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Mutation, Neoplasia, Malignancy and Metastasis

Neoplasia  means “new growth” and the new growth is called a neoplasm.

Cause of Genetic Mutation


Cancer is a genetic problem:  instructions for cell behavior are in the DNA and genetic mutations there dictate the problem. Theoretically, mutations to the DNA arise from 

· Environmental chemicals: relatively few industrial chemicals have been proved to be carcinogenic in humans

· Lifestyle factors:  smoking  (tobacco smoking is the of chemical carcinogenesis)

· Dietary factors 

· Viral infection: few cancer types are caused by viral DNA although many more are highly suspected

Many types of cancer have increased during the past century (separate from improved detection methods); the reasons for this are not well defined. Some risk reduction factors are identified, but there may be much that is unavoidable considering the industrial society and that cell biology can have "accidents".   While there are "complete carcinogens" (single agents which will produce cancer) for animals and humans, most cancer requires exposure to multiple agents in a concurrent or sequential manner.

Mutation and the Development of Malignancy


Stem cells form the basis of most cancers as they are undifferentiated and continue to divide.  Thus, they are susceptible to mutation.  Mature cells, however, divide less readily or do not divide at and are therefore less susceptible to mutation. 
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Lack of differentiation (anaplasia) is the hallmark of malignant transformation

The malignant phenotype loses the capacity to differentiate, a fact well observed in leukemias  .  


*The original mutation indicates an error DNA replication that has not been corrected, whether acquired or congenital.  Each subsequent mutation imparts a characteristic to the cell that enable it function beyond normal cell growth.  Also, the later progeny do not resemble the original mutated cell due to subsequent mutations.


Familial genetics account for about 10% of the incidence of any particular cancer type as evidenced by the occasional family in which several closely related members acquire the same type of cancer. Even though a familial cancer could be related to shared exposure to a carcinogenic factor a genetic factor may also exist.  A genetic factor indicates that individuals in such a family are born with the first mutation necessary in the sequence required to develop that type of cancer. However, such a condition does not indicate that the individual with develop the cancer, only that they have increased susceptibility that is still subject to other factors that are involved in carcinogenesis (i.e. factors that cause subsequent mutations).

· inherited syndromes may be autosomal dominant, recessive or X-linked

· a genetic cause for cancer is suggested by early age of onset, multiple tumors or bilateral disease and a pattern of familial clustering compatible with a Mendelian segregation of the cancer.

· germ line transmission of the mutant allele of p54 is though to be the most common genetic abnormality seen in human cancer.  

· known inherited genes associated with cancers include bcl-1 and BRCA for breast cancer risk 

Characteristics of cancer cells:

· Loss of contact inhibition 

· Uninhibited growth and indefinite life span

· Loss of normal cellular function and structure (pleomorphism:  variation in size and shape).

· Invasion into and disruption of adjacent tissue through production of proteolytic enzymes


· Invasion of blood vessels or lymph channels to other tissues of the body and set up a secondary tumor or metastasis

· Ability to grow even with malnutrition by drawing nutrient materials from the host, causing cachexia

Mutations necessary for metastasis are needed to…

· loosen cell-cell adhesion allowing separation from neighboring cells 

· direct invasion toward a capillary

· produce proteolytic enzymes needed to break through the basement membrane (type 4 collagenase)

· enable motility of the escaping cells to pass to the capillary interior and reach the circulation.

Metastasis genetically represents an advanced state of aggressive cancer.

Circulation and Metastasis:

· Only one in perhaps a million malignant cells reaching the circulation results in a metastasis. 

· However, in a mature cancer millions of malignant cells may reach the circulation daily.

· The accomplishment of metastasis to distant sites from the original occurs early in the lifetime of some cancers and rather late in others.

� Oncology Class Notes, Lecture 1.  Davis Lamson ND, Spring 2002


� Robbins  Pathologic Basis of Disease, 6th ed. p 265





