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Introduction
Bacterial keratitis is a common ocular infection and one 
of the leading causes of irreversible corneal blindness.1 Its 

increasing incidence can be attributed to ocular trauma 
and the excessive use of contact lenses.2 Subsequently, 
microbial infections may progress to corneal ulceration 
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Abstract
Introduction: Bacterial keratitis refers to a prevalent 
sight-threatening ophthalmologic infection. Owing 
to the challenge of antimicrobial resistance in treating 
bacterial keratitis, novel therapeutic strategies 
are needed. Resolvin D1 (RvD1), an endogenous 
lipid mediator, exhibits anti-inflammatory and 
immune-regulatory effects. The present study was 
aimed at investigating whether RvD1 alleviates 
lipopolysaccharide-induced inflammation to 
protect corneal fibroblasts and explore its potential 
mechanisms.
Methods: In this study, Raw264.7 cells were polarized 
towards M1 or M2 macrophages by the addition of lipopolysaccharides LPS or interleukin (IL)-4, 
respectively, and were treated with or without RvD1. Flow cytometry and Western blot were used 
to determine the expression of M1 and M2-related markers. EdU assay and trans-well assay were 
performed to detect the proliferation and migration ability of corneal fibroblasts. Bioinformatics 
analysis (GO and KEGG) of RNA-seq was applied to explore the RvD1-related signaling pathways. 
siRNA-c-Fos was further used to confirm the role of Fos expression in RvD1-mediated macrophage 
polarization. Flow cytometry and Western blotting analysis were performed to demonstrate 
that RvD1 alleviated LPS-induced inflammation by suppressing M1 macrophage polarization, 
facilitating M2 macrophage polarization, and increasing corneal fibroblast proliferation. 
Bioinformatics analysis identified PI3K-AKT, IL-17, and MAPK signaling pathways as potential 
targets of RvD1 in corneal inflammation.
Results: Enrichment analysis indicated that the RvD1 target gene showed a strong relationship 
to the regulation of macrophage polarization. RvD1 highly upregulated M2 macrophages by 
promoting c-Fos expression and enhanced the proliferation and migration of mouse corneal 
fibroblasts through modulating c-Fos expression.
Conclusion: Our findings reveal that RvD1 conferred protective effects against LPS-induced 
inflammation by enhancing M2 macrophage polarization through the promotion of c-Fos 
expression. Thus, RvD1 may be a potential therapeutic compound for enhancing corneal fibroblast 
proliferation and migration while attenuating inflammation.
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and perforation, potentially leading to severe vision 
loss. Meanwhile, antimicrobial resistance is prevalent 
in bacterial keratitis. Hence, there is an urgent need to 
explore practical strategies for treating bacterial keratitis.3,4

Macrophages are essential in immune defense, 
self-stabilization, and surveillance, and exhibit two 
phenotypes, namely M1 and M2 macrophages.5 M1 
macrophages produce cytokines, which include tumor 
necrosis factor-α (TNF-α), inducible nitric-oxide 
synthase (iNOS), and CD86, which are crucial for pro-
inflammatory effects.6 Conversely, M2 macrophages 
release cytokines, including interleukin (IL)-10, 
Arginase 1 (Arg-1), and CD206, which primarily play 
an anti-inflammatory role and have beneficial effects on 
keratitis.7,8 M2 macrophages promote wound healing, 
thereby preventing severe immunopathology.9 Arg-1 
and CD206 are mostly engaged in the modulation of the 
anti-inflammatory response and tissue remodeling in 
the host, which are the two main polarization directions 
of activated macrophages.10 Furthermore, the precise 
regulation and balance between M1 and M2 homeostasis 
are essential in the modulation of acute inflammation. 
Therefore, understanding how to regulate macrophage 
differentiation effectively is of great value for developing 
a novel therapeutic strategy to manage bacterial keratitis. 
Resolvin D1 (RvD1), as a specialized pro-resolving 
mediator produced from docosahexaenoic acid, an 
omega-3 polyunsaturated fatty acid in the body, exerts 
anti-inflammatory and immunomodulatory properties.11 
These receptors have been widely distributed on the 
cell surface of various human tissues. RvD1 exhibits its 
biological actions through the mediation of Orphan 
GPR32 and ALX/FPR2.12 By reducing the infiltration 
of inflammatory cells, RvD1 may ultimately achieve 
anti-inflammatory effects and tissue regeneration, 
thus hindering the secretion of inflammatory factors 
and promoting macrophage polarization.13,14 RvD1 
is highly expressed in the corneal epithelium and 
induces macrophage polarization to the M2-type, 
further promoting corneal inflammation resolution.12 

15 Treatment with RvD1 could inhibit the secretion of 
TNF-α, IL-6, and IL-8 in human corneal epithelial cells.16 
By modulating anti-inflammatory cytokines, including 
IL-10, RvD1 enhanced M2 polarization in LPS-induced 
bacterial keratitis mouse models. 17 Our study aimed to 
address these literature gaps.

Using an LPS-induced inflammatory animal model, this 
work aimed at examining the regulatory function of RvD1 
and exploring its mechanism of modulating macrophage 
polarization. Bioinformatics analysis was performed to 
predict the potential signaling pathways of RvD1. This study 
provides valuable insights into the immunopathogenesis 
of corneal inflammation, and its findings may contribute 
to the development of novel therapeutic strategies for the 
management of bacterial keratitis.

Materials and Methods
Reagents
RvD1 (Cat#: 10012554) was supplied by Cayman Chemical 
(Michigan, USA). IL-4 (Cat#: 200-04 and 214-14) was 
obtained from PeproTech (New Jersey, USA), and LPS 
(Cat#: MB5198) was from Meilun Biotechnology Co., Ltd. 
(Dalian, China).

Cell culture
Murine (mouse) macrophage cell line (Raw264.7) and 
Tohoku Hospital pediatrics-1 (THP-1) cells were acquired 
from the Cell Bank, Chinese Academy of Sciences. 
Mouse corneal fibroblast (MCF) cells were bought from 
Yuchun Biotechnology Co., Ltd. (Shanghai, China). 
Dr. He (Jiangsu Provincial People’s Hospital, Nanjing, 
China) provided the human umbilical vein endothelial 
cells (HUVECs). Raw264.7 cells were cultivated in 
Dulbecco’s modified Eagle medium (DMEM) (11995500, 
Gibco, China), while THP-1 cells were cultivated in 1640 
medium (Cat#:11875500, Gibco, China). The DMEM and 
1640 medium were added with 10% fetal bovine serum 
(Cat#: FB25015, CLARK Bioscience, USA). MCFs were 
maintained in a special culture medium (Cat#: CCR0194, 
Yuchun Bio) and human umbilical vein endothelial cells 
(HUVECs) in endothelial cell medium (ECM) (Cat#: 
1001, Sciencell). Cells were cultured until 80% confluence 
at 37°C with 5% CO2.

18

Treatment of cultured cells
Raw264.7 cells were subject to treatment with IL-4 (10 
ng/mL) or co-treated with RVD1 (100 nM) for 24 hours; 
at the same time, the cells were treated with LPS (100 n/
mL) or RVD1 was co-treated with LPS for 24 hours. Then 
the cells were collected and the proteins were extracted 
for subsequent detection. Raw264.7 and THP-1 cells 
were transfected with siRNA-c-Fos (target sequence: 
5’CGAGCAGATGAACTTAACAAT3’) to inhibit c-Fos 
expression. The transfected Raw264.7 cells were subject to 
treatment with IL-4 or RvD1 and co-cultured with MCFs 
to detect cell migration and proliferation. The transfected 
THP-1 cells were exposed to treatment with IL-4 or RvD1 
and co-cultured with HUVECs to detect cell migration 
and proliferation.

Flow cytometry
Cells were centrifuged (500 × g, 4 °C, 5 min) and rinsed 
with 2 mL phosphate-buffered saline (PBS) three times. 
The cell suspension was labeled with the anti-mouse 
antibodies CD11b-FITC (Cat#: 557396, BD Pharmingen, 
USA), CD86-PE (Cat#: 560957, BD Pharmingen), and 
CD206-APC (Cat#: 561763, BD Pharmingen) in the dark 
(4 °C, 30 min). Before labeling, mouse Fc block (Cat#: 
564219, BD Pharmingen) was used for pre-incubation. 
Flow cytometry (FACSCalibur, BD Biosciences, USA) 
was employed to analyze the samples.19,20
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RNA sequencing
The extraction of total RNA was carried out with the 
TRIzol reagent (Invitrogen, Carlsbad, USA) and quantified 
with the NanoDrop ND-1000 spectrophotometer 
(Wilmington, DE, USA). Denaturing agarose gel 
electrophoresis was performed to confirm RNA integrity. 
Poly(A) RNA was fragmented and reverse-transcribed 
into cDNA (NEB, cat#: e6150, USA). Previously, blunt 
ends were treated with an A-base to render them set up 
for adapter ligation. The ligated products were subject 
to PCR amplification, and the final cDNA library was 
assembled.21 Ultimately, 2 × 150-bp paired-end reads were 
sequenced on the Illumina Novaseq™ 6000 platform (LC-
Bio Technology Co., Ltd., Hangzhou, China).22

5-Ethynyl-2-deoxyuridine (EdU) assay
Raw264.7 cells were exposed to different treatments 
(LPS, IL-4, siRNA-c-Fos, or a combination) and co-
cultured with MCF cells via the trans-well system. The 
measurement of cell proliferation was made using 
the EdU kit (Cat#: MA0425, Meilun Biotech, China) 
following the guidance of the manufacturer. Images were 
recorded with a fluorescence microscope (LIOO, China). 
The proliferation rate was calculated as the ratio of the 
number of EdU-positive cells to that of the total cells 
(determined by DAPI staining).

Immunofluorescence analysis
Cells were treated with 4% paraformaldehyde, 
blocked with normal goat serum (Cat#: WGAR1009-
5, Servivebio, China), and incubated with anti-c-FOS 
antibodies (1:100 dilution) at 4°C overnight. In addition, 
FITC-conjugated secondary antibodies were adopted 
for immunolabeling detection. Nuclei were stained 
with DAPI. Immunofluorescence was visualized using 
Olympus Fluoview FV3000.23,24

Migration assay
Trans-well chambers (Corning Costar Corporation, 
Corning, NY, USA) were used for assessing the changes in 
MCF migration following co-cultivation with Raw264.7 
cells. MCF cells were cultivated in the upper chamber, 
whereas drug-treated Raw264.7 cells were cultivated in 
the lower chamber to induce MCF migration. Then, cells 
were stained with a 0.1% crystal violet solution, and cell 
counting was performed under an inverted microscope 
across five fields. 

Western blotting analysis
Extracted proteins were separated using 10% SDS–PAGE 
and transferred onto polyvinylidene fluoride (PVDF) 
membranes (Millipore, Germany). The membranes 
were exposed to incubation with the primary and 
secondary antibodies. The antibodies used were as 
follows: CD206 (ab64693, Abcam), Arg-1 (Cat#:93668S, 

CST, USA), CD163 (Cat#: ab182422, Abcam, USA), 
c-Fos (Cat#:sc-8047, Santa Cruz, USA), and anti-β-actin 
(Cat#:4970S, CST, USA). Bands were visualized through 
an electrochemiluminescence (ECL) detection system, 
TANON 5200 (Tanon, Shanghai, China).25,26

Bioinformatics analysis
Enrichment analysis of GO terms and KEGG pathways 
of key target proteins was conducted using the DAVID 
database, and those with *P < 0.05 were thought to be 
of significance. Differentially expressed genes (DEGs) 
are represented by the heat map. Results were analyzed 
visually.

Statistical analysis
Results are shown to be the mean ± standard error of 
the mean (SEM). Statistical significance was defined at 
*P < 0.05. Data were explored with one-way ANOVA 
with the Student–Newman–Keuls test in SPSS version 20 
(SPSS, Inc., USA).

Results
RvD1 inhibits M1 macrophage polarization but stimulates 
M2 macrophage polarization in vitro
Promoting the M1-to-M2 transition of macrophages 
represents a highly effective approach to mitigating 
inflammation.27 Once tissue injury occurs, M2 
macrophages are involved in tissue repair and 
reconstruction, thus reducing the inflammatory response. 
It was indicated that RvD1 reduced the proportion of M1 
macrophages in LPS-treated Raw 267.4 cells (Fig. 1A) and 
increased that of M2 macrophages, thereby promoting M2 
macrophage polarization (Fig. 1B). Moreover, in the IL-4 
group, following RvD1 treatment, M2 markers CD206, 
Arg-1, and CD163 were upregulated (Fig. 1C). These 
findings indicate that RvD1 facilitated the transformation 
of inflammatory (M1) macrophages to anti-inflammatory 
(M2) macrophages, thus mitigating the inflammation 
triggered by LPS.

RvD1 facilitates the proliferation and migration of 
corneal fibroblasts by activating M2 macrophages in 
vitro
To examine the impact of RvD1 in M2 macrophages on 
the proliferation and migration of MCFs, we co-cultured 
mouse corneal fibroblasts with RvD1-treated or untreated 
M2 macrophages (IL-4 induced). Subsequently, EdU 
assays were performed to detect the fold changes in mouse 
corneal fibroblasts. Only IL-4-induced M2 macrophages 
promoted the proliferation of corneal fibroblasts. 
Additionally, treatment with RvD1 further enhanced the 
proliferation of corneal fibroblasts (Fig. 2A) and their 
migration (Fig. 2B). The obtained findings indicate that 
RvD1 enhanced the polarisation into M2 macrophages 
(IL-4 induction) and facilitated the migration of corneal 



Qin et al

BioImpacts. 2025;15:326394

Fig. 1. RvD1 inhibits M1 macrophages and promotes M2 macrophage polarization. Percentages of M1-like macrophages (A) (CD11b + , CD86 + ) and M2-
like macrophages (B) (CD11b + , CD206 + ) were analyzed by flow cytometry. (C) Protein levels of M2 macrophage markers CD206, Arg-1, and CD163 were 
determined by Western blot. *P < 0.05, **P < 0.01.

Fig. 2. RvD1 promotes corneal fibroblast proliferation and migration by regulating M2 macrophages. (A) After corneal fibroblasts and macrophages were 
co-cultured for 24 hours, the EdU assay was used to detect the corneal fibroblast proliferation. (B) The migration ability of corneal fibroblasts was tested 
using the trans-well assay (*P < 0.05, **P < 0.01).
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fibroblasts, thereby enhancing corneal wound healing in 
vitro.

RvD1 regulates M2 macrophage polarization
RNA sequencing was performed on IL-4-induced 
M2 macrophages with or without RvD1 treatment to 
investigate the potential target genes of RvD1-mediated 
M2 macrophage polarization. The volcano plot and heat 
map show that the c-Fos gene in the RvD1-treated + IL-4 
group was upregulated relative to the PBS-treated + IL-4 
group (Fig. 3A and 3B). KEGG enrichment analysis 
showed that RvD1 treatment regulates the PI3K-AKT, 
IL-17, and MAPK signaling pathways (Fig. 3C). These 
three signaling pathways are strongly associated with 
the M1/M2 polarization. Furthermore, GO enrichment 
analysis revealed that in the biological process category, 
RvD1 treatment is engaged in positive regulation of 
extracellular signal-regulated kinases 1 and 2 (ERK1/2), 
nuclear factor kappa B (NF-κB) signaling pathway, and 
cell migration; in the cellular component category, it is 

related to endoplasmic reticulum stress and extracellular 
matrix; and in the molecular function category, it relates 
to protein binding, molecular function, and DNA binding 
(Fig. 3D). The original sequencing data of the downcomer 
were in FASTQ format. Quality control was performed 
using fastp (https://github.com/OpenGene/fastp) with 
default parameters, including removal of adapters, 
duplicate sequences, and low-quality reads. The cleaned 
sequencing data were then aligned to the human reference 
genome (Homo sapiens, GRCh38) using HISAT2 (https://
ccb.jhu.edu/software/hisat2), and the alignment results 
were obtained in BAM format.

RvD1 enhances M2 macrophage polarization by promoting 
c-Fos expression
The RNA sequencing results suggest that RvD1 
increased the mRNA levels of c-Fos in IL-4-stimulated 
M2 macrophages. The RvD1 + IL-4 group exhibited a 
notable elevation in c-Fos protein levels compared to the 
PBS + IL-4 group. Additionally, siRNA-c-Fos treatment 

Fig. 3. RvD1 regulates the gene expression profile of M2 macrophages induced by IL-4. (A) Volcano plot showed all genes; (B) Heat map showed DEGs; 
(C) Scatter plot showed KEGG pathway enrichment analysis; (D) Histogram used for GO analysis. DEG, differentially expressed gene; GO, gene ontology; 
RvD1, Resolvin D1; KEGG, Kyoto Encyclopedia of Genes and Genomes.

https://github.com/OpenGene/fastp
https://ccb.jhu.edu/software/hisat2
https://ccb.jhu.edu/software/hisat2
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abolished the increased c-Fos protein levels induced by 
RvD1 treatment (Fig. 4A). Elevated c-Fos expression 
was stimulated by IL-4 + RvD1 treatment, and the 
levels of M2 macrophage markers, namely Arg-1 and 
CD163, were significantly increased. In contrast, in the 
IL-4 + RvD1 + siRNA-c-Fos group, the levels of Arg-1 and 
CD163 were markedly reduced following the decrease 
in c-Fos expression (Fig. 4B). The findings indicate that 
RvD1 enhanced M2 macrophage polarization through 
regulating c-Fos expression.

M2-type macrophages induced by RvD1 enhance the 
proliferation and migration of mouse corneal fibroblasts 
by modulating c-Fos expression
The results of the EdU assays indicated that a decrease 
in the protein level of c-Fos significantly abolished 
the positive regulation of RvD1 on M2 macrophages 
(Fig. 5A). This sheds light on the intricate relationship 
between c-Fos in RvD1-induced macrophages and their 
influence on the behavior of MCFs. The findings of the 
trans-well assays were consistent with those of the EdU 
assays (Fig. 5B). Therefore, siRNA-c-Fos transfected 
into macrophages can significantly inhibit the impact of 

RvD1-induced M2-type macrophages on enhancing the 
migration of MCFs.

Discussion
Currently, there is increasing resistance to commonly 
prescribed antibiotics in treating bacterial keratitis.28 This 
study revealed that, in an LPS-induced mouse model, 
the endogenous lipid mediator RvD1 plays a protective 
role by triggering M2 macrophage polarization via the 
upregulation of c-Fos.

RvD1 significantly hindered the secretion of pro-
inflammatory cytokines, which included those of 
TNF-α, interferon-gamma (IFN-γ), IL-1β, C-X-C motif 
chemokine ligand 1 (CXCL1), and S100A8/9.29 In various 
infection models, such as bacterial and fungal keratitis, 
these cytokines enhance the recruitment of neutrophils in 
the corneal stroma.30 By suppressing the activation of the 
NF-κB signaling pathway, RvD1 can reduce the secretion 
of pro-inflammatory cytokines.16,31,32 Most importantly, 
RvD1 can rapidly halt neutrophil migration and reduce 
the inflammatory responses in infectious keratitis.33 
RvD1 could lessen the severity of Pseudomonas keratitis 
or prevent the development of Pseudomonas keratitis 

Fig. 4. RvD-1 enhances M2 macrophage polarization through the c-Fos gene. After Raw264.7 cells were interfered with siRNA of the c-Fos gene, (A) 
the protein level of c-Fos was analyzed by cell immunofluorescence experiment; (B) the levels of c-Fos, Arg-1, and CD163 were detected by western blot 
(*P < 0.05, **P < 0.01).
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by reducing neutrophil recruitment, promoting M2 
macrophage polarization, and inhibiting inflammatory 
responses.29 Neutrophils are the primary effectors of 
acute inflammatory processes, whereas macrophages 
are essential in regulating the onset and resolution of 
inflammation following bacterial infections.

In corneal inflammation, M1 macrophages exhibit 
anti-bacterial ability, but they lead to corneal clarity 
loss and oxidative tissue damage.34 Conversely, M2 
macrophages repair tissue by reducing the severity of 
corneal inflammatory lesions and removing necrotic 
cell residues.35-37 Furthermore, RvD1 treatment modifies 
several immune processes involved in the pathogenesis 
of bacterial keratitis, including neutrophil infiltration, 
secretion of pro- and anti-inflammatory cytokines, and 
macrophage polarization.30,38,39 RvD1 promotes M2 
macrophage polarization via multiple pathways, such as 
G protein-coupled receptor 32 (GRP32), AGE, and NF/
κB pathway.17,40-43 Our study revealed that RvD1 increased 
the expression of levels of IL-4-induced CD206, Arg-1, 
and CD163 proteins. According to the obtained findings, 
RvD1 alleviated the inflammatory response by modulating 
the M1-to-M2 transition, thus exerting anti-inflammatory 
effects in an LPS-induced model, suggesting that RvD1 is 
a promising target for treating bacterial keratitis.

In various diseases, M2 macrophages promote tissue 
healing. For example, M2-derived exosomal miR-590-3p 
decreased the inflammatory signals and stimulated the 
production of epithelial cells.44 The polarization of M2 
macrophages could also promote wound repair in diabetic 
patients.45-47 Increasing evidence has shown that M2 

macrophages exert a beneficial impact on the prevention 
of kidney injury and vascular and osteogenic repair.48-54 
Moreover, M2 macrophages possess anti-inflammatory 
effects and result in the restoration of the ocular surface 
in dry eyes.55 The proliferation and migration of corneal 
fibroblasts contribute to corneal epithelial wound 
healing.56 The findings conform to ours, which showed 
that M2 macrophages (induced by IL-4) promote the 
proliferation of corneal fibroblasts, and RvD1 increased 
the proliferation and migration of corneal stromal 
fibroblasts through regulating the M2 macrophage 
polarization. Therefore, our results suggest that RvD1 not 
only inhibits bacteria-induced corneal inflammation by 
driving the M2-type polarization but also enhances the 
proliferation and migration of corneal fibroblasts, thereby 
promoting the repair of ulcerated corneas.

C-Fos is crucial for controlling gene expression in the 
nucleus, including the transacting serum response factor 
(SRF), the ternary complex factor -Elk-1 (TCF/Elk-1), 
the cAMP-response element binding protein (CREB), 
protein kinase A and C (PKA, PKC), calcium-calmodulin 
dependent kinases (CaM kinase), and mitogen-activated 
kinases (MAP-kinase).57 Several studies have shown 
that c-Fos and c-Jun enhance the transcription and 
translation of macrophage-specific functional genes by 
increasing their expression as monocytes differentiate 
into macrophages.58

The inhibition of the Fos/MAPK pathway hinders M1 
macrophage polarization and facilitates the conversion 
of M1 to M2 macrophages. This transition results in a 
decrease in the production of cytokines and alleviation 

Fig. 5. RvD1 regulates the proliferation and migration of corneal fibroblasts dependent on macrophage c-Fos gene expression. In vitro experiments, after 
interfering c-Fos gene of Raw264.7 cells with siRNA, they were co-cultured with corneal fibroblasts for 24 h. (A) The proliferation ability of corneal fibroblasts 
was tested using EdU assay; (B) the migration ability of corneal fibroblasts was detected by trans-well assay (*P < 0.05, **P < 0.01).

https://www.google.com/search?sca_esv=24aa8b5df5709484&cs=0&sxsrf=AE3TifPiluxAhTruAKdg4BOsYIIIT6cXrw%3A1755737934424&q=G+protein-coupled+receptor+32&sa=X&ved=2ahUKEwjNi4m_2ZqPAxW68DgGHQ1MGVIQxccNegQIAhAB&mstk=AUtExfDpvCN5eqe1g47hfj-l9e9bGjR0IpsW87cdfLUD4XUv1IEKpoqEbngdjFI6JUiz5tXJaNN0hIEVejeiSiBhgRkrDbU9p1Q_NNjRAryZEpQ4vIShhrQ55efjV_jqBRWIKF1byLhQp_9yXTPMhyag8VVtgYMVsF9zctaC4yKTrMy4Ni1vVnPs3E11QnyHrLe0j6ZG_eUTc7NeQHISwDzgCY5oco9WHEUSDSBBQo6tOzujvk2kSXvlkTStdASIbPxuaPDqbmrAS4iY9hP5XqycNTAO&csui=3
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of atherosclerosis.59 Currently, it is understood that c-Fos 
controls the secretion of inflammatory cytokines.60-62 
Pneumonia infection causes the activation of c-Fos in 
human coronary artery endothelial cells, leading to an 
accelerated disease course.63 Jin has suggested that Fos/
MAPK could hinder M1-macrophage polarization 
triggered by a high-fat diet, regulate cytokine release, and 
alleviate atherosclerosis.44 Chen et al. have suggested that 
c-Fos is critical for macrophage subtype polarization.64 
In the present study, c-Fos expression was significantly 
higher in the RvD1 + IL-4 groups compared to the 
PBS + IL-4 group, and this RvD1-induced increase in c-Fos 
expression was abolished by siRNA-c-Fos treatment. 
Furthermore, downregulation of c-Fos protein levels—
whether mediated by IL-4, RvD1, or siRNA-c-Fos—
markedly reduced the expression of Arg-1 and CD163.

The study has some limitations. The first is whether 
RvD1 has any toxic side effects. The second is that our 
study was not conducted on human beings due to ethical 
limitations. We will further improve it in the future.

Conclusion
In conclusion, this study is the first to demonstrate that 
RvD1 promotes M2-type macrophage polarization by 
regulating c-Fos expression, thereby influencing the 
proliferation and migration of mouse corneal fibroblasts. 
RvD1 may serve as a protective agent against bacterial 
keratitis in mice. Future studies will further investigate 
its anti-inflammatory and anti-infective effects in human 
bacterial keratitis.
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What is the current knowledge?
•	 Bacterial keratitis is a sight-threatening infection with 

prevalent antimicrobial resistance.
•	 Macrophages have M1 (pro-inflammatory) and M2 

(anti-inflammatory) phenotypes.
•	 RvD1 has anti-inflammatory effects and can promote 

M2 macrophage polarization.
•	 M2 macrophages aid tissue repair and corneal 

inflammation resolution.
•	 RvD1 acts via GPR32/ALX/FPR2 receptors to regulate 

immune responses.

What is new here?
•	 RvD1 alleviates corneal inflammation by upregulating 

c-Fos to enhance M2 polarization.
•	 RvD1 targets PI3K-AKT, IL-17, and MAPK pathways in 

corneal inflammation.
•	 c-Fos is key for RvD1-mediated M2 polarization and 

corneal fibroblast function.
•	 SiRNA-c-Fos abolishes RvD1’s effects on M2 polarization 

and fibroblast activity.
•	 RvD1 boosts corneal fibroblast proliferation/migration 

via c-Fos-modulated M2.
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