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Figure 1. Main pathway of pain perception.

Sensory neurons receive noxious stimuli via activation of voltage-
dependent Na* channels and TRP channels, resulting in membrane
depolarization. This induces increase in intracellular Ca®* level that
triggers release of glutamic acid, and then brain feels “painful”. If
neuronal inflammation occurs, hyperalgesia may occur. On the
other hand, there is a pain relief pathway in the living body.
Membrane depolarization activates voltage-dependent K* channel
Kv4 (molecular component of Isa current) and this results in
membrane hyperpolarization, and relief pain.
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Figure 2. Neuronal Ca?* sensor NCS-1 interacts with Kv4 channels in mouse brain, and increases Kv4 current.

A: The structure of NCS-1, which is an EF-hand Ca?"-binding protein

B: Kv4 current with or without NCS-1. NCS-1 increases current amplitude and slows inactivation kinetics.

C: NCS-1 co-immunoprecipitaes with Kv4 channel protein

D: NCS-1 co-localized with Kv4 channel protein in mouse hippocampus and cortex.

(B~D are cited from “Nakamura et al PNAS 2001”)
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Figure 3. Both NCS-1 and Kv4.3 channels are expressed in mouse DRG.

A: Expression patten of NCS-1 in mouse DRG. NCS-1 is expressed in almost all DRG neurons.
B: A part of NCS-1 expressing cells are IB4(+), small, non-peptide neurons.

C: Kv4 channels are expressed in the plasma membrane of small cells. Some of them are IB4(+).
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Figure 4. NCS-1 KO mice (both female and male mice, left
and right panel, respectively) exhibited more sensitive to
mechanical pain. The 50% paw withdrawal threshold was
assessed by the up-down method using von Frey test. P<0.05
(n =6 each)

Figure 5. WT and NCS-1 KO mice have similar sensitivity
to thermal pain. Thermal algesia were evaluated by the
Hargreaves test.
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Figure 6. Possible mechanism of novel pain relief mediated
by NCS-1. Neuronal injury decreases the expression of
Kv4.3 channels that increases neuronal pain. However,
injury may increase the expression level or activity of NCS-
1 via increasing intracellular Ca* levels. This may be able
to relief pain. It is known that neuronal injury increases
neurotrophic factor GDNF, and we have previously reported
that GDNF increases NCS-1. GDNF is known to a powerful
pain relief factor. Thus, NCS-1 can also be a pain relief
factor.
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Summary

[Purpose] The number of patients with neuropathic pain is more than hundreds of thousands in Japan. However,
conventional analgesics is not effective enough, thus, a new therapeutic strategy is required. Many ion channels such
as voltage-gated Na* channels and TRP channels are involved in the mechanism of pain reception and transmission.
Among them, the generation of action potentials due to depolarization and the increase in intracellular Ca?* concentration
induce pain. On the other hand, there is a system that suppresses pain in the living body. The voltage dependent A-
type K* current (ISA) suppresses the firing of action potentials by hyperpolarization and suppresses neural excitability.
In fact, it has been suggested that the Kv4 channel, known as the molecular component of ISA, may be a target for pain
relief. On the other hand, we have previously identified the Ca®" sensor NCS-1 as a regulator of the Kv4 channel.
NCS-1 physically interacts with the Kv4 channel in mouse brain and increases the Kv4 channel current amplitude.
However, the relationship between NCS-1 and pain relief is completely unknown. The purpose of the present study is
to clarify whether the Ca?" sensor NCS-1 can be a novel therapeutic target for neuropathic pain, including its molecular
mechanism.

[Methods and results] We first confirmed that both Kv4.3 and NCS-1 proteins are highly expressed in mouse dorsal
root ganglion (DRG) by immunofluorescence. In addition, when NCS-1 deficient (KO) mice were compared with wild-
type (WT) mice, it was found that KO mice were more sensitive to mechanical stimuli in both males and females. On
the other hand, no difference was detected regarding the sensitivity to thermal stimulation between WT and KO mice.

[Discussion] The above results suggest that NCS-1 may specifically contribute to the pain relief pathway by
mechanical stimulation rather than thermal stimulation. It is necessary to consider whether NCS-1 physically binds to
Kv4 channels in DRG, whether the expression/activity of Kv4 channels is reduced, and whether membrane excitability
and intracellular Ca?" dynamics are changed in KO mice.  Ifnew pain relief pathways mediated by NCS-1 are elucidated,

they can be specific targets for the development of new analgesics for neuropathic pain.



