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BB+t N FGF19-ERKIE B& 7] _EiAMRP3/43R1A
YRz L

T iR EIE R KRR
(Ll R R 2 B AR DX U 2 B, B 264209;
2ol ZE 7 5 K2 B — B R I e VG i 25 5 i AL B HIEL IR AR T Ly, B R 400038)

WE  Z IR E R LR KA X R L (QRT-PCR). & & FP i 52 3o (Western blot)# i)
PRAT 4 4m i, ) F 19(fibroblast growth factor 19, FGF19)4k 32 A 4m 2L & 4@ it % HepG2/& 48 Jitl ) 5-isk 64
FGF19; B4 e it BR HEsLAE B 69 % 2 & 25 1 % & 3(multidrug resistance-associated protein 3, MRP3)#=
% 2w 2514 % & 4(multidrug resistance-associated protein 4, MRP4) & iA & 49 B R st 2 it it AR &0 7
FFém e PR P VR . 42 R A, 12 A FGF194 22 HepG24m 2., MRP3. MRP44#)mRNA =& &) & & K
T3 2 EEST 2R AN AR B, Western blotift—F1E 52 FGF 194 22 4n oL vT i & A BR AL 4m JEL
9z 58 $B (extracellular signal related kinase, ERK){z 5 i@ ¥4 1% F) ERKAZ 5 i@ 34 49 4% 5 1 /)
o F 374 7] (PD98059) 4k 22 HepG2-F Am A 100 ng/mLAIFGF 194384 40 s, 55 & An APD98059 84 % F&,
204858, MRP3. MRP44#ImRNAZK-FFuk @ K-F #48374). 4 EPriE, FGF19:8 iLA42ERKAE 5 i
Fod 53 FIMRP3FaMRPAF A K F | f2J8 A AR LA T =T 38 An R i B4 e sk vAPR 37 BT 4 1.

xR ARET4EAN R T-19; MRP3/4; ERKAS 510 #%; AHYT A

Up-Regulated the Expression of MRP3 and MRP4 through FGF19-ERK
Pathway to Protect Hepatocytes Under Cholestasis

Yu Wenjing', Shi Pan', Pan Qiong?, Chai jin?, Song Shuliang'*
(‘China Marine College, Shandong University at Weihai, Weihai 264209, China; *Cholestatic Liver Diseases Center and
Department of Gastroenterology, Southwest Hospital, Third Military Medical University, Chongqing 400038, China)

Abstract In this study, qRT-PCR and Western blot were used to detect the change expression of
autocrine fibroblast growth factor 19 (FGF19), amultidrug resistance-associated protein 3 (MRP3) and multidrug
resistance-associated protein 4 (MRP4), when the HepG2 cells were treated with FGF19. The results showed that
the expression of MRP3 and MRP4 both in mRNA level and protein level were up-regulated in a concentration-
and time-dependent manner. It was further confirmed by Western blot that the protein level of phosphorylated
extracellular signal related kinase (p-ERK) was increased, when treated the HepG2 cells with FGF19. When the
HepG2 cells were pretreated with PD98059, specific small molecule inhibitor of ERK signaling pathway, the
expression of MRP3 and MRP4 was decreased, comparing to control group without PD98059. The results indicated
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that FGF19 specifically mediated up-regulation of MRP3 and MRP4 by regulating ERK signaling pathway, and

enhanced hepatoprotection by increasing bile acid excretion under cholestasis conditions.

Keywords

lestasis

JIH 1 3 FH (cholestasis) & B T~ AH 7 43 wb K HE it
B A 5| S R LI Il PR 25 B0, 1 B A8 i 1 1 & A
KIEn e B A 4Eqn . 4L, B2 D) g v
IR R o FERHH AR R A i 72 v, AL 9 ORI
FEO AR AR, 2 Ak Ar —Se3d B S N, LG IE VR
A BRSO3 A R e 18 2 1 AR AR

AT 4E N B A K AT~ 19(fibroblast growth factor
19, FGF19)/& —Fft A 70 Wb s, J& T Bt 4 4m o
K Rl ZO IR 8 2 22—, 32 1 [ gy 53 W (FE Wi 43
2 LAFGF1SIE AT AE), £E N IERIHZE o A
FRIEP, HoA il A% IR R V% Jé I 52 145 (farnesoid X
receptor, FXR)FJ A #2078 3L 2e 70 g JH vyt A 5
HHES, FGF19M) 73 W K~F38 0, PAAE N HLAA &
NEVE I ERI LG BF T W, FGF 193842 JIH 71 i #4
1) 3= LB I/ S IR AEAR 32 AR (small het-
erodimer partner, SHP){5 5 18 1% [ [ JH 1 & & 5 %
R SR P L Y R — 1 T T [1]-7-a 2 A B (cholesterol
7o-hydroxylase, CYP7TA 1) K 1A /K F, 98 /b fH 7 IR
(A IR 70K, FGF 197 il ERK-SHP{E
510 %, 0 — R 0 R HE W B A LB B
iz JIk3Al(organic anion transporting polypeptide 3A1,
OATP3ANIFRIE, 98/ IE VTR 1A Fi, AT ek I
TR, (HFGF 19X HAth IH iR %12 B 1 R 118 77
AT IE— B AR .

JH 1R % 3z 8 E 3y A I R $e U ds B A
MR RRAMEFZE A . RIS R EEN
YRS T AR RO A AL B 1 % 12 B A X R (organic
anion transporting polypeptides, OATPs). 4 & - 4+
fith i1 £ 3L 7% 32 #& (sodium taurocholate cotransporting
polypeptide, NTCP)FH T ity 44 4 i V4 IH 5 4% 12 44 (api-
cal sodium bile acid transporter, ASBT). HH7TFRAMIE
g B FEAA MR AMIFZE (bile salt export pump,
BSEP). A HLi# i %12 & [ (organic solute transporters,
OSTs)Z it A1 £ 24 245 A 5% 2K 4 (multidrug resistance-
associated protein 3, MRPs) K& . £ iy 2515 H
3(MRP3). % 24l 24 1 & [14(MRP4) & T MRPs % %
B, 2 AN S Fiba A, FERETH

fibroblast factor 19 (FGF19); multidrug resistance-associated protein 3/4 (MRP3/4); ERK; cho-

TE G JE, (EAE — e JH TR R B (I TE A
RN BN REAEVE FHAE AL 5 ) A AR I, AR D LA i N
(AR SN, LA JH I () s & B SR 3, DASG e
THRR BRI, el 40 A 510

VA AR R AR IS, — 7 10 I 2H ZRFGF 1973 4
B IEOEERKAS 5@ %, 7 — 7 A IRz
& FAIMRP3FIMRP4 1] 3 18 7K F 34 . 38 AFGF19
#& 75 Al JE I ERKAE 5 38 % 1 5 MRP3. MRP43& ik
P2 R POX AN ] R, FRATTAE R S5 H R A A
Ui YEFGF 194t B HepG24H A, WL %XFGF19/& 7 & 5%
MIMRP3. MRP4[] 3£ ik 7K °F; I FHERKAE 5 i
A 7 T AL, W ZEFGF 1972 75 36 1] DL 4k 452 52 i
MRP3. MRP4{FIEKT .

1 MRERE
1.1 e

NHHE 4 i Bk Hep G241 f i B Hh [E R} 2 e _F i
A dr BB T B A0

2 FIRLEE

DMEM; 726 2R M5 RS B (trypsin) i
H GibcoA Al ; HHER R IB AW 100xH H SigmaA & ;
WA RGHHIA) . SRR A0 E 5 5 Roche AH] ; CY-
P7al. MRP2. MRP3—#ilJ H Santeruz/A 7]; MRP4—
YU H Abcam/A 7] ; ERK. p-ERK—HUH H CSTAH];
FGF19—#104 H Cell Signal Technology/s & ; GAPDH
—4$i H ProteintechA 7] ; ZEPi e Pl H Sigma’s
7] ; FGF 1941 X114 H Peprotech /A 7] ; ERK I 7]
PD98059)1 H Sigma-Aldrich Chemical A 7] ; Trizolld H
Invitrogen’A &) ; W3 s 1) S H TaKaRa A 7] o

6FLAI24FL A i 5 TR AR H 22 [F Costar A 7] ; CO,
4 g5 7246 H 52 [E Thermo Scientific/A ]
1.3 “mAEETE

A I N 10%16 7 ML 35 A11% X0 37t I DMEM B4
FrHE, F37°C. 5% COL3% 37 4, B - HepG24H il .
1 D B kA IR 85% ), EDTA-JREETH 1L, LA
i 5 FE £91< 105 mLAH T-6FL AR, 4 40 i fil & A K
JEE0R 60%~80% 2 FEINS , BT BB R; IR ST AN LR
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35190 ng/mL. 10 ng/mL. 50 ng/mL. 100 ng/mL{]
FGF194b B 4H g, 1F FHI24 h)a WCEs 2R (AT RNA
FH VAR 77925, 20 i fl B 2E K 32.60%~80% %% P I,
BB 0 1 7R HE T I 29K FE 29100 ng/mLI¥IFGF19
fFH 2 HAEHO . 1 he 3hy 6h. 12 hy 24 hifg Y
SR EMUERNA . M AR 7, g & A K
L N60%~80% I, A4 FLrp — 2 B 8 i i R
TN 294 B 25 pmol/L I ERK A 1] 75IPD98059, Tl
A FRO.5 h, FEINAZKREE 100 ng/mLIFIFGF19; 2
OO R o e R R, U\ 9K E 9100 ng/mL
IFGF19; 5 — 4 38 o i 55 77 8, A1 pL/mLI¥
DMSO, 1E AT L ; 4k 4555712 hig, WBUEE [ R
MRNA,
14 EERRENTRE

218 Sigma /A 7] RIPAZZ R 77 e B PR BUA
AR AN S B . BCATEIE B ARE . 1F
5% IRAR TN 10% 57 BS R+, 1#E4T SDS-PAGE#E /i He
UK, EREEREAL30 pgo W4 60 VHLYK H % marker
SEA I, TEWTAT L, e LR 100 V, 4REEHLK, 2
TR UG e A i sk . W RRIVEI RS , 5% s
Wik = WEE A1 h, 4 °C 1 H —Huid & (>16 h, MRP2
1:1 000. MRP3 1:1 000. MRP4 1:1 000. CYP7AIl
1:2 500, GAPDH 1:50 000), [Alg—4i, EiEME —
P190 min(LL 2EHTHRPTA1:50 000). ECLILMEE.
1.5 SEBY E 2 K JPCR(quantitative real-time
PCR, qRT-PCR)

% Trizol i B 5 £ U 41 g SARNA, % ffi TaKaRa
30 SR U B R R RN AT 3% 5 NeDNA, i %
S 56 WG HEATqRT-PCRY ™ # . qRT-PCRAA (8 pL):
0.2 pLAREF 1.8 pL 5xTaqZe i~ 4 puL ddH,O+ 2 puL
cDNAFEM o N 264 95 °C 1 min; 95 °C 10's, 60 °C
30's,72 °C 10 s, 49MEFE; 95°C 105, 4 °C 5 min. £
FHERENERL.

1.6 #ESIT

{4 F GraphPad Prism 6454, N FH 2 K275 2 7 #r
AT G 1T, 2 E lmeantS DJE R E R, *P<0.054
2 S BT B, #P<0.01 92 bl B B

2 H#HR
2.1 FGF19if5ATE20aHepG2E 537 FGF191& 0

REYT YR A B FIE FGF19R A =3 n, Ak
BATINN FGF194LFE Hep G240 fiig '121 DABGAE I
FGF19J5 Xt FF 4 5 43 W FGF19M52m . 3AT14>
K0 ng/mL. 10 ng/mL. 50 ng/mL. 100 ng/mL
) FGF194b ¥ Hep G241 ffil 24 hJ WS HR 4H A &L 25 (4 A
S RNA. qRT-PCREZM FGF19 mRNAZK-H) 5
KGO, 45 R (E1A) BT 7= B EFGF191E FH K 2 1Y)
B ] R A B 4 W FGF19 mRNARIE K1)
4 m. Western blot4f (& 1B)Fr 7xFGF19 7] EL
B HepG24H i 4> WAFGF19, H 31k & fA1E B ik &
IEAHC. B JE, AT/ 100 ng/mLAIFGF194b 2
HepG2, fE I K43 %180 hy 1hy 3h, 6hy 12h,
24 h, $EHUEE A AERNA, qRT-PCRAG M FGF19
mRNAR GO, 4 H - W FGF19 mRNAK]
Tk KF 54 B 20 AR (I 1C) . West-
ern blotZs (K 1D)Fr 7RFGF19 7] BL il #iHepG24H
Ml B - W FGF19 1) 38 m, B Bl 45 FGF 191E H B[] 1)
HINFGF198 A R A EW IR E I . LA Egs R
F W, FGF191] DL Bt Hep G241 i H 43 W FGF 19
4 HFGF19H 43 W 7 5 in N BIFGF 193K B Fi 1
FH B 1) TE AH 5%
2.2 HepG2HAT #Z 40 FEMRP3. MRP4#) 3 ik #0
FGFIOEBEHXH

FGF19] {2t HepG24H il H 73 WAFGF 19134 i,
B AFGF19H)RIEK 72 15 2252 MMRP3. MRP4[1)
ko AR, 2413 AR 0 ng/mL. 10 ng/mL.

#*1 PCRIRFHER
Table 1 The primer sequences

BE DK 44 Bk Fr3(5'—3") R SRR

Gene name Primer (5'—3") Speice/source

MRP2 Proprietary to ABI Human/Hs00166123 m1
MRP3 Proprietary to ABI Human /Hs00978473 ml
MRP4 Proprietary to ABI Human /Hs00988717_m1
CYP7A41 Proprietary to ABI Human /Hs00167982 _m1

GAPDH Proprietary to ABI

Human /Hs02758991 gl
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50 ng/mL. 100 ng/mL{¥] FGF194b# HepG24ifit 24 h/i ,
JEHUERNA, qRT-PCREGMIMRP3 . MRP4. MRP2F!
CYP7AIJmRNAJK F-. FGF190 I|CYPTAL £
ik WS H M TEIEE R W, FGF197] I #MRP2 [ ik,
WU PECYPTATFIMRP2 55 B Sy A Uk 52 56 19 FH %
SXof MR B 2 6 B AR 408 45 FL(B2A) TR, FGF1971]
FiEMMRP3. MRP4HmRNAZRIE K. 8 [F AL FE 7
AN HepG241 /024 h)&, IEUE B . Western blot
g (KE2B)FR, FGF197] DL i HepG241 [fiMRP4,
MRP3 % A I RIE K. 2 WEATH EFGF197] LA
FIHMRP3. MRP4/FEL HFRIA R S5FGFI9MKE 2
() LA B S ) B R G R
2.3 HepG2AF/E4MA MRP3. MRP4EIRIES
FGF19E B a{k#i1%

N HE— 5 BFIMRP3. MRP4f) % i& FIFGF19
Z AR B AELERT RO 0% &, FATIESE 7100 ng/mL
IFGF19% HI1E FiHepG241 #20 h. 3 h. 6 h. 12 h.
24 hZ J&, K MIMRP3. MRP4 mRNAZKF-F1E 47K
PRIZEMN . qQRT-PCRZE R (EIBA) TR, BEAEFGF19

(A 2s.

Relative FGF19 mRNA level

0 10 50 100
FGF19 concentration (ng/mL)
sk

©

Relative FGF19 mRNA level
o

0 1 3 6 12 24

Y I IR] 8, MRP3. MRP4 mRNA [R5 &%
BrHG TN . Western blot4h 2 (K13B)Ffiw, Bi# FGF19
Y I TR] A 384 00, MRP4. MRP3ZE [ £ i5 & g
B, BIYE HepG24H g - MRP3. MRP4 mRNA7ZK
PRI (/K RRIA 3G N5 FGF 19545 B 2 (1) [a]
MR o
2.4 FGF19&id ERKIE 5@ K15 MRP3.
MRP4HFRIAIKF

AW LR Y], FGF197] LB ERKIE #%, H 3%
ITAIE B T FGF190] i #MRP3. MRP4 )3 ik 7K
7, FATAEAFGF19 7] §e 2 il i ERKAS 5 18 2 >k 1
FEMRP3. MRP4[{IHIE. NEAEIX 554, &A1
AL 3 AR, 2 — 4 4% A ERK M 77 PD98059
Tkt ¥ HepG2 2 0.5 h/5 F A 100 ng/mLIJFGF19,
55 AN A 100 ng/mL FGF194k # HepG24H Jifd,
2 = 2 NDMSOAHE 1) 5 B4, $2 B = 2 40 A 11 4
HEAMERNA, FIMRP3. MRP4#iA/K . qRT-
PCR45 . (E4A)fT7~: 5 DMSOAL 3 % 8 45 41 i A
Eb, A AX ff FIFGF194k ¥, MRP3. MRP4/{JmRNA

B)

FGF19 for 24 h

0 10 50 100 (ng/mL)

FATE T e — — D0

| 36kDa

D)

FGF19 for 100 ng/mL
0 1 3 6 12 24(h)
FGF19 e S s sl 34 kDa

GAPDH w 36 kDa

A: HepG241i[fl F 43 FGF19 mRNAFRIA i 5 4MEEFGF19 2 77 8K #0¢ &, B: HepG24H il 1 43 WAFGF 1988 1334 i 5 4N EFGF 19 12 77 &k
HOC R, C: HepG2A L 1 43 WAFGF19 mRNA & 5 4MNETEFGF19 2 [A] K #0¢ £ D: HepG24Hfitl F 43 FGF 194K 1334 i 5 4N EFGF 19 S B[]

iR & . *P<0.05, **P<0.01,

A: FGF19 mRNA expression is dose-dependent after treated HepG2 with FGF19; B: FGF19 protein expression is dose-dependent after treated HepG2
with FGF19; C: FGF19 mRNA expression is time-dependent after FGF19 treatment of HepG2; D: FGF19 protein expression is time-dependent after

treated HepG2 with FGF19. *P<0.05, **P<0.001.

Ell FGF19%/#HepG24RBIFGF 198 B 43
Fig.1 FGF19 activate the autocrine of FGF19 in HepG2
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(A) (B) FGF19 for 24 h
100 (ng/mL)

3900 ng/mLE10 ng/mL B 50 ng/mL MM 100 ng/mL 0 10 50
3
MRP4 . s e SR 174 kDa

MRP3 -E- 169 kDa
>

MRP2 S S B B 190 kDa

CYP7A1 "%

GAPDH i 36 kD:

A: qRT-PCRAG MMRP3. MRP4 mRNAK 15 5FGF191F HI K & 2 [0] 47 £ & 2 K &; B: Western blotf JiIMRP3. MRP4%E H £k 5
FGFI9ME IR EZM B MK FR . *P<0.05,

A: dose-dependent relationship between MRP3 and MRP4 mRNA expression and FGF19 detected by qRT-PCR; B: dose-dependent relationship be-
tween MRP3 and MRP4 protein expression and FGF19 detected by Western blot. *P<0.05.

&2 qRT-PCRFAWestern bloti&MIFGF194 32 HepG2/EMRP3. MRP43REZSFGFIVERIREZ BHEMKFR
Fig.2 Dose-dependent analysis of the relationship between MRP3, MRP4 expression and FGF19 after FGF19 treatment of
HepG2 by qRT-PCR and Western blot

58 kDa

Relative mRNA expression

MRP4 MRP3 MRP2 CYP741

FGF19 for 100 ng/mL
0 1 3 6 12 24(h

MRP2 s S e S B B 190 kD2

CYPTAL wip W e sy = s 58 kD2

(A) 6eonm@ 1h M3n B 6h M 12n W 2an B

= S A

y 174kDa

MRP4

Relative mRNA expression

GAPDH W 36 kD2

A: qRT-PCREIMMRP3. MRP4 mRNAZKIE 5FGF 19N [ fK# ¢ &; B: Western blothi JlIMRP3. MRP4:E [ 3% 5FGF19 [ 8] #&
KR *P<0.05.
A: time-dependent relationship between MRP3 and MRP4 mRNA expression and FGF19 by qRT-PCR; B: Western blot analysis of
time-dependent relationship between MRP3, MRP4 protein expression and FGF19. *P<0.05.
[El3 qRT-PCRFWestern bloti&NFGF194:IEHepG2[EMRP3. MRP43iA 5FGF192 |8 AR (B ki % &
Fig.3 Time-dependent relationship between MRP3, MRP4 expression and FGF19 after
FGF19 treatment of HepG2 by qRT-PCR and Western blot

MRP4 MRP3 MRP2

CYP741

KA I IN2.560% . 2.731%, ZRIA S %E
X (P<0.05); ERKAH| FFFGF 193 [F] 4b B 4H 5
i NFGF194b 2 41 #f tt., MRP3. MRP43R ik & H
B, ZRYWAE SIS E L (P<0.05). Western
blot4h K (4B E4C) 5 qRT-PCREE FAH— 5.
INZLE R RTRA, FGF191 @ i S ERKAE 5 1@
#, EIAMRP3. MRP4[(Fik; (H44MNERKSE 5
I 2% 30 5 S, FGF19%FMRP3 . MRP4 ] i/ 2 1]
EIER

3 Wig

FGF 191 4 B 2 24 241 Jfd 28 K PR S S 1) —
A, FEAR 2 A B A R v R AR T R, H BRI AT DA [ B
5 IE TR 0 A RN HE i, 8 JE YT R A2 5 1 1 45
TR B> EERE RN,

— J7 T, FGF190] LU 4% 0/ BR 1) A . 4
AHVRFREE, I B 5 FXRZAALE 4, WOEFXR,
I 5 FIEXR T 41 i FGF 193 ik & 48 11, FGF19
AP 73 W (0 T 2XAE I IO 3500 s 21 44 40 o A K TR 7

hsil
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(A) 5. [0 DMSO H FGF19 B FGF19+PD98059

g *
Z * i
I ek 1 *  #
Z S e e |
< 341
Z
=) * #
E (o (|
=
Q
o~
© MRP4  MRP3 MRP2  CYP7A4I
51 O pMSO [ FGF19 [ FGF19+PD98059
—~ * #
o
:3 44 —r—
=}
=}
‘7 3
8
o
>
o 2-
£
[}
°
A& 11
0

MRP4

MRP3

(B)
p-ERK 4 S . 42/44KDa

ERK S S B 42/44 kDa

MRP4 wss " s (74 kDa

MRP3 s o 174 kDa

MRP2 - S 170 kDa

CYP7A1 - “ 58 kDa

GAPDH S 36 kDa
DMSO (0.1%) + o+
FGF19 (100 ng/mL) - + o+
PD98059 (25 pmol/L) - - +

Az IINERKIEH 0775 QRT-PCREGMMRP3 . MRP4 mRNAFRIETEFNL; B: JINERKIE #0171 J5 Western bloths JlIMRP3 . MRP4%E £ i 1E

BL; C: MRP3. MRP4EE H RIS AN 55, *P<0.05, “P<0.05.

A: the expression of MRP3 and MRP4 mRNA was detected by qRT-PCR after adding ERK pathway inhibitor; B: the expression of MRP3 and MRP4
protein was detected by Western blot after adding ERK pathway inhibitor; C: the fold of relative expression of MRP3 and MRP4 protein. *P<0.05,

"P<0.05.

El4 ERKIEEINFIFRIZFGF195MRP3 . MRP4RIARIFE
Fig.4 The inhibitor of ERK pathway can alleviate the regulation of MRP3 and MRP4 expression by FGF19

24K 4(fibroblast growth factor receptor 4, FGFR4)
HIKA SHP, i IH v IR & B4 LR 12 KB CY-
PTALIERIA, Wb RV BRI & B, 4, At
FLF B, RIE FESHPHE R i BR 1) B 40 i o, FGF19
A A HRICYPTALR R IEM . 55— J71H, FGF19
AL DL VTR A HEA . FT SR, WEFC R I T R
3BT B BH VT R % 18 B HOATP3AL, F£iE F{FGF19
A] LA [F] i) 8 i 335 ERK-SP 1 (secificity potein 1)4F
ST B S 5 38 I 3 R A A T 430 L S S )
OATP3A 1518 5 5 I, 3& B 1 1) OR 37 Ji 40 211
(E5).

A, PAr 1@ AL AMEEFGF 194 #E HepG2
Yl f, 45k B, FGF197] % S HepG24H1 i H 43 i
FGF19, Jf FEMRP3. MRP4[IFE LK. 74,
FATUER, ERK A1 771 B AR AN 52 Wi A5 4 F GF 196
YIHL E 2 WFGF 19 M 4F I, B2 ERKAM #1517
WHEMRP3, MRP4[1) R kK. BIFGF19n] i it
PSR ERKAS 5@, B IMMRP3. MRP4/{KIE, M
M8 N RE T BR A HE. 2k, BATR I TFGF19,

MRP3. MRP45ERK(E 5 i % AH HAF H, 95
W RE AR AL (BS - - #B57).

FGF 198E AT LAIE i #0f1] JH 1 R A R R B C Y-
P7ALMIA B, SCRT LA IR v 8 HE WA 5 T MRP3,
MRP45E [ 5R%, 18 BIHNHIHER & e ik s 1) &%
U R K FGF 198 H T I A B 16T,
HFFEE B, FGF19 1] DA FEAG /N B4 9 U AR A T2
7K, [A) B PR AR 2 /28 T % 2 B (AST/ALT) . B
PEEIRBE(ALP)/KFE, (HEF SR B, MHLAK AL
TFGF 1984 3 /KPR BEI, A T 7EB0@ K, I
HFGF1945 14 5% Jit 727 40 B 1 0 24 14 B, B #i
Luot'flGadaletal" 4 @i 21 Ji ik ] 25 FGF1911) 4% 1k,
LS8 21096 7 RE - 7 AR ) [ B o e R R A6 11 H
[

2 b, JATK I T FGF19i# it % ERKAE 5
g, v EMRP3MIMRP4AE L KT, F
& T FGF1998 5 IH - AR B 3R R Ak, 38 0 17 B
I N B AR 3 VA 97 I AR I IRV IR BIR T 25 )
ATREE .
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\v4 °
‘V BA o o
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A“mc('me
FXR

Basolateral membrane

Vg 7 >
< D Paracrine

OATP3A1

El5 FGF19i@idERKIES B EIEMRP3. MRP4RIEIEN
Fig.5 FGF19 regulate the expression of MRP3, MRP4 by activiating the ERK pathway

2 #k (References)

Hirschfield GM, Heathcote EJ, Gershwin ME. Pathogenesis of
cholestatic liver disease and therapeutic approaches. Gastroenter-
ology 2010; 139(5): 1481-96.

Inagaki T, Choi M, Moschetta A, Peng L, Cummins CL, Mc-
Donald JG, et al. Fibroblast growth factor 15 functions as an en-
terohepatic signal to regulate bile acid homeostasis. Cell Metab
2005; 2(4): 217-25.

Modica S, Gadaleta RM, Moschetta A. Deciphering the nuclear
bile acid receptor FXR paradigm. Nucl Recept Signal 2010; 8(5):
1-28.

Serkan Kir, Sara AB, Varman TS, Paul M, Stenphen FP, Kelly SP,
et al. FGF19 as a postprandial, insulin-independent activator of
hepatic protein and glycogen systhesis. Science 2001; 331: 1621-
24.

Jian Luo, Brian K, Michael Elliott, Mei Zhou, Darrin AL, Van P,
et al. A nontumorigenic variant of FGF19 treats cholestatic liver
diseases. Sci Transl Med 2018; 6(247): 247ral00.

Pan Q, Zhang X, Zhang L, Cheng Y, Zhao N, Li F, et al. Solute
carrier organic anion transporter family member 3Al is a bile
acid efflux transporter in cholestasis. Gastroenterology 2018;
155(5): 1578-92.

Cai SY, Boyer JL. Bile infarcts-new insights into the pathogenesis
of obstructive cholestasis. Hepatology 2019; 69(2): 473-5.

Chai J, He Y, Cai SY, Jiang Z, Wang H, Li Q, ef al. Elevated he-
patic multidrug resistance-associated protein 3/ATP-binding cas-
sette subfamily C3 expression in human obstructive cholestasis
is mediated through tumor necrosis factor alpha and c-Jun NH2-
terminal kinase/stress-activated protein kinase-signaling pathway.

10

11

12

13

14

15

Hepatology 2012; 55(5): 1485-94.

Soroka CJ, Lee JM, Azzaroli F, Boyer JL. Cellular localization
and up-regulation of multidrug resistance-associated protein 3 in
hepatocytes and cholangiocytes during obstructive cholestasis in
rat liver. Hepatology 2001; 33(4): 783-91.

s, Seik, T, MG, MRocE. BHEEME IR T
B TNRSA22FISP1. IR #% 12 & FAMRP35 i I 45 44 14
AR, B = ZE R K 2 2% #fi(He Xiaochong, Chai Jin, He Yu,
Wang Huizhi, Chen Wensheng. Correlation of transcriptional
factors NRSA2 and SP1, Bile transporter MRP3 with liver injury
in human obstructive cholestasis. J Third Mil Med Univ) 2012;
34(24): 2474-8.

Juan Pablo, Arab DC, Marco Arrese. Bile acids in cholestasis and
its treatment. Ann Hepatol 2017; 168(15): 47-51.

Goetz R, Beenken A, Ibrahimi OA. Molecular insights into the
klotho-dependent, endocrine mode of action of fibroblast growth
factor 19 subfamily members. MolCell Bio 2007; 27(9): 3417-
28.

Wagner M, Trauner M. Recent advances in understanding and
managing cholestasis. F1000research 2016; doi: 10.12688/
f1000research.8012.1.

Teng Y, Zhao H, Gao L, Zhang WEF, Shull AY, Shay C, et al.
FGF19 protects hepatocellular carcinoma cells against endo-
plasmic reticulum stress via activation of FGFR4-GSK3B-NRF2
signaling. Cancer Res 2017; 77(22): 6215-25.

Gadaleta RM, Scialpi N, Peres C, Cariello M, Ko B, Luo J, et al.
Suppression of hepatic bile acid synthesis by a non-tumorigenic
FGF19 analogue protects mice from fibrosis and hepatocarcino-
genesis. Sci Rep 2018; 8(1): 17210.





