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HBE B/ W5 Keippel #EH T 4(KLF4) 78 1 AU JRI% 5% (diabetic nephropathy , DN) F I /E R ARSEHLE] . Fik SLik
B 16 FSD At A B, BEAILKG FLA3 S v B2 SR A, B 45 8 o B2 R BL T LA R s 1 5 55 mg/keg B JIRAK BT 2 (STZ)
il 78 DNASEAY Sk HE 4[] — e i) 372 S5 S A B UMO R R B 2 o9 SRR A R ) S5, YU I35+ R R KL (BUN) LIRLULEF (SCR) 7K
- JEXRT B L ST HE Yo, LIOURSE T B A7 AR 5 SR e 5 O e (Rl B I 20 2 P9 KLF4 (9 3 IA 500 ; TN W8 (MDA ) (Fe™" 5K
5 WA AR 3t S A KO s A = i (CHLG) 5 519 B /N 1 B AT (HK-2) B (A58 | DU S D 8 MR s S e 46 75 ik (I C-
1) RS HK -2 4 S A4 58 fL (7 25 £k s MDA \Fe™ B i [ ash 48 A6 0 52 S0 A HK -2 4 B o 3 460 fh /K OF- 44 it 6 7k KLF4 HK-2
AN, K6 JC-1 MDA Fe* B B B AL F kK A5k . Western blot Al B E2H 21 HK-2 40 K i) 25 35 KLF4 HK-2 41 i Y
BRACTAHICHE 1 A D H R S AL i 4 (GPX4) AZ T B2 HHOEH F 2 (NRF2) (Kelch FEH A AR BEAHSCE -1 (Keapl) ik
K. &R HX A, BRI K R % BUN SCR K- T, B /NERIR R K, B ] BT 4R 4k 4k, KLF4 kK7 F R,
MDA Fe* M Jig B id S AL P K7 BTt NRF2 . GPX4 F A KRR, Keapl FRIAKFEFH o [FEF, HG 755 B9 HK-2 21 i i 3 91
KLF4 23k K V- R Ke , MDA  Fe K I8 57 S8 A6 90 K - 1 7t , GPX4  NRF2 335 7K VAL, Keapl b /K F-FHE . Mi7E 1t # ik
KLF4 J5 , W Al 3% HG i S Bk AR Mk . Z5i8 A8 L OB IO K BB EZ 21 KLF4 %35 F R, A8 T K7 B F, it 3Rk
KLF4 7] 22 fi HG 155 ) HK-2 #5473 -

g IR B s KLF4 ;4K 9E T s Keapl s NRF2; GPX4

FESES RS87

XEREE A XEHS 1000 - 1492(2026)03 - 0509 - 09

doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 017

B PR 9 B 9 (diabetic nephropathy, DN ) /2 ## JK
o e DL R BRI A O R E 2 —  ARREEE R
PR /N BRI 2ok R R AR R I 2T 4 4 A PR k2 i 2
RIS TEME R R, R IR S T S B
U ARl i AR A5 5 B D RE HEA T MR L 24
20% ~ 40% HIHE PRI FE 5 B 26 P a Ji Dy 2R 301 B
(end stage renal disease, ESRD) ., #F5E2 3 0o, 4
VR H P BE A R A RARE S IR i 4R
AR SR B, A0 BRAE T A ATt i b 2 2
M K /N T 41 i (human kidney-2, HK-2) [ €
T, G2 ik 5 /N BR A Ak RS 8] 5 £F 2 fb AR L
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Kelch £ ECH #15¢ 25 H 1 (Kelch-like ECH-associated
protein 1, Keap1 )/ K ¥ E2 #1 5K F 2 (nuclear fac-
tor erythroid 2-related factor 2, NRF2 VA e ka4
ALY 1 4 (glutathione peroxidase 4, GPX4 ) il J2& i
o5 SEA D S-SR BB T B 0 (R A% o R AR AR AL, 2 b P
PP S 2 R BT AL B AL IS |, - Ak B RS
T AIRIAILAR >, S I o e O A A R

Kriippel R T 4 (Kriippel—like factor 4, KLLF4)
S8 T Kriippel BEEL S 7 0%, Hoor T 450 &
ARHES IS T2 2 S E A K 5E P T
S W) B LA KT AN 22 RE PR A M2 2R S
P AR M aris A T A O . BT
KLF4 7 DN #8945 I B ML i 2R DL il , 0 S 5
LI PRI R SRR I FEXT 5, 458 KLFA 15 DN i 1
FA B ARSI

1 #R57EE®

1.1 SEIREN 16 H SPF 2% SD Ak I B i iy v I
W YR Ay A FR A mI AL 1R 3% F 2R R



- 510 - ZEEA K FFIR Acta Universitatis Medicinalis Anhui 2026 Mar;61(3)

SES S G SPE RIS L IR (20+2) °C L A X
TR PE 40% ~ 70% , K JH 12 hGIE/12 h ARG A2 ¥ 1
JEIH . BT 256 Sh ) 9 R 3R S AR 2 G s
SEHS W i 3R B R A BN L [ S5 sh W 1
Al HIE g 5 SYXK (¢ ) 2020-001 , A= 7= 34 AT IE 2 5 -
SCXK(#)2020-0005, /& Fit 5 : 1.1.5C20230983 |
1.2 SCIR4HRE  HK-2 4MME7E & A 10% FBS Fl 1%
5 = FBE & R M A B F12(LG) , B R
37 °C, ¥R JE N 95%, CO, K 5% AP A K . It
Ab %I ke ik AR i R 0 L
KLF4 OERNA il % 4% HK-2 4fi fifd .
1.3 FELZEMRA  JC-1EMEH & (RS
#CT0045) W 1 At 5t 22 A RHE AT BR S A 5 IR 3 A
(blood urea nitrogen, BUN) #3551 &5 (9% 5 #C013-
2-1) JULEF (serum creatinine , SCR) M i 751 &5 (98
#CO11-2-1) 14 [ Fg 5% 2 WA ) TR ST T s F12 48
MRG0 B NS A R A IR A R EEE-
BERE RN (D25 #ST488S) &K il 41 il 37 (phenyl
methane sulfonyl fluoride, PMSF) ( 52 5 #P1005) .
MDA A M35 £ (5% 5#S0131S) \BCA 5 11 3¢ J& ]
SE R & (1 54P001 1) I H B3 = RAEYHA
A RA W] OB-KLFA 15K 22 1R W H 1 F1oT A4 W4
KA BRI T 54 L1 (fetal bovine serum, FBS) (5%
T #086-150) W H FE 5t 4E AR LE M H AR A IR A W]
Fe ¥ KM 7] 65 (525 #E-BC-K773-M) I FH 27X
Elabscience 23 A 5 5 Bg A4 B & (Streptozotocin ,STZ)
5 #50130) 1 [ € [ Sigma 23 7 ; Anti-Keap1 (5%
S #8047) . Anti-NRF2 ($25-#12721) . Anti-GPX4 (1%
5 #59735) Br iR A 5% [H Cell Signaling Technology
28] IPEPTR BUIGG-HRP (58 5#sc-2006) | 111 24T
1 IGG-HRP ( £% 5 #s¢-2004) Wy H 3% [E Santa Cruz
AT
1.4 Ak
1.4.1 R ME 16 H SPFL SD it K,
M5 i (230+20) g, 3 N PEAR 77 1 RS, BEHLAY A XF
MR AU B2 8 H o R BT 8 JE W ey s#k A7 b
PRIGIETUAE AR RAE K 14 ~ 16 h )7, L)L 55 mg/kg
FIEEHEAT STZ B ME W VST 159 3 h R IR IR R
Xof HR A K BRI 25 1 s e S A A B R A T B 22 o VAR
RS dJi , X R FRAEA 7 3% 25 P R BE AL At A A  afi
FE(E>16. 7 mmol/L HAEZ IR 2K AR & F AR
Sk A PRI BT (R B o
1.4.2 BUNf= SCR# & BUN Kl - 4538 5] & 56

A 45 T ) AG 044 25, T 640 nm I K 0 RE BEAS I 5t
2 R G bR vfE il 26T 5 R R A & i SCR G
N« 22 320550 5 U T 45 T RS D AR R e K i 1A
AR TR A S WU R

1.4.3 A ME O TR ENE R A S 4 i
PR HK-2 41 8 7 %5 47 30 mmol/L % % B . 10 %
FBS I 1 % 7 55 R MEES R (1 = #4950 F12(HG)
W% 24 he fdi 1] KLF4 OERNA %% Y HK-2 41 iy , 1)
T RGN KLF4 HK-2 4 f5 , [FIAE & T HG 514 F
A3 24 b,

1.4.4 Jgid &t FERR A B3, i
PBS 28 R IR VE AN . FESEFRILPIMA L mL 5 5
pmol/L 8l 1k 1 W7 H 52 SR £ (BODIPY 581/591
CLD) YL o B AR AS BT 4 I 15 2 46 Hh O & 30
min, SERCYL R T I , F PBS mik , R OB LR
FE IS R I K 581 nm/ & B K 591 nm) 521t
2 6 P 3 T AR S 1 B T S A T

1.4.5 JC-14m  FFEBFI P EA R,
PBS 2 P 32 L R A A, in A 500 pl 40 A% 750
REFRIMA A 500 uL JC-1 426 TAER LIRS G & T
37 CHUMLIE FRA46 R H 20 min, WBEF MIE], #2 JC-1
Pett P (5%) 528K 1 4 AR B L L) 1x 2%
W, BT UKIE & . WE S HE A B 1
JC-1 Y (0 28 Wk e A L, Jin A 22 3R PP R YA = L
[# % 5~ 10 min, B J5 F PBS 2% th R Ve % . A
DAPL#S W AT 40 A% e 2, 37 “CHEEIFF 10 min,
PBS 2% PR PRSI 1 mL 40 M85 550 . OB
R DM FMEZNES .

1.4.6 FeREAm  FRICO. 1 g WA R B I 2H
ZUREA, FUKIR 2544 TN 0. 9 mL Hilve 41 21 24 5%
MWL ARG E 1.5 mLIRIRE O, B0 10
min, 5 4% 380 6 15 BH 5 I ARSI 44 2= | 1 FH il
FRATE 593 nm P T RGN, 347 bR o i 2631
YR

1.4.7 MDA &Z4m  FREUSE T i W 2GR 7R B e
HAFEAR 0.1 g BREHLUMA 1 mL RIPA 245 W
(% 1 mmol/L PMSF) , 513 J5 W 4E Lk, B8 pL
BCA WL T AR AL & o Bifi 5 e 3500 6 0l B 15 B
ARSI A 25, ol FH B T 532 nm 5 K AR I 2 W
FE AR, 38 2o b o il 22 7 BRI T 5 AL SURE AR T MDA
i

1.4.8 HEF LA RAEEE FIHL MY
J b I FoH T e AT HE Y0, i P L 58 4 1
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BEAA MO RAT . X T KLF4 B9 S e 5t e, B ik
VKV R 5 B K AL BR S 1R 1% T 22 5 R TR I
rF1 % YL 8 5E 30 min, 45 PBS 2% MR BRI S L Td 1
LT B A, T 37 CHEIEAE TP E 20 min. BEJS
FEBRE AT, A KLF4 R 5V —$50 TAEW 4 "I
Bt PBSZE MR PRI Fr, A F & 9t
F37 CROCHEE FIFE 1 h, —HUE LSS, PBS
PV, I DAPT A% 44 (A, 37 “CalE 44 £2 10 min.
A, FH PBST Pk, i 4L o e KA Bt F |, fifi
FHFOCIE R A BB AR S A R

1.4.9 Western blot &M & & k& HWEFRERA
BRI B IR SUREAS 355 0. 1 g HEUIMA T mL 7%
1 mmol/L, PMSF ) RIPA 24 , (i FH V& R Ak 1 A 3tk
FIHLAR AT o SR FH BCA 25 A e B 0 e 3 5] 0 0 2
FEAWRIE, A E R — B0 — kb B, Fi
10 % SDS-PAGE &/ , £ VK8 in A SE AR TR 8
ALK, HLUK S SR B B 1% B8 2 PVDF i i
) W % IR B 30 ming 4 CHE K 5 R — P
(1:1000) W E LR W H I TBST 2% vfi P, Jin
A B B (1:5 000) SIS E 2 h, I E 5¢
BCJE , TBST 28 il Y i i, Bl B W 2 i i 5 . (fiH
ChemiDoc™ Touch % 24t K EE K% .

1.5 SEit=4ab38  f ] SPSS 20. 0 74 47 %4
IIHT, SEERZE T s FOR AL LB SR 2 22
38T, LA P<0. 05 0 25 55 A Geit2e e Lo

2 HR

2.1 EEAKXRSEIEE SCRIBUNKFER T
BN B AR L, BRI 4] BUN LSCR (DN 55750 g 2 ik 21y
Je , AREEARI R 16 8 Je B Rl ) 7K P-4 45 14 5 (P<
0.01). ULIE 1.
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E1 XRMmi%EBUNKSCRKFIEWL
Fig. 1 Changes in serum BUN and SCR levels in rats
A: SCR; B: BUN; a: Control group; b: Model group; “P < 0.01

vs Control group.

2.2 HE#GLER XA /NERGHIES , BN
I PN R 20 M HE B 35 B /NS A IR S IE R, T
2SR ME IRBE, O ok B 2 A, B T B AR
21 Y22 Vi 5 AR R 2 B /N ER AR K, P B A
HEBNZE AL, B /NS R B Zs i A 1 BNV D sk k25
40, B[R] AT WL A PRI . DLIEL 2.

Control Model

B2 XRBBEHERELER x100
Fig.2 The results of HE staining of rat kidneys x 100

2.3 HABEAARGHFALEKLF4IRIEER HF

FOLLER IR, 5 X AR L, B2 KLF4 23 (.75¢
SR S TR IR . DRI 3,
DAPI KLF4 Merge

2

|

S

E

=

3 KREBARGERIEKLF4RIEKEEL <400
Fig.3 Changes in the expression level of KLF4 in rat kidney

tissues detected by immunofluorescence x400

2.4 HWEVAXRGHEKIETIEX MDA 25 Fe”
RET  SXFIEAIAH L, BRI MDA & 53 (
P<0.01) ; 5% AL AR LE , BT A Fe ¥R B TH( P<
0.001). WLIE4,

2.5 WEBAKRREME®KET#HXEHB GPX4,
NRF2.Keapl FiEKFEZWA  S5xF R, A
21 B ELH 2 GPX4 A /K F I ( P<0. 05) ,NRF2
F kKT 4 (P<0.01) , Keapl 357K F F iR (P<
0.05). WLKI5.

2.6 HGESHHK2HMENEBEEMTN 5
IE 5 AL G0 A E , HG 4120 it 3 20 0 5 A 4 58 e 3
FEAL. LR 6.
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A . B . Fe™ W [ TH(P<0.01) , 55t S A K - i 2 T e
£ ~ (GHOFOCHRIE R ) . W7 8.
5l - § T 2.8 HG % S HK-2 41 j KLF4 & € T 48 3
2 E GPX4.NRF2.Keapl EEFAKFTL HiEH
< 1of E 2L, HG 41 HK-2 41 h KLF4 2 112235 T (P<
z g 2of 0.000 1), GPX4 & HF&IA T 4 (P<0. 05) ,NRF2 £ H
: I ] %35 F 8 (P<0.01) , Keapl % [1 % ik I (P<
5 oL ; = _ . 0.05). MLE9.

4 KRBT IERX MDA 5 Fe &1L
Fig.4 Changes in MDA levels and Fe** concentration
in rat kidneys
A: MDA; B: Fe™; P <

0.01, "

a: Control group; b: Model group;
P <0.001 vs Control group.

2.7 HGESHHK-2 A T-/H% MDA &
E.FeREJERESMWAFETL SEF4AM
e, HG 40 HK-2 41 g F MDA & & 58 hin (P<0.001) ,

A a b i 08
ku
GPX4 19 =06
NRF2 100 % 0.4
<
Keapl 69 Y
B-actin
42 0

a

2.9 R iX KLF4 A% E KT RIEKLF4 G
HK-2 A& B AR A4k i H£IAKLF4 )5, 1]

ST = & (O VAN S 7 A % N 0= N VA 2 R
10,11,
2.10 it %35 KLF4 j5 HK-2 4 ff1 € 38 T #8 ¢

MDA & & .Fe*iRE I U WKFEL o
FE KLF4 J5 , i35G T HG RN , RN g i A Ak

JK - FEAK , MDA & & /0 (P<0. 000 1), Fe* ¥ JE
C 050 D
0.6 .
=0 e
o o
50,3 5_ 0.4F
Z 021
0.1
b 0= b 0—== b

BE5 ARISAL GPX4.NRF2 Keapl B FIAKFEL K
Fig. 5 Changes in the protein expression levels of GPX4, NRF2 and Keapl in rat kidney tissues

A': Western blot results;

0.05, “P <0.01 vs Control group.

DAPI J-monomer

Control

Model

B-D: Comparison of the relative expression levels of proteins in each group; a: Control group; b: Model group; P <

J-aggregates Merge

El6 HK-2ZHM&HERBAENE *x400
Fig. 6 Changes in mitochondrial membrane potential of HK-2 cells x400
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Fig.7 Changes in MDA levels (A) and Fe?*
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Changes in MDA content (umol/mg)
Fe’' concentration (umol/L)

S

concentration (B) in HK-2 cells
a: Control group; b: Model group; “P < 0.01, ""P < 0.001 vs

Control group.

F%(P<0.01). L1213,

2.11 FRZEKLF4FHK-2 MRS THXES
GPX4 .NRF2.Keapl Rix/KFETH i £ik KLF4
&, W B T HG B, GPX4 & M £ ik i (P<
0.000 1), NRF2 & 13235 L% (P<0. 000 1), Keapl
FEHFILTIE(P<0.01), WK 14,

3 itig

ARHFIEE L RN AN, RGBT KLF4, 78
DN DL K HK-2 4R B0 T o 9 S B AR 4V FH B H 4y
THLH . HE YL gh 5 8 oR, DN Z0F T 15 T 5 2t
R (55 BEAR 40 R A, B35 B /NBR PR BRUE K PN 2z 4
MHES ZEEL B /NS A AR Bk B AR DL

Oxidized BODIPY

Control

Model

) o R M AN . e Y ik — L UESC, DN
B KLF4 SRR BE N, EUE2E
T, HG 755 19 HK-2 H BT Lok A B 3 T B, 1
KLF4 3 RR AR T — R HE LT
KLF4 % HK-2 (ORI E I . XSRS 22 R RE2= ek
5 I 4y AL A R BE T IR S o 3 A B
HERl

SEEG A5 R R B R R R A S HG A B 1Y
HK-2 4 e, £ B D e 43 Can i v LI L PR 25 4
T ) FVE NG bR B ) A B EI g
J i SR =4 (A0 MDA ) i 35 B BRI Fe? /KF T 5
PORERIET IR IS o Tk 1 76 DN/HG 2%
R, KLF4 2% 35 FEAR Y [ i), WL 22 3] Keapl 235 -
A T GBI NRF2 B H R W00 73 F GPX4 [ 31k
MR8 78 HK-2 20 v 4 S Pk il 265K KLF4, fE %
A B HG 15 S 19 3 737 2 78 (R il Keapl
YK 52 NRF2 Fl GPX4 3Rik) 98 g I it 48 Ak (R AIG
MDA 7K (B LR TE 28 5 D ge it , T fe &4
FIANERAET . X — FR PN L5 R K KLF4 T BE ek
J& DN JE J o 3K Bl HK-2 4k 48 1= & 5 40 405 A % i

ARBFFER AR T KLF4 & 35 B AR T A%
D4 THLHIAE T 98 7 Keapl-NRF2-GPX4 {55 54l
AR HUR A F , KLF4 7] A8 i 1 422 5 0] 422 40 i
Keapl H9%5 5570, 4k 3 NRF2™ 4 84 58 1 312 98 HoA%
BEAT, TS £9. 45 GPXA E N By R iieht A Ak 3k A
eIk . BRI, 76 DN/HG B BRIMIREE T, KLF4 )

Reduced BODIPY Merge

B8 HK-24MEFRIEEUMATEEL %400
Fig.8 Changes in the lipid peroxide level of HK-2 cells x 400
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04k Hk ——
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NTN
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2 02} g
Z X 0ol
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9 HK-2 #4181 KLF4.GPX4.NRF2 . Keapl & H & &K FEK
Fig.9 Changes in the expression levels of KLF4, GPX4, NRF2 and Keapl proteins in HK-2 cells

A,B: Western blot reults; C-F: Comparison of the relative expression levels of proteins in each group; a: Normal group; b: HG group; P < 0. 05,

“P<0.01,7P<0.000 I vs Normal group.

A a b ku

B
251

skskokk

—_ —_ )
(=] () O
T T T

KLF4/B-actin

o
n

o]

a b
E10 Western blot 3 HK-2 i& &% KLF4 4 i #k
Fig. 10 The construction of HK-2 cell line with over-expressed

KLF4 verified by Western blot

A: Western blot results; B: Comparison of the relative expression
levels of proteins in each group; a: Normal group; b: OE-KLF4 group;
P <0.000 1 vs Normal group.

FEIRZFME , T BT Keap 74 171 1) 845 76 JH 95
5o Keapl 23k 2% 43 3F 1 fi2 F NRF2 (1972 % 1k F%
fift o B3 B GPX4 G s> . GPX4A1E i B ik
Jo 3k AR A A G, LR T R 55 T A g
J et AL B R RE T, B BRAE T R A Y EE LA
AT o ARG i KLF4 i3 36 38 52 56 UE T KLF4-

Keap1-NRF2-GPX4 fll () £ 7E S HAE X T HG 5 348K
FETH A% O HLAO

SE4 A WFSE , KLF4 A] A 1o 00 ML BEL ik
FETT D BV Keapl -NRF2-GPX4 Hl1 , 1458 51 48
FLBE 75 @ IR ACHI AR CHE B (4 TFR1FTL) 9
FIk WU P A AR B KLF4 A2 5 35040 i
PN KRR 2 5 B I o AR A AR AR 2 TR Ak R -
J it AR R BT A E SR Y i HK -2
PIBET . WU AL A4 8 AL [ T DN A8 v
Bt SE AL B 5 28 B0 1 T AR BE T ) IR 2 i A TR )2

g5 bR AW B JF 5k T KLF4-Keapl-
NRF2-GPX4 {5 5%l 7F DN DL & HK-2 40 g 2k 48 7= rp
ORI VE ] . KLF4 8 3 4% 0l i 1E 3 DI e
RO PR A9 U ST A 403 R Ak B T 1 DG
PEHER P HLE] . LI RE T PR % Bad B ) L
IR &K . iZ 05T AT S PR A DN B A 604 T L
il R TR LA L 4B R T BT AR B A R AR PR e
B TP ) S B BRI ) O KLF4 5 H T i
A % (40 NRF2 3405 71 . GPX4 £ 7)) A AU T &
BB A A - PR BE T B A7 2 LA IR DN A BRI
FeAth
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DAPI J-monomer J-aggregates Merge

Control

Control+HG

OE-KLF4

OE-KLF4+HG

11 33RiEKLF4 HK-2 BERRRBAIZEWR  x 400
Fig. 11 Changes in mitochondrial membrane potential of KLF4-overexpressing HK-2 cells x 400
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Changes in MDA content (umol/mg)
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12 j3%iAKLF4 HK-2 405 MDA 5 Fe* 35
Fig. 12 Changes of MDA levels and Fe** concentration in HK-2 cells with over-expressed KLF4
A:MDA;B:Fe*;a: Control group; b: Control+HG group; c¢: OE-KLF4 group; d: OE-KLF4+HG group; "P<0. 05, "P<0. 01,
Control group; 44P<0. 01 vs Control+HG group; *P<0. 05,**P<0. 001 vs OE-KLF4 group.

Fkk

P<0.000 1 vs
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Oxidized Reduced Merge

Control

Control+HG

OE-KLF4

OE-KLF4+HG

13 &353Rk KLF4 HK-2 4RaRg Bt S MK EEL  x 400
Fig. 13 Changes in lipid peroxide levels of HK-2 cells with over-expressed KLF4 X400
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El14 E3i% KLF4 HK-2 2058 GPX4.NRF2,Keapl & B &R ik kK ETTL
Fig. 14 Changes in the protein expression levels of GPX4, NRF2 and Keapl in HK-2 cells with over-expressed KLF4
A': Western blot results; B: GPX4; C:NRF2; D:Keapl; a: Control group; b: Control+HG group; c¢: OE-KLF4 group; d: OE-KLF4+HG group;
"P<0. 05, “"P<0. 000 1 vs Control group; #4P<0.01, 4444P<0. 000 1 vs Control+HG group; **P<0. 001, **P<0. 000 1 vs OE-KLF4 group.
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Mechanism of KLF4 in regulating ferroptosis in diabetic nephropathy
Zhang Huanzhen', Dan Zhangyong', Shi Xiaorui', Zhu Rumeng', Wang Yi’, Zhu Huaqing'
(" Department of Biochemistry and Molecular Biology , Laboratory of Molecular Biology ,
Anhui Medical University, Hefei 230032 ; * Department of Microbial Bioengineering ,
School of Life Sciences , Anhui Medical University, Hefei 230032)

Abstract Objective To investigate the role of Kriippel-like factor 4 (KLF4) in type 1 diabetic nephropathy
(DN) and to elucidate its underlying mechanisms. Methods Sixteen male Sprague-Dawley (SD) rats were se-
lected and randomly divided into control group and model group, with 8 rats in each group. Rats in model group
were intraperitoneally injected with a single dose of 55 mg/kg streptozotocin (STZ) to establish a diabetic nephropa-
thy (DN) model, while those in control group were injected with an equal volume of sodium citrate buffer at the
same time. After successful model establishment, the serum levels of blood urea nitrogen (BUN) and serum creati-
nine (SCR) were determined. Hematoxylin-eosin (HE) staining was performed on renal tissues to observe patho-
logical changes, and immunofluorescence staining was conducted to detect the expression of KLF4 in renal tissues.
Lipid peroxidation levels were evaluated by measuring malondialdehyde (MDA ), Fe?*, and lipid peroxidation prod-
ucts in rat kidneys. A high glucose (HG)-induced cell injury model was established in HK-2 cells, with mitochon-
drial membrane potential assessed using 5,5',6, 6'-tetrachloro-1, 1', 3, 3'- tetraethylbenzimidazolylcarbocyanine io-
dide (JC-1) staining. Lipid peroxidation levels (MDA, Fe?*, and lipid peroxides) were measured in HK-2 cells.
KLF4-overexpressing HK-2 cells were then constructed, followed by repeated JC-1, MDA, Fe®*, and lipid peroxi-

dation assays. Western blot was performed to evaluate the expression of ferroptosis-related proteins including gluta-
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thione peroxidase 4 (GPX4) , nuclear factor erythroid 2-related factor 2 (NRF2), and Kelch-like ECH-associated
protein 1 (Keapl), in renal tissues, HK-2 cells, and KLF4-overexpressing HK-2 cells. Results ~Compared with
the control group, DN rats exhibited elevated serum BUN and SCR levels, glomerular hypertrophy, renal intersti-
tial fibrosis, and decreased KLF4 expression. Additionally, MDA, Fe?*, and lipid peroxidation levels increased,
indicating enhanced ferroptosis in renal tissues, accompanied by reduced GPX4 and NRF2 expression and elevated
Keapl levels. Similarly, HG-treated HK-2 cells showed decreased KLF4 expression, increased MDA, Fe** and
lipid peroxidation, elevated ferroptosis, and dysregulated GPX4/NRF2/Keap1 expression. However, KLF4 overex-
pression reversed these alterations induced by high glucose treatment. Conclusion In the renal tissues of type 1
diabetic rats, the expression of KLF4 decreases the level of ferroptosis increases, and KLF4 overexpression could
alleviate HG-induced HK-2 cell injury.

Key words diabetic nephropathy; KLF4; ferroptosis; Keapl; NRF2; GPX4
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