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Abstract

The people who have chronic pain suffered not only the severe pain perception, but also
the negative emotions and declined cognitive abilities. Intractable and permanent pain
condition easily developed into a ‘chronic pain recycle’: chronic pain can induce negative
emotion including anxiety and depression, sleep disorder, and reduced movement and can
also affect the cognitive abilities, vice versa. Negative emotion and reduced cognitive
abilities can worsen chronic pain. Although there are many studies focused on the
emotional component of pain and tried to find out the neural pathway for emotional pain.
However, the underlying mechanisms for the ‘chronic pain recycle’ are still unclear.

What is the most important to answer this question is to find out the nucleus, which is
involved into the pain, emotion, and cognitive ability modulation. Dorsal medial
prefrontal cortex (dmPFC) including rostral anterior cingulate cortex (rACC) and
prelimbic cortex (PL) is the nucleus involved into these processes modulations. There are
many studies have demonstrated that dmPFC participated into the negative emotion and
declined cognitive abilities. A few studies also suggest that dmPFC is related to the pain
perception. However, the exact neural pathway coming from the dmPFC involved into the
pain modulation is not reported. The pathway periaqueductal gray (PAG)-rostral
ventromedial medulla (RVM)-spinal dorsal horn (SDH) is one of the most important
neural pathway involved into the descending pain modulation. The investigation about the
superior projection to the PAG involved into the pain modulation is rare. Is there the

-8-
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possibility that dmPFC projecting to VIPAG participate into the descending modulation,
which is the most related division to pain in PAG?
To fulfill this aim, many various kinds of morphological approaches were used to establish
the neural pathway dmPFC-VIPAG and investigate the inputs of dmPFC and the outputs of
VIPAG. Chemical damages, optogenetic, chemogenetic, molecular biology and behavioral
pharmacological approaches were applied to illustrate the involvement of dmPFC-VIPAG
into the pain modulation and negative emotion. Thus, this study can be divided into the
following two sections:
1. The morphological studies of dmPFC-vIPAG neural pathway involved into the
descending pain modulation
Objective: To reveal the dmPFC-VIPAG neural pathway and investigate the inputs of
PV-ir neurons in the dmPFC and projections from the vIPAG to the RVM.
Methods: 1) The projections from the dmPFC to the VIPAG, the vIPAG to the RVM, and
the RVM to the SDH were observed by using tracing methods. Meanwhile, we also
investigated the chemical properties of these projection neurons with the help of
fluorescence immunostaining or in situ hybridization. 2) Adeno-associated virus (AAV)
was injected into the dmPFC and the fibers of dmPFC-vIPAG projection neurons were
observed in the VIPAG. The locations of these infected fibers and VIPAG-RVM projection
neurons were also checked. 3) The rabies virus labeling system was used to study the
inputs of VGLUT2-ir neurons in the VIPAG, PV-ir neurons in the dmPFC, and 5-HT-ir
neurons in the RVM, which could label presynaptic neruons.
Results: 1) Retrograde tracer Fluoro-Gold (FG) was injected into the VIPAG. A lot of
FG-labeled projection neurons can be observed in the dmPFC, which were also
CaMKII-immunoreactivity and expressed VGLUT1 mRNA. Moreover, the FG-ir neurons
cannot express VGLUT2 mRNA and GADG67, a marker for the inhibitory interneurons.
Then, the anterograde tracer biotinylated dextran amine (BDA) was injected into the
dmPFC and tons of fibers can be observed in the VIPAG. For further confirmation,
AAV2/2-CaMKIlla-EYFP was injected into the dmPFC to infect the excitatory pyramidal

neurons. After 4 weeks, a lot of EYFP-labeled fibers can be observed in the vIPAG, which
-9-
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belongs to the infected pyramidal neurons in the dmPFC. Helper viruses
(AAV2/9-DIO-GFP-TVA and AAV2/9-DIO-G) and RV-EnvA- A G-dsRed was injected
into the VIPAG of VGLUT2-Cre mice, separately. Many dsRed trans-synaptic labeled
projection neurons in the dmPFC can be observed. There exists the descending neural
pathway dmPFC-VIPAG.

2) What is similar with the above methods, helper viruses and RV-EnvA- A G-dsRed
was injected into the dmPFC of PV-Cre mice, separately. The dsRed trans-synaptic labeled
projections neurons were observed in some cortex regions, including mPFC, ACC, insular
cortex (IC), claustrum (CLA). The dsRed trans-synaptic labeled projections neurons were
also found in some nuclei of the thalamus, such as paraventricular nucleus of thalamus
(PVT), mediodorsal nucleus of thalamus (MD), paratenial nucleus of thalamus (PT),
centrolateral nucleus of thalamus (CL), ventromedial nucleus of thalamus (VM), rhomboid
nucleus of thalamus (Rh), and reuniens nucleus of thalamus (Re). There were also some
dsRed trans-synaptically and retrogradely labeled neurons in the bed nucleus of stria
terminalis (BNST), basal lateral nucleus of amygdala (BLA) and hippocampus.

3) Helper viruses and RV-EnvA- A G-dsRed was injected into the RVM of Sert-Cre
mice, separately. The dsRed trans-synaptically labeled projection neurons distributed in
the VIPAG. By using fluorescence in situ hybridization and immunostaining, the
FG-labeled RVM projection neurons in the VIPAG can be observed and most of them
express VGLUT2 mRNA. What is more, the FG-labeled SDH projection neurons in the
RVM expressing 5-HT can receive a lot of VGLUT2-ir contacts. AAV2/2-CaMKIllo-EYFP
was injected into the dmPFC and FG was injected into the RVM. FG-labeled RVM
projection neurons in the VIPAG receive the EYFP-labeled fiber contacts.

Conclusion: There was an excitatory neural pathway from dmPFC to vIPAG, which used
glutamate as neurotransmitter and acted on VGLUT2-ir neurons in the VIPAG. The 5-HT-ir
neurons in the RVM can receive the projection from VGLUT2-ir neurons in the VIPAG. A
Top-Down (dmPFC-vIPAG-RVM-SDH) neural pathway was revealed. Meanwhile, the
PV-ir neurons in the dmPFC received intense projections from the nucleus, which were

closely related to the nociceptive information transmission.
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2. The functional studies of dmPFC-VIPAG neural pathway involved into the descending
pain modulation
Objective: To observe the effects of silencing or activating the dmPFC-VIPAG neural
pathway on the pain and anxiety behaviors by using different methods and reveal the
underlying molecular mechanisms of dmPFC involved into the chronic pain.
Methods: 1) The common peroneal nerve ligation (CPNL) model was established to
observe the pain and anxiety behaviors. 2) The mechanical thresholds of hind paw were
tested by Von Frey filaments and the anxiety behaviors were observed in the open field
tesst and elevated plus maze test. 3) The pain and anxiety behaviors were also checked
after chemical lesions of dmPFC by kainic acid (KA), optogenetic activation of
dmPFC-VvIPAG pathway, and chemogenetic activation of VVgat-ir neurons in the dmPFC. 4)
Western blot was used to check the expressions of GABAaR and mGIuR1 in the dmPFC.
The antagonists of GABAAR and mGIuR1 were injected into the dmPFC to observe the
effects on the pain and anxiety behaviors.
Results: 1) KA was injected into the bilateral dmPFC and all kinds of neurons in the
dmPFC died due to the over excitation. The pain threshold of mice in the normal condition
reduced, and the total distance and time in the central area (% of the total time) in the open
field test were also reduced. Meanwhile, the entries into the open arms (% of the total
entries) and time spent in the open arms (% of the total time) both decreased in the
elevated plus maze test. The dmPFC lesions can also reduce the mechanical threshold of
mice received CPNL and increase the responses to the innociceptive stimulus. But, these
lesions did not worsen the behavior in the open field and elevated plus maze.
2) AAV2/2-CaMKIla-hChR2-EYFP was injected into the dmPFC and fiber was implanted
into the vIPAG. By using 473 nm blue light 10 mW 20 Hz to stimulate, the mechanical
hyperalgesia of bilateral hindpaw can be significantly reversed on mice with CPNL 7 day.
Moreover, the reduced time spent in the open arms (% of total time) and entries into the
open arms (% of total entries) were also reversed on mice with CPNL 14 day. However,
the behavior in the open field was not improved.

3) AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin was injected into the bilateral dmPFC of
-11 -
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Vgat-Cre mice, and then the behavior was tested following intraperitoneal (i.p.) injection
of 1 mg/kg clozapine-N-oxide (CNO) 30 min. The pain threshold of mice in the normal
condition, the total distance and time in the central area (% of the total time) in the open
field and the time spent in the open arms (% of the total time) and entries into the open
arms (% of the total entries) in the elevated plus maze were all reduced, after bilateral
activating inhibitory interneurons in the dmPFC. These inhibition of dmPFC-VIPAG neural
pathway also increased the mechanical hyperalgesia of bilateral hindpaw on mice with
CPNL 7 day. Moreover, time in the central area (% of the total time) in the open field and
the time spent in the open arms (% of the total time) and entries into the open arms (% of
the total entries) in the elevated plus maze were further reduced after CPNL 14 day.

4) By using Western blot to test the expressions of GABAAR and mGIuR1, significantly
increasing of GABAAR and mGIuR1 expressions can be observed in the dmPFC. The
cannula was implanted into the dmPFC and used to inject the specific antagonists of
GABAAR and mGIuR1. The injections of bicuculline and LY367385 both rescued the
mechanical hyperalgesia of bilateral hindpaw on mice with CPNL 7 day. The total distance
and time in the central area (% of the total time) in the open field and the time spent in the
open arms (% of the total time) and entries into the open arms (% of the total entries) in
the elevated plus maze were increased after CPNL 14 day.

Conclusion: The dmPFC-vIPAG play important roles in maintaining the mechanical
threshold of paw and normal behavior in the open field and elevated plus maze. The
mechanical thresholds of hind paw were reduced at both normal and chronic pain
condition, after the dmPFC-vIPAG pathway was silenced by chemical lesions or specific
activation of inhibitory neurons in the dmPFC. Meanwhile, the increased responses to the
mechanical stimuli and anxiety behaviors were also observed. The activation of inhibitory
neurons in the dmPFC even worsen the negative emotion after chronic pain. The analgesic
and anxiolytic effects were observed after activating the dmPFC-vIPAG pathway.
GABAAR and mGIuR1 in the dmPFC was involved into the initial and maintenance of
chronic pain and negative emotion.

Key words: dmPFC; VIPAG; chronic pain; negative emotion; neural pathway; optogenetic

approach; chemogenetic approach; inhibitory interneurons
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][/

Hil

PR fe — I NAM I 1 EE 2, AMUETE T2 MR 2, R e
TABEAN N 8Ol BRI, AR RS X MU S AR R R IR, 18
A DL BUE HARVE . BEIRBEAS AT RE N T, AT S A 1) AR 136 o & 152162
A8 PRI B8 NATEAE 2 CF B 15 28 (0% £ RE AL, o 220 B R B0 N I —
#1292 30%!t3, T LAT 498 45 A B9 N X — Le il mT LA 31 80%2). [t >k, 1A
SRV AN SR P TR 26t M S 3 R A () 2 o TR R, Y AR I A EE R DA 5 4 3 e ity
S5 OK TR RARELR A PRI T St P G 4 AR 1 O B ot 22 TR U 1) S LA ) [ — AN A
[ S PR 28 T DASE N R (RS2, T AR A U R 17 4 T LA DRSS 4 1) e 2 18, Rl
FRE IR Ty T — A A8V 5 BB EIE 3R 7, 18 IR o T DL B 408
SOPEESE, FINBEIRDIBE AL, VSIS S BONMIBERIFRAC: M e kG 25
WHRITT B X e 1t — 20 BRI IR , TE R - SO 1 8 RN B i R I 70
W, ERNPE I A, RIS RA T ORI,

G2 MR RN, JREAA IR R SO, WU 4ETR 28 A e i 5
W) B, SE V28 Mg B B BRI B Can T R AN
MRS S AR EI ), (HE i @I 2 F )G, ARSI Ak K 3L AR X 3T > 4k 45 H 1L
FREES I . AR AR 7R E R BIR Y, (BRI S P i) R .
XA S BT PRI TE 0 3 — AR, RS MR 2 T WA 0, (H 2
X A i 18 e e AR BTSSR ANTS 4

106 T 56 R 5 A 2 AT 9 S 7= AN () PR i DX RS2 PR IR AN R34 (0 35 M 2 MR
TE R AN RN 5D YRR I JE (ST XA S2 X)) 3 B A A Im i B WA 55 1k
T . PRI YR B S BRI, AL E, ORI GRIRMAH LG &R B B
RO FPERT CRRIIFEIC AT RIS . FE SN IRZ A EI, 2 A0 ALK
B L 0 22 T R0 A R Ak S A A A B2 1090 i i 1|1 B2 2 Canterrior cingulated
cortex, ACC). &1 Ji7 JZ Cisular cortex, 1C) A1 A i At 57 J2 (medial prefrontal cortex,
MPFCOYE NI A 14 R GE 10— 43, £ S 5IRSZ PR 28 1 o8, i dmPFC
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[FINE S Z AR T RE . 2R R TAFC I VIR O . (EARNR]IN 2 5 5 i
FAAESERE AR R B dmPFC 2 75 [FI B2 5AR W IR MR, HIhaeR
MM ARG, HESSS T B ERE REBEEIA” ARE R A AR ?
LA_E e 5 i A LA IE 5 i LAJT Ji€ dmPFC " AT #2238 5 2 15 2R I Y IRk TR 25 PO 7
XEFERIHTRE “ M e B A 7 AL A, f8 PImPRSEER, B s ie Vi
BT RCR, SEmte R B I A i B A R

—

M
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Sk =] e

—. TR AEERE TATIRE

FENUA R T AANE B s 2 R G AR I EATAR 3 R G LA, i
RGEWNIEH BN LB AEERRIRE RS . EWN, XHARGETPEDIR
A&, ABFESNE H LN 2 2R G0 K AE RAE B AT AT B OB A 1 T AR AR &R
SR ThREES, BUBIERSEERR, WD RGEKE, REBSSHES L
SRR . FEME RGN H 2 5 00 N AT TR %8 6 1T DAL HEAE H Ta BE = AR AT B
YERT, B F i Sk BIK R (periaqueductal gray, PAG) H 4k T % 5% Wy st 15 P ]
4EH) C(rostral ventralmedial medulla, RVM), % 15T 5§61 M 100 400 % 2 T 1T HUR
RGP ET N — % AIEK (K 1) UA0E Gy, 2l Eg e H AT R %
HAE NGRS AG A 8 Hp A3 BIIE S (1) — S i@ g 1804, 5 VF Z i is v i 2 5 3L
dr, ATRUP AR AE I . B UEPE R R ST TR AR, AT S 2] H
PAG Hi/2 RVM AC B A% A VRS IRSRAE 250, B 1 ) DU A BUm AR 22 4b, ien]
Lo PR . B, H PAG-RVM #Z5@ 8% BE AT =28 TATHIH], a4 N7 54k
(131761, 70 A ] 0 fgf 6 40 PP = A SE A AR IR 8L, 1X 5 PAG. RVM A BET f AN
(7 PR3 51 45 ) J2 T A A B2 2% BT 35 DI AR O 1
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B 1 PIRMAE RGN PAG-RVM TATH I AIRE R R HAA AL HER
cF iR Y Y PAG ] 4523k N i (hypothalamus, H). A51-#% (Amygdala) F16135 Fi 0747 [53] J2
J= (anterior cingulate cortex, ACC) 1t N [ R Gt 4R 4ete N, idETiEE PAG-RVM 1X —i# %
SN BE TS M WAL E RS B2 T H a2 S AR M N AT, xR
KPR AT A, ORI LAT63 . 51 H Fields H, 200441,

RVM P 5-HT RE#HZ Te N2 IR TR N AT R OG220, 5-HT Bimf
FEA N AT SR P AE R AT B ARe 10484 R R TY A 5-HT 2R R AN A
B AENI AR NSO EG W& e AL B AR BTSN, {2 BT E RVM P
(¥ 5-HT AeM 403 A FATERIER (B 2). BlhA SCRRIESE RVM Py 30 il
T2 TEAM AT LLLE SR B A A I % 5-HT, o n] B B 500 B B S A st 41 2L py 410
| P A 22 TG TG B AR AT S SR A FVOL, R RV P D6 T T AT 4R R 428 Fr)
SRR L [ e, s g e R LA R . (HE AT NIE, PAG IEARESR
) — A B ff 110 328 0/ R R B M 0 e R A T DU SR AT BUR EOR TAT 2 AL I i T 4
Mo JUHAIGIBE ARG B FHOR G, S5 O0E PAG A HRE TTX
VIR NAT AR

(") NE\(wS-HT \C-fiber \Peptidergic

®) 5-HT{§ {PAF © 5.HT\\GABA PAF\

A
I 5-HT5AR/\

5-HT3AR> A

sl
B 2 T8RS 5-HT SF4ELEFBEE A N6 .
(A) BHEA FAT 5-HT £F4EIE T 5T ¥ 5-HT1aR. 5-HT1oR B 5-HT7R #ifil #4615 3%
YEAE BIOWIZRAE N4 (B) BBEN I AT 5-HT £F4hii@id 25 7E B M2 70 B 5-HTsaR 111
HIBI P TR R B BE S, BREMETTIE A2 R H RVM N GABA ZH4EE: (B) #

Bl A K N AT 5-HT £Rgilid A fE N At h [ #0478 11 5-HTaaR #IHIYR1E S ML . 51 H Wu
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SX, 2009159,
PAG {7 T, 4T &Fh FATFI NATHEE LG M, FULHMET4ER R
2, DIREARE AR 2R, MRS A BB R AR Z 57, AT
TUANTWIX: Al PAG (dorsomedial divisions of PAG, dmPAG), ¥ 4Mil PAG
(dorsolateral divisions of PAG, dIPAG), #Mill PAG (lateral divisions of PAG, IPAG)A1 i 4t
] PAG (ventrolateral divisions of PAG, VIPAG), FHH7EIX U4 X A1 vIPAG 5 5& 1)
% F s ) OLI0T ) JRATTR A B 5T AR HUESE T #E PAG 22 dmPAG, IPAG
1 VIPAG 6] RVM BEATHSST, Jf BAE SRR VIPAG WA B Z [ RVM 5T 14
TOOEIS, RULE AR R AL R T VIPAG 1E AR AT 18 % (1t ST AR
Bf. 7E PAG ZH, M PAG 8] RVM 5 TT, & A MEIEIEY s &,
AR AR AL 5T AT 73 30 237 AR M AT AR B0 N AT Sk, BEF A2 iE 1Y)
FRRERT LS5 RAT M ] 2 5 AT S 400, BEAE 1 78 COUESE PAG H11] RVM %
SHIFRE TR A LT M & B BB a0 P A5 (Substance P, SP). fHZFF R
(Neurotensin, NT). 5-¥2{t i (5-hydroxytryptamine, 5-HT) A48 75 8 1
(brain-derived neurotrofic factor, BDNF) [26:28.10415L1631 - 35 b 3o fiy s 18] Jo 24 5 F 5 ]
PAURAT W0, A=A NATEDM, AR 3BT 5 A w0 164178, 1w R
52 AR R R BUR 45 25 RN DI OG . BRAEAE PAG WIHANATR RVM N i &
— R RSO B EOR BUR A S A PAG 7] RVM KIS BALi# . RECS
AW FUUE S8 P 2 PE J5 PAG P9 1) BDNF K3k i H BDNF-45u3 BH 4 i 4 28 70 ) LA
T2 RVMIS, RVM ALY BDNF Wil it Rl 5 RIFLEI S 5 T 47 % 46, BDNF it
HEINR G NMDA 24k NR2A SERI @Rk, 02 T IR flUG i) KY/CI Lz ik,
DTSRI i AE B, PAG P 1) BDNF T B A2 72 AR AT S A I B B 22 8 R
EFSE, FEARATRIREFE Ao AT ERAE B AT 78 b [ RE Ry BDNF I 2 R 48 th 4 A
YER IXEEEREC T 05T PAG A HOEELTR AL X DL o B FR B0 o BT & 6 1) — % Nature
SCEEEE — I RGBT VEIESE 7% Ar VIPAG I 1T BBV S IR IS 1k
(vesicular glutamate transporter 2, VGLUT2) FHYEMZ onl P24 B B I ERIEH, &
0N RAER BARES i FR R AR RO, T VIPAG NI GABA #1148 T AT #0ifil
VGLUT2 FHPEFRE TTRITEAL . B FEAR B VGLUT2 FRPEPhE o 2 il A & IR 2
FARR BT RSP AR FATEURE o (A2 NIRATSRAE T — A5 T AT &R A
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AE FAE PAG N FISEZH G, PAG N EEIR 4 2 0 B 2 N FRAT TR AT 72 dmPFC-PAG
AT IR B] TE A . ML REIE Y E PAG N, JLHZ VvIPAG N VGLUT2 FHE
FREE T B B O VA AT PR AR M AT, RZAE A N AT AL B IR ES R AT R
ERT .

Z. PAG HIENBFA

R LA REMRT PAG-RVM #&lEES 5 TATRMIAEMAR, ©
18T PAG WARFEIMIAPLEE M RVM (B 74 M AT BRI Sk, sisErhiE
PAG 1A Jr il 22 TR s 1) 1 5126300270 B Bl R NI 78 RV PN ) B ) 50 55 2
P3PS AT TR DT PAG-RVM #h£8 i B 2 Ok BT AL I AT IR % A &2
DA AT A 338 (R P2 R A JE A2 AR 482 1 5 ) 381 I A R 45 30 2 1) 2 )R AT e A A T
T MSMUERZ ] PAG L, (R AR BATIR N DG T-AMUME A% 8T PAG XHEJRE T
ArREE R FE BT8R AL B PAG (45241530, il 1 AT R B AR 5T
S TN A A ERZ BT G NZ . BRI B RS 23 A% PAG N T
PUAN G X ) #5500 7 WF 70 [RIINE, L8 3 AT o i 45 S0 ke B0 o P e k1

(endomorphine 1, EM1) [J£F4Eidid ] PAG A BN HR Al #9270, X ) RVM
P 5-HT #2707 A2 2340 AT 7= A= T AT B0 A FH 28t — R 1 AR 901 K
T MBEAMURE FZ - (ventrolateral orbital cortex, VLO) [i] PAG 5T, Fwt HAEJR
ThREM T RN IR 5104651203361 Ho ek IO SCRT4552 5K H Fe i Y 9 R A% (submedius
nucleus, Sm) FILFHERITE R T SM-VLO-PAG X FE— 2% B H 5 PR EAT R AT
WERMEER (B 3), HAERX @i E2dA, 5-HT 21k, GABA Z{KH
Z BRI S5 T IR T AT AT X 2 LR AT RS ey R 25 BT
HX XS PAG (R0 .

VT AE R B A 8 TR IC RO GE AL A ROR KR R, Dyt FE s i D gede 4t 1 1R
ZIER] . X T PAG M5 N FE M2 52 RO Mt L B i 2 1k, At
FOUE SIS T o o P i S [ e A iR -1 B9 o] BUK HE ) dIPAG B3
H FLARR S OGS I P9 U B -dmPAG 35X — 3 4 AT LAS | S/ B “fB AN 3 [ B A
PSS AT A3, I Hax L5 1a) dIPAG S5 OIS PY I FL i P (84 28 7534 7T ) T i
%R oy SCHRESE, BTSN R PR R EAT . S ah, Hr de A A A i
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PR TR ) VIPAG & H B8 #H]) PAG 1A (4] 12 o 8] 490 28 e (B b Y
VIPAG W) VGLUT2 FHTEMZA TG, 23l g [F R AT LA 5] /) B AL AN B i B A S
SHAT MY, — RS SRR IE FH G I8 A 2 1 U5 R e PR B0 Hh e A A2 A% -VIPAG/IPAG
I % T A SRS E S AT N g B R 1T, IE Hax — A7 A AR T PAG i1
VGLUT2 BHMERIZ T, A Mt & e, Wi dedi o m PAG e S 5 T
RECAZ T RS (R O T I 8 )N il AT 1A% 1) PAG 1R, 3 A2 K ik
RTPIRITTH BT, IR B G0 A 2 BRI 2884 2 HOR S5 1R P B
L.

Electrical or
chemical
stimulation
of VLO

Cortex

Thalmus

Electrical or
chemical
stimulation
of Sm

Medbrain

Noxious or
acupuncture

Brainstem -
! stimulation

Spinal |
medulla

B 3 BEAR BB R - TR AR O AR IR B . BB BE- R I R % (Sm) -BEAMUEE B R
(VLO) -B/KERBEKRK (PAG) -“HH#/ZEHE. 5|1 Tang JS, 2009013,

HUBH B2 2 AR 454

HIA: 52 2 Cprerontal cortex, PFC) k& fix 7t Wit T R AR S Y KM iR e,
JUFFE NSRRI AR 2T TR AE RN A 7T A AN R T8 3. R JE = 10— R A1 B
JEEE SRRy PRC, T EAFERE SMUFTEIY K= (dorsolateral PFC, dIPFC). iz A {l]
A& 52 2 (ventromedial PFC, vmPFC) . Wl i #1171 [7] 57 JZ Crostral anterior cingulate
cortex, rACC) FIHESZJZ (orbital frontal cortex, OFC) [821251, = B Th L A3t A K1l
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T AEIER, CHRESIOATIRE T R T HEAEM, T 251 1M
it e 5824230 g g b RSB KA AE AR 328328 K T Wk 14 288 3 420 11 K i
VA ETRARD, HEER R R KRNI RMR E B n s 4, Bk,
PR Th 8 b AR 2 RE N 1 B A AR S0, FE X B L R AT S B0, TEmG 2K Bh )
) DR o v 75 #8 A 5 R A S BN R0 o AF T 2 1 T BEAH T mAE AL ) A% (A 46 4, e
Fetg PRC XFERYE SR Y RERI B = 25K, AEARES (AR 704 BRI MG 4 SR B W b 75
A AH R AT AT 2500 5 2 RS I D REDAN 2 FEMG UK B, PRC [RIFEAL T K
B RGER, FTRAA A=A, Al IS AN AR 14344 py il
A4 TS Al PFC (dorsal medial PFC, dmPFC, GIEMIMETHIH5 Rl (rACC),
JLAT[El (precentral cortex) FZHT 52 1B (dorsal prelimbic cortex, PLd)) FIE A
il PFC (ventral medial PFC, vmPFC, GFEZ T JZMIEH (ventral PL, PLV). £ R
J 2 Cinfralimbic, IL). i1 Kz 2 (dorsal peduncular, DP) 1 P fIIHE Kz 5 (medial orbital,
MO)). AMIE 3= B HEA A B2 5T Corbital frontal cortex, OFC) A&y fZ i Cinsula
cortex, IC) HIRTER AR JEONES E I MINE B2 57 (ventral orbital, VO) AT AMUHE
Bz (ventral lateral orbital, VLO). ARHEANF] X AT 4ERE R A R AT BRI ZE 5,
HHf PFC 4375 dmPFC. vmPFC. EHIE B AN By I B2 Jit o e DY B X 48k A Dy 5t s PR )
ARHHE 2 J6 g 3R 2 AR S PE B A B AN ], ] g — 2B R AV 2 X (B 4).
PFC 7E R A B WA 15 S5 W (30 AT — s AN [F) 3 2 Wi 14 28 3 1) PRC 3658 IV )2
RRLIZ . MRS A AL E b, W Ra M) mPFC MR KKK rACC
vmMPFC HXSRE, ot PL ATHA v e RS ) vmPRC, T W ThRE ERE R K 2K3)
Y it dIPFC [FIRE th 5 mE 5 2550 i PL ZhEEM 814, PRC rhfls g o 1
NNEVER EIRBEMHEA SR TT, HRIE T2 RIE GABA feH (A £E T ) % .
PFC FZAH N T TH I DR : 75 K DN L R 5 PE A28 P50 > BN e s i g 151422
Hor dmPFC 345 rACC M1 PL 5758 A J40 i 1575 BRI DA R T e P 5038 a3 DDA 5K
(181090, AN [ PR 4 22 T R 2 5 FOAH L IR S 45 A A DG 1Y), T PRC 5 He A 2 k% ) 2F
PR e T HZHAMIIRES . 6T PRC DIRe/r RE G TH &N
L AR R R — A, U PFC fE/R [F] A 208 B R FE AN R DI fg
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Common Neuropharmacological component

Dopamine terminals (from VTA)

Morepinephrine terminals (from LC, LTg)
Acetylcholine terminals (from NMB, PPT, LDT)
Serotonine terminals (from DR)

Gabaergic interneurons

Glutamatergic pyramidal neurans (sutput neurans)

Afferent/Efferent to dorsal mPFC | ACC, PLd Afferent/Efferent to OFC | VO, LO, DLO
Receives from: Sends to: Receives from: Sends to:
AAL,PLIL, Al OFC, HPC Cortex SMC, VI, AT ACC, IL, PL, OFC, AID, HPC ACC, 52, AL HPC Cortex ACC, 52, Al HPC
NEM  Basal Forebrain DS, NAC core, STN NBM  Basal Forebrain DS, NAC core
AM, CL, 1AM, MO, PC, PT, PV, MD, Re: Thalamus MD.VM, VL PV, Re uz MD, PT, CL VM, PV, Re Thalamus x
LH, 5UM  Hypothalamus  LH, PAG % Hypothalamus LH
BLA, BMA, Amygdala BLA BLA Amygdala Cerd, BLA
VTA Midbrain VTA, PAG FL VTA Midbrain PAG
DR Pons/Medulla DR 5C,LC, PET DR Pons/Medulla  x
Functional Attributes 20 Lo / Functional Attributes
Temporal Sequencing DLO Perseveration
Attentlon {pregenual] M2 VO Reversal learning
Irnpulsivity (postgenuall I Dutcome expectancy
Extradimensional set shifting " Selection of lower order rules
Selection of higher arder rules {rules/strategy switching]
{rules/strategy switching) : Sochal interaction
Action-Cutcome contingency — a Odor working memary
Stress inhibition Control of habits
Visual warking memary PL

1L Afferent/Efferent to Insula | GI, AID, AIV
Receives from: Sends to; _ - Gl Receives fram: Sends te:
IL,PL, HPC Cortex IL, ACC, PL, AV, HRC al e OFC, IL PL, 52, AZ ACC Cortex OFC, M2, AAC, PL, IL HPC
D8H  Basal Forebrain  MAC shell, Sep, BNST L AID NBM  Basal Forebraln  NAC core, shell, BMST
PTPV,MD,Re  Thalamus  FT,PV, MD,Re i A vo AV MD,VPM, Po,VPLIMD  Thalamus M, PF,VPM, VPL, VM
LH,5UM  Hypothalamus LH, DMH, POA I I.-" ey LH  Hypothalamus  LH
BLA, BMA, Armygdala Ced, BLA | . BLA Amygdala CeA, BLA
WTA, PAG Midbrain WTA, PAG / VTA, PAG Midbrain VTA, PAG, SNc
DR, PPT.LOT  Pons/Medulla  PB, NTS VLM Yrd - DR Pons/Medulla DR
Functional Attributes R - Functional Attributes
Visual working memory " Visceralfautonomic control
Retrieval of information Control of Pain
Irnpalsivity Response to Pain
5-R contingency Taste
Stress facilitation Cardiovascular function

B 4 WRRSIPIRTAIN KZE (PFC) MRS, ThEsHITE X R4 .

R4 PFC AN FINE DX A1) 2 Bk SR AN THRE RN ), PR 0 DA EE A IX . B A PFC
(dmPFC). I8 P9l PFC (vmPFC)., HE {2 Jif (orbital frontal cortex, OFC) 1% M- 57 i (insula cortex,
IC) o X PYANIE X FEANE [ Joa 4 1), 3 v R A 4 A 002 A0 L3S X AN [R] 3 — 22 (X 73« dmPFC
BHEVIETNH R (PACC) MIZHT R HMIEE (dorsal PL, PLA), vmPFC LIk RT K )= 17
6 C(ventral PL, PLv). £ K FZJZ Cinfralimbic cortex, IL) 11T 52 5@ (dorsal peduncular cortex,
DP), OFC GL¥EEMHEF (ventral orbital cortex, VO). #MIHE K75 (lateral orbital cortex, LO)
IS ZMINIE B2 i (dorsolateral orbital cortex, DLO), 1C G455k 7 i (granular insula cortex, GI)-
TCRLE R TS IR (granular insula cortex, dorsal part, AID) FlIJG kL 52 J5i BN (granular insula

cortex, ventral part, AIV). 5| H George O, 201001,

dmPFC R4 4B R A THRERT 5

ET dmPFC DIReRI 2 4F, BFGRmtE 4, INFIThae, TAEICIZ A toE &5 L
T P S F 70 AR ) B B DL 4898T A ik LA HH R FE 2 A sh R g L4 i T R
50, FFEIRNMHRE T KA FAL T REHLHIBEFT . AR T HoAE NAR SR 5008 2
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Gz b B2 fiF ) 5 508 FIRAT 78 555 Phaseolus vulgaris leucoagglutinin
(PHA-L), K HIEGT BRI mPFC N, A PHA-L Frid 4 4Em o Ailtl, pL
P X 3 2AFE: PFC. ACC FI& i J2 = (perirhinal cortex) fZ =544, ¥ A
AR SCRAR , i B A% [, A5 4= 4% F AR (basolateral nucleus of the amygdala,
BLA), SMU T Fr o, Fe ik (78 AL o o S e AR N A% R, 5K J LR 5T (PAG),
JEE O o o 5 DX, AU e A% S T SRR . AU, FEPRETAZ, IR B SN A A
T A% 1) X 384 B AT W52 21 PHA-L FIAF4EZ0K . 53— Tt 70 U B 282 AT
ANEEIIE AR 23 BT T ) mPEC H PL AN L (S X3 AN ], WSR3 L #2551
XA T PL ZAETFEL G RGNS T IF HAE . ORI BE RIS NP
(RS DX AT 3 AN AR R 123, SBR | mPFC A ACC. PL 5 IL =& Z AR AH L
B, HASR XA R, 7E i ACC A1 PL 32 S5 2 s 19 7 A
BRI B P A, T I 32 2R B Bk AR A R B AR T, RIARAE AV A
%4 ACC 1 PL EE BN A AMIAZ « FERRSMURZ AL R N AZ, T Il 2
B BRI AN, ACC M PLd 3] $:54 B_E FEifT PLy A1 1L 5255 2P0 8
FR% SGERESE R, TEFARAIARI X 3 2 2 (A1 0 B R (1 72 i (O 455 DXl PR AS [ 0.4
feUiM 7 ACC. PL M1 IL Z M DIReR)Z AR, %+ ACC Al PLd $5E0% XIS AH
1T, WA dMPFC 48— EAT R 5% o I AE R B 5 3 B BEAR DG AL F R 1 N
A RKEIITFFITEMN mPFC K H B — 2@ B AT IR N [ I RERT 7T . mPFC AR H
AR 2P 4275 4% (dorsal raphe, DR) 1, BERT 5 DR H i 5-HT 28 o/ Bk 5 i
BEAR, MATEE AT DR W sls It sh 270, JF H %A vmPFC %) DR i v 2
O IR 208 2 T LU = B P AL A sk 2272 SEs | mPRC AMY AT A DR )
5-HT M2 ettt AR mPFC H A2 e th A3k B DR 1 5-HT #42F 4Ef5E
M2 5T 55 i E 47 A, mPRC o2& PL X W] LLEE A2k H RE M 55 X

(ventral tegmental area, VTA) 1% ERERELT 4E PG, e OIS X B £ B i
[ £F 428 A AT AR PL YA MERRZE Tst VOEXNE MR & oo i), JF BiX
S i 28 0 1 BB B A A% O30 [ RRIE ORI 2 1) 5 VR D s
mPFC [Fisi#Ft% (pontine nucleus, PN) #5F UM £&8iE s, uEM mPFC 25 7 m40l
AIRERNSCIIZ B )2 I, )N vmPRC [ A5 A% s JL YR (centromedial nucleus

of the amygdala, CeM) K& FT LLHIE SR 4, S2mash P 2 R i 2k
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JEFEAT N, [FIS AN CeM [a] vmPFC HI T 21| b [ 2258 it T ) 2 B SR 94T N
BEAT RO N mPRC [ AR A% IS IR 2 5 T IEIRRISE 5 51 7 A HAT R
B4, ZEZ XS TR RS- 4RAT A R 3% T AR IR, R mPRC Py i
2 e I # 2 OB BIRIZ NS 5 T 2 RBAT I et

R FRCEH KERISCHEIRIE T 0T mPFC HIf& BT, (HXT mPFC %
AW FCEFIST A, JEHAREEE T mPFC YR [R]SIE X ()45 S A 72 13143881, 4 14 17 7R
R 55 FG Z3 03 S B K B mPFC 1R DY X H, SR TA T Bn 10 $5E5 PR 48 T 78 4 i v 1)
53 A% « dMPFC L35 H gL i [ A1 ] ACC 32 BERRIOR H AL 138 B A5 S 1K K2 2 A B fisi 4
KIZARIHLSS, 17 vmPFC £04% PL (JEMI ACC) 1 IL FEHCk B iM% RSB 1
Bl s WNEERI B2 SRR WIRZZE . 5. BRI R
F ) A% ) o AR NFME AP 4ERR R IUFF A, RIR mPFC A PL 5 R
KEZNW b 1VdIPFC ThREARML, T 1L 5 RSP HE Py 52 2 Th Re AR 0%,
T SEMAMB B TS, 3 4 FG VES BN R ACC FIAEMI ACC KM S W 7 2 [H]
e NEFHER TR . TS0 ACC FIAEMI ACC $ R 832K B I Z 45K AR E . T
W% AL T Fe R A% B e, PRI TR AE AR 4ok A R 22 5, AU
SR BRI, TR 2 2 N 2 B AL OGTE AN [RIAZ A1 1) mPRC 43 A
MZ5 2P ERIIRE. /NN = 554% (paraventricular nucleus of thalamus, PVT)
AT AR 3 mPRC I H E & A B It ph 2270, 25 T i 2R (cerulein)
PRI ISR o A S ER AR 2 AN PVT BT BEEE B AT mPFC A A 4E
P ph 28 70 0] DLGR M 13 P B (2 gR 15 L 0. MBI 55 Cventral hippocampus,
VHIP) [l mPFC #% 4T 1t &l % 2 5 7 F A AT iy = AR 18, I H X ay
VHIP-mPFC #1221 6 75 U 7= A IR ARG AT I A2 b R 3 s R A . g
] mPFC UM S IE RS 5 T 54F 55 40 50 12 i) LA S A2 18 34, xf
MPFC & NHF 5T 2 (1138 & ) BLA Fl| mPFC [FI#fi i@, A BLA & H A5 A2
RN B T A mPRC I AR JT T HI ] mPRC 3RS, X —id
25 1 WG 7R VR R R AN OR A DA S FLAth 7 1 175 547 129 760.1000

-23-



FoFEXFHETFLEAL

dmPFC Z 538 TATRER SN EEE£ T

FEAL GR350 MM T 460 2 B e 22 ] 2T ST, 28T PAG 7E N IR IE B R 4t
FRCHAE, BRMECEA REARR . 1 JARF N A7 g4y (B
ALY, horseradish peroxidase, HRP) 4T (PHA-L) 7RERHFFTUESE, dmPFC
NV ZH KERFE 0] LUK A E I 2] PAG, JUH 2 VIPAG 4b[8163045107,
[FIFER, IR SCRRARIE T mPFC [7] PAG IS, (EXFIX — #2238 B 1) 23 ik
P R, HAREAA I B o 2 T A AL VR f PAG TE X N AT HES R 41 53
A, SEARBATTHEE T T R NBF T, FRIT dmPFC-VIPAG 3 4 X 0 [ A 4518 F Je Xt
AR 24 (5 M 2032

KT dmPFC SR AHC DR = M it G ol . MBS 18, 2400
JB R BHAC 3% dmPRC I I/ 2 SE(ARRZE T, W82 E] NMDAJ/AMPA ) LE 2 B 15 48
I B 5B EAR DRI, RS OCTT SOB A, PL N V EHEARIZ T B R
P B T AT PR S 3 M IR DL T TR R ) il BRATI ) RT DA GABAA 2K s 5
PEFEBUAT AT PH (bicuculline) Fridii%. [, ZEIEHENL T4 T mGIURI 13
7 3,5- I HE R (3, 5-Dihydroxyphenyl-glycine, DHPG) ] 7= A= 20l 18 1:
3o J 10 FE R TR LB A TSR R sk 1871 [ R TE IR g PR DT RIS T, PL YV 2
HEEAA R 22 T 75 R AT 1 2% A S5 FLIR Cinhibitory  postsynaptic currents, IPSCs) )
Input-Output 1 £ 7 % 1My 5 & B 2% A 14 R ik 5 FR VAL (exitatory postsynaptic currents,
EPSCs) WA B HIEAS, Ui 118 k0 fo 10 ) 1 R b A 8 o 1, T DM 1k R Al A
B IRAT 52 B G o XA 9 R SR A A% 3 42 FHHE-NMDA AR )28 2R 32 AR
SR o X 0T HE AR A 228 T A P R G iR R R S ER T A ] ] 2 T SR A Y
MGIURI % PE3 5 f7 5 S 1682341,

XTSI E ACC N NN EHEMAH 22 T i AR SRRV 58 T 02 HLWTAf
A AR BITERS VA B IS, N RS 22 e i et s s, HoT AR
AR R I (long-term potential, LTP). X 62 fil 4% 3 () 1 5 ] At 5 58 fnd J5 14)
GluR1 i EJEE Ctrafficking) 4% 22 UIAHOCUSRL, [k, 7EAG M 5L n WL 53] ACC
WV E AP RER A T A PE R ), B 5 5ALE ) GIuRL/3 MEAY£E R fir
JE SR AR IIAR 2527, FaRix seaE I HR, PL AT ACC PIH V Z4E A
2 TUAEAG YRR 5 YRl R AR R A A 8 B A, B s B o, LB E O R 2 L & A
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GEIEIR

Hardy SG £ PL Ab%5 ¥ HURIERT LLULSE 2 B B A8 KB FASAN FL R S5 (R TR
SIPOL, I EL G2 BAE RIS PL S eI S /K B S PR A 28 T 1A SR 5 3 Ao 2 A DG S
(o0, AR FEIE S HLERAL IO A ACC P R80PI A B A K BRUX P ) I
B2, I HIXMRAT e e s RVM R FEFE ML, [FI, 4515 ACC J5 AT BAW
SLRNGIEIH BV I ER B AN AT AT R B0 HEEAE ACC I V B4 T GIuR1/3
SR AT DO R 2 i B . RIRE IR, Mear PL BUEHIHI ACC AT
DA A gmE R, HTRe2iEid PAG-RVM J%E AT BRI R EE- . 4546
2 T Bk DRI B0 R S P R T ACC P Y R A 2 e m] B 8t B I /D Bl 11 0 e
1B, T HE A e 22 TE T BR B et PV FHAE B0 ) 2 4o 22 76 DU A P % PR AR v ]
A B BB AU 18 et % 2 A DT R R R R B0 PL N PV BRI 1
Ao n] LU — 0 BRI 20 B T SR N AR BREL, 1 DCERIM i b 42 e e
7 A G PR B A R O8N (RN B Dt A% 2 T R PL N A 2 T T A
AP Ve B T AR IR B AR, IR E R AT R N R 4 T A IR S AR
RIS G BT, BB A A% A B PL S50 SR A e 21 4 [RI A ) 0 52 21 B 22 1) B
1 R PR R Ay PL A IR A 22 TT AN RT AFE M 48 SRS R o ™ A 2 1
BRI, 1y ELE AT B2 2 AT AR RS, T AV A A e £ e JU) T B /) B
IEFEIL T HIR B I LA R D), R ER BT MWL R T dmPFC %
PR B BRI, AE IR — 2D R dmPRC 2 a2 ma £ 1 &M i) _EAT %%
22 B U B PR AT R A e R B B

KT IR B 20 PR, ImR A2 Mtk T ik, e 2
IRFAAGRZE I T, WS 2 i Sk A9 N BT 1 (8] B R AT K2 = 5 PAG Ta] i ER
BINREVERCRIIIRTS, B WIS B M5 B2 PAG MR TR R K S 1E %
(981, [R] I MO FRY AT B2 S P I A 1 S K ) e i 117 [ B2 22 5 PAG )
DIRERIIR RS 5 T 22 JE 700 & R IR R VG 7 BT 2900, [N 3t o FL A v 7 4
535 Chndt AR B i) SR4L 7 AhEeAs e L] (& 5D (HIR T s i
JRGE X B JZ 7] PAG B 2 SR GRAH AL IR AT FT o
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dIPFC:
goal context; expectancy

mThal:
pain and affect
integration

S2-dpINS:
somatic pain

motivation;
decision; affect

dACC:

avoidance value

vmPFC:
meaning ‘schema’

NAc-VS:
motivational
and hedonic

value
PAG: RVM:
emotion; regulation spinal control of
of pain and autonomics pain and autonomics IOFC

B 5 ZRFER LB .

Pl T (10 €8 DX 39 P8 i M e MRS IR X3, AR R (R 22 JERYR T JE M PRIk S, 6
$i% : T 18] Fr % Cmedial thalamus, mThalD . & i 7T Canterior insula, aNS) . & 4 #if 411717 [2] 52 J= (dorsal
anterior cortex, dACC). SKE EE K (PAG) Fl% —Jg i 2 -5 5 i B35 (secondary
somatosensory cortex-dorsal posterior insula, S2-dpINS); L0 ) [X 5 Ay 22 e 77 A2UJR J 4 A 1 488 £
X3, XX IR S 5 1 2 JE A R 8, A4 - I8 IR A5 1 2 (ventromedial prefrontal cortex,
vmPFC). T 4MUlHT#iMJ7 = (dorsolateral PFC, dIPFC). #MURE i (lateral orbitofrontal cortex,
IOFC). fR#Z-EMZCIRIA (nucleus accumbens-ventral striatum, Nac-VS). PAG FlIE &Y 3 45

¥ (RVM). 5| H Wager TD, 201541,

g5 LA, FRATAT LAHENI A S2A77E dmPFC-VIPAG [ FAT#IZ R, HAT S5
WH) AT . AFON R MR o SRS A AR R B R s g 22 i AiX PL AT ACC
FETE PR IR IR AR08 AT S R IS NI 25 7“8 e B PEIE 3R 7 g ki
MIgerf. £ BB FCIAL B3t IR RGN IZ 5T, X T4 18
MR AN, A AR B 2R G5 (R (0 B SRS 22y B A Y s PR i ORI T I

=X
/'T'\O

-26-



FoFEXFHETFLEAL

E X

# —3 4 dMPFC-VIPAG # 2@ % 4 518 &
TAAREGHEFFR

HAR AT 22 R G 2 4% ) P9 IO 42 TG S BRI L AT N A HE [V 27 40 B 2 5 0 5 45 g O
filt PR 58 T 1% A% B O b 2 B ) Th RE AR . BBE, 9 T AR 6B B 4F 1 I
dMPFC-VIPAG #H£238 i 0 12 PR 1Y) AT 4% S L, JRANT 7R 2 e Se it FUis 2R e 5%
PR R HH 5 IR AR OC I AT N ET AR KA H 2T 2k 3505 IO BEAZ A LA AE B 2 it o
DA R4 2238 AR B AR M A5 2. B0k, BATRES RS HIAT R~ s 047
TN FUAE R 5 10 AT 5 B S bR ic R B S B 5 AR R SR AEE M dmPFC i)
VIPAG #5T iph e i o i G DO MU I T VE SR Zn 13 R PT RRAE R - B p
L35 dmPFC 2 VIPAG I FATIRIEEE . IR, T dmPFC H {4 il 14 H ] 44
2T PV BRI A 22 TOAE PR AR NS B s S E R JRATT 7 R
FHAE R 75 5 B2 S b i R G0 1 5 AR A I ) 4, 0% HH 7] dmPFC 4 PV B
FI P M 22 e AR S B S M A S A A% 4] o AT T i B dmPFC 72 15
B s BB A A . RS, 5B PAG-RVM X — % St HOCHE K&
AT RIS, 4 58 AR R F % R R AR id R 7 WATORER . K
FJRAT 2% 58 A G B 9 6 XUk B 5 1R 1T VIPAG A ) VGLUT2 BH A28 0 vl REF3 T 1
AR AE R dmPFC AL RIS A PEM 22 i3 42346 ) RVM A IF) 5-HT PHIEMIZ
Jorfe JEIE DA FIRRFMTAOE, — WK ZBEHER) dmPFC-VIPAG-RVM-4
T 1 Top-Down [ P Y5 B ATV AT 0, (84 20 8 ok o %3R4t Fu 5 SRR Jig 48t
RZ dmPFC-VIPAG #1223 % X0 8 M08 14 R AT YR 421 FH S LA 2 1w 22 0 437 WLl 32
Ab 7 1RSI R i) 45 A A R ) B AR
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1 #8

1.1 EIENH

AR S5 BT FH (R B4 i i G A RRIE 1 S 4F CB57BLI6J /INER, (10-12 &, {4 H# 20-25
9), W EFVIE &KL SR BT IR N RS PV-Cre /MR
VGLUT2-Cre /M.« Sert-Cre /)N Al GRP-Cre/TdTomato /MR, 3 5256 25 M 5256 5
PyrbO e EEYE C57 /NG BAT AR EAE. EMFR . B sd i, e sy
REDRIIE Z I 22-25°C, 08:00-22:00 ()6 RN [a], 3 B A 2 S BE R X, /N BR AT
H G EY . TOK. ASEI0 A 5 J7 VR 210G 28 DU 22 1= K 2 3l W e P R Sz 3
BV FAR TR S I -

1.2 SERbHsFni 57

GALAF: 54 (fluoro-gold, FG). AEW =1L ki R% (biotinylated dextran
amine, BDA) . iz 2217 (phosphate buffer, PB) . iz 2% i £ ¥ O ( phosphate buffer
saline, PBS). 30%JE A £ —C.lig (Diethypyrocarbonate, DEPC, DH098-2,
Genview, Houston, TX ) . = H % JK 7 % ( 3,3-diaminobenzidine, DAB ) .
AAV2/2-CaMKIla-EYFP. AAV2/9-DIO-GFP-TVA. AAV2/9-DIO-G. #1 RV-EnvA-A
G-dsRed %%,

Puik: TE4EE ST

B TR K BT FG LI NM-101 PROTOS BIOTECH CORP, New
York, NY, USA

Z i ER DL FG IMLiF A153-1 Millipore, Billerica, MA, USA

F 5 FE /N BT NeuN 1Ly MAB377 Millipore, Billerica, MA, USA

% i B S5t CaMKII LI ab34703 Abcam, Cambridge, MA, USA
5 /N BT GADG7 I MAB5406 Millipore, Billerica, MA, USA

2 5K R T VGLUT2 i AB2251 Millipore, Billerica, MA, USA

% SilE St P2X3 [MLif Ab10269 Abcam, Cambridge, MA, USA

Z i lE 1L SEPT 5-HT Mg 20079 ImmunoStar, Houston, Texas, USA
Alexad88 45 & 3 Hi/N R 19G A-21202 Invitrogen, Carlsbad, CA, USA
Alexad88 &5 & I EPUK R 196 A-11073 Invitrogen, Carlshad, CA, USA
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Alexa594 45 & L FEHUKE 196G A-11076 Invitrogen, Carlsbad, CA, USA
Alexa594 &5 & 9Pt E 1gG A-11058 Invitrogen, Carlsbad, CA, USA
Alexab47 45 & P HLIK R 19G AP193SA6  Millipore, Billerica, MA, USA
Alexabd7 &5 PP R 19G A-31573 Invitrogen, Carlshad, CA, USA
Alexab47 5GP/ R 19G A-31571 Invitrogen, Carlsbad, CA, USA
RGP HUKE 19G AP193B Millipore, Billerica, MA, USA
FITC Fric i) Avidin A-2001 Vector Laboratories, Burlingame,
CA, USA
2 B

2.1 RIPAZESL fA RE x5

NS dMPFC-VIPAG #EIEER B SCAEAE, 0 M AT /R R FG SLAA E AL 5
F| VIPAG, 47 RE:7T BDA 5L AAV2/2-CaMKIla-EYFP 41 F] dmPFC; N5t
VIPAG (1A% 5T, 20 BB S AT /R B335 FG AR EAE S 2] RVM BUABETS f1 . 71k
A5 U Y5y 4 B S B8 = B A 1) (R A RO

HY A2 ALK C57BLI6Y /N EE 7%7K & SREBEAT IR BRIVE (4 malkg) J&, &5,
Fea [ [ 5 F- e X (Narishige, HAS b, BERBEONEAT AR 678501
J5 VIR ke e BN, 753 %% 8% Bregma F1 Lamda U IE 0P+ o
RN B P 1% e i Al IS, FF RHESE TR 8L 4% 0.04 ul 1) 4% FG FH i ok
A B AR AR E S (1 ul, Hamilton, NV, USA) SEARRE RS 2] vIPAG Y (44
Fr: bregma 5 4.8 mm, AUl{K 0.5 mm, RE N 2.8 mm), VEHZ) 3 0k, HEL
10 4%f. ¥ 10% BDA 0.1 ul 5% 0.3 ul [) AAV2/2-CaMKIla-EY FP 75 8 3R A i it
F| dmPFC 1y (44%%: bregma A 2.5 mm, A {lfw 0.4 mm, RFEHN 2.5 mm). # 0.04 ul
) 4% FG AR EAIES 2] RVM P (A AR: bregma Ji& 5.9 mm, H£k, ¥R N 5.7 mm).
¥ 0.1 ul 1Y) 4% FG LA E AR S BB RES A A o EATESTI, JESTEEN 20
niimin, % 10 or%h. EAESN RS, THEIFSE MU SRR, frahiese
T J5 TR 6 A 4k ST 5
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2.2 FG HRME TR R RAGEE KRR FRENERE
221 HE KX

1) VEEFEE: £ FG IS R/NEA VIPAG Bt RVM — 5, H 100 mglkg K%
ELL Z A R I 5, SR BE R . R ORI E, K830 O i 56 42
R, FEERREHEANSIYIN /0%, JHZ 20 ml (975 0.1% (viv) DEPC 4b3#
i) 0.00 MPBS (pH=7.4) EARNILE, M/EHE 4% (wiv) ZEHER 0.1 M
PB ¥ 50 ml BT 5E 5

2) BOM. JEEE. BiK: 2B SRR AN TSR, I BR 4% 2
RHEEE AP EREE, 4°CIEMHEE 72 /N, T0EERA LRI T DEPC AbH L)
30%REREIE W, 4°CRALVUR;

3) WY A 35S dmPFC. VIPAG B RVM iKZH4UH OCT (Tissue-Tek;
Sakura; Torrance, CA, USA) B35, HTEAMYIAHL (Leica CM1850; Heidelberg,
Germany) ARVIF, VIR EE N 25 um, 737l NS DEPC 4b#Eit (1) 0.01 M PBS
R 3 UG IEAT IR SN A SR A A R e w e et . (HE VIR D) R
AR AR R AL 1 RNA BEXT ) R 10035 44D
2.2.2 RIGFRAIZRTZHL M ZE Gt

1) ARFRYI A s EIREE S AIU) N 2% K H AR EE 10 434 N 0.1 M PB

(DEPC 4b¥find) =iRE Y 10 708F, 1M)5 & 0.3% Triton X-100 (v/iv) ) 0.1 M PB

(DEPC 4b¥Hid) iR YE 20 438, FIE AL (5 0.25%FBEERET (viv) 0.1 M
=B HiEYE 10 3%k, )5 0.1 M PB (DEPC AbEE) SIEEWE 2 IkEFIK 10
ok

2) TARAS: K CAERAF U] N T S T, 28BS B8 CHiE F 1-1.5 /NI,
AL a0~ (4&F 1000 uD: £ 81 HEBE% (Formamaide), 500 pl; 20X Frig
FRENER 2 i (SSC), 200 pl; 10%:Ef A7 (Blocking Reagent), 200 ul; 2% H Bk
WER (NLS), 50 ul; 10% SDS, 10 pl;

3) A fE LRI AW 4 A AEE X VGLUTL mRNA (# VGLUT2
MRNA = AR e [ cRNA BREFE IR EE A 1 pg/ml, B UK U R IR 28 4 v,
58°C /48 18-20 /M

4) AT IEEE: A SERUE, VIR N 50% Formamaide 1 0.1% NLS 1) 2X
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SSC il 58 ‘CiEEdt 2 IXEHR 20 438, ME7ES 20 pg/ml RNA B 10 mM
TrissHCL (pH=8.0) ZZmwith 37°CHEE 30 2r%h, F4r7IH 2X SSC #10.2X SSC 22
M 37 CEYE 2 AR 20 4t

5) KM E: IR 4 TS7.5 (4 0.1 M Tris-HCL, pH=7.5 f1 0.15 M NaCL) %
TEEE 5 5, S 1% Blocking Reagent () TS 7.5 = i3 1 30 0405, i
AW A it s E Bk (11-207-733-910, 1:2000, Roche Diagnostics, Basel,
Switzerland ) 1857 B K SR 7T FG I3 (1:200), =36 N & 7, i J5 A H TSA-Biotin
RBL CEBEAGEE - A B 2SI G0 X ARG AT OB, g FR
YIA #FH TNT(TS 7.5+0.05% Tween20)iE5%, 5 5 73 4l FH FITC 45 & () Avidin(1:1000)
X RALE T AN Alexa594 45 & L EFUIKER 1gG (1:500) &R FG;

6) A HH: RMSEHE, VIA40.01 M PBS ELE#RITIR I A L,
W )5 T & oA K 7 (50%H 1, viv; 5% =T 23 — ik, wiv) I3 708, BT
4°C FRAF .

2.3 RBELUELRE
231 AL KL

1) BEVEEE: £F FG 14 %] GRP-Cre/TdTomato /NI VIPAG — ) J5, FG V4T
F C57 NEREMEE M 10 K5, BDA yEHF| C57 /N K dmPFC WA J5
AAV2/2-CaMKllo-EYFP 73 4} 2] dmPFC U H FG ¥4 2] RVM — & Ji5 , F§ 100 mg/kg
(e L 2 R I I s v G, AR BE R TR o, RO EREE I 5,
TERIREHB NS /2 0=, Se 20 20 ml 9 0.01 M PBS Ak Py Ifiie, 1 i 25
4%% FHEER) 0.1 M PB ¥ 50 ml i3k 47 9 i 52 5

2) BUOM. JEREE. K. ERRAUE SR RS, B B 4% 2
RS P EREE, 4°CIEREE 6 /N, 1MjEK 20T 30% M S,
4°CEHLAVUE;

3) ALY F . 2 HPES dmPFC. VIPAG B¢ RVM [HIiK4H 44 OCT fi )5, HfE
AV A HUEGEIR YR, A BN 40 um, N 0.01 M PBS HT, ¥k 3 YJs iHAT JE 4E
UL S Gt
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2.3.2 DAB %8

1) HHHERE PR S BRI B S 1 FG 345 X\ VIPAG F1 BDA i 4 A dmPFC
1) dmPFC #1 VIPAG Y1 H & 10%I1E % 9P fiiF (normal donkey serum, NDS) 1)
0.01 M PBS (v/v) =i FiF & &1 30 4341

2) WE P KEEERY T BB HPUERERER (5% NDS, viv; 0.3%
TritonX-100 , v/v; 0.25% 3 X 32HE, wiv; 0.05%3 %N, wiv) iR (1) 5 78 [ K BT FG
MyF (1:200) H1, =i T E LR

3) WE Pl WETE I 0.01 M PBS S (3K, 10 Zr#HKD 5,
BN PR R A R A G I PUK R 19G (1:500), =R NI E 5 /N

4) A. B E: ¥ AW (1:200, Vector Laboratories) #1 B % (1:200, Vector
Laboratories) #2H 30 4r#H 0.01 M PBS #ikt. iB%, ¥ Edkt) A 0.01 M PBS i
PR AL BIREW T 15 BDA Y1 &id B A dER PR 5 BB A,
BIRGW T, =ik NEE 3/

5) DAB [ Y FiEdk)E, #3547 DAB N, £ 5 ml ) Tris-HCL (pH=7.6)
## 1 mg i) DAB (1102, Sigma) F£ 0 10 pl 4 0.3% XX 5K, A MM e, £k
Mg IR B R E R, 2R

6) M BIAGER REFr e RN SERIYI R GG, T H BRI E S b,
B TR AR R eid 70%. 80%. 90%. 95% 100%. 100%FKIAH: kS it /K Al — FF 4% 1,
e T YER I, Al T R SR
233 RERCHRWELRE

1) #HAFERERESUR: B EREERER FG 4 ] VIPAG (C57 /) AN
GRP-Cre/TdTomato /M), FG EH2IHHES A AAV2/2-CaMKIla-EYFP 15 2
dmPFC H. FG %413 RVM KT F A4 10% NDS (1) 0.01 M PBS = T & 14 30
Ak

2) WE P I E Y BN U R R — BUR AW B
SRR B PT FG LG (1:2000; FTCEEK R PT FG ML (1:200) /58 kE /N 47T NeuN
iM% (1:500); FEEK BRI FG MIE (1:200) /2% kbt CaMKII IfiLiE (1:200);
B REIK T FG LG (1:200) /F 5[/ T GADG7 Mg (1:500); F 5w [ K B
P FG IMLiF (1:200) /2 5 FE St P2X3 1filif (1:1, 000); 2 e b i FG IMLiF (1:200)
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/2 el LBt 5-HT i (1:500) /2 iR P VGLUT2 fiiF (1:1,000); i
T E SR

3) WWH P WEE PV 001 M PBS EYEE, A EIRFUARRE
R REH) — PR ST . Alexab47 455 WY HUK I 19G (1:500); Alexad88 44 5
/R 19G (1:500) / Alexa594 54 11l =EHTAK R 19G (1:500); Alexad88 454 13 it
% 19G (1:500) / Alexa594 254 L =EHUK B 19G (1:500); Alexad88 4 & (19 Hi/I i
lgG (1:500) / Alexa647 ZE4 I HIIKE 19G (1:500); Alexa594 454 %%k 19G
(1:500) / Alexa647 454 9P HifK B 19G (1:500); EM RS &P B 19G (1:500)
IAlexa594 454 HILPHi1L 2 19G (1:500) / Alexab47 454 1% Hi % 19G (1:500); =i T
M 5 /N

4) W H FITC 4541 avidin: &5 —4191 7 A 0.01 M PBS #3565, A A 0.01 M
PBS Bt FITC 4541 avidin (1:1,000), =i FiEE 2 /M

5) #&r B PR3 MPE O HrYlA A 0.01 M PBS )5, fERDEIR
B RRRI TR b, R A R A E BRI SO R, 4 Clbt
TRAT o

24 FRAREBELBRMIFIC RS

HER#E (Rabies Virus, RV) J& TR R HRIE RS . AR RV A
AT 5 R T A AL R (KR 5, W] DR T R A R i A7 SR BN W 22 il 2 (R 7 R
RV AT /R TR R B AR IR S, B 1 ATES RAMERE SN, RV BRAE RS
G, EEFRCHETT, TR RN LPARATIRL, ARG R EH i
PR LY 2 G e B R B BRI TE A RV AR e, R G5 X
2T RIS, BURGRIME TP A R A W] 2 R AR FI AR, T i T R A i
A TR .

RS RES RV &, B E RS B BT DUSEAT BB E B Y 58, 1%
FE ST 2 TR BRAT #0 2l B Be R WL 52 . 7E RV o, HL 38 0 25 5 (Glycoprotein, G)
M ITHEATE RMPLTFEA. & G HAGE, RV-AG HaREE AN, H
REA B EAR ARG o, AR HHE R 2 (W S HI A S AR 22 2 BIsemg (Rl Rpgim] =
JEHIFRIED o B A ERE RV- A G YL AR R AP 4 e h 28 TANEIER) G H2H, RV-AG
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ST HN G o AR AR e B 1 RV B W AT 5 SR A (¥ e AT I G b — ZIM AR 2 e
HRTE E—RIMAE T I RE T G HA, WEEB—HIRAE M RV-AG HE
G ¥ RE 745 B A b — SRR 4 G FP AN RE 4 4L 5 S i 4k, AT AT LA S0 R 4% (1 5
PRI TAMbR LB EE IR . AT RS SEIL G BRETRI RV- A G 1E A — £ e 1)
HRIE, T E RV E E EnvA AL RIR R R 24k TVA KA
IR IR . R TVA RAEE T &R, 1Em i 2R3 i pi 4 o
HIRIL, WAL AR R R 20 M 5t . I EnvA Ji4MNX 5 RV 1 G &
05 % L P X 1 39 5 2H R AR G BRI B ) RV-ENVA- A G, R ZE(E B
TVA [RIEA TS Z 0, FHEMD G B AMAMEA T SLIEE R i, 4554571
Fik Cre EAHBFHIHILN YN R M Cre-LoxP R4, A LUK TVA M G EHEIRE
A% R S M AP 2 0 SRR IE, 5 R RV-EnvA- A G SIS R 7 8B 48 0 17
WAT B R AbFRIC . Ry, BRI BISOGHE A AR L ARG o b — R
TCI 5 RN o

22 BT (0 0 P9 A% B SR S SR S I VRS S %K & 5 4 molkg, FEE
RIS, 4% B2 [ 8 ALk e A b RS, VITFAIN Rk, 7857 % 5% Bregma
s Lamada s i 1 R AR P R A (] — e BE A SRR L o AR /) Bt i P 1% ) A e ide %
FrE, MPRFEIFTHATER: 5307E PV-Cre FI/NR ST E] dmPFC P, VGLUT2-Cre
/NS E] VIPAG Y, Sert-Cre /NERVEST ] RVM P o AL IS FH Al ity 3580 PR R 43
VS (1 ul, Hamilton) # AAV2/9-DIO-GFP-TVA (AAV-903, ¥ &, 3X10% ug/ml,
RO R EZ R ARA R AR, SE, 50O 1 AAV2/9-DIO-G (AAV-902, i,
4X10% pg/ml, sRPUHREE i BL 2B ARG PR A T #4218 1:2 AR LU g 47 IR &, VES 300
nl BB AR E, WSHEEE N 20 nlimin, BEEFZ) 10 0%h, WEE, &AFIE IR TR
THN . FPREEES 4 7 RIE 5 RITEF — X3 A SL AR E A5 RV-EnvA- A
G-dsRed (RV-306, /%, 3X108 IFU/mI, DX MR E R AR R A ), RV-EnvA-
A G-dsRed 35 — i J5 ¥ S PRETE

24 AV R MEBMEIGRE
TEST FG 31 . 15T AAV2/2-CaMKIla-EYFP B4 #147) F FIyE SHE R = Bk
SRR D RGOS RT3 A b, AE RS A G, TEEHRLE
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% (Olympus BX-60; Tokyo, Japan) XM%< FG Al 8 FVES XA X (4 A 4
SRS FG, WEETIEEE AAV J5 55 (1RG5 100 43 €0 5 ' I S R B 1) IR
5000 . JH CCD g R G B IERERE, Ah8 TIFF %3, S RAL A
T 7 G A Z gL i ) A R OB SR AR B A (FV1000, Olympus, Tokyo, Japan)
SRR ER . ANF A SO0 8 B BT b 3 A 1 B9 PO B AT A S K
Alexad88.EYFP il FITC 13U I KA 488 nm, K449 520 nm; Alexa594. dsRed
A1 TdTomato FIUK I 594 nm, K EFIEH 618 nm; Alexab47 UK KA 647
nm, KN 666 nm. KL R A RS H W EGRMY (FV10-ASW 1.7,
Olympus) KEEUZ, JHfFM#A OIB k&=, FHEATH B R i g FE A L R 4f
By TIFF #% 30, xtT DAB et iyl v I IALES B8 (AHBTS, Olympus) #E4T
MEIHRERE .

2.5 GERGH RS HT

218 /] 5 8% ( George Paxinos 1 Keith B. J. Franklin 34, 55 2 fi), % dmPFC
FVIPAG BT S AL X %053 N T R SEINHERA BT 5, RAE R EEm . BiS
RO 2 T A SR TR 70 VB B G2 BH P P 4T 2 R XUbR G £ ) A
8L Gk P E SRR R AR R .

3 &R

3.1 dMPFC-VIPAG ##4&ZiE BE I A5 FIESE
3.1.1 dmPFC A VIPAG #5514 7T i 2 AR A4 22 4 i

N T ESE dmPFC [7] VIPAG WIS, B Y F AT /AR BRI 7 VR I AT /R 757 FG
SEARSERTVE S E] VIPAG 1, W% dmPFC P FG AT hRic A S #4 J0 10 20 A L 22
AV

NT MRS FG brid, X FG 3T T UMbyt 5t A DAB X
IS A TR R . R BKRIYIF H, FG RS XA T VIPAG Fl— /N4 H Al
X (B 1-1 A, FERTRG D] F R LLVLSE 3 2 AN 2 1 A 5 T 17 VIPAG $E5t
(K] FG AT AR IAiZ G, LARMIAN AT AR, ST L. FG AT ARic M 1hs
JCE B AifE dmMPFC (4145 rACC #1 PL), IL, ACC A1t (E 1-1 B. C). M
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B G AT W2 FG e BIVE It 2 e S ONHEIR I, 2 04 T B IR

Z (K 1-1D).
A T B

" | k-
Bl 1-1 FATREEHVERR dmPFC ] VIPAG HEESHE

K A-D NTEFIRTETRG ) A ot FG ) DAB Hefagh BWIgE, B A N FG SARE it it 51

VIPAG JEHIVEH X, K B+ C 73y dmPFC ~f- Al ACC ~Ffil FG FRic 4R S # £ e EAN R A% [

W AE, B D RoRE B R ETTHEN XTI EIS . Ag, aqueduct, F:7K% . Scale bars=300

um (B C N bar &H T A-B, & D)

it S FNHHIALE dMPEC A [i1] VIPAG S #2070 (0 43 A i BRI #5, FRAT]
i 1 FG APz suhr 54 NeuN B o0t br et (K] 1-2). M F] dmPFC 7]
VIPAG # M A R BEAA TRV EMVIE, LV ERE, 12 1 E
WILFUEASE] FG FEHMEMA T . X —aR WS EIA V. VI ZHEA

LYWL LR G EAIW I E S o

-36 -



FoFEXFHETFLEAL

B 1-2 dMPFC Py ] VIPAG RS2 6 1) 43 A7 b B i A
A-D R NANER dmPRC P N FG R fridiit £ VIPAG JFIEATHRICH FG (L)
NeuN (Zxth) SRR bR E L. L1-L6 FTbrit (AT 26270 08 dmPFC NI I-VIL R B fmi,
forceps minor of the corpus callosum, Jf I/ ¥1 /N VO, ventral orbital cortex, FEMINER JZ. Scale

bars=100 um (& A-D)

bR SEEG rhIRATIEE I ] VIPAG B M E TR RHEARIE, $em A e
HEARIZE T, AT IR IZEE R, BATE— BRI T FG WAThRId B s 2 e i ph &4k
FAE . I SR XUBR Y SR, I FG 2 BAE R FL I 4 48 JT 3 T 0K
JZ XA e IR S CaMKIL (] 1-3A-C), iESE T dmPFC A 1] VIPAG #5
(R 20 TOHR T PR HE A A 28 70 o S S8 2 6 T 4 32 45 4 R M AL S 2 MU
77k, DR Z N K& VGLUTL mRNA FHME#Z 5t H dmPFC 4
6] VIPAG B2 7t 48 v FGIVGLUT1 mRNA SRt (K 1-3 D-F), &
A VGLUT2 mRNA W&o AiMbn, JEARWE FG G IME RIS 4 o kil
VGLUT2 mRNA (] 1-3 G-, iXEe45 0 EIx M dmPFC 4] VIPAG 5 #2703
MR 200, DS EIRIIE IS R HAFRIA VGLUTL, iA#KiE VGLUT2,

CaMKll ~* .

AR ,
VGLUT mRNA "

-
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&l 1-3 dmPFC A ] VIPAG #5114 70 FT-& A 2238 R
A-C SR NIEATHRIE dmMPFC-VIPAG S HZ I FG (Z160) AIMAT MM T bR £
CaMKIl (ZR{) SR ARG B D-F B NilidiTHsid dmPFC W IH] VIPAG A #HZ TT i)
FG (ZL{1) 5 VGLUTL mRNA (£t{1) ZOtEA ARt ibatit. B G-H R A THRd
dmPFC P[] VIPAG BEFHHZ T FG (A61) 5 VGLUT2 mRNA (£%h) G JR A J2 A8 e XL

FriE . Scale bars=20 pm (& A-1)

N T BB W FG AT BRIC B AI T AN Z Al 2 T, 5 P AR e AR
LW GADGT HEAT S bR g t, 4R s dmPFC AR5 2 FG/GADG7 XUk
ot (B 1-4 A-C); £ GRP-Cre/TdTomato /i, Tomato 183 T GRP BH#: 4
JCIIo AR, D FG 5 s% FHPE S 4 oo n] LRI Tomato (B 1-4 D-F); [l
i 90%I1 T AT B 42 JUIE i] 3k ATP (15244 P2X3 244 (18] 1-4 G-D). X 2Lz I
BIHESE T A dmPFC [ VIPAG HLI (#1280 XA PEE AR I TG, 00 i 48 0 vl [ml i
# ik GRP 8 P2X3 21k,

GRP-Tomato

B 1-4 dmMPFC A [ VIPAG #8142 6 I 240 221 TR
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Kl A-C BoR N7 AR dmPFC-VIPAG &S J0H) FG (L1 RN MM Z u i br &4
GAD67 (£kth) S eARtE . B D-F f7~A GRP-Cre/TdTomao /M Hr, W4T #5id dmPFC
WA VIPAG BESHHIZ T FG (5 t0) A1 Tomato (Z04) ik e XUbntEit. B G-H s Al
ATARIE dmPFC PN 1] VIPAG 4 T0IN FG (HEEE) H1P2X3 524k (Z0(0) 5% 9 e ARTE L -
P R T T 4R B A2 T N BUARAR£E 76 . Scale bars=20 um (& A-l)

3.1.2 VIPAG P\ dmPFC 5 R B 2 47 45 1 A

55 R AT SR B R SO X B, BRATTRENAT R 38 1557 BDA 41 ] dmPFC
N, 1E VIPAG WIS NAT SIS LT 4L 041 . &1 1-5 A JiisJy BDA 54 2] dmPFC
NI DAB Yeft gl i, RIS B35 X 3k E 2207 T mPRC (T 00358, AR Bes g il
e FETPIN-F, IPAG A VvIPAG W F] K& BDA drid KM 4E (& 1-5 B), £
A A AT 4 h AR RESE R (81 1-5 CL D), 278 dmPFC N FIAIZ e il LR
1T 2] VIPAG.

&l 1-5 BDA JE5T 2] dmPFC HIMESH XA VIPAG Py B 47 4k
Kl A-D y DAB #ff 7R BDA [TE ST IX & PAG P4 BDA JIiATHRICHIMHZ 445 ] A Jy BDA
JEJIES 2] dmPFC Ja HIVESS X, &1 B 24 IPAG 1 VIPAG A BDA FRic ZF4ER L5 5, &I C. D
RNIEEUE B P IX IO S . Ag, F7KE . Scale bars=500 um (B A), 100 um (& B), 25 um
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(K C. D).

N TP SEIAT /R BRI AE L, TR B R O AR AR R I AR i R
¥ AAV2/2-CaMKloa-EYFP VEHT 2] dmPFC P . 1205 55 1T AR SV IR B B2 2 P9 110
A2 . IS T, APWEER] AAV FiEEXT dmPFC &Gy, JF HAEHXT
iy dmPFC FENU (A SCIR A P FTWL SR S0 3 R Qe 2R 4E 1) oA (18] 1-6 AL BD, FE&
8N LR X NG KERPEREEIG, TR B KT, FERER
Y A HER AN Z T

& 1-6 AAV R EFES B dmPFC FIESHRRYX

K A-C ¥ AAV2/2-CaMKIlo-EYFP 7341 3] dmPFC J5 IIESHX &, B A F1 B 205118 AAV

TRTFES 2UAN ] 1 ) dmPFC P Ja FiE ST G IX, B C B B A SR G XIS TEOK &1 5 Scale

bars=100 pum (& A #1 B), 50 um (& C).

DR B i 45 i5 1K) EYFP, FRATITG R5 otk — 2 i e o m] B e L O A8 e T %
TR TR A AR LT 4ETE PAG AR50 AT o 23 7 Al 21 2 I ER 6 > PAG AN [H] (1T
BEATHIEE, WL AAV RGN LA 43 AT TR 5 R LRI BT PAG T,
LT HELE [ ) VIPAG. IPAG F1 dmPAG N 73 Afi EEIN A 8, 55 0 DX 3 R ] L (]
1-7). [FIl, 1E PAG HIAMU X 38, J 48 154% (dorsal raphe nucleus, DR) P4t A] WL %<
B AR A (K 1-7 C-ED.
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B

& 1-7 AAV2/2-CaMKIla-EYFP JREES 2] dmPFC RGUEAM A TT/5E PAG I EYFP #7id
P LT 4 1) AR
A-F N 2 N 6 NASE ) PAG SFTHI P9 BRI G A S P 4R AT, &% 1l 2

I WERE) PAG WEERIMAE T 4. Ag, F/KE . Scale bar=200 um (& F, i&H A-E).

W GEn BT BDA FINAT BB B AT AAV 5 S YL 45 51, 7T LA VIPAG
NISE R LA dmPFC N HEIR M2 TR SR AP 4. 4561 FG 14T AR1d
453, dmPFC 2| VIPAG [AlffiSE — HAM Al B AL, BRI dmPRC R k4
PR O] R A AR 4 1) VIPAG IAIE L ThAE. DIAERF 7RIS VIPAG W&
KEM VGLUT2 FIPEMZ TG, H VGLUT2 PP e N AT R h K& JER
B UM R, O T HE— D HERR dmPFC [1] VIPAG #5 i B 4T 4k TT RE
PRI HAER] dmPRFC A B2 AR 41 4E 7] DL E 3T vIPAG WHJ VGLUT2 BRI
270, AT KIE FUAE R FEIEAT 5 PR Sl bRid RGEA VGLUT2-Cre /)N RUEEAT
iRl
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3.1.3 dmPFC #5348 VIPAG W IIFF L4 NI VGLUT2 #2855 B 3 R fil
CELERIG TR PR R R AR IC R AR B (TARMRC L 1-8), A1 3
R (L AAV2/9-DIO-GFP-TVA 1 AAV2/9-DIO-G, ] GFP #H1T &7R) 1 RV-
A G (RV-EnvA- A G-dsRed, F dsRed #4727 ) AHRG 4 Ji 73 2 59 % VGLUT2-Cre
NERHY VIPAG W (RIS 2 SR FFAR R B9 4845 ) o VEST RV-EnvA- A G-dsRed — J#
JE /N BR AT VEE I8 52

A Helper Viruses: AAV-DIO-GFP-TVA C

AAV-DIO-RVG
[ EF1a DY ovsa 4| werE |

B Rabies Virus:

RV SADAG-dsRed (EnvA) Tay 28 Rabias Vinie

I Day 35 Perfusion

Starter Neuron

¢}
Input Neuron

 1-8 FERWNFES SR RANFIE RS R A E
B A SR AR B #: AAV-DIO-GFP-TVA Fl AAV-DIO-G 14 it =0, Bl B IR 1)
NEHFE R RV-EnvA- A G-dsRed FIRERREECIEL, & C Rox N7 s i B ae . 410
R85 SRR RTS8, B D SRR R SORYII LAt Z T (e, G005 i
BTG (L) Al

7E VGLUT2-Cre /INSRIF R PN, GFP biic i) A B 75 B 4L i) VGLUT2 BHPE 4
26, 1£ VIPAG ) dsRed HRiCIIA RV-AG YA TG, ARG R I
VGLUT2 BHAA LR AN A [a) HF 5 B o= f i) ey i o (R) #4206, #UE VIPAG P GFP
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() Fl dsRed (L) XbRK) () ML G ANFRIE VGLUT2 MG E TG,
£ VIPAG [X 15 4 A WK E ) GFP B lbRic « dsRed BRAUBR 1A 19 & XURR H) A28 76 (
1-9 A-C). {E s i T nl B i 28 (W22 GFP A1 dsRed HIXUARTE#L, 7] W, VIPAG A1 DR
WA KE dsRed HARPHE TGN, SRTEH LR R A AR, VGLUT2
BHPEMZ JE 2 R R & e R (B 1-9 D-F).,

GFP . . |dsRed

19 ERREHIRBEN RV-EnvA- A G-dsRed JEFHST 2] VGLUT2-Cre /MR, VIPAG R
METTIE IS A
Kl A-C BRIy GFP AR IR BN B G2 0 (418D, dsRed #R1CHT RV- A G Ji 35/
At (A6 KEEMEIt GEf) fEER X vIPAG N1, B D-F 2RmE C K
Ji TR SR 5 (1 % - Scale bars=100 um (B C, &M A. B), 20 um (B F, i&H D. E).

ERTRYI A, AHREIHATROEENE dsRed FHMEME TR /04T WILE
dmPFC. ACC M1 IC M %<5 dsRed 5 5.4 R b ic B4 R 22 T i 70 Al (& 1-10 A
FC), s T Al WAARE TOIEAS R TR SR, FHEFIR, AT B o (IR
2 (K 1-10 B 1 D). X¥H dmPFC WHfSEA & un] LIS 2] vIPAG A H Y
VGLUT2 FHIEMHE O BRI R, 25 E ke,
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A
.
- -
-

&l 1-10 dsRed FFE B L TTAE dMPFC P FI23 1
B A I C AE R B = B0 B0 AT 5 B R A7V o 5 vIPAG Y VGLUT2 FIYERHZE T
BRI R A T (dsRed #3id, £065) fE dmPFC A1 ACC Wit 434, [l B #il D SR
NE A I C A JTHE X I K E1% . Scale bars=200 pum (& A i1 C), 50um (B D, &HE B).

25 FG WATHRIC . BDA A1 AAV AT ARic SR #5100 AT 85 PR SR flbr 10 B2 R
R SIS R, AT T4 dmPFC 7] B 34451 3 vIPAG, dmPFC-VIPAG
LI EE L AR EIRN FEM A3 5T, P w I B SCACAT A% vIPAG A VGLUT2 BH1E:
M2 TCIITh BRI B . 9 T 3t 8] dmPFC-VIPAG #1283 14 76 2 % o i 1
F o I 75 B0 Hf B S2 W e o % A PR A A NS

3.2dmPFC A PV FRIE#IEZ TTRfE A 5T

YT dmPFC A AL APREE IR FR RS R P ph 22 o e b R FEI R, A
T EEINRR R T dmPRC AR sh 2 T R AR N, FRATR I AE R B 5 B4 R
fibbRic RG T, 2 DI TR AT RV-EnvA- A G-dsRed VESTF] PV-Cre /NELHY
dmPFC N, FE2N NG AT HE A Aoz CEERRLE 1-8).

[Fl L3k, 7E PV-Cre /MR AT, GFP ARic i A4 B 25 L PV BHEAHZE T,
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£ dmPFC 4 dsRed #7101 RV-EnvA- A G-dsRed B2 (A2 TT , 035 4 B 73 B e
() PV BHPE# 2 oA A] o] LA B R A A4 o0, SE dmPFC 9 GFP (%2
dsRed (L) XUbRff (FEE) L0 NRIE PV HIRSIEMZIC. 7E dmPFC X35 Py r]
LK GFP $ulbRic . dsRed HBARICAIXAR AL C (B 1-11 A-C). fEmfEEE
AT RE RIS GFP A1 dsRed HIXUFRIE AL, FI A dmPFC. IL. ACC #1IC NWH £
dsRed HFRMPA TG AT, FOREPAFAER dmPFC I A T, 715 dmPFC
N PV BV AR Z TO T BB A R A R, AT PV BHPE R 03 3 (1 1-11
D-F).

B 1-11 FERIRFEHBIR IR RV-EnvA- A G-dsRed JRFEVES B PV-Cre /MR dmPFC P IRgeph
JLJE KI5 AR
A-C IRy GFP FRic (il Bhi S S22 70 (465, dsRed ARic ) RV- A G Ji 2/
ezt (L) JOlRIGM&It () 18 PV-Cre /MRS X dmPFC 14345, & D-F
BRIE C WX UBCK G B % . Scale bars=500 um (& C, &M A, B), 100 um (B F, i&
f D. E).
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FEAMEIY) A, ATHEREAT RO ERE R M T WS dsRed BHPEFHZE TR 7>
fio B 1-12 TR Nk Y M Bregma +1.98 mm %I Bregma -0.46 mm F /8 [F) - T
P dsRed #5550 R il bR ic BN FRZ TCHI 70 Al . FTLEEZIFE dmPFC L IL. P IIE
JZJ% (ventromedial orbital cortex, VMO). IC.. B#IR#% (claustrum, CLA). 40K
# (bed nucleus of stria terminalis, BNST) % Frfii & A% R+ (paraventricular nucleus
of thalamus anterior part, PVA) P4 K& IR IC 1K) 40 4

A v |B
Bregma
0.62 mm ¥

Bregma
0.02 mm

& 1-12 dsRed 5 2% FbbRiC B F) dmMPFC P PV BHEEFIZ T M2 7T A
K A-G ERIAR PV-Cre /NEH dmPFC PVESF =B85, dsRed 5 FAZ) 2 filbric i
RV-EnvA- A G-dsRed 7% £ 4L SR Z o0 (2068 7ERTIN &N FH N 204 &l . Scale bars=100

um (B C, &H A, B), 100 um (Bl E, i&H D), 100 um (B G, &H F).

1-13 T T &R B P A Bregma -0.94 mm 3] Bregma -6.24 mm AN [F)F 1
M dsRed 5 B 2% 5% il b i B BT AR TG 0 AT . T S22 B AE e W = A A S
(paraventricular nucleus of thalamus posterior part, PVP). i N1 4% (mediodorsal

nucleus of thalamus, MD). FCfii7554% (paratenial nucleus of thalamus, PT). FCfii
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JLaMl#% Ccentrolateral nucleus of thalamus, CL). FEfiiiZE/4% (rhomboid nucleus of
thalamus, Rh). F-fi reuniens #% (reuniens nucleus of thalamus, Re). A5 {-#% %& & 4Ml
# (basolateral nucleus of the amygdala, BLA) & i 445 S G4 £ eI 40 A, ICEA
Fei A%, BLA FEE Py 4 A g

Bregma

-1.46 mm

A

Bregma Bregma
-1.70 mm -1.94 mm

& 1-13 dsRed 25 S RAmpRIE HFI ) dMPFC | PV BHEEME T & eafi (40

Kl A-J BoRENE PV-Cre /MR dmPFC VRS =BT )5, dsRed 5S40 RAmbRICH)
RV-ENnVA- A G-dsRed i /B e RS AI 0 (A0 TERTIN . i B i 254N~ T P 19 23 A B o
Scale bars=200 um (K| C, i&H A. B), 200 um (K| F, i&H D. E), 200 um (¥ G), 200 um (K I,

EH H), 200 pm (K J).

NT BB IR S T A BATEAS, B 1-14 S ROR TR 1-12
A 1-13 HORLE B PR 22 70 0 A SR P AR A s R B R . nI WM& e R B T 5
PEIRAL I VA S0 [ 245/ PFC. ACC M1 IC, EEXMN K— R En: PVA.
PVP. CL 1 MD %L\ & BLA.
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PVP

E

PFC
A B
PVA
D PT

& 1-14 dsRed BB SAFREHI A dMPFC K PV FASEME T H ME oM (42

Bl A-J BoRIAE PV-Cre /MR dmPFC WYES =B RS, dsRed 15 HR20 R iz ic (1)
RV-EnvA- A G-dsRed 7 8 QLG M0 (AL SMABONEEMZ B s ER . ACC,
AT40AE IRl BLA, ACAZEERAMUES: CL, i ssMili: CLA, Bkt IC, Bi; MD,
NS #: PRC, HIEIM JZE: PT, 554 PV, INERZ: PVA, ik 6wl
Re, M reuniens #%; Rh, FERiZEHA%: VM, ERIEAMZ. Scale bars=100 pum (& J, i&H

A-l).

IS5 G AL R IR T B R bR 10 R GEAT PV-Cre B B2 DR/) B AIAT /R BT 9T 1
AFIRZBIA dsRed i#5 H 25 SR fis bm 10 BEFS A22 TO R 70 AT o IR 2L 45 3R 7< AT, ££ dmPFC
P At ] CEFE VIPAG) it R4 et 32V 22 5 S DA 5% 1A B2 S R A I
WRZ A AT AESBESN, SN 7 dmPFC ZE&R Iz A B Z4EH, dmPFC
S AN T S POR P R A% 1A .
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3.3 VIPAG i VGLUT2 BAM##E T A5 8 5t

HATE X dMPFC-VIPAG #2838 % [ HoAE NBE R T WIB RS20 7T, A4
AR A R AL R R EREE? B VIPAG WA TTI TR R . KT
RVM W 5-HT RefHVEMZ JoEZR FAT IS R EEAEH], A% & VIPAG W%
dmPFC #5448 VGLUT2 FIEMIZ Je2 5 AT BE AT B 2] RVM, S2IFL NI 5-HT 4
25 70 T Y 50 BE P RS R AL IR 2 FRATISS & & P25 22 (T 9T 05 150 3 2 1]
RHEAT T W .

) L R0 55 15 B0 R AR 12 RGN 75, 4 A B # AT RV-EnvA- A
G-dsRed 735 #1| Sert-Cre /MR 1] RVM P, 7E VIPAG N M £ 38 5 4P 42 T8 (1) 40 A7 1] 1-15
Jli7RA RVM Y GFP (£E(5) Fl dsRed (ZL6) XUARf (B0 &0 NRIE 5-HT
MR Z T0. 76 RVM X35 P Af LK B GFP SlibRic . dsRed AR 1E A BURR ) A
22t (K 1-15 A-C). fEmfE 8 T I EIE ZERIMLEE GFP A1 dsRed HUXUbR1K L, WML A
GERAZAN 510 I PR S5 44 P G VF 2 dsRed BUbRii £ eI 43 A, $2781E RVM HA7AE J)
IR, KRR EAZ T LLRE 5-HT BIYERZ o FATRIEThRE (& 1-15
D-F).

D | " F : -

B 1-15 FERFEHEBIH IR RV-EnvA- A G-dsRed R EEETE] Sert-Cre /MR RVM PR Yuph

=1 il
K A-C SBIRIIA GFP ARic Kl B s e 20 (546, dsRed FRic i) RV- A G i B gt
A2 T (L) JOIGMZ T (3Eth) £ Sert-Cre /NS X3 RVM W[40 4ii, I D-F &R
K C A5 X i K i 1% . Scale bars=100 um (& C, & AL B), 50 um (B F, &M D.
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DA, TERRET) R, AT BT e B EE dsRed 5 B4 R Al ic
PR IO A . FIEM . 51 6 NANIE] 1) PAG ~TT A S FL AU X 3800 42 3
dsRed Fric HIFE S Z 0 R0 AT, JELA VIPAG W3 A %, [HI AT {E IPAG Al dmPAG
N LB AR 2 e ) 20 A (B 1-16) . IX B VIPAG RS #1220 Al LIRS 1) RVM
N5 5-HT BHPERIRHE TOTE RS, BRI A 22 0 I Th e T 2 5 7 1N AT
R

& 1-16 dsRed ¥ B2 AR B MZTTHE PAG ARIFTH W #1416
K A-F E7RHIA dsRed #5528 S filbric i) RV-EnvA- A G-dsRed %% #4217 RVM P 5-HT
BH MR ZE T E B R AP 20 (406D EW)R 6 NS PAG Pl 94 4. Scale
bars=200 um (& F, i&H A-E).

S5 AT AAV2/2-CaMKlla-EYFP 75 ] dmPFC N FIBRATARICZE R, [N FG
SEARSENIER B RVM P, WLERTE VIPAG A A dmPFC #251 R & 41 4E AT RVM
PSRN B R R . EARMEEE T AT VIPAG WA KERIFRREEYYE EYFP frid
(PR LT YER FG AT ARICHI 1A RVM SR 2 o0 A (] 1-17 A-C). fEEfEE
TSR E I ERR, AT WA R ERFE AR s 2 A4 AT LS FG Sy Bt
P2 T A B K (R (T 1-17 D-1),  [RINHE ] 5 7 — 4 2 5 [ 5 1 %
e (B 1-17 J-L) o IXEEDOEXARHISE R, M dmPRFC AT HE R 2 2 4 v]
HAEEALIFRZE VIPAG ) RVM B I TCI DI RE, HET 2 5700 0 T A7 4%
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& 1-17 VIPAG W EYFP #RCHIMEA4EM FG AR ML T B R R
K A-C &7~ 0 VIPAG P EYFP FRiC I dmPFC el R IHI A £F4E (40D Al FG 147458
fR1H] RVM 5 #2T0 (Z068) AT E G R . B D-F R N C i B 77 AE X 3 N 80K BHR
FG Fric & o A K&K EYFP FRC ML 4E) A . B G-I MK J-L 205 s A Bl F
T HEX SN FTEOR RS, 35 EYFP ARid AR & 2R 4R FG Fnic (1 #h 22 70 BAR TR ST ik
BRI (ARSI RRXER, #E). Ag, §/KE. Scale bars=100 um (B C, & A,

B), 20 um (Bl F, &M D E), 10 um (&1, &H G. H), 5um (& J, &H K. L)

£T VIPAG N VGLUT2 BHIEMZA JOfE MTRIm AP I EZEH, 456 AT
dmPFC #] FATHESE] VIPAG W VGLUT2 FHTERIZ T, FATATLAHEN VIPAG
VGLUT2 [HPERIZE TR ] RVM & B T 4% 5-HT & o T AT R Th e .

o, BHICHLRREA AL ERI T VGLUT2 mRNA 7E PAG WA
SEI At ol (Bl 1-18). A WL7E PAG W& TEIX N #A VGLUT2 mRNA FH %

-51-



FoFEXFHETFLEAL

L TCI B A, B WX 8] A e W B 2 57 AR 1T, 7E DR N & VGLUT2 mRNA
M LAt (B 1-18 C f1 D), a8 T VGLUT2 mRNA 7£ PAG N

JEEAE A8 S R S 1

& 1-18 R FEAr e Puta B VGLUT2 mRNA 7E PAG W4 A
A-D RN G AL A4 AT Y 1 vk 7r VGLUT2 mRNA 72V, BANFIH

PAG “FII N [0 At . Ag, F/K% . Scale bars=200 um (B C, &M A-D)

1E¥ FG SR EAIES B RVM J5, HUPAG IV e el 2R A e A8 Yt 25
B H PTG ORI VIPAG 1A RVM $e5 I# 4 T2 75 1 358 VGLUT2 mRNA K
FRT I 2 /07 12 vIPAG A RIS BRI VGLUT2 mRNA BAPER#H22 Jo i
FG WAThRC I MZ e (B 1-19 A-C), fEsE Tl WM& 2 IAFAE KB RIIEAT
Mbs (B 1-19 D-1D, GiitEaaf 91.34.5%H) FG FricfIa RVM Bt FI#R 4 e Rk
VGLUT2 mRNA. #2/57E VIPAG I 5] RVM FESF 4 046 K845 N VGLUT2 B
hon, AR AR VIPAG W VGLUT2 BHPE#Z e ] LA dmPFC Py
FIZE IO B, BPF dmPFC-VIPAG izl H ) vIPAG Wi VGLUT2 [
MZIEIM G FATHE 2 RVM A2 5250810 R TR
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B 1-19 FRFA TG EEBEREER VGLUT2 mRNA Rl FG £ VIPAG P IR 5L
Kl A-C BRI AH LR A AT AR IR 1 VGLUT2 mRNA (4%€8) Fl FG WATHR L)
1] RVM &It (Z0t8) 78 VIPAG WNIZ-AG, & D-F Bor i A-C N B (7 HE X 8 5
B EME, BT & BRI Z s af ORI AF R e (D, B G-I SR AE D-F i
07 HE XS 4 % . Ag, /K% . Scale bars=100 um (& C, &M AL B), 20 um (B F,

EH Dy E), 10um (B 1, &M G. H)

it — B A VIPAG N VGLUT2 FIPEFHZ o) RVM A o) M7, 3k
118 FG LA EALVE S BB BCEHEE /)5, BURVM (B8] kil VGLUT2 BH 4R
M FG WATARCHI A HE T AR E T B R R B 1-20 Fis ol FG VRN 2IF
BT )5 FG A& ibs 4 NeuN Gz 5 XUbRiE i, FG 4 G R BREH
T A 1 — 00 B A P E TS A R

FG Merge
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B 1-20 ARGt B EA NeuN Ml FG HIXURE I
K A-C BRI N % 5 e A AUb 28 bR Y 0 R TE S RPERE TS M 10 FG (40 f8) FIRhZ T
FrEY NeuN (HEe) 7EEBERIXUbRTEDL. Scale bars=200 um (K C, i&H A. B)

o G % 5 N = hR AL 5%, WLEE R RVM ) VGLUT2 BHPE A4 28 K 55 5-HT
Gy B M B A RE TS A FG AT hRid B i o T U B e (1] 1-20),
A UL 5-HT M1 FG A RUbR A 4 7o 1 J& R A G 35 B 1 — Fl VGLUT2 PHR 2K . 1X —
RN, £ RVM A FAT BRI ML TCHEZ VGLUT2 LR 4EZOR I RS, TiiX L8
VGLUT2 [P A 4E v BEHH VIPAG N A £ TC L T K o

5-HT

1-21 BT =AY BoR RVM H 5-HT. FG M VGLUT2 K= 150
B A-D Ny DO UL = hr g (L BRI 5-HT S FHIEAZ 0 (L0 1 FG WiATHR
I AP BT A IO T (L0 RhRIE, B3 VGLUT2 Sl B P12 £F 4 i) S 3 e
BE& (40). Scale bars=5 um (/8 D, & A-C)

4 Vg

A LI LIS H Z AT ARSI 7%, B T dmPFC Y73 20 2 R 1 4t
R #h & o6 ] R AT B VIPAG A VGLUT2 BH M 4 48 o0 8 R 28 il (o7
dmPFC-VIPAG #Z&i 6 ); dmPFC P PV BHPE M| M £ o mT DL 2 S5 (5 2
e B A IR B 2 AR . IR ] K BLA BI# 445 N (dmPFC BIME NS0T 50);
VIPAG W i) VGLUT2 AL SE AT LU AT #50  RVM N SCIE 5-HT FIiE M A o2 5
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PR FATIAEE (VIPAG BRI . RE IR MNINEE X dmPFC 1 vIPAG
HATIRANIERTT, (HIEEA I 70 45 R R FRATT dmPFC-VIPAG #1451 2% 7 14 I 117 J%
SATMTIRE R TR EEAMEA.

4.1 G ITRIRIT/RERFIER BB ER P R EfF 1 RIE

FGNTAT /R ESR (n FG) FURAT/RER (41 BDA) TE A EIE 35 2 771
FERERPERIAR I 25 5 B I B 1) 7 40 A7 A i B AT (0 £ 4 o A A A A
TE TR TR R ik, A BN 35 20 MRAT 73 B R AT 7 B3 45 - 72 S 74 R B 4 80 110 2140
(25640541 AT TR 75 225 S v FIAE R s 35195 B 4 S fibr 1c R G R /7VETE VGLUT2-Cre
/NERIF dmPFC AW 52 3] dsRed 5 S Al AT AR ic 1O #R £ G A H B 20 T FG Wi T 47
LRI 2 TTBH , AAV2/2-CaMKIlo-EYFP Jj% 8 &4 dmPFC J57E VIPAG 3L
SRBVFZ A KN EYFP FRICHIRIE LT 4E (I BEN dmPFC #1Z Su# it 21 HoAth i ] i ik
VIPAG [ £F4E) #5 MANTH B T A% GOR B BT . BEAE ST 7R B
5L g% LB 1 D V2R L SR B A% [ P9 IUA T 7~ B ) 2 75 1T 5 1 28 e R SR ol 5 i
FITE—EFEFE L oe Bt 8% N AT AR e AAT AR 10 I — R s 35490 R AT b i 44
2 TGN 2 DRI Tl 5 A 22 TC I BT AN RE SRS H R o FRAT 32 L R 05 73 195 400 % i
bRic R G AR AT A HERR SRR S BORR 0 IX — R sk, I FLAR AT RS2 5 il (7745 RN
W SR fid f A T I 2R AR A5 . RV Itk BRAT ISR AN 6 AT K73 25 185 PR 2 S b
LRGBS, 26T Cre SRR, 525 5 DX GLE B I /NN Sh 173 i
(] (58] DA S 5 75 R i 2 v 5] AR R b i w28 T B H L i 23 BRI R

4.2 dmPFC B VIPAG SR TR 53 R R 14 R

BEAE A 70 AT /R BRI E L3 & B WAL (cholera toxin subunit B, CTB) 4>
B335 2 dIPAG F1 VIPAG M %E mPFC 4 CTB Aic S5 44 e i 404, 5 A TR
WL B AHE . b2 T £ 210 T R R mPFC Y, EESMER V E,
MEOLT VIUZ, w20 b i B 22 o i 8 H B s b 8. R AT S
BAIRIE mPFC YR — Bt 200 CRIERIABER) 7T LR HAK A5l I Bt
R AZ S 5 S WAL S A7 B R 5 b 1 PR AT g U3828T (B PR ACHIF 5T Hp I R A 5% 2
dmPFC I FG iiFR#H£ 705 GADGT HIXUbR, BiH M dmPFC [i] VIPAG HIFRES 4 0%
Lk ST . BEAE dmPFC 1, GADG7 [ i o 3 A B A 2 i fg 25 7 i
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FHIERR 2 T0, 7 LS R 50 H ) DL S5 R JEG A 0 ) 1 k22 0 (R AR B AR AT B A
(801471, Tfif mPFC 1 GRP BHPE I #HEE T g — P fir Mk (1 o [B] b 42 0 o] ARETC GRP
YEHIT GRPR SNt feh 42 o A0 ML S i J5 fR, 22 5 70013 B2 B2
RARPETCAZ I T 20007 FE MR 4 48 2R Gt PN 1AV 22 9 i mT DA RO S — Tl e IR

(adenosine triphosphate, ATP) a3 &5 HABME T (2B GABA %) —jid
AR T R 5 BB 72 P2X 2R S AR Y P2Y 24k . P2X ZAKRIFE R il 5 %
e 1 S2 AR BAER, AT SR Al n] BB AR SR Ak KN R 23 4k (4% NMDA %2
) B EFEMH G GABAAR) B3 [F/E mPFC iz o E3RIE ) P2X3
SRS 5 T 1 G SR G RE BT S BN N IR, A ISR mPRC N P2X3 ik R 3 i
(1521561, HARPEIRIRFAR = 70, 1B MR 7E DLPFC N LIRS 5 Ak D [FI R A
SR T FLA P2X3 32 AAAE e b R A% 1 B A 12399,

4.3 dmPFC BYfE N5t
REAE TG 5 25809 dmPFC A& AR R %, o< T 17 dmPFC 5T &

BB T b, B SHAR G (I AT /R BRI SREAT A 7T 203, — [ AT 1, 1l
JEHIHEAR IR A T B B N AR NP IR R A T, TR B R 5 1Lihes v
JZEL VI JZE N RIAEAR 22 70 BB JE R HR B TOTA {1 0 K 1) SCRR AR /s P 1
dmPFC N & N EAMY AT LA E AR H T HEA SR 2 0, AT Ja S /E F -4 1 v
[pZE oG b, 1S PG S AR s B AR 2 e PR AL B BE G120 T01000 a4
(OB 2 5 AT A N AZ T 6 dmPRC 7= A2 S A (1 35S AH DTS . W4 o100l
HAETHILA YA RRIIRE], FATFEA R 7 R BT 7 PV-Cre FIE/N R
dmPFC fE NZ RN AN & . 225 BEAE 1SR, 18 MG S IR SRR AT 7R 7
A (FG) VE5F 2] dmPFC N, #EAT 2N MR TR U Z RGN L E 4. T
i P IR 4% . BLA FliE S #c5 2] dmPFC P81, FRAT T I 193 350 4345 SR g ok EE AT
MEEE] dmPFC I NMPAAZ BIFEAAE, $R7R1H) dmPRC A a1t ek 28 o M i
MR TCHIE NZ B A R . BE N AHIPER 4 o0 AR PV BHIER .

somatostatin (SOM) [ % i) 1 vasoactive intestinal peptide (VIP)RH 4 i # £ ot &%
(791071, H7E dmPFC 1 PV FHTEFT SOM BRI LA 22 T (8 H #inix £ T VIP
BH 400 e A 22 e ) 4 I T2 g IG5 2 LR G BRI AL BLA HE5K
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XA PR T 4E S mPFC AR RMIZE 0. PV FHTERIZ O SOM BT 22 To Y
ZNAEFEALFI N ] FRIR, AT PV BHFT SOM BH #1228 TG ¥ % 7 /B FH 2K Sk Ak
MR ER, JFH PV FRERRZ i s s AR S E A H B2 T
SOM PR M2 e, JRAEFATRIRT ST b R AE PV-Cre /B HHBEAT 1 AE R #305 B1 2%
RMPFICRGRIVITT, (HEBEN— R L B f v b #h 2 s e AR, H
5 FG bric B A KR ZE A .

4.4 dMPFC-VIPAG RyfE 3% &t
RECEA CRIEUESE, XA VIPAG W) VGLUT2 BAPE R 70 AT DA~ A4 1

R SOR, (HIEARESLEA VIPAG N FTA 1) VGLUT2 PHIERI#H 2 e 5 S #h 4
JCRT AR 2] RVM P, AT ASBEHERR FE R Ja i X A PR A 22 J0 I F] g 57 110.040.063] -
A3E I 56 S 2% A8 A 434k 25 T VA T 31 (1 VIPAG 1) VGLUT2 B 4 o 2 H 22
L2 T [H) RVM U FG WibR & o H Wi 7 iX— . Fr 1 dmPFC H 3%
TS F VIPAG M TA] RVM #it VGLUT2 FHYERIZ Ju 4, FRATASBEHERR VIPAG N
VGLUT2 BRI v [ A 22 e ATS 7R T A2 52 dmPRC B AT BETE . I, A VIPAG
FATHA ] RVM A VGLUT2 £F4ERR T R LLS 5-HT #& TR R filioh, 2 53k ny
5 A BEBETT A AT VRS R A0 A 22 0 B Y RO fuh 2840.067) - SR A
J T IR Tt — 2Bl . R dmPFC-VIPAG 83l 4% A4 e VGLUT2
BHPERZE I, EIRARARIE R VGLUT2 Bt & it UM s iz 5 7 T
B ? BEARBATTUSHIX—d/, EERATAREHRR AR S o i 2
METEHEY RS VELUT2 BRI Z ol N AT 8 /E HE7104188, 78 vIPAG Wit H
VF 22 I P A (B 28 T (0 20 A, AT VGLUT2 B 767 A= 4] £ 185.427.1400,
[N B4 SCRRIESE VIPAG P53 ) RV 5 (K101 28 70 3R T B e 48 e (R b i
Y1 GADG7LIL100] S R M e 2 S AR AE R Rl R 2 s, T e v] AT I
% RVM NI 5-HT & oA £ 02 SR M T AT REE . 8 AL 50
JTIER PR IBIE VIPAG P (I R4 28 0 1T LA G AP0, i Re S PR AT VIPAG
P B ) e 28 e DU AT 7 AR TR AT RER VR 2L, RIS, dmPFC Py S AR e i 75 )
CAE 5 VIPAG P EAIZ 0T G filile 2 34 75 2 f5 THI 7E Vgat-Cre [/ R 138
FERIF B B R AR 10 R GUHEAT R 7L
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# — 34 dMPFC-VIPAG #4285 4 518 M &
TAT R AALEE A R

LR — A IS W U IRAT 4 A8 dmPFC-VIPAG #1438 B AN AT LA 32
V2 S8R S BB VISR 2 ik . it 1 & BLA FIFENBER, [HIHE AT
B R A A AT 4ER] RVM N5 5 (O N AT AR #HE4E0 5-HT FHEZ 0
TR Sl X — RFUAIPREIEEE . A2 NEES AL Hh B A5 T 25 2 10 At 485 K Bl ot
ZUHE7R dmPFC-VIPAG #fi £ 18 % 5 7 1 PR AE B DIAE OG o N 1 RS i3k — 25 (¥ 1 W
dmPFC-VIPAG #4128 1 it o) 18 11 Jr B R 9% S AL, FAT ] 75 BEAE T2 2 T FT i 2kt B
VUER B 0E dMPFC-VIPAG 128388 % W S T 105 06 B8] 15 7 9 B B Fr) £ FE A
FEAT NI, R4 BLIER_ B3R dmPFC AR 20 T-HLE . B 56, BA s ML
SR 7 VRN U dmPFC DX 358453 55 I 4 6T B0 7 98 AL« 3 P B L e s i 2
FEANARREAT AIIEEI . 8 1 WIH dmPFC 1) VIPAG LI (¥4 2 18 6 75 18 P S AH G £
EIE 25 R B SE IR, 3B FH G 221 718 dmPRC 1A AR 4 28 TR 7 M 1 36 2l
WEE A (hChR2), HHGHRr M EGE VIPAG W HH dmPFC #4k %1k hChR2 (1)
M LFYE, ISR PEREAT AR GOV ZE IS0 o 10— 2008 5 A S8 A 2 I 7 V0
SR RS U dmPFC Py B M 40 28 T, SR L2 MRS AT A B B 1 A 1
B S I oy A R AR RIAT 2 B 1 T SRR T dmPFC P 2 518 P 1 4 1) 7
T E I DA X SR IR 7T, I B dmPFC-VIPAG i 42 J 5 UE T DAZE+F
IEH N T AR A . 2 SRR AR, R Iy 8 40 IS 1
Ve 272 AL 500 . dmPFC AT RS 18 PSR AN G M 175 28 AU AR ELARHE . AR ELBA 1 O A%
A, 1 dMPFC-VIPAG # £ % E X — B R R T AR B MEH .
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1 #H#
1.1 SLI&EY

ARSI it ) B0 i Vit D A R L LA C57BLI6J /B (10-12 J&, 4K EL 20-25
@), B HEFEVFEE KL G: BT EEE/N RN Voat-Cre /MR, 5258
FNSER YOI RIMETE C57 /NS BAT ARSI . FETRTR . BAE A SE R AR
S = AR PRIE = IR 22-25°C , 08:00-22:00 [ HES 8], 3& B 1Y) 2 SR R AR FRIE R,
NETTE BRI UK. ARSI A R VY 1A B I A R K 3 A
FOSLI0 S FRAC B A (e, T AR AT Sy 25 S 36 v B KRR k2D s f s
K, R SR .

1. 2 SKE PR AN 57

2y AR W A\ FERR (Kainic acid, KA). BiR42mK (phosphate buffer, PB).
B 22 b EL 5V (phosphate buffer saline, PBS). 30%EMIA M . A W B . — it
K fi% (3,3-diaminobenzidine, DAB ) £ JH 5 4L (o1l . AAV2/2-CaMKIlo-hChR2-EYFP.
AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin « & % *F ( clozapine-N-oxide, CNO ) .
[R-(R*,S*)]-5-(6,8-dihydro-8-oxofuro[3,4-e]-1,3-benzodioxol-6-yl)-5,6,7,8-tetrahydro-6,6
-dimethyl-1,3-dioxolo[4,5-g]isoquinoliniumiodide (bicuculline)
(S)-(+)-a-amino-4-carboxy-2-methylbenzeneacetic acid (LY367385)% .

idk: TEAIE R

% i & Pt FOS ML ab209794 Abcam, Cambridge, MA, USA

B B SR BT NeuN IfiL i 12943 Cell Signaling Technology, Danvers,
MA, USA

B /N R PT GFAP LG MAB3402 Millipore, Billerica, MA, USA

% SLEXS L GFP IiE GFP-1020 Aves Labs, Tigard, OR, USA

% silE/N R T GADG7 1MLy AB2251 Millipore, Billerica, MA, USA

5T /N RRT Bactin 1T A1978 Sigma, St. Louis, MO, USA

2 il R GABAAR IfLiE ab72446 Abcam, Cambridge, MA, USA

%2 7 Pt mGIURL IMLi ab82211 Abcam, Cambridge, MA, USA

DAPI SC-3598 Santa Cruz Biotechology, Santa Cruz,
CA, USA
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Alexad88 45 & A Hi/NR 196G A-21202 Invitrogen, Carlsbad, CA, USA
FITC 561 1L IgY A16055 Invitrogen, Carlsbad, CA, USA
Alexab94 255 MBFHI% 196G A-21207 Invitrogen, Carlsbad, CA, USA
Alexab94 5 & 9P Hi/NR 1gG A-21203 Invitrogen, Carlsbad, CA, USA
Alexabd7 255 P Hi% 196 A-31573 Invitrogen, Carlsbad, CA, USA
MRS G PR 19G AP182B Millipore, Billerica, MA, USA
HRP 2551 L5 19G ZB-2301 ZSGB-BIO, Beijing, China
HRP Zi- &1L #5196 ZB-2305 ZSGB-BIO, Beijing, China
2 B
2.1 BRI B AL (& B i 5t

NN dmPFC 75K KA J5 23U dmPFC N,  REAT 618 AL A0 52 75 5%
AAV?2/2-CaMKllo-hChR2-EYFP VLS 2 Il dmPFC 1, dEAT AL 2218 1% S2 T TE 75 4

AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin ¥E54 £ Vgat-Cre /N XU ] dmPFC 1, 375
BT 0 AZ LA S TS, vk D IR IR S a0 5 B A 5 A v S IR RE DA
JER — 03 () BAR 02 A0 A (26151163
B AT C57BLI6) /N T%/K & SAREHEAT I R IE (4 malkg) Ja, % HZ,

e ] ] o ¥ r A E AT (Narishige, HAD &, BRERBEEAFXIFR. 7E78 5957
BE, VIITMUs B ks Fe m P AROT, 785> 2% 5% Bregma F1 Lamda s IE i T5 P
T o AR /)N BSUAG PT 0 s G A Je s TP RS ZE AR RS FL. 2000045 0.2 ul (9 1 pg/pl
(] KA . 0.3 ul i AAV2/2-CaMKIa-hChR2-EYFP (&{ AAV2/2-CaMKIla-EYFP)
5. 0.3 ul ] AAV2/4-hSyn-DI10-HA-hM3Dg-mCitrin F B ikl A 35k 55 b AR A dce v 5
#% (L ul, Hamilton, NV, USA) SZA&EAriF 5T 2] dmPFC PN (AA4%: bregma fif 2.5 mm,
AW 0.4 mm, VRFEA 2.5 mm). {FEFHEEEN 20 nl/min, £ 10 4080 @ AF S 58
WE, WHERFEE AR, FEshioe AVE I E iRl 28 A 4k st R . S KA —
JEEATAT AR, RS PR 5 — N H G 2 AT AT A

2.2 BB EXRANES
¥ AAV2/2-CaMKIla-hChR2-EYFP (8% AAV2/2-CaMKIlo-EYFP) JE 5 %] dmPFC
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W 4 BRI TG, Tk eer 1 E 5 vIPAG W HE(T dmPFC-VIPAG #1453 4 f Ih
RERFFIT, bR RIS 8 A S AR AR AR A L. PR Z 1T B e EHIE S
HIER, BB ER 100 um 6L (HRBEEMRIBEAERAR, Jbx, FED
1% 18 VIPAG VR FE FIGER R B 28 Ml A JJETE4F 20 11 mm,  FIAS [RIRURL B AE 1
ARG MIRDOCEF W SKBEATHT IS 006, M5 AB B GEF R ek (KBEZ) 7 mm)
RER—i, WTERH . e E DGRl A G s e R G 45 1 5 RS Rl 2 75
AOCHIHUR, RAGARPIRCERT 80% A #ikfF A, HARIET.

TR SENRTE 4 J S /N2 T%K A SUREREAT I s R (4 mg/kg) 5, #&J%,
e ] [ 52 B Sz AR B ALvE S (Narishige, HAD b, HRERH M EAT A FR. 7E78 5
TG, UIFF IR SR ) BT, 75> % 8% Bregma A1 Lamda sUAE IE T 1
ST o AR /N RN B E E AR I, R RS E MU BNl . R R ER ARG Big
i P A7 P S (R YR T ST A 7 B F RIS 23 R 09 VIPAG 9 (A44%: bregma
J& 4.8 mm, A 0.5 mm, ¥RFEHN 2.6 mm). 553 B AKCK LR T 1T
LERT R 177 B4 A A0 3 3] [ 796 MR 22 T 1 J FH S AR K D8 e 27 A0 MR 22 4T 24 ] [
S THE R, AT B G K AR B K e byt R Bl P38 B a8 P 4k S0 7% .
B LT — MBI R S AT AT A A

NI dmPFC TEST GABAAR FIl mGIURL BT, 148 SLI6 % 2 BT i 5925,
THEEHE T dmPFC 4R 1491500 TR F B A2 B C57 /NRE 7% /KA Sl HEA T I
F R (4mglkg) Ji, # B, FafE e TSk AR (Narishige, HA F,
ORI E AR o 7278 50 TH B 5 DI 000 R S FE 1) I AR T, 7847 5% 82 Bregma
A Lamda fURE IE TR T o ARHE /N BRI B 52 bp AR bR J . P ARG FE e BN FL.
117 )5 B A AR 42 I dmPFC 7R B2 K 1) 54 (62002, OD 0.56 X ID 0.38 mm,
K 3.0 mm, FRELEMRIBARAE, EII, HED SLARE A E T dmPFC (1 15 (44
Fr: bregma § 2.5mm, AW 0.4 mm, JREEN 2.2 mm). S NRAKKEEE T
PO IO THT T b 77 PR P i v 000 4 ) I S AR 22 T T I FH A R K e o 3
W 22 5T A ] ] o TPl AR, AN TR BEAE G B AR S R e B T NS i IR S
i (62102, OD 0.30 mm, HikiEAmAIRAIRAR) #2138 L, hWisie 7 A gk
SRR HESE - HEWIKE S BHTAT S Bk .
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2.3 RBELUERE
231 HAHEE

1) FEEFE: £ KA SN dmPFC. Jaistf% 2 2/ % dmPFC Ffk 428
Mo #E & dmPFC K dmPFC PBCE B &I/ RSEBUITAAT R A S, A 100
mo/kg 15 B LG 2 VA R R IR R S, A S IR FE R s [F)SE—3 2 BTk, O IR T
(K735, BREERIREHE NS /202, JeFHZ) 20 mi (¥ 0.01 M PBS #2344 i il
Wi, TR P 4% % B HIE ) 0.1 M PB 0V 50 ml k47 7E v [ 52 ;

2) BOM. JEEE. BiK: 2B SRR AN TSR, I BR 4% 2
SR FR e 3] 5 VR 5 [ 58 , 4°C S T8 6 /NI, 1 K I 2H 202 T 30% I RE B v
4°C 2R H LTI

3) AR 405 E dmPFC B% VIPAG FIKZHZUH OCT At s, FHIEA AT
FHUBORIR T o EA 40 pm, 434N 0.01 M PBS w1, JE3E 3 R HE TG 4L
FES DX AR DX SR AR R () G 4 44k 2 et
2.3.2 Nissl #u£8,

1) #A BiiE: K ERER SR KA 3% Saline VEH A dmPFC () # THEG
R AR B e B, 1S BT 75% RS R, BON 3T CHEIRAE i A K s

2) Nissl Jutiu: 415 5 U0 P S N ZE /K b e g iBRg , 17 FE 4 FLTBON £ T 45 4
R Yt 2] 3 /N

3) i K. EW Ld s R QA U 4 T0%I R . 80%iINFE . &
PIFE 70 . 95% G CRAMER T B Vg i o IR [H] DL 100%319 K% . 100%11 FF |
THZR VAN, R
2.3.3 DAB ¥4

1) HAdERE PR K EIRESES I KA 3% Saline ¥\ dmPFC Y] Fr H
& 10% 1 9P % (normal donkey serum, NDS) ] 0.01 M PBS (viv) =i TIHH
51 30 4t

2) WE P KSRV T BB PUARE (5% NDS, viv: 0.3%
TritonX-100, viv; 0.25%# X3/, wivs 0.05% 3 %N, wiv) iR 55 S bt FOS
Mg (1:5000 1, =i TEEIH:

3) WH P WEE PN H 0.01 M PBS Bk (3%, 10 08K 5,
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BN IR BRI R A R &5 A 3PPt % 19G (1:500), ZIR FIFE 5 /M

4) A. B E: ¥ AW (1:200) F1 B ¥ (1:200) ##1 30 2%k H 0.01 M PBS
Wikt RE, K BT A 001 M PBS IEBEEA AL BIRAHY, =ik NFE 3
NG

5) DAB [ M: YIFEYE)E, #1T DAB B, 4 5 ml ¥ Tris-HCL (pH=7.6) fi#
1 mg ) DAB FEIN 10 ul Y 0.3%XUE K, W MNiWgE, AL R RER)E,
2 b N

6) A WLAGE KE R RN SERIY) A Gk S, BT HE R EI A b,
B a5t 70%. 80%-. 90%. 95%- 100%- 100%[IAF: 5 T A% Rt /K RN Yk — F
KIEW, Ba PR R TR, A R T LR

2.3.4 R G B YE
1) H AR E: B EREEREKN KA 3E 5 N dnPFC,
AAV2/2-CaMKIla-hChR2-EYFP TE i) A dmPFC ,

AAV2/4-hSyn-DI0-HA-hM3Dg-mCitrin i3 4 A dmPFC & E& B A\ dmPFC 1) 7 &
10% NDS [f 0.01 M PBS =il T i & £ 141 30 4%

2) WE P KEEERY A BN SUA TR R —PUR AW B
5o B Gt NeuN I (1:200) /5 50FE /R4 GFAP I (1:2,0000; 550 [ G4t FOS
3% (1:500); FATTEEASHT GFP I (1:200) /#.50F /NPT GAD67 Il (1:500)
[T % S bt FOS I3 (1:500); =R Mg &7

3) WEE P WESE PRI 0.01 M PBS EREE, MM ERFUARRE
MR — BB ST Alexad88 45 &Y /M 19G (1:500) / Alexa594 454 i)
gt 19G (1:500); Alexa594 45& 3 Hisk 1gG (1:500); FITC 4& I HIAS 19G
(1:500)/Alexa594 45 & 5P Hi/N R 19G(1:500)/ Alexab47 454 9P 4t fe 19G(1:500);
Ei W E 5 /NI

4) DAPI#t4s: HJ5—#Y) /7 H 0.01 M PBS ¥ )5, MIAM 0.01 M PBS Fik
f¥) DAPI (1:10, 000, Molecular Probes) ¥, =i FiEH 15 4050

5) #A HA: B3I KBE 4 R 0.01 MPBS EkfE, fE#LIR
B RRBIT AR b R B R E BRI SOk R, 4°Clbk
TRAF-o
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2.4 CPNL BRI HHI &

2 BB SRR A A VA T RS2,

HFAERLE) C57BLI6Y /) R B Vaat-Cre /N RS 7% K & SUIREBEAT I AGE IS JRR 1T (4
mo/kg) J5, HRAGE LIRHRE BT X S YIRS 4477, B 22T A 2 2 em X 2 em
TR, FEMECE . HEEG, AN SRR F AR AT R NS TR TR
FERR IS AN B R AT J5 WU B AT L — W SR AR IR, A X 2% TMTRE AAHE B /N Sk
THEIT VT BRZ) L em KEYII o YIOT B G AT WAL S RENLA A — 2 BBk
WU BRI S5, (H R fER 2 (common peroneal nerve, CPN) . ¥ % N8 & AEILIA
ORI LRRG, AT CPN ZREE HK. 5 BEVLPA al M AN S 22 5 5K CPN
FeFe WM, WS HEATRsIkE, AIREAIN 2SN CPN. /5 5 kT
REELNFG CPN FEATEEFL, AL IS H R 2 B/ UG 2 I 1 SO 5 1 1k
ANEiE 5y 71 A R R ) 1R R AR 2 U)W, 8 i B A 4R I i 78 A T 45 4 B
BRAEATIK Sl FFL)a RN GELek B kg &, MR E S RIRSE 5
TENE . MR T AR AP T, S A LA B A 10 RS /N BR (132 3h Dl e 2
M 2N o

BT AL /N BRAAE DI B JRAT B T B, A S O AL 170 Jim A0 [ S0 % B
CPN J&, EHEIGEIREES, AT EILIRIE . SHYIE IR R 2 M 1A%,
ARJFEE 1 RAE AR 5 A2 FRIATLA e R0 ) 5%

2.5 Nl e E R

RS FRATT S 58 5 DURG PR a6 7 vR o8 100, I Rl Yot B8 by 1 38 v 40 MLy 3340
o NIRES R EN:, L0 1 FRA a7 % B R T & RN . [,
AT R B TR, AN 5 AN S s 3 4L B

KNRE T RN LEHPAENERET (TemX7em X 10cm), & @ MHE
SIS G20 30 em, Seil/NERIERL 30 min JEHEATAIIN . 24/ BRAE SN AR e,
vonFrey £ 424 0.04g (2.44), 0.07 g (2.83), 0.16 g (3.22), 0.4 g (3.61), 0.6 g (3.84),
1.09g (4.08), 1.4g (4.17) (Stoelting, Kiel, WI, USA) H Fa) L3 EH T/ R 5 2 o
IR IR R B A e e i 2 S, FFREFSE 3 s, WA I 215 vonFrey £
R GG 2 VS R BRSSO SR, [R]— A JE S 7 ke
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[E][B)B% 10 mino /N BT [FNATG O 2 25 BEAT M, AN RIOR 45 T 5 ORI
A 3 RN I FE AR A2 A N BRUE A2 [ 4 18 4B (paw wiithdral threshold, PWT),
EDHUBMERRME . 7F CPNL FARJG 1 K. 3 K. 7 KA 14 R4 HHHATIE . XTI
B CPNL FA 5 58 MM rIMl e, X 0.04g FILF 4k 223347 IR CIEH /N BRAR 2D
SN HA AT 2 302 BN R B, BEME R 10 K, RN S R bR
[FIRT, 235 ic 7% SR T RBUE TR R IR P 23 B

2.6 BFIASEE (open field, OF) #MIENHIAY fa 1415 4%

RS BATRE AL R B 72 HB185) R T8 O N 34T N 2 S0 B T SR S8 . R
IFZE R AARE Y, TESEIRNT 1 RS a7 R 05 AT E N . [FIRS, FRATTH
K E TR, RN 53 A HE S 5 A D

D FTHE AT 30 min H4 /NI 747 %, RN U8 T 68 R 50 cm
X 50 cm X 45 cm B & R X, @Il R AR/ 15 B NEDT
BN RES) (RER AR E BARAR, ki, HED. s Ha T8
TRFFLES IR B, CRARR 55 [R] PN (038 RURD 22 . 4845 78 BUE TR (K R G R A 3 1
W B EAT 43 BT I A 8 AN T AR S B . AR SRR IR BN BRTEDT I N 1
I B R E N VRN S P0i2 S RE I RRICE AR, /NBRTED 3% g 5006 X 3807 20 )
B[] (7 S & BT ) 7 43 E AR RPN Zh A AR EE S AT AR AT IR 4R 5 o

2.7 BR+FRESW (elevated plus maze, EPM) #MBh4IR0 S 115 4E

[FIRE AR AR FRATTRE AT po i FE (M818], #E i B8 ik B AT A 2 e iR S P R Sl AR
UESS RIASE R, ESRIRT 1 st ST vt b AT E . A, ATl
KB FERATAN, AN AR A FIE S Y 7 HAE

MECHTER AT 30 min R/ BSN s 2R EAT v, RN R E T A e
R 2tk e, W RICR RGIRDR 5 2 NEY N KES) (Hifg
BEFRHAE BARAFD. 2 E B X HE (open arms, OA, 60 cm X 5¢cm)
FIPA4R (closed arms, OA, 60 cm X 5¢cm X 25 cm) #Jl, 38 X A4bN 5 cm X 5 cm (1)
o XA, R BT R 50 eme PO AR N BB T A SR XA Sk RO TR, e e
SEIG IR T ISP I WY KT BEAT IR, CREF TR A B R 2 . SR e BUS FTICE
) R GE IR BP0 IS SR REAT 23 W I A2 UL TE [ AR 3 H AH . R B o A Sz
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HH L HUAE EPM AL/ BREE T U ¥ 3l AR I TR] 5 e B8] A8 7 20 BTN BRGZE AN TR R
HUE BENTT SO -6 S R 20 B E 9 AR S RE B AEAT I B4 5 -

2.8 RIREE. WEIREEMITHRBESEXN PR REREN HERITA
== o

RN T AMPFC-VIPAG #2838 % of 18 14 93 1) R 2 ARt S PR 8 s, 43 il
SR FH A R 38 45 1 07 2R S M B0 (1) dmPRFC-VIPAG #4838 % 835 /2 dmPFC
N RGP R R T . FESERE AR T, FRATHCSR A B VAT, kA R
ANFNIE B 53 LB L o

FERATAT MR AT S ke Zh A B AE AR B AT N SE 0 S NSE NS, SO
# (BOGS-1, HREAMBHARAR, Jb5t, FED KOG 5B & ki
RO, AE/NERIE R 30 20, TS 2 AT MBS AR . BT IR A R AT
SLG ARG I . SEI6 R P FREE (B K 473 nm) SR N 20 Hz, JeBEE N 10 mw,
ARSI P R AR BN, ZE SO RIS S8 A /N BR A BT o B, ' o Bt P e
TS BN PER BRE, RIS EONTIT 2 238h-¢ 2 0 80-JF 2 08k, el
BREM . FEDNE N RAED SR = 7R B AT A, BN RBCETED
A 71k B SN 9 B RS s, RIS ECN 3 /40 %-3 S8 IF-3 7
BhOC, AR .

TE A 238045 2 (1 05 53 AT AT 9 5 A T S 2 W0 i B A A R AT D 2 S =
WaEN e, B TEST S A (CNO, C0832, Sigma) 1 mg/kg J&, 18/ KUdE M 30 4
B, TS AT IR IR R . B I A 2 R S AT O SER BRI . i P
(7 5 TR D e PR AR AT R o ik B AT A [

TE AT 2 B2 (1 05 AT AT 9 5 A T S 2 W0 i B A A R AT D 2 S =
PIE N i, KB PE % (62320, OD 0.85 X ID 0.42 mm, HiikfE AL ay BHEA PR A 7D
SRS S AE VST N (62202, OD 0.36 X ID 0.20 mm, FyRfEA arRHEE
BRATDD AL 25 S8 NI 8RR (62502, OD 0.30 X L 7.0 mm, Fiik{EA4: iy
FHEHRATD [, M/NRIER 30 /485, 20l GABAAR [MH: M Hi
bicuculline (14343, Sigma, St. Louis, MO, USA) 0.1 ug 5% /& mGIuRL ¥4 S 145 5157
LY367385 (1237, Tocris Bioscience, Bristol, United Kingdom) 0.4 nmol, i3 ) 4= 7
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HKBATHRE, 05 20 BT UM AR BRE . 347 A @ R 7 1R B AT sk ie
IR o VES 25 25 AR Y 0.4 wl, 45 2453 259 50 nlimin,  FTfi A 7634 12
SEFSRBIE . W4T Il s 28+ S AT Dy Il ]

2.9 Western blot &3l
29.1 HLHEE

FEME s 5T 259% S FL VAT (6 mo/kg) H/ RIRFERREE G, Wik, JF B ,
K w5 BT UK BRI, AR TIPIEC CPNL X% dmPFC, T
15 ml E.OEd, -80°CLRAE#RH
292 RWMEEH

HUH dmPFC FZHZURRE 5, CE TUK EAEH BB AR 200 ul &HEA
MR R H 41 77 ) RIPA 2300, B PSR JE AE UK R 30 20 mnidt B0 bL vy,
4°C, 12000 r/min &0 10 738t WG, BAFTH) 1.5 ml E.04EH EH] Pierce
BCA AE HE R IR&E, WEF MMM aERRE: 1HH)5, H 5XSDS FFEg
MREE 41 MBI AFES AT RORE, (ETA RS I AR, 99T 5
Sl B ERE M S E T -20 CORAT
2.9.3 H 5 R R B R FEL v

1) JEERIR T BN, HEs HA IR E .

2) P 10%1) 50 B (3 10 mI): XFEK 2.7 ml, 30%F) Arc-Bis (29:1) 3.3 ml,
1 mol/L Tis (pH 8.8) 3.8 ml, 10%#J SDS 0.1 ml, 10%ff] AP 0.1 ml FI TEMED 10 ul,
W F T IR S JE N BRI JZ 2 8], D DRAIE e 4 R PR BE A8 43 B it b 2% S5 B
BRI E B LA R K B K2 1 ooms E BRI L TN — BT RE, FRor s
R =R R, B R

3) M 6% IEZE B (3 ml): XLFEIK 2.1 ml, 30%/1 Arc-Bis(29:1)0.5 ml, 1 mol/L
Tis (pH 8.8) 0.38 ml, 10%ffJ SDS 0.03 ml, 10%ff] AP 0.03 ml 1 TEMED 6 ul, 7t/:&
SfEmE SR EE, SCZHEARER TR, i TR

4) I BEE SRR, HABKEZ R, R R BERARE T T
LA B 78 HLKAE PY NN 500 mi 1 H PR RS, U ARAE IR B R S AR U
EREFLA, FREE— MM AFRAE S T Marker.
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5) Hyk: AR IE U RS IR Bk, TR FHEE 80 mV, 43 B iR
FHEE 120 mV/, - B 28 SR 3 2101 00 89 e PR JER 30 «
2.9.4 WIEFIE

FEL VK 52 B BB AR A B, AR Marker 382 RIEHIC 45, GABAAR & A4
~ 55 kDa, mGIuR1 & %1% 110 kDa, B-actin Z1°4 42 kDa; HRAE R K /N BT 2
SRIELACH 1 SKTHSE/E FRE PGS I PVDF 5 7ERCIEZE R P HEAT 413, B Ek
WG, KOS ERSE. EAL. HBI. PVDF B, 4K, WA A e, R
EHER AR 2 R A0 HEE YR, FEVKEh I 300 mA LI 120 43 B BAE R
JEfFARIS, N TBS-T VB -
295 WEHE. Kotk

1) B BN S%BIETR I TBS-T 1, =5 FREREREE 1 1/

2) WE—PL: IMAF TBS-T MR M —Huidil b, H 5wz %t GABAAR Il
JE (1:1000) E(HEFESRPT mGIuRL IfiiE (1:1000) B¢H5CfE/N R Pt B-actin MMk
(1:5000), ZEif FHEE 4 /N EHRN 4°CHEE IR

3) WH _hi: TBS-T WRIEME 3 G, MR TBS-T BRI i+,
HRP 4541974 1IgG (1:5000) % HRP Z5& il 2E 51/ 1gG (1:5000), =& T
MEH 2 /N,

4y RIeKE A M TBS-T ¥WIERe 3 s, H ECL sk ek s, &
T LU AARFA LIRS 2 BT, RO B BON Bio-Rad fb 5 ROGAC,
R AT IR T R JE REUEMR B B AT G R B S s R I
F Image J JAFEAT 48T, BEASFEAR 10 8 1157 2 538 FH A 00 0 3 PR AR X T X R 1
B-actin & B LUAEL R AR 7 o

210 REYIFURMEFKRE

dmPFC £ AAV2/2-CaMKllo-hChR2-EYFP F£K 647 HE B 5] VIPAG P iEAT
dmPFC-VIPAG #2038 i s AL B 7T B AN 5 2] Vgat-Cre /MR dmPFC 4
AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin #47 {b 2 8H4% s U1 7 (R BEC IR 5T T
WTEE R b, HEARRAEFE, TEEHRCEME (Olympus BX-60; Tokyo,
Japan) W< EYFP A mCitrin 7 5 133 55 X A H 5 X CH 38 2653 7 L %% AAV-EYFP
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1 AAV-mCitrin J55 B S B O . JEH CCD B R4 B A BCRERIR . Gy ne
HeH LU et Y] i OISR A B AEE (FV1000, Olympus, Tokyo, Japan) M %2
F AR BB . A 586 B B AR 1% 5 A 3 R IR K AN R O A
Alexa488. EYFP Fll FITC MR KA 488 nm, KFHHK N 520 nm; Alexa594 [f]
PR PN 594 nm, KK 618 nm; Alexab47 (K R kK 647 nm, KT
K h 666 nm. KA T B B (FV10-ASW 1.7; Olympus) SREEIE, JIf
Ak OIB M3, ARG I i WY I FE AR LU BE TR 4 Je i tE O TIFF A%l X1
DAB Jeta [ U] F F BHALE B 4388 (AHBTS, Olympus) /T M I REERE .

211 ZRGVH RS

218 /N 55U 3% ( George Paxinos #1 Keith B. J. Franklin 34, &5 2 fi), %I dmPFC
M VIPAG HEAT LS AL IX IR 53 o Geit iy - BME R kAR R, IFH BB R 3R
Ji 2245381 (ANOVA) #EAT G170, P<0.05 A NA BEMER I 2R .

3 &R

3.1 HEEHRWM dmPFC 38R R At IRER M

N T HEFE dmPFC-VIPAG £t B AL M8 M N AT IR T AR E A, 3RATE ek
KA SRS BN dmPFC A, BT KA P2 AR R4 A Y By MR 25 M R S 1k (9 45 5%
dmPFC N II#HZE TG, WLERA S S BN dmPFC 5% /0N BRBE Al PRI AL 12 38 B A 12k
I JE ISR U /N BRAED I M s 28 1R AT e s (B 2-1).

PWT ) PWT PWT

OF  fMSae — OF PWT  PWT PWT OF

EPIM dmrFC Injection Eri’M CFI’NL | | | E'TM

Baseline Post-injection 1 3 7 14
7 Days Days after CPNL

B 2-1 BRI dmPFC SLHd FR AR A

CPNL, MEsfh&sidl; EPM, SZE+70KE; OF, W izstih; PWT, 524 RI1E.

N7 EIERERE R KA X dmPFC 3R S8, A1 mldid Nissl 44t FOS
G H LML 22 Gt F1 GFAP/NeuN 4338 ¢ Ye XUbR ) 77 122K i S KA X dmPFC f4k27
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EBEA o Nissl G .25 5L R 7R yA 5 KA JEAH ELET A2 22 £R 7KV 5 2 dmPFC 4, XUl dmPFC
N RIZEMHE S 2R EL, A B R (1 2-2 A BD . FRATEEm RS T CPNL F
ARJG dmPFC A FOS R H R IATE I, 7242 ERh /K0 2 /N B dmPFC 4 mf WA K &
(1) FOS PFHYERIZ T 734, Ui IR MEIR 5 AT LLEOE dmPFC NI —#8 04t T
T KA AL 2 S0 dmPFC J5, ZEM2 IR 1) 264 T IFARMEE S| dmPFC WA AEH
A FOS HEHMERE (K 2-2CHID).

b S k‘-:‘j:";g : . D 4 ,.:.l" I
& 2-2 Nissl FeB G HA K 22 SRR KA SR dmPFC ISR IE

B A-B 43 B R AE 3 R KB KA VRS E] dmPFC J5 Nissl 2415 0; & C-D 435l s A= 5

KB KA VESF] dmPFC H AT CPNL FARJ5, 4% 4] N FOS £ 11 DAB 4Lt it - Scale bars=200

um (B B. D, &M A. C)

MDY KA BIACSESBERROR, iR KA SBER 5 7 200 5 40 18 4=
Ry s 71380 JRATT I8 F A B 0 G U R VR I T R T I 4 P (b 254 GFAP Al
ML TT bR S NeuN ££ dmPFC A IRIETEIL . ATAILER B S KA {b 52 B85m4
X AT K GFAP (R, W w1 A B DX 48, (RIS e DXk A ) NeuN 23 5 B2 AN
SRR LR AR, KT B X ERRE () 2-3). X—4PRFRER T KA 1
F| dmPFC JE B S AT LN H - A 22 BEHR I RCR , IAR AR X% ag PERE S8 dmPFC
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WK EME T, M2 e B i #% .

&l 2-3 KA {58 dmPFC {280 G, SRICTIR SRR GFAP Al NeuN £ dmPFC K
RiLFER
Bl A-C Jt s R R E bR G (0 2 7R 1K) GFAP S FEVE I B IR IR 4 (S ta) Fs
ZTubR EY) NeuN )% [ B (ZL68) BIFEAFENL. fmi, BEAGA/ N . Scale bars=5 um (& C,

iEH A. B)

TES KA A2 BRI dmPRC Ji5 23 % 1 10 7% i IR = A AT 4 RFE AR FWE 2 72
HH KAT KRG, BATE AN 1 % sh b pU Em s sz, B 2-4 A B, i
5 KA S5 dmPFC J5 7T 52 25 AR U5 2 i) 1R H 2R R (RIS 2 VRS AT
9 1.1640.10 g, VESTE N 0.5640.12 g, P<0.05, FXf t &5, n=5; XMlJE 2, w5
WA 1.1620.10 g, V1454 0.5620.04 g, P<0.05, Fktt 4656, n=5), iUy stAd
HEL K ERFEM G R GESRTA 1.1640.16 g, 1EHTE A 1.1640.10 g, P>0.05, X t
K, n=5) FIXHIJG & (GESTRTA 1.0840.15 g, JE5F/E N 1.020.18 g, P>0.05, fik
Xt R, n=5) HIIEH ZIRREF LB M. BHRAE KA E5 7 Rl
P AT %G, EAHRIZENY) b SEit e e 2454 (CPNL), @37 CPNL 21
2B . ARSI 10 34 7 F1 14 KA W I T S 6 T AR R 2 Rt )
SR RO T 0 R ML P 508 o R A 22 25 3L 5 T 18 2 [R5 S 3 A o 0 5 A i 5 i (1]
A5 A Yoy ] W82 3347 IR S (B 2-4 B AT C) o WU dmPFC AVEST KA 1k 225845
S AN P e BBt FeE T IR, AT XU dmPFC P 8 AR 3 B K I sh W 2 4k 1
&R AL R A (RIS 2, Fa, 32=6.07, P=0.04, two-way repeated measures
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ANOVA, n=5; X5 /& Fq, 32=4.22, P=0.07, two-way repeated measures ANOVA,
n=5). A Bonferroni posttests /£ CPNL AR 55 3 KA ME R J5 /2 235 M b 5 ok
JHHIRCR (t=2.97, P<0.05). 24 1 BEMS 500 R B S 7 A6 27 BeA5oiU Tl dmPFC i %
PRI B AERT, FRATH IR 1 00N A2 51 P2 AL RSO M 824 27 B 45 3L
il dmPFC JE X /N B P P 2 BR ARG i 8 PRI S . AE IR R AT 0.04 g /Y
vonFrey 22 il 3/ BRI G 2 FE 046 2 W 2 TR 2 S5 I BH M S B, A 2 B A A
dmPFC J5, Ja @R Z A B SN oK W2 g i (&l 2-4 D, P>0.05, AR t
K55, n=5). CPNL J& /™ B [E 00 J5 2 FHRHI 5 A2 X — A% 35 P R o s 7 B e 3
I, KA A B AR UM dmPFC 5 53 Sk 1 3% 0 S 1 B 7 O RIS 2, R,
32=9.80, P=0.014, two-way repeated measures ANOVA, n=5; Xfllj5 & F, 32=10.68,
P=0.011, two-way repeated measures ANOVA, n=5). i Bonferroni posttests /£ [F]l J5
RHIARJEH 3K (1=2.86, P<0.05), %7 K (1=3.86, P<0.01) FIXMUJ5 £ HIA G2 1
K (1=3.43, P<0.01), % 3 K (1=3.05, P<0.05), %% 7 K (t=3.43, P<0.01) n[ M52
FON dmPFC A6 22585 Ja X & I I S AT o

FRIEIRAT S A REERTRATT, VST KA AR AT dmPFC JE AN AT LARE
IR/ SIS PR BIAE , I HOE W] R R 1 )5 /N SR AU BRI, 38 /s SRt
AR5 F AR OB, PRI R R R R . X RAIRISORIESE, L
FN dmPFC Ja X8 4E 7R ™7 SR, B SRR Y dmPRC A
R AT B AR W 206 55 BT 5 B30 2 AL P B B RCR

Ipsilateral Paw Contralateral Paw
s ) s g s
P - £ com C 2 o
g {' {— } §es {— + Postdnject7 Day £ 490 -+ KA E 40 ~ KA
£ 10 - o= - 2 »
= 35
'g - E £ 35
3.0 I
§os * ‘} * - g §
- a 3.0
s £ 25 :
3
3 o . - ? 2 ? 25 v . . "
Saline KA Saline KA - Baseline 1 3 7 14 - Baseline 1 3 7 14
Ipsilateral Paw Contralateral Paw Days after CPNL Days after CPNL
o 20% @ 80% Ipsilateral Paw o 80% ) Contralateral Paw
im * Basline @ » - Saline z -+ Saline
g 2 &
15% i o KA ] KA
g = s+ Postdnject 7 Day e 8 500%™
52 s2 Eo
—_ ) "
o B 10% . - o T 40% S T 40% * k'
g ,2 29 >0
E c S g - **
oE 5.e 5E&
g 5% 8= 20% 8~ 20%
o % ) [
a o o
0 T T
Saline KA Saline KA Baseline 1 3 7 14 Baseline 1 3 7 14
Ipsilateral Paw Contralateral Paw Days after CPNL Days after CPNL
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B 2-4 KA LZEBHR M dmPFC 5% /> XU J5 & 1E e B B 18 Atk 4o 22 o R 409 5 DL Atk
IR BRI 7 PR O R

A BIRHIN KA AGZE AN dmPEC 556/ SRS Ja A2 1E % P R B 2, **+P<0.01,
JEXS S, n=5; K B AT C &R0y KA AL AN dmPFC J& 73 5% /N CPNL F-A [ i
J5 /& (n=5, P=0.04, two-way repeated measures ANOVA) A%} /5 /& (n=5, P=0.07, two-way repeated
measures ANOVA )i 8 {1 () 5% , ] Bonferroni posttests 76 Xl 2 I A J5 55 3 K (1=2.97, P<0.05)
LS E R E R A AR I ROR s B D BRIy KA AL SEi AU dmPRC 5/ BRI i 2
ARG E R BRI, n=5; K E A F BRI KA A0 dmPFC J5 43 5l % /) B
CPNL FAREI)5 & (n=5, P=0.014, two-way repeated measures ANOVA) FIxilj5 & (n=5,
P=0.011, two-way repeated measures ANOVA) i {44 35 P Il s S ¥ 520 , ] Bonferroni posttests
TERIME AR 555 3 K (1=2.86, P<0.05), 5 7 K (t=3.86, P<0.01) FIGHILE ARG 58 1 K (1=3.43,
P<0.01), %5 3 K (t=3.05, P<0.05), #5 7 K (t=3.43, P<0.01) W] &2 i 2 1 1) 5 AR (1 AR «

*P<0.05, **P<0.05.

& PRI RIS 2 R A EAERE B, JF HAE RS BEAREST KA 1b
FEARXUMN dmPFC J5 AT PA S A P SO D98 AT B BRI A A 2 BB As XA
dmPFC Ji= X /N BRAEN I A e 27 B B A AT A (AR RE e 2 i e ATz
1T RSB TS KAT RIG/ANRET G NATAFISAE . B 2-5A fs,
KA BT FEH KA T RE CEBIUN dmPFC) KiF4T KA 7 K+CPNL FAJ5 14 K,
I AE /N RAEW N BIAT e i . AT DOBLER BT 5 KA S ] dmPRC J5 /)N B
FEN™ 3 N BTG S ) S BR RE W] Rasi b, B2 AEN g DU RES), 2 7 R X )
TSN R . R R AR 18 S AN TR 24T 70 M, /N RIS B K
FEAE dmPFC Py A B b /K Sl 2 (M E B %2 5 (B 2-5B, F,8=0.11, P=0.90,
one-way repeated measures ANOVA, n=5), H Turkey’s post hoc £ %, dmPFC P4y i
AR IK 7 RJERVN RIS B S BR TR I EAN 20 P A M (P>0.05), dmPFC VST
HELKHAT CPNL RJ5 14 RXAVINRAEY I A B2 5060 B8 AR AR 7 A2 B 2 1 52 i

(P>0.05). /N3 SR X Sl 18] 1 7 70 LEAE dmPFC RS A B Bk %412
WA ERZR (] 2-5C, Fpg=5.97, P=0.03, one-way repeated measures ANOVA,

n=5), H Turkey’s post hoc 4, dmPFC PS4 B 2 /K 5 /N RT3 Hh S [X 3 3))
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I 18] A L AN S5 P2 A 52 (P>0.05), dmPFC Y4 AE B 37K HLAT CPNL AR5
14 R A] B35 AR IAEN Iy b S X AV Bh IR ] R 1 70 BB (P<0.05) . /INBRIZ Bl Y L B
FEE dmPFC ST KA (LB S H 2 M B EENZER (B 2-5 B, Fp 8=24.97,
P<0.001, one-way repeated measures ANOVA, n=5), HJ Turkey’s post hoc ¥i%:, 7t
WS KAT K5 GBI dmPFC) (P<0.05) &2 F 4T KA7 R+CPNL FARJ5
14 K (P<0.01) 4 n] &t 2 VE (U BRAR /N AW 377 Y BOS SlLE BR AR, (RIS KAT R (8%
HXUM dmPFC) FyEST KA 7 R+CPNL FARJG 14 RIETEHI R ZR (P>0.05). 45
BB, DAL X FE SN ] 1 7T 70 BEAE dmPFC VEST KA AL 2255 &
HzEEEENZES (B 2-5 C, Fe =9.33, P<0.01, one-way repeated measures
ANOVA, n=5), A Turkey’s post hoc tus, Joil2iF S KA 7 K 84701 dmPFC)
(P<0.05) itAEES KAT7 R+CPNL FARJG 14 K (P<0.01) R 2 (1 PG/ Bl
FEN™ Sy b S X A TE SN TR T 20 B, (VRS KA 7 RJa RGN dmPFC) FIVES
KA 7 R+CPNL FARJG 14 KIa)/NRAED™ I g X S (] 1) 15 7 B e R 1 22 5+
(P>0.05).

Baseline KA+CPNL 14 Day
B ~10000 " C @ 20 @l Baseline
£ Il Post-Inject 7 Day o )
£ 8000 I <0 B Post-nject 7 Day
° Bl Post-Inject+CPNL 14 Day = E15 )
o ns 5= @l Post-Inject+CPNL 14 Day
£ 6000 P Eg
- e de 38 10 ns
8 4000 D
p = 0 5
.g 2000 g X
= o - o
Saline KA Saline KA

B 2-5 KA ALZBHR M dmPFC X 1E ¥ 1500 K A8 A SR B 5 /D RAEY AT NI
Bl A SR TES KA BT ES KAT RJF (S0 dmPFC) K4 KA 7 R+CPNL
FARJG 14 K, NRIET N TESHEE; B B A C 435I VR EE EhK ek KA BT, g
BEKEKAT RJg (2B dmPFC) SRS A H /KB KA 7 R+CPNL TR 14 K5/
SRAEW™ 37 P9 IR I B0 5 R R AR W 3 vh R X B 8] 7 43 UK e it B . *P<0.05, **P<0.01,
***P<0,001 2 dmPFC i A FE 7K 8 KA 7 R+CPNL FARJE 14 RE57EGHEFE 2K e KA #i

141455, one-way repeated measures ANOVA, Turkey’s post hoc 546, n=5; #P<0.05, & dmPFC
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PVESTAE PR K B KA 7 R+CPNL TR G 14 KR5S E B EK B KA 7 KRG IS TH45 R one-way
repeated measures ANOVA, Turkey’s post hoc £, n=5; $P<0.05, $$P<0.01 & dmPFC Py 4
AP ER KB KA 7 KRG S A K e KA AT 44558, one-way repeated measures ANOVA,

Turkey’s post hoc £ 3%:, n=5; ns, no significant difference.

TR, FATEHEE TR EAT NI TS0 dmPFC 5/ B
HIAT R B 2-6 A o, TEST KA RT. S KA7 KRG GBS dmPFCY K
S KA7 R+CPNL FRJE 14 K, rlidsk/h BAE S B2k & A 14T 92 .
A LA S B S KA B Ai XU dmPFC 5 /N BREE T T8UES A B S A28 B S b, AR
JSE PR 32 SR AE M S B NGB, RENTTTBOE N OB ] S sb . G E BB R B 3l
BULE AN (AT 20 M7 /N BRAETT T8O A& I TR 7 20 EEAE dmPRC PTG A= 3 4K
HHzZ A REERNZESR (K 2-6 B, Fe=13.22, P<0.01, one-way repeated measures
ANOVA, n=5), H Turkey’s post hoc f4:, dmPFC VRS HE EL /K G IEA SR /N R
FETFTBUE A BN TR 7 7= A 8 25 52 (P>0.05), {H dmPFC AR S A= FEL L
KHAT CPNL FARJ5 14 RAEX 5 dmPFC A ES A= /KT (P<0.01) B B pdyE
SHAEFRER /K (P<0.01) I 2 FEARSN WILETT T8V A5 B IN 8] i 1 20 EE o 25 SRR
&, /NEREN VR IR B 2 LUAE dmPRC Py i S AR 31 3K 41 2 181 B35 1 Y
Z5 (K 2-6 C, Fp 8=20.28, P<0.001, one-way repeated measures ANOVA, n=5),
H Turkey’s post hoc t5%:, dmPFC P3S4 3 R /K J5 FEAN 206t /)N Btk AT TEUE A ik
B S b= AR S RS2 (P>0.05), {H dmPFC gt £ ¥ 3K HAT CPNL FA
J& 14 AN dmPFC Py A 3 25 /K A (P<0.01) B sy i £ #E 3 /K (P<0.01)
A 2 B ARSI P BE AT TBUE OB 7 e o /N BRAE T TBUES A TR B 1) B 7 70 BEAE
XU dmPFC NEST KA L8t s 2 (a7 B E Ve 257 (K 2-6 B, Fe, 8=17.34,
P<0.01, one-way repeated measures ANOVA, n=5), H] Turkey’s post hoc #3%, it
ST KAT RJE GBI dmPFC) (P<0.01) B2 KA7 R+CPNL FARJ5 14
K (P<0.01) $] 2 ZPERIFEAR/N AT BUE WIS TR B 20 b, (HIES KAT R
J& CBARRUN dmPFCO FIVE S KA 7 K+CPNL FA G 14 K8 G & 1) 2 5 (P>0.05).
SERBMAT R, /N EFEANTFIRUE N ICE B 0 BEAE XU dmPRC VRS KA 16575505

BHZ WA EZEERZER (K 2-6 C, Fp 8=23.23, P<0.001, one-way repeated
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measures ANOVA, n=5), F Turkey’s post hoc #&36, T 2iEM KAT7 KJG (AN

il dmPFC) (P<0.01) 2 iEH KA7 K+CPNL FARJ5 14 K (P<0.001) ¥0] &3 1

F B AN BRABE N TFIRUE N B B 7 b, (BESS KA 7 R CEHURN dmPFC) A

S KA 7 R+CPNL FARJG 14 KIE/N BHEATTTRUE A OB 173 Lo W X2 1) 22 57
(P>0.05)-

FE— Fo—
HE— | FEIE) (- EE =)
e
FR= Fg— FE—
Baseline KA 7 Day KA+CPNL 14 Day

Il Baseline
B Post-nject 7 Day
I Post-nject+CPNL 14 Day

Il Baseline
Il Post-nject 7 Day
Il Post-Inject+CPNL 14 Day

»
o

N
o

-

o
w
o

ns
v v

-
o

o
Entries in Open Arms
(% of total entries)
N

Time in Open Arms
(% of total time)
=

o

Saline Saline

2-6 VES KAL2EBHAR WM dmPFC X EF FH X g M mBE LRGP RAERR T FEREN
WSEZ: )20

B A SR FONTESS KA BT 7S KAT RJE (EE2BE5UI dmPFC) R idht KA 7 R+CPNL
FARG 14 RANRAEEZETFRENRNEEER: & B Al C 435l i s KA #i. S KA 7
RIG 2EBARM dmPFC) A i KA 7 K+CPNL FARJG 14 K/NRTE @48+ 2k & TFcE
5 BN 8] 71 20 EUATEE AT FOE 0E 20 LU SE i . **P<0.01, ***P<0.001, 24 dmPFC TS}
ALK KA 7 R+CPNL TR JG 14 K575 A B E/KEL KA FTSiiH45 8, one-way repeated
measures ANOVA, Turkey’s post hoc f&56, n=5; ##P<0.05, >4 dmPFC PyI A= #h/K 8k KA 7
RACPNL FARJG 14 KREFEFAFEE/KS KA 7 KRGS, one-way repeated measures
ANOVA, Turkey’s post hoc #: 5, n=5; $$P<0.05, Jy dmPFC pyiE LR Hhkek KA 7 K5 5iE
SHAEF ER KB KA BTG 11H45 3, one-way repeated measures ANOVA, Turkey’s post hoc 1656, n=5;

ns, no significant difference.
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W3 A R IR B AT A A R SR BT, TS KA L2450 dmPFC 5
AUA] DLREAIG /N BRAEW™ 37 7 S X s TR) (0 1 23 B, I HAd m] AN BREEDT 37 N )
SR HERE (RIS AR /)N R v 2R 5 1K B T OB v 45 B I 8] £ 1 0 LA EE AT T
BIRBI A b X — RPIAIBCRIESE, BN dmPFC J& 25 5 Al sh 7 A £ S
TSR AAT 95 2038, CPNL TR R Xt s AR AR AR AT A . H
FESBAUUN dmPFC J& Jf AR AINE CPNL A& B 7 15 2 -

3.2 SBEF S EEFMEE dMPFCVIPAG WA B BB M B M A FE R0

N R — 25 B 5T dmPFC-VIPAG 112538 B 7E 18 MR P4 I AT V3 R 6 M 1
IR RER, FATE iR 07715, ¥l CaMKlla )8 3T hChR2 (19
FIES B dmPFC W, B E T VIPAG 4b 15 6305 #95 hChR2 M dmPFC # 5t
SR A 22 21 A UL 505 A8 A0 AUt 1k o ORI 18 1 7 A 1) SV IS 28 R R (AR A
XL 2-7 A

2-7 B v iE BT DLBE T A ) R s 06 18 A% o B 5 V0 dmPFC-VIPAG #4
T R BEAT PN SRS 28 (R . FRATHE dmPFC YIS X 1 B B AT L%
AAV XFHERANZ TR GG B, RIS B R & I AR 2 o IR e KT EYFP (]
2-8 A Fll B). Jf HAEARMRE TTIM T AR LFAObRIC, 76 @i B N T a3
THURR 5 A R R b IR PR AR SRR 4544 (18] 2-8 C #1 D).

A

\ ~
N\ \/\er
Fiber

Implantation OF
B CPNL PWT EPM

I | | | |

Virus injection Post-injection 7 14

1 Month T Days after CPNL T

B 2-7 A St LA B dmPFC-VIPAG #1408 B I8 MEA R IR A (A & B
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PMEBEETTER AR, LRSERERE (FEER L.
P r L L R B Sk O 2 T RIS RS DA [ AT 9o

&l 2-8 BOLILREBMBENE AAV JREIEHN F] dmPFC EXH M ETRIRYg. REHR
A F1 B 735 57s K108 dmPFC A HERIPZE el AAV T8I GLJa RIE EYFP [fE0L, K C
A D 73 Al EaRENE A R B BT HE A RBOR IR, R] LT ¢ _E [ SRR S5 4 . Scale

SERTE AT MR I, 35 61 vIPAG J5 W2 VIPAG Y EYFP ARic () A dmPFC
PR AR 4E 2K R0 FOS 2 A 3EAEE L (B 2-9). HOBRIMJS 7E VIPAG PRIl ER
BV % EYFP Frid L 4E &R A KB FOS & A MIEIL, H FOS FMEMMZ LT
EYFP tricth S 4ERIMHE, Uil vIPAG WHIFHE S i1k, TMREMEm 7
dmPFC-VIPAG #2818 BE A 0 -
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&l 2-9 AR IAR YL BoR EYFP R FOS B AEBLRIBUEE VIPAG WHIRIXE MR

K A-C 435 5 M ML XUbR Y 6 2 7R EFYP AR1C [ dmPFC #E5 R I 74 44 R (1)
A& T IS I AR B FOS 8 A G IONERH I (21680 (R 3RIE « 74 Il . Scale bars=50 um (/&
C, iEf A, B)

g 2-10 A 1 B JE/R TE45 T vIPAG N 10 mW. 20 Hz [ EHI, 2 280 FF-2
IR OE-2 Sy BT BRI SR %) CPNL FARJE 25 7 KN R R fa 2 Al 2 1AL
PR PR R BEAT AN, LE TR RIS 1 /NS R /)N B IE 05 A2 R 0 2
(IR 2 R B R AT A I

A 5 |

L\ [ RERERERRR

2-10 A M1 B 0t Ae 20 iR, 45 o IRORIBR U /1N BB R DU M4 A2 A

{E dmPFC PyESAT IR # (AN hChR2) /N, CPNL FAREH 7 KA
N J AR J A2 34 HE B T LA 8, D' IR % /N B CPNL TR R 2 (&
2-11, F(2,8=0.29, P=0.75, one-way repeated measures ANOVA, n=5) FIXHMil 5 /& (Fe,
8=0.50, P=0.62, one-way repeated measures ANOVA, n=5) ML s oK W % 5]
RS . £ dmPFC NYESTH hChR2 B EEE, WOGRFERRIEI, w2k
HH W CPNL FARFEM G 2 (& 2-11, Fe 8=57.57, P<0.001, one-way repeated
measures ANOVA, n=5) FIXJ | J5 /& (F, 8=42.79, P<0.001, one-way repeated measures
ANOVA, n=5) FIHLIIER RI1E . FH Turkey’s post hoc K%, %5 Tt HE B AN % IE J5 7]
52 (P>0.05) FIXHUJEE (P>0.05) FRIALIE MR SOC I 11 22 5
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157 mm it off

B Light On
1.0] M Light Off

Fokk

%k

50% Withdrawal Threshold (g)

Ipsi Paw Con‘tra‘Paw Ipsi Paw Contra Paw
CaMKlla-EYFP CaMKlle-hChR2-EYFP
Bl 2-11 St AL 2T MBEE dmPFC-VIPAG #HZIEEEXT CPNL FAREH 7 R/ B /E AL
Ak e BB IR i
SrAAE R CRIRT . 5 1 /B RS G RREERNEL (10 mW, 20 Hz, 2 4380 JF-2 4Bl ok-2 23 BT
#AO WA vonFrey 2246 /N AE CPNL FARJEES 7 KRG 2 A & a2 AU TR R
***P<0,001, FYGCHERIERT. A RS 3 ARGt # 2 5, one-way repeated measures

ANOVA, n=5 4.

12 F AL 4 1 7V S S dmPRC-VIPAG #iZ8 il B 5 CPNL FARJG 14 K
/NERIEW S AT e (B 2-12). & 2-13 A Fios s — U hChR2
BRI BUBRI N JSAE 9 0B N RIS SR R, DGR AT 5 B[R] i T AT
RIFSHON 3 4 k-3 70 JT-3 ok, T DU R 45 T W 6 R PR A ' il ot
NRAEW 3 N BTSSR ) S B AR I B 22 7, A2 S R XS S — 8
HIE 0. I ECE BB AR Sh B AT TR BEAT 736, dmPFC AVEST R4 hChR2 H
AN T dmPFC ISR B R CRERIA hChR2), fE#DGHIIS X CPNL F AR5
14 RN HIZ B R R P AE W B R E R (& 2-13 B, Fq, 16=1.09, P=0.33,
two-way repeated measures ANOVA, J5 M Bonferroni posttests, t=0.70, P>0.05, n=5),
CPNL FARJG 14 K/ R 8) S B AR AE OGS RIEHT (1=0.22, P>0.05) A GHlEUS

(1=0.34, P>0.05) Wil (MBI 2E R . [AFE, dmPFC PIiESKi% hChR2 1 &
FHXTT dmPFC E ST B EE (AFR1A hChR2), 7E RG] 5% CPNL FARJG
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14 RNBRAED 3 1 JIE B IR R] ) B 0 B R A2 I 5 () e 3 (] 2-13 C, Fa, 16)=0.40,
P=0.54, two-way repeated measures ANOVA, 5 H Bonferroni posttests, t=0.99, P>0.05,
n=5), CPNL FARJG 14 K/NRE" 8 RIS S 8] 5 7 2 L AL 6 RIPET (1=0.08,
P>0.05) FHEEEHIE (t=0.32, P>0.05) Wi 2 A48 JC I i 2 5

B 2-12 St 07 5:80%E dmPFC-VIPAG #2358 Bt /N RIED™ 3% FF AT N B i

9 min
A
Light Off Light On Light Off
B 1500 Bl CaMKlla-EYFP C BB CaMKlle-EYFP

g @l CaMKlla-hChR2-EYFP g AB BB CaMKlla-hChR2-EYFP
-~ [)
§ 1000 ‘—g E 6

c
3 &3¢
- -

0 0

Off Oon OFF Off On Off
CPNL 14 Day CPNL 14 Day

& 2-13 HisttE 2 5 BE dmPFC-VIPAG #ZEH 5T CPNL RJ5 14 R/MREY T AKE
g
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A NIRRT BRI, EIEHIEE CPNL AR5 14 R/NRIED 37 W TS shHUzE I,
3 4r4hok-3 r A IT-3 rghok, St 9 4rdh: B A C 3 m NIRRT . WG, ORI
J& CPNL AR5 14 K/NRAED 37 P HI35 2h i B AR AR 37 Hh Je i shint 7] B 4 B gt B . R8Ok
TP A AR B AON RO I S 2 A S e R Gt 22 R, two-way  repeated measures

ANOVA, J5H] Bonferroni posttests, n=5 &2 .

52T, 3ATTiE 68 A% 7 7 i R R IB0E  dmPRC-VIPAG #1283 i )
CPNL FARJG 14 RN BAE R+ 5K E AT A2 SR8 T TRl 1 2-14 A Fos ol
Forp— &G hChR2 i 75 1/ BB B 38+ 20 B W AE 9 7B TR ShBLZ &, K
JCH PR 58 5 [F] Fi rid, RIS HON 3 08P oS-3 0P -3 2 hoc, mIRANER
BN 25 T WE 6N AR B0 ' R TR B2 ' RS /)N BRAE R SR T 2R T RO Y
TG AN Y K, AR N B LE PSR A B B, BEN TR IO A O W R 1
e FIECE BB AR IS s R AT [R] BEAT 204, dmPRC AVESS ik hChR2 IR R HH
XFF dmPFC PG I (AFIA hChR2), WG HIEET X CPNL FARJG 14 K/h
BRLZE T TBUE & SN AN B 40 bE (8] 2-14 B, Fa 16=21.12, P<0.01, two-way repeated
measures ANOVA, J5 H Bonferroni posttests, t=8.65, P<0.001, n=5) H1iE A\ - 78UE 4 ¥k
B E e (K 2-14 C, Fy, 16=47.95, P<0.001, two-way repeated measures ANOVA,
J& i Bonferroni posttests, t=11.37, P<0.001, n=5) & & 4HH$E 5. (H2 dmPFC
TES 2RIE hChR2 HPREEAX T dmPFC ST IR (A3&ik hChR2), 7EHGH
BETAE DS HIBUE X CPNL FARJG 14 R/ AL TTIRUE WG s ) i 3 4 b Gl
HIBAT: 1=0.49, P>0.05; W LAIME: t=0.60, P>0.05) Ak NFFHUE P REL 5 43
bt CEDGRIEAT: t=0.47, P>0.05; #6FUA: t=0.19, P>0.05) HJCHI R M2,
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9 min

Light Off | Light On Light Off
HE—

(tﬂﬁ%ﬁ ) (vﬂﬁ%%ﬁ
e FEZ

I CaMKlla-EYFP

FEZ

W

Time in Open Ams

(% of total time)
N
o

Wl CaMKlla-EYFP

-3
=]

Fkk

wkE Bl CaMKlla-hChR2-EYFP Bl CaMKlla-hChR2-EYFP
—_

w

t=)
»
o

N
=3

=
Entries in Open Anns
(% of total entries)

=]
(=]

Off On Off Off On Off
CPNL 14 Day CPNL 14 Day

[l 2-14 Jeidt#& 2 J7VE RS dmPFC-VIPAG #HZiBERX CPNL FARE 14 RADARERETFRE
AT NI

B A SRR CRIEET . EORIEL EDRRIEUE CPNL FARE 14 RARESRE T F10E

WIS, 3 48P oe-3 B -3 4rghok, B3k 9 skl B BRI C 43 7 Al el ism

FOCRIE. SECRIMUS CPNL FARJE 14 R/ BUE i 22 0K B 7 15O A 45 B I 8] 1 43 BURIE N

TERUE R E 2y b4 . two-way repeated measures ANOVA, J& il Bonferroni posttests,

***P<0.001, y dmPFC LS CaMKIla-EYFP Ji #1714 CaMKIa-hChR2-EYFP J 2 8] () S it

4R, n=5 4.

i BB AL 2 T VERE M BGE dmPFC-VIPAG #H&IERE G, Al s H R
CPNL FARJG 7 KRNI JE 2 IV RS, BESAX CPNL FAJG 14 R/NRIED
By AT N T W R S A, (AT S M I N BRE S A8 R B BT
JEUE IS 18] B0 23 EERE N TR IEOE B B 23 B o IREeSE RARIR, p s I 0
dmPFC-VIPAG #1888 i SE 7] LA A AT BURIIAE I, JF HTE — R L
VIR e = AR R B 4

3.3 WEIREEFZFRMME dmPFC ARHIENYEH EHE T8 B A 4 1E
{0 A)
N T REBIR N IR dmPFC-VIPAG i 8 B0 18 4 749 1) TR AT B 1 AN e
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R e kS GE b, 3RATE I 2B S 5%, R T aE A 2 s iE B
FIEFIERIRIE T dmPFC A RGP R i oot, IR AT (CNO)
RS ML S dmPRC PN RIS VERT 28 oot M3 dmPFC-VIPAG i 223 it (1375 2h WL
ORI R BE AT AR AR S 12 MR BV R AU R B A I A = R ik e
WHIAT 2B (18 2-15).

PWT l PWT
OF PWT  PWT PWT OF
1 Month EPM CPNL EPM
| I I | | | |
Virus injection Baseline 1 3 7 14
T T Days after CPNL T

B 2-15 B EI R, LR AR RRER .
B &Sk R AR IR, CPNL ARG 1K 3 R 7 R 14 Ry B BT MBS CNO -

] 2-16 A H 7R 7 AERUN dmPFC ST AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin
JE &Y Vgat-Cre /I BRI Hh (R 22 0 5 . % mCitrin 34T GFP S5
Qeft )5, mfE R R PSR E A — MY dmPFC A K& GFP HuigBH 1
M2 TG, HEFIBE SRR, S n AR N, R IR R i (K] 2-16
B 1 C).

&l 2-16 WO RABMBME AAV R B] dmPFC 5] 5 A 2 T8
B, RXHEN
K A BRI AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin V15 £ Vgat-cre /)N B XU dmPFC 4 )5
N A2 08 AAV BRI YL 5 1A mCitrin, T GFP i 98 e H 4 Ub 2= e B 115 I
Kl B B v A A EITHEN FIBCRER, Bl C BorivE B h BT E N BOR B,

ZICIARRUN, WERHE /N, Scale bars=200 um (B A), 100 um (& B), 20 um (& C)
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FEE AR EES CNO 1 mg/kg 58 AT A=Al R/ BOBETEREAT S e v Mk
FbRGe . ATWEER] GFP S BAYER) mCitrin FRIC I RREE T AT S A 1 ()
22T bR S GADGT , [ IR XUbR (11 4 Toids n] Rk AP 28 To i R A3 254 FOS B H (
2-17) PRI = hr S R ITR BAWEI o B Ja i S Rp S PE RS T dmPFC (1Y)
i ra AP 2T, JF HAERRRE IS CNO Ja B S nl R HAF 2 L 30 .

mCitrin

Bl 2-17 BRI AL ZE =B RR dmMPFC PR BRGIIARIEY mCitrin, #1502 0 R
&Y GAD67 I FOS EH ML E
A-D ZIR4 518 AAV2/4-hSyn-DIO-HA-hM3Dg-mCitrin 7E4F 2] Vgat-cre /) 5 XL
dMPFC P J& 73 B3I e AR 104% mCitrin (ZR€8), HHIPEAIZ G bR 4 GADET (LL() Fip4
TEEGE PR EY) FOS B () Aot =hrie it B E-H BoriAE D b At tE
PRI B4, BT, mCitrin 4510 #2870 AT [F] I 34 GADD67 Al FOS. Scale bars=40 pum (& D,
ffH A-C), 10 um (B H, i&H E-G)

12 A 2 30 A 25 1) 5 R S PR B U dmPRC Py (74 480t 4 o ] o 42 s 34 T 0 o
dmPFC-VIPAG #1481 i < %0 )40 FR) 5 it T ) 1 R 12 11 b 228 9 BER P8 PO M L P ™
R AFEREFWE? RrREeiEgy 4 G, FRATE SER 70N B IE 0w B AR 1 5%
M o UK 52 /N BRI i A2 B SE i BREL S, BRIV S 50 i FHAEBRER /K BCHIAY 1
mg/kg ) CNO &, 30 434 i Fi- VX FH vonFrey 223k 47 K6 XU i 2 FoATL A 1 g B4
2-18 Jii7r, IEFE UL N R RS SN dmPFC P 0 i) 1 m B) 4 28 0 ) ml W %2
) 2 2 PR B AR 5 2 B IR AR (RS 2. RN 1.1040.13 g, VS

85



FoFEXFHETFLEAL

J5oN 0.4240.06 g, P<0.01, Xt k65, n=8; XI5 &: VES AN 1.0020.11 g, VE
W54 0.45240.05 g, P<0.01, AN t K656, n=8), T XX ANYE: & 5 B 75 (AS77 45 hM3Dq
I EE) [/ BRUE SR CNO VA RIE 0 J5 2 1 LE 5 A8 A A B S e 38 R )5 A2
VESTRT A 1.0040.11 g, VEHT)E N 0.9540.09 g, P=0.82, Xt /%%, n=8; X ilj5 2 -
FESTRT A 1.1040.10 g, VEST G N 0.9540.12 g, P=0.36, /&Xf t #36, n=8). 4% K7
SERGNAG, EAH R Bt e e 453, 7 CPNL 18wk 225 B PR i 5
o FARGHIE 1. 3. 7 80 14 R HIHEM 7 CPNL F AR 2 A% A2 B U T8
BIE AR . HEE AR A S5 L5 T0 18 2[RI 2 34 2 ) ) A2 i 2 I 1) FR) 3 48 35 P 00 4 )
BEAT RIS (& 2-18) . FERRJCR AN GG ARG 1 /N ISJEL S 158 CNO T 5
YRR J5 J2 PR RE . XU dmPFC 343775 hM3Gq Ji B 17N, IR i
U5 CNO Ja Al LAfE CPNL A5 2 35 i B AR Jo R AUk 74 BRI AE, BRIV RT 93 55
dmPFC-VIPAG &l s 1) M ATEURIER (RG22, Fa s6=19.53, P<0.001, two-way
repeated measures ANOVA, n=8 #}4H ; Xl J5 &2 , F(1, 56=5.65, P<0.05, two-way repeated
measures ANOVA, n=8 &:41), M5 A Bonferroni posttests, /) iF: 4+ CNO J5rl & 3%
FEAK CPNL RJG 58 1 K (t=3.04, P<0.05) HI%% 3 K (1=2.68, P<0.05) [Ffllf5 & HIHL
PRI B . UES X R 3 (A hM3Dg B I/ BRIESS CNO JE
CPNL A J& XU J& A2 BIAUAR A 7 98 BIE I 6 I B i e ge (RIS 2, Fa, s6=1.46,
P=0.24, two-way repeated measures ANOVA, n=8 #32H ; X5 /&, F, 56=1.09, P=0.31,
two-way repeated measures ANOVA, n=8 &£41).

v/

A Ipsilateral Contralateral

»
L

4.5 - mCitrin-Pre CNO
-e- mCitrin-Post CNO

-~ mCitrin-Pre CNO
-~ mCitrin-Post CNO
-+ hM3Dg-mCitrin-Pre CNO

4.0 -+ hM3Dg-mCitrin-Pre CNO

-+ hM3Dg-mCitrin-Post CNO

>
<2

-+ hM3Dg-mCitrin-Post CNO

S )

) -

x x

2 2

2 35{1 2

2 £ 35

» 3.04 @

2 2

=] =] u

E 25 g &0

b =

7} 17}

2 20—~ . . : . 2 25 . . : .
-1 Baseline 1 3 7 14 - Baseline 1 3 v 14

Days after CPNL Days after CPNL

B 2-18 2B % 27 e R HERE U dmPFC P34 18] 44128 70 fa 5 1E e BB I 18 4k
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2R 5 PO R B RS R
A SRR B IR AR 2 T VE RS SR OE  dmPRC AR 40 1 44 o T e 22 8 J 6] ) B
CPNL F-A [ J& & 1IEH AR BME s & CPNL FARJEH 1 K. 53 K. 557 KA 14 kil
PAEPORERE R, [FI LA dmPFC AES X OR R CRaiA hM3Dq [ EE) [/ B X
W, K B RIRHONR AR B M EA Z TT a0, CPNL A M Ja A2 AHTLAR A B AR A 52
Two-way repeated measures ANOVA, J& ] Bonferroni posttests, *P<0.05, & dmPFC HiE5f

hM3Dg-mCitrin 7% 7 J5, BEAEIEESS CNO JEATESS CNO RISt 458, n=8 41,

WE S8 AL 2 38 A% 2 O VR R e MR OE BN dmPRC P 40 i 4R #4255 5 AT Rk 59
dmPFC-VIPAG #H £ 2% ¥ N AT BUR IIAE T, 4 45 e PE0E H0 1) M b 28 0 i xo B
T4 o AP NE ? 15 Je A 18 I AT 5 SER I T A0 08 4% 25 7 1R R e
PESOE XN dmPFC Y #4228 70 5 /N BRAET 33 AT R 22 e . A anwi ik, #&
BEATAT 950 AHT 30 700, /N BRUBEIR I P9V 50 wl 1 mg/kg ) CNO ¥ i sl A= PR
K. B 2-19 A1 C Frzr, XU dmPFC NS mCitrin 74 528 hM3Dg-mCitrin J5§
/IS PR RE B 3 ) 2 B #h 7K B CNO VRS TN 4 A1, 43 i s/ BRAEW 35
AT R0 . P G2 AR X 328 Bl S RS T JEAT 23 A, XU dmPFC N 7 5
hM3Dg-mCitrin 35 2 /) BAEST 758 mCitrin 5 35 89/ BB IR 5 1 mo/kg
CNO J& AJ &35 FEARILAEN I N )iz 3 S8 A2 (] 2-19 A, F1,12)=5.13, P=0.04, two-way
ANOVA, H Bonferroni posttests, t=3.71, P<0.01, n=4 &E4), i M8 a3 5t A 3 25K
JE XN dmPFC P34 hM3Dg-mCitrin 95 2 14/ BRI S mCitrin 75 22 14/ RAEW 1
W Iis s S AR E I B 2] (1=0.51, P>0.05, n=4 :41). [Fif, XU dmPFC Py &t
hM3Dg-mCitrin J55 £ [¥1 /> A XS T XU dmPFC P ¥E S mCitrin 975 25 11 /)~ BRUIE I i v
S 1 mg/kg 11 CNO ¥ T 2 25 PR/ BRZED 37 e X 3% Bl i 8] 79 3 23 b (1] 2-19 B,
F112=6.22, P=0.03, two-way ANOVA, H] Bonferroni posttests, t=2.99, P<0.05, n=4
), T BRI I A 3R ER K XU dmPFC 9335 hM3Dg-mCitrin 3 2 1) /) B A
5t mCitrin J5 1/ BRAEW 3 h S X3 S ) 5 43 LU G B 2. 2250 (1=0.54, P>0.05,
n=4 H4H). HTFRAEZRMRG, 7€ CPNL B LR HE R T ARG HE 14
R IR 358 A 2 D5 45 e PR B0 XU dmPFC P 0 M4 22 76 )5 /N BREE T 3
TSI, £ CPNL FARJG 14 REY/MR A, dmPFC pEEik hM3Dg-mCitrin 1
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/NS T dmPFC 4 234 mCitrin H /) BRI iRV 5F CNO Ja Al 2 3 FRARILAED I A
Fizsh B e (K 2-19 C, Fa12=12.87, P=0.003, two-way ANOVA, H Bonferroni
posttests, t=4.23, P<0.01, n=4 &2H), T MM s v i AR BE 2R /K 50U dmPFC P S
hM3Dg-mCitrin J5 # A1VE S mCitrin JHEEH CPNL TR 14 R/NRAED 37 N 12 5]
SR FETCHI R 2] (t=0.84, P>0.05, n=4 &4, [AIFE CPNL TR/ 14 RI/NERH,
dmPFC i hM3Dg-mCitrin /)8 ERAHXS - dmPFC N3 3& mCitrin /)N bR B s v
U5 CNO Jg vl 2 R AR 7 h R XIE SN [ B i 0t (& 2-19 D, Fai12)=5.92,
P=0.03, two-way ANOVA, H Bonferroni posttests, t=2.83, P<0.05, n=4 &:4H), i g5
Ji v S5 A2 R AR K S XU dmPFC NVEST hM3Dg-mCitrin 955 2 1355+ mCitrin 955 2216
CPNL FAJG 14 K/NAED 37 S X3 sl 18] 54 7 40 b IE W S 22 531 (t=0.61, P>0.05,
n=4 &:2H).

A Baseline C CPNL 14 day
—E~12000 BB mCitrin —~12000 @l mCitrin
S B hM3Dg-mCitrin § BB hM3Dg-mCitrin
@ 9000 o 9000
g :
ﬁ 6000 ke £ 6000 o
o o
T 3000 § 3000
k] 5
[ o [ 5

Saline CNO Saline CNO
g Ao 8 mCitrin g§_ "9 B mCitrin
<0 B hM3Dg-mCitrin <
= g 15 - E B hM3Dg-mCitrin
S s 10
t S €3
e 82
€ : £'6 59 *
g’ g
[ 0 [ 0-

Saline CNO Saline CNO

2-19 A B4R S 7 R RIS XU dmPFC Py i ()2 T 0 TE 3 1B UL B 1B i i 2055
BV G /D RV AT NI

KA FI B R 4 IR A5 OL T XU dmPFC A3 5 mCitrin 77 8 2k hM3Dg-mCitrin Jii 75 /)N 6,

JE NG i A B ER /K B 1 mig/kg K] CNO B0 /N BRTER™ 325 NI Bl SR A 37 Hh 2 X5 Sl I [R]

B Eergsgmd; B C R D BRI CPNL FARJE 14 RN dmPFC AVESS mCitrin Ji 22 8L

hM3Dg-mCitrin Jp B8/ i, B E S A2 2 47K BE 1 mg/kg Fr) CNO VUM /N BRTE™ 37 TG 3l 5

SRR AN 37 Y X S5 S A 1] 7 40 L R 52 . Two-way ANOVA, J& i Bonferroni posttests, *P<0.05,

**P<0.01, ¥ dmPFC A yF4F hM3Dg-mCitrin J5 £/ BRU7E IE 5 5 LB CPNL F AR5 14 K5 dmPFC
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PSR mCitrin 35 /N U D GETHEE R, n=4 B4

TR, FATEHEEE R EAT NS5 MR TR 5 RSO XU dmPFC A 4
HMEM AU/ N REEF B FA CPNL FARJG 14 RIAEREE+TFRE WAT ¥
AR AEIEEAE LT, XU dmPFC P9 vE 5 hM3Dg-mCitrin 37 2 [/ AR T334 mCitrin
TR/ BB VS 1 ma/kg (9 CNO J& AT 35 AR AE s 2820 B 0T T80 A
S E 4r e (B 2-20 A, F1,12=8.85, P=0.009, two-way ANOVA, fi Bonferroni
posttests, t=4.22, P<0.01, n=4 &2H), T MM s v i AR BE 2R /K 50U dmPFC P S
hM3Dg-mCitrin 75 & ¥ /)N ER ANV S mCitrin 5 5 1/ BRAE i 38 T 70K B 7808 N i 3)
IS IR (4 E 43 ELIE R B 25 1) (1=0.02, P>0.05, n=4 41, 45 HU 2, XU dmPFC
PYE S hM3Dg-mCitrin 9 2 117N SR A XS T dmPFC P33 85 mCitrin 55 25 110 /)N 5RIE R iz
S 1 mg/kg () CNO 3R AT I 25 B A/ BUiE AT TBUE & sh i B8 B 43 B (] 2-20
B, F112=10.55, P=0.007, two-way ANOVA, H Bonferroni posttests, t=4.22, P<0.01, n=4
BR2H ), i AR v A AR 3 R K E XU dmPFC NYEST hM3Dg-mCitrin % 25 1 /) B A1
FEST mCitrin J5 25 11/ BUE AN TFIRUE S 3 B B 23 B JE W I 22931 (=0.37, P>0.05,
n=4 £:41) FE CPNL 8 Lt 285 PR AR R TR S5 B 28 14 RN 1AL~ agi A% o7
T3 e HEOE SN dmPFC A I #h 22 0 J5 /N BRAE = 28 1R B N AT N L
45 ,CPNL FARJ5 14 KK/ A, dmPFC P 33 hM3Dg-mCitrin /N A XS T dmPFC
W 2iE mCitrin )/ BRI IE I VE S CNO J5 T S 25 B AIC L AE 48 52K B TF U8 s
SINE I E e (B 2-20 C, Faaz= 5.32, P=0.04, two-way ANOVA, H Bonferroni
posttests, t=2.95, P<0.05, n=4 H2H), M BB v 5 AR B 3K 5 XU dmPFC P EST
hM3Dg-mCitrin J% 2 F17F 4 mCitrin i #¥) CPNL FARJ5 14 R/NRAE R L7 H
TS N5 Bl 8] (9 2 EE W 2 22 51 (1=0.31, P>0.05, n=4 f41). [FFE CPNL F
RJG 14 RE/NRT, dmPFC ik hM3Dg-mCitrin )/ AHXTT dmPFC £k
mCitrin /) BB 355 CNO Ji5 AT . 38 PR AR L3 N T T80 NI Bl IR B 29 EC
2-20 D, F(,12=5.05, P=0.04, two-way ANOVA, H Bonferroni posttests, t=4.14, P<0.01,
n=4 #F4H), TSRS AR R ER K G XU dmPFC i35+ hM3Dg-mCitrin 55 35 Al
55 mCitrin JAEE ) CPNL TRJ5 14 R/ RN TTTBUE NI 3 B B 23 EL W] R 22
5 (1=0.96, P>0.05, n=4 &:2f).
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A Baseline C CPNL 14 day
7]} 30 Bl mCitrin 7] 15 W mCitrin
E g B hM3Dg-mCitrin E— g BB hM3Dq-mCitrin
c %20 c s
2s 2s
0% o8
£ %510 Eg
g g
= o =
Saline CNO Saline CNO

(2]
o

BB mCitrin 30 B mCitrin

Bl hM3Dg-mCitrin B8 hM3Dg-mCitrin

»
o

n
(=]

* %

Entries in Open Arms
(% of total entries)
Entries in Open Arms
(% of total entries)

0
Saline CNO Saline CNO

B 2-20 fh2ist e S 5 R R EOE XU dmPFC A #IfIE H R4 2703 IR B 1B DL Bt # &R
B/ D RAERE T FRE AT AEREMN

AR B R oM IE 0L R U dmPEC P VEST mCitrin % 7 5 hM3Dg-mCitrin % 2 /) i,
JEL IR S A BRER /KB 1 mg/kg F9 CNO VA BN /) B i 2R3 T T8O PN T st 1) 71 2 LB AT
BENTF IS N E 7 LRSI s & C F1 D RIS CPNL FARJE 14 KRB dmPFC A E T
mCitrin /5 2% hM3Dqg-mCitrin Jj 23 /0N B, IR s 5 A2 B 3R 7K B 1 mg/kg #9 CNO B0 /) B
FE i 28+ 2K B T RO AT Bl I 8] E 2 BRI N T TBOE IS B OCEUE J EEIRIBE IR . Two-way
ANOVA, J5H] Bonferroni posttests, *P<0.05, **P<0.01, XUl dmPFC P iE 5 hM3Dg-mCitrin
TAEE/N BRAE IE H 17 LB CPNL TR 5 14 K5 XU dmPFC AV S mCitrin i 28 /) SRR &8 14521

n=4 £:4H.

15 Bh AR 2 8 A% 24 ) 7 e SR M S SO0 dmPFC P A 1k rp AL T, )32 1
] 7 dmPFC-VIPAG #& IR 5 , Jo iR A AE IEH G L & /& CPNL #25 BVE SR
35T S 2 b B AT /N SR LRR PE  1) BR AL, [T D St 3 0L S Ak /N BRE T I Y
FE 2R 1R B N AR RS AR RE S M1 4 . X e g SRR, #0Hf] dmPFC-VIPAG #12
PSR ST LIRSS FATEURIOIER, F HATrE — @ R RS M Ja e AR 1 47
VEfG 2, X5 R S ETTH DG E 2 % & dmPFC-VIPAG #H &Il B 45 RS .

3.4 dmPFC 258 MR T TR 5 THHIRRR
dmPFC-VIPAG fii£till i MTHURIEH RS 25 118 MR s AN4ERF,  [FIAE
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WS 5T SRR A 1B IR, 2 A 550 dmPFC-VIPAG 12 18 2% Bl 41l
frWe 2 HAR B FHLER A4 2 FATZH o FAEW R 777, KIS % 5
dmPFC NP Fh B 3251k (GABAAR FIl mGIURL) HIFEEIE M, IF4E&1T NZGT
U774 dmPFC N2l 25 T _EIR RN 32 4R (35 371 (bicuculling A1 LY367385) M
X 7N ERATLBR P o BORT £ RV AT A9 (RS

HE T BEAE B SCHRARIE , dmPFC A 1] GABAAR M mGIuR1 7EM8 S I & 1% 7 A%
HE/EAP, 7E CPNL FAJG 7 K, H Western blot (17772440 7 %Il dmPFC
W GABAAR Fl mGIURL (KB RGHL (B 2-20). 128G M T sham 40, dmPFC
M GABAAR (P<0.001, n=3) 1 mGIuR1 (P<0.001,n=3) KiLEBEWHZ,

e
h

GABA,R I W e - - 02 s
3 Il CPNL 7 Day
= o de v
B-actin S AN TR AR B e -é 2.57
E YRR
)
> 1 &-
mGluR1 W T - - S
E 0 - I
B-actin R S . e . —— P
GABA,R mGluR1

Sham CPNL 7 Day

2-21 Western blot 5 GABAAR Ml mGIuR1 #£ dmPFC A IRIE B
A R[N Western blot 75740l sham 2151 CPNL FAR 55 7 K E4H% 3 REW dmPEC
W GABAAR Al mGIUR1 FIFREHH, K B E/nFINE A o GABAAR Al mGIURL RIAHIGiit4h

B, ***P<0.001, t14, n=3 &4,

PWT

OF OF
| 7Days EFI’M C';NL PVIVT EIIDM
Cannula  Baseline 14

7
) _ Days after CPNL
implantation

B 2-22 ATAZEETTREIEN, SEIENTRER.
P p i Sk B N 1) dmPRC A J) s A2 B /K 2 AR R BT

AT E—5 A dmPFC ) GABAAR 1 mGIuR1 7 CPNL &2V mfER, &
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NS AT NAB S ETEREE BT dmPFC 437145 T GABAAR Al mGIUR1 f4F
SPERE P bicuculline F1 LY367385. MLEEXT /N B 1F 5 95 18 (AN 1% 14 g B AT LA 1
AR REANA AT AR (& 2-22), B 2-23 58 BT 17 K DI s 3% 58k
Jets BoREELERTIN A AL E K, #id FOS Al DAPI 5 v e Ye o il W 82 21 &4
AT dmPFC (¥ EJ7, R4 TR IR $UE dmPFC WA K& FOS HE M#RIE.

B 2-23 GERNREEREEET dnPFC £
A-C EoRIHZ TTHOBE AR FOS A (ZL6) F DAPI i) G et

[FI B T EEE dmPFC B AL E . fmi, WFARME/ME: Can., cannula. Scale bars=200 um (/&
C, i&H A, B)

R EI& Western blot HI45H, MBIEMEHEMRE <R EiH dmPFC K]
GABAAR Fl mGIuRL &1k . A4 dmPFC i GABAAR 1 mGIURL 24 41
PR BUE P EAT A FEREFINE? R B EE T dmPFC A 1 F S, 3AITIE dmPFC A )
o al4s T 0.4 W FAEF 7K . GABAAR [FFF P #5157 bicuculline 0.1 ug 58X mGIuR1
(R S BE7) LY 367385 0.4 nmol, #5245 10 7345 I vonFrey 22 3H 474 . & 2-24
Pz, PSRN IE S OLT W H dmPFC N #3545 T bicuculline 0.1 ug AHX 454
T AR B ER KOS /N BRSNS A2 B I A B W B (1 2-24, [FN S 2
1.1340.12 g VS 1.0040.13 g, F(2, 15=6.87, P<0.001, two-way repeated measures ANOVA,
F Bonferroni posttests, t=0.51, P>0.05; *ffllj5&: 1.0740.12 g VS 0.93#0.12 g, F¢,
15=7.56, P<0.001, two-way repeated measures ANOVA, H Bonferroni posttests, t=0.56,
P>0.05, n=6 f:41); [FI#FHL0 dmPFC A 545 T LY367385 0.4 nmol #Xf 145724
FRER KOS /N BRI 5 A2 B L PR A TG B R e (&1 2-24, [AIJE &2 0.9320.11 g

VS 0.9340.10 g, [ Bonferroni posttests, t=0.14, P>0.05; Xflj/5/&: 1.0740.16 g VS
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0.9340.12 g, F Bonferroni posttests, t=0.31, P>0.05, n=6 20 ). £ N A 58 el s
TEARFE I3 E et e a AP a5 3L, 7 CPNL 2P tmiial. FAER
M7 CPNL T A i A2 A5 A2 N U AR B B8 . E58 7 ORI, mIiEe
#| dmPFC A Ja %5 T bicuculline AHX -4 T A2 2 L /K 25 T /0y BROSUIN I 2 FIBLAR
PR R (B 2-24, [F5E: 0.3540.06 g VS 0.1640.02 g, F Bonferroni posttests,
t=4.55, P<0.001; il j5 /2 : 0.5740.10 g VS 0.31+40.07 g, [ Bonferroni posttests, t=3.98,
P<0.001, n=6 &:41), [FIFFHM dmPFC )&l T LY367385 MXS T-45 A B K
AT 2 T /N BRI 5 2 BIAUARPE A I (8] 2-24, RIS /2 0.2830.05 g VS
0.1040.02 g, A Bonferroni posttests, t=4.55, P<0.001; XJ{ll/5&: 0.5320.04 g VS
0.3140.07 g, A Bonferroni posttests, t=3.60, P<0.01, n=6 &:ZH). 15l dmPFC 4 J5
#45T bicuculline X} T-45 7 LY367385 Xf [l 5 /&2 (A Bonferroni posttests, t=0.95,
P>0.05, n=6 &F41) FIX$l 5 /2 (H Bonferroni posttests, t=0.26, P>0.05, n=6 %E2H)

ORI P S 5 e . 2 M ) 22

s [ ] S?line _ s I Saline

: 5. [ Bicuculline ~ 5, M Bicuculiine

& M LY367385 x Il LY367385 n.s.

é 4- g 4 seses 4

= >

c =

2% 32

= 3

,—% 1 g 14

® ®

g o - 2o

- Baseline CPNL 7 day | Baseline CPNL 7 day
Ipsilateral Hindpaw Contralateral Hindpaw

2-24 dmPFC 435145 T GABAAR I mGIuR1 4Rt i3t /s B IE 7 AR B R A 18 1
JEHUR I R IR

K A B8 dmPFC A 45T 42 7 27K 5% bicuculline 0.1 ug (GABAAR FIH: SEESEHLHD 8L

LY367385 0.4 nmol (MGIUR1 AR FPEREHURD Joxh/I BRI A5 2 IR # PR BIE &% CPNL TR

57 RHUME R BE R, B B EoRiIN dmPFC 454 257K 8k bicuculline 0.1 ug B

LY367385 0.4 nmol Ji= x5 /> SRS I J 2 1E % P BRI B A2 CPNL TR 5 58 7 RAUBR I A8 B 1 1) 52

M. Two-way repeated measures ANOVA, ] Bonferroni posttests, ***P<0.001, & dmPFC N%5T
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A 7 ER K K bicuculline 199 2H [A] (1 EL AR ; #P<0.05, ##P<0.01, 5 dmPFC 25 T4 3 £h 7k 5% LY 367385

PHEH B P EL B, n.s.=no significant difference, n=6 &:4H ..

BESR ] dmPFC A Y1 GABAAR F1 mGIuRL w724 FATEURIMER, 8440
GABAAR 1 mGIuRL Jaxf St Af 25 oA (ahsgmale 2 i s JATIE W 47 e sk
BEWA T #0H] dmPFC ) GABAAR Fl mGIuRL J5/NRIEW AT AF RIS .
WIHTFTIR, EBATAT N2EIRET, [ dmPFC RS HIZ%4 T 0.4 ul IAEHEERK.
GABAAR 1455 35155 bicuculline 0.1 ug 8k mGIuRL F%r =45 17 LY 367385 0.4
nmol. P& 2-25 iz, dmPFC P yE 8 A 3 2h 7K 5% bicuculline 8%, LY 367385 J& 73 Al
W, e sk /N RAED S N HUAT 9 BdE , IS8 B0 3 2 Zs A i () 1
17538 IEHEIEN T, AIUEEE] dmPFC N B4 T bicuculline JEAHXS T-45 T A B &L
KT RN BRAEW 37 A2 3l (1) e BE AR AN 3 b e XVE B TR R 40 B (W73
BH S B Fe 15=10.60, P<0.01, two-way repeated measures ANOVA, H
Bonferroni posttests, t=3.79, P<0.01, n=6 &:4; W 37 e XyEsRIFIH 0t Fe,
15=6.56, P<0.01, two-way repeated measures ANOVA, H Bonferroni posttests, t=2.91,
P<0.05, n=6 &F4H). 1M Ml dmPFC AR R4S T LY367385 Ja AHXS 45 T AL B R /K /Iy
SN 37y N I2 Bl S BR AR AT 3 v SR X3 S N 8] B F 20 B R B BB (Wi
LN B FE: ] Bonferroni posttests, t=0.55, P>0.05, n=6 &4l W 1% X 1% i
[ B 4> Hb: ) Bonferroni posttests, t=0.77, P>0.05, n=6 &:41). 3 H dmPFC &S
#5F bicuculline X} 125 F LY367385 th n] i 2 i/ AL W™ 37y NI Bl ) B AR AT
Yy R X GG SN A E St (B3N iE s s B FE: H Bonferroni posttests, t=3.23,
P<0.01, n=6 #:&H; ¥ imh RXIESIIN A K H 5 tt: A Bonferroni posttests, t=3.68,
P<0.01, n=6 4. FRHBMUKIE, 7E CPNL FAREH 14 Ki, AIM%EH] dmPFC
Mm% T bicuculline AHXY 45 A2 B 2R 7K vl 25 B4 VN SRAEW™ 3% I8 B 1) S B AR
A 37 v S XE B 18] R B 20 b (3 N 35 3 6 B U5 F5 - B Bonferroni posttests, t=2.85,
P<0.05, n=6 #}4; W ig RXIESINAFE 40 tk: A Bonferroni posttests, t=2.52,
P<0.05, n=6 £:4), AR dmPFC N JRHR4E T LY367385 XS T-45 AL Hh /K
RIS B T 2 T N AW 3 R R XS SR R ) E 43 e (H Bonferroni posttests,

t=2.80, P<0.05, n=6 &E41), {EXI/NEAEN 37 W 135 sh SRR U5 BB B2 m (H
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Bonferroni posttests, t=0.38, P>0.05, n=6 &41). R4 dmPFC W E#45 T bicuculline
FHXFT-45F LY367385 A2 & N CPNL TR J5 14 R/NRAEN 1 W ia 3 (1) B B8 15 CH
Bonferroni posttests, t=2.89, P<0.05, n=6 &F41), {H/NRIEW 3 S X &30 [ 5
S EW AL 2 (S iR 2 5 (JH Bonferroni posttests, t=0.05, P>0.05, n=6 &:41).

@ Saline

42000 @ Bicuculline 25 .
£ s, NS.  mmivserass o~ — B Saline
o % % < @ 9 S [l Bicuculline

9000 S E
8 $$ $$ © = Il LY367385
s Tt T 157 n.s
S 6000 3 3 n.s.
2 O £ 10 =
[a) £%
w 3000 02 &5l
s ET®
= ol F ol

Baseline CPNL 14 day Baseline CPNL 14 day

& 2-25 dMPFC 4514 F GABAAR Ml mGIuR1 FIRE RS SR IEH B T A8 14 R
Ja /N RAEN 3 AT R I

A BIREIN dmPFC 45T GABAAR Al mGIuR1 fI4% 445417 bicuculline 0.1 ug A1
LY367385 0.4 nmol J& % /NRIEH 1 5L F Al CPNL FARJG 5 14 RIEW I N ig ) B B A2 m, [&]
B i dmPFC %5 T GABAAR Fl mGIuR1 H4E 55 PE4%5 4171 bicuculline 0.1 ug A1 LY367385 0.4 nmol
JEXF/NRIER O A CPNL FRJE2 14 RAED I R IX GBI 18] 11 7 FLEIE I . Two-way
repeated measures ANOVA, H Bonferroni posttests, *P<0.05, **P<0.01 &y dmPFC N %5 T4 FEEE/K
5} bicuculline BIZHLIEI ¥ LL#: #P<0.05, 2y dmPFC P45 TAE 3 $h/k B LY367385 M4 IA] (1 LLAL
$$P<0.01 & dmPFC %5 ¥ bicuculline B¢ LY367385 Fi4LIH 1 ELAL: n.s.=no significant difference,

n=6 £:2H.

BNk, BATEH @R 7R E AT AR T H0%] dmPFC ) GABAAR

A MGIURL J&i /)N BRAE IEH 1550 B A CPNL F ARG 14 RAER S+ 738 8 AT AL

Ar. 18] 2-26 fizn, dmPFC Ay S AR B ER /K BR bicuculline B LY367385 J& 43 il N &
B E N, A RNE /N RIE AT TR E AT NP, B AR

BRI Rl HEAT 408 o IEF IGO0, P& E] dmPFC N 25 1 bicuculline 0.1 ug

FEET-25 1 A2 B 2R 7K /N BRAE ey 28 1 - 1R B TR T80 N B3 Bl T 8] 1 23 L ARTE AN T T80
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PSSR 7 BE I B R B B R T8O WIS I TR B 1 70 BB . P, 15=2.96,
P=0.08, two-way repeated measures ANOVA, H Bonferroni posttests, t=0.43, P>0.05,
n=6 &34 ; HENTFRUE WIS shIRE B 4t F, 15=2.35, P=0.13, two-way repeated
measures ANOVA, ] Bonferroni posttests, t=0.33, P>0.05, n=6 44 . [F] ¥ 841l dmPFC
W R84 T LY 367385 0.4 nmol AHX 145 T AE B8R K/ BRUAE iR 20730 B T OB I
T BN 8] 73 EEAEE N T T8RS S8 7 BE e W B e OF 808 S Bl
I B 4 Eb: ] Bonferroni posttests, t=0.21, P>0.05, n=6 4:4H; #t AJFUE NiEshk
B0 4rE: I Bonferroni posttests, t=0.66, P>0.05, n=6 £}41). £ CPNL FAR/J5%5
14 K, TMEEF] dmPFC N & #545 T bicuculline 0.1 ug o AN T4 A FH Eh K B 2%
BEIN /N BRAE v S8 SRR B T TR A Sl IS TR B 20 B EE N T IO S Sh B
Iy b P08 P9 I% shint ] 9 & 20 Ee - B Bonferroni posttests, t=2.86, P<0.05, n=6 ££4.;
HENTT RS IEERER) E 4r Ee . ] Bonferroni posttests, t=3.04, P<0.01, n=6 &:41),
[FIAE AT LS S B dmPFC Py J& 4 T LY367385 0.4 nmol J5 AT 45 T4 2 b7k 2
G N BRAE e S8 T SRR T TSR A Sl TR FR) 23 B REE N T TR A Sl B
Bk OFUE NIEshef R & 43 Ee: B Bonferroni posttests, t=2.78, P<0.05, n=6
i #HENTFUE N IESHIRER) 43 . Bonferroni posttests, t=2.64, P<0.05, n=6
41D, 1Ml dmPFC P R #45 T bicuculline JE XS T-45F LY367385 Xif /)y f A ey 8171k
T TRUE S SRR F 0 B ANEE T TBOE IS SR B U T B B 22 ) OF
U IS SIS R I E 4 B Bonferroni posttests, t=0.08, P>0.05, n=6 &41; #AJF
U WG BB E 43 Le: - ] Bonferroni posttests, t=0.40, P>0.05, n=6 &F41).

A B
o 25 Il Saline @ 50- Il Saline
E = @ Bicuculline E ’g @ Bicuculline
< £ 201 M Ly367385 < B 401 B LY367385
c -
ga 15 n.s. 8_2 30- n.s.
oO©° % # (o] 8 *% #
2 2 101 £ B 204
° 2 8 G
£ 9 E =10
= E<
0- w 0-
Baseline CPNL 14 day Baseline CPNL 14 day

& 2-26 dMPFC 4BI%4F GABAAR Ml mGIuR1 H4E R RS HiFINT IE % B FAME R 14 R
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JaD BAERRTFEE WIT AERIR W
A EoRIN dmPFC 4T GABAAR F mGIuR1 47 4EF5 117 bicuculline 0.1 ug A
LY367385 0.4 nmol J& % /Nl IE #5450 AT CPNL TR J& 55 14 RAE g 48773k B I 1808 i sl
[ H 2>t rsgmm, B B 9 dmPFC 45T GABAAR FIl mGIURL [1)4F 7 4547055 bicuculline 0.1 ug
F1'LY367385 0.4 nmol /N EIEH 155 R A CPNL FARJGEH 14 RAE & 472 B A HEATF I
RS ECE 4 ELIRZIE . Two-way repeated measures ANOVA, F Bonferroni posttests, *P<0.05,
**P<0.01 ;y dmPFC 445 ¥4 3 25 /K 5% bicuculline PIZH A ¥ ELE%; #P<0.05, iy dmPFC W44 T2E

Hi KB LY367385 PiZLial i Lb#e;  n.s.=no significant difference, n=6 %341,

PAEWT T4 R R AT R B2 i s RS T dmPFC N GABAAR
A mGIuRL, WIAIFE )P4 4T dMPFC-VIPAG #HZ2 5@, 7E CPNL #& iR, 33
AN 2 T T T e AR PR D B, [ B T A b e S BRTE 3 R i
RRE R R AMARFE VS 4 . XU IR, 1SR SR B R RS dmPFC
GABAAR H mGIuR1 Fik i) b [a1#eH4H]) | dmPFC-VIPAG #H£3H ¥, 855 T 474
JPER, JF HoTrE—E R R BB i Jo P AR M PR 28, X — RAIE R F 3
T MBI R AR AN

4 Vg

A HR 4y LU AR T — 8 S A R 2 B g A s A 2 R T VR T T
dmPFC-VIPAG £l H, IRARIBEFL dmPFC-VIPAG 1203 B X6 15 11 i Al 47 1 175 4
(AT UREEVEF o A0S dmPEC J5 AN AT LABSAR IE 5 175 45t /N B P05 1 1
R0 AR R i U R A, I FL AT BB PR AR AR R AR REAT s TR S S
dmPFC-VIPAG # &8I B 7] 7™ AL R i) AT B AR, DB 18 M I U i O
R VRS GIEIR AR R S 4 s LRI (0 VR R B0 XU dmPFC P 4
A 2 v ) o 22 T TR 2 A 1] dMPFC-VIPAG #hZ3d 3%, [ R T AR08 1 i BT (R M LA 1k
oA SR PR A DG IR AR RS REAT s JE— 2B AT 243 (0 5 240 dmPFC 4
GABAAR Fl MGIURL f& , T 50418 14 ik BT (10 AR e 95 A e e 1 e i T i S M

— RAHN G BLR, IEH I dmPFC-VIPAG #4838 B 7 A4 (0 FATEDRE I 2 5 7 4
FEEN W) AR P2 000 R, 0 14 35 B RS T A N K 2 PR 9 % AR O A5 B il
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MGIUR1 M4 dmPFC W s b A 4 22 os,  [A) il i ik FE AR R 42 5T B 1)
GABAAR il dmPFC P FIHEAASIZE JC, 659 T dmPFC-VIPAG H NMTEIEIEH, £
5 MR R AETR R, [FIENE dmPEC [#HE] S35k 7 S g e A,

4.1 dmPFC-VIPAG & B B 4ERF IE B 1H R TR SE

T e KA BB dmPFC — J& J5 i & JE IR s i 5 CNO F 53 M S
dmPFC N BIHIHIPE R #h 2 o0, FEIERE LN ] BN R AmRE . X3 T
EIEE SR, dmPFC-VIPAG #14 I I% &— 44 B ZL M AT IE M, 12 MR
dmPFC-VIPAG i £838 i 10 AN TR 55 1 FATEERAE A o IE B I i RN TR
HET, ERAVERGRIAEE, 2R E 2 M0H: TATHER RS AT DU,
THBRFEIR A WA SR IA R TN, S04 ARG WU G 24055« HURTE DN fE R 143
FERION,  FATER RS ORYE F AT DU BE 2 10 Ta) RTRL 2 28 25 fa e 1)
B I KB BiZATIR YT« BEAEAE AR CAUEM PAG-RVM [ FTEIERSGSH T
TEH R OLT R B E AR, ZE IR S5 T 18 R Y R 4
(4184131 164.1761  ]RAE PAG W] A2 AL FJZ AN N i 56 e 4 R A (945 SR N, B0 T
HAL NS PR B4 S PAG-RVM KR R AT A% BT Uk k2 Hb .
FERIER 0 250 ACC A PR TC VA B 3 R LR B AT B AE A, (H AT I 4¢
B BRI B SR, X8 ACC FAR M T HER BN NZ ACC
i RVM 1) b 4k M BEEAER T3 BE T A 120 BB 00 o FRATT 928 = 1) — DU 7 0. 0IE 52
T ACC W UL E AT BPEBET /i, (EMB PRI ACC MK I AR B B4 T8
BET A A ML TT, AT S E S RREE NN S5 718 VM 10 kK A K R
(521, Bk 2z 4k, OF K& SCERIE T ERPERRET, ACC PHHZ T A P B
s, HANH] ACC P22 0 IR iE B m] 7= AR B 2 ) 4RUR 1 A 112 72781, 1 ACC Al dmPFC
TR MEARAR I, a2 A e A I AR WG 71X AT g5 19 3 1SRG AS [F) 35 D AR
SQBLSBTLIOS g H A VR 2 M SCEAUESE T Xy PL Al = A B B BURAE A, 1%
PL P PRI 1 40 22 0 PTG A HURR P R B 081 ZE TS 2t F oy, FRAT T AT 8 3 ACC
11 VIPAG W « 84 dmPFC 7™ A4 AT 4R AE F AL AT ACC 7242 N AT Sk
TERINLELR DA A B VIR ? 38 B ARy UG IR IE 2480 A2 AT VIPAG #H 1
7] A
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TEA PR R AE R R e id FE v, AL B0 dmPFC J5 7 RECRE 1 D 4y
dmPFC A IR0 1) 28 o ) 4o 22 0 A8 3 T B IS LA R BT AR 1 18 R 1 R A K
AR 1% 5 dmPFC-VIPAG #1288 % 7E 18 R I AT 1 FH A8 85 2 25 VI 32 61
{B7E CPNL RJ55 7 KA 14 K, SBAHUBMN dmPFC FHEHE XU dmPFC A 4] 4
[BIHP 22 TC I AN BE Tt — 0 IS MR I K B o IXPTRE 5B T A74E dmPFC-VIPAG H
@Bk sh, dmPFC B ] s gk T H AR p 2 A% A T SCAC VIPAG oK. A S 7 XU
dmPFC, {HH 48R A U ARAZ B EE I S5475 °T R AT 4% VIPAG B8 AT 44— % AIML
PR, AR TREONEH0, FE, #8 RGN ZIER AR T TR RGN
LR T dmPFC-VIPAG-RVM I MMTEREH MRS S TiXx— Tt i, &
MG DE IR (10 AT B AT i 2 559 4% B8 B8 (0 R AT 56 50 m] 7= AR B R 1 N AT 4
JE 38940,

4.2 SRR dmPFC X H&1T AFNEEET AR

UK P S 56 v P e R 2 G 22 B A 0L B2 X M ) PL, ] i A2 SRV 58 4 s IR
#:71) (complete Freund’s adjuvant, CFA) 5l BN PESR AN G LG 25110, iX— R 5145
S5 FRATTIR A U 5% B 2 B A BN dmPRC 5 BT BEARZh 4 ) 2T B4R, 36 i sh 4 xet
HUBAERIB A BN, 77 A RS 4R AT T R N o BRATA N 2T BUR L5 T A &
N B, B HGEAE A% SBERE P S 2 s (RN SEANR . AVE AT
S IR AERA T OB U 2 R B RO AT PL PN A HE AR 22 78 7T 7 A= AR
TEH, FFERIe MR Ja RO DT 48 o U BAAEARAT] BRI 0 VS W IR I X PL P PR 47D
A 22 TC R SBESEIN BT, TBRATAIBR AR KA Ja X e 28 T 1 B 5 %
i, HIR, A FEE MR AR R R T E S, AR RIEST CRA CRERIER MR J5 1
REEATRWI L CPNL CIEPEMZIR BV Ja 14 REMWIFEN M= 2 AT 4
FUCEREAMFEN . BRI FPRE R AT A SR R A T E R . R
Ja » S dmPFC AT PL T L& XSk A AN [A) S sh Wi 10 22 57t A1 2o 5 R AL RS i

FE W™ 37 S MU S AT D9 2 SR S ShPE 375 Y O3 Bl 2 RS S 1 31
YIRS BIRE ST, LN 3 SR DXE S I TR) (4 1 20 b SOBE T S0 A i) 0 77 S IR R
K. BRAERIBE SO AR YRR I, SR AN S RDA JE 2 B PER I FEAR B IAE 3
iz zh e g, A2 BRI kIR o A D 17 48 1 s/ /I BRAE T 37 v ok [X (1 375 230 I 1)
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(290 it A ¥ SCHRARGE , 2 J5 S R DR G 2 B SR AN JEAE T 3 P9 T 3 AT />
X SR PRI P 92 288]  FEFRATTRA I e SR, A RSN dmPFC B % Ay XU
il dmPFC Py IR 12 Hh [RI AR 22 50 5 AT /N BREEDT 3 TS B I A B, (X — 52
A REFEAS R ] T dmPFC-VIPAG #1838 i (135 3 3 801 - /NBRE CPNL FARJ5
55 14 RAEW W TG B B AR AR SZ B SE I, 150 BHLE NS P I 5 AN 2 DR g 28 T
55/NRAED I A BESN . R, PGB AR 52 B 500 e R I0E dmPFC-VIPAG #1425
BEJE S /NRAEWT A TG S B AR RIS B g . XL IRIROR, dmPRC A
2 701 Re i FOR B HAR A% BTS00 SRR S N BRE B SR . A SCIRTE
dmPFC [ ZUIR fA AT i R B LT AR, T SCIRAR SR 5183 % VAR R M 2 4%
86,1121, i) dmPFC P4t 5-HT2aR HIHE 415 Ketanserin A I & M3 /N BRAED 3 9 1
B RO, S — 7T, dmPFC I& AT TARICAZ A TAR AT 55 25 D) A oclre.98.121
(E-d A T ST IS A AR R R RAG I, FEK 6 /NI IESE 21 RS FIRZHE mPRC A Y
ZAAE Y, BRBRAEY S E2E+FR S NPT SIS REAT NI Z 25

e CELFEN 37 B Bl IR el R R, IR\ v 2o 5 R TORE P PR B8 % A B k] D 1900,
¥ ik hM3Dq HIR BTG 216045 IL £ mPRC J5, HrmtERIEGE mPRC A 4
PRBIEE T IR ER B0 /N BRAED™ 3 P T 20 Sk R A o e X VR 3l ] (2254, 3 Tt
WEFL S FAT S B R AN RS ARATT A 1 /N BRAEW SN 5 2B s sl Bu,  JFik
17500 5 — T 908 FH 638 % 22 0 5 20 S MEOE BLA-mPRC #ZRid s, T3
P AN /N BRAE D™ 37 P AR SR X138 Bl s T R e 48 2K B T8O P9 (R3S sl Ta], i
R S M b TR 1238 R I N BREE T e DX RV B R) A i 22 1R R O
(75 B e R E4O1,

4.3 FRMATE dmMPFC-VIPAG &R ERIEMAIE SR+ FREFHE NRESRD

TEASYEPRET, FGE A% 5 0V E R R 0% dmPFC-VIPAG #HE IR, X/
FE S 8 1R B T TROR IS B TR 23 BT N T IO TR 3 LA B R
BEEVER, RN/ BRAED S N R X g S TR B B 2 LGB AR A . Mot s e+
KB I S T R B IAE T, TR RN R ATEUR S SR . BRI
PR T, dmPFC X8 0 A TR AT P FE RIS G A7 2 P 5ot L S o S IR 1 S ke 52
R, IHEAHS R dmPFC-VIPAG #RZRIEEE AT /3. T/ BRLE M 28T 0K B NI4T A

100



FoFEXFHETFLEAL

LB RER S VIPAG IIHAMIREARSCH) . CAIESE, FRRMEMEGE VIPAG I
VGLUT2 B #h 28 70 B 2 3 1) Fe o B3 P pp 2 e ] 51BN B BRE AT, )
ISP RE S PE RIS IPAG ¥ VGLUT2 BHMEMZ ek T 0l 51 2 B 2 X e 41 e T 5|
NIRRT O, AR R R TR, R RIS IVIPAG NI
VGLUT2 FHMMAE TS5 T/ Rt g & R0, X ke 5 M B
VGLUT2 FHE#REE 70 BT A R BR B LA AT N 20, A T RE 3 1 R e oS
dmPFC-VIPAG #1228 1 ) /N BRAE e 2R 73K 5 A HE N T TSR 37 3 et TR At A 80
PN B A LU AT 2

4.4 dmPFC 51814 EM o T AR 5 FHLH

%t F dmPFC 7E18 1488 f5 1 P4 3 R 22 e AL R i 9t L AN 1438 - mPFC
P kappa BT 73248 (KORD 1T BASR PR 45 AN BLA HE K IR Ay 2 5 i A 2 3 117 40
T H = AR EREAT 9, XU mPFC P9 KOR B9%E R 4547077 nor-BNI 7T 1
NERAED 3 o S X RS B IR, 7 AR B AR FE AR A AR DT (R, P A O 4
L-655,708 #itil] mPFC ¢ oS WAL (¥ GABAAR R X8 R i il 7K Ml e A A 22 47 A
ERRAMARARRAT A= LE PO B HIAR AR F 4. 32 FH I8 A% 2 0 5 s S RS PL NI
P A 22 7 ) 1 — 0 AR VIR 5 5 SR U I 1 (8 A PR BRI, 17 S M Y
UUBR PL N BRI M 22 o0 Ja T = AR B S BURE L, 9F B sl e 2 B 48 i i
I 88T P IR A B A PL S TR AR SR JICVE S CRA SIS MR AN e 2, )
FERDGIB L 5055 e M BOE PL A IS Ay PEHEARAN 22 0 AT AE R VRS CRA Ja 7™ AR
Y 08 FR) SRR A FH O 2 A AF RSL P ER B HIARRRAT O, IR SR MR AR B ARAT A R 5
TSI PL P B B =M 2R (185 5 (cyclin-dependent kinase 5, Cdk5) )7+
YIS, FTHE RNA KX PL Y E CdK5 @Ml G 1T EE CFA LRI 5T 51 18
PEJ AT S PR 25048, (B RIRNIRTT PL &l Wik 2% 8 B A 5 00 S AT 80 1 F AN 2%
RIS S . FDGIR AL S N ERE RS N mPRC [l AR B A% 1 0 s PR B 7T 7
AR, 2R SNI PRI BRI IS O MR AR A, DL R 5%
A AR L A 22 AR SR Y DK LE PR PRI A G 1 S 15 46 1891 O HLiX — B8 /E T 5 mPFC
) AMPA 324K TE5%,  ANBERCH S U7 v BELIKT -

AR I 5 A A% 0 2 B A MU A A AZ IR B X 75 380 1 mPFC [ ThRe N %,
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MTIES T dmPFC-VIPAG [ FATEURAEH » TEREICTT R SR PERAAL b 1 B
MGIURs Z A5 T80 5 mPFC 19 GABAAR [HI#E T2 5 T 18 i Rk A= F1
RIRIN, FEFRABIHLEH, mPFC A& mGIURL XA TIAZ mGIURS (I Hf)
mMGIuRs &t 4% mGIUR1 A1 mGIuRS5) HIM% & T3 | GABAAR HIHEUH A AIH] 1 2%
wVEHEARRR T, HEMSUS T s S SRR A SN T Rel4 . [EREAE SRR A X
ST EE B E K MR T, mPFC Y mGIURL A &7, 11 mGIURS £ik JE W]
BT FET mPFC NI GABA & & Lyt N T /&R & &0, £ BLA
Bk E mPFC P43 53 5 mGIUR1 2% GABAAR [IHF S VEFE U7 ol 77 A= W S5k RO 420
VEF, SRR fi SR R 3 849 51 AL 1) 48 M09, I — L 5 A T 7 b W 5% 38 11
gERFEAFER, 1B MERR dmPFC Y mGIUR1 1 GABAAR HIZRIE _FA#NH] 1 451k
HEAR AR TT R VEHE T T dmPFC-VIPAG #IZE R, 59 1 2@ BRI N AT B 1F
F, [FE dmPFC A HEMHZ TC AN GIE S 5 T 18 MR 5 R 2 =4 . At s
XtF 1 dmPFC 3T bicuculline B /2 LY 367385 1715 I A Mok S (443, ik
Hh o T AN [ P B R R AN R AR R, AT SR A T Sk b R 1 R
bicuculline 0.1 ugl® 7311 LY367385 0.4 nmol6:67861i3k 47 Kt (I BF 5%

ML EPIE TR AT (B 2-27): 55— TS 0T 708 H £ FhE
BENE, BEE—% N EREE (dmPFC-VIPAG-RVM-A4615 /) Top-Down ]
TATHZEMEER (K 2-27A), FE6HIRES OGR4 T A= MR A T IR AN AL
BT, AR T RIMLAE S SO B A T R IER . 55 A UL EE 2 Tl e is L
Rk 28 A 2285 71k, TESE T8 PRI I KB (5 B A N3 dmPFC P FRI0 4 o )
M T HET X dmPFC A 2% i M IR HE AR R 22 T e AR s A, S BT
dmPFC-VIPAG £ I8 % 1) AT AR/ E RS 2K . i dmPFC-VIPAG 14 ii i
MUTER, 25 TR E . RKEREEEIER (B 2-27B. C), HuF ik
25 8P T 7 A B S (R B 2SO8 S S A MR S 1 S RS 2 dmPFC ) GABAAR I
MGIURL FJ G2 5 IR JmiAT AR G 1% 48 I R R 2 o 454 28— 020 I TR 8 20t U AT
S ER A BINLEE AR ST, O dmPRC RIS ISR IR IR R, PO AN A% 2528 HlAL
(R DG A% B 1 s AL RE 2R At . BB RS MR R ORGSR A
R A 3 o B AR B T DGR 1 T T A A% ]
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A B — C

-

Bymis
soH|
(ol

Bl 2-27 dMPFC & 58 T TR KA LE R K E Tl

P A SR R 456 AR EURT BB AT 28 SR T AT IR 435 2% (1) BF 720 ) 1 — 2% Top-Down (1) M 47
WML ER (dMPFC-VIPAG-RVM-SDH). & B. C 1A i kIRF NG Rl J5 1 #h42
GABA &£ 0 I AT i) R J5 A 2 TOit 1, 200 SR BIOREL 108 A N T sl ol 1 FH kiR, 4 2 A8 4 13t
Perr BAMHIIE RS . K VIPAG NI VGLUT2 FHEMZ Jo ] P2 AR W25 1) MATEURAEH, BT itk
% dmPFC-VIPAG #2210, 1EH I dmPFC A I AR 22 TEX dmPFC-VIPAG #1223 I (1 111 4L
55, PAAEW] R AT EURSCR, FEMR MR R dmPFC N R E R eI T KR A AR N,
i3 2L dmPFC-VIPAG i MTHURIE RS S 5 T8RRI A . R B A 45 (R T B o

Normal Pain
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&

APRAUE AL AHLRE AP I T 78 1 dmPFC XA (1 1 A7 R 20 i A

2SS GE S I E 2oy Ll O o 3 28 SV N 1
(1) HESEAF(E dmPFC-VIPAG £ @1, t dmPFC N VGLUTL BH 4 {4 pif

Zeunl LUK I 2 VIPAG JE S5 A 1) VGLUT2 BHPEMIE TG ik R s VIPAG
P RVM B & e K4 & F VGLUT2, 1l 5 RVM i 5-HT BHE#Z o
INENE

(2)  dmPFC W PV B AFHZE TG AT $%5%2 mPFC. ACC. IC 1 CLA %51
2451, PVA. PVP. MD. CL. Rh. VM Al Re % - fii#% 4], BLA LLK M
CRUERLSS, X LR 5 PR 1AL AN R A B AR G

(3) A=A dmPFC B AT XN dmPFC A B 1 R Rh 22 oG, TRl
ULER dMPFC-VIPAG #H i, AT FEAKS4 1 5 ISE RIS e o (RO LB e B A2, 3840
AR WU RO RS, 3 BB LEN S A1 B8 ek B R SR RE S e A 2 10

Az, X%t dmMPRC P I 28 T 0 AT ST AN s BT S 6 1 4

(4)  Petr dmPFC-VIPAG i g il 7 AR AR E H I AT e 18 11 e sh /e
EAE R E ARG 4

(5) 1BMJEE dmPFC N GABAAR i1 mGIuRl 3 i& 1 I i 68 4% 4 il
dmPFC-VIPAG FATHURMIERE, S5 T1BMIMIIRE. KIE K A E 2 1T .

dmPFC [FIi 2 5 TP SV 25 T G, P REAE S “ 18 PR i I M e 27
g G 1 — B . 1S PR AR R A dmPRC N IR HE A 22 T I B OO
dMPFC-VIPAG 125 1 7% {8 W] 0 2% 08 P i R0 70 1 158 4 1 58 LS A ST I A T8

-104 -



FoFEXFHETFLEAL

S0k

[1] Andrade R. Serotonergic regulation of neuronal excitability in the prefrontal cortex.
Neuropharmacology 2011;61(3) :382-386.

[2] Bai L, Wang W, Dong YL, Huang J, Wang XY, Wang LY, Li YQ, Wu SX. Attenuation of mouse
somatic and emotional inflammatory pain by hydralazine through scavenging acrolein
and inhibiting neuronal activation. Pain Physician 2012;15(4) :311-326.

[3] Bair MJ, Robinson RL, Katon W, Kroenke K. Depression and pain comorbidity: a literature
review. Arch Intern Med 2003;163(20) :2433-2445.

[4] Baliki MN, Geha PY, Fields HL, Apkarian AV. Predicting value of pain and analgesia:
nucleus accumbens response to noxious stimuli changes in the presence of chronic
pain. Neuron 2010;66 (1) : 149-160.

[5] Barbas H. Anatomic basis of cognitive—emotional interactions in the primate prefrontal
cortex. Neurosci Biobehav Rev 1995;19(3) :499-510.

[6] Barthas F, Sellmeijer J, Hugel S, Waltisperger E, Barrot M, Yalcin I. The anterior
cingulate cortex is a critical hub for pain—induced depression. Biol Psychiatry
2015;77(3) :236-245.

[7] Basbaum AI, Bautista DM, Scherrer G, Julius D. Cellular and molecular mechanisms of
pain. Cell 2009;139(2) :267-284.

[8] Beitz AJ. The organization of afferent projections to the midbrain periaqueductal gray
of the rat. Neuroscience 1982;7(1):133-159.

[9] Benedetti F, Mayberg HS, Wager TD, Stohler CS, Zubieta JK. Neurobiological mechanisms
of the placebo effect. J Neurosci 2005;:25(45) :10390-10402.

[10] Bingel U, Tracey I, Wiech K. Neuroimaging as a tool to investigate how cognitive factors
influence analgesic drug outcomes. Neurosci Lett 2012:520(2) :149-155.

[11] Bingel U, Wanigasekera V, Wiech K, Ni Mhuircheartaigh R, Lee MC, Ploner M, Tracey I.
The effect of treatment expectation on drug efficacy: imaging the analgesic benefit
of the opioid remifentanil. Sci Transl Med 2011;3(70) :70ral4.

[12] Bliss TV, Collingridge GL, Kaang BK, Zhuo M. Synaptic plasticity in the anterior
cingulate cortex in acute and chronic pain. Nat Rev Neurosci 2016;17(8) :485-496.

[13] Bravo—Rivera C, Diehl MM, Roman-Ortiz C, Rodriguez—Romaguera J, Rosas—Vidal LE,
Bravo—Rivera H, Quinones-Laracuente K, Do—Monte FH. Long-range GABAergic neurons
in the prefrontal cortex modulate behavior. J Neurophysiol 2015;114(3) :1357-1359.

[14] Brevet—Aeby C, Brunelin J, Iceta S, Padovan C, Poulet E. Prefrontal cortex and
impulsivity: Interest of noninvasive brain stimulation. Neurosci Biobehav Rev
2016;71:112-134.

[15] Brooks JC, Davies WE, Pickering AE. Resolving the Brainstem Contributions to
Attentional Analgesia. J Neurosci 2017;37(9):2279-2291.

[16] Buchanan SL, Thompson RH, Maxwell BL, Powell DA. Efferent connections of the medial

-105 -



FoFEXFHETFLEAL

prefrontal cortex in the rabbit. Exp Brain Res 1994:100(3) :469-483.

[17] Buchta WC, Mahler SV, Harlan B, Aston—Jones GS, Riegel AC. Dopamine terminals from
the ventral tegmental area gate intrinsic inhibition in the prefrontal cortex.
Physiol Rep 2017;5(6).

[18] Bushnell MC, Ceko M, Low LA. Cognitive and emotional control of pain and its disruption
in chronic pain. Nat Rev Neurosci 2013;14(7):502-511.

[19] Calejesan AA, Kim SJ, Zhuo M. Descending facilitatory modulation of a behavioral
nociceptive response by stimulation in the adult rat anterior cingulate cortex.
European journal of pain 2000:4(1) :83-96.

[20] Cao X, Mercaldo V, Li P, Wu L], Zhuo M. Facilitation of the inhibitory transmission
by gastrin-releasing peptide in the anterior cingulate cortex. Molecular pain
2010;6:52.

[21] Carreno FR, Donegan JJ, Boley AM, Shah A, DeGuzman M, Frazer A, Lodge DJ. Activation
of a ventral hippocampus—medial prefrontal cortex pathway is both necessary and
sufficient for an antidepressant response to ketamine. Molecular psychiatry
2016;21(9) :1298-1308.

[22] Challis C, Beck SG, Berton 0. Optogenetic modulation of descending prefrontocortical
inputs to the dorsal raphe bidirectionally bias socioaffective choices after social
defeat. Front Behav Neurosci 2014;8:43.

[23] Chang PC, Centeno MV, Procissi D, Baria A, Apkarian AV. Brain activity for tactile
allodynia: a longitudinal awake rat functional magnetic resonance imaging study
tracking emergence of neuropathic pain. Pain 2017;158(3) :488-497.

[24] Chen T, Hui R, Wang XL, Zhang T, Dong YX, Li YQ. Origins of endomorphin—immunoreactive
fibers and terminals in different columns of the periaqueductal gray in the rat.
J Comp Neurol 2008:;509(1) :72-87.

[25] Chen T, Koga K, Descalzi G, Qiu S, Wang J, Zhang LS, Zhang ZJ, He XB, Qin X, Xu FQ,
Hu J, Wei F, Huganir RL, Li YQ, Zhuo M. Postsynaptic potentiation of corticospinal
projecting neurons in the anterior cingulate cortex after nerve injury. Molecular
pain 2014;10:33.

[26] Chen T, Li J, Feng B, Hui R, Dong YL, Huo FQ, Zhang T, Yin JB, Du JQ, Li YQ. Mechanism
Underlying the Analgesic Effect Exerted by Endomorphin—1 in the rat Ventrolateral
Periaqueductal Gray. Mol Neurobiol 2016;53(3) :2036—2053.

[27] Chen T, Wang W, Dong YL, Zhang MM, Wang J, Koga K, Liao YH, Li JL, Budisantoso T, Shigemoto
R, Itakura M, Huganir RL, Li YQ, Zhuo M. Postsynaptic insertion of AMPA receptor
onto cortical pyramidal neurons in the anterior cingulate cortex after peripheral
nerve injury. Mol Brain 2014:7:76.

[28] Chen T, Wang XL, Qu J, Wang W, Zhang T, Yanagawa Y, Wu SX, Li YQ. Neurokinin-1
receptor—-expressing neurons that contain serotonin and gamma—aminobutyric acid in
the rat rostroventromedial medulla are involved in pain processing. J Pain
2013;14(8) :778-792.

[29] Cheriyan J, Kaushik MK, Ferreira AN, Sheets PL. Specific Targeting of the Basolateral
Amygdala to Projectionally Defined Pyramidal Neurons in Prelimbic and Infralimbic
Cortex. eNeuro 2016;3(2).

- 106 -



FoFEXFHETFLEAL

[30] Chiba T, Kayahara T, Nakano K. Efferent projections of infralimbic and prelimbic areas
of the medial prefrontal cortex in the Japanese monkey, Macaca fuscata. Brain Res
2001;888(1) :83-101.

[31] Conde F, Maire-Lepoivre E, Audinat E, Crepel F. Afferent connections of the medial
frontal cortex of the rat. II. Cortical and subcortical afferents. J Comp Neurol
1995; 352 (4) :567-593.

[32] Courtin J, Chaudun F, Rozeske RR, Karalis N, Gonzalez—Campo C, Wurtz H, Abdi A, Baufreton
J, Bienvenu TC, Herry C. Prefrontal parvalbumin interneurons shape neuronal activity
to drive fear expression. Nature 2014:505(7481) :92-96.

[33] Czajkowski R. [Nucleotide receptors in learning and neuronal plasticity]. Postepy
Biochem 2014;60 (4) :506-513.

[34] Doleys DM. How neuroimaging studies have challenged us to rethink: is chronic pain
a disease? J Pain 2010;11 (4) :399-400.

[35] Dong YL, Wang W, Li H, Li ZH, Zhang FX, Zhang T, Lu YC, Li JL, Wu SX, Li YQ. Neurochemical
properties of the synapses in the pathways of orofacial nociceptive reflexes. PloS
one 2012;7(3) :e34435.

[36] Doyle HH, Eidson LN, Sinkiewicz DM, Murphy AZ. Sex Differences in Microglia Activity
within the Periaqueductal Gray of the Rat: A Potential Mechanism Driving the
Dimorphic Effects of Morphine. J Neurosci 2017;37(12):3202-3214.

[37] Eippert F, Bingel U, Schoell ED, Yacubian J, Klinger R, Lorenz J, Buchel C. Activation
of the opioidergic descending pain control system underlies placebo analgesia.
Neuron 2009;63(4) :533-543.

[38] Eliava M, Melchior M, Knobloch-Bollmann HS, Wahis J, da Silva Gouveia M, Tang Y, Ciobanu
AC, Triana del Rio R, Roth LC, Althammer F, Chavant V, Goumon Y, Gruber T,
Petit-Demouliere N, Busnelli M, Chini B, Tan LL, Mitre M, Froemke RC, Chao MV, Giese
G, Sprengel R, Kuner R, Poisbeau P, Seeburg PH, Stoop R, Charlet A, Grinevich V.
A New Population of Parvocellular Oxytocin Neurons Controlling Magnocellular Neuron
Activity and Inflammatory Pain Processing. Neuron 2016;89(6) :1291-1304.

[39] Farahmandfar M, Akbarabadi A, Bakhtazad A, Zarrindast MR. Recovery from
ketamine—-induced amnesia by blockade of GABA-A receptor in the medial prefrontal
cortex of mice. Neuroscience 2017;344:48-55.

[40] Felix-Ortiz AC, Burgos—Robles A, Bhagat ND, Leppla CA, Tye KM. Bidirectional modulation
of anxiety-related and social behaviors by amygdala projections to the medial
prefrontal cortex. Neuroscience 2016;321:197-209.

[41] Fields H. State—dependent opioid control of pain. Nat Rev Neurosci 2004;5(7) :565-575.

[42] Fietta P, Manganelli P. Fibromyalgia and psychiatric disorders. Acta Biomed
2007;78(2) :88-95.

[43] Fillinger C, Yalcin I, Barrot M, Veinante P. Afferents to anterior cingulate areas
24a and 24b and midcingulate areas 24a’ and 24b’ in the mouse. Brain structure &
function 2017;222(3) :1509-1532.

[44] Fischell J, Van Dyke AM, Kvarta MD, LeGates TA, Thompson SM. Rapid Antidepressant Action
and Restoration of Excitatory Synaptic Strength After Chronic Stress by Negative
Modulators of Alphab—Containing GABAA Receptors. Neuropsychopharmacology

-107 -



FoFEXFHETFLEAL

2015;40(11) : 2499-2509.

[45] Floyd NS, Price JL, Ferry AT, Keay KA, Bandler R. Orbitomedial prefrontal cortical
projections to distinct longitudinal columns of the periaqueductal gray in the rat.
J Comp Neurol 2000;422(4) :556-578.

[46] Francois A, Low SA, Sypek EI, Christensen AJ, Sotoudeh C, Beier KT, Ramakrishnan C,
Ritola KD, Sharif-Naeini R, Deisseroth K, Delp SL, Malenka RC, Luo L, Hantman AW,
Scherrer G. A Brainstem-Spinal Cord Inhibitory Circuit for Mechanical Pain
Modulation by GABA and Enkephalins. Neuron 2017:93(4) :822-839 e826.

[47] Franssen RA, Rzucidlo AM, Franssen CL, Hampton JE, Benkovic SA, Jr., Bardi M, Kinsley
CH, Lambert KG. Reproductive experience facilitates recovery from kainic
acid-induced neural insult in female Long-Evans rats. Brain Res 2012;1454:80-89.

[48] Funahashi S. Working Memory in the Prefrontal Cortex. Brain Sci 2017:7(5).

[49] Ge SN, Li ZH, Tang J, Ma Y, Hioki H, Zhang T, Lu YC, Zhang FX, Mizuno N, Kaneko T,
Liu YY, Lung MS, Gao GD, Li JL. Differential expression of VGLUT1 or VGLUTZ2 in the
trigeminothalamic or trigeminocerebellar projection neurons in the rat. Brain
structure & function 2014;219(1):211-229.

[50] Geng KW, He T, Wang RR, Li CL, Luo WJ, Wu FF, Wang Y, Li Z, Lu YF, Guan SM, Chen J.
Ethanol Increases Mechanical Pain Sensitivity in Rats via Activation of GABAA
Receptors in Medial Prefrontal Cortex. Neurosci Bull 2016;32(5) :433-444.

[561] George 0, Koob GF. Individual differences in prefrontal cortex function and the
transition from drug wuse to drug dependence. Neurosci Biobehav Rev
2010;35(2) :232-247.

[52] Gold MS, Gebhart GF. Nociceptor sensitization in pain pathogenesis. Nat Med
2010;16(11) : 1248-1257.

[563] GuM, Miyoshi K, Dubner R, Guo W, Zou S, Ren K, Noguchi K, Wei F. Spinal 5-HT (3) receptor
activation induces behavioral hypersensitivity via a neuronal-glial-neuronal
signaling cascade. J Neurosci 2011;31(36) :12823-12836.

[54] Guo W, Robbins MT, Wei F, Zou S, Dubner R, Ren K. Supraspinal brain—derived neurotrophic
factor signaling: a novel mechanism for descending pain facilitation. J Neurosci
200626 (1) : 126-137.

[55] Haanpaa M, Attal N, Backonja M, Baron R, Bennett M, Bouhassira D, Cruccu G, Hansson
P, Haythornthwaite JA, Iannetti GD, Jensen TS, Kauppila T, Nurmikko TJ, Rice AS,
Rowbotham M, Serra J, Sommer C, Smith BH, Treede RD. NeuPSIG guidelines on neuropathic
pain assessment. Pain 2011;152(1):14-27.

[56] Han JS, Neugebauer V. mGluR1 and mGluR5 antagonists in the amygdala inhibit different
components of audible and ultrasonic vocalizations in a model of arthritic pain.
Pain 2005;113(1-2) :211-222.

[67] Han W, Tellez LA, Rangel MJ, Jr., Motta SC, Zhang X, Perez I0, Canteras NS,
Shammah-Lagnado SJ, van den Pol AN, de Araujo IE. Integrated Control of Predatory
Hunting by the Central Nucleus of the Amygdala. Cell 2017;168(1-2):311-324 e318.

[58] Hardung S, Epple R, Jackel Z, Eriksson D, Uran C, Senn V, Gibor L, Yizhar 0, Diester
I. A Functional Gradient in the Rodent Prefrontal Cortex Supports Behavioral
Inhibition. Curr Biol 2017;27(4) :549-555.

-108 -



FoFEXFHETFLEAL

[59] Hardy SG. Analgesia elicited by prefrontal stimulation. Brain Res 1985;339 (2) :281-284.

[60] Hardy SG, Haigler HJ. Prefrontal influences upon the midbrain: a possible route for
pain modulation. Brain Res 1985;339(2) :285-293.

[61] Hervig ME, Jensen NC, Rasmussen NB, Rydbirk R, Olesen MV, Hay-Schmidt A, Pakkenberg
B, Aznar S. Involvement of serotonin 2A receptor activation in modulating medial
prefrontal cortex and amygdala neuronal activation during novelty—exposure. Behav
Brain Res;326:1-12.

[62] Higo S, Akashi K, Sakimura K, Tamamaki N. Subtypes of GABAergic neurons project axons
in the neocortex. Front Neuroanat 2009;3:25.

[63] Hoover WB, Vertes RP. Anatomical analysis of afferent projections to the medial
prefrontal cortex in the rat. Brain structure & function 2007:;212(2) :149-179.

[64] Huo FQ, Chen T, Lv BC, Wang J, Zhang T, Qu CL, Li YQ, Tang JS. Synaptic connections
between GABAergic elements and serotonergic terminals or projecting neurons in the
ventrolateral orbital cortex. Cereb Cortex 2009;19(6) :1263-1272.

[656] Huo FQ, Qu CL, Li YQ, Tang JS, Jia H. GABAergic modulation is involved in the
ventrolateral orbital cortex 5-HT 1A receptor activation—induced antinociception
in the rat. Pain 2008;139(2) :398-405.

[66] Ishikawa A, Ambroggi F, Nicola SM, Fields HL. Dorsomedial prefrontal cortex
contribution to behavioral and nucleus accumbens neuronal responses to incentive
cues. J Neurosci 2008;28(19) : 5088-5098.

[67] Ji G, Neugebauer V. Pain-related deactivation of medial prefrontal cortical neurons
involves mGluR1 and GABA(A) receptors. J Neurophysiol 2011;106(5) :2642-2652.

[68] J1 G, SunH, FuY, Li Z, Pais—Vieira M, Galhardo V, Neugebauer V. Cognitive impairment
in pain through amygdala-driven prefrontal cortical deactivation. J Neurosci
2010;30(15) : 5451-5464.

[69] Johannes CB, Le TK, Zhou X, Johnston JA, Dworkin RH. The prevalence of chronic pain
in United States adults: results of an Internet-based survey. J Pain
2010;11(11) : 1230-1239.

[70] Jurik A, AuffenbergE, Klein S, Deussing JM, Schmid RM, Wotjak CT, Thoeringer CK. Roles
of prefrontal cortex and paraventricular thalamus in affective and mechanical
components of visceral nociception. Pain 2015;156(12) :2479-2491.

[71] Kalyuzhny AE, Wessendorf MW. Relationship of mu— and delta—opioid receptors to
GABAergic neurons in the central nervous system, including antinociceptive brainstem
circuits. J Comp Neurol 1998;392(4) :528-547.

[72] Kang SJ, Kwak C, Lee J, Sim SE, Shim J, Choi T, Collingridge GL, Zhuo M, Kaang BK.
Bidirectional modulation of hyperalgesia via the specific control of excitatory and
inhibitory neuronal activity in the ACC. Mol Brain 2015;8(1) :81.

[73] Kaushal R, Taylor BK, Jamal AB, Zhang L, Ma F, Donahue R, Westlund KN. GABA-A receptor
activity in the noradrenergic locus coeruleus drives trigeminal neuropathic pain
in the rat; contribution of NAalphal receptors in the medial prefrontal cortex.
Neuroscience 2016;334:148-159.

[74] Kim D, Jeong H, Lee J, Ghim JW, Her ES, Lee SH, Jung MW. Distinct Roles of Parvalbumin-—

and Somatostatin-Expressing Interneurons in  Working  Memory. Neuron

-109 -



FoFEXFHETFLEAL

2016;92(4) :902-915.

[75] Kim YS, Chu Y, Han L, Li M, Li Z, Lavinka PC, Sun S, Tang Z, Park K, Caterina MJ, Ren
K, Dubner R, Wei F, Dong X. Central terminal sensitization of TRPV1 by descending
serotonergic facilitation modulates chronic pain. Neuron 2014;81 (4) :873-887.

[76] Klavir 0, Prigge M, Sarel A, Paz R, Yizhar 0. Manipulating fear associations via
optogenetic modulation of amygdala inputs to prefrontal cortex. Nat Neurosci
2017 ;Mar 13.

[77] Koban L, Kross E, Woo CW, Ruzic L, Wager TD. Frontal-Brainstem Pathways Mediating
Placebo Effects on Social Rejection. J Neurosci 2017:;37(13):3621-3631.

[78] Koga K, Descalzi G, Chen T, Ko HG, Lu J, Li S, Son J, Kim T, Kwak C, Huganir RL, Zhao
MG, Kaang BK, Collingridge GL, Zhuo M. Coexistence of two forms of LTP in ACC provides
a synaptic mechanism for the interactions between anxiety and chronic pain. Neuron
2015;85(2) :377-389.

[79] Kvitsiani D, Ranade S, Hangya B, Taniguchi H, Huang JZ, Kepecs A. Distinct behavioural
and network correlates of two interneuron types in prefrontal cortex. Nature
2013;498 (7454) : 363-366.

[80] Lazarus MS, Krishnan K, Huang ZJ. GAD67 deficiency in parvalbumin interneurons produces
deficits in inhibitory transmission and network disinhibition in mouse prefrontal
cortex. Cereb Cortex 2015;25(5) :1290-1296.

[81] Lee AT, Vogt D, Rubenstein JL, Sohal VS. A class of GABAergic neurons in the prefrontal
cortex sends long-range projections to the nucleus accumbens and elicits acute
avoidance behavior. J Neurosci 2014;34(35):11519-11525.

[82] Lee D, Rushworth MF, Walton ME, Watanabe M, Sakagami M. Functional specialization of
the primate frontal cortex during decision making. J Neurosci 2007;27(31) :8170-8173.

[83] Lee M, Manders TR, Eberle SE, Su C, D’ Amour J, Yang R, Lin HY, Deisseroth K, Froemke
RC, Wang J. Activation of corticostriatal circuitry relieves chronic neuropathic
pain. J Neurosci 2015;35(13) :5247-5259.

[84] Li C, Sugam JA, Lowery-Gionta EG, McElligott ZA, McCall NM, Lopez AJ, McKlveen JM,
Pleil KE, Kash TL. Mu Opioid Receptor Modulation of Dopamine Neurons in the
Periaqueductal Gray/Dorsal Raphe: A  Role in Regulation of Pain.
Neuropsychopharmacology 2016;41(8) :2122-2132.

[85] Li G, Shao C, Chen Q, Wang Q, Yang K. Accumulated GABA activates presynaptic GABAB
receptors and inhibits both excitatory and inhibitory synaptic transmission in rat
midbrain periaqueductal gray. Neuroreport 2017;28(6):313-318.

[86] Li W, Neugebauer V. Differential roles of mGluRl and mGluR5 in brief and prolonged
nociceptive processing in central amygdala neurons. J Neurophysiol
2004;91 (1) :13-24.

[87] Li YQ, Takada M, Mizuno N. Demonstration of habenular neurons which receive afferent
fibers from the nucleus accumbens and send their axons to the midbrain periaqueductal
gray. Neurosci Lett 1993;158(1) :55-58.

[88] Li Z, Liu M, Lan L, Zeng F, Makris N, Liang Y, Guo T, Wu F, Gao Y, Dong M, Yang J,
Li Y, Gong Q, Liang F, Kong J. Altered periaqueductal gray resting state functional

connectivity in migraine and the modulation effect of treatment. Sci Rep

-110 -



FoFEXFHETFLEAL

2016;6:20298.

[89] Linnman C, Moulton EA, Barmettler G, Becerra L, Borsook D. Neuroimaging of the
periaqueductal gray: state of the field. Neuroimage;60 (1) :505-522.

[90] Liu L, Zhou X, Zhang Y, Liu Y, Yang L, Pu J, Zhu D, Zhou C, Xie P. The identification
of metabolic disturbances in the prefrontal cortex of the chronic restraint stress
rat model of depression. Behav Brain Res;305:148-156.

[91] Liu SB, Tian Z, Guo YY, Zhang N, Feng B, Zhao MG. Activation of GPR30 attenuates chronic
pain—-related anxiety in ovariectomized mice. Psychoneuroendocrinology
2015;53:94-107.

[92] Liu SB, Zhao R, Li XS, Guo HJ, Tian Z, Zhang N, Gao GD, Zhao MG. Attenuation of
reserpine—induced pain/depression dyad by gentiopicroside through downregulation
of GluN2B receptors in the amygdala of mice. Neuromolecular Med 2014;16(2) : 350-359.

[93] Liu W, Ge T, Leng Y, Pan Z, Fan J, Yang W, Cui R. The Role of Neural Plasticity in
Depression: From Hippocampus to Prefrontal Cortex. Neural Plast 2017;2017:6871089.

[94] Liu Z, Wang Y, Cai L, Li Y, Chen B, Dong Y, Huang YH. Prefrontal Cortex to Accumbens
Projections in Sleep Regulation of Reward. J Neurosci 2016:36(30) :7897-7910.

[95] Llorca-Torralba M, Borges G, NetoF, Mico JA, Berrocoso E. Noradrenergic Locus Coeruleus
pathways in pain modulation. Neuroscience 2016;338:93-113.

[96] Luongo L, de Novellis V, Gatta L, Palazzo E, Vita D, Guida F, Giordano C, Siniscalco
D, Marabese I, De Chiaro M, Boccella S, Rossi F, Maione S. Role of metabotropic
glutamate receptor 1 in the basolateral amygdala—-driven prefrontal cortical
deactivation in inflammatory pain in the rat. Neuropharmacology 2013;66:317-329.

[97] Madasu MK, Okine BN, Olango WM, Rea K, Lenihan R, Roche M, Finn DP. Genotype—dependent
responsivity to inflammatory pain: A role for TRPV1 in the periaqueductal grey.
Pharmacol Res 2016;113 (Pt A) :44-54.

[98] Mathis V, Barbelivien A, Majchrzak M, Mathis C, Cassel JC, Lecourtier L. The Lateral
Habenula as a Relay of Cortical Information to Process Working Memory. Cereb Cortex
2016:1-11.

[99] Matsuo Y, Kurata J, Sekiguchi M, Yoshida K, Nikaido T, Konno SI. Attenuation of cortical
activity triggering descending pain inhibition in chronic low back pain patients:
a functional magnetic resonance imaging study. Journal of anesthesia 2017.

[100] McGarry LM, Carter AG. Inhibitory Gating of Basolateral Amygdala Inputs to the
Prefrontal Cortex. J Neurosci 2016;36 (36) :9391-9406.

[101] Mehalick ML, Ingram SL, Aicher SA, Morgan MM. Chronic inflammatory pain prevents
tolerance to the antinociceptive effect of morphine microinjected into the
ventrolateral periaqueductal gray of the rat. J Pain 2013;14(12):1601-1610.

[102] Meller ST, Dennis BJ. Afferent projections to the periaqueductal gray in the rabbit.
Neuroscience 1986;19(3) :927-964.

[103] Metz AE, Yau HJ, Centeno MV, Apkarian AV, Martina M. Morphological and functional
reorganization of rat medial prefrontal cortex in neuropathic pain. Proc Natl Acad
Sci U S A 2009;106(7) :2423-2428.

[104] Millan MJ. Descending control of pain. Prog Neurobiol 2002;66 (6) : 355—474.

[105] Miranda—Paez A, Zamudio S, Vazquez-Leon P, Campos—Rodriguez C, Ramirez—San Juan E.

-111 -



FoFEXFHETFLEAL

Involvement of opioid and GABA systems in the ventrolateral periaqueductal gray on
analgesia associated with tonic immobility. Pharmacology, biochemistry, and
behavior 2016;142:72-78.

[106] Morgan MM, Whittier KL, Hegarty DM, Aicher SA. Periaqueductal gray neurons project
to spinally projecting GABAergic neurons in the rostral ventromedial medulla. Pain
2008;140(2) : 376-386.

[107] Mountney C, Anisman H, Merali Z. In vivo levels of corticotropin-releasing hormone
and gastrin-releasing peptide at the basolateral amygdala and medial prefrontal
cortex in response to conditioned fear in the rat. Neuropharmacology
2011;60(2-3) : 410-417.

[108] Narayanan NS, Laubach M. Inhibitory Control: Mapping Medial Frontal Cortex. Curr Biol
2017;27 (4) :R148-R150.

[109] Navratilova E, Porreca F. Reward and motivation in pain and pain relief. Nat Neurosci
2014;17(10) : 1304-1312.

[110] Oka T, Yokota S, Tsumori T, Niu JG, Yasui Y. Glutamatergic neurons in the lateral
periaqueductal gray innervate neurokinin-1 receptor—expressing neurons in the
ventrolateral medulla of the rat. Neuroscience research;74(2):106-115.

[111] Okubo M, Castro A, Guo W, Zou S, Ren K, Wei F, Keller A, Dubner R. Transition to
persistent orofacial pain after nerve injury involves supraspinal serotonin
mechanisms. J Neurosci 2013;33(12) :5152-5161.

[112] Otis JM, Namboodiri VM, Matan AM, Voets ES, Mohorn EP, Kosyk O, McHenry JA, Robinson
JE, Resendez SL, Rossi MA, Stuber GD. Prefrontal cortex output circuits guide reward
seeking through divergent cue encoding. Nature 2017;543(7643) :103-107.

[113] Padilla—Coreano N, Bolkan SS, Pierce GM, Blackman DR, Hardin WD, Garcia-Garcia AL,
Spellman TJ, Gordon JA. Direct Ventral Hippocampal-Prefrontal Input Is Required for
Anxiety-Related Neural Activity and Behavior. Neuron 2016:;89(4) :857-866.

[114] Pankratov Y, Lalo U, Krishtal OA, Verkhratsky A. P2X receptors and synaptic plasticity.
Neuroscience 2009;158(1) :137-148.

[115] Penzo MA, Robert V, Li B. Fear conditioning potentiates synaptic transmission onto
long-range projection neurons in the lateral subdivision of central amygdala. J
Neurosci ;34 (7) :2432-24317.

[116] Peters J, Kalivas PW, Quirk GJ. Extinction circuits for fear and addiction overlap
in prefrontal cortex. Learn Mem 2009;16 (5) : 279-288.

[117] Pi HJ, Hangya B, Kvitsiani D, Sanders JI, Huang ZJ, Kepecs A. Cortical interneurons
that specialize in disinhibitory control. Nature 2013;503(7477) :521-524.

[118] Qi J, Chen C, Lu YC, Zhang T, Xu H, Cui YY, Chen YZ, Wang W, Dong YL, Li YQ. Activation
of extracellular signal-regulated kinasel/2 in the medial prefrontal cortex
contributes to stress—induced hyperalgesia. Mol Neurobiol 2014:50(3):1013-1023.

[119] Qu C, King T, Okun A, Lai J, Fields HL, Porreca F. Lesion of the rostral anterior
cingulate cortex eliminates the aversiveness of spontaneous neuropathic pain
following partial or complete axotomy. Pain 2011;152(7) :1641-1648.

[120] Qu CL, Huo FQ, Huang FS, Li YQ, Tang JS, Jia H. The role of 5-HT receptor subtypes

in the ventrolateral orbital cortex of 5-HT-induced antinociception in the rat.

-112 -



FoFEXFHETFLEAL

Neuroscience 2008;152(2) :487-494.

[121] Radzicki D, Pollema—Mays SL, Sanz—Clemente A, Martina M. Loss of M1 Receptor Dependent
Cholinergic Excitation Contributes to mPFC Deactivation in Neuropathic Pain. J
Neurosci 2017;37(9) :2292-2304.

[122] Robbins TW. From arousal to cognition: the integrative position of the prefrontal
cortex. Prog Brain Res 2000;126:469-483.

[123] Room P, Russchen FT, Groenewegen HJ, Lohman AH. Efferent connections of the prelimbic
(area 32) and the infralimbic (area 25) cortices: an anterograde tracing study in
the cat. J Comp Neurol 1985:242(1) :40-55.

[124] Rudy B, Fishell G, Lee S, Hjerling-Leffler J. Three groups of interneurons account
for nearly 100% of neocortical GABAergic neurons. Dev Neurobiol 2011;71(1) :45-61.

[125] Rushworth MF, Noonan MP, Boorman ED, Walton ME, Behrens TE. Frontal cortex and
reward—guided learning and decision—making. Neuron 2011;70(6) :1054-1069.

[126] Samineni VK, Grajales—Reyes JG, Copits BA, O’ Brien DE, Trigg SL, Gomez AM, Bruchas
MR, Gereau RWt. Divergent Modulation of Nociception by Glutamatergic and GABAergic
Neuronal Subpopulations in the Periaqueductal Gray. eNeuro 2017:;4(2).

[127] Samineni VK, Premkumar LS, Faingold CL. Neuropathic pain induced enhancement of
spontaneous and pain evoked neuronal activity in the periaqueductal gray that is
attenuated by gabapentin. Pain 2017;Mar 21.

[128] Seamans JK, Lapish CC, Durstewitz D. Comparing the prefrontal cortex of rats and
primates: insights from electrophysiology. Neurotoxicity research
2008;14 (2-3) :249-262.

[129] Seo DO, Funderburk SC, Bhatti DL, Motard LE, Newbold D, Girven KS, McCall JG, Krashes
M, Sparta DR, Bruchas MR. A GABAergic Projection from the Centromedial Nuclei of
the Amygdala to Ventromedial Prefrontal Cortex Modulates Reward Behavior. J Neurosci
2016;36(42) :10831-10842.

[130] Sesack SR, Deutch AY, Roth RH, Bunney BS. Topographical organization of the efferent
projections of the medial prefrontal cortex in the rat: an anterograde tract—tracing
study with Phaseolus vulgaris leucoagglutinin. J Comp Neurol 1989:290 (2) :213-242.

[131] Sevel LS, Craggs JG, Price DD, Staud R, Robinson ME. Placebo analgesia enhances
descending pain—related effective connectivity: a dynamic causal modeling study of
endogenous pain modulation. J Pain 2015;16(8) : 760-768.

[132] Spellman T, Rigotti M, Ahmari SE, Fusi S, Gogos JA, Gordon JA. Hippocampal-prefrontal
input supports spatial encoding in working memory. Nature 2015;522(7556) :309-314.

[133] Stefanik MT, Kupchik YM, Kalivas PW. Optogenetic inhibition of cortical afferents
in the nucleus accumbens simultaneously prevents cue-induced transient synaptic
potentiation and cocaine—-seeking behavior. Brain structure &
function;221(3) : 1681-1689.

[134] Sun H, Neugebauer V. mGluRl, but not mGluR5, activates feed—forward inhibition in
the medial prefrontal cortex to impair decision making. J Neurophysiol
2011;106(2) :960-973.

[135] T. M. Preuss JHK. Human brain evolution. In: FEBM. J. Zigmond, S.C. Landis, J.L. Roberts,

L.R. Squire, editor. Fundamental of neuroscience. San Diego, CA: Academic Press,

-113 -



FoFEXFHETFLEAL

1999. pp. 1283-1311.

[136] Tang JS, Qu CL, Huo FQ. The thalamic nucleus submedius and ventrolateral orbital cortex
are involved in nociceptive modulation: a novel pain modulation pathway. Prog
Neurobiol 2009;89(4) : 383-389.

[137] Tejeda HA, Hanks AN, Scott L, Mejias—Aponte C, Hughes ZA, O’ Donnell P. Prefrontal
Cortical Kappa Opioid Receptors Attenuate Responses to Amygdala Inputs.
Neuropsychopharmacology 2015;40(13) :2856-2864.

[138] Thongrong S, Hausott B, Marvaldi L, Agostinho AS, Zangrandi L, Burtscher J, Fogli
B, Schwarzer C, Klimaschewski L. Sprouty2 and -4 hypomorphism promotes neuronal
survival and astrocytosis in a mouse model of kainic acid induced neuronal damage.
Hippocampus 2016;26 (5) :658-667.

[139] Tian MK, Schmidt EF, Lambe EK. Serotonergic Suppression of Mouse Prefrontal Circuits
Implicated in Task Attention. eNeuro 2016;3(5).

[140] Tovote P, Esposito MS, Botta P, Chaudun F, Fadok JP, Markovic M, Wolff SB, Ramakrishnan
C, Fenno L, Deisseroth K, Herry C, Arber S, Luthi A. Midbrain circuits for defensive
behaviour. Nature 2016;534 (7606) : 206-212.

[141] Uylings HB, Groenewegen HJ, Kolb B. Do rats have a prefrontal cortex? Behavioural
brain research 2003;146(1-2) :3-17.

[142] Vadakkan KI, Jia YH, Zhuo M. A behavioral model of neuropathic pain induced by ligation
of the common peroneal nerve in mice. J Pain 2005;6(11) : 747-756.

[143] Van De Werd HJ, Rajkowska G, Evers P, Uylings HB. Cytoarchitectonic and
chemoarchitectonic characterization of the prefrontal cortical areas in the mouse.
Brain structure & function 2010;214(4) :339-353.

[144] Van De Werd HJ, Uylings HB. Comparison of (stereotactic) parcellations in mouse
prefrontal cortex. Brain structure & function 2014:;219(2) :433-459.

[145] Villemure C, Bushnell MC. Mood influences supraspinal pain processing separately from
attention. J Neurosci 2009:29(3):705-715.

[146] Wager TD, Atlas LY. The neuroscience of placebo effects: connecting context, learning
and health. Nat Rev Neurosci 2015;16(7) :403-418.

[147] Walls AB, Nilsen LH, Eyjolfsson EM, Vestergaard HT, Hansen SL, Schousboe A, Sonnewald
U, Waagepetersen HS. GAD65 is essential for synthesis of GABA destined for tonic
inhibition regulating epileptiform activity. J Neurochem 2010:;115(6) :1398-1408.

[148] Wang GQ, Cen C, Li C, Cao S, Wang N, Zhou Z, Liu XM, Xu Y, Tian NX, Zhang Y, Wang
J, Wang LP, Wang Y. Deactivation of excitatory neurons in the prelimbic cortex via
Cdkb promotes pain sensation and anxiety. Nat Commun 2015;6:7660.

[149] Wang J, Feng DY, Li ZH, Feng B, Zhang H, Zhang T, Chen T, Li YQ. Activation of the
Mammalian Target of Rapamycin in the Rostral Ventromedial Medulla Contributes to
the Maintenance of Nerve Injury-Induced Neuropathic Pain in Rat. Neural Plast
2015;2015:394820.

[150] Wang J, Li ZH, Feng B, Zhang T, Zhang H, Li H, Chen T, Cui J, Zang WD, Li YQ.
Corticotrigeminal Projections from the Insular Cortex to the Trigeminal Caudal
Subnucleus Regulate Orofacial Pain after Nerve Injury via Extracellular

Signal-Regulated Kinase Activation in Insular Cortex Neurons. Front Cell Neurosci

-114 -



FoFEXFHETFLEAL

2015;9:493.

[1561] Wang J, Zhang H, Feng YP, Meng H, Wu LP, Wang W, Li H, Zhang T, Zhang JS, Li YQ.
Morphological evidence for a neurotensinergic periaqueductal gray-rostral
ventromedial medulla-spinal dorsal horn descending pathway in rat. Front Neuroanat
2014;8:112.

[152] Wang J, Zhang X, Cao B, Liu J, Li Y. Facilitation of synaptic transmission in the
anterior cingulate cortex in viscerally hypersensitive rats. Cereb Cortex
2015;25(4) :859-868.

[153] Wang L, Chen IZ, LinD. Collateral pathways from the ventromedial hypothalamus mediate
defensive behaviors. Neuron 2015;85 (6) :1344-1358.

[154] Warthen DM, Lambeth PS, Ottolini M, Shi Y, Barker BS, Gaykema RP, Newmyer BA, Joy-Gaba
J, Ohmura Y, Perez—Reyes E, Guler AD, Patel MK, Scott MM. Activation of Pyramidal
Neurons in Mouse Medial Prefrontal Cortex Enhances Food-Seeking Behavior While
Reducing Impulsivity in the Absence of an Effect on Food Intake. Front Behav Neurosci
2016;10:63.

[155] Wei F, Dubner R, Zou S, Ren K, Bai G, Wei D, Guo W. Molecular depletion of descending
serotonin unmasks its novel facilitatory role in the development of persistent pain.
J Neurosci 2010;30(25) :8624-8636.

[156] Weng ZJ, Wu LY, Zhou CL, Dou CZ, Shi Y, Liu HR, Wu HG. Effect of electroacupuncture
on P2X3 receptor regulation in the peripheral and central nervous systems of rats
with visceral pain caused by irritable bowel syndrome. Purinergic Signal
2015;11(3) :321-329.

[157] Wu GY, LiuSL, Yao J, SunL, WuB, Yang Y, Li X, Sun QQ, Feng H, Sui JF. Medial Prefrontal
Cortex—Pontine Nuclei Projections Modulate Suboptimal Cue—Induced Associative Motor
Learning. Cereb Cortex 2017;Jan 10.

[158] Wu HH, Yin JB, Zhang T, Cui YY, Dong YL, Chen GZ, Wang W. Inhibiting spinal
neuron—astrocytic activation correlates with synergistic analgesia of
dexmedetomidine and ropivacaine. PloS one 2014:9(3) :e92374.

[159] Wu SX, Wang W, Li H, Wang YY, Feng YP, Li YQ. The synaptic connectivity that underlies
the noxious transmission and modulation within the superficial dorsal horn of the
spinal cord. Prog Neurobiol 2010;91(1) :38-54.

[160] Xie Q, Itoh M, Miki T, Dong YY, Takeuchi Y. Occlusion of the femoral artery induced
fos—1like immunoreactive neurons in the lateral habenular nucleus projecting to the
midbrain periaqueductal gray in the rat. Okajimas Folia Anat Jpn 1998;75(4) :167-172.

[161] Xu X, Roby KD, Callaway EM. Immunochemical characterization of inhibitory mouse
cortical neurons: three chemically distinct classes of inhibitory cells. J Comp
Neurol 2010;518(3) :389-404.

[162] Yalcin I, Barrot M. The anxiodepressive comorbidity in chronic pain. Current opinion
in anaesthesiology 2014;27(5) :520-527.

[163] Yin JB, Wu HH, Dong YL, Zhang T, Wang J, Zhang Y, Wei YY, Lu YC, Wu SX, Wang W, Li
YQ. Neurochemical properties of BDNF-containing neurons projecting to rostral
ventromedial medulla in the ventrolateral periaqueductal gray. Front Neural Circuits
2014;8:137.

-115 -



FoFEXFHETFLEAL

[164] Yin JB, Zhou KC, Wu HH, Hu W, Ding T, Zhang T, Wang LY, Kou JP, Kaye AD, Wang W. Analgesic
Effects of Danggui—-Shaoyao—San on Various “Phenotypes” of Nociception and
Inflammation in a Formalin Pain Model. Mol Neurobiol 2016;53(10) :6835-6848.

[165] Zhai MZ, Wu HH, Yin JB, Cui YY, Mei XP, Zhang H, Zhu X, Shen XF, Kaye AD, Chen GZ.
Dexmedetomidine Dose-Dependently Attenuates Ropivacaine—Induced Seizures and
Negative Emotions Via Inhibiting Phosphorylation of Amygdala Extracellular
Signal-Regulated Kinase in Mice. Mol Neurobiol 2016;53(4) :2636-2646.

[166] Zhang MM, Liu SB, Chen T, Koga K, Zhang T, Li YQ, Zhuo M. Effects of NB0O1 and gabapentin
on irritable bowel syndrome-induced behavioral anxiety and spontaneous pain. Mol
Brain 2014;7:47.

[167] Zhang Y, Zhao S, Rodriguez E, Takatoh J, Han BX, Zhou X, Wang F. Identifying local
and descending 1inputs for primary sensory neurons. J Clin Invest
2015;125(10) :3782-3794.

[168] Zhang Z, Gadotti VM, Chen L, Souza IA, Stemkowski PL, Zamponi GW. Role of Prelimbic
GABAergic Circuits in Sensory and Emotional Aspects of Neuropathic Pain. Cell Rep
2015;12(5) : 752-759.

[169] Zhang Z, Wang X, Wang W, Lu YG, Pan ZZ. Brain-derived neurotrophic factor-mediated
downregulation of brainstem K+-Cl- cotransporter and cell-type—-specific GABA
impairment for activation of descending pain facilitation. Mol Pharmacol
2013;84(4) :511-520.

[170] Zhao MG, Ko SW, Wu LJ, Toyoda H, Xu H, Quan J, Li J, Jia Y, Ren M, Xu ZC, Zhuo M.
Enhanced presynaptic neurotransmitter release in the anterior cingulate cortex of
mice with chronic pain. J Neurosci 2006;26(35) :8923-8930.

[171] Zhao MG, Toyoda H, Lee YS, Wu LJ, Ko SW, Zhang XH, Jia Y, Shum F, Xu H, Li BM, Kaang
BK, Zhuo M. Roles of NMDA NR2B subtype receptor in prefrontal long—term potentiation
and contextual fear memory. Neuron 2005:47(6) :859-872.

[172] Zhou L, Liu MZ, Li Q, Deng J, Mu D, Sun YG. Organization of Functional Long—Range
Circuits Controlling the Activity of Serotonergic Neurons in the Dorsal Raphe Nucleus.
Cell Rep 2017;18(12) :3018-3032.

[173] Zhuo M. Cortical excitation and chronic pain. Trends Neurosci 2008;31(4) :199-207.

[174] Zyloney CE, Jensen K, Polich G, Loiotile RE, Cheetham A, LaViolette PS, Tu P, Kaptchuk
TJ, Gollub RL, Kong J. Imaging the functional connectivity of the Periaqueductal
Gray during genuine and sham electroacupuncture treatment. Molecular pain 2010;6:80.

[175] FHRIE. BDNF SE5HER TTRIENESETR. MNMEBHZHBE, Vol. Bl WR:
BNUEEKRE, 2014

[176] FRE, EX, FoR. KREALSERNORIMGE—. E¥E$HE 2013;4(3) :11-14.

- 116 -



FoFEXFHETFLEAL

M R

-117 -



FoFEXFHETFLEAL

N7 eSS

—. M H

1 EAFMN

W4, PRI WAAE A 1988 4F 04 H

. Itk g B I EA W ET

P 5 BUATHSR: R E L 53

Wil S BaR B Bt 112 30 H - BDNF 22 5 AKX 3E A7 U8 42 B T2 &5 40k 7T

2 XERILH

2006 £ 9 H~2011 46 J HIEEKFHOKEEYR LEHRKESY: $t
2011 fE 9 H~2014 4 6 H  HIUZEE R FRME  NAMHSHLNGY: it
2014 4E 9 H~%E4 KAy i NN S RSP AV i s
2015 4F 12 H~2017 4 3 A £ [E X8 5 Wil K= mie R Bea R std L

=y RRBX

W ST A S IB) BRI 75 16 D i P S B RO ATLAR] 2 AT I Py A i i A
Hil A R A B 2 R S B AR IR AR IE I . BARI T

1. Yin JB, Wu HH, Dong YL, Zhang T, Wang J, Zhang Y, Wei YY, Lu YC, Wu SX, Wang W, Li YQ.
Neurochemical properties of BDNF-containing neurons projecting to rostral ventromedial medulla in
the ventrolateral periaqueductal gray[J]. Frontiers in Neural Circuits, 2014, Nov 20; 8:137.

2. Ding T, Yin JB (co-first author), Hao HP, Zhu C, Zhang T, Lu YC, Wang LY, Wang Z, Li YQ.
Tissue engineering of nanosilver-embedded peripheral nerve scaffold to repair nerve defects under
contamination conditions[J]. The International Journal of Artif Organs. 2015 Sep; 38(9): 508-516.

3. Liang SH, Yin JB, Sun Y, Bai Y, Zhou KX, Zhao WJ, Wang W, Dong YL, Li YQ. Collateral
projections from the lateral parabrachial nucleus to the paraventricular thalamic nucleus and the central
amygdaloid nucleus in the rat[J]. Neuroscience Letters. 2016 Aug 26; 629:245-250.

4. Chen T, Li J, Feng B, Hui R, Dong YL, Huo FQ, Zhang T, Yin JB, Du JQ, Li YQ. Mechanism
Underlying the Analgesic Effect Exerted by Endomorphin-1 in the rat Ventrolateral Periaqueductal

-118 -



FoFEXFHETFLEAL

Gray[J]. Molecular Neurobiology. 2016 Apr; 53(3): 2036-2053.

5. Chen YB, Huang FS, Fen B, Yin JB, Wang W, Li YQ. Inhibitory effects of endomorphin-2 on
excitatory synaptic transmission and the neuronal excitability of sacral parasympathetic preganglionic
neurons in young rats[J]. Frontiers in Cellular Neuroscience. 2015 May 28; 9: 206.

6. Ding T, Zhu C, Yin JB, Zhang T, Lu YC, Ren J, Li YQ. Slow-releasing rapamycin-coated bionic
peripheral nerve scaffold promotes the regeneration of rat sciatic nerve after injury[J]. Life Science.
2015 Feb 1; 122: 92-99.

7. Ding T, Zhu C, Kou ZZ, Yin JB, Zhang T, Lu YC, Wang LY, Luo ZJ, Li YQ. Neural tissue
engineering scaffold with sustained RAPA relieves neuropathic pain in rats[J]. Life Sciences. 2014 Sep
1; 112(1-2):22-32.

=. REBEBES MRS B

1. xRS RPEE %%, 201503170405, [H 5 @5 & KT K EA TR
FATH. 2015/12-2017/03. 2.2 FiZETG.

2+ BBWNYERRY: “RFHE LA IC” BB, 2015D06. T NN FTAH K =018
YRS AT RS ME R S ML . 2016/01-2017/12 4 Jigt. fERE. EHF.

3. X HARIFEEEIR (M) SESZRHE, 81620108008, FEwW(F B 1L
R LA b PR £ R I BRI S LRI AL, 2017/01-2021/12. 240 Jiot. 1EWE.
25,

-119 -



FoFEXFHETFLEAL

B W

BRANERNET, ~FEZRETRH, HWKFRLR, FIRMAEIT, Ui
XMV RS R B, RKREIFR 7 ER . XTI AR A 2 —
NEORIZET, KEAY, FEREL, fEAEGER, A, BRI AALZ
Mg ek, HARRER S E IR A B . BT X 6 SR i,
HAWILIZ AN, CIeANEREN . PEHRFEINE, EERZNET, BT
I, EPE AL B AT NORBEAE 7R S b IX VR0 AR DY % R K S N AR
A BT XA I IR B T R, X BB SRR F AT 25 kAR I H K
B A B AR I AR A E . ARSI RE R T I 2= = IR, Ak 3ty
Bt TR, REER T L RIRIHRE, BEABRREBNE 7 SIROm. A
SEME = =R T I E ], RERIMACGE LA RN, HEE] T W
R, AT SO N AR S . IR I 521, R 5 IR R MR ) Je A e i (R
dh, WEALARE, HAMREEZA.

RS 23 W A B PRV Y L B 2 A0 B 2 S R x BRI AR R A B, 4 3
22 D T R B AL TR BT AT S i P 2 T B RO B, TR 2 s R
[ 33 e fisf e 3 AL B IO 50 X9 O 48 2 BRATTEEAT 526, T £ W 5 30 A L 4R R 20
B HHE LA ML IE A5, PR Ve s R pr L EE 3L DA/ BRI IR A 0, 5K
O HARAE R FT P IR, 5K B AR B R B R SR A T R B,
R I S0 NS VR AR AR 4 0S4, & LRIk 3R B A B BRI 452 5, SR UF
VSR ANFE B, BRARUEIT S KB BIURIAE 2 2 I A s A By, T e
LIEHIH A GE, R RIRT I A ARV E A RCEA I R L IR
EprP R R, BRIAREI, EMLRE . MR L. SR L. JTiA
FIA S . AT R BCNFE ), AT RRE. /A mil
FIVRI 5K I8 00 SR B8 TAF I8 32 HF

ARH A E BENE A3 ) 3 AR 2 DT A0 SERF £ 1 - S Ta) 25 56 [ 25 % 5y SR B TK
SEPE BRI FE L STRTEAT SCIR AT 7T o g ) SR I ) K 15 B35 5 S T o o W 8 of 3
A% EORAABIIE I, & Elisa. TR, RIBTF. AV E6. BfEta. T

-120 -



FoFEXFHETFLEAL

A Admire Munanairi. Devin M Barry. @Ziafii. #M4E. 2B/, HiESERTRAL
Wt AR e A, ARV R RGL IR

HARKRIGZOLE 11 4R, (HIRIAAAKE RN A BRI
FIRA 1 ANH, ARG DU BRI TS R ELE . T A SCRE: BRI
AR I ATEAT, (BRI S A EL A IALETRAT O . TR A B R K
UMEAERHRIT O U, AR S @R, TAER, FHE!

JERHIX — B I R F R AAT, AT SRR A E BIILTE, 2R
11345 T IRTC IR AR R FI SR I FE B, R BTG 25 BB N

e, MBSV 21 K 28 N AR 4 00 =2 0 A J 45 7 a1 R B 40 e ) ek
RBRAF, R AR B R !

-121 -



