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High STING expression exacerbates renal ischemia-reperfusion injury in mice by

regulating the TLR4/NF-kB/NLRP3 pathway and promoting inflammation and apoptosis

TAO Huaixiang"?, LUO Jinguang"?, WEN Zhiyuan', YU Genming"?, SU Xiao', WANG Xinwei', GUAN Han', CHEN Zhijun'
'Department of Urology, First Affiliated Hospital of Bengbu Medical College, Bengbu 233004, China; *Anhui Provincial Key Laboratory of
Immunology in Chronic Disease, Bengbu Medical College, Bengbu 233030, China

Abstract: Objective To investigate renal expression level of STING in mice with renal ischemia-reperfusion injury (IRI) and its
regulatory role in IRI. Methods C57BL/6 mice were divided into sham operation group, IRI (induced by clamping the renal
artery) model group, IRI+DMSO treatment group, and IRI+SN-011 treatment group. Serum creatinine and blood urea nitrogen
of the mice were analyzed, and pathological changes in the renal tissue were assessed with PAS staining. RT-qPCR, ELISA,
Western blotting, and immunohistochemistry were used to detect the expression levels of STING, KIM-1, Bcl-2, Bax, caspase-3,
TLR4, P65, NLRP3, caspase-1, CD68, MPO, IL-1@, IL-6, and TNF-« in the renal tissues. In the cell experiment, HK-2 cells
exposed to hypoxia-reoxygenation (H/R) were treated with DMSO or SN-011, and cellular STING expression levels and cell
apoptosis were analyzed using RT-qPCR, Western blotting or flow cytometry. Results In C57BL/6 mice, renal IRI induced
obvious renal tissue damage, elevation of serum creatinine and blood urea nitrogen levels and renal expression levels of KIM-1,
STING, TLR4, P65, NLRP3, caspase-1, caspase-3, Bax, CD68, MPO, IL-1p, IL-6, and TNF-a, and reduction of Bcl-2 expression
level. Treatment of the mouse models with SN-011 for inhibiting STING expression significantly alleviated these changes. In
HK-2 cells, H/R exposure caused significant elevation of cellular STING expression and obviously increased cell apoptosis rate,
which was significantly lowered by treatment with SN-011. Conclusion Renal STING expression is elevated in mice with renal
IRI to exacerbate renal injury by regulating the TLR4/NF-«xB/NLRP3 pathway and promoting inflammation and apoptosis in
the renal tissues.
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T 2R AR B R rh R EEERTY,
RIRIZE & A K BAT RAE RV 5 ' /N I 2 4N aE
TR E AR 45 05, i STING 7£ RIRI P (I #5 4 I
PRI —2BRTT . AR T B I IRTAS AL ) K 40
H/R AR, 858 STING 78 RIRI FP 357K 254k, %
SRR SN-011 1] STING F3k , WA B L5 15578
JE LR AE P TR FAE R, 895 STING AHSEAE FAALE .

1 #RFnF %

1.1 A

1.1.1 53&3h4h Mtk SPFZ% C5TBL/6 /N 24 H,6~8
i ,20~24 g, W AT FIRSEIR Sh I A 7)o W FR 4%
P R BE 2342 °CARXTIREE (5545)%, 12 KB ACH, H
(e[ q=wiid & U o A E S Wbl mee o S N e ¥ S|
Yy S5 2R AR R 2 e S — IR R Be AR P B s it v
i (RS ARSI RHIE [ 2022 155 0665 )

1.1.2 2XA 5% STINGHIHIF] SN-011(MCE) ;
STING.TLR4 caspase-3.NF-«B p653ifA(Proteintech) ;
KIM-1 #i #& (Santa) ; Bcl-2., Bax. caspase-1 $if /&
(HUABIO) ;NLRP3(Abcam) ; B-Tubulin.GAPDH Hi {4
LGRSV S0 APt Hi (Beyotime) ; PCR i 4%
SEIRAA & PerfectStart Green Qper SuperMix (Transgen
Biotech) ; T A E iR F & . PAGE S s il 253387 &
(HERE ) s ELISA 1277 25 (MIbio) 3 40 i I T K6 3t 3] 2
(Servicebio) ; 3 H LKA BEYGIL (Bio-Rad) ; 5 VG E
PCR{Y¥(Roche) ; [JRE =S4 ( =35

1.2 7%

1.2.1 A RE S B2 R AR 6901 & 10% T L2240
i 18 4 mL/kg ) BRI /IR, 1 B 25 811N RO B
K HATIURINER SR 5 1E B X A3 T2 B3 B Ik R S AL
PRI, T 225 AU A, 0 5 K SO Bl bk FH sl ok e
SR, B R FOBY 15 Ay 52 REAR S I it BELIBT iy, Bl ke
30 min IO, B Hy 5827 2104675 100 I8 P8 B
1, Bl JG %A 28 A 051, T B Ja ] R R
REYOKASE . PR 72 hEARSE , B XU
122 s 8 8 A ME BUERRESRE 4T
XPEA IR N /NS T R A (HK-2) , W i R 2
PBS YV 24K, B4 Ry JOHE T L3 PN A5 50 1 4
JH BT DR , B S ST B R R348, Sl B 55,
HEREFRAERE TR 12 hJE BUE 40, B4 DMEM 5% 42
RIS TR AR E Hen”,

1.2.3 SEiombae RSy, 24 HiE: C57BL/
6 FRBE R34 4 40 - 5 F- R (Sham) 41 . IRT 41 | IRI+
DMSO 4 IRI+SN-0114H,6 H/41, IRIZ : 4% L3R Bk
I PP R ) 48 7 W A B 5 Sham 21« {8 7 , A
VEHABAFARAL R IRI+SN-011 2H : TR IRIZH , 7692 141

MU Bk 30 minJ& , 27 SCHRY 5 ik RS 7 BV 5
5 mg/kg it STING #H17 SN-011, LAJ5 45 24 hiF5F 11
[F] A 59 £ SN-011, EL %8 F9# 73 72 h 4b 3% ; IRI+DMSO
2 FRA IR, FEI P BUE Bk 30 min f& , B R
5 SN-011 454 5% Y DMSO, EL &AL,

RINAIE T K HK -2 4fifi 53 440 X REZH H/R 41
H/R+DMSOZH H/R+SN-0114H., XA 13 5045555,
AEAT AT AR 5 H/R 21 < Ab B2 [R) 240 i Sl e A A g 1 5
H/R+SN-011 41 : H/R [A]B A 5 pmol/L SN-011; H/R+
DMSOZ :H/R [FIIIAL SN-011%55# 5% 1 DMSO.
1.2.4 fo & WUBF R R Z SAAm FEETE 72 hm , BAs 4l
NERHR BRI, 4 °C .8000 r/min &5.0> 10 min, B )2 M1,
{4 A s T A TR
1.2.5 it & X (PAS) & & /NUIBUHRBR L5 178005
FIALLAE. , T IBOBUI S U , /DN 2R B A RS PBS Tk,
ZRWEEREE 3 d)F , CEEBUK , R R 2RE , 24
WIS AT ORI 5 m, 2805 HA LS |
B KA JF TN 2 R Y N 25 F e rh e £, 7
ARGl g o Z/KGR K3 R, BeR g A R 4k
R B LI
1.2.6 Sy (IHC) £ & W& Aty A, Fiks
F it 2 EKAL, B 4 CEIE PR R, U B g
TYURE N AN, TR IR AR R YR Y, 1% 1)
ERTRIRS 34k, B Je Vel T e 2R W, 5 K 35
I o o NS B R AN S = BTN [
1.2.7 Western blotting STING ,NLRP3 g Ji — P 1%
1:2000 LI, TLR-4 KIM-1,p65 .caspase-1 Hifi—
PLa% 1:1000 LL IR RS , L =FHT A ML B s 1:2000
LRGSR U AU T EF T BCA E 15, FF
80 V.30 min HIH AR, 110 V60 min 15 B 1 41
HEATH L SDS-PAGE I HLYK , f#i FH PVDF fiAE 200 mA
120 min 508 FHRERR , FR22 5% B NG 2R W i 4 h LA I
4°C—PIFE LR, —PURENE 2 h G, Ve, R
H Image T8 AR ik i
1.2.8 ELISA#n BRI i Sk 48U s , H e
PBS 2 il rh . P M A JE 0 SI AL 8L SR S A
4 CHAF T L 5000xg 4 3 B 25 0 5 min. B
Ji AR ELISA 8 & 4 EUd I 5 A W IL-18 . IL-6
TNF-a (507K - FEELIRN £ ELISA bRifE it J5
SR AR B AR S E . R RIS,
FHPBST e 3. ALY Rbricyiik, EMEE
1 h, RJ5 382 LI, BRI PBST VR 3R . IIAER!
BEF5Z-HRP 5 5 30 min, FRRYEL 37K, A TMB
VW EAT i, 20k O A B AR {AE 450 nm I
K W A (Aegn) - 225 B A R 2R DL SRR
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1.2.9 AKX gmpesubn el BRI AT 240
Jitd, 23 JC EDTA S ab B , 5 7 e icAE i A it 5 57
EHIRARZIEAL, 4 °C 800 r/min 214 F B L IUAE
N5 PBS Tk, Bt S TR 55 25 1F N PR L Bt
{4 FH Binding 2% #h ik 2 40 . HCAH B IF A
Annexin V-FITC P14}, 7EBEE 450 N % 10 min,
SRIGHET ARG

1.2.10 M2 8504 M GEOHIEE T3 GSE98622
S SER IS Bk i A 2 L 8T limma £ X Sham 2
FIRTH M T2 579081, DL P<0.05 FljlogFC[>1.5 fikx
HEXT AT 5 R T o S EAT AR N S R A
B 4F (KEGG) & & 7871, X T "clusterProfiler" A
"org.Hs.eg.db" R, /i, K "ggplot2" R AU /E T
P JLERA R RS

1.2.11 RT-qPCR % % R JH Trizol i2: £ B4 2L a5 41
RNA Ji7, 7% I Transgen 2% 51855 G50 40K RNA
53, B IR PerfectStart Green Qper SuperMix i 43
e S TR W, B AR R R T SO, 2k (S
GAPDH) 1 H B FEA K. SIFFI R L,

% 1 RT-qPCR 3|47
Tab.1 Primer sequence for RT-qPCR

Gene Primer sequence
F:GTCCCTTGCACATGGTGTTG
STING
R:CAGGTCATGCTGTCGCCTAT
F:AGAAGACCCACAACTACAAGGC
KIM-1
R:TAGATGTTGGAGGAGTGGAGGT
F:GCCTGTGTTTTCCTCCTTGC
IL-1B
R:TGCTGCCTAATGTCCCCTTG
F:GTGGCTAAGGACCAAGACCAT
IL-6
R:TCTGACCACAGTGAGGAATGTC
F:AGCCGATGGGTTGTACCTTG
TNF-a
R:ATAGCAAATCGGCTGACGGT
F:TGGAAAGCTGTGGCGTGAT
GAPDH

R:AGATCCACGACGGACACATT

F: Forward primer; R: Reverse primer.

1.2.12 %3t 554 K H Graphpad Prism8.0 4K F 47
GErteE AT A G RS P R A Beebr i 22
FOR, WZH ] LEAS AT FEAS (R 56 , 2220 8] LA B A
RITEHT, B SRR kST F A 3R, DA P<0.05 R 2%

SAGEE S

2 #ER
2.1 AMAZ B FHH

GSE98622 $fn L H} 6811~ 25 52 HE K, Horep
3444 FEZER L 337 AN IR ZE R SRR L B

STING 7E£ 54 IRTAH KA KF-I 8 (B 1A B) .
KEGG & H5rrah 3 on 22 5 3L 5 2 T Toll FE3Z 14
S5, M NF-BIl & (& 1C).
2.2 N RE B B R AL M AR IS E
55 Sham ZHAH LG, IRTZH 1 35 WL R 2R ZUKF 5
(P<0.05,K12A .B) ;RT-qPCR [ Western blotting 45 5% i,
7, IRIZH KIM-1 mRNA AR AR A R FAH(P<0.05,
2C.D) ;22 PAS Y55 7, Sham 41 B 41 2134 1k
JEASTCHI R IRV AT WL/ NS 5K, B/ IVE T 4
oA TR AL T R S AN (K 2E) . 5 Sham 414
Lt IRTZL B 2 23 0 F B B I i (P<0.05) , /N
L P AR RS )
2.3 STING 4k AR SN B oo Fo e BAERD o ik AK-F
FEMRPY /N IR TS DL K AR HK -2 £t H/R #5275
o, RT-qPCR 25 5 7R , 55 Sham £ 4 b, IRT 4] STING
A mRNA Mk 5 FFH(P<0.05, K 3A) , 5% RZHAH
I, H/R £H STING ) mRNA /KF | TH(P<0.05, & 3D);
Western blotting ) %32 21 21k 24 45 R 87 , 5 Sham
ZHAH L, IRT4L STING 925 1 3R 3k 7 = (P<0.05, 1A
3B.C), HAER A k2= STING F 2L T/
&AM L) A B/ NBRFLFEAR . Western blotting 45 %
R, 55X IR AR, H/R 41 STING Y25 AN 25k &
FH(P<0.05,K3E).
2.4 SN-011 %} STING A& iA /K-FFph) #L F IoiE
RT-qPCR G {7, IRTZ 5 Sham ZHAH L, B 2H 41
H1 STING i mRNA 7KF-F 15 (P<0.05) ; 5 IRI+DMSO
TG0 X (P>0.05) ;5 IRTZHAH ., SN-011
Al W 5 40 ) STING mRNA /K SF (P<0.05, & 4B) ;
Western blotting FI 4 22 20 214k 27 K65 0 2. 7 , 55 Sham
ZHAH HE , IR ZH B 2H 21 b STING 5 A 2 ik i T
(P<0.05) ; 55 IRI+DMSO # [t , 22 F LG it 3 X
(P>0.05); 5 IRTZAH L , IRI+SN-011 204 STING 25 1
HXF AR TR (P<0.05,1K4A .C).
2.5 SN-011474] STING #£A & 2 B 4L LR 45 42 B % v
PAS et 255 R, Sham 41 B /IVE LB S IEH
{HIRIZH B HZ ] WS/ NEY 5K B/ IVE T R 4R MR
FEMR % AR 5 25 SN-011 A5 |, B ZH 245 5 7
i HH i 240 (18] 5A) s RT-qPCR 2 Western blotting 25 5%
7R, 5 Sham 414 b, IRTZH KIM-1 mRNA FIEE AT
Fikim I FH(P<0.05), 5 IRI+DMSO # 2 7 L4t i 2#
=X (P>0.05), 15 IRTZHA b, IRI+SN-011 £ KIM-1
mRNA FIEE xRS I MR (P<0.05, 181 5B .C).
2.6 SN-01147#] STING F A J& st B4147 £ 5 R -F % vm)
G UL AR f2 7R , Sham 21 ' 41 21 H CD68
HIMPO JLF AL, i IRTZH B 4041 CD68 Al MPO
FHPE 26 15 3 £ (P<0.05) , IRI+DMSO 4l 5 IRI 2 % ik
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Fig.5 RT-qPCR, Western blotting and PAS staining for detecting renal tissue injury. A: PAS staining of kidney tissues from
mice in the sham, IRL, IRI+DMSO and IRI+SN-011 groups (x400). B, C: RT-qPCR and Western blotting of the expressions of
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()25 TG 27 X (P>0.05) , 2 SN-011 ZbF 5 | &
2 Z1rh CD68 A MPO [HEFRIA T FE(P<0.05, 51 6A B)
RT-qPCR VA } ELISA 253 /R , 5 Sham 20 AH Lt , IRT
ZH B 4 2P IL-1B . IL-6 A1l TNF-a % K 17K - Tt
(P<0.05), 5 IRI+DMSO 4 i) 22 F LG it & X (P>
0.05), 5 IRIZHAH L, IRI+SN-011 21 'B ZHZFP IL-1B8 IL-6
FITNF-a KRR (P<0.05, K 6C~H) .
2.7 SN-0114p%) STING %k J& 3+ A = K-F %%
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