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The Tumor Microenvironment (TME) is a complex and dynamic
ecosystem surrounding cancer cells, consisting of stromal cells,
immune cells, blood vessels, extracellular matrix components,
and signaling molecules. Far from being a passive backdrop, the
TME progression,
metastasis, and therapeutic response. Understanding the TME is

actively influences tumor initiation,
therefore critical for developing novel cancer therapies and for
predicting patient outcomes.

Cancer cells interact continuously with their microenvironment,
creating conditions that support survival, proliferation, and
invasion. Stromal fibroblasts, commonly referred to as Cancer-
Associated Fibroblasts (CAFs), secrete growth factors, cytokines,
and extracellular matrix proteins that facilitate tumor growth
and enhance metastatic potential. CAFs can remodel the
extracellular matrix, creating physical pathways that allow cancer
cells to invade adjacent tissues. They also release chemokines
that recruit immune and endothelial cells, further shaping the
tumor niche.

Immune cells within the TME can have dual roles, either
attacking tumor cells or promoting tumor growth. Cytotoxic T
cells and natural killer cells recognize and destroy malignant
cells, contributing to anti-tumor immunity. In contrast,
regulatory T cells, myeloid-derived suppressor cells, and tumor-
associated macrophages often suppress immune responses and
promote tumor progression. Tumors exploit these immune-
suppressive mechanisms to evade immune surveillance, creating

challenges for immunotherapy.

The the TME is
characterized by leaky and disorganized blood vessels. This

vasculature within often abnormal,

abnormal angiogenesis is driven by tumorsecreted factors such
as Vascular Endothelial Growth Factor (VEGF). While it
supplies nutrients and oxygen to the growing tumor, it also
generates hypoxic regions that can activate stress response
pathways, increase genomic instability, and promote more
aggressive tumor phenotypes. Hypoxia-Inducible Factors (HIFs)
genes involved in metabolism, and

regulate invasion,

environmental stress and cancer progression.

Metabolic interactions within the TME also play a pivotal role in
cancer progression. Cancer cells often exhibit altered
metabolism, such as increased glycolysis, which leads to
acidification of the microenvironment. This acidic milieu can
suppress immune cell activity and enhance invasive behavior.
Stromal cells may provide metabolic support by supplying
nutrients such as lactate or amino acids, creating a symbiotic
relationship that sustains tumor growth.

Targeting the TME has emerged as a promising strategy in cancer
therapy. Anti-angiogenic agents, immune checkpoint inhibitors,
and therapies aimed at CAFs or ECM remodeling are designed
to disrupt the supportive environment of tumors. Combination
strategies that target both cancer cells and components of the
TME show enhanced efficacy, as they address not only the
malignant cells but also the supportive networks that sustain
tumor growth and resistance.

Advanced technologies such as single-cell sequencing, spatial
transcriptomics, and multiplex imaging have enabled detailed
the TME. These approaches reveal

stromal and immune populations,
uncovering subpopulations that drive therapy resistance or
metastasis. Understanding this heterogeneity is important for
developing precision therapies tailored to the specific TME of
individual tumors.

characterization of

heterogeneity among

In conclusion, the tumor microenvironment is a central
regulator of cancer biology, influencing growth, metastasis,
immune evasion, and therapeutic response. Its components,
including stromal cells, immune cells, vasculature, extracellular
matrix, and metabolic networks, interact dynamically with
cancer cells to shape tumor behavior. Targeting the TME
alongside cancer cells holds significant potential for improving
treatment outcomes. Continued research into the molecular and
cellular mechanisms of the TME will advance our understanding
of tumor progression and facilitate the development of more
effective, personalized cancer therapies.
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