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[#HZE] BB FiT S100A8/9 K A5y NLRP3/Caspase-1/1L-10 il JE7E M D-gal P55 19 K LB w2
RIF H,0, %S HK-2 40 SRR e, ik 12 H SD KRB A IEH 4L F1 D-gal 2, 250753
JE R D-gal (150 mg/kg) HEN7 AR FUE 5 2 AR | 8 J] 5 R BR S T IICAE B AR AR, DO i 5 5% PCR 6
FEMFEERA p21, pl6 F1 p53 mRNA Fik K ; SA-B-Gal Y (0 W5 I 2H 4L 2 K5 00, I K Z-AF 41 (HE) I
Masson 2 (& WLEZ 5 41 455 B 2 A8 Ak, #0135 5 BUN A1 CREA & &, & I B 41 41+ SOD  CAT, GSH-PX I
MDA &, DHE ZL (8 U158 B ZH 41 ROS 7K 284k ; G e o 3 A I S100A8/9 2 3R A K T, Western Blot 1
MEFAEALbR Y Collagen T, a-SMA Fl TGF-B1 L K& NLRP3/Caspase-1/TL-18 i # b A & 8 11 A9 F ik K,
RSMRIT H,0, F4H HK-2 20 i B 28 Rl 2 8 1 p21 \pl6 FRib7KF- A% FF IL-18 \ TNF-a mRNA
FIRIK | SA-B-Gal Y@ WLEEAN i 245 B ; -0 FH S100A8,/9 i 771 A1 45 4% ( paquinimod , PAQ) i, 410
S100A8/9 K NLRP3/Caspase-1/1L-1B il i FAHCHE (AIWRIBAKT-, R SEFHARR I, D-gal LK
B A E R p21,p16 Fl p53 mRNA FiE KB EIIN (P < 0.01) , 3 EH K B-2LZLHH T # (senescence-
associated B-galactosidase , SA-B-Gal) e {8 il /R Z A E B EW L (P < 0.01) ;L7 # BUN 1 CREA & &
LF(P < 0.05) ;ZH21P9 CAT GSH-PX Fil SOD iM% T RE(P < 0.01) , MDA i&E MR EHIN(P < 0.01) ;£F
A AbAr Y Collagen I ,a-SMA F1 TGF-B1 MR FIFRIAIEM (P < 0.05) ; LA ROS FHIEZ (P < 0.05) ;D-
gal LA EUE/INER B — R B R 2R 40 Btk | B /NG 3 s R S /N A R A R, A MG R e 1 4, Hh R i
JREFYE TR SI00A8 F SI00A9 25 KB/ (P < 0.01) ; NLRP3/Caspase-1/IL-1p {5 53 % |- NLRP3 .,
Caspase-1 Fl IL-1B 25 F1ZRBHG M (P < 0.05) . H,0, /55 HK-2 4l & )5 , # H S100A8/9 #ifil71] PAQ W4z
T HK-2 42500, % 5 1 p21 . pl6 Fik K P AR AE I F 11-18 \ TNF-a mRNA ik /KRR (P <
0.05,P < 0.01) ,SA-B-Gal e o i /R 5 E BRI (P < 0.01) , 4] SI00A8 F1 S1I00A9 FE FHFEIK (P <
0.01) LA S NLRP3 Caspase-1 Al IL-18 & 13 £3iE (P < 0.05 5 P < 0.01), £5i  S100A8/9 if i i
NLRP3/Caspase-1/1L-1@ i S 5184 508 S, T2 2F D-gal 175 510 B 5 00 72
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[ Abstract] Objective To investigate changes in the pro-inflammatory mediator S100A8/9 and NLRP3/
Caspase-1/IL-1B pathway in a rat kidney-aging model induced by D-galactose. Methods Twelve SD rats were
divided into control and D-galactose groups, and injected subcutaneously in the back of the neck with D-galactose
(150 mg/kg) to establish a rat model of kidney aging. Kidney samples were collected under anesthesia after 8 weeks.
Kidneys were stained for senescence-associated beta-galactosidase (SA-B-Gal) , mRNA expression levels of the aging-
related genes p21, pl6, and p53 were detected by quantitative reverse transcription-polymerase chain reaction( qRT-
PCR), and histopathological changes were observed by hematoxylin-eosin( HE) and Masson staining. Serum urea
nitrogen and creatinine, and catalase (CAT) , glutathione peroxidase ( GSH-PX) , superoxide dismutase (SOD) , and
malondialdehyde (MDA) levels in the kidney tissues were detected. Reactive oxygen species (ROS) were detected
by dihydroethdium staining and protein expression levels of collagen Il , a-smooth muscle actin («@-SMA ), Protein
expression of SI00A8/9 was detected by immunofluorescence, and transforming growth factor ( TGF)-B1 levels in
kidney tissues and key factors in the NLRP3/Caspase-1/1L-1 inflammatory pathway were detected by Western Blot.
A renal senescence model using HK-2 cells was constructed using H,0, in witro, and expression levels of the
senescence proteins p21 and pl6 and mRNA expression levels of the inflammatory factors IL-18 and tumor necrosis
factor-a(TNF-a) were detected. Cell senescence was observed by SA-B-Gal staining. The effects of the SI00A8/9
inhibitor paquinimod on expression levels of SI00A8/9 and NLRP3/Caspase-1/IL-1B pathway-related proteins in the
aging model were also detected. Results mRNA levels of the aging genes p21, pl16, and p53 in kidney tissues were
significantly increased in rats in the D-galactose group compared with the control group (P < 0.01), and SA-B-Gal
staining showed a significant increase in senescent cells (P < 0.01). Serum blood urea nitrogen and creatinine levels
increased (P < 0.05), CAT, GSH-PX, and SOD activities decreased (P < 0.01) , while MDA activity increased in
the D-galactose group (P < 0.01). Collagen I, a-SMA, and TGFB1 expression and the ROS content in tissues
increased (P < 0.05). Glomeruli were atrophied or absent in the D-galactose group, the lumens of the renal sacs and
renal tubules were enlarged, the nuclei were deeply stained and constricted, and numerous collagen fibers were
deposited. Levels of SI00A8 and S100A9 protein (P < 0.01) , as well as NLRP3, Caspase-1, and IL-1B increased
(P < 0.05). Paquinimod alleviated HK-2 cell senescence and decreased expression levels of the senescence proteins
p21 and pl16, and mRNA levels of the inflammatory factors I11.-18 and TNF-a (P < 0.05, P < 0.01). The number
of senile cells was also decreased, shown by SA-B-Gal staining (P < 0.01). Paquinimod also inhibited the protein
expression of SI00A8 and S100A9 (P < 0.01) and NLRP3, Caspase-1, and IL-1B (P < 0.05 or P < 0.01).
Conclusions S100A8/9 participates in the chronic inflammatory response by activating the NLRP3/Caspase-1/IL-
1B pathway, thereby promoting D-galactose-induced renal aging.

[ Keywords] kidney senescence; S100A8/9; NLRP3/Caspase-1/1L-1B pathway; chronic inflammation

Conflicts of Interest: The authors declare no conflict of interest.

FERMAAS A E MAL R AF IR T SRR P Al 80 98 i) 3 2048, A LE
HOLASMIIRE B —F A2 2R ARG e TSGR, W g o) R AR N B A5 H A )
REHMERm MM ER R RERZ " GeRRAl, G0 B S A 8o b B /NEREE AL B /)



[ SE S R 2025 4F 6 H 58 33 55 6 ] Acta Lab Anim Sci Sin, June 2025, Vol. 33, No. 6 825

EEGRIN R4 BEE A AR
JEl o R BN 18 M e T Rk 2
TERMt A, IR AT B 5 B RS
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AWFFE W 3 2 T b A B ) 4 B RS 1
RIE LW HA D REPERF I HE N R —  E
2035 ) TE AR O o R Y A 5 Al i X 1
AR 7 AR A TSRS M A 1 7 A
IR A S S 0E 40 e 1 (] e 1 2k
SUE TN 3 5 A R 2, S B DRI |, ek
T TR S 2 A L S PR 1, 3 i o R
PEER, i B N B RAE KRR 2 Th s, A RE M
IHIHBR , BB B R0 R B A B, Bt
A S AR HE PR TE B B B AH DAL, XS A
NV SN =

& A it S100 45 45 & & 1 A8/9 ( S100
calcium binding protein, S100A8/9) /& S100 & H %
T 87 O Y5 T A 2 200 i, e Pk A A
WG AL, 2 1 1 40 i S I v A AR AR A
TEZ 0 B 10 & Je 3t R v (91 Aok B s 5 o
TRIBHEE R B A0 2B 514) S1I00A8/A9
I 2 B 2T HEAL R RO 7 A= 1Y) B A
o, RlE ST00A8/ A9 P IA A J& HE 4L 5 B 0 % |8
R RO TERR G, AR F TIOR8
PRV s 09 BIL R & R AN o8 4 E A, (H A
S100A8/9 1T fiE 2 B 1k 15 4 ' o A J ) — P IR 7
Sl . NOD BESZ AR VR (A5 M B DGR 1 3
( NOD-like receptor
associated protein 3, NLRP3) J& F NOD #£Z A
J5 , 2 — P SN Z A R e R e R G K
B 2H RAR g3, T A 52 B K A -1 (cysteinyl
aspartate specific proteinase-1,Caspase-1) J i FlfiE
RYIML A+ 40 LA~ K -1B/-18 (interleukin-18/
18, IL-18/1L-18 ) 1 43 W, 3 B R AE | I 19 ¥
W RS R W S100A8/9 FT LG NLRP3 4%
SE/MIME 5165 2 5 Z M 2R B I RAE TR
Rk B AT LT A4 O UREBE ) S i
LI TS R i Caspase-1 FI IL-18 G B R
GRS, A8 3 SR AE S B A, H AT S100A8/9
NHAFH NLRP3/Caspase-1/1L-1p3 15518 & =
SR CLAE Z RS A5 2 ) A5 B B (B A

thermal protein  domain

B e AR ) LA A AL AT i A 0 45, R
FFRABRR,

AR EHAERT L g h &M, & DL 2 b
( D-galactose,, D-gal ) %5 F Y & % K O BE
S100A8/9 1) mRNA FIEE /K P45 2 R = i
S100A8/9 & H:A 5 NLRP3/Caspase-1/1L-18 #
i {7 530 B A 3 B AR AT R R AR
SEHG T T 2 R S D-gal #HEr K RS SR
[ BF K] S100A8/A9 #I1 il 7 dA %45 3 1
( paquinimod , PAQ) AT ARSI GAIE , Ky #5758
()T BEml IRZ S M B R B IR B s R e it S 22
LRGP

1 #R5EFE

1.1 ##
1.1.1 SE5sh¥y

SPF ¢ hfEtE SD KRB 12 2,8 ~ 10 Ji %, 4T
250 ~ 300 g, i e S8 sh WA B 5t
RS A SCXK (97)2022-0004] , 4 35 T Wi =
2R 2 B W) 92 B A 5T 0 [ SYXK () 2021 -
0012] , FABEIRJEE 22 ~ 24 C, MIXHBE 40% ~
65% B A% W I 22, SEE ) A i fE
TOK o A SEH 28 Wi rp B 2 R 2 s W s R 5 4E
PR A 22 0324I (TACUC-202302-04)
1.1.2  Ziffy

N /N A R HK-2 W 5 o E R4
U A i B A RO B A B T U G, i S
SCSP-511,
113 EBEGH A

D-gal (G5388, Il H Sigma Aldrich) , %P4 —
Z & % ( dihydroethidium, DHE ) i #| &
(KGAFO019, 1 [ VL9513 25 W B AR TR A A BR 2
A ), &AM X B2 FLWE AT B ( senescence-
associated B-galactosidase , SA-B-Gal ) Y& {3 57| &
(G1580, 14 F AL 5t KK ERHCABR A ), Anti-
S100A8 ( 15792-1-AP, Il H Proteintech Group ),
Anti-S100A9 ( 14226-1-AP, W4 [  Proteintech
Group) , Anti- Il & i€ It 25 1 (type Il collagen,
Collagen ') (ab7778, W I Abcam) , Anti-a-F- i
WULBh# H (alpha smooth muscle actin, a-SMA )
(AF1032,15 H Affinity Biosciences) , Anti-F 4L A=
£ K F-B 1 ( transforming growth factor-g1, TGF-B1)
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( 21898-1-AP, g H Proteintech Group ), Anti-
NLRP3( DF7438, 1l H Affinity Biosciences) , Anti-
IL-18 ( AF5103, Il H Affinity ) , Anti-Caspase-1/
P10/P20(22915-1-AP, J H Proteintech Group ),
Anti-p21 ( ab109199, M H Abcam ), Anti-pl6
(ab51243, W H Abcam) , Anti-GAPDH ( ET1601 —
4,0 3 ez Y EORAG R A W), PAQ il 51
(HY-100442 1 H MedChemExpress) .

4 A 3 A4 4k 4 B AL ( HITACHI, H &),
Precellys24 HWRE S A I HL ( Bertin, 5 [ |, 766
5 PCR Y ( ABI StepOnePlus, EHE), EHHE
UK B ISR 48 ( BIO-RAD, 5 1) | 3 2T AMBOB Ik
BRAESGE (LI COR, L) | fif i 4% R s £ Al AX
(Thermo Fisher Scientific, 3¢ [H ) , £ ) gl Fr L
(Thermo Fisher Scientific, 3 [® ) , ¥ P 24 2Lk /K
LB AL, 2 A 3h A 8 U) 7 HLA A sh e @l
(Microm, 8 ) , B # (50) U1 EH 3 Hr
{X(Olympus, FIA) .

1.2 Fi&
1.2.1 Zh¥)ordl SiEm

R BRI N PR SR 1T e PR AR T B A
BEALSY M IE 4 AN D-gal 21, BE4H 6 H, &% X
kY D-gal 0K BT HRAE H — K B R 44 D-
gal (150 mg/ (kg « d)) , IEH 205 R SR T A A
PRERK JEZE 8 JA, S IIA] WLEEA2H R BURS #if
ARAS, ARG B AR,

1.2.2  HfEsssR Kab et

HK-2 4 jfd 1 7 10% FBS i) DMEM/F12 }55%
A 37 °C 5% CO, AMEHFA N RFE, H,0, 1E
R T A AR AR S i A
HE 17 BE W 5 ( methylthiazolyldiphenyl-tetrazolium
bromide , MTT) 545 , 27 SCHk'™ N 25 925 H,0,
IR . BEIEKE HK-2 4145 i 4 Fh 75 LAk
TR A B 80% ~ 90% J 4y R 3 Ul a8
40, H,0, 401 H,0,+ S100A8/9 I 5] PAQ
(H,0,+ PAQ) 4, PAQ ¥ A 50 wmol /L™ &
23 S AL, LR 48 h,

1.2.3  ZEE R 5 PCR(qRT-PCR) 46

BBUE R BUE 2 fd T TRIzol 54 HROK B
BFZHZLE RNA JF I8 B RNA R FNSEEE R
SR &F mRNA 3% 5% 5% eDNA | fifi ] SE i
PEGE R PCR UK cDNA #4174 34, L) GAPDH

VENARES BESEAT AN 2 1, SR 27" BT
KEEFAL P AEE H P EER mRNA FHXF R KK
Vo BERGIYFIHm A TAY TR (L
) ARRAFIRIIFE R (ER 1),
&1 qRT-PCR 51975
Table 1 Primer sequences for gRT-PCR

mRNA £ Fk SIFHI(5°-37)
mRNA name Sequences of primers(5°-3")
F:TCCTGGTGATGTCCGACCTGTTC
p21
R:GCGGCTCAACTGCTCACTGTC
F:GAGGGCTTCCTAGACACTCTGGTA
pl6
R:AGATACCGCAAATACCGCACGAC
F:CCTTACCATCATCACGCTGGAAGAC
p53
R:AGGACAGGCACAAACACGAACC
F:ACCAAGTTCTCTTCATTGACCAAGG
IL-18
R:TCCGGGGTGCATTATCTCTACAG
F:ATGAGCACTGAAAGCATGATCCG
TNF-a
R:AGGAGAAGAGGCTGAGGAACAAG
F:GGCACAGTCAAGGCTGAGAATG
GAPDH

R:ATGGTGGTGAAGACGCCAGTA

1.2.4 SA-B-Gal Juf2,

W BT Y K BB H 2R VKR U0 e, R R
Ul A5H SA-B-Gal [# @ ¥ [ 30 min, RFLLLFE
S HALSUNE, H PBS FEAMEE T, A
SA-B-Gal B, PR EE BB £ B 1k 2% %, 37 C
EE I, S g R S OGS B U T SR
HEOF A 5 2 20 B L 131
1.2.5  REE DIBEAH TR bR I

W25 2H R SRR I J BB, 3 5 1LV, 4% BRI
) &t B A 0 T4 A 3l AR AR 2 B ORI K BR 1
A R Z A (blood urea nitrogen, BUN ) HI JJL i
( creatinine, CREA) & &,

1.2.6 ELISA #i

A28 2H R BRUBRR B I WA R B AR A IR £ ' 2
Z1E TARIR S BT AL A I 2400 | 4 i 28 4 1 &) R
F 6000 r/min 5.0 5 min, B H FWE A, AR 45
ELISA 327 0156 B e 0 4% 28 K BRUYEF 2 2 1
EALY) B AL ( superoxide dismutase, SOD) | 11 %8
1k & B ( catalase, CAT) 2 e H Ik i & AL 9 i
( glutathione peroxidase, GSH-PX ) F1 N — &
( malondialdehyde , MDA ) J& 47K -



[ SE S R 2025 4F 6 H 58 33 55 6 ] Acta Lab Anim Sci Sin, June 2025, Vol. 33, No. 6 827

1.2.7  REE HLH
species , ROS) 7K

K] DHE e a3 3 5 fif 1) R B 2H 21
VKRV A, FHBCAF 9 DHE ¥, T 37 CHROEIEE
20 min, PBS Fu/r e T, TR 4 6-—
JIRFE-2-FKFEL 5[ W (4 | 6-diamidino-2-phenylindole
DAPI) I, BEEIFE 10 min, 7E2EE B s T W
£ fdi Image-Pro Plus 6.0 A5 B ROS R 3K
K
1.2.8 Western Blot /34T

B B R BUE A TARIR Y B L A
fite , AR AR R & B B EOR IR IV A BB A, JF
MFEA AT I E B, ISR 5 25 0 AR
SR TN A T P e J P, UKk 0 15, I A 0 A i
PRI K BEIE I 1 2R e B B I IR 4T 4E R
LT 3% 4 1E HEH R h =R E A 2 h,
09 5 % B4 B9 Collagen I, a-SMA | TGF-B1
NLRP3  Caspase-1/P10/P20 Fl TL-1B 2544k 4 C
MR R, BRI 2P0, 5O kR
ICH —PIERIFE 1.5 h, PRI 24000 ¥,
B E T Odyssey I ZLAM AL IHOE UG R 50 Ltk
178 FE s, Rl 25 H A8 1Y Rk KF-
1.2.9 REUE B4 UL

B KB HLVE T 10% hE P b EE 4
AR AR PR S AT IR KRR LD (HE) G
Masson Je {0, W22 B H U A48 4k, 1 FH Image-
Pro Plus 6. 0 BT FEA S 24 4E A e
FE. BHNAYACREE = BIRAF 4 G R
B/ B HL B x 100%
1.2.10 HEFOLYf

P U) R 5 T, 28 BB 2R I i 3 P
J& , iR B (9 S100A8 1 S100A9 Bk T 4 °C
JFE A, PBS YRS INTOE — 81,37 CHEHE
1 h,PBS ¥Rk, WM DAPT E a3t R, T2t
A AL, ffiF Image-Pro Plus 6. 0 X115
B 441N S100A8 F1 ST00A9 F FHPEF AR
1.3 SitESH

v s 45 R ¥ SPSS 22. 0 Fl Tmage-Pro
Plus 6. 0 3R A1 7 A0 B8, B0 LAV 3MH + brifE 2z
(x £ 5) 2, A RIE LIRS A ¢ K
ZHREBCR AR 258, VP <0.05
2 B BENE,

P %8 ( reactive oxygen

2 #R

2.1 D-gal ¥ KR BHALATEZIERMALRFIE
FHIRMm

il 1 FrR, D-gal LSS 8 )5, 5IEW
2 HH, D-gal 2H KBS 2140 SA-B-Gal Ge (ot ¥
KA WA 0 BE M X 8, 4 R s AN i g 3 i (P <
0.01) ;3F H D-gal 4 KR 'E AL EILH p21,
p16 F1 p53 mRNA FRikH W EFH (P < 0.01),
HE YL (o 25 5 B ) 1E % 41K BB /N Bkt #y o 2%
THMT, A MUOE SRR, B /NI R/ INE 5 B /I
B R, LR 2 2544 S # T D-gal
ZH R BB /INER TR R AS R0 522 30— 7 ) 22 4
R R B /DN S Js 4 O /NS A T A DL Y I
WO, AN R G 145 , HED) 2% 6l Masson G4 @
R IEH 4K RUE b i R LA D £ iR B
%, D-gal 20 BRI A8 S R 2F 24 Ak 20 2 T FHL
KR AR B ME (P < 0.05) , DA L4
FFRKI D-gal 2 FERTRINAES KR =L,
2.2 D-gal 3k R % Ih 88 i 4 #5 #5 ( BUN,
CREA) By

PE— A T 1L BUN Ml CREA A9 &5 i
DIPEAN K BUE D Re 16 O, 5 1 % 4 th e, D-
gal 20 K BUIML7E H BUN A1 CREA & & & E
(P<0.05), KRG =EFEKEE/NKIELT R
( glomerular filtration rate, GFR) 5%, B T g 32 i
TRE(E2),
2.3 D-gal AR BHLAMANIEFR ( CAT,
GSH-PX.SOD MDA ) %20

{1 ELISA J7 6 I B 20 4019 SR 1k 1
WK, 5 1F 8 20 A, D-gal 4019 CAT , GSH-PX
1 SOD {G M B3 TFHE(P < 0.01) , MDA Jfi 4
HIn(P <0.01) (K 3), VL E4ERFEH, D-gal iF5
SREBE =R EHSUNPUALRE FIRFAIR,
2.4 D-gal X KR BEHLE ROS =AM

BB R R BB AL 2K 7R Y R 5 4T DHE %%
(K 4) REEER BN, 5IEFE A A, D-gal 41
KEE ALY ROS FRBIEHM(P < 0.05) , 4
NE RSN AT ROS,
2.5 D-gal ARBSALRFEUXBEEARIE
KRN

SIEH YL, D-gal 41K BUB 4 rh£F 44k
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Figure 1 Differential expression of aging genes p21, pl6 and p53 mRNA and histopathological

results in rat kidney tissue
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Figure 7 Effect of SI00A8/9 inhibitor PAQ on H,0,-induced renal senescence model in vitro
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