PATHO FINAL- NEOPLASIA:

Cancer: invasive primary tumour with possiblity/presence of secondary tumours, lethality when primary/secondary disrupt vital organs. 

- primary tumours are rarely lethal, usually death by metasis (tumour induced organ dysfunction) 

Principles of Cancer: 

· caused by mutations- any change in primary struture of cellular DNA, specificall genes that regulate cell cycle/cell death > form primay tumour> metasis (spread) 

Cell Cycle: growth stage and non-growth stage

1- Quiesecence- no division, most cells in this stage at any given time (perfroms physiological functions)

· specific exogenous postive growth signal temporarily activates genes for division, highly controlled in non-cancerous cells

2- cellular division- enters cell cycle, multiple once or twice generally.

· negative growth signal- stop dividing, exit cell cycle and enter quiesecence

3- cell death- apoptosis (cell signals own death) upon an insult (Internal/external)

· positive growth signal to surrounding cells to replace dead cells

4- genes regulating cell cycle- positive, negative and cell death regulation 

· Oncogenes-  genes coding for positive regulatory proteins, mutation can activate permamently (contiuous signal to exit quiesecence despite negative signals)

· Tumour suppressor genes, group 1: genes coding for negative regulatory proteins, mutations can inactivate permanently- contiuous signal to stay in cell cycle (ignores negative growth signals)

· Tumour suppressor genes, group 2: genes coding for proteins regulating DNA repair/cell death, mutation inactivating= never repairing DNA/apoptosis (accumulate mutations)

· vast majority of cancer caused by loss of tumour suppressor genes 

Cell fusion:
-  fusion of a cancerous cell with non cancerous cell- produces non-cancerous cell (healthy cell compensates with normal genes) 

· chromosome fragment (function tumour suppressor gene) into cancerous cell= compensates for function of fault tumour suppressor gene

· ie) von Hippel Lindau Cancer syndrome + kidney cancer- genetic mutation in one allele, producing many tumours. Given normal vHL gene and becomes properly regulated. 

Evolution of Cancer:

A – Primary tumour

1- Neoplasm- tissue composed of abnormal cellular division (from insult to tumour suppressor gene)

2- Hyperplasia- small mass of neoplastic cells caused by lack of one tumour suppressor gene(slow division, still looks normal)

- only upon another mutation (ie an oncogene- promoting further division), will it form a ... 

3- Dysplasia (Stage 1) - large mass of neoplastic cells with altered size, shape, chromosomes. 

· one gene mutated that promotes cellular division (oncogene) and one that promotes exit from cell cycle (tumour suppressor gene)

· benign- does not break basal membrane, not invading other tissues (most people get this)

· treatment- remove mass, good recovery 

4- Tumour In Situ (Stage 2)- clinically benign (hasn't breached basal membrane), biochemically cancerous. 

5- Invasive(malignant) Tumour (Stage 3)- another mutation acquired. Large mass, highly neoplastic, invaded surrounding tissues (spawns to lymph and blood streams)

b) Secondary Tumours (Metastasis)

Metastasis: mass of highly neoplastic cells,  form distant secondary tumour, by : detaching from primary, invading blood/lymph, adhere/penetrate to capillary wall, avoid defense system, establish new colony 

· detaching from neighbouring cells is unique to cancer cells

· immune system- does not detect cancer cells very well, a proliferation of many cells is mistaken by the immune system for self 

· Stage 4- spread to distant tissues (ie melanoma spreads to liver)

Mechanism of Evolution:  

1- Autonomous growth (out of control)

2- Resistance to cell death

3 Angiogenesis- develops new blood supply

4- Invasion and metastasis

· most take years to develop, some in a few days 

Causes:  (of mutation causing cancer):

· Molecular level: tobacco use (free radicals, leading cause), sun, pollutants, genetics, biological agents (papillomavirus)

· Papillomavirus- only virus known to cause cancer in humans 

· UV radiation- two Thymines fuse to one, explosion of skin cancer in female population

Correlations: diet(obesity), alcohol, socioeconomic status, reproductive behaviour 

Stats:

· association with age (not cause): increases odds of accumulation of mutation with time

· takes power of 4-6 events (ie bad sun burn) with age to cause clinical cancer, need 2-3 mutations usually to cause cancer 

· Site of primary tumour affects prognosis ie) thyroid-responds well to radioactive iodine, testes respond well, prostate-slow progression in males(something else kills person first), Pancreatic cancer- deadliest, <5% survival in 5 yrs (usually found in late stages) 

· Stage of tumour affects prognosis- Localized (stage 1 +2), Regional spread (2 +3), Distal spread (3+4) 

Modern Treatments: mortality generally decreasing. Principle- exploit differences between normal and cancerous cells 

1. Chemo/radiotherapy-  continuously dividing cells (ie cancerous, hair) are more sensitive compared to quiescent cells (but narrow window of opportunity). Consequences: low specificity (ie death of normal cells-hair), side effects, limited therapeutic effects

2. Molecular targeted therapy- prevents autonomous proliferation of  cancer cells (normal cells require external cues to proliferate). Consequences: high specificity, limited side effects, limited therapeutical effects but promising strategy. 

ie) Iressa- inhibitor of EGFR (protein for autonomous proliferation of several cancer cells), and Transtuzumab (inhibitor of HER2-protein for autonomous prolif of breast cancer cells)

· regression, but some cells develop EGFR independency over time- tumour regrows

3. Anti-Angiogenic therapy: destroys the unique BV of tumour. Very specific, limited side effects, partial therapeutic effects (promising strategy)

ie) Sunitib- inhibits VEGFR2 (protein for development of new BV by tumour) 

· effective therapy found in long bacteria cultured protein, but short half life of 10 min

4. Biological Therapy, Immuno oncotherapy: cancer cells produce specific antigens (aberrant proteins), normal cells do not.

· Immune system (“sleeping”, recognizes many cancer cells as normal)- method is to “wake up” immune cells (

· ie) interferon alpha-activates immune system, glycoprotieins produced by immune cells in respose to viral infection) Like introducing a virus- therefore side effects are flu like 

· Variable side effects depending on approach (ie big fever), significant therapeutic effects (promising), exclusive to cancer cells. 

