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Science
The concept of the proteostasis network (PN) represent a systems biology approach to
protein deposition diseases (e.g. neurodegenerative diseases, amyloidoses, type II
diabetes). The PN includes all the cellular components involved in the synthesis, folding,
and degradation of proteins, as well as the regulatory mechanisms required for
maintaining a functioning proteome despite cellular stress, mutations, or protein
misfolding.
When the misfolded protein load exceeds the capacity of the PN to maintain, protein
aggregation can occur. Protein misfolding and subsequent aggregation is already thought
to be the main cause of neuronal death in neurodegenerative diseases. Our lab’s report
that the aggregation of p53 can lead directly to increased cell proliferation of the same
cell in which the aggregation occurs by a gain of function mechanism provides a
unexpected link between neurodegenerative diseases and cancer.
p53 is a potent tumor suppressor, and it is the most frequently mutated gene in human
cancer (approximately half of the cases). We observed that mutant p53 not only strongly
aggregated in tumor cells, - thereby already eliminating one copy of p53 – but that it
also co-aggregated in a dominant negative way with wild type p53 and its paralogs, p63
and p73, sequestering these tumor suppressors that are pivotal to prevent
tumorigenesis.
The ability of the PN to cope with mutant or damaged biological material varies with the
differentiation stage of cells, as well as deteriorates with cellular senescence, probably
explaining the strong correlation of neurodegenerative diseases with aging. According to
our hypothesis, the decline of the PN, particularly its decreasing ability to control
aggregation-prone mutant p53 proteins, is one of the contributing factors to the steadily
increasing incidence of cancer with age. We are currently investigating the aggregation
of mutant p53 proteins in undifferentiated human embryonic stem cells (hESCs), as well
as in hESCs differentiated to neuronal cells to test our hypothesis and gain information
on the key factors keeping p53 aggregation, and tumorigenesis, at bay. Since
aggregation of p53 can also occur in Alzheimer’s disease, that the underlying
proteostatic changes leading to neurodegenerative disease and those leading to cancer
are similar, putting our project in the crossroads of the two disease groups.
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