cancer genetics basics

Cancer genetics basics: Understanding the fundamental principles of how
genetic alterations contribute to the development and progression of cancer
is crucial for both researchers and patients. This comprehensive article will
delve into the intricate world of cancer genetics, exploring the building
blocks of our DNA, the concept of mutations, and how these changes can lead
to uncontrolled cell growth. We will examine the different types of genes
involved in cancer, such as oncogenes and tumor suppressor genes, and discuss
the hereditary versus sporadic forms of cancer. Furthermore, we will touch
upon the role of genetic testing in cancer diagnosis, risk assessment, and
the emerging field of personalized cancer treatment. This exploration aims to
provide a clear and accessible understanding of cancer genetics basics.
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Understanding DNA and Genes

At the core of understanding cancer genetics basics lies a grasp of
deoxyribonucleic acid (DNA) and its fundamental unit, the gene. DNA is the
molecule that carries the genetic instructions for the development,
functioning, growth, and reproduction of all known organisms and many
viruses. It is a double helix structure composed of nucleotide bases: adenine
(A), guanine (G), cytosine (C), and thymine (T). The sequence of these bases
along the DNA strand dictates the genetic code.

Genes are specific segments of DNA that contain the instructions for building
proteins or functional RNA molecules. These proteins perform a vast array of
tasks within our cells, from catalyzing biochemical reactions to providing
structural support and regulating cellular processes. The precise order of
DNA bases within a gene determines the amino acid sequence of the protein it
codes for, and consequently, the protein's function. The human genome,
comprising approximately 20,000-25,000 genes, orchestrates every aspect of
our biological makeup.

The Structure of DNA

The elegant double helix structure of DNA, famously described by Watson and
Crick, is key to its function. Two complementary strands wind around each
other, held together by hydrogen bonds between the base pairs. Adenine always
pairs with thymine (A-T), and guanine always pairs with cytosine (G-C). This
complementary base pairing ensures that DNA can be accurately replicated, a
critical process for cell division and inheritance.



The Central Dogma of Molecular Biology

The flow of genetic information within a cell, known as the central dogma of
molecular biology, explains how genes are expressed. DNA is transcribed into
messenger RNA (mRNA), which then travels to ribosomes. Here, the mRNA is
translated into a specific sequence of amino acids, forming a protein. This
process, from DNA to RNA to protein, is fundamental to cellular function and
is a key area where disruptions can lead to disease, including cancer.

How Genetic Mutations Lead to Cancer

Cancer is fundamentally a genetic disease, meaning it arises from changes, or
mutations, in the DNA of cells. These mutations can affect a single DNA base
or a larger segment of a chromosome. While our cells have sophisticated
mechanisms for DNA repair, these systems are not perfect, and errors can
accumulate over time, especially with exposure to carcinogens or due to
inherited predispositions. The accumulation of multiple genetic alterations
in critical genes is what typically drives the transformation of a normal
cell into a cancerous one.

A mutation is a permanent alteration in the DNA sequence. These alterations
can occur spontaneously during DNA replication or be induced by external
factors called mutagens, such as ultraviolet (UV) radiation from the sun,
certain chemicals in tobacco smoke, or ionizing radiation. The impact of a
mutation depends on where it occurs within the DNA and what gene it affects.
Some mutations have no noticeable effect, while others can lead to
significant functional changes in the proteins they encode.

Types of Genetic Mutations

Genetic mutations can manifest in various ways, each with potentially
different consequences for cell behavior. Understanding these types is
crucial for grasping cancer genetics basics.

e Point Mutations: These involve a change in a single DNA base. For
example, a change from an adenine to a guanine at a specific position.
Point mutations can be silent (no change in the amino acid sequence),
missense (change in an amino acid), or nonsense (introduction of a
premature stop codon).

e Insertions: One or more DNA bases are added into a gene sequence. This
can cause a frameshift mutation, altering the reading frame of the
genetic code and leading to a completely different protein.

e Deletions: One or more DNA bases are removed from a gene sequence. Like
insertions, deletions can also cause frameshift mutations.

e Chromosomal Abnormalities: These are larger-scale changes affecting
entire chromosomes or significant portions of them. They include
translocations (swapping of genetic material between chromosomes),
inversions (a segment of a chromosome is reversed), duplications (a
segment of a chromosome is repeated), and aneuploidy (an abnormal number



of chromosomes) .

The Multi-Hit Hypothesis

The development of most cancers is not attributed to a single genetic
mutation but rather a series of accumulated genetic alterations over time.
This concept is often referred to as the "multi-hit hypothesis." As more
critical genes become mutated, a cell gains successive advantages, such as
increased proliferation, resistance to cell death, and the ability to invade
surrounding tissues and metastasize to distant sites. Each genetic "hit"
contributes to the progressive loss of normal cellular control mechanisms.

Key Players in Cancer Genetics: Oncogenes and
Tumor Suppressor Genes

Within the vast landscape of our genome, certain genes play pivotal roles in
regulating cell growth, division, and death. When these genes undergo
mutations, they can become contributors to cancer development. Two major
categories of genes are particularly important in cancer genetics basics:
oncogenes and tumor suppressor genes. Both are involved in the intricate
dance of cell cycle control, but their roles are in opposition.

Oncogenes are essentially mutated versions of normal genes called proto-
oncogenes. Proto-oncogenes are involved in promoting cell growth and
division. When a proto-oncogene mutates into an oncogene, it becomes
permanently activated, leading to uncontrolled cell proliferation. Think of
them as the cellular equivalent of a stuck accelerator pedal, constantly
signaling cells to divide.

Oncogenes: The Gas Pedal

Proto-oncogenes normally function to stimulate cell division, help cells
differentiate, or regulate programmed cell death. They are tightly
controlled, with their activity switched on and off as needed for normal
cellular processes. However, when a proto-oncogene acquires a mutation that
leads to its persistent activation, it becomes an oncogene. This can happen
through point mutations, gene amplification (producing many copies of the
gene), or chromosomal translocations that place the proto-oncogene under the
control of a stronger promoter.

Examples of well-known oncogenes include KRAS, MYC, and HER2. Mutations in
KRAS are common in pancreatic, lung, and colorectal cancers, driving abnormal
cell growth. MYC is involved in lymphomas and other cancers, promoting rapid
cell division. HER2 amplification in breast cancer leads to aggressive tumor
growth.



Tumor Suppressor Genes: The Brakes

In contrast to oncogenes, tumor suppressor genes act as the "brakes" on cell
growth and division. They are responsible for slowing down cell division,
repairing DNA errors, or signaling cells to undergo apoptosis (programmed
cell death) when they are damaged or no longer needed. For a tumor suppressor
gene to contribute to cancer, both copies of the gene within a cell typically
need to be inactivated or mutated.

Classic examples of tumor suppressor genes include TP53 (often called the
"guardian of the genome") and RB1. TP53 plays a critical role in preventing
cells with damaged DNA from replicating. Mutations in TP53 are found in a
wide variety of cancers. RB1 is involved in controlling the cell cycle; its
inactivation allows cells to divide uncontrollably. Mutations in BRCAl and
BRCA2, genes involved in DNA repair, significantly increase the risk of
breast, ovarian, and other cancers.

Hereditary vs. Sporadic Cancer Genetics

While most cancers are considered sporadic, meaning they arise from
accumulated mutations during a person's lifetime, a significant minority are
hereditary. Understanding the distinction between these two forms is crucial
for personalized cancer genetics basics and for identifying individuals at
higher risk.

Sporadic cancers account for approximately 90-95% of all cancer cases. These
cancers are not directly inherited from parents. Instead, they result from a
series of genetic mutations that occur randomly in cells over many years.
Factors such as aging, exposure to environmental carcinogens (like tobacco
smoke or UV radiation), and lifestyle choices can contribute to the
accumulation of these mutations. Each mutation is acquired, not inherited.

Hereditary Cancer Syndromes

Hereditary cancers, making up the remaining 5-10% of cases, are caused by
inherited genetic mutations passed down from one or both parents. These
mutations are present in every cell of an individual's body from birth. While
having an inherited mutation does not guarantee that a person will develop
cancer, it significantly increases their risk compared to the general
population. These inherited mutations are often in tumor suppressor genes,
meaning individuals are born with one "faulty" brake pedal, and acquiring a
second mutation in the other copy can lead to cancer more readily.

Examples of well-known hereditary cancer syndromes include:

e Lynch Syndrome (hereditary non-polyposis colorectal cancer)

e Hereditary Breast and Ovarian Cancer Syndrome (associated with BRCAl and
BRCA2 mutations)

e Familial Adenomatous Polyposis (FAP)



e Li-Fraumeni Syndrome (associated with TP53 mutations)

Individuals with a family history of cancer, particularly if the cancer
occurred at a young age, or if there are multiple relatives with the same or
related cancers, may be candidates for genetic counseling and testing to
assess their risk of hereditary cancer.

The Role of Germline vs. Somatic Mutations

The distinction between germline and somatic mutations is fundamental to
understanding hereditary versus sporadic cancers. Germline mutations are
present in the egg or sperm cells and are therefore inherited. These
mutations are found in every cell of the body. Somatic mutations, on the
other hand, occur in non-reproductive cells after conception and are not
passed down to offspring. These are the mutations that accumulate over a
lifetime and lead to sporadic cancers.

The Role of Genetic Testing in Cancer

Genetic testing has become an indispensable tool in the modern approach to
cancer, offering valuable insights for diagnosis, risk assessment, and
treatment planning. Understanding the principles of genetic testing is a key
component of grasping cancer genetics basics in a clinical context. These
tests analyze an individual's DNA to identify specific genetic mutations or
variations that may be associated with an increased risk of developing cancer
or that are driving the growth of an existing tumor.

There are several types of genetic tests used in oncology. Germline genetic
testing typically involves a blood or saliva sample to look for inherited
mutations that predispose individuals to certain cancers. This is
particularly useful for individuals with a strong family history of cancer or
those diagnosed with specific cancer types at a young age. Somatic genetic
testing, often performed on a tumor biopsy, examines the genetic mutations
present within the cancer cells themselves.

Germline Genetic Testing

Germline testing aims to identify inherited gene alterations that increase
susceptibility to cancer. If a person has a known mutation in genes like
BRCA1l or BRCA2, it means they have a significantly higher lifetime risk of
developing breast, ovarian, prostate, or pancreatic cancers. The results of
germline testing can guide preventative strategies, such as increased
surveillance or prophylactic surgeries, and can also inform family members
who may have inherited the same mutation.

Somatic Genetic Testing (Tumor Profiling)

Somatic genetic testing, also known as tumor profiling or molecular



profiling, focuses on the genetic landscape of the tumor. By sequencing the
DNA of cancer cells, oncologists can identify specific mutations that are
driving the tumor's growth. This information is invaluable for personalized
medicine. For example, if a lung cancer tumor has a mutation in the EGFR
gene, targeted therapies that inhibit EGFR activity can be highly effective
in treating the cancer.

Applications of Genetic Testing

The applications of genetic testing in cancer are broad and continue to
expand:

e Risk Assessment: Identifying individuals with a higher genetic
predisposition to cancer.

e Diagnosis: Sometimes, specific genetic alterations can aid in the
diagnosis or classification of a tumor.

e Prognosis: Certain genetic markers can help predict how aggressive a
cancer might be.

e Treatment Selection: Identifying specific mutations that can be targeted
by precision therapies.

e Family Planning: Informing individuals about potential risks for their
children.

It is important to note that genetic testing should ideally be preceded by
genetic counseling to ensure individuals understand the implications of the
test results.

Implications for Cancer Treatment

The advancements in understanding cancer genetics basics have revolutionized
cancer treatment, moving away from a one-size-fits-all approach towards
highly personalized and targeted therapies. This shift is largely driven by
the ability to identify specific genetic alterations within a patient's
tumor, allowing for treatments that are tailored to the unique molecular
characteristics of their cancer.

Targeted therapies are a cornerstone of modern cancer treatment. Unlike
traditional chemotherapy, which broadly affects rapidly dividing cells (both
cancerous and healthy), targeted therapies are designed to interfere with
specific molecules or pathways that are crucial for cancer cell growth and
survival. These molecules are often the products of mutated genes identified
through genetic testing.

Targeted Therapies

Targeted therapies can work in several ways. Some drugs block the action of



specific proteins produced by oncogenes, effectively inhibiting the signals
that tell cancer cells to grow and divide. Others may help the immune system
recognize and attack cancer cells, or deliver toxins directly to cancer cells
while sparing normal ones. For instance, imatinib (Gleevec) revolutionized
the treatment of chronic myeloid leukemia (CML) by targeting the BCR-ABL
fusion protein, a product of a specific chromosomal translocation
characteristic of this cancer.

Immunotherapy and Gene Editing

The field of cancer genetics also intersects significantly with
immunotherapy, which harnesses the power of the patient's own immune system
to fight cancer. Understanding the genetic mutations within tumors can help
predict which patients are more likely to respond to different types of
immunotherapies. Furthermore, emerging technologies like CRISPR-based gene
editing hold immense potential for correcting specific genetic defects that
cause cancer, though these are still largely in the research and early
clinical trial phases.

The continuous exploration of cancer genetics basics, from fundamental DNA
mutations to complex gene interactions, promises to yield even more
sophisticated and effective strategies for preventing, diagnosing, and
treating cancer in the future. The integration of genetic information into
clinical practice is transforming patient care and offering renewed hope.

FAQ

Q: What is the difference between a gene and a
mutation?

A: A gene is a segment of DNA that contains the instructions for building a
specific protein or functional RNA molecule. A mutation is a change or
alteration in the DNA sequence of a gene. Genes are the fundamental units of
heredity; mutations are alterations within those units that can sometimes
lead to changes in function.

Q: Are all genetic mutations in cancer inherited?

A: No, most genetic mutations that lead to cancer are not inherited. These
are called somatic mutations and occur in non-reproductive cells after
conception, accumulating over a person's lifetime due to environmental
exposures, aging, or errors in cell division. Only about 5-10% of cancers are
caused by inherited genetic mutations (germline mutations) that are present
in every cell of the body.

Q: What are oncogenes and tumor suppressor genes, and
how do they relate to cancer?

A: Oncogenes are mutated versions of proto-oncogenes, which normally promote
cell growth and division. When mutated, oncogenes become overactive, driving
uncontrolled cell proliferation, like a stuck accelerator pedal. Tumor



suppressor genes normally inhibit cell growth, repair DNA, or trigger
programmed cell death. When mutated and inactivated, they lose their ability
to control cell growth, akin to faulty brakes. Both types of genetic
alterations are critical in cancer development.

Q: How does knowing about cancer genetics basics help
in treating cancer?

A: Understanding the specific genetic mutations driving a cancer allows for
the development of targeted therapies. These treatments are designed to
attack cancer cells by interfering with the specific molecules or pathways
that are altered by those mutations, often leading to more effective
treatment with fewer side effects compared to traditional chemotherapy.

Q: What is germline genetic testing, and who should
consider it?

A: Germline genetic testing analyzes inherited DNA for mutations that
increase the risk of developing certain cancers. It is typically recommended
for individuals with a strong family history of cancer, those diagnosed with
specific types of cancer at a young age, or those with a known hereditary
cancer syndrome in their family.

Q: What is somatic genetic testing, and how is it
used?

A: Somatic genetic testing examines the DNA of tumor cells to identify
mutations that are specific to the cancer. This information is used to guide
treatment decisions, particularly for selecting targeted therapies or
immunotherapies that are most likely to be effective against that particular
cancer.

Q: Can a person inherit a gene that guarantees they
will get cancer?

A: While inheriting a specific gene mutation significantly increases a
person's risk of developing cancer, it does not guarantee it. These inherited
mutations, often in tumor suppressor genes, mean an individual is born with
one faulty gene. They still need to acquire a second mutation in the other
copy of that gene for cancer to develop. Lifestyle, environmental factors,
and other genetic influences also play a role.

Q: What is the role of DNA repair genes in cancer
genetics?

A: DNA repair genes are a type of tumor suppressor gene responsible for
correcting errors that occur during DNA replication or when DNA is damaged by
external factors. When these genes are mutated and lose their function,
errors accumulate more rapidly in other genes, increasing the likelihood of
mutations in oncogenes and other tumor suppressor genes, thus promoting
cancer development. Examples include BRCA1 and BRCAZ2.
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