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Development of gene therapy in chronic pain targeting HCN channels
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In order to investigate distribution of HCN channels in central nerve
system, we generated transgenic mouse(HCN4+/luc),in which firefly luciferase and stop codon was
knocked in at the upstream of HCN4 translation initiation site to visualize HCN4-expressing neuron.
HCN4-expressing neuron was found in dorsal horn of spinal cord. We then assessed alternation of HCN4

expression in spinal dorsal horn in inflammatory pain model. We observed attenuation of
luminescence signal in the ipsilateral dorsal spinal cord 24 h and 48 h after formalin injection
into hind paw of HCN4+/luc mouse. HCN4 in spinal dorsal horn was suggested to be involved in

inflammatory pain.
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channels play a central role in inflammatory and
neuropathic pain. Science 333, 1462-6, 2011:
HCN2 ion channels. an emerging role as the
pacemakers of pain. Trends. Pharmacol. Sci. 33,
456-63, 2012)

HCN2 6

BERHCNFYRIL BEBMEMERRE

(WT) (dnHCN)

ATOMEFROBBMY

HCN1~4 4
HCN

- GYG
GYG
HCN2-AAA 4

HCN2

HCN2-AAA 4
1 HCN-AAA
HCN2-AAA
HCN2
HCN2
(HCN2
HCN2 cDNA 2588
HCN2 C GFP
3308

synapsin | promoter
401
polyA signal
4000

Nifi. CieEEfiEL. IR aF
ZCHRZ{T AL F=ANAC-HCN2-AAA

HCN2 6

27
HCN2-AAA-GFP



HCN2-AAA N

C
truncated mutant
ANAC-HCN2-AAA GFP
NanoLuc
HCN2 cDNA
ANAC-HCN2-AAA C
GFP NanoLuc
2) invivo

HCN2

ANAC-HCN2-AAA-GFP

HCN
ANAC-HCN2-AAA-GFP

ANAC-HCN2-AAA-GFP

(3)Invivo  ANAC-HCN2-AAA-GFP

ANAC-HCN2-AAA-GFP

GFP
GFP

HCN2
(4)ANAC-HCN2-AAA-GFP

ANAC-HCN2-AAA-GFP

1 3
von Frey
GFP
GFP
HCN2
sensitive HCN
HCN
HCN4
HCN4

caesium



(HCN4 +/Lcu)

HCN4
HCN4 +/Lcu
20 pl
24 48
HCN4
gPCR
HCN4 RNA
HCN
cAMP
HCN4 HCN4
(tTA) (TRE)
(HCN 4+/tTA—TRE)
GFP
(TRE-GFP
) HCN4

( o) HCN4

HCN4

84-86.2017

4 36 16-20 2017

Nakahara K, Oshita K, Itoh M, Takano M,
Sakaguchi Y, Ishihara K: Clinical
concentrations  of  local  anesthetics
bupivacaine and lidocaine differentially
inhibit human Kir2.x inward rectifier
K" channels. Anesth Analg, 122(4),
1038-1047, 2016

Oshita K, Itoh M, Hirashima S, Kuwabara Y,
Ishihara K, Kuwahara K, Nakao K, Kimura
T, Nakamura K, Ushijima K, Takano M:
Ectopic automaticity induced in ventricular
myocytes by transgenic overexpression
HCN2 Journal of Molecular and Cellular
Cardiology 80:81-89, 2015

4
Oshita K, Kozasa Y, Nakagawa T,
Nakashima N, Kuwahara K, Takano M:
Hypokalemia-induced ventricular
arrhythmogenicity is induced in transgenic
mice overexpressing HCN2 specifically in
the heart. The 95rd Annual Meeting of the
Physiological Society of Japan, March 2018

C )

HCN2
64 , 2017 6
« )
HCN4 )
63 , 2016 5 ()
HCN4
63 \

2016 5 ()



o

@
®

101
202-203, 2016

, 470-471, 2015

Oshita, Kensuke

70529510

Takano Makoto

30236252

Ato Z



