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T, HESh Z A BRI R . I PR 257 5 R IR P 25 W 5 SR K R P00 B s 1 Kk
B RSHEIR YT AE S 2y Se a i AE EE B AR

@0®
&/ laFE S SRRAEEN
N 3>5 ZRERG) LA

(FERAARIBiEEFHFARK) (REPITERREERIEASLZE)

[ 25 B 2 R W R R R B UG . bR . AR BRI IR 25 5 R 25 1)
SR E A SR SRR . 51400 T [ A 24 S U R KA A o [ IF S50 ) R B 24
DTN GBS I E MO AR R TN Ry B PR otk g . Tz G Esci . 1
PERR R 25 BRART S N Rl A K e

PAE

A | T

06/ IERBHZSEMMEE BT
e
(FEHEFLE EERKEERHEHE) (IFMEMKZARREIRKIIE)

JUNBERER AN ZRRIE K IS . g . B Rha M SR R i b SR e, T
PR 252 5 R 2 U JE AN ite . 38 3 2222 9 Sl R AL e S SR R T 4 BT A 2
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[ Ay fif R I 2 MRS R e PR T 245 [P AT o B 22 A B A . S I 2 O 00 8 B 8 Y 5 9 B T 52
PERE ., BRER R /R AR ATV MR SR Rl S ZERT 5T 5 I PR A S B . R R R 20 1
WRSHREURE . U R ARG . BB KAE, TE s 2 TR B L3R, AR p
—BHEBN I PR 24 27 55 RV 2 W) 52 SO BRI S e AR BRI A A 15 53% . or RHRR S R e 2 it
SR PRRR R — DA R [ R 25 A Sl i 2 R

KRB SE A W EAE 5. T 21 H B4 12 PR3 |
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L 0SEEARTEREY S BRAES L ERSEREAHE

ERLERTT MR R s R A & E R T 5t

B Bk EAEY ESFE B BER
JPHBERIR S Zy2E e, T VE R T 530021

2. BEPR% (Diabetes mellitus, DM) 2 —F DU LM i I0BE R REAE 1 P9 23 DA 4G 35 7 9%
Wi AR DR B LT R SR SR8 1Y ™ e U B AR R A A e . TR R BT BIAR 2 L
VER R 25 BRI A ROy, JRALTF (Polydatin, PD) HAHIR . Hré b, HoM Fde e iy 25
R AEYITEYE . A SOOI PR AL VR T PR ST A B9 VR I AT ZE AL, X 1 P S AR DG 53
fremesg, BRI ZRERNAME M M H I KOE 1Y B8 S m PR FH B2 (3 AR 40
IR HIF Ry I 2%

OCHER] . RAL PRALTR s MERMG; BHIRIEE s DR O IR

The role of STING-DLST axis in regulating mitochondrial protein succinylation

in chronic inflammation and fibrosis caused by diabetes

Li Gao, Xiaoming Meng
"Inflammation and Immune-Mediated Diseases Laboratory of Anhui Province,
Anhui Institute of Innovative Drugs, School of Pharmacy, Anhui Medical University,
Hefei 230032, China

Mitochondrial damage is a significant factor in the progression of chronic kidney disease
(CKD). Our previous research identified that STING, a mitochondrial DNA recognition protein,
is closely associated with kidney inflammation and fibrosiscaused by hypertension. This study
aims to investigate the role of STING in diabetic kidney disease (DKD) progression, particularly
focusing on its interaction with mitochondrial protein succinylation. We conducted a
comprehensive analysis of serum metabolomics in patients with DKD, examined renal biopsy
samples via electron microscopy, and analyzed single-cell data to assess mitochondrial damage in
renal tubular epithelial cells. Additionally, we constructed db/db mice with renal tubular
epithelial cell-specific STING knockout and type 2 diabetic mice fed a high-fat diet to evaluate the
impact of STING on DKD progression. Our findings revealed mitochondrial damage in renal

tubular epithelial cells and elevated STING expression in DKD patients. In animal models,
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STING knockout significantly alleviated the progression of DKD. We discovered that STING may
interact with DLST by single-cell data with mass spectrometry results to explore the potential
interaction between STING and DLST, and its involvement in mitochondrial protein
succinylation. This interaction appears to play a crucial role in mitochondrial protein succinylation
and transducing mitochondrial damage signals into inflammatory signals, exacerbating
mitochondrial dysfunction and promoting DKD progression. Our study proposes the STING-
DLST-succinylation axis as a potential therapeutic target for DKD.

Keywords: Diabetic Kidney Disease; STING; Succinylation;

% B B H 18 3T mTOR-TFEB-GADD45« i# B £ i fh R E 7 181 IS H i

EPET ORREBEHS O RFWT OERNG skt
R R A A A e B U LB R BE . 5L, 430016
S B2 R 2B, I, 430065
BRI R B B 2 B IR IR BE BE B, I, 430030

o e sEdl I T A B AR A S e M IR YT . SR VE R 2k (TICND
RARR, fEEE, HETIERMS IS AT G TICN (259, B s i g gy, H
FEOGVER SR T, FRATHT IR & 8 /A s TICN, (HIHAE FHLEA 75 . A
i, FRATRTIABESE & Bt 7 25 5] o] 38 2 7 ) TFEB-GADDA5¢ 38 i 1 580 TICN, HAY. A5
B R A E A BOE TFEB-GADD45 o i P& k3 TICN, N =S TFEB bl k. &
Jo. A HK-2 g A C57 /N A TG 8 1€ 7% TICN, TFEB-GADD45q i # K H R i [ -1
R FN DNA 050050 . BT . fERPIANEAR TFEB LI HAE AS-TV 2% TICN Hig/EM .
RO FRATIGE T 8 W H X TFEB 882 fb /K 7 LA S8y TFEDB i 2 1k 1) 55 I8 A 25 192 1l 0
mTOR 52N, 5, @ mTOR #4307, ik mTOR 788 [ H 5 TFEB B Rk
PIMERT. G5 B TR A 4 10 2 2% TICN, b 5o 2 a4 TFED #2406 . BRI
GADDA5a FIK7K -, 30 A WE WA DNA $i405, 10 85 58 HH A nJ I 28 530 7 il o 5 ] 1) X 2 52
Wi, ¥ P F AT LR 25 BRAE FHAE TFEB w5 40 M A0/ BUrh B0 0 k. 2 06 P R AR 9 19 465 8
PR FE IR MG . (HAE R FIH mTOR {51k, mTOR #ah# % T AS-1V %t TFEB #il TICN
MOREI . 2510 SRR RM], B H @M E mTOR #7% TFEB-GADD45q i #%, Mk
e E X 3 WA DNA & 0930 VR, & 28 i TICN, ASBF5E R hy 8 B 1 1 22 i
TICN 24 T R4k .

35



th El 5 HL @, 2025 £ M+ = % S U
NCLX ZE 2 B {5 Fhxt Ca’™ 1375 K 48 MR (5 B 5 4

o H I

AR TR A7 R 2 2 g P 2 S At 2 B2 5 250014

AYEB# (acute kidney injury, AKD J2BIIEE SR T FERIGIRZE S AE, C B 25k
AR R, A A RIAYT B, PRk, BRI SR AT X AKT A R06 9758 S+ 53
L, HOBER, 7EB T Ca® ' il P A ZE 0L 23 00 o (L BN ML B . DA B AN BT HE AR,
IR M g 1 55 52 B E D RE . NCLX (PRS2 F g FD J2 i TAORLIR I aT DLl Ca*' (iR
o JLPAAET I A KRB HGUM AN b, B Zehifk Ca® ML & A, 7ERJrm.
NCLX i 3k 0] DA R Ca™" S, Xl 1 J5 5 | A6 Ay 48 L 36 T R 483 3 ke R 4P 4 . AR ECAE
JEH IR AR A LA R e AKT BT R RO FE i ARG . EASHESE, FRATTRI A THC, Western
blot Fll qPCR %5 2Rk Jr v & B NCLX ) mRNA J & FH R IEKEAE TR, g T AKT /)
UL R SR T . 1eAh, RS /NEIRSE (acute tubular necrosis, ATN) BFifti]
Hr, NCLX KBTI FERSNF RSO R 2R S0 . VR R B S 1 — 2D 0k T BRI, X
SR A T NCLX 75 B by JEali A 6 00 . B 7 NCLX 5 AKT BYAH5CHE, iy NCLX
25 AKI LRI B HEIESS . juAh, FoATT & B NCLX J& AKIT % A A J o 7 v 1% G Bt i 422 1K)
T FRATFH NCLX B /NER M RBR /N R . IRl THC, HEE et & qPCR A5 2Rl Jr i
HESE T NCLX fBr e AKT G B IR A28 . MR T Sobifhaifs R Zekifk Ca™ 4k, 78
&4, JEid TUNEL fl Live-Dead J4 a3iE52 NCLX i 23K AT 4% SRR 52 1) HK-2 1. LA
SR EW, NCLX 78 AKT fr 2 LR 4P E AT, W] LAS /> ROS AR . 3006 SR (4451 0 K 4t i 3
T2 & AKT AR AR b 1 E5 R A8 i GBI R 7 . BT 9 ad i Bl NCLX 5 AKT BYAHC
PE, 24t T NCLX 225 AKI i B IR . i 2 80 S5k 58 NCLX 78 AKT th 2 # R  7E
P2 B NCLX W4 Ca®' RSB IEIE T . S AKT BT3RS AR YT S0 87 4 R AT B

JefE] . AKT; NCLX; £Riik; Ca®' Ji

P B2 20 B FUTS &g Bk X 1B 8 51352 497 9 =2 Wi e 40 25 AL Rt
&k RTE AR
R 3 B R B B — e e PN R
F AR YR L Fued SERRRS VR ER /NS R IR B 40 FUTS ik [ 7
S50 X 05 45 ) S B FT RE RO BILARD o O ik 1 BN B A MR S A Cre SR T R
(Tie2-CRE) Sifi2H At d g FUTSHox/ flox /NEUELES 2458 FIM cre/loxp BAHRER S
145 TN Bz 40 Fue PR SRR /Nl (Tie2-Cre; FUTS™ /o, CKO), D B4 Wikt
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[ (PCR) Xf HAr/INELEUR gDNA JEH 17458 s @FIH PCR 254 Sanger U7X /NGB 4120
gDNA GATHHEN T . Kl Fur8 B R RBR IGO0 O 6 WA €35 XX Tie2-Cre; FUTSflox/
flox /N2 FUTS Bgis A TR s @Die /N RAS A K B B TR AR b, 2. g B[] JoT i
A, BEE 810 il FUTS™ /N & CKO /N, FIFHIFER (FA) 8 i 9 5 il % B 1] 5 52 495 8h
PIRiEL, JI T FA SR 7 K (TD), 28 K (28D), BBUNRINIE . IR, WHLRA, 3. F
FHWVETR FAGR . DR X AS [ 2 /N BRI 35 LEF (Ser) KIRFE A (BUN) #4757 f A I 5
KF PAS, Masson Yt 5% B 24U FREE K s A S yge 4l Ak e 0 J2 Western Blot 5256 75 46 )
BHL AR bR . RAETEAR . B /N T B 40 A o3 Al s b R DY 1 200 B 2 o3 AL A6 1
DL PISK/Akt {55l gt (PISK. Akt, pAkt) MUEINEN . 4558, 1. RERRKA %L
SE . Sanger W B F IR B0 BB MRS TN A 25 AR, 9 B AN S Fue L i/
AR, Z/NRAR IR B, A KilhZ S FUTSHlox/flox /NRAHIT, 7T LA FIR 2R
5%, 2. FUT8™ /N5 CKO ) SCr, BUN JE25%., 7D, 28D A FA #5475 45 1 B
5 FUTSflox/flox /NEARLL . CKO /N3 /5 178 LI PR R BUKF 53 TR (P<<0. 01) 5 PAS,
Masson Jog HLY (0, 7 B /NE 073 Je 4 oK AR FE 22 ik Sz 2 Ak ¢ Western Blot 259453 Hr 2 W] 42 i
IR R . LFARLIRARIFRERS 2 ek s N M ok, /N b S 20 L A 4 A T R W Nl il %
(P<<0.01); PI3K/Akt {55 A OCHEE . PIBK, pAkt (y3Rik B FEAL (P<<0.0D) ., 45
ANER N B2 A0 Futd 56 AR SR m bR A S i /N BUE 3 4B KR F . /N B 40 Fut8 6P m bR
A LA B R BT 4 4 1 R v N B LA Th e L DR RORE R L HE G A A A R T A W DI RE
P 2 Fut J PRI 1] i SE o 3 ) PISK / Akt {3553 K AR08 0% 4 o 1) S 2 Ak Ak

i T ik B E B/ NE R R LML L H 5iaTT R =

PO XZER ORI NERT RS W ENE MR B R
PP BERIA L TP 530021
PBERRAZ S RIS O A 05 . S 530021
PTRBERRAEEE S TSR R SR S T 530021

BN TR REF AL (TIF) 8B (CKD) ik 3 2K 1B 2808 A% O B AE,
RIEW B RAE AR SRR RE R h 5 2 AENL ] . ZORifk F ik (Mitophagy) &4k Rk
RS HIRBEDLH] , EVE BR 2 AL, PP RE B AU 5 JAE SO . A8 TIF Hh & 4% XU i 47
VERT — & BEVTE T SE G LT AL . ok B YT DU A 450

AREER R G AT 25T 8 TIF (Tl —— ZobiR Fng. DF5eskm] .

LAy G, MR RPAERS) i #iE PINKL/Parkin, Nrf2, SIRT1
SEIEHE . WS F WS, DR A 1 JAE S 5
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2. BTl (e SE R, L HIKE T, W% a B B FEJEE AMPK/mTOR,
HIF-1a %55 M2, B LA (MQO) . 4l TGF-B1/NF-«B fe£F 44k .

ARSERIH IR rhey-2oRifA B aEd (MQO) -TIF” Z4EJH#AHEL . rh2bidid hlal i
TR A (ol Rl /025, RN 22 S AR (AR R A . 52
BN /N L B A RE A . SRR ST AR AR P IR ZE TIF dEfE . X —HES B Ui
2yE CRERIRTY R S SRR A B 2 YR B AR AL SR . AT A ST R CHRIERETR T B
Oy AERIHR AL T AR A . P Z Y SRR T S AE I TIF SRR h 2Ok Y
TR —— ELF AL RS LR R (1 TS BR S AR Lo, R R o B2 ) e 24 5 g
SN . AT B IR P 24 B X LW X B B 25 S ) JRIBIR o R R 5 4 R i s [ e S
LR R S 2 AL BOR . AT 2535 PR FE AN R TIF By BOG ki iA B g S 5701 (14 30
AV N, REHES) h OB AR R B IR R W B R A A Lok A R
EBCRANGT TR e i v 24 SR DA g WA 28 [ e R T B9 #5246, i CKD B8ORS HERT 6 5Tk
PRGBS IR BERS BIRIHT T 5.

TR MbEA S EH NRAZ T HRETT MRER &R M EEIEKRT S
BEEIT
BN TG BEBE 252538 1T #iJH 121001

Hi: iSRS A MMELLZE (chEPO) JESHROATT 4E85 M i B (MHD) &
B IR H I PRI RO 4k . 5. B BERET 132 his REE. IGPRZG M T AE S LA SRS CF
P M WiAR ) Tl 4 3 e o BRURRS N 7T I = P R B 2024 4F 2 H—2024 4F 11 AEEWEHT2
T BT 22367 1) 100 491 100 Y 325 AT B 14 2 00 AR A I FLSCAE 3 2 BB T I PR . AR I
PRIEAE G A4 P 102 B B PR 20 100 1 D7 3 R O B0 0 Bk 2 I AR R A S 4R, B R REZE
(50 N FIUEEAL (50 N, XFREAZ T E A NRLA R ESR A ZIGTT . WAL 45 T 2 1D m A 3k
AEANEBARFSRHABATRYT, BEME =N, WED VD E & T RO R F
WHARYT MRGENT BT RO . 45258 1E3RYT IR . WERLHIRYT MR RCR & T X HRZ, P4 22
SEAGEE L, MEHRF NS (Hb, RBC, Het) AKX XM, Mm%
HAG 2 X SRS R (SF. TRF, TSAT, SI. UIBC, TIBC) /K&¥-MEH T
XPRRZ, Mgl 2E 5 B Geit 2@ s IF HWARALIRYT E R R RN B & A AR F X B, 458
YA S EANRLL R EGIRTT . W B EUCE B R 2 S E RIS ERe. IR
WRRACHADC TR AR bR, [FIRTER A 2GRN AR R O & AE R, HIRIRZ 2tm. B
A FA R R FSHRYT B B R BRI T2 A AR LT R, & —Fh Ay
M RIGYT 58, HoA BB IR N A E .

S BERN BRIl EAAMLER; FEhR; AR bR
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EMARZEITHEGE BNIP3/Nrf2/GPX4 18 B 310 ) R BL 30 & (&
FEHE/NE ERAMmEKIE T

WIRES HROR' MRS REAE BB EMRA MR ks
PRDUR TR e Rkar SRR WAL 430023
CRDUR TR shyRhae 58 R TR AR WHERIL 430023
AR R AR BOR B IR 430070

Hi: MUREREEIA (monosodium urate, MSU) S5 /INE I Bz 4 %% A 98 T S L
MU, FFEEIEFRITAKZE (Diosmetin, DIOS) i id i #% BNIP3/Nrf2/GPX4 i B0 Hl At
e LUB/MVE FAI (Human kidney 2, HK-2) M#FFEXT4, WIEH4H . HA4H (2 mg/mL
MSU) . Erastin 4 (Erastin 40 pM) ., Fer-1 4 (2 mg/mlL MSU + Fer-1 0.1, 0.5, 1 pM),
DIOS 2 (Erastin 40 xM + DIOS 10 M), DIOS #H (2 mg/mlL MSU + DIOS 10 M), &4
MfFIE# . Fe*' . ROS, MDA, SOD, GSH &, & MELR RIS, WB/RT-gPCR
KR AT 80y 15 WIEW 4L, #AI4 (2 mg/mL MSU), DIOS 4 (2 mg/mL MSU +
DIOS 10 M), $2H0 RNA B s i o8, R4 24 B2po G JRIR TR B . RSB T e DIOS # 63
BlEE, Venn BUCHEM S, AT TFxHE: WIER 4L, A4 (2 mg/mL MSU), DIOS 4] (2
mg/mL MSU +5, 10, 20 uM DIOS), Fer-1 4l (2 mg/mL MSU + 1 uM Fer-1), {ll%E Liktk
Fr, WB/RT-qPCR £ il BNIP3/Nrf2/GPX4 i % £ ik, 45%: 51E® 44 th, MSU 44 fil
Erastin AR 4HMIAEIE 2, SOD K GSH R EF#(%, Fe’" . ROS, MDA & F &, & o R
LA, System Xe /GPX4 HEHRIATFE; Fer-1 8¢ DIOS A% Fk$ifs. #skdl. M
T K TR s MSU ikl BNIP3 2635, DIOS | BNIP3, H BNIP3/Nrf2 2 DIOS #%
FERE S, DIOS (5, 10, 20 M) ¥ BE AR H61 Hb 2 = 40 I A7 35 >R . SOD A1 GSH & i, B#AIK
Fe’™ . ROS il MDA ¥ ; BNIP3/BNIP3L/LC3 1l /LC3 T /Nrf2/HO-1/GPX4 % [ J 3 # ik
3. 458 DIOS g i 8 BNIP3/Nri2/GPX4 {5553l J 10 50 40 iy S84k B iRE F1 . 33kl
BRIET-M A, % MSU 30 HK-2 giafii 6, i & 38 Biia R TE B Ve .

KA. FMARE; RS #3617 HK-2 40fd; BNIP3/Nrf2/GPX4 i i

AR R8T PINKI1/Parkin i #1858 Ze A {8 B 41 5 4T 4E (L B AL HI B 52

P i WA Bl SRR AR RGN
HARERIR MR AL A KIRBE e 2578 . Jbat 100070

T EH R B LT Al 18 1 B s 1 8 pAZ O B, E D IR R B = A ROR YT TBL. A
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WF9E B AERRTT TAK J0 il 0] 2 ] 8 Je & 753 3 45 PINK1/Parkin 415 (9 2 b7 4 [ 06O 2036 ' 21
Hefb iR, IR HER AL SC B0 Ak 4 . DFFR 455 . AW 58 R F I 2% 24 B 2 55 SC 0 B0 IF AH 25
B9 W%, B 4¢3 3 PharmMapper Fl SuperPred 4 0 ¥E ) 94 N nl B R EHE S, 5
GeneCards, OMIM #1 DisGeNET ##i b 6421 4N £F 4 b A L FE R BUAS 4, 345 285 3L
EF#E AL, GO F KEGG BRI, X SLill i 1 35 5 48 TR I . BRmR k. AR [ i i
¥ FALRIBU N R Y B, DA R IR A . . SR AR o T IRE. RN SEER A
A RE S L (UUO) /PR, 45Tl (4 mg/kg M1 10 mg/kg) T 7 K5, it
I35 ARSI & BUE TR fE br i B0, AZURB2EYe 6 (H&E, PAS, Masson, Sirius Red)
R B R A AR B B s, eSO Y B UE SE AT dE AR R ) TGE-3 FEF4kif s Rk
TR, RAMSEES R A TGF-R 1550 HK-2 4L 2F AEALBIRY ,  5 A 25 Je T Ak 34 AT 550 5 AR 68 2 i 41
il - Ak, BRAG o« SMAL BFER 1 T L4 R (13635, R L B R Rk,
MURIBFZE R0, 2 al 52 BEfs I 2 0% PINK1/Parkin B, HamgobiiAk [ mgid v, s gopik
e, EEEE. B EdE s . UUO BRI i i LS & 2 40. 92pmol/L, Al Rk, &
FIHEE2H 20 I & 29. 52pmol/L Al 19. 30pmol/L (p<<0.01); JRZE A M 100. 5 mg/dL fEZE 62.3
mg/dL (p<<0.01); FRAEFIM 185. 6 mg/24h fEZ 102. 3 mg/24h (p<<0.01), #KFEHF TNF-q
M 137.15 pg/mL [ Z 80.12 pg/mL (p<<0.001), IL-6 M 84.54 ng/mL [ FE 43.65 ng/mL
(p<<0.01), TGEF-8 M 30.05 ng/mL B % 9.07 ng/mL (p<<0.01), KAz, 2 a] % e ffi
HK-2 4 s ROS 7K M 13. 01X 10" BEZ 7. 86X 10" (p<<0.01), ATP &M 0.41 mmol/mL FF
% 1. 38 mmol/mL (p<<0.001)., 4rFHL#I 7, PINKI il Parkin mRNA 154391 3 40. 77 %
f166.50% (p<<0.01), LC3B-II/LC3B-T [LfEs 2. 3 £, P62 & AR INSE ., 2518 AFRE
PR BRI Je nl il i s PINKI/Parkin /S AOZRRLR A, 10 2 0GE B A 4efbit fE . Rl IR
PEPE B S A B VA B A TR BRSNS AR

GPRI83 BTN E/NEF LS XK Stopwatch EGWERRHEBEREAREES

i

AR A2 Al PR 2 e R~ FE R 25 B PR 250012

SPERIRG (AKD J2—FP RS DhRE SRS R O 2 2R R 19 HAT R A R FIAE TR A 3 UL
HER - TSR ARG A I B BE . 220 N BB A M A SR IE NI VEE S i B, T /N A5
FTREIKSIE R . PE B . B/MVE LR (TECs) #hife G2/M ], WAk
LB ELT A, i AKT [a] CKD #Abr) SCHEak s R . ik, 1#i AKT J5 TECs 2 HL
XTFIFRA BRI ik B RE S, Rttt k. G EAMEZ IR (GPCR) e 20 Ml & 39 94 4%
TR CHEVERT, H2 5 40 i JE S BEL A 14 G 5 GPCR WA J O AE LRI AN i 48 . GPR183 J&
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T 300 2 3040 A A JEL 1 st B LR A AR ) GPCR 2244, HOIR MR SR IR 7o, 25-OHC, it
GPR183 J8J S A I [T s ] fi2 2 516 0P bk 20 40 A 1 bk 2 2 20475 3 T 1 B &5 W 9 S vy, (R G
AKI iy R T RE M A BIAG . A58 A A IRT, UUO BRSNS th GPR183 K H
BCAARA BTt R [ P 25 24kl CH25H Rk 3 Bid, 78 ATN B35 B iEK U A, GPRIS3 3£
R B E, EARAL, B AR E A (OGD/R) 255 K TGF-B1 #il# HK-2 41 i1,
GPRI183 [FFESRIA B, FiRZE R R W] GPR183-4 H Bid 138 B% vl it = 5 AKI-CKD & JEi#F 2,
H T it — L8 IE GPR183 78 AKI-CKD g i R #EMVER . FRATHE T GPR183 B /INVEHR i
BR/NEL, & B0 GPRI183 RibR vl W i tieat UIR sCE AR /N BB B ERL . S8R S g o £F 4EDTAR L
M. U, FROTE ORI GPR183 il Brarrestinl S54E E3 12 R HHF WWPL, 3 il
PLK1 Wz RZALEM . BOE L FlEA 22535 Stopwatch Z 454K (53BP1-USP28-p53) HYIE I, i
75 S AU R 45 i A2 G2/M L JFH X Rl A 22 43 24010 A5 1 45 F A A M. i ] GPR183 5§
PLKT 45 5 P 1 580t v] B S 9 DA 2253 %4 Stopwatch Z -G W E L, 2% UIR 51 ry B JIE
LA AME , S2ff AKT#ER Ry CKD, A5t~ T GPR183 LEUK A7 2253 445 1115 538
PSR OCHEVE T, SR 81 GPR183 {5 5 [ sl m] il R BH 1k AKT i & iy CKD i 1816 J7
W
KMt . GPCR, GPR183, %A LAHEELACHT, AKI-CKD, 4245354

T E T/ IME FXR NS E/NE K ARSI R
R XPRED KR BRME RS R R
PRIUR AR ERE . IR NGRS Be . iR ERB R AL, ER AMAEER
AVEARBUTTE R P, BORE R R R F R s, WAL, 4300715 2. sRIUK#
LRt BE A B 25 B S . Wb, 430071

BBy At s /) B e 6 20 B B AR WP AU B R &L IR B = AR A F B, H
FERHERAE S B /ME B A Al (B R A LR A, REER AR (FXR) AR
H— IR SRR TR WEASE 25 B b A IR E ] . AR SCIMRSE FXR Al v
SR /NG bR A 0 BB . I RS M OB R R SR MRS . ks IR S
XF TE TR R B R RS AR AR A vw 5w B v R B B TS AR AT . HE WS IEIEAS ;s dr i se
SR BN RAE, HE, PAS, BIBEWAEIELS. M SCr. BUN FIER NAG B/K-F-16 1
EREIRE, JERINEIE FXR A9 3RIA7KF. M E B /NG bR 40 i 4 5 vk FXR @R /D B E
aav9-FXR & ak/ NS, b ve 52 7] B B MRS B/ . PP AL FXR FEAD 38 5w B dE b 9
e S 2 e 3 A Ath s B w1 S FXR B2 M 1945 5l %, JFal it qRT-PCR. western blot
K co TP LB 43 F AL . FXR Bzl GW4064 3697 b vw 55 w) B 8¢ M/ B, i — 2D R
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FXR VR R #8 a0 e 55 ) B g vEn v R . 4528 . At 5 5w B M i PR 191) B/ s BURSE AL v 14 4
BNV b R At as ik, ELAERE R IE FXR 2 A &% mRNA ZIAFRC. B /NS bR 40 s Sk
FXR G e At vd 58 ") 755 00 B /NS R 40 Zs vt Ak, 1B FXR b nl Wikt R i, % 5
M PHR 5 B R B A 2R B A B e B SR A G . FXR B it 4] Apelin {5
Sl fEE AQP2 BIREE L, R RE R RIRE T ITGAS 1y3Kis. FXR 807 GW4064
AL A e 5 R R R . A58 e SRR G FXR-Apelin i, 8 AQP2 {55, &
AEEBL S THRIK, IR E/NE bR A5 BEfg 3, B IBEE ki b B N b A0
ZS Ak

PARylation i#it RACK1 Z—EB{ 1+ & HIF-1a MEHREH 2 SHG

BT PREG ERE
LRER 22 Bl B 25 B2 BE 230032

AMEEBT (AKD JZLLE TR T BN R A 008 DI IR 25 AR, R AAEZ) 1000—
15 BE g b, 7 EAE M iR 3 PO R AR R AT 5000, BRIk, BAHA AKT g Ead A b i) S gt
PAPER 2R OF ) A XA T R S, 2 SR AKT A RUT 0 G 8 H bR, R ADP BB A4k
(PARylation) 2—FhEII¥E M. TEHE (ADP B AW 1 (PARPD) /5. PARP1
& (ADP B0 & (PAR) W) 12 X M4 Ws IR 2R R AR E AW dis, Xessg
GV HRETEY, DNABE ., SEEARE MU R e T SR . A Ao 3
KO FUIRER 1 AW, {H PARylation 75 2P B 53 4 Hh 0 A0 CHE TN 28 SUUp Iz e b, [
. AT % PARylation BBk, FREFAE 2 B0 Dy ag X AE AR, A B Tle
A R TR FR T AW o

AWF5EAE AKT AL L% 3] PARylation /K- % B, HiX—id # 3% i PARPL 44 &,
MdE PARP2, PARPS5a & PARP5b, PARP1 ik THm Al BRI N T2HAE H H3 #fizie 4 = Ak
fb (H3K4me3), 14h, PARylation /KBRS 1T AKL /N BB A L (1) B D e et . i 5
INEE b R A SR S B S ) S P F I PARylation, Al 8 4% £ R KA S A0 B IR RAE
FLN SRR T R AT . [z, [ (ADP &4 HoK#EE (PARG) 7] PDD i % i 3t
K152 (1) PARylation T, SN/ bR ity . MALEI Bk, WO k- Bk o 4
#H, PARylation FZ LA HME AW C Z& (RACK1D) I. PARylated-RACKI £ AKI
HERR AT R R HE A CHERME T . HGE A B B R AR RACK 222018 146 {7 S mEiefk, M
M5 R A & &AM, MK E R A5 7 1o (HIF-1o) FEMERYEHERZR . ST
HERARTIRE RS . BLAh, PR BT —F PARPL 2 UK #E ik &5 & (PROTAC)
A19, Hwlk TGN FIHRTG 5SS KINESES S S NS iE., MR T e
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IR PARPL #1315 PI34, A19 I T X B4 45 AL A5 VE T .
M2, T REETRAZ T2 2% T PARylation B30 X REA B0 % B, X
W PARylated-RACK1/HIF-1o il 3 N 2 B B AGI1697 B — A B 5 16 Pl A .

HEEBKS SGLT-2 MHFE T HE K7 BRI R L2 £ meta 5347

ZEASME ORWERE PNED? IR mERE EEESC AR
FEM REER ERW
UREEBERIR AT RE BB . K% 116044
PRIEBERIR I E S —BE R, K 116011

HE: RGP 2SRRI G- A W D [R) e a8 2 1 2 I RIRITE 7 8 R B0 97 38N 2
LM, T B R Pubmed, Embase, Web of science, Cochrane library, d1EA4E~.
HERIN . T T BAE R . ARG R AR B DO & 2024 4F 12 H AT R R EZE R R
WA -1 2 W O [ A s 2 1 2 SRISRIVATTRE s B A G SCHR . F 2 A4 RS N B 8 ST i B SC
Bk PRICEERE . IASCERBT A . R A Revman 5. 3 B4 T Meta 2387, 2558 mAY4A 10
R scwik, 3£ 1035 B, HARIRA 521 6. XFTHRZL 514 ). Meta /P25 R BoR . SXFHRLLAH
L, BEZERCARIR G SGLT-2 #1471 68 oo R s ' s |8 3 A B D g, BRI )R B A (MD= —
1.12, 95%CI: —1.52~—0.73) FIALEPLE (MD=—10.78, 95%CIl. —14.31~—7.26),
AR i 1 3 IR (MD=—32. 83, 95%CI. —49.19~—16.48), Wi/> 24h JRE & &
(MD=—0.44, 95%CL: —0.71~—0.17); BERACH, B maEn (MD=—1.10,
95%CI; —1.55~—0.65), 25 imkE (MD=—1.08, 95%CI. —1.30~—0.86), %&J5 2h Ifi
W (MD=—1.78, 95%Cl. —2.76~—0.79), MMM FEHEH (MD=—0.35, 95%CI. —
0. 44~—0.26); WHRRIE N, WD MIEIRFEN F —o (MD=—8.13, 95%CI. —10.76~—
5.49) . FI4IAZE 6 (MD=—6.13, 95%Cl. —9.73~—2.53), B C kM EH (MD=—
1.29, 950CI: —1.95~—0.63); PTG, W Hh=E (MD=—0.15, 95%CI. —0.23~—
0.06); (HXFFHE S/ NERIETZE (MD=—2.09, 95%CIl. —7.49~3.32), W/ KB IEEH
(MD=—0.20, 95%CI: —0.54~—0.14) 5xfHMAMLERLFEITHE XL, 458 594
SGLT-2 R 25 AH L . S ERERRA SGLT-2 4 51va Y7 /e B 5 el 3ot RO B i S8 1 B 2
AE. BRI, WU RAER N . IR, AR,

AREBEZETIHE Cx32/Nrf2 BB EERK SRS /INE EMT K 8 RF 4L

2 Bl BRERY

PTPHBERRE B . BT, 530021
FY: PARBRRZR (Luteolin, Lut) XHERGFR (DND F/IME I Bz-l s it (EMT)
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KR RErdedt. (TIE) (FER, I MBS AR o FOLH . 258 5 DN 411, Lut 2K
db/db /NEAAHE . ZS IR IHE (FBG) ., 24 /NEHREFER (24h-UP), BTG E A (GSP),
JHEE (TC) K Hh =l (TG) (P<C0.001~0.05), Fhih % B Ag & (i E 2 (HDL-C)
(P<<0.01), Mo HELHAVR B AT 44k, Lut BE T WL EN (FN) /o F NS
EH (oSMA), L FR58iE I (E-cadherin) /2R REEH 32 (Cx32) /BT E2 M
K+ 2 (Nrf2) /LR A A -1 (HO-1D ME A RBAKFE (P<L0.001), FEfL ROS (P
0.001), #&/~ Lut fek# db/db /NEUE BEBRIRAS . H0H EMT K al B 2F 4k, Jfs2m Cx32,
Nri2, HO-1 (8 1 3R 3k DL R AR A0 R 0K s AR AP 5200 o . Lut A8 7] 32 4R 08 1 b 510 )
30mMHG 35 5 09 K BUE /N B R A0 NRK-52E 400 h FN, o-SMA &35 K4 f (P<<
0.001), {&i#F E-cadherin, Cx32, Nrf2 ik (P<C0.001), [&fk ROS (P<C0.001), #&/5 Lut g
il NRK-52E 4ifis EMT KIRSEF4Efb . If5%m Cx32, Nri2 ()8 [ 235 DL K B AR A0 R ok
Ty AT (G55 RE=-7. 2 keal/mol) FI CETSA JIFSE Lut B4%E45 4 Cx32, mifik Cx32 i35
57 Lut X FN, ROS gyl &oxt Nef2 @9 EJEfEH (P<<0.001), #&78 Lut il B4 Cx32
W Nrf2 6. 2590 ARBRFZE L EIE N Cx32 Wil Nrf2 G P%, R g b mi. A il
BRI B /N EMT KRBT difl . ARDFRE AR R REZIRYT DN KA ) Cx32/Nrf2 fli #7245
RS- T S0 ARk H0

BEERERERERERESERSFRTENX R

A
HREERIR - M s 28 =R Bt

B A5 B ESIEE SR (CKD) A2 i 4 R/ 22 10 B RS B AR (46 B 2R
AL TGSV S A PEATE bR SRR TG B O, WIHH B R B S B0 BRI e Ak .
R AT SR L AR S JLAF 5 R i ANE .y CKD SB35 SR PR RS 732 S AR T T 41t
Wt . Tk WIBPEGA 2018—2024 4E TR B K IFAT H WA Y CKD 2214 68 f4i], Wb FELL ¥t
BhL RS (RE A, ARG NE A G TSRO KIE RS R . BHARSE R
& eGFR TRE=3000. FRATHA: BJLES RasE ™ (<87 D, IRREHE L (<<25008) %, R
FHEARI R 307 LU O R BRAR AR 20 A 25 )R 22 5, 3l 3 2 3R Logistic [l H 3R 51 7 fa s R K
ROC PG TMALHE . Foitpab3di ] SPSS 26. 0, W EMEBRE p<<0.05, 455H. 1. HE%
RES. IgA B (n=32) TR LA RIEm (35.620), WEEFRMER (18.2%, p=
0.021); HEFLPEEF/INER'EF R B FSGS 41 (n=16) #E4RI eGFR T =302 Hefilik 46. 9%, & T
HABEAL (p=0.008), 2. [HEIMERWAETLM . FEAEMBEMER ik (1500 FHR 7R (<84 D
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K 57.1%, WEETIHAKA (28.3%, p=0.003); 'BF/NKE MG NHE CLIES =2 4
() 254 S A o TR A A KU 38 3. 2 4% (95 % CT 1.4-7. 1), 3. 1@ P4 bR XCTE . (A B 2F 4k
=25 AR T LR A% (62.500) R F<2544] (33.7%, p=0.001); B/Nkigifk Lt
BRI 102, BEJLHAEME FRE 218g (8=-0.38, p=0.002). 4. ZHZEGH: B4
FEE (OR=2.94, 95%CI 1.72-5.03), B HMKLAF (OR=2.31, 95%CI 1. 15-4. 64) J CI¥F
5y=2 4 (OR=3.08, 95%CI 1. 47-6. 43) JE& GA R 45 J 1y B B, BRA Fl AUC 35
0.81 (UM 82. 1%, Fe5ME 76.500) , &5it: AMFFEUESE CKD A2 B e BEIE s P 28 Cir
AR, B NEA) S2EERIFRE (FRETEL. 57 SUHC, migrkiig
JREFYEfl . BRI L) ARG LA K S BRRUS . ESORE BT R P S Ha A 2 i AU T
flARZR s X e W R T HR s . ST R BRPE AR N, TR 2T RiIE .
OB . MEPEE RS, AEUR, B MRS ERA A

FDX1 iF#= R B #iE AKI B/NE k5 BasE e T

MAE i BRI
HREE R RS RJ 2 = BB

B MESFRAMMEAET—HFET- (cuproptosis) Je—FupiMgnfe ptestr-orX. Hir
C AR ML T-TEZ R H SV & B B0 h & 3EAE T JF B s Hh X 40 2B A7 A AE T2 i B 252
HREES 52T B0 kA & M AP HRIE . k. a2t s /NS | R AKT B4,
Wit AKTRPNANEI I RGO R AT ESET- 2 5T AKI kA 5K R, RH TTM 82457
BIT . SR HAE NGB P R R . 255 (1D FDX1 78 AKI & B A 4Uh Rk
ERE TR, BRSO B NS A K i ek . B A R AKT BE B /IME L
LR R 2 WA . K . BT 2SR . (2) T/R /NEUE A S P B R R R TR 41
B, UR/NEUBSBERSE T BEA 56 35 ] FDX1, DLD, LIAS, PDHB. DLAT, LIPTI, GLS
FORU] P, HRAET IR ZED] MTF1L, CDKN2A f mRNA Fik/K 0 R . #isET e HE
1 FDX1 F1 CTR1 ik B, (3) Cu2-+H1 ES 43 RTECs J5. Cu2+-+ES 21 LDH Bt
hn, A EERS N, RTECs Sifs e, HsET-A10CE 11 FDX1 A1 CTR1 Faksin. 5xf AL,
H/R RTECs 44 ATP /b, 10PN B340 el 25 5 Wk B 00t RREH 1 . Sl SE T A DG HR 1Y
FDX1 #1 CTRI ik, 5 H/R #, Ui#k FDX1 5 H/R 4 RTECs #ii i, LDH Bk
A, AREIEPERG N, (4) TTM #4 H/R AKI 5, 5 H/R 441, RTECs #ifiif, KIM-1
I NGAL FRiERAIL, LDH BEHs/D, 4HM0RE T340, 487y BT, 4RET-#H5CHE H FDX1
M CTRI £35S . 5 UVRAML, TTM 253097 I/R-AKT A B IR0 W] 0% . HsET- 41
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KHEH FDX1 Al CTRI RIX TR, 4518 HT LRSS AT 45 ARSI 75 5 19 4 g s -7 AKT
KR R e A T E AR, TTM Baa)7 m rl s sl L PR e i . X — R BB T
WA S AKT R R AR R RS UIAHSC B Al RERY T LR . JF 4R 3R AKT A Z AL b+ 1K
W FEE T A AR

K. HAET. SRR, E/MVE LRI, FDX1. CTRI. TTM

PRRIE S (92 WIS HE ACADVL HISRRRRS B AL AT
R B 45 L 01 F S LB 52

BRSSO RIS AR WINEAR BRI PR BT SR
"RTT ERLR AR AR R (BRI AR X S — AR EERD AL, Ml TR, 528300

HE: AL (VO REMEIG (CKD) B & A O 455 2 1 J 50T 1 51 2 AU A
. MBI (VSMCs) By RuE e /A 23K 3 CKD A6 VC By SCHEHLE] . B AENL ]
AR SE2 P, Lipocalin-2 (LCN2) j&—FfhZIhgsribiE ., 2R h A #ER, (AR
VC H R M A B, . ABFSE B 76 BB LCN2 78 CKD 126 VC o B9 /e MLl . ik Kl
CKD B #EBE K B KL VSMCs H LON2 By3ik . R s ds 2 5515 5 KBl VSMCs P/ KR
SIKIRAGACRIAY . i A IR /2 i TR B G AR s 4R A2 R D3 25 2540 /N RS AL AL il ik
FABEM . DT RNA, FURLE 3k FARASOR #E R ORI LON2 AKF, R A RENE, f#
PEFICA DB ARV E R EY CBREREENA 2. SHED AR EY CRE
M 220, B PRGOS & e PEAE P AR B . SR SR A 2 B T2 2 S At
YUUE- S AREITVE LA, @k BODIPY AT O Y@ iPfh gk, 455, ik
VC iy CKD B# e sl ik X s wab R K B VSMCs H1, LON2 3Rk i FEAIK. F2H LON2 n] s
S VSMCs A S0 IR AL K o34k ek LON2 Il s54k . 76 CKD /)N U554k
AR, RGBT 1Y LON2 o SRIK W52 F 3 ks Ak, e sk 5 8 1 B 4 2% 40 A Wlow
LCN2 BUS IR B4 L (FAO) K. i 2553l FAO AUMBIARSMGAL S dLiinE-
FE e FHH AR 45 G Co-TP 14y 8l ) 24 B0 92 36 45 78t LON2 5588 1 5 Wk 5L 5 Al A B 20
(Acadvl) fE7EMIEAER . SCUe%s B diF i LON2 F41 & (el ik Acadvl (8 IR ETE, BT
Acadvl Al RIS A6 I IHER LCN2 XF VC R R PER]. 4518 LCN2 il 5 Acadvl 254 3142
HERREE, Bk FAO, il CKD AH5¢ VC, AR5 R T LCN2-Acadvl-FAO %12 4
£ VSMC R AR CHEE % . i CKD AH5¢ VC iRy # At T FERE A .

S . ML, IRFZEEN 2, IRRE L. BREEBILHE A AR
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R EREIEZ=1E T JAK2/STAT3 #1 BAX/BCL2 1B 87 HE RBHB TR

XIHP R R REED EURA MR R
TRPUR TR A b SRR B 1 4bEI 430023
FRDUR TR ShrRhey 58 57 TR R WAL 430023
AR R AR BOR B WL 430070

Hi: MBfl@E 2 (Formononetin, FMN) U e AR I 28 4 R A T /K P, I 56 31E )
T fEZE (Formononetin, FMN) fEAIE o A4 0] JAK2/STATS 38 #H mRNA % 5% F1 8 1)
Fik, IfEEaHETR BAX/BCL2 (s, $#) 11-17, TNF-o Fl Caspase-3 [%) 5L [F % 5% Jo 76 11 3¢
ik, B RERPE T ACE, ik DIEA AWM (SH-SYSY) A5x4, wIEH
4, BRI (4 mM MPP ), JAYF4H (1. 5 M1 25 pmol/L FMND , Il 5 40 i 77 1% 28, ROS,
SOD, MDA & i, &S BB MELRAARIES, W H RT-qPCR Fl Westen-blot 35Kl JAK,
JAK2, STAT3, Caspase 3. IL-17, TNF-o. BAX fl BCL2 258 I 4056 F 19 mRNA %% 5: f &
FIZFEKY, FABmEFL SR (Caenorhabditis elegans) "I ERIEZX FMN TE4K N B9 1E A .
MPP " i 5 () B A 0 75 Wi FBeoF P2 L N2 R0 35 IR 55 T P28 L NL5901 A RU34 I FA5E48 PD. 4347
5 R, 1 pmol/L ) FMN 7] i 416 J1 4E4F7E 60 %0 4247 25 pmol/L i) FMN AT i i35 71
2T, ROS 528 rh, FMN G4 MPP' JF &5 ROS & & 7EM, Jf 2 =K #i k. SOD f
MDA 528, FMN fgB B a# MPP iS4 SH-SY5Y 4t MDA & 07t . fEZ kA mie
AEsEE . 4 mM MPP (4t (098G e as (236 . 20 28Ems . 8 FMN THi5. 206
DEICH WG, SROTOEZEWIRTT ., WB L H, FMN i 7 MPP 549 JAK2/STAT3 #%
. FMN B ERAK T SH-SYSY 4ied p-JAK2, p-STATS3 Fil Cleaved-caspase-3 & 47K,
[FEf, FMN T BAX, i BCL2, Z5it. 4S50 fgk dt 5 R W] FMN A] DL o AH G
R oc i Thfe . FMN ] 7 PD 40 ROS F1 MDA ({7242, 8858 T SOD By 3% .
FE T LRI, DT FRAR T 4B A S AL DL SO 8 7=, ENM AR HLRI I T MPP i S5 JAK2/
STATS R FGE . Wi MPP i SR RAEHIi . LAh, FMN K T MPP ' 4b B
PP A= N2 £k AR AR L, R T NL5901 £ Ay o Syn FUE, M LEK T X Bifh PD iR
B7fr. DL g5 RE FMN BA B G PD RIfEH .

SefA] . WAL FR; RIEERNAEE; JAK2/STAT 3 384 ; BAX/BCL2 #%; E4bWi; oSyn

5, -"HEH-4-ZB (DMXAA) i#id STING JE{R# 4
PLEI B E IS IF SR RE B 5

FRFEFS!  XIHfE A
"R ERLR A MR LB R B R At 210008

FfY: 5, 6- “HIIEHE-4-48R (DMXAA) AR —Fig a4 9. 1E P02 PRI N 1
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(STING) R ILZHTC R — b B AT 5 i) A B3R5 . mikE % STING # &3, DMXAA ik
— T B B STING #43h7) . AFFEdE, cGAS-STING i@ B HIH A5 7 IEATE S 10 2 1k
B (AKD, {0 STING #3h5 DMXAA 75 s #ad F v i U7 A A B8 . A 5% B 7
B DMXAA XI5 S0 AKT g EARSZ0 . 73 i i e i S0 LS/ B AKT A,
FEiE o 18 s 1 5 DMXAA #E47+H%. [FEk, B STING J B ik /N UL K 55 —Ff STING 3 sh
# SR717 LA DMXAA WVEHIr X, #E—20, sl 7 s 1 AR 22 00 B . TRAIRIEH R
FEVEFRTEENLE] . 455 . DMXAA 7ESCEIANAE S0 AKT R 3 T th NERHCHER: &
e EUCE B IIRE . WS/ NEB S AT, IR RAE RN . A&, DMXAA £
FZ WU Ab B STING 4 B B /N B b A7 R 30 s ok AKT B9 R4 VR . 3R W AR ISR T
STING . Mok, XFPE IR 7L DMXAA j=4, i 55—l STING #3h 7] SR717 W
AEA . HLHIATFSE R, DMXAA 3 i3 301 58 0 B g I el A0 258l O g & 20 e A 8D
KGifH AKL, 251t DMXAA 0] 19 3 28 N5 T 19 AKT, HOZAE ke 7 STING 3@ #% 199
o XERIFE, FIH DMXAA 1E K 1B NS A7 259 B d v T F BEE A T A,
DMXAA 5IEHH A ERTER YT 15 I AE A (] B e R IR P B 1 XL

5-O-Methylvisammioside, a novel inhibitor of CNT2, improves hyperuricemia

by inhibiting intestinal purine nucleoside absorption with a safe profile

Suiging Mai*!, Jiale Ke”!, Shiqin Lin*!, Rongrong Huang®, Fengxin Zheng",
He Jiao*, Shuqin Zhang", Mengying Mao®, Qiuping Li*, Zean Zhao™* ,
Jianxin Pang®"*, Qun Zhang**

*Guangdong Provincial Key Laboratory of Bone and Joint Degeneration Diseases, The
Third Affiliated Hospital, Southern Medical University, Guangzhou, 510630, China.
PNMPA Key Laboratory for Research and Evaluation of Drug Metabolism &. Guangdong

Provincial Key Laboratory of New Drug Screening &. Guangdong-Hongkong-Macao
Joint Laboratory for New Drug Screening, School of Pharmaceutical Sciences,

Southern Medical University, Guangzhou, 510515, China

A high-purine diet is an important factor in the development of hyperuricemia, in which the
intestinal tract is the main site of dietary purine absorption. Inhibition of intestinal concentrative
nucleoside transporter 2 (CNT2) can inhibit dietary purine-induced elevation of serum uric acid
(sUA) levels. However, there is a lack of research on CNT2 inhibitors for the treatment of
hyperuricemia. By using high throughput virtual screening (HTVS) from an in-house natural

product database, 5-O-Methylvisammioside (MeV) was predicted as a potent CNT2 inhibitor
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with the highest docking score. In vitro, MeV showed the strongest inhibitory activity against
CNT2, with an IC; value of 11.22 =& 2. 18 M. Moreover, MeV showed little or almost no
inhibitory effect on other nucleoside transporters CNT3 and ENTs, as well as on uric acid (UA)
transporter-related targets URATI1 and GLUTO9. In vivo, MeV significantly reduced sUA,
inhibited adenosine uptake, and had an ameliorative effect on pathological changes in the liver,
kidney, and intestinal tract. In addition, MeV had anti-inflammatory and antioxidant effects,
improved serum and intestinal IL-18, TNF-«, IL-6, MOD, and SOD levels in mice, reduced
intestinal permeability, and protected the intestinal mucosal barrier function. Through our
further study, we found that MeV inhibited the activation of ROS and NF-«kB P65, reduced the
production of the NLRP3 inflammasome, and improved intestinal injury in a high UA
environment. The study suggests that MeV is a potent CNT2 inhibitor for the treatment of
hyperuricemia and also protects intestinal function by inhibiting the ROS/NF-¢xB/NLRP3
pathway.

Keywords: Hyperuricemia; CNT2; Dietary purine nucleosides; HIEC; Intestinal barrier

REEBERENKBUS CREEHRINERX R

BRI WIAE TRE Mt
KIEERREME S —BEBE K 116011

B IREFETERIRAN R H 153 2, PREEAE T A 1O JIE 52 450 72 AR 301 55 M 25 Ay 7™ 1)
JERAEZ —. JREFAE A TEONES M L& WA 2 AR, ARLIERETEHELT
(IR, O AR 2 1 M B R B TR 0 R I R N AR R A T AR Y 5000,
PREEREFE O 1018705 £8 5 U T 582 PREGAE O NE D BB IE 5 B3 1Y 5~10 £, H 8 5 AHF 30 1%,
TEPRTEAE R E D, S IKES A5 0 A PR R FE TR B UIAOC . PRI AHE SR IR FEAE (8
i E SRS 5 O MELE G S N RE AR B G 2 s 0 T B AR AR B A8 50 1M A8 A 19 2 AR R A A
R, WEEEEAREEAEEENL, ik AERME: (D fFEEEEZR TS SR
B M T i (R A (KDOQD TAE4 2002 4R 4 it 1y CKD & SCHR e, AR B JIE i I £ o )
(MDRD) B S /N1 % (evaluate glomerular filtration rate, eGFR) <(15 ml/ (min *
L.73 m®) FMPER R 5 IR E s (2 BRI ZIFEZMERES. SRR (D ™
HIOHER . ITERIIKIERBCIAARE s (2) "HIFIREAS; (3) ANRERLS 76 Mk
B (O B (5 EPE MR . TR RAEERREE N SH R E, TR
T Be B NBHMEBE R TEAE B 48 41, Hoh B 28 ). Lotk 20 4. WCEEEREROMER . ER . B
F R R BRTERG SR SRR BORE, AT Bk CT 41 Kol R B A A . 10 A e 8K

49



H E 5 HRE I 2025 £ F N+ R NH

Y. KM SPSS 22. 0 A sAT Bdle ot . RS/ AT BB ISR AR HE 2 3R, AL R
BORM K, P<<0.05 A4t E . 48R W ESMKP LA AR . B4 70
FONERERS S, ZRAEEN 35 P<0.05); M EHIKEESILABTIEL . RS
e A0 CNEERET S, 25 A BEMN (B P<0.05); 7 EZkH B0 2 B NAR K
REEAH., EEEAAHTE, Z2RAAREE (3 P<0.05), JE 3 50 Ik B0 220 5 il
OB AL ARG, 2R EA BEN (P<0.05), 5. REBERELLEONEREL
W5 1R = 3l k8 A By o i g o

Ferroptosis Inhibition via Nrf2/GPX4 Signaling: A Systematic Review of

Traditional Chinese Medicine in Diabetic Kidney Disease

Guoqi Ou'#, Dezhe Tang'?, Ting Feng'*, Fang-hui Kuang', Shuang Liang', Yuan He',
Zhiying Liu', Yang Jiao'*, Xiaoliu Liang'*, Zhiquan Chen'"?*
"Department of Pharmacology, School of Pharmacy, Guangxi Medical University,
Nanning 530021, Guangxi, People’s Republic of China

Abstract; Diabetic kidney disease (DKD), a prevalent microvascular complication of
diabetes, is driven by ferroptosis-a lipid peroxidation-dependent cell death process regulated by
the Nrf2/GPX4 signaling pathway. Activation of this pathway can regulate the expression of
oxidative stress-related genes and proteins, suppress ferroptosis, and thus alleviate renal
injury. Traditional Chinese medicine ( TCM ), with its multi-component and multi-target
characteristics, offers potential in modulating this pathway. This review systematically
summarizes recent advances in TCM-derived active ingredients and formulations that activate
Nrf2/GPX4 signaling to suppress ferroptosis, thereby mitigating renal injury. We also delve into
the challenges of clinical translation, such as insufficient clinical validation and the predominant
focus on single-target regulation in existing research. Our analysis provides novel therapeutic
targets for DKD and promotes the modernization of TCM.

Keywords: Traditional Chinese medicine; Nrf2/GPX4; Ferroptosis; Diabetic kidney disease
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BIIRESRI . KR L5 A AL b P, PR 22 M T7 FE YT IMN (9 BSR4 2 s PR A {F
AL P R SIS . G2 1. U YEITRG . IMN gk, E R RGO RS KR
T OKEIUR” PRI RIS, T BILUEE 5 RO A, KRN RIHE bR, &7
N HHBE BEREA . 2. 2R BIC . InIRESE R, R s 2y Clnfl
SR BT IO, AR E S IMN R F K MER, BRIRE R, IR aEN,
T B IIRE. JF TR SAEN 7. HartER Y. B FHxEE R R IMN. e A &40
PR RIFHER . WARER . SRR, B 50 vl R R . R . %
RPERTEE . A WIHHIGST B, ATRERIRE S, ThEe R ER . RENE, R
FEEAN RN AMPHIE T S IR 7 2450 OB U IMINL - Al ik, s H IR
FEEEA. IR, WRASCRRE (86.67%), “Watksil. 3. BIFMmHmE. Hig
TP R G 0 A B R R A RS TTIR YT IMN R IE S AL 3. B A
%, FEARIRUCGE . 3 RIS RS SRR 37 05 PR ) Hoe 4. S598 . Fe A PEIEAE B g al A
R SRIETR . ORI . KR EYS. BBy, R, LWL RIS T
WAEEITIRST IMNYTRUR R . BERGE IR AR, A IR PRI IIRE. HatEtE, NEH
feflt THREBITE . RRAERARRETT M BSAETT 56 A M2 1 7 25 b 2450 /9 15
.

“Bp-RT-BH” R EEARIFRNEE SRR

Prgtte  BRERSE B
PR BE R R 2= FE R B A4 B fif i 2 &R PR 400016

PR AR : BRI (CKD) s, 7 w25 6L 5 EAC S D 68 5= % 09 A BL/E D H 4%
ZECH, Hrha s r e -7 i.OoPLsl. JFE IR R UG 2 A4, HIh
RERAS T BE TR 205 W) iy 1 IR 958 KB IR T BE . AR5 B AE AL CKD /N BRUBEAY, #R35F IR R G 1
W rb g DGRV L R S s i i A X AR A3 AL . Y
ER. 1 HIEH/NRAEL, BRIESIESE CKD /N RUFIE R Z 63 e 4fl (CPS1, OTC, ASL,
ASSI, ARG1, ODCL) ) mRNA J 1R AR B E AL, RURZHA DA™ HZ .,
2. CKD /N B0 25 00 i 2 i (il 207K 8 2.5 f% . p<<0. 001D 5 IILTE IR 38 K F 20 i
&2y 3 4%, p<<0.00D); ZENEWTIRRWE BETE Oy 4 4%, p<<0.00D); CKD /)
B IR L BB /NBRASE AL, . BNV SRS L TR TAT LA R ARSI I R OB, 3. 16S rRNA I 43
Braf s, CKD/NRGERMAEY Z R R TR (ARBIREM . FIHIREE R RIENE)E
(BF 5 ARTEAT B AR B2 38 ARy o el B s A QU = A PR BEAE B R (B IR s Wi
W) KPRETFE TS 2 5L E, p<<0.01), 4. JIFESR EIGIR 51 i H 35K - 56 255
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FEREME (r=0.72, p<<0.01), 55 MLTH IR WSIWE 8 K- 2 A (r=-0. 68, p<<0.01),
B 2T A AL AR B2 5 135 20K 7 SO F A R T /KT 18 5t i 3 TR AR OG . 4538 AP /R TIRER
TEATE CKD “fg-JF-'B > hiaz.omf, CKD SEUFIER 2R II6E T, 4155 T ML kb3
HEMEMRe )y, Sl EEINE . RS, B IEHE RS S B8R Z A MR R E b R AR, i
FR B AT IEdE T IR EB AR AN AR, SEOARFR I, el TIREHERE R 1=, X2
TR N SR BRI ST N TEBCRENERR . Rtk 8 R R 16 R T fE
s T HGIERZA, ATRESCBHET “I-IF-B Al BEEIR . 1898 CKD #ERE TR .

Notch2 7 % & B % R HLHI A 52

fEESC RIE  Hif
REERR LR B Be, K, 300070

H . Notch {5530 i Je—Fh AL SF A 40 388 TRALT . 7 LABRSREAR A I T = 0 s 440 i 346 5
A3k S A 5 AR R HE R CERE T . R, Notch (5558 vt 288 5 (PKD) i J& i LK sk
MANERE . ik RINIR T HREKEEZEER (ADPKD) S35 AP fl ADPKD /) BB R
(PR PERIE &M BIEr Notch {5558 B3E M (Notchl-4) 19284k, R F 2 Fhis fL 2 25 32
FH%E NOTCH2 {55l % AF PKD B2 it B /ER . 258 Notch2 FikfE ADPKD
SRR/ B B IR 2 2 T . AR BUE b R 4 rp 1] 325K Noteh2 i Y 54438 (NICD2)
SHOHTAE R AR /N B I R RN Thg s g, LI . Notch2/Hey?2 {5538 %38 i 3K 3
ETS [FJEFEF (EhD A9k 0L E B UE I i 43556 . Ehf A6k 28R T /N B NICD2 i %3k
VI E Y RS T RE il . NOTCH2 4h &7 34 g — DI REIRIFERAE (e 6426dupT)
2 SHURA Hajdu-Cheney Z5AMF R & A4 PKD, %5748 180 HEY2/EHF {35538 #% fin 8
TEFEMNEME E g K. e, R &M ADPKD /N, Notch2 (g B ol i FH#5 47
FRifk (LIPO) /Notch2-siRNA &Y ] B BEQOK BURLBEATI6YT . Y B E I 1B %M i
A, 45 Notch2 5538 BEAE /N B A2 2 B 8 2R 4G, &R ik B Id Ehf G550, 30w
Notch2 #i A] GEACEE — Rt ADPKD 4 i A= 4 B4 Hi 5EIR T R0

4. ADPKD, Notch2, %M, Hey2, Ehf

ZRARRTTE I R BT B 35S R BR5E T B & BRI B B ZE R R %

MK
J R B 2 R A R R A B B S B B & TN 510006

FY: BT =RARRT7 (SQQS) ZMiEd Mb WM (ERS) S MBRIET:,
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PEF (MND RA4ifdifs. 258 fEgshie B (PHN) KRB, SQQS W& uEEY)
RE S IR, B B/ NERAG S . AU ERHLBEHE R SQQS MR PHN KR I T, e ik
R, RALERHI; ZH SRR — B ERS, REAR S A 5 L. A
MR LA EE i S HEA Bk . 78 ZAS W59 MPC-5 BRI, SQQS & 24 1ML 7 M IRk 1 fof 5
Rt AL, SRTHHUAALRE T T AR B A SRR R, IR AN IR ] EDUE LA G . 458
SQQS i@ “ERS—EIET:” gk MN, SRR 2567 MN 245 T4 77 09 L3R 45 5 s
SchF. BRI (D FIEE/EAIR: 24 h JREE TR, Ser/BUN g RE&EE S I0AE =%
BEGIE, (2) fRH. GBM WLk 1gG VIR /D> GBM HEJE . ZREEREA: | 5 41 i i 5 1]
WD R RS MFUBEIESE . (3) E4iiikrE: Nephrin, Podocin, Synaptopodin,
a-actinin-4, WT-1 [, Desmin Fifl; MPC-5 KA gE R M, (4) i@ T ERS fpi&
(GRP78, p-PERK, p-elF2q, ATF4, CHOP) MAE4:%E T4+ F (ACSL4, CHAC1) F [%;
GPX4, xCT, GSH, SOD [i#; #ifl, ROS, MDA FE%, (5) PIERIIE: P50 808 %
| 4-PBA #8558 SQQS #%hi, ERS #IEH (TM) MIFEEHL SQQS WA FEH s #R3ET- 95 Fer-1
X ERS Mt A B ; = a4 Wk 1gG YIAIX CHOP 1438, GPX4 3855, SQQS 575 #ifi i
Wik, THF “ERS WERIET LU HERKHIE

BHBEH TSRS 1 flREEE
W EER HEE
H PR R 7 Wi I 25 = e B

HEy: bR, E R E DR AR R B W & 2 HAR B OCHR Ay Il R R B, 2 PP A6 B E
THREAMRAS . TP 2 e K il o AR 7 7 R EARYE . (HZ R ST A bk 3 W R Bt
PUHE 1 BRI PR . B PR B B DI REAS 4 (8 3, 3 VRN AR DG R R, LI =
Rty . SREERHIE SR, DINIFREYE, PR S IR E A AR, ik B3 60 %
AR, 10 AETT R KURAE IR T S PRI B R, ARSI B IREEMGTEERTT
R MM BEEMIIRE . ABERT 1 H4y (2024-2-28), BFH IR IEH S RN, 2 A XU IS FF
TEFPRIZIAIRAIE , Jo%O . MRk, JCREMK, STRDTF YR BEstie . 563 M AL s 11 40 v
W LA ERI A 3 95% . IFE T, RS, MVEVEMEE. MeEE. ) 3w, WUASEAY
RIS, ABETUPURY: . MIRY S SXHERT G B . ABERT 27 K (2024-
3-2), BFEMIMIK, ABEHEEBRRA S DRBUKEA B /NS, I8 S BE 1 IREERS B
MLBERFA G, A5 HIAREARBUEE T LIXHIEIRYT . ABERT 20 R K (2024-3-9), SR BT oK
Jib, FERZBR . MR, ZEERTE, 2024-3-11 HipE. HBERTRE AR Yy JRE 10. 3mmol/L, JJLE
190pmol/L, IM£L& M 101g/L, F&E A 26. 1g/L (Hb, Alb A ABE TR . 2024-3-12 F 24 )
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=W ERAEREE CT 487 Z2 B Ik 0o SR RN, ZIEIE (EREZ 1. 9em),
FCNBREE M AR R, A0 58 B R R R SR AR B 5 . IEAESE T RE; B2 JRE 9. 9mmol/L,
ALEF 198pmol/L, FHEH 29. 8g/L. 2024-3-18 &4 ¥ ). JKZE 15. 3mmol/L, HLEF 336pmol/L,
MLHEH 99g/L, JREH . JREA 4+, B2l 3+, ZL400E 9977 4~/ul, 2024-3-26 A& I). JK
% 13. 6mmol/L, HLHF 582umol/L, HEH 27g/L, M HEH 98g/L. BEML S #HE I 5[]
(PT) 23sec, EPFrprAEfbIL(E (INR) 2.02, J&EALERSMBE LIS AT A (APTT) 35. 9sec, £F4E
FEMAE (FIB-C) 8.31g/l, D —®4k (D-Dimer) 1.13ug/mL A, JE# CT: 725 5738 H A ke 55
WERS . 2024-3-17 JRFML . M 3+, FRull 3+, T4 6996 4~/pl. BF B IIREUE T IE R
BB, 458 2024-3-29 H ARPEG AN HE . H40EE 6.99X10° /L, 244 H
2.79X10"% /L, I 4L & 84g/l, BEIM AR W W R %, WHE Y. AEA 23.9g/L, IRE
18. 09mmol/L, WA 746pmol/L, #MATIR ., KB =, GPEERE . brbuik. Sidiik 15,
Pt GBM Hitfk . HrOBEREPOA . DU i gn . e [E o k. RREPE B I M. IR
. FREGUM 3+, FREH 3+, FHAM 109. 8 4~/ul A, ZL40Md 4691. 1 4~/ul, XUE 38 BAR
PRI i, BEMesE. DU PR @ . PR R VR F A2 IR A, TSI RIS AR B
CTA KA B A R IRAE = % B . B S BRI A . O IER 8 2 S PRALBOIR IE R LA
T4 B SkiE 52 + B S BB 28R . R B F UREF, (BRI REE AR, B,
BEA G GRS RAEME, (PR S A S, KRR, A B IR S A, 7857
WA S REWEG, ERDERSFIFR . IHEFRERARTT 1 B, 5 H EARE 1 H e
7R 3 By BRI K. 1. B AR TIgA Bk, 2. 2B /NG B 3 0.
THER R P BEEE e s ey, mBe s 2 H B U5 i ILEFRE & 157, 2pmol /L. M
32.4g/L, 24 /NEHREE R 6. 64g & E 1. 84g, 4516 £ Bk, IR E X TR0 iR .
BEHR. WA EE, NMIBARWIE, 5 T B E AELE, g Z2Rlm, SR,
XA B 2 RFR AR IR s 0 B 5 e BB 3 A5 PR B 2 TS A AR, I A B, A T

iRz, IEREEWR.

BRT M E S iRERTEEEE
g WER BRR
H R BRI A M s 2 =< B
Hit: JREEEREIE (UP) LA 4000, nf LRIy 4 B i o 0 . HCZE P =) 7
FE. JRPEREREA . ARRERE TR, RS T aeh, MARREE & KAl 1
SRR A R A R T E R R AN R, B AR AR, R AT
LICRRPEE L SRR O ML I RE PO SE R B T . AW 5T B AR PRAS 5 2k T IO 1ML W5
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*ﬁ%%ﬂ%ﬁé‘]ﬁ%& Ttk AW RBEALIG RIS, 45 120 2 4ERpvE MGE T B . BE %

I VN 1S I 0 S P O (TR R = R o (Rl 0 R P XT,E!ﬁ?Eﬂ%LIﬁZ%%M 7. Wit
iR (VAS) I 5-D s e L F T PPAG 7 i RE Al s B 1 Ot o = PN R )
FEEEREE, VAS 4> (p<<0.001) F1 5-DJgFEERE (p<<0.001) i&f%&a%ﬁ%ﬁ%ﬁo =77
M, FEXRRA T, VASIFSy (p=0.23) FI5-Dig (p=0.45) THIR TR, fEMIEH ™ H
JEPERE T L E M I B B T e [ (VASIFSr: p=0.001), (5-DIREEIT: p=
0.003) ], XIRLABA WELM. 458 HRTHUL IS ROV EMARAHANG Y ik, T ik
BT A IR, AR, REAE R . S IRAL R FE AL . AR T A R R AR
X R SR T T 2 A I Y808 i S8 2 PR AR T T BAT AR

$010) JAK/STAT {5 Si@ BB AKI G 4L FRIER

R R R
HRERIR A M s 26 =R Bt

HE: 2580 (AKD dHR 8 SRR (CKD) AR5 A B e AR & & A T AT
L4l R JAK/STAT (55l B AE AKT L Efbrh i/EM . ¥ T3 JAK/STAT {5538
PEXF AKI-CKD By52m . k. SD R B gl i /PR AKI-CKD A, K R o B /NS F R
ik (NRK-52E) FIH] CTGF, TGF-8if5S4F4kfk ., Rk py K ikspsisirh JAK/STAT (5%
WAL . FIHFCEEE (TOFA) #umimg] JAK, SD KA AT ARLL . S/ 341
IRI+TOFA 41, b4l B hae. B EL. B /NE B0 0F 5. ZF 410 AH SC38 A 19 22 52
NRK-52E 41 fl ]l CTGF. TGFRifS&r4ifk, T TOFA T, Kiliss 4 e 25 4 Ak d b 28
fbo @55 SD RERSBum B FHE, JAK, STAT Eik¥Thm, FEAR)E 42 RIyE FRF
AR, JAK/STAT 5 5 B 72 AKI-CKD 3 #2 i #2276 s NRK-52E 4 i if5 S £F 4i b ),
JAK/STAT Fikfext A T . IRT+HTOFA 44k /FRE 4], mLEF ZIRZE R . B/NE #
BiVE4y . SFAEAb A A8 hR I R AR 1 I/TI/TV, a-SMA., fibronectin ¥ F[§¢; TOFA T-Hif#) NRK-
52E Yur e fbdgtnik CTGF K TGF-8 T4l FFE. 4518 AKIJE JAK/STAT {55 i ik
B, JAK I RFE e ol eicg AKT R £R4EL.

Cx32 i@ id Pl Nox4-MRTF-A IE R RN EBARHE IR R B R B /B B R 44

BET Xz BRI B BRER
JUHBERIR 2GR . )T PER T 650500

HEY: WiTamsEsEE 32 (Cx32) JEAm it ia# NADPH 44k 4 (Noxd) SO JLZ4H
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FeF S F A (MRTEF-A) 22 (8] 9 #H B AE FH 30 0088 PR 5 /N80 8] 3 £F 4k b (TIF), 45

1. Cx32 Bl R /N RS IE LR BNV S 2R difk: 7€ db/db BEPRIG/N R, Rk
TS Cx32 B/ NEH S FaR IR A e 1 (AAV-Cx32) K2 BB (FBG), ZZfik
R, RACE I EE/RE L (KW/BW) I 24 /NBFJRE 1 (UP24h) s 36 /20 B IE 35 M 4R
(ROS) EJ%, 325 4 M S ALY AL EE (SOD) 3P, BRIy A RH [ B A H h =g 414
03 (HE, Masson) W HBGEE/NESOIFRAD BIETUR . RN, AAV-Cx32 135~ Ji b
TR B HE A AE AR &Y o« SMA, S 4EE #2851 (FN) LM Noxd il MRTE-A (8 [ 3Rk,
AAV-Cx32 % B A BN U IE TG 5852, 2. Cx32 Mkl & A S 0 5 /NS T 2 40 EMT: 7
EE (HG) H30 NRK-52E 4ifig b, i #8ik Cx32 BEMBI AT, ¥ HG B bk
bR E-cadherin T8 FIE FibR EY) oo SMA K ANIAM LT (ECMD B4 FN B9 1, 3. Nox4
5 MRTF-A ByI)ge%e ik & BAE: 0] Noxd IR HG #5519 NRK-52E i . o SMA/FN
HHRIL KL ROS K-, il MRTF-A 7] 4K HG i %) NRK-52E 4l iE# & FN KL,
KEEEAENLE] . B0 Nox4 nlygi/b HG #53: MRTF-A AR ETHE: Z, Mif MRTF-A 0]
/> HG %55/ Nox4 8 IR ATHE & ROS A, fwdt (IF) R Noxd 5 MRTF-A 7E4
WP AR 25 6] 258 067, S L UTTE (Co-IP) IESE P # AE 78 A B AR . R WIAE7E Noxd-
MRTE-A IE AR, 4. Cx32 M EEs MRTF-A. i3k Cx32 GEMHl HG 519 NRK-
52F gl MRTF-A 5 235 THes M HAZR A (WB K IFGES0) . 4518 Cx32 i Rk n] B35k
SR /DN BRI B /NS 4000 B ) BT 8 A Ak AL P B A B /NG b B A M -] o e Ak
(EMT) FUEALR . B E IR Noxd 5 MRTF-A Z [AI£E7E IF S Bt 4 30 k. S ) 5K )
WEPRI B £ 4k . Cx32 Sl ¥ 4 il MRTEF-A {9 363k A% #6407, A 30T Nox4-MRTF-A IE
S (MRTF-A—>Nox4—>ROS—>MRTF-A) . Mifi & % G gefbE A . X4 Cx32 1E Jy b
PRIV BV 7 I 0 A B AL T O S ARl

RER]: Cx32; Noxd4-MRTE-A IE S Bieri%; B B B /VE R BT ik

16S rRNA Ul 7 5 R A SRR E ABRLRERERE B H P2 TFHLH

S WA AR BRI
PN T R R BE E N ARE, BTM. 310001

Hiy: SHWITRABRLLER (celastroD) XHEIRIGE R (DKD) #Y'EBECR I 7EIALE] . AHFFE LA
db/db /NS EE DKD K%, 4t 38 B RE 16S rRNA MY 5 B 41 805 S0 00T, IR AT E L
LT 4E2E DKD SR EALE . . RAFAR-G (HE) Y (@052 45 i 241 2005 F AR
b . APETO Y ORI BL IR BEFR ) occludin 5 ZO-1 g3 Ak, 16S rRNA W43 47 7 it
PRRFLLIL . RN S AR K, Spearman AHOCHE S W PFAN i 38 B B ISR 4030 75 40 5 100985
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JEAKT- IR o B A S SR 2L O 0 B A T AT 3% R s 1) 2 S R S TR B R A L S uok
et HARPEEDTE & oPCR $55F PPAR {5530 B CHER (I 3R36. 258 HABEL R B8
BEMALE . IF B occludin 5 ZO-1 BY3R3K ., HEAh, B ABRLL R AT UL I8 W RE S5 1 2 1
P, AR S B OiAR R COn VAT . PREE D R g /K P 2 8 A e F sk dl gy
Fra&Wl, AL W TS PPAR {5 5 i 5 5 QM AR DG BE (K], 43— 5 56 50 i H: v 3 i
PPAR @ Bl B REAR BTii A, SRR RS ZEaL, AMiESE DKD #4518 FAMARE S
VAT S R R S R RO B E PPAR (553 1. G AR BRI ZE Sl JFEET “Hp-Br ™ ML s
RE5 I BB NER . R S DKD IR ER AL TR RS . R AL R B AT & DKD jR
ST T
R . TEANHELLER ; 16S rRNA M s B R SR 1IN Y ;5 PPAR {5538 BRI

Unraveling the enigma: Molecular mechanisms of berberrubine-induced

nephrotoxicity reversed by its parent form berberine

Kai Wang, Jinqiu Rao, Feng Qiu
School of Chinese Materia Medica, Tianjin Key Laboratory of Therapeutic Substance of
Traditional Chinese Medicine, State Key Laboratory of Component-based Chinese
Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, PR China

Abstract; Berberine is an isoquinoline alkaloid that is extensively applied in the clinic due to
its potential therapeutic effects on dysentery and infectious diarrhoea. Its main metabolite,
berberrubine, a promising candidate for ameliorating hyperlipidaemia, has garnered more
attention than berberine. However, our study revealed that berberrubine induces severe kidney
damage, while berberine was proven to be safe. Herein, we explored the opposite biological
effects of these two compounds on the kidney and elucidated their underlying mechanisms. First,
integrated metabolomic and proteomic analyses were conducted to identify relevant signalling
pathways. Second, a click chemistry method combined with a cellular thermal shiftassay, a drug
afffnity responsive target stability assay, and microscale thermophoresis were used to identify
the direct target proteins. Moreover, a mutation experiment was performed to study the speciffc
binding sites. Animal studies showed that berberrubine, but not berberine, induced severe
chronic, subchronic, and acute nephrotoxicity. More importantly, berberine reversed the
berberrubine-reduced nephrotoxicity. The results indicated that the cPILLA2 signalling pathway
was highly involved in the nephrotoxicity induced by berberrubine. We further conffrmed that the

direct target of berberrubine is the BASP1 protein (an upstream factor of cPLLA2 signalling). Moreover,
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berberine alleviated nephrotoxicity by binding cPILA2 and inhibiting cPILA2 activation. This study
is the ffrst to revel the opposite biological effects of berberine and its metabolite berberrubine in
inducing kidney injury. Berberrubine, but not berberine, shows strong nephrotoxicity. The
cPLAZ2 signalling pathway can be activated by berberrubine through targeting of BASP1, while
berberine inhibits this pathway by directly binding with cPLLA2. Our study paves the way for
studies on the exact molecular targets of herbal ingredients. We also demonstrated that natural
small molecules and their active metabolites can have opposite regulatory roles in vivo through
the same signalling pathway.

Keywords: Berberine; Berberrubine; Nephrotoxicity; BASP1; cPLLA2 pathway

Ltk DNA £ MBS B IhRERIRER: W WA ZEREEVIL ST

ERGgE HRR
VHL PR BE R R S I S 5 = = e AR
PR BE LR BT 2 — R B JUE N R

Hiy: BrEER (CKD) XTEB Lt (WCBA) (1 fid FEAL i T KM, 7T RE 5 in & 4% -
FRE VA B A SR LGS SR KRS, . ARTAT . 42BR CKD (A7 a3 & R 3h H & i R 15 8 R G #r .
Fid: ARWFSERIT 2021 4ER BRI A (GBD) B, 8 T & I Ltk CKD (%95 7 41
AR KB ZE . ARG T 1990 4E 2 2021 4E[A] 4 BR . XIAIEZR)ZH A CKD B, &k
R ARG A A AR (DALYsS), AN THER 0 A2k (EAPO) 3145 T & i’ 4 CKD
TR EE, IR DL AR IA-BH-BA%] (BAPC) BRI % 2050 4EA9 Ak CKD fifH, 4%
A TERBKGERIN. M 1990 4 & 2021 4F, FH R Lotk CKD (1% 8 A KM 8254. 9 T3 14 fin 5
1.3539 42, (+64%), FaMBIM 65. 4 JTrHamE] 135.4 75 (+107%), DALYs M 308. 3 T
F 485 97 (+57%) ., SEREIGFR. KAEHRM DALYs RHE F . EAPC 43 %] 4 0. 38
(95% CI. 0.34-0.41), 1.12 (1.09-1.15) F1 0.1 (0.03-0.18), 7E L *k<x A O 45% (SDD
XA, 2021 4E SDI K& R Lotk CKD fFiHAE . B A K 4599 J7. #H &l 50. 5
Ji. DALYs R 178 77, HIZ XU BUm R FU L o 1 K de . EAPC 4350 0.59 (0. 54-0. 63)
161 (1.58-1.65), $EAFRKE . 2021 AFERE WLt CKD 19 % . &% Ml DALY
BEAF I IS0, 78 45-49 SAFRRA ARG, FH/AFEA (15-19 &) MHAHERAL; Kif. 7E
T, AR 5 ORI 12. 1060, 2518 fEd 2% 32 4R, RERE Lot CKD [ fi 40 g 3
BN, 25 REEIAS ) L DRI AR 2 2 (R0 22 553X — 38y S 1 of e A A (R A B SR s LA X B
W& 24Pk CKD By P55,
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Vanin-1 5 E 7S 4L E01E A RALGIF 5

TER Rt X4
REPLT R MHE O BERE ORIETT L EERD) Ki%E 116000

PR AR B PEEREN (CKD) 51 %k i B £F i Ak 2 AR 015 0 1 O R SR 17, IR AL
X B BVA B S, MASIERMAF 1 (Vanin-l, JZEESELZ M) 760000 385 40 )2
NP VEH B, ADERE B AEMNT Vanin-1 /-S40 07 8- 2 i D6 B A2 it 5 1 A A6 1) 43 F BIL I
B A B B B4 (EMT) Ve, 3P4l AR S et itk 25 it O e s i (e,
CKD RSP IRr e ms . S5 RS 28 . |28, TEIRIKMEE. A 120 ] CKD (3% FiG A2 21
FiE s ek B R Vanin-1 F25040 T B /NG TR AIOME VR0, HRIRBELF4Efbit ot
B HFE SRR 4E16IESr. oo SMA K Collagen 1 K8 IEA K, IfiliE Vanin-1 /K 5 3 5
THAERRXT IR (P<C0.05) 5 BAAH A S 20000 5 22 67 B E Vanin-1 5 RGBS RE . LKk, 7ERS
TGF-1 T H/ME 40 (HK-2) £F4eqbifilih, @ik Vanin-1 Al E-cadherin i &
Vimentin/a-SMA Eil] (P<0.01), WAL AE; %3k Vanin-1 HE5R ROS A i ke T1-
6. TNF-o Bt (P<<0.05), fgi#k EMT, &5, TEMRNAE Vanin-1 FEEERFE (VNNL /) /)
Bl ATHRPERS TS S RS A BHL B i A rh e B, VININD /N BV ) o Je SR 0 BR02Ls o
SMA #1 Collagen 1 ik B #EREAL (P<<0.01), ROS 1 1L-6, TNF-o 7K FFFE (P<<0.05), I
ILEF . JRERSE B e bk (P<C0.05); Vanin-1 i 3635 Wbl /0 BB R difb. 254
Vanin-1 J& 80N - RAE-LF AE ALl i OGB4+, Bt 4% EMT {2 5 5 £F e Ak A 8 1) 0 1)
Vanin-1 A 4 30 B AR 44k . BB B Oiae, AR HULr 4E Ak 25 Wi A 40 i B B 55 A0
J1. JEEEF M — R Vanin-1 MR RS IGIT %,

PRI AN PR IE T U AR IR RS K BR 1B 18 B £ 4E AL 9 AL

TR RS
RIEERIR AP ERES G2 be 10T 116044

FIY . G M2 or 7R 3 s Sc i, B Hh BH I T D0 i e KUY 1] Jo 2T 2
REIpLR . SR 1 RIZRZE R TR, JEARAT 126 A4 BHIE 0 e K 407 A~4b L T
DIEAEAE IR L, 1219 A TR AT HEALAR AL s ARGE R 25U R AR I 2% 73
Mr. APHIE T & A SR B . I B 3. R R R MBS, XL R 7 M 25 254
JEI AR B RERE . SR e AT AT RELE AN FH AL T0A B [ ST 2T 2 A ) 22 58 A5V R AL ) o e O
VERTs MR 2 1 5B 0 26 i 30 7 ) b S T3 1 100 8] BT £ 4E AR Y 105 M0 AR TEE &5 4k
T GO EE NI, #MPHIE TP (B B AEAL O M PR i 200 [ 1649 D AWpid #2844
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ML S AN LR AN 173 AT IhRE . KEGG 3 & 42 40 B 2L e 1) 184 J5A 517 5 3 i i ¢
B RO HE R 2 A3 BT RIOCHEE B w5 AR A5 RIS % U BRI o R . A58 36 TGF-BR
Il /Smad, s if s PDGFRB/Erk, i@ B AT LI B, 2. 0 F 0% W R, A, IRy
TGFRII . PDGFRB Z MWL s, ARG R IT, 3. (KNS Ss: SxFAH, BRI
I 2 R R R () B K i I AP AR AR . B /NS I B R BT 40 Mg S L B TCAR . Vimenting
«-SMA Fl FUTS ik i & Ft /. TGF-B/Smad.; fil PDGF/Erk, . i i . % 151k ; #bHIE B %
AR T FRZE RN BH S 0375 v 79) 2t T 4 0% 'BF ) O e Dt o Ak b s b . BN R TR R B AR
[ 5T 2T 4E Ak B2 B 0 4% Vimentin, o-SMA Fl FUTS 263k & K. TGF-8/Smad,/; fl PDGF/
Erk, @ BIELZ Z0H] . 2510 1. LGP 550 XHES I =W . #MHIE FOAHTE [ BT 2F 4k
REAG Z M0, ZHE . ZBAMES, TTEYARTRE. MEshSEAT- G2t Fd e,
2. #MPHIE F738 3 LW TGE-8/Smad, s #l PDGF/Erk, » 8 % 58 15 £k . 00 Bt K o B[] Jo2
YA, AR AT AR SO A B R A G

P2 BRI B B RAEUNARHE
REE
REBERRATPTES S22 T P ESS S IR K 116044

. BEBEF Al (RIF) 2484 B IR i R 2 2R B 208 i A O BEEA T . LML
FAMBEA R (ECMD) o BEUTRR . RAE B SR AR 5 2 R AR EAE T . B AT RS = Rk
28y, M 25 BRI 280 5 ARTEVE AR A OB FETRYT SRS . ASCRAE R G LiR h 2
VA A P8 47 2F A AR DGR 538 A YT RIF (P FINLE . o oF AR T e 28 2 Ak 25 W 4 (e 040 .
Jitk: AR E PubMed, HEFIRG T3 07 Bde AR A S SCRGE R, IR 10 4G T 2 A
CELIEAPIE . 28, BE2E. W2, MR RS T3 RIF MBFFE SO, 0 e bn iy 5050
PRSI RAIFSY, T 5 06 1 SR 20 % TGF-B/Smad, NF-xB, MAPK %515 538 % 4 18 #2461
DAS XS SRAE A W O 2T AE AL bR AR W RS2 e . R FH R 58 U3 94 5 43 B A [m) S A4 1) 245 35 L )
SEAL. LG 44 FEOCHK, WEE 6 KISk, B RO L AEIZE CIUNEER. S0
WAL H TGF-B/Smad i@ i, W HEIEDIR,  [FIFEIE Nef2/HO-1 38 BB g B AN G 2. H2E
(N EHTF, AZSBAF RgD) il BHKr Wnt/B-catenin il TRPC6/NFAT2 i@ %, Wiz /M I
FAME-T e B (EMT); 3. EEZE (AR, ®MRE) g4 PISK/Akt Al TLR4/
Nox4 @, MHIRAESERILT; 4. 2 ANFLABEF R, 52 @i PTEN/Akt/mTOR Fl
Nri2 6, B 0 SPUA e 5. M2E (NEREFR) MERE AnRkFZ28) @it
NF-«B #l MAPK J@§%. 380 &M F R, IR AL mE . 2550, P2y il 240
M ZEEEEVERT, AREWE RIF B0E . FALRI R ST 4efb iR . HZ 2R m ., KkH
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PP IF S R BRI RITTE . AR RO A 257758 . DIl Hlm R AL .

REEBH MRS SHEER R : SR FE. REITFOH KX RERE SRS R 720

RR— AR XITRE OERAR BERA R
TPUR TR b 5 HOR B 430023, LRI
PRDUR TR shyRles 58 R TR 430023, #14batiX

. IREMEEHR (hyperuricemic nephropathy, HN) &—Ff iy i JRIR MAE 4K K #Y .  K
Z R FEHLEI A ACIEERG . 1825 (Poria cocos » PC) J2E AP Z 2 —, JRiE—F “f24[H
B e, BARMRK, M, 2 PiR. UM SR AR, IR2E Ry A A AR
LW S Y. RS M B SRS TR S AR K e 2 b, P IR R
P (Poria cocos acid polysaccharide , PCAP) &k 70%~90%, EHA LR A YiE k.
AR SCH A ARZE WELI e AR Z2 WAL o O LB R AT PPAN TR X /N BUPR TR 4 5 s 1) 52 )
Titk s R TOL SRR h IR 2 TR VE 20 . JF X AT 45 3RAE . i ik JB ks kL T 2
HAPZEIHME | (Poria cocos chewable tablets , PCC) K ARZ R ZHEHIE i (Poria cocos
polysaccharide chewable tablets , PCPC), 38 i [ A IEAS A R BC b . SR R B B
PR IR B VP A V6 % T R ELOER Ry AT BT A o AR S2 06 40 TR 4 . HIN RERUZH | AR H I
ik, ey EEAE . KRR Z B Ak, by SRR, IR R A RSB,
R AR IEEE Ao X NN PRIR . PR A WUET. B R R B2 s R AT 5 20 20 2
Kidrs SR 16S rRNA T E AT AR A /N EUA N B w1, 4558 S5 RAE R PCAP
M E Y FE R 4. 50 kDa 19 B-HI M. Hh PCC Hy 42. 6020 IIRZ M. 27. 86 Y0 iy H
FEIEAN 21. 80 Y0 HYZE ZFMIME S A L,  1i PCPC M5 209014 PCAP, 5301y H 88 Bl 20 70 22 2
WIKG . PCC RSN 25. 4% £1.2% (n=6), SLHFEH, PCC HI PCPC ¥HEA L #MIk
HNVNEU LTS PRIR U B PR 3R K-, W) S B IR A AE . A, AT R i HN /)
SUiE Muribaculaceae, T Y Rikenellaceaee S5 R BEW) 15, A B T 0% I 18 M8, 4516
PCC Il PCPC [t vl %, ALl b i B 20 ZUARAE 95 i 0 T R T A FE B T PR R 1 B s A VE

KHtI . R%E; IRESMRIEZ N IRIRVEE I "HE A iE ERE

£ F UHPLC-LTQ-Orbitrap-MS £ REI A EMEHI mith E 72 5 FA EEE
KREARIF=HHEERNEHER S
RARRG
MR 2E 22 BE W g FRM 450001
HiY: R UHPLC-LTQ-Orbitrap-MS 4 A %5 AN [ K ] it b 276 B BH R A AR K LI P 11
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PRI =4, T D0 L F2 A2 1 43 B B R A 780 R B PN AR a8, S AN [ o] ot b 8 149 T
PPN SRR FHEAE S R . ks SR FHE AR R CBR R 32 3 52 1 B R R BB, 43 531 45 T
BORNFEE S, BEARRLAURRIMSE . PR, FEM. O . B Il BAE RS OF T b
B, RH UHPLC LTQ Orbitrap-MS £ 1F B FAL T XA [F 4 il i b 2 3228 B 530 S 280 st o AR
WP T T S 5, aiE 4R Waters ACQUITY UPLC © HSS T3 #£ (2.1 mmX 100 mm,
L8 pm); FBIAA 0. 126 HERKIEIR (A -ZHEHIR (B, BEREURMG, dEREARUR 1 pL, W R
0.3 mL « min", FEft 30°C, FUikacfbly: mmiZ R IR (ESD; H#iZEM Full; HMVER m/2
80~1500, #KH Compound Discovery 3. 1 Zf4-F1 Thermo MetWorks %4 % i W 45 A9 504 3E 47
SIRTSE A I HE LA R AR . S50 W TR RS 2 RIS RPRIE . s, 28068, 81 GOJIE,
JRERE . R, fil . EFE) RESL. O HOARRSTEZR S WIS ARG T R RS . A5 AR R B IR, I
WO, O L R ML RSN I B AR 3 Rl A I E b R M o A R R
PR RGARI =3 20 Fl, Hh o) fEPRI . IS . ML O BFL L JORE AL Z G I F)
1,10, 7, 3, 2, 3, 3, 3#p, HAUHER T2 AR, HE, SEERSE. OBttk. 5%
RBEEE A5, 458, hE PR EEISMEA P ST D E B AENRAE RIS s R R
FEAEONEAE ML BT B A0 FFIEAMA g, HARM =9k
i it AR, LA I M . BRI A T LA M I PR S T R A — B B AR
KA . UHPLC-LTQ-Orbitrap-MS; B [J15E; #he; Q=9 1Cihkie

A XS NEAYEXER S TS

HAEME XIBE A Bl MR OBTR
W E NRERE ORI A NREERD 25277, RIFRIN . 450003

HEy: s i a2 SR it O G . R IR 8 o 7 v XL, B At O I 905 1) B 2 1
WHERZ—, BEIE. 22L&, EIFAHE™E, B EERIEMER LGk E R RN (CCDRES)
PR 2004—2018 4F, h[E & ML IET7 M 25. 9% AN Z 34. 6%, A RALM 7. 1% 48 = 3
12. 0%, MEFEHIAEMRIR R —A T At S n) B, e IR 22 25 1 02 24 ) S g 1K 22 5 1 E 2
B, WA A ARZ . A MR 2 30. 2%, 2018 4F 18 % L b A e I T s o1
I 2000 J7, e IS AR . ABFEANA 7 A $8 FE SRR 2R R 56 IR 1Y 4T 5 I 254
03E5 8 SIS AN o S o yTE o Lo N (=5 N B~ 8 P R T =0 1| WA S N ) SR TR 7o B & T e
YN 875 il I E B, K rs1799752 (ACE I/D) . rs1057910 (CYP2C9 % 3; 1075A>C),
rs5186 (AGTRI1: 1166A>C), rs1065852 (CYP2D6 % 10; 100C>T). rs1801253 (ADRBI;
1165G>C), rs776746 (CYP3A5 % 3; 6986A>G). rs5065 (NPPA: 6773T>C) F:N L&,
HEATGEAT 3 BT, A5 SR 45 BRI A A0 A5 A v - A0 RS O s DR O AR R 43 ) SR 37,26 %%
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3.83% . 5.83%. 49.31% . 72.34% . 72. 46 001 0. 46 Y05 £ ILN M AAFHEMER 2R £ 3N
ST AAFAE M 2E S . RIGE2E S, 451 bUm IR 2545 5, @ QT B & IR 25 ) A DG BE ]
LTI SRR . il 25 R 25 5

CHEE . mE, JEHZEME. iR, REES

Tubule-derived IFN-o promotes GSDMD-mediated macrophage pyroptosis to
drive renal inflammation and fibrosis through JAK2/STAT2 activation

1.2, %

Yiping Xu » Yating Wang"®*, Siming Jiang"?, Yi Li"*?, Guanglan Li""*, Yuchu Liu"?,
Siyuan Li"**, Qinghua Liu"?, Yi Zhou'?, Wei Chen"*¥, Hongyu Li"**, Haiping Mao'**
!'Department of Nephrology, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou, 510080, China.

“NHC Key Laboratory of Clinical Nephrology (Sun Yat-Sen University) and Guangdong

Provincial Key Laboratory of Nephrology, Guangzhou, 510080, China

Macrophage response to tubular epithelial cell (TEC) injury drives renal inflammation and
fibrosis. Gasdermin D ( GSDMD )-mediated pyroptosis amplifies inflammatory and fibrogenic
cascade, yet its role in chronic kidney disease (CKD) remains elusive. In our study, we
demonstrated that GSDMD was mainly upregulated in kidney macrophages following unilateral
renal ischemia-reperfusion injury (UIRI) or folic acid-induced injury, paralleling by elevated
pyroptosis rates. Clinically, the active fragment GSDMD-N positively correlated with fibrosis
severity across diverse CKD etiologies, reinforcing its pathogenic relevance. Macrophage-specific
deletion of Gsdmd significantly ameliorated pyroptosis, inflammation, and renal fibrosis in both
murine models, without affecting acute tubular damage in bilateral IRI. Mechanistically, injured
TECs initiated this cascade through secreted IFN-«, which activated the IFNAR1/JAK2/STAT2
axis in macrophages. STAT2 then formed a complex with IRF9, directly binding to the Gsdmd
promoter to transcriptionally upregulate GSDMD expression. Genetic ablation of Jak2, Stat2, or
Ifnarl significantly reduced GSDMD and GSDMD-N levels and inhibited IL-18/11.-18
secretion. Notably, administration of an IFN-¢ neutralizing antibody recapitulated genetic
ablation effects, attenuating UIRI-induced pyroptotic macrophage, inflammation, and renal
fibrosis. Collectively, our findings uncover a STAT2/IRF9-dependent paracrine IFN-¢ feedback
loop that orchestrates GSDMD-mediated pyroptosis, linking injured TECs to macrophage-driven
renalinflammation and fibrosis. Targeting this axis represents a promising strategy to halt CKD

progression.
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ETR®/BFEIEHEIRErHER

EEESC ERm
PR BERLR A YRS 5B P BRAS ST BE . 10T K% 116044
PR ERIR IR — R R, 107 RiE 116011

200 Ul NS BRVE A A1 B R A A AL B HRUE IR Y T TE B R BE . AR
289~ VLR BRI R 55 e RIS HT b AN WSRO E % o AR SCOE I 25k DA 2 PRE 0 98 IR 7 % 26
PR PRI 2 . DU B JE 0 e PR A2 T B o 22 S B 206 2 AR D 22 i ) v R IE I B
HEh T (BN Z). PRSI T 24 MR T AT . DIRE SR BN B, AR DUIE ZK P SR
(Didezepmit) FE QIR AL, P FOLSETT, RNEAELS . & RS sh k. SE T
e IR I RIETR S Al . ISR, R (IR ER) $2H0 TR ZEEN “AWA
27 ME— “HAMESTE R, AAZAIL” . 4K, RN EE IR T2 IR 1K JE
ARG T Hs S AR BT IR MK F 10, 45 G IR EE =X T IS R NH . BT Ik 4.
BRE o> SRR S /NI BRAS A S Z AN S WAL L BRBR Z W) B AR Se M B it T ks
—ILE RGN MRS, IR E TSRS T “m L., oA BIRER I  AE
BRI . R IX — B s AR a7 . FRATT AT LU G 57 P 2% PN LA 3 SR O ROk 4y
A FEEA £ v 2 ML

RER CXMEHEEE Bl TSR ERGNFEIMER:
B H NOX4 47 SHY E R B 5 AKAE = R

Bl mmesR Ffe Bese Dol ERES MR e
HIZREE R RLR A2 2 B o T2 B S AR ST SR & IR YT 261053
PRREAR RO A7 (R A B T RO AT O AR AR 350002
RS R MR BEBe B AR ILAR#EEYT 261031

HME#ZE Bl (Aflatoxin Bl, AFBL) J&—Fhn] i o & AL N A v 5 5 75 5 10 B 2k Y
HHEZ. HAABP I+ AR, &2/ C2 (Ganoderic Acid C2, GA-C2) JENF
2 BRI =AY, BABUEARPT R 1, (AT AFBL i S 8 0 VE H &
AU AP 72 HiEdE BALB/c /NSRS Ry 8 41, 4y Bl e T AFBL (0.75 258/ T 50/
R B G GA-C2 (5, 10, 15 25/ T 5/XK) 5 NADPH A fk i 4 (NADPH oxidase 4,
NOX4) #pifil5] GKT137831 (30, 60 25/ T58/K) ALHE 30 K, PEANAEFEIR, HLURH -,
MEB GRS . RN AL S8, 38 1 I 45 2 B R 43— 42 100 v 7 43 1§12
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s IR U S 00 SR SR G i S 0 AR 11 5T BV VA A T IR e, 32 A3 20 Hr DA AR AE AR
FERIE R (TR ISHFAE . GA-C2 JE IR EARE S E &, (RIPAHLUB L . R E ES 1
APbREY . BENY AFBL ES S B, e iR B0 R R, A RO T Ak
BN RE N« AL F . GA-C2 4k NOX4 . %58 % i B (Protein kinase B, Akt) /¥
J G BB 33 (Glycogen synthase kinase 3 beta, GSK3R) {5 5. HHHN T E2 #H
T2 - MElZ 7 B G, 5 FXEIES GA-C2 5 NOX4 A5, HE A
GKT137831 WL VE I — 30 iE NOX4-Akt/GSK3p 4l o] fE A 7 HE AR . X 28R R W] GA-
C2 Re A9 AFBL A E B0, o S LA R R AR R A B B &8 2 U Ak 7

HEFHRTME PANX-1/P2Y6 @A EREN BRI IRBEERE T 44U

AR EER XTRE BESC AR—0g R4 ksl
'R T R2E ARl S RSB 430023, WL
RIS TR skl 58 3R TRE2ABE 430023, bt

Hi¥: JRERPEEM (hyperuricemic nephropathy, HN) J& @& FRER MLAE (9 ) &4k, AT 5 20F
AR L, AR B A T B2 IS A, B PR . BLEALSEER, AR
AT CUE S AT I HN /N BUE 21 U000 S AL PR 120 AT B 7E IR AR B S 17 Bi iR
HN B 27 2 4k 0 0 F B Ho il vk RAVAEYE B2 7%, it GEO. Gene Card,
Swiss target S PRI B AR AEAL . PRIRYE Vs B 051 (AR DCHE RO IS 8. 5 e e B 7 1K
AERIRIE R HN B 2R 4t/ BB, 35ET 7d J5 45 TR # S (26, 50, 100 mg/
k) TRYT, Frgk 15d, XEALUHTE SR, RIS 0 F sl J2E i, IR s AT
5 PANX-1/P2Y6 {555 H G B (1 AH BAE L. F itk ICR /NERAr R IE R 41, HN BIRIZ
PR (5 mg/kg) MEEXIFL. . w4 (25, 50, 100 mg/ke), A4 10 H, i 7d 5
IR 15d, K TS HE AR, ST E SRR A . SRR M EE S RT-qPCR A AH
B BSEPRUKE, XTRIEN ST IR . 2550 TRk RS e il A RRR M
PRI OCHESC 4 7 4>, ALdE P2RY6 M HN BEAUKG A il Ty, % St 20 43 B S 2 50 4 v 98
PANX-1/P2Y6 5 fi, SHAAIAM A 3550 4~ T IBEEFI 908 A~ FiHFEH , 437 %tz 55 5
R HEHE 5 Caspase-3, PANX-1, TGF-pl, SMAD3 JUFhE 45 Sk, SafaE. S HI%E
/MRS IR . R ZEAAUEKE, i B A 4o B0, 8B 4141 PANX-1/P2Y6 38 #AH
KEEVRBER L, A SR, 458 B R PG/ N RURRRYE B B 21 4 A 1R
F. HALHITAE S T PANX-1/P2Y6 3 i AH G R Ak PR 3 LA B9 il BT G

SRR B RFRVEVRNG; BFEFLEfL; PANX-1/P2Y6 W AFEhJIeEml; Bhia s
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BRREFAKETFEAER T EERRGSEEHEFRNINERSNHEERR
IR A
VERUR RAE S RPEN PSR LSS, R YPR AT B
H LR, TR A AR R b

B LF A R AR (CKD) R B L B, Har R P HLE -5 36077 5 AT R I
AR . AR RGHTE TR REAERNFEAEA 7 (GFBPD) 1EE MG S5&E i)
AEAERPLE, B RS, R SCH A A BB (AKD HigfEA .

e T, RATA B IGFBPT 78 A2 CKD i [ 20 B 27 ik sh Bl it 15 /N
B LR (TECs) Wik i35 B, i LR/ B RLEGIE . IGFBP7 JEHfibk (KO)
oy, TEC ZAtEmile (cKO) R i 25 e SO RS ARRE . (ol ot P9 175 5 S AR L 1) B &7 L
B ARSI IR, IRV 4G L [ . IGFBP7 @i A SR [E14h 0] B i o il £F 244k
HERE, (RAMSEES (TEC 553K R & IGFBP7-cKO /NEORIERAZRE) #F—2ESE, IGFBP7 1] il
i AR G IR A M2 (PKM2), i 3EJL K433 {81 kA&, 3558 PKM2 R 5
BERL, SEMIECHE SREBPT MK NS BAE R i, S hnsst B R £F 4i b & 8 . 38 xR 5o v 245 W i
e, BATEEE MV REEPE N R IGFBP7 $5bi5. A8 sLBHW: IGFBP7/PKM2/SREBP1 i
T 0 I B A b

e B . BF5E & B IGFBP7 78 AKI B3 KONEL OEA. B S/ FE . IR2
A SBAD WIS IR P s, S B RERS 2 EAHSC, ATREE L o Jun AREHLH & 4%
YEM. IGFBP7 ikl nl s AKL /NRAYE DhBE. Dl 208 SN SRR e PE A e T, B 414
S PR R [FRE ELAT 408 s WL I IGFBP7 AI45 &4 R R R4 1 (PARPD), it #54t
E3 7 Zi%E 20 RNF4 §I] PARPL BEff, AT/ NE# .

Zi -, AR IGFBPT BEE AKI B ZA:Wbn iy 5 s, 018 v B 2 e Akt
PR C IR 2h B 7, HoE R [ 4> Tl (IGFBP7/PARP1 #i i 4% AKI, IGFBP7/PKM2/
SREBP1 #lii s B er4ift) S 580 5182, A CKD jaY7 4L T3 F IGFBP7 it Ml 5
25T FA NG R B e P B A A S L R B T A

—SiHtEEE T p38 MAPK/HSP27/STAT3 {5 S 18 BB 2 18 1% S Ak i
FR/NES 2 B B SR 58 T FR 2k bl Th BE R 7S
SRARAED BREREE SR EREET MW B e
VWL R A B A BB E LE R BE . [ SR LA R 5 s I PR B2 25 oty . BTN, 310052
RS R R R BE s LR G AR S E A PR 2R S % . HEY . 261053
SWIIT RS BRI PE 2 B AR B2 R . AUMLL 310058

Tt VR — Pl A SRR AT 251, (BN RSO, R . BRI T AR
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FH o RS PR S MU 7T B0 27 AL ATE PR B IERS (CKD) . BV AEHLE] M A 58 20 2
DIFERAEE R, 2R (DHM) & —F A Ynis v SS s, ARSI /i i i 58 i 7s DHM
XS 2B (AKD BARPEM. XF DHM X CKD, JLHJEIAE S CKD
PRI VE AN 2y FALRI A BT, ILHIANTERE . ABFRERTT T DHM X413 CKD f {4 E
AR TR, s B mEARRI B (RLDO) (8 mg/kg, &M 1, M4 H) BSH
/N CKD A8 F1 RLDC #5531 HK-2 45 B8 (2 oM, fin/ S e 43 i b 28 7 h/17 h,
e 4 AFAWD . RN DHM B 4505 i 04 VR R XA REAIL] . 38 PEAS B 4 O bn a5 . B
L BARNIEL. RAE. GORARTERE . AT MERSET e AR AR Ak, BRTHIATE i 45 )F DHM
FIORAPVE AT BB 73 FALEI . 45258 . (RSS2 oR IS CKD fe/NBUARE R, i AL
FUMBRZR AT & R0 M B B BAE DG IR 55 45 1 (NGAL) B9 mRNA FIE HK VT, B IE
T A LR R, B IEEALN . RAE. JAT-. PIET- ML RASIf. DHM B 0% T
B UK AR AL . RN SE B B4R R RLDC %S T HK-2 4S84k Wy k. anie i, 254k
b, BRAET- R RiiA ROS Az i, DHM BHIE T HK-2 400 5k 26754k, 3 7 4% S i HK-2
R, b, B A A ROR BT TS DHM 4% RLDC i CKD [ 7E 431 HLi
DHM #i#] RLDC %S89 HMGB1 fl NLRP3 & PE/MA R EE . DL p38. HSP27 fil STATS (1)
BERRAL IS . Ah, i) p38 MHIH] adezmapimod 5§, si-HSP27 RNA #if p38 & HSP27 J5, 4
il T RLDC 5 5 1) HK-2 4 £F 4Efb. P81, ZRpbT-Mgebithfifi. 45ie. DHM 8 i )5 4%
HMGBI1/NLRP3 AR F1 p38 MAPK/HSP27/STAT3 {558 H 8 52 1 /NS R T- L bk )y
AepEfs, Mk CKD,

AZEF Rbl TR E 7T HMmERAS T RGTF REBRGXEEREIZE

SRATEL Y BLRNAKC APEETY O OSKREEWL ERR' B BRESE ST R
AR R B A — PR O B B A . B e EE AR E . FR e
B I PR R A g bl FRE B IR #5055 T v R 2 A R b o T E R S L A
W BRI A B B 1A AL s T E S SR 5 L R SR I 25 B 1R K v I 2 R
(zyyzdxk-2023310), 100853 b5 *ff A 4B 4Bt , 100853 bt

H . AR B Sl 207 5 A5 B2 F B IRA T AS 4T Rbl Ab3 R 78 i T
AL (MSCs) JFHIZREIRIEE (DEGs), B7EEH X 2S840 (AKD B & ¥ T Wik
R SCEESE, o AKT BRI7FFRERTIGAR . ik ARBFRAIA R 4. 4. 2 344X GSE207667 44
VT Tk A2 4F Rbl 4B MSCs J5 i DEGs, #k—#iid A (GO) Fnt#Hfd
HWSEFAERET (KEGG) ST, ks AKIAHSCH CHEILH ; J@ Ui ke, 25
A SCHR BRI 2 3B, RO 35 H ) S S PRI AT ER AR . 4528 . SRIA S 24 Rbl Ab 3
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MSCs J5 1) DEGs J5. %@ H 2969 4~ DEGs, H FZER 1567 4>, FIHZER 1 402 4 (|
log, FC | =0.585), GO SEMTER, X2 DEGs F 85 4E TAEWIREM > T IhhE . Wik
AR B LE T R L R T A LT R ) I R S A TR . KEGG 3 #R B, DEGs £
YA TR R T2 A B AR R TL-17 {5 5@ B BRAE T 40 AR M ZE A A A5 08 i b
FEE, ETURERSGE, AMRZHEA 43 45 AKD TR CHIEN , JFE S
THPH BMP2, MMP13, ATG5, PTN 1 NGF :[H, XS6FCP7E40 M5, Aoy, &
SiE R A BB G SV F B R R EAEA, TiE S AS 247 Rbl Wik # MSCs J&5 X AKI
BT HALEI 2RO, 458 AS R Rbl lad Jd#s MSCs W B4 s . A0 A -5 )~
R, ATREXT AKT & T H/E . AR ER 5 A A (BMP2, MMP13, ATGS,
PTN #1 NGF) R AZ 21 Rbl ZbFRK MSCs 78 AKIL JAYT o 1 1 AR AL TV 7E 80 5
OCHEE] . 2B B RNA MF: ML 253E%; S46E e P4 AS B4 Rbl

o E: B AXL = DKD 2B 5 AR5 5 #F A &l

Wi PR U BT R W N vk
PR ARIEBE R AR BRI A AR BEBE M 510000

HE): EAMERRAR (Slit Diaphragm, SD) 4 &8 RHE SN (Diabetic Nephropathy,
DN AR 4 28 AR IR I 2R N . R E R -1 (Zonula Occludens-1, ZO-1) & SD
DR SR L SRR AR R SR Y IR B OCE L, ARFY B TERDY AXL XF
ZO-1 P IRFEALE] . SR AT e 5 e 2 4 M 450 A 4 A1 B R SR AR . Dk FRATTE AR
PEPEFZI . FRAN Iy A3 LE WA ORI A TGN T AXL FEME R B 9 26 R P /) U
PRI N HRPERGE . 9L RNAScope F AR AXL 78 B 421 rh i i .
WL RS (Mass Spectrometry) A REILNTTE (Co-IP) . RAMREER R ik IEafi\N AXL A gE4E
FHIER > T K 45 G0 s . WHPOCEE K (FRAP) ZEH ARKGI AXL Xt ZO-1 #1408 1451
FH o O 2 G R S vk B AXL (/N BRI UE AXL X 08 bR B o 46 AU K HAAE FH A s e, 4%
FATHIWTFE R, AXL 7EB/NER R A2k, I AL T2ALIRAEAL . AXL 7EME B B s B
P ZH 2 ) 3R K- it A AR B 5 s 23 S R B I B n . AXL T v s R PR AR 1 R )
REAL. NS Bos, Rk AXL AT LAZE S db/db /)N U 4 458495 1 o 25 1 PR s
PERE, T AXL 0] RA28 ] B 5 eat /I R 1 PRAN S ZH U PR O R B8 . A2 200 e e P R
AXL ] A bR B /0N BUE B0 00 O B B IR Gl B AR I L Co-TP A 982 501 & 3L
AXL M N IR S B E R Z0-1 19 PSG g5 M4 &, AXL T T ZO-1 B IAK
I HBE L. Z0-1 3l 3 WA 4y BRI SS S A0, T2 5 B8 EHNM . H PSG
SEF R R 23 B A OB A R . MR R B P, AXL i kT I N R S ZO-1 1Y
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PSG Z5H 456, M T ZO-1 AT B, SBUZO-1 MARES G AR D B S A5 A AR 1S HAHL
BOR T 2RSS, SECEAMIRit . Z6t. BATPTFREIREY] . AXL @M 20-1
MR B, R TR S e, TRV AN AN R RE AR, i SR L i . X
W AXL R REME 42 i 2 i 2 B B B T (e T A0 A DR I B AT TR TR AR

mPGES-1 X E R BEEHEE TS BB RIIERMIFFR

B ARAERE PhAE

PRI EERLR A2 227 e 25 B~y YE9RERM 221000

Hiy: ek BrsGr: 2855 (ADPKD) J&H Pkdl/Pkd2 R 28745 8| K i B 5 A
WAV, AR N BN L R A BB Ak, S EGEA T E  E  N
A S I RE R . AESE SR AT mPGES-1 78 ADPKD % 4= % J& v it VE F B HLAE F 43
THUH, 455 1. 5 Prges™ 5 kPrdl™~ /NEAMIEL, Ptges™ ™3 kPrd1™/~ /NEUK) B B H A4
e £ BRI . RNA-seq 1) GO ZIfg & 411 K B, mPGES-1 K FREALIG » 1G5 AH G 3
R FRIRIKOT 3 T, S R, 78 Prges™ ™ 5 kPkd1™'~ /NRHE5HE 11 PCNA FI
Ki67 KLV % TR, mPGES-1 Ml YS-121 Ab¥RAG B AR 945 5%, X WM mPGES-1
AT DL A NG A5 . 2. #2550 BT RNA-seq 45 5 G AH OCE %, K38 DNA
SHIAH 56 3 X 7 mPGES-1 @ IK )5 235 T, J£ 4 ADPKD /)N BURT PN 20 i o i A5 =i 40 il
mPGES-1 J5, 4iffift) DNA & $il 88 il RS sk B B B REAT, R MH mPGES-1 A figif i
Tt DNA & $l2Em 0l e NG L A Esgss. 3. S BUNEAAEL, YS-121 &3 ADPGES-1
J& PGE, K- TEi A8 Ak, I H & S 2k mt I mPGES-1 & 35 FAIK DNA K il &4 3 A4 i 7
K. UL mPGES-1 0 fig i id IF PGE, i 42 8w B /NE b Rz A0 M3 5. 4. R R Jo 3% A6
mPGES-1 WAHEAE I . A IS & F 5 5w 1 2 0 iz /MA I 288 1 H3, H4, H2A Hl
H2B, #t—SRHGAEE (CoIP) BaiiF ADPKD /N I 40 (PN 4if)) h mPGES-1
SHEAMMAETAEN . JFH YS121 b#a] DI H mPGES-1 54 EH M4 G, 5. A YL 6
PRSI0 & I mPGES-1 £ % A7 40 f A% i e 4. 57 | BK & MNase-digestion, ATAC-seq Al
ChIP-seq 37, 25 8 mPGES-1 ik T B B0 (4 BT OMEREAR . SE i #0 6 DNA & il 46 ¢
BRI RIE , A9 b B A3 5 . 98 ADPKD $ ik i) & A=k J . 4518 #£ ADPKD
LT, B/NE R LA mPGES-1 Rk L, R Z ) mPGES-1 54181 (H3,
H4, H2A FI H2B) AHEAEHIZ YL it SR iy Fr ik, ik DNA & i AH G 5L
% sk, HETALHE S /NS F0 R 40H DNA B HIFIHG5E . 5ZmE T ADPKD (.

S W YO R AL TR R R s BORARTSI IR E AR 1 4NMgsE s DNA &l
e te T ik
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& FEABES AT FEIE SN E 5 1 51

B I MR R R
HREERRA B 26 = BEBe B E AL BT R4 400000

HY: 405 /MRS % (fibrillary glomerulonephritis, FGN) & —F 2% UL () B 7Nk 95955
H ¥ TCA R I . SR S A2 HI6Y7 FGN 1, Ml KiGr et —e 2%,
Fid: BELME, 523, 2025 4F 2 AR ERCT BTEM 2 4, R AMSAR. B i
JERR S 1 4R, MU PRRE IR R A M HiRIT . ABERIRF L. BEE 2+, BoiLr4ui 24 4/ ul,
PREGE AR/ RIUET 697. 22mg/g. cry 24 /NI PREE € & 0. 94g/24h, B I: JRE 5. 5Smmol/1,
IUEF 69umol/1, JRER 257umol/l, BEIWE C 1. Img/l, iy, Hirb R g foboik ., #hA .
TR RIEREE IR, MR EIER . BIEREE R 10 A ERE/NEK, 3 AN ESE, 24
BREAL,  FRIEANA S R P B B, PASM K Masson 3 (6 B /NBR I I RS 1
B, RBEX K bR FIEE AW, N (2 20%) B/ANE S, ARGk, R t.
IgG (+++), IgM (++), C3 (++), C4 (+), Clq (++), UFE/NERIMERE S R BEIX T
L, WK . BN SRS B L A T WEAE S “BER RRES K. SR T OB
WEELT YR AN LT AERESE R (L4 4% 15-20mm. ZeELHER] . Jo0r 3. KL IEEUR 2t nl I 4n
YU, RRVBERE . RN L RBEIET Gy B, #r R X W _E R
STYERESERI IR . 17 DNAJ RV %0 B it 9 (DNAJBO) el gk r e bivt, 455, &
KW HEEE/NKER. BTEARZT A 20mg, f:H 3K, MYPIHEEHE 80mg, & H 2 K
7. 4 AREAREM: EH+, K ACR 161. 92mg/g. cr. Z5i: FGN 2 —Fh 2 ULAYE /N ek
Bk, HETHM TG INAE AT 4. KREH FOGN B2 MR B A HAM 25 ORBkBERE .
IRI00 R sl M S A ) Bl R 22 B TR, (ARER A R R I e I R, IR B
RIVEG . TEAHE EEIEMER S M AT R, BA R 2> REE . I EA T 40
HWERVER .. AOIEFE ARG AEZ T R 2697, BRI I8 7 R IRIGYT
FGN f#2t25 —E S ME, (AR ABEZHIRYT FGN By7 LA feiE— o

Activation of Fibroblast Growth Factor 2 Pathway Enhances Brain Vascular
Contraction in Chronic Kidney Disease Mice
Liang Zhao', Xingyu Qiu"??, Chunxiang Xu', Gensheng Zhang', Nan Xu',
Pontus B. Persson®, Andreas Patzak®, Jianhua Mao', En Yin Lai*?
"Department of Nephrology, Children’s Hospital, Zhejiang University School of Medicine,
National Clinical Research Center for Child Health, Zhejiang Key Laboratory of
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Neonatal Diseases, Hangzhou, China; ?Kidney Disease Center of the First Affiliated
Hospital, Zhejiang University School of Medicine, Hangzhou, China;
$Department of Physiology, School of Basic Medical Sciences, Zhejiang University
School of Medicine, Hangzhou, China; *Department of Physiology and Pathophysiology,
School of Basic Medical Sciences, Henan University, Kaifeng, China;
*Institute of Translational Physiology, Charité-Universititsmedizin Berlin, Freie

Universitat Berlin and Humboldt- Universitit zu Berlin, Berlin, Germany

From epidemiological studies, we infer that chronic kidney disease (CKD) is an independent
risk factor for ischemic stroke. Stroke incidence becomes greater as renal function declines,
however, the mechanistic connection between renal function and ischemic stroke is
unknown. The present study identifies a candidate mechanism linking CKD to cerebrovascular
constriction. We isolated cerebral arterioles and arteries from C57BL./6 mice that had undergone
surgical 5/6 nephrectomy and were fed a 6% sodium chloride diet for three months, and tested
their responses to vasoconstrictors. CKD sensitized the brain vessels to fundamental
vasoconstrictors, such as angiotensin II (Ang II), norepinephrine (NE) and endothelin-1 (ET-
1). Upregulation of fibroblast growth factor 2 (FGF2) and fibroblast growth factor binding
protein 1 (FGFBP1) expression in brain tissue after CKD may indicate their involvement in
sensitization of the explored brain vessels. As FGF2 and FGFBP1 protein mimicked sensitization
to Ang II, NE and ET-1 by CKD, we treated CKD mice with the clinically used FGF receptor
kinase inhibitor BGJ398 ( Infigratinib ), which prevented CKD-induced cerebrovascular
sensitization. In conclusion, CKD may promote constriction of cerebral arterioles and arteries by

activating the FGF2 pathway.

#8[E) 7= ECM 4 p0ig 'S RS CAR-T ZHRaAYT
B 2 BN
IR K2R BE2ABe 2 B2 R s FRg s 250000
R B XTI IER (CKD) B IELF4ifb s = A 80697 F B IR RIF B3, 38 o @ T
PR “gupasbIE (ECMD F=A4iie” pOe IS5 0e0E . I BE -0 E B B P 4F e fb ¥ 5, R
] FHFIGY7 B L i AR 2 88 B It K AE WO INEF4E . ANR IS e 4tk i) CAR-T y7 ¥, 7
e WFSRE A PR RNA PP SERR . REMAT T /N2 PR B w4 4 b rh n dn e 1D 3%, e
B A R A L A AL TR, TR R AT AL i AE 2 MRl CKD BRI, aiad “fRsh i
FE” B “LNP AR A8 PDGFRB CAR-T 4, e, ORI K F3h ka5 L2 88 B e
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ik PDGFRB CAR-T J7ik S r g Ab8CR . IFE— A AR BFNESE A8 E CKD A8 th 8k 127 vk
MR shASBEE L ER AR T CEAE. A0 AD 5B E OF. M5 Mofi. 54, 8§
TR, RGN 2 PR RS B SR EE . I E AR AR AR s . 5 A Ik CAR-T X
M8, Biih PDGFRB CAR-T ZUfiaA T ARE A B, BEL ek, 4550, AT et
AN, T 40 S LR AT 4 40 B2 B E R ECM = A g i, R e b, AT AR
PDGFRB Cifit/MAGTA A K 13248 B AT AE 0 ] SR T . T A B0 018 M B
IR difl CAR-T ¥7ik. 2R/ CKD R, St “fRAMES A" & “LNP Sk N4
B (% PDGFRB CAR-T 4" PHFPORES . JIRE L & MGE 5L (b HDCI BEEAE . 045 B AELF
Hedb . O ML) 2R 2 Ak K JE R 27 ik, (R Ie EL A 90 ) 2 R 28 A R S PR g v, FLR ULER
SR EEPE, AN, EARE MR E IS TR BN b, ST MU A 4R A RSO AR B R E
S5 1 ARHIEST B0 AET 4EANAE . A0 0 S VLR 2 2 A0 B I ECM 1) 32 227 A 40 i 5 ' ik
S AAAZ OIS . HIESE PDGERB AIAE bt vk B Wi 27 4k k. CAR-T 7 356 9 v 76 48 ] 3% 1
U, IR AR R T OGRS KR . 2. RSN EGRRE” 5 CLNP A SR AR R
Pt PDGFRB CAR-T 4iiffisimg ., 7E2 R0/ CKD B8 b Ry S ML ] 2 045 1 . b 35 G
B FE SO LR JB L o A T PR 24 B 2T Ak FLJC B Rk, O CKD R HLG 8 I R 1) 245 B &1
AEACIRUE TAH ARG HIRIT TS, 3. NS NEZEA T CKD A8 fiZ 7 ik P e i A 35CR 19 B iE
HE—25AE S PDGFRB CAR-T 73k HL g a0 B R 0 I RAG AL v s S it B s 2 4k Ak
RITHRAE TR I

First-In-ClassSelective Inhibitors of GLUT9 for Hyperuricemia

via Intestinal Mechanism

Zean Zhao*** Zhigiang Sun'* , Zilin Shen®* , Fengxin Zheng'® , Xuewen Zhang',
Zhiteng Luo®, Yueyu He', Yuexin Xu', Zhenkun Wu', Jiale Ke', Jing Li*, Ting Wu',
Qun Zhang®, Yuanxin Tian'*, Xiaojing Pan®*, Jianxin Pang’**, Jianjun Chen'*
'NMPA Key Laboratory for Research and Evaluation of Drug Metabolism &. Guangdong
Provincial Key Laboratory of New Drug Screening &. Guangdong-Hongkong-Macao Joint
Laboratory for New Drug Screening, School of Pharmaceutical Sciences, Southern Medical
University, Guangzhou, 510515, China; ?Good Clinical Practice Development, Guangdong
Provincial Key Laboratory of Bone and Joint Degeneration Diseases, The Third Affiliated
Hospital, Southern Medical University, Guangzhou, China; *Institute of Bio-Architecture
and Bio-Interactions (IBABI), Shenzhen Medical Academy of Research and Translation
(SMART), Shenzhen 518107, Guangdong, China; *State Key Laboratory of
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Anti-Infective Drug Discovery and Development, Sunshine L.ake Pharma Co. ,

Ltd, Dongguan, 523808, Guangdong, China

Glucose transporter 9 (GLLUT9) is a high-capacity urate transporter that has emerged as an
attractive therapeutic target for hyperuricemia treatment. However, the development of potent
and selective GLUTY inhibitors remains an unmet medical need. Building on our recently disclosed
cryo-electron microscopy (cryo-EM) structure of GLUTY and leveraging our previous discovery
of isobavachin (a non-selective GLLUTY inhibitor with primary activity against URAT1), we
rationally designed a novel series of GLUT9-selective derivatives. Among these, compoundsSG4
and SG7 emerged as particularly promising candidates, demonstrating both superior potency and
remarkable selectivity for inhibiting human GLUT9, with IC;, values of 1. 44 yM and 1. 63 M,
respectively. Notably, SG4 and SG7 exhibited no off-target effects on xanthine oxidase (XOD),
urate transporter 1 (URAT1), or organic anion transporters (OAT1/OAT4), and showed only
marginal inhibition of GLUTI1-4 and GLUTI12 at 10 pM. The cryo-EM structure of the GLUT9-
SG4 complex, resolved at 3. 14 A resolution, identified key interaction residues (Y71, E364 and
C427) which are not conserved among the mentioned proteins. In vivo studies revealed significant
urate-lowering effects of SG4 and SG7, surpassing the efficacy of isobavachin, lesinurad, and
verinurad. SG4 and SG7 promoted both urinary and fecal excretion of uric acid at 5 mg/kg and
only fecal excretion at 1 mg/kg when tested in the mouse model. SG4 exhibited favorable plasma
stability in mice, retaining 84% of the parent compound after 4 hours of incubation.
Pharmacokinetic studies demonstrated limited systemic absorption of SG4 in both rats and mice,
with 73-80% of the unchanged parent drug recovered in the intestinal tract. Metabolism of SG4
primarily involved Phase II conjugation, specifically glucuronidation (37%) and sulfation (22%)
. Notably, the administration of the chemically synthesized metabolite SG4-Gluc alone also
demonstrated potent in wivo uric acid-lowering efficacy comparable to that of the parent drug
SG4. Using the isolated intestinal sac model, we confirmed that SG4 (1 and 10 pg/ml.) inhibited
intestinal absorption of ' C-urate. Significantly, SG4 and SG7 demonstrated dual renal protective
effects in both in vitro and in vivo models, presenting a distinct advantage over conventional
URATT1 inhibitors known for their nephrotoxicity. Furthermore, SG4 displayed no acute toxicity
at 100-2000 mg/kg and showed no hERG channel inhibition at 100 ;M. Mechanistic validation in
AAV mediated GLUT9-knockdown mice confirmed an attenuated urate-lowering response to
SG4, underscoring GLUT9 as its primary therapeutic target. Collectively, these findings

establish SG4 as a potentially first-in-class, intestinally-targeted GLLUT9-seletive inhibitor for
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urate lowering therapy, possessing excellent safety profiles and warranting further preclinical

development.

mPGES-2: Sl &EFEHEERITHa

PRPHPE G B LR AMVR NE
TRIN BRI 2427 e 25 B 2. FRJH 221004
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Effect of lupus nephritis activity on adverse pregnancy outcomes

and its risk factors: a meta-analysis

Qingnan Zhu', Yuye Li', Yu Sun', Qing Guan', Yue Zhou', Qingsi Wen',
Yan Shi', Zewen Yan', Hongli Lin""*, Dapeng Wang'**
'School of Integrated Traditional Chinese and Western Medicine, Dalian Medical
University, Dalian, Liaoning 116044, China

2The First Affiliated Hospital of Dalian Medical University, Dalian, Liaoning 116011, China

Objective;: To evaluate the effect of systemic lupus nephritis (LN) on pregnancy outcomes

by systematic review and Meta-analysis, and to explore the effect of LN and its activity on
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pregnancy outcomes by combining with the existing case-control studies and cohort
studies. Methods: CNKI, VIP, Wanfang, CBM, PubMed, EMbase and Cochrane Library
were searched. A total of 37 retrospective and prospective studies on pregnancy outcomes in
patients with lupus nephritis were included. To extract and compare the adverse pregnancy
outcomes and renal outcomes of pregnant women with systemic lupus erythematosus (SLE),
lupus nephritis (ILN), active LN and remitting LN, and to analyze them by meta-analysis
software. Results: Thirty cohort studies involving 3289 women with 3966 pregnancies were
included. Compared with LN pregnant LN Aactivity, the adverse pregnancy outcomes were as
follows: Comparison of adverse pregnancy outcomes between active and remission LN showed
that: Pregnancy-induced hypertension (OR = 2.53, 95% CI (1.22, 5.24), P =0.39),
preeclampsia (OR=2.53, 95%CI (1.49, 4.29)), deterioration OR recurrence (OR = 2. 50,
95%CI (1.82, 3.42)), therapeutic termination of pregnancy (OR=4.66, P=0.39), 95%CI
(2.98, 7.29)) pregnancy loss (OR=4.10, 95%CI (2.62, 6.42)) SGA (OR=2.01, 95%CI
(1.19, 3.39)) and preterm birth (OR = 2.17, 95% CI (1.58, 2.97)) significantly
increased. Maternal serum creatinine (MD=17.38, 95%CI (5.91, 8.87)) and eGFR (MD =-
9.07, 95%CI (-12.54, -5.59)) were significantly correlated with LN activity. The results of
comparison between the two groups showed that the adverse effects of LN activity on pregnancy-
induced hypertension syndrome, preeclampsia, disease deterioration and recurrence, and serum
creatinine changes were higher than those of LLN activity. Conclusion: Pregnancy in active LN
increases the risk of adverse pregnancy outcomes compared with remission LN. Pregnancy in
remission can significantly reduce the incidence of preeclampsia, preterm birth, and fetal
loss. Hypothrombocytopenia, hypocomplementemia, proteinuria before pregnancy and remission
time before pregnancy <1 year are risk factors for adverse pregnancy outcomes. Therefore,
pregnancy of LN patients should be carried out under the guidance of doctors, and the reasonable
timing of pregnancy should be selected to reduce the incidence of related adverse pregnancy

outcomes.
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Artemisiacapillaris Thunb. Petroleum ether extract, an MMP2 inhibitor,

attenuates EMT and delays pulmonary fibrosis

Qiongyue Zhao', Nannan Yao', Yujuan Liu', Zhehao Hu,
Qiwen Zong', Ying Cao '*, Ning Zhang'*, Fujian Xu**
"Department of Pharmacy, Jinshan Hospital of Fudan University, Jinshan District,
Shanghai; ?Department of General Surgery, Jinshan Hospital of Fudan

University, Jinshan District, Shanghai

Background: Artemisia capillaris Thunb. has been widely used to treat pulmonary
disorders; however, its bioactive components and underlying mechanisms remain poorly
understood. Objectives: This study aimed to explore the protective effects of the petroleum ether
extract of Artemisia capillaris Thunb. (PEA) on epithelial-mesenchymal transition (EMT) in
pulmonary fibrosis. The chemical composition of PEA was characterized using UPLC-Q-Exactive
Plus mass spectrometry, and its potential therapeutic mechanisms were further examined
through network pharmacology, bioinformatics, and molecular docking approaches. Methods:
A549 cells were cultured in wvitro, and a TGF-fl-induced pulmonary fibrosis model was
developed. Western blotting was performed to examine the effect of PEA on TGF-8l-induced
EMT and fibrosis-related protein expression. UPLC-Q-Exactive Plus MS was performed to profile
the chemical components of PEA. Integrated analyses combining network pharmacology,
machine learning, bioinformatics, and molecular docking were conducted to elucidate the
molecular mechanisms by which PEA attenuates EMT and delays the progression of pulmonary
fibrosis. Results: The IC;,value of PEA was found to be 126. 3 pg/ml., and no cytotoxic effects
on cell viability were observed at 40 pug/ml or 5 pg/ml concentrations. Compared to the model
group, PEA significantly reduced TGEF-Bl-induced cell deformation, suppressed Vimentin
expression, and upregulated FE-cadherin expression. UPLC-Q-Exactive Plus MS analysis
identified 145 chemical components of PEA. Network pharmacology and bioinformatics analyses
identified 43 potential targets associated with the regulation of EMT. KEGG pathway enrichment
analysis revealed that these targets were mainly involved in pathways related to cancer, including
the AGE-RAGE signaling pathway, the 11.-17 signaling pathway, and the HIF-1 signaling
pathway. GO biological process enrichment further demonstrated significant associations with

collagen catabolic processes, collagen metabolic processes, and extracellular matrix (ECM)

disassembly. GSEA analysis identified MMP2, MMP7, MMP16, and SERPINE1 as key
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genes involved in biological processes such as collagen catabolism, collagen degradation, and
epithelial development. Both the PPI network and the drug-component-target network highlighted
MMP2, SERPINE1, CXCL8, ESR2, and MMPS8 as core targets. Based on the GEO dataset,
machine learning methods identified five hub geness-CHRM3, MMP16, SERPINE1, MMP7,
and MMP2- that may serve as main targets through which PEA alleviates EMT and slows
pulmonary fibrosis progression. Molecular docking analysis showed favorable interactions
between PEA components and MMP2, with 18 compounds showing strong binding affinities.
Among these, 15 compounds displayed binding energies below -7 kcal/mol. Similarly, 3-p-
Coumaroylquinic acid, 5-Caffeoylquinic acid, Auraptene, Chlorogenic acid, Glyyunnansapogenin B,
Myricetin, Quassin, and Ursonic acid showed binding energies below -8 kcal/mol, indicating
particularly strong affinities for MMP2. Conclusion: PEA comprises several factors that inhibit
MMP2, thus preventing EMT and reducing pulmonary fibrosis by decreasing MMP2 activity. Molecular
dynamics simulations also confirmed the high structural stability of the MMP2-compound
complexes.

Keywords: Artemisia capillaris Thunb. Petroleum ether extract, Pulmonary fibrosis,

Epithelial-mesenchymal transition (EMT), MMP2 inhibitor; Machine-Learning, Molecular Docking

B0 1m) FR B 7 R I 5E 3R B AT RN T I FR AT B s A

FUA . TR I R R o AR S PR AL 1 97 Fp g O LA A ™ F b . AR e
FIHR RGO AN () S B4 R G AL RN 5 32 B R R 75 O S5 HLAT ) 3 vp 0956 Pk B i B 25 900
BIGUR (sdAbs) WHU/NFTE . FUEMER S T TRKGE . $ol @B yim 67 iy & %
TH., AU EEF LM 0 RN B R (HA) BRI A SRIRGTIAR, I P AL 3 b Fifg
T3 VR B SR BERT BI6 7 ORS . T5ik FRATTSR A A0 - BE SR I 1B SR AT PR AL 1)
1iEER (HA) BRI pTiR 501 A1 602, 235l 1% F IR B B2 28 — ISR — e . i gk
PRE e s (ELISA) RN 28 HA BYZ5G Pk, I 00 RE A 52 56 Hh B0k D RERL T 5
I A R BE T it iR S HA IR G4, S IR0z, 7ereEeal b, APk iE 1
ik (GGGGS), # 501 55 602 Filv. MEXURRIEDUIR HAZS, JFRMAEWZ T HEA (BLD
MEHL G . Hia. 18 HINT 5 H3N2 /N IEpEs . 22 A5 sk HA23, R4
PG HAE T 53677 260 T 0 &, LI RE RNA 95 DU, foaeilg 1 . IR AZ A B A7 3%
R, SR HL, ELISA 4R PIRRPIPTANT MEER (HA) BYSSE 2R AT 18 2 W94 B 7KK
S, Hodp 501 XF HINT-HA 9 ECs0 A 0. 46 nM, 602 X} H3N2-HA f EC;, & 3.78 nM, JfH
501 7E P ISR PO 2280 HINT R RER SR B /N T 1 pg/mL 1 1G5, 602 X T+ H3N2 W ik %
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4.49 pg/mL, ZERFENTR VR AR IE— D UESE T F 0N HA (98 BEAR ST 283 X o, R, AR
SEPiR HA23 5 HINI-HA M H3N2-HA #9 BLI St 25 R ¥R Hm B g & (KD 43514
0.46 nM 5 3.78 nM), BERE[RIIIES S WS HA =B K, IR I 22 750 551 1 30 Sk iy ) 1 v A1
YEH. FE/NRILFESCE . WAL HA23 JLISE WP oG =N . Y RE 3 PR AR M2
RNA $ DUEBCHUR BRI B2, B AT T e, 48 s By MR AATE 32, X HINT 5 H3N2 8
RIHFESTR . 450 ARSI EIFIAE TR Al AR VR P BBtk HA23, GefE Rt
A ) F RIS B 55— JERNEE 2RI M B R (HA) ZEIRSFRAL, B ik b Aie o i
FHRAR R T FATTROR . AFF R AR AR BT A W 253 TR R
Kofdin] . WU IMBER; HIRPTIR; WAZRZY; XAURESME; iR

HDAC6 i i3 Hsp90/Hsc70/CMA Hhif#= 2 KR K T Rk & 7 B £ 4E 1L B LI R 3%

(2 2N i R
AR R RE BB PRI BE . AR, 3500015 * A HE R R R 2= B E RS T
F—PEBE. ®F. 35300025 3 FREEERIREL R, fRIN 350122

H: KRBT R (RA) BE MBS g4 b 4 B B X OBk 6 (HDAC6) i3
K. ARSI HDACS it/ 5 HSP90 Bk I TR A (CMA) ZE28 XU IEHT R
BIFMEF A VR B . ik IRAMSEER R TGE-BL il NIH3T3 40 i £F 24 fL A A,
KH WB, qRT-PCR. #Esetik . il GERN CAY10603 X CMA FIZF- AL im Ve s B
FMBSEE G, ORI CMA MG PRI 5EM, WML E CIA /N ERAR,
Y RIEHE AL, BRI NC I HDACG 4, 583 06T RAGET4r . S5 I I B5OR 2 JTURE BE 37
FH/INEOE RAERE B HEE, JAR LT Y (75 B 45 4L /N U [ 6 78 . i R 4 4 o b 3%
ik ELISA JAGTUIGNE 1 RA AR &Y 50N R L8 (IR R IR S e 98 0 4G T /N BRUH A
CMA G F 3R IA 5 FIE s WB Fl RT-gPCR 3 4 I i i b CMA AH G &3k, DL
HDAC6 shRNA XJ/NERIEF el /e R . 455 CAY10603 ] 45240 /> NIH3T3 4 i Ji i
DU, MM 44k, T HDAC6, LAMP-2A, Hsc70 & 131k ; B & 255,
Al CAY10603 %t NIH3T3 4 il e 44k . F0f A w1 g HDAC6 shRNA
Jei Al b CIA /NI T 5 R 56 37 d HDACS6 5 Hsp90 py2eik. B kst i) o s . %
BEACIGIE S ACPA Fik, BEACK R LF4E &/, W3 T M AIE 4 2Uh oo SMA, Collagen I, p-
smad2/smad3, LAMP-2A. Hsc70 351k, il RA SIFMLF4eibny & 4B LB . 4518 . HDACS6
A LUE A Hsp90 SEEALTESY CMA 238 RA-ILD, S RA-TLD i PRIG 7 S 5T i v 7E 8 A

SR . RRIRME TR . MiLFdith, B LWL 6. 4> FFE18 A 1
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EGFR-TKI XS {7 ATiR S M HEI A AT VIBR EGFR RIETIE/IN A A 00 T it /R
EFHMEETS, TERREREE.: RIEN—IEESN

MBI
R R A2 B
A R R

Hi: 24K T2 R BERRE I 7 (EGFR-TKIs) 2 EGFR 28453k /N i ifi
it (NSCLO) BIAR—LIGIT5Y, (BHAGPEmT 250588 & — Pk . AW T EGFR-TKI
AT S5 8 i EGFR-TKI Y72 st . R T T RE B A7k ik 25 B 2 1 I dd .
D5 G RGNS Meta AT e 46 H (PRISMA) 58, RAEKRER T#E 2025 4F 2
A 26 H ) PubMed. Embase fl Cochrane & 545 %42 FE, Wk b4 EGFR-TKI Bt 454k 5
EGFR-TKI B34 77 (I RENLAT B ES (RCTs) ., H PG 44 P87 2 A 7 047 SCHR O 5 4540 4 BURn
Ik BRI CRA Cochrane ffas KU PFAG T H) . i RevMan 5. 3 I Stata 17. 0 #4347
it obr, IHEASIFRE L (HR) . K& LR (RR) KH 95%FEXE (CD, Xt PFS #47
W LM, S5 FR99A 6 i RCTs, # &% 1383 Bl . Meta MR B/R, H5HZ4E)T
M, AR BESCE TR W RAEAFS (PFS; HR = 0.53, 95% CI: 0.47-0.60)
MAFER (OS; HR = 0.61, 95% CI. 0.46-0.82) FIZMWZEMZ%E (ORR; RR = 1.17, 95%
CI: L.11-1.24), AW, BRARIT W R ERIN T =3 AR F/ (AEs) Bk AENE (RR =
2.00, 95% CI. 1.61-2.50), WA /R, FELATEMFF (HR = 0.44), FEE AR P
VERREIRAS (ECOG PS) 1E43 K 14F (HR = 0.52) DI RAE#<65 % (HR = 0.50) (W
H. HPFS B i, 456 EGFR-TKI A7l i 2 K e A W] Yl Br EGFR 58748
NSCLC ## 1 PFS #1 OS, {H[FEFHEIG M T =3 %A R FEAHRE . . ECOG PS 1 438k
IR <765 W B E TTRE SRRt b . X FHEE MR, NERIZIT %, JHF40 0 m AiA~
PRAL XU 3R 25 PA o

KA. EGFR, JE/Nfiff i . EGFR-TKI, fby7

BiAEEE PldA 975 UPEC SRR ST FALEIBT R
sE S PER
KHh B2 P PIBRSS 258, KHE 300000
FITFRAAZR IR BRI B, KHE 300000
HE: REEORTER IR (UPEC) JEIRIEEIEALR E 2R . BRI SCHEAE T RS I
e R4 (BECs) RYMSIRBE b ki AN, dEMTE s A N Al e (IBCs), %l i
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SEH I ER S Z A R . SR, UPEC MR 9810 vh i it i) B 5 BIL) i A I . AR
FEiE i PR N AME LB SEA & UPEC SR8 A>T HLE . JF S HRAHN B0 25 0. Jiik: 1. 1@
SR T AN RT-gPCR SER AN pld A fEEGe e EAMR 2 /N 2 B, il 6 IR 2
POCRRICHYNR BTAK I PIAA FOBEIRBETG M, TESE PIAA BEAT 28R ik 1 32 40 0 A% 20 B RS i g
e 240 . /N RS R B PIAA B3R 0 e R 20 TR 7 5 DE P A E AL s 2. 7 UPEC B0
ANERPR BB |- ] ELISA J73k P PLIAA X5 20 40 Mg I 7 KF- g 52 e s 3. Bt iR ic
Rab27b. galectin-3, PIT1 & H . MHREFOCHITIIEME LS UPEC iyt fii; 4. A @GR
orEs & UPEC BRIE 4. Jf i Western blot 734 PIT1 By H &1k 5. il i JRAE #E 1T
SIRNA TLER/INUBE DG L B 4R Hh i) PITL, & BB 1 i S MR DLER PIT1 #6825 B UPEC
SEAEAN IBC A 45 : UPEC ERYLIHIE ) NF-«B {5538 i LA 707 TR I 480 B L i kR ik
FamE PITL fFaA . MITIE I 28 P AR ER 1) AN B rh o e 1S Y0 PR R TR 2 ) k2
BEREL. UPEC Wi BARBERER (. Frse R LIRSS S PIAA B3Rk, HEM SRIE %1
R 2L AN AT A B ki . TCER PITT AT 250/ UPEC 7EM B 4630 b A ks, R (2%
W I L e 4 TBCs BB AR, 8075 2% UPEC R 4RBT HaR . 4518 AP R 5
BT T UPEC 38 idh i AR E 4800 PR B R £ 1 A5 5 R S 75 0 7. Emi i bifd 275 Bk UPEC
EGER > Tl . I N IT AR UPEC BOLAH AL 6 SRS R A 1 AR Y PSR
KA PRI s IREGEORTERIBAT R s 16 T AR

AR TEXA S ERERBNAE SIE: —IETn&EMIREWHFR

€ AN AN 7 U G o O A
IV NES

HEY. Z0Bamtioctitish ke % (PH-LHD) fER% Wi PH WA > —, HEiH= 2
ISR UG PEAG TR . AW B 78T & 5L T 0 AE bR S W i o e I UEAMZ S H. Tk
ABABI B LLPE BERF R 2255 —BE B 716 5] PH-LHD 35, L AIIZE (n=501) Figm
IEEE (n=215), jliid LASSO Cox MIHF Cox 43#Hriffi i 6 AL T3 FU 45 briAl) R FN L . R
DI r iR bR . XM (C #8%0. ROC-AUC), #KHERE (1, 000 ¥R Bootstrap H5FE)
FEIRZOH GRIEMZ 31T, DCA), dliid Kaplan-Meier 23T 73 2 BIME . 4558 FI4IA
I T X 40 B G4 C #8%k. 0.759 [0.720-0.797]; iFE4E: 0.720 [0.655-0.785])
FICHERE . 1 4/3 4FE A AT 2R 8 1) AUC 4351k 0. 80 (0. 748-0.851) F1 0. 798 (0. 749-
0.846), BFEAES MR 0. 733 (0. 648-0.819) F10. 732 (0.651-0.813), DCA B/RTES 12 HEK 5
EIEE N A I RS M G ZRBE k258, 12.5-89.5%; S iFE4E. 6.580.5%) . Kaplan-
Meier 3 it SEA [R]RURS: 2 G I FET R AAAE 2 25 57 WP BB A 3 p<<0. 001D 4518 ABFRK
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IHAREEIFIGIE T 405 6 T0H MUAEYIAR B9 1) PH-LHD & FHAIL R, T SCsidEmi iy 1 48 /3 45 XU
OP)Z . BCERTELTT AR il PRSI BB 1 S0

BiEeE T ZERIMEEKEES CMENR

Bt Z/NLT JHEE IRH
P EE R R 2

filish ke e (PHD & —Fh ™ 5 A S0 P il i e . W2 PH Y EZRBE XSG &, T
JelT TYER BN R M, 5 PH WAL RIREVIMIG, AU B E MBI E N T RS
S PH s BEERE B HA AN K 2 . Fefi i ad C57BL/6] /N R i 1 Je i T 87, PH KR,
FEERA IR I R BAFIASE . R BE s s L A0 AR i A8 5K J i e S 4l 41
FRPLAAHOR  RGEVPAGE b T ORI BRI 3 5L A D RE KU RS # 5 TR 1 ) R A 1
. RN, Bl TSR RERBEA OCERER G, S RAME. BT R R
AU E (RVSP) B E T (P<<0.0D), fEMiALFERIE S 5k, 40 F W4 i
(TAPSE) EJe iy T 7 SR BEAC. Je b T3 5+ 18k C57BL/6] /IN B4 Jili 3l Jik fin 38 1sf (8]
(PAT) 4%, PAT/SHE A tW(EREAR. Tk 22 (PAD) K PAD/FE 3k B2 LLIERE K.
it i R 18 VL K & RE IR o L 5K T SE G s e T SO BRI B bk 0 S R . I R4S
s, PH BEWMHIEE S PAD 2 IEAMH X (R*=0.8553, P<C0.01), 5 TAPSE & i 4 %
(R*=0. 7523, P<C0.01), A HIIET shaFs s Bt Be s TR R G E . AR uE s v
Jeil TR T @ Ih s Ik g AR A A S 8GO B UiRe g, A SRR PH
KAz AW EE AN Z H AR ARAR O PH (TR 57 3 T s 2k .

DL0309 Xf & KGR MEXTTRBXME BF (RA-ILD) /NRIEFFIER TN

PRtk T e R
Hh [ BR e b B AU At P A B 2 Be 25 T 52 i, JE st 100050

HE: KR PERT (DL0309) JEAUR T R 25 T (A BR B3 AR (5 kbt R 25, B Pk
BURSAER . ARFIE £ 2 H A2 RN DL0309 X /)y BRISE KR 5645 R AR Il 8] s (RA-ILD)
FERVEIRITAE . i ¥ C57 /N B AR SR B AL 43 0 1E 5 X6 HEZH . BEAU HEZH . PR X B4
(N2 2 Wifie) . DL0309 ik, . sl al . ik fz P T 5 I D 5 4 3 A 70 LAk 5] B Mg 2 4
(LPS), ##57 RA-TLD /NRARES, YRS 42 RITIR4 2y, a8 D06 2 ik ik A 1 LA
KT RAGEL (AD PO PEAS T R A AR AL . il ad /N RIS CT 4. WP oy REAG I . i ik
TR X G0 B2 (HE, Masson Jefa) PRSI (R, W4 DL0309 X RA-ILD iR 7 1
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Mo BKF, RADRMZ RN E Al VN I & & dlid gPCR, Western blot 4%
A G [ B PR DR () 3Rk . 25 S5 Wom DL0309 v, i it 2 w] DABEAIR /N BROG T 4 4
B BT RIEAREE . WD DU, A AT . DLO309 Al | TNF-o F1 1L-18
ORI, I8 RA-TLD S A RAE . [RIIE R 38 TGEF-1 #l Collagen 1 Y21k, Zefift fili 41 4
fb. 45t DLO0309 FEZEff AT SALRMEIRT . XF RA-ILD BAR R, T REMC X MR 1k
SRS M AIE I K R B 25

KHEA] . KGR R s XGRS R W BTEMBe ;s 2980T fr

STK11 7.0 M B =R R Rt E

SKEH J7EEAE SRR
i BE 2 B Be U st R 27 Be 25 I F S i . Jbst, 100050

STK11, Wl LKBL, J&—Ffi 7 A @K 19p13. 3 b AR 5L X, HaT e 5 s
AMPK {5538 B )81 A0 A . g Anpk . STKI1 i 5d 3% AMPK T mTOR {5 538
NG A B A A AR . BFRER W], STKI1 MR 1% £ 2 PeutzJeghers Z5 6
i S Z2 PR IE W A R R B A G, I Se 4ok G B, STKIL WS 5AH, Ol SR
FAPEBIR I K AR R T . DA (CVDs) S H AT Bk A RS TR i RN Z — . L5
WrsE R, STK11 TS 5 2 ful MU SR AR SC . STKIT T 8 i A2 S B0E 3 Bkom 19 4 4=
STK1T s ] MMP-2 ek kil 3= s ko i A A=k i s Aefili 3l ks s b . ST a3
AMPK 5538 . PRl sl K PN B 40 06 52 5k 405 5 ) DT BE KRk . AT 7 i 2l Jk v s 14 252 g o
FARGRPYERT . ESh B RERE AL b, STKIT @i fle i AMPK 3 B ) i IR AR S0Hs Ho 9 g AR
. PEBEAR AN, AR BT . DT A FE BT S KR AR R AL B 1 . X Le R sE R
STKIL fELo M4 R 48 nl KA R AR T, LI BEsh 2k sl 3008 N I B8 S Eopi i R R K g, A
STKI AR 259+ B Uk B HA B0 s geis LAY 259, T REXTT0 A B B 6 )T
PR XN ARSR AL MU B IR T AR— AL 1T A5 T 1) FAE B

KA. STKI1; AMPK; (OIS EshE; stk shbkorefiie

AC2 EFEEB*T COPD /BRI

LEk ESEE HREKHA BHAR
B BER RS2 2522 B = 48 KR 2 B g % . g R 650500

H: TRANREHRRIMEEG 2 (AC2) X COPD S B RR A2 . BEXF AC2 B PR i /)N B ik
1 COPD SR RIRNSE . BFFEHs e 22 COPD IR 7 8 IR R LU LT G R S R 24K 98 . J7
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. 1. COPD /NSRS T S HUR D BE . 5 BRI 452 e g3 R AE A . 1) FH sh i itE 47 & AR R 25
(CS KM AZRBKEGIEZE (LPS) i5S4ab3, #57 CSLPS %S COPD i, L/
BT CS I AZRRE R 2-3 KifEf7 LPS (0. 5mg/kg) S AERITF R, A5 #4T CS 1S 5%
# . e CS-LPS 55 COPD it , CS W AZERMNEY) 0 SRR RS AU 2R mA YRHY
ABRATD, LIR/H . 13/ HE/ R, R 18 Ji; 2. TG DiRess il . i ] EMKA /N3l
Yyt Dy GeAG I R Gk D S Bl D e, 6 4 24 010 g 0 SR ARG I — R, 65 24 BT I g ST A D — vk
Bhr: PPAEHE (Te). FHAMSE (PEF). 50%MMAHE (EF50) % FRIEESh Y0 D) GER
M. fii 1 Flexi Vent FX2 52 % X3 it Dy e o WA 0 2 V) BRI DD B8 . 3. S8 AE 4H R F-Aar ) -
fdi Fl ELISA R 8 Bio-Plex &35 A R Gkl COPD /) Bt 21 43 8§ 1fi 38 Hh (19 9 4 40 Jifd IR 77K
o 4. MHZUREIE S . X s i I g LA T A i AR B, U1 R, HE Qe R s
ANFEHB N H LI & ARk, AT B0, 4k 5 COPD Model WT #AH [, COPD
Model AC2-cKO /MR Te W35 Fh&, 485 Rrs. Rn Fhi, /ANRZA 2 IL-6, IL-17F,
IEN-y 3. 45 AU AC2 i 8V R miBR /D B, SEBIERT AC2 LR AR 58 COPD
INRUB BRI DI RE SR . P RAEAKE . JE AC2 £E COPD KA K i BAT EZAE
KA. COPD; AC2 ZERRRR; MhidhEe; e RIAE

S8R AT MREE R E B IAL EBHI B COPD E I8k 20 B P i) 52 %8 K iE S B

RV B BR
B BER RS2 2522 B 4 AR 2 B g % . g R 650500

HE: 122 (COPD) JEAaBRE = KAET-HR A, DIRFSeE < 52 BR ANl 20 2148
PERAE M FRIE . BTHIRISE K I 2 o AT 24 FHAE 9 B 0 0 38 A8 16 M LA S /T AR (ISOF) Sy i
TRRAMEEE (AC) BRI/ FHEhR, M AT GEE 0 AC {55 B0 il COPD 2 4E 2
N . ARHFIE B IEERSE ISOF M&HMEZS (CS) BKAIEZHE (LPS) S0y COPD /N DIRE . i
ZH U R AT SN () FER I B AR LS . ik SR CS KM ABR S LPS <8 N TE
F gt COPD /N RAR Y 5 58 o TG B At T G ASCR I v R S P I S G PN . RIFIR
ATWE M s (FVCO, 5 0.1 B AR (FEV,) Kk FEV,,/FVC H1H;
ELISA KMl il #E e (BALF) K i 1L-6, TNF-o. 1L-18 Z5 % 5E 7K F; HE YL (o)
At Bt 20 2095 BRAS M O J6 BE 3 . R E A MOV ) JF BEAT R BRI 435 (KSR LDL LPS 5 &
RAW264. 7 ERELHRR AR AEALRY , JE L cAMP Kzl £ . Western blot RREEdGHE AR, 247
ISOF X} AC §if . cAMP 7K -, NF-«B #81k & NLRP3 458/ MATE LI 20, 45 5. 1SOF B
B4 COPD 3h¥) FEVO. 1/FVC S&iliE < Ha bR, FRARGEM Y, SekshPilishae. i 2% 2
e WD S A AR AE . W] TNF-o. 1L-1/6/8. MCP-1, CXCL9/10 £ 4 i 4 i B¢
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B BATHT COPD 253 E . HAFHLH S AC BUE B RIEMHIAG X, 45 ISOF M
M AC - cAMP 555k, #15H NF-«B/NLRP3 4 /MARE RS, W35 eks% COPD /) KU <2
RE S 2 908, Won A5 Pt COPD T FEZ5 I, oA COPD BT RIGIT AL T8 1 KR 24
Wk .

KA. COPD, SEhmInIAR, BRTTRRIMLE . SAEK T

AC2 i#= COPD [z 2 5> FHLH K EF i

KREH SRE Emh EHEE BIME AR
B BER R 2522 B B 8 AR 2 B g % . g R 650500

H): 2R ZErEMER (Chronic obstructive pulmonary disease, COPD) J&— 55 i
RS, DS PERPUGE SRR (PP R, Z0 . 050 ONARRIE, R — A S OR B SR
B R TE T T S s 5 BT S B AR S I R T R R 3L B 2 4 il B 950 . COPD
AR P AT A R P A e — ol L TR (9 i o 38 2 A 005+ AL S AE COPD i v o 22
YER . 2 0 SRS N ) o A FL 0T 25 ) 52 S eyt B S eI eE i A PR R
LI PPEEIER, MM Ra it — SRt pom R, AR, S cAMP K
SR LA I A AH DG I R AR T R e 1 R 4 L e 2 DA T e S A T T R R R A AL
(ACs) 2Tt cAMP i E B 18, AW 5338 1 7R N AME TR 55 IR R I fL G 2 (AC2) 7%
COPD ifigg 2 ifE M. IFRI T AR RIPLH. Jrik: 1. R AC2 &R BBk /N B4 T 4 4
(CS) Mg ARFEIEANGEHE (LPS) S H S COPD s, & 1 G- 2L 1 i e 246 00 it 20
LU BT, BB LR IRIEA, fh2E &M ATP (/K- ADP/ATP H %4514k,
K RT-PCR il Western Blot {246 3 & /K P FIAH G IE i B 19 3235 5 2. dlad siRNA JPFITTERA
IER W LR M (Beas-2B) 9 AC2 B, HFMHMZE$E ) (CSE) 755 Beas-2B 3 Z A,
ELISA A6 245 K 7K 7, Western Blot 546 5 2 7K - FAH OCHE B AR A Rk . 4558 L
mibk AC2 ZH Y COPD /N EE T I i, 2Rk iR N %, ATP & & FF%, ADP/ATP
b BTy IZHZih ACs-cAMP FiE5 538 % AKAP12-PKA-CREB W] 4], AKAP12 M
ik, PKA @RI KF-. CREB 8RR ILK-F B & TR, 2. LR AC2 Bk J5 CSE i3 1)
BEAS-2B 4t Jfl 55 & F 46 5 K F- W B 25, ACs-cAMP F {553 i AKAP12-PKA-CREB B i
i, AKAP12 EHFEL ., PKA #BRRILKFE. CREB BEfRILKE I W R, 458, AC2 RN
5 COPD fifi g2 £ B VIAHE, fllbk AC2 JLPmE COPD /MR, UiEk AC2 3 PH B & fin &
CSE i 51 BEAS-2B 411 il 58 % FI S8 4E

IR . M PERH IR s MR RRIMERE 2; s Zokifk
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ACs B Fh 73T COPD /N R 53 il B 5 Ml B AL Bl R 1

RRA R DAk ORI ROEL R
B BER RS2 25 2 e 8 IR 2 P S s, g R 650500

HEY: RS2 SECEMZE ., K2R, RS rERZEMME (COPD) T 4 Xk Y
FHFEHEZ— ., COPD SIBERER 55 431 2 99 HL T 6 B A 00 A0 55 2 5% 5 B i g Fl A< IE b Bz 4
MTReRERT, A R M B R, ORI A, SEER AT 2, T
GE R I 2 i R 25 PR ) 6 W B 88 A6 5 P Ak W AT AR (FSKO AL fh wl Al bk (ISOF) Ay i
ML (ACs) BIRIR/ANFFWENH], B E ACs {558 BT LAl COPD 4AE N, A<
9% F7E49¢ FSK Ml ISOF X &/ MHM% (CS) BKEIRZ M (LPS) S COPD /) FRUAY it T BE .
SREFLIV i B A . SGE B o WA S GE A B, MR AR ALE. ik
K CS KWL AT A LPS 45 N I F 8 COPD /N BRUBESY 5 38 5 16 A0 i B 5 S0k 0 75 T IR 25
IS E (50 XM . IR 3 ELISA A& i i H 1L-6. CRP DL K il 4 U6 MMP-9
T MUCSAC #7KF; HE JeIPAG IR SR E 05 (i BERS R | S AF 40 M=) JFiE 47
s SEM P /NRURTE LR A B A ML BRKIE; ABPAS Y @ 0Ffk Ao0k 40 M (4 7= 4=
Western blot MUC5AC F1 AQP5 fU8E 283k 5 38 i B 21 HE WA v M58 FSK 98 U 2 W 53 W 1) 52
M, 255 . FSK F1 SOF k3% COPD /NI TIGE . Ml ZH LR I B 41 6 40 M 445 44 s 2
JEA, i CRP, IL-6, MMP-9 SE4REA BUREIL, /K2 (4 im (MUCSAC) g fin&f
BRAE, 5 MCC YERE, fEUbHES . B2 HEm A g5 FSK (1, 2, 4, 8mg/kg) 3
AN BRI 530 . G518 . ACs REIR/INrF- 857 FSK AT ISOF il COPD /)N BRUAE AR
ARGUMIIE A, H0HIRS & 1 MUCAC 3Rk KR 53 Wh . TR S BA5 A F D ge 2 dE e ek th .
COPD :I6Y7 M AR B

K. COPD, YR, BheImIAR, SUhalnlpk, MR IR R Lt

ACs &1L & W i 1% B ELAM ) S i K AEE
A s EMT HEl AR
B BER RS2 25 2 e = A AR 2 I i S s . g R 650500

HE: HERIRT (Cyclic adenosine monophosphate, cAMP) J2&—Ff 40 o PN 55 — {5, H
IR L (Adenylate cyclase, ACs) #EALAY =®E2 IR T (adenosine triphosphate, ATP)
Aok, cAMP OnJ LIS BRI ] M2 TR BB AL, 1> M1 {2 R EA\RIL, R {2
AN/ BV AN A AR SEREPESEEE . PR ARAE AR R AR o R R B A VE B . DA TR R
RIE . 2 7 7 A 245 AR ) =6 Wik 3 88 46 0% PR 1 43 5% 4 m) AT AR (Tsoforskolin, ISOF) | i w] A Ak

86



H E 2 @ I, 2025 £+ B R H

(Forskolin, FSK) K HATEYRERIRE/INT T ACs Bzh#H] . AT 8 RSB R G  ACs 3%
PEAL G VIR TR Z W5 0 E VR A M AR AL BT RAE T . i 1. e R ACs Witk
&Y, LLACT Ft AC2 Ry 2R, FSK Ml ISOF Ry BAPEXT BRZGHEA T 18, 258340 Mr 5 15 21
Wsh ACT F AC2 W& R R b &Y, RMEGLLSmiiae. 2. MEIEE M (LPS) #Sr NHRE
YA M AR (THP-1) PYRFEBIRL, #F47 cck8 LG, 7 A&7 THP-1 4 R AE A7 v
BAEPRAE A R . 3. 78 LPS i S THP-1 40 R AER o, 44 T4 305 B ik &4
TP — E RS . USRI BV . R ELISA BT 4k & Wy 4 48 5 40 i DY 7 7K S 14 5%
M, 2559 kA% DC751142 78 ACT 5 AC2 I B BSRAYIhIGE, L 100uM A5 & 7E THP-
1 4 SR REASSTRY | () 2 I AF 6 R A . JF HAR G4 DCT51142 A& THP-1 4 I A& W 5 40 1 42 &%
N5 TNF-a. 11-6 B4 06K, A2 #EDL A8 T TL-10 B 20 Ik, 452 B0 AR ik . 4516
AT ERF Y & PN AC2, 7 BRI A DCT51142 550 AR P 42 48 PR 14 43 W 3T B
PRHEPTAR K10 5300, HAT 08 (4 10 1 a3 e A
I BRATRRIMUEG, IERIE, EIRAME, SAERT

ETAREMRENZHENTIBRSHYHAR

Mt AEEER  pME EES TR K SREHE ErET «
"EE I SLIR . AR B T A I LI WIS ST R X B A 228 S5 1 2Bk, 314001,
PR BEAA SR AL T TE X AE K 27 5. 100850

FUA WP o 2 AL R TV L 5 R AR 57 o X NS AE i R A ™ B bl . it 2
T T ORI ZE T A . IR Il o B R T R MR MR e . B B AR IR RS,
Jelf RS I EAET- R BB . SR, HRTA S B R AR B = . TP R T iSRS Y B A
HE R SCMBLSET 2, B UM HA ) i DU 5 15 MR AR R N 2 2 AU 16 A Bk, AR
MU, B B L ST IR T AE YR AR ) F RGBT B R R T R B
T2 IPT-V0323, JFJEIT T2 AR N AN GG . Tk 1. i W AR5k, 1
AN [ A T BB A T 2L 2 o e % i 8 O A b D T 2 ) A P o B 25 I T T
B (AUC) KJfEpstimses (Teds 2. il gy, HINT 5 2@ ge i/ UL s BB AY , feff I3
FEFE R HINT (PR8) JRa@ge /N, JREREES 700 T4 1. 3 RAVE N a2y, B/
AT AR O .l THE /D BRI R SO AL U B (HE e t0) DAL /N BRI 2B A5 R JEE 5
K] RT-PCR i ZH 254 SR 2 A I TP T-V0323 £ A Hh i Xk 2[R R 3K 14 52 0 LA K it 2 4003 7
B, RN PURTE G 3. RN ETETEN . YELE T RAENES . mRliE
1.2 mg/kg, fRAIE 0. 6me/kg . L2 7T R, WEINA LR RIEE & MM, JFiE—2DAa R
BB AAL LR LA TR AR . AR R AL S Bl s 45251 . TPT-VO0323 ] 4 S5 B o fi 21 £
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A A PSR B HERSY NHC. HW R FHOR 8 EC50 19 10 %5, FLABS SRS >8 /A,
IS L R % 3 T D 1 BRZG4 100 £ IR TPT-V0323 W A AT R A ] 11 B4 1/100,
REBS LRI AR (0. 04me/ke) X UerE/ NEEAFIEA BB MR ET . ELAT LG B0 i e
AN S Bt Bt . e VA 3% IPT-V0323 FE4k 7 Ka2h, XISk 2% i
ST R AL TR . LA R 2B H

SR G SUEMIIA % RN, TPT-V0323

FSK F{iT4# LAB251101 T2 EZE M HR/NR NGB IERH R

KRB ESE BXEL IRKF Stk BoAR
B BER RS2 25 2 e A KRG B S0, g B 650500

HEy: 12k ZEME B (COPD) & —Fh i 0 A7 PR SO0 0 R M 1Y) S5 o P I 8 e Il
IRFEERM A LRGSR AN PRULRME, R WOR %8 4, ™ H 52 0 A8 5 A 0% K P R 3
RO R B, IR ERREIMERE (ACs) BEhFIBhm Al Ak (FSKO mTLAB] Rl B i, <0 b
B A K T AA ML S se RAE SN . ABIESE B TEARIE— Mo 19 FSK A7 4E ¥ LAB251101 X 45 4 4
% (CS BAIRZHE (LPS) i#S/NR COPD MZi3fER ., LI#ISh COPD By SEia it s fE b £
ESAAE, S COPD Byl RIG 74 it ot Z g 2538+, ik 58RI C57BL/6] /ML
P BT, WEN SR LS, 4T CS KN ARG LPS S WIES A, 257
CS-LPSi#ES /) COPD sh 4y A1, S0 86 43 2H . Control 2. Model 4. FSK 2mg/kg 4,
LAB251101 (2, 8mg/kg) #H. i EMKA /N4 fiti T se kil 2 ge e il s 4 1 W fifi D g, i
flexiVent FX2 5235 220 ¥y i y GE A IS U 20 40 R It DI BE . X 20 400 ) il 2L SR A 7 s 3 4k
B, Yk, HE B AR I HSUE S FRAE . ST B PE5) o SR FH IR S 2 IRz Bt e
(Elisa) 8 Bio-Plex U R4k COPD /) BUIZH 2 s 1M 78 iy C-OW &R (CRP) . E A
% (L) 17A/17F, ki 40 4 75 B 7 (G-CSF) 45 48k 40 B 7 10 22 35 K. %0 2537
LAB251101 % COPD /N5 BEFE T . 4555 . LAB251101 A DL & ¥ COPD /)N B 30 W il 21
fie, #&7% PEF, EF50, FEV 0.05/FVC, FEV 0. 1/FVC %58 53545 4140 HE 5P 4L (8 %
B, LAB251101 w] LAysi/b/IN BRI 25 AE 4L 0 X COPD /)N BRI 2H 2 (055 A8 15 00 AT — 7 1Y)
M3 . Elisa 8538485, LAB251101 7] L] & R/ U9 0% B3 i TL-17A IL-17F, CRP,
G-CSF #ik/K¥. 4518 18 CS-LPS %S COPD /N #dr, FSK #HrAi 44 LAB251101 0] LA
3 COPD /NI HIRE . B AT 58 i 20 L PR - 1 R 3K 7K1, Dl il s A8 AR B, AT B A it
COPD 25 BEH]

ORI M PERH IR s MR RRIAMEEE s R PTMO T A s PR
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R\ $E15 DDRI1 B2 K HLAR 8 3 55 5 9o kB S5 B B B 8 A4 5
5 I 40 B 97 S B S E TR T i 7 4E 4K

AR « MUK AN PEESRA - PEORBE XUTEAE BT Al mbERe
TR R A 2540, R ERITT 999078

Bht. figh4ifk (Idiopathic Pulmonary Fibrosis, IPF) 2—Fh DL k4714 il 2H 21 21 4 {k  F
TER BTN P . AR BRPLE] Ry 5 A 1 S DO AR (ECM ) F SRR
(AT S o SO S LT A IE WL o B AN AN BELAS 25 4008 4 5 e e A I 10 . 340 0 3 1 W 4 Y 4
SE WG IR ] M1/M2 ThRe A, FREe R R/ RS 4efb N+, i —PES NLRP3 RAE /D
TRY1H5 2T AE AN TG AL I R ITOAR T BOME A3 5 1 £ e Ak JIE G ok . R BR S5 4 3832
T 1 (DDRI1) A Ay e AR 1 52 1A i S R Ut - P BIK Bl J T A At v Ak . ISR B0 AL LA A6 )
PRBERRE . A REIE I IR B A RS B M1/M2 AR R R AE . S TPF IR 1 B4R T 08 45
RO SR T R H B B IE R A (. B 9. AR B RS M5 DDR1 ) 99 K 41 4
(DDRI1-VHH) 3 325 il YR Jie Ji i s 250 358 00 ] 15 e 240 B e LR ML AT 7 I 2T A AL Y73 50
TELIG IR AT J1 . Jride: 1. SRR R BF AL 1L/ BB, S8 X gl 2408
PEAL ALY, g 5 Y o R 2 40 A A ARG 00 e D S e P B TR L I A L ) 98 S ML/ M2 A
fb; ELISA, RT-qPCR fil Western blot (WB) Kl £F 4 fb AH 563 K 5 8 (1 R 9 RE R 17K (1 78
ks HYP il g 58 U . PEAE DDRL KPR il 27 41k (0 . 2. 78 TGFBL 5%
#) NIH/3T3, MRC-5 #il MLE-12 40 fg £F 4E b A 8 F, SR AT RIJR. Transwell, RT-qPCR #i
Western blot (WB) Jy ik I 40 L F £8 LA K 2F 2 AL AH OC 2R (R L B i 284k, 9F4% DDR1 44 K 4t
ARSMUIB L AEACAENT . 3. FIH TL-4 F0 LPS 5519 RAW264. 7 F1 BMDM M1/M2 # Ak F 4 5iE
RO, (SR e e e o AR . RT-qPCR Fl Western blot (WB) 14 DDR1 44 KHii&rfE i B
WAL AT R AE MR . 4538 IRINSCER 2B, DDR1n 48 KBt 1A BE % . 3 4 fIC It 2T 2 Ak 1 FR
(Masson), FFRLF4EfbAMLEH (Sma, Collal. FNI1., Tgfpl) FE (aSma. Collal,
Coldal, TgfBl) MIFik; PRSI h M1 (CDS6-+) #IE WE4i il i iE, KR M2 (CD206
+) AR BRI AR s FEARIZH SUR AR 4% BE AR s RAP RIS o, DDRI GKRETiRTE
AP AS D rp (A 2T 4E 4L AH B 1 (a-Sma, Collal, FNI1, Tgffl) MR (aSma, Collal,
Coldal, TgfpD) ByFik; I E WE4H M MI-M2 e fb, FERRAEMCHE H (1118, Caspas3,
Nlrp3) FIZER (Tnfa. 1118, Cxcll0, 116, Ccl2. iNos) HIFeik; [FIF DDR1 g4 K40 A ] i
EMH ST 440 s DDR1 8 82 Ak LU KR e B s . s miml /> 1 B IS o i, 2598 i)
DDRI {9 4R KA A58 3 [ 25 B DR il 2 24k A ek 1 e D 5 e B A0 ) 5 e 40 B ) R S L AT 8K
Wi IPF R . ORI EA S A LURE . IRR G FE S ALH P R G0 45 i O3, AU
WA BULT AEAL 2507 S5CA BRI ST, A il 27 4k A6 RS T 0 1) 368 7 4R A T o e ik 259 5 B
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WP, HA mEEMIG IR LA,
Kefgtia] . IPF DDR1 9R$iik BRIARYT B WA M 9 A

Advances inUnderstanding the Pathogenesis of Chronic Obstructive Pulmonary Disease

Shuyi Li, Yu Wang, Zhenhua Liu, Yun Long, Rui Shi, Weimin Yang, Chuang Xiao
School of Pharmaceutical Science and Yunnan Key Laboratory of Pharmacology for
Natural Products/College of Modern Biomedical Industry, Kunming Medical
University, Kunming, 650500, China

Abstract; Chronic obstructive pulmonary disease (COPD) is a common chronic disease with
high morbidity and mortality. It is characterized by persistent respiratory symptoms and
progressive airflow obstruction, posing a serious threat to human life and health. Cigarette smoke
and toxic gases are the main risk factors for COPD, and the infections of viruses and/or bacteria
induce acute exacerbation of COPD, which is the main cause of death in COPD patients. The
pathogenesis of COPD primarily involves inflammatory cells and cytokines, oxidative stress, and
protease-antiprotease imbalance. Chronic inflammation, immune dysregulation and the release of
proteases and cytokines lead to progressive lung tissue destruction and impaired repair in
COPD. Excessive ROS accumulation activates transcription factors such as NF-¢B, which in turn
promotes the release of pro-inflammatory cytokines. Overactivation of neutrophil elastase and
other proteases leads to uncontrolled degradation of elastin and other structural components of
the lung, resulting in the destruction of lung tissue and disease progression. Emerging evidence
suggests that dysregulated autophagy, mitochondrial dysfunction, senescence, ferroptosis,
microbiota, and extracellular vesicles are closely implicated in the pathogenesis and progression
of COPD. Dysregulated autophagy is marked by cigarette smoke-induced excessive autophagosome
formation and impaired autophagic flux, alongside elevated levels of autophagy-related proteins
such as LC3 in alveolar macrophages. Mitochondrial dysfunction contributes to disease
progression through structural and functional alterations, increased mtDNA damage, and
abnormal energy metabolism, further amplifying oxidative stress. Aging-related mechanisms
such as telomere shortening and epigenetic alterations impair lung tissue regeneration and repair,
disrupting the balance between injury and recovery, thereby driving COPD pathogenesis. The
role of ferroptosis is increasingly recognized, since the iron accumulation and lipid peroxidation
can be regulated by molecules such as circSAV1 and TET2 in COPD. Moreover, the respiratory

microbiome directly influences chronic inflammation, immune dysregulation, disease
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progression, and responses to treatment of COPD patients. While gut microbiome dysbiosis can
remotely modulating pulmonary inflammation though mucosal immunity and gut microbiota-
derived metabolites. Alterations in extracellular vesicles secretion and cargo composition may
influence the disease progression and severity of COPD. Such as pulmonary epithelial cells release
extracellular vesicles containing proteins and stimulating the release of pro-inflammatory
cytokines, which drive local and systemic inflammation and promote further recruitment of
inflammatory cells. Therefore, the pathogenesis of COPD is highly complex, with interconnected
mechanisms operating synergistically. Understanding these integrated mechanisms holds significant
translational potential, and will pave the way for targeted therapies and precision medicine in
COPD.

Keywords: COPD, pathogenetic mechanism, inflammation, oxidative stress, therapeutic strategies

DCs/pSTATG {5 S BBAEX SEEm B REREHH
{ER B B R a) TR

VR WRE IREe RER B =R ORIKE Mok 2T EieEd
AR AR FE TGS L BEBE

E s SRS R S 2 A 1 A AL 52 2% L o 58 4 B B . AR 5% B AE 00T ARG 2 4R 4t i
(DCs) SRR 55 A R IR F 6 (pSTAT6) {5 5 i BTN e e R A v i /e . O
DA REE Th2 20 Mo il 7] FF A =) R 0 T TOAACR . A 28 i P 1 DR 0 928 38 1) ¥ 97 SR A B8 Sl
ik #SIEREN (OVA) NG R BRAEAL, - IER A, pOmA LR RFE, . &
MEIBITAH (25mg/kg. 50mg/kg. 100mg/ke), HEFFJa kil £ 4K BBt TRe, 34 il 40
L, ORIV (BALE) KAME ML, @it ELISA A 40 H 7, X4 R A
I DCs F1 CD4+T, CD8-+T #kEL4iffu%iE, RT-qPCR #&: STAT6 F%EE I MUCS5AC mRNA
Fik, Western blot #il] STAT6 Hl pSTAT6 K. 455 XFHIER2H, B K BRUSERL 1 &b
Ja I A BALF v, 1.4, 1L-5, 1L-13, IL-9, IgE. EOS f1 MUC5AC 7K F & Z Ft & (P <<
0.001), DC s (P<C0.05), CDA+T #f 4t (P<C0.001) R W, [Faf STAT6
mRNA Fi5H . MUCSAC mRNA F£ikh (P<<0.001) #l pSTAT6 & FBER {1k K F (P<<0.01)
BETE., RS, SREEITH (100mg/kg) B BN 3250 ) AL 4 4 Bl 26
AE AR 3 R (P<0.05); iR YT 4l (50mg/ke) il Ty RE s I W 3 ¢ vk BH )
(Ers) BEREK (P<<0.01), FFIE RGN YE (Crs) WPk (P<<0.01); FrA VAT AAMNE I
L5, 1L-13, 1L-9, IgE, EOS/K¥-&E FRE (P ¥<C0.0D), HrhEilmd i i® (P
F1<20. 001) B FHRIEYT AL AN I 1L-4 A1 MUCSAC /K B2 R (P<<0.05); A 1ETF4
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BALF 1 IL-4, IL-5, IL-9, IL-13, IgE, EOS, MUC5AC /KR ZE R (P <<0.05), &l
EHUGER B (P1<C0.0D); K. mRlE4SMNE I DC 40 fk e B &> (P<<0.0D), &l
20 BALF 1 DC 41 Jfd %5 &5 W 208 /0 (P<<0.05), FF A Y87 20 2 0 /N B AM 8 i A1 BALF (1)
CDA+Tibk 20 M08 H BB 4 10 3 T R FTATRYT 4] STAT6 mRNA Rik¥ WE TR (P<
0.05), . FFIEIBEIFAM MUCSAC mRNA Fiki (P<C0.001) FlpSTAT6 & AR /K T
BFE TR (P<<0.05), 4518 S alE st DCs/pSTATE {5 53 4 2 5 W it 1) H0 128 25 1 5
SOEBVESEIT B R EAEH] . R AR T RS . 0 R B 4 B S ST ARAE BN IR
B R RNETE B R A s, DC 4 5 STATG6 AHCHE bR TR, JLLAS i (100mg/
kg) BORDE. Nt — DHRR NG SR AL SR T R R .

IRENE &R R S A 153 05 B B R AL 3R

wEgigg e e REE BEE SRR SHET O RAEEN
YW BE 2R AR AR R WA 311402
PRI T R A2 BE . W LATIN 310014
T B2 R R BE 2R AEBE . WA 311402

. SRR ST R GG HAE . AR IE A5, SR A5 I ST S o A A AL 1 TR
SHCAPEIG IR A SN . RN @ EED (TT-11) J2 WA 2R PR B SRR L 59 .
AWIFGE 5 T I AR 35 X005 €0 S5 )Xo 2 e it i 40 1 T e DR AP A O 25 0 AR L. O ik
1. g7 LPS FEh RIS S A0 ALL /INUBERL, 3 ac 41 2006 B 27 RIORS: I A A0 4 45 i ot v v v b 2
Fl FIARMEOT AL /IS BT L 2B 5 B2 B, A D R AE PR 1 119 22 5K A4 b 4804k I R DG 48 A 2
Nrf2/NLRP3 i }§ 5 [R5 KF, R ACEIPAG R 00E R E 6 ALL IR ER . 2. RATR
X000, JE R TR AL PR LPS B0 Raw 264, 7 EUEA0M, Al 45E B F I F2 R R4 . Ak i
FHOCHERR B Nrf2/NLRP3 3 #2851 3R kK- 2P Wb A R PTEER . 3. 5k BT
A5 . Nrf2 #ahF Al & NLRP3 shRNA Zb# Raw 264. 7 410, K 98 5 P 7 38 Fn 484k
R SCAE bR, B AR V43 F L . 25 0L . AR EE 0L £ SRR v s LPS 375 5 (/B
SRR, FEAER NI KT BRI P 9 0E B RS PR EUKT . 4] NLRP3 5 /MRS, 1
9 Nri2 {55, 450 RS (05 R A] GBI o 45 Nri2/NLRP3 {5538 #6805 it 20 21 50 [ g
AN B LPS 5 510 2 iR 45 .

OB ARFER S R s ArERiif s Nrf2; NLRP3 &5E/IMA;  F g4
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