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Summary

TRPM2 is a nonselective, calcium (Ca?")-permeable cation channel and is expressed in
various organs such as the brain, pancreas, spleen, kidney and a wide range of
immunocytes, including lymphocytes, neutrophils and monocytes/macrophages.
TRPM2 plays important roles in Ca?" signaling in these tissues and cells, and
contributes to cellular functions that include insulin release, cytokine production, cell
motility and cell death. The primary activator of TRPM2 is adenosine diphosphate
ribose (ADPR) and the activation induces a Ca?" influx into the interior of the cells.

The Ca?" influx induced by TRPM2 may activate other Ca?*-dependent channels. The
intermediate conductance Ca’"-activated potassium channel (IKcal / KCa3.1 / SK4) is
of particular interest. The Ca?* affinity for the IKcal channel is provided by calmodulin
(CaM) via lobes present on the protein. Once CaM is activated by Ca?" binding, the
IKcal channel is opened, allowing potassium (K*) efflux from the intracellular
compartment to the extracellular medium. K™ movement is accompanied by chloride
(Cl") efflux and water loss that promotes different physiological processes such as

proliferation, migration, cell volume changes, cytokine production and inflammation.

To initiate this study, I used HEK293T cells in order to assess if TRPM2 and IKcal

channels collaborated. I used different pharmacological tools as ADPR and TRAM-34



(a specific inhibitor of IKcal channels) to discriminate between the channels. After
confirming that these channels constituted a network and confirming their physical
interaction by examining the Erev value shift, I noticed that they cause cell volume
changes. Based on those results, I extended the experiments to mouse primary microglia
because both of the channels are expressed in this cell. The literature confirmed that
microglia express both TRPM2 and IKcal channels. After assessing the purity of the
microglia that I isolated from new-born (days 1 — 3) mice, I demonstrated that the
TRPM2 / IKcal channel network functioned in mouse primary microglia based on the
Erev value shift. I demonstrated that this network could also take part in cell volume
changes in mouse primary microglia. Based upon that information, I hypothesized that
cell volume changes could be linked to cell migration. In that regard, understanding
how microglia proliferate and migrate could suggest improved strategies for treatments
of CNS-linked diseases.

It is known that microglia adopt different states in response to the changes in their
microenvironment, i.e., an active state and a resting state. The different states of
microglia could be associated with the intensity and duration of the pathological
environment. When microglia are subjected to homeostatic disturbances, for example
neuroinflammation or injury, these cells become activated. The activated state is
phenotypically characterized by the retraction of ramifications, swelling of the soma,
and an overall amoeboid appearance. This phenotype confers motility to microglia and
allows them to move by following the chemotactic gradient towards the site of injury.
Migration of microglia can be described as a repeated and coordinated cycle of
protrusion of the front and retraction of the tail portion. Here, I demonstrated that cell
volume changes are correlated with microglial migration, meaning that the TRPM2 /
IKcal network is implicated in the motility of mouse primary microglia. I describe for
the first time that inhibiting the IKcal channel decreases the motility of mouse primary

microglia in vitro.



Next, I investigated whether the TRPM2 / IKcal network was implicated in cytokine
production. Microglia are mainly involved in CNS homeostasis by monitoring changes
in their microenvironment (resting state) or by adopting protective features, such as
initiating their own inflammatory response (activated state). I found that the TRPM2 /
IKcal network was essential for IL-1p production. Taken together, these results deepen
our understanding of microglia phenotypes and function.

This novel TRPM2 / IKcal ion channel network might provide new approaches to
neurologic and physiological research and lead to new tools for the prevention or cure

of CNS-linked diseases.
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