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1.1 ##}
1.1.1 @mpzfsimziy NE/NELRAHER
HK-2 (Hr [ Rl 27 e 1 i 40 B %, 55 : SCSP-5207)
40 H 8 At CSTB6 /N BRI B i 2 B R 27 52
B ghPy bl KRBT 22 ~25 g, (A 3R THE R (22 ~ 25
C) JEIR(55% ~T5% ) FLg 12 h/12 h S/ R
TEIRAIAR I SPYF Z0 B by o /) B 4] MR A7 o 4 147 2 3l
Pt v LA H BOR & AROK . 18 B4R 3R — .
FA Sh) S g S 2 AR BE AR B2 5L s it e (R H S
[IACUC20200318-14)
1.1.2 EZZXAAME  CCK-8 I g Fe a5 i i
G (5775 :96992) (6-FRIHE-2", 7' - W — AP K
Z L IRER UG HE /R 7 (DCFH-DA) 251 & (175
D6883) \TUNEL i T4l i 751 & ( 525 : QIA33) (3£
Sigma-Aldrich /A %)), DMEM ¥ 3% 3% (1% 5.
SH30021. 01) 417 ( 525 : SH30406. 02) ( £ [H
Hyclone A 1)) . H - B8 RIR B W (3£ Gibeo 24
A, 5% 5 :15140-122) ; i Z ¥ (lipolyaccharide , LPS)
(2 Invitrogen 2\ H], 555 :004976-93) , i TR
FEIR T o ( tumor necrosis factor-a, TNF-a) (555
QTA00C) . 1 4 & (interlukin, IL)-1B ( 4% 5
QLBOOB) Al TL-6 ( 525 : Q6000B ) ELISA {7 & ( 3£
R&D 7% @) ). il JR & A (blood urea nitrogen,
BUN) (485 . C013-2-1) . Ifil. )JL T ( serum creatinine,
Ser) (485 CO11-2-1) | %8 i 4 b i ( myeloperoxi-
dase, MPO) ( 525 . A044-1-1) . & It H ik ( glutathi-
one, GSH) (17%5-: A005-1-2) , S AL 1y 15 AL I ( su-
peroxide dismutase, SOD) (5% 5 : A001-3-1) {Y R i
AR 0 & (Rt @ E R A IR A W) o 1SO-
1( 475 :87732, £ [H Selleck A 7)) o F AN - AL
(hematoxylin and eosin, HE) {3 & ( £%5:C0105) |
RIPA 2L (525 . POO13B) ( Fig28 = KA YRHE
ARAT) o BCA HHE 75T & (3€[E Thermo 24
A, 575 :23225) . b Kelch FERR RSN BEAHICE
B 1 ( Kelch-like epichlorohydrin associated protein 1,
Keapl) (575 :8047 ) %% 5k A7 E2 MHGCH ¥ 2
(nuclear erythroid 2-related factor, Nif2) ( 1% 5
12721) Ifii £1. Z N4 -1 ( heme oxygenase 1, HO-1)
17'5-:43966) MIF (17'5-:87501) \B 4 i bk [ 97 AH
F:E H-2 ( B-cell lymphoma-2, Bel-2) (4% 5:4223) |
Bel-2 528 X 85 H (Bcl-2 is associated with X protein ,
Bax) (4% 5: 5023 ) F1 ¢ fif AU 2 i 24 1R £ 1 -3

(cleaved Caspase-3, c-Caspase-3) ( 58 5:9579) M
GAPDH( 175 :2118) BApe LA, I FHi e — i (52
5.7074) (£ E CST /A7), Eclipse Ti-s Hl5¢ 5% iE
8045 ( H A Nikon 22 H]) , FS0 HIf AR ( Hi 1 Tecan
YNEIDI
1.2 Fik
1.2.1 i Amfetmiode st 25 L
1. HK-2 40555 T8 10% 54 35 f 1% 5 - &
RN DMEM Ji 58, & T 37 C 5% CO, 555+
Farbh o B R RORAS A HK2 giffde 1 x 10° 4~/
FLIERN 2 96 FLARH, G IR WG BE J5 | I AAS [R] ¥ B )
LPS(0.0.1.1.5.10,50 100 pg/ml) #il3 24 h, &4
WEBCE S NEAL,0 we/ml LPS ZEBH Y A A by %
MR, RS A, BALIMA 10wl CCK-8 5] , 7
A 2 hJ5 ,7E 450 nm AR EE(E . 40 ST
B 2. 364F 10 pg/ml ) LPS 5 AR[RIHk B2 ) 1SO-1 (0,
0.1.1.5.10.50.100 wg/ml) 4k 4b 3 HK-2 i 24
h, 3£ 2L 10 pg/ml i) LPS F10 wg/ml I1SO-1 BEA AL PR
I A A 5 B ZH (Con 21) o F3 L3k 7 ekl 45 L
450 nm AR CEEE T MG A A . A ST
55 3 F 2032 Con A (MU AT 2L 3L) L 1SO-1 4
(10 pwg/ml 1SO-1 4b¥H 24 h) ,LPS 41 (10 wg/ml LPS
A0 24 h) ,LPS +1SO-1 20 (10 wg/ml LPS 4bFH 24 h
JE A 10 pg/ml I1SO-1 4b3H 24 h) 4y J5 2240 55
5534 o
1.2.2 ELISA 528 YA 45 41 40 i 35 5% B,
2 000 r/min B0 15 min J5 BB VS, #5218 ELISA %
) & UL H 5K TNF-o \IL-18 Al IL-6 433 7K o
1.2.3 %M A (reactive oxygen species, ROS) #-im|
¥t 5 x10° A~/FLERD HK2 4005 12 FLAR 15
2N NG R e e L S5 3 SR AR FRANM . AR R
W, DMEM P 4 )5 , BLAA 10 pmol/L. DCFH-
DA X35 ,37 C#EYEIEE 45 min, FYR A DMEM ¥
Wo DOLRMEE T4 ROS M4k (Aot i
1.2.4 TUNEL &l 48 f 8 = A 4HMMEE T
4% Z JHEEFIR 30 min,70% Ve L BEA W T
%€ 15 min J5,PBS 1% 4k 5 min, fill A TUNEL 357
37 CHOGH 1 h, PBS VRIS, INABTZEOCH K
B, 90 WA R WSS, DAPT Je €2 41 Jf 4%,
AT %, JHT-% = TUNEL [HM:40 5 (44 ) /
SRR () x100% .
1.2.5 D &owfedst /NS B TFAR
20 (Sham #1) \ISO-1 Xt HE41 (1SO-1 41) . HE 25+ %F
HIZH (CLP 2H) F1 1SO-1 3497 4H (CLP +1S0-1 41) (
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10 H) . Bk E it H ALk g
JHeFERE /N BB . 1SO-1 411 CLP + 1SO-1 41 16 A
HI6 h FIARJG & 12 h, #% 3.5 mg/kg 21 JiE 13 5
1SO-1 ¥k , Sham 21 il CLP 4113 5 2 & £ ) DMSO
W ARJG 72 h R MIBFEA , SUHER 24058/
B, JBOBU  2H 2, — M [ T 4% WS T
S B2 AGE I, — 0 FH A= A ARSI R B 1 P B

1.2.6 HE £&NE A FHARBREFTRET I
2 T 4% W W S A8, A s e s )
£ 5 wm, “HIORGIE B QEEBK, 4 F HE 3205
EUATYE S T E B TSR

1.2.7 Afeenl  FEPLERAS A S H /NI
L7 NI ) =2 = 17 I 7 W o AL O oL
BUN Fll Ser &, BUB ALV I THEEUEE vh ik
b 3R S AR E GSH MPO F1 SOD i 1%,
1.2.8 Western blot 5235 fiIIA & 25 = I 51 7010 1)
RIPA A58 0Pk, 760 2 P IF 5 VO 2L 2o 5 2 21
A1, RIS R H, BCA A iR EE . 10%
SDS-PAGE 43 1 85 1 FF v, HL UK 5% IS &2 PVDF i,
5% A A E A K5, IMARRE N —$0:
MIF(1 : 1 000) Keapl (1 : 1 000) Nef2 (1 :
1 000) \HO-1 (1 : 1 000) . Bel2(1 : 1 000) . Bax
(1:1000) ,c-Caspase-3(1 :1000)F1 GAPDH(1 :
2000),4 CFWEELRE, HMA LSRR T
(1:3000), jihngsssfbas ROGRTE L &6
RGP TR AR A 5. DL GAPDH 45445 JK ¥

B
0 0.1

KNS Tmagel FAF53 0T B I 19 TR K BEAE
1.3 itz R GraphPad 7. 0 #1745
T, BT B LAE + AR 22 (v £ 5) FR,
PR ZH ) X5 8 M B U R T o K 6, 22 A R 2 B e A
KPR R O 22 43 M, =B 5 20 18] PR L R
Tukey Z 8 WALH T /0. LA P <0.05 N 2ERASE
=98

2 H#R

2.1 ISO-1 33 LPS 5 HK-2 ARG AR E
A CCK-8 Lk 45 R 7w, 5 Con 41 (0 pg/ml)
AHE,1.5.10.50 100 pwg/ml [ LPS i3 HK-2 4f
i 138 5 R A (F = 760. 7, P <0.000 1;Tukey %
BIP<0.05) (WA 1A); Western blot £l 45 5 &
7N, 5 Con 2H (0 wg/ml) AL, B LPS ¥ 2 1 35 0
(1.5.10,50 100 wg/ml) , HK-2 4 g MIF & 132
AT (3 P <0.05) (F=42.4,P <0.000 1,
Tukey ;504 P <0.05) ,3-7E 10 pwg/ml /) LPS 34
APk EUE(E (& 1B) , e £ 2L 10 wg/ml LPS il
24 h iE FL AR, CCK-8 Al ISO-1 Xf LPS Hilli#L
T HK-2 43458 2 52 m, 45 5 R, 5 0 pg/ml 4
AHLE,5 .10 wg/ml Y 1SO-1 7] 42 F+ HK-2 48 g i) 1
FE, HLA 10 wg/ml [ 1SO-1 1E & BA &, 1fif 50,
100 wg/ml (% 1SO-1 WU B HK-2 20 Jifd (% 1 5 58 ( F
=91.4,P <0.000 1, Tukey ¥ ¥4 P <0.05) ( UL &
1C) . FEt, %648 10 pg/ml LPS 5 10 pg/ml fiy 1SO-1

LPS(pg/ml)

1
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Fig. 1 1ISO-1 alleviated LPS-induced HK-2 cell injury
A: The effects of different concentrations of LPS on the proliferation ability of HK-2 cells detected by CCK-8; B: The effects of different concentra-

tions of LPS on the expression of MIF in HK-2 cells detected by Western blot; C: The effects of different concentrations of 1ISO-1 on the proliferation ability

of HK-2 cells treated with LPS detected by CCK-8; * P <0.05 vs 0 pg/ml.
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2.2 & HK2 AR EREF ik GEEERIE
FMABEIET-7KFE  LPS 411 LPS +1SO-1 4 HK-2
TNF-o( F =588.7,P <0.000 1) IL-1B(F =911.0,P
<0.000 1) . IL-6 (F =1807.0,P <0.000 1) & & .
ROS /K F-(F =196.2,P <0.000 1) ) &% TUNEL 4f
MIFHPEZR(F =58.6,P <0.000 1) 5 Con Z14H 1Y
B 52 FH 55 (Tukey #5363 P <0.05) ,1SO-1 2 2% %G
it X (P >0.05) ;5 LPS 4 fH I, LPS +1SO-1
2 HK-2 Zf it TNF-o \IL-18 . IL-6 & . ROS 7K
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L K¢ TUNEL 4t Jfd PH 1 32 4 B AR ( Tukey K355 P <
0.05) (WL 2) . #/% 1SO-1 g FEAIK LPS if5 31
HK-2 4 i 1) 5 5 PR - 7K1 A8 A0 I JBORR 248 i 4 127K
Fo

2.3 %#ZH HK-2 fah Nrf2/Keapl {55 18 2 F03
THXEBRIRIE Western blot £l %21 HK-2 4ff
M H Nif2/Keapl {550 B Keapl (F =144.2,P <
0.000 1) Nrf2(F=113.1,P <0.000 1) \HO-1(F =
83.5,P <0.000 1) FIJE T4 ¢ 7E 11 Bel2 (F =
150.5,P<0.000 1) .Bax(F =186.5,P<0.000 1)

B
500 *
: 400 1
g
E 300 -
2 T
o L
& 200
100
Con ISO-1 LPS  LPS+ISO-1
group group group group
LPS group LPS+ISO-1 group
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[_2] 10

2 11

Con ISO-1 LPS LPS+ISO-1
group  group  group group

2 LPS #01SO-1 43 xt HK-2 40 S 7K F 4L Rz B A0 40 AR T B 2P
Fig. 2 Effects of LPS and ISO-1 treatment on inflammation, oxidative stress and apoptosis of HK-2 cells
A: The levels of inflammatory cytokines TNF-a., IL-1@3 and IL-6 in HK-2 cell supernatants were determined by ELISA; B: ROS levels in each group
of HK-2 cells detected by DCFH-DA method x400; C: The percentage of TUNEL apoptotic cells of HK-2 cells in each group were determined by TUNEL

staining x 100; * P <0. 05 vs Con group; *P <0.05 vs LPS group.
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5j c-Caspase-3(F =141.7,P <0.000 1) EHFE
iR, ER R, 5 Con 4AH L, LPS 2 il LPS +1S0-1
Zrp Nef2 \HO-1 1 Bel -2 8 1K B ( Tukey 4550
1 P <0.05) ,Keapl ,Bax 5 c-Caspase-3 & R Tt
15 (Tukey £ 4015 P <0.05) ,1SO-1 ZHTCH gl (P
>0.05) ;5 LPS 414k, LPS +1SO-1 41+ Nrf2 HO-
1 Bel2 FE A FR AT 5 (Tukey f 5601 P <0.05) , 1
Keapl \Bax 5 c-Caspase-3 7K [ 75 ik F& Ik ( Tukey £
¥4 P <0.05) (& 3) 4275 1SO-1 BEMERE(R LPS i
8 HK-2 Z0 g A Nef2/Keapl {5538 %A T-AH G
HHEBTEAKF

2.4 1SO-1 & CLP FSH/NRE#HG  S4/h
U HZ HE Qe B 25 R 7K, Sham 4 5 1SO-1 41 /)N
LB /NBRZE M 52 % T CLP 2H /)N BUEF /N Bk 40 460 44
FEHE, RAEA IR, ARG 2%, B/ NVE A i 25 i
&, CLP +180-1 41/]N LB AH 23 A% CLP 21 B 2 9
B2(K4). 5 Sham ZH AL, CLP 4141 CLP + ISO-1
2H /N FRALYE BUN(F =235.9,P <0.000 1) \Ser(F =
86.8,P <0.000 1) ¥ (Tukey #5014 P <0.05) &

1.0
a b c d ku
Keapl
70 503
Nrf2 68 §
o,
0.6
33 0%
HO-1 °
8
Bel-2 26 2904
o
Bax 21 E
=
9 0.2
c-Caspase-3 17~
GAPDH 36

Keapl Nrf2

241 MPO(F =149. 8 ,P <0.000 1) & 50 BT+ 55
(Tukey ¥aZo 44 P <0.05) , B 2041 GSH(F =527. 1,
P <0.000 1)1 SOD(F =183.5,P <0.000 1) % &
/0 (Tukey #3045 P <0.05) ,180-1 4122 5% K51t
i (Tukey K550 P >0.05) ;5 CLP 44 It,
CLP +1S0-1 2H/MNiUfiL i BUN FI Ser ¢ & ( Tukey £
I P <0.05) KB 4H4 MPO &+ (P <0.05) %
I%, 1 GSH i1 SOD 3 4 3% Jin ( Tukey £330 P <
0.05) . 4&/) 1SO-1 R AR CLP ZH i) 4 Ak 1 8 Fn
B

2.5 &HAMNREHLH MIF Nrf2/Keapl 5518
BIATHEXEBMNRIE  Western blot £l 45 1
7R, 5 Sham 20 AH I, CLP 20 #1 CLP + ISO-1 #i
Nrf2(F =213.5,P <0.000 1) \HO-1(F =171.7,P <
0.000 1) fl Bel-2( F =124.2,P <0.000 1) &[4 £ ik
A (Tukey #3634 P <0.05) ,MIF (F =85.4,P <
0.000 1) Keapl (F =272.5,P <0.000 1) Bax(F =
52.1,P <0.000 1) #ll c-Caspase-3 (F =239.9,P <
0.000 1) % [ 5T+ ( Tukey K B #P <0.05) ,

[ Con group [ LPS group
* ISO-1 group Il LPS+ISO-1 group

V27777 7777777777
W%

. V2272272707 200 2

jasy

O-1

B3 Western blot #: il &40 HK-2 ZHAf Nrf2/Keapl {5 S@HEMATHXEANRIE
Fig. 3 Nrf2/Keapl signaling pathway and apoptosis-related protein expression

levels in each group of HK-2 cells detected by Western blot
a: Con group; b: ISO-1 group; c: LPS group; d: LPS +1SO-1 group; a: Con group; b: ISO-1 group; c: LPS group; d: LPS +ISO-1 group; * P

<0.05 vs Con group; *P <0.05 vs LPS group.

Sham group ISO-1 group

E4 HELERREHN

CLP group CLP+ISO-1 group

RSAAREZHE %200

Fig. 4 Histopathological changes of each group of mice renal determined by HE staining x 200
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800 ] sham group
600 ISO-1 group
[ CLP group
| Il CLP+ISO-1 group
2001
60 *

400

N
(=]

Renal function indicators

[
(=]

=]

BUN Ser MPO

E5 &E/NRINE BUN Ser &2 SHAH
MPO & =71 GSH,SOD & b5
Fig. 5 Comparison of serum BUN and Scr concentration,
and MPO levels as well as GSH and SOD activities
in different groups of mice renal tissues

* P <0.05 vs Sham group; *P <0.05 vs CLP group.

1SO-1 20 22 5+ T4t 17 5 X (Tukey #3450 P >0.05) ;
5 CLP 4 #H Lk, CLP + ISO-1 4 " Nrf2 . HO-1 ,Bcl-2
HHLIKTF (Tukey £75; P < 0.05), 7 MIF,
Keapl \Bax 5 c-Caspase-3 4K [1 7% 15 B ( Tukey £
I P<0.05), WL 6,

3 it

BEAEAIF T M, J00 T 2 A0 385 20 e 0 1 T
DA R AE S S 1) U R RAES . BT
RG24 ) T 8 SR N RN S E S A
PERIE S 10 3 B I RE R . AR AL R
715, MIF S 1 400 46 55 1SO-1 74 4 41 AT i 3l 5
Nrf2/Keap! {551 i 410 il 4 £ L 384 4 i B 1oz 48

2.0
a b c d ku
MIF 13
g
Keapl 70 =
g
Nrf2 68 )
[}
=
HO-1 333
2
Bel-2 26 =
Z
Bax 21 =
[}
[~
c-Caspase-3 17
GAPDH 36

AT, NI G805 319 AKT, 35X 5 2 A i
1) 1SO-1 3 3 10 il NLRP3 28 fiff i J g ¢ 35 2tk
BRI IAE R

MIF {8 —Fiig 4 7, K A7 5/ B g
YA, REBLARVR BE ) LPS fih 2 ML P 43 006 22 996 55
RGP JE— B 80E RIAEE S, B S g M kIt
LB SO KIR o FEMEREAE f, MIF 1] 76 41
TR 5 5 P B Al AR 0, e R, HLA AR
NIMTERE S W E bR S R T AEME ' . 1SO-1 4k
Sk MIF ()R S P 3 il 351, 308 5 400 ) MIE ) 36 P T g
A RERTT Z R AT PR , IR 15 5 10 Sk
PN AN e o, FRRE O S BRI A e
WL MIF &£ 5, S 5% 2R 208 M5 kg
90, QP B B B/ INER ' R L 2R B AKT FIBE
PRI A . BRAE B BT MIF B &)y i ok MIF
b/ N BFZE S SE R, ) MIF 35 kA R T
I B A S AL R . A5 E i LPS il
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Fig. 6 Nrf2/Keapl signaling pathway and apoptosis-related protein expression levels
in each group of mice renal tissues determined by Western blot

a: Sham group; b: ISO-lgroup; ¢: CLP group; d: CLP +1SO-lgroup; * P <0.05 vs Sham group;*P <0. 05 vs CLP group.
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MIF inhibitor ISO-1 alleviates sepsis-induced acute Kidney injury

by suppressing oxidative stress, inflammation, and apoptosis
Yin Fukang, Zhang Xiaoxia, Yang Xiaojun, Li Jiming
( Emergency Intensive Care Unit, The First Affiliated Hospital of Xinjiang Medical University, Urumqi 830054 )

Abstract Objective To investigate the effects and underlying mechanisms of the macrophage migration inhibitory
factor (MIF) inhibitor (S, R)-3-(4-hydroxyphenyl)-4,5-dihydro-5-isoxazoleacetic acid methyl ester (1SO-1) on
sepsis-induced acute kidney injury ( AKI). Methods Human renal tubular epithelial HK-2 cells were divided into
Con group (without any treatment) , ISO-1 group (10 pg/ml ISO-1 treatment for 24 h) and LPS group (10 wg/ml
LPS treatment for 24 h), LPS +ISO-1 group (10 wg/ml LPS treatment for 24 h followed by 10 pwg/ml ISO-1 treat-
ment for 24 h). ELISA was used to measure the levels of tumor necrosis factor-a (TNF-a) , interleukin-18 (IL-
18), and interleukin-6 (IL-6) in the cell supernatants. Reactive oxygen species (ROS) levels were assessed u-
sing the 6-carboxyl-2 ',7’ -dichlorodihydrofluorescein diacetate fluorescent indicator( DCFH-DA) method. Apopto-
sis levels were detected by TUNEL staining, and Western blot was employed to analyze the expression of proteins of
Kelch like ECH associated protein 1 (Keapl), NFE2 like bZIP transcription factor 2 ( Nrf2) , heme oxygenase-1
(HO-1), as well as apoptosis-related proteins Bel-2, Bax, and cleaved Caspase-3 (c-Caspase-3). A sepsis mouse
model was established using the cecal ligation and puncture ( CLP) method, and the mice were divided into four
groups : sham-operated ( Sham) , ISO-1 control (ISO-1), CLP, and ISO-1 treatment ( CLP +ISO-1). After the ex-
periment, mouse kidney tissues were collected for HE staining to observe pathological changes. Blood urea nitrogen
(BUN), serum creatinine ( Scr) , myeloperoxidase (MPO) levels in kidney tissues, glutathione (GSH) and su-
peroxide dismutase (SOD) activities were measured. Western blot was also used to detect the expression of MIF
and proteins in the Nrf2/Keapl signaling pathway and apoptosis-related proteins in kidney tissues. Results Com-
pared to the Con group, the LPS and LPS + [SO-1 groups showed significantly increased levels of TNF-a, 1L-18,
IL-6, TUNEL-positive rates, ROS levels, and protein expressions of Keapl, Bax, and c-Caspase-3 in HK-2 cells
(P<0.05), while the expressions of Nrf2, HO-1, and Becl-2 significantly decreased (P <0.05). The 1SO-1
group showed no significant changes (P >0.05). Compared to the LPS group, the LPS + ISO-1 group exhibited
significantly decreased levels of TNF-a, IL-13, IL-6, TUNEL-positive rates, ROS levels, and protein expressions
of Keapl, Bax, and c-Caspase-3, while the expressions of Nrf2, HO-1, and Becl-2 significantly increased (P <
0.05). In the mouse experiments, compared to the Sham group, the CLP and CLP +1SO-1 groups showed severe
kidney tissue damage, increased levels of serum BUN, Ser, and kidney MIF, Keapl, Bax, and c-Caspase-3 pro-
tein expressions (P <0.05) , while GSH, SOD activities, and protein expressions of Nrf2, HO-1, and Bcl-2 sig-
nificantly decreased (P <0.05). The ISO-1 group showed no significant changes (P >0.05). Compared to the
CLP group, the CLP +1S0-1 group showed significant improvements in the aforementioned indicators (P <0.05).
Conclusion The specific MIF inhibitor ISO-1 can ameliorate sepsis-induced AKI by inhibiting oxidative stress, in-
flammatory response, and apoptosis both in vitro and in vivo. The mechanism may be through Nrf2/Keapl signaling
pathway.

Key words sepsis; acute kidney injury; macrophage migration inhibitor antagonist ISO-1; oxidative stress; in-
flammation ; apoptosis
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