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This lecture

Overview of the ideas that provide the framework 
for what we do

Attempt some critical evaluation



What is Cancer ?

From egg to embryo to adult and throughout adult 

life cells grow and organise themselves in 3 D. In 

the adult there is constant turnover, e.g. in the gut, 

and if a tissue is wounded cells migrate and divide 

to close the wound. From time to time rogue cells 

arise that don’t obey the rules and grow more than 

they should – they may take over a patch of tissue, 

displacing their neighbours, or make the tissue 

grow more than it should. In the worst case, cells 

escape from their home location and seed new 

colonies all over the body – this is cancer. Since 

we don’t understand 3D growth control or wound 

healing, we shouldn’t be surprised if our 

knowledge of cancer is a bit rudimentary



What is Cancer ?



What is Cancer ?

failure of 3-D growth control

and repair/wound healing



Normal
Cell

Slightly
Abnormal

More
Abnormal

Malignant

Gene changes
mutations (all kinds) + epigenetic change + viruses 

+ mobile elements, etc

Cancer is caused by 
alteration of a cell’s genes
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Evidence that tumours are 

clonal is that cells have the 

same mutations

Tumours 
develop by 

Clonal 
Evolution = 

Natural 
Selection
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so tumours develop in stages by successive 

clonal expansions; mutation that leads to 

lack of expansion is unlikely to lead to 

further development; note that, in bulk, 

tumours will be a mix of clones, with the 

most recent/aggressive generally a minor 

clone.

Clonal expansion elegantly demonstrated in 

mouse esophagus Alcolea, Jones et al, 

Nature Cell Biology 2014



genetic instability



Development of a cancer

Normal
Cell

Slightly
Abnormal

More
Abnormal

Malignant

Gene changes/mutations

accelerated by Genetic Instability
?

?



Human cancers are often Genetically Unstable

•Most human cancers seem to show genetic 

instability of some kind

•Not just a consequence of malignancy (e.g. rapid 
cell cycling) because: 

different tumours have different instability



chromosome instability

‘CIN’

chromosomes stable

Tumour A

Tumour B

Sequence instability

100X rate single-

base mutations

Sequences stable

Genetic Instability is a Specific Abnormality



chromosome instability

‘CIN’

chromosomes stable

Tumour A

Tumour B

Sequence instability

e.g. Mutation in 

mismatch DNA repair

Sequences stable

e.g. Mutation in 

strand break repair

Genetic Instability is a Specific Abnormality



Genetic Instability:

Basic proposition: Cancers arise in cells that are genetically 
unstable

Theoretical Argument (controversial): so many mutations are 
needed for cancer that they would rarely happen at normal 
mutation rate.

Lots of different types/mechanisms



How could genetic instability come about?

Sequence 

instability

chromosome 

instability

Failure to 

repair DNA damage
√            √

Errors in replication or

mitosis
√ √

e.g. mismatch

repair 

~15% colon cancers have mutations in DNA mismatch repair

-> high point mutation rate and repeat expansion/contraction

(“microsatellite instability”)



How could genetic instability come about?

perhaps:

Sequence 

instability

chromosome 
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Failure to 
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√            √

Errors in replication or

mitosis
√ √

e.g. mismatch

repair 

e.g. polymerase 

mutant

some colon cancers have mutations in DNA polymerase epsilon

very high point mutation rate

e.g. BRCA1, BRCA2



How could genetic instability come about?
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Errors in mitosis:Abnormal mitosis End
Movie by Duane Compton and Sarah Thompson, Dartmouth USA

Error in mitosis: Lagging chromosome

lagging chromosome



There are many kinds of genetic instability

perhaps:

Sequence 

instability

chromosome 

instability

Failure to 

repair DNA damage
√            √

Errors in replication or

mitosis
√ √

e.g. mismatch

repair 

e.g. lagging

chromosomes

e.g. polymerase 

epsilon mutant

e.g. BRCA1, BRCA2

......and there is probably Epigenetic instability as well !

......and activation of mobile elements

For most human cancers 

we don’t yet know what 

their genetic instability is

target for therapy!



hereditary predisposition
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Gene changes / mutations

hereditary predisposition

• •

NOT QUITE

- either growth control or genetic instability

- v. important genetic diseases



hereditary predisposition examples

gene

Retinoblastoma Rb1

Polyposis coli

(colon)

APC

Lynch syndrome

(mostly colon)

MLH1

(mismatch repair)

Breast BRCA2

growth control

genetic instability

(DNA repair)



Oncogenes and Tumour Suppressor genes



Oncogenes and Tumour Suppressor genes

Definitions vary but one is:

Oncogene mutations are overactivity mutations

- dominant in the cell, I.e. only one copy mutated

Tumour Supppressor Gene mutations are loss of function mutations

- generally both copies are mutated, recessive in the cell 



Oncogenes versus Tumour Suppressor Genes 
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What do gene changes do to cells ?

not just control of cell proliferation



Abnormal proliferation 
and survival control: Independence of positive growth signals

Resistance to negative signals
Resistance to Apoptosis, cycle arrest
Abnormal (often blocked) Differentiation
Immortality/resistance to stress arrest

Genetic Instability 
Metastasis ?
Angiogenesis ?
Metabolic changes?
Immune response?

(Hanahan & Weinberg, 2000, revised 2011)

Malignant cells have acquired a number of properties

- The ‘Hallmarks of Cancer’



Wnt Tyr kinase

external growth promoting signals

Jones S et al. Proc Natl Acad Sci USA. 2008 

Vogelstein’s model of colon cancer (2008 version)



Wnt Tyr kinase TGF-β

external growth inhibitory signals

Vogelstein’s model of colon cancer (2008 version)



Vogelstein’s model of colon cancer (2008 version)

Wnt Tyr kinase TGF-β

anti apoptosis/cycle arrest



Vogelstein’s model of colon cancer (2008 version)

Wnt Tyr kinase TGF-β

genetic instability



Abnormal proliferation 
and survival control: Independence of positive growth signals
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Vogelstein’s model of colon cancer (2008 version)

Tyr kinase TGF-β



Deleting the APC gene in colon

Wild-type APC deleted

Crypt region Crypt region has expanded
Sansom, O.J. et al., 2004. Genes & development



Abnormal proliferation 
and survival control: Independence of positive growth signals

Resistance to negative signals
Resistance to Apoptosis, cycle arrest
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(Hanahan & Weinberg, 2000, revised 2011)

Malignant cells have acquired a number of properties

- The ‘Hallmarks of Cancer’



The Hayflick Limit: ‘Senescence’



Immortality, Telomeres & Senescence

Senescence: Cells in culture cycle arrest after a set number of divisions. 

Immortalisation: certain cancer mutations can take cells through this block –

Cancer cells are ‘immortalised’

Divisons are measured by telomeres:   

Telomeres shorten at DNA replication

short telomeres -> senescence. 

Expression of telomerase-> immortality



Senescence is now recognised as a stress response

Stresses
Telomere
shortening

DNA
damage

Abnormal
signalling

etc.

‘sensescence’ 
phenotype



Abnormal proliferation 
and survival control: Independence of positive growth signals

Resistance to negative signals
Resistance to Apoptosis, cycle arrest
Abnormal (often blocked) Differentiation
Immortality/resistance to stress arrest

Genetic Instability 

Metastasis ?
Angiogenesis ?
Metabolic changes?
Immune response?

(Hanahan & Weinberg, 2000, revised 2011)

Malignant cells have acquired a number of properties

- The ‘Hallmarks of Cancer’



Malignancy/ 
Metastasis is 
the central 

problem, both 
clinically and 
intellectually



Malignancy/ 
Metastasis is 
the central 

problem, both 
clinically and 
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Benign tumour (mole)

malignant tumour (melanoma)



Jones S et al. Proc Natl Acad Sci USA. 2008 

Vogelstein’s model of colon cancer (2008 version)

Not clear whether any mutations are needed for metastasis as opposed 

to malignancy



Malignancy, Invasion & Metastasis

Most that is written is a priori and therefore at best suspect, e.g.

‘invasion out of vessels is abnormal’

- wrong, normal cells exit vessels efficiently (Chambers)

‘a small subpopulation of primary tumour is uniquely capable of metastasis’

- probably wrong (Kerbel, Weiss, Weinberg & Bernards)

‘malignant cells are abnormally motile’

- not clear, normal epithelial cells can travel much faster than cancers, not 

possible to  do the comparison in vivo

‘tumour cells are invasive’

- depends what you mean by ‘invasive’. Tumours spread but it’s not clear 

how active this is. In some experimental systems, normal cells can be more invasive 

than their cancers 



Malignancy, Invasion & Metastasis

(exit into circulation) TEXTBOOKS

Inefficient -cells die

Abnormal

Abnormal, difficult

abnormal
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Malignancy, Invasion & Metastasis

Experiment - Ann Chambers TEXTBOOKS

Inefficient -cells die

Abnormal

Abnormal, difficult

abnormal

only barrier to metastasis



Malignancy, Invasion & Metastasis

Most that is written is a priori and therefore at best suspect, e.g.

‘invasion out of vessels is abnormal’

- wrong, normal cells exit vessels efficiently (Chambers)

‘a small subpopulation of primary tumour is uniquely capable of metastasis’

- probably wrong (Kerbel, Weiss, Weinberg & Bernards)

‘malignant cells are abnormally motile’

- not clear, normal epithelial cells can travel much faster than cancers, not 

possible to  do the comparison in vivo

‘tumour cells are invasive’

- depends what you mean by ‘invasive’. Tumours spread but it’s not clear 

how active this is. In some experimental systems, normal cells can be more invasive 

than their cancers 



Most cells in a primary tumour seem capable of metastasis

Primary tumour

metastasis

test

test

Often said that only some of the cells in a tumour can 
metastasize. 



Most cells in a primary tumour seem capable of metastasis

Primary tumour

metastasis

test

test

Leonard Weiss’s retransplantation expt

transplant

=> No evidence for special metastatic subpopulation
No evidence for major mutation/selection between primary 
and metastasis

Equal rate of 
metastasis 



Malignancy, Invasion & Metastasis

Most that is written is a priori and therefore at best suspect, e.g.

‘invasion out of vessels is abnormal’ 

- wrong, normal cells exit vessels efficiently (Chambers)

‘a small subpopulation of primary tumour is uniquely capable of metastasis’ 

- probably wrong (Kerbel, Weiss, Weinberg & Bernards)

‘malignant cells are abnormally motile’

- not clear, normal epithelial cells can travel much faster than cancers

‘tumour cells are invasive’

- depends what you mean by ‘invasive’. Tumours spread but it’s not clear 

how active this is. In some experimental systems, normal cells can be more invasive 

than their cancers 



Metastasis: a personal conclusion

Malignant cells can grow in an alien environment

No evidence (yet) for a major change (e.g. crucial mutations) 
between malignant primary and metastasis

Pathologist’s ‘invasiveness’ is perhaps metastasis to local tissue

-> Maybe metastasis is just ‘leakage’ of cells from the primary

Malignancy is what matters



Abnormal proliferation 
and survival control: Independence of positive growth signals

Resistance to negative signals
Resistance to Apoptosis, cycle arrest
Abnormal (often blocked) Differentiation
Immortality/resistance to stress arrest

Genetic Instability 
Metastasis ?
Angiogenesis ?
Metabolic changes?
Immune response?

(Hanahan & Weinberg, 2000, revised 2011)

Malignant cells have acquired a number of properties

- The ‘Hallmarks of Cancer’



Angiogenesis?

Tumours need new blood supply to expand. 

blood supply

The Angiogenesis proposition*:

Tumours need to make angiogenic factors

BUT
Normal cells make angiogenic factors when needed. Do they need
anything more?

* (Judah Folkman, championed by Hanahan)



Angiogenesis

The Angiogenesis proposition: (Judah Folkman, followed up by Hanahan)

…that tumours have to elicit new blood vessel formation in order to grow and 

perhaps spread, and therefore they have to produce angiogenic factors 

My opinion:

Important to distinguish between angiogenesis as a natural response to 

tumour need (which presumably occurs) and abnormal property of tumour cells 

(which remains to be clearly established)

In animal models increased angiogenesis can be associated with onset of 

malignancy, but is this a normal response by vasculature to increased tumour

turnover or abnormal acquired property of tumour?

i.e. not at all understood. But this is not to deny that blocking metastasis may 

be a valid therapeutic approach



Abnormal proliferation 
and survival control: Independence of positive growth signals

Resistance to negative signals
Resistance to Apoptosis, cycle arrest
Abnormal (often blocked) Differentiation
Immortality/resistance to stress arrest

Genetic Instability 
Metastasis ?
Angiogenesis ?
Metabolic changes? – there are metabolic mutations but their 
functional consequences may not be to alter metabolism per se
Immune response?

(Hanahan & Weinberg, 2000, revised 2011)

Malignant cells have acquired a number of properties

- The ‘Hallmarks of Cancer’



Is there an immune response to tumours?

Long and dismal history of artefact and confusion

For example, the proposal that T cells kill cancers was originally an attempt to 

explain skin-graft rejection before histocompatibility was understood

Never much evidence that the immune response restrains tumour growth

- immune suppressed humans and mice do not get much more cancer, and most 

of this is virus-induced*. If immunity mattered, we would expect to see a great 

increase in cancer in immune-suppressed mammals, and in general we don’t 

- BUT blocking self-tolerance sometimes works and is clearly important

- produces attack on some tumours with very high mutation burden

*Engels EA et al (2011) JAMA 

Profoundly controversial



Texts, Reviews, References
Textbooks
Alberts et al, (Cancer chapter of ) Molecular biology of the cell (Garland). Latest edition is 6th edition 2014 (blue cover) but this 
chapter has not greatly changed since 4th Edn 2002 (Silver cover). 

Weinberg, RA (2013) The Biology of Cancer 2nd edition (unnecessary emphasis on tumour viruses otherwise good)

Reviews: 
Hanahan & Weinberg The Hallmarks of Cancer. Cell 2011 vol. 144 (5) pp. 646-674 update of original essay Cell 2000;100, 57,  
classic exposition of ‘hallmarks’ concept. Arguably 2011 version got a bit carried away, earlier version is less contentious

Specific points raised in lecture:
Jones et al PNAS 2008;105, 4283 Sequence screen of colon adenomas and carcinomas, updated Vogelstein model of colon cancer

Chambers AF, Breast cancer research 2000;2:400-7. Metastasis mechanisms (covered in 2nd lecture)


