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ALT : alanine aminotransferase

AST : aspartate aminotransferase

BA : bile acid

BSEP : bile salt export pump

CA : cholic acid

CAR : constitutive androstane receptor

CDCA : chenodeoxycholic acid

CT : computed tomography

CYP : cytochrome P450

DCA : deoxycholic acid

EGF : epidermal growth factor

FGF 15/19 : fibroblast growth factor 15/19

FGFRA4 : fibroblast growth factor receptor 4

Foxm1b : forkhead box protein m1b

FXR : farnesoid X receptor

GAPDH : glyceraldehyde-3-phosphate dehydrogenase
GCA : glycocholic acid

GCDCA : glycochenodeoxycholic acid

GDA : glycodeoxycholic acid

HI : hydrophobicity index

LCA : lithocholic acid

LC-MS/MS : liquid chromatography-mass spectrometry/mass spectrometry
MCA : muricholic acid

MRP2 : multidrug resistance-associated protein 2
Nor-DCA : nor-desoxycholic acid

NTCP : sodium/taurocholate co-transporting polypeptide
PC : principal component

PCA : principal component analysis

PH : partial hepatectomy

PXR : pregnane X receptor

RT-qPCR : real-time quantitative reverse transcription polymerase chain reaction
SCID : severe combined immunodeficiency disease
TCA : taurocholic acid



TCDCA : taurochenodeoxycholic acid
TDCA : taurodeoxycholic acid

TDM : therapeutic drug monitoring

TMCA : tauromuricholic acid

TUDCA : tauroursodeoxycholic acid

UDCA : ursodeoxycholic acid

uPA : urokinase-type plasminogen activator

VDR : vitamin D receptor
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JFlg @ WEERE ) Z ROl TH 0 | E A EIER LT O DN A 5
ZETEOERBOMBAFIET 2N TE D, ZOFHAERNDEZFHL T, HBABE
72 EIZB W TR HER O 72 O O FFUIBRIFC AR BAR M T o D Z 8 b 5, 20D
&0 e FAERITEMEERE A RET 5720, bBMEFEEREVIRRK S STV D,

A AN S OIFREZIR A A BT A4 2 2017 FERRIC L 5 & IFEIBROMENIR & 72 2 T
Faa i, IR IS A BRE L. 2> D% 3L T TH D | DR E SIZHONT
DOFIFRILZR VN, TEREOMESCKE I, e S16 U T, MIRICHE > Told 7o Xk, #ix
W2 ECUIBRT B SRAAIEIERSC, JEIE O 8L O B & GIkRT D E0 UIkR 7 EN IR & D,
— 7, NFOIERIT-CMIE E CHRIIANEE 22 IR 12 6F U IR N B R S D, Bk
NDAEBITFBAE TIE+ 072 KRE SO R —IF ol T 2 03N H Y | AT ATIRO 555
ar B a—XKiERREY (computed tomography : CT) TiEHHIL 7= LT, #fthFo X
TEIVRESND, —RIT TR SN OIBEITORE S AL BT MEED 0.7 %
FELL BT, 23D R —IZFR DT E ORI O R E S D 3FILL L& 72D 2 & & KL
ELTWVD, 6 FIRRELFR L FF—offlEiL, 1 A TRHICKRELS 2D, 2%
FAEND 1HELL BT THRAIZEIE T % (Tanemura et al., 2012),

FFEIERMT-CHT AR 2 (2 IR BNHIEE  FUAMECER KR & OIEMER 513 Thi s
BN 5, L, WALV IFROEENKE S ZLT 570D, ZbDEHETO
FEENRENLE T 5 2 L1 K AR B AL, FNB I bR WEE
R0, BWERFBBUZ OB 5 iR H 5, O T, EMHE TH L2 7 a ) LAR
I aARY CTCIAMPIREE 2 H# < . therapeutic drug monitoring (TDM) @
KGRI L 7o TN D,

FEERIZ, FFRAERICR O TEES ORI ENEE) L IcfEL W< 20dH 5, fTFY)
BREBE O CHRAFET DTS 90.0 %L EDBE & 35.5 %LA T OBFIT/T, fREER
KT E b7 72 o e RERORE LIZSE, ITUIBRATE L CFili2 1 HE. 3
H B TI35GT D AFES D 2 W B R IR E o EH- 2RI T©h -7- (Hughes
et al,, 2015), ¥/, MUIREEICHNPAE Y Tz b Liche, R@mYe Fa
U T INDY T NSRS B MR EE L AT EIRRAT & Hls U CAFOIRRTE 1 B B
U FFUIBRE & I O AR5 Z E RSB TUW D (Jacobs et al., 2018),
TV IIMFEIBRIERZ O TH O | FFOIBRIC X 0 RS AIC R R LT Z LI K D T
D7 VT 7 AR LI EBESND, L L ZO%, BAENET Z & THEMGH
MEHIZELT D AREMES TSN D,

PR E IR W THRIEMHIER Y 7 0 U A 2O M EERBRZ 1 £ 209 EHImH
ELIEWmENRHD (Muraki et al., 2011), Z OHRE T, HHAEDIEITT 2I1ZO0UF



FERE AL L, APl D 27 U 7 7 o A3y ADD 1TENS TRZ IS L Tz, &
7o TOHF T, FBME 1 7~ AW TN TOEMH O F 51— R mn L -
ZEHTRIRL TV, 202 Lnh, FFEARRRIC IS W THFIEZ T T2 < /NEO M
FOHLEETHREMEDR S D EE 2 DTz, 2O X D R IFHAERRRIZI T 2 HFEe/NE T
DIEDRH OLEE L, TN LN DlEZ TOHRMIHEER ORIAN LT T 52 LIk &
CTWDATREMEDS B 203, & MZIBWTITRARFRIZ 1T 5 K AREEER DR B2 [l E
THZELITHEE LV,

RO FADOBIZITHE O NETT R TOFHEIMIZIB N THALND Z LA
5 TEY (Michalopoulos, 2007) . 1931 4|2 Higgins & Anderson 237 > N CTHH
AR FERIZEER L CA 5 (Higgins and Anderson, 1931)., 2/3 HUIBRE T L EW)IT
PRI S TE T,

FBIE N < ODDOIETHERR ST D3, HEZ & ORKRE DRI 72 < — BT
HHEVWONTWD, 7y b~ T ZADOFIITEAT OERICH LDHM, 5 - 750K
MBETETEBY, ZDOIHDOREREEZ D (20) TEEDK 28 DEREEZ DS (Fig.
la), THODEAZRIC THRHEEUIRT 22 L1128V 28 oI OIER (partial
hepatectomy : PH) 7 VEERT A2 LN TE D, ZOET /VIIFOIERE T I
HARBEY, ~UATIHIH7THMBE, 7y FTIET - 14 HF TR ONEE & #iE % bl
B2, UIBRLIZENTHET 20T TR BHFEL TV DENRELS LD Z L 2 THAE
LIRS (Fig. 1b),

7 v MW 2/3 FFEIRET L CTORFBROEDRHEER I >N TIEL, ¥ Frr A
P450 (CYP) & UDP-7/v7 v U RESBEER D5 FFE T mRNA ° & L/ 7 BFEHIC A
BINHHIND EWV D WEN—EHHD (Pellizzer et al., 1996; Trautwein et al., 1997;
Tamasi et al., 2001; Tian et al., 2005; Yao et al., 2011), CYP1A2, CYP2E1 X° CYP3A
@ mRNA BT EIFRE 10 520> HIKF L, £ D% 24 K]0 T L5 L7z (Trautwein
etal., 1997), F£7=, CYP2C6 » mRNA FEHIIATUIFRE 6 R & 48 BEHIZIH W TR T
L7278, CYP2C11, CYP2E1l, CYP3A1X° CYP3A2 [ZATEIERT 6 IFfH] & 48 efilicds
WCHIBRET DN B2 23 22 hv > 7= (Yao et al., 2011), Z D K 5 ICAFH/EBRRICBIT 53K
WIS OB DS E SN TWD— T, WA dfiENE <, A=K A
HLEDREHFIThno Ty (Lietal, 2016), F7-AFFABRICE T 5/ MG
MGHEERE OFBIEBENCOWTITT v MTBWTH ZHE THREN 2,

Z ZCARMZE T 218 FUIBRET v~ 7 XA & VT, JFUIBR%E O FAERRIC B T 5
JIFHi & /N D CYP BB L 2D A H =X KOV THRE L, ZHuc kv, FFokk
RMFBHEEE 12T DM OZE N ST v | X0 BRI IEYIERE AT O 12
D D i 72 B G- B ORGHIENL D Z E R HIfF SN D,



(a) )]
Before PH Day 7 after PH
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13-14 %

18-22 %

6574 %

Fig. 1. Liver regeneration in two-thirds partial hepatectomy mouse model. The
ratio of each lobe to the total liver weight (a), and regenerated liver at day 7 after
PH (b).

This figure was modified from Greene and Puder, 2003;.Nikfarjam et al., 2004
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ARETIX 28 HEIRET L~ U A% FWT, IFEIER®%E O AR IC 381 5 1 & /s
150> CYP OIBIAEB 2 fi~Tz, £7-. RENI LY RIEMEMENLE T 5 2 & THEA
X CYP RBUHEL L2 LB 2, BERTHHA SN 8FE (MF; 4V
T Z NVEERIR IS AE) 1IN REEET (AIN-93G ; HAZ LT A Et) 25 2 72
BlfRr~ 7 2B W TH RBRICHE 217 > 72,

BRI L DI AESNOEEIXI N E T O0@lENRH 5 (Holecek, 1999), T
IR~ U RTRAKCD DO EPMRNBEE A 52 5 & IFRANIEIET 5 (Chen et al,
2017), F7o. UIBREZ VEMICEIEN & % B 2 12355614, H?ﬁiﬁ)@@ﬁ“é L)
#W4 (Hamano et al., 2014; Zimmers et al., 2017; Saito et al., 2018) & ’7“4[2752’5“2
eunEVn D #HiE (Sydor et al., 2013; Garnol et al., 2016) 23&H 5, ZD XL H 2, BEH
DIFFAEICEELZ B2 D2 ERMBNTWD— T, ZNENOREFOFEFHIZIHVTHE
—RR AR IR SN TEDL T, FZDOA B =L+ hro Ty,

W REE DAL A Table 1 1278 L CUW A28, MF XSS A DR & Al iR 2 JIE L
ZbDaEFRLTEY ., AIN-93G IFAANAZRK L TS, AIN-93G (Z7 A YU I [E5
BHERT (AIN) 28, =D A7 v bORERHER, Ik, MHERFICKHEE SRDREL
BEAIMEE U CHRZRE LB CTH D (Reeves et al., 1993), TNEN DA
D HRD 7RSI RI A LS L CWAEE Ch 572 REROFEWEZ TR E LT
2B AR L g U, A ORFER DD RN EEREE LT D, 2O LX) RRE
ICEENDRIETD, vV A Ty MIbEbERET L CYP OELZRET H—K
ThoreEXONDHID, HBREEZHAWD Z & THEAEICL D CYP BERAE) ~DF 2
EIVBIRLOTS D EEZXOND, ok, Table 1 LV, @FEF L RERENI A= Y
—RREROHEREIG 72 LIIRE S ER o Ty,



Table 1 Composition of MF (standard diet) and AIN-93G (purified diet).

MF (standard diet) AIN-93G (purified diet)
moisture 7.90 % cornstarch (carbohydrate) 51.9%
crude protein (protein, amino acids) |23.1 % milk casein (protein) 20.0 %
crude lipid (fat, fatty acid) 5.10 % alpha cornstarch (carbohydrate) 1.00 %
erude ash (mineral) 5.80 % granulated sugar (carbohydrate) 10.0 %
crude fiber (cellulose) 2.80 % purified soybean oil (fat) 7.00 %
soluble nitrogen free extract 55.3 % crystalline cellulose 5.00 %
(soluble carbohydrate) mineral mix 3.50 %
others (vitamin) vitamin mix 1.00 %
total 100 % L-cystine (amino acid) 0.300 %
Calories : 3.60 kcal/g choline bitartrate (vitamin) 0.250 %
‘Ezz‘ii;iﬁ;;ltglhydroquinone 0.00140 %
total 100 %

Calories : 4.00 kcal/g

This table was adapted from each company's website as below.
MF; Oriental Yeast Co., LTD.; www.oyc-bio.jp/pages/animal_products/feed/ingredient
AIN-93G; CLEA Japan, Inc.; www.clea-japan.com/Feed/Feed_04_2.html



58 HFEIBRET Vv~ U RIZE T DI AR

218 FFOIbR~ 7 A8 T DT HAZMIT 2720, KE, FEEERE S X ONTFES
DIFIE L 72 5 KA FREBE TCHLT 7=0T7 I/ V7 A7 =7 —1E (alanine
aminotransferase : ALT) L~ LZHIE L=, F7z, MIRHEIEOIERE TH 5 CyclinBl

(Cenbl) & CyclinD1 (Cendl) @ mRNA FEHAEEIZOWTH G LT,

REIIITEIRRE 7 BRIV CTEE AL, RS LB R L HICREREITAS
nirhoiz (Fig. 2a), TEEARELIT, BHE R CIHOERE 1 BoMickE< EH L,
ZO% 3 HHEMND 7T HHEE TITRA TN UATFIEE & F% £ CEYE Lz, Lo LEER
EEREIC VW T ERD AR H2ICH 60T OIkRE 1 AE2D 3 A H X TI3ME L
bDOD 3 HAND 7THBRICHTTEARALNT, BHEICEL 2 >72 (Fig. 2b),
ALT Loud, R & R S IR 1 HEHCTRELS EA LB DD,
Z0#%E1E L= (Fig. 2¢), CyclinB1 ® mRNA F B30 5 EHRE & FEREHRE ChHYIbRTE
SHEICKRELS EF L, 20% 7 HEIZIZK T L7z, CyclinD1 ® mRNA 8118 5 £F
HECHIFUIR®%Z 1 HED D EH LEOBMER L= HBREERETIZ 1 HE ToO EFITIA L
otz (Fig. 2d), THHDT &b, WA T 2/3 FFUIBREITHAENE T2 2
AR TE 2T, MR CIITHAENBIE L2 E NN o T,
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Fig. 2. Body weight (a), liver-to-body weight ratio (b), plasma ALT levels (c), and
liver cyclin mRNA expression levels (d) under standard diet or purified diet feeding
during liver regeneration after PH.

Mice were fed with standard diet (MF) or purified diet (AIN-93G) from 1 week
before PH. Data are expressed as the mean + SD (n = 4-5). Cyclin/GAPDH mRNA
expression in the PH groups was normalized to that in the sham operation group at
each day and calculated relative to day 0. *: p < 0.05, **: p<0.01, ***: p< 0.001 (vs.
day 0 in each diet), #: p < 0.01, ## p < 0.001 (standard diet vs. purified diet).



= NTEIEREE OB ARFRIZ IS 1T D T & /NG T D HEM G

S8 DB H)

5T LIRS B I L MBTO CYP & mRNA %HOLH &
CYP #BL4 i L U 2 BN 4K mRNA FBAH) & 7z,

B—IH FUIR%ICBIT 5 CYP 2+ mRNA FEEZEH)

CYP 77 HEI Tl & /NGl 7 1238813 5 Cyp2b10, Cyp2c¢29. Cyp2c55, Cyp2d22,
Cyp2d26. Cyp3all 8L Cyp3ald @ 7 ffifi%i#®iR L7~ (Renaud et al., 2011),

I Cix. Cyp2bl0 OFBLKEREERED ZTHIBRTZ 1 B BT R L7z, Cyp2c29 i
W AERE & el URSRUETRE CHFUIBRT: 1 B BICBW TREAE -7, £z, Cyp2ch5
OFRBUT RN BIfR 2 < FFUIBRT: 3 HH TR& < LR LUK REREO S NBEEICA LR
7z. Cyp2d22 DOIEBLUIM T ORI W TRA LED#%EIE U722, R TIZZz o
EE 2 BTz, Cyp2d26 OFEBUIM REFHE L I RS REHNHONR 1o T,
Cyp3all OFBULEE IR CTHUIER%E 1 B BITIK T3 2N A LIRS, R
TIITOIBRTE 3 A BB BA- L. ZOHIKT L7z, Cyp3ald OFBLIK & 72 25H)
TR DIV DN T3 B H ERECRFBIERT: 1 B BICB WK T3 2 Bim a4 5 vz (Fig.
3a),

/N TTIEL Cyp2b10. Cyp2c29. Cyp2c¢55 35 LT Cyp3all DI EHFER & bhig L |
FEREEREC B W THFEIRR: 1 H B TRKE < EH L7, Cyp2d26 O3ILUIAFOIER: 7 H
IR W Cl L CRFUAERE L 0 @ o 72, Cyp2d22 & Cyp3ald OFSHLIIHRE RIARRE
IZBWTHFOIBRT. 1 H B C LA L @EEE#E T RI%D LA A2 67 (Fig. 3b),

L EDFERMNS . FOIR% ORFFAE BRIV T, CYP 3BLOZSE AN & /N5 i
FIZBWTHLND ZENH Lot Fo, WFETRE & i URSBRIETRECIT R Y
%< D CYP 5 FHEIC BV THRBEDOLEE N4 ST,
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Fig. 3. Changes in CYP mRNA expression levels in the liver (a) and the small
intestine (b) under standard diet or purified diet feeding during liver regeneration
after PH.

Mice were fed with standard diet (MF) or purified diet (AIN-93G) from 1 week
before PH. The mRNA expressions of seven CYP isoforms/GAPDH were normalized
to those in the sham operation group at each day and calculated relative to day 0.
Data are expressed as the mean = SD (n = 3-5). *! p < 0.05, **: p < 0.01, ***: p<
0.001 (vs. day 0 in each diet), # p < 0.05, #: p < 0.01, ##* p< 0.001 (standard diet vs.
purified diet).

13



B YRR ISR T D EENZ AR D mRNA 3 HLAH)

B TR L7z THHO CYP 4 A L T\ 5D 2 & 03 H 4TV 5 pregnane X

receptor (PXR). constitutive androstane receptor (CAR) 33 X O¥ vitamin D receptor
(VDR) ® mRNA #ELz5{~7-,

JIFlE T D PXR FEEBUIFFEISRE K & R EE DA H L7 > 7o, CAR OIEBLIT M & EFHE
IZBWTHEIRR® 1 B A T EAT2HmnA~b7z (Fig. 4a), VDR @ mRNA 783
LA &N -7 (data not shown), — /MG TIiE, PXR FELAFERIETREC
JFEIER% 1 B BIC BR L7c, CAR OFBUINNE & [FEEICITOIBR#. 1 B B CRENZBR
2 BRI DM A Sz, VDR OFBUT@EF L CTHFEIER®E 1 A B LAEm 2
Aoz (Fig. 4b),

VL EDFER S FOIBRE O EABERIC BV T CYP BB & Hli4 2 ENZR/IRD
HELEENTHZ LN LN E o7,
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Fig. 4. Changes in nuclear receptor mRNA expression levels in the liver (a) and
the small intestine (b) under standard diet or purified diet feeding during liver
regeneration after PH.

Mice were fed with standard diet (MF) or purified diet (AIN-93G) from 1 week
before PH. The mRNA expressions of three nuclear receptors (Vdrwas detected only
in the small intestine)/ GAPDH in the PH groups were normalized to those in the
sham operation group at each day and calculated relative to day 0. Data are
expressed as the mean = SD (n = 3-5). **! p < 0.01 (vs. day O in each diet), #: p <
0.01 (standard diet vs. purified diet).
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FVUET  ITFEIERE O TR AMRIC R T SR T 1 7 7 A L DR E)

FMEE =D, BEOEWC X ITEARER CYP BELOZEENENAEL
L2 ENHLMNE ol EE~ U AR 2 5 2 7256 R & HEg URRYT AR
FENEL 2D VWO HENRH D Z D (Zhanget al., 2013) . AWFZETIINEHERIZ S
HL7, £70, B~ 20546, HitEE) PXR, CAR LU VDR 72 EOBNZE
Kzfr LT CYP BEUTEEL 525 £\ ) Z LR (Jufica et al., 2016), AFUIER~ v
ANZBW T RRIIITHEZRET S W WmE b H 5 2 L6 (Li and Guo, 2015
van de Laarschot et al., 2016), BEOEWIC K DB CYP FEELOEWICE
HENEGS L TCWD AR S 5 EE X bive, £ 2 C, MEHEZ 5 2 72F0kk~ 7
(23T D NE BB AR 7 O R BL & MBI ERIR D ZZ BN SV TR T,

F—IH YRR ICE T A I FRESHE (s T mRNA B A )

KN K farnesoid X receptor (FXR) (ZNEVHEED AR A A A & 3 A %48 9 il K 1
T®H Y. Cyp7al. sodium/taurocholate co-transporting polypeptide (NTCP) .
multidrug resistance-associated protein 2 (MRP2) I XU bile salt export pump

(BSEP) 1% FXR O Tt DO —HTHD Z EARF BN TS (Ohno, 2008),
Cyp7al Iz VAT 0 — A0 b B iRE AA T 2 EEEFE THY | NTCP (X6
JElg A I ABY i A B D AT BT AR —Z —Th 5, MRP2 & BSEP [ZfiTlE 2268
BIZIEHBEYST 5 NIV AR—F—Th b, 2 b DORFIZE D AERANIEHTEEED
RAF AN A ZHEFF LT 5 (Chiang, 2002; Modica and Moschetta, 2006; Ohno,
2008), & 2T, IFA/EBRICEIT S 205 DORF O TO mRNA FEHAH) 2 i~
7=

FXR & Cyp7al OFBULEFEEEFEO AL THEIERE 1 B BITIK T DA 54,
Z DO%IEME U7z, CypT7al 138 R CHTOIBRTE: 7 B BIHTUIBRATL V @V IEBLN 4 5
N7z, NTCP OF BT & IR IC RV THFEIERER: 1 HE & 3 B H TR MHAA AL,
7 HBEICHEE L2, R TIZ 1 HED 7 B B £ TR P2 L Tz,
MRP2 & BSEP DR BUIAFRABERIZ IV Tl R CRE LR A L) T

(Fig. 5),

UL EDFER G 20 & O R R T OB E) & i B FIC W TR -
TWD Z &R I,
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Fig. 5. Differences in bile acid-related gene expression in the liver between the
standard diet group and the purified diet group during liver regeneration after PH.
Mice were fed with standard diet (MF) or purified diet (AIN-93G) from 1 week
before PH. The mRNA expressions of bile acid-related genes/GAPDH were
normalized to those in the sham operation group at each day and calculated relative

to day 0. Data are expressed as the mean + SD (n = 3-5).
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%I ITOIBRERIC IS 2 REI IR L & ARV ERAH R D 22 &)

WICmERFOBEWBRIEELZERE v~ F 27 7 78 &7 #HE (Liquid
chromatography-mass spectrometry/mass spectrometry : LC-MS/MS) (Z X Y #HIE L
72o WIEL7ZMHEHEEIZ., =2 — L2 (cholic acid : CA)., 7/ T 4% v a— g

(chenodeoxycholic acid : CDCA)., T4 % =2—/LfE (deoxycholic acid : DCA)., ¥
VT A X a—/LEE (ursodeoxycholic acid : UDCA). U k =2—/ L& (lithocholic
acid : LCA), # 7 ra—/Lg (taurocholic acid : TCA), #vwu/r /) TFAF¥T a—
JL & (taurochenodeoxycholic acid : TCDCA) . ¥ v o 75 4 &% v 2 — )L @

( taurodeoxycholic acid : TDCA) ., # v v v )b Y F 4 % ¥ 2 — )L i

(tauroursodeoxycholic acid : TUDCA), # v 2 X = U =— /L% (tauromuricholic
acid : TMCA), 7'V =2 =—/Lfiz (glycocholic acid : GCA) BX W/ U 2k /) T4 %
v a—/Lig (glycochenodeoxycholic acid : GCDCA) @ 12 {8 Th 5, Fig. 6 IZF 1
ZHVD A FE DGR & G IR &7,

A
Bile acids Ho™

\ Cholesterol
FXR — CYP7A1 l

Taurine and Glycine
conjugates of each bile acid

| Primary
bile acid

Liver

Intestine

L Secondary
bile acid

Fig. 6. Chemical structures and biosynthesis pathway of bile acids.
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fESE & LT, ZAL 0 OB FRR I ITFEIBRATIZ 3 CRS AR RE Cl i EHE O 1/3 72
JE T oz, F77. 05 AR CIIAT A RV ERIE B D K X A B8N I bR Do 1223,
FEREERECIIATFOIBRT: 8 A BIc K& < EH L7z (Fig. 7a), MEHEEMAERIC OV Tix, BT
GIBRATOEF IS W T, CA XU U G ETH D TCA BN—FLL, KW T
TMCA, CA, DCA Th -7z, —FITUIRATORERETRE Tix, CA, CDCA. DCA, TCA,
TDCA, TMCA OZNZENOEIENFERE TH-7=, HUIRE 1 B EIZBW T, @
EHHETIX TCA OFIE D 86.6 % & Fminro 7oy REREHHETIX 15.1 % &K< A2 H 4, DCA
N 28.5 % & —Fmmoiz, FFUIERY 3 H H Cld, W@ EEHIZH VT TCA OFEIE N —F
i < 315 % RWT CAA29.2 % Th o 7o FEREEREIZ W T TMCA OFIE 73 57.1 %
E—Fmnole, TUIBR 7 B B TIXMEZERRE S & ITUIERRAT & B LI s 2 b7

(Fig. 7b).

LI EORERD D W AR &R SAT R CRIYFRIREE & iy Esk sk D~ 1 7 7 A L3 B
o TNWAHZ EMHALNE RS T,
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Fig. 7. Differences in totals of 12 bile

nmol/mL
|l
|

Ll

standard purified standard purified standard purified standard purified
diet diet diet diet diet diet diet diet

Day 0 Day 1 Day 3 Day 7

Day 0 Day 1

CA

Day 3

TUDCA
1.49%_
TDCA
2.02%

CDCA
3.28%

TUDCA
DCA 2.20%
11.49% TDCA_— /

5.09% TCDCA_/
UDCA TCDCA_ -~ 6.55%
3.18% 3.81%

TUDCA
1.96%

TDCA
7.20%,

TCDCA
10.1%

2.84% 1.80%

Day 7

acid concentration (a) and percentages of

individual bile acids (b) in the plasma between the standard diet group and the

purified diet group during liver regeneration after PH.
Mice were fed with standard diet (MF) or purified diet (AIN-93G) from 1 week
before PH. The concentration of individual bile acids in the plasma was measured
by LC-MS/MS. Data are expressed as the mean + SD (n = 3-5). ***! p < 0.001 (vs.
day 0 in each diet), ##: p < 0.001 (standard diet vs. purified diet).
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EHE o— 5 XD CYP 5D mRNA (L &

W
RSt

=T

I Ao a — 5281 5 CyclinD1 & Cyp3all

® mRNA 2L

FEVUEIN G | AR LSRR TR BIREO T 0 7 7 A VSRR > TWVWH Z N
REINT, £ 2T, MR B W CTHFEIBRATORO BT IR E 4 B A S8, OB
3 HHORE FRZFUIBREEZNO5 &R LA, IFEEEES CYP B L <
TUTPENEAL T 2 AEEMR H D & B 2 bz,

JEHEED—>Th 5 CAIINTUIRZE DAL MET 5 LV 9 &N H 5 (Huang et
al., 2006), £7-. fFH~ 7 X2V T CA O 5 HRE#HSE1Z X 0 AFlEO Cyp3all DIEH
NERTLHZENIRESLHD (Miura et al, 2017), <+ Z CTHIUEE A 5 2 7= TFUlR~ v
ZIZ CA ZfkAHRGT 52 L2k, JFUBRE 1 ARICEARALNRRoTUVVE
CyclinD1 35 X ONHEHIEERE D A THFUIFRT 3 H B THRILER L TW 72Tl T D Cyp3all
DB, ZIAENAE LD REERSH D EE LT, £ 2T, HREREICB W TG 1 R
[T & £ D% 2 HiF CA % 200 mg/kg KER A& G L7z, Z D CA Db 0.2 %CA
IREEHR 5 %17 > TV /- Huang & (2006) O#END 1 HEARM LD, ZOREE,
CyclinD1 ® mRNA 5%, IFUIER% 1 HH D CA &5#EIZB W T EF L7z (Fig. 8),
Cyp3all OFBLHAFOIBRY: 1 H B T CAELIZ XY BRI AEmAA 57 (Fig. 8),

U EORERD G, CABRGIZEVIFRAENMEE S, CYPHBLUZ b EL 5272 &
BN E o T,
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Fig. 8. Effects of CA on Cyclin D1 and Cyp3all mRNA expression after PH.

Mice were fed with purified diet (AIN-93G) from 1 week before PH, and CA (200
mg/kg) was orally administered at 1 h before PH and once per day for 3 days. The
mRNA expression of CyclinD1 and Cyp3all/GAPDH in the PH groups were
normalized to those in the sham operation group at each day and calculated relative
to day 0. Data are expressed as the mean + SD (n = 3-5). ! p < 0.001 (control vs.
CA).
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WU o— LR 5T L D CYP mRNA F$EH 0 L8 BT

55— CIIR AR IR W TRV ERIR L oD A & [RIRFIZHE N L 7= Cyp3all O3B
HH LT, — 5 CUEHERIIE ~ 7 20D CYP BEICEE 4 H 2 (JuTica et al., 2016) .
o0 BTBRIIATRAIC R LRERRE 2R3 Z &5 (Zhanget al., 2012), W &EH
FECH LN IFAARRICI T DATIE E /Mo CYP BELZENIABT A FES L T\ D
AREMENE X bivTe, £ 2T, BEOREEIC L S22 WIFFAMRIZ I T D & /NG
CYP FHL & JEH I & DRRRIMEZ A LT 5720l MEEFOOIR~ 7 212 CA
Z 3 ARG T2EREZITV., EORRE FAS 5 (principal component
analysis : PCA) |2 CHEREAIICRIM L 72,

ERA AT E X, B WA T RS (principal component : PC) & FEiEIL D
BB BT 2 2 L TlOT — X DR EEMET DL E BT O—>TH D, T
g T 8 > (Cyp2b10, Cyp2c29. Cyp2ch5, Cyp2d22, Cyp2d26, Cyp3all, Cyp3al3,
Cyp7al) . /’M&ET 7> (Cyp2b10, Cyp2c29., Cyp2c55, Cyp2d22, Cyp2d26, Cyp3all,
Cyp3al3d) DO ZE HWTEY 7L D R g LT,

JIFRBC I, Ry 1 & FERr 218 L > TIEDT — 2 D 63.0 % (21241 38.9 %.24.1 %)
N TE 72, B0 ES~7 2~ b (PCAscore plot) XV . i#FEFREOFEIERTE 1 H
H. B +CA B GREONFUIBR%Z 1 HE & 3 HEMNENRD 1IZ X - TSI 6T,
Fo. CABREEER TN 2 12> TR T b (Fig. 9a), FEprAniaE (PCA
loading values) OFERN G EGT 1I1IXWTHD CYP 75 Ffi & & IEOMHBAN A B i,
%57 2 1% Cyp2b10, Cyp3all., Cyp2ch5 & IEDFHE], CypT7al & B DN LI
7= (Fig. 9a),

— /TR By 1 & ERGY 2128 > TDT =4 D 79.6 % (LT 57.0 %,
22.6 %) BHHATE 72, TR HA Ty L0 FREFEOITUIFRE 1 B B &R
+CA B G HEOIFIIRE 1 H AN TR 112X > THT Sz h, CA BEREC Xk HEE
RS TIE AN o7 (Fig. 9b), RO AMEBEORRNS . A5 LITWTio
CYP 7pfHi & b IEOMHEANR LIV, Faksr 2 1L Cyp2d22, Cyp3ald & IEDFHE,
Cyp2b10, Cyp2c55 & B DA LV (Fig. 9b),

UL EDOFERD S B CIE CA G-l L7z CYP RELO L E DS —EH A DAL A3,
/IETIE CA B EREIZ L D CYP BELOE#HIRO 2o T,

1%
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Fig. 9. PCA score plot and PCA loading values based on the CYP expression levels
in the liver (a) and small intestine (b) at days 0, 1, 3, and 7 after PH in the standard
diet, purified diet, and both diets with CA administration groups.

CA (200 mg/kg) was orally administered at 1 h before PH and once per day for 3
days. Data labels of the PCA score plot indicate the type of diet (standard diet,
purified diet) and days after PH. The red plots mean CA administration groups.
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WOSHE ~ W APMRFEA A s o — UiRlc A CYP 358 o 3

FHE T, HEURET L~ U AOFFAERERICEK T 2 1EH L CYP BELH) & 0
BIFRPEIC OV TR R T & 7o, IRIC~ 7 ZAFIATHIE 2 V72 in vitro O/ TO CAIZ X
% CYP mRNA BEA~OZE AR Lz, HLHi5, in vivo TO CA EEHEIZRHB
THgiD> mRNA FE8 & OBAFRMED R~ X417 Cyp2b10, Cyp2ch5 35 L U Cyp3all @
FFREIZOVWTEHERL, ZhbHD mRNARBLEZHE Lz, £, IFMaEEREC R
7% CYP REOLEZ MG T 5720, MREMEEEER 263 2 LERER T

(epidermal growth factor : EGF) % 50 ng/mL #:i{N L7255 & 128V TH CYP R HL
EE A JE LT,

CA 100 M H#i#% 24 K§ff]#% . Cyp2b10 OFEBLUI R & 72 bIT A Bz > 7253, EGF
AN L0 FBLN LS 237 BTz, Cyp2eb55 OFBLUL CAIREZEIC LY EHT
HEM R A B, EGF LN THEDL LT EH LTz, Cyp3all X CAIREIZLY
RERBAUIH DN o7, EGF HRINC K 2 br—L L i L THEIC Lk
L7z (Fig. 10),

VL EDFERI S CA IZAFFNIEFERC Cyp2b10, Cyp2c55 3 L O Cyp3all %
FHETLARENH D Z L BRI LT,

Cyp2bl0 Cyp2chb5 Cyp3all

=39 25 2 21

g g g

2 J

7 B3 &

-] ] <

S < < !

Z %2 Z

g 1 4 g g

é 0 . é D . é’ D E

Control CA CA Control CA CA Control CA CA
EGF(-) EGF(+) EGF(-) EGF(+) EGF(-) EGF(+)

Fig. 10. Effects of CA with or without EGF on Cyp2b10, Cyp2cb5, and Cyp3all
mRNA expression in mouse primary hepatocytes.

Isolated mouse primary hepatocytes were treated with or without CA (100 pM) and
EGF (50 ng/mL). The mRNA expressions of three CYP isoforms/GAPDH were
calculated relative to control. Data are expressed as the mean + SD (n = 3). *: p<

0.05 (vs. control).
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HLHE MR LUER

BETCIX, 28 FUIBRET AV~ U R E AW CIFRARREICBIT 2T E M To
CYP RBLOLE M LTz, o, BHFEHE 5 TR~ U R SRR L 5 2 78T
Uk~ U 2 & #g L, REFOIEWIC K DAFHFARESS CYP HBBL~OZEZ et L,

TP T IS UIRE O AR 21TV MR CHFEANE L TS Z R
sl Uz, ITOIBRE N IIAFIR O M EE S D 2 &2k D ALT LUV,
HANETZ ETIKRTT 5, ZO—FHe ALT L)L EFIIFEIREIE N Z W E
FRIZZENMBEN TS (Meier et al., 2016), FiLERIERZYA b B A 0BGl
K7, BEHEE7e &3 B L (Michalopoulos, 2007) . #lfa/E ]2 H#14 2 Cyclin DF
Bi%& A &¢ (Wang et al.,, 2001), JFHIfRORFEA A U CIFEEOHEIMNCSR13 5,
Fig. 2 O EEREIC I 1T 5 2/3 HFUIERTE OF E &4 EH b, Cyclin mRNA J8ELI L OVALT
DEENILIRTOHRE % B LT 7= (Wang et al., 2001; Lin et al., 2015; Meier et al.,
2016), —J7C. IERAREECImE ARE & i LIFEEOBNEIG 2K <. CyclinD1
OFBEYL 1 HE TE» o7, ALT L-YWEEREERE S B bihotz, D% 0, i
AEHE ClI3mF AERE & [FEDOAFEIFRIC L DIFBEESE LI BEO 63 IFHAESEBIE L
TEBRZOND, TDAN=ALIONWTIE, BEIPICE EN D REIRRST DENIT LY
RO T a7 7 A NVNELTHZEN—RThHLHEEXLNDN (Fig. 7. Fig. 8).
L O NTEEE 3 BEE L T D ATREMEC R EN S £ D b OB TFAICEE TH 5 Al e
HEHEZ b,

HoMT, 2 MEORME LS X TTYIER~ v AZB W TIFRAER T O CYP JH O
KBy Z Rt Uiz, AP CIE, @F O ATEIERE 1 H B T Cyp2d22 OIEIBA F I
» L., 72 Cyp2b10, Cyp2c29, Cyp2d26, Cyp3all 3 LU Cyp3ald OIEHL 4
LEm A Bl (Fig. 3a), FUIERZ v F & AW ZivE ToO®REIZ, BIERTZ 10 7
7225 Cyp3a @ mRNA FEL A U 24 R L BT TIRA IZEIET 5L 0 ) b 001 H
» (Trautwein et al., 1997). F£7= CYP2B1/2 & CYP3A1/2 D% L /X7 EHEBLIN 24 K
[#1& 36 K] TR 2 &\ o i b & 25 (Tamadsi et al., 2001) , IFFFAE %I, TNF
RIL-6 72 EDORIEMES A MU A U BEINT 2 Z Lo TEY (Vacea et al., 2013) |
HTEIER#% D CYP O —RFH R FEBUR FIZRIEMEY A F A LD bDTH D LS
nTns (Lietal, 2016), DI &b, AWFZETH ST ITFEIERSE W1 05 Bl
LINHDOYA MIALORBIZE D EZEX DILD, Fig. 11 [Tl EERICRT DR
EEREDNTEIBRATICH 1 2 CYP % BLA R LTz, FERETHE TIITUIBRANC I W TPl & /s
W57 T4 < O CYP 53 FHEOFE PN @ H AR L VIR 220 . ZAUILIRTO®E & —2
L T\ /= (Tajima et al., 2013; Zhang et al., 2013; Guo et al., 2015), F5RERHE CTlL,
HEHEDRIANMELS R TNDID MFUIERE 1 A BV A b U A 1 K 2 HBUED
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Fig. 11. CYP mRNA expression levels in the liver (a) and the small intestine (b)
under standard diet or purified diet feeding in healthy mice.

Mice were fed with standard diet (MF) or purified diet (AIN-93G) for 1 week. The
mRNA expressions of seven CYP isoforms/GAPDH were calculated relative to
standard diet group. Data are expressed as the mean = SD (n = 4). *: p< 0.05, **: p<
0.01, ***: p<0.001 (vs. standard diet).

DAL K roTobBEZBND,
Il Cyp2b10 & Cyp2c29 OFHLL, RERAEFEOLTHUIBRE 1 HREIC LA Lk
(Fig. 3a), F7=/MEHTH Cyp2bl0 & Cyp2c29 DREHEMN EF L TEY, EbicZhb
@ CYP il L T\ 5D Z &R BTV DEENZ AR CAR @ mRNA F 8L G JHUIFR%
1 H BIZHFl& & /NG T ERT2@mAA 6z (Fig. 3b, Fig. 4), CAR DO#RETHMHAL
VAT EAEICBEE L TV D Z M H TR Y (Kazantseva et al., 2016) . AFEIER
< 7 AIZBWTH CAR OIEHALIIITFHAICEE TH S B2 b TS, Tschuor ©
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(2016) 1. 2/3 HUIkR~ v 212V T CAR @ mRNA IO EFH L & IS HnEE
(BT 5 P 238 L, CAR / v 7 77 b~ A THYIRZIT> 728546 120
HEOBEMBIMA OGN EEZHRELTND, 2O &b, FURIZL Y, R
BHREIZEB VT CAR DISHALOEENBNLCT <20 . Fi#Eis - Th s Cyp2bl0,
Cyp2c29 OFTAN EH L= N B 2 bivd, F£7-. HIEICHB VT Cyp2ehd DI
3R EERE CHFOIRRT 3 H HIC EH- L7 (Fig. 3a), Cyp2ch51L Cyp3a / v 7 7 U k
T AZBWTCEDOREN LR THZERMONTEY , R ERMEICAEZDHZ LT
ZO EE™ Mz 7= (van Waterschoot et al., 2009), Z D Z & x5 AREFFE CTHFE
DR H3EIER S VIR 2R D Cyp3a WRE L L7=Z &1k, Cyp3a / v 77 7 k
~ U ADAERNERSE EFALILL . 5T D HFRIC BV T Cyp2ehd ORIEFHEIZ D203 -
TEAREMER B 2 bivlc, LvL, REAZERINCZTE L CTH 20 ERIIMmabhs &2
AMEBIZEF LD BRA3 A=A N Lo THl &R &N RNH 5,

PXR OJiffigi O mRNAFBLXH R AT & b A RRICB W TEBNA LR Do
7= (Fig. 4a), L2 L., PXR O i85 - Th 5 Cyp3all (TAEREHRECHTFEIBRT: 8 H
HIZHBLEAF L TWHZ LD, PXR 20 S TOGIHIK 112 X W Cyp3all 23F5E S
Nzt b B2 6 s,

AAFFETIE, FUIRE OIT BRI BV T/MED CYP AL T 5 2 L 29D
T LT LTz, @R CITATYIER® 1 B BIC Cyp2d22 & Cyp3al3 OFEHN L5
L. RS SRUETRE CITATYIER® 1 B B Cyp2d22 & Cyp3al3 2z Cyp2bl0, Cyp2c29,
Cyp2c55 53 LT Cyp3all ®FHL Y EH L7 (Fig. 3b), ZiLHORERNMG | KD 2/3
YIRS IR D CYP BRE D Lz L &%, /MED CYP 3B UER
BB S, PR E DB T 2 IREREEEN N AE U mREMERA B X DD, ZOA B =
X LNZHONTIE, BIFBROEBREZRT Z E L IHITRROMENEZ NS, LvL,
CA BH12 X0 CA & CANSAEEESNLDIMEE (DCA, TCA. GCA, TDCA) »hF
GIkR#% 1 B BloBW T C 112 % (10.7 pM—1193 pM ; il & EF#E) & 17.0 £i% (1.00
pM—17.0 pM ; FERERRE) L7212 567 (data not shown), /I TD CYP
REEITZE ZETHETIIR -2 2 £0vh  (Fig. 9b) . ioNEEME 0L 1%
Z b,

Fig. 12 (ZAFFABFEIC 31T 5 W& AR T O TR & /N5 D CYP F8BL D BMR M 2 o= L 7=,
FFFAE R IV T & /0> CYP %8BI B DS REERE CIEFE LV £< D
DFETH L (Fig. 12), Ziud, HREEZ 527~ 72 Tldb &b & o CYP %
AR =oZ, AL T 2 NTEMEMEIZ L D CYP 58 n A 603 < o
eEEBEZOND, £, BRATRHCEB O TMETE Y 2 < O CYP 70 FROFEL EF- N
HOHNTEZ LT, HREERE T CAR 1212 T PXR ORBELFOIER% 1 HE CTLEA LT
WHZENFRINTHD EE 2B (Fig. 4),
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Fig. 12. Relationship of CYP expression between liver and small intestine in the
standard diet group (a) and purified diet group (b) after PH.
mRNA expression levels of seven CYP isoforms (Fig. 3) in the liver (x-axis) and the

small intestine (y-axis) on day 0, 1, 3, 7 after PH were plotted.

B EE TR, BEOEWC X ITFRARER CYP BELOZEBNEN AL L
HZEEWOMNI LT, BUETIE, ZOEVHEHBRICES2bOTHDL EHEEL, JH
HEEEEE R DR BL & IHHBRIREE I DWW TG L, BF 2 5 X 72Tk 7 » MiZ
BT, FXR, Cyp7al. NTCP, BSEP 3 LU MRP2 DRHEEHIHOVWTINET
WENH D (Gerloff et al., 1999; Vos et al., 1999; Yuan et al., 2011), FXR. Cyp7al
B ELONTCP ORBUIFEIBR#E 1 H H T L (Gerloff et al., 1999; Vos et al., 1999;
Yuan et al., 2011) , & D% Cyp7al OFRBLUIIFUIER% 7 H B THEAIME R 234 5 1 (Yuan
etal, 2011), %7z, BSEP & MRP2 OFEEIIATUIFREE 1 H B TEH L2V &0 5 UL
BT (Gerloff et al., 1999; Vos et al., 1999) . AHFZEDRES L 8L L Tz (Fig. 5),
FEREERECIE, 20 OJEHBEEE B R O RBIAE 2B HE IR L B2 D Z L3 6
Epoiz (Fig. 5). £/, K2 5 2 7o ~ U A TITRIEFRRREMELS 22 D &
IHEMNH Y (Zhang et al., 2013) . AHFIE TORER EHALL L T iz (Fig. 7). Merlen
5 (2017) 1. HFUIBRIER 24 ReILAIPNISHAIBBRIR EE 8 —RFAIC B35 2 & 23
LWy, AIFFETIE 0205 24 REIE CTORUCY 7Y U T & T T oieie
DIRHTERNSTLEZ BN D, —HHERERETIT, ITUIERE 3 B BIZATERRE O
ERABH GBI, S DI b B L B> TWD Z B EmnE o

(Fig. 7).
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5 —E TR T CA B HIZ X D4 & CYP FELA~OEIZ OV TR
f L7z, Cyclin D1 OFELA CAFHIC L VIFUIR%Z 1 HECTEREA L72Z &5 (Fig. 8).
FEREEREICB W CIFHAENBE L7 A D =X LO—>2 & LTHHEBNAEE L TWBH ]
REMEDN D D, fEH ~ T 22 CA % 5 — 7 AR G925 & Cyp3all OFEHN LFT
HEWVWIWENRH D (Schuetz et al., 2001; Zollner et al., 2006; Miura et al., 2017),
HHAOMFE T CA F52 X 0 IFUIERTE 1 B BICHFE® Cyp3all 28 E5H-4 2B 25 7
LN &b, HRAREZR T 2NT0ER%E 3 B H® Cyp3all 38l LF1Z CA 23—
FHELTWDH AR H D, Ll CABRGIZEVITFEF O CA & CArLAERKS
N TFOIRRE 1 B HICHW T 6.34 5 (36.3 uM—230 pM) L5 L7212 b B
59, Cyp3all ORE EFIFFEE TIIR -7 205, thOWNEEME ORELE
Z b,

B CIIREHOMEEIC L S22, A ERIZHIT 5 CA L & CYP FEELE DR
FRMEIZ DN T ERG o & WV CHEFRREAVIZ R L7z, ATl Ik, FERksr 212k - T CA
BHEEDFEOT b, ERSAMEN G, 57 2 13 Cyp2b10, Cyp3all, Cyp2¢55
EIEDOFHRS, Cyp7al EAOHBENA G- (Fig. 9a), CA #&TeHHERIX I FXR
Z 4 L C CypT7al OFBLZAIZHI L TW\WD Z & RH BTV S (Jufica et al., 2016),
F 72, CA X Cyp3all »%Bl%Z EH- I H5HE S H D (Schuetz et al., 2001; Zollner et
al., 2006; Miura et al., 2017), ZiL5 OHEIZER S 2 O F k57 B O 5 2 SO
LTWD EEXBND, —J/NEDO TR DI T, TG 1 & Epor 2 TIET
TO CABEGEEEZFEAS T HZ L TE 7oz (Fig. 9b), CA HHRAKTIIHSE
72 CYP BB LR A Do T b DO REFOFECHT F- A O R RUS K AF LTI
fe7y CYP FEUCHET LR B 2 bhviz, HHAWRICEIT 5/METO CYP %
BIEBODA N = ALZONTIEELRDMHAPMLETH D,

FRHEITIE. CAITL D CYP HEADEEIZHOW T~ v ZFMRIFHIA 2 FV Trgas
1772 (Fig. 10) , B HA L © AFlE T CA & O BB R X 7= Cyp2b10, Cyp2c55
BXO Cyp3all IZOWTHEH L7z, CAIZLD Cyp2bl0 & Cyp3all BN LEFHT5
EWVIIHREIIN S OB DN, in vivo TO 5 — 7 HMESOHEIZRLNL TS

(Schuetz et al., 2001; Zollner et al., 2006; Miura et al., 2017), AWFZEIZBWNT, ~
U ZYIRATHINLZ CA 100 pM % 24 BEfi]igEEE L7- & 2 5, Cyp2b10 & Cyp3all DFEHL
DEEIZ EH Lerho722 L2256, in vitro & in vivo (23T CA OS2 TE WA I
B, CA DIEFTRIRENA+453Th 5 AlRetESS CA 2 B AEGR S U5 IR EEN ¥ 70 2 ]
REMEZR ENE 2 HvDH, —J7 Cyp2e55 DFBLL, CAIRERIZ LY LA T MR
720 £72. EGF RN L W Cyp2b10 & Cyp3all ORI EFH- T 2MH M A A STz,
EGF HJHIRINIL Cyp2b10 & Cyp3all OFBla EH Sw7, &o L AR S MmN
H5HZ LB (Soldatow et al., 2016) . EGF B HIC L 25FE TldZe < . Mo EhEdg
& CAMHADOIEHOFREMENZE 2 bivd, ITHIfuIESE & CA & OF AR CYP #EIC
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BIL CIEE BB NETH DA, CA IIIFMIEISEEIZ Cyp2bl0, Cyp2c55 B
L O Cyp3all BELZFHET HAREMNH D Z LD RB INT,

LIRS ZF X0, 28 IR~ 7 A DFFABRRIZ B W TR O T < /MO CYP
BHEOEETHZENRHLNE R T, o, BEFOEWIC L D EHBEOZE AT
R CYP BEUCEEZ 52 5 Z L amme U, MEyTHEe & IR, CYP L E ORRMED R
e Xz,
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b MFMEE AT~ A0 MR EREO®ENIC

P
1]
gl

BT 2 REYT e 2 E)

I IO FARZFA L T, FES L REAR2ONEZEDERFO>X AT~ T
Z (uPA/SCID v 7 R) iCt FOJFldZBAE L7zt MIFHIIS X 7~ 0 ARER S
TW5, HiFE=E Tl A&7 ==y 7 234 4 (RILET) © PXB mouse®% [
WT, ZHETEICE NMIBITEYERED T 21T > CZ 7= (Sanoh et al., 2012a;
Sanoh et al., 2012b; Sanoh and Ohta, 2014; Sanoh et al., 2015; #£#E -« KH. 2018),
IO~y RAFHFEEEZSIEE TS8R T IAI ) ST I TFR—X

(urokinase-type plasminogen activator : uPA) ® 7/ AL FNEAINTWD b
TUAYx=y 7~ A (Alb-uPA~7D ) & THik - BAIAKRIR L7 HERER
4 (severe combined immunodeficiency disease : SCID) ~ 7 X & #IJ & bH 7=
cDNA-uPA~/SCID ~ 7 A2, WfERAFE NAFHIA 2 gD & BhE L CTIERRT 5

(Tateno et al., 2004; Tateno et al.,2013) (Fig. 13), Al L7=iFHilaIZ~ o A JTlg+
THAE - L, 2 7 AT XKD 70%LL B3 e N OFficERI NS, &
MR O BRI L, TPIREGHE B0 O el L D b MR RATUA T 1 N7 Z
F > (hCK8/18) DHUARGIEHER CTRO BN 52, ZoEHERE P P77 I R
FENTEICHETS b, Mk h7 L7 2 UV BEL Y TRIBBREZEHLTWD

(Tateno et al., 2013),

ARETIE, & MFHaF A 7~ 20 MEHEAHEEL CO<BRRICERT5 2 &
T, 2/3 MFOIER & Iim T 2 A 2 IR RIS BIE T 5 LB X2, BB _EmTD 2/3
JFEIBR~ D 2RO MIE1T 5 AlaeME 2 G L7z,
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Liver injury Immunodeficiency
(uPA transgenic mouse) (SCID mouse)
; Human
hepatocytes
Hepatocytes
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| >
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uPA/SCID mouse replacement index Chimeric mice transplanted

with human hepatocytes

Fig. 13. Production of chimeric mice transplanted with human hepatocytes (PXB

mouse®)
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PXB mouse® IfIFIE Tt MUDEMRHBEERS N7 VAR —F —NRILL TEY

(Katoh et al., 2004; Katoh et al., 2005; Ohtsuki et al., 2014). bt kO EhREL T
WTX2ETNLELTHEHATHS EEZ LTS (Sanoh et al., 2012a; Sanoh et al.,
2012b; Sanoh and Ohta, 2014; Sanoh et al., 2015; #Efg + KH, 2018), ZALFE TIZY
MR TIE, B2 lz e OO BELREN FH L (Fig. 14a), £ Oilafe
IZHBWTE MO CYP BENEET 52 LA2RLTWD (WIIRE ¥R 2016,
Fig. 14b), EH#13E 0 EHIZEV CYP2B6 & CYP3A4 @ mRNA BEN EH- L. D%
CYP2B6 |3ML T L7z D%t L CYP3A4 13d A RREHERF STz (Fig. 14b),

AE T, b MFlaEEROR LS v MRS A 7~ 0 20 MG IR ERR E 4
HEST2Z LT, b MIBT DA & T IREETE & OBIRM: 2 MET LT,

(a) (b)
- 5 -
100 ——CYP2B6
-=-CYP2C19
~ 97 o 49 =+ CYP2D6
= g% ——CYP3A4
8 el ——CYP3A5
T 90 1 ga 3
3 g s
1) a )
g 85 1 cE 2 [
E Z3 ~ |
22 w
80 - g
75 T T T T T T T L} 0 T T T T T T T 1
9 10 11 12 13 14 15 16 17 9 10 11 12 13 14 15 16 17
Age (week) Age (week)

Fig. 14. Replacement index of human hepatocytes (a) and changes in liver CYP
mRNA expression (b) in chimeric mice with humanized liver.

The mRNA expression of human CYP isoforms/GAPDH were calculated relative to 9
weeks. Data are expressed as the mean + SD (n = 3—4).

Shinagawa A, bachelor thesis, 2016
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HH b NS A T~T A0b MFHREBROEWNIZ

FoUF 2 REYT IRl E & AET i Rk oD 28 )

b MO E#EN 30.2 - 93.8 % THHE MFHIEF A T~y 2R EH W=, Z0D
Ko7k MFHIlEX A 7~ 7 AT, BEENFE L RHICONTHER S RE R HH
M BlE S 7z (Fig. 16), MG FHRAMEV BRI EE OfE RIL, BRI &< 72 D LR
ERiRE LN L7 (Fig. 15),

Thakare & (2018a) & & - CTHiE S A ERfLER O RIS = & MiFHES
AT<A w0 A (G _HEFENUE Fig. 6 & Thakare et al., 2018a) 33 L't b (Scherer
et al., 2009; Humbert et al., 2012; Thakare et al., 2018a) & Lt# L7= (Table 2), *
TR B AEEE RIS ENHKBEOK T LICHBE LRI T 2HE /M LT,
KB E 1 SO A FFOMRHER (LCA; Fig. 6) OFEIS (%Mono-OH BA) I, A=
HHHLODT ALY N TELSALND Z D34, 30.2 %D EHFELZFFO v T
fa 2 T~ 2 TIHEL 2R EOBMEE OO TIEEN LY BN A b
T2 KEEFEZ 2 SFEFOHITEE (DCA, CDCA, UDCA, TDCA, TCDCA, TUDCA, GDCA,
GCDCA; Fig. 6) O#E|G (%Di-OH BA) 1%, b N T~v 72D 3fEREWVW—F5T, & b
FFAIIE S X T~ 0 2 CIEEBRENE < 22513 EE T OHIMME R AR STz, KisEkz 3
SFEFOETEE (CA, TCA, TMCA, GCA; Fig. 6) D#|4 (%Tri-OH BA) 1%, & F T~
TADKI 1S THY | RWEHEO L MTHiF A 7~ T 2 (30.2-48.7%) (I~ T X
EHRLLT=BIE 2 R LEBBENE L 2 513 EWMEm R A Tz,

g C AR S AL D — RN & /NGO BENARE IC L 0 ARk &2 R IAHERIZ 5%
L (Fig. 6). 2KICxT 281G & ZRIBHBRICH T 2 B BO AR H Lic, —&
JEAHEEOFEEITE FOFNR~ T ALY E TR AL, b MFMax A 7~ 0 2 TILE
BRNE L R BIE M LTz, I BOES T hOEFR~ T AL D ETEL AL
. B NS 2 7~ 0 2 CIEERENE < 72213 O Uiz, ZWRIBHBRICXT 5
—WMAHEEOIZ,. ~ TV ATITHI 3 -5 THLHDOICx LE FTIIMN1-3 LK A b,
bt MRS A T~ A TIHXEREDEL 2DIFE~Y T AEBMLIZENS v MIHE
L L7 S iz,

WIZT Vv oAagtike 2o ) U RAEROEIG EZDERN L, 77U v oAabiko
FEIE~ T ATIE0-0.300 % K<, B FTIX54.0-63.0% & Eo o7, b MFHII
¥ AT~ ATIHEHRE 30.2 %OKFZ 0.977 % THY ., BHEENEL 2DHI1Co0 LS
LB 93.8 %DIFIZ 38.3 % Thol, ¥V VA EKOEIGIE~ Y AT 63.9 —
71.0 % @m<, B FTIE 7.79 — 12.0 % &K, & MNFMlEsx A 7~ 7 A TlERE
30.2 %DIFIT 80.9 % Tod V., EHLRNE < 72 DI DIE TEF 3 H & AV 7 A3 E LR
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93.8 %DHFIZ 59.4 % EIKRE L TR -T2, ¥ UV A RICRT 2270 v AR
DOlT e MFHfEF A T~ U ADEBRENE L RHIZONEFA LTV, B FOE X
DA o T2,

KIZ, CA/CDCA thxHEMH L7z, ZOHEIE 12a M OKEBLZ it 2/ETH 5
CYP8B1 {HtED 7 —7 L L THWHILS (Thakare et al., 2018a; Fig. 6), Z DOl
~ U ATEL B FTERO, B NS A T~ T ATE~ T A L FOFREREDOMH
loTRY, BHRENEGSRDHIFIERTTHHRANALNT,

BB EOFERE (Hydrophobicity index : HI) Z&H L7-, Z ®#E#EX Heuman

(1989) D& LV, WHEEKEZ v~ 87T 7 4 —OLRFFRFRI S R L7~
DR ERIZ 31T B HKNYE « BN T o 2D ER & A# 2 OJEHERIE RIS L OfE 24~
TRLADELLDTHD, Table 2 LV, ~ 7 ATIFBUKMENMELS HI X~ A FAD
&L D0ICk L, B FTiX0.450 — 0.467 & @VMEZ/RT, B MFHIRS 2T~ T2
THEREOERNEDTHLT 7 ADEERLTEY, SLICERENEL 2DHIFE LS
L7,

LEXDY | B MFHEY A T~ 0 2O 2 36\ TR IR EE O L F7-237
Hav., F7-. BEVFEEEARRITE R OMRRISE S AR HNTZE VI FERNS . B MT
FUNT bR & TS SE & OBIFRIEN R STz,
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Fig. 15. Relationship among serum bile acid concentration and composition, and
liver-to-body weight ratio in chimeric mice with humanized liver.

The concentration of individual bile acids in the serum was measured by
LC-MS/MS.
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Table 2 Bile acid indices in mice, humans, and chimeric mice with humanized

liver
C57/BL.6 mouse PXB mouse human
Thakare this Replacement index (%) Scherer Humber Thakare
study
et al., (befor etal, tetal, etal,
2018 1‘31;’)16 302 487 578 797 895 938 2009 2012 2018
plasma plasma serum serum serum serum serum serum plasma serum serum
04 -
/OMOEIAO OH 0.100 N.D. N.D. 0.166 0.056 0.195 0.072 0.051 0.756 N.D. 12.0

%Di-OH BA 23.0 30.1 36,0 36.1 473 bH0.3 H6.8 H09 827 829 T4.0

%TEAOH 770 699 650 63.7 526 495 431 490 166 17.0 120
%Pgriary 80.0 76.7 842 784 755 599 621 690 735 681 450
%SG%’KdaW 200 233 158 216 245 401 379 31.0 265 319 550
P/S 450 329 535 363 309 150 164 222 278 214 110
am?fl(jt'.m 0.300 N.D. 0977 227 124 107 295 383 630 567 540

%T- -

. . 71.0 63.9 80.9 62.5 94.8 34.0 61.7 59.4 7.79 9.11 12.0
amidation

G/T 0.004 N.D. 0.012 0.036 0.013 0.314 0.478 0.645 8.09 6.22 4.50

CA/CDCA 14.0 7.18 3.18 3.98 2,05 435 1.77 1.99 0.291 0.334 0.340

HI -0.090 -0.026 0.145 0.172 0.179 0.305 0.251 0.218 0.458 0.467 0.450

N.D.: not detected, BA: bile acid

%Mono-OH BA: the percentages of mono-OH BA (LCA), %Di-OH BA: the
percentages of di-OH BAs (DCA, CDCA, UDCA, TDCA, TCDCA, TUDCA, GDCA,
GCDCA), %Tri-OH BA: the percentages of tri-OH BAs (CA, TCA, TMCA,
GCA), %Primary BA: the percentage of primary BAs (CA, CDCA, TCA, TCDCA,
TMCA, GCA, GCDCA), %Secondary BA: the percentage of secondary BAs (DCA,
UDCA, LCA, TDCA, TUDCA, GDCA), P/S: the ratio of primary to secondary
BAs, %G-amidation: the percentage of glycine amidates (GCA, GDCA,
GCDCA), %T-amidation: the percentage of taurine amidates (TCA, TDCA, TCDCA,
TUDCA, TMCA), G/T: the ratio of G-amidation to T-amidation, CA/CDCA: the ratio
of CA (CA, TCA, GCA) to CDCA (CDCA, TCDCA, GCDCA), HI: hydrophobicity
index calculated according to the previous report (Heuman, 1989)

The values of human (Thakare et al., 2018a) were used the values previously
described.
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HBH IMERBLUER

o TCIIAE LS e MFMRERELZFF O MTMLSF A 7~ T 20 i IR
REZHAGE L, & MZIBIT 288 & PRI & o BFRM: 2 /Gt LTz,

B BHENE LRI ETHBREOHER LRNRA LN, ERR~ Y
ADNEHFEFREE X 3.10 — 7.18 nmol/mL (55 —E & VUET Fig. 6 & Thakare et al., 2018a) .
bk TCiZ 1.89 — 3.94 nmol/mL (Scherer et al., 2009; Humbert et al., 2012; Thakare et
al., 2018a) BETH L ZENHMHLNTVDA, b MFHEF A 7~ T 2 TiE 93.8 %D
EHROHOT 112 nmol/mL TH Y | IEHZRE MO~ U A LITRR Y BEITEHVRR
Thol, MOFEDOE MNFMEX A 7~ A TH5H hFRGN vV 2 (FRG v 7 &

[Fah-/-, Rag2-/-, 12r-/-] & NOD ~ U A Z#hNF bz~ Xt Ol ZBhE
L7cb MFHIREF A T~ 2) IZBWTHBEE IR EDNm < 25 &V ) iGN
ENTEBY, SEOFELFEMKTH 72 (Chow et al.,, 2017), ABVHEED LRI IT
TRAF AL AT LY — BRI TR Y AR N B35 & RIS /)
15D FXR BSEMEAL S 4L D, £ K0 R4S R O EESR T o 2 iTlEO CYPTAL
FE OS> BSEP, MRP2 72 E DO 7 o AR —2 =3B O, NTCP 72 £ D
BV iAI N T v AR—HF—=FEBOWO N ET, HFHBRELZHREG L 5, /MET FXR
PIEME(L E 45 & fibroblast growth factor 15/19 (FGF 15/19) 23548 R B H9Z EH- L,
[l 1T L T fibroblast growth factor receptor 4 (FGFR4) 24 % CYP7AL Oz
Bl ansd, FGF15/19 13~ 7 A CFGF15, © N CFGF19 tHZENH DO, b
MFAfE S 2 T~ 0 2 g O v N OFRIIIT~ T Z/NEH RO FGF15 258 C& 77,
AL PABENEESNTLE S EnbitTnsd (Naugler et al.,, 2015, Chow et al.,
2017), F£70. HHBERAAAZ T ADMFEIZ LY FXR N@EIIEELIn 5 &
forkhead box protein m1b (Foxm1b) H#z5 K {-2N@BENZFEE v, FLF 72 MR GE
OISR T, ZOTDRAFT AL T APMEE LTz Z LI K 25 VR O A3 E
BARELRZAEFICESIEL2EEZONTVWS (328, 2012; Naugler et al., 2015), 3
BRI Fig. 156 TIXEHBRE O ERICHEWIFERAKREL S EH LT\,

b MTHIE S A T~ 7 2O MG T ERIR 2SN BEZE I E5- U7 —J5 T I ERiLRkIC
BIL ChRkA B 2B L~ U A - & bl LRGSR, ERENE 25T e MY
DR EEAH AT D <MHMI A A BTz, K%z 3 5Ff> I = U 22—/ Lfg (muricholic
acid : MCA) X1 - AR R LIHEHBETHY . B MIEBBAL TELTARER 7 HH
5TV Cyp2e70 23T > HEE O i ¢ CDCA <° UDCA O (b & fikliit42 = &1
X0, MCAZ4ART5HZ ERMBNTUVWS (Takahashi et al., 2016), L2>L. B b
A A T~ A TIHEBRBENEI 2 >TH TMCA ORENHAL L TEH
T, %Tri-OH BA Ol &0 E1EH 5 6 OD+43Tiddew, & MFflS 2 7~ 2
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DI FEA T D~ 7 A Cyp2ce70 At Dfigias+ @ Cyp2¢70 73 MCA Ak Z 51 & # 2 L
T AREMEDN B 2 B D,

—WNEHEE & RIAHEE DOEIECHIZ DWW T, B MFHIES X 7~ 0 A D E#E)N
B IRDIFEY T ADEIL E FOEIZE SN\, 2O EnD, B MFHIEY 2 T~
U AT R ER DA G R AT O B R & X~ 7 AT H 5705, —RAAHHE & R
JEHFE DFIRICITE L 52 2ol bEZX B D,

TV AEREZ T AAAEROEIGIZONWT, v U R NTIRBEEREDHD
N, & MFfifax A 7~ 2 Tlde MUIESE520H5 600 KR L THF VY
RIEENL L D, B FTEF U Y BRI Y 7V S AA RN L v TR
TIHZEDOEHTHLZ ERMBENTWDR, 7 X/ a2 A4 2 81 Hi2-CoA : 7
RBNT UV ET AT 27— (Bile acid -CoA: amino acid N-acyltransferase)
Ot MZBITAEEIZ. 20 ) a7 ) s & bIChEEE ThD (Solaas et al.,
2000), Zo7eh, TR BRAEATEEORETII AR L RS T X BRAEGRRICHE
EZNRHDHEWVDLILTED (Thakare et al., 2018b), b hDO~VULAF TV —AIZBIT5H
TI7=v o UV AXFIVBT I T A7 =7 —E (alanine! glyoxylate
aminotransferase) ORFEARIEEN, 7 U ZHMS D 2 ENHER EEZ LN T
W% (Solaasetal., 2000), 7=, ¥V UV DEEKEEZTHDLV AT A L ANT 4
PRt R BEEE 6 DTETEDR E OB IR E L ZFOHATH DL EEZ LN TWD (1
M, 1985), 2D Z b, b MEMl® 2 7 ~0 A Tix, BIFET 2~ U Ao
s 62 v onfifa s s U v UaIRE 2 U U G IRE T DN ER S LT T RE
PERE 2 B b,

CYP8B1 ik ~7' m—7Tdh % CA/ICDCA %, b MFMlax A7~y AT M
2SN T2 00, B FERBLTEVEZ R L TV, ZiuE, b MRS A
T < ZADORHBIZIEIET D~ 7 A Cyp8bl 2 &k » T CANAER S alREMNE 2 B
7=

RRIZ, BOKMEDIEEETH D HIIE, & MFMF A 7~ 2T MUIEWZ &7
REINT, —RANCIEAEE D BKPED K & JITFmMEORSIZHEA L T D bt Tn
%o TV R U FREETEETh D fiE IEEERIER o # 13, B MEEAITHT
EENEL D EWVbiILTV 5 (Fattinger et al., 2001; Humbert et al., 2007), Z ®7R
o X% PIFMESF AT~ 20— CTH 5 Huliver TK-NOG ~ 7 &

(thymidine kinase transgene NOG ~ 7 A |2t h OJFHIfEZ F4E L7- & MHHIRE S A
T UR) IIREFRSGT D L. ALT 28 B UISERRAEERIRE S BA LTz &
MNE, B D SHRTREE 2 & U mRetEnE 2 6 Tnd (Xu et al., 2015), K&
VAR DRFEEOMEAEICONTDO AN =X NIRERHTHY , R 51T
E2 HIOZ BB TR, LrL, &bl MEF AT~ T 2Dt
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FRAERR AN E MICITWZ EN—K &7 0 | b MRRERARIAN 5 o WRATIEE 2 B T 72
AREELEX BN D,

UEDZ &G, b MFIIESF A T~ U 2 TERETHRREED LARALNIZHDDE
MIEWIEHEHER TH D Z LB 8720 B MZRWTH TR & ATialgsE &
DRI R S T,
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Y

FHUE KRG

=~

ARFGETIL, B E LY 2/3 FUIER~ U 2 DI AEERIC IS W T S /MEo CYP
RHENEETHZ L. £, BEOEWVIC L D OZEE S ATFEAS CYP 3EICE
Brb25Z EnAGNERY | 283 ITUIER~ U 2281 DAV & IFi4. CYP #EL
EDOBMRMEN R SN, SHICHEZFELV ZNLORENE FTHLAEL S D2 L &R
e L7z,

ORI AT 1281 5 ek & Y ke

FFOIBR-CHT A % 52 1 F 72 BB Tl JUASAHL, SRl nml3E, PrAmE 8RR & o
FHESCRR DS K 2 3 G MT O D560 & 5, RFFEORES T, IFOIBRSE O IFFE
WV T CYP BELOEEB AT 1T T2 < /MBITBWTH A b L, fikas HEEhH
AU REME 2 R L7z 2 & 6 | IFBIBR-CIT AR % 52 1 7o BB U2 1 T2 </
FEOEDHIC IR T LH2LERNH D L E X BT,

FEERIZEGIR T B EE B W TONEOEMR N LB L2 Z & 2R T 58572
WERDH D, EMHEK CTH DX 7 1) ARIAEERTFBAEOEM S 2 635729,
HIDIZ R TR SN T OBRNIRATRE & 72 S T2 GA IR N B HIC O v e x TR 5
Sho, 27 nm ) ARSI E NS TRE S L, REEERE CTH 5 CYP3AS BInEALD
WRELZTHZERMLN TS, CYP3AS OBIZRIZEIT 5*3 (A6986G) T L L
X, AT T4 TREIZLY CYP3AS ¥ 2 /X0 B 2 BT ENTETEN I T2
*1 (Wild type) 7 LV LB L Z 7 v U A XK T 5, TBMEEE I RS
— DOl E e hO/WNET CYP3AS OBIBETRINELDZ LR H D,
CYP3A5*3/*3 Z#ffoL v v b (/hMET CYP3AS AFEBLL TWieWilld) &
CYP3A5*1/*1 £7213*1/*3 2 Fio L v B b (UM T CYP3AS 3B BL L TV 5 )
(Zxf L. CYP3A5*1/*1 £7213%1/*3 ZF it (CYP3A5 23 %BLL TW 2 iThK) %%
L7261 2 7 m U ARAOMAREHES & i35 & iM% 4 BRICB N TO R
I FRJR IS AT B I — AN NG O MR O F 58 EH L Z L 2Rl L T

(Muraki et al., 2011, Fig. 16), Table 3 [ZAHFFETHEMA L7~V A CYP iy FfiL b
~ CYP 5+l & OFHFEIMEZ R LTc2s, ABFEICH W T, BERCRR2 IFOIERE 1 H
H 2/ CREN EH L7z~ % Cyp3al3 % (Fig. 3b), & o CYP3A5 OFRERr S
ThdEnbihTns (Hartetal., 2009), ZD72®, KR TOZ 7 1) AZAOHEF|Z
AWROFRERE KL TS EEZ RS,

JFEIBR~ U 2B W CREFICER 2 /NMETREL EFRA LN oL LTz
Cyp2d22 (bt k CYP2D6 [ZHHY) 2385 (Fig. 3b), CYP2D6 Il & /N5 TF D%
HBMEW 2285 % (Shimada et al., 1994; Paine et al., 2006) 2 < D& O3 A
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Fig. 16. Ratio of tacrolimus blood concentration to dose for different combinations

of CYP3A5 genotype in both recipients (small intestine) and donors (liver) after

living-related donor liver transplantation.

This figure was modified from Muraki et al., 2011.
CYP3A5*1/*1 or *1/*3: CYP3A5 expressor, CYP3A5%3/*3: CYP3A5 non-expressor

Table 3 Mouse and human CYP genes used in this study and their homology.

Mouse CYP gene Human CYP gene Identity (%) of Identity (%) of

DNA protein

Cyp2b10 CYP2B6 78.1 75.8
Cyp2c29 CYP2C19 79.8 74.7
Cyp2eb5 - - -

Cyp2d22 CYP2D6 79.9 75.8
Cyp2d26 - - -

Cyp3all CYP3A4 78.1 72.8
Cyp3al3 CYP3A5 80.1 74.5

—! indicates no data in HomoloGene (NCBI).
This table was modified from Hart et al., 2009.
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WCBEH L TWad EnbitTuisd (Rendic 2002; Williams et al., 2004), {tE /2 LE
LT, 7770 —=ARX N ua— L EO R, A I7T7I0°7 I M) TF
U 72 EDPL ) DHp ENRET b D, MTUIBRCITBAEES T2 D X 5 2R EHKG 2]
T L5 AL, RIS CTRDGORFEBET LMNERNH DL LEZBND, Fz,
~ A Cyp2b10 (t k CYP2B6 (ZFHY) & Cyp3all (t bk CYP3A4 ([ZFHY) [1XATY)
bR~ 7 2 O RFRETHEZ IV TIFE & /MG T G THREBLDS — K BH- LTz (Fig. 3),
T2, Ok~ 7 2 2B D CA %5 in vitro TD CA AEIZE Y. Cyp2bl0 &
Cyp3all OFBLUIALIEE & B L TV 5 rlaeMEss mie <7z (Fig. 8.9, 10), & 51T,
b MFIRY A 7~ U 2ADEBER EF LEEIZBW T CYP2B6 & CYP3A4 D3B!
EEANL Tz (BISRE 2235w 3C 2016, Fig. 14b), CYP3A4 [ZiFlE & /MG E B
—HK L HBELL TS CYP 3 FHiCTH Y (Shimada et al., 1994; Paine et al., 2006) ,
EHMHONPICN —FZLHFELTDZ ERAMOLN TS (Rendic 2002;
Williams et al., 2004) , FFEIERCHFBAEERE 1230 TRFOM O ERZ L0 IR
#9252 &£ T, CYP2B6 <° CYP3A4 |2 L » TRE S5 EK S O EhRe BN A E4 5
AR D D B X BID,

AWFZEOHEFIIIF MR FERRIZ BT 5 CYP HBEOLEE)Z mRNA L ~/L CTfEhT 3
LD0HIZELEESTND, b FOMFIEMEE, MRS EIOIZ7n Y =428 T
CYP3A4 & CYP2B6 ® mRNA L ~JL(E 4 X7 ERBISOBERIEME E AT 5 &b
LTV 5 (Watanabe et al., 2004; Richert et al., 2009; Ohtsuki et al., 2012), L2 L.
v~ CYP2C9 °7 v s CYP2B1 (=7 & Cyp2b10, t s CYP2B6 ®OKEw ) TiE
mRNA HEL L Z X7 BRBSRENEEICHER AW E W G b H D Z &
o (Ohtsuki et al., 2012; Nishiyama et al., 2016) . AF8Ifr~ v 22k 5 CYP 1R
EEOZEBZONWTIIES LR OIMFNMETH D, o, ABFETHE L 7 FEHD
CYP oz HIET 2NZREAEK L LT, PXR (FMii#ElE+ : Cyp2¢55, Cyp3all)
X CAR (FiitiE a1 : Cyp2b10, Cyp2c29. Cyp2c55. Cyp3all), VDR (Fit&Els T :
Cyp3all) N6 CEY (Martignoni et al., 2006) . Z L5 DENZ RO mRNA
FHEZPE L2 (Fig. 4) ., B EONTEEWEIZ L 5 2 G BENZ B R OGS
PEALAEFSPENBATICOW T O IRGTT 2 ERH D LE X b,

~ AL b MBI LIFHAEORZE
~vUAL b NCEHFBAEEICHERSD Z ENMLNTEY, 23 FURICE D =
VATIEAITHA B N TIEEDA DB 1IR3 2002 % (Fig. 25 Tanemura
et al,, 2012), ¥ 7 ATIXALT L~u8 2/3 fiFUIFR#% 1 HH T LA LT oickt L
(Fig. 2). B F CHEEDIERE CHDLIT ANTXURT I ) VT AT72T7—F
(aspartate aminotransferase : AST) 2HUIREW 2 BEIF EH L TWAZ &R0, F
RGHOE— 7 BT >WETIL 24 -28 R THLDIZKLE FTIX10-35 HTH D
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Z &5 (Nagasueetal, 1987), vV ZDONFHAMMO 1 A28 S TO 2 -4 HMIC
MM TDREEMERE X DND, TOFEED A = AL OWTIIRATH 2, IFER
IAREIZHAIT 2 E WD TND Z END ARD YA RN EAF DRFIED Y1 X% i
T 25 Z ERMBI TV D Hippo-YAP/TAZ v 7 F MRS B 23 B G- L C U B AT REME N
EZz 55 (B {28 2016; Moya and Halder, 2018), FEEE, (KDY A X3~ A
LB POFHTH LI/ TIE 60 WITHIFRE DITFHAEIZK 60 H23D &0 5 a1 &
v (Gaglio et al., 2002) . 4ﬂfiﬁ%“ﬁ@t JIN4BTHLENIHELHD

(Sigel et al.,, 1965), Z DX Hic, HHEETTLVEMEHWLEEICIZE & OFEEE
BETHLENDD EEZDND,

b2 EC X DI EAE~DR

EIL e &L FEN Ko THFBAEREIZEPNET D Z L AR LIcHER NS
O D, TOEIIHELRET 2{LFMETHY | fFilx i#‘(/vﬁ‘/u%ﬁ/l//\v
T2 (Kawaguchi et al.,, 2013) CHLARHEARIE T I 4% 1> (Lin et al., 2015) |
= 77 O—IEHT 52 L CIHBAZRET 2 VWOWMENRH D, £, %E;‘?@ )
)TN TN E e a PV E AT EETh LI V= T AT v
TN RATa CROBEFEICLYFFELRET S 2 LRI TS (Yayama et
al., 2007), —J7. AL EESE 55 WE & LT DNA G AAmsifER Z2 fohuns
AITHLAXY T T T7F o570 A n YT VOGNS 5 (Hubert et al., 2015),
ZOXEC FEAEREOEIIT - 2ORKBICL TR A R T2 LTELD k%z
bND, AWFFETIL, BREEOBEWC IV IFHAREICEEL G5 Z LRSS, 2
AT= ALk LTHHY+@§“75§—ﬁKF9'GE]5 LCWbZ xR L7 (Fig. 8), Hﬂ%%%l’ﬂéjﬁé
Z LT KV AR DS TR 29 o LICIREED ~ 7 22BN T 50 %TOIBREZ1T -
=5GAEI, ﬂ?ﬁ@a#&@‘f% k WORENRH S (Jia et al., 2018), OF V. AFHEAIC
HETHLIMH O T 07 7 A VRNIEE R A L B 2288 2R3 2 & T, JFiAEN
PEIET D A[EEMEDN B D, L72D > T, JHHHEEAR A A A X T 2 20 ELEE 2L WE I
A2 BRI S A TREMEDE 2 G, OWTIIHEMIZ SN 5 LB 2 b b,

Flo. R ADALFEIECH NGNS 0 FAENIEY 77 2 =713, (T oWlHEICB N T
FHAEZELEDLE VI HENH D (Hora et al., 2011; Andersen et al., 2013;
Mollbrink et al., 2013) —5 C, FFAEICEELZ G 20V MG L H D (Zahavi et
al., 2016), 73 FIERFEANN T X2 7 S ERRICIFRAEZ 559 5 &0 ) Hid & (Aussilhou
et al., 2009), HHEAICHELZE 2 W E WO RENDH D (Hubert et al.,, 2015), O F
O ALFWEIZ XD EAE~OREIL, MR NT RS & E o TEREOEWVIC
£ %)Eff%lﬁ"]fa?ifﬁﬁf@ﬁb\ WCERSNADZENHDHEBZEZBND, RAFSEIC LY BREEDE

LR DNTEMEDE DAL ITFRARES CYP BBUCHEE L 5272 L, BED

ﬁ%ﬂwﬂfi& X0 NTEMEWE N L AT EIC X DI AEE ~OFE S 2T
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LAREMEN B R BNLD,

LIEDZ &G ARBFFEL D | FFUIBRCHALEE IC B W T, IR EZ1T 2 5A I
HFIR 720 T2 /NG OFDRHNZ BIEE T H2HENRH Y | S bITHEWIGR &L TRk
KV BRENTAT © T2 DIiE, BFOMOERIT X2 NEMEWE OLTHIZ IEE T 5 M4 %
nWooHLFEZBND (Fig 17),

Standard diet group Purified diet group
Day 1 after PH | Day 3 after PH Day 1 after PH : Day 3 after PH
1 1
Cyp2d22}}y 1 Cyp2essg Cyp2b104 |  Cyp2e55 4
| Cyp2e294 1 Cyp2d22
l Cyp2d22 § i Cyp3all
1
C’ Liver regeneration Liver

Liver

Liver-intestine
cooperation for
CYP regulation

Endogenous
molecules
(Bile acids)

— |

Small intestine 4& Small intestine

Standard diet group Purified diet group
Day 1 after PH Day 1 after PH
Cyp2d22 4 Cyp2b104 Cyp2d224
Cyp3al3 4 Cyp2c294 Cyp3all 4
Cyp3al3 f

Fig. 17. Possibility of inter-organ cooperation for CYP regulation between liver
and small intestine after PH and effects of endogenous molecules on liver

regeneration and CYP expression.
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KB B L OERTT 1A

< FEhREhY) >
ARENY) FEBRITAGE S T2 A B R FE) FEERFHENZ IS W T T o 72 OKGRE = 1 A18-11,
A18-16).

2/3 IFHIRET L~ A

HAZ LT iRA&t L v C57BL/6d i~ v A2 WA Uiz, FFOIFR 1 #HATL V@
ff (MF ; AV = > Z VRS AE) F 7213 A (AIN-93G ; HARZ L7 #X&4h)
EHZIz, AV TNT Yy (BE7 4 v ARG ASE) &Y A~ Fam (ki
BRI AE) CRREE L7z 7 i~ 7 A 2B U, Tl oo Fr i) 4E & A28 4 06% L 72 (Fig.
. BFIHETIIBEOAZIT o7, IFEIERE 0, 1. 3. 7 A BIiCiik. IThg. /M (22
W) bERZEUL L, F7o, BHEBO 1#ThdH CA (0 747 A7 kA& kt) Z20F
Olbx 1 FefRTE £ 0% 3 A 200 mg/kg KERFAESE L7-, CA X 0.5 % methyl
cellulose 400 solution (& 17 4 /L AFDEMBERA M) 2 HWTERE L, WIEDO 2%
ay ha— B EEE L2, CA O 5513 0.2 %CA 1REFHK 5 %217 > TV 7= Huang 5

(2006) OWENS 1 A@EAERH L,

bt Ml A T~ R
MRSt 7 2= 7 2, F LY BHRROE2 D v FATHISE A T~ 2D MG %
At L =72z, PXB mouse®D ARG 2 LA FIZFt# 9% (Table 4).,

Table 4 Information of each PXB mouse used in this study.

R(_aplacement Donor Sexuality Days aftel'_ Body weight  Liver weight gg]?;g
index (%) transplantation (2 (2 (

mg/mL)

30.2 BD195 @ 98 241 1.45 1.54

48.7 (Hispanic 4 98 24.2 1.78 4.64

57.8 female two -4 98 225 1.69 5.15

79.7 years old) d 98 23.3 2.15 9.21

895 from Corning -4 98 22.2 2.60 12.9

93.8 Japan KK g 98 20.4 2.58 14.6

~ 7 AT e B

AARZ L7 Rzt LW C57BL/6d M~ v 2 g A LTz, 89 Hiid~ v A% HWT
Two-step collagenase #EFIEIZ LV . ~ 7 AW 2 BLEE L 7=,
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AYINT THBELT~ T AZBAE L. PIIRIC 24G OFtZHI LY A2 R T %
AW CRIERE % iiE 1.5 mL/min THt L7z, FREIRZGIN L, 5 0¥k L=, <
®?‘£:7/77L~Jz«5z%ﬂ$3f% 2K 10— 14 73 L, ATl & Lz, ~ o7 2Tl

SEEHE, 70 um DEBEJLA R LA F—TAm L7, 50 xg, 2L, EEEZEY
DMEWNQUTH@%%EW@éﬁﬁTGOQ\2“¢bbtoH% Percoll {Z T
Wi, 0%, DMEM/F12 () CREEFRE, =0 Lz, MR ZEEN AT 1 7 LI
B L. 70 pm OV A R LA F—TAHl%, bV /X7 — (Sigma-Aldrich Co. LLC)
TRl & AR A G LT, B il a2 i3 7 L — MCRRRE L7z, &
WO L FIZRT,

ATRE TR
Hanks’ Balanced Salts (without CaCls, MgSOs and NaHCOs) (Sigma-Aldrich Co. LLC) 0.475 g
NaHCOs (BIdfb=#ikith) 0.0175 g EGTA (BR&th F{ALZIFEAT) 0.01¢g
50 mg/mL Gentamicin (Thermo Fisher Scientific Inc.) 10 uL
IMHEPES (74747 A7 ¥R &4E) buffer 0.6 mL Z%87/K 50 mL
R L pH7.4 (I8, AilikE

a7 7 —BiR
Hanks’ Balanced Salts (without CaClz, MgSO4 and NaHCOs) 0.475 g
NaHCO30.0175 g CaClz (FotffidEk=l=11) 0.007 g
Collagenase (from Clostridium histolyticum) Type IV <125 CDU/mg (Sigma-Aldrich Co. LLC) 0.01g
Trypsin Inhibitor (soybean) >7000 BAEE units/mg (Thermo Fisher Scientific Inc.) 0.0025 g
50 mg/mL Gentamicin 10 pL. 1M HEPES buffer 0.5 mL 7%87Kk 50 mL
R L pH7.4 (I8, AilikE

N AR
Bovine serum albumin (7% 74 7 2 7 A& 5 g 2288 /K 50 mL [ZIEf#
Hanks’ Balanced Salts (without CaClz, MgSO.s and NaHCO3) 4.75 ¢ NaHCO3 0.175 g
50 mg/mL Gentamicin 100 p. 1M HEPES buffer 5 mL
FREKR+10% 7 V7 I T 500 mLIC A AT v
REEL pH7.4 (126, AiEIE

Percoll #&
Percoll (Sigma-Aldrich Co. LLC) 15 mL 10xHBSS 5 mL J&&E/K 30 mL
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10xHBSS
Hanks’ Balanced Salts (without CaClz, MgSO.: and NaHCO3) 4.75 ¢ NaHCO3 0.175 g
AR 50 mL ARy

BEAAT 4 UL
DMEM/F12 (Sigma-Aldrich Co. LLC) 500 mL
50mL #\>C DMEM/F12 (-) & L CftA
200 mM L-Glutamine (Sigma-Aldrich Co. LLC) 5 mL
10000 units/mL Penicillin+10 mg/mL Straptmycin (Meiji Seika 7 7 /L~ &= 4k) 5 mL
1M HEPES 5 mL 260 mM Ascorbic acid (Sigma-Aldrich Co. LLC) 1 mL
3.3 M Nicotinamide (Sigma-Aldrich Co. LLC) 1.5 mL
50 mM 2-Mercaptoethanol (774 7 A2 7 kA= 4k) 0.5 mL
0.1 mM Dexamethasone (7714 7 X7 #k=ft) 0.5 mL
1.72 mM Insulin (& -7 ¢ /L AFEREEEXS ) 50 pL

Fetal bovine serum (Biosera Ltd.) 50 mL

< IffgEd ALT L~L o flE >

~NY Y (R RSS20 L2 FEIBR~ 7 2 o1k % 3,000 x g T 154y
ol LEE 572, ALT V-UUEE L K7 A 7 DS IER (B L7 1 v sk
D) L0V T I =TI )N TR T 2T XY NELERTIATLRT AR
GPT/ALT-PII (F+7 4 A2k Z2HWCHlE L=,

<RT-qPCR IZ & 5 mRNA %5 & DO FAfl >
RNA fifift - W5

7 EIZ X RNAlater Solution (Thermo Fisher Scientific Inc.) % HV 7z, Total
RNA 1% TRIzol reagent (Thermo Fisher Scientific Inc.) Zf#/H Lt L7=, i L7
RNA |Z DNase I Amplification Grade (Thermo Fisher Scientific Inc.) 1 U T2, 15
%> DNase JLBE % L, Z D%, 25 mM dNTP mix (Thermo Fisher Scientific Inc.) 0.8 uLi
& 500 pg/mL Oligo(dT)15 Primer (Promega Co.) 1uL /%, WirE 3 ReverTra
Ace® 100 units/pL GREEFFEASEE) 1 L (2T 4 pg/total 20 pL @ RNA 75 cDNA
AER L7z, WHRERUGIE 42 °C, 60 43 TITV, £ D% 99°C, 54 TR EIEHR % K
&S,

Y7 viA - PCR
U7 %4 I PCR & PikoReal Real-Time PCR System (Thermo Fisher Scientific
Inc.) (ZTiT»o7z, 774 ~— (Sigma-Aldrich Co. LLC), KAPA SYBR® FAST qPCR
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Master Mix (2x) Universal (AAY = 37 ¢ 7 AR S4E) . 10 4R L7- cDNA %
BA L. RISZ)HT 72, LRI & thermocycling parameters % 77797,

B HELRL
2.5 uM Primer (Forward + Reverse) 0.6 pL
KAPA SYBR® FAST qPCR Master Mix 5 pL

cDNA 2 uLL
Nuclease free water 2.4 uL
Total 10 pL

Thermocycling parameters
50 °C 2 min
95°C 10 min
95°C 15s
60°C 1 min ]- 40 cycles
60°C 30s
60 °C — 95 °C (melting curve)
20°C 10s

A L7277 4 ~—BF% Table 5 |2R"d, ZNHDT T A ~—ZLRTORE 2S5
\Z L7= (Matsubara et al., 2008; Shmarakov et al., 2013; Kong et al., 2014; Chen et
al., 2015; Dong et al., 2015; Elraghy and Baldwin, 2015; Jearapong et al., 2015;
Moscovitz et al., 2016), % —7% v MBIa DX RIEB L~ X, Gapdh %) 7 7
LU AR T & LCAACT IEIC X W B LT,

<G BT E & F O T2 I BRI R I E >

TR

A~ U ERINU IR~ 7 A0 Mg % 3,000 x g T 15 4rw.0 LiEE &7, =
OMAFEE 1T NIRRT A 7~ T 20ME L NERERE L LTAZ /) —Aho 1
M F e T ey (Bh7 0V AFEMEERA S 73/ v T A a— g
(nor-desoxycholic acid: Nor-DCA; Toronto Research Chemicals Inc.), 50 %7 & k=
MU LEIK ETRAL, 14,000 g T5 il L7z, EEZ 10 mM B =7 A
THRLAERY 7 v e LT,

LC &t
LC & L T Nexera high-performance liquid chromatography system (#&=U245 5 EE
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Table 5 Primer sequences used in this study.

Gene (accession number) Forward Reverse Amplicon
length

Cellcyclerelated genes

Cenb1(NM_172301) 5"AGCAAATATGAGGAGATGTACC-3' 5 CGACTTTAGATGCTCTACGGA-3' 172bp

Cend1(NM_007631) 5" GAAGGAGACCATTCCCTTGA-3' 5~GTTCACCAGAAGCAGTTCCA-3"; 100bp

CYP isoforms

Cyp2b10(NM_009999) 5"AAAGTCCCGTGGCAACTTCC-3' 5-CATCCCAAAGTCTCTCATGG3' 340bp

Cyp2c55(NM_028089) 5"TCAGCAATGGAACAAAATGGAAGG-3 5"CACAGCTCAGGATGAATGTGG3' 177bp

Cyp2d22 (NM_001163472, 5"TGCCTAAGGTTTCCTGTTGG-3' 5-GTATCCCTGTTGGGTCATGG3' 121bp

NM_019823)

Cyp2d26(NM_029562) 5" TTCAAAAGCCTGGAAGCAGT-3' 5"TCCACCAGAAGCAGGAAGAT-3 100bp

Cyp3211(NM_007818) 5"AGCATTGAGGAGGATCACACAC-3 5"TACGAGTCCCATATCGGTAGAG-3' 157bp

Cyp3al3(NM_007819) 5"TGTGCTGGCTATCACAGATCC-3' 5"AAATACCCACTGGACCAAAGC-3' 101bp

Nuclear receptors

Pxr(NM_010936) 5"GCTGATGGACGCTCAGATGC-3 5"GAAGCTCACAGCCACTGTGG-3 95 bp

Car(NM_009803, NM_001243062,  5-TCAACACGTTTATGGTGCAA-3' 5-CTGCGTCCTCCATCTTGTAG 3 198bp

NM_001243063)

Vdr (NM_009504) 5-CATCACTGATGTCTCCAGAG-3' 5-CCAGCTTAGCATCCTGTACC-3' 167 bp

Bile acid-related genes

Fxr(NM_001163700, 5-GGTCATGCAGACCTGTTGGA-3' 5"TGTCTGTCTGGAGAGAGGATGA-3' 161bp

NM_001163504, NM_009108)
Cyp7al(NM_007824)
Mrp2(NM_013806)

Bsep(NM_021022,
NM_001363492)

Ntcp (NM_001177561,
NM_011387,NM_001361972)

"AACAACCTGCCAGTACTAGATAGC-3'
-GTGTGGATTCCCTTGGGCTTT-3
“TCTGACTCAGTGATTCTTCGCA-3'

o
ar

- GTGTAGAGTGAAGTCCTCCTTAGC-3 99 bp
-CACAACGAACACCTGCTTGG-3 123bp
~CCCATAAACATCAGCCAGTTGT-3' 191bp

o
o

or
ar

~ACGTCCTCAAGGCAGGCATGAT-3 -AGCCCATCAGGAAGCCAGTGAAAG-3

o
o

Reference gene

Gapdh(NM_001289726,
NM_008084)

-ACTAACATCAAATGGGGTGAC-3'

a
o

-ATTGCTGACAATCTTGAGTGA-3' 201bp

BUERT) 22, 17 A1 Inertsil ODS-3 column (5 pm, 2.1 x 100 mm; GL Sciences
Inc) ZMEHA L7z, BEMHIZ1I0mMEHET v E=v A (A) &7 F=FUV (B) &
FAVY, i 200 pL/min TUAF D7 T V= b GRIFICRE LTz,

% B
0 min 25 %
12 min 40 %

16 -20min 95 %
20.1-23 min 25 %

MS/MS 214

MS/MS & LT LCMS-8050 system (BRSAEEEHRUERT) Z2H W, * BT 474
F'— RTFICBIT IR O T ) h—Y—A F T aX s "4 (mlz) %L
TIZR#HET 5,
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Chemicals precursor ion — product ion

CA 407.25—407.25
CDCA 391.25—391.25
DCA 391.25—391.25
UDCA 391.25—391.25
LCA 375.25—375.25
TCA 514.30—80.05
TCDCA 498.25—80.10
TDCA 498.20—80.05
TUDCA 498.30—80.05
TMCA 514.20 — 80.05
GCA 464.30—74.20
GCDCA 448.25—74.20
GDCA 448.30—74.20
Ketoprofen 252.95—209.15
Nor-DCA 377.20—377.20

BN N T2 A MBI BR O FFAl 22 LU R ICRE# T 2,

CA: cholic acid (7 74 7 A 7 k= th)

CDCA: chenodeoxycholic acid (H ifbak T MRS 4E)

DCA: sodium deoxycholate (& 17 ¢ /L AFn e 1)

UDCA: ursodeoxycholic acid (H 5{bak T A S4E)

LCA: lithocholic acid (H rfbpk T3k 1t)

TCA: sodium taurocholate (&7 ¢ /L AFERISERES4L)

TCDCA: taurochenodeoxycholic acid (sodium salt) (Merck KGaA)

TDCA: taurodeoxycholic acid (sodium salt) (Merck KGaA)

TUDCA: tauroursodeoxycholic acid dihydrate (#rUfbpk LEKR D)

TMCA: tauro- 8 -muricholic acid (sodium salt) (Cayman Chemical Co. Inc.)
a+BTMCA % BTMCA & L CHIE L7=

GCA: sodium glycocholate hydrate (Bt{bpk T3k E4t)

GCDCA: sodium glycochenodeoxycholate (Sigma-Aldrich Co. LLC)

GDCA: sodium glycodeoxycholate (Hai{bpk T.2ERR4E)
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<~ U ZAPRIFMIfE~D CA - EGF ALE >

BB L 7=~ o 2AgURAFII 2 2 % 105 cells/well DEEE T 24well 7' L— MMIREFE L |
4 FRFf#%1Z 0.1 % DMSO (vehicle) F 7213 CA 100 pM, EGF (from murine submaxillary
gland) (Sigma-Aldrich Co. LLC) 50ng/mL Z %N L | 24 FEfE]1% (2 Trizol (2 CTHEIUL L7z,
ILEIRRI IR R CEER AT 4 U L2 LT,

<HraEHALEE >

2 TOT —# (¥ mean + standard deviation (SD) THFLL T\ 5, HaFiaEE
T BellCurve for Excel 2.14 (B &th (L2 F®R—E R) & H 7= Tukey-Kramer
method (Fig.2. 3. 4. 5. 7) <° Dunnet method (Fig. 10). ¥ 72i% Microsoft Excel
%Z v 7z Student’s t-test (Fig. 8. 11) ([ THIE L7z, FR37H7121% BellCurve for
Excel Z i/ L7z (Fig. 9),

55



51 FH3CHR

Andersen KdJ, Knudsen AR, Kannerup AS, Sasanuma H, Nyengaard JR,
Hamilton-Dutoit S, Ladekarl M and Mortensen FV (2013) Sorafenib inhibits liver
regeneration in rats. HPB (Oxford) 15(12): 944-950. 10.1111/hpb.12068.

Aussilhou B, Dokmak S, Faivre S, Paradis V, Vilgrain V and Belghiti J (2009)
Preoperative liver hypertrophy induced by portal flow occlusion before major hepatic
resection for colorectal metastases can be impaired by bevacizumab. Ann Surg Oncol
16(6): 1553-1559. 10.1245/s10434-009-0447-z.

Chen H, Lin Y, Sun W, Cai Y and Li H (2017) Liver Regeneration Is Impaired in Mice
with Acute Exposure to a Very Low Carbohydrate Diet. Dig Dis Sci 62, 1256-1264.

Chen P, Li J, Fan X, Zeng H, Deng R, Li D, Huang M and Bi H (2015) Oleanolic acid
attenuates obstructive cholestasis in bile duct-ligated mice, possibly via activation of
NRF2-MRPs and FXR antagonism. Fur J Pharmacol 765 131-139.
10.1016/j.ejphar.2015.08.029.

Chiang JY (2002) Bile acid regulation of gene expression: roles of nuclear hormone

receptors. Endocr Rev23(4): 443-463.

Chow EC, Quach HP, Zhang Y, Wang JZ, Evans DC, Li AP, Silva J, Tirona RG, Lai Y and
Pang KS (2017) Disrupted Murine Gut-to-Human Liver Signaling Alters Bile Acid
Homeostasis in Humanized Mouse Liver Models. J Pharmacol Exp Ther 360(1):
174-191.

Dong B, Lee JS, Park YY, Yang F, Xu G, Huang W, Finegold MdJ and Moore DD (2015)
Activating CAR and B-catenin induces uncontrolled liver growth and tumorigenesis.

Nat Commun 6: 5944. 10.1038/ncomms6944.
Elraghy O and Baldwin WS (2015) Repression of multiple CYP2D genes in mouse

primary hepatocytes with a single siRNA construct. In Vitro Cell Dev Biol Anim 51(1):
9-14. 10.1007/s11626-014-9803-9.

56



Fattinger K, Funk C, Pantze M, Weber C, Reichen J, Stieger B and Meier PJ (2001) The
endothelin antagonist bosentan inhibits the canalicular bile salt export pump: a

potential mechanism for hepatic adverse reactions. Clin Pharmacol Ther 69(4): 223-231.

Gaglio PJ, Liu H, Dash S, Cheng S, Dunne B, Ratterree M, Baskin G, Blanchard J,
Bohm R Jr, Theise ND and LaBrecque D (2002) Liver regeneration investigated in a
non-human primate model (Macaca mulatta). J Hepatol 37(5):625-632.

Garnol T, Kudera O, Stankova P, Lotkova H and Cervinkova Z (2016) Does Simple
Steatosis Affect Liver Regeneration after Partial Hepatectomy in Rats? Acta Medica
(Hradec Kralove) 59, 35-42.

Gerloff T, Geier A, Stieger B, Hagenbuch B, Meier PJ, Matern S and Gartung C (1999)
Differential expression of basolateral and canalicular organic anion transporters during

regeneration of rat liver. Gastroenterol 117(6): 1408-1415.

Greene AK and Puder M (2003) Partial hepatectomy in the mouse: technique and
perioperative management. JJ Invest Surg 16(2):99-102.

Guo Y, Cui JY, Lu H and Klaassen CD (2015) Effect of various diets on the expression of

phase-I drug-metabolizing enzymes in livers of mice. Xenobiotica 45: 586-597.

Hamano M, Ezaki H, Kiso S, Furuta K, Egawa M, Kizu T, Chatani N, Kamada Y,
Yoshida Y and Takehara T (2014) Lipid overloading during liver regeneration causes
delayed hepatocyte DNA replication by increasing ER stress in mice with simple hepatic
steatosis. J Gastroenterol 49, 305-316.

Hart SN, Cui Y, Klaassen CD and Zhong XB (2009) Three patterns of cytochrome P450
gene expression during liver maturation in mice. Drug Metab Dispos 37(1): 116-121.

10.1124/dmd.108.023812.

Heuman DM (1989) Quantitative estimation of the hydrophilic-hydrophobic balance of
mixed bile salt solutions. J Lipid Res 30(5): 719-730.

57



Higgins GM and Anderson RM (1931) Experimental pathology of the liver. I.
Restoration of the liver of the white rat following partial surgical removal. Arch Pathol
12: 186-202.

Holecek M (1999) Nutritional modulation of liver regeneration by carbohydrates, lipids,
and amino acids® a review. Nutrition 15(10): 784-788.

Hora C, Romanque P and Dufour JF (2011) Effect of sorafenib on murine liver
regeneration. Hepatology 53(2): 577-586. 10.1002/hep.24037.

Huang W, Ma K, Zhang J, Qatanani M, Cuvillier J, Liu J, Dong B, Huang X and Moore
DD (2006) Nuclear receptor-dependent bile acid signaling is required for normal liver
regeneration. Science 312(5771): 233-236.

Hubert C, Dahrenmoller C, Marique L, Jabbour N, Gianello P and Leclercq I (2015)
Hepatic regeneration in a rat model is impaired by chemotherapy agents used in
metastatic  colorectal cancer. Kur J Surg Oncol 41(11): 1471-1478.
10.1016/j.ejs0.2015.08.152.

Hughes MJ, Harrison EM, Jin Y, Homer N and Wigmore SJ (2015) Acetaminophen
metabolism after liver resection: A prospective case-control study. Dig Liver Dis 47(12):

1039-1046. 10.1016/5.d1d.2015.08.005.

Humbert M, Segal ES, Kiely DG, Carlsen J, Schwierin B and Hoeper MM (2007)
Results of European post-marketing surveillance of bosentan in pulmonary

hypertension. Eur Respir J 30(2): 338-344.

Humbert L, Maubert MA, Wolf C, Duboc H, Mahé M, Farabos D, Seksik P, Mallet JM,
Trugnan G, Masliah J and Rainteau D (2012) Bile acid profiling in human biological
samples: comparison of extraction procedures and application to normal and cholestatic
patients. J Chromatogr B Analyt Technol Biomed Life Sci 899: 135-145.
10.1016/j.jchromb.2012.05.015.

58



Jacobs BAW, Snoeren N, Samim M, Rosing H, de Vries N, Deenen MJ, Beijnen JH,
Schellens JHM, Koopman M and van Hillegersberg R (2018) The impact of liver
resection on the dihydrouraciliuracil plasma ratio in patients with colorectal liver
metastases. Eur J Clin Pharmacol 74(6): 737-744. 10.1007/s00228-018-2426-4.

Jearapong N, Chatuphonprasert W and Jarukamjorn K (2015) Effect of
tetrahydrocurcumin on the profiles of drug-metabolizing enzymes induced by a high fat
and high fructose diet in mice. Chem Biol Interact 239: 67-75. 10.1016/j.cb1.2015.06.022.

Jia WJ, Sun SQ, Huang LS, Tang QL, Qiu YD and Mao L (2018) Reduced triglyceride
accumulation due to overactivation of farnesoid X receptor signaling contributes to
impaired liver regeneration following 50% hepatectomy in extra-cholestatic liver tissue.
Mol Med Rep 17(1): 1545-1554. 10.3892/mmr.2017.8025.

Jufica J, Dovrtélova G, Noskova K and Zendulka O (2016) Bile acids, nuclear receptors
and cytochrome P450. Physiol Res 65(Supplementum 4): S427-S440.

Katoh M, Matsui T, Nakajima M, Tateno C, Kataoka M, Soeno Y, Horie T, Iwasaki K,
Yoshizato K and Yokoi T (2004) Expression of human cytochromes P450 in chimeric
mice with humanized liver. Drug Metab Dispos 32(12): 1402-1410.

Katoh M, Matsui T, Okumura H, Nakajima M, Nishimura M, Naito S, Tateno C,
Yoshizato K and Yokoi T (2005) Expression of human phase II enzymes in chimeric mice

with humanized liver. Drug Metab Dispos 33(9): 1333-1340.

Kawaguchi T, Kodama T, Hikita H, Tanaka S, Shigekawa M, Nawa T, Shimizu S, Li W,
Miyagi T, Hiramatsu N, Tatsumi T and Takehara T (2013) Carbamazepine promotes
liver regeneration and survival in mice. J Hepatol 59(6): 1239-1245.
10.1016/j.jhep.2013.07.018.

Kazantseva YA, Pustylnyak YA and Pustylnyak VO (2016) Role of Nuclear Constitutive
Androstane  Receptor in  Regulation of Hepatocyte Proliferation and
Hepatocarcinogenesis. Biochemistry (Mosc) 81(4): 338-347.
10.1134/S50006297916040040.

59



Kong B, Huang J, Zhu Y, Li G, Williams J, Shen S, Aleksunes LM, Richardson JR, Apte
U, Rudnick DA and Guo GL (2014) Fibroblast growth factor 15 deficiency impairs liver
regeneration in mice. Am J Physiol Gastrointest Liver Physiol 306(10): G893-902.
10.1152/ajpgi.00337.2013.

Li G and L Guo G (2015) Farnesoid X receptor, the bile acid sensing nuclear receptor, in
liver regeneration. Acta Pharm Sin B 5(2): 93-98. 10.1016/j.apsb.2015.01.005.

Li M, Zhao Y, Humar A, Tevar AD, Hughes C and Venkataramanan R (2016)
Pharmacokinetics of drugs in adult living donor liver transplant patients: regulatory
factors and observations based on studies in animals and humans. Expert Opin Drug
Metab Toxicol 12(3): 231-243. 10.1517/17425255.2016.1139575.

Lin CW, Chen YS, Lin CC, Chen YdJ, Lo GH, Lee PH, Kuo PL, Dai CY, Huang JF, Chung
WL and Yu ML (2015) Amiodarone as an autophagy promoter reduces liver injury and
enhances liver regeneration and survival in mice after partial hepatectomy. Sci Rep 5:
15807. 10.1038/srep15807.

Martignoni M, Groothuis GM and de Kanter R (2006) Species differences between
mouse, rat, dog, monkey and human CYP-mediated drug metabolism, inhibition and
induction. Expert Opin Drug Metab Toxicol (6): 875-894.

Matsubara T, Yoshinari K, Aoyama K, Sugawara M, Sekiya Y, Nagata K and Yamazoe Y
(2008) Role of vitamin D receptor in the lithocholic acid-mediated CYP3A induction in
vitro and in vivo. Drug Metab Dispos 36(10): 2058-2063. 10.1124/dmd.108.021501.

Meier M, Andersen KJ, Knudsen AR, Nyengaard JR, Hamilton-Dutoit S and Mortensen
FV (2016) Liver regeneration is dependent on the extent of hepatectomy. J Surg Res
205(1): 76-84. 10.1016/1.jss.2016.06.020.

Merlen G, Ursic-Bedoya J, Jourdainne V, Kahale N, Glenisson M, Doignon I, Rainteau
D and Tordjmann T (2017) Bile acids and their receptors during liver regeneration:

"Dangerous protectors.” Mol Aspects Med 56: 25-33. 10.1016/j.mam.2017.03.002.

Michalopoulos GK (2007) Liver regeneration. J Cell Physiol 213(2): 286-300.

60



Miura T, Tachikawa M, Ohtsuka H, Fukase K, Nakayama S, Sakata N, Motoi F, Naitoh
T, Katayose Y, Uchida Y, Ohtsuki S, Terasaki T and Unno M (2017) Application of
Quantitative Targeted Absolute Proteomics to Profile Protein Expression Changes of
Hepatic Transporters and Metabolizing Enzymes During Cholic Acid-Promoted Liver
Regeneration. J Pharm Sci 106(9): 2499-2508. 10.1016/j.xphs.2017.02.018.

Modica S and Moschetta A (2006) Nuclear bile acid receptor FXR as pharmacological
target: are we there yet? FEBS Lett 9;580(23): 5492-5499.

Mollbrink A, Augsten M, Hultcrantz R, Eriksson LC and Stal P (2013) Sorafenib
prolongs liver regeneration after hepatic resection in rats. J Surg Res 184(2): 847-854.
10.1016/5.jss.2013.

Moscovitz JE, Kong B, Buckley K, Buckley B, Guo GL and Aleksunes LM (2016)
Restoration of enterohepatic bile acid pathways in pregnant mice following short term
activation of Fxr by GW4064. Toxicol Appl Pharmacol 310: 60-67.
10.1016/j.taap.2016.08.021.

Moya IM and Halder G (2018) Hippo-YAP/TAZ signalling in organ regeneration and
regenerative medicine. Nat Rev Mol Cell Biol 10.1038/s41580-018-0086-y.

Muraki Y, Usui M, Isaji S, Mizuno S, Nakatani K, Yamada T, Iwamoto T, Uemoto S,
Nobori T and Okuda M (2011) Impact of CYP3A5 genotype of recipients as well as
donors on the tacrolimus pharmacokinetics and infectious complications after
living-donor liver transplantation for Japanese adult recipients. Ann Transplant 16(4):
55-62.

Nagasue N, Yukaya H, Ogawa Y, Kohno H, Nakamura T (1987) Human liver
regeneration after major hepatic resection. A study of normal liver and livers with

chronic hepatitis and cirrhosis. Ann Surg 206(1): 30-39.
Naugler WE, Tarlow BD, Fedorov LM, Taylor M, Pelz C, Li B, Darnell J and Grompe M

(2015) Fibroblast Growth Factor Signaling Controls Liver Size in Mice With Humanized
Livers. Gastroenterology 149(3): 728-740.e15. 10.1053/j.gastro.2015.05.043.

61



Nikfarjam M, Malcontenti-Wilson C, Fanartzis M, Daruwalla J and Christophi C (2004)
A model of partial hepatectomy in mice. / Invest Surg 17(5): 291-294.

Nishiyama Y, Nakayama SM, Watanabe KP, Kawai YK, Ohno M, Ikenaka Y and
Ishizuka M (2016) Strain differences in cytochrome P450 mRNA and protein expression,
and enzymatic activity among Sprague Dawley, Wistar, Brown Norway and Dark Agouti
rats. J Vet Med Sci 78(4): 675-680. 10.1292/jvms.15-0299.

Ohno M (2008) [Functional analysis of nuclear receptor FXR controlling metabolism of
cholesteroll. Yakugaku Zasshi 128(3):343-55.

Ohtsuki S, Schaefer O, Kawakami H, Inoue T, Liehner S, Saito A, Ishiguro N,
Kishimoto W, Ludwig-Schwellinger E, Ebner T and Terasaki T (2012) Simultaneous
absolute protein quantification of transporters, cytochromes P450, and
UDP-glucuronosyltransferases as a novel approach for the characterization of
individual human liver: comparison with mRNA levels and activities. Drug Metab
Dispos 40(1): 83-92. 10.1124/dmd.111.042259.

Ohtsuki S, Kawakami H, Inoue T, Nakamura K, Tateno C, Katsukura Y, Obuchi W,
Uchida Y, Kamiie J, Horie T and Terasaki T (2014) Validation of uPA/SCID mouse with
humanized liver as a human liver model: protein quantification of transporters,
cytochromes P450, and UDP-glucuronosyltransferases by LC-MS/MS. Drug Metab
Dispos 42(6): 1039-1043. 10.1124/dmd.114.057646.

Paine MF, Hart HL, Ludington SS, Haining RL, Rettie AE and Zeldin DC (2006) The
human intestinal cytochrome P450 "pie". Drug Metab Dispos 34(5): 880-886.

Pellizzer AM, Smid SA, Strasser SI, Lee CS, Mashford ML and Desmond PV (1996)
UDP-glucuronosyltransferase in the regenerating rat liver. J Gastroenterol Hepatol

11(12): 1130-1136.
Reeves PG, Nielsen FH and Fahey GC Jr (1993) AIN-93 purified diets for laboratory

rodents: final report of the American Institute of Nutrition ad hoc writing committee on

the reformulation of the AIN-76A rodent diet. o/ Nutr123(11):1939-1951.

62



Renaud HJ, Cui JY, Khan M and Klaassen CD (2011) Tissue distribution and
gender-divergent expression of 78 cytochrome P450 mRNAs in mice. 7bxicol Sci 124(2):
261-277. 10.1093/toxsci/kfr240.

Rendic S (2002) Summary of information on human CYP enzymes: human P450
metabolism data. Drug Metab Rev 34(1-2): 83-448.

Richert L, Tuschl G, Abadie C, Blanchard N, Pekthong D, Mantion G, Weber JC and
Mueller SO (2009) Use of mRNA expression to detect the induction of drug metabolizing
enzymes in rat and human hepatocytes. Tbxicol Appl Pharmacol 235(1): 86-96.
10.1016/j.taap.2008.11.019.

Saito Y, Kuwahara Y, Yamamoto Y, Suzuki M, Fukumoto M and Yamamoto F (2018) ddY
Mice Fed 10% Fat Diet Exhibit High p27KIP Expression and Delayed Hepatocyte DNA
Synthesis During Liver Regeneration. Metab Syndr Relat Disord 16, 305-313.

Sanoh S, Horiguchi A, Sugihara K, Kotake Y, Tayama Y, Ohshita H, Tateno C, Horie T,
Kitamura S and Ohta S (2012a) Prediction of in vivo hepatic clearance and half-life of
drug candidates in human using chimeric mice with humanized liver. Drug Metab

Dispos 40(2): 322-328. 10.1124/dmd.111.040923.

Sanoh S, Horiguchi A, Sugihara K, Kotake Y, Tayama Y, Uramaru N, Ohshita H, Tateno
C, Horie T, Kitamura S and Ohta S (2012b) Predictability of metabolism of ibuprofen
and naproxen using chimeric mice with human hepatocytes. Drug Metab Dispos 40(12):
2267-2272. 10.1124/dmd.112.047555.

Sanoh S and Ohta S (2014) Chimeric mice transplanted with human hepatocytes as a
model for prediction of human drug metabolism and pharmacokinetics. Biopharm Drug
Dispos 35(2): 71-86. doi: 10.1002/bdd.1864.

Sanoh S, Naritomi Y, Fujimoto M, Sato K, Kawamura A, Horiguchi A, Sugihara K,
Kotake Y, Ohshita H, Tateno C, Horie T, Kitamura S and Ohta S (2015) Predictability of
plasma concentration-time curves in humans using single-species allometric scaling of
chimeric  mice  with  humanized liver. Xenobiotica  45(7): 605-614.

10.3109/00498254.2015.1007112.

63



Scherer M, Gnewuch C, Schmitz G and Liebisch G (2009) Rapid quantification of bile
acids and their conjugates in serum by liquid chromatography-tandem mass
spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci 877(30): 3920-3925.
10.1016/j.jchromb.2009.09.038.

Schuetz EG, Strom S, Yasuda K, Lecureur V, Assem M, Brimer C, Lamba J, Kim RB,
Ramachandran V, Komoroski BJ, Venkataramanan R, Cai H, Sinal CJ, Gonzalez FJ and
Schuetz JD (2001) Disrupted bile acid homeostasis reveals an unexpected interaction

among nuclear hormone receptors, transporters, and cytochrome P450. J Biol Chem
276(42): 39411-39418.

Shimada T, Yamazaki H, Mimura M, Inui Y and Guengerich FP (1994) Interindividual
variations in human liver cytochrome P-450 enzymes involved in the oxidation of drugs,
carcinogens and toxic chemicals: studies with liver microsomes of 30 Japanese and 30

Caucasians. J Pharmacol Exp Ther 270(1): 414-423.

Shmarakov IO, Jiang H, Yang KJ, Goldberg IJ and Blaner WS (2013) Hepatic retinoid
stores are required for normal liver regeneration. J Lipid Res 54(4): 893-908.
10.1194/{1r.M029801.

Sigel B, Pechet G, Que MY and MacDonald RA (1965) Tritiated thymidine
autoradiography in the regenerating liver ofthe dog. o/ Surg Res 5:72-78.

Solaas K, Ulvestad A, Séreide O and Kase BF (2000) Subcellular organization of bile
acid amidation in human liver: a key issue in regulating the biosynthesis of bile salts. /
Lipid Res 41(7): 1154-1162.

Soldatow V, Peffer RC, Trask OdJ, Cowie DE, Andersen ME, LeCluyse E and Deisenroth
C (2016) Development of an in vitro high content imaging assay for quantitative
assessment of CAR-dependent mouse, rat, and human primary hepatocyte proliferation.

Toxicol In Vitro 36: 224-237. 10.1016/].tiv.2016.08.006.
Sydor S, Gu Y, Schlattjan M, Bechmann LP, Rauen U, Best J, Paul A, Baba HA, Sowa JP,

Gerken G and Canbay A (2013) Steatosis does not impair liver regeneration after partial

hepatectomy. Lab Invest 93, 20-30. 10.1038/labinvest.2012.142.

64



Tajima M, Ikarashi N, Igeta S, Toda T, Ishii M, Tanaka Y, Machida Y, Ochiai W, Yamada
H and Sugiyama K (2013) Different diets cause alterations in the enteric environment
and trigger changes in the expression of hepatic cytochrome P450 3A, a
drug-metabolizing enzyme. Biol Pharm Bull 36(4): 624-634.

Takahashi S, Fukami T, Masuo Y, Brocker CN, Xie C, Krausz KW, Wolf CR, Henderson
CJ and Gonzalez FJ (2016) Cyp2c¢70 is responsible for the species difference in bile acid
metabolism between mice and humans. J Lipid Res 57(12): 2130-2137.

Tamasi V, Kiss A, Dobozy O, Falus A, Vereczkey L and Monostory K (2001) The effect of
dexamethasone on P450 activities in regenerating rat liver. Biochem Biophys Kes
Commun 286(2): 239-242.

Tanemura A, Mizuno S, Wada H, Yamada T, Nobori T and Isaji S (2012) Donor age
affects liver regeneration during early period in the graft liver and late period in the
remnant liver after living donor liver transplantation. World J Surg 36(5): 1102-1111.
10.1007/s00268-012-1496-1.

Tateno C, Yoshizane Y, Saito N, Kataoka M, Utoh R, Yamasaki C, Tachibana A, Soeno Y,
Asahina K, Hino H, Asahara T, Yokoi T, Furukawa T and Yoshizato K (2004) Near
completely humanized liver in mice shows human-type metabolic responses to drugs.
Am J Pathol 165(3): 901-912.

Tateno C, Miya F, Wake K, Kataoka M, Ishida Y, Yamasaki C, Yanagi A, Kakuni M,
Wisse E, Verheyen F, Inoue K, Sato K, Kudo A, Arii S, Itamoto T, Asahara T, Tsunoda T
and Yoshizato K (2013) Morphological and microarray analyses of human hepatocytes
from xenogeneic host livers. Lab Invest 93(1): 54-71. 10.1038/labinvest.2012.158.

Thakare R, Alamoudi JA, Gautam N, Rodrigues AD and Alnouti Y (2018a) Species
differences in bile acids I. Plasma and urine bile acid composition. J App! Toxicol 38(10):
1323-1335. 10.1002/jat.3644.

Thakare R, Alamoudi JA, Gautam N, Rodrigues AD and Alnouti Y (2018b) Species

differences in bile acids II. Bile acid metabolism. J App! Toxicol 38(10): 1336-1352.
10.1002/jat.3645.

65



Tian H, Ou J, Strom SC and Venkataramanan R (2005) Activity and expression of
various isoforms of uridine diphosphate glucuronosyltransferase are differentially

regulated during hepatic regeneration in rats. Pharm Res 22(12): 2007-2015.

Trautwein C, Rakemann T, Obermayer-Straub P, Niehof M and Manns MP (1997)
Differences in the regulation of cytochrome P450 family members during liver
regeneration. J Hepatol 26(1): 48-54.

Tschuor C, Kachaylo E, Limani P, Raptis DA, Linecker M, Tian Y, Herrmann U,
Grabliauskaite K, Weber A, Columbano A, Graf R, Humar B and Clavien PA (2016)
Constitutive androstane receptor (Car)-driven regeneration protects liver from failure

following tissue loss. J Hepatol 65(1): 66-74. 10.1016/j.jhep.2016.02.040.

Vacca M, Degirolamo C, Massafra V, Polimeno L, Mariani-Costantini R, Palasciano G
and Moschetta A (2013) Nuclear receptors in regenerating liver and hepatocellular
carcinoma. Mol Cell Endocrinol 368(1-2): 108-119.

van de Laarschot LF, Jansen PL, Schaap FG and Olde Damink SW (2016) The role of
bile salts in liver regeneration. Hepatol Int 10(5): 733-740. 10.1007/s12072-016-9723-8.

van Waterschoot RA, Rooswinkel RW, Wagenaar E, van der Kruijssen CM, van
Herwaarden AE and Schinkel AH (2009) Intestinal cytochrome P450 3A plays an
important role in the regulation of detoxifying systems in the liver. FASEB J 23(1):
224-231. 10.1096/15.08-114876.

Vos TA, Ros JE, Havinga R, Moshae H, Kuipers F, Jansen PL and Miiller M (1999)
Regulation of hepatic transport systems involved in bile secretion during liver

regeneration in rats. Hepatology 29(6): 1833-1839.

Wang X, Quail E, Hung NJ, Tan Y, Ye H and Costa RH (2001) Increased levels of
forkhead box MI1B transcription factor in transgenic mouse hepatocytes prevent
age-related proliferation defects in regenerating liver. Proc Natl Acad Sci USA 98(20):
11468-11473.

66



Watanabe M, Kumai T, Matsumoto N, Tanaka M, Suzuki S, Satoh T and Kobayashi S
(2004) Expression of CYP3A4 mRNA is correlated with CYP3A4 protein level and
metabolic activity in human liver. o/ Pharmacol Sci 94(4): 459-462.

Williams JA, Hyland R, Jones BC, Smith DA, Hurst S, Goosen TC, Peterkin V, Koup JR
and Ball SE (2004) Drug-drug interactions for UDP-glucuronosyltransferase substrates:
a pharmacokinetic explanation for typically observed low exposure (AUCi/AUC) ratios.
Drug Metab Dispos 32(11): 1201-1208.

Xu D, Wu M, Nishimura S, Nishimura T, Michie SA, Zheng M, Yang Z, Yates Ad, Day JS,
Hillgren KM, Takeda ST, Guan Y, Guo Y and Peltz G (2015) Chimeric TK-NOG mice: a
predictive model for cholestatic human liver toxicity. J Pharmacol Exp Ther 352(2):
274-280. 10.1124/pet.114.220798.

Yayama K, Sugiyama K, Miyagi R and Okamoto H (2007) Angiotensin-converting
enzyme inhibitor enhances liver regeneration following partial hepatectomy:
involvement of bradykinin B2 and angiotensin AT1 receptors. Biol Pharm Bull 30(3):
591-594.

Yao XM, Wang BL, Gu Y and Li Y (2011) Effects of bicyclol on the activity and
expression of CYP450 enzymes of rats after partial hepatectomy. Yao Xue Xue Bao
46(6): 656-663.

Yuan X, Yan S, Zhao J, Shi D, Yuan B, Dai W, Jiao B, Zhang W and Miao M (2011) Lipid
metabolism and peroxisome proliferator-activated receptor signaling pathways
participate in late-phase liver regeneration. J Proteome Res 10(3): 1179-1190.
10.1021/pr100960h.

Zahavi T, Lanton T, Divon MS, Salmon A, Peretz T, Galun E, Axelrod JH and
Sonnenblick A (2016) Sorafenib treatment during partial hepatectomy reduces
tumorgenesis in an inflammation-associated liver cancer model. Oncotarget 7(4):
4860-4870. 10.18632/oncotarget.6638.

Zhang L, Wang YD, Chen WD, Wang X, Lou G, Liu N, Lin M, Forman BM and Huang W
(2012) Promotion of liver regeneration/repair by farnesoid X receptor in both liver and

intestine in mice. Hepatology 56(6): 2336-2343. 10.1002/hep.25905.

67



Zhang P, Jia K, Fang C, Zhou X, Ding X and Zhang QY (2013) Dietary regulation of
mouse intestinal P450 expression and drug metabolism. Drug Metab Dispos 41(2):
529-535. 10.1124/dmd.112.049403.

Zimmers TA, Jin X, Zhang Z, Jiang Y and Koniaris LG (2017) Epidermal growth factor
receptor restoration rescues the fatty liver regeneration in mice. Am J Physiol
FEndocrinol Metab 313, E440-E449.

Zollner G, Wagner M, Moustafa T, Fickert P, Silbert D, Gumhold J, Fuchsbichler A,
Halilbasic E, Denk H, Marschall HU and Trauner M (2006) Coordinated induction of
bile acid detoxification and alternative elimination in mice: role of FXR-regulated
organic solute transporter-alpha/beta in the adaptive response to bile acids. Am J

Physiol Gastrointest Liver Physiol 290(5): G923-932.

fefie IERML, KH % (2018) AIFKIZKIT 5 MFMlaX 2 7~ 7 2% AWi=3K5), #itl &
OSSR ENREREM oA HPE B 3EEEFE (Folia Pharmacol. Jpn.) 151, 213-220

o)1 5EZ . 253Em . 2016

SEEP it (2012) B RFRMIlES 2 T~ T 2 IR KO A = XL L C-ALFE B
84 & % 8 & pp. 699-706

EAT ER R S (2016) #RE OV A X&HET 5 Hippo-YAP/TAZ > 7 F VAR ERE K
FA T AR EHEFEIA L B2 — 5e004 10.7875/leading.author.5.e004

hp Bw (1985) ¥ U vEHRLELEGHT X /BOMRHE%E 23 & 5 5 p.
299-308

—IAEHEN BRI S FPREZIRITA BT A > 2017 4EhR

68



EILT

ARBFFEITIR B R PR AR E O 2P 5e R KW ez (B - skl RSZER RS
Hiz) . R IR REIRO S ETITON b DO TH Y | TNV R, TR S g
THiE A Y F U WA A TG L BT E T

Elo, AR ZED DHICHTY | AR ERO TIREW IS KRR TS - T
20 £ LTIRRRFARFELE R R RAEATER (EsE IERIBIZNE < #EIFLH L L
£7,

ABFIEDBATIHE LCL MBI TRIRLE IS Y % LT B KR RS SRR TR
B FIBEIR, AUE BORERICIE S AT LR E T

AIFFRNZIBNT, - ZHEZH Y £ LA BRFPRFILERER AR &
R, IR MR AR, JE) FEIMEREERIZ IR HEALH L BT £,

A ZZFITTHICHTED . FxDOTsE - ZHHEBHFEF LIRSS 7=y 7 A
A S AR OV T 2= 7 AN ORI K Y BE R L E
FET,

AWFFENC T NTEE | T2 EEERFE LI BDIC L THEE £ LA RERFERE
SRR TR R, AR ARERE Sy BB AT SR D EAE )T | 15 7E DEAR IR < B L %
7,

RBIT, MRT W2 52 XA TS NVIEFIRIZODN BREGHERLET,

69



