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Abstract Focus:

What controls epithelial breast cell growth?  What molecular events are responsible for breast tumor formation? 

Tumors originate from actively dividing cells.  Such cell division is extensive during childhood development and growth.  However, cancers (including breast cancer) typically develop in older adults. Studies in human mammary epithelial cells (HMEC) and other cell types have led to a hypothesis that human cells evolved an intricate mechanism to protect complex organisms from developing tumors.   

The researchers are studying molecular events that lead to tumor development using cultured human mammary epithelial cells (HMEC) derived from surgically discarded normal breast tissue 

Breast tumor cells can proliferate (grow) indefinitely in culture – this cancer cell trait is called “Immortality.”  Immortality is a key predisposing factor for carcinogenesis because actively dividing cells accumulate multiple errors (mutations) that may result in carcinogenesis.  Several molecular pathways control cancer development in human mammary cells (see fig. 1.  Adapted from Campisi J., Science 309, 2005):

1. p53 - regulated  pathway

2. p16/RB - regulated pathway
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Figure 1. p53 and p16/RB are tumor suppressor protein complexes that keep cells from becoming immortal.

Tumor suppressor proteins:  their role is to maintain the integrity of the DNA in cells. The activation of a tumor suppressor gene at certain "check points" puts on the "brakes" and allows the cell to check for any damage in its DNA. Without these “brakes,” cells with damaged DNA pass damage on to daughter cells. The damage becomes a permanent mutation in future generations of new cells.  Accumulation of such mutations can lead to cancer development.

Stress pathways activate p16/RB tumor suppressors, and DNA damage induces p53 pathway.  Both pathways (if functional) lead to a halt in cell growth, allowing DNA repair and minimizing accumulation of mutations. 

Another important component for preserving and maintaining DNA integrity is Telomere complex.

Telomeres:  specialized DNA-protein structures that cap DNA (chromosome) ends.  Telomeric structures are crucial for maintaining DNA integrity and preserving genome stability.

Dysfunctional telomeres lead to genomic instability.  

Genomic instability is a hallmark of cancer and has also been proposed to contribute to aging. 

Figure 2.  Dysfunctional telomeres send a persistent DNA damage signal, activating p53 tumor suppressor.  p53 loss or mutation results in genomic instability and subsequent cancer development.  (Adapated from Campisi J., et. al. Intern J Biochem & Cell Bio, 2005)
Apoptosis:  programmed cell death – eliminates cells at risk for malignant transformation

Senescence:  permanent arrest of cell division.  This process has been thought to be involved in aging.

In sum, functional telomeres help maintain the stability of the genome (prevent cancer) and protect cells against apoptosis and/or senescence (aging).
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