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Role of bile acid on maintaining metabolic homeostasis
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[Abstract] Bile acids are the main products of the cholesterol degradation in the liver. They promote the absorption and transportation of the intestinal
lipids. Diverse bile acid receptors are widely distributed in human tissues and organs, including farnesoid X receptor (FXR) and Takeda G protein
receptor (TGRS). The expression pattern of different bile acid receptors and their different affinities to various bile acids as their ligands determines their
pleiotropic downstream effects, including regulating bile acid synthesis and transportation, immune and metabolism homeostasis. In addition, the bile acid
pool includes components derived from both host and gut microbiota, which collaboratively contribute to the bile acid signaling activation in different
compartments. Therefore, bile acid pool represents an information hub allowing the crosstalk between the host and gut microbiome and hereby modulating
host metabolic homeostasis and gut microbiome symbiosis. This article reviews the recent advances in the field of bile acid regulation and the related
mechanisms of bile acid signaling pathway to maintain metabolic homeostasis.
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JIELF R 0N P P 43 AR DR 1 75 22 5 LR Stk
ZWES, MANERFEZ MR RZ A, 283
R A ——5JeBE X %1k (farnesoid X receptor,
FXR, fi NRIHA JEFgis) " ROl a2 th——G & (1 18k
% {& (Takeda G protein receptor, TGR5) ', FXR ™~ {7
SAESHSA R ES, BTN, B BiE. aeish
HAFLONE, 25 RS A IR ERERAT 5 FXR &5 4, Jf
EHAEE R RIEARABE TG, TGRS £,
JRFE, Rt fnA R, T8I, M. R &
ik, MRS 2856 a7 A B AR T (cyclic adenosine
monophosphate, cAMP) i i A~ ] 4241 v ) 2 [ B g
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Brix 2 222tk 0h, oA KAt R 2k, Bk
# H: 25 D %2 ff& (vitamin D receptor, VDR), %2 4¢ X %%
& (pregnane X receptor, PXR). ¥ % B7 -1- ik =% {4k 2
(sphingosine-1-phosphate receptor 2, S1PR2). 3 & i
M2 %% & ¢ Bk AY 4k [H B2 32 & (constitutive androstane
receptor, CAR) "™, iX $bz (Rl il i 5 th % 1% % B E 1
A PRVER] . VDR &R AR LCA 1952, SEURTEH,
LCA g4/ 3 D n[ & VDR, fERNIEF400 ¢35 P450
(cytochrome P450, CYP) 3A [y ik, CYP3A 7£ i I
f iR LCA,  BRAR S5 W88 1 2 s RS 7, PXR 2 fA ]
v 5 %2 0% B B 160- B (pregnenolone 16a-carbonitrile,
PCN) HIPRATFPEN], FRAIC LCA XFITIE A9 2 &I 7EH s PXR
AT LABE LCA J K 3- AR ™ M iis, 25 LCA #iz
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P i 65 A B R I L 5 e ke VR ™, i CAR [ TG
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2 FXR (FRiREN R R SHMRER

2 MBI BRI B S5, FXR 540 ¥ 8 X 52 f& (retinoic
acid X receptor, RXR) JEuk S WM, il Tk K %
ik, H EARRR R B B A RO R SR AL, XA
R 2 Fugie: OB ITIE FXR, U8 T
AR 2L R R /N 3R K15 (small heterodimer partner,
SHP) Mt 470 61 AR i 9% A= 4 & B b B G# g Cyp7 AL &
B, FEEE G R LR LSS, @ BRI RR -FXR
15 5 Rl R £F A 4L A K Rl - 19 (fibroblast growth factor
19, FGF19) % ik, B A I 5 T IF FGF4/BKlotho 3%
& (FGF4/BKlotho receptor) %54, Ml IE Cyp7Al
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Ak, FXR e 52 B 7 B2 DA S5 5 3 2% 8§45, FXR
R LA S 1 S 02 T R TR B, DA RS
FNER BOR AT B BN A 45 05 8% 5, 3] 4n FXR 4] 4 B
#l ) O-GleNAcy ft. vl L3 58 FXR [ A& 5 3% 35 Fi &k H
JF B Mk . FXR Y % 5% i 1k i & (1 B C (protein
kinase C, PKC) B B iR I 1 i80iG & [ 14 i (adenosine
monophosphate-activated protein kinase, AMPK) 7S/
FRAL AT, i BT ER -FXR B 30E 580 FXR i EL L 3 5%
M FXR [ 28 (1 MR B A . FXR HUE R L B 52 p300 Fil
Sirtuin-1 (SIRT1) V451 CE LY AT PR HL A skl bk ",
TENREFD 2 ZUpEFR S  (type 2 diabetes mellitus, T2DM) /s
BB, FXR CEEfLHE58 B FXR CEE 23 sl FIE &
AR TR 52 AN R

JFRENE IR -FXR A5 5 T3 0o D T TP S A Y
BRI E KT, RIS TR 5 A R b . X/
(RFgE =" B, IR AR TR 53 W T S BRI e
JEFHIR -FXR 5 54T, MM EREIRIC A, FFRERE LA K
HE i B B RGBS 2, A ik 16 & 4 K e
fE 8% (carbohydrate responsive element-binding protein,
ChREBP) Fi1 [ B b Je {45 & & 3 1 (sterol responsive
element-binding protein 1, SREBPlc) [y % ik, *F /) B
ik — B Ege ™ W], IR FXR 5 55 5 0] 55
JFP TP 4 S A R G B AT I, B 45 Tl 2 0 T v T P R 15 Bl
(phosphoenolpyruvate carboxykinase, PEPCK) #1 %] % $%
6- W% i (glucose 6-phosphatase, G6Pase), — Jig Hiff
58 Fe W PR PR R 52 2 (DU 8 TP I FXR, T B 35 ek
9 25 U R R R /D BB T db/db B AR B, Kim
25 CURRSTARIE , Fr F0 Shp W IERGERS T LARK 36 4 45 /1N
B Y ) 2 T S PPN I A, 30 e 1 NS A 4 b
BN LR, 45K, IRIFE S L4 A b FXR
1555 S AT RE 2 5 91 59 & SR UseE TR ™ JFIDE FXR
VEARUHIEFREI IR T 20— B 2%, U R B 348
WL PEL PRERE SR FXR 16 M 5 A I Ra 2 4y S 80 b A
IR &

TE4 FXR T 59 2—, FGF19 FEIEMEHRIA,
BT BRI 5 5 S o b, (EDRIAMR B hn, @R T
JIt FGFR4/BKlotho 15 5 i& 14, & HE T ¥5 I & B B B AR ifi
HE o NI FRHE BRI /B AR S FGF19 m] LA SPib Ik
TR s Fafls BB /NGB A e i BE b I & 1 52
1, Wk B RS AMEM: FGF19, Sk vl 15 8 ok, it
—BIE 9 FGF15/19 % fit A 4 0 A A0 A 25 7R L &7
ifit FGF19 7k °F- 55 1R &2 38 50t 2k S IEARSG, T2DM

EACIAEER (FERD) . 2020, 40(8) (@)



1128 | Lifss@A#R (B

# i 1k Roux-en-Y B 32 F A (Roux-en-Y gastric bypass,
RYGB) [ {f FGF19 7k *F-Ft &, I B ¥ & 1E % ™. H
B, —UEMFITHEH FGF15/19 w] gl i = 51875 G6Pase
Fit PEPCK I Ik 4 S Mt ke 3% R34 . Morton %5 ™ %
FGF19 BUAHSCVE FIWLHI AT TRIFE, 1] 8 2 10 PR il P
17 ob/ob /MR BEZHL /N g 5 it 5 FGF19, S5 R
N, SXTHEZHAHEL, ob/ob /NELAIM K FLER K TS,
1B 5 KA W AR (s X 327 FGF19 mT UL ok il 8
HRORR B 5 i i I Ay 0 SOk b i A i AR,
Wb 2B UE W AX FGF19 1) B 1 FH 22 /03040 3 ok 7 A T
FARMRMBPENL AT 5. Ryan % " UESE T I h FGF19 (3
AE, BRIR/NEUG S NTEST FGFL9, T UAMH /NS Rk, i
s o S A A BRI, X R AT FGF19 540
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o v A RS 1 R o A A2 Eéww%mﬁﬂ
2B o 40 8 s I 35 50 WA AR s AR
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R e I 35 20, ORIE T AR AR UBE 15 O T~ ek M v i A
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PES U B SRRV N, H FXR FHE S, a0
SHP & FGF15/19 fyisanfil 2 5ix —d BG4

Bz, UL RS R R FXR r SRR 52
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Sy WA T e I pE 25 AR K -1 (glucagon-like peptide-1, GLP-1),
1 F T I B 20 M il s s & 5 00 ¥, ENmE L 4 v,
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FEBUE R, FSHEEE (CaV) T, 40l
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A RFIRFN GLP-1 530k, AiE L 408Ey GLP-1 5374
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A FXR %t GLP-1 {43 3h 7= A AH I VE . 1H2&, 19 L 4
Hf) TGRS i vl /e B A el & A4, 1 FXR T30
ST R A9 2GR IX Fh oA R S BB IR -TGRS
157 % GLP-1 43 WA AR 1 5 IR R -FXR X GLP-1 )
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TR 52 ST/ N U T A 8 s Pk TGRS i hilfE, /I
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BRI 25 WS 564 GLP-1, LAZ5 4 ibTF R (e 3k B 4H A
BFE Wb,

BEh, TGRS mJLLSE N cAMP {7 514 F AR R 8 35 B
2 Fplh FCR i R 2 R it ES  (iode thyronine deiodinase 1T,
D2) WiEPEAERE R, (EAs s g s Laniextin
W B, ) B S AR IR G b 3G 0%, R VMRS n, D2
AL LA P /N G it PR RSB 5 A A TiE P iy — i R
R S SR H AR
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N ER IR AR o RAIE IR RS . BArh, &8
PEPEARRE RIE S MBE Y Z A — &R Y, RIE/NME
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B (1 A IR S R s 2R 1 A A Y, ELZE TR IR D
MK B rpd S BEVE . TGRS w1176l NLRP3 4% % /Mg
(TR R, AT it ik 5 5 O M R A A i 4 ", s e
SER S % AN b IR -TGRS {5538 8% ml el i 1287 R
i 2 5 IR R A A .

it Bl Ters " /DRUE BRI UE W, AR TR
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RAE Tgrs /NP AR B, Ik, TGRS wT i it il 4s £
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i A VAN E N1 5 A T B2 R -5 i e R P e 2 R
TR AN E A TR A i s & R . IRBIRTTHER
F AL TGRS, Xt FXR RIBE RS, ANUREHR
KB, BERE 2GR DR AT e I B 2 A i I A
BB AR 3 B TR R MR R M2 2o 1 A B 52
Wi, 2l T e ERIITRRE 5, I idia B & S Hht Kk
HMASEESE ', 1 Fr SEBRAOTCR/NRIED], BpiE 4k i
RA TRERS IR (S Sa et 1a AT T RS, Mt
S8 ERIR RIS R

3T, JHTTER T RE A BN AN B K., AN TR
NEJEVECL SN RR CIEE D oE T el e A, Al
{5 AR IR T e M AL B R 2 ) i s g
R 7 SR, IR T A A R T T R U i
i FXR ,  [alfs PR R i 32 B S 8 Rt A 2 S5 R
AR ED

6 BB ERTERERRMISTr-RMIIE AR S X

i DA B HLAIF IS5 R /T DAE ), JRIHIR 2 i FXR
1 TGRS fEACHHAHIC LA B G0 HH G 25 B FHARNE H e 45 %L
IR, fERIEH RIS IRAE TIDM (F B %7k Dhie
%ifl) B4 T2DM (RFZHRESREL) BRI ¥ mT
IR ATHE BRARTRTT AL L

[1] Kuipers F, Stroeve JH, Caron S, et al. Bile acids, farnesoid X receptor,
atherosclerosis and metabolic control[J]. Curr Opin Lipidol, 2007, 18(3): 289-
297.

[2] Bernstein H, Bernstein C, Payne CM, et al. Bile acids as endogenous etiologic
agents in gastrointestinal cancer{J]. World J Gastroenterol, 2009, 15(27): 3329-
3340.

[3] Li TG, Chiang JY. Bile acid signaling in metabolic disease and drug therapy[J].
Pharmacol Rev, 2014, 66(4): 948-983.

[4] Wang H, Chen J, Hollister K, et al. Endogenous bile acids are ligands for the
nuclear receptor FXR/BAR[J]. Mol Cell, 1999, 3(5): 543-553.

[5] Katsuma S, Hirasawa A, Tsujimoto G. Bile acids promote glucagon-like

http://xuebao.shsmu.edu.cn

iR R R s e Sk | 1129

fE TIDM H/NUBERE rh, i . i FAE 2 b Y
MBHERACE R /N LT, (HRGAHFR R
e hkCE TR ™, WRRTFR KB, S5k He L # AL,
T1DM £ L FR 0L H BB 7R K F A7 B A8 1k s
ifi G fe e AR AAHEL , TIDM B4R 3 (TCVR i bl £ il
BLANT) AOPEERIET R A Brk s ™, R, MR FER Pk
AZRTRE S TIDM RUREFRAFAERIR, X FPICIHRE A AR 5G
F S TR LA AL 8 st — 2B

BT, A ZAMKHIEUEY], (EHIEITIRES &
L R TFARREE Tos i RAFREER G . FXR #ahflin
T AR REYERR I AR PRIFEFESE AR R, 16897 P 2
FAGFRE LA AR Y, 5 —FhiAYT B FI T2DM (1
BT 5 151 B A T B (R M AR T iR 5455 R 1 (apical
sodium-dependent bile acid transporter, ASBT), ASBT /&
i R g R, M R R E R, SR
FREE A FI IR ALL, ASBT il 371 n] e i it ok /b 11l i A7+
P W WA T M A6 vl JIEL 7 R A, DT 1 el R 3R A
B, BB DR A 1t 147 s A AR PR If K T, AR
A B R R RREST ™ & B, %3iE UDCA/LCA Hhil 5
T2DM BN B 40N 1 AHDR s - 1A RE 1) S EARSE, W)
AT T2DM 3% B 4ni Th e fiki & S A 25 )5 B 4 D) et
ST

7 BE5RE

Zi bk, fEmSA IS, FXR F1 TGRS {55
FEATF ARG B AN b R AR TS, s pE
AU R E R, £ BWFsih, 1B 4 TGRS
G AR T MRE AR, AU S s (B IE FXR G2 0
AFTRIEE, BHEA 4L Bk, FXR, TGRS [l =
Fr SRR ANAYT, B A R BB BRI . IR
&S G AN 2 Al AR L VR A%, BT CAVE AT 5 0k bk
TRET T HTRL R T 1)

peptide-1 secretion through TGRS in a murine enteroendocrine cell line STC-1[J].
Biochem Biophys Res Commun, 2005, 329(1): 386-390.

[6] Shapiro H, Kolodziejczyk AA, Halstuch D, et al. Bile acids in glucose
metabolism in health and disease[J]. J Exp Med, 2018, 215(2): 383-396.

[7]1 Makishima M, Lu TT, Xie W, et al. Vitamin D receptor as an intestinal bile
acid sensor[J]. Science, 2002, 296(5571): 1313-1316.

[8] Staudinger JL, Goodwin B, Jones SA, et al. The nuclear receptor PXR is a
lithocholic acid sensor that protects against liver toxicity[J]. Proc Natl Acad Sci
USA, 2001, 98(6): 3369-3374.

[9] Nagahashi M, Yuza K, Hirose Y, et al. The roles of bile acids and sphingosine-
1-phosphate signaling in the hepatobiliary diseases[J]. J Lipid Res, 2016, 57(9):

EACIAEER (FERD) . 2020, 40(8) (@)



1130 |

[10]

[11

[12]

LEiBZBREFHR (EFER)

1636-1643.

Sheikh Abdul Kadir SH, Miragoli M, Abu-Hayyeh S, et al. Bile acid-
induced arrhythmia is mediated by muscarinic M2 receptors in neonatal rat
cardiomyocytes[J]. PLoS One, 2010, 5(3): €9689.

Cheng SH, Zou M, Liu QH, et al. Activation of constitutive androstane receptor
prevents cholesterol gallstone formation[J]. Am J Pathol, 2017, 187(4): 808-
818.

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(3): 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(4): 217-225.

Berrabah W, Aumercier P, Gheeraert C, et al. Glucose sensing O-GlcNAcylation
pathway regulates the nuclear bile acid receptor farnesoid X receptor (FXR)[J].
Hepatology, 2014, 59(5): 2022-2033.

Hashiguchi T, Arakawa S, Takahashi S, et al. Phosphorylation of farnesoid
X receptor at serine 154 links ligand activation with degradation[J]. Mol
Endocrinol, 2016, 30(10): 1070-1080.

Balasubramaniyan N, Ananthanarayanan M, Suchy FJ. Direct methylation
of FXR by Set7/9, a lysine methyltransferase, regulates the expression of
FXR target genes[J]. Am J Physiol Gastrointest Liver Physiol, 2012, 302(9):
G937-G947.

Kemper JK, Xiao Z, Ponugoti B, et al. FXR acetylation is normally dynamically
regulated by p300 and SIRT1 but constitutively elevated in metabolic disease
states[J]. Cell Metab, 2009, 10(5): 392-404.

Kemper JK. Regulation of FXR transcriptional activity in health and disease:
emerging roles of FXR cofactors and post-translational modifications[J].
Biochim Biophys Acta, 2011, 1812(8): 842-850.

Kim DH, Xiao Z, Kwon S, et al. A dysregulated acetyl/SUMO switch of FXR
promotes hepatic inflammation in obesity[J]. EMBO J, 2015, 34(2): 184-
199.

Watanabe M, Houten SM, Wang L, et al. Bile acids lower triglyceride levels via
a pathway involving FXR, SHP, and SREBP-1¢[J]. J Clin Invest, 2004, 113(10):
1408-1418.

Duran-Sandoval D, Cariou B, Percevault F, et al. The farnesoid X receptor
modulates hepatic carbohydrate metabolism during the fasting-refeeding
transition[J]. J Biol Chem, 2005, 280(33): 29971-29979.

Potthoff MJ, Boney-Montoya J, Choi M, et al. FGF15/19 regulates hepatic
glucose metabolism by inhibiting the CREB-PGC-1 o pathway[J]. Cell Metab,
2011, 13(6): 729-738.

Zhang YQ, Lee FY, Barrera G, et al. Activation of the nuclear receptor FXR
improves hyperglycemia and hyperlipidemia in diabetic mice[J]. Proc Natl Acad
Sci USA, 2006, 103(4): 1006-1011.

Kim KH, Choi S, Zhou Y, et al. Hepatic FXR/SHP axis modulates systemic
glucose and fatty acid homeostasis in aged mice[J]. Hepatology, 2017, 66(2):
498-509.

Ma K, Saha PK, Chan L, et al. Farnesoid X receptor is essential for normal
glucose homeostasis[J]. J Clin Invest, 2006, 116(4): 1102-1109.

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(6): 2594-2603.

Kir S, Beddow SA, Samuel VT, et al. FGF19 as a postprandial, insulin-
independent activator of hepatic protein and glycogen synthesis[J]. Science,
2011, 331(6024): 1621-1624.

Sachdev S, Wang Q, Billington C, et al. FGF 19 and bile acids increase
following Roux-en-Y gastric bypass but not after medical management in
patients with type 2 diabetes[J]. Obes Surg, 2016, 26(5): 957-965.

Morton GJ, Matsen ME, Bracy DP, et al. FGF19 action in the brain induces
insulin-independent glucose lowering[J]. J Clin Invest, 2013, 123(11): 4799-
4808.

Ryan KK, Kohli R, Gutierrez-Aguilar R, et al. Fibroblast growth factor-19
action in the brain reduces food intake and body weight and improves glucose
tolerance in male rats[J]. Endocrinology, 2013, 154(1): 9-15.

Picard A, Soyer J, Berney X, et al. A genetic screen identifies hypothalamic
fgf15 as a regulator of glucagon secretion[J]. Cell Rep, 2016, 17(7): 1795-
1806.

Renga B, Mencarelli A, Vavassori P, et al. The bile acid sensor FXR regulates
insulin transcription and secretion[J]. Biochim Biophys Acta, 2010, 1802(3):
363-372.

[33]

[34

o
e

=
=

[47

[48

[ WrFS HEA ] 2019-10-16

@\/ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2020, 40 (8)

Thomas C, Gioiello A, Noriega L, et al. TGR5-mediated bile acid sensing
controls glucose homeostasis[J]. Cell Metab, 2009, 10(3): 167-177.

Trabelsi MS, Daoudi M, Prawitt J, et al. Farnesoid X receptor inhibits glucagon-
like peptide-1 production by enteroendocrine L cells[J]. Nat Commun, 2015, 6:
7629.

Lasalle M, Hoguet V, Hennuyer N, et al. Topical intestinal aminoimidazole
agonists of G-protein-coupled bile acid receptor 1 promote glucagon like
peptide-1 secretion and improve glucose tolerance[J]. J Med Chem, 2017,
60(10): 4185-4211.

Kumar DP, Rajagopal S, Mahavadi S, et al. Activation of transmembrane
bile acid receptor TGRS stimulates insulin secretion in pancreatic f cells[J].
Biochem Biophys Res Commun, 2012, 427(3): 600-605.

Kumar DP, Asgharpour A, Mirshahi F, et al. Activation of transmembrane
bile acid receptor TGRS modulates pancreatic islet o cells to promote glucose
homeostasis[J]. J Biol Chem, 2016, 291(13): 6626-6640.

Watanabe M, Houten SM, Mataki C, et al. Bile acids induce energy expenditure
by promoting intracellular thyroid hormone activation[J]. Nature, 2006,
439(7075): 484-489.

Li TG, Francl JM, Boehme S, et al. Glucose and insulin induction of bile acid
synthesis: mechanisms and implication in diabetes and obesity[J]. J Biol Chem,
2012, 287(3): 1861-1873.

Rathinam VA, Fitzgerald KA. Inflammasome complexes: emerging mechanisms
and effector functions[J]. Cell, 2016, 165(4): 792-800.

Guo CS, Xie SJ, Chi ZX, et al. Bile acids control inflammation and metabolic
disorder through inhibition of NLRP3 inflammasome[J]. Immunity, 2016, 45(4):
944.

Liu HL, Pathak P, Boehme S, et al. Cholesterol 7 o -hydroxylase protects the
liver from inflammation and fibrosis by maintaining cholesterol homeostasis[J].
J Lipid Res, 2016, 57(10): 1831-1844.

Perino A, Pols TW, Nomura M, et al. TGRS reduces macrophage migration
through mTOR-induced C/EBP B differential translation[J]. J Clin Invest, 2014,
124(12): 5424-5436.

Su J, Zhang QQ, Qi H, et al. The G-protein-coupled bile acid receptor Gpbarl
(TGRS) protects against renal inflammation and renal cancer cell proliferation
and migration through antagonizing NF- « B and STAT3 signaling pathways[J].
Oncotarget, 2017, 8(33): 54378-54387.

Sayin Sama I, Wahlstrom A, Felin J, et al. Gut microbiota regulates bile acid
metabolism by reducing the levels of tauro-beta-muricholic acid, a naturally
occurring FXR antagonist[J]. Cell Metab, 2013, 17(2): 225-235.

Gu YY, Wang XK, Li JH, et al. Analyses of gut microbiota and plasma bile
acids enable stratification of patients for antidiabetic treatment[J]. Nat Commun,
2017, 8(1): 1785.

Parséus A, Sommer N, Sommer F, et al. Microbiota-induced obesity requires
farnesoid X receptor[J]. Gut, 2017, 66(3): 429-437.

Islam KB, Fukiya S, Hagio M, et al. Bile acid is a host factor that regulates the
composition of the cecal microbiota in rats[J]. Gastroenterology, 2011, 141(5):
1773-1781.

Kakiyama G, Pandak WM, Gillevet PM, et al. Modulation of the fecal bile acid
profile by gut microbiota in cirrhosis[J]. J Hepatol, 2013, 58(5): 949-955.

Ryan KK, Tremaroli V, Clemmensen C, et al. FXR is a molecular target for the
effects of vertical sleeve gastrectomy[J]. Nature, 2014, 509(7499): 183-188.
Balderas C, Rupérez FJ, Ibafiez E, et al. Plasma and urine metabolic
fingerprinting of type 1 diabetic children[J]. Electrophoresis, 2013, 34(19):
2882-2890.

Dutta T, Kudva YC, Persson XM, et al. Impact of long-term poor and good
glycemic control on metabolomics alterations in type 1 diabetic people[J]. J Clin
Endocrinol Metab, 2016, 101(3): 1023-1033.

Neuschwander-Tetri BA, Loomba R, Sanyal AJ, et al. Farnesoid X nuclear
receptor ligand obeticholic acid for non-cirrhotic, non-alcoholic steatohepatitis
(FLINT): a multicentre, randomised, placebo-controlled trial[J]. Lancet, 2015,
385(9972): 956-965.

Neuschwander-Tetri BA, Van Natta ML, Tonascia J, et al. Trials of obeticholic
acid for non-alcoholic steatohepatitis: authors' reply[J]. Lancet, 2015,
386(9988): 28-29.

Chen LH, Yao XZ, Young A, et al. Inhibition of apical sodium-dependent bile
acid transporter as a novel treatment for diabetes[J]. Am J Physiol Endocrinol
Metab, 2012, 302(1): E68-E76.

Wang SJ, Deng YY, Xie XY, et al. Plasma bile acid changes in type 2 diabetes
correlated with insulin secretion in two-step hyperglycemic clamp[J]. J
Diabetes, 2018, 10(11): 874-885.

[AxXHmE] %

Vol.40 No.8 Aug. 2020





