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Introduction: Friend Leukemia Integration 1 Transcription Factor (FLI1) has attracted attention due to its involvement in rheumatoid 
arthritis (RA). Nevertheless, the precise mechanism through which FLI1 contributes to RA remains elusive. We investigated the 
potential role of FLI1 in RA through integrated bioinformatics, clinical experiments, and cellular experiments.
Methods: Based on the GSE1919 and GSE12021 datasets, the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene 
Ontology (GO) analyses identified FLI1 as a differential gene in RA. Clinical validation was performed by measuring the FLI1 
expression in the serum collected from RA patients. Correlational analysis between FLI1 and immune-inflammatory markers 
confirmed its association with RA inflammation. WGCNA analysis, along with the KnockTF, JASPAR, and ENCODE databases, 
was employed to predict the potential target genes of FLI1. Receiver operating characteristic analysis and gene-set enrichment 
analysis-KEGG were conducted to elucidate the biological functions of these target genes. Finally, cellular experiments were 
performed to validate FLI1’s regulatory effects on its target genes and its impact on synovial cell viability and apoptosis in RA.
Results: FLI1 was upregulated in RA. FLI1 exhibited positive correlations with CRP, ESR, CCP, RF, IL-6, IL-10, IL-8, and TNF-α. 
The combined detection of FLI1 with CRP, ESR, CCP, and RF demonstrated the highest efficacy in evaluating RA disease activity. 
The target genes most strongly associated with FLI1 were AGA, DCK, LRRC15, MAN2A1, and TES, all of which exhibited positive 
correlations with FLI1. The suppression of FLI1 expression led to a decreased expression of AGA, DCK, LRRC15, MAN2A1, and 
TES. Furthermore, the inhibition of FLI1 reduced the viability of RA synovial cells and promoted their apoptosis.
Discussion: FLI 1 is upregulated in RA and can promote inflammation, increase RA synovial cell viability, or inhibit synovial cell 
apoptosis. This finding suggests that FLI 1 and its target genes may serve as novel therapeutic targets in RA. The present findings integrate 
bioinformatics and experimental approaches to advance our current understanding of RA and open new avenues for targeted therapies.
Keywords: ETS family, FLI1, rheumatoid arthritis, immunoinflammation, apoptosis

Introduction
Rheumatoid arthritis (RA) is a multifaceted autoimmune disorder that results in chronic inflammation and joint 
destruction, thereby substantially diminishing the quality of life of patients.1–3 Notwithstanding substantial development 
regarding RA prognosis and treatment during the previous years, its pathophysiology is not completely understood. 
Moreover, the currently available diagnostic and therapeutic options have limitations. In recent years, the advancements 
in molecular biology and bioinformatics techniques have enabled researchers to explore new biomarkers and therapeutic 
targets for improved diagnostic accuracy of RA and the development of more effective treatment strategies.
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Friend leukemia integration 1 transcription factor (FLI1), an ETS transcription factor, regulates vascular maturation 
and stabilization, immune cell differentiation, and inflammation, which makes it vital in inducing immunological 
response.4–6 In recent years, researchers have been paying increasing attention to the fact that FLI1 is strongly linked 
to rheumatic immune diseases, such as systemic lupus erythematosus and systemic sclerosis.7,8 There are race-specific 
single nucleotide polymorphisms (SNPs) in the enhancer region of FLI1; these SNPs are associated with elevated levels 
of FLI1 expression, which, in turn, modulate the downstream inflammation secretion.9 The FLI1 expression is more 
strongly correlated with the RA activity (DAS28 score) in Caucasian populations, and the frequency of the coactivation 
of FLI1 and NF-κB pathways is higher in Asian patients with RA than in European ones. The ETS cluster, in which FLI1 
resides, contributed significantly more to RA risk in the East Asian population (3.8%) than in the European population 
(1.2%).10,11 Presently, the role of FLI1 in RA is being extensively explored,12,13 and some researchers have discovered 
a substantial increase in the FLI1 expression, which is positively correlated with the disease activity index.14–16 In 
addition, FLI1 and its downstream genes are involved in the production of a variety of inflammatory mediators, which 
can exacerbate joint injury.17–20 Consequently, FLI1 may emerge as a novel therapeutic target for RA. Nevertheless, the 
precise action mechanism of FLI1 in RA has not yet been completely comprehended, warranting additional research.

The objective of the present study was to conduct a comprehensive examination of FLI1’s therapeutic potential and its 
function in RA through clinical validation, bioinformatics, and cellular experiments. Moreover, differentially expressed 
genes (DEGs) related to RA were screened using public databases. FLI1 was identified to be a DEG using Venn diagram 
analysis, and its expression was verified in the clinical samples of patients with RA. The downstream target genes of FLI1 
were predicted, and their roles in the disease process of RA were preliminarily verified experimentally. FLI1 and its target 
genes may affect the development of RA inflammation by regulating apoptosis, thereby providing new therapeutic ideas.

Materials and Methods
GEO Database and Metascape Database
The GEO database (https://www.ncbi.nlm.nih.gov/geo/info/datasets.html) is a gene expression database created and 
maintained by NCBI. We acquired the publicly available microarray datasets GSE1919 and GSE12021, from which 
the RA and control samples were obtained.

Metascape and Network Analyst Analysis
The Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) pathway enrichment analysis of 
differential target genes was performed using DAVID and Metscape. PPI network was analyzed by Metscape. In 
Metscape, the minimum overlap was set to 3, and the minimal enrichment factor was 1.5. The p-value threshold was 
0.01. The critical value was set to FDR <0.05. Network Analyst (http://www.networkanalyst.ca) was used to identify the 
differential expression of FLI1 relative to normal samples.

Venn Diagrams
We used the Venn Diagram Plotter v1.5.5228 (https://omics.pnl.gov/software/venn-diagram-plotter) to generate the Venn 
diagrams.

WGCNA Analysis
We used the R WGCNA software package (https://cran.r-project.org/package=WGCNA). The samples were clustered 
using Pearson’s correlation coefficient, and scale-free networks were generated using a gentle threshold of 16 (R-based 
scale-free topology criterion 2 = 0.85). The adjacency matrix was transformed into a TOM matrix, which was employed 
to quantify node similarity by using weighted correlations.

KnockTF, JASPAR, and ENCODE Database Analysis
We used the KnockTF online website (http://www.licpathway.net/KnockTF/), the JASPAR database (http://jaspar.genereg.net), 
and Encode (http://genome.ucsc.edu/ENCODE) to predict the target genes of transcription factor FLI1.
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ROC Curve
We utilized the area under the curve (AUC) of the receiver characteristic curve (ROC) to determine the validity of the 
potential biomarkers for RA on the GSE12021 dataset using the pROC R package.

Gene Set Enrichment Analysis (GSEA) and Molecular Signatures
We acquired the GSEA software (version 3.0) from the GSEA website to evaluate the related molecular mechanisms and 
pathways. Concordance scores were applied to prioritize significantly enriched gene sets (P < 0.05). The GSEA-KEGG 
analysis served as a tool to uncover the potential biological functions of our key target genes.

Immune-Infiltration Analysis
RNA-seq data were collected from a variety of groups of patients with RA. The “CIBERPORT” program in R software 
was employed to analyze these data. The relative proportions of 22 distinct categories of immune-infiltrating cells were 
estimated. In addition, Spearman correlation analysis was conducted to examine the relationship between immune cell 
content and gene expression. The threshold for statistical significance was set at p < 0.05.

RA Specimen Sources and RA-FLS Cell Lines
To verify the differential expression of FLI1 and the expressions of AGA, DCK, LRRC15, MAN2A1, and TES in RA, 
we collected normal serum samples from 14 healthy individuals and 14 RA patients at the First Affiliated Hospital of 
Anhui University of Chinese Medicine to validate the FLI1 expression. Each patient provided their written informed 
consent. This investigation was approved by the First Affiliated Hospital Ethics Committee of Anhui University of 
Traditional Chinese Medicine. We purchased the RA-FLSs (Shanghai Fuhang Biotechnology Co, FH0699) to evaluate 
the proliferation and apoptosis of RA cells after silencing FLI1.

Grouping
Healthy individuals were assigned to the NC group and RA patients to the RA group. The FLS group encompassed 
synoviocytes from healthy people, and the RA-FLS group included synoviocytes from patients with RA. si-NC served as 
the control group for the silencing of FLI1; si-FLI1 served as the model group for the silencing of FLI1; si-1, si-2, and si-3 
were all differentially silenced FLI1 silencing groups. NC-50pmol, NC-100pmol, and NC-150pmol were included in the 
RA-FLS control group at different concentrations; si-50pmol, si-100pmol, and si-150pmol were the RA-FLS model groups 
in which FLI1 was silenced at different concentrations. NC-24h, NC-48h, and the NC-72h group were RA-FLS control 
groups at 24 h, 48 h, and 72 h after treatment; si-24h, si-48h, and si-72h served as RA-FLS model groups at 24 h, 48 h, and 
72 h after treatment for silencing FLI1.

Laboratory Index Testing
Laboratory indicators, such as erythrocyte sedimentation rate (ESR), anti-cyclic citrullinated peptide antibody (CCP), 
ultrasensitive C-reactive protein (Hs-CRP), rheumatoid factor (RF), interleukin-6 (IL-6), IL-8, IL-10, and tumor necrosis 
factor-alpha (TNF-α), in patients with RA in the clinic, were measured in the laboratory of Anhui University of 
Traditional Chinese Medicine. DAS28-ESR was calculated using ESR to assess the disease activity of patients, with 
DAS28-ESR ≤ 5.1 indicating a low disease activity in RA and DAS28-ESR >5.1 denoting high disease activity in RA.

qRT-PCR
Total RNA was isolated from synovial tissues or chondrocytes using the TRIzol kit (Life Technologies). cDNA was 
generated with 1 μg of RNA. The cDNA was quantified using the SYBR premix. The relative quantification study was 
employed to analyze the relative levels of each gene, with GAPDH serving as an internal reference, and the 2−ΔΔCt 
approach. Each response was replicated thrice. The primer sequences are shown in Table 1.
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Cell Proliferation Assay
CCK8 and colony formation analyses were performed to determine whether the cells in each group could multiply after 
FLI1 silencing. The medium was added, the cells were resuspended, and the inoculated cell-culture plates were placed in 
the incubator to be cultured overnight after the FLS and RA-FLS cells had completed their normal digestion. The RA- 
FLS cells were cultured for 24, 48, and 72 h after inoculating into a 96-well plate. Subsequently, 10 µL of the CCK-8 
solution was added. Following a 2-h incubation period at 37°C, the absorbance of each well was measured. The cells 
were cultured on a 6-well plate for the cell proliferation assay after injection, and the medium was replaced every 4 days. 
The cells were stained with 0.5% crystal violet following formaldehyde fixation. The EdU assay was performed using the 
EdU reagent (Beyotime, Biotechnology) as per the manufacturer’s instructions.

Flow Cytometry Analysis
The Annexin V-FITC/PI Apoptosis reagent (Multi Sciences) was used to stain the cells, which were precooled. The 
apoptosis rate was determined by flow cytometry (Beckman Coulter, USA). Images of flow cytometric apoptosis were 
analyzed using the NovoExpress software.

Statistical Analysis
Statistical analysis was performed using R software version 4.0.0 and GraphPad Prism 9.0 (GraphPad Software, USA). 
The Student’s t-test was performed to analyze variables that were normally distributed. The Kruskal—Wallis test was 
employed to analyze variables that were not normally distributed. P < 0.05 was considered to indicate statistical 
significance.

Results
Screening and Enrichment Analysis of DEGs in RA
To screen for genes that played important roles in the synoviocytes in RA, differential expression gene analysis was 
performed on the GSE1919 and GSE12021 datasets. The GSE1919 dataset identified 723 downregulated and 950 
upregulated DEGs (Figure 1A), whereas the GSE12021 dataset identified 1478 downregulated and 952 upregulated 
DEGs (Figure 1B). By ascertaining which DEGs intersected, RA identified 194 downregulated and 255 upregulated 
DEGs (Figure 1C). In addition, the GO analysis demonstrated that the biological processes most closely associated with 
the intersection of the ETS family of factors and the DEGs in RA synoviocytes were hemopoiesis, cellular response to 
cytokine stimulus, and positive regulation of cell–cell adhesion (Figure 1D). The cellular components were mostly 
located outside the immunological synapse and plasma membrane (Figure 1E). Immune receptor activity and kinase 
binding were the most frequently observed molecular functions (Figure 1F). KEGG analysis indicated that DEGs were 
mainly linked to the toll-like receptor, AMPK, and MAPK-signaling pathways (Figure 1G).

Table 1 The Primer Sequences

Gene Amplicon Size 
(bp)

Forward Primer (5’→3′) Reverse Primer (5′→3′)

β-actin 96 CCCTGGAGAAGAGCTACGAG GGAAGGAAGGCTGGAAGAGT

FLI1 176 CAAAGAATAAGCGCCCTGCT GGACTTCCCAGGTCTCACTC

AGA 181 AGCCACTGGGAATGGTGATA AGCACCGTAACTTCCAGTCA
DCK 112 TGTCTTCCTCAGCAGGTTGG ACACAGGACACACTACCATT

MAN2A1 192 TCCTGGCTCCACTAGGAGAT GGCCCTTGTCTCTCTGAGTT

TES 86 CAATGCCATCGACCCAGAAG AGCAAGAGCACAGAAAGCAC
LRRC15 132 CTAACCAGCCCTGTGGAAGA CAGGGCGACAATGCCAATTA

FLI1-(NC) UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
FLI1-HOMO-540(Si1) CAGUAAGAAUACAGAGCAATT UUGCUCUGUAUUCUUACUGTT

FLI1-HOMO-833(Si2) UGACCAAAGUGCACGGCAATT UUGCCGUGCACUUUGGUCATT

FLI1-HOMO-1116(Si3) CCACGUGCCUUCACACUUATT UAAGUGUGAAGGCACGUGGTT
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The Significant Upregulation of FLI1 in RA
To analyze the role of the ETS family in RA, 27 ETS family genes were identified from the literature.21 Among them, 15 ETS 
family genes, including ELF1, ELF2, ELF4, ELK3, ELK4, ERF, ERG, ETS1, ETS2, ETV3, ETV6, FEV, FLI1, GABPA, and 
SPI1, were detected in both GSE1919 and GSE12021 datasets (Figure 2A and B). The intersection analysis of these genes with 
DEGs revealed that FLI1 was significantly differentially expressed in RA (Figure 2C). Based on the GSE1919 and GSE12021 
datasets, in comparison to the HC group, FLI1 was discovered to be significantly higher in RA (Figure 2D and E).

FLI1 Expression in RA
To observe the role of FLI1, 14 RA patients and 14 hC were selected from the clinic. The serum FLI1 levels of the RA 
group were significantly higher than that of the NC group (P < 0.01), indicating gene upregulation in RA (Figure 3A). 
Cellular validation revealed that the fibroblast-like synoviocytes from patients with RA (RA-FLS) group had significantly 
higher FLI1 expression compared to the FLS-only group (P < 0.01) (Figure 3B), which further validated our hypothesis.

Figure 1 Genes with variable expression in rheumatoid arthritis identified and analyzed for enrichment. (A) Volcano plot of GSE1919, (B) Volcano plot of GSE12021, 
(C) Wayne plots of differentially expressed genes in the two datasets, (D) GO-bp analysis results for intersecting differentially expressed genes, (E) GO-cc analysis 
results for intersecting differentially expressed genes, (F) GO-mf analysis results for crossing genes with variable expression, (G) KEGG analysis results for crossing genes 
with differential expression.
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Clinical Correlational Analysis of FLI1 and RA-Related Immuno-Inflammatory 
Indicators
To forecast FLI1 functions among the clinic’s RA patients, 14 patients were selected. The expressions of FLI1 and immune 
inflammation-related indicators that included ESR, CCP, Hs-CRP, RF, IL-6, IL-10, IL-8, and TNF-α were measured, followed 
by correlation analysis (Figure 4A and B). These findings suggested that ESR (r = 0.568, p = 0.034) CRP (r = 0.645, p = 0.012), 
CCP (r = 0.741, p = 0.002), RF (r = 0.749, p = 0.002), IL-6 (r = 0.770, p = 0.001), IL-8 (r = 0.702, p = 0.005), IL-10 (r = 0.742, 
p = 0.002), and TNF-α (r = 0.538, p = 0.046) were positively correlated with FLI1. The RA patients were categorized into two 
groups: those with a high disease activity and those with modest disease activity.22,23 The functional characteristic curves of 
the subjects were plotted, and the correlation between FLI1 and RA disease activity was examined (Figure 4C–G). The results 
indicated that FLI1’s AUC was 0.750, and the CRP, ESR, CCP, and RF combination was 0.925 (Figure 4H). This finding 
indicated a basis for FLI1 to be a potential biomarker for RA. The combination of CRP, ESR, CCP, and RF with the routine 
laboratory indicators of RA showed high diagnostic efficacy in evaluating RA disease activity.

Identification of RA Synoviocyte-Associated Gene Modules and Key Genes
WGCNA coexpression modules comprise a set of genes with a high coexpression level and topological overlap 
similarity. In order to identify the coexpression modules and essential genes associated with RA and FLI1, WGCNA 
was applied to 449 DEGs in GSE 12021. The sample clustering tree depicted in Figure 5A was produced by clustering 

Figure 2 Expression analysis of ETS family in rheumatoid arthritis. (A) Heatmap of the ETS family genes in GSE1919, (B) Heatmap of the ETS family genes in GSE12021 
(C) Wayne plots of differentially expressed genes versus ETS family, (D) FLI1 expression analysis in GSE1919, (E). FLI1 expression analysis in GSE12021.
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the data using Pearson’s correlational coefficient. A scale-free network was generated by selecting a gentle threshold of 
16 (R = 0.85) (Figure 5B and C). In order to illustrate node similarity through weighted correlations, the neighbor matrix 
was converted into a Topology Overlap Matrix. Ultimately, the tree was reduced using dynamic tree cropping and 
average hierarchical clustering (Figure 5D). Of the six modules, the brown module was correlated with RA (cor = 0.761 
and P = 6.3e-05) and also positively correlated with FLI1 (cor = 0.511 and P = 0.018) (Figure 5E). This led to the 
identification of the brown module as a necessity for additional investigation. The target genes of the transcription factor 
FLI1 were predicted using the KnockTF, and a total of 13,022 target genes were obtained after deleting the duplicates 
(Figure 6A); 44 of these genes belonged to the brown module. By using the R software to analyze the coexpression 
coefficients of FLI1 with 44 genes, 20 genes were finally selected (R > 0.4, P < 0.05) to construct the FLI1–target 
network (Figure 6B). Of these, the TOP5 displaying a high correlation with FLI1 were AGA, DCK, LRRC15, MAN2A1, 
and TES, and AGA, DCK, LRRC15, MAN2A1, and TES were positively correlated with FLI1 (Figure 6C–G), which 
suggested that AGA, DCK, LRRC15, MAN2A1, and TES showed a positive feedback with FLI1.

Receiver-Operating Characteristic (ROC) Curve Analysis of AGA, DCK, LRRC15, 
MAN2A1, and TES and GSEA-KEGG Analysis
The clinical diagnostic value of FLI1 and the five target genes in the GSE12021 database was determined by calculating 
the area under the ROC curve (Figure 7A–F). These results indicated that the AUC values were 0.917 for AGA, 0.843 for 
FLI1, 0.880 for DCK, 0.928 for LRRC15, 0.861 for MAN2A1, and 0.917 for TES, implying the effectiveness of these 
indicators in diagnosing RA. In order to gain a more comprehensive understanding of the biological functions of these 
target genes, GSEA-KEGG analysis was implemented to reveal that the pathways most closely related to AGA were 
calcium and ERBB-signaling pathways, those most closely related to DCK were MAPK and calcium-signaling pathways 
and oxidative phosphorylation, that most relevant to LRRC15 was the p53-signaling pathway, those most relevant to 
MAN2A1 were TGF-beta, PPAR-signaling pathway, and those most relevant to TES were the adipocytokine-signaling 
pathways (Figure 7G–K). These pathways were mainly associated with cell proliferation, cell differentiation, apoptosis, 
regulation of enzyme activity, cell adhesion and cell migration, angiogenesis, and the regulation of immune 
inflammation.

Immune Infiltration Analysis of RA and AGA, DCK, LRRC15, MAN2A1, and TES
The immune cell compositions of RA and HCs differed substantially (Figure 8A) as per the CIBERSORT algorithm. 
Memory B cells, plasma cells, follicular T-helper cells, gamma delta T-cells, and macrophages were significantly elevated 
in patients with RA. Conversely, healthy controls exhibited significantly fewer activated mast cells (Figure 8B). The 
correlation among immune cells is illustrated in Figure 8C. The relationship between immune cell infiltration in RA and 

Figure 3 FLI1 expression in RA patients and synoviocytes. (A) FLI1 expression in healthy individuals and RA patients, (B) FLI1 expression in FLS and RA-FLS.##P < 0.01, 
compared to NC group (Student’s t-test); **P < 0.01, compared to the FLS group (Student’s t-test).
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FLI1’s main target genes was investigated using Pearson’s analysis (Figure 8D). The findings indicated that LRRC15 
exhibited a statistically significant negative correlation with eosinophils, monocytes, and quiescent CD4 memory T-cells. 
Plasma and gamma delta T-cells exhibited a positive correlation with MAN2A1, while monocytes exhibited 
a significantly negative correlation. Memory B-cells and follicular memory T-cells were significantly correlated with 
TES. Memory B-cells, follicular helper T-cells, and M1 macrophages demonstrated a highly significant positive 
correlation with TES, while activated dendritic cells, quiescent natural killer (NK) cells, monocytes, and neutrophils 
demonstrated a highly significant negative correlation. The correlation between AGA and B cells was substantially 

Figure 4 Correlational analysis of FLI1 with RA-related immunoinflammatory indicators. (A) Correlational analysis of FLI1 with CRP, ESR, CCP, and RF, (B) Correlational 
analysis of FLI1 with IL-6, IL-8, IL-10, and TNF-α, (C-G). ROC analysis of FLI1 as well as CRP, ESR, CCP, and RF, (H) ROC analysis of FLI1, CRP, ESR, CCP, and RF in 
combined assays.
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negative, while it was positive with memory B-cells, plasma cells, and CD8 T-cells. The correlation was negative with 
eosinophils, monocytes, and quiescent CD4 memory T-cells. The memory B-cells, follicular helper T-cells, M1 macro-
phages, activated dendritic cells, quiescent NK cells, monocytes, and neutrophils exhibited a robust positive correlation 
with DCK. M1 macrophages demonstrated a substantial positive correlation with activated dendritic cells, resting NK 
cells, activated mast cells, monocytes, resting CD4 memory T-cells, and neutrophils were significantly negatively 
correlated.

Effects of Interfering With FLI1 on AGA, DCK, LRRC15, MAN2A1, and TES in RA 
Synoviocytes
To determine the function of FLI1 in patients with RA, si-FLI1 was constructed and verified in three dimensions: 
silencing efficiency, concentration, and time to screen the best si-FLI1. Finally, the si1 group was identified as the study 
group (Figure 9A–C). Considering that the treatment may be affected by time and concentration, different concentrations 
and periods were set. The best efficacy was achieved at 100 pmol and 48 h. The expressions of AGA, DCK, LRRC15, 

Figure 5 Co-expression module analysis. (A) Clustering dendrogram of 21 samples, (B) The connection between different soft threshold powers and the scale-free fit 
index, (C) Relationship between average connectivity and various soft threshold powers, (D) Clustering dendrogram of genes with various colors representing different 
modules, (E) Relationships between three traits and six modules.
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MAN2A1, and TES were measured after silencing FLI1, and the results suggested that, in the RA-FLS group, the 
expressions of AGA, DCK, LRRC15, and MAN2A1 were substantially higher than those in the si-NC group (P < 0.01). 
In addition, the RA-FLS group exhibited a substantially higher level of TES expression than the si-NC group (P < 0.01). 
The si-FLS group exhibited the same expression as the si-NC group (P < 0.01). The expressions of AGA, DCK, 
LRRC15, MAN2A1, and TES were noticeably reduced in the si-FLI1 group (P < 0.01) compared with those in the si-NC 
group (Figure 9D–H). These results indicated that the inhibition of FLI1 expression reduced the expressions of AGA, 
DCK, LRRC15, MAN2A1, and TES.

Figure 6 PPI network construction and identification of the target genes. (A) Target genes of FLI1, (B) Co-expression network in FLI1 and key module target genes, (C-G). 
Correlational analysis of AGA, DCK, LRRC15, MAN2A1, TES, and FLI1.
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Figure 7 Expressions and GSEA-KEGG analysis of the key modules. (A-F). ROC analysis of FLI1 as well as 5 target genes in GSE12021, (G-K). GSEA-KEGG analysis of 5 
target genes of FLI1 in GSE112021.
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Figure 8 CIBERSORT analysis to estimate immune infiltration in RA. (A) Twenty-two subpopulations’ expressions in RA among tumor immune cells, (B) Comparison of 
CIBERSORT immune cell fractions in RA and HC, (C) A correlation matrix that illustrates the activity of 22 immune cells and their proportions in RA, (D) A correlation 
matrix that illustrates the correlation between the 22 immune cell proportions in RA and the primary target genes.
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Effect of FLI1 Interference on RA Synovial Cell Function
To confirm the impact of FLI1 interference on RA synoviocyte functions, si-FLI1 was utilized to silence FLI1, and the 
proliferation and apoptosis of the synoviocytes were monitored by dividing them into groups. The viability of the cells in 
each group was initially assessed using a CCK8 cell proliferation assay. The si-FLI1+RA-FLS group exhibited the lowest 

Figure 9 Expression of target genes after silencing FLI1. (A) FLI1 silencing screen, (B) FLI1 concentration screen, (C) FLI1 time screen, (D-H). Silencing of the FLI1 
expression of AGA, DCK, LRRC15, MAN2A1, and TES in each group.##P < 0.01, compared to the FLS group (one-way ANOVA); **P < 0.01, compared to the RA-FLS group 
(one-way ANOVA). @@P < 0.01, compared to the si-150pmol+RA-FLS group (one-way ANOVA); &&P < 0.01, compared to the si-48h+RA-FLS group (one-way ANOVA).
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cell viability (Figure 10A). Subsequently, flow cytometry was implemented to identify apoptosis in each cohort 
(Figure 10B). Apoptosis evaluation included early and late apoptotic cells, the proportion of apoptosis in the si-FLI1 
+RA-FLS group was higher than that in the RA-FLS group (P < 0.01) (Figure 10C).

Discussion
RA is a systemic autoimmune disease that is distinguished by inflammatory arthritis and extra-articular involvement.24–26 

In various patients or stages, RA exhibits a diverse array of clinical manifestations and complications. These variations 
pose difficulties in diagnosis in the clinic and lead to misdiagnosis or incorrect diagnosis.27–29 Under normal conditions, 
the body cannot trigger an immune response against its tissues.30 However, antibodies or immune effectors against self- 
substances are inadvertently produced by the immune system when this self-tolerance mechanism is compromised or 
damaged, which triggers an abnormal immune response. The immune system erroneously attacks and destroys the body’s 
normal tissues, organs, or systems, thereby ultimately triggering inflammation, dysfunction, and even organ failure.31–33 

As a complex immune disease, the treatment for RA involves providing symptomatic relief, controlling disease 
progression, and preventing complications. The treatment approaches include drug therapy (eg, immunosuppressants 
and hormonal drugs), physical therapy, cell therapy, and psychological support.34–36 The long course of RA makes it 
difficult for patients to adhere to the treatment, but failure to control the disease promptly aggravates the development of 
the disease.37 In addition, the degradation of joint bone and patient outcomes are inextricably linked to the progression of 
inflammation and the level of disease activity in RA.38–40 Nevertheless, the immune and inflammatory diagnostic 
biomarkers of RA must be comprehensively defined. Consequently, the early detection and treatment of RA necessitate 
the identification of specific immune and inflammatory diagnostic markers.

In RA, autoantibodies, such as RF and CCP, and laboratory indicators, such as ESR, CRP, IL-6, IL-8, and TNF-α, 
which are essential in the diagnosis and pathological process of the disease, are significantly abnormal.39,41–43 Thus, the 

Figure 10 Proliferation and apoptosis of RA synoviocytes after silencing FLI1. (A) Proliferation of cells in the groups silencing FLI1, (B and C) Apoptosis of cells in groups 
silencing FLI1.##P < 0.01, compared to the FLS group (one-way ANOVA); **P < 0.01, compared to the RA-FLS group (one-way ANOVA).
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immunoinflammatory response is essential for the development of RA, which may be related to hematopoiesis and the 
regulation of immune cells.6,44–46 DEGs for RA were obtained from the GSE1919 and GSE12021 datasets. Subsequently, 
Venn diagram analysis was performed with the 27 ETS genes; finally, the DEG FLI1, which is upregulated in RA, was 
obtained.

FLI1 has been clinically validated. Clinical samples were obtained from NC and RA patients for the determination of 
the FLI1 content and RA-related immunoinflammatory indicators. Correlational analysis was performed to reveal that 
FLI1 was positively correlated with RF, CCP, ESR, and CRP. Some studies found that the expression of FLI1 in the 
synovial tissues of patients with RA was significantly increased47,48 and correlated with the disease activity,15,49 which is 
consistent with our current findings. To further evaluate the diagnostic efficacy of FLI1, the RA group was categorized 
into high and low disease activities. The subject characteristic curve was employed to assess the diagnostic efficacy of 
FLI1, which indicated that the efficacy of FLI1 in combination with RF, CCP, ESR, and CRP in the diagnosis of RA was 
significantly increased when compared with that of the single index. Hence, FLI1 may be an important indicator for 
assessing RA disease activity.

Past studies have reported that FLI1-regulated target genes are associated with the production of multiple inflamma-
tory mediators, which can exacerbate the inflammatory response in immune system diseases and joint damage in 
arthritis.17,50–52 Evidence highlights the potential impact of racial genetic diversity on FLI1 functions. The FLI1 enhancer 
rs10181488 variant correlates with elevated pro-inflammatory cytokine production, particularly in the African American 
cohorts.9 This finding is consistent with our observation of FLI1-driven upregulation of IL-6/TNF-α, suggesting that 
racial differences in FLI1 regulatory elements may modulate RA severity or treatment response. Our cohort consisted 
primarily of Asians, which limited the generalizability to other populations. Therefore, cross-validation in our subsequent 
studies in different cohorts is deemed necessary. These studies established that FLI1 plays a significant role in the 
diagnosis of RA. To identify the downstream target genes, genes exhibiting high co-expression levels were selected via 
WGCNA analysis. The target genes of FLI1 were then predicted using KnockTF, JASPAR, and ENCODE databases. The 
target genes of AGA, DCK, LRRC15, MAN2A1, and TES were identified. These five target genes were analyzed using 
ROC curves, and the AUC values indicated a strong discriminatory ability for RA samples. Finally, GESA–KEGG 
analysis on AGA, DCK, LRRC15, MAN2A1, and TES was performed to predict their biological functions, identifying 
a connection between the MAPK-signaling pathway, the p53-signaling pathway, oxidative phosphorylation, other 
immunoinflammatory pathways, and the FLI1 target genes.53–59 Moreover, the target genes were subjected to an 
immune-infiltration analysis. The association of FLI1 and AGA, DCK, LRRC15, MAN2A1, and TES with immune 
inflammation was verified from both clinical and bioinformatics perspectives.

RA is a chronic inflammatory condition that is characterized by the presence of TNF-α, IL-1, IL-6, and IL-10.60–62 

The activation and proliferation of inflammatory cells and the joints are facilitated by the MAPK-signaling pathway. 
This pathway stimulates inflammatory cell activation and proliferation as well as joint tissue destruction and the 
expression of matrix metalloproteinases (MMPs).63–65 In RA, the expression and activity of MMPs, which can break 
down the main components of articular cartilage, such as type II collagen and proteoglycans, are significantly 
increased,66–68 thereby destroying the cartilage structure.69,70 Moreover, MMPs interact with TNF-α and IL-1β to 
form a positive feedback loop that exacerbates inflammation and tissue damage.71,72 Furthermore, oxidative phosphor-
ylation can occur in the mitochondria, causing mitochondrial dysfunction and oxidative stress, which aggravates 
cellular and tissue damage and worsens inflammatory responses.73 The calcium-signaling pathway is linked to bone 
metabolism,74–76 and the progression of RA can be influenced by any of these signaling pathways. These results 
substantiate the critical role of FLI1-regulated target genes in the inflammatory response to RA. Moreover, cellular 
experiments were implemented to ascertain the influence of FLI1 silencing on the functionality of RA synoviocytes, 
which signified that the inhibition of FLI1 expression increased apoptosis in RA cells, thereby affecting disease 
development. This finding suggests that FLI1 may promote the inflammatory response in RA and inhibit apoptosis of 
RA synovial cells by regulating its target genes, including AGA, DCK, LRRC15, MAN2A1, and TES.
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Conclusion
In this study, bioinformatics analyses, clinical trials, and cellular experiments were integrated, which helped understand 
the role of FLI1 in the pathogenesis of RA. The FLI1 content and RA-associated immunoinflammatory indexes were 
measured in conjunction with clinical samples of RA, followed by correlational analyses, which enhanced the clinical 
relevance of the study results. The target genes of FLI1 were predicted using WGCNA analysis and KnockTF, JASPAR, 
and ENCODE databases. In addition, the roles of these target genes in the disease process of RA were experimentally 
verified to reveal the biological mechanisms of FLI1 regulation.

This study has some limitations, such as the lack of depth and breadth. Despite the preliminary evidence provided by 
this study regarding FLI1’s involvement in RA, additional research is required to clarify the precise action mechanism 
and regulatory network. Therefore, in the future, we intend to focus on investigations to uncover the action mechanism. 
Furthermore, the findings’ statistical power and generalizability may have been restricted by the study’s small sample 
size. Therefore, we plan to increase the sample size in future studies and include patients with RA belonging to different 
races and disease stages. Through multicenter collaboration, we collected diverse samples and conducted extensive 
studies to verify the generalizability of FLI1 as a diagnostic and therapeutic target for RA.

In conclusion, this study examined the pertinent FLI1 targets for RA treatment using various databases and novel 
bioinformatics techniques. The findings suggested that FLI1 may serve as a potential immune-inflammatory biomarker 
for RA, with implications for disease stratification and therapeutic targeting. Through cellular experiments, we found that 
FLI1 could increase RA synovial cell viability and inhibit synovial cell apoptosis by promoting inflammation. We hope 
that the preliminary exploration of the FLI1-signaling pathway may facilitate the identification of a novel pathway for 
balancing the immune system and inhibiting excessive inflammation, thereby providing a more precise and effective 
therapeutic regimen for patients with RA.

Data Sharing Statement
All data analyzed in this study are included in this publication article file, available from the corresponding author upon 
reasonable request.

Consent for Publication
This paper is our original work. We certify that this manuscript has not been published in part or whole elsewhere in any 
language, and it has not been submitted to any other journal for review. We certify that all authors named deserve 
authorship and that all authors have agreed to be so listed and have read and approved the manuscript.

Institutional Review Board Statement
The study was conducted in accordance with the Declaration of Helsinki and approved by the First Affiliated Hospital of Anhui 
University of Traditional Chinese Medicinal Review Board (approval number 2023AH-52; approval date July 27, 2023).

Informed Consent Statement
Informed consent was obtained from all subjects involved in the study.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

https://doi.org/10.2147/JIR.S507941                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 3120

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Funding
This research was supported by the National Natural Science Foundation of China General Program (82274501); the 
National Natural Science Foundation of China General Program (81973655); the Natural Science Foundation of Anhui 
Province, China (2308085MH291).

Disclosure
The authors declare that this research was conducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

References
1. Thumsi A, Martinez D, Swaminathan SJ. et al. Inverse-Vaccines for Rheumatoid Arthritis Re-establish Metabolic and Immunological Homeostasis 

in Joint Tissues. Adv Healthc Mater. 2024;2024:e2303995.
2. Jang S, Kwon EJ, Lee JJ. Rheumatoid Arthritis: pathogenic Roles of Diverse Immune Cells. Int J mol Sci. 2022;23(2):905. doi:10.3390/ 

ijms23020905
3. Figus FA, Piga M, Azzolin I, et al. Rheumatoid arthritis: extra-articular manifestations and comorbidities. Autoimmun Rev. 2021;20(4):102776. 

doi:10.1016/j.autrev.2021.102776
4. Wang C, Hu M, Yu K, et al. An intricate regulatory circuit between FLI1 and GATA1/GATA2/LDB1/ERG dictates erythroid vs. megakaryocytic 

differentiation. Mol Med Rep. 2024;29(6). doi:10.3892/mmr.2024.13231.
5. Wang J, Wang C, Hu A, et al. FLI1 induces erythroleukemia through opposing effects on UBASH3A and UBASH3B expression. BMC Cancer. 

2024;24(1):326. doi:10.1186/s12885-024-12075-2
6. Li P, Liu L, Liu S, et al. FLI1 in PBMCs contributes to elevated inflammation in combat-related posttraumatic stress disorder. Front Psychiatry. 

2024;15:1436690. doi:10.3389/fpsyt.2024.1436690
7. Asano Y, Bujor AM, Trojanowska M. The impact of Fli1 deficiency on the pathogenesis of systemic sclerosis. J Dermatol Sci. 2010;59(3):153–162. 

doi:10.1016/j.jdermsci.2010.06.008
8. Asano Y. Future treatments in systemic sclerosis. J Dermatol. 2010;37(1):54–70. doi:10.1111/j.1346-8138.2009.00758.x
9. Colliou N, Ge Y, Sahay B, et al. Commensal Propionibacterium strain UF1 mitigates intestinal inflammation via Th17 cell regulation. J Clin Invest. 

2017;127(11):3970–3986. doi:10.1172/JCI95376
10. Hang C, He J, Zhang Z, et al. Low Temperature Bonding by Infiltrating Sn3.5Ag Solder into Porous Ag Sheet for High Temperature Die 

Attachment in Power Device Packaging. Sci Rep. 2018;8(1):17422. doi:10.1038/s41598-018-35708-6
11. He QF, Wang JG, Chen HA, et al. Author Correction: a highly distorted ultraelastic chemically complex Elinvar alloy. Nature. 2022;603(7903):E32. 

doi:10.1038/s41586-022-04626-z
12. Huang SU, O’Sullivan KM. The Expanding Role of Extracellular Traps in Inflammation and Autoimmunity: the New Players in Casting Dark 

Webs. Int J mol Sci. 2022;23(7). doi:10.3390/ijms23073793
13. Trojanowska M. Cellular and molecular aspects of vascular dysfunction in systemic sclerosis. Nat Rev Rheumatol. 2010;6(8):453–460. doi:10.1038/ 

nrrheum.2010.102
14. Calio A, Cheng L, Martignoni G, et al. Mixed epithelial and stromal tumours of the kidney with malignant transformation: a clinicopathological 

study of four cases. Pathology. 2022;54(6):707–720. doi:10.1016/j.pathol.2022.03.011
15. Chen B, Sheng D, Wang C, et al. FLI1 regulates inflammation-associated genes to accelerate leukemogenesis. Cell Signal. 2022;92:110269. 

doi:10.1016/j.cellsig.2022.110269
16. Toyama T, Asano Y, Miyagawa T, et al. The impact of transcription factor Fli1 deficiency on the regulation of angiogenesis. Exp Dermatol. 2017;26 

(10):912–918. doi:10.1111/exd.13341
17. Hu J, Gao J, Wang C, et al. FLI1 Regulates Histamine Decarboxylase Expression to Control Inflammation Signaling and Leukemia Progression. 

J Inflamm Res. 2023;16:2007–2020. doi:10.2147/JIR.S401566
18. Huang L, Zhai Y, La J, et al. Targeting Pan-ETS Factors Inhibits Melanoma Progression. Cancer Res. 2021;81(8):2071–2085. doi:10.1158/0008- 

5472.CAN-19-1668
19. Wang H, Liu C, Liu X, et al. MEIS1 Regulates Hemogenic Endothelial Generation, Megakaryopoiesis, and Thrombopoiesis in Human Pluripotent 

Stem Cells by Targeting TAL1 and FLI1. Stem Cell Reports. 2018;10(2):447–460. doi:10.1016/j.stemcr.2017.12.017
20. Li Y, Tanaka K, Fan X, et al. Inhibition of the transcriptional function of p53 by EWS–Fli1 chimeric protein in Ewing Family Tumors. Cancer Lett. 

2010;294(1):57–65. doi:10.1016/j.canlet.2010.01.022
21. Kar A, Gutierrez-Hartmann A. Molecular mechanisms of ETS transcription factor-mediated tumorigenesis. Crit Rev Biochem mol Biol. 2013;48 

(6):522–543. doi:10.3109/10409238.2013.838202
22. Fleischmann RM, van der Heijde D, Gardiner PV, et al. DAS28-CRP and DAS28-ESR cut-offs for high disease activity in rheumatoid arthritis are 

not interchangeable. RMD Open. 2017;3(1):e382. doi:10.1136/rmdopen-2016-000382
23. Carpenter L, Norton S, Nikiphorou E, et al. Validation of methods for converting the original Disease Activity Score (DAS) to the DAS28. 

Rheumatol Int. 2018;38(12):2297–2305. doi:10.1007/s00296-018-4184-0
24. Rani R, Raina N, Sharma A, et al. Advancement in nanotechnology for treatment of rheumatoid arthritis: scope and potential applications. Naunyn 

Schmiedebergs Arch Pharmacol. 2023;396(10):2287–2310. doi:10.1007/s00210-023-02514-5
25. Brooks RT, Luedders B, Wheeler A, et al. The Risk of Lung Cancer in Rheumatoid Arthritis and Rheumatoid Arthritis-Associated Interstitial Lung 

Disease. Arthritis Rheumatol. 2024;76(12):1730–1738. doi:10.1002/art.42961
26. Cheng Q, Chen M, Liu M, et al. Age-related genes USP2 and ARG2 are involved in the reduction of immune cell infiltration in elderly patients 

with rheumatoid arthritis. J Gene Med. 2024;26(1):e3582. doi:10.1002/jgm.3582

Journal of Inflammation Research 2025:18                                                                                          https://doi.org/10.2147/JIR.S507941                                                                                                                                                                                                                                                                                                                                                                                                   3121

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3390/ijms23020905
https://doi.org/10.3390/ijms23020905
https://doi.org/10.1016/j.autrev.2021.102776
https://doi.org/10.3892/mmr.2024.13231
https://doi.org/10.1186/s12885-024-12075-2
https://doi.org/10.3389/fpsyt.2024.1436690
https://doi.org/10.1016/j.jdermsci.2010.06.008
https://doi.org/10.1111/j.1346-8138.2009.00758.x
https://doi.org/10.1172/JCI95376
https://doi.org/10.1038/s41598-018-35708-6
https://doi.org/10.1038/s41586-022-04626-z
https://doi.org/10.3390/ijms23073793
https://doi.org/10.1038/nrrheum.2010.102
https://doi.org/10.1038/nrrheum.2010.102
https://doi.org/10.1016/j.pathol.2022.03.011
https://doi.org/10.1016/j.cellsig.2022.110269
https://doi.org/10.1111/exd.13341
https://doi.org/10.2147/JIR.S401566
https://doi.org/10.1158/0008-5472.CAN-19-1668
https://doi.org/10.1158/0008-5472.CAN-19-1668
https://doi.org/10.1016/j.stemcr.2017.12.017
https://doi.org/10.1016/j.canlet.2010.01.022
https://doi.org/10.3109/10409238.2013.838202
https://doi.org/10.1136/rmdopen-2016-000382
https://doi.org/10.1007/s00296-018-4184-0
https://doi.org/10.1007/s00210-023-02514-5
https://doi.org/10.1002/art.42961
https://doi.org/10.1002/jgm.3582


27. Haville S, Deane KD. Pre-RA: can early diagnosis lead to prevention? Best Pract Res Clin Rheumatol. 2022;36(1):101737. doi:10.1016/j. 
berh.2021.101737

28. Molendijk M, Hazes JM, Lubberts E. From patients with arthralgia, pre-RA and recently diagnosed RA: what is the current status of understanding 
RA pathogenesis? RMD Open. 2018;4(1):e256. doi:10.1136/rmdopen-2016-000256

29. Buchanan WW, Kean CA, Kean WF, et al. Rheumatoid arthritis. Inflammopharmacology. 2024;32(1):3–11. doi:10.1007/s10787-023-01221-0
30. Bao X. Validation of new immune and inflammation-related diagnostic biomarkers for RA. Clin Rheumatol. 2024;43(3):949–958. doi:10.1007/ 

s10067-024-06882-y
31. Li J, Zhao M, Luo W, et al. B cell metabolism in autoimmune diseases: signaling pathways and interventions. Front Immunol. 2023;14:1232820. 

doi:10.3389/fimmu.2023.1232820
32. Bustamante MF, Garcia-Carbonell R, Whisenant KD, et al. Fibroblast-like synoviocyte metabolism in the pathogenesis of rheumatoid arthritis. 

Arthritis Res Ther. 2017;19(1):110. doi:10.1186/s13075-017-1303-3
33. Murata O, Suzuki K, Sugiura H, et al. Thymus variants on imaging in patients with rheumatoid arthritis-clinical and immunological significance. 

Rheumatology. 2021;60(12):5595–5600. doi:10.1093/rheumatology/keab164
34. Deshmukh R. Drug Targeting and Nanotherapeutic Advancement in the Treatment of Rheumatoid Arthritis: recent Progress in Drug Delivery 

Systems. Curr Pharm Biotechnol. 2024;25. doi:10.2174/0113892010306005240605072550
35. Ohno R, Nakamura A. Advancing autoimmune Rheumatic disease treatment: CAR-T Cell Therapies - Evidence, Safety, and future directions. 

Semin Arthritis Rheum. 2024;67:152479. doi:10.1016/j.semarthrit.2024.152479
36. Chasov V, Ganeeva I, Zmievskaya E, et al. Cell-Based Therapy and Genome Editing as Emerging Therapeutic Approaches to Treat Rheumatoid 

Arthritis. Cells. 2024;13(15):1282. doi:10.3390/cells13151282
37. Tanaka Y, Takahashi T, van Hoogstraten H, et al. Effect of sarilumab on unacceptable pain and inflammation control in Japanese patients with 

moderately-to-severely active rheumatoid arthritis: post hoc analysis of a Phase III study (KAKEHASI). Mod Rheumatol. 2024;34(4):670–677. 
doi:10.1093/mr/road073

38. Yildirim KA, Senturk S, Kimyon G. Eating attitude in patients with rheumatoid arthritis: the relationship between pain, body mass index, disease 
activity, functional status, depression, anxiety and quality of life. Arch Psychiatr Nurs. 2023;44:52–58. doi:10.1016/j.apnu.2023.04.001

39. Guo YY, Wang NZ, Zhao S, et al. Increased interleukin-23 is associated with increased disease activity in patients with rheumatoid arthritis. Chin 
Med J. 2013;126(5):850–854. doi:10.3760/cma.j.issn.0366-6999.20113093

40. Shih P-C, Chang S-H, Huo A-P, Wei JC-C. Navigating the maze of treatment strategies for RA-ILD: insights and innovations for better patient 
outcomes. Int J Rheum Dis. 2023;26(10):1899–1903. doi:10.1111/1756-185X.14830

41. Pandolfi F, Franza L, Carusi V, et al. Interleukin-6 in Rheumatoid Arthritis. Int J mol Sci. 2020;21(15):5238. doi:10.3390/ijms21155238
42. Alturaiki W, Alhamad A, Alturaiqy M, et al. Assessment of IL-1beta, IL-6, TNF-alpha, IL-8, and CCL 5 levels in newly diagnosed Saudi patients 

with rheumatoid arthritis. Int J Rheum Dis. 2022;25(9):1013–1019. doi:10.1111/1756-185X.14373
43. Sellin ML, Klinder A, Bergschmidt P, et al. IL-6-induced response of human osteoblasts from patients with rheumatoid arthritis after inhibition of 

the signaling pathway. Clin Exp Med. 2023;23(7):3479–3499. doi:10.1007/s10238-023-01103-3
44. Ozawa T, Ouhara K, Tsuda R, et al. Physiologic Target, Molecular Evolution, and Pathogenic Functions of a Monoclonal Anti-Citrullinated Protein 

Antibody Obtained From a Patient With Rheumatoid Arthritis. Arthritis Rheumatol. 2020;72(12):2040–2049. doi:10.1002/art.41426
45. Tanaka Y, Nakanishi Y, Furuhata E, et al. FLI1 is associated with regulation of DNA methylation and megakaryocytic differentiation in FPDMM 

caused by a RUNX1 transactivation domain mutation. Sci Rep. 2024;14(1):14080. doi:10.1038/s41598-024-64829-4
46. Itkin T, Houghton S, Schreiner R, et al. Transcriptional Activation of Regenerative Hematopoiesis via Vascular Niche Sensing. bioRxiv. 2023. 

doi:10.1101/2023.03.27.534417
47. Murthy SS, Gundimeda SD, Challa S, et al. FISH for EWSR1 in Ewing’s sarcoma family of tumors: experience from a tertiary care cancer center. 

Indian J Pathol Microbiol. 2021;64(1):96–101. doi:10.4103/IJPM.IJPM_267_20
48. Rekhi B, Shetty O, Ramadwar M, et al. Role of fine needle aspiration cytology in the diagnosis of a rare case of a poorly differentiated synovial 

sarcoma with ”Rhabdoid” features, including treatment implications. Diagn Cytopathol. 2017;45(7):662–667. doi:10.1002/dc.23712
49. Asano Y. What can we learn from Fli1-deficient mice, new animal models of systemic sclerosis? J Scleroderma Relat Disord. 2018;3(1):6–13. 

doi:10.1177/2397198318758221
50. Chung GE, Cho EJ, Kim MJ, et al. Association between the fatty liver index and the risk of fracture among individuals over the age of 50 years: 

a nationwide population-based study. Front Endocrinol. 2023;14:1156996. doi:10.3389/fendo.2023.1156996
51. Chen E, Wu J, Huang J, et al. FLI1 promotes IFN-gamma-induced kynurenine production to impair anti-tumor immunity. Nat Commun. 2024;15 

(1):4590. doi:10.1038/s41467-024-48397-9
52. Sato S, Zhang XK, Matsuoka N, et al. Transcription factor Fli-1 impacts the expression of CXCL13 and regulates immune cell infiltration into the 

kidney in MRL/lpr mouse. Lupus Sci Med. 2023;10(1):e000870. doi:10.1136/lupus-2022-000870
53. Liu QH, Zhang K, Feng SS, et al. Rosavin Alleviates LPS-Induced Acute Lung Injure by Modulating the TLR-4/NF-kappaB/MAPK Singnaling 

Pathways. Int J mol Sci. 2024;25(3). doi:10.3390/ijms25031875.
54. Chen X, Wen J, Liu C, et al. KLF4 downregulates FGF21 to activate inflammatory injury and oxidative stress of LPS-induced ATDC5 cells via 

SIRT1/NF-kappaB/p53 signaling. Mol Med Rep. 2022;25(5). doi:10.3892/mmr.2022.12680.
55. Zakharova VV, Pletjushkina OY, Zinovkin RA, Popova EN, Chernyak BV. Mitochondria-Targeted Antioxidants and Uncouplers of Oxidative 

Phosphorylation in Treatment of the Systemic Inflammatory Response Syndrome (SIRS). J Cell Physiol. 2017;232(5):904–912. doi:10.1002/ 
jcp.25626

56. Zhou S, Fan C, Zeng Z, et al. Clinical and Immunological Effects of p53-Targeting Vaccines. Front Cell Dev Biol. 2021;9:762796. doi:10.3389/ 
fcell.2021.762796

57. Lasut-Szyszka B, Rusin M. The Wheel of p53 helps to Drive the Immune System. Int J mol Sci. 2023;24(8):7645. doi:10.3390/ijms24087645
58. Niu X, Martinez L. Harnessing p53 to improve immunotherapy for lung cancer treatment. Cancer Res. 2023;84:179–180.
59. Niu N, Ye J, Hu Z, et al. Regulative Roles of Metabolic Plasticity Caused by Mitochondrial Oxidative Phosphorylation and Glycolysis on the 

Initiation and Progression of Tumorigenesis. Int J mol Sci. 2023;24(8):7076.
60. Zhou S, Xue W, Tan J. Design, Synthesis, and Antirheumatoid Arthritis Mechanism of TLR4 Inhibitors. ACS Omega. 2024;9(34):36232–36241. 

doi:10.1021/acsomega.4c02344

https://doi.org/10.2147/JIR.S507941                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 3122

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.berh.2021.101737
https://doi.org/10.1016/j.berh.2021.101737
https://doi.org/10.1136/rmdopen-2016-000256
https://doi.org/10.1007/s10787-023-01221-0
https://doi.org/10.1007/s10067-024-06882-y
https://doi.org/10.1007/s10067-024-06882-y
https://doi.org/10.3389/fimmu.2023.1232820
https://doi.org/10.1186/s13075-017-1303-3
https://doi.org/10.1093/rheumatology/keab164
https://doi.org/10.2174/0113892010306005240605072550
https://doi.org/10.1016/j.semarthrit.2024.152479
https://doi.org/10.3390/cells13151282
https://doi.org/10.1093/mr/road073
https://doi.org/10.1016/j.apnu.2023.04.001
https://doi.org/10.3760/cma.j.issn.0366-6999.20113093
https://doi.org/10.1111/1756-185X.14830
https://doi.org/10.3390/ijms21155238
https://doi.org/10.1111/1756-185X.14373
https://doi.org/10.1007/s10238-023-01103-3
https://doi.org/10.1002/art.41426
https://doi.org/10.1038/s41598-024-64829-4
https://doi.org/10.1101/2023.03.27.534417
https://doi.org/10.4103/IJPM.IJPM_267_20
https://doi.org/10.1002/dc.23712
https://doi.org/10.1177/2397198318758221
https://doi.org/10.3389/fendo.2023.1156996
https://doi.org/10.1038/s41467-024-48397-9
https://doi.org/10.1136/lupus-2022-000870
https://doi.org/10.3390/ijms25031875
https://doi.org/10.3892/mmr.2022.12680
https://doi.org/10.1002/jcp.25626
https://doi.org/10.1002/jcp.25626
https://doi.org/10.3389/fcell.2021.762796
https://doi.org/10.3389/fcell.2021.762796
https://doi.org/10.3390/ijms24087645
https://doi.org/10.1021/acsomega.4c02344


61. Jiang X, He Y, Zhao Y, et al. Danggui Buxue Decoction exerts its therapeutic effect on rheumatoid arthritis through the inhibition of Wnt/ 
beta-catenin signaling pathway. J Orthop Surg Res. 2023;18(1):944. doi:10.1186/s13018-023-04439-4

62. Caraba A, Stancu O, Crisan V, et al. Anti TNF-Alpha Treatment Improves Microvascular Endothelial Dysfunction in Rheumatoid Arthritis Patients. 
Int J mol Sci. 2024;25(18):9925. doi:10.3390/ijms25189925

63. Lan YY, Wang YQ, Liu Y. CCR5 silencing reduces inflammatory response, inhibits viability, and promotes apoptosis of synovial cells in rat models 
of rheumatoid arthritis through the MAPK signaling pathway. J Cell Physiol. 2019;234(10):18748–18762. doi:10.1002/jcp.28514

64. Zhang M, Lin J, Zhang J, et al. Artesunate inhibits airway remodeling in asthma via the MAPK signaling pathway. Front Pharmacol. 
2023;14:1145188. doi:10.3389/fphar.2023.1145188

65. King LE, Zhang HH, Gould CM, et al. Genes regulating membrane-associated E-cadherin and proliferation in adenomatous polyposis coli mutant 
colon cancer cells: high content siRNA screen. PLoS One. 2020;15(10):e240746. doi:10.1371/journal.pone.0240746

66. Mixon A, Bahar-Moni AS, Faisal TR. Mechanical characterization of articular cartilage degraded combinedly with MMP-1 and MMP-9. J Mech 
Behav Biomed Mater. 2022;129:105131. doi:10.1016/j.jmbbm.2022.105131

67. Kalev-Altman R, Janssen N, Ben-Haim N, et al. The gelatinases, matrix metalloproteinases 2 and 9, play individual roles in skeleton development. 
Matrix Biol. 2022;113:100–121. doi:10.1016/j.matbio.2022.10.002

68. Danalache M, Umrath F, Riester R, et al. Proteolysis of the pericellular matrix: pinpointing the role and involvement of matrix metalloproteinases in 
early osteoarthritic remodeling. Acta Biomater. 2024;181:297–307. doi:10.1016/j.actbio.2024.05.002

69. Shi B, Guo X, Iv A, et al. Polymorphism of MMP-3 gene and imbalance expression of MMP-3 / TIMP-1 in articular cartilage are associated with 
an endemic osteochondropathy, Kashin- Beck disease. BMC Musculoskelet Disord. 2022;23(1):3. doi:10.1186/s12891-021-04952-9

70. Ando W, Hashimoto Y, Yasui H, et al. Progressive Bone Destruction in Rapidly Destructive Coxopathy Is Characterized by Elevated Serum Levels 
of Matrix Metalloprotease-3 and C-Reactive Protein. J Clin Rheumatol. 2022;28(1):e44–e48. doi:10.1097/RHU.0000000000001578

71. Busa P, Huang N, Kuthati Y, et al. Vitamin D reduces pain and cartilage destruction in knee osteoarthritis animals through inhibiting the matrix 
metalloprotease (MMPs) expression. Heliyon. 2023;9(4):e15268. doi:10.1016/j.heliyon.2023.e15268

72. Azarfar K, Yaghmaei P, Amoli MM, et al. Local Insulin-Derived Amyloidosis Model Confronted with Silymarin: histological Insights and Gene 
Expression of MMP, TNF-alpha, and IL-6. Int J mol Sci. 2022;23(9):4952. doi:10.3390/ijms23094952

73. Chen D, Liang Z, Su Z, et al. Selenium-Doped Mesoporous Bioactive Glass Regulates Macrophage Metabolism and Polarization by Scavenging 
ROS and Promotes Bone Regeneration In Vivo. ACS Appl Mater Interfaces. 2023;15(29):34378–34396. doi:10.1021/acsami.3c03446

74. Shu H, Zhao H, Shi Y, et al. Transcriptomics-based analysis of the mechanism by which Wang-Bi capsule alleviates joint destruction in rats with 
collagen-induced arthritis. Chin Med. 2021;16(1):31. doi:10.1186/s13020-021-00439-w

75. Machado ND, Heather LC, Harris AL, et al. Targeting mitochondrial oxidative phosphorylation: lessons, advantages, and opportunities. Br 
J Cancer. 2023;129(6):897–899. doi:10.1038/s41416-023-02394-9

76. Tian J, Luo J, Zeng X, et al. Targeting oxidative phosphorylation to increase the efficacy of immune-combination therapy in renal cell carcinoma. 
J Immunother Cancer. 2024;12(2):e008226. doi:10.1136/jitc-2023-008226

Journal of Inflammation Research                                                                                               

Publish your work in this journal 
The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on 
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis 
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology 
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2025:18                                                                                               3123

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1186/s13018-023-04439-4
https://doi.org/10.3390/ijms25189925
https://doi.org/10.1002/jcp.28514
https://doi.org/10.3389/fphar.2023.1145188
https://doi.org/10.1371/journal.pone.0240746
https://doi.org/10.1016/j.jmbbm.2022.105131
https://doi.org/10.1016/j.matbio.2022.10.002
https://doi.org/10.1016/j.actbio.2024.05.002
https://doi.org/10.1186/s12891-021-04952-9
https://doi.org/10.1097/RHU.0000000000001578
https://doi.org/10.1016/j.heliyon.2023.e15268
https://doi.org/10.3390/ijms23094952
https://doi.org/10.1021/acsami.3c03446
https://doi.org/10.1186/s13020-021-00439-w
https://doi.org/10.1038/s41416-023-02394-9
https://doi.org/10.1136/jitc-2023-008226
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	GEO Database and Metascape Database
	Metascape and Network Analyst Analysis
	Venn Diagrams
	WGCNA Analysis
	KnockTF, JASPAR, and ENCODE Database Analysis
	ROC Curve
	Gene Set Enrichment Analysis (GSEA) and Molecular Signatures
	Immune-Infiltration Analysis
	RA Specimen Sources and RA-FLS Cell Lines
	Grouping
	Laboratory Index Testing
	qRT-PCR
	Cell Proliferation Assay
	Flow Cytometry Analysis
	Statistical Analysis

	Results
	Screening and Enrichment Analysis of DEGs in RA
	The Significant Upregulation of FLI1 in RA
	FLI1 Expression in RA
	Clinical Correlational Analysis of FLI1 and RA-Related Immuno-Inflammatory Indicators
	Identification of RA Synoviocyte-Associated Gene Modules and Key Genes
	Receiver-Operating Characteristic (ROC) Curve Analysis of AGA, DCK, LRRC15, MAN2A1, and TES and GSEA-KEGG Analysis
	Immune Infiltration Analysis of RA and AGA, DCK, LRRC15, MAN2A1, and TES
	Effects of Interfering With FLI1 on AGA, DCK, LRRC15, MAN2A1, and TES in RA Synoviocytes
	Effect of FLI1 Interference on RA Synovial Cell Function

	Discussion
	Conclusion
	Data Sharing Statement
	Consent for Publication
	Institutional Review Board Statement
	Informed Consent Statement
	Author Contributions
	Funding
	Disclosure

