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Production and phenotype analysis of mouse models with humanized bile acid
composition
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The bile acid (BAg composition in mice is substantially different from that
in humans. We generated Cyp2al2-/-(2al2K0), Cyp2c70-/-(2c70K0) and Cyp2c70-/-Cyp2al2-/-(DKO) mice
using the CRISPR-Cas9 system to study the regulations of BA metabolism under humanized BA
composition. 2al2K0 mice showed the accumulation of deoxycholic acids (DCAs), whereas 2c70KO mice
lacked muricholic acids (MCAs) and exhibited markedly increased hepatobiliary proportions of
chenodeoxycholic acid (CDCA). In DKO mice, not only DCAs or CDCAs but DCAs, CDCAs and lithocholic
acids (LCAs) were all elevated. The BA pool was markedly reduced in 2c70KO and DKO mice, but the
farnesoid X receptor (FXR) was not activated. It was suggested that the cytokine/c-Jun N-terminal
kinase signaling pathway and the pregnane X receptor-mediated pathway are the predominant
mechanisms, preferred over the FXR/SHP and FXR/FGF15 pathways, for controlling BA synthesis under

hydrophobic BA composition.

Cyp2c70 Cyp2al2



% X C-19, F—-19—-1, Z—19 (Lih)

WFFEBR 4R 5 ) D 5=
G)%%ﬁ NASH, fF#. HMPERTRETE . B CReEPRE,. RIEVERE 2R & A - s st
HONE G-I S s r%@%TW%%EbfvﬁX#ﬁﬁéﬂ(wéoLﬂb‘thkvﬁxf
TS I NS D Z LR S TE T,

Q) EDOFRKERD—2L LT, v~ AOEHEMENE FERES BRsZ tnxxfons, <
7 2K CHIRREE OB 57 ) T A F L a—LfEE (CDCA) T A4 F 3 22— /LfEE (DCA)

D Th 7 R0 IZ, e N THEEERNGEH STV D vL Y 543 v a— )Lk (UDCA)

OB EBITHEAMED I 2 ) a—/LfE (MCA) 28 50%E< 2 EH 5, T7hbb, v ZDOAFEE
ETIVLRMN D UDCA %
REIZEGINATNDHOD :
LA CREARIRIE T p & | Mouse e
Zz 55, CDCA

50e N e |3 Qe
@)VWXTwm%mm - e
ﬁs*ﬁbf@fﬁb\ﬁﬂﬂfi\ ~ / HO“ " "0H HO" RN "OH \ HO' H OH

Human liver Cholesterol

H

A @H?Hﬁ&: CDCA % MCA , E": GCi? Cholic acid (CA) Chenodeoxycholic acid (CDCA) U‘MU’iChi“C acid (MCA)
a-hydroxylase CYP2A12
\Z. DCA % =2—/ L (CA) (CYP2A12) (\ B- Murlchollc acid (MCA)
= \

Do %/J‘Li“hif@%%i Intestine

ﬂ%%*ﬁﬁb(ﬂé%ﬂ%b\f\ % Deoxychollc acid (DCA) thhochollc acid (LCA)
L F D Cyp2e70 &

Cyp2al2 THDH I LZFE ®1 ErETHROBEAEAREED LS (J Lipid Res. 61:54-69,2020 &Y 3| )
L7z,

E: {J‘ Egj- ‘d‘ é é [25] j\i’/ﬁ % ﬁ D Entero- Enterohepatic y
@‘%?@:‘\: 7j§ T?‘E »g‘ 5 7‘: 25]) "G\ &) mrr];f)lzilon o COOH COOH circulation coo
ot - e =

Muricholic a(:|ds (MCAs)

2. WHEOHM
< AD Cyp2cT0 & Cyp2al2 & /) v 77U b5 LIk -oTe MUDHHA MK E BT
~ U AEMERR L, TORBBENT 2175 Z L 2B E Lz,

3. W Hk

(1) Cyp2¢707 (2¢70K0) . Cyp2al2” (2a12K0). Cyp2c707/ Cyp2al2” (DKO) = 7 A DIERL
Ry & 95 Cyp2c70 F721% Cyp2al2 D71 s A_X—H—EpEEF—7 (PAM) @ Eji 20 ¥

% pX330-U6-Chimeric_BB-CBh-hSpCas9 77 A I R BbsI HfillpREEZANICFHAT HZ EI2 XD,

Cas9 FH /) v 7 77 h_7 2 —% R 7=, C57BL/6] ~ 7 A HKDEINZHEINAIEZIC pX330-

Cyp2¢70 intron 1 &

pX330-Cyp2¢70 intron Cyp2a12 Cyp2c70
= — 676 by 662b
(2: X 2 %2 7:_ LE}: pX:;BOt Forward i Paired Cas9 Paired Ca;Q ,aﬁ;rd
ypzsa intron "i'_":” ~deavo s Wild Cyp2a2 cleavage s"es\\"ir_“le' Wild Cyp2c70
pX330-Cyp2al2 intron s g-E—Y n BB J .—3 s—p L| L.‘ 15
NS 1 2 3 4 3 2 1
P EVAT AT m o e rhee fee\fame  exn
~ N n — wil mutan mutani wil
7 va v, {‘7\% LRI 1927 op \
AN N AL eletion 1.272bp\
< ~ i
1 ~v A f)%uﬁﬂ B r Mutant Cyp2a12 deleton \ L Mutant Cyp2c70
B L7z, LT~ smB B a3 ¥ ] B
e~ 1 2 6 7 3 1
T ADREHS ) % = o
7 A

PR L THH B 7z DNA

\ a5 1 5 *+-[CCTATG [CGCCTGGATTGTAAGAC]- = & 5 -+ [AGATGATTATTAGTGTAICTCTTGTCACTGTTCCA -~ &
E}EH b :C * E/j @ai” 75.) Leﬂ'aCR|%PR Right CRISPR target Left CRISPR target Right CRISPR target

R rget
a4 ~v— LIt ¢
ﬂ\’_'_ PCR i‘% IT]E L/ . é % a: Mutant Cyp2a72 cDNA and amino acids (aa) Mutant Cyp2c70 cDNA and amino acids (aa)
iz R 2 1 3
ﬁ% @ L7-PCREMDH ggg GAR CAG GCC ACC TTT AAT ACACTC TTC AAA 5 70T /-\S'I)fgnGGC ATG.GCATCG TCT TGCZOECA ATG GAG AAA CAT
N aa -G aa**+S S § S
AV =Tz GGCTATIECT CTA TGA CAT GTT CCATTC AGT TAT - & GGA AAC AR CCC GEC GTT TCT CCC TCATGG TCT TAA GGT -
X%?ﬁ‘b\ i%)\%ﬁ:@ L stop exon 5 W S stop
’ >N

AREMHT L. 77V m2 Ccyp2a12, Cyp2c70I=#1+BCRISPR target site (J Lipid Res. 61:54-69,2020 &Y 31F)

— (FO) v 7 A &

FIE L7,

HAE Y OEENEASNTWDSD FO w7 2 &2 B4R C57BL/6] ~ w7 & & HARAZHL S,
Cyp2c70” B LW Cyp2al2” ~7 1 F1) v U AEERLT-, 612, TNENOFL ~ U AF L%
AL & T Cyp2¢707 Cyp2al2” # 7 ~TFr (F2) v 7 A2 ERL L | Bk F2 ~ 7 R[5
BolZ ko> T, 2¢70K0, 2al12K0 38 L TNDKO 7 R %2457~

(2) AT v—)L - JEIERASHT
MyEFHFOAT v —/Lid, 5 pL OMIFICNEHERELZ P L, IN KOH =% / —/LHC 37°C, 1K
R R U Te R~ Al UTe, ARTEZICE 2 U VR TR L HPLC-MS/MS 2



TATaO— VB F v AT o— Va2 ERE L, £/, iE., #HEL L OHEF OEHERIC
WCEE, g By HIE T v U AR R, E /MBI, BB KO AR ER 1T
IN KOH /K¥&i& H T 80°C20 437 v A1 U A S iR L?‘Jz‘ék\ 0.5 M Potassium phosphate buffer
(pH 7.5) Z¥HIL T, Bond Elute C18 #— b VU v (200 mg, Agilent Technologies, Santa
Clara, CA, USA) CHiH - #H L7z, ZARZ[ERIZ 20 M FEEET »E=T LNy 77— (pH 7.5)/
AB = (11, v/v) IR L., ZF0O—% HPLC-MS/MS (23 A L THHr L7=, HPLC 7 T AlX
Hypersil GOLD column (200 x 2.1 mm, 1.9 um, Thermo Fisher Scientific, Waltham, MA) %
L. BEFEIZ Ando B D HIEICHE ST (J Pharm Biomed Anal. 2006, 40:1179-1186).

(3) MERISMHEOHIE

CYP2CT70. CYP2AI2IEMEDIEA, 2 L AT 1 —/L « JEH-EEREHC B3 2 82 T 5 5 T OHMG-
CoA reductase, CYP7AL, CYPSBUEMEIX, Wi b/ v Yy —A L REEZTCTRIGSHE, KN
EREEHERANIR TR LT RS 2 L, LC-MS/MSTERT A Z L I2 k> TYTo 7=,

(4) mRNA O F&HfiFT

RNeasy Plus Mini Kit (QIAGEN) Z T, T X OEIGRmHAE2 D RNA Zfhi L7z,
Reverse transcription {2 X ¥ cDNA %EE}Z?& LightCycler (Roche) FastStart DNA Master™"
SYBR Green I Z VT mRNA OB EEZIT- 77,

(5) IfyE FGF15 OE®
My fibroblast growth factor 15 (FGF15) MJRE L.~ 7 A FGF15 ELISA kit (MyBiosource,
Inc., San Diego, CA) ZHWTHIE L7z,

(6) FIRAE O
B D01 F 10% e e U SR L. S5 7 4 2T o 2 ORI A %~ b %o
Y/ O et L TR L

4. WF7ER SR
(1) 2c70K0. 2al12K0. DKO ~ 7 2 DERL
CRISPR-Cas9 3 A7 A% FAUNT Cyp2c70. Cyp2al2 ZHLEND FO <~ A Z/ERIL . F1 v &
ERRCTHETNANT OO F2 w7 APMER I T, BRERCHEREE L4 28 ILOD F2 = 7 A D AR
2k~ T, 129 PEDPE(T (F3) 235 H 4. HFRIZ 2¢70K0 (n = 14). 2al2K0 (n = 5), DKO (n =
13). WT (h = 3)THY, fuIF7n~T7a, mE~TO, ~ATaUAI)VRRETH-T-, wEH
|2 2¢70KO [Al . 2a12K0 [Al4:, DKO [RltDOAREIC L » T 3D am =— 2R L7-,
BHEEBIOWN T ADOIFI 7 v Y — 2% T CYP2C70 38 L TR CYP2A12 {EMEAHIE L. 1
FNDOBELEN ) 7T 7 FENTWDZ EEMER LT, 7272 L. CYP2A12 IEPEIZ DWW TIHEDZ
WEMESFE > TEY . Cyp2al2 & mRNA L~ULT 96. 2%DFR[EIMED 8 5 Cyp2a22 I X B b D L H#iEs
X7,

(2) 2¢70KO. 2a12K0, DKO ~ ™7 A|Z331F B ARHFEDMAL & 7 — A X

AR AR ORRL K 2 Fle S 2 & | 2a12K0 JFWT LHEELL T8, WTISHA~T CA 23472 <
DCA 288 L T2, —757 2¢70KO Tl MCA 13263, CA & o004 LT, 80%LA =728 CDCA Th
577, & 5T DKO TlE CDCA(50%) . DCA(30%) ., U k=x— L& (LCA) (10%) . CA (10%) FRETH -
77

JHAEE D 7 — %A XX, 2a12K0 TIEWT A EREZBDIRIN->T2H, 2¢T0K0 & DKO Tl
R RREE D LT,

(3) 2c70KO, 2al12K0, DKO =7 A |{ZBITF B a L AT a— L « JHHBER{HT

FF O RBHFR G Rk R R K O HEEEESE Tdh D CYPTAL 13, 2¢70K0 & DKO THEIZIK FLTHY .
T A O ETAT D Z LN TE L, — . CA B EFR OISR Toh 5 CYP8BL I3, 2¢70KO
TEHEHIZET LTV, DKO TIEEER 72 W RE DR TIZE E » T2, 2T 2¢70K0 T
CDCA EERNFIITHM L TWA Z L aFATE 2R EE 2 b,

Fo =z L AT a— VAR AEEES T 5D HMG-CoA reductase X°, 2 L AT D*—/l//\ﬁji@ﬂ']l
B —H—ThHhdIFT/VATE—IL, TAEAT O — /LIS THEREITRD o 1203,
L AT — URINDME~—H—THdY hATr—L b AT a—/LE, 2¢70K0 & DKO
THREIKETLTCW:, T74hbb, 2o~y AT, BT —1 A4 Xojbick~T=
VAT a— VIRINAE T L TCWE L0 EHERI SNz, BF, 2 VAT r— A RINMETFT 2 &2
VAT a— ) VERNTUET 57 0 — RNy 7 23M# < 23, 2¢70KO & DKO T2 L A7 12— LRI A
BFLTH I L AT o — LARATTHE L TW ARV, RS AME T L Tu5 72 D ITHH %k
HIC R alb AT a— LN FELTWSZ ENHEBEEZ SN,

(4) 2c70KO. 2a12K0. DKO < 7 Z|Z31F 5 FXR OIEMALIREE
OB D 7 — VW A X — IR D701, BBHBEREZHIE L CWARBEERA =X



ALlE, BN L& 7 # —farnesoid X receptor (FXR) 2/ 2 cH 5, HE2D 5 H CDCA
TR BIR S FXR D7 A=A R THO, MCAIZ FXR DT =X FTHDHZ ENbho TN
Do o TYER, 2¢TOKO & DKO ~ 7 ATl FXR BIEMAL S, FDZ & Rl~ 7 ZEF /L THH
HEE T — NP A ZARFD L TWDHINTH D & PRI, & ZAD0, FXR OEBEN RN &S
FTHDHHFD small heterodimer partner (Shp)<° bile salt export pump (Bsep) DFIRTLEIL
BOLNRDoT-, £, FIGRRD FXR EREIE T Th 5 Fefls OFBLE L ONMIFE FGF15 2
FEIZ B A ERBRITRD 0 o7z, LLEX D 2¢70K0 & DKO ~ v R ZH51) D ARHEE 7 — A
AOW X, FXR OIEHALDFE TlrdZe v EfEimo0 bz,

(5) 2c70KO & DKO ~ 7 ZIZF51F D AR 7 — /L b (CYPTAL $1l)) D A T = X

FXR LIS DREHEE G RANH A = A5 & LT, W L& 7 & —pregnane X receptor (PXR).
peroxisome proliferator-activated receptor a (PPARa) 72 EFDiEMALRL. VA RO A iz
X% c-Jun N-terminal kinase signaling pathway ZJ L7- CYP7TAl OIHIMEHERH S, £,
PXR OFEHIEIR T TH DT Cyp3all OFE L FDIMiGF~——Td 5 43 -hydroxycholesterol
ERELZEZA, WFHX DKO ~ 7 ATOREFH T, F72, PPAR a DIEMEE T TH DT
multidrug resistance protein 2 (Mdr2) ®FEE ., DKO~ 7 A TOHA EH LTz, —J7. T
H1 5 Tnfa b _
Tef 81 OIEEIL. Wild, 2a12KO 2670KO DKO
MEITH 5N T
I 5H L. 2¢7T0K0 &
DKO ~ 7 ZADWE
T 5 U ik
FraCHLmto~
7 A TIEF O RAE
T a7z,

Uk X b
2¢70K0 <7 A Clix
CDCA (12 FE 0 & retion
TICEDRIEETE @3 giEvyRIZHIHBEEEBO LS (J Lipid Res. 61:54-69,2020 £Y3IF)
& L7z c=Jun N-
terminal kinase signaling pathway OVEMEALIZ X o THRHERS AL INHE] LTV 5 AT REME 2358
RSNz, —J7, DKO = 7 A TIRRIEDFRELL 2¢T0K0 v 7 A K D #EVS, PXR X° PPAR o O
Uy RIZRD LCABEIM L TWA7Z0, LA ICL > TINH DN L 7 X —NiEbEn s
ZEHHERS T, HPEBERSIH ST D EB X BT,

Hydrophilic BAs

8

6) HEOLNT-REDOENIMCEBITDESITEAL N 7 B

<7 AD Cyp2c70 & Cyp2al2 & /) v 7 7 U b5 LiICL»Te NMUIOHEHEEHKZEF T 5
~ U AR BRI TR L, £ ORBUMFEIT 21T > 72, £lo, ~ U AERICEET o 1FH E =
L AT m—)b « JAHFREHC BE 9~ 2 RBVRAINT T — & OFE7R 5Lk 2 78 972 012, U #:
BOHIBRD 72 NEEEEIZHE R L TA L7z (J Lipid Res. 61:54-69, 2020), JEFRNAILIFMERE
FHBD commentary THLY FIF 540 (J Lipid Res. 61:269-271,2020) . Y% 527~ 1
N7 MIRENWEEZ NS,

(1) S%ORELE
bt MUOEHEEREZE T2~ AZHNDZ Ik, £ < ORBOIREMIA L 1GEED

BRFIICH CE L AREEN S D, SHRIFLL T DO X D R ~DOFREZEZ 2 TN D,

O ZNFETRWS T RAETIVNRWFRMEIRPEIRE K (PBC) DIEh, ~ T AET /ML H L0
E b EDOREEVHIER SN T IHLEREE (FOMEME LIRS 2%, B O T2,
NASH, EMPERFREE ., RIEMRE. KGR E) 2250 T, LV e MW~ T AET L
DVERLAZ AR D,

@ “WIEHIEZ &G L TH —WIEHBICEBR SN T LE S Z RNz, “IRIEHEE D SIE
WZBR LTV D & DGR B AR ORI, HlE. =2 VAT e — VARE, RIAEMES
FHRRE) [ZHoWT, ZRIEHBOKREZH LT 5,

@ HAKMEDOMCAZH L7gW AR~ 7 2% W TERR L 72 B FER BT T U8BV T HIKPEDUDCAS?
MCAZg & DIRFEH IR &7+ 5,

@ FBPAE RS IR FRRER I K » TREEZ T 5720, A~ AZHWTLD & MIEWEN
MEEEZAT D~ AOEKRERAD,

® AR LR EO AR 5T, BN L OWESZF IR E2 0 UCIRMAD, frfiia, foreimia
REDRFNCHHEL 5252 LNHLMNIR>TWD, b MUEEE~ 7 ZETF LI,
(LB DI 5T, MSTFOHIZEORBICHLEBR T2 LEX 615,



3 3 0 2

Honda Akira Miyazaki Teruo Iwamoto Junichi Hirayama Takeshi Morishita Yukio Monma 61
Tadakuni Ueda Hajime Mizuno Seiya Sugiyama Fumihiro Takahashi Satoru Ikegami Tadashi

Regulation of bile acid metabolism in mouse models with hydrophobic bile acid composition 2019
Journal of Lipid Research 54 69
DOl

10.1194/j 1r .RA119000395

Miyazaki Teruo Sasaki Sei-Ich Toyoda Atsushi Wei Fan-Yan Shirai Mutsumi Morishita Yukio 10
Ikegami Tadashi Tomizawa Kazuhito Honda Akira

Impaired bile acid metabolism with defectives of mitochondrial-tRNA taurine modification and 2020
bile acid taurine conjugation in the taurine depleted cats

Scientific Reports 4915

DOl
10.1038/s41598-020-61821-6

Miyazaki Teruo Honda Akira lkegami Tadashi lida Takashi Matsuzaki Yasushi 64

Human-specific dual regulations of FXR-activation for reduction of fatty liver using <i>in 2019
vitro</i> cell culture model

Journal of Clinical Biochemistry and Nutrition 112 123

DOl
10.3164/jcbn.18-80

Honda A, Miyazaki T, lkegami T.

Roles of bile acids in hepatobiliary diseases: a novel approach using mouse models with humanized bile acid composition.

2019

2019




41

2019

(lwamoto Junichi)

(10384950) (32645)
(Ikegami Tadashi)
(40439740) (32645)
(Miyazaki Teruo)
(60532687) (32645)




