technology

Tokyo University of Science

Obesity has recently become more prevalent in most developed countries and is
increasingly recognized as a major risk factor for several common types of cancers. As the
worldwide obesity epidemic has shown no signs of abating, better understanding of the
mechanisms underlying obesity-associated cancer is urgently needed. Although several
events were proposed to be involved in obesity-associated cancer, the exact molecular
mechanisms that integrate these events have remained largely unclear. We previously
showed that the long-term high-fat diet (HFD) accelerated development of cancers in
mice treated with DMBA, a chemical carcinogen, at neonatal stage. In particular, all
mice with HFD for 30weeks developed hepatocellular carcinomas (HCCs), whereas no
tumors were found in mice fed with normal diet (ND) at 30 weeks’ time point. Dietary
obesity induces alterations of gut microbiota, thereby increasing the levels of a bacterial
metabolite, deoxycholic acid, that cause DNA damage. The enterohepatic circulation of the
bacterial metabolites provokes tumor-promoting microenvironment in the liver, particularly
inducing the senescence-associated secretory phenotype (SASP) of hepatic stellate cells,
thus facilitating HCC development. Importantly, intestinal bacterial profile revealed that
Phylum Firmicutes (Gram positive bacteria) was significantly increased, whereas Phylum
Bacteroidetes showed great reduction in the HFD fed mice. Reducing the gram positive
intestinal bacteria by vancomycin treatment efficiently prevented HCC development in
obese mice, indicating that increased Gram positive gut bacteria by HFD play a cancer-
promoting role.

As a next step, we aimed to search for food materials that prevent obesity-associated
HCC development by changing the profile of gut microbiota. Since curcumin is known to
have an anti-inflammatory effects on intestinal epithelial cells and hepatic stellate cells, in
this study we focused on curcumin to investigate whether curcumin has a role on preventing
obesity-associated HCC development by altering the profile of gut microbiota. We found
that ten weeks’ feeding of curcumin during the period of thirty weeks’ high fat diet can
alter the profile of gut microbiota profile, although the frequency of HCC development
was unchanged. Interestingly, curcumin treatment induced Bacteroidaceae Family which is
known to be reduced in the condition of HFD. Moreover, Ruminococcaceae family, which
is known to reduce the production of secondary bile acid, such as deoxycholic acid, was
found to be increased by curcumin intake. These findings suggest that curcumin could have
a potential to alter the gut microbiota profile to cancer-preventable profile.



