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Compared with the normal control group, Bel-6 and CXCRS mRNA levels and protein levels were elevated in
splenic lymphocytes of incomplete EID mice, with statistically significant differences (P<0.05) ; serum IL-4, IL-
6, and IL-21 levels were elevated in incomplete EID mice, and Bel-6 and CXCRS proteins in the endometrium
were significantly elevated (P<0.05). Conclusion The increase of Tth cells and their associated cytokines Bcl-6
and CXCRS is associated with the development of incomplete EID, and may be involved in the development of fe-
male immune infertility.
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FAR (Sham )4 B AE IRTCIR) 4 | 3= FR At 7T 704k B +
B E TRT(SIM )4 . TR 41 B8 s i 58 1 %1 1 e %
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B BRI o Sham 2« BRAS & P 22000 ' 3 ok i 97
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1.2.5 Western blot #& 0 FRE B E4H 20, A
RIPA Z&fift i 45 U 11 B, JF 38 ok BCA 310 5
FHALEATN & WEAREMSET -2
St B 12 1 - SR TR s T e 6 i FEL UK (SDS-PAGE) ,
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T 10 mine 45985 P PBS PE ¥ , B RIS
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ROBL G 25 2H /0 BRI 4 2 v e S A R 3 o
(SOD 1 GSH) Fl A8 AL 1 049 Jit (MDA 1 ROS ) 7K
o ZER R, 5 Sham 4 HIHTEAL R B A EE
IR 21 SOD 1 GSH 7K~ B & B A% (P<0. 001) 511 5 1R
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AHEE, TR 2 5 U Gobr A AR BRI/ L A SR 24 0% ik
b SIM A48 TR A LR iR B 5 92 (181 3C) . 4R %
B, o At 7T 100 Ak B SE A B o Bk AT T U R OE
IRI,
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BRIE T RER W AE IRT G U 45 41 ' AE 21 20 Hp KLF2
B EH UKL AE T M ¢ H (GPX4, SLCTALL,
ACSL4) . ZER 7R 5 Sham ZHAHI , IR 447 i 3%
P KLF2 (9 235, IR E5E T 0 3 25 1 GPX4 Al
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Fig. 1 The effects of simvastatin pretreatment on kidney IRI

A: Serum Scr level in each group; B: Serum LDH level in each group; C: Paller scores of each group; D: HE staining of kidney tissue in each

group X40; a: Sham group; b: IR group; c¢: SIM group; " P < 0. 001 vs Sham group; ***P < 0. 001 s IR group.
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Fig. 2 The effects of simvastatin pretreatment on oxidative stress response in kidney IRI

A': SOD level in kidney tissue in each group; B: GSH level in kidney tissue in each group; C: MDA level in kidney tissue in each group; D: Rela-

tive mean fluorescence intensity of ROS in kidney tissue in each group; E: ROS fluorescence staining of kidney tissue in each group X40; a: Sham

group; b: IR group; c: SIM group; " P < 0. 001 vs Sham group; P <0.01, “"P <0.001 vs IR group.

SLCTA11 Rk, BIRERAET #4584 1 ACSLA [ 335
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Fig. 3 The effects of simvastatin pretreatment on ferroptosis in kidney IRI
A, B: Prussian blue enhanced staining and Fe®" positive area of kidney tissue in each group; C: Transmission electron microscopy was used to ob-
serve the ultrastructure of mitochondria in renal tubular epithelial cells; D: Determination of Fe** level in kidney in each group; a: Sham group; b: IR

group; c¢: SIM group; " P < 0. 001 vs Sham group; ~P <0.01, “"P <0.001 vs IR group.
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Fig. 4 The effects of simvastatin preconditioning on the expression of ferroptosis-related molecules in renal IRI

a: Sham group; b: IR group; c: SIM group; "P<0. 05, P < 0. 001 vs Sham group; "P<0.05, “P <0.01, “"P <0.001 vs IR group.
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B LK

[1] Rijkse E, Ceuppens S, Qi H, et al. Implementation of donation
after circulatory death kidney transplantation can safely enlarge
the donor pool: a systematic review and meta-analysis [J]. Int]
Surg, 2021, 92: 106021. doi:10. 1016/j. ijsu. 2021. 106021.

[2] Yel, LiJ, YuY, etal. L-carnitine attenuates oxidant injury in
HK-2 cells via ROS-mitochondria pathway [J].
2010, 161(1-3): 58-66. doi:10. 1016/j. regpep. 2009. 12. 024.

[3] DixonS]J, Lemberg K M, Lamprecht M R, et al. Ferroptosis: an
iron-dependent form of nonapoptotic cell death[J]. Cell, 2012,
149(5) : 1060-72. doi: 10. 1016/j. cell. 2012. 03. 042.

Regul Pept,

https://www.cnki.net

(4]

[10]

[11]

[12]

[13]

[13]

LiH, Wang Y, LiuJ, et al. Endothelial KIf2-Foxp1-TGFp signal
mediates the inhibitory effects of simvastatin on maladaptive
cardiac remodeling [J]. Theranostics, 2021, 11(4): 1609-25.
doi: 10. 7150/thno. 48153.

Luo J Y, Cheng C K, Gou L, et al. Induction of KLF2 by
exercise activates ENOS to improve vasodilatation in diabetic mice
[J]. Diabetes, 2023, 72 (9) : 1330-42. doi: 10.2337/db23-
0070.

LiJ, Jiang J L, Chen Y M, et al. KLF2 inhibits colorectal cancer
progression and metastasis by inducing ferroptosis via the PI3K/
AKT signaling pathway([J . J Pathol Clin Res, 2023, 9(5): 423-
35. doi:10. 1002/cjp2. 325.

Gavriilidis P, Inston N G. Recipient and allograft survival
following donation after circulatory death versus donation after
brain death for renal transplantation: a systematic review and
meta-analysis[.]]. Transplant Rev, 2020, 34(4): 100563. doi:
10. 1016/j. trre. 2020. 100563.

Zou X F, Wu S H, Ma ] G, et al. 3-O-methyl-D-glucose blunts
cold ischemia damage in kidney via inhibiting ferroptosis [J].
Biomed Pharmacother, 2024, 173: 116262. doi: 10. 1016/].
biopha. 2024. 116262.

Chen Y, Wu M F, Xie M M, et al. Cpd-Al alleviates acute
kidney injury by inhibiting ferroptosis [J]. Acta Pharmacol Sin,
2024, 45(8): 1673-85. doi: 10. 1038/541401-024-01277-w.
Hintermayer M A, Mendelson D, Byun J H. Consideration of T-
cell profile in the examination of statin efficacy in inflammatory
diseases, neurodegeneration, and neurocognitive performance
[J1. J Gerontol A Biol Sci Med Sci, 2024, 79(8) : glae156. doi:
10. 1093/gerona/glaec156.

Liu Z, Zhang X, Xiao Q, et al. Pretreatment donors after
circulatory death with simvastatin alleviates liver ischemia
reperfusion injury through a KLF2-dependent mechanism in rat
[J]. Oxid Med Cell Longev, 2017, 2017: 3861914. doi:
10. 1155/2017/3861914.

Liu Z, Lai C H, Zhang X, et al. Simvastatin ameliorates total
liver ischemia/reperfusion injury via KLF2-mediated mechanism
in rats[J]. Clin Res Hepatol Gastroenterol, 2019, 43(2): 171-
8. doi:10. 1016/j. clinre. 2018. 08. 014.

VR, Z2WAE, gk R, 4% ferrostatin-1 3P L BE R LB
PRI/ BRI B0 (1], L RER = e, 2021, 56
(10) : 1584-9. doi: 10.19405/). issn1000-1492.
2021. 10. 015.

Jiang W Y, Qin M Q, Zhang C, et al. Protective effect of

cnki.

ferrostatin-1 on acetaminophen-induced acute liver injury in mice
[J]. Acta Univ Med Anhui, 2021, 56 (10) : 1584-9. doi:
10. 19405/j. enki. issn1000-1492. 2021. 10. 015.

ORI AR, HEK, % FOEANBRREEgE T
SLCTAT1/GPX4 il i 4 fife i E Jon #5005 [ 7], 22 B B} R~ 27
#i2, 2023, 58(12) : 2094-100. doi: 10. 19405/j. enki. issn1000-
1492.2023. 12. 016.

Huang M, Zhang Y X, Cao G D, et al
SLC7A11/GPX4  axis

Andrographolide

regulates in ferroptosis to attenuate



« 52 .

ZEAKRFFIR Acta Universitatis Medicinalis Anhui

2026 Jan;61(1)

intestinal injury in sepsis [J]. Acta Univ Med Anhui, 2023, 58

Hepatol, 2017, 66 (1) : 86-94. doi: 10. 1016/j. jhep. 2016.

(12) : 2094-100. doi: 10.19405/j. cnki. issn1000-1492. 07. 051.

2023.12.016. [17] Gallinat A, Fox M, Liier B, et al. Role of pulsatility in
[15] Marrone G, Maeso-Diaz R, Garcia-Cardena G, et al. KLF2 hypothermic reconditioning of porcine kidney grafts by machine

exerts antifibrotic and vasoprotective effects in cirrhotic rat livers: perfusion after cold storage [J]. Transplantation, 2013, 96(6) :

behind the molecular mechanisms of statins [J]. Gut, 2015, 64 538-42. doi:10. 1097/TP. 0b013e31829¢24e2.

(9): 1434-43. doi: 10. 1136/gutjnl-2014-308338. [18] Gallinat A, Efferz P, Paul A, et al. One or 4 h of “in-house”
[16] Guixé -Muntet S, de Mesquita F C, Vila S, et al. Cross-talk reconditioning by machine perfusion after cold storage improve

between autophagy and KLF2 determines endothelial cell

phenotype and microvascular function in acute liver injury [J]. J

reperfusion parameters in porcine kidneys [J]. Transpl Int,

2014, 27(11): 1214-9. doi:10. 1111/ri. 12393. .

o [ %71 B

Simvastatin alleviates kidney ischemia reperfusion injury by
inhibiting ferroptosis
Fu Zhihui', Liu Zhongzhong®, Ye Qifa’, Xiao Qi', Deng Qin', Xiao Jiansheng', Fu Biqi’
('Department of Transplantation , *Department of Immunology , The First Affiliated Hospital ,

Jiangxi Medical College , Nanchang University , Nanchang 330006; *Institute of Hepatobiliary
Diseases , Zhongnan Hospital of Wuhan University , Wuhan — 430000)

Abstract Objective
perfusion injury (IRI) in mice. Methods

To investigate the effect and mechanism of simvastatin pretreatment on kidney ischemia re-
Fifteen male C57BL/6 mice aged 6-8 weeks were divided into three
groups: Sham operation group (Sham group) , kidney IRI group (IR group), and simvastatin pretreatment+kidney
IRI group (SIM group). Hematoxylin-eosin (HE) staining of kidney tissue and detection of serum creatinine (SCr)
and lactate dehydrogenase (LDH) were used to evaluate kidney injury. The levels of superoxide dismutase
(SOD), reduced glutathione (GSH), malondialdehyde (MDA ) and reactive oxygen species (ROS) were detected
to evaluate oxidative stress. The contents of ferrous iron (Fe*") and ferric iron (Fe’ ) in kidney tissue were de-
tected, and the morphological changes of mitochondria were observed by transmission electron microscope. The
relative expression levels of Kruppel-like factor 2 (KLF2), glutathione peroxidase 4 (GPX4), solute carrier family
7 member 11 (SLC7A11), and acyl-coa synthetase long chain family member 4 (ACSL4) protein in kidney tissue
were detected. Results Compared with the IR group, the SIM group had significantly reduced renal tubular injury
and decreased contents of Scr and LDH in serum (P < 0.001). It also showed increased expression of SOD and
GSH and decreased expression of MDA and ROS (P < 0.01). Simvastatin pretreatment reduced the contents of
Fe’ and Fe’ in the tissues (P < 0.01) and alleviated mitochondrial damage. It also promoted the expression of
KLF2 (P <0.01), up-regulated the expression of ferroptosis-related protective proteins GPX4 and SLC7A11, and
down-regulated the expression of ferroptosis-related damage protein ACSL4 (P < 0. 05). Conclusion Simvastatin
pretreatment may inhibit kidney ferroptosis by promoting the expression of KLF2 to alleviate kidney IRI.

Key words simvastatin; kidney; ischemia reperfusion injury; Kruppel-like factor 2; ferroptosis; mitochondrial
damage
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