Topic 5 – Cancer

· Cancer: uncontrolled growth of cells
· Hyper-proliferative lesion – benign
· Benign: uncontrolled but non-life threatening 
· Benign lesions can be fatal in developing countries 
· Hyper-proliferative lesion – malignant 
· Malignant growth: lesions that will grow and spread throughout the body 
· The one we worry about the most
· It moves around, does not stay in the same place
· The growth will interfere with functions, Ex: Will press against your heart or brain

· Causes of death – Canada (2011)


· Cancer accounts for nearly one-quarter of deaths in the United States, exceeded only by heart disease. In 2001, there were 553,768 cancer deaths in the US.
· Cancer drugs are terrible; and pharmaceutical companies that make them can get away with almost any side effect

· Cancer is a disease of the Aged 
· Over 75% of all cases occur after age 55
· Causes 570,000 deaths per year in North America (1500 per day)
· Males tend to die from cancer more often because they do not always seek treatment
· Females tend to avoid the risk factors and seek medical attention 

· Cancer death rate by age 
· Cancer in children is extremely rare 
· Cancer treatments are unpleasant 
· Hard to treat, and sometimes the treatment itself is fatal
· The older you get, the smaller the chance of surviving the cancer treatment

· Change in the US death rates by cause, 1950 and 2001
· Compared to the rate in 1950, the cancer death rate was 0.2% higher in 2001; whereas the rate for other major chronic diseases decreased during this period.
· Slide 11
· 2006 was the first year where they talked about a reduction in the death rate of cancer
· In certain types of cancers, we have a pretty good success rate to cure

· Cancer death rates, US
· The age-adjusted death rate from all cancers combined stabilized from 1998 to 2000, after decreasing from 1990 to 1998. The stabilization of death rates, during the most recent time period may be due, in part, to changes in the classification and coding of causes of death.  
· Compared to the rates in 1990, the cancer death rate in 2000 was 10.7% lower in men and 4.2% lower in women. 
· Slide 12

· US Cancer death rates, men
· Most of the increase in cancer death rates for men prior to 1990 was attributable to lung cancer.  However, since 1990, the age-adjusted lung cancer death rate in men has been decreasing. Stomach cancer mortality has decreased considerably since 1930. Death rates from prostate and colorectal cancers have also been declining. 
· Stomach: possibility of the quality of food is much better now than it used to be
· Slide 13

· US Cancer death rates, women
· Currently, the lung cancer death rate in women is about two-and-a-half times what it was 25 years ago, and lung cancer is the most common cause of cancer death.  In comparison, breast cancer death rates were virtually unchanged between 1930 and 1990, and have since decreased.  The death rates for stomach and uterine cancers have decreased steadily since 1930; colorectal cancer death rates have been decreasing for over 50 years. 
· Slide 14

· Normal cells become cancerous 
· One of your cells turns into a cancerous cell
· Cells divide only on “command”
· Maximum of 50 cell divisions
· Cells must be touching similar cells (tissue)
· Cancer cells are normal human cells that have been transformed 
· When you change enough normal cells into cancer cells it can start to create the cancer “parasite” which starts using your body
· When our cells are separated they will self-destruct (can’t have kidney cells touching liver cells, doesn’t work)

· Cancer cell growth is uncontrolled
· Cells divided continuously 
· More than 50 cell divisions; they are immortal
· Cells are mobile (metastisis)
· Human cells will not survive outside of the body, though HeLa cells come from uterine cancer cells, and when removed from the body remains alive (Henrietta Lacks, 1951)

· HeLa cells from Henrietta Lacks 1951
· Malignant cells are often mobile
· Cancer requires 20 years to develop 
· Requires 8 to 10 mutations in same cell
· Younger children with tumors may already have a certain mutation in the gene from birth and have a sequence that already is cancerous

· Every cancer is different 
· Every tissue can spawn 
· More than 100 forms
· Each tumor is unique 
· Basic processes are similar 
· Require 8 to 10 mutations to occur in the same cell
· Requires 20 years
· There will never be one cure for cancer; there are 100’s of types of cancers that can attack of type of tissue 
· You’re going to need 100 different cures

· Biological signals are cascading processes
· Cascading chemical reactions
· A - B -  C – D – E

· Biological regulation is complex
· They are a random collection of molecules that somehow work together
· From a molecular level, the way things are designed is extremely complicated, so it is very easy for things to go wrong 

· Cell division is regulated in 2 ways
· Stimulation (Acceleration): we do not activate the signal; we lose the ability to turn it off
· They are random changes which affects it
· Prevents the off-switch from working, therefore removing this function
· This mutation causes a loss of function 
· Repression (Brakes): This means you have to lose both systems to stop it 

· When cancer happens, both of these things break, your breaks stop working and your accelerator is jammed on full speed
· Gas Cycle: The off switch to cell division (in cancer it stops working)

· Cell growth signal system is complex
· Slide 32

· Cancer mutations involve loss of function
· Impossible to repair the function with small molecules
· Easier to break something than to fix it
· Cannot repair the damage with today’s technology 
· Genetic repair expensive, difficult and unreliable

· “Off” switch for cell growth is broken
· Difficult or impossible to repair the function with drugs 
· Easier to break something with drugs than to fix it
· When you use drugs usually you interfere with a reaction, but when it’s already broken, you can’t start it again
· “Stop growing” signals are complex
· And no longer get to where they need to go

· Cell’s “brakes” are broken
· P53 is an important braking protein
· p53: protein that sends signals to stop cell division; in cancer this protein becomes nonfunctional (it loses the ability to tell the cell to stop dividing)
· There is a self-destruct program in your cell called apoptosis
· Apoptosis – programmed cell death
· Cancer cells lose the ability to self-destruct

· Apoptosis 
· Programmed cell death, designed to prevent cancer and cell mutation 
· Important for our growth 
· The cells die under very distanced conditions
· We see this in embryo growth (the tail of a tadpole or webbed fingers and toes)
· It removes the damaged issue in wounds in order to heal them
· Important defense mechanism against cancers and viruses; little tumours are present in the body all the time, but the defect is identified and will kill itself in order to defend against cancer
· p53 has an important suicide protein, important for cell destruction 

· Programmed cell death in embryo development
· Cells are dying in a controlled manor to get rid of the tail
· Programmed cell death in wound healing
· Programmed cell death protects the body from viruses and cancer 
· In viruses: when a cell is infected with a virus, and can recognize this, it can self-destruct
· Everyday there are cells in our body that are cleaned up by apoptosis before it grows into a tumor
· P53 important suicide protein 

· Normal cells count cell divisions
· The telomere acts as a clock on the end of a chromosome; it works like the tip of a shoe lace, preventing it from being frayed
· Chromosomes tips are like shoe laces
· Chromosomes become “frayed” with age
· When cells divide, some of the telomere is not copied, therefore removed and not passed on, until it is eventually gone (after 50 divisions), causing the chromosome to unravel
· Enzyme telomerase can replace the telomere; present in all cells but is only used in some 
· Normally our cells divide about 50 times
· The clock that counts our cell division is called the telomere
· Cancer cells can rebuild the telomeres that way they can replicate forever
· Telomerase: Enzyme that adds DNA sequence to the telomeres

· Cancer cells are immortal 

· Other changes in cancer cells
· Become mobile
· Angiogenesis: tumors that create their own blood supply to get nutrients; becomes very dangerous tumors 

· Tumor formation requires 8 to 10 mutations
· In the same cell 
· Mutations happen continuously 
· Damaged cells are eliminated from the body
· Mutations within the same cell are rare
· Accumulation of enough mutations for cancer requires more than 20 years on average 

· Gene is a set of instructions to make protein
· Gene uses 3 letter words called codons 
· Each codon specifies an amino acid in a protein
· The codons make up amino acid sequences which determines protein structure 
· Sequence of amino acids determines protein structure
· Mutation is a “typo” in the gene
· An A changed to a C will change the amino acid sequence and in turn will change the protein structure and function. (messes up a letter which changes the codon which changes the amino acid).

· Gene Susceptibility 
· Some individuals are more susceptible to cancer than others 
· Oncogenes: A gene that in certain circumstances can transform a cell into a tumor cell; instructions are easier to change
· It depends on your genes, and can be genetics or phenotypes that affect one’s susceptibility
· Phenotypes: The set of observable characteristics of an individual resulting from the interaction of its genotype with the environment.

· Most cancer death is caused by controllable factors 
· Tobacco (30%)
· Diet and obesity (30%)
· Viruses (15%)
· Everything else in order of prevalence 
· Alcohol
· Lack of exercise 
· UV radiation
· Environmental exposure (2 – 4 %)
· Genetics
· Medical procedures 
· (X-rays and chemotherapy)

· Tobacco smoke contains over 4800 chemicals 
· 400 are toxic (harmful at low doses)
· 40 are carcinogenic (have the potential to cause cancer)
· Smoke is smoke, it’s all bad. The difference with tobacco is the dose; you hold it in your lungs and you do this on a daily basis multiple times per day.
· Nicotine is the addictive substance 
· Carcinogens in tobacco – Polonium 210
· The most harmful carcinogen is Polonium 210 (radioactive)
· Polonium 210: Radioactive element that ends up in plants through birds who get it from fish.
· Present in tobacco when you burn the cigarette
· The polonium vaporizes which you suck into your lungs
· The polonium metal leaves a radioactive coating onto the inside of your lungs

· Polonium 210
· Bird poop turns into phosphate, which ends up on the tobacco plants used in cigarettes
· Ends up being Polonium 220
· Contains alpha emitters which are normally safe (on the outside of the body), and used to be used as an anti-static in spark plugs and brushes 
· When in the inside of the body, it is a heavy duty mutagen, used as a poison 
· In cigarettes, the heat from burning the cigarette vaporizes the polonium which is then inhaled as a radioactive metal
· This metal plates the inside of the lungs next to the living tissue and causes mutations at a very high rate 
· When smoking cigarettes, people are willingly inhaling irreversible isotopes 

· Tobacco smoke combustion products 
· Benzopyrenes: The body tries to metabolize it and remove it; the first stage is toxic and will react with DNA, chemically modifying it
· Nitrosamines: Carcinogenic 
· Ethylene Oxide: Reacts with the body and is metabolized

[image: ]

· Anything that burns will give off these types of materials not just cigarettes

· Benzopyrene carcinogenicity
[image: ]
· They become toxic once your body processes them
· CyP450 enzyme in the liver that adds the oxygen; Hydrolase in the liver and blood will convert it again
· The intermediate material is very dangerous and it can get stuck to your DNA and mutate the DNA

· Tobacco use in the US
· The last set of slides describes at the prevalence of cancer risk factors, such as tobacco use and physical inactivity, and the prevalence of cancer screening, such as use of mammography.  
· Tobacco use is a major preventable cause of death, particularly from lung cancer.  The year 2004 marks the anniversary of the release of the first Surgeon General’s report on Tobacco and Health, which initiated a decline of per capita cigarette smoking in the United States.  As a result of the cigarette smoking epidemic, lung cancer death rates showed a steady increase through 1990, then began to decline.  The lung cancer death rate among US women, who began regular cigarette smoking later than men, has continued to increase, but at a slower rate since the early 1990s. 
· Slide 69

· Tobacco companies recruit women
· Mommy its good for you

· US Cigarettes smoking prevalence 
· The reduction in cigarette consumption has been associated with a decrease in adult smoking prevalence in both men and women since 1965. The difference in cigarette smoking across gender narrowed from 1965 to 1985, a result of smoking becoming more popular among women and higher rates of quitting among male smokers following the Surgeon General’s Report.  

· Obesity
· Strong correlation of cancer with diet and obesity 
· Cooking for safety and flavor; first there is the “what” we are eating 
· Meat spoils quickly and must be cooked
· Cooking generates flavor and some nasty materials (red meat)
· The same chemical processes that generate flavor generate carcinogens 
· Food preparation can create carcinogens which can cause DNA damage and mutations:
· Eat less
· Do not overcook anything

· Beneficial foods protect us 
· Fruits and vegetables, with a little bit of meat  
· Fruits and vegetables protect us; they tend to increase the function of hydrolase which helps to get rid of carcinogens; they stimulate a pathway that acts as a detox 
· Second stage metabolism: it is hard to digest fruits and vegetables, so it creates fiber which promotes the passage of waste and prevents toxin reabsorption
· ¼ of the people in North America eat enough fruit and vegetables to prevent cancer 

· Consumption of five or more vegetable and fruit servings for cancer prevention
· The American Cancer Society recommends that individuals eat five or more servings of vegetables and fruits a day for cancer prevention.  Fruit and vegetable consumption may protect against cancers of the mouth and pharynx, esophagus, lung, stomach, and colon and rectum.  However, there has been little improvement in consumption since the mid-1990s.  Less than one in four adults was eating the recommended servings in 2002.

· Obesity (%), by gender, adults aged 20 to 74
· Obesity has reached epidemic proportions in the United States.  The percentage of adults age 20 to 74 who are obese increased from 1960 to 2000 with the largest increases occurring in the 1990s.  Similar trends were observed among men and women.

· Obesity increases your risk for EVERYTHING
· Changes in eating habits 
· We have changed our eating habits, as we used to make food but now simply buy it and eat out, which is increasing the amount of fat we digest in processed foods
· Like to eat out way too much, increasing our processed food intake
· Changes in portion size
· Food portions are too large in the states, and obesity rates are rising 
· We like big servings, and have more than double the serving sizes at places like McDonald’s
· We want better deals, bigger burgers
· In Europe they say that you pay more for a quality meal
· Dose makes the poison
· Fast food used to be a treat, now it’s a habit 
· As you gain weight, your skeleton has to withstand the weight, so you should maintain what your skeleton can handle 
· Your maintenance organs (heart, lung, liver) are all in the thoracic cavity, and cannot grow; they need to be able to filter all of the food you are eating and circulate blood to your whole body

· Viruses
· Viruses responsible for about 15% of cancer deaths
1. High Risk: almost always destroys p53 because its involved in cell suicide, which will increase the likelihood that cancer will take over
2. Low Risk: the common cold 


· Guardasil for HPV induced cervical cancer
· It destroys p53 

· Excess alcohol increases your risk of getting cancer
· Creates bad materials, and can act as a carcinogen because can transform into acetic acid (corrosive and can attack the skin)
[bookmark: _GoBack][image: ]

· Leisure-time physical activity
· The American Cancer Society recommends that adults engage in at least moderate physical activity for 30 or more minutes on 5 or more days of the week. However, similar to trends in nutrition, there has been little change in leisure-time physical activity during the 1990s.  Almost one-third of adults do not engage in any leisure-time physical activity.  Even more striking is that almost half of adults with less than a high school education do not get any leisure-time physical activity.  It should be noted that leisure-time physical activity, as presented in this graph, does not reflect job-related physical activity for the currently employed population. 
· While there has been little change in leisure-time physical activity since the early 1990s, data from other sources illustrates long-term social changes that have contributed reduced total physical activity in US adults.  For example, the number of trips outside the home made by walking has decreased by 42% between 1975 and 1995.  

· Exposure to UV light induces skin cancer 
· Skin cancer is the number one type of cancer
· you tend not to die from skin cancer because you can easily detect it
· people tend to get treated quickly so they get it treated
· Induces skin cancer, so protect your skin with sunscreen and limited sun exposure 

· Environmental Exposure
· Relatively small 2-4% in terms of causing lethal cancers
· Environmental Exposure – Man made
· Man-made risks are regulated, so less worry unless one works with one, such as radioactive material or smoke, as the dose makes the poison

· Environmental Exposure – Natural sources
· Are more severe, but there is limited exposure (UV rays, etc.)

· Strongest carcinogens occur naturally
· Peanut butter
· Olive oil

· Phorbol is used to induce cancer

· Medical procedures, X-Rays, & Chemotherapy 

· 5 year survival rates 
· The survival rate for all cancers combined and for certain site-specific cancers have improved significantly since the 1970s, due, in part, to both earlier detection and advances in treatment.  Survival rates markedly increased for cancers of the prostate, ovary, breast, colon & rectum, and for leukemia. With new treatment techniques and increased utilization of screening, there is hope for even greater improvements in the not-too-distant future.
· 1974-1976 = 50%
· 1983-1985 = 52%
· 1992-1999 = 60%

· Cancer very difficult to target selectively 
· Abnormal human proteins (junk protein)
· Non-functional enzymes 
· Non-functional protein 
· Poor drug targets
· Drugs can block protein function
· Cannot restore protein function

· Cancer cells are human cells 
· Normal cells have 23,000 genes
· Only 8-10 are changed in a cancer cell
· Changes are very small
· Drug has to know which cell to target to be effective
· Major difference in cell division
· Cancer drugs are strong poisons 
· Cancer drugs target cell division
· Fast growing cells are killed first 



· Strategy for cancer chemotherapy
· Kill the cancer faster than you kill the patient
· Side effects are guaranteed – 100 %
· Side effects are severe
· Death
· Cancer
· Extreme nausea, vomiting
· Hair loss, immune suppression, sterility

· Abnormal human protein (junk protein)
· Non function enzymes, non function proteins
· Drugs can block protein function but cannot restore protein function
· We cannot create a drugs for fixing these problems, because drugs will only stop a protein from working, not get it working once its dead
· The key to survive the cancer is being healthy enough to survive the treatment
· In as many as 5% of the cases the drugs will kill you
· If you walk in with liver cancer, the chemo or meds might make it happen that you also walk out with bone cancer
· When you develop cancer drugs, its ok to have death as a side effect because it outweighs the risk
· Because if you do nothing you will die, so you have to give it a shot

· Cancer drugs target cell growth
· Cancer cells grow faster than normal cells
· You develop a poison that targets these fast growing cells
· That’s why you get side effects because it will target fast growing human body (hair cells, stomach lining cells)

· Nitrogen Mustards in World War 1
· Nitrogen mustards were used during WWI, and found to destroy tissue 
· Survivors of WWI and WWII were found to have fewer white blood cells 
· Mustard Gas —> DNA Damage —> Cell Death
· Mustard gas a syrup liquid
· People exposed to this would have lung tissue destroyed
· Countries realized this was dangerous and shouldn’t be used

· Nitrogen Mustards in World War 2
· All countries made this because they were worried other countries were secretly making it so they didn’t want to be the fools without it
· There was a ship docked in Bari, Italy, filled with mustard gas, it got attacked and exploded and the mustard gas was released into the water and air all around
· People exposed to the mustard and survived had fewer white blood cells
· A doctor who studied leukemia (blood cancer) thought this could be used as a cure
· Mustard gas was too reactive because it killed all types of cells, they wanted to tune the mustard gas so it only attacks white blood cells

· Mustine was the first cancer drug
· If you change mustard gas into mustine it will be selective to tumor cells and will cause less regular cell DNA damage

[image: ]
                                           [image: ] 

· Fast growing cells are more susceptible
· Cancer drugs cause death and cancer 
· With cancer drugs you damage DNA in normal cells, which can lead to cell death
· If the repair of the DNA is too slow or no repair is done, the cell DNA will mutate and that will form a different set of instructions
· if you change 8-10 sets of instructions in a cell you can get cancer
· Any drug that goes after DNA can cause cancer

· Rapid cell growth provides selectivity 

· Serendipitous discovery with E. coli
· Studying the effects of electrical fields on bacteria, and generated chemicals that stopped bacterial growth 
· Serendipitous: means dumb luck
· They harvested a colony of bacteria and ran an electrical current through these bacteria. This current stopped the growth of the bacteria cells and the platinum electrodes used to induce the electrical current created peyrone’s salt

· A current and oxygen corroded the electrode
· Damages DNA in fast growing cells (bacteria)
· Tests with tumors in rats proved successful

· Long road for Cisplatin
· First synthesized in 1845
· Inhibition of cell division was discovered in 1965
· Anticancer activity was discovered in 1969
· Approved for human use in 1978
· The cure rate for testicular cancer is about 90%
· Today is used in 40-80% of all cancer patients 
· Cisplatin moves in and out of normal cells
· Cisplatin activated and trapped in cancer cells

· USDA searches for new poisons – 1950’s
· Poisons can be medications

· Yew Trees 
· Used as a poison for centuries 
· King of Eburones killed himself with yew extract
· Wines stored in casks made from yew wood were found to be poisonous 
· In Macbeth and Hamlet, yew poison was used
· Yew bark extract found to be cytotoxic(effective against cancer) in 1964
· Taxol identified as toxic substance - 1971
· Taxol effective against breast cancer in 1989
· 30%
· Taxol is a complex molecule
· Impossible to make a synthetic version
· Taxol manufactured from yew trees
· 13,000 Kg of bark gave 1 Kg of Taxol
· 38,000 trees gave 25 Kg of Taxol
· Total demand in North America 
· More than 360,000 trees per year

· Clear-cutting the ENTIRE Pacific North West
· Forests would give a 5 year supply of taxol

· Taxus baccata is the European yew
· They had to look for another plant that was in the same family as the yew tree that also released taxol
· They found a european yew tree called the taxus baccata that created taxol in its needles
· 10-DAB (10-Deacetylbaccatin III): synthesized through chemical reaction from the taxol in yew tree
· Robert Holton – Florida State University 
· Between 1993 and 2007 FSU made $350,000,000
· 40 % to Holton
· 30 % to Chemistry Department
· 30 % to University

· Taxol now manufactured using cell culture 
· Plant cells suspended in growth medium
· Genetically modified to maximize production
· Cancer drugs are unpleasant
· Kill the cancer faster than you kill the patient
· Side effects are common – 100 %
· Side effects are severe
· Death
· Cancer
· Extreme nausea
· Hair loss, immune suppression
· Much higher tolerance for these side effects with cancer drugs because there is no other choice
· 46% of drugs sold today are cancer related

· Cancer takes 20 years to develop
· 8 to 10 mutations in the same cell
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Cause Deaths Percent of Total 
   



Cancer 72, 476 29.9 
   



Heart Disease 47, 627 19.7 
   



Cerebrovascular diseases 13, 283 5.5 
   



Chronic lower respiratory diseases 11, 184 4.6 
   



Accidents  10, 716 4.4 
   



Diabetes 7, 194 3.0 
 



Alzheimer’s disease 6, 356 2.6 
 



Influenza and Pneumonia 5,767 2.4 
   



Suicide 3, 728 1.5 
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