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The Hallmarks of Cancer

Adapted from Hanahan D, Weinberg RA
Hallmarks of Cancer. Cell 2011



A more complicated picture 

Adapted from Hanahan D et al Cancer Disc 2022



Sustaining 
proliferative 

signaling



Sustaining proliferative signaling

• An oncogene is a mutated gene that has the
potential to cause cancer.

• Before an oncogene becomes mutated, it is called
a proto-oncogene, and it plays a role in regulating
normal cell division.

https://www.genome.gov/genetics-glossary/Oncogene



Carcinogen                 and                    Mutagen

• A carcinogen is a substance,
organism or agent capable of
causing cancer.

• Carcinogens may occur naturally
in the environment (such as
ultraviolet rays in sunlight and
certain viruses) or may be
generated by humans (such as
automobile exhaust fumes and
cigarette smoke).

• Most carcinogens work by
interacting with a cell’s DNA to
produce mutations.

• A mutagen is a chemical or
physical agent capable of
inducing changes in DNA called
mutations.

• Exposure to a mutagen can
produce DNA mutations that
cause or contribute to certain
diseases, not only cancer.

• Examples of mutagens include
tobacco products, radioactive
substances, x-rays, ultraviolet
radiation and a wide variety of
chemicals.

https://www.genome.gov/genetics-glossary/Oncogene



Oncogenes

https://www.genome.gov/genetics-glossary/Oncogene
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Tumour suppressor genes

• A tumor suppressor gene encodes a protein that acts to
regulate cell division, keeping it in check.

• When a tumor suppressor gene is inactivated by a mutation,
the protein it encodes is not produced or does not function
properly, and as a result, uncontrolled cell division may
occur.

• Such mutations may contribute to the development of a
cancer.

https://www.genome.gov/genetics-glossary/Oncogene



Tumour suppressor genes

https://www.genome.gov/genetics-glossary/Oncogene
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Epigenetic reprogramming

Feng et al, 2021

• Beginning from a single totipotent cell, successive
waves of self-renewal, differentiation and commitment
yield the different array of cell types, tissues and
organs of a fully formed organism.

• DNA sequence-specific transcription factors (TFs) play
a prominent role in fate specification.

• TFs recruit chromatin regulators (CRs) that modulate
the accessibility of target DNA and impart specific
‘chromatin states’ characterized by signature histone
modifications.



Epigenetic reprogramming

Sula et al, 2013

• Induced Pluripotency - a differentiated cell can be
directly reprogrammed into an ‘induced’ pluripotent
stem (iPS) cell by a defined set of TFs.

• Oncogenic transformation yields cells with unlimited
self-renewal potential, a feature shared with iPS and
other directly reprogrammed stem cells.

• Reprogramming in cancer cells can happen by :
• Transcription factors
• DNA methylation
• Chromatin regulators
• Repressive / Active chromatin states



Epithelial Mesenchymal Transition

Tiwari  et al, 2012
Wu et al, 2020

• Epithelial Mesenchymal Transition (EMT) - an
essential process for morphogenesis and organ
development which reversibly enables polarized
epithelial cells to lose their epithelial
characteristics and to acquire mesenchymal
properties.

• In cancer, main pathways involved in EMT are:
• Transcription Factors – SOX4, SNAIL, ZEB
• Hypoxia – HIFs
• Cytokines – TGF-β
• Signaling pathways – Notch, WnT / β-catenin
• Post transcriptional events - miRNAs
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Immune evasion

Vinay et al, Semin Radiat Oncol 2015

• Tumors can evade attacks from the immune system through
various mechanisms such as restricting antigen recognition,
inhibiting the immune system, and inducing T cell
exhaustion.

• Major pathways include:

• Supressor cells - T – regulatory cells (Tregs)

• Defective antigen presentation – by MHC I, CTLs cannot
recognize target antigens on tumour cells.

• Immune suppressive mediators – TGF-β, TNF-⍺, IL-1/6

• Tolerance (Anergy) / Immune deviation – failing to express
costimulatory molecules and can thereby induce anergy or
tolerance in T cells (PDL1/ CTLA4)

• Apoptosis of CTLs – miRNAs

• Intratumoral heterogeneity



Zhang et al, Lancet Microbe 2022

Immune evasion



Polyak et al, 2011
Lim et al, 2019

Intratumour heterogeneity



Enabling replicative 
immortality



Immortality and Telomerase

Jafri et al, 2016
Duesberg et al, 2013

Telomerase theory
• Telomere - Tandem repetitive (TTAGGG) DNA–sequences at

the ends of chromosomes (protecting chromosomes from
fusion and from being recognized as sites of DNA damage)
are crucial for the survival of cancer cells.

• Cancer cells (>90%) activate /upregulate the normally silent
human Telomerase reverse transcriptase TERT gene (hTERT).

Karyotypic theory of immortality

• Immortality of cancers is a direct consequence of a dynamic
equilibrium between spontaneous karyotypic variation
(speciation theory) and selection for reproductive
autonomy.

• This also explains the constitutive heterogeneity of cancer
karyotypes.
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Tumour promoting 
Inflammation

Triner et al, J Clin Invest. 2016
Mantovani et al, 2008

• Inflammatory diseases increase the risk of developing
many types of cancer.

• NSAIDs reduce the risk of developing certain cancers and
reduce the mortality caused by these cancers.

• Inflammatory cells, chemokines and cytokines are present
in the microenvironment of all tumours from the earliest
stages of development.

• The targeting of inflammatory mediators, key TFs involved
in inflammation or inflammatory cells decreases the
incidence and spread of cancer.



Polymorphic 
microbiome



Polymorphic microbiome

Hanahan D et al Cancer Disc 2022 
Zhang et al, Lancet Microbe 2022

• Ecosystems created by resident bacteria and fungi—the
microbiomes—have profound impact on health and disease.

• For cancer, the evidence is increasingly compelling that polymorphic
variability in the microbiomes between individuals in a population can
have a profound impact on cancer phenotypes.

• Gut associated :
• Mutagenesis of the colonic epithelium that damage DNA or disrupt DNA repair.
• Stimulating epithelial proliferation by ligand mimetics.
• Production of butyrate.

• Beyond the Gut: Distinctive Microbiomes in Other Barrier Tissues

• Intratumoral Microbiota



Polymorphic microbiome

Zhang et al, Lancet Microbe 2022
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Activating invasion and metastasis

Duffy et al, 2007
Neophytou et al, J. Mol. Sci. 2019

https://www.ncbi.nlm.nih.gov/books/NBK164700/
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Inducing or accessing vasculature

Mabeta et al, 2022

• Angiogenic switch - the point where the number or
activity of the pro-angiogenic factors exceeds that of the
anti-angiogenic factors, giving rise to new blood vessels
accompanied by increased tumour growth, metastasis,
and potential drug resistance.



Angiogenic switch

Niu et al, 2020

• Tumour heterogeneity leads to heterogeneity in the tumour vasculature. 

• The 'angiogenic switch', can occur at any stage of tumour progression. 

• Tumour angiogenesis differs significantly from physiological angiogenesis 
in having :
• Aberrant vascular structure 
• Altered endothelial-cell–pericyte interactions
• Abnormal blood flow
• Increased permeability and delayed maturation.

• Tumour hypoxia complicates the angiogenic response.

• The angiogenic activity of a tumour does not necessarily correlate with 
tumour aggressiveness. 

• Anti-angiogenic agents can be used not only for the treatment of cancer, 
but also for the prevention of cancer recurrence or metastasis. 



Senescent 
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Senescent cells

Campisi, 2000
Schmitt et al, Nature 2022

• Senescent cells are characterized by :
1) arrested growth which cannot be stimulated to re-enter the

cell cycle by physiological mitogens;

2) resistance to apoptotic cell death;

3) acquiring altered differentiated functions.

• Replicative senescence occurs because cells acquire one
or more critically short telomeres.

• Senescence is ordinarily a fail-safe mechanism that
protects cells from tumorigenesis.

• Senescent cells have recently been shown to
accumulate with age in human tissues and have more
accumulated mutations with increased risk of cancer.



Senescent cells

Campisi, 2000
Schmitt et al, Nature 2022

• Senotherapies – drugs that interact with senescent cells to interfere with their pro-aging
impacts. Two main categories: senolytic drugs (selectively destroy senescent cells) and
senostatic drugs, (inhibit their function).

• Navitoclax interacts with the BCL-2 pathway and prevents it from inhibiting apoptosis.
• Quercetin / Fisetin (a flavonoid) may act in part via senescence induction.
• Metformin has senostatic properties and reduces the stimulatory effect of SASP.
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Genomic instability and mutations

Charames et al, Nature 2003

• Genomic instability is broadly classified into microsatellite
instability (MIN) associated with mutator phenotype, and
chromosome instability (CIN) recognized by gross chromosomal
abnormalities.

• Three intracellular mechanisms are involved in DNA damage
repair / MIN that leads to mutator phenotype - nucleotide
excision repair (NER), base excision repair (BER) and mismatch
repair (MMR).

• The CIN pathway is typically associated with the accumulation of
mutations in tumor suppressor genes and oncogenes.

• Defects in DNA MMR and CIN pathways are responsible for a
variety of hereditary cancer predisposition syndromes including
hereditary non-polyposis colorectal carcinoma (HNPCC), Bloom
syndrome, ataxia-telangiectasia, and Fanconi anaemia.



Genomic instability

Schmitt et al, Nature 2022
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Resisting cell death

Fernald et al, Trends Cell Biol 2013

• Apoptosis - In response to various apoptotic stimuli, “initiator”
caspases (caspase-2, -8, -9, or -10) are activated. Initiator caspases,
in turn, cleave and activate the zymogenic forms of “executioner”
caspases (e.g. caspase-3 or -7), resulting in the proteolytic
cleavage of specific cellular substrates and, consequently, cell
death. Two pathways :

• Extrinsic pathway - initiator caspase-8 and -10 are activated
through the formation of a death-inducing signal complex (DISC) in
response to engagement of extracellular ligands.

• Intrinsic pathway - mitochondrial outer membrane
permeabilization (MOMP) is involved; MOMP triggers the release
of a group of pro-apoptotic proteins, including cytochrome c and
second mitochondria-derived activator of caspases (SMAC).



Resisting cell death

Schmitt et al, Nature 2022
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Deregulating cellular metabolism

Serrano-Carbajal et al, Front Oncol 2020

• Most mammalian cells use glucose as a fuel source. 

Glucose                          Pyruvate                            ATP 

Glucose                          Pyruvate                             Lactate

Warburg effect

Glycolysis Mitochondria

Glycolysis Lactate dehydrogenase

↑O2

↓O2↑O2



Deregulating cellular metabolism

www.cellsignal.com

• AMP-activated protein kinase (AMPK) plays a key role as
a master regulator of cellular energy homeostasis. The
kinase is activated in response to stresses that deplete
cellular ATP supplies.

• Cancer cells use Glutamine as another fuel source, 
which enters the mitochondria and can be used to 
replenish Krebs Cycle intermediates 

• Cancer cells can become addicted to glutamine, with 
glutamine itself promoting cell proliferation. 
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Unlocking phenotypic plasticity

Serrano-Carbajal et al, Front Oncol 2020

• During organogenesis, organization of cells into tissues is
accompanied by terminal differentiation, whereby progenitor cells
stop growing.

• This antiproliferative process and constitutes a clear barrier to the
continuing proliferation – called phenotypic plasticity.

• Unlocking the normally restricted capability for phenotypic
plasticity in order to evade or escape from the state of terminal
differentiation is a critical component of cancer pathogenesis.

• Three ways :

1. Dedifferentiation from mature to progenitor states

2. Blocked (terminal) differentiation from progenitor cell states

3. Transdifferentiation into different cell lineages



Unlocking phenotypic plasticity

Serrano-Carbajal et al, Front Oncol 2020



Summary



H
o

w
 c

an
 w

e 
ta

rg
et

ca
n

ce
r?




	Slide 1: An Introduction to Cancer Cell Biology and Genetics
	Slide 2: The Hallmarks of Cancer
	Slide 3: A more complicated picture 
	Slide 4: Sustaining proliferative signaling
	Slide 5: Sustaining proliferative signaling
	Slide 6: Carcinogen                 and                    Mutagen
	Slide 7: Oncogenes
	Slide 8: Evading growth supressors
	Slide 9: Tumour suppressor genes
	Slide 10: Tumour suppressor genes
	Slide 11: Non-mutational epigenetic reprogramming
	Slide 12: Epigenetic reprogramming
	Slide 13: Epigenetic reprogramming
	Slide 14: Epithelial Mesenchymal Transition
	Slide 15: Avoiding  immune destruction
	Slide 16: Immune evasion
	Slide 17
	Slide 18
	Slide 19: Enabling replicative immortality
	Slide 20: Immortality and Telomerase
	Slide 21: Tumour  promoting inflammation
	Slide 22: Tumour promoting  Inflammation
	Slide 23: Polymorphic microbiome
	Slide 24: Polymorphic microbiome
	Slide 25: Polymorphic microbiome
	Slide 26: Activating  invasion and metastasis
	Slide 27: Activating invasion and metastasis
	Slide 28: Inducing or accessing vasculature
	Slide 29: Inducing or accessing vasculature
	Slide 30: Angiogenic switch
	Slide 31: Senescent  cells
	Slide 32: Senescent cells
	Slide 33: Senescent cells
	Slide 34: Genomic instability and mutation
	Slide 35: Genomic instability and mutations
	Slide 36: Genomic instability
	Slide 37: Resisting  cell  death
	Slide 38: Resisting cell death
	Slide 39: Resisting cell death
	Slide 40: Deregulating cellular metabolism
	Slide 41: Deregulating cellular metabolism
	Slide 42: Deregulating cellular metabolism
	Slide 43: Unlocking phenotypic plasticity
	Slide 44: Unlocking phenotypic plasticity
	Slide 45: Unlocking phenotypic plasticity
	Slide 46: Summary 
	Slide 47: How can we target cancer?
	Slide 48

