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Tumor Maintenance Genes (TMGs)

Tumor Maintenance Genes (TMGs) are essential for the survival and progression of tumor cells. Unlike
oncogenes or tumor suppressor genes, which are primarily involved in the initiation of cancer, TMGs
are crucial for maintaining the malignant phenotype and enabling cancer cells to thrive under stress.

Key Characteristics of Tumor Maintenance Genes

Essential for Tumor Survival: TMGs provide critical support to the tumor microenvironment,
enabling cell survival, proliferation, and evasion of apoptosis.
Stress Adaptation: They help cancer cells cope with metabolic, oxidative, and therapeutic
stress.
Not Always Mutated: Unlike oncogenes or tumor suppressor genes, TMGs may not
necessarily be mutated; their overexpression or altered regulation can contribute to tumor
maintenance.
Therapeutic Targets: TMGs are attractive therapeutic targets due to their critical role in
tumor viability.

Examples of Tumor Maintenance Genes

Metabolic Genes

IDH1/IDH2: Mutations alter metabolic pathways to promote oncometabolite production.
GLS (Glutaminase): Supports glutamine metabolism, essential for cancer cell proliferation.
HK2 (Hexokinase 2): Regulates glycolysis, providing energy to tumor cells.

Anti-Apoptotic Genes

BCL2 Family: Includes BCL2, BCL-XL, and MCL1, which prevent apoptosis by inhibiting pro-
apoptotic factors.
XIAP (X-linked Inhibitor of Apoptosis Protein): Blocks caspase activity, promoting cell
survival.

DNA Repair and Genomic Stability Genes

PARP1 (Poly(ADP-Ribose) Polymerase 1): Involved in DNA repair; targeted by PARP
inhibitors.
RAD51: Facilitates homologous recombination repair of DNA double-strand breaks.

Epigenetic Regulators

EZH2 (Enhancer of Zeste Homolog 2): A histone methyltransferase involved in chromatin
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remodeling.
BRD4 (Bromodomain-Containing Protein 4): Regulates transcription of genes critical for
tumor growth.

Signal Transduction and Cell Cycle Regulators

PIK3CA: Activates PI3K/AKT signaling, promoting cell survival and growth.
CDK4/6 (Cyclin-Dependent Kinases 4/6): Controls cell cycle progression.
MYC: A transcription factor involved in cell growth and metabolism.

Immune Evasion Genes

PD-L1 (Programmed Death-Ligand 1): Suppresses immune responses, enabling tumor cells
to escape immune surveillance.
IDO1 (Indoleamine 2,3-Dioxygenase 1): Modulates immune suppression by depleting
tryptophan in the tumor microenvironment.

Therapeutic Implications

Synthetic Lethality: Exploiting vulnerabilities in TMG pathways, such as using PARP inhibitors
in BRCA-mutated tumors.
Metabolic Modulation: Targeting metabolic dependencies with drugs like GLS inhibitors or 2-
DG (2-deoxyglucose).
Immune Checkpoint Blockade: Blocking PD-1/PD-L1 or other immune evasion pathways.
Epigenetic Therapies: Using inhibitors of EZH2, BET proteins, or HDACs to disrupt tumor
maintenance mechanisms.

Research Directions

Context-Dependent Vulnerabilities: Identifying TMGs specific to tumor subtypes or
microenvironments.
Combination Therapies: Enhancing TMG-targeted therapies with immunotherapy or
conventional treatments.
Biomarker Development: Finding predictive markers for response to TMG-targeted therapies.

Understanding TMGs and their pathways offers new avenues for designing treatments aimed at
crippling the essential support systems of cancer cells, paving the way for more effective and less
toxic therapies.

Preclinical functional genomic research

Fan et al. employed a functional genomic approach using the Lazy Piggy transposon to identify tumor
maintenance genes in vivo and applied this to sonic hedgehog (SHH) medulloblastoma (MB).
Combining Lazy Piggy screening in mice and transcriptomic profiling of human MB, we identified the
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voltage-gated potassium channel KCNB2 as a candidate maintenance driver. KCNB2 governs cell
volume of MB-propagating cells (MPCs), with KCNB2 depletion causing osmotic swelling, decreased
plasma membrane tension, and elevated endocytic internalization of epidermal growth factor
receptor (EGFR), thereby mitigating proliferation of MPCs to ultimately impair MB growth. KCNB2 is
largely dispensable for mouse development and KCNB2 knockout synergizes with anti-SHH therapy in
treating MB. These results demonstrate the utility of the Lazy Piggy functional genomic approach in
identifying cancer maintenance drivers and elucidate a mechanism by which potassium homeostasis
integrates biomechanical and biochemical signaling to promote MB aggression 1).

This study makes a significant contribution to the field of cancer biology by identifying KCNB2 as a
tumor maintenance gene in SHH medulloblastoma and providing mechanistic insights into its role.
While the work is innovative and offers strong translational potential, it would benefit from further
validation in human models, broader analysis of the genetic screen, and exploration of clinical
implications. These additions could elevate the study's impact and provide a clearer path toward
clinical application.
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