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Module 1 - Introduction and Basic Principles

 

Introduction

· Classical (Mendelian) vs. Molecular Genetics
· Compare and contrast Mendelian and molecular genetics
· With Mendelian genetics, we don’t care about understanding the biological nature of the gene - we look at things from an abstract point of view
· We do a lot of breeding studies and study genetic epidemiology (tracing the path of a disease genetically)
· With molecular studies, we try to understand the gene at a molecular level
· We do a lot of genomic research and molecular biotechnology
· Contributions of Genetics
· What are the 3 huge contributions of genetics to the world?
· Agriculture, developmental biology, and health
· Talk more about each…
· Agriculture
· We've been using it on wheat for over 7000 years
· And on corn since the 1940's
· Also on animal breeding and milk production
· Developmental biology
· This started in the 1920's with Thomas Hunt Morgan
· He was into developmental genetics:
· Here we study genes as a cause of development
· And also cell differentiation…which ensures:
· Continuity of species-specific traits
· Individual variation (especially this one is necessary for evolution)
· His view was later modified to include consideration of:
· Epigenetic view
· We believe that gene expression varies
· And we consider the effect of the environment on genes (both cellular and external)
· Gene repair mechanisms
· These things respond to environmental stimuli
· And they affect the rate of mutation
· Health
· Well, let's start with health history…
· In 1909, Garrod came up with "inborn errors of metabolism"
· In the 1920's, we discovered the first inherited disease: alkaptonuria
· Both classical ("Mendelian") and molecular genetics are involved here:
· Classical: we search for heritable TRAITS (outward stuff!)
· Molecular: we make assumptions about the nature of genetic contributions to health and manipulate genetic information directly
· What questions do we ask about genetics and health?
· How are genes important to health?
· i.e. How does it contribute to heart disease (stroke, hypertension), diabetes, etc.?
· How important are genes to health?
· Because we can eliminate the health problem but have the gene (obviously) still present, so what's up with that?
 

Basic Principles of Molecular Genetics

· Nucleic Acids
· What are the 2 kinds of nucleic acids?
· Deoxyribonucleic acid (DNA)    
· Ribonucleic acid (RNA)
· Talk about their structure
· Each consists of polynucleotide chains
· These are chains of nitrogenous bases on a backbone of sugar-phosphate links (see Diagrams from website)
· Talk about the 2 classes of nitrogenous bases and where they are found
· Purines: adenine & guanine (A & G)
· Pyrimidines — cytosine (C) & thymine (T) (found in DNA)
· OR cytosine (C) & uracil (U) (found in RNA)
· Talk about the 2 kinds of sugars and where they are found
· There are also 2 sugars (pentoses):
· 2-deoxyribose in DNA
· Ribose in RNA
· Genes
· What are genes (basic definition)?
· Genes are the basic entity of hereditary information
· Talk about how the genetic code is made up?
· It is a sequence of bases
· 3 adjacent bases form a codon
· Each codon codes for a specific amino acid
· Thus, there are 64 possible codons
· But how about the relationship between specific amino acids and codons?
· There are 20 common amino acids (see Table from website)
· Therefore, there is usually more than one codon for each amino acid
· Talk about amino acids and proteins
· Amino acids are the basic building blocks of proteins (which are polypeptides)
· A linear sequence of amino acids forms specific protein
· There can be any number of amino acids comprising a protein
· Now tell me again what genes are?
· A gene is a sequence of codons combining to produce a specific protein
· Proteins
· Talk about the 5 different kinds of proteins, and their functions?
· Enzymes: catalyze chemical reactions (cell metabolism)
· Transport: means of transporting molecules
· Structural: material for cell and tissue structure
· Regulatory: regulate cellular processes (e.g. hormones)
· Antibodies: immune substances which recognize foreign substances
· Central Dogma of Molecular Biology
· What is the central dogma of molecular biology?
· DNA --transcription--> RNA --translation--> protein
· What are the 2 ways in which genetic information can flow?
· DNA -> DNA (intergenerational transmission, aka DNA replication)
· However, DNA replication is error-prone and it requires a repair mechanism
· For example, it is susceptible to environmental events (affect ability for DNA to repair itself)
· DNA -> RNA -> protein (phenotypic expression)
· There are 2 stages (see Diagram on website):
· Transcription: information from a segment of DNA is copied onto mRNA
· This segment provides the information to produce 1 gene
· Translation: amino acids are transferred to mRNA (by tRNA) to form a protein
· Where does all these genetic activity occur?
· It always occurs in the cell!
· DNA -> RNA in nucleus
· RNA -> protein in cytoplasm
· What is the scope of the influence of JUST genetic information?
· Genetic information acts only within the cell
· All subsequent events resulting from these intracellular events (at the level of tissues, organs, etc.) are at least partly dependent upon other factors
· In fact, the Central Dogma of Molecular Biology is itself has been attacked because of concept such as "regulator genes" which respond to environmental events and thereby influence transcription and translation
· Chromosomes
· Talk about chromatin
· Genetic material is contained in a substance called chromatin
· The chromatin forms discrete units (called chromosomes) prior to cell division
· What is a karyotype?
· Karyotypes consist of the chromosome complement and shape unique to a particular species
· Why is the knowledge of karyotypes essential in health?
· Because we need to recognize chromosomal abnormalities
· And also so that we can identify the location of individual genes (loci)
· So what does the genome encompass?  What does it NOT encompass?
· The genome consists of all chromosomal DNA contained within all chromosomes
· However, there is also mitochondrial DNA transmitted in mitochondria of egg which is not considered part of the genome
· No mitochondrial DNA from the sperm is transmitted to the egg, so each individual receives their mitochondrial DNA only from their mother
· Alleles
· What are alleles?
· Well, genes are inherited in pairs…and each gene of a particular pair is called an allele of the other
· If the alleles are identical, then we say that the individual is homozygous at that locus
· Otherwise, we say that they are heterozygous
· What is the different between dominant and recessive traits?
· A dominant trait is one in which the allele is expressed in both the homozygous and heterozygous situations
· A recessive trait is one in which the allele is expressed only if the alleles are homozygous (it can be partially expressed if heterozygous)
· Look at original Ward notes to understand how the Punnett Square relates to all of this
· What about the Y chromosome?
· The Y chromosome is passed by the father to his sons, but it is not passed to his daughters
· This is termed holandric inheritance
· It is not associated with any known syndromes
· How about the X chromosome?
· The X chromosome is passed from either parent to the daughters
· But when they have a son, only the mother passes it
· How do sons and daughters compare for the X chromosome?
· Each son will have one X chromosome, and any alleles on it will always be expressed
· Each daughter will inherit two X chromosomes, but one X chromosome in each cell will be inactivated
· Therefore, each allele will be present in, on average, 50% of her cells
· Effects of harmful alleles on the X chromosome may therefore be absent or mild, depending upon what cell types they are expressed in
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Module 2 - Single Gene Mutations and Genetic Diseases

 

Introduction

· At a gene level, what are mutations?
· They are abnormal or defective genes
· What are the 3 types of mutations?
· Substitution - result in a different amino acid at a specific site
· Deletion - alters the WHOLE sequence (because remember we are grouping by 3, and so all the groupings get thrown off)
· Insertion - alters the WHOLE sequence, just like last time
· What is the progression from mutations to disease?  Comment on it, too.
· Mutation -> Inappropriate AA sequence -> abnormal protein -> disease state
· The first 3 stages occur within the cell, but the "disease state" is on a level greater than a single cell
· Talk about the 2 kinds of diseases which can result from mutations:
· Autosomal Dominant:
· This happens every generation
· The child of an affected parent has a 50% chance of inheriting disease
· Unaffected parents will never transmit the trait
· Males and females are equally at risk
· Sex chromosomes produce both sexes
· Generally, we see a delayed onset (over reproductive years)
· If it is lethal in childhood, it is either a new mutation or homozygous
· Why is it necessary that it is homozygous?  Think!  You can figure it out!
· Autosomal Recessive
· The disease can skip generations
· Often we see an early onset
· The parents of affected offspring are unaffected
· The proportion of affected children is 25% or greater
· Again, males and females are equally affected
 

Molecular Genetic Diseases

· Nature of the mutations
· What is the nature of the mutations for molecular genetic diseases?
· It is when the molecular structure of the protein gets altered
· THESE PROTEINS ARE NOT ENZYMES (as opposed to metabolic genetic disorders, which we will see later)
· Example: Sickle Cell Disease
· Why do we study SCD?
· It is the "prototype of molecular diseases"
· Where is it present?
· Equatorial Africa, Mediterranean, India
· (These areas also have malaria in common)
· Talk about the pathology of SCD
· It is a hemolytic disease (destroys RBC's)
· The RBCs become a “sickle” shape
· More specifically we get altered hemoglobin (Hb), which is the main protein in RBC
· Hemoglobin becomes rod shaped
· And so what diseases can we get from this?
· Anemia (i.e. Sickle Cell Anemia)
· This commonly causes infections
· Jaundice: a disease that results from the liver because bile, which aids in digestion in the small intestine by neutralizing acids and emulsifying fats, is found in the blood
· “Sickle cell crises” 
· There are vascular obstructions
· Also we have infarcts: a portion of dying tissue, caused by obstruction of the blood supply, as by an embolus or thrombus. 
· Renal failure (failure of kidneys) is the most common cause of death from SCD
· Talk about the genetics of SCD
· It was recognized before the 1940s
· Found by an in vitro test (i.e. in a Petri dish)
· We noticed that RBC's would have a sickle shape under low levels of oxygen 
· If RBCs were under normal pressures of oxygen, they would look normal under a microscope
· The amount of sickle cells varied from 40-100% RBC
· If only some cells (<50%) are sickled, it is an SC trait
· If most of them are, then it is sickle cell anemia (Hb S)
· What else did we find out about it?
· It is a dominant gene with varying degrees of severity
· What were the 2 major findings made in the 1940's?
· Neel, a geneticist, found that all HbS individuals had both parents with SC trait
· Therefore…see Punnett Square in the notes to find out!
· Pauling, a biochemist, found that:
· People heterozygous for this gene have it with intermediate severity
· Only 30-40% of RBC will have the trait, the rest normal
· African Americans: 8% with trait
· And 0.15-0.25% born with Hb S (sickle cell anemia)
· In some parts of Nigeria: > 30% with trait
· Talk about the molecular genetics of SCD?
· In the 1950's, Ingram (a biochemist) identified the AA sequence of Hb
· It is a tetramer structure (4 polypeptide subunits)
· 2 alpha subunits (141 AA)
· 2 beta subunits (146 AA)
· The particular mutation which causes 75% of all sickle cell cases is a substitution on the beta subunit: valine replaces glutamic acid (AA #6)
· Since the 1950's, more than 150 other mutations have been found (lysine for glutamic acid in AA #6)
· Most mutations are silent
· What was the biochemical defect which was finally proposed?
· The valine (which is not supposed to be there but replaces glutamic acid) wants to hydrophobically interact…so it bonds to hydrophobic sites on beta subunits of other hemoglobin molecules and we end up with long strands of Hb molecules
· Therefore the cells stick together as well!
· How do low oxygen levels affect all this?
· Low O2 causes the RBC's to aggregate and form rod-like polymers (fibers)
· Since they are rod shaped, they are able to become closer together and packed with the helical structure -- and this distorts the RBC
· Hemoglobin becomes less efficient at transferring oxygen, therefore more tissues become dead from lack of oxygen
· What happened in 1978?
· A restriction enzyme technician was able to identify the marker for sickle cell genes
· So what is the current treatment for SCD?
· The current treatment deals with the symptoms as they arrive 
· i.e. We give antibiotics to treat infections
· People with SCA (ANEMIA, not disease!) are similar to people without spleens…thus we give transfusions of matched blood that does not sickle
· This acts to water down the sickling cell portion of their blood so sickle cell anemia is not severe
· Also, tissues are not getting enough oxygen and so the people with sickle cell anemia are in a lot of pain.  Thus we treat them to reduce this pain:
· Stimulate the production of fetal hemoglobin (HbF, which consists of the gamma subunit instead of beta subunit)
· Administer hydroxy urea (this is a free radical that stresses red blood cells, causing them to proliferate and at the same time stimulate fetal hemoglobin)Fetal hemoglobin will not have beta subunit
· We have found that hydroxy urea reduces the rate of hospitalization
· Reduces the rate and the severity of sickle cell crises
· Reduces mortality
· However…hydroxy urea can cause mutations that cause cancer
· For every person with cancer, 10 people lived (1:10 ratio)
· What is the public health approach for handling SCD?
· We screen newborns to know in advance if they have it
· However…prenatal screening for sickle cell anemia can lead to abortion of child even though those with this disease can live very normal lives
· Immunization, parent education, monitoring
· Ensure that clinics know who these people are (so they are not thrown in jail for assumed persons who abuse narcotics
· What is are 2 POTENTIAL future approaches for dealing with SCD?
· Stem cell treatment: using erythroid progenitor cells
· Gene therapy: we would insert a normal Hb gene into RBC precursor cells
· What problem does economics present in this area?
· Those with SCA are highly associated with low economic status
· But when donations are given to treatments of SCA, a big portion of the money goes towards gene therapy.  As a result of low economic status, a lot of the people with SCA cannot afford gene therapy and do not get its treatment
 

Metabolic Genetic Disorders

· Introduction
· Talk to me about metabolic genetic disorders.  What are they?
· Here we have an altered gene leading to an altered protein
· In this case, the altered protein is usually an enzyme
· And cell metabolism is affected - thus pathologically speaking, there is something wrong at the cellular and organismic level
· It is usually a recessive disease
· 1 normal allele still produces the enzyme
· No normal allele, no enzymes (huh?)
· Phenylketonuria
· Discuss phenylketonuria (PKU).
· OK so this is an example of a metabolic genetic disorder
· It affects 1/10,000 to 1/25,000 births
· There are approximately 1/60 carriers
· Thus there is a 1/3,600 chance of mating between two carriers (not very likely)
· We usually see this present in people who are derived from Northern Europeans 
· Specifically, we think it originated in Celtic people (i.e. Scandinavians)
· There is decreased chance in Asians and it is rare in Africans
· Those with PKU are normal at birth, but begin deteriorating to develop severe retardation (this is a progressive disorder)
· Discuss PKU from a genetics perspective
· In the 1930's, Folling (a Norwegian veterinarian) discovered some stuff…
· His cousin had a newborn baby that smelt funny (its urine as well)
· So he did a urine test and found that there was a high reaction to fluorine chloride (FeCl3)
· He saw that some retarded children showed a reaction to the test, but not the "control" children
· And he concluded that the likely cause was phenylpyruvic acid (PPA)
· So he created the Folling Test for PKU
· This allowed him to identify affected children and thus the pattern of inheritance: autosomal recessive (both parents had an allele of disorder)
· In the 1940-50's, biochemical studies showed that:
· A defect in the liver caused the loss of the enzyme phenylalanine-4-hydroxylase (PAH)
· Thus there was no conversion of AA phenylalanine to AA tyrosine (i.e. we cannot use the phenylalanine in our blood)
· So the Folling test does a Phe assay to check for how much phenylalanine we have in the blood
· We can also do the phenylalanine challenge, which is to increase phenylalanine levels in the blood and see what happens
· This allows us to identify carriers, which are people with only one trait for PKU (and not two) and therefore do not express symptoms since it is a recessive disease
· Compare the normal and abnormal metabolic pathways for phenyalanine
· Normal Metabolism of Phenylalanine:
· protein (in food) -> amino acids -> phenylalanine --PAH--> tyrosine
· Abnormal Metabolism of Phenylalanine:
· protein (in food) -> amino acids -> phenylalanine --> phenylpyruvic acid
· Talk about the pathology of PKU (how does the disease spread?)
· First we get the loss of PAH activity in liver
· This leads to:
· Phe build-up in blood (turns into phenylpyruvic acid)
· High PPA may affect brain development!
· Decreased tyrosine (because we can't make it from the Phe)
· This is a problem because it is a catecholamine precursor (major neural transmitters)
· Thus, the brain development is affected!
· What about the field of molecular genetics and PKU?
· In the 1980’s, using restriction enzymes showed us that there were 4 mutations
· 2 mutations were classic PKU: the lack of an effective PAH gene on chromosome 12 (don’t need to remember)
· The other 2 lead to variations of PKU
· What are the 3 kinds of treatment being explored for PKU?  What is a basic limitation to what we can do?
· Prevention, public health, and experimental
· Our basic limitation is that there is no reactive intervention (i.e. we cannot do the primary healthcare model, which is to identify illness then intervene)
· Once mental retardation is onset, there is no treatment
· Talk about prevention
· OK so we have to decrease levels of phenylalanine
· First we feed them a diet low in phenylalanine
· We'll begin after birth…but when do we stop?
· 6 to 8 years (because these children begin going to school and are surrounded by kids’ lunches + treats): there was a small drop in IQ
· 10 years: improvement, but there is still a drop in IQ
· How about adults?
· Pregnant women with PKU have to go back on the diet with decreased levels of phenylalanine
· Avoid aspartylphenylalanine methyl ester (artificial sweetener)
· Unfortunately this diet is unwieldy, unpalatable, inconvenient
· Compliance decreases as age increases
· Talk about the public health approach
· Again we provide a special diet
· And always monitor Phe levels (if a child has high phe levels, you intervene)
· We must educate child and parents to know what they can or cannot eat
· If mother has high levels of Phe, she cannot breastfeed because milk contains high levels
· Social support is also important
· Lastly, talk about the experimental approach
· We could replace the enzyme…
· We plant enzyme phenylalanine ammonia lyase
· This will metabolize phenylalanine
· consume with phe?
· Use DNA cloning to get PAH…and then insert it into liver precursor cells
 

Trinucleotide Repeat Syndromes

· Introduction
· So what are these babies?
· They are also known as triplet-repeat syndromes
· Most mutations are rare: 1/10 billion base pair replications
· Usually a single pair is altered
· Sometimes, codons get repeated (i.e. an entire triplet) -> this is amplification
· i.e. In the DNA sequence for a gene we would just have 20 copies in a row of "CAG", or something like that
· The mutations are unstable and have a high mutation rate
· Huntington's Disease
· OK now Huntington's Disease…what is the prevalence?
· We estimate 1/10,000 to 1/15,000
· Talk about the pathology of HD
· We will first note that it affects voluntary motor movements
· Also we get mental deterioration
· The first symptom of this is personality changes
· Biologically, we are experiencing the loss of neurons in the central nervous system
· At first this is local, then throughout the whole brain (cell loss is uniform toward the end)
· We usually live 10 to 20 years before death
· In general there is a late onset of this disease (although of course there are some exceptions)
· Talk about the genetics of HD
· The DOMINANT trait is the mutation (if one of your parents have it you have a 50% chance of inheriting the allele)
· Thus if the parent is affected, half of all children are affected (on average)
· both sexes get it equally
· So it is autosomal as opposed to sex chromosomes
· If we get it from our father, there will be an earlier onset
· Talk about the molecular genetics of HD
· In 1983, a marker was found on chromosome 4
· It was for the protein “Huntington”…let's talk about it:
· It has > 3100 AA
· There are a variable # of glutamines because the CAG codon repeats (which codes for glutamine)
· If we have the "HD-" allele, we'll probably see 15 to 18 repeats
· If we have 18 to 34 repeats, you are normal
· If we have > 34 repeats, then you have HD+ allele (you have disease)
· < 37 repeats, delayed onset, varied
· > 37 repeats, early onset, greater symptoms
· Approx. 80 repeats, very early onset, severe
· The brain pathology is unknown
· Possibly…high levels of glutamine may be toxic
· And the number of repetitions is correlated to the probability of mutation
· Like, the chance of an allele with < 18 repetitions leading to a mutation > 34 repetitions very low
· But after 30 repetitions, the odds increase because we get increased mitosis, which causes a higher chance of mutation
· If we get it from our father, it is often more severe because the sperm that carried the certain gene could have divided many times before you were conceived
· This causes anticipation, which is the occurrence of a disease/symptom before the expected time and it worsens with each generation
· Fragile X Syndrome
· Talk about the pathology/symptoms of FX
· We see mental retardation (especially deficiency in language)
· Overgrowth of ears, chin, testes
· 1/1250 males, 1/2500 females
· Males have a higher severity
· How about the genetics of FX?
· It is an X-linked inheritance (means that sex is an issue here!)
· Mutation worsens through generations
· It is unique because:
· There is an abnormal X chromosome structure
· But it is due to a single defective gene
· Talk about the Molecular Genetics for FX.
· OK well the gene is FMR 1 gene (Fragile-Site Mental Retardation)
· It is near the end of long arm of X chromosome
· And it has a potentially unstable trinucleotide repetition: CGG CGG CGG
· This is either on the FMR 1 gene itself, or adjacent gene (distance between genes changes as a result of other changes)
· A normal allele has 6-49 repeats
· But a permutation will have 50-200 
· And will give us a higher susceptibility to repeats
· A full out mutation will give us > 200 (as many as 1700)
· We see mutations in both males and females…however there is a difference because:
· Males have the same X chromosome in every cell in their body while females have 2 and deactivate one
· Thus females are MOSAICS, which means that some cells in a female will express a mutation and others won’t
· And so they are less affected (or unaffected) and will not know until they have a male child
· In female carrier, this gene can become destabilized and lead to a greater number of repeats in subsequent gametes
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Module 3 - Screening for Genetic Diseases

 

Carrier Screening

· Introduction
· So what's our attitude on genetic diseases right now?
· It may not be treatable but it is PREVENTABLE because we can do PREDICTIVE SCREENING, which is when we predict who will have this disease based on their parents
· What are the two major types of screening in question here?  Describe each.
· Carrier screening: here we identify current carriers of the disease
· Past/present: We test for proteinaceous defect in heterozygotes (we have to check the proteins because they're not going to express it outwardly since they are heterozygotes)
· Present/Future: We are developing gene tests to identify defective gene
· They thing here is that we cannot assume the gene has been transmitted (can only assume they carry it)
· Post conception/prenatal/early postnatal screening
· Here we look for a particular defective gene in the zygote before implantation 
· We won't be able to prevent conception but we can intervene (i.e. abortion)
· Tay-Sachs Disease
· OK give me a quick 411 on TSD:
· This was our prototype of a successful screening program
· It is a lysosomal storage disease, which means that lysosomes cannot break down stored gangliosides
· This is due to a defective enzyme: hexosaminidase A
· This results in neurodegeneration, blindness in a few months, paralysis, and eventually the loss of control of all muscles
· In every case that has been diagnosed, we have seen death by 2-3 years
· How about the genetics of this?
· It is a recessive disease, meaning that we need two copies
· If we only have 1 allele, we will see reduced hex A activity but at least it's not gone totally
· We figure this out by doing an assay on blood serum
· Prenatally, we check the amniotic (fetal) cells
· If we see no hex A activity, then they are homozygous (uh oh…)
· Talk about the massive screening program done in 1971?
· Well they started first with a pilot study in only 2 cities
· They did it on Ashkenazi Jews (from Eastern Europe -- generally the Jews that migrated to Europe from Russia)
· It was well-planned because they had religious and community leaders with them to help them identify who gets screened
· The target population was well-defined
· Community leaders were well educated
· Carriers had a chance to test their fetuses
· Abortion was a viable option (always fatal) for this group because they didn't want the child to be born, then suffer and die
· Well, was it successful?
· Yes!  There was high success, which means reduced health care costs
· After 1971, incidence lowered by 10x
· But there was a problem!
· Because before there was screening, we might have a TS child born who would die, but then at least that gene would be completely wiped out in the family line
· But now, we can have children born who are not TS but have one copy of the gene (recall that it is homozygous recessive, so this is possible)
· So they'll live and marry and reproduce and the gene will continue on in the family!
· So much so that 2/3 of children carried the gene in that study
· See original notes to understand the Punnett Square for this thing!
· Sickle Cell Disease
· OK, talk to me baby.  How did the screening program work out for this guy?
· This is our most famous example of an unsuccessful carrier screening program
· In 1972, the US passed the National Sickle Cell Anemia Control Act which was ill-conceived because it referred to 2 million with disease when it was 2 million that were carriers
· What were the problems with this?
· There was little education/follow up
· The target population was vague:
· They wanted Americans of African ancestry
· But they were not isolated by religion/culture
· And they were not genetically defined
· Also, they confused the trait with disease
· In the 1970s, this resulted in carriers banned from Air Force officer training/airline careers -- they called it a “pre-existing health condition”
· Massachusetts mandated carrier screening before school enrolment
· This resulted in it being associated with a eugenics movement, where they suggest to carriers that they not reproduce
· And what resulted?
· There was decreased compliance…
· And the program failed!
· Huntington's Disease
· OK, so what's up with screening for HD?
· This is an example of genetic screening
· Heterozygotes are affected with this disease!  (Check this…)
· Since there is a late onset, we must test before symptoms arise
· Since there is no readily identified protein defect, we look for gene marker
· Specific features of the gene:
· It is dominant (as opposed to recessive)
· There is gene homogeneity (same mutations in everyone)
· What were the problems with this?
· There was low interest (<1/5 Cdns at risk take the test)
· And there is no prevention/treatment for affected
· This is called the “therapeutic gap”, where we know everything about the disease but there’s no treatment for it
· We can't even avoid reproduction because we might already have kids when we find out that we have the gene…and even if we find out before we have the kid, they would still get to live 40-50 yrs!  (are you sure this was right…)
· I guess we could do prenatal screening…but then are test results confidential?
· Alzheimer's Disease
· OK, so what's up with AD?
· It is a degenerative neurological disease
· Mega late onset (~70 yrs)
· What about the genetics of it?
· In 1993, we associated it with apolipoprotein E (APOE) gene (for cholesterol transport)
· The epsilon-4 allele of this gene is associated with AD
· 24-31% in population have this allele
· 34-65% in AD population have it
· And what's more, homozygotes for this allele:
· 2-3% in population
· 15-20% in AD population (so note that being homozygous doesn't necessarily make it worse)
· What are the problems we are facing with this one?
· Well firstly, the risk for AD is not yet known
· Heterozygotes MAY be 2X more at risk
· Although note that heterozygotes are diagnosed with AD on average at 74 yrs, while homozygotes are at 67 yrs…i.e. it sets in quicker with homozygotes
· Asserting risk is difficult
· Also many people have AD without APOE!
· At least 80% not homozygous (only have 1 allele)
· Also, this allele's frequency in other populations is unknown
· Like there is no association of it with AD in Swedish population
· In African Americans, the E-4 allele is more frequent in African American but it is not clear if associated with increased risk of AD
· The final straw: in 1999, the American College of Medical Genetics said that APOE e-4 was not recommended as clinical/predictive test
· Cystic Fibrosis
· OK talk about this one:
· This is an example of genetic screening with mixed success
· CF normally hits descendants of Northern Europeans
· It is rare in Asians, Africans
· It affects ion transport across epithelial membranes
· As well, we get increased mucous secretion in respiratory tract
· There are varied symptoms/severity
· OK talk about the genetics for this one:
· In 1989: gene was discovered…so we can now test?
· This specific gene accounted for 70% of CF cases
· But there are > 900 mutations for other 30%
· So who do we test?
· Those with family history?  But 80% of cases have no family history
· All Northern Europeans?
· All pregnant Northern Europeans & spouses? (only test spouse if woman is +ve) This means >4 million tests/yr!
· There are only < 3000 genetic counselors in U.S.
· And it would be very expensive
· B.C. study: $5 million to test in province, didn’t include cost of counseling
· What positive results did we find?
· We found that we can’t prevent symptoms (huh?)
· Should we do abortion? 
· But 1/3 of ppl with CF reach adulthood
· Many only have mild symptoms
· What did the SOGC say in 2002?
· Screening for pregnant population not recommended
· Only if family history is positive
 

Conclusions

· So what are some factors affecting test/screening decisions?
· Planning: counsel, education, confidentiality (if they don’t think their information will be confidential, it is very unlikely they will be compliant)
· Relative risk of disease: if there is a very small risk that someone will have a disease, you will not do genetic screening and test the whole population for the disease
· Size of target population: can we afford screening?
· Homogeneity / unity of population: is it easy to identify who belongs to this group?  (i.e. a religious group, with Tay-Sachs)
· Labeling of carriers: “syndrome” or “trait”: we need to identify if one is a carrier so that if they marry someone else with the same trait, their children have a chance of inheriting the disease
· But does hits lead to discrimination?  Then it will affect health insurance, benefits, etc. 
· Severity of effects: like does it mean we have to perform an abortion?
· i.e. PKU (unlikely abortion because of later onset of disease)
· Genetic homogeneity: how many mutations of this harmful gene exist?
· i.e. Huntington’s disease is all the same allele which probably makes testing easier
· Do we do gene screening vs. phenotype screening?
· Gene screening is very expensive (unlikely to carry this out)
· Phenotype screening is more likely (i.e. observing the sickling of cells) 
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Module 4 - Disease Resistance and Susceptibility Genes

 

Introduction

· OK so what are we talking about here?
· We are talking about how genes can lead to an increase or a decrease in the susceptibility to a disease and the severity of a disease
 

Metabolic Deficiencies

· So what's up with metabolic deficiencies?
· The genes affected are both for susceptibility and resistance
· There is a known genetic infection (gene -> enzyme)
· Talk about glucose-6-phosphate dehydrogenase as an example of this
· This affects over 300 million worldwide
· Glucose-6-phosphate dehydrogenase is involved in glucose metabolism in RBC's
· A deficiency in G6PD can cause RBC's to be destroyed, which causes hemolytic anemia
· Pathology (disease state) only if there is oxidative stress (i.e. oxidizing substances go crazy)
· The idea is that free radicals form as a result of cell metabolism, and G6PD is not there to handle them
· More specifically, in the alternate glucose metabolic pathway (i.e. other than the CAC…remember that RBC's don't have a mitochondria so they cannot perform the CAC), G6PD regenerates NADPH, which is essential for preventing and repairing oxidative damage
· Usually we don't see symptoms of G6PD deficiency until our blood cells are exposed to things which cause oxidative stress, for example: 
· Fava beans
· Moth balls
· Sulfa drugs (sulfonamides)
· Antimalarial drugs
· There are several alleles, some are more severe
· It is an X-linked disease, and we see it predominantly in males
· What about G6PD deficiency and malaria?
· G6PD affects the environment in RBC's, which stresses merozoites (the malarial agents in cells)
· And so they initially all die, but finally adapt
· But if we are HTZ (as females can be - think about why…remember this is X-linked), we are resistant malaria
· Why?  Our hypothesis is that the merozoites can only adapt to one type of RBC (heavily oxidative environment or not)
· If they infect another type of RBC, they can't survive
 

Disease Restriction

· Talk about AIDS as an example of this.
· Some people are at higher risk for HIV infection yet are unaffected
· These people are HMZ for a mutation of the CCR5 gene (chemokine receptor 5 - the thing that HIV binds to when it infects cells)
· i.e. The mutation has been beneficial for them
· If they are HIV+ for > 10 years then there is no disease progress
· The idea is that people who are HTZ for this mutation will progress more slowly to AIDS
· There are several alleles for this CCR5 gene (there are different #'s of BP deletions which result in different mutations which are different alleles, essentially)
· So what is the mechanism for how this works?
· The HIV binds to a CD4 receptor protein in T-cells (i.e. lymphocytes) which allows the virus to enter the cell
· This receptor requires CCR5 as a co-receptor
· If the T-cell is uninfected then you will not be + for AIDS
· And we think that HTZ's have a decrease of T-cell receptors affected
· On the other hand, some people have an allele for more active receptors… 
· And this probably leads to faster AIDS progression
 

Heterozygous Advantage

· Give and explain the definition for "heterozygous advantage"
· We kill off a certain percentage of the population to keep a certain portion of population healthy
· (Weird…) Or in other words, it is a case where someone who is heterozygous for a disease is "fitter" than people who are either homozygous dominant or homozygous recessive
· In other words, is one copy of the mutation better than NO copies?
· Again let's go back to malaria and talk about this
· We have medical supplies to treat malarial patients, but no political will
· Thus we have 3 million deaths / year and 600 million infections
· It is a parasitic infection (plasmodium) 
· Mosquito bites put sporozoites in our blood stream, which affects our liver
· Once in the liver, they reproduce to produce 30,000 merozoites (which is just what we call sporozoites late in their life cycle)
· Then they re-enter the blood stream, invade RBC's, reproduce, destroy RBC, invade new RBC, and so on
· So which diseases make us resistant to this and demonstrate the heterozygous advantage?
· G6PD (we have already discussed this)
· Sickle cell anemia
· β-thalassemia
· Discuss SCA, then.
· Recall that being HMZ for the allele means DISEASE
· If we are HTZ, < 40% of our RBC's are affected
· So the theory of how SCA affects malaria is:
· The idea is that people who have the sickle trait (but not the disease) will sickle when the oxygen tension in the cell is LOW (remember that sickling means the RBC is going to die)
· Well, when the malarial parasite (merozoite) infects the RBC, it creates a situation of low oxygen tension…and the cell responds to this by DYING…and taking the merozoite with it!
· And how about β-thalassemia?
· This affects the β subunit of Hb, leading to a decrease in Hb synthesis
· It is severe/lethal if we are HMZ
· But if we are HTZ, then we get resistance to malaria
· So what do we do?  If we eliminate the HTZ trait, we save some people in one country but kill many in others who need this to have resistance to malaria
· How about diseases besides malaria?
· Cystic fibrosis and PKU have shown heterozygous advantage
· HTZ resistant to GI tract infections?
· As well there is diptheria, cholera (infectious disease that you seem to be resistant to when you carry one of these alleles)
· Tay Sachs prevents TB
· Cystic fibrosis and cancer resistance: ONLY CARRIERS (those with the alleles of CF have a higher resistance to cancer)
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Module 5 - Cancer and Cancer Development

 

Introduction

· Preamble
· Compare the danger of mutations in germ cells vs. somatic cells
· Obviously germ cells are not good in any cases…
· But somatic cells…lots of mutations don’t affect us because they just cause that one cell to die…
· HOWEVER…the one mutation in a somatic cell that CAN be really bad for us is one that causes the inability to control its own growth…
· Impact
· Give me the stats on cancer in Canada
· Lifetime risk (Can.): 38% of women and 43% of men will develop cancer…although the majority of this cases are later in life so you actually end up dying from something else
· There are 2800 diagnoses of cancer each week, 1300 deaths from cancer each week
· Cancer is the second leading cause of death…but it will become our leading cause over the next few decades…
· Why? Because CVD deaths are reduced lately…
· Although CVD is still causing us trouble because it takes up a lot of health care dollars!
· Cancer has the greatest number of LOST years…
· Cancer kills people younger than heart disease
· We care about “lost” years because it affects the impact of the disease!
· Comment on the National Cancer Act
· In 1971, Nixon brought in the National Cancer Act…
· It was called the “war on cancer”
· But has it been won? The various cancer institutes/organizations would say Yes because now we can survive with it longer, etc.
· However…you could also argue that the numbers haven’t gone down drastically in terms of cancer deaths!
· So we still have the debate…why?
· We can’t have 2 sides saying opposite things…UNLESS there is some complexity regarding what the issue is exactly…i.e. How do you define success exactly?
· What are the factors which make cancer complex?
· Firstly, how do you define the size of the problem?
· Perhaps we would consider incidence…is it increasing or decreasing?
· And how does diagnosis skew this? For example, we see that incidence of cancer is INCREASING in men…but that’s because we are screening for prostate cancer a lot more! And we get lots more positive results, even if they are ASYMPTOMATIC!
· Publicity campaigns and early detection techniques increase the incidence of cancer!
· Also consider how people went crazy about colon cancer after Reagan had it…this was because lots of people got tested for it
· 5-year survival rates
· They are used as an indication of successful treatment!
· But now that we have early detection, is that significant any more?
· NCI (US): 4% increase from 1971-1990 (in 5-year survival rate)
· Mostly this has come from…
· Childhood cancers such as Hodgkin’s Disease and leukemia
· Lung cancer rates in males gone down
· The influence of increased screening.  It brings us potential biases such as…
· The screening bias (true for any long term chronic disease that has an asymptomatic period)
· First of all this is a voluntary thing! And whenever you have that, the people who engage in them are NOT random across the population…they are probably those who are more healthy! Because if they’re going for screening they are probably very concerned about their health!
· And also they will be more likely to live 5 years after the prognosis than someone who is not healthy!
· Lead-time bias
· This means that your cancer has been detected during an asymptomatic period
· This causes a LONGER interval before death!  So it SEEMS like screening has helped us live longer, but is that really the case?
· Length bias
· If a tumor is very aggressive (i.e. it metastasizes very quickly), we see rapid growth, which means we are less likely to detect it early!
· On the other hand, a slow tumor is more likely to be detected early (i.e. through screening instead of through symptoms)
· So the idea is that screening is more likely to only show us the people who have slower-developing cancer and would last longer anyway.  Thus it SEEMS that screening has helped us to survive longer, but is that really the case?
· How do we determine the causes of cancer?
· Here we are concerned with the science of epidemiologists
· The problem with cancer is that it is NOT a point-onset disease…i.e. you can identify exactly when it started and thus easier to tell what its cause was
· But cancer…OK fine, it came from a mutation…but when did we get that mutation?
· And so we have to deal with political and social considerations…i.e. if someone doesn’t want their product to be associated with cancer…they can argue that there is no direct proof for it!
· And what is the cost? If we shut down smoking, we lose employment…sponsorship…etc.
· How do we tell how well prevention/treatment is working?
· How do we really evaluate whether something is effective? We can’t do a true clinical trial!
· A lot of the times, treatments are changed because epidemiologists show numbers that show that therapies aren’t working!
· And the ethical issues…we can’t do a clinical trial!
· Definitions
· What are some synonyms for cancer?
· Cancer, neoplasia, and malignancy are SYNONYMS of each other!
· What are the 4 main characteristics of cancer?
· Clonality: it derives from an original SINGLE cell
· So a single cell proliferates and forms clones of itself
· What is the evidence for this?
· It’s from the study of females…they are unique genetically because they have Barr bodies on 1 of 2 X chromosomes which effectively disables them
· So we say that women are mosaic because they have different cell lines expressing different alleles
· If they are heterozygous for alleles on X…
· One cell will express one kind of allele, and another cell could express another one…
· Why do we care?
· Because if it is a polyclonal cancer…the tumors will show both alleles
· But if it is a monoclonal cancer, the tumor will show just one allele!
· African women are…
· Heterozygous for G6PD deficiency
· Thus ½ of cells stain for deficiency
· Autonomy: growth is not regulated by normal biochemical and biophysical influences
· In other words, the cancer is independent and the body can't control its growth anymore
· Anaplasia: lack of normal, coordinated cell differentiation
· Then we can tell cancer if we see undifferentiated cells! (The pap smear does this)
· And diagnostic tools in general are helpful to us…(light microscope)
· Metastasis: this is the capacity for dissemination/growth in other tissues
· If it is a benign tumor…it won’t metastasize and we say it is non-cancerous
· Malignant, metastasis means cancerous
· The ability to invade other tissues (metastasize) is NOT automatic!
· A tumor has to DEVELOP this ability…
· And it is THIS which is the cause of symptoms and mortality…
· If you remove a tumour before metastasis, the prognosis is quite good!
· But how about these characteristics in NORMAL cells?
· Normal, healthy cells can do this stuff too!
· Ask Alice or Steph…is it ALL 4 characteristics, or just 1 and 4?
· For example, in early embryogenesis and wound repair
· But if stuff gets expressed inappropriately, it is CANCER
· Cancer Classifications
· Talk about the different classes of cancers.  How do we come up with these names?
· We name them after their place of origin!
· Categories are:
· Carcinomas
· These are found in epithelial cells:
· Skin
· Respiratory tract
· GI tract (stomach intestines)
· Glands (Mammary, thyroid, pancreas)
· Sarcomas
· Supporting tissues (bone, blood vessels, muscle, fibrous tissue)
· The lumps here are harder
· Lymphomas
· These are in immune tissues
· They can can migrate easily
· The lumps are softer
· Leukemias
· These bad boys are found in leukocytes
 

Cancer Development

· Malignant transformation
· Talk about the time frame for a malignancy
· It develops over years!
· Risk increases with age, and eventually leads to cancer over the decades
· Describe the 3-stage theory of cancer development
· Initiation
· Cell are normal and then they transform
· For example, consider carcinomas: 
· They comprise 90% of human cancer
· Here we are dealing with epithelial cells, which are in contact with the external environment (lung cells for breathing, GI cells for anything we digest)
· So we think that carcinogens play a factor in carcinomas
· Carcinogens are environmental factors (both internal and external)
· They cause cellular change through a genetic process
· One example of was found in the 1960's, with benzene (a polycyclic aromatic hydrocarbon)
· Researchers applied a radioactive label to benzene then exposed the skin of mice to it
· After 24 hours, they saw that it had made its way into cellular components such as DNA, RNA, protein fragments
· The pattern observed was that the more carcinogenic (substances that were known to cause cancer the most often), were most likely to bind to DNA, thereby altering its form
· So our conclusion is that carcinogens are genotoxins, which means that they affect cellular DNA, leading mutations/cancer
· HOWEVER…they are not a sufficient cause of cancer -- other factors have to be in place!
· Promotion
· Here we stimulate proliferation of an initiated cell…BUT STILL we do not have cancer…stimulation is not enough to lead to cancer
· We just get increased probability of further mutations 
· There are many agents which can cause this:
· Some cause inflammation and cell damage
· Ex: Hepatitis B
· The virus destroys liver cells
· As the liver cells regenerate, we may get liver cancer
· Or it could be normal growth factor (hormones)
· Ex: Estrogens
· Pre-ovulation -> estrogen -> cell division
· This causal chain is associated with breast cancer
· Also, note that there can be a delay after initiation BEFORE promotion.  Initiation is PERMANENT -- it's not going anywhere!
· OK let me give you an example of this.
· In mice, we can apply DMBA (a carcinogen) orally
· This is our INITIATOR…
· However even if we wait and wait, there will be NO tumors!
· However if we apply DMBA A
· can be delay > initiation
(initiation permanent)

· ex. Mice
· i/ apply DMBA orally (initiator)
· wait à no tumours
· ii/ DMBA < croton oil (irritant)
· wait à tumours
· if apply weeks later à tumours
· some agents initiators + promoters
· cigarette smoke condensate, coal tar (chimney sweepers, men, got testicular cancer as a result of lack of cleaning these soot particles from their groin)
 

· 3/ Progression
· process of growth/metastasis
· loss of specificity
· can divide away from influences
· remove tumour < metastasis, stage, cure?
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Module 6 – The Genetic Basis for Cancer

 

Introduction/Preamble

· Talk about how cancer affects DNA
· With cancerous cells, control over cell division is lost
· This loss of control is somehow related to DNA
· As you know, the genome is the same for all cells…but a mutation in a single cell during cell division can set everything off
· What are the 2 kinds of genes in which mutation can occur?
· Stimulatory genes (stimulate cell division) and inhibitory genes (inhibit cell division)
· Talk about stimulatory genes
· As stated, they stimulate cell division
· These guys always start out as proto-oncogenes – genes with the potential to become oncogenes (genes which can cause a cell to become cancerous)
· Then, a mutation makes the gene hyperactive and it becomes an oncogene
· They are usually dominant, meaning that we only need one allele of these to express it
· Talk about inhibitory genes
· They inhibit cell division…like say we have a tumor repressor/suppressor gene
· But then we get a mutation and the gene becomes defective
· Unlike stimulatory genes though, they are RECESSIVE…meaning that they will still be able to suppress tumors if we only have 1 copy of it
· When we inherit cancer, we usually inherit one of these alleles so we won’t be cancerous right away, but later on all we need is for one mutation to occur to the other gene, and then bang(!), we’re going to see expression
 

· Oncogenes and Tumor Suppressor Genes
· OK let’s re-iterate…do we inherit oncogenes?
· No! They come from genes which we have which are NORMAL and are for growth and development
· The trouble comes when they get over-activated…
· Talk about the 4 mechanisms in which the gene can be inapproriately activated.
· The gene can be over-expressed
· The normal pathway is: Proto-oncogene -> protein -> stimulates cell division
· And this is all well and good! The production of the protein is controlled and regulated by regulator genes
· But then we get an agent which causes over-production of the product
· Ex.: Human T-cell leukemia virus (retrovirus)
· This alters cell DNA -> overexpresses proto-oncogene
· The protein product of the gene can be CHANGED
· The new protein product will overstimulate cell division
· For example: the c-ras family of genes (ras is short for the rat sarcoma virus – it was originally discovered in the rat and associated with its sarcoma)
· These genes code for p-21 proteins
· These guys mediate signals from growth factor receptors (so when these receptors get stimulated, the cell will grow…so the proteins can affect this process by affecting the receptors!)
· The proteins usually perform an INHIBITORY function with these guys…i.e. they STOP cell division from occurring
· Base pairs #12 or #61 change, which alters the protein and causes a loss of the ability to inhibit
· So the cell is transformed and it proliferates
· Chromosomal translocation
· Here we have a section of the chromosome is inverted or moved to another area…so the overall sequence of genes there isn’t correct anymore
· This is common in tumor cells…if we look at their karyotypes we can tell that they’re messed up
· Let’s say that the section belonged to a gene which produces a protein which regulates the production of a protein from a proto-oncogene responsible for cell development. Now that the regulatory protein is messed up, the proto-oncogene is over-expressed and we get in trouble
· HOWEVER…the actual coding sequence of the gene isn’t altered! There is no mutation, per se!
· So this another example of how a proto-oncogene doesn’t become an oncogene…it just becomes over-expressed!
· Burkitt’s lymphoma is a good example of this!
· Multiple mutations
· Here, one mutation isn’t enough to cause transformation of the cell…thus more than 1 proto-oncogene has to be affected in some way
· Example…in some cancers, c-ras has become mutated (remember that this mediates cell membrane signals for growth factor receptors)…but there are OTHER mutations besides this guy…
· We also have a mutation of c-myc, which is a type of proto-oncogene which mediate nuclear signals (signals from the nucleus which tell the cell to divide)
· If there is only one mutation, then there is INCREASED susceptibility…
· But if we see both, then we are HIGHLY susceptible
· OK, tell me about Tumor Suppressor Genes
· These are recessive genes…
· Thus if one is inactive, the other still inhibits cell division (it wil increase its expression so that you still have protection)
· So you can inherit these alleles…
· But your development will NOT be affected
· But if ONE cell does undergo mutation…then the “healthy” allele will undergo a somatic mutation, thus there is NO active protection anymore and the cell transform
· So the idea here is that we inherit SUSCEPTIBILITY…it only takes one allele to be mutated by chance before we are SCREWED…(whereas if we didn’t inherit it, we would need both of our alleles to be mutated by chance)
· This explains the paradox of the “dominant pattern of inheritance”, which means that when we look at people who have this gene, it seems as if the gene is dominant because if your parent has it, it’s really likely that you’ll have it as well
· But in fact this is because of the “Two hits” theory, which tells us that…it looks like a dominant pattern of inheritance even though it’s a recessive trait…it’s just that once you have one of the alleles, there is a high chance that the other one will mutate as well
· Talk about retinoblastoma. What is this an example of?
· Retinoblastoma is generally a childhood cancer (since retinal cells are dividing so quickly at this stage of life)
· AGAIN…the idea here is that we inherit one faulty allele and get the second mutation SOMATICALLY…and this leads to cancer! Thus it is an example of Tumor Suppressor Genes and inheriting susceptibility
· How about Li-Fraumeni Syndrome?
· There is a 50% probability of cancer in under 30 years
· It is a recessive allele
· The allele codes for the p53 protein (this comes up REPEATEDLY in cancer!)…it is an important protein and when it gets knocked out, it is devastating for the cell
· What about the p53 protein?
· This protein is absent or mutated in over 50% of all human cancers…it comes up REPEATEDLY in cancer
· It has a number of mechanisms…
· A DNA repair gene
· So if this is non-functioning, then we’ll get more mutations because there is no protein there to tell it to stop!
· OR…if there is too much DNA damage, it causes apoptosis (programmed cell death!)
· If the p53 is non-functional, the cell will survive and proliferate!
· The p53 is NOT tissue-specific…so this implies that there is a potential of mortality in ALL cells if p53 gets messed up
 

· Sequential Somatic Mutations in Multi-Stage Cancer Development
· Why is colon cancer good for studying multi-stage cancer development?
· It’s usually hard to study multi-stage cancer development because it’s usually hard to identify the first mutation that led to cancer because we usually don’t find tumors until they are huge and many mutations have occurred! 
· But with colon cancer, it can run in families so people who know it does will go for screening. This allows us to catch colon cancer early when there are only a few mutations.
· It begins with visible polyps in the colon (these are non-cancerous)
· The polyps are easily removed…we usually do a colostomy to take the mutation out and then we resection later on…(i.e. put stuff back)
· As we continue to do this we can trace the sequence of the development of the cancer
· Talk about the 3 main stages of colon cancer.
· The polyp stage
· Here there is a single genetic mutation in APC (adenomatous polyposis coli), also known as FAP (familial adenomatous polyposis)
· This is a tumor repressor gene, so it’s recessive!
· So either…
· We inherited one allele and acquired a second somatic mutation in one of the colon epithelial cells
· OR we just acquired 2 somatic mutations!
· So what’s the result?
· Increased cell division and therefore increased frequency of mutations!
· Carcinoma stage
· So one mutation we find here is a ras oncogene
· This usually comes after the APC mutation…but not always!
· And we get greater mutations of the adenoma cell
· The DCC gene is involved (Deleted in Colon Cancer)
· It is (again) a repressor gene, for controlling growth
· Specifically involved with cell adhesion molecules
· So if the alleles are defective or missing…the tumor cells will spread!
· Also the p53 tumor-suppressing gene…
· Once this is gone, again we have a GREATLY increased chance of cells totally losing control over their replication…and also apoptosis can’t even occur…
· Metastatic stage
· Here the cancer is metastasized and is starting to spread
· This happens after you have obtained all those mutations above…i.e. p53, DCC, ras
· We have multi-stage development…
· So here it is a series of somatic mutations (as opposed to germ-line ones which you inherit)
· However the first mutation MAY be inherited
· If we remove the polyps, there is no further development
· If not…we can get carcinoma! However it is a MAYBE because the polyps may not necessarily lead to cancer! So we can remove masses but not make a difference!
· How do brain tumors work?
· OK here we are talking about astrocytomas (which affect astrocytes)
· Once they get big enough, they damage brain tissue
· This occurs to varying severity…it depends where in the brain! Like if it affects the pituitary gland…your hormones could get messed up!
· And we remove them at varying stages…!
· And we can asses mutations at varying levels of cancer
· In the early stages: we get a p53 mutation (it is usually the only one)
· In the later stages:
· A gene on chromosome 9 gets affected
· Possibly codes for interferon receptors?
· If so it means that there is a reduced immune response against the tumors
· There are also 2 other recessive mutations
· Then we get tumor repressor I and II messed up
· And we also get dominant mutations:
· A new allele is formed which codes for epidermal growth factor receptors!
· Obviously astrocytes aren’t epidermal cells but the growth factor receptors they produce are similar to epidermal cells!
· So there is an increased response to growth factors
· And we get increasd proliferation and new mutations
· And this results in end stage cancer
· End-stage cancer
· Chromosome 10 is COMPLETELY lost (this is not seen in early stage tumors)
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Module 7 - Cancer and the Environment

 

Patterns in the Incidence and Mortality of Cancer

· Introduction/Preamble
· Is cancer a genetic disease?
· Not really: only up to 5% of human cancers are inherited!  (i.e. You inherit an allele which gives you cancer)
· But then are other cancers random?
· I guess not…but then how do we test to predict when they will occur, if they aren't random?
· Epidemiology is one field for this…
· These guys look for patterns in:
· Incidence rates of disease
· Prevalence rates
· Although if you get cancer, you will probably die soon, so prevalence rates aren't all that useful
· Mortality rates
· This is interesting -- which cancers kill quicker than others?
· And so if we find patterns here, then cancer is NOT RANDOM!
· Temporal Changes
· Describe the trends in cancer incidence rates over time
· Lung cancer rates have gone UP (30x)
· Stomach cancer rates have gone DOWN (10 x)
· And these two are correlated with lifestyle changes!
· We don't smoke foods/salt them to preserve them…this affects stomach cancer!
· And for lung cancer…smoking and second-hand smoke, duh!
· Sir Richard Doll as an epidemiologist saved so many lives by analyzing lung cancer and smoking and warning others of the dangers!
· Geographical Changes
· What does it mean to look for patterns here?
· So here we are looking at incidence rates which vary in different areas (by country, for example)
· It is known that cancers are higher in various countries
· For example: liver cancer is high in Africa but low in NA
· And colon cancer is low in Africa but high in NA
· Is this due to genetic differences?
· Well…how do we check this?  We look at Africans living in America!
· However we have to look at Africans who have just arrived (i.e. 1st or 2nd generation) because as they stay longer, there is so much mixing that they are genetically different from Africans in Africa
· And we have found that Africans who migrate from Africa have increased incidence
· Therefore this is not random and we can look for a cause!
· What causes might there be for geographical patterns of cancer?
· Occupational hazards (consider chimney sweeps, for example)
· 2-napthylamine is a big one…it is a chemical used in the manufacture of dyes
· The workers who were exposed to it had high rates of bladder cancer
· Asbestos causes lung cancer is also a well-known association
· UV exposure and skin cancer
· Lifestyle hazards
· Aflatoxin contamination in food are a problem…they can cause Hepatitis B in Africa (which can cause cancer in the liver)
· Maybe this is why liver cancer is higher in Africa!
· Meat and fiber consumption can cause colon cancer in NA
· Because we eat more meat and less fiber than Africans
· Smoking and lung cancer!
· Alcohol can wreak havoc on the mouth, esophageal, stomach, and liver cancer
· Endogenous (internal) factors
· Hormones
· These guys stimulate growth…and so if they get out of control, they can cause cancer!
· But there are still environmental influences!
· Like…we see that prostate and breast cancer is high in NA but low in Asia…so what's up with that?
· So these are because of hormones…but an environmental influence plays a big role here as well!
 

Areas of Controversy

· What are the areas of controversy surrounding cancer and the environment?  (i.e. What possible cancer-causing agents exist in the environment but people don't agree on whether they actually do cause cancer)
· Dietary Fat
· Electromagnetic radiation
· Cancer clsuters
· What's the deal with dietary fat?
· For colon cancer, we associate it with high saturated fat diets (those with a lot of red meat, pretty much)
· But is it due to the fat of the diet, or the meat…?
· For breast cancer…the evidence is not clear
· However, early studies show that…breast cancer was decreased by…
· Increased fruits and vegetables (which have fiber and vitamins) were good!
· And decreased fat and meat as well!
· Recent studies, however…show no association…
· But these are based on nurses!
· The problem with this is that they look at nurses who eat bad food so there is no "healthy eating" group as a control!
· How about electromagnetic radiation?
· OK so this is AC (alternating current), not DC (direct current)
· We get this from electric power facilities, household appliances, etc.
· They produce electric and magnetic fields which may not be good!
· They are extremely LOW frequency (like 50-60 Hz)
· But in the end there is NO association found for breast/brain cancer
· Although there MAY be a small effect for childhood leukemia…
· And what about cancer clusters?
· So this is when we have high rates in one area…
· But they CAN occur by chance alone!  So how much significance should we attribute?
· Like…let's say we expect to see 1/50,000 cases in a single year
· If the population is 10,000, then we'll get 2 cases in 10 years
· So what if we get 6 cases?
· The probability of this is 1.6/100
· So there is 3 epidemics/200 towns by chance!  So epidemiologists tell towns that it's just by chance!  But then they don’t like to hear that…so what do you do.
· Note that it doesn't mean it's ALWAYS by chance…like what if we have a radioactive spill somewhere?  Then we get a cancer cluster and it's NOT by chance…
 

 

Module 8

Sunday, December 04, 2005

10:30 PM

 

Cancer Prevention and Detection

 

Treatment

· What are the 3 approaches to cancer treatment?
· Surgery, radiation, and chemotherapy
· Discuss surgery.
· This is for PRIMARY tumors…especially before metastasis has occurred
· Why?  Well, if you remove a secondary tumor then it's still there!  And you only see 2o tumors after metastasis has occurred!
· Discuss radiation
· This damages the DNA so if you can focus the radiation on the right part of the body, you can induce apoptosis (or at least prevent cell division from occurring)
· Discuss chemotherapy
· This is designed to destroy tumors and proliferative cells using some sort of pharmaceutical/chemical
· How so?
· Well, perhaps the chemical is toxic to proliferative cells and so they stimulate apoptosis
· If the p53 alleles aren't functioning, then the tumor will be unresponsive to that particular type of chemo (think about why…?)
· Unfortunately we note that the chemical is toxic to non-cancerous cells - these are the side effects we talk about
· It can also block the action of trophic hormones on the tumors
· Remember how chemical castration is a treatment for prostate CA?
· Or we can be toxic to cells with specific antigens
· So we would target the antigens on the tumor cells
· We can also do this in combination with surgery…this is called adjuvant therapy
· Or we use a combination of drugs, and this is called combination therapy
· So we STRESS that we always give a combination of drugs for treating tumors…we don’t just give one and say "oh that will be enough"
· This treatment is often ineffective…
· There are severe side effects!
· Sometimes we say that chemo makes the cancer worse…why?
· Because cancer cells are Darwinian/heterogeneous…so we have different cell lines have mutations now which will make them grow no matter what chemotherapy we apply
· However, these cells are a MINORITY…BUT…if we chemo the other cells, then now the only cells remaining are these indestructible cells, and they become the MAJORITY…and then we're screwed
· So (according to the notes) we are selecting unresponsive tumor cell lines
· And thus it results in an increase with aggressive tumors!
· AND THIS IS WHY YOU GIVE MORE THAN ONE DRUG during chemo…or else you're definitely selecting for the robust ones!  You want to try and kill as many kinds as possible…
 

Types of Prevention

· Discuss primary prevention
· Speaking about cancer, this means avoiding the onset of cancer
· So we identify high risk groups -- what are people doing that is leading to a greater risk of cancer?
· Environment and lifestyle are normally a big deal here!
· Discuss secondary prevention
· Here we just want to stop the progress of cancer
· We can only treat after we have detected it, obviously!  So let's talk about detection, then…
 

 

Detection

· Intro
· What does "early detection" mean?
· Early detection is when we have detected the cancer when it is STILL asymptomatic
· So how do we tell, if there are no symptoms?
· What factors do we consider when we are deciding whether or not to screen?
· Disease morbidity and mortality
· Like think about prostate CA…it is a very long-lasting disease anyways…we probably won't even die from it…so is there any point really in screening for it?
· Natural history of the disease
· So this is the etiology/pathology we're talking about…
· For screening to be effective, we need an asymptomatic period!  (If there wasn't any, then people would be symptomatic right away and people would self-report)
· And does the etiology allow for screening at reasonable intervals?
· Like…if it develops really quickly…then we'll have to screen every week to find it!  That is far too expensive…
· Sensitivity, specificity, and cost effectiveness
· Sensitivity: Can we detect most of the cases when we screen?  Or are we screening but still not finding anything?
· Specificity: Does a positive test mean that we have the disease for sure?  Or are there other things that cause the same result?
· Cost effectiveness: Does testing save money?  i.e. If it costs $500,000 to save one life from this…is that worth it?
· Outcome with early intervention
· If diagnosis happens before symptoms appear, does it lead to a decrease in mortality and morbidity?
· Ex.: Endometrial cancer…it causes vaginal bleeding so it's detected when it's still pretty small…So a formal screening process won't tell us much earlier
· Prostate Cancer Detection
· Discuss detection for prostate cancer.
· This would be the PSA test for prostate cancer
· If you have a lot of PSA in your blood, it suggests that your prostate has formed a tumor (do you remember that?)
· A 2002 study (from the BMJ) says that 200,000 men over 65…
· Some of them in Seattle, where there was a universal screening and treatment program (it is recommended to have universal screening for men over 65)
· And then Connecticut was a control group which was somewhat similar demographically, but they did NOT have a mandated screening program
· They looked at them for 11 years…and there was NO DIFFERENCE in mortality between the two groups!
· Note that we NEED to do it for such a long time…you can't evaluate a screening program with 3 or 4 years because only with VERY ADVANCED/QUICK cancers would you die from it that quickly
· Colon Cancer Screening
· What happens if we diagnose this beast early?
· Recall that early diagnosis would show us polyps/small tumors
· These are a very preliminary stage of the cancer…sometimes they don't even lead to it!
· Hence colorectal cancer is VERY treatable at this stage (we treat by removing the polyps)
· So what are the ways in which we can screen for colon cancer?
· Fecal occult blood test, sigmoidoscopy, colonscopy, and genetic test
· Discuss the fecal occult blood test (FOBT)
· We look for blood in the stool
· As you might imagine, this is a test with LOW sensitivity and specificity
· Thus we use this test in combination with other stuff such as…
· Discuss sigmoidoscopy
· An optic tube…they insert them into the rectum in the lowest part of the colon and they visually look for polyps
· This has higher sensitivity and specificity
· Discuss colonoscopy
· This can study the colon all the way to the cecum and terminal ileum (the most distal parts)
· Here there is greater sensitivity and detection rates
· But (as you may expect) it is MORE INVASIVE
· Thus it is more labor intensive and expensive
· Very few MD's are skilled in doing this…there is 1 trained MD for every 5-10,000 people eligible to be screened
· And there are complications…you might puncture the colon, for example…
· This procedure is a STANDARD OF PRACTICE in Canada…every 4/5 years…although not many people do it (understandably)
· In the US, HMO only supports it every 10 years
· Recent research says that there is decreased mortality if we use sigmoidoscopies every 5 years MORE SO than doing a colonscopy every 10 years
· But this is disputed…
· Discuss the genetic test
· This is the FAP (recall that this is one of the alleles we see early on in the development of colon cancer)
· And it is recessive, so you can inherit it…
· Or in other words you will have the FAP allele if you have the inherited form of colon cancer
· If you inherited this, you have a 90% chance of getting CC before the age of 40
· However note that this is RARE…it is RARE to acquire colon cancer genetically…less than 1% of all cases…usually we acquire colon cancer SOMATICALLY (i.e. both alleles were inherited somatically)
· Recent study:
· 1/3 MD's incorrectly interpreted the negative test result
· So we need trained genetic counselors
· NEJM did a study in 1998 and found that CC screening was NOT cost-effective (ANY kind of screening)
· The problem here is that polyps are seen in 10% of all people over 50 and 30% of people over 65
· Only in 10% of these cases do we actually end up getting colon cancer
· It's $300,000 for every death prevented!
· There is no clear evidence for benefit beyond screening bias (i.e. if we corrected for screening bias, we wouldn't see anything)
· Genetic Screening for Breast Cancer
· [See Breast Cancer Word document]…note that it has been moved to a new "Mod. 9"
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