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Activation of mouse TRPA1 channel by caffeine
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Caffeine is a plant alkaloid chemically classified as xanthine derivatives. Itis
known to exert various pharmacological effects on the central nervous system and
muscles by inhibiting adenosine receptors or phosphodiesterase, or by activating
ryanodine receptors.

It was reported that application of mM order caffeine to mouse STC-1 cells,
established from gastrointestinal endocrine cells, caused an increase in intracellular
Ca2* (Ca?"), and it was suppressed by a blocker of phospholipase C (PLC). He
observed that the Ca2*; response depended on extracellular Ca2+ (Ca2+,) and that it was
blocked by TRP (Transient Receptor Potential) channel blockers, Gd3* and ruthenium
red. These results suggested a possibility that there is a Ca2" permeable channel
belonging to TRP channel family responding to caffeine, and TRPA1 was raised as a
candidate because it is known to require basal PLC activity for the maintenance of the
channel function.

He successfully isolated a ¢cDNA encoding mouse TRPA1 (mTRPA1) channel
from STC-1 cells by Reverse Transcription - Polymerase Chain Reaction (RT-PCR), and
examined the response of the isolated mTRPA1 channel to caffeine using heterologous
expression system. By [Ca2t]; imaging, responses to caffeine were observed in
HEK293T cells expressing mTRPA1. Responses to caffeine application were also
recorded electrophysiologically from Xenopus oocytes under two electrode voltage
clamp and from transfected HEK293T cells by patch clamp. The ECso value was in
the range of 1 -5 mM order, which is approximately equivalent to the concentration of
caffeine included in coffee. Other xanthine derivatives, theophyilline and
theobromine, also evoked responses in HEK293T cells expressing mTRPA1 channel.
Rat TRPV1 and rat TRPMS8, members of TRP channel family related to TRPA1, did not
respond to application to caffeine.

As the ECso value of mM order was relatively high, the physiological relevance
of the sensitivity of mTRPA1 to caffeine was speculated to be the perception of caffeine
intake in the tongue and in the gastrointestinal organs. Therefore, He first examined
and confirmed the expression of mRNA encoding mTRPA1 in the tongue, stomach, and
intestine by RT-PCR. Next, to examine the expression pattern of mTRPA1 protein, a
specific rabbit anti- serum was raised against a peptide antigen corresponding to the
amino acid sequence of the N-terminus end of mTRPA1, and was affinity purified by
the antigen peptide to decrease the background. In the tongue, the expression of
mTRPA1 protein was not detected in the taste buds of circumvallate papilla but in the
nerve bundles as well as in their thinner branches. They were speculated to be fibers
of sensory neurons such as chorda tympani nerves or glossopharyngeal nerves, because
the expression of mMTRPA1 protein was also detected in a subpopulation of the soma of
sensory neurons in the dorsal root ganglia (DRG) and their nerve fibers. In the small
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intestine, the expression was detected in the submucosal region, in the nerve bundles
and in their thinner branches.

The response of neurons dissociated from DRG to caffeine was examined by
[Ca?*]; imaging. Subpopulation of the neurons responding to capsaicin responded to
caffeine. This result goes well with the report that TRPAL1 is expressed in a fraction of
TRPV1 expressing neurons with capsaicin sensitivity. In DRG neurons isolated from
TRPA1 knock-out (KO) mice, the response to caffeine characterized by the rapid onset
could not be observed

The above results suggest a possibility that caffeine intake is perceived by the
nerve branches of TRPA1 positive sensory neurons projecting e.g. to the tongue and the
small intestine. To examine whether or not perception of caffeine actually would
occur in the animal, the preference of water versus caffeine containing water was
studied by two bottle preference test. Wild-type (WT) mice showed a remarkable
negative preference to caffeine containing water, but a significant preference was not
observed in the KO mice with no functional TRPA1 channel. These results strongly
show that mice perceive caffeine included in the drink through mTRPAL1.

As functional differences between orthologues are known for other TRP
channels, it is of interest to analyze the caffeine sensitivity of TRPA1 channel of other
species. He analyzed the response of human TRPA1 (hTRPA1) channel to caffeine
electrophysiologically using HEK293T cells and Xenopus oocytes, and observed that
caffeine application did not increase hTRPA1 channel current, but decreased the basal
current level. When prestimulated by allyl isothiocyanate, other stimulant for TRPA1
channel, the increased response was clearly suppressed by the chase application of
caffeine. The results suggest that effects of caffeine on mTRPA1 and hTRPA1
qualitatively differ each other.

In summary, He showed for the first time that mMTRPA1 channel on the plasma
membrane can be activated by caffeine in heterologous expression systems and also in
DRG neurons, demonstrating a novel molecular mechanism of the pharmacological
action of caffeine. It was also shown that mTRPA1 channel protein is expressed in the
sensory neurons of DRG, in the nerve fibers in the tongue and in the small intestines.
He also showed WT mice, but not TRPA1 KO mice, have significant negative
preference to caffeine containing water. Taken together, the results demonstrate that
the perception of caffeine intake actually occurs in mice and it is mediated by mTRPA1.
Finally, He found hTRPA1 is not activated but suppressed by caffeine application,
which could give a useful information of the structure-function study of caffeine
sensing in TRPA1 channel.
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