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Involvement of lysophosphatidic acid—evoked TRPA1 and

TRPV1 activation in peripheral itch sensation in mice
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Summary of thesis contents

The sensation of itch, formally called pruritus is defined as ‘an unpleasant cutaneous
sensation that provokes a desire to scratch’. So far, many pruritogens have been revealed to
activate receptors or ion channels expressed in dorsal root ganglion (DRG) neurons that
transmit itch sensation in the periphery. Some kinds of pruritus involved in
pathophysiological conditions such as atopic dermatitis, uremia with hemodialysis and
cholestasis are often resistant to antihistamines. This suggests that there are
histamine-independent mechanisms, however, which have not been fully understood.
Lysophosphatidic acid (LPA) is believed to be one of the molecules involved in the
histamine-independent mechanisms (cholestatic pruritus in humans) and reported to induce
itch-related and pain-related behaviors in mice. However, whether LPA induces itch, pain or
both in the periphery is unclear. In addition, the cellular and molecular mechanisms of the
LPA-induced itch and/or pain sensation are not elucidated.

First, | investigated whether LPA induces itch and/or pain using a cheek injection model to
distinguish itch- and pain-related behaviors. LPA markedly induced itch-related scratching
behaviors without increases in pain-related wiping behaviors in wild-type (WT) mice. The
physiological role of LPA was suggested to induce itch sensation rather than pain sensation in
the periphery in mice. Therefore, | examined the effect of LPA on mouse DRG neurons and
how LPA affects the DRG neurons using a Ca®*-imaging method. LPA robustly increased
intracellular Ca** concentrations ([Ca?'];) in approximately half of mouse DRG neurons,
suggesting that DRG neurons directly responded to LPA.  The [Ca?']; increases were abolished
under an extracellular Ca**-free condition, suggesting that there were LPA-responding
Ca”*-permeable molecules expressed in the plasma membrane of DRG neurons. Transient
receptor potential ankyrin 1 (TRPA1) and vanilloid 1 (TRPV1) are Ca’*-permeable
non-selective cation channels, which are reported to be expressed in DRG neurons and
contribute to the peripheral itch transduction. Therefore, the functional expressions of TRPA1

and TRPV1 in LPA-responding (LPA") DRG neurons were investigated by application of the
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selective agonists, allyl isothiocyanate and capsaicin, respectively. Approximately 90% of the
LPA" DRG neurons functionally expressed TRPAL and/or TRPV1. To further examine the
involvement of TRPA1 and/or TRPV1 in the LPA actions, cells were treated with selective
antagonists of TRPAL and TRPV1 (A967079 and capsazepine, respectively) before application
of LPA. As a result, both A967079 and capsazepine decreased LPA" neurons. To further
clarify the contribution of TRPAL and TRPV1 to the LPA-induced [Ca®']i increases, DRG
neurons obtained from WT, TRPA1 knock-out (TRPA1KO), TRPV1KO and TRPAL/TRPV1
double KO (A1V1DKO) mice were used and | found that LPA™ neurons were decreased in each
of the KO strain. These results of the Ca®*-imaging study suggested that LPA caused [Ca’'];
increases through activation of both TRPA1 and TRPV1. Furthermore, | observed that
LPA-induced scratching behaviors in a cheek-injection model were reduced in TRPA1KO,
TRPV1KO and A1V1DKO mice, indicating that the LPA-induced scratching behaviors were
TRPA1- and/or TRPV1-dependent, which was consistent with the results of the Ca**-imaging
study. The LPA-induced [Ca®]; increases were inhibited by not only antagonists of TRPA1
and TRPV1 but also an LPA receptor antagonist (H2L 5765834), suggesting the possible
signaling cascade to activate TRPA1 and/or TRPV1 after LPA receptor activation. Possibility
of direct activation of TRPAL by LPA was also examined by the inside-out patch-clamp
recording of human embryonic kidney 293T cells expressing mouse TRPAL. Increases in
single channel openings upon LPA application in an excised membrane patch were observed,
which indicated that TRPAL can be directly activated by LPA in a membrane-delimited manner.
These results indicated that there were direct and indirect pathways in the LPA-induced TRPA1
activation.

Taken together, | concluded that LPA induced itch-related scratching behaviors in a TRPA1-
and/or TRPV1-dependent manner without increasing pain-related wiping behaviors and that
LPA caused [Ca®"]; increases in DRG neurons through TRPAL and/or TRPV1 activation. |
also found that LPA directly activated TRPAL and that LPA could activate TRPA1 and/or
TRPV1 through some signaling cascade after LPA receptor activation as well. The results

presented in this study suggest that the action of LPA on TRPA1 could be involved in the
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peripheral itch signaling in humans. Thus, it is intriguing to speculate that antagonizing

TRPA1 or TRPV1 function could lead to novel anti-itch therapies.
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EAODBREZRICELT.RALTRENLEINTLEIN KRARELT. TOD FHEIC
DWTIEFRBALZEAMNZ LY, F=. Lysophosphatidic acid (LPA) (. B&ICBE 5T 5EE.
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RERAOMBHEEICLPAZREITHILICRY. MBEANLD Ca® RAICLSHMAER
Ca”" BEDLENBIBHILEZALMNITLIZ EEZHICKY Ca™ RAICEHZ%IE
REHBMEBICRIE TS FELT TRPAL F¥2RIL, TRPVL FyRIILAHLN TS
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AWE=9 FREMBITICKY . LPAREICKSFEMILICEHLS TRPALFYRILDTI/BET%
EANKRIGHBRANBEEIZHS Lysine672- Lysine673. XU C RinMBENEEIZHS
Lysine977- Arginine978 THAHZELEHLMIZLT=,
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