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Cancer Biology: The Basics

The vocabulary

 Impact of cancer on human population

Hallmarks of cancer

Molecular bases of cancer 



Definitions

Willis (1952):” A neoplasm is an abundant
mass of tissue, the growth of which exceeds
and is uncoordinated with that of the 
normal tissues and persists in the same
excessive manner after cessation of the 
stimuli which evoked the change”



 When I published the results of my experiments on the
development of double-fertilized sea-urchin eggs in 1902, I
added the suggestion that malignant tumors might be the
result of a certain abnormal conditions of the chromosomes,
which may arise from multipolar mitosis. ……So I have carried
on for a long time the kind of experiments I suggested, which
are so farwithout success, but my convinction remains
unshaken.

 Theodor Boveri, pathologist, 1914

Definitions



The Vocabulary

 Hyperplasia – increased number of cells

 Hypertrophy – increased size of cells

 Dysplasia – disorderly proliferation

 Neoplasia – abnormal new growth

 Anaplasia – lack of differentiation 

 Tumor – originally meant any swelling,
but now equated with neoplasia

 Cancer- malignant tumor

 Metastasis –growth at a distant site



What is cancer?



What Is Cancer?

•  Cancer is a group of diseases caused by the uncontrolled
multiplication of abnormal cells in the body, a process called
neoplasia.

•  Abnormal  new tissues called neoplasms are formed.

• Neoplasms usually form masses called tumors that may be
benign (non cancerous) or malignant (cancerous).

• Malignant or cancerous tumors grow rapidly, are invasive
(to surrounding tissue) and metastatic (traveling via
blood/lymph to invade distant tissues).

•  Cancers destroy healthy tissues causing loss of function and
death.

•  Cancers are genetic disorders caused by accumulation of
somatic mutations (gene & chromosome) in a person’s cells.

•  Inherited mutations give a predisposition for certain cancers.



Biology of tumor growth: benign and 
malignant neoplasms





Definitions

Neoplasms results from heritable genetic alterations
that are passed down to the progeny of the tumor
cells.

These genetic changes allow excessive and 
unregulated proliferation that becomes autonomous
(independent of physiologic growth stimuli), although
tumors generally remain dependent on the host for
their nutrition and blood supply



“Tumor formation arises as a consequence of 
alterations in the control of cell proliferation and 

disorders in the interactions between cells and their 
surroundings that result in nvasion and metastasis.”

Christopher Marshall

Cell 64:313-326

Cancer:  From the View of Cancer Cell 

Biology
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Leading Causes of Death
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Invasive Cancer versus AgeInvasive Cancer Incidence in U.S.
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BENINGN TUMOR…….MALIGNANT TUMOR 
(CANCER)

PRIMARY TUMORIGENESIS (……PROLIFERATION)

SECONDARY TUMORIGENESIS (…….INVASIVE 
GROWTH…….METASASIS)





Biology of tumor growth: benign

and malignant neoplasms



“Tumor formation arises as a consequence of 
alterations in the control of cell proliferation and 

disorders in the interactions between cells and their 
surroundings that result in nvasion and metastasis.”

Christopher Marshall

Cell 64:313-326

Cancer:  From the View of Cancer Cell 
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Characteristics of Cancer Cells
• Cancer cells are genetically altered via gene or

chromosome mutations so:

- lack normal controls over cell division or apoptosis.

- may express inappropriate genes (e.g. for telomerase,
enzyme that maintains length of DNA for continued division)

- are genetically unstable due to loss of DNA repair
mechanisms (so are more susceptible to radiation damage
than normal cells).

• Divide excessively (proliferate) & indefinitely producing
neoplasms.

• Live indefinitely (do not show apoptosis).

• Lose the normal attachment to other cells so become
metastatic (travelling via blood/lymph to invade distant
sites).

• Secrete signals for angiogenesis (growth of blood vessels
into tumor).



Cancer   Cells   are   Undifferentiated & Malignant

• Cancer cells are
undifferentiated to
varying degrees
(even anaplastic, like
stem cells) so divide
& do not perform the
normal function of
mature cells.

• The less
differentiated the
cancer cell the more
malignant the
cancer (the more
rapidly growing is the
tumor).





Hallmarks of Cancer
Hanahan and Weimberg, Cell, 2000



Hallmarks of Cancer: The Next Generation
Hanahan and Weimberg, Cell, 2011





























The “cancer tissue”



Tumour progression
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Genetic Theory of Cancer

IF by Bill Brinkley

Theodor Boveri, 1914

dispermic fertilization in sea urchin

normal cancer



 When I published the results of my experiments on the
development of double-fertilized sea-urchin eggs in 1902, I
added the suggestion that malignant tumors might be the
result of a certain abnormal conditions of the chromosomes,
which may arise from multipolar mitosis. ……So I have carried
on for a long time the kind of experiments I suggested, which
are so far without success, but my convinction remains
unshaken. Theodor Boveri, pathologist, 1914



Cancer is a Genetic Disease

 Somatic mutations occur in most cancers.

 Inherited germline mutations occur in rare familial cancer syndromes.

 Increases in mutation rate or genomic instability increase frequency of cancer.

 Aneuploidy is a hallmark of cancer cells.

 Genetic selection at the level of single cells.







Cancer and genes:

Three classes of genes are frequently mutated in cancer:

• Proto-oncogenes ( oncogenes)

• Tumor suppressor genes

• Mutator genes



Proto-oncogenes oncogenes:

Proto-oncogenes

• Proto-oncgenes are genes that possess normal gene products and stimulate normal
cell development.

Oncogenes

• Oncogenes arise from mutant proto-oncogenes.

• Oncogenes are more active than normal or active at inappropriate times and stimulate
unregulated cell proliferation.

Some tumor viruses that infect cells possess oncogenes:

• RNA tumor viruses = possess viral oncogenes (derived form cellular proto-
oncogenes) capable of transforming cells to a cancerous state.

• DNA tumor viruses = another class of tumor viruses; do not carry oncogenes,
but induce cancer by activity of viral gene products on the cell (no
transformation per se).



Types & effects of different types of mutations:

1. Point mutations: occur in protein coding or controlling sequences.

2. Deletion: frameshifts may lead to defective proteins.

3. Gene amplification: random over-replication of small segments of DNA results in
extra copies (up-regulates cell growth).

Mutator genes:

• Mutator gene increases spontaneous mutation rate of other genes.

• Mutator gene products are involved in DNA replication and repair; mutations make 
the cell error prone.





How

Carcinogens

Cause

Cancer
Inactivation

of DNA

Repair Genes

Activation of

Oncogenes

Inactivation
of Genes for
Apoptosis

Inactivation of
Tumor
Suppressor
Genes



Molecular Abnormalities in Solid 
Tumors, HER2/neu
 The HER2/neu gene encodes one of a family of human 

epidermal growth-factor receptors.

 This gene is frequently amplified in breast cancer cells, 
resulting in increased amounts of HER2 cell surface 
protein.

 HER2-expressing tumors are sensitive to herceptin, a 
monoclonal antibody therapy.

 HER2 protein is detected by immunohistochemistry (IHC).

 HER2/neu gene amplification is detected by fluorescence 
in situ hybridization (FISH).



The EGFR Gene Family



Molecular Abnormalities in Solid 
Tumors, EGFR
 The EGFR oncogene encodes another of the same family of 

epidermal growth factor receptors.

 This gene is mutated or amplified in several types of cancer cells.

 Tumors with activating mutations in EGFR are sensitive to tyrosine 
kinase inhibitors (TKI).

 EGFR protein is detected by IHC.

 EGFR gene and chromosome abnormalities are detected by FISH.

 EGFR gene mutations are detected by SSCP, SSP-PCR, or direct 
sequencing.



Molecular Abnormalities in Solid 
Tumors, K-ras
 The Kirsten rat sarcoma viral oncogene (K-ras) encodes a 

key component of cell signaling.

 Mutations in K-ras are the most common oncogene 
mutations in cancer.

 K-ras mutations are associated with tumor malignancy and 
may affect response to some therapies.

 K-ras gene mutations are detected by SSCP or direct 
sequencing.



Molecular Abnormalities in Solid 
Tumors, TP53
 The 53-kilodalton tumor suppressor gene (TP53) encodes a 

transcription factor.

 TP53 is mutated in half of all types of cancer.

 Loss of TP53 function is an indicator of poor prognosis in 
colon, lung, breast, and other cancers.

 Mutant p53 protein is detected by IHC.

 TP53 gene mutations are detected by a variety of 
methods, including SSCP and direct sequencing.



Other Genes Associated with Solid 
Tumors
 Ewing sarcoma, EWS

 Synovial sarcoma translocation, chromsome 18; synovial sarcoma breakpoint 1 
and 2, SYT-SSX1, SYT-SSX2

 Paired box–Forkhead in rhabdomyosarcoma, PAX3-FKHR, PAX7-FKHR

 Ataxia telangiectasia mutated gene, ATM

 Von Hippel-Lindau gene, VHL

 V-myc avian myelocytomatosis viral-related oncogene, neuroblastoma-derived, 
MYCN or n-myc

 Rearranged during transfection (RET) protooncogene



Inherited Cancer Gene Mutations

 Inherited tumor suppressor gene mutations are recessive
for the malignant phenotype.

 Tumor suppressor gene mutations are dominant with 
respect to increased risk of malignancy.

 Loss of heterozygosity exposes the recessive mutant allele 
in a hemizygous state.

 This is explained by the two-hit hypothesis.



Inherited Breast Cancer Risk
 BRCA1 and BRCA2 are tumor suppressor genes encoding 

proteins that participate in  DNA repair.

 Inherited mutations in BRCA1 or BRCA2 significantly increase 
risk of breast cancer at an early age.

 Frequently occurring mutations, including 187delAG and 
5382insC in BRCA1 and 6174delT in BRCA2, are detected by 
SSP-PCR and other methods.

 Most mutations are detected by direct sequencing of both 
genes.



Genetic Pathways to Cancer
Cancers develop through an accumulation 

of somatic (not a single) mutations in 
proto-oncogenes and tumor suppressor 

genes.

© John Wiley & Sons, Inc.



Multiple Mutations in Cancer

 Most malignant tumors cannot be attributed to mutation 
of a single gene.

 Tumor formation, growth, and metastasis depend on the 
accumulation of mutations in several different genes.

 The genetic pathways to cancer are diverse and complex.

© John Wiley & Sons, Inc.





Pathway to Metastatic Colorectal Cancer

© John Wiley & Sons, Inc.

Carcinoma-epithelial cells.
Adenoma-glandular cells.



Somatic Mutation and Cancer

 Somatic mutation is the basis for the development and progression of 
all types of cancer.

 As mutations accumulate and cells become unregulated, genetic 
instability increases the likelihood that the cells will develop the 
hallmarks of cancer.

© John Wiley & Sons, Inc.



Target therapy



Herceptin

Trastuzumab is a humanized monoclonal 
antibody anti-ErbB-2

Efficacy on primary tumors with ErbB-2 
amplification:
- Inhibits angiogenesis
- induces cytotoxicity
- increase response to chemioterapy
- Inhibits the activation of ErbB-2

Metastatic tumors develop resistance to Herceptin within 12 months 

Increase of PI3K activation

Badache and Hynes, Cancer Cell 2004





CONCLUSION
 Cancer is a complex, multi stage, disease

 Cancer can be defined by several hallmarks

 Different genetic alterations (mutations, translocations, epigenetic
alterations) underlie cancer hallmarks

 Two main concepts have biological and clinical relevance: the 
“cancer tissue” and “tumour progression”

 Clinical management of cancer patients has improved thanks to the 
increasing knowledge of cancer biological and molecular bases


