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(FE] a« AR AN SR, PRITIEJEEE X 224K (farnesoid X receptor, FXR ) X IR EEIE 175 5 (19 R AE
RN S THEH . # & W/ RMEERE, JFREPLA 0 4 4. EPEE/K (normal saline, NS) 4. g2 H
(lipopolysaccharide, LPS ) 4. LPS+ % | X} B4l ( dimethyl sulfoxide, DMSO ) #1LPS+FXR ¥ 3l 7] (GW4064) 21, %
20 5~8 H, LPS ZH/NEUE 5T LPS (10 mg/kg ) , NS ZH/INBUE i i 5 4 e A AR OK, 5 2 49304 LPS {417 5 d i
ZLNE IS GW4064 5 DMSO. LPS {H44/5 24 h BT AN NEAR A, #500E DhRef A0 Bl F-F2ik o ZEARSh, R LPS 4b3t
ANBUFEACE /NG A0, 3 4 41 NS4, LPS 4. LPS+FIXT R4 H LPS+GW4064 41, RT-PCR I b Az 4 i fie %
NFEL, &% /DEREERST, 5NSSHBAHAM L, LPS 4/ BB IE{E 4 M T H 4814 % 6 (interleukin 6,
IL-6) . #ALRFEAK 2 ( C-C motif chemokine ligand 2, CCL2) FikEE i (P<<0.01) , IfALEFH BT E (P<0.01) ;
5 LPS AR HAL/INRAR L, GW4064 T FZE LTI & F R, B AEm B ks, {2 R4 F IL-6. CCL2 Fik T
P, [RImF, LPS i B IE FXR 2 1A FXR mRNA 35 ( P<<0.05) . 7e/NEUARSNSZEG R, LPS S5 AR /N |
AL FXR ik (P<<0.05) ; 5 LPS 4UFAEFIGT IR AH L, GW4064 T4 v] B W 3l S /INE 1 iz 44 4% [ F TL-6 A
CCL2 ik (P<<0.05) . £+ LPS AlMHIENE FXR Fik, FXR S AT LPS 500 B /IS T Bz 4 A 48 D7 0k, 9k
BB A SN AN Stk B 47
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FXR agonist GW4064 reduces sepsis-induced inflammation and acute kidney injury in mice

REN Ting', XU Su-juan', WANG Xiao-yan', ZOU Zhou-ping', DING Xiao-qiang"*’, JIA Ping'>*"
1. Department of Nephrology, Zhongshan Hospital, Fudan University, Shanghai 200032, China
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[ Abstract ] Objective To explore the effect of farnesoid X receptor (FXR) on lipopolysaccharide (LPS)-induced
inflammation and acute kidney injury (AKI) via sepsis model in vivo and in vitro. Methods Mouse sepsis model was established
through LPS administration, and the experimental animals were randomly divided into four groups: normal saline (NS) group, LPS
group, LPS+DMSO group, and LPS+GW4064 group. Each group contained 5-8 mice. Mice in LPS group were intraperitoneally
injected with LPS at a dose of 10 mg/kg, and mice in NS group were injected with the equal volume of saline. The latter two groups

were injected consecutively with GW4064 or vehicle for 5 days before LPS injection. Blood and kidney tissue were collected 24
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hours after LPS injection to detect renal function and inflammatory factor expression. Primary tubular epithelial cells (PTECs) were
isolated and treated with LPS in vitro and divided into four groups: NS group, LPS group, LPS+DMSO group, LPS+GW4064
group. The expression of proinflammatory factors was determined by RT-PCR. Results Compared with NS group, the expression
of renal pro-inflammatory cytokines interleukin6(IL-6) and C-C motif chemokine ligand 2 (CCL2) in LPS group was significantly
up-regulated (P<<0.01), and the serum creatine level was increased (P<<0.01). Compared with LPS group and vehicle group, serum
creatine level in GW4064 intervention group was decreased (P<<0.05), renal pathological injury was alleviated and the expression of
inflammatory factors ( IL-6 and CCL2 )was down-regulated (P<<0.05). At the same time, LPS inhibited FXR expression in protein
and mRNA levels in kidney. Also LPS inhibited the expression of FXR in PTECs in vitro (P<<0.05). Compared with LPS group
and DMSO group, GW4064 intervention group significantly inhibited pro-inflammatory cytokines expression in PTECs (P<<0.05).

Conclusions LPS inhibits renal FXR expression. Activation of FXR reduces LPS-induced pro-inflammatory cytokines production

in PTECs, and alleviates LPS-induce inflammation and AKI.

[Key Words | farnesoid X receptor; lipopolysaccharide; acute kidney injury; inflammation

2B i (acute kidney injury, AKI ) J&—
Fith ZFRZ SR, VS DIRemE T R RRAE
IRLEAAE Y . MeREIE TR AKI A9 55N 2
—, JUHAEFE WS, #ak 50% 1Y AKT HH R
RETIE Y, HIMEBETCTREL 60% . kil
iE AKT &R ML 2%, 32 BA0 4% B 1 3 3h 7 2k
AR GG AL . AR R R R A R P A3
SRHAES L EET M B A A B R

1 JE Bk X Z 1K ( farnesoid X receptor, FXR)
J& T BC AR (% 32 AR S R R, R EAE
WF. . B RIE TSl k5 . JT4EK, FXR
FERRTHACI | ey . BRRACE T 2 0
MIVE R CBOIESE, JEHE FXRAE NI IRAR S 1
BT, AT A R L o R A AR
TR R EAE ], [RI, ok b2 0 Scak ) K
FXR 7E #5538 R AE S IIVE o FXR AR ZFf
P 1 A N, R AKT R R AR P R G
£ 15254 GWA064 VER FXR 1Y 155 55 A s sh 1,
FI R 2 A SR A R L ARG
T ) /N BN R RE AT, O 2% e 25 o ' A
FXR FIiERY50, M FXR B X e #5075 S 19 48
iE S AT AKT T FAER

1 #MREREE

1.1 ERsdA £ 2XA KH6~8 ik
C57BL/6 FfEPE /N, 1R &= 18~22 ¢, I H [
RWTHESL 6 AT BR 2N 7. DMEM/F12 55 332 3 Al
DMEM = 4 15 5% 2 1 T 22 [ Gibeo 24w, i 2R il
5 T 32 [ Gibeo 28w, [ 55 3250 Fn 52 s 252

7€ 1 PCRR | 3 T TaKaRa 2\ 7], Trizol W T 26
[¥] Sigma-Aldrich 2w, J& It il IV 1 T~ 36 [ Sigma-
Aldrich 22 F], JBRER ABFMSIR . RS R Pk
AT FIRA Y TR A F, percoll AT
Coolaber A F], JEZ M (lipopolysaccharide, LPS)
1 GW4064 11 F 3% [# Sigma-Aldrich 23 7], FXR 1
&I F R&D F1 Biorbyt 23, B-actin HLAAN T A~
ST, WUEFR IR £ F BioAssay Ststems
N ARBFSE S A T AR TR A A BR S
A

1.2 BRIz sm NEBEIL N 4 4.
H3ER 7K (normal saline, NS ) 2. LPS#H. LPS+
RFINFEEZH ( dimethyl sulfoxide, DMSO ) 1 LPS+
FXR ¥ 8l 5l (GW4064 ) 41, %41 5~8 H. LPS
ZH /N BRI I T S LPS, & 10 mg/kg, NS 41
/N U i 1 B S AR R UK, JS 2 4143 BIAE LPS
HESTHT S d IR 7 2L T ST GW4064 30 mg/kg 5%
DMSO. JFREEE SFMERE b6 /N, BB A4 20
PEATJR 25200 . ARWFFE it & B 2= B R b il B
Besh i SC g e B e A 23 S ot (2021-406)

1.3 DR BRAKREDE LK e (primary tubular
epithelial cells, PTECs) 4 & Fo 42 B S AfE I F
6~8 J& i C57 BF A= AU MEE /N R, L= 75% 1Y &
P PR S min, U /N RUBE, A 4C TR Y
Hanks & H . 7EBE & 3 2 'S A, Hanks 5%
Ve E 3~5 3, 7E 5 mL K & EP 45 vl B UE oy
PR 1 mm® K/, K BYREAY B AL SR S mL 41
M A (1.5 mg/mL B IV + 1.5 mg/mL &
PRI ) B, 37°C, 120 ipm IH4E 1 h; A
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FBS 2 114k i 40 pm Fi R, 100X g, 4°C &L
3min, 5 VW i i Hanks & )5, 100X g,
4 CE.0 3 min, 3 [7; i DMEM/F12 #5575
HmEJF, 100Xg, 4°CE.L 3 min, 5 [1; HSmL
DMEM/F12 & & UL3E, il A 50% percoll i I 77,
14 000 /min, 4 CE.C 1 h; fx b —Z T e
/NEUML, G2 WU FZEWAA, 1000 /min, 4 C
B0 S min, FF LI HE 10%FBS By 5G40 S
FE ( DMEM/F12 5535 3+ 4 = & C+ &AL T 1)
A+ R R ) Bi9F 24 n R .
1.4 fmpessifestz® BPUNRPTECs /& F 37C,
5%CO, B FE R TR RE 92 3~4 d, fFAy 1 =
60%~70%, FEHL/HA 4 2. NSZ], LPSZH. LPS+
EHINT IR ZHF LPS+GW4064 4H . LPS 4140 hn A
1 000 ng/mL LPS, 1555 24 h; NS ZH/mA %55 E 1
K5 LPSH+GW4064 41 L 5 pmol/L GW4064 "’
AL B 40 i 24 h, LPSHEF X B4 45 7 5% &
DMSO J&, JIA 1 ug/mL LPS 4k£:553% 24 h,

15 fiatike NREALAET RS-
HHOR o, 6B CEEliK, PrliiE5E, 3%BSA =
& B P 30 min, A BT FXRPL AR (1 ¢ 200,
orb156973, Biorbyt A F] ) 4 CHFE W, ALY
FRICHI 30 37°CHFE 1 h, DAB W0, s R g
(FE VT S

1.6 Western % J% ¥7 i i 42 B/ Bl PTECs # H
JG, % 8%SDS-PAGE HiJk, 300 mA {54 90 min,
5% Ws ks 2 IR 1 h, INAST FXR A (1 ¢
1 000, PP-A9033-00, R&D /A ) 4CHEE 1 ;
B-actin FLK N2 (1:1000, TA-09, Jbai 42
SAEVHEAREGIRAF ) o K TBST YR 3 i,
Fii 10 min, “HUEMEMFF 1 h, TBST PEAE 3 i,
f3k 5 min, )5 FH ECL W52

1.7 RT-PCRA&m /N B 41 21 580 40 Jd 79 m A
TRIzol, SRJFRHEAN . FNEESTE RNA, DEPC
IKELE 1Y 75% LBEPEVR )G, % T DEPC K, K
I RNA ¥ B, LA 500 ng & & 4% i PrimeScript RT
Master Mix i & ( TaKaRa N &), HZA ) 5B gt
1710%% 5%, R SYBR Premix Ex Taq ( TaKaRa /2y
A, HA) #E4TPCRZ M. K H B-actin fE K N
Z, BIYIFIILER 1.

®1 EESIMFIIR

FHAFE Trn ean gl
B-actin F  AGCCATGTACGTAGCCATCC
R GCTGTGGTGGTGAAGCTGTA
IL-6 F  TAGTCCTTCCTACCCCAATTTCC
R TTGGTCCTTAGCCACTCCTTC
CCL2 F  GCTACAAGAGGATCACCAGCAG
R GTCTGGACCCATTCCTTCTTGG
FXR F  TGGGTACCAGGGAGAGACTG
R CGGAAGAAACCTTTGCAGCC

1.8 o 7 WUBF K -F A R LB 2 7] &
( BioAssay Systems ) P EARMEWR, WIBRIE S FI
MLEREAS 30 uL 2 96 LA AWRAIBIHE 1:1
B 5 LI 2 TAE W, AEAL 200 uL, 510 nm I &
0 min A G ; 37°CHREEMETE 5 min, FRIM
FE 5 min B ATIROGEE, FRIEFRAE S TR B TR RS
FE MR

1.9 it a2 R GraphPad 4, 1IEA 1
(3 OB L X 45 R, 2412 [A] LECR LA
Bl LM, 2 A2 0] BRI A% Ak i
(a) 4 0.05,

2 # R

2.1 LPS# 3/ R BN KER A AKL 4553 (&
1A) WoR: 5 NS4 AL, LPS 4/ 7E LPS F
%1 6 h 5 B 12U BRI, REAMRIE; 12 h)5
I BTE 2 A5V 24 h S R K Iz (1 2s A
PE, IR HOE B /N R SRSV, . I
WLEFRE I Z5 5 (B 1B) Wos: LPSHST/E 12 h,
24 h, LPS 4/ EUM LR EE TR & T NS 4 (P<
0.01) . & RT-PCR A 21 215 3% vh 9 9 R
Fafe A 15K F (E 1C, 1D) &3, LPS Ak
FHJF 6 hy 12 h 1 24 h ‘B WEAE R 400 7 F 4R Ay
% 6 (interleukin 6, IL-6 ) FI#&fLAFHcfk 2 (C-C
motif chemokine ligand 2, CCL2 ) ¥, Fi# ( P<
0.01) .

2.2 GW4064 xt ) Rk A5 AKI Ao KR B 69 I
2AEA  LPS 41 A1 LPS 5 551 % 1 20 /)N B A
FH-Ede( (B 2A) Bon, 2 H/NRIA SR
K. B R A IR /N L e 4 A
A BRI A EIRSE, 1T LPS+GW4064 2H/)N B
2 U505 B R, (S B A U [ O A i A 2



368 Chinese Journal of Clinical Medicine, 2022, Vol.29, No.3 FEIGRE2:  20224E6H 55294 4531

ERVEARE . B LU R F4/80 S dlfbys  GW4064 Z1/INERU B I g 20 s v W S s b, L
@ (E 2B, 2C) Won, 5NSYIE, LPSA M FKF (B 2D) g E N (P<0.05) , H44
LPS+¥ A BRI IER AT B B i B v i A1 R R I 1IL-6 (K] 2E) Rk A+ CCL2
5 15 LPS 41F1 LPS+HiA I IR 4l Hed, LPS+ (K 2F ) kB i (P<<0.05) .
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2 GW4064 X/NRAREIE AKI A5 & M B RER1E
A: B FREH-E Yot (x100), SEEFT kR JOREAIMIIZ I | 21 (087 3k has i As v, ek (i Sk b B /N B R B v R B 5
B:F4/80 S Ak et A LB R B Y (L2000 5 C « 2 et o3BT e 2 Ak e 2 B 240 it (i A5 ET , X 100 ); D I 35 LI K P 5
E: P EIL-6 mRNA 2635 F: B ECCL2 mRNA ik, "P<0.05 5NS ML, “"P<<0.01 5NS4IHLL, "P<0.05 5 LPS 411,
2P<0.05 HLPS+ X B4 A L
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2.3 LPS %/ R B A= PTECs % FXR 4 ik 84 4 %) 0.05) . #F—243 B PTECs, 7E &M 6l LPS %f
%R B R et R (K 3A) B BRI FXR £IARIFI, Western Gy EIE % Al
78, FXR FERIATIEH B/INE R A iz N, RT-PCR %554 (#13C. 3D) ¥R, 5 NSAMIL,
25 LPS A PR FXR KAk W N, Azl LPS 4b3 LPS 500 ng/mL F1 1 000 ng/mL 4tFH PTECs J& FXR
ANEEH AL/ N EUE IE FXR mRNA K (E3B) 2 F A mRNA K018 F .

7, LPS AR 12 h J5 FXR Fik/K 5 FiE (P<

NS4l PS4l i 15[
~ =10}
. =z
FXR <
Zo.
& 2 05
a4
2 N ﬁ
@ 00 Ga 6n 12h 220 ®
150 1.5
it i)

NS4l 100 500 1 000 ng/mL X
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R I R IR
KNP @ S §

E 3 LPS X/MNRSAFEFI PTECs B9 FXR % B9 &11E B

Az BFIEFXR Al b de e ( <200 ), B Y @R FXR 26k , BRE T BHPE S (G 408 ; B: LPS 3 915 AN A A B JEFXR

58355 C: LPS S /INE T A EXR 25 [ 2535 B 52, Western F002 IR 45 12634 ; D: LPS#I I PTECs [ FXR mRNA
F3K.,"P<<0.05 SNS AL, "P<<0.01 5NS AR,

2.4 FXR & LPS % F69 B % L& s fede £ B -7 LPS 4b ¥ PTECs # 1k A ¥ CCL2 A mRNA 7K *F-i
#4pEE A FFH RT-PCR ¥l PTECs fit 48 [ 73 W3 LR (P<<0.01) , WLEI4B. 5 LPSZH LPS+
KSR (F 4A) R, 5 NSHMIEL, ARk RN R ZH AH L, LPS+GW4064 4H 48 4iE K 1 IL-6
FE /) LPS 4b ¥ PTECs J&, RAEKF IL-6 KiK. Fik (Kl 4C) B8R T (P<0.05) ; #fbH ¥
# i (P<0.01) . M# T NS4, 1000 ng/mL  CCL2 AR (184D ) W Wb (P<<0.01) .
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4 FXRXf LPS #5SH)'S/NE L R AME R E TR HE A
A: LPS i PTECs (I IL-6 mRNA %3k ; B: LPS i3+ PTECs 1) CCL2 mRNA ik ; C: GW4064 1| LPS i% % PTECs IL-6

1 ;D: GW4064 #I#HI LPS &S PTECs BYCCL2 i, P<<0.05 5NS LAY, "P<<0.01 S5NS4IAHLL, VP<<0.05 5 LPS 414H
;s 2P<<0.05 5 LPS AR BELH AR 1L -



370 Chinese Journal of Clinical Medicine, 2022, Vol.29, No.3

REIGREE:  20224E6 H 26294 S531

3 3t 8

i TR AKTATS 2 £ 22 H i 40 4m 114 5 DL
HA BRI TR 5 . RIS &
P, MeERAE SR A AKIAET R B 5 T o ali ik
BEAE AR o SNE SN FERRTEAE AKT & A rh &
AR, 2R TL-6 15 A AL G Ny 245 ) i 22
AT, LR/ R e B3 B kR
— 7 IR /NG R AR LR R R R
Fy—J7 T, B AR R LR T an cCL2 ml s
PhoRE 0 A B/ B A M SRR R AN, 5
HEC R A L o0 P S LR 7, ifE— 25 4%
KERI, fEE AKL &4 il fE & Ak th A
THILER, TR ERAE S R AKL, B0
TESE, WA A 7E M B E 5 AKL R AR rh R 5
BAER . /N BUMGEIERLARL T, LPS 5|/ F 40 i
2 EZH SN, 1A Y VAN AR 7 A U TNF-a 55
LR RAEAIMLA T, {2k AKI & 2E . Gong 25
FYUE 5%, Fractalkine ( CX3CL1 ) w4 v] 38 15 31 1l
Wnt/B-catenin i FA il 5 WEAR AR IS 1k, W8> ZFh 58
SEANAR R T =, R RAE RN . ARFIT S R
7R, LPS 3755/ BB U I3 10 40 3 i) A S B
M FXR #43h 75 GW4064 7] B 5 3041 B A 5 0 400 i
2 . MeREE AKT B N BT R T S0 SN A1,
W] RPN AN E T SRR S AR, AR N
B AR A AR AR P L 4B ik R R kT R 4
W ARBFTE R B, LPS R BE A N T R 2
JHL 28 0 PR TL-6 Fl Ak F 5~ CCL2 s, &
[T RANMIRE, AEasrAst:, B ANVE
e, HEmS e B T Re i .

FXR S % 32 R MG I 53, 16 0 A 2 0 1
g b R EEEM . BEfE FXR B98F5E &
SRR RTRE, 7EATE RSS9, B
Fooge etk 2 o S8k, FXR B AT/ BT e 21 4
AR SRR IR P . FER A2 R 55 B ol
P, FXR E o S00E BT 48 E WA i, 0461 T 40
MOS0 1 B e, DL IL-10 40604 7 4 sl i 28
AR ST o 76 B WEJT T, Wang %5224
WFEIIESE FXR/TGRS RUH 2 71 AT 40 0% b 9 '
FAE AR SC B e 1 #E i 5 FXR 5 YAP Z [0 28 H AR

FHRT UM B IS 4L . Kim 262 BF5E 0,
FXR 38 1 I 45 41 I 1 0 A8 T4 i) AKT i) 8 1 B
S 1 2 R . ASE 5 e A A /)N UM B 44 PN A1
A B, LPS i) B R RN B /NS I e 4B FXR
Fik; RHIFXRENH (GW4064 ) W] & 25 FEAIX
i AE /)N BRI LI B 5 FXCR P AT o 2 000 ol
B JIE A1 PTECs 284 K1 IL-6 ALk R 7 CCL2 4k
B, D8 LPS 175 510 B HIE 98 RE SV o

25 LTIk, ASHIESE R /N B AR P AR R I 512
FXR X LPS i5 5 AKI (R4 1ER, RO FXR JE
AL LPS 55 14 B /INVE T R A AR 9% PR F-A2 B,
VAR B I A0 SO RN AKT, MGG R B VA i e 2t
B R BT ) S AT B

s FrafEHE P IAAFAEN SRR
57 3Lk
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