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Elucidation of pain control factors associated with endodontic diseases and
construction of an experimental model for pain relief
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To elucidate the central sensitization induced by pulpal inflammation and
the systemic pain control system, we induced pulpal inflammation by applying allyl-isothiocyanate
(mustard oil) to the maxillary molars of rats and comprehensively analyzed gene expression in the
thalamus with a DNA array. We revealed that Kcnal and Sostdcl gene expression in the thalamus was
significantly decreased in the MO-applied group. These findings suggest that loss of function
associated with decreased potassium channels and increased BMP signaling may be involved in the
central sensitization induced by pulpal inflammation.

Kcnal Sostdcl DNA



MO

MO
MO
(A2017-009A
A2018-189A A2019-053A) 5 Wistar (n = 144) 6
(i) MO+LA [ (LA) MO ;n=36] (ii) MO+ [
MO ;n=236] (iii) MI+LA[LA (M) in
=24] (iv) MI+ [ Ml n=24] (v) +LA[
LA n=12] (vi) + [
n=12] No. 1/2 0.5 pl MO
M (Cavit 3 M ESPE) 05 1 2
24
TRIzol Thermo RNA Nucleospin RNA Plus
(Macherey-Nagel) QuickGene GeneChip WT Plus

(Thermo Fisher Scientific)



( 4.0 Thermo)

RT-PCR
RNA TagMan Thermo PrimeScript RTase Takara
cDNA TagMan
gene expression assays Thermo GoTag qPCR Master Mix Promega
gPCR glyceraldehyde-3-phosphate dehydrogenase GAPDH
B actin ANCT
4% 4 8
OCT 8lm
Kvl.1 1:200 Affinity GFAP
1:5,000 Novus Biological 4=C 48
1:100 Vector Laboratories - -
Elite ABC Vector 3,37 -diaminobenzidine (DAB)
NIH (1.37v)
Kruskal-Wallis Bonferroni Dunn
p<0.05
Kcnal
MO+
potassium voltage-gated channel subfamily A member Kcna 1 1
Kcna2-7 KcnalO

N

§ @ é Kcnal
e éi BE@ 3 Qé@ E@ <3 é & é Q RNA RT-gPCR
eI 2 Wi o wd o 1
%é é %@ Kcnal
S T s T o i 5 8 08 T 3 man * p<0.05

Contralateral thalamus Ipsilateral thalamus

DNormaIJrsaIine I:] Ml+saline D MO+saline
Mnormal+LA  []MI+LA  [O] MO+LA



Kcnal

Kv1.1/Kcnal MO+ MO 1
Kvl.1 0 ( ) 24 (p <.05)
MO+LA Kvl.1 0 1
24 (p<.05) GFAP MO+
MO+LA MO 24 MO+
Kvl.1/Kcnal GFAP
MO Kv1.1/Kcnal GFAP
MO Kv1.1/Kcnal

Oral Diseases

@ 1.0
a

- :
0 1 24 o 1 24 h

S S ST

A

% of Kv1.1 + area

25

Number of GFAP +
astrocytes/0.06mi

MO

Kv1.1 GFAP
(a-f) MO 1 (b e il 24 c fj m +
(a h) +LA  (d k) MO+ (b cij MO-+LA
(e f1 m) Kv1.1 (h-m) GFAP Kv1.1
240 pm - (g) MO 0( )y 1 24
Kv1.1 (n) GFAP

*n <.05 (n=6)



Sostdc

MO+
sclerostin domain containing Sostdc 1 2 (
) Sostdcl BMP Wnt
BMP Wnt
Sostdcl
6 7
*

C3.5
2 3 Sostdcl RNA RT-gqPCR
S 25 2 Sostdcl
x
< 2 *p<0.05
=
x 15
£
g :
EO.S
(]
o

0

MO M

Woolf, C.J. (2011). Central sensitization: Implications for the diagnosis and treatment
of pain. Pain, 152(3 Suppl), S2-S15.

Sessle, B.J. (2000). Acute and chronic craniofacial pain: Brainstem mechanisms of
nociceptive transmission and neuroplasticity, and their clinical correlates. Critical
Reviews in Oral Biology and Medicine, 11(1), 57-91.

Kaneko, T., Chokechanachaisakul, U., Kawamura, J., Yamanaka, Y., Ito, T., Sunakawa,
M., Suda, H., Okiji, T. (2013). Up-regulation of p38 mitogen-activated protein kinase
during pulp injury-induced glial cell/neuronal interaction in the rat thalamus. Journal of
Endodontics, 39(4), 488-492.

Murano, H., Kaneko, T., Zaw, S.Y.M., Sone, P.P., Zaw, Z.C.H., Okada, Y., Sunakawa,
M., Katsube, K., Okiji, T. (2022). Pulp inflammation induces Kv1.1 K+ channel
down-regulation in rat thalamus, Oral Diseases, 28, 1674-1681.

Ahn, Y., Sanderson, B.W., Klein O.D., Krumlauf, R. (2010). Inhibition of Wnt signaling
by Wise (Sostdcl) and negative feedback from Shh controls tooth number and
patterning. Development, 137(19), 3221-3231.

Honjo, K. & Tracey, W.D.Jr. (2018). BMP signaling downstream of the Highwire E3
ligase sensitizes nociceptors. PL0S Genetics, 14:e1007464.

Zhao, Y. & Yang, G. (2018). Effect of Wnt signaling pathway on pathogenesis and
intervention of neuropathic pain. Experimental & Therapeutic Medicine, 16,
3082-3088.



1 1 0 0
Murano Hiroki Kaneko Tomoatsu Zaw Su Yee Myo Sone Phyo Pyai Zaw Zar Chi Thein Okada 28
Yamato Sunakawa Mitsuhiro Katsube Ken- ichi Okiji Takashi
Pulp inflammation induces Kv1.1 K <sup>+</sup> channel down- regulation 2022
in rat thalamus
Oral Diseases 1674 1681
DOl
10.1111/0di .13866
1 0 0
, , , Nyein Chan Ko, ,
MO Sostdcl mRNA
159
2023
1
2022
284
6
(Okiji Takashi)
(80204098) (12602)




(Hashimoto Kentaro)

(80825662) (12602)
(Okada Yamato)
(60964921) (12602)




