
Cancer and Stratified Medicine: 

 
Lecture 1: What is Cancer? 
 
Cancer results from the uncontrolled division of cells  
A single cell was the most life on earth for a long time, then there was a multi-cellular 
organism. Eventually, there was the presence of gem cells (sperm and egg). These germ cells 
came together to form a soma. The Soma evolved in different ways, eventually becoming 
homosapiens. The only role of the same is to deliver the germ cell, but this is a risk because 
as soon as multicellular cells are present cancer can occur. Cancer starts from one cells and 
undergoes uncontrolled replication due to dysfunction of cell cycle checkpoints. 
 

Cancer can destroy the germline - how can it be controlled?  
We can develop an adult that does not have dividing cells.  
Problems - cannot repair tissue.  
 
However, we have cells that can divide and repair. 
Current lifetime risk of cancer is 45% in men and 39% in women.  
 

Why is cancer so uncommon?  
The complexity of the metazoan (multicellular organ) 
• We have 1014 cells 
• Estimated to undergo 1024 cell divisions in a lifetime  
• May be up to 20,000 breaks in DNA in each cell division  

  
Your body has made: 
• 300 million new red blood cells  
• 12,000 million new gut cells  
•  40,000 new skin cells  

  
The evolution of protection against cancer: 
• Selection for tumour suppressor genes so a cell stops going under unprotected 

proliferation. 
• Multiple systems for DNA repair - to stop the development of cancer.  
• Immune control of transformed cells. There is evidence that immune system undergoing 

constant surveillance.  
  
Tumour suppressor genes: 
Main Tumour Suppressor Genes = p53. It is mainly inactivated in most cancer.   
• Induces apoptosis or senescence - cell death or put to sleep so they have control 

proliferating cells. Eventually the senescent cells are killed.  
• Probably accelerate ageing if overexpression of p53 is present.  
• May be selected to prevent cancer before reproductive age then reduce effect thereafter  

 As the number of cells increases, so does the number of tumour suppressor genes.  
 
Most commonly diagnosed cancers in the world:  

- Lung  
- Breast 
- CRC 
- Stomach  
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Epstein Barr Virus:  
Usually:  

11. Asymptomatic infection during childhood 
12. Lifelong silent (latent) infection  
13. 95% of worldwide population infected 

  
Endemic Burkitt lymphoma peak incidence age 4-7 years  

- 30 - 60 cases per million per year (100% EBV associated).  
This usually occurs in the sub-saharan Africa region 

  
Sporadic Burkitt lymphoma peak incidence ages 11 and 30  

- 3 cases per million per year (20-30% EBV associated). Occurs all over the world. 
  

Hodgkin Lymphoma peak incidences ages 20-24 and 70-80 (due to old people immune system) 
14. Males: 35 cases per million per year (30-40% EBV associated) 
15. Females: 25 cases per million per year 

  
Cancer- Complex Multistep Pathogenesis:  

Normal cells can undergo genetic changes, virus infection, UV/ Ionising Radiation and exposure of 
chemicals which leads to the formation of a tumour cells.  

 
Multifactorial causes of cancer:  

16. Burkitt Lymphoma:  
17. 100% Epstein Barr Virus +ve 
18. Infection of B cells  
19. It is present in the malaria region of Africa. It has a strong association with malaria. 
20. C-Myc (transcription factor) Translocation 8:14, 8:2, 8:22 (c-myc oncogene translocated to 

the Ig heavy or light promoter). 
 
Initial B Cell infection and B cell will go the GC (where B cells differentiate into memory B cells or 
plasma cells). When in the GC they undergo somatic hypermutations and rearrange their 
immunoglobulin genes to give specific antibodies formed. The antibody will have a specific epitope 
that is complementary to the virus. TO get the gene arrangement, there needs to be DSB induced. 
There is translocation of cellular factors that moves from chromosome 8 to the DSB where the genes 
are being re-arranged. Patients also infected with malaria have constant infection. Constant infection 
means that their GC is constantly active since they need to make a lot of antibodies as well to the 
infection. C-Myc is the control for the immunoglobulin gene. This means that cellular transcription 
factor is constantly switched on. The cells are permanently replicating. C-Myc translocation occurs 
whether EBV is present/ not present but it is upregulated when malaria is present .  
  
 
 

Epstein Barr virus (EBV); lymphomas and carcinomas  
EBV prevalent in the human population; approx. 95% infected worldwide.  
First human tumour virus identified.  
• EBV isolated from Burkitt’s lymphoma  
• EBV transforms resting B cells into continuously proliferating lymphoblastoid cell  

lines. The B cells would grow forever.  
 
Associated with malignancies of: 

B cells: Burkitt lymphoma, Hodgkin lymphoma. Diffuse Large B cell Lymphoma, Post-transplant 
lymphoma, CNS lymphoma, Follicular lymphoma  
 
NK and T cells: Extranodal NK/T cell lymphoma, NK leukaemia 
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Why is p53 an atypical tumour suppressor gene?  
Atypical due to the types of mutations that we see. There is mainly loss of function mutations such as 
missense mutations (84%).  
90% of p53 mutation are in the DNA binding domain, with 30% in 6 mutation hot spots. Mutations 
are clustered in the hotspots in the DBD. Particular positions in the protein affect the binding of p53 
to the DNA or they alter the conformation of p53 making it less able to bind  
 
p53 point mutations in the DNA binding domain:  
• DNA contact mutants alter amino acids that directly bind DNA  
• Conformational mutations disrupt the structure of p53 and abolish/alter DNA-binding ability  

Mutations are generally substitutions of one amino acid and just that single amino acid can have 
big effects on P53. 
  

P53 Mutations can result in either gain or loss of function  
 

• Loss of function mutations (both alleles)  
• Nonsense, frameshift, insertions/deletions + LOH 
• No protein produced  

 
Dominant negative mutations (missense, LoF)  
• Dominant negative mutations encode a stable mutant protein that interferes with the function of 

the wild-type protein 
• Mutant/wild type hetero-tetramers – tetramers form with both abnormal and normal proteins 

o Diminished DNA binding and transactivation activity  
Only a single mutation is required – the second allele is normal  
 
 

Gain of Function Mutations (+ or - LOH)  
Can affect a single allele.  
P53 is usually at very low levels within the cell and is only upregulated when needed. 
Mutant p53 proteins often become stable and accumulate to high levels in tumours even 
when no stimulated 

  
• Altered DNA binding  
• Mutations may change, rather than abolish, sequence-specific DNA binding  

o Confer the ability to interact with other transcription factors and modulate the expression of 
their target genes  

o Altered association with chromatin or chromatin regulatory complexes - involved if DNA 
is accessible for transcription 

o Directly interact with and influence other proteins and their functions e.g. DNA repair 
proteins  

  
  
p53 & Inherited Cancer Predisposition: Li Fraumeni Syndrome  

• Germline p53 mutation predisposes to multiple tumour types in different tissues 
• Multiple primary tumours are frequent (40%)  
 
Initial description of Li Fraumeni Syndrome:  
• Familial clustering of:  

- Adrenocortical carcinoma (ACC) 
- Soft tissue sarcoma (STS), 
- Central nervous system (CNS) tumours,  
- Breast cancer – p53 is the 3rd most frequent cause after BRCA1/2  

• Patterns of tumour development show distinct phases over Lifetime  
o Depends on the age of the patient 
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Integrins when present on the cell surface are present in their inactive form (cannot bind to the ECM 
proteins. They need to be activated from a signal within, so certain signalling events from within the 
cytoplasm needs to occur such as the activation of PCK and protein binding to the cytoplasmic tail to 
allow changing of the conformation of the cytoplasmic tail. This will be transmitted to the 
extracellular portion of the molecule and this activates the integrin so they can bind to the ECM 
proteins. Once integrins are activation, they will change their conformation again and this changes in 
conformation of ligand bound integrins. This change will be transmitted inside cells and will cause 
certain changes to the biochemical pathways in the cell. Here, the signal comes from outside within, 
this is outside-in signalling.  
Integrin activation requires talin activation.  
Talin is a large protein that is present in an inactive, folded conformation within the cytoplasmic. Tail 
needs to binds to proteins such as PIP2, PKC, Rap1 and RIAM. When they bind, Talin is unfolded and 
it binds to integrin’s cytoplasmic tail in order to activate integrin. This is inside out signalling. 
Integrins are important for migration and invasion as well as intravasation  
 
Reorganisation of the ECM: 
 Invading tumor cells overcome two 'mechanical barriers: Basement membrane and Stromal 
environment. Tumor cells need to modify and reorganize their environment in order for intravasation 
to occur. This is done through MMP’s.  
 
Basement membrane is a complex network of interacting proteins (e.g. laminins, collagen type iv, 
entactin) which separates epithelial and endothelial cells from connective tissues.  
Connective tissue matrix (stroma) is made of collagen fibrils and extracellular proteogycans 

  
Extracellular Matrix Degrading Proteases:  

1. Matrix Metalloproteinases (MMPS) 
2. Serine Proteases: Plasminogen activation system compromises of Urokinase 

Plasminogen Activator (UPA), Plasmin, The Serpins (PAI-1 and PAI-2) and the 
thrombin (UPA receptor) 

3. Adamalysin-related membrane proteases 
4. The bone-morphogenic protein (BMP)-1-type metalloproteinases 
5. Heparanases 
6. Cysteine Proteases  

 
Structure of MMP’s  

1. Catalytic Domain – allows the digestion of the ECM but they can only be catalytically active 
when the SP and Pro-domain are removed. It is associated with a Zn molecule  

2. Hinge Region  
3. Pro-Domain/SP Domain 
4. Transmembrane or Glycoprotein 1 (if it is not secreted by cells but attached on the plasma 

membrane ).  
  
Communication between stromal and tumor cells:  
It is the combination of the different types of MMP’s that the tumor secretes and the surrounding cells 
that gives the tumor cells an advantage and give them the ability to re-modelling the ECM.  
Surrounding cells include: Macrophages, Endothelial Cells, Fibrobalsts, Neutrophils, Dendritic Cells 
etc.   
 

1. Pro-MMP-9 is secreted by the tumor cell. It needs to be activated and is activated by 
MMP-2.  

2. Pro-MMP2 is secreted from fibroblasts and it needs to be activated before it can 
activate pro-MMP-9 

3. The tumor cells contains MT1-MMP on the cell’s surface, and this cleaves the pro-
domain of the pro-MMP-2 yielding MMP-2 
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through cell -cell contact. Activation of notch reduces VEGFR2 production in stalk cells and this 
dampens the migratory behavior compared to the tip cells. Hence, only the tip cells are exposed to the 
highest concentration of VEGF-A but their rate of proliferation is lower than the stalk cells.  
 
There is then fusion of the tip cells when they converge at the source of VEGF-A secretion. This 
creates a continuous lumen through which oxygenated blood can flow. The stalk cells become the 
trunk of the newly formed vessels. Maturation and stabilization of the capillary requires the 
recruitment of pericytes and deposition of ECM.  

Pro-angiogenic factors e.g. VEGF changes one of the structures of the endothelial cells. These 
endothelial cells start sending out filopodia. Two tips form sprouts which then fuse with each other 
to give a functional blood vessel (anastomoses).  
There is:  
- Loosening of endothelial junctions 
- Enzymatic Degradation of basement membrane  
- Detachment of pericytes 
- Tip cell selection 
- Tip cells migrate towards pro-angiogenic factors 
- Endothelial cells following tip cell are specified as stalk cells 
- Stalk cells proliferate and a lumen is formed 
- Fusion of sprouts blood flow through new vessels 
- Deposition of basement membrane (vessel pruning)  
- Recruitment of pericytes 

 
  
Vessel co-option in lung cancer:  
Tumour use existing vessels for their blood supply. For example, lung cancer does not require 
angiogenesis since the lung is 33% endothelium.  
 
Inhibiting endothelial precursor cell immobilization reduces tumour growth. 
• Id mutant mice have defective mobilisation of endothelial precursor cells 
• Id mutant mice show defective tumour growth in a mouse model 
• Tumour growth is restored after implantation of wild type bone marrow 
• Subcutaneous implantation of a basement membrane preparation containing proangiogenic 

factors 
Conclusion: if you inhibit the release of progenitor cells from the BM, you can inhibit the growth of 
tumours.  

   
 
HIF-1 is a transcription factor and master regulator of oxygen homeostasis:  

Oxygen in the room 21% 
9% oxygen in the lungs and picked up by haemoglobin in the RBC to be carrying around the body. 
There is a continuing lowering of the oxygen present in the body.  
Healthy tissues - 1-4% of oxygen.  
  
In tumors, there is rapid metabolism and poor supply of blood vessels, therefore the level of 
oxygen can fall below 1% or 0% and the cells become anoxic (cells die). In the middle of tumors, 
there is a core of dead cells.  
  
• HIF-1 is a transcription factor consisting of two subunits HIF-1a and HIF-1b - switches on 

the different genes involved in angiogenesis.  
• Degradation of the HIF1a subunit is regulated in response to oxygen levels 
• HIF switches on 200 different genes in order to maintain oxygen consumption 
• Other roles of HIF: Apoptosis, motility, Cell Adhesion, Erythropoiesis, Cell Proliferation, 

transcription regulation, Glucose metabolism, Amino acid metabolism 
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• Arbitrarily ANC  < 0.5 with fever or evidence of sepsis.  
• Common 
• Requires immediate action 
• Always consider if patients on chemotherapy are unwell  

  
Mucositis 
• GI tract epithelium damage therefore it is common 
• Sore mouth  
• Ulceration  
• Secondary Infection 

Patients can stop eating and drink due to soreness. There are mouth washers and anti-dihedra agents 
that can be given to reduce impact of this.  
  
Treatment of GI tract toxicity  
• Supportive only  
• Mouth care 
• Antiseptic mouth wash 
• Analgesia  
• Treat candida (nystatin topically, fluconazole systemically)  
• Slow gut transit use loperamide, codeine 

  
'Irreversible' cumulative toxicities 
Target slow growing cells: 
• kidney  
• nerves  
• heart 
• Lungs 

These effects probably reflect the individual physicochemical properties of different classes of drugs. 
Dictate maximum safe cumulative exposure   - one of the platinum drug, they can particularly result 
in permentat sensory neuropathy  
Monitor and stop treatment if toxicity too severe because this is irreversible. 
Assessment of response 
We now used RECIST instead of WHO.  
Stable response WHO 
(1) < 50% decrease  
Or  
(2) < 25% increase 
• in sum of products of the 

perpendicular diameters of all 
measurable disease. 

Stable response RECIST 
(1) < 30% decrease  
Or  
(2) < 20% increase,  
• in sum of defined measurable disease 

(unidimentional). 

Disease progression 
> 25% increase in sum of the products 
of the perpendicular diameters of all 
measurable lesions or new lesions 

Disease progression  
> 30% increase in sum of all measurable lesions or new 
lesions 

  
Response to chemotherapy: what it really means 
Complete response (CR) 
• prerequisite (but not sufficient) for cure 
• implications for improved survival 

Partial response (PR)  
• palliative value only, offset by drug toxicity effects  
• more modest impact on survival  

Stable response 
• any impact on survival limited to continuous, ie non-toxic, therapy 
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Lecture 22: Biomarkers for Differential Diagnosis and Prognosis  
 
Biomarkers for differential diagnosis and prognosis  
• Not all biomarkers are genetic! 
• Biomarkers have previously been identified from other studies that can aid in diagnosis or 

prognosis -  
•  Examples are for : 

o Screening for a pre-malignant or malignant condition  
o Markers in assessing prognosis  
o Markers for surveillance following treatment of cancer- reoccurence of cancer  

  
• Screening for a pre-malignant condition can occur in a variety of ways  

  
FOBT as a biomarker for bowel cancer  
• Uk bowel cancer screening programme comissioned in 2006  
• Based on the fact that colorectal cancer is likely to release blood into stool – patients tend to 

shed blood in the stool. Antibody that binds to human Hb  
• This can be detected by a biomarker test, the faecal occult blood test (FOBT)  
• Who is eligible?  

o Men and women aged 60-69 
o Sent a test kit to home  
o Patient smear their faeces using a stick into each of the 3 windows after 3 different bowl 

motions – then it is sent to be  
• Normal Result ; 0 out of 6 positive samples.  
• Unclear Result; 1-4 out of 6 positive samples – with this another test is sent  
• Abnormal Result; 5 or 6 out of 6 positive samples 
• If abnormal result, patient send for screening colonoscopy 
• Screening carried out in specialist centre – the idea that doctors that perform these are trained in 

detection of bowel cancer.  
• Currently programme is using guaniac based FOBT for screening, move towards 

immunochemical test more likely as more accurate (about 80%)  
• Results of first round of BSCP showed:  

o 2.1 million invited to participate – Roughly 50% took up screening 
o  2% of these had an abnormal test (~18000)  
o Cancer: 1800 detected  (10% of them had cancer) 
o High risk polyps: 6543 detected. These are patients with large adenomas.  
o Shift towards early stage cancer – better prognosis because they are usually polyps that 

have not completely turned into cancer  
o These cancers were asymptomatic 

• Numbers needed to screen about 1 in 150 –more effective and there is a big cost-benefit ratio 
  
PSA as a screening test for prostate cancer  
• PSA widely used in prostate cancer testing  
• PSA = kallikrein-3 (KLK3 gene)  
• PSA present in blood at low levels in all men but is elevated in prostate cancer 

o  However also elevated in prostatitis, benign prostatic hyperplasia etc etc.  
• Prostate cancer essentially a slowly progressing disease. It can be lethal but majority of them do 

not die because of it.  
o Found anecdotally in most men  
o Most men die with, not of prostate cancer 

• PLCO trial (N Engl J Med 2009; 360:1310-1319) examined PSA as a screening test  
• 72,000 men randomly assigned to either screening or normal care group –  

o Screening: Yearly PSA & rectal exam  
o Normal care: On demand testing by patient  

• 10 year follow-up of data showed that the incidence of death per 10,000 person-years was:  
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this can accumulate in post-menopausal women, so the hormone increase can lead to breast cancer. 
Oestrogen can activate different TF therefore, there is a link between crown like structures and 
increased activity of NF-KB. The transcription programme can lead to prolfieration  
About 50% of patients have the presence of the CLS, the presence of these structures is now used as a 
prognostic factor to indicate to show that this person is vulnerable for cancer development  
  
Physical activity  
Physical Activity is beneficial to some cancer patients that undergo treatments. It can also prevent 
reoccurrence for some cancers such as breast, bowel and womb cancers  
Physical activity causes hormone levels to decrease and its beneficial for slowing down cancer 
progression and also it is good for decreasing levels of inflammation 
  
Alcohol and cancer  
Alcohol leads to the increased risk of different cancers  
 
Chronic ethanol consumption:  
(1) production of acetaldehyde (produced in the human body)  
(2) induction of oxidative stress and conversion of procarcinogenes to carciongenes 
(3) induction of DNA hypomethylation by depletion of SAMe 
(4) induction of Gi proteins and Erk-MAPK signalling 
(5) accumulation of iron and associated oxidative stress  
(6) inactivation of BRCA1 and increased estrogen responsiveness (in breast)  
(7) impairment of retinoic acid metabolism 
   
Challenges in studies of diet and life-style factors  
• Complex set of exposures:  
• food types and dietary patterns can change and evolve over time; 
• intercorrelation among foods and nutrients that results in interactions that are difficult to isolate 

  
Evaluation of risk factors associated with lifestyle and diet: by observational epidemiology - the 
prospective, or cohort study; and retrospective, or case-control study;  
by randomised controlled trials through experimentation 
  
Earlier detection and treatment is required - will make a difference along with prevention 
  
Prevention strategies should include:  
• education of general public regarding risk factors associated with developing cancer (non 

genetic risk factors such as smoking can be used as an example) 
• vaccination against HPV and hepatitis B virus  
• control of occupational hazards  
• reduction of exposure to sunlight N 

  
Recommendations for cancer prevention 

1. Be as lean as possible within the normal range of body weight.  
2. Be physically active as part of everyday life.  
3. Limit consumption of energy-dense foods.  
4. Avoid sugary drinks.  
5. Eat mostly foods of plant origin.  
6. Limit intake of red meat and avoid processed meat.  
7. Limit alcoholic drinks. 
8. Limit consumption of salt. Avoid moldy cereals (grains) or pulses (legumes). 
9.  Aim to meet nutritional needs through diet alone. 
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