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AAV: Adeno-associated virus

ANOVA: Analysis of variance

ArchT: Archaerhodopsin T

ChAT: Choline acetyltransferase

ChR2: Channelrhodopsin-2

CNO: Clozapine N-oxide

CUBIC: Clear, Unobstructed Brain/Body Imaging Cocktails and Computational analysis
D1-MSNs: Dopamine D1 receptor-expressing medium spiny neurons
D2-MSNs: Dopamine D2 receptor-expressing medium spiny neurons
DREADD: Designer receptors exclusively activated by designer drugs
GABA: Gamma-amino butyric acid

GFP: Green fluorescent protein

hM3Dq: Human muscarinic receptor 3 DREADD subtype

hM4Di: Human muscarinic receptor 4 DREADD subtype

KC: keratinocyte-derived chemokines

LAG-3: Lymphocyte-activation gene 3

MCP-1: monocyte chemotactic protein-1

MIG: monokine induced by gamma interferon

MIP-2: macrophage inflammatory protein-2

MSNs: Medium spiny neurons

NAc: Nucleus accumbens



PD-1: Programmed cell death protein 1
QOL: Quality of life
TIM-3: T cell immunoglobulin and mucin domain-containing protein 3

VTA: Ventral tegmental area
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A LI, THREOMBBEEG S L ITMBBEGENE Z Y 5 2REBICHET L. 5
WIZZ ISz R OIFEIORNRARMEER ) & L TEBERFERICL DV ERSNT
W5, ZOXIIT VaA TR 5 NTIEBIIAD 72 6 72 5 MR RBRCTH 5
EEINTEY ., VN, LDHEMG 5 WIS ER O EZZ T 5, KIRIRET T
(T, ARLRA NV ABPELD Z L TIHREKREDIKR T 251 S 29 24, ZONFEIKED
IR 26 L T2 Tie < | IR O L7 b NSRRI b KT L,

HE D quality of life (QOL) %% L <K F &2 = & 23K LB L 725 T B,

A% dopamine R R

WA f% dopamine fHARIL, HEMIIHEEEEF (ventral tegmental area: VTA) 7> b {4484
(nucleus accumbens: NAc) (T4 LTV | Z D dopamine F#dIE, #HAS M, BB IE
FEHILEBERB I OREHORIUC B W TEERKZE 2 RI-T 2 ERPL NIRRT
B3N F T A TCliE, ML R% dopamine AR DIETELIC &V IR RO IS B &%
EER 72 & O M B35 Z EnEmE SN TnDS 12 EHIT, FATAFETIL,
FIRIKEE T2 W T, M dopamine MR DOFRIEENIIRN T L TR Y | Tk
dopamine FHFETESE)Z N Z00IZIEMEL 35 2 L IC K VKT L7 BIE S A B I E1E

THZEBHLMNITR-oTND 1214



MI4%% (nucleus accumbens: NAc)
A%, MRS dopamine FFEDIRIS e D—>TH Y | WM. BEEISIT1TH)
7 EOIEEWERE R S A IMBEIL CTH B 15V, S HIC, IFEOWEICL D &, ERIRET
TIE, ML~ AT 2 BB MO OTEMEALIZ KV | dopamine D2 32 2 A& A7 ks
DOFFIFENN EH- L TWD T EDRHALNITRSTND 819 F 70 AL TS 1Y
(Z shell FEIKE core FEMKIC/YEE S, shell fEik T, WU & OFEERED
AN < B 5-9 5 — 7, core SEISITIRANZ 152 7= 0 OFTEIHIENC B G-9° 5 = & 3k

EENTVS 024,

Ml AaA% & MR 3 2 PR R

(AL I AFAE T 2RI D 2 < 1X. GABA & O TR HAFRSHIL TH v |
dopamine D1 % &K% A9 5 dopamine D1-receptor-expressing medium spiny neurons
(D1-MSNs) #7213 dopamine D2 % %{K% H 9 % dopamine D2-receptor-epxpressing
medium spiny neurons (D2-MSNs) 7% 90 % LL L% & T % 2528 DI-MSNs [T —fi%AY
(CEORR AT CTEEIRERE 2 IS 9 2 e 2 A L CR 0 | RIS M AR~ & et
I D EPEEE (direct pathway) ZTEEL L CUD 2931 —J5 D2-MSNs &, $AEFER -8k
BONROFBUE G- L TEBY, BITRBERNEEF L, AR T F T A Z L TH
P fE e~ & B4 % MR8 (indirect pathway) ZTERL L CUN% 3233 Z Dt ORI AAKE D
HERCAFRSMIAE & LT, GABA &A ITTEMFER choline acetyltransferase (ChAT) F5tAT
TEMRRDMFAET D 2, ChAT BEMESTIERRRR I, ILEZIZ/#/ET 5 DI-MSNs X° D2-

MSNs ~& £t L, A& OMfEE) 2 i3 o HaE 2 A L T 5 345,



Jibh & SAH S8 e B

TG EWVWIEBRH DL LI, BEORERE L WoTeR YT 1 7RG &
JE U TWOIRBBITEEEIZE o TRWEEL KT T Z ERMLATWD, LDOFH I D
P, RRARESRICR X 2B % 5.2 5 K912, R R OMEREDS KA D fa e i 1o
WEE G2 TNWDHEBEXOND, BT, BDADRIEY A7 0 A O & X
DOFRFEIEE & OBIENEIC OV TORIIER TN D K D122 0 (R, SR FHE- FEE
BB O (HPA axis) 2MEMERY72 2 R LA ) DIREEICB W TIEHE(L &S D Z & T,
BH DGR BN DAUDFAELETICHFE L TNDEEZILNL LD ITR-

TXTU 5 3641
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ABPIE T, BRI FiE7R b QNS PLR R 2RO TEISHE . (I ARRZ O TP AR A ik
PRSI 2 N 2 LSS Bl 4 L 72 BR O TR d6 & ORI S e e (2 59~ 2 52 2T D
TS 2 E2AME L, LUTOITEIERIRE 21T > 7o,

H1E

MARZIZAFAET % dopamine 52212 A ke D PSR il 1 1 2 6 97 2 52 2R IS DV TR
S5 HRT, JEBRFHIFIEICHE, MIAEEZ dopamine DI 38 L UY dopamine D2 5%
BARE A PR O PPRETE Bh 2 Rr SL A LS HIE U 72 BR O PR R MRS TR (2697 % 53R

W TATEV A RIIRAT 21T > 72,

E2E

{l44%% dopamine 522X A 1R D N 2 BTG PEHIAENC X 2 BB AR K3 L ORHR &
FEREME 3T DB DWW TRETT 2 BT SRELRR AR FEE AV ABRC
A% dopamine D1 35 KX OV dopamine D2 52 K A AFHE DA RRIGEh & Hil48 L 7= BE Ot

IR Rt K OSRIH S (S92 B SOV THIT 21T - 7,
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AR A ZITT HIHI20 | FEAICIED & 10 | BIEAEOBLED S b E722E)
WFEBROFERMZART Z & & BN & L THE Sz RIERRF 3 BRI R
FOEMEREB 2 TRRBEGTZ O 2T, BT 2 B2 +0IC B8 L TEY
DB A e/ DRIC L TET R TOFEBRAIT o7z, 72 ## 2 DNA FHEBRIZHOW T,

IR REMMAZ DNA ERELEBL CARE BT -



H1E

fAl24%% dopamine D1 33 X T¥ dopamine D2 ZREEFMHBEDOFERMN
TEHERIANIC & 2P REEHERICE 2 DR
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]

AR TR A L C TR S L, AR BEIC B W TR A 2 Bk 5%, T
Fr DR TERR S O I, THEIEAE 2 7] 2 RAKASSERR BN TEAE L. 2 OIS
BT FIVMRIESND Z EIZEY JEA LG ERBOOT TRET D2 &E2 61D,
F7-. T dopamine MREDELLAEL T o 2 BB ZEIF I, TR0 TE), ik
HF T8N 22 & OWRIAVERE A AT L TV 27104346 MFRIRag i Jef TR L 0 | JEHRIREE
TIZBWTITM AR~ & 4T 2 G S dopamine FRFREDIEMEIME T L T 5
ZEPALNTRoTVDY, Fio, MEMPEEEF dopamine R A BRI FIEIC
> T, FRRAYTTEMEAL T 5 2 & THRRRE MR 72 b ONT A AUSEIRIC & 2 &R B
DIRTZAEICHEEIELZ LB FEIEINTNDHN,

— 7. AL AT DA, 90% LA AN RLAT AT (MSNs) & I
[T 5 GABA GAHMREMIICE > THED LN TEY ., &Y OMiRMILIX GABA &
HONAEMFER choline acetyltransferase (ChAT) B DS ERFFEINIELE L CTUN 52528
F72. ML 3 FEOMAE (medial shell, lateral shell 38 X8 core) 2MFLEL TE
D, ZNENOHERE TEHEMEEH S TN D & S22 RS, I shell SEIKICAATE
9% D2-MSNs (JEJFIREE T THRIEEIN EF LTV Z ERPLNIR->TND
19, S F Y EIFIRAE T TiE, %IV T dopamine T v b U — 7 HEERE(
TLTWDD, ZORBEARET L2 ZENEEL D,

— 75 A% DI-MSNs & 9&58 & OBIEIZ O W T IBain 2 S Tunen
OO, HREEMEBRE TH 2 E/L b X ORI RIL. dopamine D1 A MAHEWHEI X
DRl S D 2 E DY, AIAAREICAFET S dopamine D1 38 KON D2 2 &IKE A fh

e &I & OBEZ A2 Z &3, HT RIBRGIEORMICORRn s L EXLND,
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Z 2 CARMIIETIE, AZBHICHRREEE) 2 BB 5 FE T H 2 BB FERITIEICIE
MIARZIZAFAET % dopamine 52 25 A e D N 2 HOTE MEHIE 23 bk i E PP R 1 2

XL CRITTRBIZ OV TR LTz,
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ERENY)

FEERIZ 1T C57BL/6) (R EBRB P (FK). ) ¥ &, Dl-cre (C57BL/6-
Drdla<tml(cre)>Phsh) ~ 77 A (Cyagen Bioscience Inc., Santa Clara, CA, USA), D2-cre
(C57BL/6-Drd2<tml(cre)>Phsh) ~ 7 A (Cyagen Bioscience Inc.), D1-tdTomato (B6.Cg-
Tg(Drdla-tdTomato)6Calak/J) ~ 7 A (The Jackson Laboratory, Bar Harbor, ME, USA),
ChAT-cre (B6N.129S6(B6)-Chat<tm2(cre)Lowl>/J) ~ 77 A (Jackson Laboratory) ¥ & %
D2-cre ¥ 7 A & LSL-tdTomato (B6.Cg-Gt(ROSA)26Sortm14(CAG-tdTomato)Hze/J) —~
7 A (The Jackson Laboratory) % AW LAy L7z D2-tdTomato ~ 7V A& L7z, ~
U A XEIRENE 24+ 1°C,55+5%) ICCTHRIBE L. BIRESME 8:00 A&, 20:00 THE
D 12 KA 7 v & Ule, 2k 18R (ETRERE MF, 4 Y = 0 ZOVEERETE (BK).

W) BIOEOK (KiEK) IZTBBERE L,

EHREY

FEBRIZ X, chloro-APB hydrobromide (Sigma-Aldrich, St. Louis, MO, USA) & X O
quinpirole hydrobromide (Sigma-Aldrich) Z{H L7=, WFEH & ©1T saline (ZEE L .

IRE%Z 6 ng/ul ([ZFHFE L. 0.5 uL ZIAEEZ O E{HIIZ microinjection L7,
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£2RZEH L (CUBIC 1)

Isoflurane (3% W A; & L7 1 /L AFEHIEE (#R), KIR) (2 X 225 BFE T, 21G @
HHEE %2 VT DI1-tdTomato 3 X O D2-tdTomato ~ 7 A D 2032 0.6% heparin
(FrH SR (BK). HA) Z&¢e 0.1 M phosphate-buffered saline (PBS) ZiEA L. FH.05E
(280 IAH 2 AU S W72, & D%, 4% paraformaldehyde (PFA; & 17 1 /L A%
S (KR)) Z&T» 0.1 M phosphate buffer (PB, pH7.4) (2 XV &5 HETEC 21T - 7=,
A L, 4%PFA # &1 0.1MPB Ik W %EEL 18-24 W17 -7, # D%,
PBS Ttk (>2hrx3), 2 4R L7= CUBIC-L (B E{bE% T3EME). BR) 1ZiF L.
8 MFMEILL IR (60rpm,RT) L. ¥ H (Day2) XY JFi&® CUBIC-L |[ZEH# L., IR
(60 rpm, RT) L7-, Day3. Day4 725 TNC Day6 (28T, #H LV CUBIC-LIZ {&#a
L. #&¥% (60 rpm, Day 3-5: RT, Day6:37°C) Z17\>, Day7 |2 PBS (2 CiEifaiT->7-
%, FH (Day8) (2. 2 {5 R L7~ CUBIC-R* GRELAL T2EMFE) Sml 122 L, K%
(60 rpm, RT) L 7=, Day9 2. 5k CUBIC-R* |Z{&#a L. #2% (60 rpm, RT)Z 17U,
Yo TV EERL L 72, iR B, UltraMicroscope I (Zoom body configuration) (Miltenyi
Biotec B.V. & Co. KG, Bergisch Gladbach, DEU) % VN TATVY, 3 RIeA A—T 7 H

B OfFENTIX. Imaris (Oxford Instruments, Abingdon, UK) (2L DV {T- 7z,

SR AR R R AT

Isoflurane (3% "W A; & L7 4 L AFDEHIEE (BR) ([T X D2 2F M T, 21G OFS
#t% T DI1-tdTomato 35 X Y D2-tdTomato ~ 7 A% 4% PFA (‘& L7 ¢ /L A F0

Wi (BR) & &Te 0.1 M PB (pH7.4) I L W £HHERBECEITo72, EMERH L.
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4%PFA Z#5Te 0.1MPB IZ XV RBREEEIT o721, 20-30% A7 rn—R (BT 41
LFOEHIEE) 2 W CHAEIRE LT o7, WY A % O.C.T. compound (Tissue Tek;
Sakura Fine Technical, # ) % AW\ CHifE S 7z, B SE-URIEI I/ A F v
I (Leica CM1510; Leica Microsystems, Heidelberg, Germany) (2 C/E X 10-20 um (27
Bl L. poly-L-lysine =— MEAX T A NI T RIZHEfIE:, BRI, MO A%
0.2% Triton™-100 (Sigma-Aldrich) 35 XY 3% 1E% 7 < 1{& (normal horse serum, NHS;
Vector Laboratories, Inc., CA, USA) #&¢¢ 0.0l MPBS #H\W\WT 1 Kfffl 7 o v 7
L7-1%. 100 f58R L7= HL ChAT Hifk (goat polyclonal; Millipore, MA, USA) % iii T
L. 4%C T 48 Wil »Fa~—h L7, D&, 0.0l MPBS TP L, 0.2% triton
B L 3% NHS T 400 548K L7 Alexa® 488 #ikhi N IgG ¥ XHiK (Thermo
Fischer Scientific) Z#%ifiN %, i CHESE LR S 2 Bl A > F = ~_— h L7z, fEHR
L7eH > 7 ik, #tE AA| (Dako, Glostrup, Denmark) Z W TEIA L7z, £72, H
B OESIE, IESL 8 Y BEMEE (BX-53; Olympus, H ) ZHW T, @6, @kET
U AL CCD 71 A7 (MD-695; Molecular Devices, San Jose, CA, USA) (2L V1772,

BT I, Metamorph (Molecular Devices) % fifif L 7=,

MBS R FIEITHE © 7o A% BOAPREH AT tE i

Cre A8 % BERAKAFHIN RS BRIR TdH % channelrhodopsin-2 (ChR2) & %
VM3 archaerhodopsin T (ArchT) OFENFHFE SN D L O ITEFFSNTca A NTF 7
N EMANTET T HEE T A )V AT Z— (AAVS-FLEX-ChR2-mCherry, AAV5-
FLEX-ArchT-GFP) % isoflurane (3% W A; ‘&7 4 /L AFDEHIEE (BR)) R T

ALEELEE (RWD Life Science, San Diego, CA, USA) |Z[EHE L7z Dl-cre ¥ 7 A X

14



W D2-cre ¥ 7 ADIHFE%E core fEIE (AP: +1.4 mm, ML: £1.5 mm, DV: -3.6 mm, angle
10°) iZ~vA 27 a ) VR 7T ERWVTHEA (0.25ul/min, 1 ul) L7z, F7o., M4
lateral shell (AP: +1.0 mm, ML: £1.8 mm, DV: -4.9 mm, angle 0°), medial shell &% (AP:
+1.5 mm, ML: £0.5 mm, DV: -4.7 mm, angle 0°) 3 X O core fEk (AP: +1.4 mm, ML:
+0.9 mm, DV: -4.0 mm, angle 0°) {Z Nanoject Il (Drummond Scientific ) % fH\VNTyEA
(I nL/sec,300nL) L7z, =Dk, HA Rhh==—L (77 A/3—F==2—111;Eicom
(BR). BER) &~ ADMIALEE core FHIEL (AP: +1.4 mm, ML: £1.5 mm, DV: -3.1 mm,
angle 10°), lateral shell fEJk (AP:+1.0 mm, ML: +1.8 mm, DV: -4,4 mm, angle 0°), medial
shell FEIE (AP:+1.5 mm, ML: £1.4 mm, DV: -4.2 mm, angle 10°) 3 X% VTA fEik (AP:
-3.1 mm, ML: £1.3 mm, DV: -4.2 mm, angle 10°) Zffi A L7zt . YHIEH L —3% — (Lucir
(BR)) (ZHt L7z, ChR2 (ZxF3 A 6iliiE,. F5% (473 nm, 30 Hz, 5 msec, 8 pulses
every Ssec) & 30 ZyMIRRES L7=, ArchT (%P3 2 filiix 589 nm DA% 30 4
WG L=, F7=. EMER 5D D peek 7 ==—1 (EIM-54: Eicom) %~ AD
fHI44E% lateral shell fEJK (AP: +1.0 mm, ML: £1.8 mm, DV: -4,9 mm, angle 0°), medial

shell FEIE (AP: +1.5 mm, ML: £1.4 mm, DV: -4,7 mm, angle 10°) (28 & L7z,

BERAEHPHFIE

ALK %G T R YT - (250um) & B 7 h— XA (VT-1200 S, Leica Biosystems,
Wetzlar, Germany) %z W CTIER L, K BIENKIZIEL 222.1 mM sucrose, 2.5mM KCl, 1
mM CaCl,, 7 mM MgSQs, 1.4 mM NaH,PO4, 27 mM NaHCO3; B L 0.5 mM 7 A =2/
Ui a SR A Uiz, 8113, 128 mM NaCl, 3 mM KCl, 2 mM CaCl,, 2 mM

MgClz, 1.25 mM NaH,PO4, 24 mM NaHCO3, 10 mM 7' /b 22— R % & e R RN T

15



FREE T TS TR L 1 FFREITE S 7, MIBEZITAAET D AR ia ot
JlE, 40x KIRIIH L XL sSCMOS 1 AF (Zyla 5.5 sCMOS; Andor Technology,
Belfast UK) % F\\ 7= 1ESCH# Y BEMSEE (ECLIPSE FN1; Nikon, Tokyo, Japan) (2 & Y #
L7z, ChR2-mCherry 3 X' ArchT-GFP % ZNENHHLT 5 DI- BL W D2- %
REH MRS IZA & . Multiclamp 700B Amplifier (Molecular Devices, Sunnyvale, CA,
USA) % T whole-cell patch-clamp recording % 17> 72, Fe#kEMIL, 120mM 7 /L
A ) v A, 10 mM KCL, 10mM HEPES, 10 mM R AR 2 LT F 2 -Nag, 4 mM
Mg>ATP, 0.3 mM Na;GTP, 0.2 mM EGTA (pH7.3) 3 X T Biocytin (0.2%) DIRIE % Jiii
LR T ABHE T ARy b (4-6MQ) & H\W=, 77— %X pCLAMP 10 software
(Molecular Devices) THrRIF L 72, ChR2 35 LN ArchT &, BRSSO FAR— M6 B
X35 450-495 nm B LY 540-600 nm @D )¢ (XLEDI; Excelitas Technologies,
Waltham, MA, USA) TZNCHIURNE L7z, ki, wliRiMBIA % 4% PFA T 4 “ClHl
E L, 24 FFEIZICA LT R T EY UfEA Alexa Fluor-350 (1:2,000; S11249, Thermo

Fisher Scientific, Waltham, MA, USA) TA > F 2 X— k L CRiskfaDFRIE #1772,

PR R E P £ 7 )V DIER

Isoflurane (3%. W A; &L 7 ¢ /L AFOGHIZE) 12 K DR T, Seltzer b DHiEZ IS
ML, 8-0 ok (k) EHBER., ) AW T~ U ALHKR O EIRRE A )

U RENCHEER T 5 Z Lo L 0 ERL L 7248,
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BRI A3 5 R RBEUR S DRIE

BRI 2 IR BSOS T EFREICR O TR ZBERER T 2 £ TORISE
REDSHRT 9-11 FIT 72 2 L O ICEHIIE 2 8 L 72 & B 2 & (UGO-BASILE
Biological research apparatus, VA, Italy) %z W THIE L7z, 728, HIEIZAL B FhRAsEL
A K OWEE 7 A BIZITV., REBE)R SIC L% EoE & 3FHn LR o7, 3K
WP 512 K % BN R O M 1 AR PR MR R 7 L ER% 10 H B (Chloro-APB),
11 HE (quinpirole) (217572, HMGANCEREBMED pre EICR > TWDHZ &%

B L7k, EZ T -7,

W AEAT

MEHFHAEABREIL. MOVIKRLOH D 2 FHMOEEKIZHE W TIE, ool ES
53 HT1% 2, Bonferroni post-hoc test (ZHEVY, AT Z1T > 72, X TOHGHENT X, Prism

version 8.0 (GraphPad software, La Jolla, CA, USA) % F\CH#AT 2175 7=,
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RIAE%IZ331T 5 dopamine D1/D2 52 54K B4 08 A B 0D FE 3R 40 A SR AT

A2 1T %5 dopamine D1/D2 Sz SR AR R AL D R BL A0 2 ffesd 52 B
T, Blia R EEHM A AW CHEGENT 21T > 72, 1Z L HIZ, dopamine D1/D2 32 25Kk
PEAIRRAS BAYICHOE ¥ v X M TH D tdTomato 3BT 5 8GR EEBYW TH 5
Dl1-tdTomato 3 X O} D2-tdTomato ~ 7 A DHIALKZGEIR I 1) %D dopamine D1/D2 3%
BARIGIEAND O FEHIAT 2 WERR LTz, £ DOfER. MIAEZ D lateral shell, medial shell ¥
LN core FEIRIZISVNT dopamine D1/D2 S RIS MARNE O & 8 BE 72 43 A D378 80 B AL

7= (Figure la),

Dopamine S ZRAEHNMIE 2 A IR S LI BEOMREEERERE T 28

f5t\ T dopamine D1 52 (ARSI S L OV D2 S 2 SR A I SE & (A k%
ZJRFTR G- U T2 BE O ik e MR |2 k3 5 SRS DU TR &2 1T > 72, Dopamine
D1 ZAEMEIRIFNIEIE CTH D chloro-APB |44 K% lateral shell 35 & U medial shell
(CEIEA L2 L A, MU W THRFEFMERIREIC K VIR Lo KmBRE oA
BeBE A FRD A7z (Figure 1b-i, ii, $%%p < 0.001 vs. saline ligation ipsilateral paw),
7=, dopamine D2 = A RRINAFREIE CTH 2 quinpirole (DWW T HRIBEDORGT 24T -
72L& Z A, lateral shell 35 KT8 medial shell MiFEIEICISVNT, AR AR LR BEO[EIE A

P B AL (Figure lc-, ii, ¥p < 0.01, $%%p < 0.001 vs. saline ligation ipsilateral paw),

18



KBEFZHFELZ H VW dopamine D1 ZRAEEFHRORBRENTEMILIC X 28

FEEEE AT ORE

KIZ, dopamine D1 ZAEKEIE 7 2E—H —O FtlZ cre BERNRBLT 2 L H1E
f X7z Dl-cre 7 ADHIAEEFHEIKIZ AAV-FLEX-ChR2-mCherry D 22> A kT 7
NEHT 57T BT A VAR % —% medial shell, lateral shell 35X T8 core FEIK

& A L7o (Figure 2a,b), ChR2 2HEREL TWAH Z L 28T 2 HI T, H
S % RS U2 RO IR BN FEAL OME 2 B A EBESFA TIEICH > THRE LIZRER, et
DO RFHIZ L0 #RIEEN D EJ/ 238 Hiv/e (Figure 2¢), 24D OREIKIZHFET S
dopamine D1 52 2 AR O K FL Y 7275 A b 23 Feh ek b 5 M T |2 I E T2 B2 o
WTHRH L2, ZOREH, MI444% medial shell, lateral shell 35X T core FEISICAFAET
% dopamine D1 SR E AR D KRB 72 TEMAGIZ Ko T, MRREEMHEIFIZ LY
KT L7 mBEEE2 A EICEET 2 2 ERH L E 22572 (Figure 2d-f, %%p < 0.001 vs

Wild-type/ChR2 ligation ipsilateral paw),

MBI FHIFIEZ AV 2 dopamine D2 A S R DR REGHNH]IC X 5 ARREE

PR IR A R

Dopamine D2 Z FREIE 7 2 E—F —O T cre BERNFELT 2 L SR
iz D2-cre ~ 7 ADMALEERHIKIC AAV-FLEX-ArchT-GFP O 2> A N T 7 &
T5H7T ) HEREY A VAT X —% medial shell, lateral shell 35 X% core FEIKIZHKE:
HEAL7- (Figure3a,b), ArchT 2MEREL CTW\W5 Z & 2RI 2 HIU T, HEOE%E RS
L 72 BR DTS B EAL ORIE 2 8 A B F R RIS E - THRET L72/ER. A O RREHC

X0 MRIEE O BN RO S (Figure 3¢), ML DOZNZEN DO HEEEIHFIET D
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ﬁ

dopamine D2 52 7545 A #if% 0D R S A4 7 JT0 il 00 703 e e B S PR A0 L2 M E 3 RE 281
OWTHF LTz, 0GR, 4K medial shell, lateral shell 35X TN core ZNZEILD
SEIKIZFET 5 dopamine D2 ARG A MR ORI MK K - T, AP FEEME
EIRIZE VIR T LIEREEZ A EICEET L2 Z A6 E o7 (Figure 3d-f,

$%5p < 0.001 vs. Wild-type/ArchT ligation ipsilateral paw),

g B~ & Bei 3 A 126 E%E dopamine D1 RS H MR DR REMLICE S

PR PR VR ~ DR

Dl-tdTomato ¥ 7 2 ¥ X O} D2-tdTomato ~ 7 A Z H{\» T, Clear, Unobstructed
Brain/Body Imaging Cocktails and Computational analysis (CUBIC) #:(Z%£\ N, dopamine
D1/D2 Z BRI O BN /3G I DV THRAT L= & 2 A (lAARE 7 B NSRRI fE
WICEBEIFEL TN D Z EBRH LN 72 (Figure 4a-i, iil), S 512, ILEZIC
219 % dopamine D1 Sz ARG MR REANG L HR M aEIg A~ & & 513" 5 —J7 (Figure 4a-
ii), dopamine D2 52 2 (AR5 ARSI 1 FP M EIE ~ D B IR D B 222 o 7= (Figure
4a-iv), LA EOFER LV | MIAEE dopamine D1 52 2K & A FR% IR 25 B I~ &
B LTERY, Zomikxy bU— 7 MU -NEAIE S B - A4 8Z & o 7o pik [E] i

IEWZHIE L, EIRAEENICE G L TW D TR B R bivd, £ T, EHAgREE~
&I DA% dopamine D1 S 24 A FRR 0D 7 A e BRADITIE PEAL L 72 BR O AR

FHEIR IS RIET B OV TR Z1T o 72, £7° AL core FHITIZ AAV-Flex-
ChR2-mCherry %527 7 J REfE T A W ARY X —Z i EIEA L, Dl-cre/ChR2 ~ ¥
AwAERL L T2 (Figuredb), Z D~ 7 ADGAIPE 2B R8Ik 2 A9~ 2 = & T, (AR

MO 25T %5 dopamine D1 2 A E AR A FFBANTIEMRIL LT &L 2 A, #hik
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P MR I X DR BRI OIR T I3 EIZEE L7z (Figure 4c, %%p < 0.001 vs. Wild-

type/ChR2 ligation ipsilateral paw),

RIAAE% ChAT BBAEITFERRHE 0D R S ROTE M il 80 0% 22 0 BR BN - I S 9 R04

A AFAET D ChAT BEPESTFEARRE D 2347 12 DU T ik b A e ik I e
W, MR EAT o7& T A ChAT BEMEr RS IZ A4 D medial shell fHIE % 1.0
DAL TNDZ EMBH L E 72> 7= (Figure4d), ChAT BEPEITERIREIX DI-MSNs <2
D2-MSNs ~E#fE L TnD 2 ERHE I TV 5729, Dl-tdTomato ¥ A & D2-
tdTomato ¥ 7 A & T, ChAT BEPEJST M #E & dopamine D1 = &K ¥ 72 1%
dopamine D2 S A REGMEMNE 0D 7347 & S AL AR YL IR ICTE W, FERR LTz, £
FEH. ChAT FEMESIEARREDJEPHIC dopamine D1 B XY D2 S AKE AR INE(E
LTW5D Z &R Sl (Figure de, ), eV T, IAEZICAEAES D5 ChAT [T {E
PR DIEPERIENC K0 | AP R E IR I C B2 E T ENIC DWW TRRFH 2 BN
T.ChAT-cre ¥ 7 AD{I44% medial shell FE15%IZ AAV-Flex-ArchT-GFP ® =1 & k5
7 N ko7 T U A NV AR Z—2lEIE AT H 2 L T, ChAT-cre/ArchT ~ v
A ZAERL U= (Figuredg), Z D~ 7 AP medial shell fEIICEIRA 24252 & T, A
HARZIZAFAET D ChAT MRS TEARRR 2 4 U 72 B8 o0 Ao s S5 I AR L2 kb9 2 R0 A
EORIEZAT > 7o, £ DGR, ChAT GRS FEFRRE OO R SR 22 7EVERIAENC J 0 | #hik
PR EPEAR I L DRI T2 A RICEE S5 2 LB 6082257 (Figure

4h, %5p < 0.001 vs. Wild-type/ArchT ligation ipsilateral paw),
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Figure 1
Brain mapping of dopamine D1 and D2 receptor-positive neurons

(a) The distribution of D1 receptor-expressing (a-i) and D2 receptor-expressing (a-ii) neurons in the NAcLat and NAcMed. Scale bars = 100 um. (b) Latency
in the response to thermal stimulation under a neuropathic pain-like state by administration of the selective dopamine D1 receptor agonist Chloro-APB into
the NAcMed (b-i) and NAcLat (b-ii). Data are presented as the mean + S.E.M. of 5-6 animals. **p < 0.001 vs. saline ligation contralateral paw; *p < 0.05,
##p < 0.001 vs. Chloro-APB ligation contralateral paw; *%p < 0.001 vs. saline ligation ipsilateral paw. (c) Latency in the response to thermal stimulation
under a neuropathic pain-like state by the administration of the selective dopamine D2 receptor agonist quinpirole into the NAcMed (c-i) and NAcLat (c-ii).
Data are presented as the mean £ S.E.M. of 5-6 animals. *"p < 0.01, **p < 0.001 vs. saline ligation contralateral paw; *p < 0.01, *#p <0.001 vs. quinpirole
ligation contralateral paw; $p <0.01, %%p < 0.001 vs. saline ligation ipsilateral paw.
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Figure 2

Effect of optical stimulation of D1-receptor-expressing neurons in the NAc on neuropathic pain

(a) Schematic showing that AAV-Flex-ChR2-mCherry was microinjected into the NAc of D1-cre mice. (b) Experimental timeline. (c) Biocytin-stained ChR2-
mCherry-expressing neurons in a D1-cre mouse (upper) and representative current-clamp trace from a nucleus accumbens neuron expressing ChR2 showing
action potentials in response to photoactivation (blue line) (lower). (d-f) Effects of optical stimulation of D1-receptor-expressing neurons in the NAcMed,
NAcLat and NAcCo in mice. Latency in the response to thermal stimulation under a neuropathic pain-like state by optical stimulation of the NAcMed (d),
NAcLat (e) and NAcCo (f) in Wild-type/ChR2 and D1-cre/ChR2 mice. Data are presented as the mean + S.E.M. of 5-6 animals. *"p < 0.001 vs. Wild-

type/ChR2 ligation contralateral paw; *#p < 0.001 vs. D1-cre/ChR2 ligation contralateral paw; $%%p < 0.001 vs. Wild-type/ChR2 ligation ipsilateral paw.
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Figure 3

Effect of optical suppression of D2-receptor-expressing neurons in the NAc on neuropathic pain

(a) Schematic showing that AAV-Flex-ArchT-GFP was microinjected into the NAc of D2-cre mice. (b) Experimental timeline. (c) Examples of biocytin-
stained ArchT-GFP-expressing neurons in a D2R-cre mouse (upper) and representative current-clamp trace from a NAc neuron expressing ArchT showing
reliable suppression of the firing of neurons during photostimulation (orange line) (lower). (d-f) Effects of optical suppression of D2-receptor-expressing
neurons in the NAcMed, NAcLat and NAcCo in mice. Latency in the response to thermal stimulation under a neuropathic pain-like state by optical stimulation
of the NAcMed (d), NAcLat (e) and NAcCo (f) in Wild-type/ArchT and D2-cre/ArchT mice. Data are presented as the mean + S.E.M. of 5-6 animals. **'p <
0.001 vs. Wild-type/ArchT ligation contralateral paw; ##p < 0.001 vs. D2-cre/ArchT ligation contralateral paw; $¥%p < 0.001 vs. Wild-type/ArchT ligation
ipsilateral paw.
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Figure 4

Effect of optical stimulation of D1-receptor-expressing neurons in the NAc projecting to the VTA and optical inhibition of cholinergic neurons in the
NAc on neuropathic pain

(a) Whole-brain imaging of D1 and D2 receptor-positive neurons in D1-tdTomato and D2-tdTomato mice, respectively. Fluorescent histochemical observation
of D1 receptor-expressing neurons (a-i, ii) or D2 receptor-expressing neurons (a-iii, iv) using CUBIC. Images were acquired from horizontal (a-i, a-iii) and
sagittal (a-ii, a-iv) sections. (b) Schematic showing that AAV-Flex-ChR2-mCherry was microinjected into the NAcCo of D1-cre mice. Scale bar = 1000 pm.
(c) Effects of optical stimulation of D1-receptor-expressing neurons projecting to the VTA. Latency in the response to thermal stimulation under a neuropathic
pain-like state by optical stimulation of the VTA in Wild-type/ChR2 and D1-cre/ChR2 mice. Data are presented as the mean = S.E.M. of 5 animals. *p <
0.001 vs. Wild-type/ChR2 ligation contralateral paw; *p < 0.001 vs. D1-cre/ChR2 ligation contralateral paw; *%%p < 0.001 vs. Wild-type/ChR2 ligation
ipsilateral paw. (d) Immunohistochemical staining images showing choline acetyltransferase (ChAT)-positive neuron in the NAc. Scale bar = 200 pum.(e, f)
The images showing ChAT (green) and dopamine D1 receptor (red) (e) or dopamine D2 receptor (red) (f). Scale bar =25 pm. (g) Schematic showing that
AAV-Flex-ArchT-GFP was microinjected into the NAcMed of D1-cre mice. (h) Effects of the optical suppression of ChAT" neurons in the NAcMed. Latency
in the response to thermal stimulation under a neuropathic pain-like state by optical suppression of ChAT" neurons in Wild-type/ArchT and ChAT-cre/ArchT
mice. Data are presented as the mean + S.E.M. of 4-5 animals. *"p < 0.001 vs. Wild-type/ArchT ligation contralateral paw; *#p < 0.001 vs. ChAT-cre/ArchT
ligation contralateral paw; $%p <0.001 vs. Wild-type/ArchT ligation ipsilateral paw.
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ARBFFECIE, R FHTIEICHE D, M4 dopamine 32 F K& A #IFE O ARG I
Ze N2 HIE U 72 BR OV TR BB R 2 B DV TR 24T o 7o, £77. IR
$1F7 % dopamine D1 LT D2 ZFIRGEMING D534 % dopamine D1 3 LT D2
ARG AR RIS B e 2 Y B & 5Bl % Dl-tdTomato ~ ¥ A3 KXY D2-
tdTomato ~ 7 A & FIVWTHERR L 72, £ Ofif R A DORiEZ TH %5 medial shell, lateral
shell 72 5 TNZ core FEMKIZISVN T, dopamine D1 72 5 TNT D2 S ZAREG M AIE A3 i 78
EIZHAR LTV D Z & R Lz, #eW T, dopamine D1 38 XY D2 ZBIKE A #fkE
0> N 2 B 72 05 PR RN 73 9 BRI U M9 I DWW T 24T o 72, Dl-cre FE 721
D2-cre ¥ A% AT, cre-loxP system (250, WEZMEZAEKTHS ChR2 £7-
IX ArchT % cre BERIKGFMNCHILT D L OERI S N7 T Btk v A VAR T X
—ZMBED 3 OB ~LMETEAT H I & T, Dlce/ChR2 B LT D2-
cre/ArchT ~ 7 AZVERL L 7=, D%, dopamine D1 &G AR 2 A& HNIENE
L7 & 2 A, MRREEEEEICEIVIRT LERBIEIIARICEE L, £2,
dopamine D2 52 7 A5 A Fek D& 1 2 T L 72 B8 oD At B MR P (2 M 9 e B
DNWTHF L7z L Z2A, ARREFBREOEENRD bz, ZAbDRERLD (Ml
H4:8% dopamine D1 ARG AR ORIMIEM & D2 ZAEE AR OMFIERTIC X
V. ERAETET 2 Z R ONE ol Fio, 29 LHIEBEMES, HITK b
&V o T IEENC & 2 TR IR O —EICRE 5 LD Z EMERI S D
{44%% dopamine D1 ARG HMRIL, EHEK LR T LM THY . 0
TEPEALIC &0 R P35 B dopamine AR A2 TEMEAL L. IAKICEIT 5
dopamine OWEHERAZIEMT 5, ZOMIER v b T — 7 Ok 2T LAY & %
HIET 2D 1 >ThHD LEZBND, £ 2T, MEABEEL~ & BHN T M4
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HEBIZOWTHRET LT, T O R, B~ & &9 2 144%% dopamine D1 %%

\

PARGE AR DRFEAZRTEMAIC K 0 | SR BE EMERE 2 K VART L7 m BRI A
BlZEE Lz, 29 LR 5, dopamine DI S BARDIEMEILIZ LV . MERIBEE
dopamine fFENEMAL L, MIA4EZ CilElf L 7= dopamine 7% dopamine D1 35 X TY D2
ZBEEA~EREET DI LT, EHEBENAEICEE T LEA NS, ZDID,
DMERAY72 feed forward Ry T — 27 &2 b1 —/LICEHE TH 5 AlREMEN R
1Y gV

BT A ORERAPRSIL TH 5 ChAT B EMRICE B L, &0 & OB
PEIZOW TR 21T o 72, ChAT [EPES{ERNREIE. DI-MSNs X° D2-MSNs ~ & 5
L. ZOMRIEE ZF0E L T D 2 &AM E4 TV 5 3435, DI-MSNs (ZIZ A AT Y

YHETEF VY v M4 ZREEPFEBLLTEY | D2-MSNs ([ZIZAA D U AET 2T
Nl Ml ZFEENREFRENRBLL TS 349 ZD7=8, ChAT BEME M ERRE)
b7 Fal onlE SN D L. dopamine D1 % BAAE AT EIH & Hu.
dopamine D2 S AR EAMRITIEMEALT 2 L O IS s D, E7z, WA ChAT By

TEAPRI IR R GABA AR 6 DS %2521 TH V. GABA i DIEME(L
2 &0, ChAT BN TEMRBIH S5 2 & THETTEN 2R~ 3 2 L 3| S Tn
% 30, & ZCARRIETIL, MIAAE ChAT MR T TEARE D RIS T 0D A 2 4 7 $00 il il 48]
PAFRE P PRI (M T T RIS DWW TR LTz, £ OFER. ChAT [t rfErpft &
Re RO 5 2 & T, AR E MR IC L VKT LIERBREIE A BICEIET 5
ZERHLMNE R oT, IR L72 X 912, ChAT BRI TEMRR DA RIEEN 2 Bl 3 %
Z L T, dopamine D1 X' D2 /ARG HFRIS T 27 F /0= U o OUFREN

il D728, dopamine D1 =R E A H#RILIEME(L L. dopamine D2 Sz 455 A4
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TR LT S0 HRE & B 7 DI ORI Z B & i Z 3 BER A TR T 2, £z,
ANTREB LTz &0 D HERBHE ORI B Z LT L, AL D7 EOlEE)
EEZHFRTL2LDHD, 29 LEBEFICLY, MR ELZ T, =M
[C B SRR B2 T D RN D D, 2O XD RN, PR E 21T
DRRGE R O TATHREIEN 2 KV IRSRIAT 5 2 L1280 | BATRIRD T2 DHr
LWT Ty N 74— LT HZENARETHLEEZILND,

—J7. dopamine IX¥N D EERMRBZEDE O 1 > TH Y, BRHFBEK~D
dopamine D%, EEEAE MM OFHI 41X U & Lokl 2o 4 BB AR & A L
TN 7104346 = 5 7= Bk 7 R PRMERE D & | dopamine R OMERERE X, R0
N LR 72 EOMEEREIERE S & D\ T 8= 0 Y VR &0 o T AR ZE TR O RELS
5L TWo, Fio, fFEOWE TIE, EABEE dopamine #HRROIEMALIZ, S
MR OFERE A HIAE U, JEIG O NERAL 243 2 WEEME M RIE STV 512, 61
MR dopamine R OTEMEAIE, ZZREAHRE A 1 U 72 Al IS IS k 2 B R
70 EOREINE R IRIELT D 2 E b BN I TN SIS

iM% dopamine AR DEEFTE TH DAL, HEIABAPRAIIE (Medium
Spiny Neurons: MSNs) 723FEL TV, L4 51E dopamine D1 A E /21X D2
BIK%ZFBLI9 5 DI-MSNs & L < (% D2-MSNs @ 2 FIHIC KBS 52528, Eak L
7=k 91z, HiKLkR dopamine MR OTEMELS RHPEDORIEREREAHIE L TV Z &
FH LN E 2o TND D, (I AFAET D dopamine DI 3 1LY D2 SR IRE A1
TRIZ K 2 e B kT 2 BB (35R BT B & SuTungny, £ 2 TR TIE
B FATIETH D DREADD system 2 HEVY, A& IIICI44E% dopamine 52 &K
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[EBFER X OEBRMEH

ERENY)

EBRIZIX CSTBL/6N ~ 7 A (HAZ L7 (#R£). HIK). Dl-cre (C57BL/6-
Drdla<tml (cre)>Phsh) (Cyagen Bioscience Inc., Santa Clara, CA, USA) ~ 7 X2 X ¥ D2-
cre (C57BL/6-Drd2<tml (cre)>Phsh) (Cyagen Bioscience Inc.) ~ 7 A& L7, ~7 A
IFTEIRTENE (24 £1 °C, 55 +5%) (12T B L. BIRESRME 8:00 AUE. 20:00 VHED
12 Wi Y A 7 v & Ule, 7eds, #BEE (BEREE MF, 4V = X VEERETHE (BF), R

W) BXOWOK (OKEK) IZHHBEERE Lz,

FEHB R PR IR CHE © 7o A\ 2 HOPRHRE R B T P I )

t I synapsin E{s 7' 2E—%—OE FIZ human muscarinic receptor 3 (hM3Dq)
F# L' human muscarinic receptor 4 (hM4Di) & mCherry OE GBI FEZHA LT
AAV X7 % — (AAV-hSyn-hM3Dq-mCherry, AAV-hSyn-hM4Di-mCherry) Z{#H] L7z,
Fo. A AAV X7 Z—DIfiliE E £ hM3Dq: 5 % 10'2 or 9 x 10'2 copies/mL,
hM4Di: 4x10'2 or 3 x 10'? copies/mL (ZFHHL L 7=, Isoflurane (3%, W A) (2 & 5 2B kP
T, BENLE EEEE (RWD Life Science, San Diego, CA, USA) (Z[#HE L7~ Dl-cre 3 X
W D2-cre ¥ 7 ADIHFEE core fEIK (AP: +1.4 mm, ML: £1.5 mm, DV: -3.6 mm, angle
10°) IZ~vA 27y VR TEHWCTHEA (025 ul/min, 4 min) L7z, £/, 14
¥4 lateral shell 738 (AP +1.0 mm, ML £1.8 mm, DV -4.9 mm, angle 0°) 5 X" medial
shell fEik (AP +1.5 mm, ML £0.5 mm, DV -4.7 mm, angle 0°) (Z{% Nanoject Il % >

TiEA (300nL/side) L. fl448% DI1-MSN 3 LY D2-MSN $F#21912 hM3Dq & 7213
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hM4Di %38 X ¥7-, hM3Dq X' hM4Di ORI IZ1X. clozapine N-oxide (CNO:

Abcam plc., Cambridge, UK) DIEENEL- (3 mg/ke, t.id) Z1T->7=,

BERAEHPHFIE

ALK &2 G e /RN G (250 um) 2 B 7 F b — 24 (VT-1200S, Leica Biosystems,
Wetzlar, Germany) TIERL L7, JK&GUIWHRIZIE 222.1 mM A7 17— X, 2.5 mM KCl, 1
mM CaClz, 7 mM MgSOs, 1.4 mM NaH,POs, 27 mM NaHCO3; B XL DX 0.5 mM 7 A @/
VIRE E LKA A Lc, /R LRI, 128 mM NaCl, 3 mM KCl, 2 mM
CaClz, 2 mM MgCl,, 1.25 mM NaH,PO4, 24 mM NaHCO3, 10 mM 7 /L 2 — R Z & el
I TR RER TIC =R T < &b 1 RFFBIE S 7o, SOOI, 40x K
Zxt L XL sCMOS 1 A F (Zyla 5.5 sCMOS; Andor Technology, Belfast UK) %
VN T2 IE S O BEASSE (ECLIPSE FN1; Nikon, Tokyo, Japan) % ff ] L 7=, Whole-cell
patch-clamp recording (%, Multiclamp 700B Amplifier (Molecular Devices, Sunnyvale, CA,
USA) % T, hM3Dg-mCherry 35 X OV hM4Di-mCherry BGPERIEN & Z N ZF AT >
oo FBEEEMIIAR T TABRIT 7 Ay b (-6 MQ) ZHWT, 120mM 7 /L3
F1Y 7 10mMKCL, 10 mM HEPES, 4mM 7R AR 7 L7 F 2 -Na,, 4 mM MgATP,
0.3 mM Na;GTP, 0.2mM EGTA. 0.04 mM Alexa Fluor-488 hydrazide dye (pH7.3) % &
WiRE A Lz, 7 —41% pCLAMP 10 Y 7 v =7 (Molecular Devices) % FV T
17 L7=, hM3Dq 35 X T hM4Di R ZTEMHL T 572912 CNO (3uM) & HETIR
HUZIRIN L7z, Reékt2, MR % 4%PFA TIEE L, Prolong Diamond Antifade Reagent
(Thermo Fisher Scientific, Inc. Waltham, MA, USA) % H N CTEA L 7=, B O BUSITIL,

40x/0.96 NA xf¥) L > X% Hefig U 72 I A v —F — EEBEMEE (FV3000; Olympus,
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Tokyo, Japan) Z T, —# D z A &Z v ZE{% (0.6 um FET 3.6 um J&) 756,
Alexa Fluor 488 (22U Tl 488 nm, mCherry (2D T 561 nm THE 2 KoTH{E

RS LTz,

DS ABHE~ U 2 DIERU: b NG HEFEARR

~ 7 AHSEMIA KNI TH D Lewis lung carcinoma (LLC) iRz H L7, il
X R BRI R FIEE L, MilagE T > b LTc, E D%, extracellular matrix
(ECM) gel (Sigma-Aldrich Co., MO, USA) & Hanks’ balanced salt solution (HBSS) (g
AVAENE (ratio 3:1) (21 Y 2x10%cells/0.5 mL/mouse (Z#FH%& L. isoflurane (3%, W A) ik
BT, v~ ZOLMEEICE TBME LT, Bk, WA/ X% TR
ADWPEZEAT T, BHEORE (L) L8R (W) 2HEL, FHHEX LxW?2 LY E

GiAr 2R H L7z,

Flow cytometry 7% FJ\ 7= BRI 5 Al B D FRAT

Isoflurane (3%, W A\) BEE T, ~ o A5 Mgkl 2/t U7z, fHitk. PBS &N
Z. homogenate L., A v =% 100 um OE/LA L —F—BIOF A a2 R v
= (2 S, MAREEEBE A BRE L. single cell suspension % FH%E L7=, Dk, ik
T rR=Y ARMANS KV EEERE L, K 6x 100 cells/tube (2705 K 9 ISHHA AR
ZyE L7z, A HL CD16/32 Hifk (BD Bioscience, Inc.) (ZX VW 71 v & 7 %17

7o Tt SRR EHURPUA 2 ) C B B e Ok A 1772 > 7= (Table 1),
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k% . propidiumiodide (PI) (2 &V | SEMiflZ Yt i, BD FACS Aria™ 1T Cell sorter

(BD Bioscience, Inc.) (2 & ¥ & FEAQEMAN OMETIS L OV BRE1T > 70,

W AEAT

HEHFIA B ZEREIL, 2 BEMICH T 5 l#Cld, Mann whitney test 2 V>, 3 B
LA EDEERIZ IV Tk, — oAl &/ #3412, Bonferroni post-hoc test (ZHEVRHT
EATWVEEVIRLOH S 2 BER ORIV TR, ool E 5 8 #1412 . Bonferroni
post-hoc test [ZHEVVIFT 21T -7, F7o. FHEMATIZ, © 7 Y o ORERMBRERE
EHWTITo 72, T XTOMEHENTIZ, Prism version 8.0 (GraphPad software, La Jolla,

CA, USA) Z AT 21T -7,
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Table 1. Antibodies for fluorescence-activated cell sorting (FACS)

Antibodies SOURCE IDENTIFER

Anti-mouse CD4-FITC (clone GK1.5) BioLegend Cat# 100405, RRID: AB_312690
Anti-mouse CD8-PE (clone 53-6.7) BioLegend Cat# 100707, RRID: AB_312746
Anti-mouse CD11b-FITC (clone M1/70) BioLegend Cat# 101205, RRID: AB_312788
Anti-mouse Ly6G-PE/Cy7 (clone 1A8) BioLegend Cat# 127617, RRID: AB_1877262
Anti-mouse CD3¢-PE (clone 145-2C11) BioLegend Cat# 100307, RRID:AB_312672
Anti-mouse CD49b-APC (clone DX5) BioLegend Cat# 108910, RRID: AB_313417
Anti-mouse F4/80-PE (clone BM8) BioLegend Cati# 123109, RRID:AB_893498
Anti-mouse CD45.2-APC/Cy7 (clone 104) BioLegend Cat# 109824, RRID:AB_830789
Anti-mouse CD3-FITC (clone 17A2) BioLegend Cat# 100203, RRID:AB_312660
Anti-mouse CD279-APC (clone 29F. 1A12) BioLegend Cat# 135209, RRID:AB_2251944
Anti-mouse CD366-PE/Cy7 (RMT3-23) BioLegend Cat# 119715, RRID:AB_2571932
Anti-mouse CD223-PE/Cy7 (C9B7W) BioLegend Cat# 125225, RRID:AB_2715763
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BEREBEBOR D NED b7 (Figure 2a, b, “p<0.01, **p<0.001 vs. DI-
WT/hM3Dq), — /7. lateral shell 35X TN core FHIK? dopamine D2 = 2R & A LD

FREAVENHNC X 0 SRR T 2 2203500 B v/ o> 7o (Figure 2¢, d),

Dopamine D1 ZZAEEHFEE DR RETEHALIC X 2 MBS MR X9 5 2

WAz, IA44E% medial shell @ dopamine D1 2 S AR A IEME(L L2 &RI2 B
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Figure 1

Effect of pharmacogenetic activation of D1-receptor-expressing neurons in the medial shell of the nucleus accumbens on tumor growth.

(a) Schematic diagram showing experimental design. The D1-WT or D1-Cre mice was microinjected with hM3Dq into the medial shell of the nucleus
accumbens. Two weeks after the microinjection, mice were transplanted by LLC cells and administered repeatedly by CNO (3 mg/kg, i.p., £.i.d.). (b)
Experimental timeline. (c, d) Confocal images of Alexa® 488 hydrazide-stained D1-hM3Dq-mCherry positive neurons (c) or D2-hM4Di-mCherry
positive neurons (d). Scale Bar = 10pm. Current-clamp traces of D1-hM3Dg-positive (¢) and D2-hM4Di-positive (d) neurons by CNO treatment in
the nucleus accumbens. (e) Suppression of the increases in tumor volume (e-i, Two-way repeated measures ANOVA with post-hoc Bonferroni test,
"p < 0.001 vs D1-WT/hM3Dq) and tumor weight (e-ii, Mann-Whitney test, “p < 0.01 vs D1-WT/hM3Dq) by concomitant stimulation of D1-
receptor-expressing neurons through activation of hM3Dq in the medial shell of the nucleus accumbens of D1-Cre mice following repeated
administration of CNO (3 mg/kg, i.p., t.i.d.) in comparison to those of DI-WT mice. (f) Effects of concomitant inhibition of D2-MSNs through
stimulation of hM4Di in the medial shell of the nucleus accumbens of D2-cre mice by repeated administration of CNO (3 mg/kg, i.p., 2.i.d.) on tumor
volume (f-i) and tumor weight (f-ii) in comparison to those in D2-WT mice. Each point represents the mean + S.E.M. of 4-6 animals.
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Figure 2

Effect of pharmacogenetic activation of D1-receptor-expressing neurons in the lateral shell or core of the nucleus accumbens on tumor
growth.

(a, b) Suppression on the tumor volume by concomitant stimulation of D1-receptor-expressing neurons through activation of hM3Dq in the lateral
shell (a) or core (b) of the nucleus accumbens of D1-Cre mice by repeated administration of CNO (3 mg/kg, i.p., #.i.d.) in comparison of those of
D1-WT mice (Two-way repeated measures ANOVA with post-hoc Bonferroni test, “p < 0.01, ™p < 0.001 vs. D1-WT/hM3Dq). (c, d) Effects of
concomitant inhibition of D2-receptor-expressing neurons through stimulation of hM4Di in the lateral shell (¢) or core (d) of the nucleus accumbens

of D2-cre mice by repeated administration of CNO (3 mg/kg, i.p., £.i.d.) on tumor volume in comparison to those in D2-WT mice. Each point

represents the mean + S.E.M. of 4-11 animals.
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Figure 3

Effect of pharmacogenetic activation of D1-receptor-expressing neurons in the medial shell of the nucleus accumbens on the systemic
immune response.

(a) Schematic diagram of the experimental design. The D1-WT or D1-Cre mice was microinjected with hM3Dq into the medial shell of the nucleus
accumbens. Two weeks after the microinjection, mice were transplanted by LLC cells and administered repeatedly by CNO (3 mg/kg, i.p., t.i.d.).
Fifteen days after LCC transplantation and CNO administration, the spleen was harvested from these mice and homogenized to make a single-cell
suspension followed by flow cytometry to analyze the immune cells in the spleen. (b-e) Representative flow cytometric plots (left panel) and
quantitative evaluation of the number (right panel) of CD4" T and CD8" T cells (b), NK and NKT cells (c), neutrophil (d) and macrophages (e)
derived from the spleen of DI-WT/hM3Dq and D1-Cre/hM3Dq mice bearing LLC after repeated administration of CNO. Each data point represents
the mean + S.E.M. of 6 samples (Mann-Whitney test, “p < 0.05 vs D1-WT/hM3Dq).
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Figure 4

Effect of pharmacogenetic suppression of D2-receptor-expressing neurons in the medial shell of the nucleus accumbens on the systemic
immune response.

(a) Schematic diagram showing experimental design. The D2-WT or D2-Cre mice was microinjected with hM4Di into the medial shell of the nucleus
accumbens.
Fifteen days after LCC transplantation and CNO administration, the spleen was harvested from these mice and homogenized to make a single-cell
suspension followed by flow cytometry to analyze the immune cells in the spleen. (b-e) Representative flow cytometric plots (left panel) and
quantitative evaluation of the number (right panel) of CD4" T and CD8" T cells (b), NK and NKT cells (c), neutrophil (d) and macrophages (e)

derived from the spleen of D2-WT/hM4Di and D2-Cre/hM4Di mice bearing LLC after repeated administration of CNO, which were microinjected
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Figure 5
Effect of pharmacogenetic activation of D1-receptor-expressing neurons in the medial shell of the nucleus accumbens on the state of
exhaustion of CD8+ T cells

(a, b) Effects of activation of D1-receptor-expressing neurons by hM3Dq in the medial shell of the nucleus accumbens of D1-cre mice with hM3Dq
by repeated administration of CNO on TIM-3" (a) and TIM-3" PD-1" (b) levels of CD8" T cells in the spleen 15 days after LLC transplantation
(Mann-Whitney test, *p < 0.05 vs. DI-WT/hM3Dq). (c) Relationship between the tumor volume and percentage of TIM-3" PD-1* in CD8" T cells
from the spleen of D1-WT and D1-Cre mice with hM3Dq, which had been implanted with LLC, after activation of D1-receptor-expressing neurons
in the medial shell of the nucleus accumbens (Pearson's correlation coefficient test, r> = 0.6030, p = 0.0030). (d, e) Effects of activation of D1-
receptor-expressing neurons in the medial shell of the nucleus accumbens of D1-cre mice with hM3Dq by repeated administration of CNO on LAG-
3% (d) and LAG-3" PD-17 (e) levels of CD8" T cells in the spleen 15 days after LLC transplantation (Mann-Whitney test, *p < 0.05, **p < 0.01 vs.
D1-WT/hM3Dq). (f) Relationship between tumor volume and the percentage of LAG-3" PD-17 in CD8" T cells from the spleen of D1-WT and D1-
Cre mice with hM3Dq, which had been implanted with LLC, after activation of D1-receptor-expressing neurons in the medial shell of the nucleus
accumbens by repeated administration of CNO (Pearson's correlation coefficient test, r> = 0.6833, p = 0.0009). Each point represents the mean +
S.E.M. of 6 samples.
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