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Effects of miR-488-3p on renal tubular epithelial cell injury by regulating the
cGAS-STING signaling pathway

XU Fangli, WANG Huan, XU Ke
(Department of Nephrology , Xinxiang Central Hospital , Xinxiang 453000, China)

Abstract Objective To investigate the effect of miR-488-3p on renal tubular epithelial cell injury by regulating the cyclic guanosine
monophosphate-adenosine monophosphate synthase (¢cGAS) -stimulator of interferon gene (STING) signaling pathway. Methods Human
renal tubular epithelial HK-2 cells were divided into control, hypoxia-reoxygenation (HR), inhibition control,miR-488-3p inhibition,
c¢GAS-STING pathway activator (RocA ), and miR-488-3p inhibition+RocA groups. Quantitative real-time polymerase chain reaction was
used to detect miR-488-3p expression in HK-2 cells. Cell viability was assessed using the CCK-8 assay. Enzyme-linked immunosorbent
assay was used to measure the levels of interleukin (IL) -10,1L-18,and tumor necrosis factor-a (TNF-a) in the culture supernatant of
HK-2 cells. The DCFH-DA method was applied to detect the average fluorescence intensity of reactive oxygen species (ROS) in cells.
Results Compared with the control group,the HR group showed increased miR-488-3p expression, IL-18 and TNF-« levels, average
fluorescence intensity of ROS, malondialdehyde (MDA) levels, apoptosis rate,and protein expression of cleaved caspase-3,Bax,cGAS,
and STING , whereas cell viability,IL-10 levels,and superoxide dismutase (SOD) activity were reduced in the HR group (P < 0.05). Com-
pared with the HR and inhibition control groups,the miR-488-3p inhibition group exhibited decreased expression of miR-488-3p,1L-13
and TNF-a levels, average fluorescence intensity of ROS, MDA levels, apoptosis rate, and protein levels of cleaved caspase-3,Bax,cGAS,
and STING , whereas cell viability, IL-10 levels ,and SOD activity were increased (P < 0.05). Conclusion Downregulation of miR-488-3p
expression mitigates HR-induced inflammation , oxidative stress,and apoptosis in HK-2 cells, thereby reducing cell damage. The under-
lying mechanisms may be associated with an inhibition of the cGAS-STING signaling pathway.
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BRAL AT RIS R B, S0 R R 1 -
R A WLl (cyclic guanosine monophosphate-adenosine
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1.1.2 32 : miR-488-3pHit il 71 Sz I A il 7516 AR (-
hibitor NC),cGAS-STING# 35 1% 7f|RocA (3 EIMCE
3w)) 5 CCK-838 5 & (UF B ik i 6 2B W RHEAT [R
Al s NHAEA 2 (interleukin, IL) =10 IL-18  Jif
WEMRFE R T (tumor necrosis factor o, TNF-a0) ELISA
R & (R 8 AE MR BRZA W) s DCFH-DA
(A SO A R F]) s TN [ (malondialdehyde,
MDA) , HAE ALY AL (superoxide dismutase,SOD)
A & (R AR A RS ¥ s Annexin
V-FITC/PIZEL I T2 & (MR A
FRZAT]) scleaved caspase-3 Bel-256BEXHE 1 (Bel-
2 associated X protein, Bax) GAPDH .cGAS STING
—Ht S Z Pt (Y FHabcam A H])

1.2 ik

121 4B 43 20 B HK-220 f 43 h % BB 2H (HRZH .
I X B 4L miR-488-3pd1 il 41 .\ RocAZH .miR-488-
3pil Hil+RocAZH . % HE 20 HK-240 g 1F % 15 97 HR
HHK-240 J 3E 47 B4R (1900,494%N,+5%C0,) Ab 3
4 W5 T8 (5%C0,495%0,) KEHE2 W fp
Ko B 2H HK-240 05 Ykinhibitor NC 24 hji , B4 A3
4 h, B EHEFE2 h; miR-488-3p 1 il ZH HK-2.201 Jifd % e
miR-488-3p il 5§24 h)5 , A AL 4 h, &2 F Ab H2

h; RocAZHHK-241 g F125 nmol/L RocA4k #24 hj5,
B4R b FE4 h, 5 AN R b7 s miR-488-3p#i il +RocA
ZH HK-240 3 5% G miR-488-3p3T il 77 4 [ 15T, 148 FH 25
nmol/L Roc AL 324 h, Fiff 47 B4R AL #H4 h, &2 & Ak
FE2 ho ARG S WA A A 20

1.2.2 miR-488-3p ik /K P Kl : W B 45 41 4 e, i
TRIzoliA 71 £ B4 At SLRNA , - NanoDrop 2000 I %
RNAVK FE , ¥FRNAI %% 5% eDNAJS , >k FHABI7500
F G b AT 92t 5E BPCR, LLUGYE N 2 IR, R 2
2315 miR-488-3pAH X} Kk it o 5 | #7451 : miR-488-
3p, IE 1[5’ -C6GGGGCAGCUCAGUACAG-3", JZ 5 -
CAGTGCGTGTCGTGGAGT-3" U6, iE 5’ -CGCTTC
GGCAGCACATATAC-3, 2[5 -AAATATGGAACG
CTTCACGA-3"

1.2.3  4IAIS FI A6 R HK-240 0 LS x 10° /4L %
JE B Pl 2R 06 LA, X 45 4 40 B 1 A 7 AR Ry A B S A
FLIMAL0 ul. CCK-87F . 37 CiEYEHF &3 him, H
At A S 450 nmAb FWROGEE , 40 ML 77
124 IL-10.IL-18 . TNF-a/K V-4 1 : Ui £E 4 4H HK-2
21 35 35 R, Tk 4R BRELISAT ) & 136 B 5 A6 1
TH W PIL-10 IL-18  TNF-a/K -

1.2.5 JEMES (reactive oxygen species, ROS) SEya
JG5R BE MDA (SODZK - 46« i 52 4 ZHHK-24 i,
PBSVE3YK G , ITA10 pmol/L DCFH-DAIR A 1447,
1£37 CF I E 30 min, FAPBSIE 7 40 37K, LA 7843
EBARBBAIMIDCFH-DA , 75566 WA T Wigg
HK-21 ifs HROS - 1415 S B A8 Ak o e BRI & 3
BB A HK- 248 i ' MDA ,SOD7KF-

1.2.6 2 M08 T2 3R A - i S 45 ZHHK 2400 i, FH i
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1.2.7 cleaved caspase-3.Bax.cGAS.STINGZE H 5%
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(1 : 4 000%F%) . Bax (1 : 6 000FiFE) .cGAS (1 :
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2.1 B ZHHK-240 i P miR-488-3p 2 ik M 40 i 1% 1
Heds

5% HRZH (1.00 £ 0.00,99.43% + 0.35%) 4%,
HRZH 4l miR-488-3pFK ik (1.96 + 0.17) FH 77, 2 ifd
15 77 (67.51% +3.12%) [ 41K (P < 0.05) ; 5 HRZ B4
) %k BE 2H (2.01 +0.18,66.82% + 3.15%) It #¢, miR-
488-3pil il 1 41 i HHmiR-488-3p% ik (1.23 +0.09)
WEARR , I 7 (82.29% + 3.78%) FHi5 (P < 0.05) 3 5

HRZH HHE, Roc AL 4 g hmiR-488-3p K3k (1.98 +
0.16) Z TG 2472 L (P>0.05), 417 11 (54.95% +
2.67%) F&E% (P < 0.05) ; 5 miR-488-3pdifil 4 L3,
miR-488-3p Il il + Roc A4 41 Jifd ' miR-488-3p# ik
(1.26 £ 0.11) Z R IG5 L (P> 0.05), 1%
F1(71.36% + 3.31%) [ (P < 0.05) .

2.2 A HfilmiR-488-3p# ik XFHK-240 fIl1-10 . 1L-1B,
TNF-07KF- [/ 5]

5%t B He g, HRAL 40 i L 335 T R 1L-107K
FEAI, IL-18 \TNF-o/K~F- 15 (P < 0.05) 5 5HRZ )
X HRZH H A, miR-488-3p il H Mg i W hIL-10
AETH R IL-18  TNF-a/K B (P < 0.05) 5 S5 HRZ
L 38, Roc AZH 41 il I 7% W HHIL-107K ~F- B AR, IL-18
TNF-a7KF-FF 5 (P < 0.05) ; S5 miR-488-3p il il 41 kb
5, miR-488-3pil #il+RocAZH 40 fg - 7 ¥ FhIL-107K
SREAS  TL-18  TNF-a/KF-FH 5 (P < 0.05) o LK 1,

F®1 HBHEHK-24888 EiF R AIL-100 IL-1B. TNF-azk EEEE (pg/mL)
Tab.1 Comparison of IL-10, IL-1B, and TNF-x levels in the supernatant of HK-2 cells in different groups (pg/mL)

Group IL-10 IL-18 TNF-o
Control 76.65 +3.14 26.78 +1.32 115.56 +5.69
HR 39.73 + 1.75" 59.93 +2.46" 20.34 + 10.88"
Inhibition control 40.26 + 1.98 60.28 +2.51 205.51 11.01

miR-488-3p inhibition 65.93 +3.08""%
RocA 31.44 +1.43”
miR-488-3p inhibition+RocA 5339 +2.17"

34.45 +1.68"Y 136.56 + 6.232"
68.45 +3.05” 261.56 + 1.73%
47.55 £2.19" 16.25 +8.12"

1) P < 0.05 vs. control group;2) P < 0.05 vs. HR group;3) P < 0.05 vs. inhibition control group;4) P < 0.05 vs. miR-488-3p inhibition group. n = 6.
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ZH IR PR ZH L EL , miR-488-3p il 2H 48 Jifd Fh SOD
IKF- T 55, ROS- 4 2¢ 5t i B MDAZK PR ik (P <
0.05) ; SHRAL L5, Roc AZH 4t it 1SODIK - F& 1%
ROSFE 34 %% 3¢ 3% B MDAK F J+ &5 (P < 0.05) ; 5
miR-488-3p Ml ZH L4 , miR-488-3p i il +Roc A4 4H
i HSODK - REA, ROSF-241 756 i Ji . MDAZKF-F
5 (P<0.05), WL 2,

2.4 PPiImiR-488-3pF A X HK- 24 Hd i T~ Y 52 1

5%t B 4H (3.16% = 0.12%) F#5¢ , HRZ 20 g 17
T2 (16.88% = 0.79%) F+ i (P < 0.05) ; SHRZ 1l

) %F B2 (17.01% + 0.82%) [t %5, miR-488-3pill il
ZH 40 B T % (6.29% = 0.31%) FEAK (P <0.05) 3 5
HRZ 14, Roc AL LA T2 (21.22% + 1.03%) Ft
7 (P<0.05) ; 5 miR-488-3p I £H L4 , miR-488-3p
P +Roc AZH UM T % (10.95% + 0.43%) T+ (P <
0.05) . WLEI2,
2.5 M miR-488-3pF ik X4 4L 40 Y cleaved
caspase-3 . Bax X cGAS-STINGIE % 2 1 235 1520
5% R4 (0.78 +0.07,0.52 + 0.05,0.36 + 0.03,
0.12 +0.01) H%% , HRZHHK-241 il Hicleaved caspase-3 |
Bax.cGAS STINGH [ K ik /KT (1.89 £0.14,1.43 =
0.12,1.01 +0.09,0.72 + 0.07) F+ 1 (P < 0.05) ; 5HR
20 FHIXT IR (1.91 £ 0.16,1.45 £0.13,1.03 + 0.10,
0.70 + 0.06) LA, miR-488-3p il il 41 HK-2.4 fifd
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cleaved caspase-3 . Bax .cGAS . STINGZE 4 % 5 /K F
(0.97 £0.08,0.73 = 0.07,0.47 + 0.04,0.28 + 0.02)
R A% (P < 0.05) ; SHRZL L 42, Roc AZH HK-241 fifd
cleaved caspase-3 .Bax .cGAS STINGZE FH % ik /K
(2.37+£0.15,1.92+0.14,1.39 + 0.12,0.89 + 0.08) F}

1 (P<0.05) ;5 miR-488-3p il 4 b4, miR-488-3p
il +Roc AZLHK-241 il 1 cleaved caspase-3 . Bax .
cGAS STINGZE H#IA/KF-(1.51 £ 0.13,1.04 £ 0.09,
0.73 £0.07,0.51 = 0.05) T+ (P < 0.05) . WLEI3,

A, control group; B, HR group; C, inhibiton control group; D, miR-488-3p inhibition group; E, RocA group; F,miR-488-3p inhibition+RocA group.
Bl &HEHK-228EHROSTHIHLIRE DCFH-DAZE x 200
Fig.1 The average fluorescence intensity of ROS in HK-2 cells DCFH-DA staining x 200

F2 FBHEHK-2HFHROSFHTHIEE. MDA, SODKFLLE
Tab.2 Comparison of average fluorescence intensity of ROS, MDA, and SOD levels in HK-2 cells among different groups

Group Arerage fluorescence intensity of ROS MDA (mmol/mL) SOD (U/mL)
Control 1622 £0.79 123 +0.14 285.69 + 1.83
HR 37.75 = 1.78" 5.56 £0.21" 167.73 + 8.26"
Inhibition control 38.05+1.93 5.62+023 169.52 + 8.29
miR-488-3p inhibition 21.16 £ 0.97 2.08 +0.10”Y 251.52 +1.2177
RocA 4455 +2.03” 6.72 £0.29” 138.77 + 6.71”
miR-488-3p inhibition+RocA 3041 + 1.46" 4.01=+0.18" 200.33 +9.82"

1) P < 0.05 vs. control group;2) P < 0.05 vs. HR group;3) P < 0.05 vs. inhibiton control group;4) P < 0.05 vs. miR-488-3p inhibition group. n = 6.
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10*4 0.16% 2.45% 10*] 0.15% 14.99% 10*] 0320 15.67%
10° 107 10°
= 10° = 10° =10
10' 10 10'y g8
0.71% 82950 1.91% 82.56% 1.45%
[ R 10° SR 10° SR N —
10 10" 10> 10* 10 10 10" 10> 10° 10 10 10' 10> 10° 10
Annexin V-FITC A Annexin V-FITC B Annexin V-FITC C
1 04 0.29% 4.94% 1 04 0.66% 18.11% 1 04 0.91% 9.78%
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e 2 et 2 ot 2 |
& 10 ~ 10 ~ 10
10| 10"y @y 10']
10 93:44% 1.33% 10 77.63% 3.61% 10 88.12% 1.19%
10" 10" 10> 10’ 10* 10° 10" 10> 10° 10 10° 10" 10° 10° 10
Annexin V-FITC D Annexin V-FITC E Annexin V-FITC F

A, control group; B, HR group; C, inhibiton control group; D, miR-488-3p inhibition group; E, RocA group; F,miR-488-3p inhibition+RocA group.
B2 HK-24880R =R R R R 45 R
Fig.2 Flow cytometry detection results of HK-2 cell apoptosis

o2 3 45 g BT SR 45 5 R RocABE 5 T F FimiR-
e ey S G S o BB 488-3p 4 T X Bl 4L 2 4607 S AOHK 2401 4 0 AL
I K 2 L 08 T B2 ] o 33— IE L e GAS-STING il
e et BT 25 T R S S M HK- 241 5 i
AR —— e - — D G
25 Lk, AWFSE & BT miR-488-3pFR ik Bk
STNG GRS . AR BT R T MY HK- 20 I 60 AL B
R pp—— L T T O A L5  ECH L T i 5900 o

cGAS-STINGH F UG A 5 o A FE 45 7] BE M AKI
BRI HEHEH S KT

SE Lk

1, control group;2,HR group;3, inhibition control group;4,miR-488-3p
inhibition group; 5, RocA group;6,miR-488-3p inhibition+RocA group.
B3 HK-24ifFicleaved caspase-3. Bax., cGAS. STINGEH
ol
Fig.3 Detection of cleaved caspase-3, Bax, cGAS, and
STING proteins in HK-2 cells
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