
PHSI3912 – Physiology of Disease 
 

Cancer 

Lecture 1 – 4.8.17 – Cell Cycle Regulation 

Cell Cycle 

- Cell growth describes an increase in a cell’s mass/size 

- Cell proliferation describes increases in cell number 

- Control of cell proliferation intrinsically linked to cell growth, collectively as the cell cycle 

- Proliferation occurs with strict relation to the ‘hertwig and kayoplasmic ratio’ whereby cell cleavage results 

from an imbalance between nuclear:cytoplasm  

 

 

 

Regulatory Mechanisms 

- cell size must reach a threshold before cells can proliferate, 

and hence, in nutrient reduced conditions, the cell cycle 

timing is somewhat staggered 

- the sequence of events of the cell cycle are based on 

cyclically activated cyclin-dependent kinases (cdks) 

- cdks are omnipresent, there activity changing with relation to cyclins whose levels rise and fall throughout 

the cell cycle AND cdk phosphorylation states based on enzymic cell kinase/phosphatase activity 

- cyclins react with cdks to activate them, along with the need to be phosphorylated 

- these complexes formed are what is responsible for the trigger of cell cycle events 

 

Sequence of Events 

- a number of checkpoints exist to ensure both the smooth transition and proficiency of the cell cycle 

- pre-existing inhibitory proteins (p27/Retinoblastoma protein) prevents action naturally (cdks, E2F) 

- when the cell cycle is to begin, mitogenic signals activate cyclins which prevent the action of these proteins 

- cdks enable transition through G1 whilst E2F (transcription factor) promotes the expression of S-phase genes 
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G1 progression & G1/S Transition 

  

- mitogens may act at cell surface to initiate mitogen signalling cascade via; 

receptor tyrosine kinase → Ras → ERK (MAP Kinase) → increased myc acitivty 

= p27 degradation, Rb phosphorylation and increasedE2F activity 

- as mitogens stimulate cell division, growth factors stimulate protein synthesis and survival factors prevent 

apoptosis  

- this maintains the balance of cell growth and proliferation 

Pathology – Cancer 

- many cancer-critical genes (oncogenes and tumour suppressor genes) regulate cell growth and proliferaton 

- therefore the above processes are generally defective (increased or decreased ie. not regulated) in cancer 

cells 

Mitogenic autonomy  

- the acquisition of self-sufficiency/independence for 

mitogens is a hallmark of cancer 

- the ability to synthesis mitogens is the result of 

autocrine stimulation 

- the over-expression of relevant receptors (tyrosine 

kinases) has a similar effect 

- hence mitogen receptors are a target for cancer therapy 

- cancers also occur if downstream cascade mechanisms 

(ras-raf-ERK) are defective = mutated ras oncogene 

Checkpoint Control 

-  p53 a frequently mutated tumour suppressor gene, ensuring DNA damage results in appropriate cessation 

- 50% of tumours have p53 inactivation 

- The apoptotic cascade is the cells way of reducing the incidence of tumours, and is induced in instances of 

mitogenic autonomy (although some dodge this and become cancerous) 
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Cancer 

Lecture 3  – 11.8.17 – Hallmarks Of Cancer 

Hallmarks of Cancer 

- Self suffiency in growth signals 

- Insensitivity to anti-growth signals 

- Evading apoptosis 

- Sustained angiogenesis 

- Limitless replicative potential 

- Tissue invasion and metastasis 

- + more → 

Cellular Proliferation 

- cells normally destined to undergo 

apoptosis divide anyway 

- cancer cells are rounded, to take up less space 

and reduce need for nourishment 

- lenoard hayflick described normal cells in culture having a limited ability to proliferate, reaching senescence 

where they essentially stay metabolically active but do not grow 

- senescent cells turn are X-gal positive, turning blue 

Mortality vs. Immortality 

- mortality is set when you become senescent, cells cannot go out of senescence once they have regressed 

- to become immortal, the barrier you must bypass ‘senescence’ and there are numerous ways to do so 

- p53/Rb protein must be knocked out and this will extend life span, by passing senescence  

- the second barrier is ‘crisis’ where there is massive cell death/genomic instability 

- immortalisation occurs due to additional genetic events/mutations to overcome the cell crisis = cancer 

Telomeres 

- each chromosome has 4 telomeres 
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- telomeres do not exist linearly (unless in cancers), and typically loop around themselves via the shelterin 

complex 

End Replication Problem 

- leading strand synthesised normally, but lagging strand isn’t, with a bit of DNA at end, originally the primer, 

causing a single stranded overhang 

- telomeres therefore create a buffer, to ensure DNA isn’t lost, as telomeres normally shorten with each 

round of cell division !50-150bp 

- once the critically short telomere length is reached, this induces senescence 

- hence, if we bypass senescence we lose genetic information and thus the cell reaches crisis 

- those that ‘escape’ can become immortalised 

Telomerase 

- RNA template hTR 

- Catalytic compotent (hTERT) 

- Dyskerin (stabilises hTR) 

- Activated in 85-90% of cancers and normal  

stem cells 

Assays 

- Telomere repeat amplification protocol (TRAP) assay; to detect 6bp banding pattern proving presence of 

telomerase 

- Terminal restriction fragment (TRF) assay; shows distribution of telomere lengths in cell population, 

indicating telomerase activity/ALT mechanism involvement 

 

- Catalytic component (hTERT) extends telomere length and lifespan of retinal pigmented epithelial cells, 

fibroblasts, and is therefore cell type specific → cell must still overcome crisis…  

- Telomerase is common in lung, breast and colon cancers and melanoma 

- Copy number increase (Chr 5_ and promotor mutations in TERT both increase telomerase activity 
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ALT Mechanism 

- Alternative Lengthening of Telomeres (ALT) ie. not due to telomerase 

activity 

- Used by 10-15% of cancers like osteosarcoma, astrocytoma and 

gliobastoma as they are mesenchyl in origin 

- This mechanism using homologous recombination, using an alternative 

telomere as a template via either inter- or intra-chromosomal action 

Strand invasion via shorter blue telomere; 

- TRF assay – heterogenous telomere length smear 

- ALT associated PML bodies (APBs) – colocalisation of telomeric DNA and 

PML (promyelocytic leukemia – involved in intrinsic immunity) protein 

 

 

 

 

 

 

- C-circle assay – a dark signal in an ALT positive cell line 

- Movement of the telomere tag 

 

- Requirement for HR proteins in ALT mechanism 

- Also a loss of ATRX or DAXX (chromatin remodelling proteins) in activated ALT mechanism 

- ATRX represses the ALT mechanism 

Summary 

- Normal cells have limited proliferative capacity 

- Cancer cells have dysregulated this limit to become immortal – aquire limitless replicative capacity 

- Telomeres regulate lifespan (cellular clock), in addition to providing a protective cap at the chromosome end 

- Two Telomere Maintanence Mechanisms known: telomerase and ALT 
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Cancer 

Lecture 6 – 18.8.17 – Experimental Modelling of Carcinogenesis in vivo 

- Most of the molecules that regulate normal development, are impacted during carcinogenesis 

Approach 

- Use mice, rats, rabbits etc. and investigate KO, Tg, Floxed, KI conditional organism 

- Introduce epithelial ducts into host, and test effect of different oncogenes on proliferation 

Cell Phenotypes associated with Cancer 

Cell Phenotype Cancer Trait 

Proliferation Self-sufficiency in growth signals, limitless replicative 
potential, insensitivity to antigrowth signals 

Apoptosis Evasion of programmed cell death 

Migration, invasion & polarity Tissue invasion/metastasis 

 

- High invasive potential is linked to ER –ve cells 

 

In Vitro Data → leads to in vivo 

- Start with the question, what does our gene do? 

- Overexpress certain genes (eg. Runx 2 = induction of EMT) leading to certain phenotypes, Proliferation? 

Migration? Polarity? 

 

Eg. Runx2 → increases proliferation, migration 

 

Xenograft Injection 

Total tumour growth 

- Subcutaneous 

- Intraperitoneal 

Sit specific 

- Orthotopic (mammary gland, cleared fat pad, intraductal) 

Metastasis 

- Tail vein 

- Cardiac 

Secondary Lesions 

- Tibia 

 

Site of xenograft injection depends on context of investigation. Limitations of cell line must be known, and similarly, 

limitations of model must be known. Location is EVERYTHING, and there is a right location for the question → eg. 

Are we looking at intravasion, or extravasion etc. 

 

Modes of Epithelial Carcinogenesis 

- Chemical carcinogens (DMBA-7, 12-dimethylbenz(a)anthracene) – messy 

- Radiation (ultraviolet radiation) - restrict 

- Viral oncogenes eg. SV40 

- Spontaneous models (dogs, mice, rats) 

- Transgenic oncogene mice (c-Src) 

- Knockout tumour suppressor mice (PTEN) 
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Genetically Engineered Mice 

- Constitutive knocket 

- Random integration transgenic 

- Conditional knockout 

- Conditional transgenic 

- Report lines 

Modelling Tumourigenesis in vivo 

- Transgenic oncogene or tumour suppressor 

knockout mice model human disease & cancer 

progression 

- Well describe models include; TRAMP – 

prostate cancer, PyMT – luminal breast cancer, 

SV40T – basal breast cancer, PTEN – 

breast/prostate cancers 

Longitudinal Survival Analysis 

 

 
Kaplan-Meier Survival Analysis (longitudinal) 

- Time to palpable tumour measured 

- Tumour burden and body condition monitored 

- Mice sacrificed at ethical end point 
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Cross-sectional Analysis 

- Mice sacrificed at a specific time point 

- Used to understand mechanism behind gene/drug 

- Followed by pathological and histological analysis 

 

Analysis of Cell Proliferation 

BrdU 

- Analog of thymidine 

- Injected 2 hours prior to sacrifice 

- Incorporates into DNA 

Ki67 

- Nuclear protein expressed throughout cell cycle 

- Used to measure proliferation 

 

Active Caspase 3 

- Last step before induction of apoptosis 

- IHC for cleaved caspase 3 used as readout of apoptosis 
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Cancer 

Lecture 6 – 18.8.17 – Metastasis 

Hallmarks (revision) 

- Sustaining proliferative signalling 

- Evading growth suppressors 

- Activating invasion and metastasis 

- Enabling replicative immortality 

- Inducing angiogenesis 

- Resisting cell death 

Therapeutic Targets 

 

- It is unlikely for the primary tumour to kill you, but rather the metastasis and subsequent spread to other 

sites 

- Survival rate reduces as distance of cancer spread increase 

Overview of Metastasis 
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Cancer specific Metastasis Sites 

 

Temporal course of Metastasis 

- Latency lower in lungs, possibly due  

to a lot of blood vessels 

- Colorectal carcinoma remains local and grows, 

until an event causes spread 

Local Invasion 

Cell Contact 

- Normal myoepithelial cells impairs tumour 

growth 

- The addition of fibroblasts has no effect  

- Tumour fibroblasts increase tumour growth via 

paracrine localised effects via growth hormones 

- Similarly, rheumatoid arthritis synovium also 

increases growth 

Extracellular Matrix contact 

- The stiffening of ECM promotes tumorigenesis, 

eg. More crosslinking collagen 

Epithelial-Mesenchymal Transition 

- Ability of cells to transition varies, an increased ability is associated with increase tumour size 

- Essentially ‘take on’ the properties of stem cells, and is then reversed at distant metastatic sites 

- This all improves local invasion of cells 

 

Intravasation 

- Invades blood vessels and spreads from local environment, the result of signalling and matrix 

metalloproteinases (MMPs) 

- Eg. MMP9 causes increase in blood vessel permeability 

 

Survival in Circulation 

- This is where most cancer cells die, as it is quite inhospitable, removed form basement membrane and 

matrixes reduces contact with growth hormones, making this even more difficult 

- Secrete anti-apoptotic proteins 

- Also secrete selectin-proteins, which drag in and bind platelets, resulting in a shield from mechanical stress 

and detection by killer cells  

Arrest at Distant Organ Site 

- Runx2, a regulator of bone development, seems to be utilised in cancer tumorigenesis, and thus its deletion 

cause a reduction in proliferation, this may link breast cancer to it metastatic manifestation in bone 

- ‘utilise pathways in other tissues’ 

Extravasion 

- Getting out of the blood vessels 

- The phenotype enabling intravasation is not what enables extravasion, or at least its ‘reverse’, implying 

acquired phenotypic changes in cells during time in blood vessels  

- Eg. Angiopoietin-like 4 increases extravasation but doesn’t effect intravasation 
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Organ-specific Metastasis 

- Change in cell-cell contact and thus cellular context effects micro metastasis formation 

- It can cause cancer cell death, due to inhospitable nature of a foreign metastatic environment, with different 

factors, growth hormones etc. 

- It can also direct certain lineages 

- Microlesions move to macrolesions and 

ultimately colonisation, as the environment 

becomes more and more ideal for cancer cells 

- Stroma gene can predict survival rate, 

indicating to an extent how the cancer cell 

will fair in different contexts 

Vicious Cycle of Metastasis 

- Hijacking osteoblast action to cause excess breakdown of bone and thus the excessive and required amounts 

of growth factors 

Other models exist; 
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Therapeutic Options 
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Cancer 

Lecture 7  – 25.8.17 – Skin Cancer 

Layers of the Skin 

- Epidermis (outer layer) is where cancers arise

 
- Main component is keratinocytes 

- These cells differentiate as they move up the layers of the epidermis to form outer cornified layer 

- 36 keratinocytes:1 melanocyte  

- immune cells are also present (like Langerhans cells) 

 

 

 

- electromagnetic radiation from the sun exists in the UV spectrum, which is of lower wavelength and 

therefore higher energy than visible light 

- ozone absorbs ~ everything between 200-290nm and some in UVB range 

- decrease in depth of ozone layer leads to increased UVB 

- the lower atmosphere also scatters shorter wavelengths, enabling longer wavelengths (less harmful) to get 

through 

- hence the UV that reaches earth is the result of the time of day and altitude 
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- Benefits of sunlight on skin include synthesis of vitamin D3, provides warmth, improves mood, reduced 

blood pressure and mild immune suppresion (which can be good) 

- Harmful effects include sunburn, DNA legions, immune suppression (also bad), skin carcinogenesis, aging 

and wrinkling of the skin 

UV Dosimetry 

- Energy = J 

- Power = W (J/s) 

- Irradiance W/m2 (area of skin) 

- Exposure dose = irradiance x time = J/m2 or mJ/cm2 

- Summer sunlight is 5% UVB and 95% UVA 

Absorption spectrum – probability of absorption versus wavelength () 

- max =  with highest probability of absorption 

- DNA = 260nm 

- Porphyrins = 400-420nm 

- Haemoglobin = 410nm 

Action spectrum – the most effective wavelengths for producing a certain response (eg. Sunburn = erythema = 

redness of skin, tan, making vit d 

- Higher wavelengths (>350nm) are more effective at producing sunburn than producing D, noon exposures 

better outside summer for producing vitamin D with least sunburn 

- DNA damage by sunlight results in the formation of cyclobutane pyrimidine dimer T T → T^T 

- Covalent bonds form dipyrimidines, produced by UVB absorption, and some UVA 

- Other DNA damage is oxidative, nitrosative, strand breaks and 6-4 photoproducts 

- UVB and UVA cause different patterns of DNA damage 

- Action spectrum for DNA damage ~ same as action spectra for sunburn, tanning and skin cancer induction 

- DNA damage also results from UV immunosuppression 

UV immunosuppression 

- Suppressive effects on cells → Langerhans cells, T-lymphocytes and mast cells 

- Suppressive effects on immune responses 

→ tolerance to tumour cells, decreases in 

tumour rejection 

Photoageing → the result of chronic UV exposure 

- Telangiectasia (permanently dilated blood 

vessels) 

- Freckles/solar lentigines 

- Solar elastosis 

- Solar keratosis (early form of skin cancer) 

Adaptive responses to UVR 

- Melanin protection (tan) 

- absorbs UV, quenches free radicals, and therefore dictate susceptibility to all effects of UV 

- melanosomes cap the nuclei of keratinocytes  

- Cornification of the epithelium 

- Epidermal thickening results in pale people, developing a cornified layer absorbing UV (single UVB exposure 

can double skin thickness 

- Synthesis of vitamin D and related metabolites and reduces skin damage by UV (need vitD receptor) 
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Types of Skin Cancers 

Keratinocyte cancers (non-melanoma skin cancers) 

→ Basal cell carcinoma 

- Most common skin cancer 

- Slow growing, almost never metastasise, but can be locally invasive 

- Risk factors include sunburns, recreational UV, arsenic exposure, immunosuppression  

→ Squamous cell carcinoma 

- Less common the BCC, but can metastasise to lymph nodes, lungs and bone 

- Risk depends on site etc. and metastasise usually results in death 

- Risk factors include chronic UV exposure etc. 

Melanocyte cancer → Melanoma  

- 1 in 25 men, 1 in 40 women 

- melanoma thickness dictates survival likelihood 

- risk includes recreational UV, sunburns, naevi (moles), pale skin 

Sunscreens 

- chemical absorbers like cinnamate and oxybenzone 

- physical blockers (UV scattering) like zinc oxide and titanium dioxide 

SPF = sun protection factor = MED of protected skin/MED of unprotected skin 

- Minimal Erythemal Dose (MED=dose of UV that just causes faint redness) 

- Eg. 150 seconds w sunscreen / 10 seconds without = SPF 15  

- The scale is not linear, as SPF15 blocks 93%, SP30 97% and SPF50 98% of UVB rays 

Summary 

- Skin structure and functions 

- UV radiation and photobiology 

- Adverse effects (DNA damage, immunosuppression, photoageing, skin cancer formation) 

- Adapative responses (pigmentation, epidermal thickening, vitamin D production) 

- Types of skin cancers 

- Skin cancer prevention – sunscreens 
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Cancer 

Lecture 8  – 25.8.17 – Leukaemia 

- Most cancers are monoclonal, that is one cell has been effected with genetic changes and becomes 

cancerous, starting to proliferate → ‘the cancer stem cell’ ? 

 

 

 

 

 

 

 

 

 

- cancer cells exhibit the physiology of their cell of origin + uncontrolled growth , enabling their identification 

and thus treatment 

 

oma = tumour 
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Epithelial to Mesenchymal Transition 

- mesenchymal in circulation, but may go back to epithelial once ‘reinvaded’ 

- Cancer frequency varies between cell types and organs, common in lung/bronchi cancer, compared to liver 

etc. 

- Oddly also, stomach and colorectum are similar, but likelihood varies and we are not sure why… 

Blood Cell Malignancies 

Leukaemia – cancer arising from blood cell progenitors localised predominantly in the circulation 

- Cancer found in the blood and bone marrow 

caused by too many white blood cells in the 

body (which are not yet terminally mature) 

- These white blood cells don’t let the body 

fight disease and prevent the body from 

making red blood cells and platelets 

Blood cell lineages  

- Erythrocytes (RBCs) 

- Leukocytes (WBCs – granulocytes, 

lymphocytes, mast cells, 

monocytes/macrophages) 

- Platelets 

- ¼ of all the cells in your body are blood cells 

- haematopoiesis occurs in the bone marrow 

Blast cells 

-  haematopoietic progenitor cells (greek for bud) and are highly proliferative 

- survival and proliferation dependent on growth factor signalling 

- large, transcriptional active nucleus 

- mature blood cells typically have less active nuclei than blasts 

- blasts are the most likely cell type to become leukaemic → arising from a bloackde in haematopoietic clonal 

differentiation, causing them just to continue to self-replicate (see diagram next page) 

- differences in the types of leukaemia result from differences in the origin of cells with which genetic 

mutations occur 

- earlier cell types = acute leukaemia, more developed cells = chronic 
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Symptoms 

- anaemia: leukaemic cells dominate bone marrow and reduce red blood cell production 

- bruising: platelet production also reduced 

- blood cell profiles: a lot more nucleated cells in the blood 

- Hyperviscosity syndrome: the increased numbers of nucleated cells lead to the blood becoming thicker 

- Splenomegaly, hepatomegaly, lymphadenopathy 

Treatment 

- Chemotherapy, radiotherapy 

- Followed by haematopoietic stem cell transplantation 

- Rationally designed drugs eg. Glivec 

- Differentiation therapies 

- Immunotherapy – haematopoietic 

stem cell transplantation  
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The Philadelphia chromosome and Bcr-Abl 

- Translocation between chromosomes 9 and 22 

- Results in a fusion protein termed BCR-Abl 

- Blocks myeloid differentiation in the progenitor stage 

- Progenitors expand enormously = via growth mimicking signal of 

the fusion protein 

- Bcr = breakpoint cluster region protein 

- Abl = non-receptor tyrosine kinase → transmitting a signal, from 

growth factor receptors from the cytoplasm to the nucleus 

- The Bcr-Abl results in constitutive activation of the Abl kinase 

- Glivec designed to block Bcr-Abl function → modelled Bcr-Abl 

protein, and then synthetically designed drug to counteract 

- There is development of resistance in some CML patients 

Retinoic acid differentiation therapy of Promyelocyte leukaemia (PML) 

- Retinoic acid is required for terminal differentiation 

- So reasoned just give excess retinoic acid → telling leukaemia to get out of their blocked stage 

Immunotherapy 

- Rituximab: anti-CD20 monoclonal antibody triggering the immune system to destroy malignant B-cells 

- Complement-mediated cytotoxicity 

- Can also set off apoptosis 

Lymphoma – tumour arising from blood cells within organ such as the lymph nodes or spleen, usually resulting from 

malignancy of a mature immune cell eg. Hodgkin’s lymphoma 

- A malignancy of immature lymphoid cells 

- Progenitor B and T lymphoid cells in the spleen, lymph nodes and other lymphoid tissues 

- Active DNA recombination to form mature lymphocytes 

- Expansions in number rather than terminal maturation 
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Cancer 

Lecture 9 – 1.9.17 – Epithelial Tumours 

Types of Cancers 

- Carcinoma 

- Sarcoma 

- Leukemia 

- Lymphoma 

- Brain/neural cancers 

Epithelial cancers → carcinomas; breast, prostate, kidney, lung, pancreas, colon… 

Types 

- Squamous cell carcinoma 

- Basal cell carcinoma 

- Adenocarcinoma 

- Ductal carcinoma in-situ 

- Transitional cell carcinoma 

Tumour Progression 

- Polarised epithelium, often with a lumen in the middle 

- Likely surrounded by myoepithelial cells, present on the basal surface 

- Structures in contact with ECM on basement membrane 

- Throughout development, numerous hormones and chemicals impact on cell development and maturation 

- More and more mutations lead to the development of a tumour, altering expression of integrins and 

secreting different enzymes to break down the basement membrane 

- This enables invasion into other tissues, and interaction with other cell types 

- Tumour angiogenesis can occur to enable growth, or reach lymph nodes, or reach blood stream 

- DMT occurs, with the development of the mesenchymal phenotype, normally in blood stream 

- In the blood stream there are numerous methods to avoid death 

- Tumours then lodge, and get out of the blood vessel, honing to different organs and developing further 

- Osteoblasts react to growth factors released by the tumour, eg. Rank-ligand, promoting differentiation of 

osteoclasts = further degradation of bone, causing more growth factors to be released and ultimately 

enabling further growth in a malicious cycle 

Breast Cancer 

Types – ductal carcinoma, lovular carcinoma in situ 

Heterogeneity – cancers exhibit numerous cell types, making them difficult to treat 
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Cancer Stem Cells 

- Likely option 2 in most cases 

 

 

 

 

 

 

 

 

- Metastatic environments are highly inflammatory  

Treatments of Breast Cancer 

- Determined by stage and type of breast cancer → 

- Surgery, radiotherapy, chemotherapy 

- Hormone therapies, targeted therapies 

- Triple negative = worst prognosis 

- There is drug resistance too 

Prostate Cancer 

- Risk factors include age, ethnicity, genetics,  

diet, hormones and obesity 

- Diagnosis is difficult, as the cancer is slow growing 

- Prognosis depends on localised vs. metastatic disease 

- Types include adenocarcinoma (androgen dependent/castration resistance), neuroendocrine 

Progression 

 

- Metastatic disease is osteoblastic, not osteolytic, which is converse to breast cancer 

Gleason Grade 

- Pathology scored according to two most common cell types 

- Scores added together to produce Gleason grade 

(4+2=6) 

- Gleason grade is the lowest prostate cancer score 

Staging – Tumour Node Metastasis (TNM) system 

Eg. T1N0M0, T3N3M1 etc… 
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Treatment 

- Androgen deprivation therapy, radiotherapy 

- Androgen resistance occurs though 

 

 

 

 

 

 

Cancers find ways to circumvent the reduction in 

androgens, ie. more receptors, alternate 

 

 

 

 

 

 

 


