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WFZERCE OB (J£30) : Since orofacial cancer-induced pain causes difficulties in eating, the
symptoms of patients with orofacial cancer may be more severe than those of patients with
cancer in other regions. In the present study, we investigated mechanism of cancer-induced
pain in a rat facial cancer model. Consequently, we have demonstrated that cancer-induced
pain is caused by central glial hyper-activation, independently on inflammation and nerve
injury. The result suggests that anti-glial activation drugs may be available to inhibit
cancer-induced pain in clinical side.

SR TEHA
(BREHAT - 1)
[ERESE GiEERESE & &t
2010 £ 2,700, 000 810, 000 3,510, 000
2011 FFHE 500, 000 150, 000 650, 000
R
R
FE
& 3, 200, 000 960, 000 4,160, 000

WFZe4y 8y« E K
BHFEOSEL - ME : 5 - BERER R RS
X—U— R B, XA, I7e2 07, TARaeHtA b

1. WHFERR Y I DT & Rz 32T D7, REERBEIES S &

KT BEITIRRENE e m A% LIXL
XA EixE<monTsy, BFD
QOL DO &IZH —Z b B PR FE A2 A
H=AXLOABRD LN TWD, ZHET
ITHOITMFTRIT %I % AL 3 5 A B b iR 68
W COmEmET NVEW > TEBRNITOR
TRV, OPEEEEKR T E A EHESN
T\ o Te, B IR B A R L A

BEARICZ D REHROT > L0 & O EE
[ ATEEREREZRT, £ THLx O
T N—TIXEmFEETT VT v M EAERC L.
FEEE (RAEME ORI IEE) 2R
FIEL., BERARIRICRDZLERE L, =
OFHBEEEET VT v MIFEKRICBT 5
AR REOIER E LK LTEBY, 20
T NEAE ST MR RBAEA = X A



OHFFER IR ST,

W PRI I OEITIC L 0 A UK
JERPMBEEIC L > TAELTWD & —fi%H
WCHfR ST, Las L, BRI CIEHIRIE
KN TH Y | AREEDIREN B S
W WL ONDFIEENH -T2, £z, B
W DFRIEFMK 7Y TR OIE ML D
BIGAVEH STV TH 0 | mrEEs
WCHREED A D = X LDOEE Z R3320
Hodz, L L, RIESCHBREE L 13820 |
a7 YT OFEEERDT, T A g
s OIEMHAL D B OB 537/ S LT,

T THEAIT, HRETT AT v bEAW
T, T35 OIS & MR BP0 E % 3L
<7

2. WHEOHEM

AR O B L, FrlEmEe T v 7
v MTET D H MEER OFRIE A 1 =X L
ZH ST B0, DS fEE A SR
T L RODMEMRRO H D = XA & 2
DZ R T D = AP Bl K% 2 ] H A%
B DENERRDL L ThoT-, EBIT
FIKE L TEZONAIEAZEME 512 X
D1k D Z LT Lo THEMIESRE O I IE & 1
I CELPENERXEDLIEITH ST,

3. WrED kL

(1) =T NVEMWOIER

3 W Wistar RHEMEZ » M2 RAWCEHE
FEET IV, BRRIEETT VE Vv b BEEAE
LTz, F AR Z—L (50 mg/kg, ip) THE
L7277 v bOFREEIZ GFP #iETEA
JEAAD (Walker 256B) % 4x10° (in PBS 100 u
1) H L<IZPBS(100 pul) &85 Lz, KIE
T a7V —h e TN R TV
N REHE LT,

(2) =T IVEMW) O TENRNT

T NWAERFTN BAEE O H £ T, von Frey
hair (& & 2 Bhol I m RbRe R E . i 24
(2 & B BRI I 72 © ONC B & OB T

7 N— v TRROWMEZT>Te, ThZh,

BRI SLIRE . VMR AR E . B RIE DS IE
A TE 5, HIRIEFEA » R A Z T R080
TN TIERE ST N7 0 U EEN
51, avihae—nfgE LT A2 & THE
W DIH R AT L7z,

Q)@Y v 22 Tar 4 7
EFNEME L L E X —L (60
ug/kg) THEEEL ., 4% X7 BV AT VT E R
DRSS 72 ONT KSR 2 fif
L7z, SR, BRASEIA L COI R 2 1B L
Tro TDH%., WIEIZHEWVRERM 1 iRz H
WTCHOE B 0 54T o T2, Yool i~
TFFRPWE., hLvy b= B FREESRT
F R, H7=2), Y 7TIA4 MV TEBIO]
TA MY A b~vw—Hh—L LTGFAP, 27/ 1

T YT ~—H—& LT Ibal, fikfEE~—7D
— & L CATFS ZAE & Lz, YV AX LT
07 ¢ 2 IR LFEEE Y > 7V E R
L. EBa1To7,

4. WFIERE
(1) RIEF K OMRRAG T &S U 7o MR R
DFRAEA T =K 1
BRI RIEE T LTI R IEIE O RIE 4 1+
DI Z DPRIEIE A VKA X ¥ DALE
WZE-ThH, BEEET VO REERIIIZE
N EFR STz, BIRIEETT VTl = XARHE
B R B W T PHE E LY b=
VignfFEEA T F FOEMARERD iz
2N, BT T VTR b o T2, Iz
T, MREETHINT Wb TWDH T
=V HEHERETE T VTN RBD b
Mole, £, BEEETT VO = XA
B THREE~— T —TH D ATF3 D3I
X7 holz, b, kT ONTHR
SiE P ARG 0D 2R o e R i~ oD g A A R 1 X
ZEALBIESN ) 2T, ZHEDREERIL,
BRI E 7 VICRAE 3 5 B EIR X RIE R
FOHREEL ML TWD I & E R
LTW5,
(2) T 7D TR O TE AL,
RIEBLOHREEIZL > THRZ YT
HIAEMAL L, i K0 BEIER N IIE
THEWVWHIAD=ANT LI BTV,
DA, HYIEERZ AR T BT T L
WX 7Y 7RI ORI 22V O T
e FELTWE, L, PRICKL
T, #fNS 4 HHOBERERIEET LD=X
MRF R RAEEZ BT, 27ul)
TETAbMuY A MEARREE IS
LTV EWIREREE, SDICERZE
LONIRNG/ =0/ VT i [ = G 5T LA (1 R i
Sh, TOHITHENTT A v A k23 EHE
BNSTEMEAL T B Z &y otz, £72. Zh
527U TR OEMALIZZ D%, FEOREL
TS EEBEOLEFEZ B X TR > T
WS ZERHS N LRSI, FIT, BWOLF
TE L 722 WER T B JE fRI C I 7 A b 24T
Sl2E A, TA YA MEMILOR &
— 3 U T AE U CRIET D HH 7T 23 22
=i,
Q) Fi7 IV TIEME T e T 4 U v
FEANRRERERT L W HL 7Y TIEMEIR L LT
mond7ZaXr 7 40V U EBEERTT
IS LTz & A, B OFIE & 1k
2 HELVWERIIHHE L, £/, Zo7m
N RNT 4 ) EBIC LY | S X R R
ERMEEICB T2 7 ) 7 MoiEE i
mHlEn Tz, ZnsORRIIHEZ Y 7
HAE D TEVEAL 2N FE RIS DR IEIZ B b - T
WBHZ EERT,
ZOERBIIH 7 U TR  E M D



RIBRICHEZ CTH D ATREM 2R L C\n iz, R
FROBIGTIE, BHEERIIRIEL THHZD
BTN, D22, HEBTT VIZE
W, A EERE R Tl Ze < . BEIESRERIE
BlzBWTHL 7YX M7 4 U ITAERT
HDOMEIDERF LI, R, 7Tarh
T4 VNI —HBIELTLE T EFER
’ﬂbfi%w%%bwréﬁﬂotobﬂ
« DR OEIRICRIE U CRIET D B IK
{“ B L CITFRIERT TH VT ROINH %2 7=
L7, ZOfEFIZ. 7'V 7l oiEE LT R
FHIR ORAENIICE D> TEY | ZOHER?
WIEHEOHREL W WD AR LT
W5, TV HiR S Y 7 HIRGE AL oM
BIE. EER OB I\ T 7 MR % 358
JEL TWARWEERE IS LTH 2 Y TiEM
HE T FENELERHD L%
RIEBELTUW5D,
(4) FFfE b L — Y — 1B fs 1 & A A T2 R
oz LT 7 v OFERK
FREEOEREWITL T, MM L —T—
WGAUNEMIE L 7 F ) ICHFE R E D
DsRed Z 1T 7= a1 2 A A T2 IR C
DFEER BT Tz, THUTERR I Bk
DRI T B R R T L LT, MR
(2 B9 B AR o U TR A IS R H Sk

HEWHIFEE G - TWNAD, RITEEEDFE R

LE LT RBUMIER 25 7-08, 7 v Mo
LT5 HIZEIHARERRT OO, K44
DEF VBT 1 0 BEICITmEAMEEL
TLEW, e ERpEE o7, +
D%, WGA & [EHED L 7 F o THid AR N
boHLlwowEE RO, 22T, rmm
FEEPIZWGA ZIRIM L= & Z A, HENC

TR X 2GEIC Em@m%ﬁbtt@\%h
DLk = OSBRIl L7z,

5. FreRFiRLE
(WFFEfEE . Wt
LR

Gy K OSEEERTIE# (2

GEEERmse) (Bh1 218)

@O Sago T, Ono K, Harano N, Furuta-
Hidaka K, Hitomi S, Nunomaki M at al.
(11 49 2% H) Distinct time courses
of microglial and astrocytic hyper-—
activation and the glial contribution
to pain hypersensitivity in a facial
cancer model. Brain Res, #FHiA, 2012,
in press,
DOI:10.1016/j. brainres. 2012. 03. 039

@ Miyahara N, Ono K, Hitomi S, Hirase M,
Inenaga K. Dopamine modulates neuronal
excitability pre— and post—
synaptically in the rat subfornical
organ. Brain Res, ##if, 2012, 1447,
44-52.

DOI:10.1016/j. brainres. 2012. 01. 063
Ono K, Tnagaki T, Tida T, Wakasugi-Sato
N, Hosokawa R, Inenaga K. Distinct
effects of cevimeline and pilocarpine
on salivary mechanisms,
cardiovascular response and thirst
sensation in rats. Arch Oral Biol, #&
e, 2012, 57(4), 421-428.
DOI:10.1016/j. archoralbio. 2011.09. 01
3
ANEPEORER, PSR, HHEMSE. AR
. MEE, FHA, HERERS]. b
VEE. FRAIEE. MR OFRERA B
= AL, JUNBER P MEEE. Aaef . 65
2. 2011, 60-67.
http://www. jstage. jst. go. jp/browse/k
ds/-char/ja/

Ono K, Asami R, Miyahara N, Nakanishi
0, Inenaga K. Neuronal effects of
neurokinin B on the rat subfornical
organ. Neuroreport, = #t A, 2011,
22(8), 374-378.

DOI:10. 1097/WNR. 0b013e3283469645
Hidaka K, Ono K, Harano N, Sago T,
Nunomaki M, Shiiba S, Nakanishi O,
Fukushima H, Inenaga K. Central glial
activation mediates cancer—induced
pain in a rat facial cancer model.
Neuroscience, % #t A, 2011, 180,
334-343.

DOI:10. 1016/ j. neuroscience. 2011.02.0
07

Iida T, Ono K, Inagaki T, Hosokawa R,
Inenaga K. Nicotinic receptor
agonist—induced salivation and its
cellular mechanism in parotid acini of
rats. Auton Neurosci, &HA, 2011,
161(1-2), 81-86

DOI: 10.1016/j. autneu. 2011. 01. 003
Asami R, Ono K, Nakanishi O, Inenaga K.
Distinct mechanisms underlie the
regulation of body fluid balance by
neurokinin B and angiotensin II in the
rat brain. Brain Res, #&@e A, 2011,
1383, 179-186
DOI:10.1016/j. brainres. 2011.01. 072
Ono K, Xu S, Inenaga K. Isolectin B
binding in populations of rat
trigeminal ganglion cells. Neurosci
Lett, &HcA, 2010, 486(3), 127-131.
DOI:10.1016/j. neulet. 2010. 08. 076
Harano N, Ono K, Hidaka K, Kai A,
Nakanishi 0, Inenaga K. Differences
between orofacial inflammation and
cancer pain. J Dent Res, @A, 2010,
89(6), 615-620.
DOI:10.1177/0022034510363095




@ Inagaki T, Ono K, Masuda W,

Iida T,
Hosokawa R, Inenaga K. Differences in
the Ca?* response resulting from
neurotransmitter stimulations of rat
parotid ducts. Auton
Neurosci, 2010, 154(1-2),
102-107.
DOI:10.1016/j. autneu. 2009. 12. 005

Xu S, Ono K, Inenaga K. Electro-—
physiological and chemical properties
in subclassified acutely dissociated
cells of rat trigeminal ganglion by
current signatures. J Neurophysiol,
#HeA, 2010, 104(6), 3451-3461
DOI:10. 1152/ jn. 00336. 2010

acini and

A,

(PR G2 71
O KIZEH A, DEFEAES, AREE, +

FRE, RREIE, PEEI, FhKIE,
W EIRETIL T v MR D MRSy WS
EOHARAEPFEAKRES 2012 43 H 29-31
H., AL EE (BEFIR)
ANBPERORES, FFEESL. N LTREE. FEKTE
B, 7 v b =R =2 — 2B
% TRPA1 OFERERFE, H AREFF AR
2012 4 3 A 29-31 B, AR tE (B
T I)

LA, ZDNEPEORES, AN e, JRIF e,
kB, HFHXIA, HEBEMR ], FaKiG
., 7 v F =XM== 2 —a BT
Ly KUY BZEERE LM
AN NRE B BARAERETES RS
2012 4 3 H 29-31 H, MASULEHE (F
T IR

AR, WMEBET DNEPERRR, REk
EH, HHE—, #ERET LT v MC
BIFD EEHE = 2 — 0 v ONSENEE
{b. AL KRS 2012 45 3 H 29-31
A, MALEEE (BFR)

FaKIEm ., EHRES, DEFECRE, AR
WE, WA THRE=a2—m DY+ 7R
AR K ORI 425 K= v fE
. BARAEBSS RS 2012 4F 3 A 29-31
A, WAL (RBHR)

Inenaga K, Miyahara N, Ono K, Hitomi S,
Pre— and post—synaptic modulation by

dopamine in rat subfornical organ
neurons, The Japan—Korea  Joint
Symposium on Brain Sciences, and

Cardiac and Smooth Muscles. Feb 17-19
2012, Gyeongju TEMF Hotel (Gyeongju,
Republic of Korea)

Ono K, Sago T, Harano N, Furuta—Hidaka

K, Hitomi S, Nunomaki M et al. (11 A
1 1 #&FH), Contribution of central
glial activation to pain

hypersensitivity at late—stage in a

model, The
Japan—Korea Joint Symposium on Brain
Sciences, and Cardiac and Smooth
Muscles. Feb 17-19 2012, Gyeongju TEMF
Hotel (Gyeongju, Republic of Korea)
Hitomi S, Okada—Ogawa A, Ono K, Inenaga
K, Iwata K, Enhancement of photic
responses in upper cervical spinal
cord neurons in dura inflammation rats,
The Japan—Korea Joint Symposium on
Brain Sciences, and Cardiac and Smooth
Muscles. Feb 17-19 2012, Gyeongju TEMF
Hotel (Gyeongju, Republic of Korea)
/NEPERORAR, FEREBFST DN O ATz 10 R fk
SETEREIE DR L BIEA. ALIUN FZ 1
~ 7 ARFFES, 2011 45 12 H 1 B, /A
R E AR (FRR )

Ono K, Xu S, Harano K, Inenaga K,
Expression of TRPA1l in subpopulations
of rat trigeminal ganglion neurons,
Annual meeting of Neuroscience, Nov
12-16 2011, Washington Convention
Center (Washington DC, USA)

Inenaga K, Miyahara N, Ono K, Dopamine
inhibits neuronal excitability in the
rat subfornical organ, Annual meeting
of Neuroscience, Nov 12-16 2011,
Washington Convention Center
(Washington DC, USA)

/NEPERRER, ZEERCE,. HmESE, Rk
E, BEEET V7 > Mok ¥tk
PERAIE A T = KX I, R 2
20114£9 H 30 AH-10 H 2 A, & BJI[EEE
=Yy (g RIR)

FRATER, DEFELRES, S K—, ==
FURRIRT A=A N OMERR WM &
FDA T =R, ERHFEEREETS, 2011
9 H 30 H-10 A 2 H, EEJIEESH®
N

FEARCE. ADBPEORAR, Fakigm, B
BET VT v MCBTDHE 7 U 7 Hil
DORRIFHIZEAL, BRHEREE 2, 2011 4
9 H30 H-10 A 2 B, RRJIEHE=®ES
(g B2 IRL)

EIREE, DEPECORAR, fEkTEE, KF—
NI UNE DA ZEERE LTINS TERE
Za— o OMREERN A IEIT 5. R
SRR 201149 H30A-10 H 2 A,
RRIIIERSHEYS (R
/NEFEXRER, GO, fiAdEE. Bim
BET VT v MCB DIE%A 7 ) T
TS AL &M ~ DB 5. B AR
R RE, 201149 H 14 A-17 A, /3
7 4 Akl (PRI

FEAER, HIRE S, DEPERER, F—
NI UNE DA B E LTINS TaRE
Za—n 2T S, BARREREF K

rat facial cancer



21

22

23

24

25

26

27

2 20114E9 H 14 H-17TH, Xv 7 4
B (PR 1R

Ono K, Hidaka K, Harano N, Sago T,

Nakanishi O, Inenaga K. Central glial
activation mediates allodynia and
hyperalgesia in a rat facial cancer
model. The Japan—-Korea Joint
Symposium on Brain Sciences, and
Cardiac and Smooth Muscles. Nov 26 2010,
Kagoshima, Japan

Ono K, Xu S,
classification

Inenaga K. Cell
for rat trigeminal
ganglion neurons by current signatures.
Annual Meeting of Neuroscience. Nov
12-16 2010, San Diego Convention
Center (San Diego, USA).

Inenaga K, Asami R, Ono K, Nakanishi O.
Comparisons with neurokinin B and
angiotensin Il effects on body fluid
regulations 1in rat brain. Annual
Meeting of Neuroscience. Nov 12-16
2010, San Diego Convention Center (San
Diego, USA).

Harano N, Ono K, Hidaka K, Nakanishi O,
Inenaga K. Glial activation in the
medul lary dorsal horn mediates
cancer—induced pain in a rat facial
cancer model. Annual Meeting of
Neuroscience. Nov 12-16 2010, San
Diego Convention Center (San Diego,
USA).
/NEPERORRR, HmAngE, FEFEE . e (&,
FEKIER . BEEEET V7 > MIBITD
MR ORI A 77U T RS b
WG 5, AARDMESEERRE 2. 2010
10 A 3 B JUNKFEFE 5 FE#E (R
fif] U%)
/NEFERORER . FRKTERL, iR EIC D
W =X = 2 — 1 DB BT
5 B FRRE R b N F OGP,
R SR S 20104E9 H 20—22 H
& T —R— /U ndE CROCED)

HEfise, /NEPECRRR, FikiEm, X
70 7 R OIEPEAL I3 PR ORI
BG4 5., R REEYS 2010429 A
20—22 A, ¥ U —A—/UidE CREHD)
R HEK—, /EPBURES, MR, fik
Hl, =aF kb7 v VETRRE
AR OAMAIN Ca®' BhAE, MFFIEAEE T
2010 29 H 20—22 H, # U —&K—/Lfi
o CRAUER)
ANEFEORER . fRHEK—. FRIEANG. M
Mew], faKiEE. MERR T IAREEIZ I 1T 5
=83 Ol UNE R R 2
2010 4= 5 H 22—23 B, JuNER KF58
o (fEE R

v (&, NEPECORER, JREF |

H

(XF)

e, S5, B RIEAL, FRKIEHE.
FERIE A~ O N L — P — n - E A
X B R B E AR R O R E . U
RS A 2010455 H 22—23 H.

F ==

JUM R R (R ] U

GF 1)

@D Ono K, Harano N, Inenaga K, Nakanishi

Pain Research: Methods
(2nd Edition), 2012,
p287; Section part— “A rat pain model

0. Springer,
and Protocols

of facial cancer.” , pl49-157
6. WFIEALRE
(1) wFgefzs

/NBF EZCER (ONO KENTARO)
JUNBERF RS - B2l - Wz
W35 40316154



