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To die or not to die:

Calpain drives Alzheimer’s Disease and

cancer progression

Queen’s University

It’s inevitable: we will all age; we will all grow old. And
we all know the characteristic signs of aging: wrinkly skin,
loss of hearing, loss of memory, and increased risk of
acquiring certain diseases. Two of the diseases commonly
associated with aging are Alzheimer’s disease (AD) and
cancer. Interestingly, studies show an inverse relationship
between the development of cancer and AD, such that
patients suffering from dementia often have a decreased
occurrence of cancer! Although at first this may seem
surprising, in fact, the mechanisms mediating progression of
these diseases are inherently connected. In particular, each
disease originates from a defect in programmed cell death,
or apoptosis. Whereas AD results in neurodegeneration
from enhanced cell death, cancer is often associated with
pro-survival or anti-apoptotic effects. Importantly, the
protease calpain plays a pivotal role in modulating both
pro- and anti-apoptotic functions depending on cellular
context? and thus may act as a driver in the development of
Alzheimer’s disease and cancer.

Calpain belongs to a family of intracellular Ca*-activated
cysteine proteases — proteins that proteolyze or cleave
their substrate proteins. Of the 14 mammalian isoforms,
calpain 1 and calpain 2 (herein referred to collectively
as calpain) are ubiquitously expressed and the most
extensively studied.? By cleaving its numerous substrates
into smaller functioning fragments, calpain modulates
many cellular phenotypes including cell cycle progression,
adhesion, migration, and survival. Due to its essential role
in maintaining cellular homeostasis, the activity of calpain
is tightly regulated. Primarily, Ca* binding activates calpain
by allowing for conformational changes that enhance
cleavage of available substrates. Alternatively, binding of
the endogenous inhibitor calpastatin prevents proteolytic
activity.?

Several studies show that calpain expression is upregulated
in specific cancers, including colorectal, breast, or prostate

cancers, and it may correlate with poor progression.*
These studies suggest that calpain primarily plays a
pro-tumorigenic role. Similarly, calpain also promotes
Alzheimer’s disease. By examining the brains of AD patients,
calpain was shown to be hyperactivated due to increased
levels of Ca?* and/or decreased expression of calpain’s
endogenous inhibitor calpastatin.®

The ability of calpain to mediate either pro- or anti-
apoptotic functions may explain how increased calpain
activity can promote AD and cancer. Firstly, in AD, increased
calpain activity occurs early and therefore contributes
to multiple aspects of neurodegeneration. In addition
to contributing to the formation of clinical hallmarks —
such as senile plaques containing beta amyloid (Ap), and
neurofibrillary tangles composed of hyperphosphorylated
microtubule associated protein tau — calpain also directly
activates cell death pathways in neurons.”> Specifically,
calpain decreases activity of anti-apoptotic proteins such
as Bcl-2 or activates pro-apoptotic proteins including p53
and Bax.® Increased calpain activity enhances cleavage
of amyloid precursor protein into AB, contributing to the
formation of AB plaques. Additionally, calpain specifically
cleaves kinases such as GSK-B and CDKS5, enhancing their
ability to phosphorylate tau, leading to neurofibrillary
tangle formation. Finally, calpain specifically cleaves
tau into smaller fragments that signal the induction of
apoptosis.>® These are some examples of how increased
calpain activity in the brain can lead to neurodegeneration.
These changes in neuropathology potentiated by calpain
inevitably lead to the loss of neurons, shrinkage and loss
of neuronal processes, and dramatic loss of brain volume
observed in AD patients.

In contrast with AD, tumorigenesis involves the overgrowth
of cells resulting from increased cell cycle progression
and/or loss of programmed cell death. In this disease
setting, evidence is emerging that calpain promotes cell »
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survival. For example, in breast cancer cells, loss of calpain
2 expression leads to reduced activity of the pro-survival
kinase AKT.” Furthermore, loss of both calpain 1 and 2
increased starvation-induced cell death, and it also reduced
activity of the AKT survival pathway.® Similarly, increased
expression of calpain has been associated with resistance to
certain drugs, including the targeted therapeutic Herceptin
in breast cancer.® These results provide a novel hypothesis
that calpain may play a pro-survival function in cancer cells
as opposed to an anti-apoptotic role in normal cells.

If this hypothesis holds true, calpain could be an important
therapeutic target for both AD and cancer. Using an
AD mouse model, Medeiros et al recently showed that
treating transgenic AD mice with a calpain inhibitor
could reduce accumulation of AR plaques, decrease tau
phosphorylation, and improve cognitive function.X® Similar
studies using calpain inhibitors in cancer settings showed
how inhibiting calpain enhanced cell death in cancer cells"
or downregulating calpain 2 expression reduced tumor
growth in mouse models.’

Calpain drives progression of either Alzheimer’s disease
or cancer through its pro- and anti-apoptotic effects,
respectively. Understanding the cellular context and
the substrates through which calpain acts to elicit these
seemingly opposing roles are current research areas
garnering interest by scientists in both the AD and cancer
fields. If calpain can manipulate its functions depending
upon cellular context and available substrates, the question
follows: are other diseases also driven by calpain? ®

Stacy Visser-Grieve
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