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#sc-2006) | L EH % IGG-HRP (575 1 #s¢-2004) Il [
2 Santa Cruz A 7 -

1.4 Ak

1.4.1 ZHHEAME 16 H SPFLSD MEME KR,
A 8 (230420) g, 38 W MR 35 1, BBLS SR 56
MR AU 2 8 H o R BT 8 JE W iy s#k A7 b
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BCA W T AR AL & o Bifi 5 e 3700 6 0 B 15 e
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1.4.9 Western blot %M & & k&2 BERERA
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Fig.1 Changes in serum BUN and SCR levels in rats
a: Control group; b: Model group; “P < 0.01 »s Control

group.
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240 M FR A1 5 B A B /N R AR AR B G, N B A i
HEPVZEAL, B /NVE B A AR T NV D Ik e
%, B 1AL WAR PR MIR A . LA 2.

E2 XBRBHEHEREBZER x100
Fig. 2 The results of HE staining of rat kidneys x 100

2.3 HWABEAARGHFALEKLF4RIEER HE

FOLLER IR, 5 X AR L, A2 KLF4 23 (.75¢
DGR P s TR . LT3,
DAPI KLF4 Merge

Control

Model

3 KREBARKEREKLF4RIEKEEL x400
Fig.3 Changes in the expression level of KLF4 in rat kidney

tissues detected by immunofluorescence x400

2.4 HREVAXRGHEKIETIEXMDA SE25 Fe”
RETWA SxFHEAML, SR MDA & &3
(P<0.01),Fe” ¥ EF+(P<0.001) . VLK 4,

2.5 HEEAKRSHEEETHXEAGPX4,
NRF2.Keapl Rik/KFLWL SXIELIA L, B
205 L U GPX4 ik K T 1H (P<0. 05) ,NRF2
F KK T (P<0.01) , Keapl 235 7KF 1 (P<
0.05). WLKES.

2.6 HGESHHK-2MMENIKBFEEMTN 5
1EH 2L A0 AR E, HG 2H 40 i H B0 R S 7 44 5 e £
AL, LR 6.

2.7 HGFSH HK-2 0k -4 % MDA &
E.Fe"iREBRIEUWKETH  SIEF A
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Fig.4 Changes in MDA levels and Fe*" concentration

S

in rat kidneys
a: Control group; b: Model group; “P < 0.01, P < 0.001 vs

Control group.
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(LR ) . WK 7.8,
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ku
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&

Kcapl‘—-----wég G
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2.8 HGESHI HK-2 M KLF4 X $kJE - %
GPX4 . NRF2.Keapl EARIEKFELZHL SIEH
ZH HH, HG 41 HK-2 41 il KR4 28 3Rk T (P<
0.000 1),GPX4 & 17315 F I (P<0. 05) ,NRF2 & 11
# 3K F I (P<0.01) , Keapl £ 1 £ ik I # (P<
0.05). U9,

2.9 WRIEKLF4AMKIEERTRIZEKLF4 )G
HK-2 &P ERB A TN o REKLF4 )5, 1]
DU S (O QAN (5 A Nyl N VA ) AN
10,11,

2.10 3R 3EKLF4 5 HK-2 %k FE 148 MDA
EE.FREBREEMDKETH HRIE
KLF4 & , #6057 HG 300, 3 0 B 5t i S Ak 7K -
R A, MDA 25 B0 /b (P<0. 01) , Fe* ¥ & F [ (P<
0.000 1), ILEI12.13,

2.11 SRIFKLF4IFEHK2AMBETHXEZERD
C 05- D
0.6 .
£ 04 8
203 ¢ 04}
= =
E 02 g
Z  0.2f
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BEl5 XRISHEALS GPX4.NRF2 Keapl EARIKKEEW
Fig. 5 Changes in the protein expression levels of GPX4, NRF2 and Keapl in rat kidney tissues

A: Western blot results; B-D: Comparison of the relative expression levels of proteins in each group; a: Control group; b:

0.05, “P<0.01 vs Control group.
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Fig. 6 Changes in mitochondrial membrane potential of HK-2 cells %400
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E7 HK-24H%k T 18X MDA (A) 5 Fe* (B)ZEH/
Fig.7 Changes in MDA levels (A) and Fe?*
concentration (B) in HK-2 cells
a: Control group; b: Model group; “P<0.01, ""P<0. 001 vs Con-

trol group.
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KLF4%F HK-2 (PR TER . X EETE A 2E R RE 22k
A5 J5 S 43 AL A R T B8 TR S ) o B A B
HERl

S A5 H R B R R R A S HG A B 1Y
HK-2 40, ARl D g 4 Can i i SCR \BUN F
1) FVE /NS B 05 A 2 W 2R R B, B B i T
I AL P (A1 MDA ) 5 25 BRI Fe AKF- T, 42
INERAET IR OE o 48 F7KF b #E DN/HG 4444
T KLF4 3k AR A9 [RI I, W% 5] Keapl #6354 1M,
M G EE Y NRF2 S H R RN 43§ GPX4 114 2235
T 7 HK-2 20 rpoRe S e it Kk KLF4, RERS A
R L HG 75 1 3R 2 7 A (R0 i Keapl Mk
2 NRF2 Fil GPX4 K ik ) (305 i T 4 Ak (R IR
MDA 7K ) e LR AT 25 5 D REf 45 , I Fe &4
HAMIEARIET: . X — RFNLE R E W] KLF4 )RETE K
J&= DN PE 8 rp 3% 35 HK-2 2k 46 1 K B 46 405 10 o6

KFFRHEAIS R T KLF4 K35 B33V T 4%
D> THLHIAE T 98 7 Keapl-NRF2-GPX4 {55 54l
FEAE DR T, KLF4 A GE 8 ok 1 4 B3 a] 422 40 ]
Keapl F%E 55170, 4435 NRF2' (0 B i Pk 12 ik A
BEAT , TTISOS AL 45 GPXA" 78 N 1 T Wi A Ak L A

Merge

B8 HK-24MEFREEUMATEEL %400
Fig. 8 Changes in the lipid peroxide level of HK-2 cells x 400
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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,

sk

“P<0. 01, P<0. 000 1 vs Normal group.
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E10 Western blot 381 HK-2 i3 5% KLF4 48 ik
Fig. 10 The construction of HK-2 cell line with over-expressed
KLF4 verified by Western blot
a: Normal group; b: OE-KLF4 group; “"*P<0.000 1 vs Normal

group.
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fLRE 75 @ TR A AR X IE R (4 TFRI VFTL) 1
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Zi bk ARWFE I B IE B IE T KLF4-Keapl-
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A RSCHE BT A PR o U ST 45 495 R4k B0 T 1 G A
PR AL . T BE T %0 B A ) o
IR R . %05 AT A B AR DN B 4 0 4 T L
il R TR LA L 4B R T T A AR B A 7R AR PR e
IRBE SR AL SIS KLF4 5ICH R i
T % (T NRF2 4075 77 . GPX4 Fa 5 7)) A 1A T &
T A AL - SE T BB YT 1 LAB IR DN A 38
HERl
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E11 33RiEKLF4 HK-2 @ERRRBAIZEWL  x 400
Fig. 11 Changes in mitochondrial membrane potential of KLF4-overexpressing HK-2 cells x 400
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12 dRiEKLF4 HK-2 481 MDA 5 Fe™ 3541
Fig. 12 Changes of MDA levels and Fe?* concentration in HK-2 cells with over-expressed KLF4
a: Control group; b: Control+HG group; ¢: OE-KLF4 group; d: OE-KLF4+HG group; "P<0. 05, "P<0. 01, “"P<0. 000 1 vs Control group;*P<
0.05.,*P<0. 01,**P<0. 001 vs OE-KLF4+HG group.
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E13 3R KLF4 HK-2 BRBE T SEU MK TFEL % 400
Fig. 13 Changes in lipid peroxide levels of HK-2 cells with over-expressed KLF4 x400
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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; ¢: OE-KLF4 group; d: OE-KLF4+HG group;
'P<0. 05, ""P<0. 000 1 s Control group; *P<0. 01, *P<0. 001, **P<0. 000 1 vs OE-KLF4+HG 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/Keapl 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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