
Macrophages: Dual agents in tumor proliferation and 
restriction

Emad Zang*

Department of Immunology, Guangdong Medical University, Zhanjiang, China.

Received: 27-May-2024, Manuscript No. AJIROA-24-143147; Editor assigned: 29-May-2024, PreQC No. AJIROA-24-143147 (PQ); Reviewed: 
12-Jun-2024, QC No. AJIROA-24-143147; Revised: 19-Jun-2024, Manuscript No. AJIROA-24-143147 (R); Published: 27-Jun-2024

DESCRIPTION

Macrophages are a type of white blood cell important to the 
immune system, playing an essential role in both innate and 
adaptive immunity. They are known for their versatility and 
plasticity, adapting to various stimuli in their environment. One 
of the most intriguing aspects of macrophages is their dual role in 
tumor progression and suppression. This paradoxical function 
highlights the complexity of the tumor microenvironment and the 
sophisticated nature of immune regulation.

Tumor-Associated Macrophages (TAMs)

Macrophages that infiltrate tumor tissues are referred to as 
Tumor-Associated Macrophages (TAMs). TAMs are typically 
recruited to the tumor site by chemokines and other signaling 
molecules produced by tumor cells, stromal cells, and the 
extracellular matrix. Once within the tumor microenvironment, 
TAMs can adopt different phenotypes depending on the signals 
they receive. The two primary phenotypes are the classically 
activated M1 macrophages and the alternatively activated M2 
macrophages.

M1 macrophages: M1 macrophages are generally considered to 
be anti-tumorigenic. They are activated by Interferon-Gamma 
(IFN-γ) and bacterial products such as Lipopolysaccharide (LPS). 
M1 macrophages produce pro-inflammatory cytokines, Reactive 
Oxygen Species (ROS), and Nitric Oxide (NO), which can 
directly kill tumor cells. They also present antigens to T cells, 
thereby activating adaptive immune responses against the tumor. 
M1 macrophages contribute to the suppression of tumor growth 
through several mechanisms M1 macrophages can engulf and 
digest tumor cells. Cytokine production secrete cytokines such as 
Tumor Necrosis Factor-Alpha (TNF-α), Interleukin-12 (IL-12), 
and Interleukin-1 Beta (IL-1β), which promote inflammation and 
attract other immune cells to the tumor site. M1 macrophages 
present tumor antigens on their surface to T cells, facilitating the 
activation of Cytotoxic T Lymphocytes (CTLs) that can 
specifically target and kill tumor cells.

M2 macrophages: In contrast, M2 macrophages are generally 
associated with tumor promotion. They are activated by signals 
such as interleukin-4 (IL-4), interleukin-10 (IL-10), and transforming

growth factor-beta (TGF-β). M2 macrophages produce anti-
inflammatory cytokines, promote tissue remodeling and repair, 
and support angiogenesis (the formation of new blood vessels). 
M2 macrophages contribute to tumor progression through several 
mechanisms they are M2 macrophages produce IL-10 and TGF-β, 
which suppress the activity of T cells and other immune cells that 
might otherwise attack the tumor. Angiogenesis secrete Vascular 
Endothelial Growth Factor (VEGF) and other pro-angiogenic 
factors, which promote the formation of new blood vessels, 
providing the tumor with the oxygen and nutrients it needs to 
grow. M2 macrophages produce enzymes such as Matrix 
Metalloproteinases (MMPs) that degrade the extracellular matrix, 
facilitating tumor invasion and metastasis.

Plasticity and reprogramming of TAMs

The phenotypic plasticity of macrophages means that TAMs can 
switch between pro-tumor (M2) and anti-tumor (M1) states 
depending on the signals they receive from the tumor 
microenvironment. This plasticity offers a potential therapeutic 
opportunity reprogramming TAMs from a tumor-promoting 
phenotype to a tumor-suppressing phenotype. Several strategies 
are being investigate to achieve this reprogramming:

Cytokine therapy: Administering cytokines such as IFN-γ or 
IL-12 can shift TAMs towards an M1 phenotype.

Inhibiting M2 polarization: Targeting signaling pathways that 
promote M2 polarization, such as the IL-4/IL-13 signaling 
pathway, can reduce the number of M2 macrophages in the tumor 
microenvironment.

Checkpoint inhibitors: Immune checkpoint inhibitors, such as 
anti-PD-1 and anti-CTLA-4 antibodies, can enhance the anti-
tumor immune response, potentially affecting TAM polarization 
indirectly.

Clinical implications and future directions

The dual role of macrophages in tumor progression and 
suppression has significant implications for cancer therapy. 
Targeting TAMs and their functions could enhance the efficacy of
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existing treatments and lead to the development of new 
therapeutic approaches. Combining TAM-targeting therapies 
with conventional treatments such as chemotherapy, radiation 
therapy, or immune checkpoint inhibitors may improve 
treatment outcomes. For example, reprogramming TAMs to an 
M1 phenotype could enhance the effectiveness of immune 
checkpoint inhibitors by promoting a more robust anti-tumor 
immune response. TAMs and their associated markers could 
serve as biomarkers for prognosis and treatment response. High 
levels of M2 TAMs are often associated with poor prognosis, 
while the presence of M1 TAMs might indicate a more favorable 
outcome. Monitoring TAM phenotypes in patients could help 
tailor treatment strategies and predict response to therapy. 
Personalized medicine understanding the specific TAM profile 
within a patient's tumor could lead to more personalized 
treatment approaches. Therapies that specifically target the 
signals and pathways involved in TAM polarization and function 

could be developed, offering a more precise and effective way to 
combat cancer. New therapeutic targets research into the 
molecular mechanisms underlying TAM polarization and 
function could identify new therapeutic targets. Inhibitors of key 
signaling pathways that promote M2 polarization, or agents that 
enhance M1 activity, could be developed as novel cancer 
treatments. The dual role of macrophages in tumor progression 
and suppression underscores the complexity of the tumor 
microenvironment and the sophisticated interplay between 
cancer cells and the immune system. By harnessing the plasticity 
of TAMs and developing strategies to reprogram them towards a 
tumor-suppressing phenotype, researchers and clinicians hope to 
improve cancer treatment outcomes and ultimately achieve better 
patient survival rates. The ongoing exploration of TAMs as 
therapeutic targets represents a potential frontier in the fight 
against cancer.
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