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Glioma phenotypes refer to the observable characteristics and behaviors of gliomas, a diverse group
of brain tumors that arise from glial cells. These phenotypes are influenced by genetic, molecular, and
cellular factors, and they vary based on the glioma subtype, grade, and microenvironment.

Classification of Glioma Phenotypes Gliomas are classified by the WHO grading system (2021 update)
into four grades, which correlate with tumor aggressiveness and phenotype:

Grade 1 (Pilocytic Astrocytoma):

Typically localized and slow-growing. Common in children. Often well-circumscribed and non-invasive.
Associated with mutations in the BRAF gene. Grade 2 (Low-Grade Gliomas):

Includes diffuse astrocytomas and oligodendrogliomas. Slow-growing but infiltrative. Mutations:
IDH1/IDH2 (isocitrate dehydrogenase). ATRX loss. 1p/19q codeletion (specific to oligodendrogliomas).
Grade 3 (Anaplastic Gliomas):

Includes anaplastic astrocytomas and oligodendrogliomas. More aggressive and mitotically active.
May retain some molecular features of low-grade gliomas but exhibit faster progression. Grade 4
(Glioblastoma):

Highly aggressive, invasive, and heterogeneous. Rapid growth and necrosis. Frequent genetic
alterations: EGFR amplification. TERT promoter mutations. PTEN deletion. Loss of heterozygosity on
chromosome 10. Molecular and Functional Phenotypes Proliferative Phenotype:

Enhanced tumor cell proliferation. Common in high-grade gliomas like glioblastoma. Associated with
upregulation of cell cycle regulators (Cyclins, CDKs) and EGFR signaling. Invasive Phenotype:

Diffuse infiltration into surrounding brain tissue. Driven by dysregulation of adhesion molecules (e.g.,
integrins), extracellular matrix remodeling, and actin cytoskeletal changes. Angiogenic Phenotype:

Formation of abnormal blood vessels to supply the tumor (angiogenesis). Mediated by VEGF (vascular
endothelial growth factor) signaling. Hypoxia-inducible factor-1α (HIF-1α) plays a key role.
Immunosuppressive Phenotype:

Gliomas create an immunosuppressive microenvironment. Involves recruitment of
immunosuppressive cells like tumor-associated macrophages (TAMs) and regulatory T cells (Tregs).
Expression of immune checkpoint proteins (e.g., PD-L1) inhibits T cell activity. Hypoxic and Necrotic
Phenotype:

Characteristic of glioblastomas. Hypoxic regions activate pathways such as HIF-1α, leading to necrosis
and further tumor aggressiveness. Stem-like Phenotype:

Presence of glioma stem-like cells (GSCs) contributes to therapy resistance and recurrence. GSCs
express markers like CD133 and exhibit self-renewal capacity. Clinical Implications of Glioma
Phenotypes Diagnosis and Grading:

Molecular markers (e.g., IDH mutation, 1p/19q codeletion) help define glioma subtypes and prognosis.
Imaging phenotypes on MRI (e.g., enhancement patterns) also reflect glioma grade. Prognosis:

Low-grade gliomas have a better prognosis compared to glioblastomas. IDH-mutant gliomas and
1p/19q codeleted gliomas are associated with longer survival. Therapeutic Targeting:

Angiogenic phenotype: Targeted by anti-VEGF therapies (e.g., Bevacizumab). Immunosuppressive
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phenotype: Targeted by immune checkpoint inhibitors. Proliferative phenotype: Targeted by inhibitors
of EGFR or cell cycle regulators. Stem-like phenotype: Targeted by therapies aimed at GSCs.
Resistance and Recurrence:

The heterogeneity of glioma phenotypes contributes to therapeutic resistance and recurrence.
Multimodal approaches combining surgery, radiation, chemotherapy, and targeted therapies are often
necessary.
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