
Dr Bouafia  

Master 1 Biologie et pathologie cellulaire 

UE découverte : Anglais scientifique 

Année universitaire 2019-2020 

Cours + TD  N° 6 

 

Cancer As a Genetic Disease 
 

Cancer arises as a result of fundamental defects in the regulation of cell division, and its study 

therefore has significance not only for public health, but also for our basic understanding of cell 

biology. Through the years, many ideas have been put forth to explain cancer, but we now recognize 

that most, if not all, cancers arise from defects in DNA. 

 

EVIDENCE FOR THE GENETIC THEORY OF CANCER Early observations suggested that 

cancer might result from genetic damage. First, many agents that cause mutations, such as ionizing 

radiation and chemicals, also cause cancer. Second, some cancers are consistently associated with 

particular chromosome abnormalities. About 90% of people with chronic myeloid leukemia, for 

example, have a reciprocal translocation between chromosome 22 and chromosome 9. Third, some 

specific types of cancers tend to run in families. Retinoblastoma, a rare childhood cancer of the retina, 

appears with high frequency in a few families, in which it is inherited as an autosomal dominant trait, 

suggesting that a single gene is responsible for these cases of the disease. 

Although these observations hinted that genes play some role in cancer, the theory of cancer as a 

genetic disease had several significant problems. If cancer is inherited, then every cell in the body 

should receive the cancer causing gene, and therefore every cell should become cancerous. In the types 

of cancer that run in families, however, tumors typically appear only in certain tissues and often only 

when the person reaches an advanced age. 

Finally, many cancers do not run in families at all, and even in those cancers that generally do, isolated 

cases crop up in families with no history of the disease. 

 

KNUDSON’S MULTISTEP MODEL OF CANCER In 1971, Alfred Knudson proposed a model to 

explain the genetic basis of cancer. Knudson was studying retinoblastoma, which usually develops in 

only one eye but occasionally appears in both. Knudson found that when retinoblastoma appears in 

both eyes, onset is at an early age, and that many children with bilateral retinoblastoma have close 

relatives who also have the disease. 

Knudson proposed that retinoblastoma results from two separate genetic defects, both of which are 

necessary for cancer to develop (Figure 23.3). He suggested that in the cases in which the disease 

affects just one eye, a single cell in one eye undergoes two successive mutations. Because the chance 

of these two mutations occurring in the same cell is remote, retinoblastoma is rare and typically 

develops in only one eye. Knudson proposed that children 

with bilateral retinoblastoma inherit one of the two mutations required for the cancer, and so every cell 

contains this initial mutation. In these cases, all that is required for cancer to develop is for one eye cell 

to undergo the second mutation. Because each eye possesses millions of cells, the probability that the 

second mutation will occur in at least one cell of each eye is high, so tumors may occur in both eyes at 

an early age. Knudson’s proposal suggested that cancer is the result of a multistep process that 

requires several mutations. If one or more of the required mutations are inherited, fewer additional 

mutations are required to produce cancer, and the cancer tends to run in families. Knudson’s idea has 

been called the “two-hit hypothesis” because, in retinoblastoma, only two mutations are necessary to 

cause a tumor.  

In most cancers, however, more than two mutations are involved in the transformation of normal cells 

into cancer cells.  
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In the case of retinoblastoma, the two required mutations occur at the same locus (both alleles become 

mutated), but mutations at different loci are required for the development of many other cancers. The 

idea that cancer results from multiple mutations turns out to be correct for most cancers. 

Knudson’s genetic theory of cancer has been confirmed by the identification of genes that, when 

mutated, cause cancer. Today, we recognize that cancer is fundamentally a genetic disease, although 

few cancers are actually inherited. Most tumors arise from somatic mutations that accumulate over a 

person’s life span, either through spontaneous mutation or in response to environmental mutagens. 

 

1. What types of evidence indicate that cancer arises from genetic changes? 

2. How is cancer different from most other types of genetic diseases? 

3. A couple has one child with bilateral retinoblastoma. The mother is free from cancer, but the father 

has unilateral retinoblastoma and he has a brother who has bilateral retinoblastoma. 

a. If the couple has another child, what is the probability that this next child will have 

retinoblastoma? 

b. If the next child has retinoblastoma, is it likely to be bilateral or unilateral? 

c. Explain why the father’s case of retinoblastoma is unilateral, whereas his son’s and 

brother’s cases are bilateral. 


