
Editorials
Advances in immunomodulation for organ transplantation: The role of the Annexin A1/FPR axis

The main obstacles in organ transplants are immunological. Patients 
undergoing transplantation usually have local or systemic inflamma-
tion, and the procedure can exacerbate this condition, increasing the risk 
of rejection.1 The use of immunosuppressants is of great importance to 
the success of transplants; however, it can lead to nephrotoxicity, in-
fections, neoplasms, and infertility.2

The search for new immunosuppressive agents with fewer side ef-
fects is fundamental to improving clinical outcomes in transplantation, 
ensuring greater efficacy and safety for patients. Annexin A1 (ANXA1) is 
a protein expressed in various cells and tissues and plays a crucial role in 
regulating inflammation and tissue repair.3 This protein is induced by 
glucocorticoids and acts by inhibiting cytosolic Phospholipase A2 
(cPLA2), reducing the production of inflammatory eicosanoids and the 
formation of reactive oxygen species.4 In addition, ANXA1 promotes 
neutrophil apoptosis and facilitates their phagocytosis by macrophages, 
contributing to the resolution of inflammation and tissue homeostasis.5

The activity of ANXA1 is mediated by the Formyl Peptide Receptor 
(FPR), which plays an essential role in regulating inflammation and the 
immune response.6 The activity of FPRs is ligand-dependent, with. FPR2 
exhibits the capacity to drive either pro-inflammatory or 
anti-inflammatory pathways based on ligand-specific conformational 
changes that lead to distinct downstream signaling effects.7,8 Given its 
dual role in modulating inflammation and promoting angiogenesis, the 
ANXA1/FPR axis has gained attention as a promising therapeutic target 
for enhancing transplant outcomes and reducing immune-mediated 
graft rejection.3,6

In kidney transplantation, ischemia-reperfusion injury is a major 
concern, exacerbating inflammation and contributing to graft dysfunc-
tion. ANXA1, through its interaction with FPRs, has shown a protective 
effect against acute nephrotoxicity caused by the immunosuppressants 
Cyclosporine and tacrolimus, reducing the migration of macrophages 
into the kidney tissue.9,10 Treatment with the AnxA1 protein mimetic 
peptide, Ac2–26, reduces macrophage infiltration in the renal 
ischemia-reperfusion model.11

Notably, FPR blockade is also associated with the induction of im-
mune tolerance, a crucial factor in minimizing transplant rejection. In a 
model of acute kidney transplant rejection, FPR1 inhibition reduced 
neutrophil infiltration into the graft and the content of Neutrophil 
Extracellular Traps (NETs).12 In a renal ischemia-reperfusion model, 
FPR2 blockade reduces cell death, neutrophil migration to renal tissue, 
and blood circulation, resulting in a decrease in pro-inflammatory cy-
tokines such as IL-1β, IL-8, IL-6, and TNF-α. Additionally, it negatively 
modulates the Mitogen-Activated Protein Kinase (MAPK) pathway.13

Thus, modulation of the ANXA1/FPR axis may represent a promising 
therapeutic strategy for reducing the incidence of rejection and 

improving the clinical results of kidney transplant patients.
Pancreatic islet and pancreas transplantation, often performed in 

conjunction with kidney transplantation for diabetic patients, also 
benefits from ANXA1/FPR axis modulation.14 Pancreatic islet trans-
plantation has some limitations, including the need for multiple dona-
tions to a single recipient, cell loss after infusion, and the requirement 
for continuous immunosuppression to avoid rejection.14 Mesenchymal 
Stem Cells (MSCs), which secrete ANXA1, can improve the survival and 
functionality of transplanted pancreatic islets and pancreas by exerting 
immunomodulatory and pro-angiogenic effects, reducing the potential 
for rejection. In vitro, treatment of human pancreatic islets before 
transplantation with an MSC-derived cocktail composed of recombinant 
ANXA1, stromal cell-derived factor-1, and complement component C3a 
reduces apoptosis and increases insulin control.15,16 After transplanting 
pancreatic islets into immunodeficient mice with 
streptozotocin-induced diabetes, treatment with the cocktail improves 
the animals’ glycemic control.16

In corneal transplantation, the most frequently performed human 
tissue transplant and the most successful allogeneic transplant world-
wide, immune rejection remains a major challenge. Trauma, inflam-
mation, or infection can induce corneal neovascularization, significantly 
increasing the risk of rejection.17,18 In eye diseases, ANXA1 has great 
therapeutic potential.19 In a model of corneal transplantation in mice, 
modulation of FPR2 through treatment with Resolvin D1 improved the 
clinical score of the animals, reducing inflammation, neo-
vascularization, and lymphatic vessels, and reducing opacity compared 
to control animals.20

Skin transplantation, frequently employed in cases of extensive 
burns and chronic ulcers, is highly immunogenic, making rejection a 
significant concern.21 ANXA1 and its mimetic peptide Ac2–26 have great 
potential for improving the results of skin transplants. Ac2–26 reduces 
neutrophil infiltration, inhibits the production of pro-inflammatory cy-
tokines such as TNF-α, IL-1β, and IL-6, and stimulates the production of 
angiogenic factors such as VEGF-A, which are essential for the formation 
of new blood vessels and proper revascularization of the graft. These 
processes contribute to the nutrition and oxygenation of the trans-
planted tissue, favoring its integration.22,23

In an experimental skin transplant model, AnxA1 demonstrated the 
ability to modulate exacerbated inflammation, promoting a more 
favorable environment for tissue repair and reducing the risk of in-
flammatory complications and rejection. The peptide Ac2–26, in addition 
to potentiating angiogenesis, improves the quality of the vascular 
network formed, which speeds up graft integration.22 It also stimulates 
the proliferation and migration of fibroblasts, which are essential for the 
production of extracellular matrix and the restoration of skin integrity.22
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This synergistic interaction between inflammation regulation and 
angiogenesis promotion fosters a microenvironment that supports 
epithelial regeneration, mitigates the risk of fibrotic scar formation, and 
enhances the structural and functional integrity of the repaired tissue.

Lung transplantation, which presents unique challenges due to 
continuous exposure to environmental pathogens and mechanical 
stress,24 also benefits from targeting the ANXA1/FPR axis.24 After lung 
transplantation in mice, treatment with Cyclosporine H (Cy-H), an FPR1 
inhibitor, reduces alveolar damage and neutrophilia. In addition, FPR1 
knockout animals were transplanted and showed results with pharma-
cological inhibition of FPR1. It has been suggested that FPR1 promotes 
airway neutrophilia, but not neutrophil recruitment to other graft tis-
sues.25 Similar findings are also evident in FPR2 knockout animals.26

Transplants still face numerous clinical challenges, especially related 
to rejection, exacerbated inflammatory response, and insufficient 
revascularization, which compromise graft integration and patient re-
covery.1 Traditional strategies are not always effective in controlling 
these problems, highlighting the need for new therapeutic approaches. 
Treatment with ANXA1 protein derivatives or modulation of FPRs re-
solves tissue inflammation, reducing inflammatory infiltrates and pro-
tecting against immunosuppressant-induced damage. In this context, 
ANXA1 has emerged as a promising alternative immunosuppressant, 
due to its ability to regulate inflammation and stimulate key processes in 
tissue regeneration, such as angiogenesis and cell proliferation.
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