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Abstract: Ammonia is increasingly recognized as an immunoregulatory metabolite in the tumor
microenvironment (TME), rather than only a toxic byproduct of nitrogen metabolism.
Tumor glutaminolysis, impaired clearance, poor perfusion, and extracellular acidosis
promote local ammonia accumulation. Spatial differences in ammonia production and
cell detoxification create selective immune remodeling across immune populations.
Effector CD8+ T cells, natural killer cells, and dendritic cells are vulnerable to high
ammonia-induced lysosomal alkalinization and mitochondrial dysfunction, leading to
impaired cytotoxic function and antigen presentation. By contrast, memory and
regulatory T cells display competent ammonia-handling pathways, whereas tumor-
associated macrophages may be favored through context-dependent nitrogen
metabolism, allowing persistence of immunosuppressive functions within ammonia-rich
niches. Emerging evidence shows that ammonia exposure can suppress innate and
adaptive immune gene expression, indicating that this regulation extends beyond
metabolic stress. This review examines how high levels of ammonia selectively
reshape antitumor immunity by placing differential metabolic constraints on immune
populations with different nitrogen-handling capacities. It also evaluates therapeutic
strategies targeting ammonia production, clearance, transport, and downstream
nitrogen pathways. However, interventions that protect effector cells by broad ammonia
reduction may inadvertently support populations with enhanced ammonia-handling
capacity. Future approaches should prioritize cell-specific and systemic modulation
rather than ammonia reduction alone.
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