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Mechanism of triptolide in inhibiting KLF4/SL.LC7A11/GPX4 pathway to
promote ferroptosis—induced nephrotoxicity

CHEN Haiyan', PAN Wei’, LIU Zhonghao’, ZHOU Shuyjing’, YANG Bo’, LI Dan’, FU Chengxiao™*
1. The Second Affiliated Hospital of University of South China, Hengyang, Hunan 421001, China; 2. The First Affiliated
Hospital of University of South China, Hengyang, Hunan 421001, China: 3. Hengyang Medical School, University of South
China, Hengyang, Hunan 421001, China

(Abstract]) Objective To investigate the role of triptolide~induced nephrotoxicity mediated through ferroptosis and to elucidate
its molecular mechanisms, based on both in vivo and in vitro experiments. Methods Eighteen mice were randomly divided into
control group (CON group), low—dose triptolide group (LTP group), and high—dose triptolide group (HTP group), with six mice in each
group. The CON, LTP, and HTP groups were intraperitoneally injected with saline containing 1%0 DMSO, 0.2 mg-kg™ triptolide, and
04 mg-kg” triptolide, respectively, for 14 consecutive days. Human renal tubular epithelial cells (HK-2) were cultured in vitro and
treated with triptolide, Fer—1, and APTO-253. They were divided into 0 nmolL triptolide group (TP 0 nmol/L group, without drug
treatment), 40 nmol/L. triptolide group (TP 40 nmol/L. group, treated with 40 nmollL concentration of triptolide for 24 h), 80 nmol/L
triptolide group (TP 80 nmol/L. group, treated with 80 nmol/L. concentration of triptolide for 24 h), 160 nmol/L. triptolide group (TP
160 nmol/L. group, treated with 160 nmol/L. concentration of triptolide for 24 h), control group (CON group, without drug treatment),
triptolide group (I'P group, treated with 80 nmoll. concentration of triptolide for 24 h), Fer-1 group (treated with 2 pmoll. concentration of
Fer-1 for 24 h), Fer-1+riptolide group (Fer-14TP group, treated with 2 wmol/L. concentration of Fer-1 for 2 h and followed by 80 nmol/L
triptolide for 24 h), APTO-253 group (treated with 1 pwmolL. concentration of APTO-253 for 24 h), and APTO-253+riptolide group
(APTO-253+TP group, treated with 1 pmol/L concentration of APTO-253 for 24 h and followed by 80 nmol/L triptolide for 24 h).
On the 14th day after triptolide treatment, the body mass of all animals was measured. HK-2 Cell viability was assessed using the
MTT assay. Levels of blood urea nitrogen (BUN) and creatinine (Cr) in mouse serum, as well as levels of glutathione (GSH),
malondialdehyde (MDA), and Fe?* in renal tissue, were measured using biochemical assay kits. Renal histopathological changes in
mice were observed by HE staining. Mitochondrial alterations in mouse renal tissue were examined by transmission electron
microscopy. Intracellular reactive oxygen species (ROS) levels in HK-2 cells were determined using the DCFH-DA probe. The
protein expression levels of neutrophil gelatinase—associated lipocalin (NGAL), Kriippel-like factor 4 (KLF4), solute carrier family 7
member 11 SLC7A11), and glutathione peroxidase 4 (GPX4) in mouse renal tissue were determined by Western blot Results Compared
with the CON group, the body mass, renal GSH levels, and the protein expression levels of KLF4, SLC7A11, and GPX4 in renal
tissues of mice decreased in both the LTP and HTP groups (P<0.05, P<0.01). Serum BUN and Cr levels, renal NGAL protein
expression, and renal levels of ROS, MDA, and Fe* were increased (P<0.05, P<0.01). Compared with the LTP group, the HTP group
showed reduced body mass and renal protein expression levels of KLF4, SLC7A11, and GPX4 (P<0.05), while serum Cr levels, renal
NGAL protein expression, and renal levels of ROS, MDA, and Fe* were elevated (P<0.05, P<0.01). Compared with the TP O nmol/L.
group, the TP 40, 80, and 160 nmol/LL groups exhibited enhanced ROS fluorescence intensity, decreased GSH levels (P<0.05, P<
0.01), and increased MDA levels (P<0.05, P<0.01). The TP 80 and 160 nmol/L. groups also showed increased Fe* levels (P<0.05, P<
0.01) and decreased protein expression levels of KLF4, SLC7A11, and GPX4 (P<0.05, P<0.01). The TP 40 nmol/L group showed
decreased KLF4 protein expression (P<0.05). Compared with the TP 40 nmol/L group, the TP 80 and 160 nmol/l. groups
demonstrated enhanced ROS fluorescence intensity, decreased GSH levels (P<0.05), and increased Fe* levels (P<0.05, P<0.01). The
TP 160 nmol/LL group also showed increased MDA levels (P<0.01) and decreased protein expression levels of KLF4, SLC7A11, and
GPX4 (P<0.05), while the TP 80 nmol/l. group showed decreased protein expression levels of SLC7A11 and GPX4 (P<0.05).
Compared with the TP 80 nmol/L group, the TP 160 nmol/L. group showed enhanced ROS fluorescence intensity, decreased GSH
levels (P<0.05), increased MDA and Fe* levels (P<0.05), and decreased protein expression levels of KLF4, SLC7A11, and GPX4 (P<
0.05). Compared with the CON group, the TP group showed reduced cell viability, GSH levels, as well as SLC7A1l and GPX4
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protein expression levels (P<0.01), along with enhanced ROS fluorescence intensity and increased MDA and Fe®* levels (P<0.01).
Compared with the TP group, both the Fer-1+TP and APTO-253+TP groups exhibited increased cell viability, GSH levels, SLC7A11

and GPX4 protein expression levels (P<0.05), as well as reduced ROS fluorescence intensity and decreased MDA levels (P<0.05). The

Fer-14TP group also showed reduced Fe* levels (P<0.05). Conclusion Triptolide induces ferroptosis in renal tubular epithelial cells

by downregulating KLF4, which subsequently suppresses the expression of its downstream targets SLC7A1l and GPX4. This

mechanism represents a key molecular pathway underlying triptolide-induced nephrotoxicity.

(Keywords) triptolide; nephrotoxicity; ferroptosis; Kriippel-like factor 4; SLC7A11/GPX4 signaling pathway
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