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i E: 2EEB (acute kidney injury, AKI)/2 H1 &P B8 51 A2 14 1 Th RE DRI B 1T LRI R 25 B AiE o B S I/ P 4%
(renal ischemia-reperfusion injury, RIRI) & 3 ¥ AKI [t = Z 5 [K 2 —, {H RIRI [ & A HLH 4 A 58 4 8 BH . BF X 324K (liver X
receptors, LXRs) /&% 2 B F R i, A MAER, B LXRoaM LXRB. BF 783 W LXRs 76 TOMEAG Q. (e ik BE [E B4R
TR SIS T R AE B EEAE M . AR B AR LXRs 7E RIRT R AE IV AL, DU S0 136 T $— AL 1R
P AN LR p . FRATTAE /D B RTRIABE Y RN VB B Joi 30w g /N5 44 it 22 (K 2) 41 Jifw S5k 260/ 2 46 (hypoxia/reoxy genation, H/R )45 A
%2 LXRs Wi o B BESh RE AN An M 545 FVE FH » R A 45 SR B0, LXRs AN GW3965 AT 25 i) RIRL 51 2 /) L JULF
JREFACT T, HEFIPAS Yeth g IR, GW3965 W S 7 RIRT S 8K B A SUR 05 Fe i 44Uk 2 e o 4 S i
N, GW3965 H & F#{% 5 IF 4-HNE A1 GRP78 /K°F; TUNEL J 45 BoR, GW3965 & i RIRT S0 B NE4 i 2 52
I % Y6 %2 B PCR (quantitative real-time PCR, qPCR)45 5 &7, GW3965 1 RIRT S £ TL-6 AT TL-1p Hs% K 1)_E il . SR,
5P AR, LXRo 2 F T RIRI G UE . FREEKFI BT LS /NS A2 5035 A R . 41 se i
TR, GW3965 AJ B 427 H/R 3201 HK2 40 I35 J B4R A% 88 A B AL (superoxide dismutase, SOD)KE Ml &5 &7,
GW3965 1 4l il H/R J& 1) SOD ¥& 1 R % Western blot 45 7R, GW3965 #llfil| 4 g H/R J& 4-HNE fil GRP78 2 [ /K “F 1)k
W TMTE HK2 418 3 F /N T3 RNA (small interfering RNA, siRNA)RE LXRP AT H#EH GW3965 X4 iG 5201 . AH 7t 45
RN, LXRs #3071 GW3965 7] i 5% /N B RIRT,  HALHI AT BB SR IR T2 S0 B PR R 2 98 A J S AH
Ky ARWFFLE RYPHUESE T LXRs $ah 51 B I CR3 /8 FAH5T LXRB.
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Abstract: Acute kidney injury (AKI) is a clinical syndrome characterized by a rapid decline in renal function. Renal ischemia-
reperfusion injury (RIRI) is one of the main causes of AKI with the underlying mechanism incompletely clarified. The liver X
receptors (LXRs), including LXRa and LXRf, are members of the nuclear receptor superfamily. It has been shown that LXRs play an
important role in regulating glucose and lipid metabolism, cholesterol efflux, and inflammation. The purpose of this study was to
explore the role and mechanism of LXRs in RIRI. We determined the effects of LXR activation on renal function and histological
changes in a mouse RIRI model and a cellular model of hypoxia/reoxygenation (H/R). In vivo results showed that LXRs agonist
GW3965 significantly inhibited the increase of serum creatinine and urea nitrogen levels induced by RIRI. Both HE and PAS staining
of kidney tissues revealed that GW3965 alleviated the morphological damages caused by RIRI. Immunohistochemical staining
showed that GW3965 mitigated 4-HNE and GRP78 levels induced by RIRI. Furthermore, TUNEL assay indicated that GW3965
reduced RIRI-induced renal cell apoptosis. Quantitative real-time PCR (qPCR) analysis revealed that GW3965 attenuated RIRI-
induced IL-6 and IL-1B mRNA expression. Compared with wild-type group, LXRa gene deficiency had little effect on RIRI-
associated renal functional decline and morphological damages. Additionally, in vitro study demonstrated that GW3965 alleviated H/
R-induced decrease of HK-2 human renal proximal tubule cell viability and restored the activity of superoxide dismutase (SOD) after
H/R. Western blot results showed that GW3965 mitigated the increase of 4-HNE and GRP78 protein expression levels after H/R;
However, knockdown of LXRp using the small interfering RNA (siRNA) technique reduced cell viability compared to GW3965-
treated group. Taken together, the LXRs agonist GW3965 significantly alleviates RIRI in mice possibly by reducing apoptosis,
oxidative stress, endoplasmic reticulum stress and inflammation. These results also preliminarily confirm that the renal protective

effects of LXRs agonists are dependent on LXR}.
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1.1 3% CS7BLOA/DNRIWEF AL BB FEAY)
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BENW D5 s LXRao 2k ] R /0 B A AR A 90 28 £ P
Ro FTA LI EAE S IR OE R R K L0 S )
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1.2 RIRI#E® Ik 8 &S/ R (C57BL6 15 56) 5
PLF =4 : 8 F AR (Sham) 4 . # % (RIRT) 41 F1
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DIT 485 RIRVAL/NBA S BEIBR, e 00 i A
FZh ik e 1 35 min 5B L, #7054
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Mg 7%, #ATIE8 .
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B FEAR TR RS 7%, B9 MEM 557735 (PM 150411,
PP T S A RHECA BR A R, W0 10% i 4 1
15 (10500064, Gibco, USA). 100 U/mL ¥ % % M
100 mg/mL #5823 . W AMMAZF T 96 56 FLAR, I
BESE R ALK 12 he IEH AR — HE T IE
WRFER R H/R ALk e 5 iCE T 1%
KA IR 24 h, R EIEREFRM TR TR 6 h;
H/R+GW3965 21 7 4 fi i3k N AR S35 7248 77 m) 35 772 2%
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1.5 RNA #2 BXfil 3C i 3% 3K 2 2 PCR (quantitative
real-time PCR, qPCR) B N 2H 23 48 H TRIzol i
RIS RNAJE, A OCEETHINERAKEE, 42 pg
FEA RNA J2 # 5% )y cDNA. f# ] & K LightCycler
96 qPCR XY 14 H (2K, e W24 495 °C 5 min,
95°C 10's, 65°C30s (35MfEI). LAB-actinfE NN
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1.7 Western blot SE38& & A & [ Bl A0 12 g 410
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Table 1. Primer sequences

Gene Species Sense (5'-3") Antisense (5'-3")
Kim-1 Mouse TCAGGGTCTCCTTCACAGCA CCACCCCCTTTACTTCCACA
B-actin Mouse AGCCATGTACGTAGCCATCC GCTGTGGTGGTGAAGCTGTA
1-1p Mouse TGCCACCTTTTGACAGTGATG AAGGTCCACGGGAAAGACAC
11-6 Mouse AAAGAGTTGTGCAATGGCAATTCT AAGTGCATCATCGTTGTTCATACA
18s Human CAGCCACCCGAGATTGAGCA TAGTAGCGACGGGCGGTGTG
LXRa Human GGACAGGAAACTGCACCATC CACCGCAGAGTCAGGAGGA
LXRp Human CAGAGCGCAAGCGAAAGAAG GCTGAGCACGTTGTAGTGGA
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PVDF i [ (Millipore, USA). F[5H 5% BSA£4] 1 h,
3IFPT4-HNE (1 2 1000). GRP78(1: 1000). B-actin
(1:5000)PifkfE4°CkFHEIRE, KHH
TBST ¥ 3 x 10 min, A ILFEPUREOLFEh Rt
(1: 10 000)% W & B 1 h, TBST M3 x 10 min,
FIH ECL W52 M AE B s Ak 7 ROt R G (Bl K ie
BHEA BR A w0 EEAT T B4, A B-actin fE A A
Z, tHE B E BN RIE K.

1.8 RNA T i LS AHEAGRA
AW TH A LXRo A LXRB 45 5714 siRNA DL B 74
ot HERTPH V£ X B8 (GAPDH).  LXRo siRNA (si-LXRao):
Sense: 5-GGAGUGAGAGUAUCACCUUTT-3'; Anti-
5-AAGGUGAUACUCUCACUCCTT)-3’ .
LXRB siRNA (si-LXRp): 5'-GCAUCCACU-
AUCGAGAUCATT-3" ; 5-UGAUCUCGA-
UAGUGGAUGCTT-3" . HK2 40 g 7F 1E 7 1% 77 3
(10% MEM £ 77 J&) /1 5% 7% 2 50%~60% ) fl &
AP R opti-MEM 53755, H Lipofectamine
3000 (Invitrogen) ¥ 50 nmol/L siRNA #% % \ HK2 41|
L, 46 h 5y IEH IR AR IR 18 h, W 4H
M1, F qPCR B6IF siRNA 3 4L 3R

1.9 SHEFEF TR AR DAEE. A
PR E AR H RIS pm BV . 23] 7 I HE
FIPAS Gt il A Gl AT guth, H BB R AR I
AT

1.10 TUNEL#® AR/ DARE . Ak
(5 A 231 S um DI B, F TUNEL AR5 &
(LB IEAEMB AR ARG, B A wE,
FHHL TR AR WA (PR ) IEAT LS4 I

1.1 GiEoh M4 L mean = SEM £, 4
1 % 4 H1 K H Prism 8 (GraphPad Software, Inc.,
USA)¥ AL, ZHIEHECRH BRI Z 00, ™
A EL R e 46556 . P < 0.05 WA N ZE R BA St

2 R
2.1 GW3965 (& RIRI S 195 TR RUBR 71 1% A &5
ratn

AR B 4= 7 C5TBL6/T /)N B M 2 RIRT AL A
55 Sham ZH A L, RIRI A M35 WLEF . JR = &K F
BN, 25T GW3965 Ak FE AJ DL 25 #0111 i75
WL (K 14) JRFEE (- 1B /K F I, Kim-1 /&
AKI 845 . 5 Sham 44 AH Lk, RIRIZ Kim-1 mRNA

sense:
Sense:

Antisense:

AKFIE EE(E10), g Oyt E o
I (EF, #i3kFR)s 14T GW3965 kb2 5 Kim-
1 mRNA KB 8 R (B 1C), A aiifile #
W (B 1R, NRE AW Y) v 47 HE 3 1,
RIRIHE/NEMMZH, HIHEREE R, R
M. BEAEMWEID, #ikFiR); GW3965 AbH
EMETENESHEAL, BT EAEHE
1D). PAS Jeftfi 7%, RIRIZH H 30 5 00 b R TR
(K 1E, #ikFrR), % T GW3965 &b B 5 2 fift 1
RIRI 5|2 (B DA (B 1E). Bk &5 S E W LXRs
B A PR ek % RIRT 5 6 () B Ty e ek A U 45 #4)
4% o
2.2 GW3965 4% fi# RIRI 5 B 49 4 B B Fn A R )
R

4 T 4875 LXRs 3N 71 2% RIRL 3 3501 B D) Re
IR A S I S5 R A LA, FRATTEEFE T GW3965
SXoF Sife ML/ VR 75 i D I 2 3 S A ORI P Joi X 7
PROIVEF o BATTAE FH S 21 230k S e B I 1 4
A R B 4-HNE F1 P 5 X R 3FE b7 GRP78. 45 %
78, 4-HNE (& 24) %1 GRP78 (& 2B)7E RIRI J5 [f]
G e G B IR R G N, T 45 T GW3965 Ab B J5 —
TP R E IR, Rl 4-HNE. DL R4 R
W LXRs #5171 GW3965 A 22 fif RIRT 5 #1144k
IR A 5 I 3o
2.3 GW3965 &1 RIRI S M AR TFAER &

Bk S A LR P9 5 Y SIS, RIRTIE 5 B AL AA
HeZr ey Ed i, SREEAN . 40T A
ROE R BLEES P R, FRAT A I T 40 O T A
RAEAHL Sy THIERIE. TUNEL o s RER, 5
Sham ZHAH L, RIRIZH 'S WAL 2R H LA 240 f g T,
1M 15 F GW3965 &b B J5 4 T~ 41 i BH 2 98 7> (K 34).
qPCR 45 R B 7~, 5 Sham Z41AHEL, RIRIZLE AE4LZR
RAE R T mRNA KA K23 B, AR 58
F A % 1P (interleukin-1p, IL-1p) fl IL-6, 1fi
RIRI+GW3965 21 I1L-6 (& 3B) A1 IL-1B (&1 3C) mRNA
ALK W E KT RIRT 4.
2.4 LXRo ZFERERA 00 RIRI 5| ZH0 'S 58 T B
B RELR LRI

GW3965 %F T LXRs F 303 A 28 i 8 1% ,
1M LXRa fLXRBTE B HESSH Rk . N T B# LXRa
TERIRTH AR, FRATTHFI A LXR o3 DR R e ) B
7 RIRIBA . NN : LXRa-WT-SHAM
SR . LXRa-KO-SHAM Xf 40 . LXRa-WT-RIRI
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Fig. 1. Liver X receptors (LXRs) agonist GW3965 alleviated renal function decline and renal injury caused by renal ischemia-
reperfusion injury (RIRI). 4: Serum creatinine (sCr); B: Blood urea nitrogen (BUN); C: Kim-1 mRNA expression level detected by
qPCR. Mean + SEM, n = 5-10. P < 0.001; D: Hematoxylin-eosin (HE) staining. Arrows indicate damaged renal tubules. Scale bar,
50 um; E: PAS staining. Arrows indicate renal tubules with high glycogen content. Scale bar, 50 um; F: Immunohistochemical

staining of Kim-1. Arrows indicate renal tubules with high Kim-1 immunoreactivity. Scale bar, 20 pm.

A . LXRo-KO-RIRIFEMAH . 5% H 1) SHAM
H/NRAHEE, RIRTJS Y LXRo-WT A LXRa-KO /),
Mg h LS5 B3 T, R R . 2
#& LXRo-WT-RIRI 41 5 LXRa-KO-RIRT ZHAH Lk, JL
BF (P 4 AR R R (B 4B) 2 015 % 5+ . HE Jeta i
7N, LXRa-WT-SHAM I LXRo-KO-SHAM 4133 &
W3 S5 KB4, LXRo-WT-RIRI Al LXRa-
KO-RIRIZH ¥ L /N B d . B BEAR . SR AT

R, {H & LXRa-WT-RIRI 41 5 LXRo-KO-RIRI 41
To i 2 2= (B 4D, #ikFi7R). PAS Jetadh R
7N, LXRa-WT-SHAM 1 LXRa-KO-SHAM 4H ¥ ¢
S AL S5 M 545, LXRa-WT-RIRI fil LXRa-
KO-RIRI ZH ¥ H BUBE B T4, {H /& LXRa-WT-RIRI
H 5 LXRa-KO-RIRI 41 7 8] JC B & Z= 0l (K] 4E, i
KFR). MEAh, FRATHAN T Kim-1 mRNA ik K
P, 5% B SHAM A/NRAE, it & LXRa-
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RIRI+GW3965

o

Bl 2. GW3965 Y8 B i I/ F-FE v 405 (RIRT) 5 20010 A8 Ak SEORH A i o) 18238
Fig. 2. GW3965 alleviated renal ischemia-reperfusion injury (RIRI)-induced oxidative stress and endoplasmic reticulum stress. 4:
Immunohistochemical staining of 4-HNE. Scale bar, 20 pm; B: Immunohistochemical staining of GRP78. Scale bar, 20 um.

A Sham RIRI RIRI+GW3965
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o
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Merge

Bl 3. GW3965 Ul B I/ P 35 £ (RIRT) 3 250 10 241 M TR0 21 S oz
Fig. 3. GW3965 alleviated renal ischemia-reperfusion injury (RIRI)-induced apoptosis and inflammation. 4: TUNEL staining of renal
tissue. Green color represents apoptotic cells. Scale bar, 20 pm; B: Interleukin-6 (IL-6) mRNA expression detected by qPCR; C: IL-

1B mRNA expression detected by qPCR. Mean = SEM, n=4. “P <0.01, ""P < 0.001.

WT-RIRI it /& LXRa-KO-RIRI 7M., RIRI J5 Kim-1  LXRa-KO-RIRIZH 2 [A] TG B2 5., DL ESEREKR,
FIEAKPFHEZ RHE40), Al Eim  LXRa 5 H A G5 T RIRT 5| & A #Hi56%F H &
B (E4F, 3k AT oR), 1H & LXRa-WT-RIRI £1 40,
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Fig. 4. Knockout (KO) of liver X receptor a (LXRa) gene did not affect renal function decline and kidney tissue damage induced by

renal ischemia-reperfusion injury (RIRI). 4: Serum creatinine (sCr); B: Blood urea nitrogen (BUN); C: Kim-1 mRNA expression
detected by qPCR. Mean = SEM, n = 3-4. "P < 0.05, P < 0.01; D: HE staining. Arrows indicate damaged renal tubules. Scale bar,
50 pm; E: PAS staining. Arrows indicate damaged renal tubules with high glycogen content. Scale bar, 50 pm; F:

Immunohistochemical staining of Kim-1. Arrows indicate renal tubules with high Kim-1 immunoreactivity. Scale bar, 25 um.
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AN TRI VR FEE 1 GW3965 M, 4 a3 ) W i 4 R 3R
£ 0~10 pmol/L ¥ & ¥ [l N GW3965 X 41 il G 2
FEAEH (KB 54). fE45 T HK2 41 g H/R 22 5, 4
M & 0 8 BAK T B2 s T H/R B A 0.1 pmol/L
GW3965 &b HL 1] 45 R ek /b 41 B 3% 71 80 P (K 5B) o

HK2 41 i £ H/R J5, SOD % 4 B & N &, 1
GW3965 ] &y H/R XF SOD ¥ ¥ (1) 5 i (&l 5C)
[7 B & A71 4 ] Western blot K6 il 42 A4 |5 ¥ 15 #5 4-
HNE 1 P4 Ji ¥ 5 % $6 b7 GRP78, 45 3 5 R 4-HNE
HMIGRP78 # H/K-FAEMPHR 5 &% L, &7
0.1 pmol/L GW3965 4b P J5 £ H /K~ & 2 T 1 (&
S5D~F). iRk Abscis o BE W, LXRs #3507
GW3965 1] DL % H/R T 801 HK2 4 5 1, B%
A 40 i 40 Ak 2 JORR N 5 D9 I 387K



934 IR Acta Physiologica Sinica, December 25, 2024, 76(6): 927-936
A 2004 B 150- C 1504 4
KoKk I .
150 *kok R )
S L oo £ 100 £ 100- il !
2 Z * % % =
5 100 = £
RS E 8
3 8 504 o 504
N r| 8
o 0 0001001041 1 10 0= Ij N 0T T 1
’ T > &
GW3965 (umoliL) 00\5 X x0$ R xcﬁ\
& &
D E 4 * % F 2.0+ * k%
CON H/R H/R+GW - -
a-HNE | SRR ' |78 k0 8 =3 B 5 151 |
- — Sy a £5 58
0 & 2 S & 1.0
GRP78 | s 78kDa & 2 S ©°
| ’ ~| % §,1 E E os
z 8] € 054
Bractin| W= S e— |2 D2 %
0- 0.0-
ooé @@ x0$ 00\\ & x0$
& RS

5. GW3965 42 B4/ & S (H/R) 5 L [ HK2 41 i 453 4%

Fig. 5. GW3965 alleviated cell damage caused by hypoxia/reoxygenation (H/R). 4, B: Cell viability; C: Superoxide dismutase (SOD)
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Z 5, R E R s, iR B
YRR I RE RN, S MR BBk RERE AL
I A 5 S5 50 1 R R B UIAE ORU4 T, RIRT 52 Y
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DA TIR S . AN, LXRs BN GW3965 Xif
RIRI & AE LR 3 AR T LXRa, 1 7T B8 /2 H
LXRB/F 1. AW 7R T RIRT-F 2 AKI 1) HT bl
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