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Development of a novel technique for analyzing anatomical and functional difference
in the nigral dopamine neurons by the use of viral vectors.
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In this study, we developed a novel experimental technique that enabled us to
analyze anatomical and functional difference in the nigral dopamine neurons. First, we improved a
pathway-selective expression system we recently developed to increase ?ene expression and decrease leak
expression. Second, we refined a rabies virus vector we recently established to increase foreign gene
expression, and created G-deleted vector. These improvement enable us to visualize the input-output
pattern of nigral dopamine neurons. Moreover, using a viral vector expressing channelrhodopsin-2, we
demonstrated that selective stimulation of the pathway from the frontal eye field to the superior
colliculus affected neuronal activity. These results indicate that the viral vector systems created in
this study can be used for analyzing anatomical and functional difference in the specific neuron groups
such as nigral dopamine neurons.



B X C—19, F—19. Z2—19 (GtH)

1. BRSO 5

HM R — 8 v =a—m i, EHoE
1T « 538 - BRI Rk 2 TeidiEEIC R 5 &
EZ2oNTW5, BRAIZIZ, 1900 Fritk
DR—=F% Y RO BEEIREDIE A, 1960
FDONR—=F Y RBEICB T DMER R
— R VRERTOHRE EZED%D L-dopa
RO 72 E12 X0 | KENFLERREHSEE & B
HUES) O EITHREE~OBEENER Sh, B
FEILEDETEDA =X LB DN
LTV D, —FT, 2 0B EICA-T
MO, REEF O E 2B T, KIMLE
INEIC R T D ) T I BB E LT
B« BAKA~DOR 52" X, Schultz H D
1997 FEOHENHIT R—s3I 2 538 (FF
W b E) L OBMRDERS R RE & LI
JTNZHR SN TE TV,

IO R REREICEE TS F—33 v
BHNFZOHREA D= X LA 57200
B/ & LT iM%, Alexander,
Parent, Strick ¥ J OVEEEMSEE TH 5 = H
HOD, FE—RRRIEESTZIE Topography 73
DL ER LT —HEHOZE, B LN Haber,
Goldman-rakic H D, K - FE~D F—
2RI ¥ H Y Topography #6922 L &2/R L
TR S S, s OFEIE, M F—%
IV ma—uarREOEFHEAICED ., 0w
ONDY T TN —F I N, TNE R
AR E RO E R L TWE, — .,
AL LTE, IEFETR—I
= a— U IHERERIC R — 2R R AE R T B
HEEBEZLNTWED, HENEE TH LI
AROIEL, R APRFEZ AT, iR R—x
I a—uarRNEOEMEEXNS DL
&b 3T TE . ZOHMITIT/IENE
NoHZtuaRrLz, ZbD=a—n 4
F O RN T DB ERTITE N DR H Y |
ZOZEIE, PR F—RIrv=a—arBA
TDORIZ DN DOV T 7V —T 2558
S, ENFENE AR A RO FREMEE R
LTW3,

ULOMmRBZRET DL, M R—I
Za—r IZEOAM IR, B X OVEEIER
ROBR LY T I N—T12050F 60, Zhn
R— NI S ROEEBEDHIEL &AM L
TV D ATREMEDS VY,

2. WHEOHM

AWFFE T, Bt X r>eERob e, b
L AERFEL T, R—RIv=a—n %
KA MR A DRI EH ST DD, #H
BBz = HR9 & Lz, BARBYIZIE,
OHFEE O DNITER T U c T Mg L
VT A INANRY H— L Tet-On FEHLH|HITE
ERRA LR ¥ —Z G EE SR L, R
ENAC N T DR EFEIR D = 2 — 1 V4
M OHhER 258 AL L, & OGS % —
> w [RIE T D B,
QOWHEEHEOLNITEMB LIEERF Y A LA

Ry H—L Callaway LR LI-H T+
ZPEWITE RN L= o TEERA LIS E
YL R U, FrE LI B4 3 2 R e R
BoO=a—a  EHASNANTLH=a—v v
M Z L, ZOAN Y — 2 ZFRET
BT,

V) 2O L — v T FiEE B
L, MERORETAENTH F—33
V= a—nu VEMOANH DR E [F— K
TrAE T & 2 BT FiE OS2 B S
L7z, F72.

@Y -+ U A FRAFHIMRRISEHIE 7 e —7
EIBETHIANART Z—FFH LT, &
FHRIZBWT, FrEMBREERIRZRE - U0
VR LY = — IR E A HIE T S
HrEL AT,

EREL, R—RIrv=a—u MDA
TR EIEENRER & ORI E M A2 B S i T
52 L DOTE DB FIEOMNLZ A 15
L7z,

3. WDk

T, FFEEALIC R T DA EER D = 2
—u VEMOEER 2RI L, o0&
FoE— 2 HRET HHEMEFHET D7
B, RS S DS ITERS IR L= wifT
MLV _TE— ERF VA NVAEEAE %
FIH L7thE Ry Z—) & Tet-On BHFHE
REFMA LU, BRI, L7 b 794
70 VIREBLH O TR R B E S T
MOIEXFH AT OE—X—O FKRIZT b
T A7) YA LY —BET. D 2ES
AR AT WATIE LV RN X — BB L.
FIEWENT KT ATV T I F_—H
— BB MV RN X —Z R LT, Zh
SWATHE < NEATPER 7 2 — D% BREYLS RAT
L7cfifacos, RxvHha 27U o FEICK
DR X R EORBENFE S
BNDORREEELT 2 72,

WIZ, FEEEAL BT DR E MR D = =
—a EMSNANT D= —a VEME A
b L. FOASIRE — 2 & [RIET B HH
T D700, AFEARERE DTS L
A NA GBI REBIERBY A LAY
% — (delG-RV) #FIH L7z, BARMICIL,
FERIFETAINANRT ZB—DF ) LK ELT
W, AR RSB O S ZE R delG-RV O
BIR#1To 7=, Fio. FERICY ) 2% AT &
V. delG-RV OFfEFEIEZRKT 5 Z & 25t
FrTz, B3 U7om s B & ML AGA AT WT
PG D del1G-RV X7 Z—IT. FERIF T A
VA GEEE (RV-6) 3BT 25 AV X X —
WYL 2 2 Lok v, AV NPT Z— T &
FELLTZ RV-G 12X U AL ARRLT DR S
NTU T T AN LIZHE 7 AT
ERYURERNE T, b D=2 —a U~
kD= o —n VEMD XFP 3 H 45 10
WREETT - 72,

EHIT, FREMRIEEIRN R - UH R



FIMIZ L 0 =2 — v UGB & HIE 3 5 5k
WaEHRBT LD, Fyrie K7y —2
BRRBETAHATA VAR Z—Z/ERR L CE
RHEmEAREICEAL, BRI 2858
ONHEN EFR=a—a rOER %2 2 &
T ENEREEL T,

4. WFIEEE

F P RRIREE EERALIC RS2 M R —
NRIvoa—wr ilBWT~—F—EHAE
BRI RBEIEDT20OD VAT E LT,
MFFEARER T O DT AR A Eh L 7o Wi Tk
Ly FTANAAN)RT Z—L T 5 )Rk
T A LA (AAV) RT H— B L Tet—0n &5
8 R 2 FI U 7R SR SRR e R AR
RS LTz, WATHEL U F T A VAR H—
DHETNTrE—4—b, BIETELE O i
b3 LY Cre—loxP ERALHKEFLAUHEHEL 2 St D
BAREOKBE M CREEOHEME VU
— IV RBLOKRTZHEB L, T BT - 5
TN 2 — O L BEFEY DR L7 fila <
DI, FXIH A7) o EIZLYRT)Ip
N R EORBENFEIND LT, £
B G A R S L OV EE R R s Al i A3 (X BI] C &
DR H— AT N HENL LT,

F 7o, BB E NS5 M R —
NRIvzoma—arnbOE 7 AMWNIT
PR =V U T ERERTHOICHHT S
JRYEHRRE R (6 BB TR D~_—
AL T2 BIERIFTAINARY X —|ZBIET
EFF DT E DT ) AEEFI DA 1T,
PERTY L L R THSCREIE B2 M £ S
. D OoflEEE A KR L CRI 04 ks
IGFDRBAEFRE L Lok BT D A )L AR
I —FBRTDH LIRS LT, RV,
BREEN Y RN EBE S EEAN LR
7R =Y IVEERNEANC LY, g X
JBICLDZETRY) U ITNARETH D Z
LEWER LT, ZOKOGEIFRER~RY
B —ZNRWNAER T D120, 6 Z R0 'H
LEEREBAR ORI L EBREZ 1T > T
Eh L. [RIAIaREZ - G B s 7R
g B — EAERIF T A VA GEEE RV-G) &3

HI 2D AV R X —PNHFERS 252 L1k,

AVARY Z—IZ LB LTZRV-GIZED AL
ARIFNTERRESND Z L 2R LT, BIfEZ
NSO LETANARY X —%FH L
THM R— v =a—ma D A%
ST ATEODOEREED TV 5D,

72, BN Opsin (ChR2 thZE(A) % FHi,
FTBTTF IREREY A NV AEVER L. B/
EITHZLICEY., ~h 7V REAIRE = =
—R LI TF YRR Ry 2 2Bl X
77 30A%. A7 hu—F 774 3—
ZID AT FReREMmR) 2 LB AL, A/
GHIREF = = — 1 > Ol R K & e Hig4 5
L. FRizcBW T =a—u U iEH0 FA 2 e
BENTz, ThbLFEEFHICEB W TORIRKIC
X0 FFE ORI SRIN ) 70 BLE 2 A T

HZERB LTz, BUE, Bk FEE~ D
PO R— 3 ARERICHE T 5 <<,
TaE—4 —DHERY LD N L —= T
FHED TV D,

5. ARG LE
(BFFEfRFA | BIFEoHE R O e 4 12
TR

CdERERm =) (B 1 144)

1. Hiraoka M, Inoue K, Senoo H, Takada M
(2015) Ischaemia in the Zinn-Haller
circle and glaucomatous optic
neuropathy in macaque monkeys. Anat Rec,
AFeA, Vol.41, pp.999-1012,

DOI: 10.1111/ejn. 12858

2. Hirata Y, Miyachi S, Inoue K, Ninomiya
T, Takahara D, Hoshi E, Takada M (2013)
Dorsal area 46 is a major target of
disynaptic projections from the medial
temporal lobe. Cereb Cortex, Zith
, Vol. 23, pp. 2965-75,

DOI: 10.1093/cercor/bhs286

3. Takada M, Inoue K, Koketsu D, Kato S,
Kobayashi K and Nambu A (2013)
Elucidating information processing in
primate basal ganglia circuitry: a
novel technique for pathway-selective
ablation mediated by immunotoxin. Front
Neural Circuits, #FifA, Vol.7, pp. 140
DOI: 10.3389/fncir.2013.00140

4. Yoshida T, Suzuki S, Iwasaki Y, Kaneko
A, Saito A, Enomoto Y, Higashino A,
Watanabe A, Suzuki J, Inoue K, Kuroda T,
Takada M, Tto R, Ito M, Akari H (2013)
Efficient in vivo depletion of CD8+ T
lymphocytes in common marmosets by
novel CD8 monoclonal antibody
administration. Immunol Lett, A FiA,
Vol. 154, pp. 12-17
DOI: 10.1016/j. imlet. 2013. 08. 005

5. Miyachi S, Hirata Y, InoueK, Lu X, Nambu
A, Takada M (2013) Multisynaptic
projections from the ventrolateral
prefrontal cortex to hand and mouth
representations of the monkey primary
motor cortex. Neurosci Res, #r 3t A,
Vol. 76, pp.141-9
DOI: 10.1016/j. neures. 2013. 04. 004

6. Hiraoka M, Kuroda T, Inoue K, Senoo H,
Takada M (2013) Developmental anatomy
in the zonular connection with lens
capsule in macaque eye. Anat Rec, &t
A, Vol.296, pp.726-35
DOI: 10.1002/ar. 22684

7. Ninomiya T, Sawamura H, Inoue K, Takada
M (2012) Multisynaptic inputs from the
medial temporal lobe to V4 in macaques.




8.

9.

PLoS ONE, ##ifi, Vol.7, pp.e52115
DOI: 10.1371/journal. pone. 0052115
Takahara D, Inoue K, Hirata Y, Miyachi
S, Nambu A, Takada M, Hoshi E (2012)
Multisynaptic projections from the
ventrolateral prefrontal cortex to the
dorsal premotor cortex in macaques —
anatomical substrate for conditional
visuomotor behavior. Eur J Neurosci, &
@A, Vol.36, pp.3365-75

DOI: 10.1111/j.1460-9568.2012. 08251
ITnoue K, Koketsu D, Kato S, Kobayashi K,
Nambu A, Takada M (2012)
Immunotoxin—mediated tract targeting
in the primate selective
elimination of the cortico—subthalamic
“hyperdirect” pathway. PLoS ONE, ##t
H, Vol.7, pp.e39149

DOI: 10.1371/journal. pone. 0039149

brain:

10. Ninomiya T, Sawamura H, Inoue K, Takada

11.

M (2012) Segregated pathways carrying
top—down signals from frontal cortex to
visual areas MT and V4 in macaques. J
Neurosci, #wif, Vol.32, pp.6851-8

DOI: 10.1523/JNEUROSCI. 6295-11. 2012

Hiraoka M, Inoue K, Ninomiya T, Takada
M (2012) Ischaemia in the Zinn-Haller
and glaucomatous optic
neuropathy in macaque monkeys. Br J
Ophthalmol, #&ifi, Vol. 96, pp. 537-603
DOI: 10.1136/bjophthalmol-2011-300831

circle

(Fa3E) GH1 9ff)

1.

Inoue K, Takada M : “Manipulation of
primate neural networks by means of
modified viral vectors.” & 1200 H
ARFFRIF e - REFNES, 592 [
AAARYR RS AR (2015. 3. 23)
P EERSEY, I (FRRREE)
Inoue K, Kimura K, VYasukouchi R,
Sugawara N, Okuda Y, Fujiwara M, Takada
M: “Systemic delivery of an AAV vector
in neonatal macaques results in
widespread gene transduction
neurons  throughout the  brain.
VMT2014 “Vision, Memory, Thought: how
cognition emerges from neural network”
(2014.12.6-7) PHEEEERAHTAFEE » &
—. R AR —, R
Inoue K, Kimura K, Yasukochi R, Sugawara
N, Okuda Y, Fujiwara M, Takada M
“Intravascular administration of an
AAV vector to neonatal macaques results
in widespread gene transduction into
neurons throughout the primate brain.”
Neuroscience 2014 (2014. 11.18)
Washington, D.C., USA
Nagai Y, Kikuchi E, W. Lerchner, Inoue
K, Oh-nishi A, Kaneko H, Kato Y, Hori Y,

into

»

10.

11.

12.

13.

14.

B. Ji, Kumata K, M. Zhang , Aoki I,
Suhara T, Takada M, Higuchi M, B. J.
Richmond, Minamimoto T : “In vivo PET
imaging of the behaviorally active
designer receptor in macaque monkeys.”
Neuroscience 2014 (2014. 11.17)
Washington, D.C., USA

HEg—: “UANARITHZ—EFHL
CERBBEFREET VORI 5k
e o8 B PR A B SR 2 X — (2014, 11.7)
KBRS, KB (FRFFET)

KR T], S ERERCE, Walter Lerchner,
H bBE—, KRiHE, &1z, g1,
A, R, AEHRSE, RPN, HA
%, AT, SHEZ, MOEA,
Barry J Richmond, FgASHXS :  “DREADD
Z W T2V OITENIAE & PET AR A
A= 77 83T B H AR RS
(2014.9.13) /XU 7 ¢ affiE, B

- RRIEAE, S ER—, MRS, mEEE

“~ 1 7 PRI T DN D TR
nA N BEADOHERAE” 37 8 H A
BEEHARE (2014.9.13) 37 ¢ iR,
vl

LR, KR TEAE, RN E T, R

B, NER SRR, R DL, R B
e, BEEE @ MV XZZ—I2LbHE
FEHARA~ORMEE 5N 537
[ H AR RS (2014.9.12) /37
o IR, R
Takada M, Inoue K
models for Parkinson’
nigrostriatal pathway-selective gene
manipulation. New Frontier of
Molecular Neuropathology 2014
(2014. 3.17) HORERRELRY:, HOR
JE B “MRRIRIEIRIY B TEA
WZE MR > b U — 7 OFSRERE” 4
B0 IS Ay AR/ = B AV SV NS
70 K D MIE AR (2014, 1. 11) HARF
TR, R (FEARETD)

Kimura K, Inoue K, Tanaka F, Takada M :
“ Age—dependent alterations in the
distribution of neurons expressing
alpha-synuclein in macaque monkeys.”
Neuroscience 2013 (2013.11.9-13) San
Diego, USA

HEEE—: “SBREMFRICET S8R
FEAFAM ORI [REERMT /3
PR v I FTU—T vav S
(2013.10. 1) B ARBFUF TR, [ 5
(Fafsam )

AREA, JE R, BERT, HPE
w, BHEZ @ ‘A IPCBTLT
NT 7RI A VR =a—a D)l
WlC X DAL & 36 [B] H AR
K42 (2013. 6. 20-23) [E] 37 AR EIBRESAE, 5T
#B

B, BRRER, BEEE, SHE
Z 0 “PRRREIRAENT I L 7o HTBUE RN

“Novel primate
s disease due to




DA NANY Z—ORFE” 5 36 [B] H A
FRBF K2 (2013, 6. 20-23) [E] 37 5K [
=B, HED

15. Inoue K : “Manipulation of primate
neuronal circuits by the use of modified
lentiviral vector with  enhanced
retrograde transport.” A I =[FFR
v ViR ¥ 7 A Frontiers in Neural
Control of Actions (2013.6.17) HRFEl
FHRTCHEAE, [ (AR

16. B L3k —: “MRREERIRNZ2EREEA
IC X DR Y b U — 7 OFSRERE"  F
9EF a4 F )Yy —2ATFa s
L l=FRrr) KT RY T L
(2012.11.9) FKHEJF UDX, SRt (FHEFF#E
i)

17. Sawamura H, Ninomiya T, Inoue K, Takada
M :  “Architecture of multisynaptic
inputs from the medial temporal lobe to
V4 in macaques.”  Neuroscience 2012
(2012. 10. 16) New Orleans, USA

18. AMEA, FHLak—, WHEZRIL, IR
Hf, BHET, BREEL, PMRFIA, BH
BE: “BREICBIT D QA AT IR
B F T 4N AR Z— I LD HE
HR—=—RIv=a—ar~ORRUER
TRBL” B 35 Bl HAMRER RS
(2012.9.20) 4 RERSHEY, 402

19. H Bak—, WERECHEE, DNERRCE, /RN
A, B B, BHEZ: AL/ bxY
AR AR A DT OV ROE TR T
B OIRIRIFRE 5 35 [B] H AR
KR#(2012.9.19) 4 EREERESES, 4h
=

(BF) GF31)

L JF E3f—, MHEEZ (2014) U A VAT X
— & W T AR R~ DB RE T AE.
Clinical Neuroscience [ X A VT —=
WodLE R/ A L—ar),
AhESAL, 32:757-T761.

2. Kato S, Kobayashi K, Inoue K, Takada M,
Kobayashi K (2013) Vectors for highly
efficient and neuron—specific
retrograde gene transfer for gene
therapy of neurological diseases. In:
Gene Therapy - Tools and Potential
Applications (Molina FM, ed), InTech:
Rijeka (Croatia), pp 387-398.

3. Takada M, Hoshi E, Saga Y, Inoue K,
Miyachi S, Hatanaka N, Inase M, Nambu A ,
Organization of two cortico-basal
ganglia loop circuits that arise from
distinct sectors of the monkey dorsal
premotor cortex. In: Basal Ganglia - An
Integrative View (Barrios FA, Bauer C,
eds), 2012, pp 103-116. InTech: Rijeka
(Croatia).

(PESERA PERE]

Ok (G0 )
ORI (G0 fF)

(£ Dfth)
AR5 RIEA SR T
AT AT K038 R b=
http://www. pri. kyoto—u. ac. jp/sections/s
ystems_neuroscience/index. html

6. WFZEiE
(D) W7 Rz

H:F  Zf— (INOUE KEN-ICHI)
RHEBREE - SERFEMIEAT - Bh#
WrgeE &5« 90455395

(2) Wrge 8
L

(3) EEEMF T

EH B (MASAHIKO TAKADA)
HEBR Y - ERFWZERT - Hd%
F7eE %5 : 00236233

AR 1E3E (MATSUMOTO MASAYUKT)
B RT: - [BERERR - B
WFgeE 355 1 50577864

FF % (INOUE SATOSHI)
[E SLRYEMFITHT « BRIERI S - E R
WFgeE 35 - 90213157



