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Cancer Basics
• As mentioned, cancer is a collection of diseases characterized by unchecked growth toward 

limitless expansion 

• Carcinomas – cancer in tissue of skin or lining of internal organs (most common type)



Other Types of Cancers

• Sarcomas – Non-epithelial cancer (cells of mesenchymal origin) 
• Very rare in humans

Immune cells produced here 
(e.g. B, T cells)

Bone marrow



Estimated New Cancer Cases in 2016 (US)

• Probability of developing in lifetime:
• Men:  42%
• Women:  38%



Estimated Cancer Deaths in 2016 (US)



Cell Basics
• Basic structural and functional unit of all known living organisms

• Replicate independently
• “Building blocks of life”

• Unicellular vs. multicellular
• Humans – 1012 cells (10 trillion)

• Biomolecules (proteins and nucleic acids) contained inside a cell 
membrane 

• Prokaryotes vs. Eukaryotes
• Prokaryotes – bacteria, no nucleus, single chromosome,  

binary fission, 1-5 µm
• Eukaryotes – animals and plants, nucleus, multiple 

chromosomes, mitosis or meiosis, 10-100  µm



Primer on Genetics (Eukaryotes)
• In Eukaryotic cells, genetic material is stored in the cell 

nucleus
• Prokaryotes – DNA processing take place in the cytoplasm 

itself
• Nucleus contains genes – basic functional unit of heredity

• Segment of DNA used to synthesize a protein (or RNA 
molecule)

• Humans – DNA organized into tightly packed structures 
called chromosomes (1.8 m in length)

• 46 chromosomes in humans – 22 pairs of autosomes and a 
pair of sex chromosomes (XX – female, XY – male)

• One member of each pair comes from mother (egg) and 
father (sperm)



Chromosomes and karyotype



Genes and Proteins

• Genes – specific sequence of nucleotide bases, whose sequence carry 
the information required for constructing proteins
• Proteins – provide structural components of cells and tissues, as well 

as enzymes 
• Large, complex molecules made up of amino acids
• Synthesize over 100,00 different kinds

• Humans – over 100,000 genes and 3 billion base pairs in 23 
chromosomes

• In a gene, codons direct for a specific sequence of amino acids to 
produce proteins



Transcription and Translation
• Process by which genes, when expressed, are used in the synthesis of a 

functional gene product (usually proteins)
• “Central Dogma of Molecular Biology”



Proteins and Function
• Genes make proteins (and RNA), which control the cell

• Decide type of cell, what it does, when it will divide, when it will die, 
etc.



Cell Division
• Cell division – process by which parent cell divides into two or more 

daughter cells
• Mitosis or meiosis

• Continual construction and repair in organisms
• 1016 in a human lifetime



Mutations
• Mutation – change in a cell’s gene that occurs during cell division

• Typos in the base sequence
• Gene has been damaged 

• Or duplicated (gene amplification)
• Affects protein production

• Too much (divide too often)
• Not enough (tell cell to stop)
• Change function (abnormal proteins)

• Enough mutations occur, and cancer forms
• 6 or so mutations

(https://youtu.be/m5_yo6uEeEc)



Causes of Mutations (Carcinogens)

• Chemicals – tobacco smoke , asbestos,  lead, benzene, aflatoxins, alcohol
• Viruses – Hepatitus B, HPV
• Hormones – estrogen, for example (drives cell proliferation, breast and 

ovarian cancer) 



Classification of Genes causing Cancer
• Uncontrolled growth as the result of alterations (mutations) in genetic material

• Break out of regulatory networks which ensure cooperation (multi-stage carcinogenesis)
• Higher fitness and selected via Darwinian evolution (clonal expansion)

• Categories of cancer causing genes:
• Oncogenes (gain of function)
• Tumor suppressor genes (loss of function)
• Repair genes



Oncogenes
• Healthy cells – promote regulated proliferation of cells in the presence of 

appropriate growth signals
• Mutations – induce cells to divide continuously, independent of presence or 

absence of growth signals



Oncogenes continued
• Examples – Ras (25% of all cancers) and BCL-2
• Remember, each cell has 2 copies of every gene (one from mother, one from 

father on each chromosome, except for sex chromosome)
• Thus, only needs 1 mutation to obtain activation (gain of function) and thus 

gain new behavior



Tumor Suppressor Genes
• Protect cells by stopping growth in normal cells
• Many reasons why may want growth to stop:

• Cell becomes damaged or mutated
• Cell death required for normal tissue homeostasis

• Cell can either halt progress in cell-cycle (cell-cycle arrest, senescence), or go 
through programmed cell death (apoptosis)

• Inactivation or loss:  growth is not prevented, hence promotes development of 
cancer (loss of function)
• Note:  harder to detect (difficult to see what’s NOT there)

• Require “two-hits” – two mutational events to inactivate both genetic copies
• Fundamental in initiation (theorized to come first)

• Examples:  Rb (retinoblastoma protein pRb), APC, p53 (inactivated in 50% of human cancers)



Tumor Suppressor Genes contiuned



Repair Genes
• Maintain integrity of the genome, by fixing DNA damage
• When normally function, do one of two things:

• Remove DNA damage (make sure cell is healthy), or
• Mark for cell death (apoptosis)

• If damaged:  obtain mutations in oncogenes and/or tumor 
suppressor genes at a faster rate (genetic instability)
• Cells acquire “mutator phenotype” which promotes the 

process of carcinogenesis (development of cancer)
• Usually require two mutations (hits), but may be compromised 

with only one



Colon Cancer (Mutations and Carcinogenesis)
• Example of how multiple mutations (oncogenes and tumor suppressor) lead to the 

formation of cancer
• Colon:  consists of crypts in epithelium

• Cell death must occur at top of crypt for normal health
• Successive mutations lead to varying levels of disease (polyp, adenoma, carcinoma)

Note:  a caricature (order is not precise)



Hallmarks of Cancer
• Cancer cells have defects in regulatory “circuits” 

that govern normal cell proliferation and 
homeostasis (come from genetic mutations and 
epigenetics (later))

• Huge number of genetic variations and cell types 
(and subtypes) mean that the complexity is 
enormous
• More than 100 cancer types
• Hence why a single cure seems unlikely

• However, complexity can be reduced to a small 
number of traits (“hallmarks”) that govern 
transformation of normal cells to cancer
• Phenotype arising from genotype 

(redundancies in genotype)

Not all necessary



Self-Sufficiency of Growth Signals
• Activation of oncogenes – autonomy of growth signals (normal cells all need external signals to divide)

• Produce growth factors themselves (autocrine signaling, e.g. PDGF and TGFα in glioblastomas and 
carcinomas)

• Alter cell surface receptors (overexpress, structural alteration, type of receptor)
• Alter downstream pathways (activation of Ras without normal upstream regulators, such as bound 

ligand in receptors)



Insensitivity to Anti-Growth Signals
• Cancer cells are generally resistant to growth-preventing signals from their neighbors

• Mutations in tumor suppressor genes
• Often based on internal clock (cell-cycle)

• Genes take information from cell and its environment and determine if it should 
divide (mitosis)

• Cancer – proteins from these genes are altered so as not to function, so that a cell 
will divide regardless of signal (pRb, p53)

• Normal cells – stop dividing due to contact inhibition, which cancer cells ignore

Often interrupt here



Evading Cell Death
• Similar to the previous, cancer cells obtain the ability to evade programmed cell death 

(apoptosis)
• Again related to tumor suppressor genes

• Even though cell is grossly abnormal (DNA damage, hypoxic, viral infection, etc.)
• Note:  if exhibiting, DNA damage therapies may be ineffective



Limitless Replicative Potential
• Healthy cells have a limit on the number of cell divisions that can occur before 

senescence or cell death (crisis)
• Hayflick limit:  60-70 doublings in a lifetime

• Why?
• Telomeres (DNA at end of the chromosomes) shorten during every cell division
• Eventually, becomes too short to divide (activates senescence)

• Cancer cells upregulate telomerase (enzyme that maintains telomeres)



Developing Blood Vessels
• Cells need oxygen and other nutrients to survive and grow

• Most lie within 100 μm of a capillary
• Typically, capillaries don’t grow

• Certain exceptions:  wound healing, menstruation
• However, tumors can obtain mutations to prompt 

angiogenesis – process by which new blood vessels are 
formed
• Key transition from in situ tumor into large malignant 

growth capable of spreading
• No bigger than pea beforehand

• Very complicated (linked with suppressor 
p53 via thrombospondin-1)

• Attractive treatment target (anti-angiogenic)



Tissue Invasion and Metastasis
• Cancer cells can break away from their site or organ or origin to invade surrounding tissue and 

spread (metastasize) to colonize body parts
• Secondary tumors – metastases (responsible for almost 90% of cancer-related deaths)

• Survive and grow in new environments where there are no restrictions on space or nutrients
• Use newly developed blood vessels (angiogenesis) to travel (and survive, which is harsh) blood 

supply (or lymph), escape circulatory system, and invade (i.e. divide in) foreign tissue (also hard, 
since environment may be very different than evolved in)
• Most likely lodge in (from microthrombi) lungs, brain, liver (most highly vascularized)

Interaction between cancer cells and environment is 
very important

Most die



Other Traits of Cancer
• New traits that are (more recently) coming to light

• Genomic instability – increased rates at which cells acquire genetic abnormalities
• Intuitive (but not necessary), since a number of mutations are required
• Epigenetic (DNA methylation, histone modification) mechanisms as well

• Deregulated metabolism – energy production primarily via glycolysis
• Inflammation and tumor progression - tumour microenvironment, which is largely 

orchestrated by inflammatory cells, is an indispensable participant in the neoplastic process


