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Abstract 43 
Rationale: The role of histone methylation modifications in renal disease, particularly in sepsis-induced 44 
acute kidney injury (AKI), remains unclear. This study aims to investigate the potential involvement of 45 
the histone methyltransferase zeste homolog 2 (EZH2) in sepsis-induced AKI and its impact on apoptosis 46 
and inflammation. 47 

Methods: We first examined the expression of EZH2 in the kidney of sepsis-induced AKI (LPS injection) 48 
mice and LPS-stimulated tubular epithelial cells. We next constructed the EZH2 knockout mice to further 49 
confirm the effects of EZH2 on apoptosis and inflammatory response in AKI. And the inflammatory 50 
level of epithelial cells can be reflected by detecting chemokines and the chemotaxis of macrophages. 51 
Subsequently, we constructed the EZH2 knocked-down cells again and performed Chromatin 52 
Immunoprecipitation sequencing to screen out the target genes regulated by EZH2 and the enrichment 53 
pathway. Then we confirmed the EZH2 target gene and its regulatory pathway in vivo and in vitro 54 
experiments. Experimental results were finally confirmed using another in vivo model of sepsis-induced 55 
AKI (cecal perforation ligation). 56 

Results: The study found that EZH2 was upregulated in sepsis-induced AKI and that silencing EZH2 57 
could reduce renal tubular injury by decreasing apoptosis and inflammatory response of tubular epithelial 58 
cells. EZH2 knockout mice showed significantly reduced renal inflammation and macrophage infiltration. 59 
Chromatin immunoprecipitation sequencing and polymerase chain reaction identified Sox9 as a target of 60 
EZH2. EZH2 was found to be enriched on the promoter of Sox9. Silencing EZH2 resulted in a significant 61 
increase in the transcriptional level of Sox9 and activation of the Wnt/β-catenin signaling pathway. The 62 
study further reversed the effects of EZH2 silencing by silencing Sox9 or administering the Wnt/β-63 
catenin inhibitor icg001. It was also found that Sox9 positively regulated the expression of β-catenin and 64 
its downstream pathway-related genes. Finally, the study showed that the EZH2 inhibitor 3-65 
deazaneplanocin A significantly alleviated sepsis-induced AKI. 66 

Conclusion: Our results indicate that silencing EZH2 can protect renal function by relieving 67 
transcriptional inhibition of Sox9, activating the Wnt/β-catenin pathway, and attenuating tubular 68 
epithelial apoptosis and inflammatory response of the renal interstitium. These results highlight the 69 
potential therapeutic value of targeting EZH2 in sepsis-induced AKI. 70 
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Graphic abstract: Summary of the role of EZH2 in sepsis-induced AKI. 75 



Introduction 76 
Acute kidney injury (AKI) is a multifactorial-mediated kidney disease associated with a short period 77 

of kidney damage and a pronounced decrease in kidney function [1]. The causes of AKI include renal 78 
ischemia, sepsis, urinary tract obstruction, and nephrotoxic drug [2]. Mortality of severe AKI remains 79 
high and sepsis shows complex and unique pathophysiological mechanisms that make sepsis-induced 80 
AKI a syndrome, unlike any other AKI phenotype [3]. The main pathological processes in sepsis-induced 81 
AKI are apoptosis of renal tubular epithelial cells (TECs) and inflammation in the renal interstitium. 82 
Renal insufficiency may be brought on by the renal TECs adaptive response to noxious signals, according 83 
to some studies [4, 5]. Concurrent renal inflammation and microcirculatory dysfunction further amplify 84 
these processes. Novel human biopsy data confirm the function of macrophages during AKI and its 85 
development into chronic kidney disease [6]. 86 

Epigenetic mechanisms control gene expression without altering the primary nucleotide sequence, 87 
and there is increasing proof that epigenetic processes play a critical role in AKI and injury repair [7, 8]. 88 
One of the main histone modifications is methylation, which can either up or down-regulate gene 89 
transcription. Lysine 27 of histone H3 (H3K27) is methylated by the protein methyltransferase enhancer 90 
of enzyme homolog 2 (EZH2), which causes the transcriptional silence of target genes [9, 10]. Emerging 91 
evidence suggests that EZH2-mediated histone modifications contribute to AKI [11]. Aberrant 92 
expression of EZH2 is linked to the pathogenesis of Ischemia-reperfusion and cisplatin-induced AKI [12, 93 
13]. However, there are no studies on EZH2 effects during AKI caused by sepsis, thus the potential 94 
mechanisms and the precise function of EZH2 in sepsis-induced AKI are unknown.  95 

The Wnt/β-catenin signaling pathway is an evolutionary highly conserved signaling pathway [14], 96 
and it is involved in various physiological processes [15]. Previous research has confirmed that the 97 
Wnt/β-catenin pathway has several pathogenic functions in a variety of renal disorders [16, 17], and in 98 
the current study, we demonstrated that EZH2 knockdown attenuates renal injury by upregulating Sox9 99 
expression. Sox9 is essential for organ development, and its ongoing activation of Sox9 is the key 100 
component of renal tubular cell repair after injury [18]. Regulation of the Wnt/β-catenin linked protein 101 
pathway by EZH2 was found to depend on trimethylation enrichment at position 27 of lysine in histone 102 
H3 (H3K27me3) in the promoter region, thereby reducing apoptosis and inflammation. This suggests 103 
that EZH2 may function as a cutting-edge therapeutic option in sepsis-induced AKI pathogenesis.  104 
 105 
Methods 106 
Mice  107 
Every animal experiment complies with the demands of the Laboratory Animal Welfare and Ethics 108 
Committee of Renmin Hospital of Wuhan University. All experiments were conducted using male mice 109 
(weight 22–25 g, 6–8 weeks old, each group n=6). Wild-type (WT) mice (C57BL/6J background) were 110 
obtained from the Center of Experimental Animals of Wuhan University. A large number of studies have 111 
confirmed that EZH2 is very important for the development of mouse early embryos, and insufficient 112 
expression of EZH2 in embryos will lead to the death of mouse embryos after implantation [19, 20]. 113 
Here, we conducted the tamoxifen-inducible knock out (iKO) mice, which refers to the gene knock out 114 
that depends on tamoxifen for a specific time. EZH2fl/fl(fl/fl) mice (Cre-negative) were provided by Pro. 115 
Xi Wang (Department of Immunology, School of Basic Medical Sciences; Advanced Innovation Center 116 
for Human Brain Protection, Beijing Key Laboratory for Cancer Invasion and Metastasis, Department of 117 
Oncology, Capital Medical University, Beijing, China.) and CAG-creER mice were generated from the 118 
mice used in our previous studies [21, 22]. CAG-creEREZH2fl/fl (EZH2iKO) mice were generated and at 119 



six weeks of age, they were injected intraperitoneally with approximately 75 mg/kg tamoxifen (T5642; 120 
Sigma-Aldrich, St. Louis, USA), once every 24 h for five consecutive days. DNA extracted from tail 121 
snips was used for PCR-based genotyping [23, 24].  122 
 123 
Induction of sepsis-induced AKI 124 
We use two ways to construct mouse models. Mice were injected intraperitoneally with 15 mg/kg LPS 125 
(Escherichia coli 055:B5; Sigma-Aldrich) to establish an in vivo sepsis-induced AKI model as previously 126 
described [25]. Saline solution was administered into the control mice. For cecal ligation and puncture 127 
(CLP), following anesthesia with pentobarbital 60 mg/kg. To expose the cecum, a short longitudinal 128 
midline incision was done. The cecum was subsequently ligated 1 cm from the blind-ending. The cecum 129 
was perforated by a single through-and-through puncture in a mesenteric-to-antimesenteric orientation, 130 
halfway between the ligation and the tip of the cecum. A little droplet of excrement was extruded from 131 
each penetration hole after the needle was removed. Mice that underwent the same operation but without 132 
CLP were used as a sham control. The mice were sacrificed 24 h after LPS injection or CLP, and their 133 
blood and tissues were saved for later research. 134 
 135 
Drug treatment 136 
To study the effect of 3-deazaneplanocin A(3-DZNeP) (Selleckchem, Houston, USA) on sepsis-induced 137 
AKI, After injecting LPS or CLP, 3-DZNeP (2 mg/kg) was delivered intraperitoneally every day after 138 
that. Equal amounts of saline were injected into the control group. On the third day following the injection 139 
of LPS or CLP, the mice were sacrificed. 140 
 141 
Cell Culture  142 
Human kidney tubular epithelial cells (HK-2 cell line) were procured from Procell Life Science143 
 & Technology Co., Ltd, Wuhan, China and THP-1 cells were procured from Stem Cell Bank,144 
 Chinese Academy of Sciences, Shanghai, China. DMEM/F12 media supplemented with 10% f145 
etal bovine serum (Gibco, Waltham, MA, USA) and 1% antibiotics (penicillin/streptomycin) wa146 
s used to cultivate HK-2 cells. Knockdown EZH2 lentivirus was purchased from Genepharma 147 
(Suzhou, China). The lentiviral sequences were: LV2-NC：TTCTCCGAACGTGTCACGT; LV2-E148 
ZH2-715: GGTGAATGCCCTTGGTCAATA; LV2-EZH2-1743：GCTCCTCTAACCATGTTTACA; 149 

LV2-EZH2-2196: GCAGCTTTCTGTTCAACTTGA. HK2 cells were infected with the virus in s150 
olution. After transfection for 72 h, cells were treated with 2 µg/mL puromycin, and stable clo151 
nes were maintained at 1 μg/mL. A humidified environment with 5% CO2 was used to mainta152 
in a 37°C temperature for all cells. The siRNA was purchased from Sangon Biotech (Shanghai,153 
 China) including the siRNA targeting the human Sox9 gene (siSox9) and nontargeting siRNAs154 
(siCon). HK-2 cells were plated in 6-well plates overnight and then transfected with siRNAs u155 
sing Lipofectamine 2000(Invitrogen, USA) according to the instructions. The siRNA sequences 156 
were: siCon: sense:5′-UUCUCCGAACGUGUCACGUTT-3′, antisense:5′-ACGUGACACGUUCGG157 
AGAATT-3′; siSox9: sense: 5′-GCAAGCUCUGGAGACUUCUGATT-3′, antisense:5′-UCAGAAG158 
UCUCCAGAGCUUGCTT-3′. 159 
ICG-001 (Wnt/ β-catenin inhibitor, SF6827, Beyotime Biotechnology) was used at a concentration of 25 160 
µmol/L, as described in a previous study [26]. 161 
Mouse primary renal tubular epithelial cells (mRTECs) were isolated as previously described [27]. 162 
 163 



Macrophage Migration Assay  164 
We used cell culture methods as published previously [28, 29]. Sh-EZH2 and Sh-NC HK-2 cells were 165 
incubated with LPS (50 µg/mL), and as controls, baseline conditions were applied to sh-NC HK-2 cells. 166 
After receiving LPS treatment for 24 h, the cell supernatants were collected. In Transwell plates' top 167 
chambers, THP-1 cells were cultured (0.8 µm pore size) in 100 ng/mL phorbol-12-myristate-13-acetate 168 
(PMA) for 24 h and were then cultured in fresh complete medium without PMA for 24 h. The bottom 169 
chambers were then filled with the cell supernatants from HK-2 cells that had been treated with LPS. 170 
After co-culturing for 24 h chambers were fixed using 4% paraformaldehyde and using 0.1% crystal 171 
violet, and migrating cells were stained. Cell migration was observed by the microscope (Nikon, Tokyo, 172 
Japan).  173 
 174 
Cell Viability Assay and Treatment 175 
To evaluate the effects of various LPS concentrations on cell viability, a CCK-8 assay (Dojindo 176 
Laboratories, Japan) was performed. At a density of 8,000 cells per well, HK-2 cells were seeded onto 177 
96-well culture plates for 24 h. Cells were co-treated with various concentrations of LPS (0, 10, 20, 50, 178 
and 100 µg/mL) in DMEM for 24 h. At each time point, each well received 10 μL of the CCK-8 solution 179 
before being incubated at 37 °C for 1 h. Optical density was measured at 450 nm using a microplate 180 
reader (ELx808, BioTek Instruments, USA). Standard fitting curves were produced from the assay data, 181 
and IC50 values were calculated. 182 
 183 
Renal Function Measurement 184 
Serum creatinine and urea nitrogen are used as indicators of renal function, and the corresponding kit 185 
(JianCheng, Nanjing, China) is used according to the instructions. 186 
 187 
Histopathological Examination 188 
The kidney tissues were embedded in paraffin and fixed with 4% paraformaldehyde to make 2-4 μm 189 
sections. Slices of the kidney tissue underwent deparaffinization, rehydration, and hematoxylin and eosin 190 
staining. The tubular damage score was used to evaluate tissue injury as previously described [30]. HE 191 
slides were scored on a scale from 0 to 4: 0, normal; 1, mild (<25% tubular damage); 2, moderate (25-192 
49% tubular damage); 3, severe (50-75% tubular damage); 4, extensive damage (>75% tubular damage). 193 
Terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) staining was used to assess 194 
degree of injury using One Step TUNEL Apoptosis Assay Kit (C1090, Beyotime), according to 195 
instructions. TUNEL-positive areas were quantified using ImageJ software (1.8.0). 196 
 197 
Immunohistochemistry (IHC)  198 
Slices of a 5-mm-thick mouse kidney were dewaxed, rehydrated, and repaired in EDTA buffer before 199 
being incubated in 3% H2O2 for 10 min. Then use 5% BSA to block it for 45 min. The samples were 200 
next exposed to rabbit anti-EZH2 for overnight incubation at 4 °C. The slices were exposed to the goat 201 
anti-rabbit IgG antibody the next day for 30 min. Then counterstained sections with hematoxylin after 202 
being stained with 3,3'-diaminobenzidine. The slices were fixed, dehydrated, and dried, and then 203 
observed by microscope. Ten randomly selected fields of view from each section were used for evaluation 204 
and semi-quantitative analysis using ImageJ software (1.8.0). 205 
 206 
Immunofluorescence 207 



HK-2 cells were permeabilized with 0.2% Triton X-100 after being fixed with 4% paraformaldehyde. 208 
Incubate with the following primary antibodies: EZH2 (5246S;1:100; CST), AQP-1(20333-1-AP;1:200; 209 

proteintech), Sox9 (67439-1-Ig;1:100; proteintech), β-catenin (GB12015; 1:100; Servicebio), F4/80 210 
(ab6640; 1:100; Abcam), monocyte chemoattractant protein-1 (MCP-1) (GB113239;1:100; 211 
Servicebio),surviving (10508-1-AP;1:200;proteintech),cyclinD1 (26939-1-AP;1:400; proteintech) at 212 
4°C overnight, followed by staining with CY3- or Alexa Fluor-488-conjugated secondary antibodies 213 
(1:1000; Thermo Scientific, MA, USA). The slides were mounted for examination after being stained 214 
with 4′,6-diamidino-2-phenylindole. Using the same settings on a fluorescence microscope (Nikon). 215 
 216 
qPCR 217 
Total RNA was extracted from kidney tissues with TRIzol reagent (Invitrogen Life Technologies, CA, 218 
USA) which was then reverse transcribed to create cDNA using the Takara reagent kit (Takara 219 
Biotechnology, Shiga, Japan), followed by standard methodology SYBR Green master mix (Yeasen, 220 
Shanghai, China) qPCR amplification. Relative gene expression was normalized against GAPDH. The 221 
primers used were all in Table S1. 222 
 223 
Western blotting analysis 224 
Renal tissues and cells were lysed using RIPA lysate (Servicebio). The BCA method was used to quantify 225 
total protein. Proteins were separated on polyacrylamide gels , then moved to a polyvinylidene fluoride 226 
membrane 5% skim milk was used to prevent non-specific binding to the membrane for 2 h at room 227 
temperature, followed by incubation overnight with one of the following primary antibodies: EZH2 228 
(5246S; 98 kDa; 1:1,000; CST), H3K27me3 (9733S; 17 kDa; 1:1,000; CST), H3(17168-1-AP; 17kDa; 229 
1:2000;  proteintech), cleaved-caspase3(19677-1-AP; 17 kDa; 1:1,000; proteintech), Bcl2 (12789-1-AP; 230 
26 kDa; 1:1,000; proteintech), Bax (GB114122; 21 kDa; 1:800; Servicebio), MCP-1(GB113239; 11 kDa; 231 
266 1:500; Servicebio), Sox9 (67439-1-Ig; 56 kDa; 1:1000; proteintech), β -catenin (GB12015; 92 kDa; 232 
1:500; Servicebio), surviving (GB11177; 16 kDa;1:1,000;Servicebio), GAPDH (GB12002; 37 kDa; 233 
1:1,000; Servicebio) at 4 °C. Horseradish peroxidase-coupled secondary antibodies were incubated for 1 234 
h with the protein bands after being washed by TBST, followed by visualization using an ECL kit 235 
(Biosharp, China) on a ChemiDoc MP system (Bio-Rad, Foster City, CA, USA ). The relative density of 236 
proteins was measured using ImageJ software (1.8.0). All experiments were performed using three 237 
replicates. 238 
 239 
Flow Cytometry 240 
FITC Annexin Apoptosis Detection Kit I (BD Biosciences, NJ, USA) was used to flow cytometry. 241 
Trypsin digestion of cells in 6-well plates was followed by centrifugation, resuspension in precooled PBS, 242 
and addition of 100 μL 1× binding buffer. Each tube containing cells received 5μL Annexin V-FITC for 243 
a 15 min incubation period in the dark; next, 500 μL 1× binding buffer and 4 μL propidium iodide staining 244 
solution were added, and finally, a CytoFLEX flow cytometer (Beckman Coulter, Brea, CA, USA) was 245 
used to identify the results. According to other descriptions [31, 32], kidneys were divided into pieces 246 
measuring 2~3 mm3 and placed in DMEM with 2 mg/mL collagenase type I for 45 min at 37 °C. After 247 
that, a BD cell strainer (40 μm) was used to filter the cell suspension. The FVS780(APC-cy7) and renal 248 
immune cell markers CD45 (FITC), CD11b (PE), and F4/80 (APC) were employed. The FlowJo program 249 
(10.8.1) was used to analyze the results of the flow cytometry. 250 
 251 



ELISA 252 
IL-1, IL-6, and TNF- levels were tested using ELISA kits (Beyotime Biotechnology, China) by the 253 
manufacturer's instructions. 254 
 255 
Chromatin Immunoprecipitation Sequencing (ChIP-Seq) Assay 256 
HK2 cells were crosslinked with 1% formaldehyde and sonicated to produce 200-500 bp DNA fragments 257 
for subsequent immunoprecipitation. Use 20 µg EZH2 antibodies (proteintech;21800-1-AP) and normal 258 
IgG (CST;2729s) antibody for immunoprecipitation. Libraries were produced using the KAPA HTP 259 
Library Preparation Kit (Roche, Switzerland; KK8234) according to instructions. Briefly, purified DNA 260 
fragments were end-repaired, adenylated, and ligated to adaptors, followed by PCR amplification. 261 
Libraries were subjected to high-throughput sequencing on an Illumina NovaSeq platform. Subsequent 262 
binding peak prediction analysis was performed with MACS software to identify the region of EZH2 263 
binding [33]. DeepTools was used for the assignment of genomic features, such as relative location to 264 
TSS to the peaks and visualization of binding profiles [34]. HOMER (Hypergeometric Optimization of 265 
Motif EnRichment) software was used to search the enriched binding motifs in peaks [35]. 266 
 267 
Kidney Precision Medicine Project (KPMP) 268 
The Kidney Precision Medicine Project (KPMP) was initiated and funded by the National Institute of 269 
Diabetes, Digestive, and Kidney Diseases. KPMP uses ethical and safe kidney biopsies obtained from 270 
patients with kidney disease, combined with transcriptome, protein, metabolome, and spatial omics 271 
techniques, to produce a reference atlas of the kidney in a healthy and diseased state [36]. Entering the 272 
https://atlas.kpmp.org/explorer/, enter "EZH2", select Single-Nucleus RNA-Seq (SN RNA-Seq), and 273 
select the expression data of renal tubular epithelial cells in Healthcare Reference and AKI. 274 
 275 
Differentially expressed genes and functional enrichment analysis 276 
Two kinds of cells, sh-NC and sh-EZH2, were used for RNA sequencing of transcriptome: each group 277 
was repeated three times. Total RNA was extracted by TRIzol (Invitrogen, California, USA), and a cDNA 278 
library was constructed according to the manufacturer's instructions. The library was sequenced on 279 
BGISEQ500 platform (Huada Gene, China) with a clean reading depth of 10 Gb. The R Bioconductor 280 
package “edgeR” was utilized to screen out the differentially expressed genes (DEGs). The thresholds 281 
for finding DEGs were established at a false discovery rate of 0.05 and a fold change of >2 or < 0.5. 282 
KOBAS 2.0 server was used to find KEGG pathways and Gene Ontology (GO) keywords. The 283 
enrichment of each phrase was determined using the hypergeometric test and the Benjamini-Hochberg 284 
FDR controlling technique. 285 
 286 
Statistical analyses 287 
Data analysis was done by GraphPad Prism software (version 9.0; GraphPad Software, CA, USA). 288 
Experiment results are shown as means standard deviation. Examining group differences involved using 289 
the Student's t test and one-way analysis of variance. P＜0.05 was considered statistically significant. 290 

 291 
Results 292 
EZH2 is induced in the kidneys of mice following LPS treatment 293 
We administered intraperitoneal injections with LPS (15 mg/kg) to the mice in the experimental group. 294 
After 24 h, western blotting showed that the expression level of apoptosis-related proteins caspase3 and 295 



Bax were activated, and anti-apoptotic protein Bcl2 was decreased (Figure 1A). The serum creatinine 296 
(SCr) and blood urea nitrogen (BUN) levels of mice in the experimental group were significantly 297 
increased (Figure 1B), and TUNEL fluorescence indicated that the in vivo model of sepsis-induced AKI 298 
was successfully established (Figure 1C). TNF-α, IL-6, and IL-1β were significantly up-regulated in the 299 
model group (Figure 1D). Single-nucleus RNA-seq (SNRNA-seq) showed that EZH2 was up-regulated 300 
in the nucleus of proximal renal tubular epithelial cells during AKI (Figure 1E). IF showed that EZH2 301 
was located in proximal tubular epithelial cells and its expression was significantly up-regulated in the 302 
LPS-treated group, compared with the controls (Figure 1F). Considering the nuclear localization of 303 
EZH2 and its epigenetic mechanism, we also examined H3K27me3 expression (Figure 1G). EZH2 304 
expression showed a positive correlation with SCr levels (Figure 1H). 305 
 306 
Knockdown of EZH2 attenuates sepsis-induced kidney injury in mice 307 
To further explore the biological mechanism of EZH2 in sepsis-induced AKI, we used EZH2iKO mice, 308 
and knock out efficiency was tested by IHC and western blotting (Figure 2A-B). LPS caused numerous 309 
histopathological changes, including dilation of part of the renal tubular epithelium, watery degeneration, 310 
cellular or protein cast, narrowing of the lumen, and dilation of interstitial capillaries (Figure 2C). 311 
EZH2iKO mice exhibited less renal damage following LPS injection, compared to EZH2fl/fl mice. TUNEL 312 
histochemistry showed that apoptotic cells in the kidney tissue of EZH2iKO mice were significantly 313 
smaller than those of EZH2fl/fl mice. LPS caused significant increases in serum BUN and SCr levels in 314 
the AKI model, compared to the control group, and EZH2iKO mice showed improved renal function and 315 
decreased expression levels of BUN and SCr (Figure 2D). 316 
 317 
Knockdown of EZH2 reduces apoptosis and inflammatory reaction in sepsis-induced AKI in vivo 318 
Western blotting revealed that cleaved-caspase3 and Bax expression was down-regulated in EZH2iKO 319 
mice, compared with that in EZH2fl/fl mice, whereas Bcl2 expression was up-regulated (Figure 2E). Prior 320 
research has demonstrated that a significant mechanism of the inflammatory response in sepsis-321 
associated AKI is the infiltration of renal interstitial immune cells, particularly the infiltration of 322 
macrophages [37]. Compared with EZH2fl/fl mice, EZH2iKO mice exhibited significantly reduced TNF-323 
α, IL-6, IL-1β, and MCP-1 levels (Figure 2F). MCP-1/CCR2 is a key pathway for macrophages to 324 
respond to inflammatory responses, and the influx of macrophages is regulated by MCP-1 [38, 39]. IF 325 
of macrophage marker F4/80 indicated that macrophage infiltration in EZH2iKO mice was significantly 326 
reduced, compared with EZH2fl/fl mice, which was consistent with the trend of inflammatory factors 327 
(Figure 2C). The small population of monocytes in normal kidneys, CD11bhi/F4/80lo, significantly 328 
increases and secretes pro-inflammatory cytokines during the early inflammatory response of AKI [31, 329 
37]. Flow cytometry showed a reduced CD11bhi/F4/80lo population in EZH2iKO mice (Figure 2G). Taken 330 
together, these results suggest that the knockdown of EZH2 may play an anti-inflammatory role by 331 
reducing the accumulation of macrophages in the renal interstitium. 332 
 333 
EZH2 knockdown reduces LPS-induced apoptosis in vitro 334 
To further explore the mechanism of EZH2 action in sepsis-induced AKI, we used sh-EZH2 cells. 335 
Western blotting verified knock-out efficiency of EZH2, and EZH2 shRNA has no impact on apoptosis 336 
and inflammation indexes (figure 3A-B). The CCK-8 assay revealed that at 50–100 μg/mL, cell viability 337 
was severely reduced, and the low concentration did not affect cell viability (Figure 3C). Therefore, 50 338 
µg/mL was selected as the LPS-stimulated concentration for the in vitro experiment. When the EZH2 339 



was knocked down, HK2 cell viability was restored under LPS treatment (Figure 3C). Consistent with 340 
the in vivo experiment, western blotting showed that the expression of cleaved-caspase3 and Bax were 341 
inhibited, and Bcl2 was up-regulated (Figure 3D-E), which agreed with the results of flow cytometry 342 
(Figure 3F). Our results were also supported by the use of mRTECs and the EZH2 inhibitor 3-DZNep 343 
(Figure S1A-B). These results suggest that inhibition of EZH2 reduces sepsis-induced AKI-induced 344 
apoptosis in epithelial cells. 345 
 346 
EZH2 knockdown reduces LPS-induced inflammatory response in vitro 347 
According to reverse-transcription qPCR, IL-6, IL-1β, and TNF-α mRNA levels were significantly 348 
increased in HK2 cells after LPS treatment, whereas sh-EZH2 showed significantly down-regulated 349 
expression of inflammatory cytokines (Figure 3G). Infiltration of macrophages is an important feature 350 
of renal interstitial inflammatory response. Expression of MCP-1 was assessed using western blotting 351 
and IF, and in the controls, almost no MCP-1 expression was observed in HK2 cells, whereas after 352 
treatment with LPS, MCP-1 was abundantly expressed. Under EZH2 knockdown, the increase of MCP-353 
1 was reversed (Figure 3H-I). Macrophage migration assays were performed using transwell to determine 354 
whether HK-2 cells with sh-EZH2 were effective at reducing macrophage recruitment (Figure 3J). When 355 
THP-1 cells were cultured with LPS-stimulated HK-2 cell supernatant after PMA differentiation, a 356 
significantly increased number of macrophages migrated from the upper side to the bottom. In contrast, 357 
the number of migrated macrophages was significantly reduced when exposed to the supernatant of sh-358 
EZH2 HK-2 cells treated with LPS (Figure 3K). Results were also supported by the use of mRTECs and 359 
the EZH2 inhibitor 3-DZNep (Figure S1C). This indicates that EZH2 knock out can reduce the 360 
inflammatory response. 361 
 362 
EZH2 regulates the expression of Sox9 through epigenetic modification 363 
Two replicates of IP samples and Input samples were used, and the overlap of the EZH2 binding peaks 364 
obtained between the two experimental replicates was obtained (Figure 4A). The location distribution 365 
statistics of the binding peaks specific to IP samples were obtained according to their distance from the 366 
transcription start site, and their distribution near the transcription start site (Figure 4B). Motif analysis 367 
revealed that EZH2 is richly bound to the GC-rich sequence, suggesting that EZH2 could bind to the 368 
promoter region of the gene and thus affect the transcription of the gene (Figure 4C). We performed an 369 
overlay analysis of genes associated with EZH2 binding DNA (IP2 samples) and up-regulated genes after 370 
silencing of EZH2 in HK2 cells (Figure 4D). GO and KEGG enrichment analysis of the genes (Figure 371 
4E-F) showed a close association with the classic Wnt signaling pathway. We sequenced 10 genes in the 372 
Wnt signaling pathway and found the binding of EZH2 to Sox9(Figure 4G). To further verify the 373 
epigenetic regulation of Sox9 by EZH2, we performed ChIP -PCR showing that EZH2 was enriched in 374 
the promoter region of Sox9 (Figure 4H). Moreover, qPCR showed that Sox9 expression was higher after 375 
EZH2 knockdown (Figure 4I). Therefore, we verified that the inhibition of EZH2 could regulate the 376 
expression of Sox9 by epigenetics to affect sepsis-induced AKI. Moreover, after EZH2 knock out, the 377 
expression of targeted molecules downstream of the Wnt/β-catenin signaling pathway was up-regulated 378 
(Figure 5A-C). Results were also supported by the use of mRTECs and the EZH2 inhibitor 3-DZNep 379 
(Figure S1D). 380 
 381 
EZH2 inhibition attenuates apoptosis and inflammation in sepsis-induced AKI through 382 
upregulation of Sox9 383 



Sox9 expression was knocked down with a siRNA based on sh-EZH2 to further explore the relationship 384 
between EZH2 and Sox9, Wnt/β-catenin and apoptosis and inflammatory responses. Sox9 knockdown 385 
(siSox9) led to down-regulated expression of survivin, downstream genes of the Wnt/β-catenin pathway. 386 
The downregulation of Bax was reversed, as was the down-regulation of anti-apoptotic protein Bcl2. The 387 
expression of inflammatory factors was significantly increased, such as that of MCP-1, and the migration 388 
ability of macrophages was reversed. Similarly, we used ICG-001 (a Wnt/β-catenin pathway inhibitor), 389 
and the apoptosis-related proteins, and macrophage migration were also reversed (Figure 5D-E). When 390 
EZH2 was knocked down, Sox9 expression was restored, and the expression of Wnt/β-catenin pathway 391 
was activated, which helps alleviate kidney damage. Transwell assays also suggested a reversal of 392 
macrophage migration following the same knockdown of Sox9 and administration of Wnt/β-catenin 393 
pathway inhibitors. EZH2 directly acted on Sox9 to regulate the Wnt/β-catenin pathway and thus affected 394 
the apoptosis and inflammatory response during sepsis-induced AKI. 395 
 396 
Sox9 regulates apoptosis and inflammatory response via the Wnt/β-catenin pathway 397 
To further investigate the relationship between Sox9 and the Wnt/β-catenin pathway, we explored 398 
changes in β-catenin and downstream phenotype by overexpression (Sox9ov) and knockdown of Sox9. 399 
We found that when Sox9 was overexpressed, the expression of β-catenin increased and nuclear 400 
translocation occurs. When Sox9 was knockdown, the expression of β-catenin decreased (Figure 6A-C). 401 
Overexpression of Sox9 also increased the expression of survivin and CyclinD1, downstream genes of 402 
the Wnt/β-catenin pathway, which were inhibited by ICG001(Figure 6D). While Sox9 overexpression 403 
reduced the expression of apoptotic and inflammatory factors and inhibited the recruitment of 404 
macrophages, the Wnt/β-catenin pathway inhibitor ICG001 offset the effects of Sox9 overexpression 405 
(Figure 6E-G). 406 
 407 
EZH2 inhibitor 3-deazaneplanocin A (3-DZNep) protects renal functioning in sepsis-induced AKI  408 
Inhibitor of EZH2, 3-DZNep, was used to validate the function of EZH2 in vivo during AKI (Figure 7A), 409 
and SCr and BUN levels and kidney coefficients were decreased in the LPS+3-DZNep group, and 410 
pathological renal damage was alleviated (Figure 7B-D). In addition, TUNEL staining showed that 3-411 
DZNep reduced apoptosis in renal cells. This was consistent with Western blotting, where 3-DZNep 412 
inhibited EZH2 expression and reduced Bax expression restoring Bcl2 expression (Figure 7E). 3-DZNep 413 
consistently down-regulated levels of MCP-1, IL-6, IL-1β, and TNF-α (Figure 7F). IF showed that the 414 
EZH2 inhibitor reduces the infiltration of macrophages (Figure 7G). To further validate our experimental 415 
results, CLP was used to construct the sepsis AKI model (Figure S2A-C). EZH2 was significantly up-416 
regulated in the CLP model, and 3-DZNep inhibited the expression of EZH2. HE and TUNEL staining 417 
showed that 3-DZNep reduced apoptosis in renal cells. IF showed that the EZH2 inhibitor reduces the 418 
infiltration of macrophages (Figure S2D). Western blotting also supports the above results(Figure 419 
S2E).3-DZNep consistently down-regulated levels of MCP-1, IL-6, IL-1β, and TNF-α (Figure S2F-G). 420 
These data generally imply that 3-DZNep protects against AKI and reduces inflammatory reaction, 421 
indicating that EZH2 is a critical factor in AKI. 422 
 423 
Discussion 424 
EZH2 is generally modified by epigenetic modifications to inhibit the transcription of a target gene and 425 
this mechanism has been studied predominantly in tumors [40]. In the current study, we focused on the 426 
mechanism of EZH2 in sepsis-induced AKI. Numerous previous studies have shown that EZH2 is 427 



involved in the regulation of inflammation [41], which may be related to the pathophysiology of sepsis. 428 
Particularly, during sepsis-induced acute lung injury, after inhibiting EZH2, inflammation and lung injury 429 
are significantly alleviated [42]. The kidney-protective effects of EZH2 inhibition have been 430 
demonstrated in several investigations recently, inhibition of EZH2 was shown to reduce oxalate-induced 431 
kidney injury by modulating the JNK/FoxO3a pathway [43], and inhibition of EZH2 prevents cisplatin-432 
induced renal tubular apoptosis and AKI by restoring E-calmodulin expression [44]. Moreover, inhibition 433 
of EZH2 can attenuate I/R-induced AKI by reducing reactive oxygen species [45]. However, the direct 434 
mechanisms of EZH2 during AKI are unclear. 435 

Dysfunctional inflammatory responses are involved in the pathophysiology of septic AKI [46], and 436 
circulating inflammatory cytokines increased the risk of death in patients with AKI [47]. Specifically, by 437 
interacting with a number of transmembrane receptors, these pro-inflammatory cytokines might enhance 438 
the inflammatory response brought on by early mediators [46]. In addition, excessive inflammatory 439 
infiltration can directly affect the renal parenchyma and promote the apoptosis of renal tubular cells, 440 
thereby inducing the development of AKI. It is noteworthy that renal TECs are critical mediators of 441 
macrophage recruitment and the ensuing renal inflammatory cascade [48]. The pathophysiology and 442 
development of sepsis-induced AKI are greatly aided by inflammation defined by macrophage 443 
infiltration. Numerous studies have confirmed that macrophages are recruited from the circulatory 444 
system to the injured site to participate in inflammatory reactions during AKI, which is strongly related 445 
to the prognosis of AKI, and the migration ability of macrophages is an important evaluation index [6, 446 
29, 42].This results confirmed that EZH2 deficiency reduced apoptosis of renal TECs and inhibited the 447 
tubulointerstitial inflammation characterized by macrophage infiltration. 448 

Using pathway enrichment analysis on the genes selected by ChIP-seq and DEGs, we found that the 449 
Wnt pathway might be involved in the physiological process of EZH2 regulating AKI. In the two IPs, 450 
some top common genes were identified in descending order according to the abundance of peaks, and 451 
Sox9 was predominant, which was consistent with the results reported above. Previous studies have 452 
confirmed the protective effects of Sox9 in AKI, and the most important mechanism is involved in the 453 
process of post-acute kidney injury repair [18]. Growth factors mediate many cellular responses after 454 
AKI, including repair and injury responses. Many of these growth factors, such as Wnt/β- catenin, are 455 
essential for the development of kidneys but are barely active in intact adult kidneys and are re-expressed 456 
after injury. This study found knocking down EZH2 reduces the level of H3K27me3 on Sox9 and thus 457 
promotes the expression of this gene. Under the stimulation of LPS, the existence of EZH2 enriched on 458 
Sox9 inhibits its transcription, while after the knock-down of EZH2, the inhibition of Sox9 is eliminated. 459 
The epigenetic regulation of EZH2 on Sox9 has been demonstrated, and inhibition of EZH2 has been 460 
previously reported to improve the degradation of cartilage endplates by relieving transcriptional 461 
inhibition of Sox9 [49]. 462 

The action mechanism of Wnt/β-catenin pathway is very complex. When the Wnt signaling pathway 463 
is activated, the Wnt protein combines with the transmembrane receptor Frizzled/LRP 5/6 on the cell 464 
membrane to activate the Dsh protein in the cytoplasm, which inhibits phosphorylation and degradation 465 
of β-catenin by the cleavage complex, resulting in increased concentrations of β-catenin in the cytoplasm 466 
and its entry into the nucleus [15]. The mechanism of the Wnt/β-catenin signaling pathway during AKI 467 
remains controversial, and it is considered a double-edged sword in AKI [50]. However, increasing 468 
evidence suggests that activation of the Wnt/β-catenin pathway has a kidney-protective effect in the early 469 
pathological process of AKI, and β-catenin plays a key role in reducing the apoptosis of renal tubular 470 
epithelial cells in the acute phase of AKI, and study have demonstrated that Sox9 can continuously 471 



activate the wnt/β-catenin pathway to protect the IR-AKI [26, 51-53].In addition, the Wnt/β-catenin 472 
pathway is closely related to the inflammatory response [53]. Sox9 was released after transcriptional 473 
inhibition of EZH2, and western blotting, as expected, showed up-regulation of the expressions of β-474 
catenin and survivin downstream of the Wnt/β-catenin signaling pathway. To further confirm the direct 475 
action mechanism of Sox9, we performed transient knockdown of Sox9 in sh-EZH2 cells, and western 476 
blotting revealed that the inhibition of apoptosis-related proteins was reversed, and the migration ability 477 
of macrophages representing the interstitial inflammatory response was also reversed. Moreover, 478 
expression of Wnt/β-catenin signaling pathway was reduced, which was consistent with the result given 479 
to icg001. These results consistently demonstrated that knockdown of EZH2 activated the Wnt/β-catenin 480 
signaling pathway by up-regulating the expression of Sox9, and it inhibited apoptosis and inflammatory 481 
responses. However, according to previous studies, the long-term activation of this pathway may be 482 
related to the progression of AKI to chronic kidney disease, and whether EZH2 is involved in this process 483 
needs further investigation [50]. 484 
The development of AKI may be associated with a complex cascade of physiopathological mechanisms 485 
and may not be determined by one specific process. Therefore, we investigated the damage to TECs and 486 
the expression of related inflammatory factors and chemokines, as well as the migratory capacity of 487 
macrophages. Whether there is direct "communication" between epithelial cells and macrophages 488 
remains to be investigated, including whether macrophages affect the damage of epithelial cells, and 489 
some studies suggest that epithelial cells secrete exosomes that affect the polarization level of 490 
macrophages [54], which are directions for future research. 491 
Our results clearly correlate cell death-immune crosstalk with the development of AKI and demonstrate 492 
that knock-down of EZH2 get involved in sepsis-induced AKI by up-regulating the transcription of Sox9. 493 
Targeting the EZH2/Sox9 signaling pathway may provide new strategies for preventing or ameliorating 494 
sepsis-induced AKI. 495 
 496 
 497 
Acknowledgments 498 
This study was supported by grant from National Natural Science Foundation of China 499 
(82270802,82170775,82100806,81873595,81800681) and Shanghai Municipal Key Clinical Specialty 500 
(shslczdzk02503). 501 
 502 
EZH2 flox/flox mice were provided by Pro. Xi Wang (Department of Immunology, School of Basic 503 
Medical Sciences; Advanced Innovation Center for Human Brain Protection, Beijing Key Laboratory for 504 
Cancer Invasion and Metastasis, Department of Oncology, Capital Medical University, Beijing, China.) 505 
 506 
Graphical Abstract and some figure parts were created with BioRender.com. 507 
 508 
We thank Bullet Edits Limited for the linguistic editing and proofreading of the manuscript. 509 
 510 
Declaration of competing interest:  511 
The authors declare no conflicts of interest. 512 
 513 
Authors’ Contributions 514 
BJL, YQX, and SQM designed research; ZHY, BFS, FYL, and WMY performed research; TR, JYL and 515 



MW analyzed data; ZGM, XJZ, and FC wrote the paper. 516 

 517 
Reference 518 
1. Liu KD, Goldstein SL, Vijayan A, Parikh CR, Kashani K, Okusa MD, et al. AKI!Now Initiative: 519 
Recommendations for Awareness, Recognition, and Management of AKI. Clin J Am Soc Nephrol. 520 
2020; 15: 1838-47. 521 
2. Singbartl K, Kellum JA. AKI in the ICU: definition, epidemiology, risk stratification, and 522 
outcomes. Kidney Int. 2012; 81: 819-25. 523 
3. Poston JT, Koyner JL. Sepsis associated acute kidney injury. BMJ. 2019; 364: k4891. 524 
4. Bellomo R, Kellum JA, Ronco C, Wald R, Martensson J, Maiden M, et al. Acute kidney injury in 525 
sepsis. Intensive Care Med. 2017; 43: 816-28. 526 
5. Li C, Wang W, Xie SS, Ma WX, Fan QW, Chen Y, et al. The Programmed Cell Death of 527 
Macrophages, Endothelial Cells, and Tubular Epithelial Cells in Sepsis-AKI. Front Med. 2021; 8: 528 
796724. 529 
6. Jiang W, Yuan X, Zhu H, He C, Ge C, Tang Q, et al. Inhibition of Histone H3K27 Acetylation 530 
Orchestrates Interleukin-9-Mediated and Plays an Anti-Inflammatory Role in Cisplatin-Induced 531 
Acute Kidney Injury. Front Immunol. 2020; 11: 231. 532 
7. Guo C, Dong G, Liang X, Dong Z. Epigenetic regulation in AKI and kidney repair: mechanisms 533 
and therapeutic implications. Nat Rev Nephrol. 2019; 15: 220-39. 534 
8. Hogg SJ, Beavis PA, Dawson MA, Johnstone RW. Targeting the epigenetic regulation of 535 
antitumour immunity. Nat Rev Drug Discov. 2020; 19: 776-800. 536 
9. Duan R, Du W, Guo W. EZH2: a novel target for cancer treatment. J Hematol Oncol. 2020; 13: 537 
104. 538 
10. Gan L, Yang Y, Li Q, Feng Y, Liu T, Guo W. Epigenetic regulation of cancer progression by 539 
EZH2: from biological insights to therapeutic potential. Biomark Res. 2018; 6: 10. 540 
11. Li T, Yu C, Zhuang S. Histone Methyltransferase EZH2: A Potential Therapeutic Target for 541 
Kidney Diseases. Front Physiol. 2021; 12: 640700. 542 
12. Morschhauser F, Salles G, Batlevi CL, Tilly H, Chaidos A, Phillips T, et al. Taking the EZ way: 543 
Targeting enhancer of zeste homolog 2 in B-cell lymphomas. Blood Rev. 2022: 100988. 544 
13. Cao Y, Li L, Fan Z. The role and mechanisms of polycomb repressive complex 2 on the 545 
regulation of osteogenic and neurogenic differentiation of stem cells. Cell Prolif. 2021; 54: e13032. 546 
14. Krishnamurthy N, Kurzrock R. Targeting the Wnt/beta-catenin pathway in cancer: Update on 547 
effectors and inhibitors. Cancer Treat Rev. 2018; 62: 50-60. 548 
15. Clevers H, Nusse R. Wnt/β-catenin signaling and disease. Cell. 2012; 149: 1192-205. 549 
16. Xiao L, Zhou D, Tan RJ, Fu H, Zhou L, Hou FF, et al. Sustained Activation of Wnt/β-Catenin 550 
Signaling Drives AKI to CKD Progression. J Am Soc Nephrol. 2016; 27: 1727-40. 551 
17. Huffstater T, Merryman WD, Gewin LS. Wnt/β-Catenin in Acute Kidney Injury and Progression 552 
to Chronic Kidney Disease. Semin Nephrol. 2020; 40: 126-37. 553 
18. Kumar S, Liu J, Pang P, Krautzberger AM, Reginensi A, Akiyama H, et al. Sox9 Activation 554 
Highlights a Cellular Pathway of Renal Repair in the Acutely Injured Mammalian Kidney. Cell Rep. 555 
2015; 12: 1325-38. 556 
19. Surface LE, Thornton SR, Boyer LA. Polycomb group proteins set the stage for early lineage 557 
commitment. Cell Stem Cell. 2010; 7: 288-98. 558 
20. Shen X, Liu Y, Hsu YJ, Fujiwara Y, Kim J, Mao X, et al. EZH1 mediates methylation on histone 559 



H3 lysine 27 and complements EZH2 in maintaining stem cell identity and executing pluripotency. 560 
Mol Cell. 2008; 32: 491-502. 561 
21. Yang Y, Chen M, Zhou J, Lv J, Song S, Fu L, et al. Interactions between Macrophages and 562 
Cyst-Lining Epithelial Cells Promote Kidney Cyst Growth in Pkd1-Deficient Mice. J Am Soc Nephrol. 563 
2018; 29: 2310-25. 564 
22. Sun Y, Liu Z, Cao X, Lu Y, Mi Z, He C, et al. Activation of P-TEFb by cAMP-PKA signaling in 565 
autosomal dominant polycystic kidney disease. Sci Adv. 2019; 5: eaaw3593. 566 
23. Madisen L, Zwingman TA, Sunkin SM, Oh SW, Zariwala HA, Gu H, et al. A robust and high-567 
throughput Cre reporting and characterization system for the whole mouse brain. Nat Neurosci. 568 
2010; 13: 133-40. 569 
24. Sohal DS, Nghiem M, Crackower MA, Witt SA, Kimball TR, Tymitz KM, et al. Temporally 570 
regulated and tissue-specific gene manipulations in the adult and embryonic heart using a 571 
tamoxifen-inducible Cre protein. Circ Res. 2001; 89: 20-5. 572 
25. Yoo JY, Cha DR, Kim B, An EJ, Lee SR, Cha JJ, et al. LPS-Induced Acute Kidney Injury Is 573 
Mediated by Nox4-SH3YL1. Cell Rep. 2020; 33: 108245. 574 
26. Chen JW, Huang MJ, Chen XN, Wu LL, Li QG, Hong Q, et al. Transient upregulation of EGR1 575 
signaling enhances kidney repair by activating SOX9(+) renal tubular cells. Theranostics. 2022; 12: 576 
5434-50. 577 
27. Fu H, Zhou D, Zhu H, Liao J, Lin L, Hong X, et al. Matrix metalloproteinase-7 protects against 578 
acute kidney injury by priming renal tubules for survival and regeneration. Kidney Int. 2019; 95: 579 
1167-80. 580 
28. Li Y, Zhai P, Zheng Y, Zhang J, Kellum JA, Peng Z. Csf2 Attenuated Sepsis-Induced Acute 581 
Kidney Injury by Promoting Alternative Macrophage Transition. Front Immunol. 2020; 11: 1415. 582 
29. Yang WX, Liu Y, Zhang SM, Wang HF, Liu YF, Liu JL, et al. Epac activation ameliorates 583 
tubulointerstitial inflammation in diabetic nephropathy. Acta Pharmacol Sin. 2022; 43: 659-71. 584 
30. Ye Z, Xia Y, Zhou X, Li B, Yu W, Ruan Y, et al. CXCR4 inhibition attenuates calcium oxalate 585 
crystal deposition-induced renal fibrosis. Int Immunopharmacol. 2022; 107: 108677. 586 
31. Bethunaickan R, Berthier CC, Ramanujam M, Sahu R, Zhang W, Sun Y, et al. A unique hybrid 587 
renal mononuclear phagocyte activation phenotype in murine systemic lupus erythematosus 588 
nephritis. J Immunol. 2011; 186: 4994-5003. 589 
32. Wang Y, Zhang M, Bi R, Su Y, Quan F, Lin Y, et al. ACSL4 deficiency confers protection against 590 
ferroptosis-mediated acute kidney injury. Redox Biol. 2022; 51: 102262. 591 
33. Zhang Y, Liu T, Meyer CA, Eeckhoute J, Johnson DS, Bernstein BE, et al. Model-based analysis 592 
of ChIP-Seq (MACS). Genome Biol. 2008; 9: R137. 593 
34. Ramírez F, Ryan DP, Grüning B, Bhardwaj V, Kilpert F, Richter AS, et al. deepTools2: a next 594 
generation web server for deep-sequencing data analysis. Nucleic Acids Res. 2016; 44: W160-5. 595 
35. Heinz S, Benner C, Spann N, Bertolino E, Lin YC, Laslo P, et al. Simple combinations of lineage-596 
determining transcription factors prime cis-regulatory elements required for macrophage and B 597 
cell identities. Mol Cell. 2010; 38: 576-89. 598 
36. Hansen J, Sealfon R, Menon R, Eadon MT, Lake BB, Steck B, et al. A reference tissue atlas for 599 
the human kidney. Sci Adv. 2022; 8: eabn4965. 600 
37. Li L, Huang L, Sung SS, Vergis AL, Rosin DL, Rose CE, Jr., et al. The chemokine receptors CCR2 601 
and CX3CR1 mediate monocyte/macrophage trafficking in kidney ischemia-reperfusion injury. 602 
Kidney Int. 2008; 74: 1526-37. 603 



38. Kanda H, Tateya S, Tamori Y, Kotani K, Hiasa K, Kitazawa R, et al. MCP-1 contributes to 604 
macrophage infiltration into adipose tissue, insulin resistance, and hepatic steatosis in obesity. J 605 
Clin Invest. 2006; 116: 1494-505. 606 
39. Xu L, Sharkey D, Cantley LG. Tubular GM-CSF Promotes Late MCP-1/CCR2-Mediated Fibrosis 607 
and Inflammation after Ischemia/Reperfusion Injury. J Am Soc Nephrol. 2019; 30: 1825-40. 608 
40. Hanaki S, Shimada M. Targeting EZH2 as cancer therapy. J Biochem. 2021; 170: 1-4. 609 
41. Zhou J, Huang S, Wang Z, Huang J, Xu L, Tang X, et al. Targeting EZH2 histone 610 
methyltransferase activity alleviates experimental intestinal inflammation. Nat Commun. 2019; 10: 611 
2427. 612 
42. Zhang Q, Sun H, Zhuang S, Liu N, Bao X, Liu X, et al. Novel pharmacological inhibition of 613 
EZH2 attenuates septic shock by altering innate inflammatory responses to sepsis. Int 614 
Immunopharmacol. 2019; 76: 105899. 615 
43. Gao X, Peng Y, Fang Z, Li L, Ming S, Dong H, et al. Inhibition of EZH2 ameliorates 616 
hyperoxaluria-induced kidney injury through the JNK/FoxO3a pathway. Life Sci. 2022; 291: 120258. 617 
44. Ni J, Hou X, Wang X, Shi Y, Xu L, Zheng X, et al. 3-deazaneplanocin A protects against 618 
cisplatin-induced renal tubular cell apoptosis and acute kidney injury by restoration of E-cadherin 619 
expression. Cell Death Dis. 2019; 10: 355. 620 
45. Liu H, Chen Z, Weng X, Chen H, Du Y, Diao C, et al. Enhancer of zeste homolog 2 modulates 621 
oxidative stress-mediated pyroptosis in vitro and in a mouse kidney ischemia-reperfusion injury 622 
model. FASEB J. 2020; 34: 835-52. 623 
46. Li B, Lin F, Xia Y, Ye Z, Yan X, Song B, et al. The Intersection of Acute Kidney Injury and Non-624 
Coding RNAs: Inflammation. Front Physiol. 2022; 13: 923239. 625 
47. Ren Q, Guo F, Tao S, Huang R, Ma L, Fu P. Flavonoid fisetin alleviates kidney inflammation 626 
and apoptosis via inhibiting Src-mediated NF-κB p65 and MAPK signaling pathways in septic AKI 627 
mice. Biomed Pharmacother. 2020; 122: 109772. 628 
48. Rabb H, Griffin MD, McKay DB, Swaminathan S, Pickkers P, Rosner MH, et al. Inflammation in 629 
AKI: Current Understanding, Key Questions, and Knowledge Gaps. J Am Soc Nephrol. 2016; 27: 630 
371-9. 631 
49. Jiang C, Guo Q, Jin Y, Xu JJ, Sun ZM, Zhu DC, et al. Inhibition of EZH2 ameliorates cartilage 632 
endplate degeneration and attenuates the progression of intervertebral disc degeneration via 633 
demethylation of Sox-9. EBioMedicine. 2019; 48: 619-29. 634 
50. Zhou D, Tan RJ, Fu H, Liu Y. Wnt/β-catenin signaling in kidney injury and repair: a double-635 
edged sword. Lab Invest. 2016; 96: 156-67. 636 
51. Chen S, Fu H, Wu S, Zhu W, Liao J, Hong X, et al. Tenascin-C protects against acute kidney 637 
injury by recruiting Wnt ligands. Kidney Int. 2019; 95: 62-74. 638 
52. He W, Tan R, Dai C, Li Y, Wang D, Hao S, et al. Plasminogen activator inhibitor-1 is a 639 
transcriptional target of the canonical pathway of Wnt/beta-catenin signaling. J Biol Chem. 2010; 640 
285: 24665-75. 641 
53. Vallée A, Lecarpentier Y. Crosstalk Between Peroxisome Proliferator-Activated Receptor 642 
Gamma and the Canonical WNT/β-Catenin Pathway in Chronic Inflammation and Oxidative Stress 643 
During Carcinogenesis. Front Immunol. 2018; 9: 745. 644 
54. Lv LL, Feng Y, Wu M, Wang B, Li ZL, Zhong X, et al. Exosomal miRNA-19b-3p of tubular 645 
epithelial cells promotes M1 macrophage activation in kidney injury. Cell Death Differ. 2020; 27: 646 
210-26. 647 



 648 

 649 
 650 
 651 
 652 
 653 
Figure legends 654 

 655 

 656 

 657 



 658 
Figure 1. EZH2 expression up-regulated in sepsis-induced acute kidney injury (AKI) in vivo. (A) 659 
Expression of cleaved-caspase3, Bax, Bcl2 in kidney tissue lysates from WT mice 24h after LPS (15 660 
mg/kg) or saline injection, as detected by western blotting and quantified by densitometry. (B) Renal 661 
function was measured by blood urea nitrogen and serum creatinine levels of WT at 24 h after LPS (15 662 
mg/kg) or saline injection. (C) Renal tubular injury was evaluated by HE staining and TUNEL in kidney 663 
tissue lysates as detected by IHC, and the percent of positive area was quantified. (D) The levels of TNF-664 
α, IL-6, and IL-1β were determined by qPCR and ELISA. (E) Single-nucleus RNA-seq showed that 665 
EZH2 was up-regulated in the nucleus of proximal renal tubular epithelial cells of AKI. (F) Expression 666 



of EZH2 and proximal tubule epithelial cell marker AQP-1 in kidney tissue lysates was detected by IF, 667 
and the percent of positive area was quantified. (G) Expression of EZH2, H3K27me3 in kidney tissue 668 
lysates, as detected by western blotting and quantified by densitometry. (H) Correlation analysis of EZH2 669 
mRNA levels and SCr levels in mice. Data represent the means ± standard error of the mean (SEM). *p 670 
< 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 671 
 672 
 673 
 674 
 675 



 676 

Figure 2. Knockdown of EZH2 reduces tubular apoptosis and inflammation in vivo. (A-B) 677 
Expression of EZH2 in EZH2iKO mice was detected by western blotting and IHC. (C) Renal tubular 678 
injury was evaluated by HE and TUNEL staining. The macrophage markers F4/80 and MCP-1 were 679 
detected by IF, and the percent of the positive area was quantified. (D) Renal function was measured by 680 
BUN and SCr levels of EZH2fl/fl and EZH2iKO mice at 24 h after LPS (15 mg/kg) or saline injection. (E) 681 
Expression of Bax, Bcl2, and cleaved-caspase3 in kidney tissue lysates from EZH2fl/fl mice and EZH2iKO 682 
mice at 24h after LPS (15 mg/kg) or saline injection, as detected by western blotting and quantified by 683 



densitometry. (F) The levels of TNF-α, IL-6, IL-1β and MCP-1 were determined by qPCR. (G) The 684 
proportion of macrophages in the kidney tissue of mice was detected by flow cytometry. Data represent 685 
the means ± SEMs. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 686 
 687 
 688 

 689 

Figure 3. Knockdown of EZH2 reduces apoptosis and inflammatory responses in vitro. (A) 690 
Expression of EZH2, cleaved-caspase3, Bax, and Bcl2 in HK-2 cells with or without shEZH2 was 691 
detected by western blotting and quantified by densitometry. (B)The levels of TNF-α, IL-6 and IL-1β 692 
were determined by qPCR. (C) Cell activity was determined using a CCK-8 assay under different 693 
concentrations of LPS with or without shEZH2. (D-E) Expression of Cleaved-caspase3, Bax, Bcl2 in 694 
HK-2 cells treated in LPS with or without shEZH2 was detected by western blotting and quantified by 695 
densitometry. (F) Analysis of apoptosis and apoptosis rate in HK-2 cells by flow cytometry. (G) The 696 
levels of TNF-α, IL-6 and IL-1β were determined by qPCR. (H) Expression of MCP-1 was detected by 697 
western blotting and quantified by densitometry. (I) The MCP-1 was detected by IF, and the percent of 698 
positive area was quantified. (J) Flow of THP-1 macrophage migration assay. (K) Transwell assays on 699 
migratory capacity of THP-1 macrophages. Data represent the means ± SEMs. *p < 0.05; **p < 0.01; 700 
***p < 0.001; ****p < 0.0001. 701 
 702 
 703 
 704 
 705 



 706 



Figure 4. EZH2 affects transcription of Sox9 through epigenetic effects. (A) Overlap of EZH2 707 
binding peaks obtained between experimental replicates. (B) Distribution of IP sample-specific binding 708 
peaks near the transcription start site. (C) Motif analysis indicates that EZH2 binds GC-rich sequences 709 
enriched. (D) Overlapping genes of Chip-Seq and DEG. (E-F) KEGG and GO enrichment analysis. (G-710 
H) Enrichment of EZH2 on Sox9. (I) Detection of Sox9 expression level by qPCR. Data represent the 711 
means ± SEMs. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 712 
 713 
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 715 



Figure 5. Knockdown of EZH2 increases the expression of Sox9 and related downstream pathways. 716 
(A) Expression of Sox9, β-catenin, and survivin in HK-2 cells treated in LPS with or without shEZH2 717 
were detected by western blotting and quantified by densitometry. (B) Expression of Sox9, β-catenin, 718 
and survivin in kidney tissue lysates from EZH2fl/fl mice and EZH2iKO mice at 24h after LPS (15 mg/kg) 719 
or saline injection was detected by western blotting and quantified by densitometry. (C) Sox9 and β-720 
catenin were detected by IF, and the percent of positive area was quantified. (D) Expression of β-catenin, 721 
Bax, and Bcl2 in HK-2 cells treated in LPS were detected by western blotting and quantified by 722 
densitometry. (E) Transwell assays on migratory capacity of THP-1 macrophages. Data represent the 723 
means ± SEMs. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 724 
 725 
 726 
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Figure 6. Sox9 regulates apoptosis and inflammatory response via the Wnt/β-catenin pathway. (A-728 
B) Detection of β-catenin in HK-2 cells by IF and the percent of positive area was quantified with 729 
overexpression (Sox9ov) and knockdown of Sox9(si-Sox9). (C) Expression of β-catenin was detected by 730 
western blotting and quantified by densitometry. (D) Survivin and CyclinD1, the downstream genes of 731 
β-catenin, were detected by IF. (E) Expression of Bax and Bcl2 was detected by western blotting and 732 
quantified by densitometry. (F) The levels of TNF-α, IL-6, IL-1β and MCP-1 were determined by qPCR. 733 
(G) Transwell assays on migratory capacity of THP-1 macrophages. Data represent the means ± SEMs. 734 
*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 735 
 736 



 737 

Figure 7. EZH2 inhibitor 3-Deazaneplanocin A (3-DZNep) protects the renal function of in sepsis-738 



induced AKI by inhibiting apoptosis and inflammation. (A) Experimental flow chart. (B-C) BUN 739 
and SCr levels and kidney coefficient in mice. (D) HE staining and TUNEL staining of the kidneys. (E) 740 
Expression of EZH2, Bax, and Bcl2 in kidney tissue lysates from mice. (F) The levels of TNF-α, IL-6, 741 
IL-1β, and MCP-1 were determined by qPCR. (G) Detection of macrophage marker F4/80 in mouse 742 
kidney tissue by IF. Data represent the means ± SEMs. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 743 
0.0001. 744 
 745 
 746 
 747 

 748 

Figure S1. EZH2 inhibition reduces injury by regulating Sox9/β-catenin in primary murine renal 749 
tubular epithelial cells (mRTECs). (A) Expression of EZH2 in mRTECs with or without 3-DZNep was 750 
detected by IF. (B) Cell activity was determined using a CCK-8 assay under LPS with or without 3-751 
DZNep. (C) The levels of MCP-1, TNF-α, IL-6, and IL-1β were determined by qPCR. (D) Expression 752 
of Sox9 and β-catenin in mRTECs with or without 3-DZNep was detected by IF. Data represent the 753 
means ± SEMs. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 754 
 755 
 756 
 757 
 758 



 759 
Figure S2. EZH2 inhibitor 3-DZNep protects the renal function of AKI in CLP model. (A) 760 
Establishment of cecal ligation and puncture model. (B-C) BUN and SCr levels and kidney coefficient 761 
in mice. (D) HE staining, TUNEL staining of the kidneys and EZH2, F4/80 in mouse kidney tissue were 762 



detected by IF. (E) Expression of EZH2, Bax, and Bcl2 in kidney tissue lysates from mice. (F-G) The 763 
levels of TNF-α, IL-6, IL-1β and MCP-1 were determined by qPCR and ELISA. Data represent the 764 
means ± SEMs. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 765 
 766 
 767 
Table S1 List of primers used for qRT-PCR 768 

 769 
 770 
  771 
 772 

Target Sequence 5’→3’ 

M-IL-1β 
Forward GGGCCTCAAAGGAAAGAATCT 
Reverse GAGGTGCTGATGTACCAGTTGG 

M-IL-6 
Forward CTGGGAAATCGTGGAAATGAG 
Reverse AAGGACTCTGGCTTTGTCTTTCT 

M-TNF-α 
Forward TCCCCAAAGGGATGAGAAGTT 
Reverse GAGGAGGTTGACTTTCTCCTGG 

M-MCP-1 
Forward TAAAAACCTGGATCGGAACCAAA 
Reverse GCATTAGCTTCAGATTTACGGGT 

M-EZH2 
Forward AGCACAAGTCATCCCGTTAAAG 
Reverse AATTCTGTTGTAAGGGCGACC 

M-GAPDH 
Forward TGCTGTCCCTGTATGCCTCTG 
Reverse TTGATGTCACGCACGATTTCC 

H-IL-1β 
Forward CGATCACTGAACTGCACGCTC 
Reverse ACAAAGGACATGGAGAACACCACTT 

H-IL-6 
Forward CAATGAGGAGACTTGCCTGGTG 
Reverse TGGCATTTGTGGTTGGGTCA 

H-TNF-α 
Forward TCTACTCCCAGGTCCTCTTCAAG 
Reverse GGAAGACCCCTCCCAGATAGA 

H-MCP-1 
Forward AGCAGCAAGTGTCCCAAAGA 
Reverse TTGGGTTTGCTTGTCCAGGT 

H-EZH2 
Forward AATCAGAGTACATGCGACTGAGA 
Reverse GCTGTATCCTTCGCTGTTTCC 

H-Sox9 
Forward AGCGAACGCACATCAAGAC 
Reverse CTGTAGGCGATCTGTTGGGG 

H-GAPDH 
Forward GGAAGCTTGTCATCAATGGAAATC 
Reverse TGATGACCCTTTTGGCTCCC 


