










are strongly associated with resistance to doxorubicin and certain other therapies in 
breast cancer (Aas et al., 1996; Bergh et al., 1995). 

Not all studies have identified correlations between p53 mutations and drug resis­
tance in human tumors. In fact, one recent study suggested that tumors with p53 
mutations might be more responsive to therapy th en tumors with normal p53 (Cote et 
al., 1997). At present, the reason for these discrepancies is unknown, but could arise 
from methodological differences between various studies (Lowe and Jacks, 1997). 
Alternatively, the role of p53 in chemosensitivity may be context dependent (see 
(Lowe and Jacks, 1997) for discussion). p53 affects a remarkable number of cellular 
processes, including apoptosis, cell-cycle checkpoints, DNA repair, differentiation, 
and senescence. Perhaps defects in damage-induced checkpoints enhance chemosen­
sitivity, whereas defects in apoptosis promote drug resistance. Consequently, the 
clinical impact of p53 mutation may be determined by which effect predominates. 
This, in turn, may be influenced by tumor type, chemotherapeutic agent, or by other 
mutations occurring in the tumor cells. The resolution of this issue will require better 
methodologies for identifying p53 mutations, and a more complete understanding of 
the pathways that regulate - and are regulated by - p53. 

Caspases and Chemosensitivity 

Proteases related to interleukin-l P converting enzyme, called caspases, are thought to 
be essential components of the apoptotic 'machinery' (i.e. the molecules directly 
responsible for apoptotic cell death). The importance of apoptosis in cancer argues 
that components of this machinery may be tumor suppressors and/or drug sensitivity 
genes. Since proteolytic cleavage is essentially irreversible, caspase activation may 
represent the last regulated step in apoptosis. In this view, the endpoint of most, if not 
all, cytotoxic anticancer drugs is caspase activation. Consequently, most mutations 
that limit drug cytotoxicity act upstream of these proteases. If true, the caspases rep­
resent attractive drug targets. 

Our laboratory is to investigating how cell death regulators like p53 affect caspase 
activation. Using the EIA/ras transformation system described above, we have taken a 
number of experimental approaches to study caspase regulation during p53-dependent 
and independent forms of apoptosis. First, we have shown that multiple caspases are 
activated during chemotherapy-induced apoptosis in MEFs, and that inactivation of p53 
or overexpression of cell death inhibitors such as ElB 19K or Bcl-2 prevent caspase 
activation. Furthermore, we are using a variety of knockout fibroblasts harboring dele­
tions in pro-apoptotic genes to deterrnine how they affect caspase activation. These 
studies underscore the importance of caspases in cancer therapy, and are beginning to 
provide insights into how cell death regulators interface with the apoptotic machinery. 

Multistep carcinogenesis 

Cancer is a multistep process involving a series of genetic changes that each enhance 
the growth or survival of developing tumor cells. Considerable progress has been 
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Fig. 3. p16 and p53 suppress transformation by oncogenic ras. 
Prolonged expres sion of an activated ras oncogene induces a permanent cell cycle arrest with features 
of senescence. Both p53 and p16 levels increase in response to oncogenic ras and contribute to the 
arrested state. Escape from ras-induced arrest allows transformation of rodent cells, and may contribute 
to the transformation process in hu man cells. 

made in identifying tumor-specific mutations, and how these mutations alter normal 
gene function. For example, mutational activation of ras results in a protein that con­
stitutively transmits mitogenic signais, and inactivation of p53 disrupts cell-cycle 
arrest or apoptosis. However, much less is known about how these mutations interact 
to produce the malignant phenotype (Why are these mutations of ten found in the 
same tumors? Why does ras mutation of ten precede p53 mutation?). 

Perhaps the simplest model for studying the multistep nature of cancer involves 
oncogenic transformation of primary cells. Primary cells are genetically normal and 
capable a limited number of cell divisions in culture, af ter which they permanently 
arrest by a process known as senescence. At low frequencies, primary cells acquire 
mutations that disrupt senescence, allowing these variants to be established into 
'immortal' cell lines. Expression of oncogenic ras typically 'transforms' immortal 
cells to a tumorigenic state, but cannot transform prirnary cells. However, primary 
cells are made tumorigenic if ras is co-expressed with second oncogenes such as 
E1A (a phenomenon known as 'oncogene cooperation'), or when expressed in the 
absence of tumor suppressors such as p53 and p16. When expressed alone, these coop­
erating mutations (E1A, p53 loss, p16 loss) facilitate the immortalization process. 

We recently demonstrated that prolonged expression of oncogenic ras in primary 
fibroblasts induces a permanent cell-cycle arrest involving p53 and p16 (Serrano et 
al., 1997). Remarkably, this arrest is indistinguishable from senescence. Inactivation 
of either p53 or p16 prevents p53-induced arrest in rodent cells, and E1A achieves a 
similar effect in human cells. These observations suggest that the onset of cellular 
senescence can be prematurely activated in response to an oncogenic stimulus. Inac­
tivation of this senescence program, by a cooperating oncogene or as a result of spon­
taneous mutation, allows proliferation to continue unabated and facilitates oncogenic 
transformation, Consequently, premature senescence may be an important safeguard 
against neoplasia. 
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