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Cancer

· Estimated cancer incidence by site and sex (know top 4) 

· Male: prostate, lung, colon, urinary 

· Female: breast, lung, colon, uterine 

· Estimated cancer deaths by site and sex 

· Male: lung, prostate, colon, pancreas 

· Female: lung, breast, colon, pancreas 

· some comments:

· lung is ~12% of incidence, but ~30% of deaths – clearly more lethal than most cancers

· most lung cancer is caused by smoking and smoker’s lung cancer (SCC) is very aggressive

· prostate cancer is 33% of incidence, but only 9% of deaths

· prostate cancer, especially in older men is usually not aggressive

· “more men will die with prostate cancer than will die from prostate cancer”

· Pancreatic cancer is 2% of incidence, but 6% of deaths

· usually not detected until it’s too late – no early symptoms of pancreatic cancer

· late symptom is pain, pain, and more pain

· early detection is key to beating cancer
· Cancer incidence increases markedly with age 

· Million and a half cases of cancer/year in US 

· Only ~10,000 are pediatric cancer patients 

· Cancer is disease with a lot of patience; takes years from time you are exposed to carcinogen to time when you present with disease 

· More you are exposed to carcinogens, the greater your chances of developing cancer
· Immuno-surveillance: as you get older your immune system gets weaker 

· Terminology

· Stroma/stromal cells: support cells (CT, BVs, nerves) in tissue 

· Parenchymal cells: special cells, uniquely adapted to perform function of organ

· Heart: cardiomyocytes 

· Liver: hepatocytes 

· Mesenchymal cells: cells of mesodermal or neural crest origin that give rise to CT, blood and muscle 

· -oma: benign tumor

· -carcinoma: malignant tumor of epithelial origin

· -adenocarcinoma: malignant tumor of glandular tissue 

· -sarcoma: malignant tumor of mesenchymal origin (connective tissue or muscle)
· blood cancers have other naming convention – leukemia 

· -blastoma: malignant tumor of precursor cells (more common in children)
· exceptions: leukemia, lymphoma, melanoma are all malignant regardless of terminology 

· progression from normal to neoplasm 

· one cell in your body picks up mutations that allows it to become cancer 

· has to be able to grow on its own 

· BUT growth and cell division is very tightly regulated 

· In order to be cancer you have to be able to divide on own without growth factors and be able to ignore growth inhibitors 

· Has to not play well with others 

· Most cells have contact inhibition 

· Cancers lose this inhibition and continue growing into other tissue space 

· Neoplasia: enlarged growth not necessarily cancer 

· Invasive neoplasia: acquired ability to get through basement membrane 

· Tumor staging by the TNM system 

· Grading (I-IV) 

· I well differentiated 

· IV: undifferentiated 

· T: Tumor (T0-T1-4) 

· T0: no penetration of basement membrane 

· T1: through basement membrane but still local 

· T4: invasion into other organs/neighboring tissue 

· N: Lymph Nodes (N0-4) 

· N0: no lymph node involvement 

· N1: local lymph node involvement 

· N4: extensive lymph node involvement 

· M: Metastasis (M0, M1) 

· M0: no metastasis 

· M1: metastasis 

· Ways cancer can spread

· Direct contact: just grows right on through to neighbor 

· Lymph nodes: drain cancer cells through lymph nodes 

· Directly by blood: cancer cell in vein, whole body is accessible 

· Biopsy: as needle goes in and comes out cancer cells can be deposited all along needle pathway 

· If you spread a couple cells around, not that big of a deal because you are then going to go back and treat it 

· Benign v. malignant tumors 

· Leiomyoma: benign (fibroids) 

· Benign tumor of smooth muscle 

· Uterus, intestines, BVs 

· Small, slow growing and well demarcated (can see where good ends and bad starts)

· Noninvasive (won’t invade into neighboring tissue)

· Nonmetastatic 

· Well differentiated – still looks like original cell type
· Leiomyosarcoma: Malignant 

· Large

· Poorly demarcated (remove entire uterus) 

· Rapidly growing with hemorrhage and necrosis 

· Locally invasive 

· Metastatic 

· Poorly differentiated 

· Stages of cancer progression 

· Daughter cells have same mutation that carcinogen caused and pick up new mutations and continue to replicate

· Eventually have blob of cells that have all mutations needed for cancer

· Transformation: initial carcinogenic induced mutation that gets everything started 

· Progression

· Proliferation 

· More cells at risk = greater risk for mutations 

· Sequential acquisition of genetic changes 

· Six hallmarks of cancer 

· 1. Self sufficiency in growth signals 

· 2. Insensitivity to antigrowth signals 

· 3. Evading apoptosis 

· 4. Limitless replicative potential 

· Has to be able to turn on telomerase 

· Can now double infinite number of times

· 5. Sustained angiogenesis 

· As you get bigger, you need your own blood supply 

· 6. Tissue invasion and metastasis

· Proto-oncogenes v. tumor suppressor genes 

· Proto-oncogenes: we have them from birth, are normal genes 

· Have high susceptibility to mutate and become oncogenes 

· If mutates becomes oncogene 

· We have two copies of everything 

· If we have one mutated oncogene: that’s it, you only need one, don’t care if your other one is still good 
· don’t see people born with one bad proto-oncogene – would not develop properly
· Tumor suppressor genes 

· Suppress tumors 

· If we lose one of the two copies of TSG then we tend to be ok, have to lose both of them in order for things to go awry 
· do find people born with one bad TSG – they have very high rate of cancer
· Proto-oncogene 

· Know list of them: don’t need to know what cancers they lead to 

· Protein whose normal cellular gene can be converted into a cancer-promoting oncogene by mutation 

· An oncogene protein product has abnormal activity and or is expressed at abnormal levels, which leads to cell death or gives rise 

· People will NOT be born with active abnormal oncogenes 

· Most affect growth factors of some type, if you have problems with this in utero the fetus will not develop properly 

· Chromosome translocations: are oncogenic in 2 ways 

· Change in transcriptional control elements

· Genes very tightly controlled, tells us how often and how long to express gene 

· If we move this expressed gene but place it next to another regulatory unit that is expressed at a much higher rate we will get over-expression of the gene 

· Synthesis of a novel fusion protein 

· Combine two proteins into novel protein – one that can have abnormal function 

· Increases the risk of certain cancers with the protooncogenes that have been affected due to translocation

· Tumor suppressor genes 

· Protein that negatively regulates the cell cycle 

· If it is inactivated or defective the cell can proceed to rapid division 

· These proteins may suppress the development of tumors 

· Analogy: car with two accelerators (proto-oncogenes) and two brakes (tumor suppressor genes) – only need one of the two brakes to work 

· Both need to be defective in order to cause harm 

· P53: is most commonly mutated --  mutated in 70% of all cancers 

· Someone can be born with mutated tumor suppressor cell (e.g. Li Fraumeni – p53)

· Every cell in body has one bad P53 and then all you need is one more hit 

· End up with highly increased risk for cancer 

· BRCA1: breast and ovarian (BReast CAncer) 

· Normal female ~ 1:7 chance of cancer 

· Defective BRCA1 ~ 1:1 chance of cancer 

· Germline mutation of tumor suppressor cell 
· every cell carries 1 mutation, only need 1 more mutation in “any” cell to get cancer started

· very high rate of cancer
· Self-sufficicency in growth signals – RAS 
· G-protein coupled receptor (RAS)

· Associated with growth factor receptor, 

· Upregulates the cell cycle, transcription, cell growth 

· If RAS loses ability to convert GTP to GDP 

· RAS would not become inactivated and would maintain activation of the growth pathway
· Makes cell self-sufficient with respect to growth factor 

· RAS that stays activated is oncogene – only need one always-active RAS 
· Normal RAS is proto-oncogene, need it as part of G-protein coupled receptor
· Insensitivity to anti-growth signals – cell cycle regulation 

· Check point in cell cycle

· RB is check point; if we lose half of it, the half that is good will still be manning checkpoint 

· If lose 2 RB then there is no checkpoint manager 

· RB is tumor suppressor gene 

· Need two hits in same cell or same cell line 

· Retinoblastoma: in eye 

· Having two hits in same cell line is very rare (~1/50,000 chance of spontaneous retinoblastoma)
· If person is already born with defective RB gene then all we need is one hit ANYWHERE – chance is very high (~100%, usually by 2 years old)
· Evading apoptosis – p53 

· P53 protects DNA and kills cell with bad DNA 

· Lose p53: cell becomes unchecked = great for cancer acquiring mutations 

· We get malignant tumors 

· Limitless replicative potential (ability to replicate indefinitely) 

· If it can turn on telomerase it can replicate infinitely 

· Telomerase lengthens DNA telomere caps every time it replicates 

· Sustained angiogenesis 

· Tumor needs its own blood supply 

· Blood vessels in tumor are normal blood vessels 

· Tumor has managed to recruited them 

· We are always growing new blood vessels 

· Tumor has to highjack this ability 

· VEGF (vascular endothelial growth factor): determines where BVs grow 

· Cancer patients begin starving to death because tumor takes everything 

· Tissue Invasion and Metastasis 

· Two things that really distinguish benign and malignant 

· Ability to invade and metastasize

· In order to metastasize in epithelial: Epithelial cells tightly bound to neighbors but have contact inhibition (don’t outgrow their position) 

· First have to detach itself from neighbors (belt desmosomes, tight junctions etc.) 

· Cancer has to get through basement membrane (has lots of collagen in it so have to produce collagenase) 

· If can adhere to something below basement membrane, it can pull itself through  

· Multistep nature of metastasis 

· Ways cancer can spread: 

· Direct contact

· Lymph nodes: out of basement membrane into interstitial space which is drained into lymph  

· Can get into blood: can now go anywhere 

· Has to stop somewhere, has to get out of vessel into tissue (extravasation)

· Cancer cell has to grow in new environment 

· Different cancer cells have different preferences for landing sites based on environment

· Proliferation and angiogenesis to become a large tumor
· Main sites of blood borne metastasis 

· Two very common sites for metastasis: lungs & liver
· Lung: you are always going through lungs because all blood travels here, have lots of capillaries in there have greater chances of landing there 

· Liver: especially for abdominal cancers 

· Abdominal organs drain through liver 

· Colon likes liver 

· Primary v. secondary (metastatic) cancer 

· Primary: starts from one place and grows (one big continuous growth)

· Secondary: like sprinkling seeds in garden 

· Each spot starts a new colony

· Why metastatic cancer is so hard to treat 

· Bone: breast and prostrate cancer like to spread here 

· Mutations necessary for cell to acquire for cancer 

· 6 mutations 

· Ignoring growth inhibitors 

· Avoiding apoptosis 

· Self-sufficiency in growth signals 
· turning on telomerase

· growing blood vessels

· invading and metastasizing

· while it seems unlikely that any cell could acquire all these mutation …
· 50% of us will acquire malignant cancer sometime in life

· 1/3 of us will die from malignant cancer at current rates
· HPV- Human Papilloma Virus 

· for small number of people, they will get HPV but won’t be able to clear it out of body 

· for most people, HPV is like flu virus: get it, clear it, done 

· cancer causing HPV has E6 and E7 proteins that neutralize P53 protein and RB 

· Disables proteins, no gene mutation, but as good as knocking out the genes 

· Lose two of most powerful tumor suppressors 

· Able to escape apoptosis 

· P53 can’t check for cell damage, can’t kill abnormal cells 

· Rate of mutation of cells increases dramatically 

· Vaccine causes body to produce memory cells against virus
· when exposed to virus, immune system jumps into gear in number of hours and you clear virus 

· Vaccine against virus not cancer 

· Virus increases rate of cancer because it neutralizes P53 and RB 

· Pap smear 

· HPV responsible for ~100% of cervical cancer
· Cervical cancer is also caused by HPV strains that are not covered by vaccines
· Selected HPV types 

· HPV 18 + 16 (cause cervical cancer) protected against by Gardasil 

· About 70% of cervical cancer are caused by 18 and 16

· Also protects against HPV-6 and 11 (genital warts) 

· Relationship between tumor cell burden and phases of cancer treatment 

· Cytotoxic cells, killer T cells are on lookout as part of immunity

· Most cancers rejected by natural immunity mechanisms 

· ~1 cm mass receives initial diagnosis (where most become palpable or visible on scans)

· initial therapy (e.g., surgical debulking; go in there and cut it out) 

· if we leave single cancer cell behind it’s just going to grow back 
· goal of chemotherapy is to kill every last cancer cell, or give immune system chance to kill them all
· adverse effects of cancer chemotherapy 

· targets rapidly dividing cells 

· in order to kill them we are going to have collateral damage

· numerous other rapidly replicating tissues are affected: 

· GI tract: particularly mucosa of small intestine (turning over about 2x/week) 

· Load up with anti-nausea meds 

· Natural response to poison is to throw up 

· Bone marrow: all hematopoietic cells are affected ( anemia, neutropenia (biggest problems) 

· About 1% of our RBCs are made everyday 

· Want to see decrease in hematocrit because then that means the chemo is actually working 
· decrease in neutrophils can cause increase in infections
· Hair: hair follicles on head most affected 

· Eyebrows don’t fall out because it grows for a couple of days and then stops: cells at follicle aren’t rapidly replicating and thus chemo won’t touch it

· Skin: decreased epidermal renewal rate (1 month to renew epidermis) 
· will see skin lesion if chemo lasts long enough

· Fetus: chemo is strictly contraindicated in pregnancy 

· Don’t even want to work in chemo dept if you are pregnant 

· Chemo-brain: miscellaneous neurological problems 

· Neurons are not dividing so chemo doesn’t touch it

· Chemo brain is recognized but we don’t know the cause

· Inability to make memories, confusion, but it usually resolves when chemo is stopped 

· Chemotherapy and resistant cells 

· If one cell left behind, it is likely to be resistant to that chemo

· When it grows back we will have a whole strain that is resistant to that chemo  

· Problems that come with cancer 

· Pain, wasting, fatigue, anxiety, depression, GI disturbances 

· Cancer steals all nutrients it can get 

· Loss of appetite: won’t eat very well or very much 

· Cachexia 

· Starvation due to all the nutrients going to cancer, and lack of appetite
· ~half of cancer patients will suffer from cachexia 

