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 Module 4

Module 4:  The Role of Genes in Cancer

	
	

	
Target Audience

· Community members 
· Staff of health programs serving [target population] 
Contents of 
Learning Module
· Instructor’s Guide with Pre/Post Self-Assessment and Self-Assessment Answer Key
· PowerPoint presentation 
· Glossary 
· Resources for Learning More

· References 
Length
· Introduction of session/module overview (:05) 
· Pre self-assessment (:07) 
· Presentation of module (:30)
· Post self-assessment (:05) 
· Closing (:03) 
	Goals
In this session, participants will gain a basic understanding of what genes are and the role they might play in a person’s risk of developing cancer.
Objectives
At the completion of Learning Module 4, participants will be able to demonstrate the following: 

Section 1
a) Describe the role genetics plays in our lives.
b) Describe what is meant by the term “gene”.
c) Describe what genes do.

Section 2
a) Describe what a genetic mutation is.
b) Describe how a genetic mutation might affect health and the development of cancer.
c) Describe how a genetic condition can be acquired or inherited.

Section 3
a) Discuss what a genetic consultation is.
b) Discuss the limitations of genetic testing.
c) Describe the benefits and risks of genetic testing.
d) Discuss the role of targeted and gene therapies in treating certain types of cancer.

Measures of Objective Accomplishment
The presenter will administer a pre self-assessment and a post self-assessment to measure participants’ knowledge of the module’s objectives.  The pre self-assessment measures existing knowledge and the post self-assessment measures what was gained through the learning module. 

	
	

	
	
NOTE

· Each major learning point is clearly identified by boldface type throughout the guide and emphasized in the PowerPoint presentation.

· See the glossary (at the end of the module) for words that are in bold blue italics throughout the module.


Pre/Post Self-Assessment

The Role of Genes in Cancer
Do you agree (A), disagree (D), with these statements, or are you not sure (NS)? Circle your choice - A, D, or NS.
	1.
	A
	D
	NS
	Genes contain the information our bodies need to work and grow.

	2.
	A
	D
	NS
	Many, if not most, diseases such as cancer, diabetes, and heart disease, begin in our genes.

	3.
	A
	D
	NS
	If you have a gene mutation, or a “faulty” gene, it will cause you to develop cancer.

	4.
	A
	D
	NS
	Most cancers are hereditary.

	5.
	A
	D
	NS
	Genetic testing can reveal information about the individual, his/her relatives, and future offspring.


Pre/Post Self-Assessment 
Answer Key
The Role of Genes in Cancer
The correct answer to each question, agree (A) or disagree (D), 
is underlined and in red.
	1.
	A
	D
	Genes contain the information our bodies need to work and grow.

Note:  Genes (units of heredity) contain the information for our bodies to work and grow.  Each gene has the information needed for a particular job in helping our bodies function.

	2.
	A
	D
	Many, if not most, diseases such as cancer, diabetes, and heart disease, begin in our genes.

	3.
	A
	D
	If you have a gene mutation, or a “faulty” gene, it will cause you to develop cancer.

Note:  Cancer arises from combinations of changes that occur in the same cell over a period of time.  These changes build up over many years and when a large number of changes occur in the same cell, it may finally become cancerous.

	4.
	A
	D
	Most cancers are hereditary.

Note:  Even though all cancers are genetic, only a small portion - about 5-10% – are inherited.  Most cancers come from random mutations that develop in body cells during one's lifetime - either as a mistake when cells are going through cell division or in response to injuries from environmental agents such as radiation or chemicals.

	5.
	A
	D
	Genetic testing can reveal information about the individual, his/her relatives, and future offspring.


Section 1

   What Are Genes?

Genetics is a term that refers to the study of genes, the basic unit of heredity, and their effects on the passing of genetic information and traits (such as eye color and an increased chance of getting a certain disease, such as breast cancer) from parents to offspring.

You may be asking, “Why is this important?” Genetics plays a role in health and disease.  Health care professionals have known for a long time that common diseases such as heart disease, cancer, and diabetes, and rare diseases like hemophilia, cystic fibrosis, and sickle cell disease, can run in families.  If members of one generation of a family have high blood pressure, it is not unusual for members of the next generation to also have high blood pressure.  Tracing the illnesses suffered by your parents, grandparents, and other blood relatives can help your doctor predict the disorders for which you may be at risk and take action, such as screening for the disorder and treating it if is present, to keep you and your family healthy.
,
  


What are genes?  Where are they found?  What do they do?



Module 2 discusses cells.  The human body has trillions of cells.  Recall that each cell has a nucleus, which acts as the cell’s “brain”.  The nucleus also houses genes.  Genes (units of heredity) contain the information for our bodies to work and grow.  Each gene has the information needed for a particular job in helping our bodies function.1,3  
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Genes are made up of DNA (deoxyribonucleic acid), which acts as instructions to make molecules and proteins.  While almost all cells in a person’s body have the same DNA, different genes are active, or switched ‘on’ or ‘off’, in different cell, tissues and organs.  For example, genes that are active in a breast cell are different from genes that are active in a lung cell.  There are about 20,000 genes in the human genome, the complete set of instructions for life as we know it.
, 
, 
  

Since cells are very small, and we have many DNA molecules in each cell, each DNA molecule must be tightly packaged into a gene and each gene has a specific location on a chromosome.  Chromosomes are essentially long thread-like strands of bead-like structures that are coiled up like a ball of string.  Each one of those bead-like structures is a gene.  If we were to take a closer look at these long strands, we would see that it consists of two DNA chains connected and running in opposite directions (the double helix).5,
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SOURCE:  http://ghr.nlm.nih.gov/handbook/basics?show=all#gene
Each DNA chain is composed of a series of four basic building blocks called nucleotides.  The nucleotide bases are Adenine (A) and Guanine (G), and Thymine (T) and Cytosine (C).  The string of bases on each of the two DNA chains pair up to form the rungs of the double helix.  Since A can only pair with T, and G can only pair with C (and vice versa), the order on one strand dictates the order on its adjoining strand.5,6  
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SOURCE:  http://ghr.nlm.nih.gov/handbook/basics?show=all#gene
Chromosomes vary in number among different living things.  For example, fruit flies have four pairs of chromosomes, while dogs have 39 pairs of chromosomes.  In humans, a cell nucleus contains 46 individual chromosomes, or 23 pairs of chromosomes – half of these come from each biological parent (23 from our mother’s egg and 23 from our father’s sperm).  This explains why children inherit traits, such as their hair color and skin color, from their mother and father.7  The chromosomes are numbered 1 to 22 from largest to smallest.  The 23rd pair is made up of the sex chromosomes, which determine a person’s gender (an “XX” pair for females and a “XY” pair for males).
 
The human genome is the complete set of instructions for life as we know it.  Except for red blood cells, which have no nucleus, the human genome is located in the nucleus of every cell in the body.6
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SOURCE:  http://ghr.nlm.nih.gov/handbook/basics?show=all#gene
Chromosomes help ensure that DNA is accurately copied and distributed during cell division.  In order for organisms to grow, cells must divide to produce new cells and replace old cells.  The structure of chromosomes keeps the DNA in genes tightly wrapped around proteins during this process.  Without this packaging, DNA might not remain intact during cell division.7
Changes, called mutations, in the number or structure of chromosomes in new cells may lead to serious problems.  For example, in humans, one type of leukemia and some other cancers are caused by defective chromosomes made up of joined pieces of broken chromosomes.  It is also crucial that reproductive cells, such as eggs and sperm, contain the right number of chromosomes and that those chromosomes have the correct structure.  If not, the offspring may not develop properly, such as people with Down Syndrome.  People with Down syndrome have three copies of chromosome 21, instead of the two copies found in other people.7 
As described in Module 2, cancer occurs when cell division gets out of control.  Mutations can trigger cancer, whether it is due to an environmental exposure, such as tobacco smoke, a genetic predisposition, or both.  Usually, several cancer-promoting factors have to be present for a person to develop a malignant, or cancerous, growth.1 Section 2 will address gene mutations.
Section 2
   Gene Mutations
Cancer is a complex disease, like diabetes, heart disease, and kidney disease.  All of these diseases arise from combinations of changes that occur in the same cell over a period of time.  In cancer, these changes build up over many years and when a large number of changes occur in the same cell, it may finally become cancerous.
There are many different types of cancer, each with different combinations of changes.  What is really interesting is that even within what we have previously thought of as a single type of cancer, such as lung cancer or colon cancer, clinicians have been able to identify subtypes, each showing a unique set of changes.  For example, one person diagnosed with breast cancer may have a different subtype than another person also diagnosed with breast cancer, even when the cells look the same under a microscope.

What is a gene mutation?

Mistakes in the cell copying process makes the genes flawed, so that the genetic information contained is not read correctly, or sometimes not read at all.  A permanent change in a gene that makes it flawed, or faulty, is called a mutation.  A mutated, or flawed or faulty, gene may cause problems with the development and functioning of body systems or organs and can result in an abnormal genetic condition.  Mutations can range in size from a single DNA building block, or base, to a large segment of a chromosome.
,

Changes to genes occur for a number of reasons, including damaging environmental exposures such as radiation, tobacco smoke, or chemicals.  Genetic changes also occur with aging.  As a person gets older, their cells are constantly being replaced.  That means that their cells, and in turn their genes, are copied over and over again.  Sometimes, mistakes occur in the copying process, and these mistakes, or changes in the genes build up in their cells.5 


How does a genetic mutation affect health and development?

Many, if not most, diseases begin in our genes.  Although mistakes occur in DNA often, especially during cell division, a cell has the ability to fix them.  But if DNA repair mechanisms fail, mutations can be passed along to future copies of the altered cell. 

Gene mutations can be either acquired, or inherited from a parent.  Changes in DNA that develop throughout a person's lifetime are acquired mutations.  Acquired mutations cannot be passed on by individuals to their children.  Common disorders such as heart disease, diabetes, and most cancers arise from a complex interplay among multiple genes and between genes and factors in the environment.
  

When a mutation occurs in reproductive cells (a man’s sperm or a woman’s egg cells), then the faulty gene can be passed onto children.  This would be an example of an inherited mutation.9  When inherited mutations occur, the mutation will be in all of the offspring's body cells.  The fact that every cell contains the gene change makes it possible to use cheek cells or a blood sample for gene testing.11  Section 3 will cover genetic testing in more detail.
Interestingly, there are also cases where gene mutations can have a latent effect.  This means that the change in the gene only becomes active after exposure to environmental agents, such as radiation, tobacco smoke, alcohol, or chemicals.  This may explain why you may meet two smokers, but only one of them gets cancer.  Or why one person responds to cancer treatment while another does not.6 

Due to advances in genomics, the ability to identify the mutation that makes a gene faulty exists through genetic testing.  This topic is addressed in Section 3.  

How is a genetic condition inherited?

More than 4,000 diseases are known to stem from altered genes inherited from one’s mother and/or father.  As mentioned earlier, humans have 46 individual chromosomes, or 23 pairs of chromosomes – half from each biological parent (23 from our mother’s egg and 23 from our father’s sperm).  Hereditary mutations are carried in the DNA of the reproductive cells.  When reproductive cells containing mutations combine to produce offspring, the mutation will be in all of the offspring’s body cells.11 
Some genetic disorders are more likely to occur among people who trace their ancestry to a particular geographic area. People in an ethnic group often share certain versions of their genes, which have been passed down from common ancestors. If one of these shared genes contains a disease-causing mutation, a particular genetic disorder may be more frequently seen in the group.

Examples of genetic conditions that are more common in particular ethnic groups are sickle cell anemia, which is more common in people of African, African-American, or Mediterranean heritage; and Tay-Sachs disease, which is more likely to occur among people of Ashkenazi (eastern and central European) Jewish or French Canadian ancestry.  It is important to note, however, that these disorders can occur in any ethnic group.12
Section 3
   Genetic Testing
What is the connection between cancer and one’s genes?  The answer to this question lies in genetic testing.  Understanding more about diseases caused by genes can lead to earlier diagnoses, interventions, and targeted treatments.  For example, some populations, such as African Americans, experience disproportionately higher rates of some cancers.  Scientists are conducting research to find out if there are some genetic variations that may be more or less common in specific groups.  If so, this information can help them understand why certain groups or populations experience higher cancer rates, and in turn lead to better prevention strategies as well as more effective treatments.

Genetics helps individuals and families learn about how conditions such as sickle cell anemia and cancer, are inherited in families, what screening and testing options are available, and for some genetic conditions, what treatments are available.  Since our health is influenced by our family’s health history, family history can be a tool to help us identify the cause of conditions that are influenced by genetics.3

Genetic testing can help identify a gene mutation in a person, which can in some cases lead to the diagnosis of a genetic condition, such as Down Syndrome in unborn babies, or in other cases help assess a person’s risk for developing a particular disease, such as breast cancer.
 
Genetic testing involves examining a person's DNA - typically taken from cells in a sample of blood - for mutations linked to a disease or disorder.  Genetic tests serve many purposes.  They are widely used to screen newborns for a variety of disorders.  Often this information helps doctors reduce the damage caused by the mutation.  In oncology, doctors use gene testing to diagnose some types of cancer, to classify some cancers into subtypes, or to predict a patient's responsiveness to new treatments.11

Gene tests are already available for a number of disorders, including life-threatening diseases such as cystic fibrosis and Tay Sachs disease.  Gene tests for some cancers are also available. Specific genetic mutations have been identified as linked to several types of cancer, and, for some cancer types, this information has been used to develop clinical tests. For example, scientists have identified gene mutations that are linked to colon or breast cancer and genetic tests for these cancers are now available.11
Since the development of cancer is triggered by genes that have been altered in some way, whether through an acquired mutation or a hereditary mutation, one could say that all cancers are genetic.  However, even though all cancers are genetic, just a small portion - about 5-10% – are inherited.  Most cancers come from random mutations that develop in body cells during one's lifetime - either as a mistake when cells are going through cell division or in response to injuries from environmental agents such as radiation or chemicals.11
An accurate gene test can tell if a mutation is present, but that finding does not guarantee that the disease will develop.  For example, women with the BRCA1 breast cancer susceptibility gene have an 80% chance of developing breast cancer by the age of 65. Men with the BRCA1 mutation also have an increased risk of breast cancer.  The risk is high, but not absolute.  And family members who test negative for the BRCA1 mutation are not exempt from breast cancer risk; over time, they can acquire breast cancer-associated genetic changes at the same rate as the general population.11  It is worth noting that mutations in these genes are rare in the general population and are estimated to account for no more than 5-10% of breast cancer cases overall.

The benefits and limitations of genetic testing

Gene testing offers several benefits.  A negative result can create a tremendous sense of relief and may eliminate the need for frequent check-ups and tests that are routine in families with a high risk of cancer.  Even a positive result can relieve uncertainty and allow a person to make informed decisions about the future. A positive result can also let a person take steps to reduce risk before disease has a chance to develop.11
Gene testing has several limitations.  For example, some disorders that "run in families" can be traced to shared environmental exposures rather than any inherited susceptibility.  In addition, some mutations detected by a positive test may never lead to disease.  Furthermore, because existing tests look only for the more common mutations in a gene, many disease-causing mutations may escape detection.  Perhaps the most serious limitation of gene testing is that test information is not matched by state-of-the-art diagnostics and therapies.  To receive positive results when there is no adequate treatment can be tragic.11
Although gene testing poses little physical risk - usually no more than giving a blood sample - it can seriously affect a person's life.  A test confirming the risk of a serious disease can trigger profound psychological consequences.  Additionally, because gene tests reveal information not only about the individual, but about his/her relatives and future offspring, the results can challenge family and other personal relationships.  For example, with whom should a person share test results?  Do the other family members want to know?11
Genetic Information Nondiscrimination Act (GINA)

Because gene test results hold a wealth of information, confidentiality is a major concern.  In 2008, the Federal government passed the Genetic Information Nondiscrimination Act, also referred to as GINA.  Since knowledge about differences in an individual’s DNA that may affect their health could affect decisions made my insurance companies and employers, the law protects a person's confidentiality concerning the results of gene tests.  Starting in 2009, the law prohibits insurance companies from using genetic information of an individual, or the individual’s family members, in decisions regarding coverage, rates, or pre-existing conditions.  The law also prohibits most employers from using genetic information for hiring, firing, or promotion decisions, and for any decisions regarding terms of employment.11  The GINA law was needed to help ease concerns about discrimination that might keep some people from getting genetic tests that could benefit their health. The GINA law also enables people to take part in research studies without fear that their DNA information might be used against them in coverage determinations for health insurance or employment eligibility in the workplace.


Genetic counseling for specific conditions – what to expect

If there is genetic testing available for a specific genetic condition that may affect an individual, the decision to undergo genetic testing is a very personal one, and it should be totally voluntary.  Genetic counselors play an important role.  These specially trained health professionals are skilled at supporting individuals when testing is being considered, when test results are received, and during the weeks and months afterward.11  First, a genetic counselor meets with an individual to collect his/her family history and estimate their disease risk and that of family members.  The genetic counselor will also provide education on the genetic condition and discuss the potential impact of test results on the individual and his/her family.  If the individual agrees to genetic testing, the genetic counselor will also discuss and make arrangements for testing.  After testing is complete, the genetic counselor provides follow-up to review results and provide support as needed.
  

After receiving genetic counseling, a person should agree to the genetic test only if she or he wants the information, not to accommodate relatives, health care providers, or anyone else.  An important consideration to weigh is this: If the results are positive, are there available methods for state-of-the-art early prevention? early detection? treatment?11
Since gene tests are designed to identify persons who have inherited a gene mutation, the first candidates for study would be members of high-risk families.  In the future, tests may be offered to people whose family history is less known.  Some day it may be possible to test a single blood sample for a number of gene mutations.  However, before gene tests become generally available, there are major technical, ethical, and economic concerns that must be addressed.11

If widespread gene testing becomes a reality, it will be necessary to develop tests that are simple, cost-effective, and accurate.  Testing thousands to millions of people will require many new labs and personnel as well as more genetic counselors.  And widespread gene testing will require that many health care providers have a basic understanding of genetic principles in order to interpret the tests.11

Family Health History

Family members share genes, behaviors, lifestyles, and environments that together may influence their health and their risk of chronic disease.  Most people have a family health history of some chronic diseases (e.g., cancer, coronary heart disease, and diabetes) and health conditions (e.g., high blood pressure and hypercholesterolemia).  People who have a close family member with a chronic disease may have a higher risk of developing that disease than those without such a family member.

Family health history is a written or graphic record of the diseases and health conditions present in your family. A useful family health history shows three generations of your biological relatives, the age at diagnosis, and the age and cause of death of deceased family members. Family health history is a useful tool for understanding health risks and preventing disease in individuals and their close relatives.18
Some people may know a lot about their family health history or only a little. It is helpful to talk with family members about your health history, write this information down, and update it from time to time. This way family members will have organized and accurate information ready to share with their health care provider.  Family health history information may help health care providers determine which tests and screenings are recommended to help family members know their health risk.18
To help focus attention on the importance of family history, the Surgeon General, in cooperation with other agencies with the U.S. Department of Health and Human Services, has launched a national public health campaign, called the Surgeon General’s Family History Initiative, to encourage all American families to learn more about their family health history.  Each year since 2004, the Surgeon General has declared Thanksgiving to be National Family History Day.  Over the holiday or at other times when families gather, the Surgeon General encourages Americans to talk about, and to write down, the health problems that seem to run in their family. Learning about their family's health history may help ensure a longer, healthier future together.2
Looking to the Future

As we learn more about the human genome, researchers will continue to seek to identify changes in the human genome involved in the development of cancer.  Genetics has the possibility of improving the lives of patients by advancing techniques such as targeted therapy, gene therapy, and personalized medicine.  

· Targeted cancer therapies are drugs or other substances that block the growth and spread of a cancer by interfering with specific molecules involved in tumor growth and progression. 
· Because scientists often call these molecules “molecular targets,” targeted cancer therapies are sometimes called “molecularly targeted drugs,” “molecularly targeted therapies,” or other similar names. 
· By focusing on molecular and cellular changes that are specific to a unique type of cancer, targeted cancer therapies may be more effective than other types of treatment, including chemotherapy and radiotherapy, and less harmful to normal cells.
· Many targeted cancer therapies have been approved by the U.S. FDA for the treatment of specific types of cancer, such as Gleevec for some types of leukemias and Herceptin for certain types of breast cancer, while others are being studied in clinical trials, and many more are in preclinical studies, which is research using animals to find out if the therapies are likely to be useful.

· Gene therapy is an experimental technique for treating disease by altering the patient’s genetic material.  Most often, gene therapy works by introducing a healthy copy of a defective gene into the patient’s cell.

· Personalized medicine is a phrase that commonly refers to medical care that is informed by an individual's specific genetic makeup.  An example would be the TAIILORx clinical trial. The Trial Assigning IndividuaLized Options for Treatment (Rx), or TAILORx, is examining whether genes that are frequently associated with risk of recurrence for women with early-stage breast cancer can be used to assign patients to the most appropriate and effective treatment.

The National Cancer Institute (NCI) is focused on ushering in the era when tailored prevention and treatment strategies, based on the unique characteristics of each person and the tumor, are standard practice in research-based clinics as well as community settings.
Glossary of Terms
	BRCA1/BRCA2
	The first two genes found to be associated with inherited forms of breast cancer. Both genes normally act as tumor suppressors, meaning that they help regulate cell division. When these genes are rendered inactive due to mutation, uncontrolled cell growth results, leading to breast cancer. Women with mutations in either gene have a much higher risk for developing breast cancer than women without mutations in the genes.

	chromosome
	Part of a cell that contains genetic information. Except for sperm and eggs, all human cells contain 46 chromosomes.  

	cystic fibrosis
	A hereditary disease characterized by faulty digestion, breathing problems, respiratory infections from mucus buildup, and the loss of salt in sweat. The disease is caused by mutations in a single gene and is inherited as an autosomal recessive trait, meaning that an affected individual inherits two mutated copies of the gene. In the past, cystic fibrosis was almost always fatal in childhood. Today, however, patients commonly live to be 30 years or older.

	DNA (deoxyribonucleic acid)
	The molecules inside cells that carry genetic information and pass it from one generation to the next. Also called deoxyribonucleic acid.

	diabetes
	Diabetes mellitus is a disease characterized by an inability to make or use the hormone insulin. Insulin is needed by cells to metabolize glucose, the body's main source of chemical energy. Type I diabetes, also called insulin-dependent diabetes mellitus, is usually caused by an autoimmune destruction of insulin-producing cells. Type II diabetes, also called non-insulin-dependent diabetes mellitus, occurs when cells become resistant to the effects of insulin.

	double helix
	The description of the structure of a DNA molecule.  A DNA molecule consists of two strands that wind around each other like a twisted ladder.  Each strand has a backbone made of alternating groups of sugar (deoxyribose) and phosphate groups. Attached to each sugar is one of four bases: adenine (A), cytosine (C), guanine (G), or thymine (T). The two strands are held together by bonds between the bases, adenine forming a base pair with thymine, and cytosine forming a base pair with guanine.

	Down Syndrome
	Also known as Trisomy 21, Down Syndrome is a genetic disease resulting from a chromosomal abnormality. An individual with Down syndrome inherits all or part of an extra copy of Chromosome 21. Symptoms associated with the syndrome include mental retardation, distinctive facial characteristics, and increased risk for heart defects and digestive problems, which can range from mild to severe. The risk of having a child with Down syndrome rises with the mother's age at the time of conception.

	family history
	A record of medical information about an individual and their biological family. Family history can be used to identify individuals who are at increased risk for developing genetic disorders that run in families.

	gene
	The functional and physical unit of heredity passed from parent to offspring.  Genes are pieces of DNA, and most genes contain the information for making a specific protein.

	gene therapy
	Gene therapy is an experimental technique for treating disease by altering the patient's genetic material. Most often, gene therapy works by introducing a healthy copy of a defective gene into the patient's cells.

	genetic counseling
	A communication process between a specially trained health professional and a person concerned about the genetic risk of disease. The person's family and personal medical history may be discussed, and counseling may lead to genetic testing.

	Genetic Information Nondiscrimination Act (GINA)
	Federal legislation that makes it unlawful to discriminate against individuals on the basis of their genetic profiles in regard to health insurance and employment. These protections are intended to encourage Americans to take advantage of genetic testing as part of their medical care. President George W. Bush signed GINA into law on May 22, 2008.

	genetic testing
	The use of a laboratory test to look for genetic variations associated with a disease. The results of a genetic test can be used to confirm or rule out a suspected genetic disease or to determine the likelihood of a person passing on a mutation to their offspring. Genetic testing may be performed prenatally or after birth. Ideally, a person who undergoes a genetic test will discuss the meaning of the test and its results with a genetic counselor.

	genetic variation
	Genetic variation can refer to differences between individuals or to differences between populations. Mutation is the ultimate source of genetic variation, but mechanisms such as sexual reproduction and genetic drift contribute to it as well.

	genetics
	The study of genes and heredity.

	genome
	The entire set of genetic instructions found in a cell.  In humans, the genome consists of 23 pairs of chromosomes, found in the nucleus.  

	genomics
	The study of the complete genetic material, including genes and their functions, of an organism.

	Gleevec
	A drug used to treat different types of leukemia and other cancers of the blood, gastrointestinal stromal tumors, skin tumors called dermatofibrosarcoma protuberans, and a rare condition called systemic mastocytosis. It is also being studied in the treatment of other types of cancer. Gleevec blocks the protein made by the bcr/abl oncogene. It is a type of tyrosine kinase inhibitor. Also called imatinib mesylate and STI571.


	hemophilia
	An inherited disease, most commonly affecting males, that is characterized by a deficiency in blood clotting. The responsible gene is located on the X chromosome, and since males inherit only one copy of the X chromosome, if that chromosome carries the mutated gene then they will have the disease. Females have a second, usually normal, copy of the gene on their other X chromosome, so they capable of passing on the disease without experiencing its symptoms.

	Herceptin
	A monoclonal antibody that binds to HER2 (human epidermal growth factor receptor 2), and can kill HER2-positive cancer cells. Monoclonal antibodies are made in the laboratory and can locate and bind to substances in the body, including cancer cells. Herceptin is used to treat breast cancer that is HER2-positive and has spread after treatment with other drugs. It is also used with other anticancer drugs to treat HER2-positive breast cancer after surgery. Herceptin is also being studied in the treatment of other types of cancer. Also called trastuzumab.

	heredity
	The passing of genetic information and traits (such as eye color and an increased chance of getting a certain disease) from parents to offspring.

	mutation
	Any change in the DNA of a cell. Mutations may be caused by mistakes during cell division, or they may be caused by exposure to DNA-damaging agents in the environment. Mutations can be harmful, beneficial, or have no effect. If they occur in cells that make eggs or sperm, they can be inherited; if mutations occur in other types of cells, they are not inherited. Certain mutations may lead to cancer or other diseases.

	nucleotide
	The basic building block of nucleic acids. DNA are made of long chains of nucleotides. A nucleotide consists of a sugar molecule attached to a phosphate group and a nitrogen-containing base. The bases used in DNA are adenine (A), cytosine (C), guanine (G), and thymine (T).

	nucleus
	The structure in a cell that contains the chromosomes.

	personalized medicine
	An emerging practice of medicine that uses an individual's genetic profile to guide decisions made in regard to the prevention, diagnosis, and treatment of disease. Knowledge of a patient's genetic profile can help doctors select the proper medication or therapy and administer it using the proper dose or regimen.

	preclinical study
	Research using animals to find out if a drug, procedure, or treatment is likely to be useful. Preclinical studies take place before any testing in humans is done.

	reproductive cell
	An egg or sperm cell. Each mature reproductive cell carries a single set of 23 chromosomes.

	sex chromosomes
	A type of chromosome that participates in sex determination. Humans and most other mammals have two sex chromosomes, the X and the Y. Females have two X chromosomes in their cells, while males have both X and a Y chromosomes in their cells. Egg cells all contain an X chromosome, while sperm cells contain an X or Y chromosome. This arrangement means that it is the male that determines the sex of the offspring when fertilization occurs.

	sickle cell disease
	A hereditary disease seen most often among people of African ancestry. Caused by mutations in one of the genes that encode the hemoglobin protein, the disease is inherited as an autosomal recessive trait. The mutation causes the red blood cells to take on an unusual sickle shape. Individuals affected by sickle cell disease are chronically anemic and experience significant damage to their heart, lungs, and kidneys.

	targeted therapy
	A type of treatment that uses drugs or other substances to identify and attack specific cancer cells. Targeted therapy may have fewer side effects than other types of cancer treatments.

	Tay-Sachs disease
	A rare, inherited disorder. It causes too much of a fatty substance to build up in tissues and nerve cells of the brain. This buildup destroys the nerve cells, causing mental and physical problems. 



Resources for Learning More

American Society of Clinical Oncology’s (ASCO) Cancer.Net – What to Expect When Meeting With a Genetic Counselor:  This link provides information about meeting with a genetic counselor. http://www.cancer.net/patient/All+About+Cancer/Genetics/What+to+Expect+When+Meeting+With+a+Genetic+Counselor 

ASCO’s Cancer.Net – Sharing Genetic Test Results With Your Family:  This link provides supportive information about sharing genetic test results with family members.

http://www.cancer.net/patient/All+About+Cancer/Genetics/Sharing+Genetic+Test+Results+With+Your+Family 
Centers for Disease Control & Prevention (CDC) – Diseases, Genetics, and Family History:  This web page provides links to general information about diseases, genetics and family history.  http://www.cdc.gov/genomics/resources/diseases/index.htm 
CDC – Family Health History Awareness:  This link provides general information about family history and health.  http://www.cdc.gov/genomics/resources/diseases/family.htm 

CDC – Genomics and Health: Frequently Asked Questions:  This link provides information about genomics and health in a question and answer format.  http://www.cdc.gov/genomics/public/faq.htm 
Genetic Health.com:  This web site provides the latest information about genetics and health and helps you assess your inherited genetic risk of common diseases like cancer and heart disease.  http://www.genetichealth.com/index.shtml 
National Cancer Institute (NCI) – BRCA1 and BRCA2: Cancer Risk and Gene Testing:  A fact sheet that explains what the BRCA genes are, and provides an overview of cancer risk related to these genes.  http://www.cancer.gov/cancertopics/factsheet/Risk/BRCA 
NCI – Understanding Cancer Series: Cancer Genomics:  This self-paced graphic-rich tutorial can be used for educational use by teachers, medical professionals, and the interested public.  Can be downloaded in PDF and PowerPoint format.  
http://www.cancer.gov/cancertopics/understandingcancer/cancergenomics 

NCI – Understanding Cancer Series: Gene Testing:  This self-paced graphic-rich tutorial can be used for educational use by teachers, medical professionals, and the interested public.  Can be downloaded in PDF and PowerPoint format.  http://www.cancer.gov/cancertopics/understandingcancer/genetesting 
NCI – Understanding Cancer Series: Targeted Therapies:  This link provides tutorials on advances in targeted therapies. Also provided are links for specific information about targeted therapies for breast cancer, multiple myeloma, and lymphoma.

http://www.cancer.gov/cancertopics/understandingcancer/targetedtherapies 
NCI – Targeted Cancer Therapies:  A fact sheet that provides information about targeted therapies in a question and answer format.  http://www.cancer.gov/cancertopics/factsheet/Therapy/targeted 
National Human Genome Research Institute (NHGRI): Link to access educational materials about genetics and genomics.  http://www.genome.gov/Education/  

NHGRI – A Brief Guide to Genomics:  A brief guide to DNA, genes, and genomics. http://www.genome.gov/18016863
NHGRI – Genetic Information Nondiscrimination Act of 2008:  Provides specific information about the Genetic Information Nondiscrimination Act.  http://www.genome.gov/10002328 
NHGRI – Policy and Ethics Issues:  This link provides information about policy and ethical issues in genetic testing.  http://www.genome.gov/27527631 

NHGRI – Talking Glossary of Genetic Terms: Glossary which can be used to understand the terms and concepts used in genetic research. In addition to definitions, specialists in the field of genetics share their description of terms, and many terms include images, animation, and links to related terms.  http://www.genome.gov/Glossary/index.cfm 
National Institute of General Medical Sciences – Human Genetic Variation Fact Sheet:  Provides information about genetics including genetic variation, genome wide association studies, gene tests, genetic research and comparative genomics and evolution.  
http://www.nigms.nih.gov/Publications/Factsheet_GeneticVariation.htm 

National Institutes of Health - Genetic Testing: What It Means for Your Health & Your Family’s Health:  Provides information about genetic testing and what it means for individual and family health.

http://www.genome.gov/Pages/Health/PatientsPublicInfo/GeneticTestingWhatItMeansForYourHealth.pdf
National Library of Medicine (NLM) – Genetics Resources and Patient Support:  This web page provides links to relevant genetics resources on the web.  http://ghr.nlm.nih.gov/Resources 

NLM - Handbook: Help Me Understand Genetics:  This handbook presents basic information about genetics in clear language and provides links to online resources.

http://ghr.nlm.nih.gov/handbook 

The University of Utah, Genetics Science Learning Center – Tour of the Basics:  This multimedia tutorial helps clarify basic terms such as DNA, genes, chromosomes, heredity, and traits.  http://learn.genetics.utah.edu/content/begin/tour/
The University of Utah, Genetics Science Learning Center – Using Family History to Improve Your Health:  This web site provides information about diseases, such as diabetes and cancer, who is at risk for such diseases, and how one can reduce their risk.  http://learn.genetics.utah.edu/content/health/history/
U.S. Department of Health & Human Services – Surgeon General’s Family Health History Initiative:  This web-based tool helps users organize family history information and then print it out for presentation to their family doctor. In addition, the tool helps users save their family history information to their own computer and even share family history information with other family members.  http://www.hhs.gov/familyhistory/
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