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In mammals, potentially dangerous sig-
nals from the environment are detected by
neurons in the pain pathway. Specialized
neurons within the peripheral nervous
system called nociceptive neurons sense
noxious chemical, thermal, or mechanical
stimuli and transmit signals to the CNS. It
is well known that injurious stimuli such
as tissue damage and inflammation trig-
ger the generation of numerous mole-
cules, including peptides (bradykinin),
lipids (prostaglandins), and many other
small molecules in the affected regions.
These compounds could significantly de-
polarize the nerve terminals of nocicep-
tors, which send danger signals to the
brain (Fig. 1A) (Julius and Basbaum,
2001). Despite extensive studies, however,
it is still not clear which channels convert
chemical signals to conductances. To
date, several candidate ion channels have
been suggested, including ATP-gated
channels (P2X receptors), acid-gated
channels (ASICs), and vanilloid transient
receptor potential (TRP) channels (Julius
and Basbaum, 2001), as shown in Figure
1 B. Nonetheless, it is still a mystery why,
although numerous chemicals can induce
pain, none of the channels described to
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date can sense diverse compounds and in-
tegrate information from diverse chemi-
cals. Excitingly, in a recent paper pub-
lished in the Journal of Neuroscience,
Macpherson et al. (2007b) provide con-
vincing data showing that a member of
the TRP family, TRPA1 (ANKTM1), dis-
plays broad specificity to many chemically
damaging molecules both in vitro and in
vivo, and functions as a central chemical
nocisensor.

TRP channels form a recently identi-
fied superfamily of cation channels that
display great diversity of activation mech-
anisms and selectivities (Venkatachalam
and Montell, 2007). They are widely dis-
tributed in mammalian tissues, and they
respond to a wide range of environmental
signals, including temperature, touch,
pain, osmolarity, taste, pH, pheromones,
and other stimuli (Venkatachalam and
Montell, 2007). Despite extensive studies
on these channels, two central questions
are still largely unanswered: (1) How are
these channels gated? (2) What are their
specific physiological roles? Encourag-
ingly, Macpherson et al. (2007b) provide
convincing evidence to answer both of the
questions with respect to at least one
group of TRPs, the TRPA1 channels.

TRPALI is the sole member of a distinct
TRP family that was initially reported to
sense noxious cold (Storyetal., 2003) (but
see also Jordt et al., 2004). TRPA1 chan-
nels can be chemically activated by many
exogenous small organic molecules, in-
cluding ingredients in wasabi, horserad-

ish, marijuana, garlic, and mustard oil
(Venkatachalam and Montell, 2007).
However, to date, no endogenous chemi-
cal activators from the aqueous extracel-
lular milieu have been identified. In their
Figure 1 (http://www.jneurosci.org/cgi/
content/full/27/42/11412/F1), the au-
thors tested many chemicals for their abil-
ity to activate TRPAI channels, using
ratiometric Ca®" imaging and fluoromet-
ric imaging plate reader techniques. They
found that formaldehyde, a common
compound to induce chemical pain,
could activate TRPA1 channels. More in-
terestingly, they found that an endoge-
nous compound, 4-hydroxynonenal
(4-HNE; an o,B-unsaturated aldehyde
that accumulates in membranes during
inflammatory or oxidative stress), could
also activate TRPA1 channels, at physio-
logical concentration (ECsq = 13 um).
Using inside-out single-channel patch-
clamp technique, they confirmed the acti-
vation ability of these compounds on
TRPA1 currents [Macpherson et al
(2007b), their Fig. 2 (http://www.
jneurosci.org/cgi/content/full/27/42/
11412/F2)]. This is the first time that
endogenous molecules produced during
tissue damage or oxidative stress (i.e.,
4-HNE and its analogs) have been
shown to activate TRP channels [it
should be noted that recently another
group independently reported nearly
identical results about the action of
4-HNE on TRPA1 (Trevisani et al.,
2007)], suggesting the existence of the
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endogenous ligands for TRPA1 and
other TRP channels.

Next, Macpherson et al. (2007b) stud-
ied the specific physiological role of
TRPA1 channels. Using TRPA1-deficient
mice, they discovered the key role of
TRPALI channels in chemical damage and
pain sensing [Macpherson et al. (2007b),
their Figs. 3 (http://www.jneurosci.org/
cgi/content/full/27/42/11412/F3), 4 (http://
www.jneurosci.org/cgi/content/full/27/42/
11412/F4)]. The authors found that the
formaldehyde-induced calcium influx or
currents were completely abolished in cul-
tured DRG neurons deficient in TRPA1
channels, suggesting that TRPAL is the sole
effector of the conductance induced by this
nonselective reactive compound. Interest-
ingly, the calcium influx and currents in-
duced by several other compounds, includ-
ingiodoacetamide (IA) and mustard oil, are
also abolished in cells from TRPAI-defi-
cient mice. Using a nociceptive behavior test
on wild-type or TRPA1-deficient litter-
mates, they also found that TRPA1-defi-
cient mice displayed dramatically impaired
nociceptive responses to injections of form-
aldehyde or IA. These data strongly suggest
that TRPA1 channels play a central role in
pain sensing, responding to a wide range of
chemical compounds produced during tis-
sue damage. It is plausible to propose that a
single conductance may play arole asa “hub
nociceptor” with wide specificity to chemi-
cals in tissue damage and pain sensing (Fig.
1B).

In summary, using a combination of
several techniques, including calcium im-
aging, electrophysiological recording, and
TRPAI-knock-out mice, this study re-
ported exciting evidence about the gating
property and physiological role of a TRP
member, TRPAL. It is the first time that
people identified an endogenous extracel-
lular activator for TRP channels, although
the detailed gating process is not yet clear.
It should be noted, however, that some
endogenous intracellular molecules can
also potentiate some TRPs, such as DAG
(to TRPC3/6/7), Ca*" (to TRPM4/5),
and cyclic ADP ribose (to TRPM2), but it
is still elusive whether they directly acti-
vate TRPs (Venkatachalam and Montell,
2007). Macpherson et al. (2007b) also
clearly proved that TRPAL1 plays a key role
in pain sensing of chemical damage, using
a TRPA1-knock-out mouse. They found
that TRPA1 has broad specificity in vivo,
suggesting that TRPA1 might underlie the
central conductance activated during pain
conditions. This study is exciting and
should be a nice step toward clarifying the
gating properties and specific physiologi-
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Schematic summary showing that TRPAT plays a key role in chemical sensing in pain pathway. A, Overview of the

nociceptive pain pathway. Some of the main components that are generated during tissue damage are shown, including peptides
(bradykinin), lipids (prostaglandins), neurotransmitters (5-HT and ATP), 4-HNE, and H . Each of these factors could depolarize
and excite the terminals of the nociceptor by interacting with cell-surface receptors or ion channels expressed on the terminals.
Activation of the nociceptor then transmits afferent messages to the spinal cord dorsal horn, and in turn to the brain. Nociceptors
also release neurotransmitters like substance P from the peripheral terminal, inducing vasodilation and plasma extravasation.
Nociceptors can also activate many non-neuronal cells, including mast cells, which in turn release other chemicals into the
extracellular space. This figure was adapted from Julius and Basbaum (2001). B, The key role of TRPA1 in chemical sensing.
Nociceptors use a diversity of ion channels to detect physical and chemical stimuli: TRPV1 and TRPV2 detect noxious heat,
ENaC/DEG channels detect mechanical stimuli, ASICs detect acid, and P2X detects ATP. TRPA1 might play a central role in

detecting chemical signals, and maybe noxious cold.

cal role of other members of the TRP
family.

Several questions not fully answered in
this paper require future work. First, the
detailed mechanisms underlying the gat-
ing processes are not clear. For example,
we do not know whether the chemical
compounds bind directly to the channels
as ligands. Are there other receptors for
these chemicals in the membrane that are
the actual sensors that in turn lead to
TRPA1 activation? Recently in a Nature
paper, the same group reported that nox-
ious compounds (e.g., mustard oil and
cinnamaldehyde) could activate TRPA1

channels through covalent modification
of cysteines (Macpherson et al., 2007a). It
is not clear, however, whether the action
of formaldehyde and 4-HNE on TRPA1 is
also dependent on covalent modification.
Obviously, more studies are required be-
fore we could clarify the gating mecha-
nisms of TRPAI by the diverse compo-
nents. Second, during tissue damage or
inflammatory conditions, numerous en-
dogenous compounds are produced. To
confirm the “hub nociceptor” role of
TRPALI, the effects of these other mole-
cules on TRPA1 channels must be investi-
gated, and other endogenous molecules
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able to activate TRPA1 channels must be
identified. A third question is whether
TRPA1 channels are also involved in other
types of pain, which could be tested using
the TRPAI-deficient mice described in
this paper. Finally, although the authors
identified 4-HNE as the first endogenous
activator of TRPA1 channels, the effects of
4-HNE on the single-channel properties
of TRPA1 and in nociceptive behaviors
should be investigated in the future.
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