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Olfaction is a critical sensory modality for detecting a diverse array of odorant molecules, influencing
behavior and emotion. Olfactory receptors (ORs) are expressed in olfactory sensory neurons (0SNs) in the nasal
cavities of humans. In the initial step of odor recognition, the binding of odorant molecules to ORs transduces
signals in OSNs. However, it remains unclear whether OR signals alone contribute to the formation of
brain—transmitting signals. Both transient receptor potential vanilloid 1 (TRPV1) and ORs are known to be
expressed not only in OSNs but also in various other cell types, including prostate cancer cells. The present
studies aimed to elucidate whether OR and TRPV1 can influence each other’ s intracellular signaling, employing
HEK293T cells co—expressing the two receptors by transfecting expression plasmids. The findings of the studies
revealed a bidirectional regulatory mechanism between ORs and TRPVI.

The initial study discovered that ORs play a role in regulating TRPV1 activation. Interestingly, the effects
of ORs varied depending on the vanilloid ligands for TRPV1. For example, TRPV1 responses (Ca* influx) to
capsaicin were potentiated upon OR activation, whereas those to eugenol were attenuated. This mechanism was
as follows. Ligand-stimulated OR liberates GTP-Gs/olf, which activates adenylate cyclase, leading to the
elevation of intracellular cAMP., Elevated cAMP activates protein kinase A, which promotes the phosphorylation
of TRPVI. Consequently, ORs differentially regulate ligand-dependent TRPV1 activation through the
phosphorylation of TRPV1. Furthermore, OR-induced changes in TRPV1 responses allowed vanilloid ligands for
TRPV1 to be classified into three groups: the capsaicin type (enhancement), the eugenol type (suppression),
and the 10-shogaol type (no significant change), each distinguished by unique chemical structures

Subsequently, the effect of TRPV1 on cAMP production induced by ligand-activated OR was examined. TRPV1
activated by capsaicin suppressed cAMP production by ligand-stimulated OR51E1. This suppression was proven
to be mediated by elevation of intracellular Ca®* levels through TRPV1. Furthermore, it was found that GPCR
kinase (GRK) activation by Ca®" influx is involved in the suppression process. These results suggest that TRPV1
activation suppresses ligand-stimulated OR signal transduction by promoting desensitization of activated
OR51E1 via Ca®* influx and GRK activation.

In conclusion, these studies revealed the mechanisms that OR and TRPV1 mutually regulate each other’ s
activation when expressed in HEK293T cells. Future research will be necessary to determine whether such mutual
regulation occurs in OSNs or other cells that naturally express both receptors. Nevertheless, the findings
of the present studies offer valuable insights into a potential mechanism through which signals generated
by ORs (for example, critical for olfaction in OSNs) are dynamically regulated via multi—directional crosstalk

between ORs and other receptors, including TRPVI.
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