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GOID Term PValue
(G0:0030198  extracellular matrix organization 6.70E-09
GO:0043062 extracellular structure organization 2.20E-07
GO:0001501  skeletal system development 3.20E-05
G0:0032963 collagen metabolic process 3.60E-04
GO:0044259 multicellular organismal macromolecule 4.00E-04

metabolic process

=3 BESANTEGFERENET. BEHLDTRAN CEXIBHEA
HELAVIIESELFEHDGoTerm Top 5

GOID Term PValue
G0:0055114 oxidation reduction 1.90E-04
G0:0008202  steroid metabolic process 3.50E-03
GO:0006629 lipid metabolic process 8.10E-03
GO:0043066 negative regulation of apoptotic process 8.40E-03
GO:0006637 acyl-CoA metabolic process 9.30E-03
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QuickCO - hrtp:/ /v, ebi.ac.ule/QuickCO

3. EBERUSEORE

AETE BB 2 AE LT IB AT L D B~ v 2 &
*G L L= FEB i, A L2y 0 5 b EE~
—H—=DVELDE LTHLND ALT RElEIC L > TR
AT 2micH v £z, @R TEIEE TR IR
CEFEMEHEPEMAZRL W, 202 b, BRE
L1 IOABHEE L L CEBIANIC & 2 IFREE o
BRSNS, —FH T, FEE~—F—DHF T AST
BILOLDH (2iF & A E2E 72 < . 4 BHE O &EIEifE
BROTIE~D X A —JZBE TRV EHE L BT,
DNA v A 7 a7 LA T ORI, Eleli 08 %
T D EETEED S b A K TO/ERIC X - TEEN MR
SNz boiE, 27 =7 U REMast~ b Y v 7 ZIZB
HEDHNEN ERNb oz, aT—4 v Eofifast
~ N v 7 ZTHINE RS, MRS O R0 M I
HEREFIZH D 3, 2T —57 U LOEE 72 SRR
BMEIL 24 2 E BT WD, B ER ISR ME R
FREARIZ 72 o T TR AL 24 0R 23, e O B LB e
YA NIA U ZW UIFFLEZRET S L EBICaT—
7 R0 TGF- B % EEA U CFIBR O M I BAfR 35, A5
BRI OB 5 2 R FEEORITE L2V IER 7
KRETHD EEZ NN, FROBMETRE L~V T
a5 —F U EOREER R EOEERAEICHEN TR Y
4E M O E ARG R OB B RO R EICEE L >odH Y
LG TSR OEBE LW E L TWA, b LL, &
REIA DR A EIE SH 5 LoRB STz,

~

C0:00

extracellular
matrix
organization

FUEOMBESN Y N Y v 7 AOEEI R EFEIC L B RRRE
DI ZRIE S8 5 ATREMEDR STz, SH%ILE B ICFEM
IRIERTERRED D & & HICHIRE L T OREIERL Y D5y
Hrs L OVEN D OAFRIMSREMEIZ DWW TR 5 T E T
H5,

(Z& X7k])
1. Jin et al., Food Chem. Toxicol., 48, 3073-3079. (2010)
2. Hashimoto et al., Plant Foods Hum. Nutr., 64, 193-198.
(2009)
3. Lin et al., J. Agric. Food Chem., 57, 4606-13.(2009)

LLEDRERN G 4 B O @RS EHETRII & 27227
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A —T)vna sy Y O REVE R A 2R

1. & &
A—=TNvmy T MU AT e E OB AR L
HBREC MR =T O 8EIN I T HEDLDTH D,
A—=Tnvuy FINE T V— RFEET D, IHERFT S B
<, ABEEOHNHLDONLZXFA T TA R, T4 b,
STAT L, T oN— =D 5 BEEEHEM T Sh Ty
20 (1), EREN, ATV R LTOHRL, W
THOZL—RThoThbA—Tvry FIEHEMIC
FEHI LD HHEETH 5.

- IREEEEE
‘ Extra right g ‘;’,—‘f Early
L
[ Rignt £745‘ |
1 Medium % @A
‘ Amber } Uﬁ
‘ Dark

1. A=TLvoy7osL—FK

A—=Tnvnay FTOMBITA Y7 B — 2R 66.2%, 7 /L a—
2 0.5%., 7/Vv7 b—2Z 0.3%. ) 30%»BKTHDH, ZD
FENCRY 72— R34 IR )L T B
BEEN TV D, AHFFEEETIE, 2 OMERS OIEHEEE
PEICEH Uiz, Foxid 2008 005 2010 F £ T, A—7
nva sy FED SOOI 21TV A —T
2y FEEUCL D T v b ONFIEEEEFER O FTREME %
TRET 5 EFHERZHO, SEIOERTIIA—TLiRm
T DTV —RORTH, HRTEF R EICL S 20bi
TWAT o NR—=Z W, ZOA—Finmy FEEA 4
UM T MZBL, ERDTHOIMEETE HIETRE,
RV Tz ) —VEOWBERSEZRFLIbOZHFEL, 2
DIEEERSREM: D REAT 2 2t L 7260),

2. AHELHEER
2-1. H &
2-1-1. HYEE

KAST Fr26 =EMABE 2015.7.29

JEES B, B RS

TRAX— TN Z 10%ELIEETHR. 45% 5T
HEWG &, MSX % 0.06% %N L 7= & (MSX &) %1k
% L7z, C57BL/6J Mk~ = 3 M#n%a . BRENEILO- D
7 HMofE#%. 38 (n=10) 2051, ZAFNICEIE
Wits, @IS &. MSX &% 85 2. 16 Bl % IC
fER AT > 72, REBIICRER= X LF—R2ED 3
FER ORI 72 251X Tukey (2 & » TRIEZITV, p<0.05
ERAICHE TH D LR U, £/, MR ERE L
7-hE . DNA~A 7 a7 LA kL=,

2-1-2. DNAR4A 4/ BO7LAXEE

R R B B U 72 fFIgE(n = 7)1 5 | total RNA % fhHH#
Affymetrix #LDEIEICHE > THB L7, DNA~ A 7 a7 L
A1, K4 T OBBETIERIPEEH Z T2 Gene Chip®
Mouse Genome 430 2.0 Array Z i L7z, 557
5—% (CELfiles) %. [RJ (http://cran.r-project.org/) %
JANT Distribution Free Weighted method (DFW) &7 /v
=2 XL TIEHAL L. Rank products |2 TSN ARE &
EEIERE, mIEIERE L MSX BREOZ - 2 BEf I
%17~ 7-, false discovery rate(FDR) < 0.01 O T
E#7u—7%y hEIH L, & HIZEARFARHCR LT
FIE A TR Z 228 L% MSX BNk #ET 22L& RT
Tu—7%y MIKEVAAE KVIALTETe—T%y b
& > v T DAVID(http://david.abcc.ncifcrf.gov/) @
Functional Annotation Tool % FV>C Gene Ontology 3 &
NKEGG pathway (25 < AR T8 88 O JRMi MR 21T

27z

2-2. # B

2-2-1. H{eBT—2HH

IRIERTARE, e AR, MSX AR 3 BERT TR
TRANF—BICEF RNz, ZOZ b~ A
MSX AV Oz ST &5 Z & bnole, —H,
(RE, e, iFiES =2 v X7 v — L BRSNS &
HICHA_RTHEEBHAEECTHEICRWRERE TH o228,
MSX HEHUZ & 0 if PR iR 2 L AT v — L&
DECITRBD e rotz (1),

2-2-2. DNANZA4 - O7 LA

Gene Ontology 12855 < FE LA BB AR T~ 0 YA FE fRAT
AT o o fER RE R L OIS O BEE R T DR
MERBENZ ERH LMo 7, £72, KEGG pathway
W B S RATIZ K o TH REFig e & ikc B 59 58
EFDOEMEENE < . Gene Ontology 1233 < fifATfE R &
—ET R TH T,

NEEARHHZ DWW T, BB D R R EFHEIC B D 5
acyl-CoA thioesterases(Acot2 and Acot3)



stearoyl-coenzyme A desaturase 1 (Scd1), fatty acid
desaturases (Fads1 and Fads2), ELOVL family member 6,
elongation of long-chain fatty acids (yeast) (ElovI6) 2’ &g
WiECTHBMET L, MSXEBRIZ L v #iIL T\,

®1 KE. FREE. OEPSIVFBRELCET—42

LFD HFD MSX

Final body weight (g) 29.01+0.70° 32.66+ 1.31° 31.88+0.72

ab

Body weight gain (g) 13.18 £ 0.85 1646+ 0.99° 15.90 +0.57

Liver weight (g) 111340032 0.998+0.104 1.058 +0.025

Serum biochemical parameters

Triacylglycerol (mg/dL) 2575£795° 71.60+9.08° 7321038

Total cholesterol (mg/dL) 1243 +42 147.2+7.5 1452 +7.1

Glucose (mg/dL) 17754168  185.0+ 141  188.0+83

Glycoalbumin (%) 3.14+017  3.54+007  343+0.12
Hepatic biochemical parameters

E:;ylglycml (mg/g wet 7930+ 1202 935+ 1397 7636 £4.41

Total cholesterol (mg/g wet o\ 6190 2.7940.19°  2.6640.07

liver)

LFD: 1EREBAEE (n=8). HFD: SEEMAEEE (n=10). MSX: MSX
# (n=10). #{&E(X mean = SEM TRLT=
EfRSHEIZEEEHY ( p<0.05)

T/, REISEEE T OV T, guanylatebinding
protein family (Gbp1, Gbp2, Gbp3, Gbp6, Gbp7).
immunity-related GTPase family M member
1 (Irgm1), 2’ -5’ oligoadenylate synthetase-like 1
(Oasl1) & o 7o YL Bh i B a5 7-. chemokine (C-XC
motif) ligand 9 (Cxcl9). chemokine (C-X-C motif)
ligand 11 (Cxcl11). immunity-related GTPase
family M member 1 (Irgm1) & Vo 7= RAEBEEG T 235
JEMEERCTHM, MSXEBEINTEK T L CWe, 61T,
LFGO termiZiIZE ENR VL DDRIED~—H —Th
%serum amyloid A 1, 2, and 3 (Saa1l, Saa2, Saa3).
orosomucoid 2 (Orm2)23 @ eI EIZ L VML, MSXE
BUZ X0 {ERT LT,

3. & %

AL TIE, A—T a7 ORBERIENEZ ] 52N
THRED, A= vuy b5t TH 5 MSX &
HSE IR B BRI LAF T 58 2 31 L7,

R 3 1 2 IR RHER L O it o8 MSX fEEUC &
DREIND Z LB o7, BERIRAHITIZ, 5
Wil DA faFnil &R RICBE G5 2 AR T3 BUE A L
SNz, JEiEOREaFix, AT (TG) Amait
ETHROETHH D03, AEFRTIEIMmF, g TG &2
MSX HBEELTHIMT 2 Z &3l olz, ZTIMhb, Thb
DBIETRBEEIT, TG AR TIEAR L, Tr L AMIaEEE:
DOBRNFIEIIR 2 ST L ICHFELS L TVD EEXD
Nz, 72, IS EETOEIE, MSX BHIZ L2

RIEOIH| ZRET D LD TH T,
PLER Y @IEM AU & 0 FE S LD T RAE %
MSX #EHUT KV f&Fn T 5 rIRetE N B 2 bl

ZoTuavey ME, TRy - AT VIR AEER
% (FPAQ) LML TWa7u s T h 27 &4 —Bi%~
DOFBHIBHIEIK 2 R—F 2 M) 2@ U, Xy
NI - 3 - AE (MAPAQ)OEINC L DL DT,

This project was supported by Ministéere de
I’Agriculture, des Pécheries et de I’Alimentation of
Quebec (MAPAQ) through «Soutien aux strategies
sectorielles de développement Volet 1: Appui au
développement sectorial» program with the
participation of the Federation of Quebec Maple Syrup
Producers.

(&% 3R]

1. Perkins TD, van den Berg AK. Adv Food Nutr. Res.,
56, 101-143. 2009

2. Li L, Seeram NP.
11673-11679. 2010

3. Li L, Seeram NP.
7708-7716. 2011

4. Li L, Seeram NP.
2011

5. Watanabe Y, Kamei A, Shinozaki F, Ishijima T, lida
K, Nakai Y, Arai S, Abe K. Biosci Biotechnol
Biochem. 75, 2408-2410. 2011

6. Kamei A, Watanabe Y, Shinozaki F, Yasuoka A,
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HIE R (FRREAENIERT) . /K IR CREGBER )

1. [FXLC&IZ

AEEHFIRO T & U CHEBERLAERE SN TS
25, BHEERNCHEEDEH STV 2 RMITZ < 220, #
HEtER MO A IEZFE T2 7290I121F, & N CORERRER
DUHETH LN, ZORNIEMZ AW & 5B A2 1TV,
BZRVMERLHIEIZONTONERERD Z EDEE LY,
PIaiHe 2 13, 2=ENR T v MzBWwWTmH vV 70k K
(TG) O LFZIHITHZEE2MBINT LI L, ZENE
MZBWTHRKROIREET 2RI 57201t b
B GRBREEMT DY 0 . B bR GEZEOLKNEE
HOLMNCT B2, 7 v hEAWEREO R 525 % 6
L7=D T, EOFRERIZOWTHET 2,

2. RBRLHER

2. 1 ERIMELUHEH

%, 8 MmO SPF 7 » b Wistar ST (HA=T
AT —) 30 VL% 1 EE MR (CE-2; BAZ LT)
TPHEE LB EBRICH W, BRI, Bicidds
WAL (3.46 keallg) . MR L L= = ENAfAEL (Quick Fat;
AARZ LT) (4.08 keallg) KON 1% RS TEM RN = E
WAtk (1%Z-@mahEaEr) (4.04 keallg) & #EF L7,

2. 2 ERAZX

E R & 1% - @RISR OB R BIZ N 2N 2
& % TR CHERE L 7ot . RIEBR AT o 7o, AAHERRTRIEE,
EABRG RIS KO 1% 5= ARGt B O B 50T 4 10
PEE L, i TG BELOREOFEHENE L LD LI
BT EITo o, SEHIE BBIE L, RS okiEsz
BEL, BHEEBEORNTE L OO EIT- 72,
REHEE, BiC 1 BEME L, £, RGNS
22 A, 35 AKTN49 AFIC 1 B S B %ICZ IR X

VBRI L, MAECOWT TG Z2HIE L=, REREILA 8 1%
121 B SEBICHRIRE DB L, 5 21T o 7,
M D —Hh% RNA I FIZ /0 L, 2T, ik
HALFRE 21T o 72, Fiz, IR L ONEED & K& &
23 T OREVENAR AL 2 806 U CEEZJIER ., MK
FERILT,

2. 3 #R

2. 3. 1 {E8EE

AERBALA D 55 HRIOMREBIUY 0 Y —&ICH B 2T
B BN T2, 1%5-ElEl & m e G s & b
B9 5 &, MEEHEREIL 99.1% TH Y, BRI Y —
X 98.2% Tholz (1), £z, 55 HRIDOFHFH K
BRI, 0.53g/kg KEH/H Th o7,

2. 3. 2 —RHRE KERVEHFEE
ARERIR , AR E DIER R R ER NSRS S, —fi%
FERICEF TR SN o 7, REIE, BRI 3 WE
5 il A RE DS SR AR EHEE L 0 AN L, LI Bk
T ETZ OB EHE L 7z, MR R o PR S b3 A&
HEECIEIEZE L, ABEITGRO DN o7, EENIE
AR B B EE P SERRERRRIEE X 0 W R IR AR EE N A
BN (p<0.01) LTW= (F1),

2. 3. 3 MEHPOAELLFERE

EEARL PO TG fEix, RS 22 B LUV 49 B
(Z BRI b~ ARG REE (p < 0.01) BL 1%
Z-EEMitEEE (p < 0.05) CHECEWEZR LT,
TG EDOZALZIK 1IZR Uiz, fFRAIRFCER M U 72 SEERAR ML
DA LFREDORER, 7 I7=0T I ) TV AT 2T
—PEICB T, S IEIRRERE 2S SR AR X 0 A BT E D
>72 (p<0.05) LS, BERETRO N1,

®1 ZHAMMBFETOMRERIQ)—EBFIVFEELVICERIFITEToEBREEFREL

#ENOO)—= F=E HEEAELE EBHhEEAERL
(keal/g) (g (%) (9%)
BERGHEMNE 4335 + 213 4189 =+ 148 268 =+ 0.16 0.67 =+ 0.10
e Dbk 4597 + 275 4545 + 238 263 + 012 089 =+ 007
145 SEEAFSIsEE 4557 & 254 4503 + 178 259 + 015 096 + 0.1
EE T EERE
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L Eiig ok a2
= BelhEs ¥ B
1% &= IERhEAH EE
80 - E?1 I
70 - T T
60 A
2l
2 30 - I
20 A
10
0
0 2 35 49
f48EH (H)

®1 BERLDPOTGHOZEL
*P<0.05, **p<0.01

3. ZEBRUSEDOEE

T v h~0 8D 1% 5% R IifkF O 53805k % FEh
L7z, EORER, #5453 %0 O EARFRHE GHEZ R
EREOMH TG EAFRICHEIN L TWe, REEFERVE
RERGEREHE 5RE & b4 5 & AEEIT ARV AmT TG &
ERRENMETH o 7o, 1%F- @IS EEHT &SGR R
Wi m U —FBIENMEN o7 (98.2%) Z Enb,
TG MR > T ATREM N H D, Lol IEENIEEE
IKELIT 1% 5B EEE S R bR o 72,

PAaliFex 1x, @IEETEHG 57 » Mokt L, 7T IEB O
BERZIEI R O FRIFE 1 B 5580 1 24T\, mIEIAREIC R
HEIZIH TG BMEF L, D b7 v A7 b — Ml hr o
FER. IEWAEE D B AL, a AL B L e BT LT 2
EHIBHNZ LTz, RiIlEIOER T, RELZEMH KL 500
mg/kg RE/H THEBIHRSE LZHA R b LH TG © L5
IR A STz, ZAUTHRY % S R & 2 fAEHC
WU T, A RIOFEEBRICE T 2 SR O EAE R E X
0.53 = 0.21 g/kg KE/H TH Y GiEIOERIZBIT 55
BELFER U TH o8, mh TG iXmARIA R & O
THEREZITRD bR o iz, filal & $7p 2 SIERN R
ZHWEZ 0 BEFIRITENR DD Z LR EOEMtD
EWNG | M TG O LA IHI RS AMICED b b
o T2 ATREME DS RIE S 7z, BiTlR] oD 28 C i if Hhbe AR A
OLEFMHILIBO LN TND Z &2 b, Atk gk
FRICOWT LR T DRENH D, /2. DNA~A 7/ 1
T LA HREGERIRL TV 5D 2 &0 b EENEE - REE
FENT D A ETITWD T2,

WoRE 27 FE XV FT- e B FRHIEN R E D . ko
FEE R & LR B HERE &L LS O LA Rk
FEMNTHEREME R R 21T O Z EBFREE 2oz, LvL, &

NoDOFRIIEELSOHEIC LY | BFRARILE T2 FE
T 5L L&, R O T B R AR BRSO R MR R
IZBT AL Ea—FERME L IR TN,

ST ERROT—F BRAE L T MEERBRE T
LEIETH D, AR TIE, 2ot MERERERIZAIT T,
BB E L CET 287~ — I — 0+ D%
EiTolz, B MERARBREBR T, &5 OBRBIERTAN O fEHT <
LUTMR, RECROND, MRIZIE, —ARE[LE R
Z A—ZDOf, micro RNA <0, MERAALH KD mRNA 235
ENDHN, TS IFAMERICHEICSEE L TET D &
Wrsasd, £2C, 7y ML Y HH L7- mRNA 8 &
Umicro RNA O HHRAT 21T, FEEBRIUIILE T 5 RNA
~—H =D EIT o7, T RNA ~— b — DAY A
X T IGHEEZHOICTHZ &b, b MERABR TCOBR
FARREO—DTH D, b b TOMREMER SO 2 R
ST L L bIT, BREME RO - LaMRHIE DO
S HEET

(Z3& XA
1. Y. Kobayashi, M. Miyazawa, A. Kamei, K. Abe, T. Kojima,
Biosci. Biotechnol. Biochem., 74, 2385(2010).

KAST Fr26 FEMABME 2015.7.29



bt N CTORMBEREMEFHLIZ M TOR Y A
MERAIIAE R T a7 7 A VENTIC L D

AR ER

1. IZL®»IZ

PRI 7 mRERDO1OTHY | RFOEMIEMAK L LT,

F I RREROMIR T & LT A RERE A TR IR
TDITMEDI T TV TH D, SRITEBIREOR TR LIcX
STRZ LIERER L &, RN THIMIZED, —F T,
BRNCEFET D L FBRBRICBRIL S A —V 25252 &
DHILN TS, T72bb, gRRKZIRRE, BELREED W
THhOBEILH, RIS AT E%IT D,

BOBMENMET T2 2 & TR D8R0, S0 E
BEAFEICRIETTEBIIONTORFEIT - NETICS
CEMENTWD, L, kxR AHERCMIsEEE~D
R MR LIS IRIg e A 8RR, 2F D 8
RZRPEFEMREEICB VT, ZHETHER STV ARV
HROMALEREIC BV T H LA Z o TV D ATREMER
HD, BOBRBEMNMET 5 2L, EERE @RISR
52 L ORENETHET 5 -0t 2 ORMAOIGHHR
M RE DAL S & DT RA R A NETH S &
Exbhb, £ THAIL, $RRZH D VITHEIRETD
EERNERZRAMICIHMIT 2 Z &1L (K1), BE
FHEOTVEE LT, DNA~A 7 a7 LA & BV i@ 7
N R VTN —ANENT R LT,

~SROBREN - T2 HETE~
5. 90]

BEWICLIES
ex. FFEEZE S

B®RZ

B &R
BP white
adipose

tissue

s KRB oaxSL |

DNAY A 707 LA f@#fizxy
PR E -GABENCLicEErRg o R Bofl S

-on—X7yFEnTENREID TR
MBS MNE LN EENS,

1 BEDBEREN - REMETMIZOULT
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1. 1 BMRZOEEEAR

BIREDOEK TS b oML Pk v #knkz+
e, ET, e & OIEER TR S LTV 2 8BS
RS, W95, ZDSE L, migH o TIBC (B
BAEGRE) I, 7= U F BB T LR, ~ES 1
EUTEREERST-EETH D, ZOWRREE [Eifor
WEERZ ) L L5, —FH. ZOBKRZIRIENR SO L BE
R OB S EFN T O~E 7B B U EME R L,
M) 1282 (BRRZMHEEM),

PR Z MR MR, MIEPITRONEE 7 2 7 7 A LI
BENRHDZERMESNTRY ., $kkZICL Y, miRMm
JiEt 22 BENE T2 FIREME 2 RIR T 2 FE A0, Mg T o YRR
U UREE, LDL+VLDL =2 L A7 m—/ V&, RFid CHRIEE.

HHERERG, U VIR EAHEMT AENRE SN TN D
(1, LoLInboZid, SERFICE > TR 55
BLoTEY ., ZOBEICOWTHORERNESNT
WhEIXE W, 72, SRZICEY, IRTART
ZNEEL (2). ZHIC L - TREBRRLATTHE L, ¥ A
—VEHZDBILEDRENTND (2, 3), ZDXIIT,

BRRZHFIZIE, BRIFIR O LD ias T o D PRI B8V T

Bex RESHPEZ V55,

1. 2 SHBFOEEER

BRI, BB DRI EEIZHIE S LT D720,
RN D ER L5 a8 1ciE, 2 0% < BRI & 9k
Mg, —FH, —HRNEND &, FEmAICHERRT 25
HEOBELE L7222 | Tl & DIBZRNICE R S i Tn<,
NEEC BT 28D L IE, 72 U F U X Ry LFEAL
TLRERIRETHET 50, —HIEF I BEfRE LR
WARZES (HHED) & LTIFEET D, REEEIL, Fenton
FiGickve Fexv v PhrzEA L TR F L
A FHE L BRI A=V E 2D, BRNEENC R B &
CORZEGNE L, Fx Ol 2r gl &4, cm
4 78 & OIFRBIZE O T H TN EGRRIFEE RO O
. HEE, WRADIV R 77 74 —DO0EDERD,
FREEIT, LR X ) RRBESLCHAF OBBHEIROIF ),
M7z EIc k> Thal &R NS5,



1. 3 DNA A9 BF7LAZRAW:LZIVRYY
7 — LR
EMBIRE XV R IEEBRDEY N TV RT<ICEBT
DI SRR D & | 5T DNA 13% O EYE A OfF
ERH. ZOBEET DNA ZEG L7 mRNA (T 27 Y
TR EERLTE B (FuTAy) BMELRD,
Z R EREFRTHIUL, REEY (A Z2RT A4 ) B
ERINDZ LD, FNEFNOEZFRIZ, NT A7
VT h—A, 7aTd—Ah A¥Ra—LERES (K2),
BInF
(#/0)

mRNA
(K22 12—0)

RANTE
(207A-0)

RHEN
(X2HR0—0)

B2 ®YFILFT=

AENTERZ 282 2 AT T 2 FEE LT,
FEMEDOEWDNA ~Af 7 a7 LA ZHW- T 2707
b —ARET B 5, ZAUE, AN CRBIT 2B T RO
GREY (mRNA) & B80T % & DT, mRNA &
BALONF =G T 5 2 & T, 2R bt 2 2RO
ETHLES E VWO FETHS,

DNA~A 277 LA N T A7 Y7 ~— LT
X, =a2—hVF I 7R GRES ) LBF) OBLEND
BRSO RS A ST OREFESREMERTAN (4-8) o, RBEHRRKZ
DOEEMFHL (9) ITIRIEFHI TV,

BRZREOAEERNOEALD T AT VT b — AR
& LT, SRR D mn+ I o= # — 7 > b
ELTEEIEH A (10, 11), IR 28513700,
— 5 B EEPESRE R S BRI RAFE T RISV T UM (12)
DRI (13) ZXBRIC LI HERER 70l s T- R BT
BT D 203, SO FEITEN# Th DM E % & L
RGeS 1372 v o T, £ 2 TR A X, R Z - SEBEINAT
B BT TR 2 % MR 72 B AR T BURAT 20 D & 2T
THFEEITV, BB ZICo>W\WTIE T&8if) & T&m
DIRNERRZ] & D 2 BEFEIZOWTHRE L7z (14, 16),

1. 4 ImBRHARE

AKFaPxr FTIE, DNA~A 7 a7 LA Z V=3l
MEONGEIH B b~ BT 5 & b HBFICA
NTW5L, v NOEAE, B & B v TR & Ol 25
LT 2475 Z ENEE LW, B FOERNOHIo T
KB D e VA CERIC X 5 b ok (i ERMAR) 23
B2, MEMIIT, ARMER, AMmER, I/ MR B S
THEY ., KMo mERITLPER, AFREER, A7k,

UL SER (T MR, B AIME, NK fliaZe &), BAERDS HAERL
ENTW5B, MERFIEE MR E LTZDNA~A 7 07 LA fiE
Brid, 2 o2 Tofilazxigs LTna,

Fex X E CTHIEAE G & LToT 2170, SREBRD
WA JERR b Sy DB AR RAE TR 2 % fig bt L7z,
ZOREREE MOUSHET O 0RA E LT, B oImER
AR OB T REENTICE T T 52 LI Lz, Th
L BRRROREBR LB L2 L & DIFIROEE T
BEEEZ, THETZOX I 2B RN > TnD
L& MERAIIEOBEFHBULZ DX S ITRET 5] &
IMERE/DZENANTH D, ZO X5 REWMONE#RE
EHT 52 L THEBOERICRE T D MmERMIED S A F
V= —BETEHALNILTY XA MET 5, & RABRM
RRERAEINL /- & & OMERMEOLEEE s+ %A
Fv—Hh—BETY A MRS L TFBROIGE 2 T35
HIENTEDLLHIZRNIL, B MBI HEM - KEHR
DR - ZEMFHT~OIS ARG S,

2. ERLHER
2. 1 $BZEERIA

FRIT/NIBIZ I 1T WU DO HIEIC K - TR A~DELY A
HEPHE SN TS, BRIZBN T, BENL#ER
FUNCEBET 52 LM THY ., 2 E TOSRREICE AL
W TR, CRUTAZ & ORI IS 1 5 T~ 858
FIERCET D2 LONRETH T, BE, 7V A2 Ml
REDERIZED  BREIZEOMIENAEEEL o TWND Z
LEERTDE AT OPBRRIERNSH IR KIETH
BIZOWT, BAEL THEL ZEIIREBETH DL EELT, ©
T, BEO 10 [FOSKERM LR E 5 2 5 ERE1T
VN, SRBRRIAIEIEIE 9 B H oMk o8BS T3 BURT 217

277,

2. 1. 1 A&k
a) BYERER

SWEEOMEM: SD T > b & 4 B RO P E D% AIN93G
& (BER 48 ppm) &5 2 H@EARE (n = 8), AIN93G
BIZERA RN L 7= R fF (85 & 500 ppm) % 5% 2 BT
REE (0 =9) ©2FIHTZ, KB, HHER, HHK
KELlz, ERAEERBILEE 8 BROKMNS 16 FERH R
D%, BB NI TR 2170 SEEIIRE 0 B L, 2o
—¥0% RNA I, 78 0 2 DIk ifniE & 2 ik i A B A
L7, miER L OMmE, & 6O —i 2 H Tk iy
MraiToTo, MEB LIRS O REORG R EE
Student” s ¢~test IZ L VR L. P < 0.05 ZHFHITH
BTho LW LT,

b) DNA 407 L41%EE

DNA <A 7 a7 L AL Affymetrix ££® GeneChip® Rat
Genome 230 2.0 Array Z AV /=, MKk X Vi L7~ total
RNA 1, Affymetrix fLOEEICHESTINA A 7 0T LA
MICRRL, 7—2 %G L7, 2%, DAY 77T L
A FEBRIT A A XU TN LT,

KAST Fr26 FEMABME 2015.7.29



‘BonierT—4% (CBLT—4#) Zxt L, AT 2 EHL
(summarization, normalization) FIEDHIZFTV N, DEW
ICCIEHIL BT 727 — & ZfENTICER A LTz,

2. 1. 2 #B§

a) FIEHRFORKRE, M., FREFEIDEL
R WIM A, 2 BEE CHRE, BRRICETRD b,
o7z, Mg TIBC OFEZBE TR LMy 7=V Fo 0 i
BEROAE R LANRD b,

b) DNA<4 - 07 LA%E

BERE 7 T A &2 —fRHT OFER, @H RO 5 ik To &
DD TAZ—%RTEKRTDHH DO, 2 B CTHMEICR D
I IGAR—"GRT D LTtz (X3),

Cluster dendrogram with AU/BP values (%)

3
S iof
iw
e
b
3
&
o~
5 3
% z a7 lao

Oe+00

i A ] ==
M S i | i o |
W =N E Rl E] L s 2 o
- lslElEHENE] - "

Distance: correlation
Cluster method: average

E3 HEHEBRSIUAEBHOMBEDINA TSI/ OF LA
T—EDEEBIMY SRS —BITHER
Control: BEHEEE, Fe: $hBRIBH

2. 2 #HMRZEBEIR3IH

1. TIZREH L7 L 9T, BB RIZ K - T
RZT 5L TEEITFRREL DA | &\ 5 B A% T T- i
WZED, Thbb, RRICL->TH 726 &N ERIZIE
EMORVERZ ) & BRRZMHEM] &EBFEET D,
FOFABEIZOWTIL, BARANZMEDK 4 DS Tl
RVBRRZ ), R 1B TERRZMEAIN] &bl T
(15), FxlZonE <, &M BLO &AM WVERR
Z) WEOFH & LT, IFlsa x5 & U s TR BT 4
FRL., WiE L (14, 16), ETIXERFHEBFTOE
F~DISHZ B L. BRAZMETIVHEO W -1
DIRWERKRZ | OFHH D=1, EHIR O K Z BEEN
M RIETEDO T A7 U7 h— Mg 30E L
72

2. 2.1
a) ENMEER
3BEOHENE SD 7 v M AR 1 ERO THEER, 2.

Ak

KAST Fr26 =EMABE 2015.7.29

1 EFRICEFERE (h=8), $EXRZEHE (h=9) O 2
BRI, W BEEIER Z BEEC® L C Pair-feeding
W7o, THEAE 4 HA XY 9 B~17 B> 8 BERIHITRAA
fH 2 B4R L. BT RO & eI BRAG 8 & ikt L7,
FEREBEBRLA% 3 B I, 1.5 R OB &%, FE: FIC
TR 24TV, SFEIIR & 0 $ifn L, Aifn oo —3H5 % RNA HiiHH
A, R0 0 BIdyE R T OUME 2 R L 7=, iEdH 50
M, & SR — 82 O RSO 2T o7, 1K
BB L OO O RO 72 7% Student” s t—test
WL VB L, P < 0.05 ZFAIICEE TH D &L
7=

b) DNAY 44~ 07 LA EER

DNA ~A 7 a7 LA % Affymetrix £ GeneChip® Rat
Genome 230 2.0 Array & 7=, FFlE L » #iHH L7z total
RNA X, Affymetrix #EDEEIHESTINA VA 7 0T L A
ML, 742845 L, B, DNA~A a7 L
A FEBRITAFEn = 8ITTHEM LT,

Bohier—4% (CEL7—%) Ikt L, BAT 2 E#L

(summarization, normalization) T¥EDMEIZ{TV >, DFW
W CTIERLEAT 5 T T — & ZfATICER A LT,

2. 2. 2 #R

a) FAEHRTORE. b, FEFHRSDEL
fEMFP, 2 M CRERITED b ofe, M
RO DD B SRR ZBEEEA 3 B B OEKIT, ~ES R
EUREICEN L, TIBC REkHEaie) ofFER .
HE7x U F o, MIESREOFERETHRD b, [HiM
DIRVERKRZ | THHZ ENHLNITRoT,

b) DNANYA4 - O7LAE®RT—4
PEIE) 7 T A &2 —fRHT DRSS, 2 BERIC2 DO R 5 0
FAR =R T D ENH LMo (M4),

Cluster dendrogram with AU/BP values (%)

BRIE L N
‘/

__________________

Height

0e+00 1e-04 2e-04 3e-04 de0d 5e-D4

Distance: correlation
Cluster method: average

4 FHRMOBRZEBBRELIVEFEEOMBDINATS IO
T LA T2 OBENY 5 X8 —BTHR



IO ENG, 2 EROMKICIT 2 BB TFE/ X —
VINEIR D T EDURIRE N, T DT OAFEIZB T
X, B2 T A X — AT OFE R, 2 B OZEITMRIE &
HETIER< (16), ZIZhbh, SkORZ~OEETHIE
LUV TOISE T EL 0 & DI 5 233 < 2> oWk
ThdZEPPHLNTRST,

2. 3 HBRZEERITH

2. 2Tk, BARANLMEORK 452 5D b LAl
DI WERR Z 22\ T O MERHIIE s T R BT 21T -
7oo FENT, HEREIRZ OFERTH BB MIT OV TOFE
%47 > 72,

2. 3. 1
a) BIYEER
SWEROMEM: SD 7 v k&K 1 WE O P E D%, 2 B
2o, ENENRR DR (ERE LR 2B
Too RO > M OEHERRETE Th 5 AIN93G &
BLOVAINISG 2268k (7 = Bgk) OHhxERE LR
ZRTHD, AINI3GE (BE& 48 ppm) & 52 D#E %
WEEE (h=5), EXRZHE (BKEFE 3 ppn K £5%
LHEESRZAERE (n=6) & L7z, o, $RZEET
WEAICEASTEEENMITT 22 200, Bl xL
XM D HE DB IEDE DB LFRL 72D, @
WRBISRKZAHOR A EHERELZERI G
(Pair-feeding D), il B EEEIL 8 FF~20 RF2 IH &
95 12 KBRS 2 v e L, &R 23 = 1° C, W
F 46 £ 2% THIBN L7z, EBRABIPHAE 13 BB XV
9 F~17 WED 8 FEFIHIRRAGAT ZBHaa L, 17 HEIZ 1.5 K
MOFE%, FREE TS CTREIZITO. SHENRE D £Rifk,
Rl A 46 U 7=, M8 & 1303 & 5 v i i 2 5B L 7=,
i & 2 VMg, S SITHIgRO —H 2 AW TRy o &
Toleco MERBLOMSY OB ROMKET A%
Student’ s t-test IZL VW fEFR L., P < 0.05 ZHEFAUCEH
ETbho LW L, £/ &L Y TRIzol Reagent (Life
Technologies 1) OEIEIZNE S T total RNA 24 L 7=,

Ak

b) DNAT A B7 L AEE&

DNA <A 7 a7 L AL Affymetrix #£® GeneChip® Rat
Genome 230 2.0 Array Z AV /=, ik X v i L7~ total
RNA 13, Affymetrix D EHEICHES>TINA A 7 BT LA
AR L, 77— 2B L7, oI, DMvA 7 m7 L
A FEBIT AR R FEM LT,

Bonier—% (CEL7—#) ZxtL. AT 2 EHL

(summarization, normalization) FIEDHIZFTV . DEW
W CIEBYLEAT o 7o T — & ZFNTICER A LT,

2. 3. 2 #RE

a) FBEHRFORKRE, mF. FREFEIDEL
REBRY, 2 BRI CHREZETRD bhhof, M
D~EZ b EOWELEMmLIZE Z A, EREEIGH

- 61

WD DR A IZERR Z RERICEB T DHENET Ligd 7=, FE
EEHEE 17 A HOEKIZ, ~FE7 0 B U EERET O 40%
BEIZETHET L, Wbhwd TERZHEEIN] ORRET
bolz, 7eF, TIBC (MELEAHRE) OAER EA., Mmigek
B, Wik PSBEOFERBETOIRO LN, $iRZRETH
D EEBEMTDHERE ST,

b) DNNXA - 0O7 LA EBET—4

FEEH 2 Z A Z —fitr OFER, M T2 >ORRD T F
AR —HBRT DI ENHLDCR-T- (K5), 202
ED| 2 M OMIRIZI T 2 BE T RESZ — 7R
DT ENTRBEINT,

Cluster dendrogram with AU/BP values (%)

au bp

00030
1

00020
1

Height

0.0010
1

T OBERE T T BRERE T

ST

0.0000
I

ey pp——_————

B ~ - n - ) ] il 2

D [ P T g‘:‘;‘ i‘;‘;l ! & & |

e e £ KK & &

wm = Bl e i (% |m |%
N A !
M e

Distance: correlation
Cluster method: average

5 BRZEHBIUVEHBROMBEDINATA/OT LA
T2 OBENY 5 X8 —BIFHER

2. 4 HERBY—H—EEZFDOYAKE
kil2. 1~2. 3IZTHS L-gkimf - 2o gk
RZ -AMBEEOMEAIEDNA ~ A 7 a7 LA F—XIZBW
T, BE) LB B [ENOSKEIEE L TEET 5
5] EHEEIND, B THEIAORY—I2X>ThH
I 52 & T MNSREIGEE G~ ——% U A MEL
7= (X6), T7abb, &l - IO RWERZ TIED
BN EGEE TR L TV b OIS0 T AN O g E
OOLT NIRRT HINET D~ —h—|, BiiOE{L23 gk
B CHEE L CEY Ao WK Z TIEZ{ED RN
DIZHOWTE AN B EDO R E BRE(IRE T H~—H
—] L7, b, MBS EE A BT, SHICIEM
{EFEEE 2 TRALBEROKE ZITONTOHIR S
MxT=b D%V A MELTESDIZOWTIE, RN OEkEIL
B f~—h—& L CHrHER LTz,
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Probe set#{
#%iB%E  (gene nameHBHEDDH)
(FDR < 0.05)

Ao

Al s

wosso {4 %
ZibIching ‘ ‘ ﬁ 15
wmoszo {1 Wy 146

I ‘ » ﬁ 45

E6 HADOHKEIZHET HMmERMRREFI—h—

2. 5 HERBEI—H—EGEFIVRALOEE
ERIFEWTN S Ty MBI TEM LT RTH
LR, SHBORBEL LT, b F~DISHEEE LTS
~—H =T L LTOIERICIZERFEDE A B E ?é
VENDH D, ZZ T, U AERKRE L TABEOERZIT
W, Ty b, vURCHBEO—I BT EME L,

3. BRRUSHRORE

ARFSE LD RN O EOZEITIRE LT iERE o0&
B RBNEIT 52 EBHLNITR -T2, ZOREX
kO RPN EE T H B AFIIC L RTRI% S 5 iz Fh bl b
2R IR ZRDISEITBEE CTH o To, 2205,
ERNOFBREAFTIRL DD~ —H—& LT, MmERHID &
B RBEEEPNFIHATE D Z L Eaniz,

BUE, (ANOEBBDO~—h—L LT i ~Er B,
MiF > = U F o, TIBC, MiEskie End 503, —iKi 7nfet

FERZWCAM Ny 7 ORIEEBIZIEA~E 7 v B U0k
B, ~~ b 27Uy MEEHDZ OO, MiE7 =T,
TIBC, MiFEELITE T T, B2 WK ZIE~E
78 EACENE Ul Wiz R 7R R N A R
v 7 TIRRE L S5, BHICHRM L2, BARN LM

DK 4 BINEIMZE DR WERZIRIEETH D L bl T
WD, BEAEEED T OREN SR ZIRIEIL A
BEd, BERO LI (16), BAMDRWERKRZ Th->
THFROBIEFFHEANEET 5 Z & T ditkx 7o G
EEOF & &L D REMEN RSN TR Y | BRI KIE

WENI A 72, ZOT0, T BITE MO 728k
RZINEDIIOBW MBI D EEZOND, BUE, &
MORNGERZ BT D7D~ —T—31ThDHIM
W7 = UF R0 TIBC, Mif#k7s & OREIZIZRER, =2 A
R3DIND, —J5, MERFIIE CEREICIGE L CRBLAEI§
LEFEDE M%v*ﬁ G RN ORIz O
T, ZORELE D, LY fHEHORFIBHTHZ &
wHEE 2D,

BRI SV TIE, BARICBW T C RATRE D BIRLL
ATHELD Z LI/ THLIN, EEOY T Y A2 Mifigo
JERZBET D &, 20 BIXE0BEER O ATREMEIC b
EHEHITDHDUEND D, HRIZBIT DEEROHEERE L., 4
i, PERNC L0 B oA BABMET 10mg, 2T 12 mg
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Thbd, ZHuTs L, EBEEO ERIZH 45D 40ng & S
nNTns, SEHT->=ERTIE, BHEED 10 fFOEE
REBIRIEZN, 4%, STEEL@E O 5%, 2.51%
& BEBERIZIR D LS HEGBRI AR O P LB L &
WEHER O 22T 2 Z & PNHEE LB X T D,
Fio, B SN H8ANT 1 HH4729 50~210 mg
ELB/TH DI LaBRE L, AlRFOSREHR RO R &M
R A KT S Z & b EETH D,

AL, HIRICMEDORBR CTHLEEGI L L, $hE
;méﬁém%ﬁ%®Lm%7%ﬁ DERFIZIAT THE
MELTZbDThD, ZDOFER. SOBEECEIEH O
UVITE L BRI O BARF-FB DRI RIS T2 Z &7
HLMT o, Thbbh, ARNORIER KB 50
&L ClERRIE O BB~ — I — O M Z R T 45T
H5bH, S5, hyF~—F—IZHoWTITmEHED
mMAtTT&< I B e O 2k O~ 7 & RNA
(miRNA) 72 EbXRERY 5 B2, v~ UREMELE L
7= 8k D EBR A FEHE L, M4E miRNA ORE ZBIE LT, 514,
T—HEHER L, B - RBROBEMFM O D D55+
~—— kbf®mwA®ﬁﬁr:owfﬂm%ﬁ5 ES
7oy B REROMRBEMEHMIE LTI hE TEIE B
(mRNA) DAL A MRS D FE (FF A2 U
h—2) Lo TEEN, LVRANREREED D720
WIZARHEIEY ORI 72 fFT (A ZARa—L) & hT R
U7 MDA L EEDERENRIT (A4 7 R)
bHENTHD, SHICFTF A7 YT F—AITONTH,
DNA~A 7 a7 LA & RAW=iHiicinz, #izicw s
—7 Y= AW X0 EEEO ROV EOE A
bENTEEEZDL, ZOLIREFEND, A4 I T A
oty — 7 = o —RITIC b & F Lz, 5%ITT—
Z DERMEITO, BRI FM R OME L B
KR

ARFTEIL, BROMREMFMICIN A, OET LE b b
F~OFHEFED R, QBB LI FiELZ AL TR -
KA FEOBERENE - BEMEOFHI & o & — ORI mIT 72 E
TNAZT 4 T D, 5. FHERPEMELEZX TS LR
L7 —HERETO, EERERICAT ToORES D 217
D
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TV RT 4T AN TFED=2— N ) I TR

2L I

1. [FLC®IZ

L, EOEREMLT D, Bfifa—>—2lz1 &> b
DEERBIETDE Y FEFF> TS, L LENHE2T
ORI TETOREET 'Y FAEIEL TWARTITZW,
B DI T OMAEDOERNRIRS N, ZOBEE KRBT 5
FIZED ., ZFNEFNOMIE, B2 WITAIRIC X iR S h
TV DB OMEITRE SN D, F OREOFRBUIEE T
Z RNANCEMT HHFCRBLT 5, INEEGT L5, BIfE,
Falx, ~UAHDLWIET v MK L TREEZ RS Z 20,
FIRERC BT DB T OBTEOEE, 25 ) AL~ T
HEFRAOICROEE - IRAT T2 F C. B ZIT-o TV 5, —
FC, ZORBTREBEA OBIBE (BB T DI
HidgtE) 2L, TNEMTT 28T, KV RBE L HR
PER @OVl T EZED T HERFRETH D L EN
TW5, BiaTORBEREIIROK a~vF v LI5S
DNA & & L X7 BOBEROMWEIKAF L TAELT 5 F A
HITWD, Z OWFRITYLEAR DNA OERFIDZEALE (78
W, BIE T EOELEVWIET, ZETV R T 47 AL
FNTND, ZOMBIZFRIRFC, 2 OHIIEO RN T
MRS £ 700 TR ORBUIRIE & #5792 HifE &
LTHBHENTRY, O EHFAZEER (4
mbbEET) IR D EE T RBREOMERFOBIEIC D
AuohTnad eEx6Tn5,

IS OfENTE ATREIC A 5 F T, L 0 R CHBMED R
VR R R T 2 FE BiE T & FRC, A DEE T
FHLAZE L, BEREORIAIAN L DN oHE (X 1=
Ah) BIDICHERT HHE BT,

2. ZEERLER

2. 1
T

O ET, BAMIC L, AL BEASTH Y,
HMULHES LTS, Lo TEIPEA L WAT LT, #
DWELHE DT, EICH LWFEZIY AN T 0%
BE D,

IRBEICKRE S HBEYE X PR EOBLTHE Y
Pz RT 4 7 AT OFRENTFEL TV DS,
BUE , AW TlT 2 DO OV CTOMHT OB ADHE
TL., 2B LTI A RIREIC 2 5 72,

KAST Fr26 =EMABE 2015.7.29

DFEYMEHNIES R T 14 0 REBHFIZD

1) DNADAF L (1), &<IZCpG &I EFINZIIT D
CHEd (v by i) oxF ik (5mC) (L& T-
AWM T H2ERNMONTND, T2, TOAXAFL
bidAkBIEEZ M5 S, B Fed v A F~EZ8L
(6hmC), X HAZ T ANV IV AF ANV ERF T A F )L
EATHEEOC~ERD, ZOWRBRIZBWT, N A K
a2 % AF L C PARED CFHERIT, Fricom o th—
ISR T 2 FREOTEELIRBEIZ XIS LT D
EEBEZBNTND,

2) EABNCOEHR (2), B A MR Y CEB{E X TF L,
TEFb, 2 FTF oAbl EORR & e lE i 2T B,
INHOEME R DS H | BETOEEIRIEIZK
ELHFELTWBDIEAF UL, TEF AL, BLO
ZEXF AL R R T D, £, TD OERGTX
LA DOT I BESNOSBLY Dy TAF=
ERAF O NTELDZN, O HEEDO Y VU ERED
AF b, TEF I, 2 ExF AL EE G I
ICHEBTIENMLNTND, I, EANH3 T
ZOFBE 2T ZBHDOY VU N AF LI ND LHRE
DS, 4FBHDY VoD AF AL TEHENTENE
fbENHFERHLNTEY, 271 FHOV VU BhEF
MEENRBETZ AV —NEHR bS5 L EX
LT3,

3) YAk DNA ONLARELE (3), AR DIBUTTZ v~
PP A LD AT TS OBEREIC (K
TFLTND, 2D ORFIN T 1T —& — T EEH X
M DENEETH D, S ORI RS
TRE—Z—DEFIFET D LR L R, <D
VA GREER I e — 2 - b IEFICEL I
FHELTEY, 2D OESIOEERTIZIL, Zhb
DOELH % 70T —F — DN AR R I - TL B
MENH D, UL, BB = RT 4 7 AD5y
BThHorEEXOLNTEY, BRESIZB N T, 20O
REIZ W TR HIBA L TOZRWA, WL DM
FIEFBECHNT. L CRY ., ZOHEAEITH,

WTHOHEIZENTS 26 OBRBEIsFDFEEL
DIEALZ b 7o 5 FEBER R & 2> T\ D72 B F
FHEAL LY RLSBOSHEN, 7 — 2 3L S 5 lEe
HRdH 5,



2. 1. 1 MDB-seq & ChIP-seq

DNA D A F AL DIENTIZIZEEE LT 2D EE AW S,
—DFI AL HNLT 7 A FE (bisulfite) &V, Zhg,
WA S — 27 = o — & FD TR LT e %
NAYNVT 7 A b= v/ (bisulfite-seq) &V H, KJ
B, RIS CHERT — X 2GR 5FNRTEXDLN, £
DFFNTIZIL, 27 LEFN & EHE T N — U TRt b 2208
Y., KT —2 LR ERAEZET 5, £, fATH
RICREEALE D 726D, R TIER, SBITZOFIET
FHED L ZA AT EC E A R AT LC DK
MR TERNVEVWIREbHD, — ST, sa~vFriy
XY T B MDBL 3 5 UM MDB2 @ DNA i A4 Bk & F v,
INHDZURITEDDNAFERE RAA L TH D cxxe Ry
JAERNT, 7 DS IS OREESITH D A F IV
b CpG (meCpG) ZIRMET 2 IENE D, BWFEEIZBW
Tt ZOHEZFRIA L MDB- seq &9 FHEOE AL
TV IR Y — 7 = v —% A\ CHEZRADICARAT DA
EIToTWD (4), ZRFFFEERY 7 = 7 — /BT 58
JECREICE KA RO TN D,

7 a~F G PELRE (ChIP) 1L DNA IZHEA LTV D HE
DE T BT LTI AT, 2D F T BB
AL TWD DNA BBl % 7 ) A bislEd 2 5 TH 5,
T OPRME SN T-BLF & IR — 2 = Y — & Wi
RO L 72 k% ChlP-seq & FE&, ChIP 17 9 X4
ERDEVNRITBITNDD DI = RXT 4 T AT D
R LI DEME A N ORI LT WE OWRTIEIKE
MLBIicTEsd 5, &I RV 72/ —VELLH
I Fx L o TEHER —FEORE R T-#E(X CAR, RAR, PPAR,
RXR, FREDAFu A FL S Z—T77 IV —Th5d, =
S DOFEITEECTF 2 D4 2 FEBRICHWNTE Y | BIfEY
WHFZE B ORFZEICE A Z 4RO TV D, SR aFHIER. %
BHFTEE & OFIEICEB VT HLISHZED TV FETH
Do

chromatin immunoprecipitation (ChIP)

fix chromatin cati /
sonication -
i 4 \ o
— | T
. . /{\\Q
immuno-isolation
y antibody ——

GPCR
ChIP-gPCR

l

) ChIP on chip
microarray
or

¢ ChiP-seq
next-generation sequencing

1. ChIP MFix., £MaZ I+ oTI/RARY VYL,
BUNEREE N ZEEY 5. BERTHERER. HEDS >~
NOBERHETHE (CCTREVAZRET S TR
EIRBEL., T0O&., VORI ERE, aPR, RiEEKI—5
T VRETEREW- DN Z3R 5,

2. 1. 2 ZBAGSREEREIT-4CHSHUIELHIC
Pt RIZ—ARDOE K DNA 37 ThH D0, ERM 7S
TIEERLSEOFTHVEETNTEY, —kiBE L TITEL
WAL T D P B R G C b SRR E TRV IEA
HDH, 25O ZEEEIIRARICHERE ST DR TrEz
BB THRIHESOZOICHBE ISR SN TS L0
FETH, 7 a~F o EERHT (chromatin conformation
capture) I FAEMFEN, ALFIC I NEMET T2 F
BT, HHERBERET D EETH D, —DD T eE—X
— IR EEH LTV 2 ELS 2 fFER IR E T 2 J7 ik
% AC LIMEOY, PRSIV CTAETOMAER & FE
T 5 HERHIC LW D 3), BEVWTNDEHAIZEN TS
WA — 2 = o —F AN T 21T 9, HICIZEIL T
T, XA YN T 7 A h— = RIEIZREE, T — A AL
MIEFITEHEZ 72 0 REECTH 203, T R E IO R E
WA BESHOBITITo T BEITEDLNEEZTH
%, HACE L COIIBERERF TH D, 4C-seq IZBAL T
WFBTE LD 2 BIE L TEI1ET> T 5,

2. 2 HHESERREMN

RO T AW RN ISR LAiSER0 e il & LRk
RN AT o T D, EE LTHEREI Ik L, s
FOFRBAKFT S in situ hybridization, #hysiH kY
th (IHC) 4T > TWD A (6), TV = T 4 7 AffHT D
— B & L T DNA FISH
hybridization). immunoFISH (immunohistochemistry and
DNA FISH) %50 Fik % AV To T AEM ST O #ise e
17T 5 (5),

(fluorescent in situ

2. 3 BREFIZKIEGEERAMEEOHENT

LF A UBRIIEZ I A ELTHBN, TOMDKRY
Tz )= AREEFRRIC, Wb ABENY B X —E N LT
BT ORBEEE L TERIMON TV DALY
D—o>ThDH, BUE, TDOLVF /) A VEEE AW B+
REAFHOBBICH LT e —F =Lz P —D
MBS, = N —DOIEMELE & H OIS F OIS O figAT &
1T T35,

3. EFEERRUSERORE

2OOHIITE L I8N, ML E R L, FEBH FIEE
RRBBIZ R > TS, SBIT IO OEMAMA L., &
SO EEROIS AR 2RO TW5, £/, 2O ORES
AT 2 F T REPORR~D, LY AADES TE
CCW DD 5 &[RRI, BROBEREMHT ~E Ik L C
WS ZEEBIFFL TV D, SRIIBEN R FEE LT D7
DITIE, ER2ER-TLILEREDL EEZTND, TD
DOEFICTL Y CRRIIIZE VRN AT U —=2 T F
EANEORRDLAREELH D EEZ TN D,

KAST Fr26 FEMABME 2015.7.29



(5E X
1. L.G. Acevedo, A. Sanz and M.A. Jelinek, Epigenomics, 3, 93
(2011).
2. N.R. Rose and R.J. Klose, Biochem. Biophys. Acta., pii:
S1874-9399(14)00028-5. doi: 10.1016/j.bbagrm.2014.02.007.
[Epub ahead of print] (2014).
3. J.Dekker, Nat.Methods, 3, 17 (2006).
4. M.T. Zhao, J.J. Whyte, G.M. Hopkins, M.D. Kirk and R.S.
Prather, Cell Reprogram., 16, 175 (2014).
5. T. Kondo, K. Isono, K. Kondo, T.A. Endo, S. Itohara, M.
Vidal and H. Koseki, Dev. Cell, 28, 94 (2014)
6. A. Kamei, Y. Watanabe, K. Kondo, S. Okada, F. Shinozaki, T.
Ishijima, Y. Nakai, T. Kondo, S. Arai and K. Abe, PLoS ONE, 8§,
€65732 (2013).

KAST Fr26 =EMABE 2015.7.29



TEV=RT 4 v 7 EMZIT

L CH RO ZMERF 2

BARY 7 = ) — VOEREF OIS

1. [FC&HIC

O RBRENHAE RO EICEET L2 L
FEM O TWD, —HF TRBOREREN TITEET L2
EHEFEMIEEH SN TV D, REDOLE, BTrEh Lz
TV RT 4 v I REHEOFEENRE N EATHEE
o, 2010 FElZ, ¥ VT BEMETEE Lizlfi~ T 2
OAFITEE R CHE Lt~ A071xt LTRESS =
L AT o — )L ORI L. PPAR &fn+ EFED A F v
fELHZEFBHLTWD E WSl REETHEE L~y
A DAL, e FREE & el U T 2L 22— ATk 3 i &
HICET D EVIFENRRIN TS, LML, ZOX
IMIET = RXT 4 v I IRTRAADEEL | BIERER
K- TREBT 2 &5 2FRIE a2 STy,

EtOH EtOH Ethanol induces
Metabolic pathways stég.Tmu * E:\é’{o&'sv *E\cgmjv - increase of acetyl-CoA.
TCA cycle lown up up - depletion of NAD.
Steoid and Bile acid synthesis lown up up - decrease of methyl donor.
-oxidation own up up
a-oxidation own up up
down up up
Core clock (day) up down down
Glycogen synthesis down up Epigenomic
Long chain fatty acid synthesis down up. modification ?
Glycolysis up down
Pentose phosphate pathway up down f
up
NAD synthesis up
up Polyphenols induces
Urea cycle up - acetyl-CoA consumption.
Core clock (night) up - NAD synthesis.
Clock output regulators up - methyl donor synthesis.

Bl rSURTYT—LBERNLFRINERARY 7/ —LORRBMR FLRAHE
EtOH : T4/ —)L#%58, EtOH + EA or RSV | TR/ —LICISTBHIVIELART L
O—)LEmA-%E58#,

BANIEZRECAR BN LIZERAY 7=/ —LOfE
JZDOWTHIZEERIT > C&E Ty CARDKRY 7 = ) — V&
P& BRI 2 IV TRET L. 5, T ALK E A RF> 7 7
R Yo )R h T X AT K iEM b
HZEERWE L, vV ADOHIRTH 7 U i CAR K
TR p450 AR DFEBL A FHE Lz CCk 1), EEICE
FND2ZT IOV ANT hu—/L T 5T CAR ITTE
PSSz Gk 2), RIS~ T 2D T v a— L EIFET
MIKRIT 2T TRV ART b — L O REF T
LA BE L~ U ATV o S, IENEE
RAFNVEMERONAD AR E Vo Tom B S MMERR
WCBRT D L DR T 27 VT b — A OEE

] SAL Tz, CAR R~ ATIEZ O & 5 7e2h R8s

Lk kv, Bmv
HFAT BT

SN CCEk 3, X 1),
HEZ N LB ARY 7 = ) — Lok E

22l B

HHleAEL . Y MEMBIT B ARG D
LT O 54T - 72,

1. 1 AHAROHE
PR IR, 7T a— L OBEFERUINAHERICA F LA
EHZ R REEEZEZ TR E 2o TS,
Filt, ZOXIRMHA ML AR E S ) AEELSE,
W DOMFEICHE L 52 TWH I ENRENSDOH D,
NI LT, VLART hr— 2 E—5ORMFY 7 =
~wbi D XD R A b LU RERET HEAR &
L2 EBMBENTND, Fex 137V a— AR & 558
L7clE~ D R & B O~ U 2 %2 20 LA, #E i
BOMFICRSNTRENELS F RN T A7 VT =4I
EANRONDZ EERNWTE Lz, EHICZ0EEN,
BADOVLVART b — VORI GTHREIND Z L%
WO, MBS FDONRA PV T 7 A b —F v Tk
TV, AFu—LEffrLi-& 2 A, xtRE, 71ra—iu
BE. 7T — )+ L AT ha— Lt L ORISR 22
SN, AT MR 72 ) — I AREHA F L
OFEFNBRIZI T 2 =87 ) MERO KGR % IfiFT 5
HiglLen B2 o5,

1. 2 MEETE

1. 2. 1 HEZ

RNeasy Mini Kit {% QIAGEN #t (Tokyo, Japan).GeneChip®
3’ IVT Express Kit & GeneChip® Mouse Genome 430 2.0
Array 1% Affymetrix—Japan . (Tokyo, Japan) X VWA
UTze 7 vz — VIENEIITRTSE AR, TR A6 S I AR Al 2
VTR =V Y = HOVEERE TSR X0 B
AL,

1. 2. 2 EMEF

6 > C3H/HeN I~ v A (n=6) (3R (25°C)
FEIRHIRERA (8:00-20:00 (day) . 20:00-8:00 (night)) - ¥/
(35%40%) Z FHEN L= — g, —EMBREICEN S
Hio, ZORNZ, CE-2 ] (R EFEBREY) &K% B HRIZE
M7z, v~ U RO & EBRTFIAIT National
Institutes of Health @ Guide for the Care and Use of
Laboratory Animals (Zfif > 72, 283D, a2 ha—/L &
HHNFTTL )= 'GR), A PR ARBHDLNFTH
J =V (5%)+ 1L AT hu—/L (T3mg/L) % 5 MBS L

- RO
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- EAZIZEE O C3H/HeN fff~ w7 R L Rl W7z, AAFE iz
1T~ 7 2 A BELH 3 85 25 Wi CHFE L. IEKAE
=L,

1. 2. 83 NAYLIFA =TIV T
HER L 0iEER T2 L, ¥F 4 A b= B KR
E 0.2M 12725 & 512z 72%. NucleoSpin
Tissue (TAKARA #1) % \WCT5'/ A DNA O 1T o 7=,
Qubit 2.0 Fluorometer (Invitrogen) Z VT4 / 2 DNA
DEREZAT, ZEEDOY T ANEFITRD XD
IZIRA L. Post-Bisulfite Adaptor Tagging #E(Z K B /34
YT 7 A MUK O — 7 = A HOFHFHE 21T >
Teo NAYNT 7 A MG OHF A FWT, cBOT %M
WCT7a—kV EICHASERTAT TV —%T ) oV
PCRIZ & Y HEME L, Wit —2 = v —Hiseq2000 (Z &
LRYT ) A= A EToT, BhNeT —ZI%
Fastq FeUICE#H L, LIROfEMTICfi Lz, v—2F =R
hF—2@ 3 ll2nh 7 bp B E 5 IS 5 bp BIKE
LEHDIZHWT, Y7 M7 =7 Bismark v, U7
7 L A% 7 5 (University of California Santa Cruz,
mlO) 2k LT~y B 7 &2fTof%, VY7 hy=T
Bismark methylation extractor Z AW T, KEEDO A F L
—va VN DT — X 1T,

1. 2. 4 AFL—YarvT—42uE

AF L —a U F— X OMBITIX, HEHEN S EERBE
R(http://www. r—project. org/) T
Bioconductor (http://www. bioconductor. org/) D/ v /-
—3 BiSeq V7=, 4 CpG MIDFEEEDS 100 bp LLINT
2, CpG site 2% 20 flHlLL L2 - TV 558 % CpG
cluster OEFHE Lz, UV — FEORYIZ L2285k
KTz V—F$9 LR EHR W, FHD Y — R
% 3.6 Tholo, TDH, & CpGsite DAFL—ra
LALZ AT ALY (7 T U MTER L Ty
hoy) /AU — REE LCHE Lz, SRR o B
B A 1T, DMRs D7 — & (BHAAENL, & THNL, K EED 2
FAt L) #457-, Benjamini and Heller DL E
BREZMNT, AFL— a3 b ~JLOFEHER 0.3
PLERIp > T DEMLE DMRs & L CHiH L7z, site R
DIEHEA 100 bp LINTRIJTMOZEEY % LTV CpG site
X cluster & L7z, Wil EOLFHEZ L TWEHLDONH -
7=3%5A 0 cluster & L7enyo 7=, BG4 & B9 5 DMRs
DFEIRITDOWTIE, UCSC(http://genome. ucsc. edu/) L 1
Bz~ AT ) LAOEERIER (TSS) DF — 2 &
Affymetrix X V77 /57— 3 % Ensamble %
WTHAL, 7/ 5 —YarMfnie=a—7ty F®
1SS 75— Z %457, TSS Lift 500 bp DV T DMRs % FF
S —T7ky hERHME L, Zoe—T%y & AFD
FFigic BT 2 RBEFTH T 0 —T 1y SR L,

2. HREEE
KAST Fr26 =EMABE 2015.7.29

2. 1 BEADITZ/)—ILELARS FO—)LEE
ENFIZEZ BEE

Male: control

ethanol i
ethanol + resveratrol sperm methylome
5 weeks (n=5)

Female: control diet
(n=4 for each male)

EEL
A28

1 3 weeks
- " body weight
@l Offspring: control diet E> liver tra);scrigtome

H2 IYRO-HEHRFAETRROTH AV

X 212 2 A E EBROME 2 /89, BEILIT 3 i 5
25 HWEEDOFOEREEZRE Lz & 2 A, B 3 @ifr~
7 AZBWT, =X/ — /)L E)HEOEEIZ= S e —1(0)
FELHARTHERICHEMLIZN, =4 ) =+l AT ko
— )V (BR) BEDIKEICA E R EIT A Do 72 (X 3),

B

HFTORIEEHEE () HFI Y R3BIREE(e)

12 * * 12 * *
10 T 10 T

8 I 8

6 6

4 4

2 2

0 L L ! 0 L L !

con-n10 Et-n13  Et+Res-nl6 con-n15 Et-n6 Et+Res-n24

K3 HEATE/—ILHEINEIE/—IL+LARSO—)LEERL
123 BBEETHR(AEMEFTY R (B)DFHIEE
M = L 25 o — L (T-CHO) & H BN (TG) 12D\ T

3. EREI CREL LR T TG A BISE D > 7228, ER B
ICHERZATIR N -7 (K4, PEX Y, 3#ERfTF
DEEE TGEIZKT LT, B0 ) — AR 513 &
BAGENHY , LART b —/LORIMZ L Y 2
M52 EDRBHLMNIR -T2,

A P
o | HFTHRIER ¢ 0 [ mEFTYRIER
120 = i 120
100 100 ‘{
£ OcConB 80 Ocon
zg WEtOHE 60 O Et+ResH#f
20 "= :g n=6
’ 0
enome/a) et T-CHO(mg/dL)  TG(mg/dL)
B
10 [ ggona@m C b To | METORIEE
120
100
0 Conf 80 L O Conf¥
WEtOHEE 60 O Et+ResEE
n=5 a0 n=6
20

T-CHO(mg/dL)  TG(mg/dL)

T-CHO(mg/dL)  TG(mg/dL)

B4 HHEMNIL/—LHDNETR/ —L+LANSO—LEERLT=3 BEEFIIR(A, L
7= (B, D)DHIAL AT A—IL(T-CHO)E AR AR BE(TG) PIEIZWelchDHRTE .

TIZZ D DIFOIFIEO B FHBLAZ DNA~ A 71y
LA LY fENT L7=, DFW % (Distribution Free Weighted
method) CTHEME(L L CREJER)Z Z A2 U TR T o1& 2
5. CREL EREITHEMEZ NI W THIA D T A —
LLTaEEN(M5),



EtOH vs Control
3 week old

EtOH
EtOH Control l EtOH Control 2 - il
Il

EtOH + Resveratrol vs Control
3 week old

H5 BEATR/—ILHBINETR/ —IL+LARSEO—LEERLEFOFIS R IYTR—L

DFW {ECHEM L L7-7 — % Z#8H L. rankproduct %
FHWT CREE ERER, CHEL ER BRI ClEELHEZ L EHIC
DUNT RELRER 24TV, FDR (False Discovery Rate) <
0.06 L7 m—71y Mahit L7, ZBLEN C #HE
Bo7a—7%y MNIMEMILET530 THY | CEOE D
Tu—7%y NIRRT 479 TH o T, IR CHE
ERBEDO T m—7 v MIMEHELE T 392 TH Y | CHOER
Mo7r—7%y MIMEMIEEBT 266 THholo, IHITZ
ORI LIE Z A, FBLED CFE FETH -7 530
DL CHERBETR M >72H D (BR CTHEIE L7ZH D) 1
485, CHEOEHETH 72479 D5 & CHOER BE TR o 72
H o (ER THEIE L72b D) 13 445 Tho7z, ULy,
Pl~Dx ) —NFEHIIMFDOFNT AT VT b —2%
FEXE, LART b — L OWINE = 020 KESS %
RN H 2 ENMPEL NSRS T,

2. 2 HEBFTOIEYS/LBEREFHFERLS
VARY ) T r—=LEDREBEE DR

HEBURE T4 2 5 > DMR ORI, A F LR C FECE
HTho- oD 91991 fH, C BEE BEAS 69748 {H, E B
<ER #£73 87105 {. E BEOER BEAS 88935 fH. C BECER #f
23 92710 &, C BE>ER FEAS 71956 {ETH -7=,

A FIALDBEEBHIEIC B > TV ABE ., 5 RA A
it 500 bp (TSS-500bp) IZ A FIALEBRAET S Z L 1%
VN, FHER]C SS-500bp IZB T DA EMFI L= L Z A, C
FEE BETH - T28BALD 35 %, C BEOE BETH o 72 Ero
73 %ZDOUNT, ER BETIiA) & D A F/AREERRAE LT
7o —MIZ TSS-500bp D A FIUAITEIE T A M35 &5
ZHITWD, FlZIE, FEBLE AB IZK LT A FIALRRE
DB LWV RE—URFEEIND, BHEUFOIIRO L B)iE
BTATDNWT, BUE T O A F /AL E) & OFBEIMEZ FET L
T2 TORER, FFOFIET L AT b — /LRI CREIE D
Ko7 r—7x%y b C<ERIE 485 L COF [AI{E 445 12D
WT, ENENDATFNMACEBIR 1D LS Thot, Z
& v, C<E A 485 ([ZOWTIETAE & D A F /L ZEE)
N2 < OF [IfE 445 [IZ W TIETARRICHE » 72 A F AT
B (RF) DLW EBP BN o1,

®1 FREOBEFREEEFETY /LOAFILESEDOHEE

e e [PEY=YIN BETH
ﬁ‘gg’;g* SEIR | sFnieEm (FO—T k)
(TSS-500bpA)
C<E 181
C<EMDB
C<ER 485
ERULED C>E 12
KA 1
CKE 133
C>EMD
C>ER 445
ERUFED C>E 8
mA 34

A I HFIFIR D A F- 1 — A OfENT 21D | HERE 1 A T
0—ALIIT A LI FOREICEETS LR
VY ) BEMLOBEE EITHo T <,

(5% XA
1) Dietary flavonoids activate the constitutive androstane
receptor (CAR). Yao R, Yasuoka A, Kamei A, Kitagawa Y,
Tateishi N, Tsuruoka N, Kiso Y, Sueyoshi T, Negishi M, Misaka
T, Abe K. J Agric Food Chem. 2010 Feb 24;58(4):2168-73.
2) Polyphenols in alcoholic beverages activating constitutive
androstane receptor CAR. Yao R, Yasuoka A, Kamei A,
Kitagawa Y, Rogi T, Taieishi N, Tsuruoka N, Kiso Y, Misaka T,
Abe K. Biosci Biotechnol Biochem. 2011;75(8):1635-7.
3) Nuclear receptor-mediated alleviation of alcoholic fatty liver
by polyphenols contained in alcoholic beverages. Yao R,
Yasuoka A, Kamei A, Ushiama S, Kitagawa Y, Rogi T, Shibata
H, Abe K, Misaka T. PLoS One. 2014 Feb 3;9(2):e8714.
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DNA ~A 7 a7 L A &R DOERE

AR B, BA EE B EE, WP R (RR)IREREI N v & —)

1. [FL&®IZ

DNA~A 27 a7 LA X 2 MERNBEE I BENTIX,
FEDORZ Y —=v 7 FikE LTOHEDMED B LA
TN D, PRI EEEE T v 4 —Cb ., A0 7 HilgH
AKAER DR RER KSR 4P DR & LT ORRE
MZRREFTT 5720, DNA~A 7 a7 LA & F =B
BARFIBLOMAT 217> TE T,

DNA~A 27 uT LA ORELEES LTX, v~ 7Ty
TORETER, M OB N R Dix 27T v b7
F—LEREEDOA—H =LV THREINTEY , FhEho
77w N7 — B L o T AR BEFORER R R
L ENTREND, E- T, FEOHMIIIEL T, 7
Ty b7 A — 2 EBWYNCRIRT D ENEELEEZXDL
N5, Kz cid, WM—ORNA V> VBRI L 2507
Ty N7 A —ATHELIRRELRL, 77y b7 4 —
DR DREHROFFEEET D52 LITL-> T kA 722
AFFERREIZ 3 L Cilib) e S CoOMEN FEH KD £ 5
ST — X BT D2 B E LT,

2. ZEREER

2. 1 =B

2. 1.1 flEeT—4

L AT o— LK~ T A~OA T T MRk
HEEBOTHLNE 2 8 (0 7R KSR, KiEK
BHRE, n=3) O~ U XD bl L7z RNA OB
B, A0 B AEREEE CHIE LR A L7,

2. 1. 2 T—H0EHE

KT Ty b7 F— D ENENDOELER 2R EFULFIEE
BIRLCIERME L, bbb, At TORERSRICK L
T, robust multi-array average (RMA) %, B fLooiEE
DOFERITH LT 75% 7 METIESML LTz,
BONTAERN S | KRR TEBMRIL 505N D~
O— 7SR L, XOICHNTY 7 Y =T GeneSpring T
THABL, T REDOHKE., LEILEICIHHE p fE
0.06 DT r—TE®R LT,

2. 2 R
2. 2. 1 HREWE
HIE SN 28ETIZOWC, MIERSEZK 1, R

TREEICER LCEH LR A 2 12 Uiz, X1 134,

Mtz ENENA 0 7 FEFE LS RBEOB HRE 2R L
TRY . BT AM, B TR WIEBRE 2R LT
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Wb, ETNBA BT TOEBR L SHANTZT —2 R
K EBRTREADOHEMOBO N A bhiz7a—7%K LT
Wo, X1 Tk, AfREEE IS, BAEREEE T, £
WL OF — 2 NEE SN,

1 At (B) &B# (F) HOZKEDAFERER (HHREh & Htsh
BFENTRAHSE. JEBHORHEE)
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¥ 10-100
6.47% ®100-1000

Aft
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| ] | ] | | | | | 13 = 100000-1000000
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2 A#t (B) &B# (F) HoOKEDREREROBRERNSH

S5, REBECEIHLIEZK2E2/5 L, ALOHET
WL EOEHREE 10~100 OFT — % OFIE ) 50%LL L% 5D T
WA DTk L, BAROFERTIE, HEOGIRE 10 LT OK b
FIWFBRE OT —Z OEIEN 40%5 L EmWEIEE L7



STEY, K1 ogahzites Lz,

2. 2. 2 REEHOHEE

BT — & BT L S EIEIC X AIE p fE <0.05 @
Tu—7 Fik U7 AE R, B RS T 3899 fH, A fh
HAEE T 1233 Mo e —TRRIRENnT-, Zhbnr
o —7 OEEE R L2 L A, 202 (AW E TS
IEIREN TV (K 3), e ®@R S =7 e —71%
AHRT T > Tt — AT%%htF%@O%lwﬁBﬁ
WTT o N7 A=A THLNERED I B 53%% 5D T
W=,

3 EEFRBICEINHOLEGTFOHBNE (F: A, 5K
B )

M 3 CTHBISEKL SN BB TR, HONXEH LD
7Ty N7 A — ADOHTEE I NZBEFREOREIZ DS
WTHRRTT D70 KSR LieInbodb@EtkiciEl L
<. %ﬁ%fﬁﬁﬁbtﬁ%%ﬂ4:fbt03ﬁ@@&
&7 e —7 T, HEHE 10 RiGOFEIT2ED
35%% 6. if@ﬁwf&@quﬁi%tﬂfﬁéﬁ)ﬁﬂot =y

BT, ARSE B OB 100 K0 EIS1L B AL ToO LM
SN T a—T KD 65%% O T,

At CoRBmE SN 7 v —7 T, 4EHE 10 265 100
DF—Z DOEEIT. D 29. 1%L . £ TORSHROH T
& BRI @ Do T2, BTN 100 KO AP TEN
Zh 3 EFOEEE T

T
SETETEN . .-

LB
crosm: [EN T "

W i 3050

W § 0= DO0ah
cnnsms [0 T ...
e

W OHm B dem MR B Bm R WS K

4 FI3YbITA—LIZKEDRBEEEDOHADEL

AftE BAE, @ TRHSNIZT e —7 O ClE, 40t
ﬁf&o#&um@ﬁI635mf&5fn—7ﬁéT@
Pt O h Tl b HEERNE -T2, £, E TR S
727 0 — 7 OEIEHRE DAL, 10 225 1000 OFEPH TE

KD 62.5%% iz, | UIREHPAO Y v —7 1%, B fhi
7Ty N7 —ATORBHEINIZET 2 —T D 50. 7%
AT T b7 4 — A TORRHEINTZT 7B —T LD
54. 6%% DTV,

3. ERLSEBEORE
M1KOH2TRLELIIC AT Ty b7 —24
WA BHET T v N7 — A TREBEDRNT —X
EHEZ BRSOV, 51T, BkasnizT e —T7 0
JLBIEICEE T A & LRICEIR SN T e — T OEEIX
A&%f?yF71—AT@HMMBﬁ%Tﬂ\M%T&
. PRIV BERWEIG E RS T,

Bﬁfﬁﬁ@&éht?U*7@%ﬁﬁf® TAT 2
LS (M3), M1 EOK2 TRENE B AR
7Ty b7 — AT, BBROBETFBIBRE ST
WJk%ﬁ#%k—ﬁbko%ﬂKﬂL\AﬁﬁfﬁyF
74— AT, FEROEIGICREEDNRES , ZEL
7oA ThH Tz, AFEDT T v N7 4 — KT FREDOFRE
BAN—LTWNWDLEERD,

@Iz B SN T e —FIC o0 T, EERED 10
M5 1000 D7 a—T REERD 62.5%% HH, A FLDOH,
HDHNE B oA THREBENESGE LKL T, @ET
ﬁméntfm~ffi.wFM’®ﬁ@®fm—f®ﬂ
AEREL, Thbb, 77y b7+ —2an@E L TR
BT 2013, PREOKREBLETNEN-TZ,

PLEOFERN S A FERT PR EE DS BLO AR T % MR
Lod W02 & BRI OBE T OB ER WD
&L L TR SR EEE T, BRESFREREO®REG T
MENZ LNy notz, £i2, AN, 7T v b7 1 —A4
M cHBT 2BIETOEEN/NEL, T Ty N7 +—LAD
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AHFFEIIARD CTRRE SNIZEUETORETHY , S HILE
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1. [FL®IC

BIMIER L OEELE AL E OIEN Az T
T 50 ORBIEL LT, Ames #BR. /Ml X O
BERERER (F2i3~ v 2 ) 7 3 —<illi) ovbw
DIERERR 3 ity MEERTDZ L ONEMICES
SIFHNTND, LL, ZbOREBRIETIIMIETE 2R
WIEDBS BN D720 b THET 5 2 L NITERE & 72
STEY, TDO XD RIIFERPATEWE DL 1L, F2
ATRE—Z—Th2ZLbTHEN TS, LFWEIC
LDRNPAV AT BRI S D 7DOITIE, ZEEEBAD
BEREIC BT D RB AT e —F —IC L HRE T, HE
e &ZERET D Z ENEEL D, LILRNL, AW
RE SN EBEPOPREDOENER AT TE— T 7
VERBIENTFE Lo o END I E A EDILEDIC
DNWT ERAT BE—Y 3 UIEEOFHEIZ T T 27
Molz, £ T, KEDITERERIFICBWNT, BARA
IrE—4— OO ORI EERRRIETH D
Bhas42 HUMTR A BRIE 2 BR%E L7z V., Bhas42 #ifa%
HlABRIEIL, Z2< ORB AT 0T —F — % SRIE IR
M9 22 ERAEETHY V. RRICEDILFWE Y &
LU OBk % RalB 0 ORBA T BT — 3 VRO
WHRETH D, 7o, ABFROEMTHMES RAFTH D
ZEmn D REWH B (Organization for
Economic Co—operation and Development,OECD) oD E B
HERERYE & L COREIZAIT T, EUReference Laboratory
for Alternatives to Animal Testing (EURL ECVAM) T
Bhas42 il B H B BR L ORI AT oL TR Y . 2013
A 11 A2 TEURL ECVAM Recommendation on the Cell
Transformation Assay based on the Bhas 42 cell line]
WAFEE T2 Y, Bhasd2 Ml B i HaEh <1k, TEEMAL
THRDOONDWHEE R E LI EER T +— I ADTE
[Ty RRA v R e LTV DT, HEORVRERIET
BHHEEZBND, L, JBEBH T + — T ADJEH A
H=ALZDNWTIE, EBIFTEAEBNZ En G,
Bhas42 Ml BBk OfF A2 2R3 5 72 D12,
AA = AL T DMET —FBAFRTHDEEZRZD
ns,

Z T BEAERAT BE—F— (P-1) 1TXDRRIFH
PR FRBEBICONT DNA v~ 7 a7 LA ZHnT
TR VT b — DT S LT,

2. ERLHER
2. 1 BHEMN,AATOE—4E2— (P-1) WEIZLD
BN MEEEDE L
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KR IEFE (M) R A FERT)

2. 1. 1 #HREEAHORARES L UHBRESR

BT A ARAF AR & i L, 5% ZFRR VMg (FBS) %R
AL 7- DMEM/F12 s34 (DFSF) TR 24T - 7=, [RIEEH
% FAVNT Bhas42 fl0> 7x10%cel ls/mL Wz 4 F9 60
L. 6well 7L — MZ 2mL/well " >FFFE L7=, AMIOFEE 4
BfiC, BERRNSA T vE—4— (P-1) @ DMSO IR % IR
JNU7= DFSF G, ¥RMEcFREEIT, DMSO ¥ (0. 1%) Z¥Hshn
L 7= DF5F CHsHIAZ#A % 4T - 7=, P-1 35 & OV DMSO ALER > &5
1 ReffIt%, 6 Wefilfe, 24 el L OV8 HiZ (BEFE 12 A
%) (CHEREIEE & RNA i A RRECERR A R L. -80°C
TIRAT LTz, 7235, PRAFURRE AIAL OO M 5> © RNA il A
FaaEHE OB E Tk, eV UER 3 [&2 I L,
ERIOFEHEE n=1 & LT1#n=3 & L7

P-1 ALERTEZ ORI A AR ZZ DAL R, DMSO 0. 1% (&
PERIR) BRI LT, P-1 AP 1 BREEB L O 6 KEfE% O
Bhas42 Mfiix, MRS EIZIIE(ITR VS, T L— b~
DOBEAEIRIE L BEERREEESRD bz, 24 R R
L8 B 1L, Al BRI st LT, MRS B s L OYERE
DAL LMD ELR D GV, &5 8 A% OHMINEICIL,
VI OB 7 4 — B AT TR BTz,

2.2 BHMfENLAATOE—4E— (P-1) WIBIZLD
BENLGECTFRELD
2. 2. 1 RNAEHOHMHRER

BOREIRTT L7 MAasEHR 2 iR L, 7 v e RV AR
KOS VT aR ) — kB LY F—% )L RNA ZHiH L,
RNeasy Mini (QIAGEN #1) {2 X W ¥§Hl A 1T~ 7=, fFHhi= b
— & L RNA #BHZ-DUW T, RNA JEEER LY Agilent 2100
NAFTFIZAPVICED I AV T 4 —Hli 4T T2, T D
FS. RNA Integrity Number (RIN) fEiX. W5 #Ld 9.0
DLETHY @I F U T 4 —D h—& /L RNA KBRS
NTNWDEZ ERfERINT,

2. 2. 2 DNARA4HO7 LA 52%FARNA RO
SRS F K U HT RNA S D H FE &L

RIS D h—Z L RNA (\ZDWC, 3 IVT Express Kit
(T74 AU AMK)) ZAVT, cDNA I[ZHHRE L,
FUAK aRNA 2B, BRL 2%, 7T 7 AT —Y
g v %{T>7-, GeneChip Hybridization, Wash, and stain
Kit (774 AR A(K)) ORFELIRAE L. Mouse
Genome 430 2.0 7 VA (774 A RUZAHR)) IZHEA
th. 45°CT 16 BEffl, "A TV XA B = a v &fToTz,
NATYEALB—2a O TH, T LA DOFORIKE bR
£L., F*y F&HWT Fluidics Station 450 (77 ¢



A RUZAHR)) THEFR X OYE%, Scanner 3000 7G
WCHfg T — 2 25 L. DNA~A 7 a7 LA o aiT->
72

2. 2. 3 HRELBRICXIEBELEEGTFOHEN
qFARMS {2 KV IEHML L7z CEL 7 —Z 2D\ T, Rank
Products (Z & ¥ DMSO 0. IWLERREIC 5 L THBER(L A E
JLERRECA . (FDR < 0.05) |2 mRNA OFEBLARIK L=
n—7ty hBIOEA LEYe—T7%y ahiH L,
Ingenuity Pathway Analysis (IPA) Z VW CHENT 24T - 7=,
K HLFERFEEE D Diseases & Bio Function f##TIZRWT,
Diseases or Functions Annotation % Activation z—score
22 YL EEIEE (LS /T -2 UTF 2l Sz KT
L LTENZEN EAL 10 AT 2 A0 U2/ 3, P-1 itk 1

Activation z-score

WREfE I, THME L SN2 IR TIZAEMIROSEDOHRTH Y | 1)
il S 7= A T I A O SR X QN AR B R O FARR L
R Thote (K1), P-1 A 6 K TiX, fMiaoES)
B OWEE, RNA OEREIEM L ERTEEL S, RIE,
WIEA. RSO S Wl~DEA, BNAR I OEE LR Y
N SN (K 2), LavL, P-1 ALE 24 BRI,
HIRHETE, S #A, DAB I OEME AW, 237 &,
DNA &1 72 E 3 &M L S, BEDZE, DNA 35 KUY RNA D5
B, Mo el ERIHI S (K3), SHIT, P-14A
BtL 8 RICIL. AR sE, MilargsE, EihkEE, REMR
R ENTEEAL S L, MR E RS ORI, Aia
PEZSGE DR K OECR RS O M E S 722 & 2380
flaniz (x4,

X1 P-150I2% 1 BRI Diseases or Functions Annotation

Activation z-score

2 P-153E% 6 B Diseases or Functions Annotation
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Activation z-score
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Activation z-score
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P-1 4038 24 BRSO Diseases or Functions Annotation
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3. SHROREE

ERATaT— g VEEBETORKE LT, P-L
USADOBEMEB L OHRENA T 0T —F =IO T, <A
a7 LA EZHNTY ) I 7 A (b 227 ) 7 h—
LPRHT) ZFEML TR, BBATBE— 3 »ORHEE
BT DT —ZNEHEBINDI LI BRATRE
= a VDA N=ALRINCER D D EEZ D, £,
HERAT R —T g VIHEE T ORE T, #x OmE
DFEBALTBE— 3 CEIHIZIR S L ORI R &
MEtL, ZNOOMEIZ L D~A7aT LAILL D86 T
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P-1 fL¥2% 8 B Diseases or Functions Annotation

RBEB T 52 LTV  EPATmE— 3 )
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Umeda, M., An assay method for the prediction of tumor
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cells, Mutation. Research, 557,
2. Sakai, A.,
Takatori, K., Tanaka, N., The activities of mycotoxins
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derived from Fusarium and related substances in a
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1. BUSIC

BAEORE GEESAY) LA TRITIETFICE S,
K 24 AEFEO N DENEERLFHI B W T L AERBISE T RO
—frL o TS (1), o T, HBAMEOTHNE, EIE
fh, BIECRSIRIM 72 B E O R AMEFHmIZ IV T
&Y EERIEA Th D, (LFWEOENANMZ TRT 5K
Bl LT, v b UREHWE in vivo i8R (EH1%
AMERER) 3 L OREEMICMAEM e E 2R LT in
vitro B CRISFENEERFIER) PREINTVD,

1.1 MHREERRER

RN O IEFHIIIE, W< D0 DB Z T A A MR~
LT 5, ZOEFHRONAMBE~OIRE], F L CHE
PERESS DT E TO 7 0t 2 3% B PS5 (multistep
carcinogenesis) & MEIND (2, 3), TROBK1IZAT
L9 WCEF MRS BEEE (ERIEN) 26T 27 mE
IZ& Y DNA O (ZERAER) 25175 Z LIT KV FIRN
A~ E BT 5, 2o at A E Bts (f =3 T—
g v)” EMHINARREICEITT S, T = m—
VavEER I THREFELEYE I = — 4 —
EFEEN S, Z OBBEOFTA A KB IX S BEAE 2 s S 720
N, WO it (FrE—ar)” LETHh D BT
VB ORI AT D 2 LT L 0 BRI S R T A Dk
FEASTEAE S AVEF AN EAE 2 2 L, BUAS AR S A3
A~ iR S, EEATERESND, 20T rE—Y
3 ARSI SR WERE, Yot —F—LIETh,
MEBEEEME BN T e —v s VAR R
DOUEPFET B ZERHALNIRY DOH DB, SHIZ, R
WM &b A O BRI O BRI L0 IEEHEE
MAbT 5, ZOEREL T (Tusriar)” L
ns,

1EFWE DTN AVEE TRT 5 in vitro BRIEE LT,
A A VN2 Ames 3R (R ZEIRA R < DNA #
5 - IE1EHER, MFLEE R M 2 W o e R B 7 &
T, AL EORBHEME, 20 A= z—v a3 EE
OERETHT L ENTED, —F, ZEBERE 0k
ATREINT LI, BEFEEEZ A IRV EIZE D
Tbhrre—ra AMAERICK YV EERKICEET 5 H 0
DIEET D, #E- T, T DDIERIENRLWE NS
DE— g EES TRITOMERH DL, LrLeRDb,
TNR LTe B mmtE T v ' Aa T, IEEBREBRAME DT
2E— 3 IERO THIAEIT ) Z EIETE R,
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LFWHE

[ Bt (= —=)

DNARIEI LD
A AR ERE

1t$*ﬂi
e

‘ i (ZOE—-329)

MRS TERHE 2 T L O
A AR B FIEE
b AR~ O

EEOEMHL

1. BEREREITOER

AT RS BRI, Ehimiia 2 W T E O A
AMEZETFRT D in viro RERIED 1 > TH D, MREElR
HWasABR CIL 24 E TIZ, Syrian hamster embryo cell (SHE),
BALB/c3T3, C3HIO0T12 72 & ofilEysfIHsh TE/,
SHE il Zz W=7 v &4 T, MiREEiakii,
BALB/c3T3, C3HIOT1/2 Z W=7 v & A TILIEEIFAHE
DIEAFITSED 7+ — I AR EFRIE L L THBRWE D%
AT EAT D MBI EIRIGERBRD 5 H 7 +— I A
FRBFRIE, ZEEPESE T 0t R OBLE L EED AT v T &
BELTWDZENOIFERERIWEDO T 0 E— 3
AEMEDO THINFRETH D (4), EFEIZ/ Y BALB/C3T3



128 A AG T v-Ha-ras 2SR AIA F 4172 Bhas42 23ERL S 4,
KAEDHIZE Y, Z o Bhas42 ZF|H L7 R ERRAER LN
s En (5, IHIZ, BEDIE, v ha—LOEHE
12XV Bhas42 Ml E AR T/ == — 2 a3 L&
FYHCELLERLEE (6),

1.2 HFREZHEAALZHEREERREREOH
*

{EFWREICIE, RN TRITEND Z LIT k) HErE e
BT H5HDOHFEET D, BRAMERILFWEIZBNT
bAEKRATR#ZzZ T LIk =v=2—va b
L<E7eE—va UIEHEERT HOBRTFEET 2 HAH
L TW5, 51z 1%, Benzopyren, nitrosamine 72 & D{b5:
WHEIL, R B APAS0 I L ARE#EZITAZ LICLY
HEBRAMMEEZRTZERMBNTND (7,8), ZD L D73
DAL E ORBAEMEAL 2, a2 L 2 Mk
TEERHERBIEIC LV FHMIT 5 Z L I3EE LV,

W FLAR MR 2 WO AR & 2B o5 A
AUtk 2 PRI 2 3Bk IOV TIE BALB/C3T3 Mt &
V79 Mila CHA B2 8 5, BALB/C3T3 Alfid TiX, S9mix
EREKIERE Liz7 & 22XV Cyclophosphamide,
dimethylnitrosamine, 2-aminofluorene, 2-naphtylamine D&
DS AAEIZ DN TR Z AT o TR, S9mix 12 & 2 AiTLERIZ
E 0T RTOYWHRYE L BALB/C3T3 Ml W E sz 7%
F U, JEALIRRE IR EIRHIIFAR L R d o 7o 2 & 2R
LTW5 (9,10), £/, V79 MRl 7 oy —24
SCFFHIAE & N % 7= K53 5% %2 FHV ) C nitrosamine DA =3
T— g UEEEFEM LTS (7, 11), Bhasd2 iz A
W MR T R R AR BRI DU T, AN L D5
AEE OTEMHALZ BB LR IEIZ O DT E R
REY NGRS

AHFFED B #91%, Bhas42 MR EHEAEEERIE I SV T
REHEPEIZ L0 5 L <ITEmE N7 b FZWE O %
BAMED T RN LIRRBR TEEZ BT 5H TH 5,
H26 1L, H25 A5 &[RRI Bhasd2 AR B isHeatin
RITIFRER E LTNZ 2 v MRk ORR & 2 D3
WEREE T N7 1 L P-450 (CYP)DHHL & Z DIFIEIC >
WTRERT L 72,

2. EREREHER

Bhas42 e & Exi il 58 (2 B A AT e 7 A
RELTOMARORERE
R ATREZR TN & LTI, #Ie MATMIE, & BAT
2SAHIRE (Cell line) 38XV e b iPS FBEATHINL 2 oAl &
LTET NG, SMaOEFREEFER1ITRT, 8
NS LMoL LT, OBEEAEZAL, H
RIS L 2 RMFIAATRE, O GEEIZ2H/ L, »
v MEIZ K DR DI, QAFNHIRER S 72 &%
Fond, o, 26O % T@Bhas42 fifaf
BB T d 2 5%IMLTE (FBS) &4 DMEM/F12 H5Hh
(DFSF) W -CHIGE C &+ e P2 BIEC&E 5 2

2.1

EMVETH D, AEELMRICHH I TS e T
D AR HepG2 122N C, DEGF B2 kA8 4T ¢
OFYHBER OFBL L Z OIEEIC SOV TR 21T-

7
®1. HEEEFHEROLE
MREFFAR ENFAS AR Ehipstlfa S H AT
HRRRIETERE Il BUMETEREE D RO THTERESH Y
ERERE HARELEY EfEMRICEARET RO TREFATLE
izt 13 (=1 ELN B BY) BNEFHEND
KRB OYEZE KEL IhEL INEVETA
MRAF MR B ELBISBHY) E-18
YKL #LL 55 LW
EPlEERA~ OF A LU MRICE-TIEEL BB A TIEELL

2 .2 ERNFNFAHE HepG2 \IZ& (T2 RYHEE
EFNUOL P450(CYP)DHIEB E CYPIALR
B LT CYP3A4 DTEM
5%IfiE (FBS) &7 DMEM/F12 k5l (DFSF) TH#E L
7= HepG2 & 0 [BIL L7=Mifid & o /X7 122U T, Western
blot fE##TIZ & Y CYP1Al, CYP1A2, CYP3A4, CYP2B6 &
L RCYP2CY9 # o R IT B DI L~V & i~ T, F DOfE R,
CYPIA2, CYP3A4, CYP2B6, CYP2C9 D% o X2 B3 H
2% HepG2 THERR ST,
LU, R AMEDE ORBNEMEAICEZE 7 CYP1AL/2
& CYP3A4 DIEMEZJIE L= 5%, DFSF 553 L7 HepG2
WZEBWTH CYPIEM I Sz oT7z,

2 .3 CYP®HEIREE NFA A HepG2 IZ& (F
Y

HepG2 1% DF5F 5 #h % NP2 5528 5511 F ¢ BAT 72 M
Bl L AMBAMERE 2R LTS, CYP OBERIEMITME TE
hote, —J7, v MNER MG EFIR U R
IRV T UGBS R IS B 59 D R i Bl IC BB S &
AR ORI ABNER S TW5AH(12), 2T, KIZ CYP
IR B HepG2 MARIZ DT, DFSF #5845 Fick i)
CYPIEMEIZ DWW TR Lz, £ DFER, CYP3A4 Oifiifa
WIZBIT D & Xy BRBLE 2 O FRENZRHT 2 2
EBnTE (K2),

2. DFSF HEMIEEFMHTIZH TS HepG2
& CYP 5& I F3R HepG2 0 CYP3A4 &4
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3. ERRUSEORE

b FATS AR HepG2 12OV T, DFSF Bt & V-85
FTHM T IR 2 RMAHEESR CYPIAL, 1A2, 3A4, 2B6
BEO 209 OHIENFEELR L OZEDIEEIZ OV TORG!
EITo T2, TORER, HepG2 MMMNIZ IS T 2 MR EESR
DOFRBUIHEGE TE 72, ZOFHITIEFITEN LD TH -
72o —J7, CYP 53 HepG2 HURIZ W CRIBROMRFT
AT o o455, DFSF fiha AW & Fomuy
CYP3A4 TEM AR T D LN TE T,

ASHBORELL LT, OFOMOIFR AR ORIz
WTHBEFERFTT D & & BT, DCYP HiH 5 HepG2
@ Bhas42 flaEEHERBE~DOE AN, B LOOMNHIC
FoAf=va—varBlOras—ra UiE%ERT
{EFEWEIZ OV TRBRZITT> TV FETH S,

EE 9
1. PR 24 EFE A DENRERGE A s (B0 o
G718 (2014).

2. LA EEHR, i (LR R SRR AR B, 14,1-14 (2003).

3. Harris CC, Weston A, Willey JC, Trivers GE, Mann DL,
Environ. Health Perspect., 75, 109-119 (1987).

4. Creton S, Aardema MJ, Carmichael PL, et. al., Mutagenesis,
27,93-101(2012).

5. Ohmori K., Sasaki K., Asada S., et al., Mutat. Res., 557,
191-202 (2004)

6. Asada S, Sasaki K, Tanaka N, et. al., Mutat. Res., 588,
7-21(2005).

7. Shimada T, Fujii-Kuriyama Y., Cancer Sci., 95, 1-6(2004).

8. Kuroki T, Drevon C, Montesano R., Cancer Res., 37,
1044-1050 (1977).

9. McCarvill JT, Lubet RA, Schechtman LM, Kouri RE,
Putman DL, Environ. Mol. Mutagen., 16, 304-310 (1990).

10. Sheu CJ, Lee JK, Rodriguez I, Randolph SC, Drug Chem.
Toxicol., 14,113-126 (1991).

11. Langenbach R, Freed HJ, Huberman E., Proc. Natl. Acad.
Sci. USA, 75, 2864-2867 (1978).

12. Hashizume T., Yoshitomi S., Asahi S., et.al., Toxicol Sci.,
116, 488-497 (2010).

KAST Fr26 =EMABE 2015.7.29



DNA ~A 7 a7 LA fENT 215 LU72iflird 22— L K ORREM: T

iR = — /L OB T v

b i B A ~5 2 D R

OBk RS - W A (PRI RSN 2 —) /MR fEFE CROHEERS)

1. [ELC&®IC

WiFE = — L R R ¥ —CTHE R LT
M TH D, 1988 I AHHRM %2 FAM 122/ L T
DIV EAEDOH LY - B LT T, BREOKE
PEN S EEH OBROIREL L ZEZ 5N TW5, BIFITEK
BT, WM Lo KRE <, BEETHET, L B
HEAE DN THE LT, RELHEAL, FRiKEH T
JEBES K, ICERIE 3 AT, MR OFH LGS L
THAZEDTWD Y, BIFE, W I —/L RIZ20 T,
b, WERRED . SEOARED . JEREEESEREM Y e Lo
WHEZATV, EDOAEERBZ X > T\ d, ZO—BE LT
WEg 2 —/L B OMREMEREMIZEIC LD . 7T K/ 4 R
DFVNTF o ~ARY DN EERREEMR Y TH D Z
LERWE LT, TORSIL. oM s i L, ik,
RALELTFTIALFURELEENDZ & BTEARRY P
EVER BRI I THLHEE LV BEL L E
JIRA LRIRETHDLZ L, WMBTZ IR /A4 REHE
W, FUATF o ARRY D EHiT, TARK (NEE)
SULX9DIRE>T TR GRK) >HE x5 (CRA)
DIETHDHZ &, RARERBRTIE, RRARTTZ IR/
A4 REPETZVMERIIHD 2t EERALMT LT, 7
TR A REICE, PR LERCIEIEEIR NER. fi7
ULV R— RSN HRE SNTWD D), £z, Bk
ENL, INHDOT7 TR A ROBRENZL NI NL—TT
I DAL ESIC L D ERMET T2 Ll
WESNLTWS S,

TIT, INH T TR A ROBEEMEZ /L, Wi
=L R EEE LEREEAR ~ U A DWW T %
179 & & bic, HIRICOWTDNA~A 2787 LAICL?
AR I BURNT 2 Tk L=, ZDORER. 77 % R UmA_RGH
EETIREMRBMCT 2 BRI EET 8B, 7R b
— 3 AFHERL DNA 5 7 F /URE I B4 5 @& s+
R T 2 BB FORENETH L TN D I LA
bk oot IBERBICOWTIL, (BT 5 FmICEE
FHREPNTWD Z ERMER SN, 7o, 77X NUED
A r— RIZEEDFE O b, RRCE 72 E ORE AT 5
EHEMWE TH DA 3 ) YA NICHET 3 BEEE
FORBEANEFH L TWND Z ERFER SN,

LRI, Rk 26 FEEEIIHFIRO AR~ D8 %
Wat L=,

2. EERLBER

2. 1 ERBRAHE

BEfClE Lz B0 | 6 Bl OREM Crlj:Wistar 7 v b
@A (CE2) T1H, EEH&<T 1M THESE Lz
%, {8 & (Low Fat Diet: LFD), = fIElif (Hight Fat Diet:
HFD), HFD+HiFF=—/L K (SG) REHAEHENE 3%
IRAR (SG3%HFD) @ 3 B4y 1) 54 AMEE Liz, #h
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Controls of pressure-driven micro-droplet formation and
optimum encapsulation in microfluidic system

Mathias Girault, Akihiro Hattori, Hyonchol Kim, Kenji Matsuura,
Masao Odaka,Hideyuki Terazono, and Kenji Yasuda

1. Introduction

As a part of the on-chip cellomic project, a
complementary microfluidic method was
investigated in order to compartmentalize
sample into constant volume. To reach this
goal, we examined the creation of reproducible
water-in-oil droplets able to encapsulated
object such as cell clusters. In the literature, the
formation and encapsulation of objects are
often limited to the random case and can be
modelled by using the Poisson’s distribution.
This approach expects that the flow in the
channel prior to encapsulation can carry
objects without sedimentation. However, this
statement is often violated in the low range of
pressures and contributes to  separate
encapsulation and sorting chips to overcome
this phenomenon. Although the sedimentation
was not fully investigated by comparison to
other parameters such as droplet speed or
sorting mechanisms, it appeared to be crucial
that the development of integrate chip needs a
better characterizing of the range of pressures
and an exploration of the relationships between
parameters monitored in ‘real-time’ and the
flow pattern.

In this context, we investigated a method using
a pressure-controlled system in order to create
an emulsion of homogenous micro-droplets
able to contain objects with a diameter size up
to 20 pm. This study also describes the
different flow regimes with a particular focus
on the generation of stable droplet flow,
needed to develop sorting microfluidic
applications. This detailed approach could lead
to find the most suitable experimental setting
able to control the encapsulation of object in a
stable droplet flow.

2. Material and methods

A dual pumps system composed of two
independent compact air cylinders was used to
generate the droplet by flow focusing an
aqueous stream with two streams of fluorinated
oil containing a surfactant. All pressures are
reported relative to the atmosphere. Inverted
microscope equipped with a CMOS camera

was used to capture digital images during droplet
formation. This camera was connected to the
computer where LabVIEW 2013® software was
installed. The stable droplet flow pattern is defined
as a single droplets flow centred in the
microchannel and moving linearly through the
channel. In contrast, the unstable droplet flow is
defined as multiple flows of droplets which linearly
or not moved in the microchannel.

Dual pumps
system

Optical microscope equipped with
an high speed camera

Figure 1: Schematic drawing of the experimental
devices and pictures of the six different flow
regimes (scale bar 50um). (a) is the micrograph of
the channel filled with sample (sample only), (b) an
annular flow pattern, (c) the droplet with diameter
size higher than the channel width (plug pattern),
(d) the unstable droplet pattern where the droplets
are not centred in the channel, (e) the droplet
centred in the channel (stable droplet pattern), (f)
shows the channel only fill with oil (oil only).

3. Results and discussion.

3.1 A competition between the inertial and the
viscous forces in a fixed geometry

By using the dual pump system, combinations of
400 different pressures were measured and the
associated two-phase flow patterns were recorded.
Flow patterns were discriminated into six different
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cases characterizing either droplet types or
single phase flows (Figs. 1, 2). Then, droplet
flow types

Unstable droplet
. ek

=

Stable
droplet

Droplet
Size (um)

.
Sampleonly & Annular
: .

Sample pressure (KPa)
- P oW s ;e N D W

Oil only

9 10 11 12 13 14 15

1 2 3 4 5 8 7 8
Oll pressure (KPa)

Figure 2: Relationship between droplet shape
and the pressures applied on the sample and oil
inlets. The different flow regimes observed in
the range of pressure used were delimitated by
the black dotted lines.

were categorized into stable and unstable
droplet patterns (Figs. 1d and 1le, respectively).
Among the different flow regimes, the
minimum droplet size (=30 pum) of the chip
was slightly smaller than the flow focusing
contraction width (50 pm) and indicated the
strong geometry dependence in the pressure-
controlled system. Moreover, results showed
that the droplet diameter was limited to ~70
pm in the stable droplet regime flow at the
frequency higher than 2 Hz. The specific
diameter of the droplet corresponding to the
half of the channel could be linked to the
change in dominant force between the inertial
and the viscous forces”. In this context,
calculations of the Re numbers were performed
according to the geometry of the microfluidics
devices in view to verify if any possible
increases of the Re numbers can describe any
change in the flow regimes. With a Re number
lower than 0.5, the flow should be laminar in
the channel and droplets are expected to move
straight through the channel. As unstable flow
was observed, this result suggested that flow
regime can not only depend on the formation
area but also to the subsequent parts of the
microfluidic device. This integrative approach
was in agreement with the study of Lee et al.
(2009)* which reported that droplet formation
could depend on either the upstream geometry
and associated flow field or the geometry and
flow field in the downstream channel.
Consequently, our results indicated that precise
control of the droplet flow type can be reach
by taking into account the entire geometry of
the channel and illustrated the complexity of
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the flow type prediction based on the single
Reynolds number value calculated at the droplet
formation area. As we observed that the Re
numbers can not easily describe the change between
the stable and unstable droplet flows, additional
indexes were investigated to better identify the
range of stable droplet domain.

34
3.2
3.0
2.81
H261

X Plug

O  Stable droplet flow

4 Unstable droplet flow

— y=2(P p..0.92
¥=2(Psample/Poil)
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Figure 3: Relation between the droplet to the
orifice size of the sample channel and the sample to
oil pressures. The cross symbols are the plug flow
regime (fig. 1lc), the white circles are the stable
droplet pattern (Fig. 1d) and the black triangles
shows the unstable droplet pattern (Fig. le). The
black line is the power regression curve calculated
using the entire data set (n=382).

3.2 Limit between the stable and unstable
droplet flows

Abrupt change between the stable and the unstable
flows is difficult to quantitatively describe in the
small channel because of the lack of velocimeter
that can measure turbulence in microchannels
without beads addition. This limit is also
particularly important for common microfluidic
applications, where the position of object must
follow a specific path through the channel such as
in sorting experiments”. The figure 4 shows the
droplet speed at different constant oil pressures
depending on the pressure ratio Psample/Poil. By
fixing the oil pressure and increasing the dispersed
phase fluid, the hydrodynamics of the two phases
flow was characterized by two phases, i) a first
phase, where the droplet speeds were nearly
constant or tended to decrease (up to 200 pm s-1,
oil pressure: 15 kPa), and ii) a second phase, where
a sudden increase of speeds were measured between
Psample/Poil 0.6 and 0.8. Excepted for the oil
pressures equalled to 11.5 to 12 kPa, these two
phases characterized by a minimum of the droplet
speed mainly ranged between Psample/Poil equal



0.6 and 0.8 correspond precisely to the
transition between the stable and the unstable
droplet flow regimes. The critical value of the
minimum of the droplet speed also suggested
that the increase of pressure on dispersed phase
not necessary led to an increase of droplet
speed moving through the channel.
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Figure 4: Droplet speed (mm s-1) at different
constant oil pressures (kPa) depending on the
pressure ratio Psample/Poil.
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3.3 The suitable flow for
encapsulation

The percentage of encapsulation of the 20 um
beads depending on the pressures ratio
Psample/Poil is shown in Fig. 5. The
percentage of encapsulation is characterized by
a drastic increased (0-100 %) in the stable
droplet phase. This rapid increase was found in
the range of pressure lower than 0.1 kPa which
is the detection limit of the pressure sensor.
The limit between the oil-only flow and the
stable droplet regimes shows the lower
percentage of droplet encapsulation (0 %)
when the oil pressure was maintained either at

5 kPa or 10 kPa.
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Figure 5: Encapsulation of 20 um standard

beads (%) depending on the ratio Psample/Poil.

The upper (black dots) and the bottom panels
(black crosses) are the encapsulation of beads

when Poil was fixed to 5 kPa and 10 kPa,
respectively. The dotted gray lines show the limit
between the different flow regimes.

In contrast, the limit between the stable and
unstable droplet regimes was characterized by the
higher encapsulation percentage (~100 %). These
results indicated that the most robust encapsulation
of the beads 20 um (high frequency and the speed
of droplets) was found in the higher Psample/Poil
ratio and suggested that the higher Psample/Poil
ratio of the stable droplet regime located near the
limit stable-unstable droplet flow regimes appeared
to be the most suitable range of pressures for the
sorting experiment using our microfluidic device.

4. Conclusions

By using a pressure-controlled flow focusing device
two single phases and four different multiphase
flow regimes were observed and their conditions
were examined. Although the Reynolds number
was always lower than 1 in the droplet formation
area, unstable droplet regime flow was observed
and suggested that in addition to the viscosity, the
channel geometry in small microfluidics is
important and should integrate the entire chip
design either than a single section. Results also
highlighted that the limit between the unstable and
stable droplet regimes was the most suitable for
sorting application due to the compromise between
the droplet size, frequency, distance between two
consecutive droplets and encapsulation of beads.
The limit can be detected using the drastic change
of the droplet speed found at the threshold between
the two regimes. Finally, our results showed that
the increase the sample inlet pressure not necessary
increases the droplet speed underlying the
difference in speed between the carrier fluid and the
droplet flow. The detailed version of this study was
submitted to the Journal of Nanobiotechnology.
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26~26 F£E) T, MHOAESM/MROFRLERIG X TLOWEL ZHRFELE L. HEL
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FARTERAEAR L. RERMFMBELFKRICENEENBECHBRENTHEEAZEL EEOMEED
JS5ROEEICEWTIETIM®E ., Lt pdNF-E2 EIZFZRAEICHEL TS =6, BEFEA
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L&\ iERe (BERARIEEHERR Ak 7 L EEkATERHEAR - PP #A8) ORIEICKRIILIz, (2) AZEH=
vy IR ChETOMBESEETIE, VEDDERKHIY 10 BOI/MRERET S, D
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—J5. 1iPS #fafd I Cl. feeder M & DL D M
PERPB B FEAEDTZD DO FH S BB R b
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A NMETH D, ZBME~Z ORI CIRIiREEHEE O
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WCBRRIRHAE, i/ MREESRRE,  MARTERKARE) TH D,

2. FER26FEOHRKRE

AHFFETIHEME > — RN T S AL B TR T i A BB e
ILIRIZAAET D55 F AT =R 0] ZIERA LT, VED
Bz FRBNGRIBEARRR A & ifi /MR A 224 - 2 EIC KR EIERT 5
ToOD Y AT MMERE BET 7 0 b a— U Ek AT 9. I
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FRER LRI EE R EEN T THH L E2 R LT
5, Maf (T2 EXR X AHBE L TWAKRTFTHDH, Loy
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»bH, TOEBFEMEZRTHLE LT, TPO /) v 7T 7 b=
T AD ML E AR D 10 50 | THDH, £i-. i
BRI Z RS, & 2\ T pASNF-E2/Maf 51
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AR IC IV T, TPO & MPL D EF+Z2 B L TV 5D
Z L ERDT, TPO BT OE RS % — 7 v ALY
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10" EEZER Td o 72 (p=0. 013) , AZNRIE, CD71(+)PAD @
FACS HAHfEIZ, Z DOHINED TPO 43 WA OREFE 24 L T B ER
PEAINRT v TV AT DRI ORN D E R Lz,
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LTWAZ ERHBR SN TWD, IHETIE, 0204l
B & EAZHAR TR BURNT 21T 5 2 VLR VN AT D
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Human Pre-adipocyte ISF’M! % s

KAST Fr26 =EMABE 2015.7.29

ZAUH AL, Fluidigm Cl Single—Cell Auto Prep System
ZHWCT U IR LT, ERRE RSO MaiE
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