Bk e 2038

WHRAT 3T ANZI DTV AFEHA L AR ZE O H R O R &
ZFDGy AN =R D FES I il i)

i

[ LR B AR AR A S S o 2 — 5 b T e T A — MR

BE E RRBEE AR SRR EF IR0 B SR S DTN R VEYEESE ThY, TV AEEIE LR A5,
/MR IV A FRIT AR —4— (VNUT) 1L ATP O/NMaNFEEE 7Y, 7V AREMMEAL PR EO LA T Th D,
VNUT O ATP ikl 3B A A AL T e AT )y 2ITIEMHA LS 4L, £ OTEMALEREE B A T B9 BRE T2, 20
ALY T % OFF §75ZL T, ATP AU HERr S, MR AR 4 06 &3 2 AR5 EER O Z R 23 KR IS SES
D, PRRRBE BN R CIIIER A =/ AR — 2 —OREREIR NIZLY, MIRANERAAVIREN L3570, Fx
DZIETOHFZERRIL, ZOMIANDIEFEA T 35 AD B A ATP F &2 TUE S, ik R M 2 g X
TNWHZEZIRRIZL TUWND,

AWFFETIL, ZOMGEREFFEL, HHRATANCLD TV AFBMEAL AR ORI AA » F OEEIZH LN, 205+
AT = R LIS AR EPEEIF O N THE S AT AOMSE BT, Fi - AU LD T VAR — & — Dk
TEPEREAMEZ VT, BN VNUT 258 IR E T 2R A IRR LI2E 2 A, 1Cs = 67 nM LHed TR £ T VNUT 24
FAFARFFENPAE T2 X ZFE LTz, ZOREII ML 50 ATP FiH 2 8 R HEWT L 72, PRk
WA AU N T L AR —Z —PNFEB L THZE%E RT-PCR JE THER LT, #hikfEEMLEET L~ 2% T,
VNUT % [HE 2R X LRFE AT AR =2 —[LHFEANTENE TR SE EM R 2 3528, M OfFHIC
X0, ZOEGNEIRT DI LE AL LT, LLEXY, VNUT OREAA TR A AL T 2O B L& 452
ETHARDIEFPEHERFZ B> TRY, ZOAA v F OfIE IR B E MR O A 20 AlSREER /2 D Z L2 BB NI L
77

1. HEREM

PRRR B MR IL, BEIRIE, DA, DANVAREY:, ~v
=T FEOMRREEICIY G ZSNDI 2 EHE VB MK
R CHY, TV AFEMEA LR I 2, R X
Quality of Life DB/ GEE THLH, 1@MHEALEITT
DEIWER DD, ZhRBIZRIGRIEITI2, E D EFR
bR THLHIEND, B FFRITET TR, BRI
b REITR T RERETH D 19,

TVAEBMEAL PRI BT, MR IX T T 7 RN

IZ ATP ZEMEL, DRSS T TR O A+ 5,

RSz ATP 137V RIRICHE G T 528 T Rt

HHREETD Y, 2055, /NI A F KT AR
—2%— (Vesicular Nucleotide Transporter: VNUT) /X ATP
D/NEARNFEIEEY, TV AR PARZ O MR T
Th% 39,

VNUT @ ATP AR AA NI T 0RT Vv 71Z
TEHEbS I, EOIEMACZ 7 N AR W BAE T2 7,
ZORHAA YT % OFF §5ZLC, ATP St oS sa,
PRI E MR A1 XC O & D AETE B IER ORI A K
TRICSESND 89, MRIEEMAR CI3RFR A4
AR—4— (K*-CI cotransporter 2: KCC2) DEEHEIL FiZ
F0, HIRANIESRAA PN A3 576 101D, Fox D



ZIVETOMWRAMRIL, ZOMIBADIEFEAA L TR
DEFH ATP 2 TUHESH, AR A g 2 e
FTCNBZEEEIRBL TS (K1),

ARHFFETIX, ZOMGEREFREL, 7V AEBMEAL P nE
(ZBITDIEHRAT L DRBAA T DEENIZASDITT D
7291, BN VNUT OARHAA Y T AR AH 250 711
OFF T ERBE L=, 72, 2O T A=A LI
FS R EEMR O N THIEY AT 2O % B {5
LT, MfRIEEMERET L~ ATHRAELTZ, AAF58
BRI, HESBAA L NT U ADRGHEIC Lo THIE T D%
FEE MR OFRARE OFE, Fio, MkREE M RwIE
FEDOBFRIZHFH ST D,

2. ARAE
VNUT DR - B8k

R VNUT @ N Ktk C RUGREBICT 7 4 =T — k5L
THEDODEARRT L a N7 A E RO RIS
RIETHD YbeL (b) ML 727 T AIN % KB I8
AL, VNUT Z KR&R I, Bl Ed 1.5%
Fos-choline 14 (FLE{EMEAD I TR EL, RIEAME M5y
Z NiNTA 774=74— N7 AT TRHRLE, R
VNUT % A LIS/ Nl B g A BRE Z CRAE R L 72,
BEBALR/NEDO ATP 8k EHRIE

PSR TN 150 mM Nat, #4% 150 mM K*
2L, 2 mM NV~ AT (KA /7 7) &Nz, PRI
IEDNREN ZE B STz, ZHUZ 100 mM [*HJ-ATP %
Mz, AF=2—a1%IZ Sephadex G50 fine 7.4
\ZT77FAL, 700 x g, 2 47, 4°CTi LU, Rk T
L—al o 2 — I COMENIZERIA £ [PH]-ATP
(IR e ' LT,

FEE 2= B E

FREERBRD IR THAERL, 1 mM A%/ —L Vv
(BN =R E Ot~ ) 2N 72, 2 mM )~
AT UL, TR S VI AL 72 2 4y YL E G
[ CENT = F 7 EUTHIELT,

FHIZHAREAND D ATP HUH B W 3h R o) 514

AR R 2 W52 L, 24 Krebs-Ringer (2T
T A FaX—TarLic, @AY LD iRl 5
JSBHBAEL, 20 S312IC RIEZEIR LTz, FIEH O ATP X
N7 27 —BIEICTERL, FECH S DR
(REEWE L SR - UHPLC B CE LT,

TEZIE(S
—R NKCC1 1
BRAE «@-o%
[Cl]it5 <@ D;;
O >
KCC2
O
e
g ©
VNUT
BICIAR

=i

ATP

1 HBEAA L ST 2D B LA IIE

RT-PCR 2k B HIREHT

~UADM, ISR OB M4 HLEE, <5
IZ, Isogen II (=w 7R —2) & RNeasy Mini Kit (Qiagen)
T RNA #ZfliHiL DNAasel ZLBRL7z, Z41% PrimeScript
RT-PCR kit(¥ 1 7/344) CHHREL, R 7714~
—"C PCR i@, 77V TINERIKENZ LD HBLO A
R LT,
HIREE A RO

PRIV BRI (FIRAA 2~ D AZRERENEE G- LT, 1
- 3 B CEIRARIEL, TO%, ZOEIRITRECH MR
Uiz, 737V EX A END 3 B % (KAl (SR =
A von Frey sBRICEVFHIL 72, PHE AN LSRG 4h
AN FR AR L7,
3. MIRHER

VNUT % R332 @4 FE 5 - B R Z O CER
RUT, TOFER, 1ICso = 67 nM WD TIRJRFE T
VNUT #fHECTELREMERET DL LI Ga
SCRFERDT-, Y X LRt 35) . 2O X 1%
BREN 1) DIEN ZE T BB L2772, VNUT
IZEFEANAERIL TODERIESND, IRIZ, VNUT O
FAF L DT AAT Vo 7 TG BT DR ET LIk
F, ) X ITIEHEAA L LA AT ATP SgeTE AR
EF LD, T2, FRIC VNUT S
X ZREL, Beifth, ATP EklE M2 RIE 358, ZOM



FRRITTERICEEL, PLESY, @Y X 13 VNUT

D FRAT ARAFIEIT RN BT DL CIHE TS,

Whp DT BAT Uy 7K THLHLZ LGN LT,

R X OFNESEIRIEA AL~ L TR L 72,
FESHII AW NN IC ATP 5L, DAl
X0 ATP 72 & DAREWE A B D ikt 32, {LAY X &8
M452ET ATP BTSRRI FEIS N, [FIRFZ,
BYETI B CHLT NVEIEE, TATE R, N
TIWED GABA 7V OB AMHIIAEIIETL
PRI, TNEIEERT ARTX iR D/ M
R AR EEW E T o AR —4—I% VNUT &R SLC17
"I AR =2 =T 7=/ T HT2D, ZORH X D
VNUT FHEAE TR SO &N 2 D,

ZOMMTIRFAA L T AR =2 —NFEHL WD
LRI DIZ, RNA Zfili, cDNA ISR G LT, Mk
AF AR —4— (Na'-K*-Cl- cotransporter 1: NKCC1)
W FAA =T AR —H— (KCC2) DR BT T A~ —
TPCR L7z, TOFER, VNUT LRIERIZ, Mk, it
JEHSRDEETIZNKCC1 & KCC2 BRHLL TNDHZ %
e L7z,

2RIV EX L (HUH AAN) (LD B LR O
HEET N~ REAERL, [ X OF M EERETLTZ,
PIRAFNCE DB N T, U Lo BESATY
LN R E A2 5| &3 LN ERAIFRE 7o
TD, ZOEF AR~ 2 IR FE A 3 H&I125 &
BT, ZO~TRAIRE X ZFpRkiEG5-35L, i07)
TR AR LT, D — 5T, BH DO~ ATIE
RE X 13BN THH-T, HRETET NV~ ATV %

BIROTI=2ATdHDH ATP =° ADP ZlleIc & 595,

R X (X8R RIH R LTz, F72, VNUT /v
TN ATHERMATE T 528, 2O~ AICRHY
X XS CTHHZ LA LN LI, S5, ZOEIT
PR BRI DO T L TNV 0T ankF o
LIRS RA R LT — T, TROHOEIEHITE
L3N ol LLEXD, 3 X 1L VNUT ZAER9 I
(e S A PR WARAS ISV B E Sk e N
ASNZLTZ,

NKCC1 [HEAZEE G 5L, NIV 2% LD
PR BN AR LT, E7, R X ZRIRHCE
H95L, ZORMEPERTHZ LA AL, 202

TR PR E IR O T R A A 128D VNUT @
RN 595282 RRIBL T,
4.% &

oz 1%, VNUT OIEHFEAAAZLDLT aAT Yy 7715
(A BN AP E T 4B & [FEL, in vivo
THREEEERICAED THOI LWL,
VNUT (23 A7 (ON) LA (OFF) DB A1
FNHY, ZORERNIZDAAYFZ2r M ARLDE 1,000
BRI BRFE L 727, A3 X 1L VNUT O 72 A B
PR LU THRE T 2B 2 B, Fi2, VNUT OfRGHT
AA Y F LG D7D DRI Y — AT DL N R D,
KPR B, WBEA A L 3T ADBEFEIC L > THIE
T DRI EN IR DT 22 D IR S LD,

SLC17 BINT U AR —Z —FHIWT bR A4 12k
L7 aAT Y GV A G 3208 D, [ X 1X
VNUT 72 2RI E T 5283 T& e, 2, £
NENDERAT L DIEHALAA v T OREEID LT D
BBz LR TERY, thod SLC17 BNV AR —2—0D
BIAZ2HIES ATRECTHHEB 2 HND,

FTo, FRRPEE IR D RIERM 22, AR
FEIIRIEBHFE ST, RE X ITBEFEEO T LA
NPT 2T U EOB AR THY, £z, Eh~D%
ML FEIESNCNODTZ), VNUT DIFFEA ALk DT
B AT Y7 25 A AR | AR B ST D BT LA
AL T2 HEHIFFCE D,

5. SEROFE

TUAFENPEA L PARENS, PRI MO RAEMEE SR D
izt <o AP IS ET, i e [ 5 O I, JEIRE
FIZHEBELTRY, AIEEIBERORIEICEE THD,
VNUT e B A BE AN XA TE B E R O B I 72 B - 1R
WHITIRDEEZZABND, Sk, TN O i PH 2
B A<, ZNENOFHETIZIBNT, ZOIEHET
OEEEE R 5,

F7-, VNUT DIEFEAFATLDT 02T Yy 7ML
AR, MR R 2 B CEA LA RWEL
7oy, MR O R A A IR E D ERIZEY, GABA
VEEDPERRIR DS I M2 O BUEE ME I TR D L ST
%10 R34 X 13 GABA OB D I E L 220 - 72,
L1813, R REE MR ) AR M b s O M
R EEEMED GABA (FEME L FARIENE OFLEL, FF



B3 200G a0 0B R BH D,
6. X #hk

1)

2)

3)
4

5)

6)

7)

Harirforoosh S., Asghar W. & Jamali F. Adverse effects
of nonsteroidal antiinflammatory drugs: an update of
gastrointestinal, cardiovascular and renal complications. J.
Pharm. Pharm. Sci. 16(5), 821-847 (2013)

Woolf C. J. Mu and delta opioid receptors diverge. Cell
137(6), 987-988 (2009)

Holmes D. The pain drain. Nature 535(7611), S2-S3 (2016)
Burnstock G. Physiology and pathophysiology of purinergic
neurotransmission. Physiol. Rev. 87, 659-797 (2007)

Sawada K., Echigo N., Juge N., Miyaji T., Otsuka M.,
Omote H., Yamamoto A., Moriyama Y. Identification of
a vesicular nucleotide transporter. Proc. Natl Acad. Sci.
USA 105, 5683-5686 (2008)

Miyaji T., Sawada K., Omote H., Moriyama Y. Divalent
cation transport by vesicular nucleotide transporter. J. Biol.
Chem. 286, 42881-42887 (2011)

Juge N., Gray J.A., Omote H., Miyaji T., Inoue T., Hara
C., Uneyama H., Edwards R.H., Nicoll R.A., Moriyama

8)

9)

10)

11)

Y. Metabolic control of vesicular glutamate transport and
release. Neuron 68, 99-112 (2010)

Sakamoto S., Miyaji T., Hiasa M., Ichikawa R., Iwatsuki
K., Shibata A., Uneyama H., Takayanagi R., Yamamoto
A., Omote H., Nomura M., Moriyama Y. Impairment of
vesicular ATP release affects glucose metabolism and
increases  insulin  sensitivity.  Sci.  Rep. 4,
DOI:10.1038/srep06689 (2014)

Kato Y. et al. Identification of a vesicular ATP release
inhibitor for the of neuropathic
inflammatory pain. Proc. Natl Acad. Sci. U. S. A. 114(31),
E6297-E6305 (2017)

Coull J. A. M. et al. BDNF from microglia causes the

treatment and

shift in neuronal anion gradient underlying neuropathic
pain. Nature 438(7070), 10171021 (2005)

Gagnon M. et al. Chloride extrusion enhancers as novel
therapeutics for neurological diseases. Nat. Med. 19(11),

1524-1528 (2013)



No. 2038

Pain control through Modulation of the Regulatory Mechanism of Purinergic

Chemical Transmission by Manipulating CI- Balance

Takaaki Miyaji
Okayama University

Summary

Neuropathic pain is chronic pain associated with diabetes, cancer, viral infections, and hernias, and mediated
by abnormalities in purinergic chemical transmission. Vesicular nucleotide transporter (VNUT) is responsible
for vesicular ATP storage, and is essential for purinergic chemical transmission. We found that ATP transport
activity is driven by membrane potential (Ay), and is allosterically regulated by CI". In neuropathic pain, neuronal
CI concentrations increase with decreases in Cl~ exporter expression. Therefore, we hypothesized that a Cl-
imbalance would enhance vesicular ATP release, exacerbating neuropathic pain.

In this study, we aimed to demonstrate a new pathological mechanism of neuropathic pain mediated by CI
imbalance, and its effect on purinergic chemical transmission. Extensive screening using proteoliposomes
containing only purified protein identified a physiological VNUT inhibitor with an ICsy of 67 nM, which acts as an
allosteric modulator through competition with Cl~. This inhibitor selectively inhibited vesicular ATP release
from neurons. RT-qPCR indicated that mouse neurons expressed plasma membrane-type CI™ importer and exporter,
as well as VNUT. In vivo, we examined the effects of VNUT inhibitor on neuropathic pain using wild type and
VNUT” mice. The VNUT inhibitor attenuated paclitaxel-induced neuropathic pain without affecting basal pain
perception in wild type but not ¥NUT”~ mice. The inhibitor’s analgesic effect against neuropathic pain was
stronger than that of pregabalin or duloxetine, widely used analgesics for neuropathic pain. Cl” importer inhibition
attenuates paclitaxel-induced neuropathic pain, and combined inhibition of VNUT and Cl™ importer enhanced the
analgesic effect against neuropathic pain. These results strongly suggest that VNUT senses CI” imbalance
underlying neuropathy, and vesicular ATP release exacerbates neuropathic pain. As therapeutic analgesic agents
with few side effects have yet to be developed, this VNUT inhibitor represents a new drug candidate for

neuropathic pain that displays few side effects.



