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Background: Pyroptosis is a form of proinfammatory gasdermin-mediated programmed cell death. Abnormal infammation in the
intestine is a critical risk factor for Ulcerative colitis (UC). However, at present, it is not clear whether pyroptosis of colonic fibroblasts
is involved in the pathogenesis and progression of UC.

Methods: In this study, key genes associated with UC were identified by bioinformatics analysis. Datasets were downloaded from the
Gene Expression Omnibus (GEO) database (GSE193677). The differentially expressed genes were analyzed, and the hub genes were
screened by weighted gene co-expression network analysis (WGCNA) and differentially expressed genes. We also downloaded the
dataset from GEO for single-cell RNA sequencing (GSE231993). The expression of key genes was verified by immunohistochemistry,
immunofluorescence and Western blot, and the specific pathways of key genes inducing pyroptosis in cell lines were explored.
Results: The results of bioinformatics analysis showed that the expression of APOL1 and CXCL1 in UC tissues was significantly
higher than that in normal tissues. The results of single-cell analysis showed that the two genes were co-localized to fibroblasts. These
results were consistent with the results of immunohistochemistry and immunofluorescence colocalization in human intestinal mucosa
specimens. Furthermore, APOL1 overexpression induced NLRP3-caspasel-GSDMD-mediated pyroptosis of fibroblasts, which was
confirmed by Western blot.

Conclusion: APOLI induces pyroptosis of fibroblasts mediated by NLRP3-Caspase1-GSDMD signaling pathway and promote the
release of chemokines CXCL1. Fibroblasts may play a crucial role in the pathogenesis and progression of UC.
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Introduction

Ulcerative colitis (UC) represents a chronic non-specific bowel disorder characterized by abdominal pain, diarrhea,
tenesmus, and bloody mucopurulent stool, characterized by diffuse and persistent inflammation of the colorectal
mucosa." UC is often recurrent in clinical practice, with a long treatment cycle and persistent ulcer, which is an
important risk factor for inducing colorectal cancer.” Since the 21st century, the incidence of UC has been on the rise,
especially in Asia. So far, the etiology of UC is not fully understood, there is no effective cure for UC, and the recurrence
rate is high. Therefore, understanding the exact molecular mechanisms of UC is crucial for the development of
therapeutic approaches.”

Pyroptosis was previously defined as caspase-1-mediated necrosis, triggered primarily in response to bacterial
invasion.® Gasdermin D(GSDMD) and Gasdermin E (GSDME) are cleaved by active caspase-1/4/5/11 and caspase-3,
respectively, through the intermediate linker to release their GSDM-N fragments and penetrate the membrane, inducing
pyroptosis.”® Subsequently, the pore-forming activity of GSDMD cause cytoplasmic swelling and intracellular content
release, including immunogenic damage-associated molecular patterns (DAMPs). Consequently, pyroptosis is redefined as
Gasdermin-mediated proinflammatory cell death.'® Moreover, fibroblasts are important in epithelial stem cell maintenance
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and differentiation, immune homeostasis, and endothelial cell function.'"' Novel fibroblast-specific mechanisms and
unexpected heterogeneity were revealed, which can be attributed to differences in expressions and locations of each
subpopulation.'? Meanwhile, a recent study examining the colon at various intervals throughout the stages of acute injury
and repair has indicated that fibroblasts play a significant role in influencing other cells and potentially serve as a hub for
cellular interactions throughout acute inflammation.'® Currently, intestinal epithelial pyroptosis is associated with colitis
and colitis-associated colorectal cancer, but there is no study on the relationship between fibroblast pyroptosis and colitis.

Bioinformatics contributes to the early diagnosis of key genes in patients, the development of effective treatment
strategies, and the prediction of clinical challenges.'* The aforementioned innovative methodology has been extensively
employed in studying diverse malignancies and in discovering novel biomarkers for numerous non-neoplastic
disorders.'>"!” Through bioinformatics analysis, two significant differentially expressed genes (DEGs) associated with
UC were identified, Apolipoprotein L1 (APOL1) and C-X-C motif chemokine ligand 1 (CXCL1). Meanwhile, single-cell
analysis showed that these two genes were mainly expressed in colonic fibroblasts. As a common chemokine in UC,
CXCLI1 has been reported in many studies.'® However, the correlation between APOL1 and UC remains unreported.
Therefore, this study focuses on exploring the relationship between the APOL1 gene in colon fibroblasts and UC, which
may represent an innovative biomarker or potential target for UC patients. APOLI is a secreted high-density lipoprotein
involved in lipid transport and metabolism.'” Recent studies have found that APOLI variants mediate cell death, and
O’Toole et al*® proposed in their study that there may be a positive feedback regulation between APOL1 variants and
inflammatory response pathways. APOL1 variant genes are regulated by inflammatory cytokines, but their overexpres-
sion can lead to inflammatory cell death.>' Cytokines released after cell death can up-regulate the level of APOL1 variant
genes, and this process of cell death includes pyroptosis.22

Through bioinformatics analysis and experimental validation, we found that APOL1 was significantly elevated in UC
patient tissues. In addition, APOL1 overexpression can induce pyroptosis in fibroblasts and release a series of
inflammatory factors and a series of chemokines, including CXCLI1. Bioinformatics analysis showed that APOLI
overexpression exhibited a positive correlation to the NOD-like receptor signaling pathway. We experimentally verified
that APOL1 induced pyroptosis by activating NLRP3/Caspasel/GSDMD signaling pathway. Overall, our findings
suggest that APOL1 may represent an innovative UC therapeutic target.

Materials and Methods

Dataset Analyses

The Gene expression omnibus (GEO) database serves as a widely utilized functional genomic repository, facilitating the
storage and retrieval of high-throughput gene expression data, chips, and microarrays. Its primary objective is to enable
qualitative investigations of the expression patterns of genes associated with diseases. We obtained the GSE193677 dataset
from the GEO database. Colon biopsy specimens obtained from non-inflammatory controls and from individuals diagnosed
with UC within the GSE193677 dataset were selected for data analysis using weighted gene co-expression network analysis-
(WGCNA). Additionally, we obtained the GSE231993 dataset from the GEO database for single-cell sequencing data analysis.

Tissues and Cell Lines

The Department of Gastroenterology at Ganzhou People’s Hospital obtained Pathological sections of intestinal tissue from
individuals with and without UC. According to the guidelines formulated by the Ethics Committee of Ganzhou People’s
Hospital, the intestinal tissue pathological sections of patients were collected with informed consent. The CCD-18Co
colonic fibroblast cell line was purchased from Zhejiang Meisen Cell Technology Co., LTD. (Meisen, Zhejiang, China). We
used 1pg/mL LPS (Sigma, USA) and 5mM ATP (Sigma, USA) to induce pyroptosis in colonic fibroblasts in vitro.

Western Blot Analysis

Antibodies to NLRP3(ab270449), Caspasel(ab207802), GSDMD(ab219800), GSDME(ab215191) were purchased from
Abcam. Antibodies to GAPDH were purchased from Abclonal(al9056). Antibodies to a-SMA(67735-1-1g) and APOL-1
(11486-1-AP) were purchased from Proteintech(Wuhan, China). RIPA lysis buffer (Fude, China), including protease
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inhibitors(Yeasen, China), was utilized to extract total proteins and protein quantification was conducted using the BCA
kit(Beyotime, Jiangsu, China). Cell-extracted proteins were added to a 5X loading buffer and boiled for 10 min before
electrophoresis on SDS-PAGE gels. The proteins were placed onto PVDF membranes(EMD Millipore, Billerica,
Massachusetts, USA) and subsequently subjected to incubation with their respective antibodies. The target proteins

were observed by chemiluminescence. The protein band density was quantified using ImagelJ software.

Immunohistochemistry and Immunofluorescence Staining

Immunohistochemistry has been used to determine APOL-1 protein expression levels in tissues embedded in paraffin.
Protein expression levels analysis and scoring were performed by expert pathologists using Image-Pro Plus software. Co-
localization of a-SMA and APOL-1 in fibroblasts was performed by immunofluorescence staining. Incubation was first
performed with primary antibodies targeting o-SMA and APOL-1(1:100, Proteintech). Second, the samples were
incubated with biotinylated secondary antibodies against immunoglobulin(eBiosciences, BD, USA), and the nuclei
were counterstained with DAPI. Finally, fluorescence microscopy was used for observation and analysis.

Gene Overexpression Plasmid
The APOL-1 overexpression plasmid and its control plasmid were customized and synthesized by Beijing Qingke

Biotechnology Company. Transfection was performed using transfection reagents.

LDH Release Assay

Fibroblasts were seeded in 6-well plates, pyroptosis was induced using LPS+ATP, and APOL1 overexpression plasmids
were transfected. The culture supernatant was collected when obvious pyroptosis vesicles appeared, and the LDH level in
the supernatant was detected by LDH detection kit(BC0685, Solarbio, China).

Pl (Propidium lodine) Staining

PI staining was used to observe the cell death morphology induced by LPS+ATP reagent and APOL1 overexpression
plasmids. Appropriately treated fibroblasts were seeded in 6-well plates, stained with 100uL PI(P8080-10mg, Solarbio,
China) for 15 min at room temperature in the dark, and then washed twice with PBS. Fluorescence microscopy(BX63;
Olympus Corporation; Japan) was used for observation. The amplification was x20, the excitation wavelength was 535

nm, and the emission wavelength was 614 nm.

Quantitative Real-Time PCR

Total mRNA extraction was performed from cells utilizing Invitrogen TRIzol reagent and chloroform. Subsequently, the
mRNA was extracted and subjected to reverse transcription while being converted into cDNA using the RevertAid First
Strand cDNA Synthesis Kit(Thermo Scientific). The study employed the Applied Biosystems SYBR Green PCR Master
Mix to conduct qPCR. The calculation of relative mRNA expression of the genes of interest was performed using the
DeltaDeltaCt technique, normalizing the values to the GAPDH expression level. The primers used for the target genes
are shown in Table S1.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism 9 software unless otherwise indicated. Further, unless
otherwise stated, data are presented as mean + standard deviation (SD). One-way analysis of variance (ANOVA) was
used, as appropriate, to determine significant differences between groups. Statistical significance was defined as *p<0.05,
**p<0.01, ***p<0.001, and ****p<0.0001.
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Results

WGCNA and Hub Genes Detection

In the study of GSE193677, the soft threshold power value of 6 was utilized to cluster a total of 993 samples (Figure 1A).
Furthermore, we used dendrograms and heatmaps to measure the similarity of modules using correlation(Figure 1B and
C). The correlations were utilized to establish the connections between the endoscopic and clinical scores and the Brown
module. The GO enrichment analysis of the Brown module showed a correlation with functional clusters such as “cell
chemotaxis”, “leukocyte migration”, and “leukocyte chemotaxis” (Figure 2A). The Brown module was positively
correlated with endoscopic and clinical scores (correlations, 0.48 and 0.51, respectively; P < 0.0001) (Figure 2B and
C). Based on the significance of genes in the brown module (P < 0.05), a set of 465 genes exhibiting strong connectivity
within the brown module were identified as potential candidate genes, and after screening, we obtained two genes related
to our study: APOL1 and CXCL1 (Figure 2D).

Single-Cell Sequencing Data Analysis

First, we analyzed the GSE231993 dataset to evaluate the connection among APOL1, CXCLI1 expression, and cells. The
cell populations were clustered into 17 populations (Figure 3A and B), which were combined into seven cell populations
based on target gene expression, namely B cells, endothelial cells, epithelial cells, fibroblasts, monocytes, NT cells, and
T cells (Figure 3C). The study findings indicated that fibroblasts had a predominant high expression of APOL1 and
CXCLI1 compared to other cell populations (Figure 3D and E). Further analysis revealed that compared to the normal
group and UC adjacent tissue group, the UC group had significantly higher expression of APOL1 and CXCLI1
(Figure 3F), and CXCLI1 expression exhibited a significant positive association with APOL1 expression (Figure 3G).

Co-Expressed Networks and Potential Function of APOLI and CXCLI in Fibroblasts
To explore the potential roles and underlying mechanisms of APOL1 and CXCL1 within fibroblasts, we analyzed the co-
expression network of APOL1 and CXCL1 in fibroblasts. The study analyzed APOL1 and CXCLI1 co-expressed genes (P
< 0.05) by conducting Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses.
The GO results showed that APOL1 and CXCL1 co-expressed genes were enriched in B cell-mediated immune
responses, B-cell receptor signaling pathways, antigen receptor-mediated signaling pathways, and positive modulation
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Figure | Weighted co-expression network analysis (WGCNA) of GSEI93677 dataset. (A) Soft threshold power value of 6 was utilized to cluster a total of 993 samples. (B)
By aggregating genes with strong correlations in the same module, different modules were obtained and are displayed in different colors. (C) Correlation analysis between
modules and the endoscopic and clinical scores.

6388 e Journal of Inflammation Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhu et al

Module Membership Vs Gene Significance Module ip Vs Gene it
Cor = 0.81, p = 2.2¢10-9 Cor = 0.76, p = 1.1e10-88
3
= o -
3
cell chemotaxis { g
£, 23
g il
g £
humoral immune response { . B 0w
gz 5°
é (]
5 g
S 2 g
myeloid leukocyte migration . &= 2 o
k=
Count :;
) o p] 5 -
leukocyte chemotaxis{ . . [Op=} o
%
. 0.4 0.5 0.6 0.7 0.8 0.9 7
. 28 Module Membership in Brown Module L . 06 o 08 0.9
. . Module Membership in Brown Module
granulocyte migration 2
.SELP o HAPLN3
padiust ®DpUOXA2 @5100A9
granulocyte chemotaxis{ [ ] 327157515 D O TRIP2 @cCHiL1
2466208e-15 @apPOL1 @5100A8
1,660836e-15
neutrophil migration OF @cH
primg o 8.554650e-16 5 .
5.009361e-17 ®FrR2 NP
neutrophil chemotaxis | [ )
@acps O@CDKN2B-AS
antimicrobial humoral response{ 0
@cpss OcsFR
antimicrobial humoral immune
response mediated by{ ® Opcki ®prDPN
antimicrobial peptide
008 009 010 011 012 0.3 Orchuis ®xvnu
GeneRatio
@TREM1 OnA
Ocanz @®rcsRraB
Ocxcri ®socss
@VDFI @cxcL1
[ ] @001
CXCR2

Figure 2 WGCNA of GSEI93677 to obtain the key genes APOLI and CXCLI. (A) The GO enrichment analysis of the Brown module. (B and C) The Brown module was
positively correlated with endoscopic and clinical scores (correlations, 0.48 and 0.51, respectively; P < 0.0001). (D) Brown module were identified as potential candidate
genes, and after screening, we obtained two genes related to our study: APOLI and CXCLI.

of B cell activation (Figure 4A). Unsurprisingly, UC was associated with co-expressed genes in fibroblasts, and we
judged that APOL1 and CXCL1 were involved in the progression of UC. Furthermore, the KEGG results showed that the
intestinal immune network, NOD receptor signaling, and other related pathways were involved (Figure 4B).

Validation of APOLI| Expression in Human Samples

First, we confirmed that APOL1 exhibited elevated expression levels within the intestinal mucosa of UC individuals, and
we selected the intestinal mucosa of healthy subjects and UC individuals for immunohistochemical detection (Figure SA
and B). The study findings indicated a significant upregulation of APOL1 expression in the intestinal mucosa of
individuals diagnosed with UC compared to a control group. Second, the results of bioinformatics analysis showed
that APOL1 was mainly expressed in fibroblasts. Immunofluorescence co-localization was conducted on the intestinal
mucosa samples obtained from individuals diagnosed with UC as well as healthy individuals serving as controls to detect
a-SMA, a marker protein of fibroblasts, and APOLI1, a target protein, and the findings revealed that APOL1 exhibited
significant high expression within fibroblasts in UC individuals (Figure 5C and D).

APOLI Overexpression Can Induce Pyroptosis in Fibroblasts

To elucidate the association between fibroblasts and cell pyroptosis, LPS+ATP was used to induce fibroblasts cell
pyroptosis for in vitro experiments. The group was as follows:(1) Blank control group;(2) Negative control(empty
plasmid) group;(3) LPS+ATP group; (4) LPS+ATP+OE(overexpression plasmid) group. Pyroptosis vesicles were
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observed in both LPS+ATP group and LPS+ATP+OE group, but not in blank control group and negative control group.
Compared with LPS+ATP group, pyroptosis vesicles were significantly increased in LPS+ATP+OE group (Figure 6A).
Simultaneously, we performed LDH assay and PI staining to verify pyroptosis. The results showed that compared with
LPS+ATP group, LDH level and PI staining positive rate were significantly increased in LPS+ATP+OE group (Figure 6B
and C), indicating that APOL1 gene overexpression was involved in pyroptosis.

Gsdmd-Mediated Pyroptosis Performs a Crucial Function Within the Release of

Proinflammatory Cytokines and Chemokines from Fibroblasts

We performed Western blot to verify the important pyroptosis protein GSDMD and GSDME, and the results indicated
that GSDME was not expressed in fibroblasts, while the activation band of GSDMD exhibited a significant elevation in
LPS+ATP group and LPS+ATP+OE group, and there was a statistically significant difference between the two groups.
Thus confirming the hypothesis that GSDMD is involved in the fibroblast pyroptosis. Bioinformatics analysis showed
that the high expression of APOL1 was positively correlated with NOD-like receptor signaling pathway, so we further
explored the upstream signal molecules of NLRP3. Western blot results showed that NLRP3 and Caspasel proteins were
significantly activated. Therefore, we suggest that APOL1 overexpression in fibroblast cell lines activates NLRP3-
Caspase1-GSDMD signaling pathway mediated pyroptosis (Figure 6D and E). Next, we continued to explore the changes
of downstream in related inflammatory factors and chemokines after pyroptosis. We identified the inflammatory factors
and chemokines commonly released after pyroptosis, such as TNF-a, HMGBI1, IL-1B, IL-18, and IL-6, Chemokines

6390 e Journal of Inflammation Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhu et al

Biological Process

PHAGOCYTOSIS RECOGNITION .
B CELL RECEPTOR SIGNALING PATHWAY °
B CELL MEDIATED IMMUNITY o

POSITIVE REGULATION OF B CELL ACTIVATION [ ]

HUMORAL IMMUNE RESPONSE

MEDIATED BY CIRCULATING IMMUNOGLOBULIN
ANTIGEN RECEPTOR MEDIATED

SIGNALING PATHWAY

REGULATION OF B CELL ACTIVATION ) I 2.0e-05

LYMPHOCYTE MEDIATED IMMUNITY Y

IMMUNE RESPONSE REGULATING
CELL SURFACE RECEPTOR SIGNALING PATHWAY{ @

ADAPTIVE IMMUNE RESPONSE BASED

ON SOMATIC RECOMBINATION

OF IMMUNE RECEPTORS BUILT

FROM IMMUNOGLOBULIN SUPERFAMILY DOMAINS 0.5 0.6 0.7 0.8 0.9
GeneRatio

KEGG

KEGG PARKINSONS DISEASE [ ]

KEGG OXIDATIVE PHOSPHORYLATION L] Count

KEGG INTESTINAL IMMUNE NETWORK -
FOR IGA PRODUCTION

KEGG VIRAL MYOCARDITIS [ ]

KEGG CELL ADHESION MOLECULES CAMS [ J
KEGG NOD LIKE RECEPTOR

SIGNALING PATHWAY
KEGG HEMATOPOIETIC CELL LINEAGE *

p.adjust

KEGG ANTIGEN PROCESSING AND PRESENTATION °

KEGG CHEMOKINE SIGNALING PATHWAY ®

KEGG CYTOKINE CYTOKINE
RECEPTOR INTERACTION et

0.4 0.5 0.6 0.7 0.8 0.9

GeneRatio
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CXCL1, CXCL2, CXCL9, and CXCL10. These factors were detected by real-time PCR, The findings suggested that
compared with LPS+ATP group, the expression of inflammatory factors and chemokines in LPS+ATP+OE group were
significantly increased (Figure 6F and G). This result also confirmed the above results of bioinformatics analysis.

Discussion

UC is a prevalent inflammatory bowel disorder with multiple causal relationships, and the etiology is still unclear.*
Fibroblasts are the most common cells in loose connective tissue, which can coordinate inflammatory responses, regulate
tissue homeostasis, and mediate tissue damage. They are also a key cell source of inflammatory cytokines and
chemokines and are considered to be the key to the persistence of chronic inflammation.?®> In a variety of chronic
inflammatory diseases, fibroblasts can play a role as inflammatory cells themselves, recruit white blood cells, and drive
angiogenesis and tissue generation.”*>® The dysfunction of fibroblasts leads to an inappropriate and continuous
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accumulation of inflammatory cytokines, resulting in a prolonged inflammatory response. Regulating fibroblasts to
control inflammation has become a new target for treating various chronic inflammatory diseases.

Through bioinformatics data analysis, we identified the genes APOL1 and CXCL1 in colonic fibroblasts as two key
genes associated with the progression of UC. Further enrichment analysis showed that the functions of APOL1 and
CXCLI co-expressed genes were enriched in B cell receptor signaling, B cell-mediated immune response, positive
regulation of B cell activation, and antigen receptor mediation. More importantly, pathway enrichment analysis suggested
that it was related to a NOD-like receptor signaling pathway. The above enrichment results suggested that it was closely
related to the pathogenesis of UC. Therefore, two key genes, APOL1 and CXCLI, were followed up.

Existing studies have shown that the APOL protein molecule coding gene is located on human chromosome 22, and
six types of APOL protein molecules (APOL i-vi) have been found.?” APOLLI is the only secreted protein in the APOL
family, which is unique to humans and some higher primates.”® Since the discovery of APOLI, a new member of the
high-density lipoprotein family, by Duchateau et al*® in 1997, the research on APOL has been in the ascendant.
Lipoproteins can combine with lipids to form lipoproteins that shuttle among lipids in the systemic circulation.
Apolipoproteins are correlated to inflammatory and immune responses and tumor progression.>*? Serious kidney
disease affects blacks more than other ethnic groups, which can be attributed to genetic variants in the APOL1 gene.
APOL1 variants are correlated to various kidney diseases, including HIV-associated nephropathy, focal segmental
glomerulosclerosis, sickle cell nephropathy, lupus nephritis, and hypertensive nephropathy. However, there is still
a lack of consensus on the specific molecular mechanisms driving APOL1 kidney disease or even on the cell types of
APOLI1 injury.**** APOLI nephropathy in hyperalbuminuric form suggests that podocytes may be the injury site, and
podocyte-specific APOL1 overexpression in mice triggers renal dysfunction, unlike the tubular cell APOLI
overexpression.”’ APOL1-related glomerulopathy is closely related to podocyte-specific expression. The results of Wu
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et al??

demonstrate the role of STING and NLRP3 inflammasome activation in APOL1-mediated kidney disease,
suggesting the significance of NLRP3 in mediating podocyte toxicity through pyroptosis. APOLI encodes a secreted
high-density lipoprotein and has been identified as a gene that is aberrantly expressed in a variety of cancers. Lin et al*
showed that APOL1 acts as an oncogene in pancreatic cancer, promoting proliferation and inhibiting apoptosis of
pancreatic cancer cells by activating the NOTCHI1 signaling pathway. Upon conducting a thorough analysis of the
existing literature, it was observed that no correlation study has been identified between APOL1 and UC.

Through bioinformatics analysis, our data obtained from UC patients showed that APOL1 protein expression
increased significantly in the colonic mucosa compared to healthy controls. To further clarify the specific cell types of
APOL1 expression, a single-cell analysis was performed, and the results showed that both APOL1 and CXCL1 were
mainly highly expressed in fibroblasts in UC patients. Furthermore, to confirm the results of bioinformatics analysis,
the intestinal mucosae of UC patients and healthy controls were collected for immunofluorescence co-localization of
o-SMA, a marker of fibroblasts, and APOLI, a target protein. The results showed that APOL1 was significantly
highly expressed in fibroblasts in UC patients. CXCL1 is a downstream chemokine of APOLI. Intestinal injury is
caused by a series of programmed and coordinated events. Various immune cells participate in the inflammatory
network and interact with each other through cytokines or chemokines, or both in the inflammatory process.*
Chemokines bind to their receptors and contribute to cell growth, proliferation, differentiation, and apoptosis,
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among others, which are important mediators involved in the inflammatory response.”’ CXCLI is a common
subgroup in the chemokine family. Studies have confirmed that CXCL1 governs intestinal inflammation and is an
important neutrophil chemotactic factor.*® Moreover, CXCL1 is involved in inflammation, neuron growth and
development, oligodendrocyte proliferation, and migration, as well as intestinal and brain development and
injury.®?4°

The core of pyroptosis is activating the NLRP3 inflammasome and mediating GSDMD, which rapidly ruptures the
cell membrane and releases cell contents, eventually leading to an inflammatory response.*' Colonic pyroptosis can lead
to cell death, colonic inflammation, and colonic injury, while inhibition of pyroptosis can reduce pathological damage.”**
Wu et al*? found that the cytosolic nucleotide sensing pathway (sting), the NLRP3, Caspasel, and GSDMD inflamma-
some proteins were activated in the glomeruli with variants of the APOL1 gene. Additionally, the cytosolic nucleotide
sensing pathway and the inflammasome activation were observed in podocytes with variants of the APOLI1 gene in their
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cultures. Wakashin et al”" found that APOL1-b3 modulates proinflammatory signaling and interacts with NLRP12, a toll-

like receptor signaling regulator, to promote inflammatory signaling in podocytes and tubular cells, leading to glomerular
injury.

Based on the reports presented above and the results from our bioinformatics analysis, we used a colon fibroblast
cell line for experimental verification. First, an APOL1 overexpression plasmid was constructed, and pyroptosis
vesicles were observed in some fibroblasts. The presence of pyroptosis has been confirmed through additional LDH
detection and PI staining outcomes. Second, in a further mechanistic study, GSDMD protein electrophoresis, an
important executive protein of pyroptosis, was performed to demonstrate that the N-terminus of GSDMD(GSDMD-
NT) protein was activated by pyroptosis. Finally, the upstream and downstream proteins involved in GSDMD-
mediated pyroptosis were investigated. The basic mechanism behind pyroptosis involves the initiation of the inflam-
masome and the subsequent involvement of GSDMD-NT, resulting in the prompt disruption of the cellular membrane
and the subsequent release of intracellular components, ultimately culminating in an inflammatory reaction. Western
blot analysis showed that the Caspasel and NLRP3 upstream proteins inflammasome proteins were significantly
activated. The quantitative real-time fluorescence PCR results showed a significant up-regulation of cytokines,
including IL-18/1p/6, TNF-a, and HMGBI, and chemokines, including CXCL1/2/9/10. Therefore, we demonstrated
that APOL1 overexpression could trigger NLRP3-Caspasel-GSDMD-mediated pyroptosis in fibroblasts. After pyr-
optosis, plasma membrane pore formation releases a large number of downstream cytokines and chemokines. Among
the chemokines we examined, the release of CXCLI increased significantly in the bioinformatics analysis, which is
consistent with the results of the bioinformatics analysis above. Of course, we detected common cytokines, and several
other common chemokines were also significantly increased, which is consistent with our clinical indicators in patients
with UC.

In summary, the results show that APOL1 overexpression mediates the NLRP3-Caspasel-GSDMD signaling pyr-
optosis pathway and up-regulates inflammatory factors and chemokines, CXCL1, aggravating colitis. Therefore, APOL1
and CXCLI contribute significantly to UC, and our study helps to understand UC and provides targeted therapeutic
strategies and predictions for UC. However, APOLI is unique to humans and some higher primates, so we could not
verify it in animal experiments. Our study simply revealed that APOLI could mediate the pyroptosis pathway of
GSDMD cells in colonic fibroblasts, up-regulating inflammatory cytokines and chemokines and aggravating colitis in
patients with UC. However, its direct role in diagnosing and treating UC patients remains unclarified and needs further
research.

Ethics Approval and Consent to Participate
Our study complies with the Declaration of Helsinki, and that our study was approved by the Ethics Committee of
Ganzhou People’s Hospital (TY-ZKY2023-023-1).
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