I HE 2R
R EMAE A SR (Contrast-induced acute kidney injury, CI-AKI)
& e 0 (coronary heart disease, CHD ) 3 24 7w IR 3 Ik /- ANV JT  (Percutaneous
coronary intervention, PCD) J& &4 I W FHEAGE, KAFE A &1L 30%. Klotho & —Ff
Z IR A, PRI SR SR, (HCFE CL-AKT AR F NS 2 . ARTE 5%
B 7E#R 1) klohto 7E CI-AKI H I4E F B FLAH ML o

& 6 RN RN H/NE B A (HK-2) 407 AXTREZH (control)
A (CMD &5 T TG klotho #6974 (CM+klotho)  H4f klotho 57 4H
(klotho) . 7EARNSZIGH, "B AEZH 2300 HE GL VPN B840, /N BRI 3 A LT
(Ser) + JREZE (BUN) fab5 KM/ Dhae, B HLH SN ECR H — A 45
(Dihydroethidium, DHE) Getafarill, i i kil B J £ TR O¢ 2 3 B Rk A AR T 15

FEARANSZIG R, @ 40 f s B FEPEAS I (Cell Counting Kit, CCK-8) Fl L& i S 1
(lactate dehydrogenase, LDH) & V£l i& Sz Bt HK-2 4 & Sy Mttt . K FH R JGHE

& A T ES R Y8 6 3 (2,7-Dichlorodi -hydrofluorescein diacetate, DCFH-DA ) 1
16 4 %5 W B iR 36 (enzyme linked immunosorbent assay, ELISA ) 46 Ml 41 i P4 3% £ &
(reactive oxygen species, ROS) . HE MY LEE (superoxide dismutase, SOD) . K
—J% (malonyl dialdehyde, MDA) 5450 N AR S HEAR . SR A ELISA VAR I 41 i _F 75
HE S %-6 (interleukin-6, IL-6)  JYBRAER T-o (tumor necrosis factor-a, TNF-a)
fr#&-1B C(interleukin-1p, IL-1B) 14318 (interleukin-1pB, IL-18) [ & & < Wk 48 fiE
RINVFERE . BULTABE (propidiumiodide, PID) 46 W 7s HK-2 400AET:, HUX-ZHA0M 2 5
H, B#dEARZEHZT (Western blot, WB) &Il 25 {1 NF-xB. &1k NF-xB (p-NF-
kB) WL, PLA NLRP3. caspase-1. GSDMD F1 cleaved-GSDMD )£ T2 AH 3¢ 8 H 1
KiILEO

LR 1. ALK, control 445 klotho LI B MG ML R4, AL MBANEET:
FIANE, CM AR control A, BB F LA, B IR 2 35 PR, BRI A
R G, FBTCE A RRIE BT R . CMtklotho ZHH CM 21 1) 5 ity B e A2 i b
B OIREM R B, LN EAMETE AP RIE T . 2. RIS, DIAA R
g, control 415 klotho AH4H il I K 4, LDH BHCEAL, CMAREMERE T



P, LDH (R3S IN, CM+klotho 415 CM AN TE 71 .35 38 0, LDH B R %
control 41 klotho ZH ()41, SOD y& V£, MDA & &%, HK-2 4[] ROS /K-FHK;
CM 4 % Control 21, SOD % % i # [ {X, MDA & & Ml ROS /K ¥ & 2% 5
CM-klotho H%: CM A, SOD HIEEA T, MDA & & ROS HI7K-F B2 T [
Control 41 H1 klotho ZH (2 b 35K Hh & Bl JORE R 1 & B 3940 T UK CM A EiF
T JRE R T B4 Control 415 1 ; CM-+klotho 205 CM 41, % 4JE K15 &
B, B4k, control ZH A1 klotho 4, I1L-18, IL-1B, p-NF-kB, NLRP3, Caspase-1,
GSDMD #1 cleaved-GSDMD £ iA & HK; CM 4% control 20, HET-HHEE LM,
NF-«B /&b B % ; CM+klotho A3 CM 4l 5, HK-2 4 _Fid 85 1 038R0k 5 25 PR,
NF-«kB {G AR BRI

ZE: 1. Klotho B8 A L2 MR CI-AKI. 2. Klotho 18 ix #1154k S 8. 48 JE
NF-kB/NLRP3 /S 115 /NE | Rz 4l AR T3k B 42/ CI-AKI [ & A=, N CI-AKI HIiG97
RO A WL

X8 ERAmBKN AT EHRY, Kotho EHEH, EAMNE, KAE, NF-
KB/NLRP3 /™ ST

II



Abstract

Background: Contrast-induced acute kidney injury (CI-AKI) is a common complication
following percutaneous coronary intervention in coronary heart disease (CHD) patients with
more than 30% incidence. Klotho is a multifunctional protein that inhibits oxidative stress and
inflammation, but its role in CI-AKI is poorly understood. The present study aimed to explore
the effects of klohto in CI-AKI.

Methods: Six-week-old mice and HK-2 were divided into control group, contrast
medium (CM) group, CM + klotho group, and klotho group. Kidney injury was evaluated by
HE staining. And the renal function was shown by Scr and BUN. Oxidative stress in renal
tissues was detected by Dihydroethidium (DHE) staining, The protein levels of NF-«B, p-NF-
kB, NLRP3, caspase-1, GSDMD, and cleaved-GSDMD were detected by western blot.

Cell viability and damage were determined by CCK-8 assay and lactate dehydrogenase
(LDH) activity assay. Oxidative stress related indicators including intracellular reactive
oxygen species (ROS), superoxidase dismutase (SOD), and malondialdehyde (MDA) were
tested by fluorescent probe dichloro-dihydro-fluorescein diacetate (DCFH-DA) and enzyme-
linked immunosorbent assay (ELISA) assay. IL-6, TNF-a, IL-1B, and IL-18 in the cell
supernatant were tested by ELISA assay and used to reflect inflammation responses.
Propidium iodide (PI) staining showed the cell death of HK-2. The expression of NF-«xB,
phosphorylated NF-kB (p-NF-kB), and pyroptosis-related protein levels of NLRP3, caspase-1,
GSDMD, and cleaved-GSDMD were detected by western blot.

Results: In vivo, exogenous klotho administration reduced kidney histopathological
alterations, improved renal function, and reduce oxidative stress response and pyroptosis
reaction. In vitro, klotho significantly inhibited CM-induced oxidative stress and
inflammation reaction. Moreover, we found klotho inhibited the activation of p-NF-kB and
down-regulated pyroptosis-related protein (NLRP3, caspase-1, GSDMD, and cleaved-
GSDMD).

Conclusions: The findings suggested that klotho had a protective effect on CI-AKI via
suppressing oxidative stress, inflammation and NF-kB/NLRP3-mediated pyroptosis,

contributing to the potential therapy of CI-AKI.

Keywords: Contrast-induced acute kidney injury; Klotho protein; oxidative stress;

inflammation; NF-kB/NLRP3-mediated pyroptosis
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E—E &R
1.1 EEFIrBBIR M BHi45 (contrast-induced acute kidney injury, CI-AKI)
HURI TR FEIR

LR, BENMATRIBTECILERB TR, dERSIKER (coronary
arteriography, CAG) C A2 0% (coronary heart disease, CHD) ()& hritE. 4%
TIRBN KA NIGJT (Percutaneous coronary intervention, PCI) L& AN T &0
REENNAT TRz —, HAiEH (contrast media, CM) I A LB, CI-
AKI 8y CAG H1 PCL )& W IFACREN- 2. iR 9% H BT LA B &I, BT A & A
FARNFE S AER N, AR RGO Z8 T H ) CI-AKT 8 4 R A4 R K2R
(3%% 19%) Pl CI-AKI FIRHIER AR IS NIE T (CMD J5 2-5 RN LR L
P40 T 51 0.5 mg/dL (44 mol/L) B+ 2E S NLIFHE ) 25%4. KDIGO 7 2012 44
H I — 00 CI-AKIT 1€ . fEIGERC TR 7 RN, B MIEUURHE Rk 1.5 £
FeLR BRAE 48 /NP HN T 0.3 mg/dL (26.5 mol/L) , BUEIERFRT 6 /NP IR E
£ 0.5 mL/kg/hBle WFFEEM, CI-AKI & & B 825 1) B Al as 18 1 5
(chronic kidney disease, CKD) . B INGECEZMMBEIRM . HEAL. Tl %
VR B ZUEEBER . IR R v R R L SR 1 CL-AKI R R B e, CI-
AKI R R RS BB TG RARDS, WA S50, &A@ B2,
A 5 BT )R 2 3G 0081, SR BT AIR YT CL-AKT 19 77 5 SRR A2 1) 1 11 R = AE 1
H.

B A O JIE A N TR L P L3 S AR R M — A% . U I N — AN oh ok
R, TERIEME N REAERRIFER, 8 E— S AR R s 2 S 8UE 4 R
LGB /IR S INE AR ) 45403 DA D RE IR RRRT o O T3 5 711 (R0 B U ) 450 3 H i
O T =Fop B A FEALHI), BEAE ARG R B A i B R R, 33
B2 L B SRR N AT o (RIS I W] OO B LR N s, SRR N LA
Wedi, FRBERGA. X AU BB T (R R, N R R KR
ID I E S R CEFE— A BN PGI2) Wb 3. sk %
FhE ZHLE A2 ROS JERRRPLALEEIE M, SRR, SEFIRESZIA0, §ER
TR T3 ROS FAAERE N, HETAE AR R A AN R S R A, R R T e b A
S5, gbAh, AR FE BN CLAKI RAE, WF AR M /1# AR T A
Bk wIRA B T ARSI 2 # 2 PCLS T RE 2L CI-AKI 1 HoAth 55 22 ]
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U0 FEIGPR TAES,  HATEE S5 LAE# BRI B AT AR TR 5 78 73 KA K 77
PRI CI-AKT IR AE, (BHBUIRIFARZED, 572 D NHUEA T ST 28259 7]
REREWE IS CI-AKI AL, (H2 WA A ZOEgEiE M, ik, HATk%E, CI-AKI
W AR R BT 7% CI-AKTRARINLRZ i, &6 RABAEL RS 5]
TR ER A B RO TR R TT . AW IT B AR AT R B G 5 00 B AR A AL, 4R 2
Ve I BE A R B IR 75, WK TAE B IR BB TR .

1.2 LS CI-AKI

HAl, S0, &R 5] B T I B4 i 5| i) U S 1 32 2k A
TE SR BE AR B ) B DERE BT, 38 5 79 1) 2% R 2 o — 20 I U A o 1 af 400K
FE, R, &AL FEFBBERR, BINE BRSSO B (TAL) & Tz
AV FEU2 130, S I A0 AR R 0 388 o ) 3 T 1 PR 6t VB i i AW 5 kA i A P A0
5. B RO Hh AR B S 1) R AR 1 R T P 5 5 BOK B BLVE L (ROS) N1
EAGTEIITE AR 151, ROS 7E CI-AKI [ A2 Hh g S B e 2 S 30U R T P 1) 57
H . DNA 5B AT et . R BB 500, ROS i& 7] B # 51 fe /N b R 4t g A
ML P R A M PR 452493, 5 T e BB T P B T R RS R /N S 47 R R T — 2 R s
JRRAE A7 . Huang S5USISEE0 45 RRHT, K Nifsi B /NVE BRI R 2 (HK-2) %
75 T3 B0 B o A T S R R ROS PRSI, TR 8-FR S 20 AR S 1,
XN T MM E G KA . Jeong S5OV I HK-2 4 /il 2 #% T 150 mgl/ml [11i% 557
P J AN 2 /NEE, R Y R R T A 1 0 . Sendeski ZFPICLAIER, B
R nEE A AL Y 5 1L BE  (Superoxide dismutase, SOD) it 1% 22 fif Al v b B% 5 8501 ifn & Ui
A5, UL B TR TGRSR 0O BE AR B S 4 2 B T ROS IYEHIATEL. Pisani 5524 IE HA
T, FEASBEY BRI R, AT LA BRIz 5 IR 6 51 1 B 40 2 B
R R A, TS T & 520 5 15 Th A8 GFR FRARAN B IEH ZUR B E . B2,
ROS 7= 38 IR BE BT AL BE I PR AIRTE CI-AKIT AR ¥ B ZAE .

1.3 RIER M5 CI-AKI

B AR B R RR T, BN AR R AR B B HE i R R R E L
TEH, 'B/NVEMM S F Y, FR MM IE R, Rl —LEe H Hia
I NERPERL ) B YY), XY nT DR S NE, Gt oz 1,
CI-AKI (1) 32 B3 BRARFAE N B /N b R 240 58 o () ik R DA B 4 B K B IR BB 22 B K


http://www.baidu.com/link?url=WAV02bA2_kgtYTSV34waZrUIOtsfASE8c8-_lj6zajJbNNBf6ggIxymIk-W-Xg6E7YPVOzTv8KPQXiLzS_f3ZDiMoiiPIrabS3GWk3gJKYEe8eJ9tteIQrovPSO4U6G7NQ32KbjCswlV-F83YwHrzcRPT46EFikHv3pwqmLCR-PwARwRwZtaPb6G52jhBGyv

Spee

i -

I, 3R I G2 SORE S AR 1 5 R 5 T I B A ) LR 2 — 23 G R S
RAE R N FEUE NG B AR ThRETE R, AR AIRIE, K EIHE O TR
( damage-associated molecular patterns, DAMPs) BRIk, 2 G805 405 [ S JBOK
IR 20 e A= 005 P B SR PR 23, Bk, 3 RERIE F T LR 5 5 3505 I S R U
KA, ROS KEF=HE, 1 HUE IE AL N . ROS 25 40 N 4 B 6 fl & &
NLR Fj#& Pyrin #%# H 3 (NLR Family Pyrin Domain Containing 3, NLRP3) #$JiE /MA ]
WO, TR R ROE JRIBK S 24

NF-kB )\ 2 YR 15 9 0 e B e B B (e s K7 2 —, & BT R SRE IR - I 4%
S, B RIS B 5] K RORE AT N 2, BUE AR R, e R R AR AW
TLR iR /NG L B MBI SR FERE TR DAMP, 0% NF-«B {5 58 %, fedtaifaH 78
JBC 3 RS I 9 RE SR SOSL RN (R A A, DT B /N b Rz 4 B 475 R R B I i A 1260
HF IR & AR (NOD F3248) 55 KIE(E 5 5 & I It i 5 Ak
15, NLRP3 U/ MA R R ZFE A MARNIEEY), 8IS caspase-1, {E7ER
FER T A A& 18 (interleukin-18, IL-18) . FZAMIA 2 1B Cinterleukin-1beta,
IL-1p) AIEZHMEA 2 33 (interleukin-33, IL-33) AYMEAIBEL, FELHL R IE [ N
RALT, Lau 25 N PSR ) — T 78 38 B CI-AKI F 5 a0 #E B 5 NLRP3 # M %
RE SRR R A, X R T SOREAE BRI RE A A8 5 7138 1 B A5 £ PR 22—

1.4 B/EEFMMBETS CI-AKI

FET R — OB R AN AT T RS, O R R AR T P R R KRR
PR AT T, HAUR R AR MR & L RAR TARMET S
WIERI A BBt T, TR, A0 AR TR S — Fh DAMPs Bl S AR A
Pyin NLRP3 &40 i £ T OCRE RAE/IMA, ZFMES 0 FHln4ii# 5. ROS. =R
IR Cadenosine triphosphate, ATP) AN 14 AL 524 it 5535 7] 20 NLRP3 48 %E /MA
i, NLRP3 ji i #8582 8 12 48 ¢ BE 25 FF 82 1 Capoptosis-associated speck-like protein
containing CARD, ACS) FIEiEVE - & R & -1 (caspase-1) HIALE & I U1E L %
A 35 Pk caspase-100 31, 5 3% 1 () caspase-1 & [ 45 & JF U1 %1 F 37 i1 GSDMD
(gasdermins, GSDMs) Kl i (caspase-1 Fll caspase-4/5/11 fIFL[REY), E4NAET:
MIHAT#E) GSDMD A N il fLE5#3%k (PFD) 5 C siffiBLiE 453 (RD) , #ib)E
H 1 N 3t GSDMD TEAH A AT FLE B S AR e PR PEALAE, AE4H 0 fr Py 254 S P ¢
RE K7 BEFLIERE T, 0 BRSNS (V208 RSP T e AT i, s A A K A 2R i A
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WREMRIERT, W1 IL-18, IL-1B%%, SIURFRZIM SREHIE S, B )5 3540 st
0, XA AR AR TR AR R 400 32,

FERER 2 R TR, RTINS SIS ES S CLI-AKI RS AR R #E H
PR, REEH ORI, GBI EGE NLRP3 85 /NMEdRE TS5
T CI-AKI H D ST, R, lid g2 B /NE bR i B T2 w] REf2 Il CI-AKIT iR
IR0 A

1.5 Klotho X} CI-AKI BR3P {E

Klotho £ X /& 1997 SE# K LK) 5 i 3E 2 AR R B — LB, 1y f He R IX Y klotho
BER R E AR, ERINT AR, RINZEA LR, TR
AR UL A 2 D RS BB T IIAKIR N, AT I klotho 2 (B H
A IR BT A AL RE I 40, Klotho 8 I AIRIAZ B 2 PN T, 5 &4
R mBionE, SR MK 1,25 4E4E 3 D3 5410, AKI /2 B IR R A i) — Fh s 2
(R JREIRTS ) T 3R B AN 4 B SO0 N 7 (R R ORIBOS o« SIES AT 90 R LAE AR A1 15 77 (1 /)N
RUF MR, S E A T A RO R 4 i R Klotho f) mRNA F1E 15 [#314
42, [FRER, BT R IMAE SRS T s R, kb 78 1R P 2 Klotho H T RERS IR
RN AKT 25 IF 22 M5 BRI O JIF 1 28143), BF 7838 7R Klotho 25 (1 RES A Rt st 1
CKD BEME Ihae®. 4R, H#rfH %T klotho & FXF CI-AKI FI/E AR, A
b, A TR IR IR T Klotho 2 75 R LAE S 0 AL I, ROE R N DA EE TS, T
Z2fR CI-AKI R4, NIEIR PCLARJG G CI-AKT 2458 IR .



%5 2 Klotho & [ Z2M# CI-AKI /)R 1 B 4545 16 FH S AL BT 5

58 — & Klotho ER£E M CI-AKI /MR B BIG1E R &
RN

2158|8

ST A R, AEREAEET 200 2 ROFE TR, A 3000 /77
HIRIGERE,  CI-AKIT X 88 25 8 JE 1) A a8 A A LA BRI, CI-AKT A2 e N 3R 731
SR B A S B A AR =R R, IF H 5 OGS e v T BUR AE T
B RARISY NG, IR AR A IHEAS Wik TR 3R 13 B UG M RIS, BRI e
SKBRAR CI-AKI &A= 1 XU o

B e CI-AKT RAER NAfr BHEZ BT, G50 5] 1) B D) e A 402 i
H LRI RRRAENSL, SE BT 45 JAE CL-AKT RZERT, BIF 70K B AT 7 5635 PR b % BRI
B JRE MK S [ A= P bR BT, Bl A DI TR Tk 2, CL-AKI FA s B A= 2 2 K]
SRR BOMLE T DURERE W LR - B R B i A AR S B0 IR AR IR R R AR, 3R
P AL /INVE b B A0 A A B 5 0 AR B R RR )77 AR DL RGOS S AR B I B R R A
FARIEFEF MRS T AT E BRI Bk B RO 7R B 0 249 3 1 2
PCIRJE A HEFE CI-AKI [ A HE RN R, 456 ERIWBIR, 1E#ARE T FEE
I Ty B F B B AR DG T 7 T BRI 2 132 8 T W FO B I ORTE o AR, H AT K o
BT, WK EECE R R IR A 7, 2 ARAT R A KA 1T RS I T
Hh S U A R AR PR R AR T AR AR AR D3 B R BB B LS, B AR F L
il i AN R, IR ER N R = A R TR AR YT

Klotho & A £ 5 [ B I, £ UIEIAMBBG AR RS, HAELTE4
BEPRELEE RN, 4K, HiEEZE A klotho RINM M HE AL BT 2 55 5 I
DRI IEIZ B E BEOT TR TS . ST 2 B S50 AR, klotho 7K-F ) 5
K5 B ThREIF R 2 VIR G, XA Klotho FRA B I 5 6 I 7 2R A= 0 40500, HuBsY
ZELEAA klotho 7K P /NS AKT. KIY/INEL (klotho KFRIE) 7EFEZRA M3 . &
JIE 512 A0 R 1 Klotho 28 FIAUZKFBUR, 76 AKLEENL S, (3K B E 5] A0 R
B iEAT I ) klotho B H, /MR HIL AR H W B DhRebahs . MHx, [FE AR
/N EEES, Tg-KIZMR (klotho IE3RIA) 7EFIELERS HAE S 'E . MK AR klotho /KF,
e AKI BN J5, 1% /0N B R I R AR A0 40 FA S SR IR BT g, XA S5 AR T
klotho % A VB EIZ W AIVRIT M . 48171, H AT klotho X CI-AKI AU F AL H 7398 77
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EZNHERZE [0, R, AR CI-AKT /N BRAERY, @i 45 %M 78 klotho 2%
HHR 7% klotho 25 FH7E CI-AKI /) AT choxt /N B ThRE OS2, )P #R1T klotho 2 H X
CI-AKI 7 5B I A BB S BE T e, B VR CI-AKT B2 485 i) L% .

2.2 L EBY

(1) s s FAn A /) BRI

(2) ¥ control 1. CM 41, CM-+klotho Z1A klotho 21, b4 &-41 /N E Thfg
IESEAYIF S

(3) HIDUESE klotho 33 F ] /) 5 P SEAL IO AR TR 2/ CI-AKI

2.3 % W SFEM

2.3.1 EENEE

*2-1 FEAULR TS

%38 2R IV

-80°CUKAE F[E, Thermo
PEIR &, Thermo
AR Z%[H, Thermo
VKR bL [, Thermo

ImageQuant LAS 500

TR VR 1 L L

Z%[H, GE Healthcare
ZF[E, Beckman

151 8 5 ' B A H 7, Nikon

IE B PO6 B HA, Nikon

G R 5 HA%, Nikon
UKL H7, SANYO
L7~ i R i+, Mettler Toledo
L 5)) 5] K A W [E, Biosharp

Western Blot Fa J& L1k 4%

[H, Bio-Rad

Western Blot %% 5% Z%[E, Bio-Rad
A°CUKFE HE, SERY
20°CUKEE HE, KM
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