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CORO1A links in�ammatory
chondrocyte subpopulations to
immune microenvironment
alterations in osteoarthritis:
an integrative multi-omics
and single-cell study
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Jinmin Zhao3, Linke Huang1*, Jun Hou3,6* and Zhen Tan1*

1Department of Orthopedics, The Second Af�liated Hospital of Guangxi Medical University, Guangxi Medical
University, Guangxi, China, 2Guangxi Key Laboratory of Regenerative Medicine, Guangxi Medical University,
Guangxi, China, 3The First Af�liated Hospital of Guangxi Medical University, Guangxi Medical University,
Guangxi, China, 4Emergency Department of Yunjing Mountain Hospital, Wuhan, China, 5Emergency
Department of Jiangxia District First People’s Hospital, Wuhan, China, 6Guangxi Diabetic Foot Salvage
Engineering Research Center, Guangxi Medical University, Nanning, China
Aim: Osteoarthritis (OA) is increasingly understood as a condition in�uenced by
the diversity of chondrocytes and immune system dysfunction; however, the
speci�c molecular elements connecting distinct chondrocyte populations to the
immune environment remain inadequately explored. The protein CORO1A,
associated with the cytoskeleton and implicated in immune regulation, has not
been thoroughly investigated in the context of OA or through single-cell analysis.
Approach: We employed multi-omics techniques alongside single-cell RNA
sequencing, supported by experimental validation using human OA cartilage
samples, a murine model of medial meniscus destabilization (DMM), and in vitro
in�ammatory chondrocyte models to elucidate the expression patterns and
functional signi�cance of CORO1A in OA.
Findings: The CORO1A gene is recognized as signi�cantly expressed in
osteoarthritic cartilage. Transcriptomic evaluations reveal that CORO1A is
predominantly expressed in in�ammatory and proliferative chondrocyte
subpopulations, while showing lower levels in other chondrocyte types,
underscoring the speci�city of these groups. The upregulation of CORO1A is
associated with increased in�ltration of various immune cells, including M2
macrophages, plasma cells, and natural killer cells, and is linked to the activation
of IL-6/JAK-STAT3 and TNF-a/NF-kB signaling pathways. Additionally,
experimental data indicate that CORO1A is markedly elevated in the cartilage
regions affected by osteoarthritis in both humans and mice. In terms of its
function, the expression of CORO1A in primary chondrocytes is enhanced by
in�ammatory stimuli, while its suppression leads to reduced MMP13 expression
and diminished chondrocyte migration. Conclusion: This study identi�es CORO1A
as a regulator speci�c to subpopulations within the immune microenvironment,
connecting immune remodeling to both in�ammatory and proliferative
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2026.1820391/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1820391/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1820391/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1820391/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1820391/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1820391/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2026.1820391&domain=pdf&date_stamp=2026-06-11
mailto:flextz@126.com
mailto:hj@sr.gxmu.edu.cn
mailto:huanglinke28@sr.gxmu.edu.cn
https://doi.org/10.3389/fimmu.2026.1820391
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2026.1820391
https://www.frontiersin.org/journals/immunology


Liang et al. 10.3389/fimmu.2026.1820391

Frontiers in Immunology
chondrocytes in OA. Considering the diversity of chondrocytes, the presence of
immune cells, and catabolic processes, our results emphasize the signi�cance of
CORO1A as a mechanistic factor contributing to cartilage degradation, suggesting
its potential as a therapeutic target for OA.
KEYWORDS

bioinformatics analysis, chondrocytes, CORO1A, immune microenvironment,
osteoarthritis, therapeutic targets
1 Introduction

Osteoarthritis (OA) is a long-lasting and degenerative joint
condition marked by the gradual deterioration of articular cartilage
(1). This ailment primarily affects the body’s weight-bearing joints,
such as the knees and hips. As the condition advances, individuals
experience signi�cant pain, functional limitations, and reduced
mobility, placing a considerable strain on global healthcare systems
(2, 3). Knee osteoarthritis (KOA), the most common form of OA, is
particularly alarming due to its status as a leading cause of disability
worldwide (4). Despite its high prevalence and considerable socio-
economic impact, existing treatment methods largely offer only
symptom relief. The main aim of these approaches is to alleviate
symptoms and slow disease progression rather than address the
underlying structural or functional joint issues (5–7). There is a
signi�cant gap in understanding the molecular mechanisms that
contribute to the onset and advancement of osteoarthritis.
Therefore, it is crucial to investigate the underlying factors involved,
which could pave the way for the development of innovative
and effective treatment options that go beyond mere symp-
tom management.

The progression of osteoarthritis (OA) is in�uenced not only by
cartilage deterioration but also by complex interactions among
various chondrocyte populations and the immune microenviron-
ment (8). Recent studies indicate that communication between
immune cells—such as macrophages, T cells, and natural killer
(NK) cells—and cartilage plays a signi�cant role in both cartilage
damage and repair, rather than merely participating in in�amma-
tory responses (9, 10). Recent studies indicate that communication
between immune cells—such as macrophages, T cells, and natural
killer (NK) cells—and cartilage plays a signi�cant role in both
cartilage damage and repair, rather than merely participating in
in�ammatory responses. These immune cells are crucial in regu-
lating the remodeling of the extracellular matrix, which involves
matrix metalloproteinases (MMPs); their activity must be carefully
controlled to maintain a balance between cartilage degradation and
regeneration (11). Importantly, M2 macrophages release anti-in-
�ammatory cytokines and growth factors like IGF1 and PDGF,
which are also activated during the adaptive immune response in
the context of OA (12, 13). Nevertheless, despite growing awareness
of chondrocyte diversity and the immune microenvironment’s role
in OA, the speci�c regulatory molecules that govern immune cell
polarization related to cartilage repair have yet to be identi�ed.

CORO1A is a crucial protein within the cytoskeleton and
belongs to the Coronin protein family, which plays signi�cant
roles in various functions, including the movement of immune
02
cells, development of the cytoskeleton, and signaling pathways.
These processes are vital for maintaining immune readiness and
initiating appropriate in�ammatory responses, as highlighted in
recent studies (14, 15). In addition to its fundamental cellular roles,
CORO1A is increasingly recognized as a pivotal regulator of
in�ammation and tissue remodeling driven by immune activity.
A notable aspect of CORO1A’s function is its dependence on b2
integrin for the adhesion, spreading, and migration of neutrophils
under �ow conditions, underscoring its essential role in the early
stages of in�ammatory responses (16).

Additionally, CORO1A has emerged as a key immune-related
regulator in in�ammatory joint disorders, with gene ontology (GO)
terms and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways associated with CORO1A showing signi�cant enrichment
in in�ammation and immune signaling. This highlights its potential
involvement in the dynamic remodeling of the pathological
immune microenvironment (17). Beyond its in�ammatory role,
CORO1A has been recognized as a modulator of bone resorption,
in�uencing lysosomal secretion and protease release in osteoclasts.
This suggests a crucial link between immune cell activity and the
mechanisms of bone remodeling (18). Furthermore, alterations in
CORO1A expression have been observed in the early stages of
osteoarthritis (OA) within both subchondral bone and synovial
�uid. These changes are closely associated with in�ammatory
activity and disease progression, reinforcing the signi�cance of
CORO1A in the pathophysiology of OA (19–21).

A key area that warrants further investigation is the role of
CORO1A in regulating immune cell activity within the osteoarthri-
tis (OA) immune microenvironment, as well as its speci�c contri-
butions to cartilage repair mechanisms and disease progression. To
comprehensively explore this topic, we undertake a thorough
examination of CORO1A’s involvement in OA, combining bioin-
formatics approaches with experimental validation. Initially, we
pinpoint immune-related genes that show differential expression in
OA, elucidating their relationship with CORO1A and signi�cant
immune-regulatory pathways through Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses. Subsequently, we identify the immune cell populations
most closely associated with CORO1A expression via immune
in�ltration analyses, with particular emphasis on macrophage
polarization, the activity of plasma cells, and the role of natural killer
(NK) cells in relation to this protein. Ultimately, we investigate the
potential functional roles of CORO1A in altering the immune
microenvironment of OA and its implications for cartilage repair
processes. Collectively, our �ndings position CORO1A as a previ-
ously overlooked immunoregulatory element in the OA context,
frontiersin.org

https://doi.org/10.3389/fimmu.2026.1820391
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liang et al. 10.3389/fimmu.2026.1820391
offering new insights into its mechanisms and paving the way for
potential clinical strategies to modulate immune responses.
2 Results

2.1 Osteoarthritic cartilage exhibits a
distinct and coordinated transcriptional
signature

To investigate the relationship between osteoarthritis (OA)
and the overall changes in gene expression, rather than focusing
solely on individual transcriptional variations, we analyzed the
cartilage transcriptomes from the GSE286154 dataset, comparing
OA samples with control samples. Our differential expression
analysis revealed 778 genes with signi�cant dysregulation, com-
prising 557 that were upregulated and 221 that were downregu-
lated. This pattern indicates a broad activation of transcription in
cartilage affected by OA (Figure 1A). Additionally, the relative
expression levels of the top 50 upregulated and 50 downregulated
DEGs across the OA and control samples were visualized using a
heatmap (Figure 1B). These �ndings underscore the unique
and reproducible molecular characteristics of OA cartilage.
Collectively, these results imply that OA is marked by a consistent
reorganization of transcription, laying a strong foundation for
further functional annotation and network-level studies aimed at
identifying key regulators associated with the condition.
Frontiers in Immunology 03
2.2 Transcriptional changes linked to OA
focus on immune control and
microenvironmental

Interaction Pathways To explore the biological themes that eluci-
date the consistent transcriptional alterations seen in osteoarthritic
cartilage, we conducted an enrichment analysis of the differentially
expressed genes (DEGs) utilizing Gene Ontology (GO) and the Kyoto
Encyclopedia of Genes and Genomes (KEGG). Rather than being
scattered across various unrelated cellular functions, these genes
exhibited a pronounced tendency towards activities associated with
immune responses and interactions within the microenvironment,
such as chemotaxis, taxis, cell-cell adhesion, promotion of cell adhe-
sion, and regulation of leukocyte growth (Figure 1C). At the level of
cellular components, the enriched terms were primarily linked to the
outer regions of the plasma membrane, collagen-rich extracellular
matrix, and the membranes of secretory granules, underscoring their
signi�cant role in communication between cells and between cells and
the matrix. Additionally, the terms related to molecular functions
encompassed immune receptor activity, integrin binding, extracellular
matrix interaction, and protein-glycan binding, thereby emphasizing
the concept of modi�ed immune-matrix interactions in cartilage
affected by OA.

The results of the KEGG pathway analysis reveal a notable
enrichment in signaling pathways crucial for the regulation of the
immune system and the microenvironment. This encompasses path-
ways such as the PI3K-Akt signaling pathway, interactions between
FIGURE 1

Differential expression analysis reveals distinct transcriptional pro�les. (A) A volcano graph showed that 778 DEGs were identi�ed between the
samples of osteoarthritis (OA) and control groups. The genes that were upregulated were highlighted in red and those that were downregulated
were highlighted in blue. (B) The clusters were shown as a heat map which was used to represent the expression level of the top 50 and the bottom
50 differentially expressed genes (DEGs). (C) GO enrichment analysis of the 621 GO-annotated DEGs among the 778 identi�ed DEGs showing the
top ten enriched terms in biological process (BP), cellular component (CC), and molecular function (MF) categories. (D) KEGG enrichment analysis of
the 778 signi�cant genes identi�ed the signaling pathways that were related to these important genes.
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cytokines and receptors, as well as cell adhesion molecules (CAMs)
(Figure 1D). Overall, these enrichment �ndings suggest that immune
regulation, the relay of in�ammatory signals, and interactions with the
extracellular matrix are fundamental biological processes that initiate
transcriptional changes associated with OA. This underscores the
importance of a network-based approach to pinpoint essential regula-
tory genes that govern these mechanisms.

2.3 Analysis of weighted gene co-
expression networks reveals a gene
module linked to OA

In order to investigate the coordinated gene expression patterns
relevant to osteoarthritis, we developed a weighted gene co-expres-
sion network utilizing the complete expression dataset from
GSE286154. The initial evaluation involved clustering the samples
to assess data quality and identify any potential outliers (Figure 2A).
This analysis revealed that a topology could be established, achiev-
ing an approximate scale-free property with R2>0.85 at a soft-
thresholding power of b=11, which facilitated the formation of a
biologically meaningful network with suf�cient gene connectivity
Frontiers in Immunology 04
(Figure 2B). We performed gene clustering based on topological
overlap to create hierarchical co-expression modules, each repre-
sented by distinct colors (Figure 2C). To pinpoint the modules
relevant to the disease, we analyzed the correlations between
module eigengenes and the osteoarthritis phenotype. Among the
modules examined, the turquoise module exhibited the strongest
positive correlation with osteoarthritis (Figures 2D, E), suggesting
that the genes within this module may be crucial in the molecular
processes of OA. As a result, this module was chosen for further
investigation of hub genes and their functional roles.

2.4 Identi�cation of CORO1A as a potential
gene linked to OA via network-centric hub
gene evaluation

Recognizing that transcriptional alterations linked to osteoarthritis
(OA) are associated with immune response pathways and interactions
within the microenvironment, we aimed to pinpoint the crucial
regulators that might orchestrate these processes at the network level.
By integrating intramodular connectivity (kWithin) with gene signif-
icance (GS), we identi�ed the top 100 hub genes and cross-referenced
FIGURE 2

Identi�cation and validation of key genes in osteoarthritis. (A) Clustering tree depicting eight Control samples alongside eight OA samples. (B) Evaluation of
the scale-free �t index (left) and average connectivity (right) for a range of soft-thresholding powers. (C) Dendrogram displaying gene clusters arranged
according to the dissimilarity of the topological overlap matrix, with color bands denoting recognized co-expression modules. (D) Heatmap illustrating
correlations between module eigengenes and the OA phenotype. (E) Scatter plot comparing gene signi�cance for OA to module membership within the
turquoise module. (F) Venn diagram representing the intersection of 778 differentially expressed genes with the top 100 hub genes identi�ed from the
turquoise module. (G) Network of protein-protein interactions for the overlapping genes constructed using the STRING database. (H) Candidate hub genes
identi�ed by the CytoHubba plugin based on betweenness and stress centrality metrics. (I) Analysis of the relationship between intramodular connectivity
(kWithin) and absolute gene signi�cance (|GS|) across all modules, with CORO1A distinctly highlighted (Pearson r = 0.569).
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them with previously identi�ed differentially expressed genes (DEGs),
resulting in 97 common candidates (Figure 2F). This method of overlap
ensured that our subsequent analyses concentrated on genes that were
not only signi�cant within the co-expression network but also exhibited
transcriptional dysregulation during OA.

To clarify the functional relationships among the selected
candidates, we developed a protein-protein interaction (PPI) net-
work utilizing the STRING database. Analyzing the network’s
topology showed a high degree of interconnectivity at its core,
indicating the presence of essential regulatory nodes. By employing
the CytoHubba plug-in, we ranked the genes based on two criteria:
betweenness centrality and stress centrality, which assess the gene’s
capacity to in�uence information �ow within the network. The
overlap of the top 40 genes identi�ed through both metrics resulted
in a collection of 39 reliable hub candidates (Figure 2H).

Among the potential hub candidates, CORO1A stood out due to its
signi�cant concentration of various analytical metrics, such as its
position within a module, its connections to other nodes, and its
association with diseases. Among the potential hub candidates,
CORO1A stood out due to its signi�cant concentration of various
analytical metrics, such as its position within a module, its connections
to other nodes, and its association with diseases. Notably, at the
pathway level, these genes showed enrichment in immune and
in�ammatory pathways, encompassing phagosome, cell adhesion
molecules (CAMs), systemic lupus erythematosus, rheumatoid arthri-
tis, and graft-versus-host disease (Figure 3A). Furthermore, a functional
enrichment analysis revealed that CORO1A and its co-expressed
neighbors were signi�cantly associated with immune-related biological
processes, including leukocyte proliferation, modulation of immune
effector processes, leukocyte-mediated immunity, monocyte prolifera-
tion, and phagocytosis (Figure 3B).
Frontiers in Immunology 05
In summary, the �ndings from the network analysis highlight
CORO1A as a crucial hub linking immune activation, in�ammatory
signaling, and cell interaction pathways that play a signi�cant role
in osteoarthritis progression. Due to its prominent centrality within
the network, consistent differential expression, and potential role in
immune-related joint disorders, CORO1A has been identi�ed as the
primary candidate gene for further experimental investigation.

2.5 CORO1A high expression correlates
with pro-in�ammatory and pro-�brotic
signaling programs

In order to explore the biological processes associated with
elevated CORO1A expression, we performed a comparative analysis
of global pathway activities in osteoarthritis (OA) samples exhib-
iting high versus low levels of CORO1A through Gene Set
Enrichment Analysis (GSEA). Rather than identifying individual
pathway alterations, our �ndings revealed that increased CORO1A
expression was consistently associated with a synchronized upreg-
ulation of in�ammatory responses, stress-related mechanisms, and
tissue remodeling activities.

Among the gene sets that showed the highest enrichment in
samples exhibiting elevated CORO1A levels, notable pathways
included IL6-JAK-STAT3 signaling (NES = 2.83, FDR < 0.001),
In�ammatory Response (NES = 2.49, FDR < 0.001), and TNF-alpha
signaling through NF-kB (NES = 1.68, FDR < 0.001) (Figure 3C).
Additionally, pathways associated with structural changes and
�brotic activation were also prominently enriched, such as
Epithelial-Mesenchymal Transition (NES = 2.24, FDR < 0.001)
and Apoptosis (NES = 1.97, FDR = 0.001). The simultaneous
activation of in�ammatory and mesenchymal-like pathways
FIGURE 3

Analysis of functional enrichment for co-expressed genes located near CORO1A and a single-gene GSEA enrichment evaluation. (A) KEGG and
(B) GO co-expressed genes around CORO1A enrichment analysis. (C) GSEA revealed that there was a remarkable increase in the in�ammatory
remodeling hallmark pathways e.g. IL6-JAK-STAT3 signaling, in�ammatory response, epithelial-mesenchymal transition, TNF-a -NF-kB signaling and
apoptosis in samples with an increase in CORO1A expression.
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indicates that elevated CORO1A expression is associated not only
with immune responses but also with catabolic and pro-�brotic
cellular conditions linked to cartilage damage and joint remodeling.

In summary, the �ndings across the entire system suggest that
the expression of CORO1A is useful for categorizing OA samples
within a distinct spectrum characterized by pro-in�ammatory and
pro-remodeling traits, providing a mechanistic understanding of its
link to immune in�ltration and the severe disease characteristics
noted in subsequent evaluations.

2.6 Single-cell transcriptomics reveals
preferential enrichment of CORO1A in
in�ammatory and proliferative
chondrocyte subpopulations

In order to investigate whether the increased expression of
CORO1A noted in large-scale transcriptomic studies of osteoar-
thritic cartilage indicates speci�c regulatory mechanisms at the
Frontiers in Immunology 06
single-cell level, we analyzed single-cell RNA sequencing (scRNA-
seq) data from both normal and osteoarthritic cartilage samples
(GSE169454). Following rigorous quality control measures, we
identi�ed 52,374 high-quality cells for subsequent analysis.

Through the application of unsupervised clustering techniques,
we have successfully identi�ed nine major groups of transcription-
ally unique cell populations within the dataset, with chondrocytes
emerging as the predominant cell type (Figures 4B–D). In the
chondrocyte compartment, we recognized eight distinct subpopu-
lations based on the expression of canonical marker genes and
automated annotation methods. These subpopulations include
in�ammatory chondrocytes (InfC), proliferating chondrocytes
(ProC), hypertrophic-like chondrocytes (HTC), homeostatic
chondrocytes (HomC), precursor chondrocytes (PreC), �brocarti-
lage chondrocytes (FC), along with several other minor groups
(Figures 4E, F).

Crucially, the expression of CORO1A demonstrated a notable
selectivity for speci�c cell types, with a signi�cant lack of enrichment
FIGURE 4

Single-cell transcriptomic landscape of normal and osteoarthritic (OA) cartilage. (A) 52,374 cells and 23,830 genes remained to analyze, on the basis
of quality control: the 2,000 most highly variable genes (HVGs) were chosen in the top 2,000. (B) Elbow plot: visual plot used to calculate the
dimensionality (number of principal components) to be used in downstream analysis. (C) Visualization of batch effect correction across samples
using harmony integration. (D) Non-linear dimensionality reduction visualizations of the integrated dataset via UMAP (left) and t-SNE (right), revealing
9 transcriptionally distinct cell clusters. (E) The cell type annotation on UMAP projections (left) and expression of CORO1A (right) pattern. (F) Dot plot
of the canonical marker genes of the annotated cell types. (G) Expression of CORO1A in the subpopulations of chondrocytes. Violin plots
demonstrate the distribution in all the cells (top) and in the CORO1A+ cells (bottom) only. clusters InfC (in�ammatory), HTC (hypertrophic-like), ProC
(proliferating), RegC (regulatory), HomC (homeostatic), PreC (precursor), FC (�brocartilage). (H,I) Comparison of CORO1A expression level in the
Control group and OA group in all cells (H) and in CORO1A+ cells alone (I). Box plots display interquartile range and median; p-values are displayed
(Wilcoxon rank-sum test).
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in the chondrocyte population (Figure 4E). Upon examining various
chondrocyte subtypes, it became evident that the expression levels of
CORO1A were markedly elevated in these speci�c subtypes, which
are known to contribute to in�ammation associated with osteoar-
thritis (OA) and impaired cartilage remodeling. Additionally, our
�ndings revealed that CORO1A was expressed at much higher levels
in OA samples compared to control samples, both in the overall
chondrocyte population and within the subset of cells that express
CORO1A (Figures 4H, I).

Investigation on individual cells has revealed that the expression
of CORO1A in osteoarthritis varies among chondrocytes, being
particularly elevated in certain in�ammatory and proliferative
subgroups. This indicates that CORO1A plays a role in activating
chondrocytes that contribute to the progression of OA.

2.7 CORO1A is elevated in degenerated
cartilage found in human OA and
experimental models

To con�rm the cellular �ndings from single-cell analysis within
the tissue context, we assessed the natural expression of CORO1A
in the cartilage of individuals with osteoarthritis and in a mouse
model of the disease. Cartilage samples were obtained from patients
undergoing total knee replacement surgery, with areas of intact and
damaged cartilage identi�ed based on anatomical location and
visual characteristics (Figure 5A). Western blot analysis of these
samples revealed a marked increase in CORO1A protein levels in
damaged cartilage (Figures 5B, C). Consistently, immunohisto-
chemical staining demonstrated a notable increase in the number
of CORO1A-positive chondrocytes in the damaged regions com-
pared to less affected areas (Figure 5D).

To validate these �ndings in a controlled setting, we employed
the destabilization of the medial meniscus (DMM) mouse model.
As expected, the DMM procedure led to signi�cant cartilage
deterioration and a reduction in proteoglycans, as evidenced by
elevated OARSI scores (Figure 5G). Importantly, both conditions of
cartilage affected by DMM exhibited a considerable increase in the
proportion of CORO1A-positive chondrocytes compared to control
samples, indicating that the presence of CORO1A-positive
chondrocytes in degenerated cartilage is a notable aspect of osteo-
arthritis pathology (Figures 5H, I). In summary, the results indicate
that the upregulation of CORO1A is a consistent observation in
both human osteoarthritis and the mouse model.

2.8 CORO1A expression relates to a pro-
in�ammatory immune microenvironment
in OA

Given the notable connections between CORO1A levels and
in�ammatory states in chondrocytes, we proceeded to investigate if
CORO1A levels are linked to overall alterations in the immune
microenvironment within osteoarthritic joints. We analyzed the
proportions of 22 immune cell subtypes in osteoarthritis samples
through CIBERSORT deconvolution applied to bulk transcriptomic
data (see Figures 6A, B). The immune structure of OA cartilage
exhibited considerable diversity, predominantly featuring macro-
phages, T cells, and B cells.
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When analyzing lineage cells, signi�cant differences in immune cell
composition emerged based on CORO1A expression levels. Notably,
samples with elevated CORO1A expression exhibited a marked rise in
the in�ltration of M2 macrophages, plasma cells, and activated NK
cells, while showing a decrease in naive B cells and inactive mast cells
(Figures 6C, D). These immune cell subsets are crucial for chronic
in�ammation, antibody-driven immune responses, and tissue remod-
eling in osteoarthritis. This �nding reinforces the connection between
CORO1A and an enhanced immune environment that favors osteo-
arthritis, highlighting its role as a molecular link between chondrocyte
dysfunction and immune-related pathology.

2.9 CORO1A enhances catabolic behavior
and chondrocyte mobility in in�ammatory
settings

To investigate the function of CORO1A in chondrocyte behav-
ior, we employed an in�ammatory model using IL-1b in primary
mouse chondrocyte cultures. Immuno�uorescence analysis revealed
a notable increase in CORO1A protein levels following IL-1b
treatment (Figures 7A, B). Notably, the reduction of CORO1A
resulted in a signi�cant decline in MMP13 expression induced by
IL-1b (Figure 7D). To con�rm CORO1A’s active involvement in
these processes, we conducted a knockdown using siRNA. Among
the three siRNAs evaluated, si-673 proved to be the most effective in
diminishing CORO1A expression and was chosen for subsequent
experiments (Figure 7E).

The involvement of CORO1A in the catabolic processes of
chondrocytes during in�ammation was investigated. Given that
CORO1A regulates the cytoskeletal structure, we assessed its impact
on chondrocyte movement. Our wound-healing assays revealed a
notable reduction in the migration ability of chondrocytes with
CORO1A knockdown at both the 24 and 48-hour marks post-
scratch injury (Figures 7F, G).

In summary, our �ndings suggest that CORO1A acts as a
mediator of catabolism and aids in the movement of chondrocytes
during in�ammation, thereby reinforcing the theory that CORO1A
promotes harmful cellular processes associated with the develop-
ment of osteoarthritis.
3 Discussion

Osteoarthritis (OA) is acknowledged as a widespread joint
disorder characterized by cartilage degradation, synovial in�amma-
tion, and subchondral bone alterations. To comprehend the reasons
behind the inability of cartilage to sustain homeostasis as OA
progresses, it is important to identify factors linking in�ammatory
signaling to changes in chondrocyte behavior (22, 23).

Our bioinformatics analysis identi�ed immune-regulatory, cyto-
kine-receptor, PI3K-Akt, and cell adhesion-related pathways as major
features of osteoarthritic cartilage. These enrichment results suggest
that OA-associated transcriptional changes are not driven solely by
classical in�ammatory cytokines such as IL-1b and TNF-a, but are also
linked to cell survival, adhesion, extracellular matrix interactions, and
potentially motility-related processes. Consistently, clinical trials of
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biologic anti-in�ammatory agents in hand OA, including TNF inhib-
itors, have shown limited symptomatic ef�cacy, suggesting that OA-
related in�ammatory-catabolic responses cannot be fully explained by
canonical cytokine-driven in�ammation alone (24). In this context,
CORO1A-related changes may represent part of a broader network
linking in�ammatory signaling, adhesion/cytoskeletal remodeling, and
chondrocyte state changes, rather than merely a common in�amma-
tory signature.

Our focus on CORO1A stems from the pivotal role that coronin
proteins play in linking actin dynamics and signal transduction (14,
25). Although CORO1A has been extensively examined in immune
contexts, particularly regarding its capacity to in�uence receptor
Frontiers in Immunology 08
signaling and cytoskeletal organization (26), its signi�cance in the
context of osteoarthritis (OA) cartilage remains inadequately de�ned.
Our �ndings suggest that CORO1A may also be relevant to cartilage
pathology beyond its established role in immune-related cytoskele-
tal regulation.

In both human osteoarthritic cartilage and the DMM model, a
consistent increase in CORO1A levels was noted, indicating an
association with a degenerative-in�ammatory cartilage state.
Notably, in certain DMM cases, a rise in CORO1A staining was
observed alongside increased cartilage damage (see Supplementary
Figure 2). While these instances were insuf�cient for subgroup
analysis, these observations are consistent with an association
FIGURE 5

CORO1A is upregulated in osteoarthritic cartilage. (A) Cartilage tissues of the tibial plateau in patient-based schematic diagram. (B) CORO1A western
blotting in comparatively intact and damaged cartilage. (C) Gray value analysis of Western blotting as in (B), n=3 in each group. (D) Representative
images of Safranin O/Fast Green staining of human OA articular cartilage and CORO1A immunohistochemical (IHC) staining of serial sections of
human OA articular cartilage. (E) Quanti�cation of CORO1A-positive chondrocytes as a percentage of total chondrocytes in intact cartilage and
damaged cartilage of OA disease cases. Scale bars: 100 mm. n=8 per group. (F) Schematic illustration of experimental design of DMM mice. (G) HE
staining, Safranin O/Fast Green staining, and immunohistochemical (IHC) staining of CORO1A of DMM mice articular cartilage representative images
were used. (H) Statistical analysis of OARSI scores. (I) CORO1A-positive chondrocytes were analyzed quantitatively, according to the SO/FG and IHC
staining. n=4 in every group. *p < 0.05, ** p < 0.01, ***p < 0.001, **** p < 0.0001.
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