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Hallmarks of Cancer
Reprogramming Energy Metabolism
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cellular immune
energetics destruction
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Genome aTumor-
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Inducing Activating
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The Warburg effect
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Vander Heiden et al.: Understanding the Warburg effect. Science 324:1029, 2009.
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Positron Emission
Tomography (PET)
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Hallmarks of Cancer
Evasion of the Immune System
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T cell specific
for tumor antigen
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> Modified from MIT OCW



Hallmarks of Cancer
Genomic Instability
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DNA damage and repair
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DNA double-strund break
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Germline ccnfiguration
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Hallmarks of Cancer
Tumor-Promoting Inflammation
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Growth factors

Mostly proteins from:
- Lymphocytes

- Macrophage

- Stromal cells

- Parenchymal cells

Induce cells to:

- Survive/Proliferate
- Migrate

- Differentiate

Induce proliferation
through gene expression:
- Promote cell cycle entry
- Relieve cell cycle blocks
- Inhibit apoptosis

- Protein production 1




All Cells

Free radicals
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Carcinogenesis is a multistep process



Carcinogenesis is

MORPHOLOGIC
APPEARANCE

MOLECULAR
CHANGE
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Hallmarks Concluded!

Immune activating Avoiding immune Evading growth i Cyclin-dependent
anti-CTLA4 mAb destruction suppressors kinase inhibitors
Sustaining @ Enabling
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signaling l immortality
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A —-  Cellular - 4 "> S - promoting <
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Inhibitors of Inducing Genome PARP
VEGF signaling angiogenesis instability and € inhibitors
mutation

» Hanahan D, Weinberg RA: The hallmarks of cancer: the next generation. Cell 144:646, 2011.



