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Research progress on relationship between bile acid
metabolism and type 2 diabetes mellitus

JIA Min-jie, FENG Bo
(Dept. of Endocrinology, East Hospital, Tongji University School of Medicine, Shanghai 200120, China)

[ Abstract) Bile acids ( BAs) are metabolites of cholesterol that are synthesized in the liver. When
eating, BAs are discharged to the intestines with bile, and 95% of the BAs can be reabsorbed into the
liver by the intestines ( mainly in the ileum) to keep the bile salt pool stable. In recent years, studies
have shown that BAs, as a metabolic regulator, can activate a variety of nuclear receptors and
membrane receptor-mediated signaling pathways, participate in metabolic regulation processes. In this
sense BAs not only promote the digestion and absorption of lipids in the diet, but also participates in
the metabolism of glycolipids and energy as a key regulator of metabolic homeostasis. Alterations in BA
metabolism and signaling are associated with obesity and type 2 diabetes mellitus ( T2DM ), whereas
treatment of T2DM patients with BA sequestrants, or bariatric surgery in morbidly obese patients,
results in a significant improvement in glycemic response that is associated with changes in the BA
profile and signaling. This article summarizes the study of the association between the metabolic
regulation pathway of BAs and type 2 diabetes mellitus (T2DM).
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il 2 R ] 28 5 1) R R RD A 3 T AR I R AR
AT T A PR R R B PR O # H
R H A Jit PR e s AL v A B, T 4F Sk BF
FER I, ABTTR (bile acids, BA) R 5206 fiz 18 8 25 1)
BT, I 25 AR . BA A
W JelE X 321K ( farnesoid X receptor, FXR) fi¢ #
JRET A 40 Hg A= 4 PR 7 19 (fibroblast growth factor 19,
FGF19) 53, LA BG4k G &8 A B IR IE TR 32 44 5
(G protein cooupled bile acid receptor 5, TGR5) fi¢
HERAIE L 4 53 90 5 5 1K 28 FF IK-1 ( glucagon-like
peptide, GLP-1) 5 A& MR . #4898 BA K
AR T LA AT oA HEJRE A PR s 25 A A 0 B TR
S PEAEBT R I 1w

1 BA it

JHERAE AT BA 3222 phy IF [ B i A i o — &
HIE [ BRI B AP TR G B, IBEIBE T BA
HFEARTE S 17 AN [ A I, 57 T I L P9 5 I | 4okt
PRI AT AR | 3 St A A 25 T s F A R
M 3 A A AL SR IE P98 BA, BA G &
RELALUTWK. gt M asit, S
i BA B BN, 1208 18 288 [ BE B M S Tl
BT B A T AE [ B 7o-#2 1L B8 ( cholesterol 7o-
hydroxylase, CYP7A1) Fl §§ B 12a-5% 1k i ( sterol
12a-hydroxylase, CYP8B1) , HAt# k. C7 il C12 i &
o H9FRIEA, 4337 A2 AR (cholic acid, CA) FSEA
HHFR ( chenodeoxycholic acid, CDCA , £ A H (5 3#Y)
FNEUIERER ( muricholic acid, MCA , 7E W4 s+ 518
#) . CYPTAL J& 2 iR A% rhnfl — fg PR il , L7
HSE T BA LAY A/, il CYPSBI $hiE T CA :CDCA
2 CA:MCA [ LL{E, MTTE T BA 4™,
AR M EE D)5 T 28 B BEPME A, ¥5 S bl B
27a-#2 AL i} ( sterol-27-hydroxlase, CYP27A1) {1k
HI) b5 AR 20 3R, SR )5 aE o B 7o-72 1L B
(oxysterol 7a-hydroxylase, CYP7B1) i#£417 BA ¥ 5
b, PIRERER = AW BA, Bl )5 5 4R iR 5 H
RIRES G AR T IH 3, F 8 RS B2+ — 45
Wi TEMIE  FI9% BA BB A TE 7o PR HEIE WL
W% BA, Hoh A 95%11) BA 7E 71 i oA Siig il 53 9 sh b
O 32 B 1 28 11 ik o R s 1] 0] JHF A, 40 i a2 A
TG, Z B BA IS Sk & Ak

#h3e, M 4EdE BA AR E

BA &I HUR BRI B PR R R
FUEFRR I CYPTAL 5 PEF1 BA A%, BA
25558 i 9 EL g BELOBT 2 5 LR JELVE X R L BA 191
JFIEFREL CYPTAL BEE T FI BA & A SR E Y ]
WA, T BA MREFER BRZUHFEAR T CYP7AL
B TEFN BA A ALY, X UEEE IR SRS BA A 52
TR, I H3d i 6 205 [ E Y BA 11
il CYPTAL i, B Ez ol M 240 ] BA &AL, H T
CYPT7AL J&— i B2 ¢ 5 Mk 0 2 Ak g, A3 {7 P T [
BRI, IFFE To A EAH AR, R, JIH [ P
YEM P AT I (Km 8007 ) 98755 CYPTAL (4RSS
TWEPE, WP R, B R AT R A W E Dy AE , A Bk
FE ) 5 2 P il Sk & Ol ( forkhead box O,
FoxO1) {f 1,155 CYP7A1 J K Fil BA 4 K, $:31
BA K JEFR BA Fhis; o5 RASHT AT 55 AT
YA b Y 2 [ R T o0 R 45 A B FI-1c (steroid
regulatory element-binding protein-l1c, SREBP-1c) 3
ik A0 CYPTAL SRR FE A it BA
B BGHR ) MLE 7 -5 JE-4- I8 55 97531 ( C4) /K-
FEAR A 1R 9 /0 I HOAE 8 IR A 6] 385, 3%
BA & MR IG5 TEAR B W ) Bl ], uE ]S
FERTEAS MR E R th X BA & Ui 5 i 5
KEEERD

2 BA BRI EX ARG

CYP8BI 2 i 120- 52 54k BA T 075 (1, P
GE T BA I, TEBRE RICHUEE P WL E] BA &
AT 120- 32340 [ CA/ B SAIH R ( deoxycholic acid,
DCA) ] 59 12a-E2£AL[ CDCA/ £ IHi (lithocholic
acid, LCA )/BE Jlii %4 lH X ( ursodeoxycholic acid,
UDCA) |BA WY LLBIRIEE AN, 487 12a- 75354 BA J2&
[ AR A R T ) RIATE IR BA 1AL
AR SRS ZARPUA T2DM 1 AW HLHI A %, AN
[ BA A FIE AN W) A B 1) i K |, 3 R T i
Qe ERAS R SEE  E T 10 & R Bk
BA 535/K BA MUAHX &P 5E T BA A B A B K
P, T2DM 5 ARG IR BA b 5 5 /K M 34 A
X, SIS, JEK T BA YRS, G4 i R i
A AH R ( tauroursodeoxycholic acid, TUDCA) , 7£ M
WP AL AL A T2DM 8 H 8k B BT DL 55
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SERE RN 5 I 5 AR, MR, Bk 1 BA
AL DCA, C 85 UFE B AT A2 2F 58 RE FI PR J5E I 1 33, 3
S SRR T Z B 2 CYPSBI [ m bk
ARV BA Bk M, I T B 42 45 AL ¥ AT T2DM
FE B Z2 R AR e R X s g IR 3 5 0
CYP8B1 7F BA i 1] BEJZIRYT T2DM FIAEESAL
R A RO

3 BA ESHSXHEREHNRm

BA JENGIT NeiA T 4E A 2 | EE 2R e 1A
DA IR S 1% A B 9 7], TR B 2 3 A S FXR
TGRS KA AR 5 501 . BA BIfF
53 I B L 2 o8 I 2 2R U AL, 2 T B A )
R, I, ¥R 5E BA {5538 A9 I8 17 45 228 T2DM
(AT AT s
3.1 BA it FXR s #X#H4998

FXR 1A A% 32 1A G 1) — B3 & 45 3 T e
TEHFHITER , & BA RERZ 1R P & Bl R i —Fi,
FEFIE /N B E B 1 B e g D 4 2 5 2 1
TE A s, Hoh DU /i b 2k i
B OR[ BA 9 FXR (3800 78 I AS ), o
CDCA JEHcA %) FXR JHITERECAAR , H K A DCA |
LCA .CA'"!,

FXR 558 B X 521K (retinoic X receptor,
RXR) JE L5 AR, W] BA ZE 9 & B B o il
CYP7AL 33k, 5250 IEIH WL BA A9 5% ALk
55, FXR X CYP7TAL MR 1) 400 il 38 28 73 e AL 1 A
S AEFRET FXR i3/ 55 0E R ARECAA (small
heterodimer partner, SHP) [y 3% 15, #F 1 #0 il
CYP7A1, TEMFIEH  FXR B ML 44 K A F 15
(FGF15 8¢ A\ & & [A i FGF19) 1Y /K F, F& 1K
CYP7A1 Il CYP8B1 ik, MM BA (G 1L,
JFFHE BA-FXR {555 % 530 2o 90 41 JFF WO AR 52 A= A 2
Tity , 3, 475 W% TR 445 15 1N T 1R 2 81 ( phosphoenolpy-
ruvate carboxykinase, PEPCK ) 1% % 4 6-# Bz il
(glucose 6-phosphatase, G6Pase ) K1 154 J5 %) 4 i
K-, [R5 S R B . SR i — TR S 410, i
JIE ] ERHBR 2 FXR I SHP A B3t 24 /) BRI 4 26
i e AT A R A A, 336 2 T IS o R 2 i A2
W e R SR T ITFIE FXR-SHP {5578
i 4 B A R RN BB RS P OGS AE T . BA-FXR
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NS0 FGF15/19 5} FGFR4/BKlotho 254, M
AR S B8 S BRI REA I . SR T JLAR ARG &
I FXR {5576 B W 1 oI5, ml 38 i 0 i
T L 20 R P A, IR L PN ATP KT, DA T 470 A
GLP-1 43 Wb, W /0 J9 55 R 10 43 Wb, TH & il A7
FXR i 5 = S 9 7]5 BROGT AL Ji A0 5 260 00 1 52 A R 2L
B VERTSY KU 7IE FXR 765K S AERE A 540G
PR, 5 A — S0, — BB 5E Wos
7 FXR $54TR1R 7 I AL EFT T2DM /) B 25 B AR
FIEWEIN A2 AN R 85 R HCHT AR LA A i T Ak
1) iz 1 RN P 22 Tk g 7K ST TS 300 AE St T FE 3
fnt 5 R R A, Fang 4 R BB IE FXR
85t 00 AR 0 B2 B X AE i AT T2DM /) B4R FH AT O
AR N AT 52 R BRI RARPL, [RI
HANRE AR, LRI AL BRAY /N B, B BA b
A /NGN AEER BA AARRT AL A & A 1 5751k, BA &
BN CA 5 1n] CDCA fii2E ), i i & 1 & LCA, Ifif
LCA J& TGRS i N IR B, tb ok, HiRIE
AP /N BREAE G IR I ZH 21 FTi55 TGRS T I A
Dio2 , il I ] FERE ST FERG . R KR FXR {5
SEE T A FXR 08 R AT 4 8T TGRS {5 5 5%
T (HRZEMIE R, 1 FXR TS XTI F
FIRE T THFERA AR RG] 7 FXR (555
S EHA BT mIE v
3.2 BA i@iT TGRS s #E4X #6483

TGRS, 1,k M-BAR ,GPBAR & #% GPR131,
330 MEILRRULA, (5 7 NSRS, B T G &
FIE I 32 (R MG 5, & —Fhopi B BA 244, AT
BA i TGRS Wfg 1A, LL LCA B30 fig )1 i
5%, TGRS W5 QB A OG0 il B R  o
AL FEZ NI E TR RIN, PRI TGRS A
(4 i B T O IE BA 2 LA K I8 42 FR B il
CYPTAI WYFEPR 1k, [] st 400 i) B AR A i ads 428 v 56
RS I CYP27A1 Fl CYPTB1 1y 3L Hl 3635, 14 hn
12a- 75540 BA 15 &, {ff BA Wi K T &, 355
B BB A EpIE S, BA #IE TGRS
fEREAIE L 4053 GLP-1, J5 & EH TR B 40
MTT IR 105 Wb . AR B 53 e U 2
2% C FEALHE (cytochrome Coxidase, COX) Al &
cAMP 197K, AT {fi ATP/ADP [ 3 1 41 Jifd 1) #E
AT, B0 R A5 IE (CAv) TR K-ATP
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T A5 T, 5350 GLP-1 43 10 1 765 4 A 25 110 ol
12 FXR Al XS L 40 GLP-1 7= 4= 6 5 48
Fi, XSz LI 2l L 40 b BA #4075 TGRS
FIFXR 7] DL 3% GLP-1 8943 7= A= A0 S VR o
L 40l o (% TGRS #4076 v] BEFE & W8 IUs W s &
Az 1T FXR PRI 28 2 S U 5 350U JE R | 3 25
55 BA-TGRS 15538 % GLP-1 403 (1) BUR A
FH5 FXR /ST GLP-1 & ikt i 40 I VE JHTE R 5
BFIa] 950, Rk, 3006 TGRS 15 5 - BH W i i
FXR A 68 5 R 45 ) T2DM fR & Il 4 11 — Fl A1)
ik,

4 BA BT B7iE B A 0 1E A 15

ARk B BA 5 1 3R R IR A
W5, K B A AU BA (196 5 DAk
KBRS B AR, W] W EE T
WERR X re & A, 7R, BA RIS e
2 UAH B R P 3 A A S 2k 22 R N X BA
HEATEEAL 140, IHER 7K f# i ( biliary salt hydrolyase,
BSH) /K it S5, i CA Fil CDCA ) Ta-lii 231k
435I S DCA 1 LCA, A K2 C3 .C7 . C12 fi 2 KL
FALFSAMk ., WA Uk W BA gk (LCA
1) BE R A4 BE D7 R 16 A1 DCA R SRR ), 14 hn I
BkPERY . EAT BSH {6 PEAY 25 A4 T, I LR AT 14 |
XUBEAF TR AAFF B8 AT S bR BA ARG, 7 A Ui
BA, U#ES BA WA NG BT, Ho IR G, &
e BA HEMERE 0, [R]A 8 5 FXR 7 i 3 40 i Fn
T4 % TGRS 7545 Fh 2 2L 01 ke k3 15 At
WHE R SR, BA R A A PR 20 1 40 AR
AR K5 F 254 R B U EH . DCA J&: i
AR BIPIH BA Z— ARG TEZ N CA 10 5, DCA
FEEE DT 22 W 1B A0 B AR S P R EAR T
Jf SR B FLRR AT B AOSUES AP B, L, BA B
Xof P T A S R o i B e R T, U BE RS Tt
ZAE PR B BA B TR W RE IR A BB AE 7 3B TP A
WY AR R A E R WG 2B , SR RE T
1T FLERRFF Bk >, AR JE TR 1138 £, TaCA , TBMCA
(A EA FURR S P FXR 455057069 BA) M A I
ABETR 45 G BA (C2404) (4 BUIS In, A 4 B 12 45
4 BA(aMCA Fl1 BMCA) X HZ MR 454 BA /),
[ IS i3 Jig 7 K £ (highfatdiet, HFD ) 75 AL | R

5 2 HK 5T AR 7 A% P2 18 195 I ( non-alcoholic fatty
liver disease, NAFLD) 75 2| pir 3" 5 M —%%
M, RS AR TR IR T /N B, B4 VSL#3, ] 34 i 3%
BA HEi i 53 9% FXR/FGF15 il 3k 14 fin fF ik BA
A, T T2DM B BE K NAFLD 254X 55 i
5 BA MK/ ARG AE b K g 3 TR S TR AR G, i
BRI R B E B BA THE, BA R BSH i
PR JERETR 136 2 | 05 1R 5 25 HIRT 1 L R AT TR 9L
AT O AR, A TR i A R e AR Sy
5598 NTERE O AR PR RS, JEERE B T T B g b
MMt 52 BA MASTE BT 134 £ . NAFLD B H A7
5 BA AN WK 5K BA LGS i 24
%% BA HEAAI A AR B 9E0Y L B U 1 R S
BA U A9 AH B AR FH X ok 24 5 5 0 2 i 22 5
M, ZEESRFE v LA o ol i 8 R AR A BA
TN K 2R He A9 4 R 6 ] ] 1 1 AR, (H 2 il
IR 2, Bom K, BA WF 5T R W %8 B BA
5 T2DM JERESERIE A G T2 2 C R (1
HAE FAMLE A 56 4 BA 0, 3 3 B 38 v R i — 2
INHFIIAYY T2DM, Jf- DL o 3t 5 530 A 2936
ST R A R W SE B 7 1)

5 BA BTREFARFTHERE

TR Y7 IERER I E F A, 41 Roux-en-Y H
7K (roux-en-Y gastric bypass, RYGB) Fl#fIR 5
PIBE K (sleeve gastrectomy, SG) , J& H A fc it 171
I MR 9T T2DM AR 2, B UE 52 AT db 2 8 58 4 Jo
o, PR R Y TR I 2R R R B AR e
MR S5, A B ] B4R T2DM AH 26 I AAE A9 & A4 %
AL, B A N 236 Y7 IE R T2DM 9 A 505
3 REFE R BA 78 TR 2% fit il i
PR B EEA/EN, MR A RYGB A5 %5 11 filE
JGEER BA Sy3hn | [ WigE 5] 12a-52 5 b/ R 2 5k
fE BA LU TS 18 R B0 BA 5 H A LR R
TE PR 2 IEARDC B G IREE R Ik YY 4552 GLP-
14 1 SG ARG BB A K —3, 163 BA KF- T
R REARER AN . R, RS BA 1Y I E 4
InA] RE B T F R AR Ryan %57 FIHH 4 &
FXR iR/ AR BT S50, 4521 s FXR A B T
SG e 4 5 £ Yol 6 R AR A R T 2 L A IS B R
TGRS A B THEE/NR SG J5 M A 47 WA 15, iX F 2
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