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Abstract: Non-alcoholic fatty liver disease (NAFLD) is considered to be a manifestation of metabolic
syndrome and has become one of the chronic diseases that endanger health around the world. There is still a lack of
effective therapeutic drugs in clinical practice. Farnesoid X receptor (FXR) has been a popular target for NAFLD
research in recent years. Fexaramine (Fex) is a potent and selective agonist of FXR, and its mechanism of action to
improve NAFLD is unclear. Therefore, in this study, a mouse model of NAFLD was constructed using a high-fat,
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high-cholesterol diet and treated with Fex orally for 6 weeks. We evaluated the ameliorative effect of Fex on

disorders of glucolipid metabolism in NAFLD mice, and preliminarily explored its potential mechanism of action.

The animal experiments were approved by the Animal Ethics Committee of Shanghai University of Traditional
Chinese Medicine (approval number: PZSHUTCM210913011). In this study, it was found that 100 mg-kg" Fex

significantly inhibited body weight gain, alleviated insulin resistance, improved liver injury and lipid accumulation

in NAFLD mice. The effect of Fex on the expression of hepatic intestinal FXR and its target genes in NAFLD mice

was further examined. Analysis of serum and hepatic bile acid profiles and expression related to hepatic lipid

metabolism. It was found that Fex could stimulate intestinal FXR, promote fibroblast growth factor 15 (FGF15)

secretion, inhibit the expression of cytochrome P450 family 7 subfamily A member 1 (CYP7A1), the rate-limiting

enzyme of bile acid synthesis in liver, regulate bile acid synthesis by negative feedback, and improve the disorder

of bile acid metabolism. At the same time, Fex reduces liver lipid synthesis and absorption, increases fatty acid

oxidation, thus improving liver lipid metabolism. This study shows that Fex can improve NAFLD by activating

intestinal FXR-FGF15 signal pathway and regulating liver lipid metabolism.
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PERE - B AL 1) — 2R 3R 9T, I T FXR B Eh I I
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FXR ELA 15 5 (e B8, 16k 2 e X A2 44 21 e ) 1 £
Bt S AR AN AUE A 3K D S AR SR A W R E Y TR
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(high-fat and high-cholesterol, HFHC) 1 £ i 5 NAFLD
/N SRARE Y 1) e AR Y, 9 AR [v) Jiz 1 0 JHIE FXR
Jo RS 508 By TR B AE AR AL, B EHR R
Fex i3 NAFLD I E FHAL, A FXR #3711 &K F H
P AL SO0 FE A AN F IR AR A

MR57EE

SEIGEN4  SPF 2% C57BL/6T B A2 AL 1 /N 5L,
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A5k &G IE E R (D09100310, 55
Research Diets Inc); fexaramine (BCP15784, I if§
FAEVFHABRA ), Y6 RN RS =350
2RI 1), B B ) (05892791001) i i Fig 411
il 771 (04906837001) (3 [ Roche 2 wl); A JIH [&]
(total cholesterol, TC) & 7 & (A111-1-1) H 1 = fi5
(triglyceride, TG) il 7l & (A110-1-1). & N % & I
(alanine aminotransferase, ALT) i 7 & (C009-2-1). %
5 5 B (aspartate aminotransferase, AST) i 57| &
(CO10-2-1) (FF AL 2 AW TAREWTE 5T FT); /N B FGF15 B
BB #0955 18 771 £ (CSB-EL522052MO, B £ 4% T
FEA R A 7); RIPA & H 2R W (89901)+ & 1 Marker
(26616) (3 [E Thermo 2 w); 2 i #%/40 i 3¢ £ 1 4ih 12
W& (20126ES50, b ifg 238 3 A Wy B4 0 A IR
|); &M (MB2510-1, K#EE S EDH ARG R A
f]); o R (oMCA)-f B IHER (BMCA). a & IH R
(aMCA). F Tl o R H B (ToMCA). 4 T g iR IH iR
(TAMCA). 4= o 53 JHEE (TaMCA). - it fE 25 U IH 1R
(TUDCA). 4 fifi IH B2 (TCA). 4 fiff ¥ % & JH %
(THDCA)- 4 1§ X % 0 iR (TDCA)- 4 i A 1 1R
(TLCA).2F RS 25 A HEE (TCDCA). H &3 2= F H 1R
(GHDCA). H & £ JH B2 (GLCA). H & % 2 % JH /%
(GCDCA). H & At LA IHE (GUDCA). H & A HIR
(GDCA). H & IHFE (GCA). IHEZ (CA). ft % & H R
(UDCA).#8 2 E IHfR (CDCA). & AR (DCA). Fi IH
B2 (LCA). J% % % H B (HDCA) (3£ [® Sigma 2 #]);
FXR B 550 [ PU AR (se-25309, 32 [E Santa Cruz 2 #);
CYP7A1 % % 5 £ Pk (ab65596) H & BE 27-F2 4k
(cytochrome P450 family 27 subfamily A member 1,
CYP27A1) % ¥ 58 [ HL AR (ab126785) (¥ [E Abcam 24
); GAPDH % B 77 [ 54K (#5174). f-ACTIN % B 77
W 470 (#4970) LAMIN B1 4 B 50 % 57 4 (#13435)
(3% [# Cell Signaling Technology A &); BAR i S AL 9
BEFRIC LU 2E i R 1gG (L3012) AR it AL W g bR 1L
iR 1gG (L3032) (3£ [ Signalway Antibody 2 #);
RNA $2 Bk 77 & (EZB-RN001-plus, 3 [ EZBioscience
2 #l); Evo M-MLV Jx # 3% ik 77 (AG11706). SYBR
Green 7 & (AG11701) (¥ 7 X &L B =9 TR A IR
NCIDE

SEISEhYI 4R IEHE CSTBL/G) HEVE N (n =

24) & MMEE FR 1A JE, BE AL Pk aE R E X B A
(CHOW, n = 8), M2 £ 3@ 1) k}; ol 4% /) iR R 7% HFHC
TERE (40% i W7~ 20% S F1 2% PH [E BE). HFHC IR &
i 12 A, K /N B4 9 NAFLD % 40 (HFHC,
n = 8).Fex 4l (HFHC + Fex, n = 8). 1t & ¥ Fex
(100 mg-kg™) M Coky 1 (1) HFHC TRk A 51357 2
I, TRAMT T K, Hcgh 25 40/ B A KL .
25 4 2 R A% 2 S T 7 1) R P 6 D, R A D %
FHPNRIAE AR,

BEREMESE KBSANR=E 120, LRE
RUNER 2 grkg! FIE AT IS S 5 1 & E, T 0415,
3060 1 120 min B[] £ FE 2 H LI 72 ifil B%4E

BRREMZILE KBSANRSES h, 251K
B R/NER0.75 U-kg ! B S IR B 2=, IF 10,15,
3060 1 120 min B[] £ B2 S H LI 72 ifi B%4E

MmE%EiErs A 5 RbTR /N BRI S, # IR
BRI, 20 A0 A0 5 U 4 4 il . A1l T = I &% E 2 h,
4°C.3 500 r-min” B0 15 min, B I 2 1037, % 8818771
SIS, W /N BRUMLIE H TG TCALT F1 AST 7% & .

FFARRIBZ & UIHUAH R 304 1 2 41,
T3 FH B 2 2R v L, R A S AL S D), B
T8 b, B a2 B I kAT IR ARE —f ar g
R O Yeth, WA T MBI H RIS ZN .

BEHER AW H/N BRI 50 uL (FAE 50 mg),
A 300 pL VK BB W, e, 78 UTIE B, 4 °C .
15 000 r-min” &0 15 min, B L3, ZAW T, WA
50% VA (5 P9 A% 100 ng-mL" HER d,) B . F
FH AR (385 - B 1% 16 H &R 4t (Shimadzu CBM-30A 15 21
M 3% & 45, 3% % ABSCIEX QTRAP6500 Jiii i %
&) #EAT K, 5% Ay ACQUITY UPLC HSS T3 #F
(2.1 mm x 100 mm, 1.8 um), Fi 34 0.01% F -2/

SERTIREEE PCR LI HU 50 mg AT U5 A [ iy
FE S, N 500 pL R A 515, IMNE IR AL, B
O EL B3, SR AT K 2B VR 50 5 1 W B R, B0
500 uL Wash Buffer P ik, &0 J& 1 W AT 5 7 22 K T
B, INNBEBLR, 758 RNA. 2 J5 RNA R 4T
W 5 H G % . # F QuantStudio 6 Flex SER %% )6 &
# PCRAGHAT 38 ) B, AR A 2% BTl 43 1) C A, BA
Gapdh NN ZFEH, K 27440t 5 H ARSE DR 1A %
RiLw, SIVFIIE B IE 1.

EERBENIAMN /N4 200 RIPA )
), ARSI B (% E % R & B R E),
BCA £ 52 B H KR B I 52 7=, %5 H LA SDS-PAGE #E fi
Ha WK 20 B, TR IR B I, 5% BSA $F . in R B i Ak
(1:1 000 %), T4 °CREIRIE &1L %, TBST ek 3 IX;
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Table 1

The primer sequences of real-time quantitative PCR. Gapdh: Glyceraldehyde-3-phosphate dehydrogenase; Fxr: Farnesoid X

receptor; Fgfl5: Fibroblast growth factor 15; Asbt: Apical sodium-dependent bile acid transporter; Osto: Organic solute transporter a; Ostf:

Organic solute transporter f; Ibabp: Intestinal bile acid-binding protein; Cyp7al: Cytochrome P450 family 7 subfamily A member 1;

Cyp8bl: Cytochrome P450 family 8 subfamily B member 1; Cyp27al: Cytochrome P450 family 27 subfamily A member 1; Fgfi4:

Fibroblast growth factor receptor 4; Shp: Small heterodimer partner; Srebpl: Sterol regulatory element binding transcription factor 1; Acc:

Acetyl-CoA carboxylase; Fasn: Fatty acid synthase; Mogatl: Monoacylglycerol O-acyltransferase 1; Pparg: Peroxisome proliferator

activated receptor gamma; Scd/: Stearoyl coenzyme A desatura 1; Fadsl: Fatty acid desaturase 1; Cptl: Carnitine palmitoyl transferase 1;

Acox1: Peroxidase acyl coenzyme A oxidase 1; Ppara: Peroxisome proliferator activated receptor alpha; Mcad: Medium-chain acyl-CoA

dehydrogenase; Acs/l: Acyl-CoA synthetase long chain family member 1; Pgcla: Peroxisome proliferator activated receptor y coactivator 1

alpha; Pgclf: Peroxisome proliferator activated receptor y coactivator 1 beta; Cd36: Cluster of differentiation 3; Fabpl: Fatty acid binding

protein 1; Fatp5: Fatty acid transport protein 5; Fatp2: Fatty acid transport protein 2; Apob: Apolipoprotein B; Mttp: Microsomal triglyceride

transfer protein; Apoe: Apolipoprotein E

Primer Sequence (5'-3") Primer Sequence (5'-3")
Gapdh-F AGGTCGGTGTGAACGGATTTG Pparg-R GAGAGGTCCACAGAGCTGATT
Gapdh-R TGTAGACCATGTAGTTGAGGTCA Scdl-F TTCTTGCGATACACTCTGGTGC
Fxr-F CTGGCATCTATGAACTCAGGC Scdl-R CGGGATTGAATGTTCTTGTCGT
Fxr-R CCATTCGCGGCTTCTTTGT Fadsl-F AGCACATGCCATACAACCATC
Fgf15-F ATGGCGAGAAAGTGGAACGG FadsI-R TTTCCGCTGAACCACAAAATAGA
Fgfl5-R CTGACACAGACTGGGATTGCT Cpti-F CTCCGCCTGAGCCATGAAG
Asbt-F GTCTGTCCCCCAAATGCAACT CptlI-R CACCAGTGATGATGCCATTCT
Asbt-R CACCCCATAGAAAACATCACCA AcoxI-F TCCAGACTTCCAACATGAGGA
Osta-F AGATGCGGCTCCTTGGAATTA AcoxI-R CTGGGCGTAGGTGCCAATTA
Osta-R TGGCTGCTTCTTTCGATTTCTG Pparo-F AGAGCCCCATCTGTCCTCTC
Ostp-F CTTCCAGGAGACGTGATTGAAA Pparo-R ACTGGTAGTCTGCAAAACCAAA
Ostp-R CCTCCGAAGTCTGGTGATAGTTG Mcad-F AGGGTTTAGTTTTGAGTTGACGG
Ibabp-F CTTCCAGGAGACGTGATTGAAA Mcad-R CCCCGCTTTTGTCATATTCCG
Ibabp-R CCTCCGAAGTCTGGTGATAGTTG Acsl1-F TGCCAGAGCTGATTGACATTC
Cyp7al-F GCTGTGGTAGTGAGCTGTTG AcslI-R GGCATACCAGAAGGTGGTGAG
Cyp7al-R GTTGTCCAAAGGAGGTTCACC Pgcla-F AAGTGTGGAACTCTCTGGAACTG
Cyp8b1-F CACGGGGATGTCTTCACGG Pgcla-R GGGTTATCTTGGTTGGCTTTATG
Cyp8b1-R TGAGCACCAGTTCTTTTGCATAG Pgclf-F TCCTGTAAAAGCCCGGAGTAT
Cyp27al-F CCAGGCACAGGAGAGTACG Pgclp-R GCTCTGGTAGGGGCAGTGA
Cyp27al-R GGGCAAGTGCAGCACATAG Cd36-F ATGGGCTGTGATCGGAACTG
Fgfr4-F GCTCGGAGGTAGAGGTCTTGT Cd36-R GTCTTCCCAATAAGCATGTCTCC
Fgfr4-R CCACGCTGACTGGTAGGAA Fabpl-F TGAAGGCAATAGGTCTGCCC
Shp-F TGGGTCCCAAGGAGTATGC Fabpl-R GTCATGGTCTCCAGTTCGCA
Shp-R GCTCCAAGACTTCACACAGTG Fatp5-F TTCGAAAGAACCAACCCTTCCT
Srebp1-F TGGGTCCCAAGGAGTATGC Fatp5-R GCGTCGTACATTCGCAACAA
SrebpI-R GCTCCAAGACTTCACACAGTG Fatp2-F TCCTCCAAGATGTGCGGTACT
Acc-F TCTGACTCAGTGATTCTTCGCA Fatp2-R TAGGTGAGCGTCTCGTCTCG
Acc-R CCCATAAACATCAGCCAGTTGT Apob-F AAGCACCTCCGAAAGTACGTG
Fasn-F CAAACCTCAGAAGGACCAAACA Apob-R CTCCAGCTCTACCTTACAGTTGA
Fasn-R GTAGGAGGATTATTCCCGTTGTG Mitp-F TCTCACAGTACCCGTTCTT
Mogatl-F TGACCCGGCTATTCCGTGA Mtp-R TCTTCTCCGAGAGACATATCC
Mogatl-R CTGGGCTGAGCAATACAGTTC Apoe-F CTGACAGGATGCCTAGCCG
Pparg-F TCGCTGATGCACTGCCTATG Apoe-R CGCAGGTAATCCCAGAAGC

TN SBRAR 3ok 48040 420 A BB ) — B (125 000 FiBf) =i
5% F 2 h, TBST ¥e¥% 3 Ik, 5 Ja A ECL & 6k f 3k AT
W5 . M8 Imagel A% 8 F1 4% EUGOR B 3 #r, DA
HARE A5 WS & AW A AT 5 E 2T

INER FGF15 ERBE TR B4 Féc FR g X 41 92 X 77
UG AT A, O B A i 2, A0 1 LR
100 pL AR S AR R I B ARSI, B 2 h )5, 77 %
WARFEINN 100 uL AEP) Z AR e Huk TAEW, I BAR

AN AR C SRR TR E 1 h, 5 IR
W, T EEFR X 450 nm 3% KA RO S {E, 115 FGF15

o

it ZF 438 fd ] GraphPad Prism 8.4.3 14 i3t
TG A B, S 45 A DU + ARt (v 5) K
IR, 2 LA SR 7 2 40 BT (one way ANOVA), P <
0.05SINVAHEARIT#E L. P<005HEFE, P<
0.01 AAEH 5.3, P <0.001 AR .

o
il
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Figure 1 Effects of fexaramine (Fex) on body weight and food

intake in non-alcoholic fatty liver disease (NAFLD) mice. A:
Experimental diagram; B: Chemical structure; C: Body weight; D:
Food intake. n =8, X +s. "P<0.01, P <0.001 vs HFHC. HFHC:
High-fat and high-cholesterol
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HFHC 20 /)N B8 LB PR 2218, 45 T Fex T 111 60 min /5,
I A B A BT 2 (B 20). AR E 5 % i 52 (insulin
tolerance test, ITT) ) £k T~ A, 25 3 B Fex ] #]
% B0 NAFLD /) B 5 14840 (B 2D). 45 BT
1, Fex A& 115 NAFLD /) iR AR U1
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Figure 2 Effects of Fex on glucose metabolism in NAFLD mice.
A: Glucose tolerance test (GTT); B: Area under the curve of GTT;
C: Insulin tolerance test (ITT); D: Area under the curve of ITT. n =
6-8,x+ 5. 'P<0.05, "P<0.01, "P<0.001 vs HFHC

W, Fex ik /> NAFLD /) §FFAE fig 7 2598 K, 26
S5 I 0 BT ASCBRFE RS T 20 et 45 SR 9, 55 HFHC 4
XF LG, 45 Fex Ja HMEJ iy (1 3F). B3GR E]
J P43 3k — 5 23 B 26 B Fex & 3 087> NAFLD /) iRIT
JIE R o3 HEAR, oot B IR AR 1
4 Fexaramine X NAFLD /s 53 BT i #1 /% j& FXR 6%
ERERIEHFN

FR 48 SCR R T8, Fex I8 330 7 18 FXR 2 12t g b7
YRR, I T S50 BE R i 5 Y. A A
oK I 1R % FXR 85 A 7K P, K I Fex {2 33 FXR A%,
BN N FE (K 4AG). #E— SRl [E i FXR 52
HE A, K Fex & 3 W Fxr. Fgf15- Osta- Ostf~ Ibabp
SR 2k (K 4B), R 1 JE I B2 %3 ; e ARG T iy B ik
WP E 7 B2 %% 18 25 [ (apical sodium-dependent bile
acid transporter, ASBT) ft 3R 1A, #1 l JH V1 R = Ik .
[, B 4C 7R Fex 0 T i - FGF1S 1 & & .

TEFFIE 4 40, 5 HFHC 4448 B, Fex 500k
FXR & HRIAWA B E 0 (4D H). FXR#ETH
325 i 1) % SR 1k, YR YT IR R A Ak, I 4ELFL TR OR,
Fex fie 1% i % [ G J0E B 7 12 & 1 BR 33 B CYP7AL
CYP27AL [ BRI A& (1 0K o [l fizg fizp 20 B 43 4 1)
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Figure 3  Effect of Fex on hepatic lipid accumulation in NAFLD mice. A: Serum level of total cholesterol (TC); B: Serum level of
triglyceride (TG); C: Serum level of alanine aminotransferase (ALT); D: Serum level of aspartate aminotransferase (AST); E: Liver and

body weight ratio; F: Representative images of HE staining and oil red O staining of liver; G: The quantitative results of NAFLD. n = 5-8,
X+s. P<0.05 "P<0.01, "P<0.001
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Figure 4 Effects of Fex on the expression of FXR-related target genes in NAFLD mice. A: Protein levels of FXR in ileum; B: Expression
of FXR-related target genes in the ileum; C: The level of FGF15 in serum; D: Protein levels of FXR in liver; E: Expression of FXR-related
target genes in the liver; F: Protein levels of bile acid synthase in liver; G: Statistical results of gray value of FXR in ileum; H: Statistical

results of gray value of FXR in liver; I: Relative expression of CYP7A1/CYP27A1 protein. n = 5-8, X£s. P <0.05, "P<0.01, P <0.001
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Figure 5 Effects of Fex on bile acid metabolism in NAFLD mice. A: The composition of bile acids in serum; B: Individual taurine-

conjugated bile acids levels in serum; C: The composition of bile acids in liver; D: Individual taurine-conjugated bile acids levels in liver.
n=5-8 x+s P<0.05 "P<0.01, "P<0.001. TaMCA: Tauro-a-muricholic acid; TSAMCA: Tauro-A-muricholic acid; ToMCA: Tauro-
w-muricholic acid; TCA: Taurocholic acid; TDCA: Taurodeoxycholic acid; TLCA: Taurolithocholic acid; TCDCA: Taurochenodeoxycholic
acid; THDCA: Taurohyodeoxycholic acid; TUDCA: Tauroursodeoxycholic acid; aMCA: o-Muricholic acid; SMCA: f-Muricholic acid;
oMCA: @ -Muricholic acid; CA: Cholic acid; DCA: Deoxycholic acid; LCA: Lithocholic acid; CDCA: Chenodeoxycholic acid; HDCA:
Hyodeoxycholic acid; UDCA: Ursodeoxycholic acid; GCA: Glycocholic acid; GDCA: Glycodeoxycholic acid; GLCA: Glycolithocholic
acid; GCDCA: Glycochenodeoxycholic acid; GHDCA: Glycohyodeoxycholic acid; GUDCA: Glycoursodeoxycholic acid
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Figure 6 Effects of Fex on hepatic lipid metabolism in NAFLD mice. A: Expression of hepatic lipid synthesis-related genes; B:

Expression of liver fatty acid absorption-related genes; C: Expression of hepatic fatty acid oxidation-related genes; D: Expression of very

low-density lipoprotein secretion related gene. n = 5-8, x+s. "P<0.05, "P<0.01, ""P<0.001

JiT 48 Jf1 5% /& FGFR4 Al p-Klotho DL #1l il CYP7A1 ¥
S T IR IR v 2 AR W . FXR/SHP A FXR/
FGF19/FGFR4 if i 2 I IR & Rl 1) 3 22 S 45 % 4%
IB Ak, FXRE It S 45t ASBT, 3 InA Bl o1 e iz
B oM BIMIRIE, T IHIT R MBS, AR
B, Fex ¥ 2 I i FXR, {i& 3 T UiF FGF15 1 4 Wb,
FGF15 3t i Jiz I 916 24 32 N JIE o, 15 FGFR4 52 14 25
A, VEH T IR R & AR M IR 12 f o< B CYPTATL Al
CYP27A1, it J 5t i 428 IR R & 1, o620 IH 1 B 76 i
AR SR, AT RETTER AR . BEAh, REVT R B sk 2 )
HEIF 52 Fex BN 18 FXR T R RIS ThRg .
FXR U 1505 IR AU (ML &2 2%, 8 SRV IR
TE B RS 2 M0 A, O FLS A SR S L S B R
W& K. HFIE FXR-SHP (#3035 AT DA BE I iR G &
Jif R B B s DR 7 B8 R Y T A 4 A R e (sterol
regulatory element binding protein-1c, SREBP-1c) * &,
W 12 I U5 TR & I (fatty acid synthase, FAS). Z. ik
i A R 1L (acetyl CoA carboxylase, ACC) %5 % ik &
IR R A s 18 FXR-FGF15 i, 18 o i ik
1140 I 7 P 28 DA B ) I T R 5 i, 3 AR 28, 5
i %0 BB D g BT A S 5P, FGF1S 43 W 34 0 RE % 0 1
CREB-PGC- 1o 4 12 410l JFF Il 57 A B R R 0K, 52 i
I 0 0 A Y. e A, FXR B T DL 3 5% 0 g 3
A A R HG A B 5O O IR A, B 9T AR S FXR
BN B AT 4 AR K DR 7 21 1) 30 DA 3k BT Hh g 7 TR
Ak, SO i T R A A, TRAR IR A2 R G R TR
TERSZAK S, YRR RS IEARW 5, Fex G
Ji7 1 FXR, #I il NAFLD /> 8 FF BT A 53 & s Fn i i

2 32E AR 7 IR Ak, X 5 HRE AH RF . Fex i 12 1 1E
FXR-FGF15 15 5 8 %, i A~ & W0 1T Bk FXR, @ id A
5T — F b 920 g I TR S BCRT BRI, 38 i s
A BRAR TR JE e S /K 1, AT e JPF U I I A 1k, 4 4
BUEA M RE S

2% b TR, Fex % NAFLD B A 5 3% i1 ok 3% 16 1,
FAE FHMLAI @ B3 W18 FXR, {2 3 FGF1S 4 i3
Jonn, R TR AR BT A, Y80 B B IR AR I G AR
FR AU 2L . X L 45 S AT BB A Fex £23% NAFLD fF H
PEALHT B WLAR, T NG JT NAFLD S28L FXR #8725 4)
(T R B R A BB F $2 it 5 2%

YEE TUAK: BOIERE T I AN AN R BT SR SRR L
BB R R R AR AT LR R R R
Srfr; TN AN £ O S0 SR I S SR

P oA R

References

[1] Diehl AM, Day C. Cause, pathogenesis, and treatment of non-
alcoholic steatohepatitis [J]. N Engl J Med, 2017, 377: 2063-
2072.

[2] Eslam M, George J. Genetic contributions to NAFLD: leveraging
shared genetics to uncover systems biology [J]. Nat Rev
Gastroenterol Hepatol, 2020, 17: 40-52.

[31 Mitra S, De A, Chowdhury A. Epidemiology of non-alcoholic
and alcoholic fatty liver diseases [J]. Transl Gastroenterol
Hepatol, 2020, 5: 16.

[4] Pappachan JM, Babu S, Krishnan B, et al. Non-alcoholic fatty
liver disease: a clinical update [J]. J Clin Transl Hepatol, 2017,
5:384-393.



22,

3338 - 2552524k Acta Pharmaceutica Sinica 2023, 58(11): 3330-3338

(3]

[6]

[7]

(8]

[9]

[10]

[t1]

[12]

[13]

[14]

[15]

[16]

[17]

Friedman SL, Neuschwander-Tetri BA, Rinella M, et al.
Mechanisms of NAFLD development and therapeutic strategies
[J]. Nat Med, 2018, 24: 908-922.

Anstee OM, Reeves HL, Kotsiliti E, et al. From NASH to HCC:
current concepts and future challenges [J]. Nat Rev Gastroenterol
Hepatol, 2019, 16: 411-428.

Farrell GC, Wong VW, Chitturi S. NAFLD in Asia--as common
and important as in the West [J]. Nat Rev Gastroenterol Hepatol,
2013, 10: 307-318.

Ding LL, Zhang E, Yang Q, et al. Vertical sleeve gastrectomy
confers metabolic improvements by reducing intestinal bile acids
and lipid absorption in mice [J]. Proc Natl Acad Sci U S A, 2021,
118:¢2019388118.

Collins SL, Stine JG, Bisanz JE, et al. Bile acids and the gut
microbiota: metabolic interactions and impacts on disease [J].
Nat Rev Microbiol, 2023, 21: 236-247.

Fiorucci S, Rizzo G, Donini A, et al. Targeting farnesoid X
receptor for liver and metabolic disorders [J]. Trends Mol Med,
2007, 13: 298-309.

Chavez-Talavera O, Tailleux A, Lefebvre P, et al. Bile acid
control of metabolism and inflammation in obesity, type 2
diabetes, dyslipidemia, and nonalcoholic fatty liver disease [J].
Gastroenterology, 2017, 152: 1679-1694.

Yang ZX, Shen W, Sun H. Effects of nuclear receptor FXR on
the regulation of liver lipid metabolism in patients with non-
alcoholic fatty liver disease [J]. Hepatol Int, 2010, 4: 741-748.
Fang S, Suh JM, Reilly SM, et al. Intestinal FXR agonism
promotes adipose tissue browning and reduces obesity and
insulin resistance [J]. Nat Med, 2015, 21: 159-165.

Younossi ZM, Ratziu V, Loomba R, et al. Obeticholic acid for
the treatment of non-alcoholic steatohepatitis: interim analysis
from a multicentre, randomised, placebo-controlled phase 3 trial
[J]. Lancet, 2019, 394: 2184-2196.

Kowdley KV, Vuppalanchi R, Levy C, et al. A randomized,
placebo-controlled, phase II study of obeticholic acid for
primary sclerosing cholangitis [J]. J Hepatol, 2020, 73: 94-101.
Clifford BL, Sedgeman LR, Williams KJ, et al. FXR activation
protects against NAFLD via bile-acid-dependent reductions in
lipid absorption [J]. Cell Metab, 2021, 33: 1671-1684.

Downes M, Verdecia MA, Roecker AJ, et al. A chemical,
genetic, and structural analysis of the nuclear bile acid receptor

FXR [J]. Mol Cell, 2003, 11: 1079-1092.

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

Xie MH, Holcomb I, Deuel B, et al. FGF-19, a novel fibroblast
growth factor with unique specificity for FGFR4 [J]. Cytokine,
1999, 11: 729-735.

Wang M, Zhang JY, Wang YW, et al. FGFR4: a promising
therapeutic target for liver cancer [J]. Acta Pharm Sin (% % %%
i), 2021, 56: 1832-1844.

Schumacher JD, Guo GL. Pharmacologic modulation of bile
acid-FXR-FGF15/FGF19 pathway for the treatment of nonalcoholic
steatohepatitis [J]. Handb Exp Pharmacol, 2019, 256: 325-357.
Kim YC, Seok S, Zhang Y, et al. Intestinal FGF15/19
physiologically repress hepatic lipogenesis in the late fed-state
by activating SHP and DNMT3A [J]. Nat Commun, 2020, 11: 5969.
Watanabe M, Houten SM, Wang L, et al. Bile acids lower
triglyceride levels via a pathway involving FXR, SHP, and
SREBP-1c [J]. J Clin Invest, 2004, 113: 1408-1418.

Potthoff MJ, Boney-Montoya J, Choi M, et al. FGF15/19
regulates hepatic glucose metabolism by inhibiting the CREB-
PGC-1alpha pathway [J]. Cell Metab, 2011, 13: 729-738.
Goodwin B, Jones SA, Price RR, et al. A regulatory cascade of
the nuclear receptors FXR, SHP-1, and LRH-1 represses bile
acid biosynthesis [J]. Mol Cell, 2000, 6: 517-526.

Inagaki T, Choi M, Moschetta A, et al. Fibroblast growth factor
15 functions as an enterohepatic signal to regulate bile acid
homeostasis [J]. Cell Metab, 2005, 2: 217-225.

Duan XY, Hu JP. Recent advances in drug development targeting
bile acids transporters and related disease [J]. Acta Pharm Sin (%4
2E2R), 2022, 57: 3576-3586.

Mencarelli A, Renga B, D'Amore C, et al. Dissociation of
intestinal and hepatic activities of FXR and LXRalpha supports
metabolic effects of terminal ileum interposition in rodents [J].
Diabetes, 2013, 62: 3384-3393.

Fu L, John LM, Adams SH, et al. Fibroblast growth factor 19
increases metabolic rate and reverses dietary and leptin-deficient
diabetes [J]. Endocrinology, 2004, 145: 2594-2603.

Al-Aqil FA, Monte MJ, Peleteiro-Vigil A, et al. Interaction of
glucocorticoids with FXR/FGF19/FGF21-mediated ileum-liver
crosstalk [J]. Biochim Biophys Acta Mol Basis Dis, 2018, 1864:
2927-2937.

Pathak P, Xie C, Nichols RG, et al. Intestine farnesoid X
receptor agonist and the gut microbiota activate G-protein bile
acid receptor-1 signaling to improve metabolism [J]. Hepatology,

2018, 68: 1574-1588.



