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Mechanisms of Metastatic Spread Hematogenous Spread:

Primary Route: Cancer cells primarily reach the brain through the bloodstream. These cells detach
from the primary tumor, invade local blood vessels, and survive in circulation until they lodge in the
brain's capillaries. Survival in Circulation: Cancer cells must evade immune surveillance and survive
the mechanical stress of blood flow. They achieve this by undergoing epithelial-mesenchymal
transition (EMT), which increases their mobility and invasiveness. Breaching the Blood-Brain Barrier
(BBB):

Penetration of the BBB: Cancer cells must cross the BBB to enter the brain parenchyma. They can do
this by disrupting tight junctions between endothelial cells, secreting enzymes that degrade the
basement membrane, or using transcellular pathways. Interaction with BBB Cells: Cancer cells
interact with various cell types at the BBB, including astrocytes, pericytes, and microglia, to facilitate
their entry into the brain. Colonization and Growth in the Brain:

Adaptation to the Brain Microenvironment: Once inside the brain, cancer cells must adapt to the new
environment, which includes evading the immune response, obtaining nutrients, and promoting
angiogenesis. Formation of Metastatic Niches: Cancer cells create supportive microenvironments, or
niches, in the brain that facilitate their growth and survival. This involves interactions with brain
resident cells, such as astrocytes and microglia, and remodeling of the extracellular matrix. Molecular
and Cellular Factors Tumor-Intrinsic Factors:

Genetic Mutations: Certain genetic alterations in cancer cells, such as mutations in the HER2 gene in
breast cancer or BRAF mutations in melanoma, can increase their propensity to metastasize to the
brain. Signaling Pathways: Activation of specific signaling pathways, like the PI3K/AKT/mTOR pathway,
enhances the metastatic potential of cancer cells. Tumor Microenvironment:

Hypoxia: Low oxygen levels in the tumor microenvironment can drive cancer cells to adopt more
aggressive, metastatic phenotypes. Inflammation: Chronic inflammation can promote cancer cell
invasion and metastasis. Immune Evasion:

Immune Suppression: Cancer cells can evade the immune system by secreting immunosuppressive
cytokines, recruiting regulatory T cells, and expressing immune checkpoint molecules like PD-L1.
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