
Cancer:

· Cancer is uncontrolled growth
· Second leading killer in North America— next to heart disease
· Over 75% of all cases occur after age 55
· Causes 570,000 deaths per year in NA 
· As you grow older, the more likely it is that you will get cancer— not very likely at a young age
· There has been next to no reduction in cancer deaths from 1950-now— every other disease was lowered
· Men are at a much higher risk of getting cancer than women (more smoke?)
· in men, lung cancer is the most common— more men smoke than women 
· For women, every cancer is pretty much equal in risk 

What happens?
· Normal cells become cancerous
· You make your own parasite— its YOUR body that develops cancer 

· Normal cell growth is closely regulated:
· cells divide on command
· max of 50 cell divisions
· cells must be touching similar cells (tissue)

· Cancer cell growth is uncontrolled:
· cells divide continuously
· more than 50 cell divisions (they are immortal)
· cells are mobile (metastasis)

· cancer requires 20 years to develop
· requires 8-10 mutations in the same cell

Every cancer is different— how?
· Every tissue can spawn
· more than 100 forms
· each tumor is unique
· The basic processes are similar
· each cancer does require 8-10 mutations to occur in the same cell 
· requires 20 years

· biological signals are cascading processes 
· basically a-b-c-d-e (think of it like a dominos effect)
· any process that takes place in a number of steps, usually because the single step is too inefficient to produce the desired result
· biological regulation is very complex— your body is always changing 

Cell division is regulated in 2 ways:
1. Stimulation (accelerator)
2. Repression (breaks) 




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 todays technology
· genetic repair is expensive, difficult and unreliable
· basically the “off” switch for cell growth is broken
· “stop growing” signals are complex
· cells “breaks” are broken (repression)
· p53 is an important breaking protein — prevents cancer formation, thus functions as a tutor suppressor

Apoptosis is a programmed cell death:
· this is common in embryo development 
· and as well in wound healing
· programmed cell death protects the body from viruses and cancer
· p53 is an important suicide protein 

Chromosomes:
· tips are like shoelaces
· they become frayed with age

Tumor formation requires 8-10 mutations:
· in the same cell
· the mutations happen continuously
· damages 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

Genes:
· a gene is a set of instructions that make a protein
· gene uses 3 letter words called codons
· each codon specified an amino acid in a protein 
· and the sequence of amino acids determines protein structure
· mutation is a “typo” in the gene 

Gene susceptibility:
· some individuals are more susceptible to cancer than others
· oncogenes— instructions are easier to change 
· phenotype

Most cancer death is caused by controllable factors:
· tobacco
· diet and obesity
· viruses

everything else (in order of prevalence)
· alcohol
· lack of exercise
· UV radiation
· environmental exposure- man made- natural sources 
· genetics
· medical procedures (x-rays and chemo)

Tobacco:
· Tobacco smoke contains over 4800 chemicals
· 400 toxic (harmful at low doses)
· 40 carcinogenic- Polonium 210
· nicotine is the addictive substance
· a emitters are normally safe 
· polonium anti static brushes
· radioactive spark plus 
Polonium:
· polonium spinthariscope in KIX cereal 
· cereal is not just cool anymore
· polonium 210 as a poison
· heat from burning vaporizes polonium 
· Tobacco smoke combustion products:
· benzopyrenes
· nitrosamines
· ethylene oxide
· benzopyrene carcinogenicity??

Tobacco companies:
· try to recruit women
· “Mommy its good for you”
· US cigarette smoke prevalence has gone down

Strong correlation of caner with diet and obesity:
· cooking for safety and flavour 
· meat spoils quickly and must be cooked
· cooking generates flavour and some nasty materials
· food preparation creates carcinogens

Beneficial foods protect us:
· fruits and veggies
· fiber promoted the passage of waste 
· consumption of 5 or more veggies and fruits for cancer prevention 

Obesity (%) by gender, adults aged 20-74:
· women higher than men 
· obesity increases your risk for everything 

How to fix this:
· changes in eating habits
· changes in portion sizes
· viruses responsible for about 15% of cancer death 
· high risk viruses target p53
· Guardasil for HPV induced cervical cancer 
Alcohol:
· excess alcohol increases your risk
· alcohol as a carcinogen:
· leads to a build up of acetic acid 

Leisure time physical activity:
· adults with less than a high school education are not seen as as physically active

5 Year Survival Rates:
· 1974-1976= 50%
· 1983-1985= 52%
· 1992-1999= 60%

Cancer cells are human cells:
· normal cells have 23,000 genes
· only 8 or 10 are changed in a cancer cell
· these changes are very small
· drug has to “know” which cell to target 
· major difference is cell division 
· cancer drugs are strong poisons
· cancer drugs target cell division 
· fast growing cells are killed first 

Cancer can be 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 

Strategy for cancer chemotherapy: cancer drugs are unpleasant 
· kill the cancer faster than you kill the patient 
· side effects are guaranteed-100%
· side effects can be severe:
· death
· cancer
· hair loss, immune suppression, sterility 
· extreme nausea, vomiting


General and history:
· cancer drugs target cell growth 
· nitrogen mustards in WW1 used to destroy tissue

· air raid on Bari, Italy 
· survivors has fewer white blood cells
· mustard gas- DNA damage- cell death 

· Mustine was the first cancer drug 
· mustine- DNA damage= DNA repair or tumor cell death 
· fast growing cells are more susceptible 
· cancer drugs cause both death and cancer 
· mustine- DNA damage= cancer or normal cell death 
· rapid cell growth also provides selectivity 

· Serendipitous discovery with E. coli:
· effects of electric fields on bacteria
· generated chemicals that stopped bacterial growth 

· current and oxygen corroded the electrode:
· plantinum electrode- peyrone’s salt (discovered in 1845)
· damage 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 discovered in 1965
· anticancer activity discovered in 1969
· approved for human use in 1978 
· sure rate for testicular cancer approx 90%
· today used in 40-80 % of all cancer patients 
· it is activated in cancer cells 

Poisons:
Yew Trees:
· used as poison for centuries
· King of Eburones killed himself with yew extract 
· wines stored in casks made from yew wood were poisonous 
· Yew poison— seen in both Macbeth and Hamlet
· Yew bark extract found to be cytotoxic- 1964 

Taxus brevifolia:
· TOXON is Greek for toxin 
· USDA searches for new poisons because poisons can be medications
· taxol identified as toxic substance- 1971
· taxol effective against breast cancer- 1989
· it is a complex molecule:
· it is manufactured from yew trees
· 13,000 KG of bark gave 1KG of Taxol
· 38,000 trees gave 25 KG of Taxol
· total demand in NA:
· more than 360,000 trees per year 
· people or trees??— entire pacific NW
· Taxus baccata is the European yew
· Taxol is now manufactured using cell culture 


Robert Holton- FSU:
· between 1993 and 2007 FSU made 350,000,000 
· 40% to Holton
· 30% to chemistry department
· 30% to university 


Sports


· sports drug scandal is on the rise
· Ben Johnson (Canadian) wins then loses gold 
· Johnson’s drug invented by John Manson 
· Stanozolol patent
· Johnson used a Canadian drug 

Ancient Greece:
· Ancient olympian athletes used potions and herbs 
· Zulu warriors prepare for battle
· Dop is a Zulu drink

Horse racing:
· doping horses
· first doping tests were on horses
· cycling was notorious for doping 

Endurance was enhanced with “dope”:
· caffeine
· cocaine
· alcohol
· nitroglycerine
· strychnine

Olympic Marathon St.Louis, August 1904:
· conditions were perfect 
· temperatures above 40 degrees
· 100% humidity 
· dirt roads 
· Thomas Hicks in the 1904 marathon 
· the marathon race demonstrated that drugs are of much benefit to athletes

Adrenaline:
· used as a drug in 1901
· it was not ideal for sports 
· short duration of actions (minutes)
· requires IV injection 

Amphetamine:
· founded by Gordon Alles in 1929
· it was seen as a great decongestant 
· then used for cold symptoms 
· first side effect= sleepless nights, mind racing from one subject to another 
· first sports amphetamine use in 1952 Olympics
· amphetamines can push the body beyond its limits 



Methamphetamine:
· in total war
· Blitzkrieg required endurance 
· Pervitin use discovered by the Allies 

Air Force use:
· R.H. Winfield experiments with Stirling aircrews
· amphetamine use by the 8th airforce 
· amph also used in the Tarawa invasion 
· amph also used by Allied armies 
· Soldiers are athletes?

Olympic Use:
· first use in 1952 Olympics
· Knud Enemark Jensen at the Rome Olympics

Mont- Ventoux:
· Tom Simpson in the Tour de France 
· 45 degrees— July 13, 1967
· last few meters
· attempted to revive Simpson failed
· monumental moment on Mont Ventoux

Nervous System:
· has several sub-systems
· organs, brain, spinal cord, muscle 
· involuntary nerves use different signals (fight/flight)

Olympic’s restrict drug use:
· in 1967
· first testing done in grenoble, 1968
· Sympaticomimetic amines:
· amphetamines 
· Central nervous system stimulants:
· strychnine
· Narcotics:
· heroine
· cocaine
· Antidepressants
· Tranquilizers 
· Drugs were not banned because of their unfair advantages 
· Rather, sports drug abuse is harmful to athletes 
· People associate steroids with sports 




Fritz Pregl and Oskar Zoth, 1096:
· inject themselves with bull textile extract 
· measured muscle strength using middle fingers 

Zoth:
· “the training of athletes offers an opportunity for further research in this area”

Charles Eduard Brown- Squared 1889:
· injected himself with macerated dog testicles
· “internal secretions” as psychological regulators 
· applied Similia similibus
· treating an organ with itself
· heart for courage
· brain for idiocity 
· blood
· bole 
· feces
· teeth
· testes- to treat impotence— Ayurveda of Susruta 1000 BC:
· Vistor D. Lespinasse 1913— transplanted testicle tissue from donor to man who had lost his testicles 
· Leo L. Stanley, Physicial at San Quentin— transplanted testicles from executed prisoners into convicts to restore sexual function

First isolation of male sex hormone:
· 40 KG of bull testicles
· 20 MG of male sex hormone 
· testosterone was very hard to get 
· testosterone was used for inmate rehabilitation 

Soviets and steroids:
· in the 1950’s
· discovered the fundamentals of steroid use
· side effects
· training methods
· training cycles

Effects of extra testosterone:
anabolic:
· muscle mass
· strength 
· bone growth 

androgenic:
· body and facial hair
· enlarged vocal chords
· heavy brow
· acne
· increased sex drive
· testicle shrinkage
· clitoral enlargement 

design a steroid for sports only???— have to design a drug that only gives the anabolic effects !!!


Dianabol in 1958 and Stanozolol in 1961:
· anabolic steroids reduce side effects
· anabolic steroids for wasting conditions 
· Arnol Schwarznegger:
· Mr. Olympia 6 consecutive years
· “in those days you didn’t have to deal with the black market, you could go to your physician and just say ‘listen, I want to gain some weight and I want to take something’. Then the physician would say ‘do it six weeks before competition, then it will be safe’”
· Dr. Manfred Hoppner:
· director of sports medicine, East German  Swim Team:
· East Germany wins 11 of 13 gold medals at 1976 Olympics
· all swimmers were forced to take steroids

· steroids banned in Olympics in 1977
· because improper drug use was harmful to the health of the athletes

East Germany doping lab:
· EG established doping ab in Kreischa
· accredited by IOC for Olympic testing
· EG gained access to testing protocols
· developed masking techniques 


Steroid testing:
· uses GC/MS
· finding a drug in urine
· molecules isolated from athletes as mixtures
· gas chromatograph sorts molecules
· mixture is passed through a tube containing a sticky substance
· some molecules are sticky and some are slippery
· gas chromatograph sorts molecules using speed
· gas chromatograph sorts with times
· gas chromatograph measures amounts 
· mass spectrometer weights molecules
· mass spectrometer throws molecules
· mass spectrometer throws molecules in a magnetic field
· mass spectrometer weighs molecules
· molecules fall apart in mass spectrometer 
· mass spectrometer obtains a finger print
· this fingerprint is used to identify compounds

· steroid testing measures T(estosterone) to E(pitestosterone) ration
· normally 1:1
· but can be as high as 4:1
· masking agent for steroid testing:
· “mask” the presence of extra T by injecting epiestosterone 
· diuretics mask total steroid amounts 
· add materials to interfere with testing 
· Urine switching in extreme cases
· empty athletes bladder
· fill bladder with clean urine using a catheter
· Floyd Landis claimed that is 11:1 ratio was natural 

Atomic structure and isotopes:
· carbon has 2 isotopes:
· 98.9 % of carbon atoms have a mass of 12
· 1.1 % of carbon atoms have mass of 10
· The ratio of 13C to 12C tells you the source
· Diosgenin—> testosterone 
· plants and animals have different amounts of 13C

Steroids:
· steroids do not build muscle 
· testosterone helps build muscle 
· building muscle requires exercise
· health risks:
· liver damage
· heart damage
· reproductive effects
· anabolic steroids help speed recovery and speed training 
· long term health risks are unknown 
· effects are very difficult to measure:
· athletes vary doses
· athletes mix steroids
· athletes keep their methods secret

BALCO made “designer” steroids:
· designed to avoid detection
· no testing done 

Tetrahydragestrinone:
· “The Clear”
· Was undetectable before 2002 
· fingerprint was not known 
· temptation to abuse is too great

The desire to win makes drugs dangerous:
· Used properly, they are safe
· medical supervision
· limited dosing
BUT
· desire to win makes athletes push the limits 
· overuse of drugs
· mixing drugs
· improper use of drugs
· designer drugs 

Red Blood Cells:
· only carry oxygen 
· RBC’s are made in the bone marrow 
· body makes 3 million RBC’s every SECOND 
· RBC production controlled by erythropoietin (EPO)
· Endurance athletes benefit from increased O capacity 
· Training at high altitudes increased RBC production 
· US Olympic training centre— “instant” altitude training 

1984 Olympics in LA:
· Ed Burke proposes blood doping to USCF in 1983
· Danny Van Haute used blood doping during 1984 Olympic trials 
· transfusions in a Ramada Inn
· US Cycling Federation banned blood doping January 1985
· sanctioned 3 officials involved in Olympics
· IOC outlawed blood doping in 1986

Anemia:
· Anemia is a serious condition
· treat with iron supplements or transfusions 
· EPO could be a perfect anemia drug 
· EPO is a protein 
· Amino acids work like building blocks
· chemical synthesis of protein is impractical 

Animals:
· some proteins are available from animals
· animals are not an ideal protein drug source:
· supply is limited
· extraction is difficult
· not human proteins
· don’t work as well
· immune reactions
· animal protein not exactly human protein 
· same shape, different sequence 
· Cadavers not ideal source for human proteins 

Human cadavers:
· Human cadavers make a poor drug source
· very limited supply
· difficult to extract
· very expensive to produce
· possibility of infection (very rare)
· a solution is recombinant protein 

Human protein to a bacteria/yeast:
· make human protein in a bacteria or yeast 
· human protein is a good drug
· normal human protein works well
· no immune reaction 
· problem is production 
· making large quantities 
· use a single cell organism to make protein 
· easy to grow
· protein is easy to isolate
· product is safe (no risk of infection)

· insert the human gene into a bacteria
· protein is “encapsulated”
· bacteria place extra protein in “pockets”
· easy to isolate and purify
· protein is easy to make in large amounts

DNA:
· is an information storage device
· cells use DNA as a template to make protein
· remove human gene from chromosome
· insert the gene into a plasmid
· insert the plasmid into a bacteria 
· in which the bacteria will now make the protein 
· genetic engineering to make human protein 
· copy the gene describing a human protein 
· put this gene into a bacteria or yeast 
· both bacteria and yeast are easy to grow
· recombinant protein is easier to purify 
· recombinant human proteins are better drugs than animal proteins 
· protein is human
· no immune reaction
· human protein works better
· source is safe
· no risk of infection 
· no problems with allergy 
· source is cheap
· bacteria or yeast easy to grow

Recombinant EPO:
· recombinant EPO is one of the best drugs in the last 30 years
· may use EPO instead
· recombinant EPO abused from day 1
· clinical trials 1987- 1989 
· 18 pro cyclists die from heart attacks 
· 5 dutch in 1987 
· 1 Belgian and 2 Dutch 1988
· 5 Dutch in 1989
· clinical trials are used to establish doses:
· can only be done using humans
· use by athletes before proper dosing was known resulted in overdosing 
· overdose of EPO “thickens” blood and causing heart attack 
· IOC banned EPO in 1990
· testing for EPO was impossible 
· hematocrit
· EPO and rhEPO have same amino acid sequences:
· today detect EPO using antibodies
· urine test for total EPO
· confirm using blood tests 
· compare values to normal human levels 

· ON model detects recent use:
· hemoglobin 
· EPO
· soluble tranferrin receptor 

· OFF model detects longer term use (2-3 weeks)
· hemoglobin 
· reticulocytes
· EPO 

· the future— gene doping?
· insert the gene for EPO into a person 
· requires genetically modified virus 

ripoffxygen:
????

bubble boy syndrome and gene therapy:
?????

· desire to win makes drugs dangerous
· used properly, they are safe
· medical supervision
· limited dosing
· BUT 
· temptation to abuse is too great 

· desire to win makes drugs dangerous:
· athletes push the limits:
· overuse of drugs
· mixing drugs
· improper use of drugs
· designer drugs 

· drugs are banned from sports for safety reasons

Antibiotics:

life expectancy then and now:
· 1900— 44 years
· main causes of death:
· pneumonia
· tuberculosis
· influenza
· (this lasted until 1950’s)

· 2004— 82 years
· main causes of death:
· heart disease
· cancer
· stroke
· lower respiratory infection
· traffic accidents

History of disease:
· plagues were common throughout history 
· cures and treatments failed
· cause of disease was unknown
· post natal infections— 30% death rate
· maternal mortality rates— tremendous decrease from 1800’s - 1990’s
· surgery survival rate was less than 30%
· WWI and WW11— more deaths due to combat than there were infection
· John Snow disproved miasma theory 1854
· map of cholera infections identified the source 
· water pump is a historical landmark
· Agostino Bassi showed microbes case disease
· Atharva- Veda identifies living animals causing disease 
· Louis Pasteur develops pasteurization 1864
· Lister develops antisepsis
· H.C. Gram stains bacteria in 1884

Paul Erlich:
· Paul Erlich and the magic bullet 1907
· Trypan red selectively colours trypanosomes
· Erlich knew As was similar to N but more poisonous
· wins Nobel in Medicine in 1908
· Salvarsan 606 for Syphilis— the great pox:
· 140 000 deaths per year 

Gerhard Domagk at IG Farben 1932: (wins Nobel in 1939)
· Prontosil only worked in vivo
· did not work, killed bacteria
· why was prontosil only effective in vivo???
· prontosil —> metabolism—> sulfanilamide

Sulfanilamide:
· sulfanilamide becomes first sulfa drug in 1932
· sulfa drug saves lives in WWII
· they inhibit bacterial growth 
· sulfa drugs mimic natural subtrate— the drug gets “jammed” in the enzyme

Alexander Fleming contaminated culture in 1928:
· mold prevented bacterial growth 
· Fleming publishes his results in 1929
· he used penicillin to puriify bacteria 
· but he did not do the key experiment


Penicillin:
Howard Florey & Ernst Chain isolate penicillin in 1941:
· it is first produced in milk bottles:
· 1000 kg mold gave 1 g penicillin 
· home built machines to isolate penicillin
· they publish their discovery
· Britain is not the best place for research 
· Penicillin production moves to corn steep liquor
· Peoria, Illinois becomes penicillin capitol 
· drug companies develop better extraction technology 
· Merck isolation method:
· penicillin production became war priority 
· it was stockpiled for D-day
· used by US forces in the Pacific
· Penicillin then becomes available to the public
· H&C share Nobel in 1945

How penicillin works:
· bacterial cells are different from human cells
· penicillin prevents cell wall synthesis
· the bacteria cell:
· rigid outer layer
· imparts structure
· resists internal pressure
· penicillin prevents cell wall synthesis:
· secret to the activity of the B-lactam ring
· penicillin destroys enzyme that makes cell walls
· antibiotics only work on bacteria 
· most antibiotics today are artificial:
· natural penicillin is not drug-like
· unstable
· must be injected
· only works against some bacteria 
· artificial penicillin drugs are drug- like 
· can be stored for long times
· can be taken orally 
· work against most bacteria 
· design better antibiotic drugs by semi-synthesis (aka making artificial)
· major penicillin side effect is allergy  


cephalosporin:
· cephalosporin found in Italian sewer 
· similar to penicillin 

streptomycin:
· streptomycin found in chicken throats
· inhibits protein synthesis 

tetracycline:
· inhibits protein synthesis
· its semi- synthetic 
· may make a person photo sensitive
· interferes with calcium metabolism 

· antibiotic resistance is a growing problem 
· prophylactic use may promote resistance
· the biggest problem is patient compliance 

reason for instructions:
· missing doses creates resistant bacteria
· only the tough survive 
· it is important to kill all of the bacteria
· survivors are less susceptible
· after several generations can become resistant 
· will not be killed by antibiotics
· the most dangerous bacteria are found in hospitals 
· nosocomial infection
· necrotizing fasciitis
· staphlycoccus aureus 
· very common bacteria
· 20 mill to 30 mill infections each year 
· small number— 1500— become dangerous
· kill the bacteria by debridement
· Lucien Buchard:
· clostridium difficile in hospitals
· 1 mill per year in NA 
· Methicillin resistant Staphyloccus aureus
· MRSA
· 130,000 cases per year

General facts about antibiotics:
· Antibiotics are common chemicals 
· developing new antibiotics is not cost effective 
· antibiotics have a huge impact on human life 
· longer life pan
· improved quality of life
· very safe drugs
· very effective drugs
· preserve the value of antibiotics
· follow the directions 


Tobacco 

· tobacco is the most dangerous substance in the world
· it kills more people than:
· DDT 
· PCB’s
· industrial chemicals
· pesticides
· cocaine 
· alcohol
· homicide
· suicide
COMBINED 
· kills 420,000 per year in NA

· Columbus discovers tobacco in 1492
· natives drank smoke from tobbagos
· first shipments were sent from Spain to Tobago
· Jean Nicot introduced tobacco to France:
· L’here nicotaine
· Tobacco used to revive drowning victims 
· Tobacco smoking in clubs— then vs now
· water popes popular in Eastern countries
· snuff became popular with aristocracy 
· chewing tobacco popular with the masses
· first depiction of cigarette smoking 
· originally they were rolled by hand 
· Bonsack machine reduced production cost
· flue-curing reduced harshness of smoke
· early cigarette adds emphasized “mildness”

Cigarettes became dangerous:
· machine manufacturing reduced cost:
· could afford to smoke a lot 
· flue curing reduced irritants in smoke:
· smoke brought deep into lungs 
· cigarettes now addictive 
· these two factors increase exposure to toxic substances:
· risk= toxicity X exposure 
· average smoker smokes 10,000 cigarettes each year 

cigarette consumption then and now:
· late 1800’s
· 80 cigarettes per year
· did not inhale
· today:
· 10,000 cigarettes per year
· inhale deeply
· hold smoke in lungs 

· risk= toxicity X exposure

Nicotine:
Nicotine is the addictive substance:
· 2mg per cigarette required to addict smoker 
· cigarette delivers 2mg to nicotine to addict 
· nicotine acts on acetylcholine receptors
· messenger- receptor interaction 
· nicotine is an agonist at low doses:
· agonists send messages without the normal messenger 
· nicotine is an antagonist at high doses:
· antagonists block chemical messages
· smokers regulate the dose
· nicotine stimulates dopamine release 
· smoking cues add to the addiction 
· nicotine use as a pesticide:
· lethal dose is 60 mg 
· common form of poisoning in children 
· lethal dose is 60 mg 
· lethal dose of cyanide is 70 mg 
· nicotine to kill elephants 
· nicotine stimulates the heart muscle 
· heart attack 

CO:
· toxic substances in tobacco smoke- CO 
· CO reduces O2 carrying capacity of blood
· the CO sticks to hemoglobin 
· polonium— 210 in tobacco smoke 

Carcinogens in tobacco smoke:
· benzopyrenes— benzopyrene carcinogenicity
· nitrosamines
· aldehydes
· epoxides 
· aza-arenes
· trace metals 

Alton Ochsner linked cancer to smoking 1919:
· 1919— only 400 cases in NA
· chimney sweeps 
· 2004–190,000 cases in NA
· smokers 

Tobacco advertising:
· advertised glamour
· tobacco companies paid stars to smoke in movies
· cigs were provided free to soldiers
· ad’s were targeted at women in the 1950’s
· women started smoking to stay slim 
· smoking creates wrinkles
· ads target children 


Implications:
· second hand smoke is harmful 
· emphysema is a significant cause of death
· smoking during pregnancy is linked to low birth weight
· cigs are highly engineered drug delivery device 

Use of reconstituted tobacco:
· recon:
· paper made from tobacco
· cut into small strips
· can use the whole tobacco plant 
· cheaper
· can blend tobacco
· cut costs by mixing small amount oh high quality tobacco with cheap tobacco 
· easy to introduce additives
· flavour, burn rate
· control nicotine content 

paper is specially designed:
· many chemical additives to control burning:
· even burn rate
· TiO2 keeps the paper lit 
· burn rings regulate combustion:
· thin areas burn quickly when smoker draws
· thick areas burn slowly between puffs
· aka the filter is a decoration 
· cigarettes are engineered to deliver nicotine 
· light cigarettes are just as dangerous as regular 
· smoking machine collects fixed amounts of smoke 
· light cigarettes designed for laboratory testing
· vent holes placed at top of filter 
· holes placed outside machine connection 

· light cigarettes are not safer or lighter:
· to get 2 mg dose of nicotine 
· people draw more deeply on light cigarettes
· people smoke more light cigarettes
· people cover the holes with fingers or lips 

· tobacco companies suppress information 
· 60 mins muzzled first and only time 
· the insider tells the story 

Rose Cipollone vs. Phillip Morris 1988:
· less cancerous cigarette— eclipse 
· less cancerous cigarette— accord

· Florida sues big tobacco in 1998
· companies always claimed tobacco not addictive:
· dependence
· withdrawal 
· tolerance
· intoxication 
· warning labels on cigarettes 
· nicotine gum to stop smoking 
· nicotine patch to stop smoking 
· nicotine inhaler simulates smoking 
· nicotine spray to help quit 
· nasal spray is less convenient 
· safe delivery of nicotine:
· gum, patches, inhalator
· e-cigarette use is controversial 
· “solid way to stop smoking”
· about as effective as patches??? No one knows
· is it a safe alternative to smoking??— yes 

e-fluid:
· specialized heater and e-fluid or e-juice
· solvent:
· propylene glycol
· glycerol (glycerin)
· polythylene glycol (PEG)
· nicotine- (0-20 mg)- heart attack risk
· flavour
· artificial food flavour- carbonyl compounds 
· is it safe?? NO
· Is it safer than cigarettes? Yes

Cigarette vs E-Cigarette:
C:
· Carbon monoxide
· polonium
· polycyclic aromatic hydrocarbons
· combustion by products
· particulates 
· nicotine 

E:
· nicotine 
· carbonyl compounds 
· glycols

· How much safer?? No one knows
· Concerns over use by non- smokers= gateway to smoking???
· Marketing is faster than science:
· each company has different heating technology 
· hundreds of flavours
· 4 or 5 nicotine strengths
· the best indicator is clinical trial 

Are they safe? No
Are the safer than cigarettes? Yes
How much safer????????????


 Vaccines


· we all get sick
· you develop immunity after illness
· what if you could skip the sick part?
· even minor illness creates damage
· we live in a microbial world
· human body is under constant attack 
· without a defence the microbes win 

Immune system:
· immune system defends us 
· immune system uses many weapons:
· poisons:
· defensins
· complement 
· antibodies 
· immobilize invaders
· selectively destroy invaders
· macrophages
· specialized cells to eat foreign cell
· specialized cells to kill infected cells 

innate immune system provides an immediate response:
· non-specific reaction 
· all cells are targeted
· immediate maximum response 
· cold systems caused by innate immune systems 
· innate immune system responds to damage
· Leukocytes destroy invaders
· inflammation gives easier access for immune cells

Adaptive immune system is selective:
· lag time between exposure and max response
· 2-3 days
· response is selective
· only invading cells are targeted 
· immune system retains a memory of the infection 
· next time same microbe invades the response is immediate and strong 

antibodies are the key recognition devices:
· Y shaped molecules 
· has a “sticky” surface 
· antibodies stick to epitopes 
· epitopes are 30 atoms wide
· immune system recognizes tiny part of pathogen 
· body makes different antibodies
· each antibody is unique
· will only “stick” to specific molecule 

Antibody production is random:
· cannot store large amounts of antibodies 
· make small amount of many different types
· no way to know which microbes will invade
· body stores small amounts of as many different antibodies as possible
· made randomly 
· manufacture large quantities only when needed

B cells 
· b cells carry antibodies 
· each B cells carries a different antibody 
· each B cell “recognizes” 1 epitope

Body carries many different B cells:
· don’t know in advance which ones are important 
· store small amounts of each B cell
· recognize as many epitopes as possible 
· immune response triggers replication of specific B cell
· “amplified” B cells target the invaders 
· after infection some B cells become memory cells 

Memory Cells:
Each infection generates memory cells:
· as you get older, your body contains more memory cells
· less than 5% of B cells in a newborn are memory cells
· more than 50% of B cells in an adult are memory cells 
· adults have experiences more infections over time 
· viruses live inside cells and escape B cells 


T Cells:
· body makes T cells to destroy viruses 
· infected cells “display” parts of viruses
· viral protein fragments on MHC receptors 
· killer T cells recognize MHC “display”
· Help T cells send the kill signal (think 2 instead of 1)
· two kill signals provide a failsafe 
· viral infection triggers replication of specific T cells 
· some T cells become memory cells
· memory cells give you immunity 
· next time microbe invades you get an immediate and specific immune response
· microbes are killed quickly before infection develops
· don’t get sick 
· most diseases only infect one
· how to get the memory without the sickness?
· natural infection:
· bacteria— severe disease immune response— immunity from bacteria or virus 
· immunity: 
· bacteria or virus— rapid immune response 

· smallpox (variola) had a 20-40 % mortality rate 
· smallpox disfigured 70-80 % of survivors 


Variolation:
· was practiced by many cultures 
· brought to England by Lady Montagu
· Edward Jenner (1749-1823):
· milkmaids did not get smallpox 
· milkmaids who got cowpox did not get smallpox
· Jenner inoculated children with cowpox
· blossom was the source of cowpox
· vaccination was safer than variation 

Vaccination:
· was an incredible success
· by 1900 smallpox levels become very low in industrialized countries 
· smallpox was eradicated from industrialized countries by 1050 
· remained endemic in developing world
· people were not vaccinated
· Global eradication targeted 1966
· new methods to inoculate everyone 
· last case of natural smallpox 1977
· today it only exists at CDC and in biological weapons 
· vaccination scar— born before 1972
· scar is created by the special needle used
· cowpox vaccine “simulated” smallpox virus:
· natural infection:
· smallpox virus— lead to either death or immunity from smallpox
· simulated infection 
· cowpox virus— immunity from smallpox 
· vaccination stimulates a disease
· body creates memory cells for the disease
· memory cells impart immunity
· Jenner was lucky to find cowpox
· cowpox caused mind disease
· similar molecular structure to smallpox virus
· unique situation— smallpox only 

Anthrax:
· serious illness in livestock— Anthrax
· Pasteur “attenuated” anthrax bacteria by heating 
· weakened bacteria caused mild infection 
· Pasteur used a second “booster” shot
· weak bacteria did not stimulate a strong immune reaction 
· second injection produced more memory cells
· booster shots often used with attenuated or dead viruses 
· attenuated vaccines use disease microbe:
· treat with heat or chemicals to attenuate
· small risk of sever infection 
· about 1% of polio is paralytic 
· paralysis includes the lungs
· there were many polio epidemics in the 1900’s 
· president Roosevelt was a survivor 

Salk Vaccine (1955):
· Salk vaccine (1955) used dead virus 
· required injection 
· required booster
· largest US clinical trial ever in 1954
· 1.4 million children injected in schools
· vaccine was extremely safe
· dead virus
· very effective	
· one batch of vaccine was defective:
· cutter laboratories
· testing not properly done 
· several batched had live virus
· company did not inform gvmt 
· thousands contracted polio 
· 170 cases of paralytic polio 
· 11 deaths 

· sabin vaccine used attenuated virus:
· small risk of polio 
· live virus 
· given orally 
· no booster

· clinical trials in Russia:
· 77 million vaccinated
· highly effective
· small risk of polio 
· 1 case every 1 mill inoculations

· Sabin vaccine was adopted by most countries 
· fewer than 300 cases of polio world-wide by 2003

· more than 1600 cases world-wide in 2009 
· major barrier to eradication is politics:
· Somalia
· Afghanistan 
· Ethiopia
· Nigeria
· Niger
· Pakistan
· India
· this lead to the current global eradication initiative 


Influenza causes seasonal colds:
· normally infects 5-15% of the population 
· new virus formed every year 
· most forms not dangerous
· very young and very old are exceptions
· occasional severe influenza pandemics:
· very virulent strain occasionally arises
· 1918- 10 mill deaths
· 1957- 1 mill
· 1968- 700 thous

Flu Vaccine uses dead virus:
· flu vaccine uses dead virus
· new vaccine every year
· new virus every year
· excellent safety record
· dead virus does not cause disease
· production methods used for decades
· very low incidence of side effects (<0.01%)
· important to vaccinate EARLY 
· takes 21 days for full immunity 
· the main side effect is egg allergy 
· many diseases are close to eradication 

· many diseases are eradicated in developed world
· number of adverse events exceeds the number of illnesses:
· most of these are minor 

· some people are afraid of vaccines 
· anti vaccine propaganda exists
· think of how media portrays
· opposition to vaccination in Jenner’s time 

· moderns anti-vaccine activists focus on autism 
· autism symptoms appear around age 2:
· vaccinations done around age 2
· wakefield study appeared to back up claims 
· loss of confidence led to lower vaccination rates 
· wakefield study was a fraud
· wakefield was stripped of medical license 2011
· preservative worries during H1N1 panic 
· thimerosal preservative is safe 
· contains mercury 
· used for decades in all kinds of vaccine
· vaccine has less mercury than one piece of fish 
· thimerosal does NOT cause autism:
· vaccines do NOT cause autism 


H1N1 panic:
· adjuvant worries during H1N1 panic
· adjuvants reduce the need for booster shots 
· Alum used in most early vaccines
· Lipid adjuvants were discovered in 1970’s

Squalene:
· Squalene (MF59) blamed for Gulf War Syndrome
· there was no squalene in military vaccines 
· your body is making squalene right now
· normal human metabolite
· used to make steroids
· squalene sold as nutritional supplement
· squalene is safe

· Vaccines occasionally cause adverse effects
· most are minor:
· swelling, redness, soreness
· fever 
· dizziness (psychological)
· allergic reactions (rare)
· disease (extremely rare)
· only live or attenuated organisms
· 69 cases of polio between 1978 and 1983 (US)
· 51 associated with vaccine 
· diphtheria— 100% reduction 

· why vaccinate is a country is disease free?
· the unvaccinated keep disease alive
· herd immunity is important while a disease exists on the planet 
· reduced vaccination rates are dangerous 
· japan discontinues vaccinations for pertussis starting in 1974
· 393 cases in 1974
· 13,000 cases in 1978 (41 deaths)

Cervical Cancer:
· not vaccinating is dangerous 
· cervical cancer kills 250,000 women each year (worldwide)
· cervical cancer is a viral disease
· Rigoni-Stern 1842:
· cervical cancer only in married women 
· rare in nuns and single women 
· cervical cancer only in sexually active women 
· caused by “nervous irritability” (1842)


HPV:
· linked to cancer 1970’s
· causes warts
· more than 200 types of HPV
· each is specific to one issue
· only a few types cause cancer
· cervical tumors
· certain HPV genes are oncogenes
· destroy p53
· get immune response with empty virus capsid:
· capsid protein is immunogenic
· dont need the whole virus, just small part 
· guardasil made from virus protein:
· manufactured in recombiant yeast 
· effective against types 6, 11, 16, 18
· very safe
· does not used a complete virus
· vaccine only works if previously uninfected:
· best to administer before sexually active
· ages 9-13
· can be administered up to age 26
· consult your doctor
· available for both sexes
· politics is not the major barrier to eliminating cervical cancer
· what we need to do??: don’t think, measure
· HPV vaccination has no effect on sexual activity 
· Vaccinations are safe, don’t worry 
· use them to protect your family 
· emergence of a new disease in 1981

HIV:
· HIV discovered in 1984
· virus spread rapidly
· IV drug use
· politics and bullshit
· anal sex:
· responsible for early appearance in homosexuals
· primary route of sexual transmission in North America
· “bareback” sex
· virus transmission is easily blocked with condoms
· dry sex:
· primary route of transmission in Africa
· homophobia during the early years:
· leaders refused to acknowledge that AIDS existed in their country 


Religious fundamentalism in the US:
· blocked education programs
· resisted condom distribution in Africa 
· promoted unrealistic solutions
· abstinence

Thabo Mbeki refused AIDS drugs in South Africa:
· claimed HIV did not cause AIDS
· caused more than 300,000 deaths 

· AIDS is now the worlds most deadly disease:
· malaria was #1 until late 1990’s
· AIDS is 4th leading cause of death world-wide

· 1% of all adults on this planet are HIV positive
· >15,000 new infections every day 
· 2.7 mill new infections in 2008
· 2 mill deaths in 2008
· 280,000 children
· more than 33 mill infected 
· over 35 mill dead since 1981
· over 14 mill orphans in Africa

AIDS then and NOW:
· life expectancy after infection (North America)
· 10 years in 1981
· 20 years in 2010
· triple combination chemotherapy 
· prognosis after infection 
· 100% fatal in 1981
· 100% fatal in 2010
· treatment is unpleasant
· 16 or more pills a day
· complex regimens
· with/ with out food, empty stomach, without other drugs, etc 
· side effects are harsh
· rash, nausea, nightmares, diarrhea, headache, anemia, hepatitis, lipodistrophy 
· high cost— $10,000/yr
· only 1 person has been cured so far
· used radiation to kill all his blood cells
· transplanted blood from resistant donor 
· most cases are in countries that cannot afford treatment 
· is an HIV vaccine possible??
· testing early vaccines was difficult 
· difficult to find volunteers for clinical trials
· AIDS virus targets helper T cells
· these actively help seek out HIV virus 


· HIV phases of infection 
· acute phase— chronic phase— aids

Acute phase:
· lasts 6-10 weeks
· flu-like symptoms
· high viral load
· phase ends when immune system refused viral numbers to low levels
· a normal infection would be cleared
· HIV “lives” in the cells that try to destroy it

Chronic phase:
· lasts 8-12 years
· asymptomatic 
· person is fully infectious 
· viral replication is very high 
· immune system destroys most viral particles (>99.999%)
· a few virus particles escape to continue infection 
· CD4 cells actively seek out these viruses 
· AIDS virus destroys CD4 cells
· CD4 cells in the immune system are slowly depleted
· phase ends when immune system runs out of CD4 cells 

AIDS:
· lasts 2-4 years 
· person is fully infectious 
· viral replication is very high 
· immune system is destroyed
· secondary infections cannot be cleared by immune system 
· person dies of a secondary infection 


Attempts to make a vaccine have failed:
· virus replicates rapidly and in large #’s 
· 10 billion new viral particles per day
· immune system is highly efficient in removing virus
· 99.999% effective
· small “leakage” prevents body from clearing the virus 
· companies are no longer pursuing vaccines 
· one vaccine helped delay infection 

Effective HIV vaccine is unlikely:
· infection is permanent
· virus is 100% fatal
· treatment is expensive and unpleasant 
· lots of pills 
· complex dosing 

AIDS virus cannot live outside human body:
· protect yourself
· use condoms 
· avoid anal sex

