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Molecular basis of the TRPM2 sensitization to heat and

its involvement in the macrophage function
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Thermoregulation is the ability of organisms to keep their body temperatures within a
certain range (~37°C) in spite of large variations in environmental temperatures. Owing to
the system, the body is maintained at relatively constant temperatures, even though there is
some difference between the body core and surface. Nine thermosensitive fransient receptor
potential (TRP) channels (thermo-TRPs) are known to detect ambient temperature and are
believed to be involved in thermoregulation. The author investigated the regulatory
mechanism and physiological role of TRP melastatin 2 (TRPM2) at the body temperature,
which is sensitive to warm temperatures (>35°C).

TRPM?2 is a nonselective, Ca**-permeable cation channel, and is expressed in various
organs such as the brain, pancreas, spleen, kidney and a wide range of immunocytes, such as
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). ADPR belongs to the family of
adenine-containing second messengers along with cyclic adenosine diphosphate ribose
(cADPR) and nicotinic acid adenine dinucleotide phosphate (NAADP), and is involved in the
regulation of cellular Ca’" homeostasis. In the presence of ADPR or cADPR at low
concentrations, heat-stimulation activates TRPM2 and evokes substantial currents.
Therefore, TRPM?2 is considered as a thermo-TRP. The temperature threshold for TRPM2
activation is around 35°C and the channel function of TRPM2 could be regulated by these
second messengers at the relatively constant temperatures of the body.

TRPM2 is also activated by hydrogen peroxide (H,0,) and involved in cell death caused by
oxidative stress, even though the activation mechanism remains to be clarified. The author
found the novel activation mechanism of TRPM2 induced by H,O,. The effect of H,O; on
TRPM2 could not be fitted to a simple dose-response relationship observed in the reaction of
typical agonists and their receptors, and was dependent on both concentration and duration of
H,0,-treatment. The alteration in the temperature sensitivity of TRPM2 was mediated by a
reduction in the temperature threshold for TRPM2 activation, enabling channel activation and
cytosolic Ca®* elevation at the physiological body temperature. The phenomenon is termed
“sensitization” to heat.

Sensitization of TRPM2 was induced by H,0, independent of the production of the
endogenous agonist, ADPR, and likely via oxidation of methionine residues. ~Although most
previous studies suggested that ADPR release from intracellular organelles (such as the
nucleus and mitochondria) has a primary role in the TRPM2 activation by H,O,, the present
study found that H,0, could sensitize TRPM2 channel independently of ADPR. Therefore,
endogenous TRPM2 channels in vivo could be modulated by redox signals in parallel with
adenine-containing second messengers at physiological body temperature.

Cellular “redox” signals such as reactive oxygen species (ROS) (including H»O;) and
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reactive nitrogen species (RNS) play important roles in a wide range of physiological
functions, and are also considered as significant signaling molecules. Especially in the
immune system, H,O, produced by NADPH oxidase (Nox) is crucial for microorganism
removal, and defects in Nox activity cause persistent infections. In addition to its
microbicidal function inside the phagosome, membrane-diffusible H,O, could also play roles
in cell signaling outside the phagosome. In an inflammatory environment, H,O, is produced
by activated macrophages and its concentration may reach 10 - 100 uM. Therefore, ROS
generated in response to infections could be sufficient to sensitize TRPM2, which would
contribute to cellular functions at physiological body temperature.

Sensitization of the heat-evoked résponse was also observed in wild-type (Wt) but not in
TRPM2-deficient macrophages, indicating possible involvement of TRPM2 sensitization in
macrophage functions. A wide range of immune responses are highly dependent on
cytosolic Ca’* elevation. In addition, ROS production is enhanced by cytosolic Ca®".
Therefore, ROS-mediated elevation of cytosolic Ca®* and Ca2+~dependent ROS production
may interact and amplify each other, playing central roles in innate immune responses.
Indeed, zymosan-induced cytokine release was affected in TRPM2-deficient macrophages.
In addition, elevated temperatures (fever) were found to enhance phagocytic activity of Wt
macrophages, but not TRPM2-deficient macrophages, implying that the ROS-TRPM2
activation pathway plays a critical role in inacrophage functions. This novel activation

mechanism of TRPM2, sensitization to temperature, might provide new approaches to
immune research.
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