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Abstract
Macrophages are highly plastic and versatile immune cells that play crucial roles in tissue homeostasis, immune 

surveillance, and inflammation. In both cancer and autoimmune disorders, macrophages adopt altered phenotypes 
that contribute to disease progression. In tumors, macrophages often differentiate into tumor-associated macrophages 
(TAMs), which support tumor growth, suppress anti-tumor immunity, and promote metastasis. Conversely, in 
autoimmune diseases, dysregulated macrophage activity and sustained pro-inflammatory responses exacerbate tissue 
damage and chronic inflammation. This review explores the dual role of macrophages in cancer and autoimmune 
diseases, highlighting the mechanisms by which they influence disease outcomes. It further discusses emerging 
therapeutic strategies aimed at modulating macrophage activity, including reprogramming of macrophage polarization 
(M1 vs. M2), inhibition of macrophage recruitment, and utilization of monoclonal antibodies and small molecules to 
target key signaling pathways. The therapeutic targeting of macrophages represents a promising and rapidly evolving 
frontier in the treatment of both oncologic and autoimmune pathologies, offering new hope for precision medicine and 
immune-based therapies.
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Introduction
Macrophages are integral components of the innate immune system, 

functioning as the body’s first line of defense against pathogens and 
playing essential roles in tissue repair, inflammation, and homeostasis. 
Derived from circulating monocytes, macrophages are highly plastic 
cells capable of adapting their phenotype and function in response 
to microenvironmental signals [1]. This adaptability allows them 
to participate in a broad spectrum of physiological and pathological 
processes. In the context of disease, macrophages can act as both 
protectors and perpetrators. In cancer, macrophages often infiltrate 
tumors and adopt an immunosuppressive, pro-tumoral phenotype 
known as tumor-associated macrophages (TAMs) [2]. These TAMs 
facilitate tumor progression by promoting angiogenesis, suppressing 
cytotoxic T-cell responses, and remodeling the extracellular matrix. 
Conversely, in autoimmune disorders such as rheumatoid arthritis, 
multiple sclerosis, and systemic lupus erythematosus, macrophages 
become chronically activated and contribute to sustained inflammation 
and tissue destruction through the overproduction of pro-inflammatory 
cytokines and autoantigen presentation [3,4]. Given their central role 
in modulating immune responses, macrophages have emerged as 
attractive therapeutic targets in both cancer and autoimmune diseases. 
Therapeutic strategies aimed at modulating macrophage recruitment, 
polarization, and function offer promising avenues for restoring 
immune balance and improving clinical outcomes [5]. This article 
explores the diverse roles of macrophages in cancer and autoimmune 
pathology, while examining the current and emerging approaches to 
target them therapeutically.

Discussion
The dualistic nature of macrophages as both defenders and 

potential drivers of pathology underscores their complexity in the 
immune system. In cancer, tumor-associated macrophages (TAMs) 
are often skewed toward an M2-like, immunosuppressive phenotype 
that fosters tumor progression, angiogenesis, and immune evasion [6]. 
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Targeting TAMs through strategies such as CSF-1R inhibitors, CCR2/
CCL2 blockade, and reprogramming agents that shift TAMs toward an 
M1 phenotype has shown encouraging results in preclinical and early-
phase clinical studies. Additionally, combining macrophage-targeted 
therapies with immune checkpoint inhibitors may enhance anti-tumor 
immunity and overcome resistance seen in monotherapies [7]. In 
autoimmune diseases, macrophages are frequently activated in a pro-
inflammatory M1-like state, perpetuating cytokine storms and driving 
tissue destruction. Therapeutic approaches here often aim to suppress 
macrophage activation or induce a switch to an anti-inflammatory 
M2 phenotype. Agents like TNF inhibitors, IL-1 blockers, and JAK 
inhibitors already modulate macrophage-mediated pathways, but more 
selective and macrophage-specific therapies are under development, 
such as nanoparticle-based drug delivery systems and gene-editing 
tools [8,9]. Despite promising advancements, several challenges remain. 
One major limitation is the heterogeneity of macrophage populations 
within tissues and across disease stages, which complicates therapeutic 
targeting. Furthermore, the plasticity of macrophages means that they 
can rapidly change phenotype in response to environmental cues, 
making sustained therapeutic modulation difficult [10]. A deeper 
understanding of macrophage biology, their crosstalk with other 
immune cells, and their spatial and temporal dynamics in disease 
settings is essential for designing effective interventions.

Conclusion
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Macrophages play central and often contrasting roles in cancer 
and autoimmune diseases, either promoting immune suppression and 
tumor growth or driving chronic inflammation and autoimmunity. 
Their remarkable plasticity and functional diversity make them both 
challenging and promising therapeutic targets. Current research 
is moving beyond broad immunosuppression, focusing instead on 
precise strategies that reprogram macrophage behavior or block 
their pathogenic roles without compromising host defense. As our 
understanding of macrophage biology deepens through single-cell 
analysis, advanced imaging, and molecular profiling, the development 
of targeted therapies is expected to become more refined and effective. 
Targeting macrophages represents not just a therapeutic adjunct but a 
potential paradigm shift in the treatment of complex immune-mediated 
diseases. Future success will likely depend on integrated approaches 
that combine macrophage modulation with other immunotherapies for 
personalized, durable clinical outcomes.
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