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Re-evaluation of the basal ganglia network in rat
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A fundamental organizing principle of the striatum is the striosome/matrix system
that is defined by inputs/outputs and neurochemical markers. The thalamostriatal projection is highly
heterogeneous originating in many subnuclei of the thalamus including the midline (ML) and intralaminar
(IL) nuclei. In the striatum, ML neurons preferentially innervated striosomes, whereas parafascicular
neurons preferentially innervated the matrix. Almost all single thalamostriatal neurons favoring
striosome or matrix compartments also innervated the cerebral cortical area that supplied cortical input
to the same striatal compartment. We thus revealed that thalamostriatal projections are highl{ organized
1) by the similarity in morphological characteristics and 2) their preference for the striata
compartments and cortical areas.



B X C—19, F—19, Zz—19 (Gt@m)

1. ARSI O 5

KMFEER O ZB O TH D MEMEITITA B
VA Y —2b < U w7 AL AN
U R— KAV MEENFEET S, A MU A
V=LK~ MY w7 REEN DO GABA
et =2 —a v OFEVE, AU F Y — A
D=a—1 2 DOIHP BT FHEELD K —
NRIvma—m BT EN) HTH
% (Fujiyama et al., 2011; Watabe-Uchida et al.,
2012), L7 LEE D SRS ~DOEEHI B W
THEHARALRENEZL, AR A Y=L L~}
U AZE2ITHBH Ry NT—0 0B
DHREEE 2. BRBITEY Vv E o2
TANART FIZLAHR—=a—nm> Ml
—RAHEA{THo T,

2. WO HB

KA ERE O EER - B A — 203,
— %Y UIRICHEEE R WV D SREENR
ETHZELEEHHATERVWVEOFEES
TWD, AAFFEERETIL, KM R4 fa ik
DH—=a2—a o N —XZELERDZ
I L0 BREE LA ERSNED & O R A
LA DR EMEEENFIET D2 25
T L2V, Z OF 7= 72 B B [E] B8 23 HE 2 1A
FNDHI LT, FEARREEFER AL
D DHT I RIMFEEARE A ¥ — A DRI
NHEEZBND,

3. WOk

(1) v FCTHEK= 22— > OiZR I % 3
HL7, B——==z—arO ML — kL
MBI FEE AL, AN A Y =2k~
MU w7 2285, EhEROEHRRESG D5
fi &= WE L,

Q) VANART B —%F v NORIZEHEAL,

MBI 2 5 D L ) ke Z Ry
B(GFP) 2B sH7-, L THAKD=2—
0y BERT OMEREPOKRBMEENTO
R RO Z A LT,

4. WFFERRE

2 ITBEICHIR D & BRI~ B A T 1%
< U w7 RZHARBERA N A Y —LB~D
AJNE3HD1IEBETHDLZ L0V T 7 A
WEPED) 2R R WELTHY (Fujiyama
et al., Eur J Neurosci. 2006), Z D Z & ) HREK
LR ANNCBWTCA NI A Y —LE~< T
v I AK Ry NT—7 BB D
TIERWNEEBZ . BBITHEY 7T v 22T
A NART ZIZLAH—=a—m 2 M
—AEAToT, FORRER, fKIFEKIE~ MY v
7 AR, ERERENGIZA MY A Y —
LBALIZ, FEERE LI OBERNEERED D IF A

M)A Y= b~ Y v 7 RCRRREORY
NhHDHZERbrole, EbIZ, ANYAY
— AL MU w7 AR RIS DR
R DO K E ~DO G ix, & OFURHEL
DIEF L TV BREERD a L — | 2 v MiZ
BALICHS L WA B TH D 2 & 3
LI oTe, DFEV ., BMEEOANY £V
—Ah v MY w7 AEEE, FUR & RIMECE
No, REZCREOEHRZZITE->TnD
AREMENH D Z LR ST,

R -
= lateral 2.8 mm fateral 0.1 mm  PIORIZEE

To cerebral
‘) w cortex CPu.| | Neutonsio iy
P 73

lateral 2.9 mm lateral 1.2mm
To cerebral Neuron 22 in Pf
cortex )

»

|
NP3 4

CPu T

(I
Rt Y Toamygdala

B 1 HRD DREE~DIRETERK

5. TARFERMILSE
(WFFERFKE . W0 L M O IEE 12
(=)

UdeREam ) (B 8 1)
1. Unzai, T., Kuramoto, E., Kaneko, T., Fujiyama,
F. Quantitative Analyses of the Projection of
individual Neurons from the Midline Thalamic
Nuclei to the Striosome and Matrix
Compartments of the Rat Striatum. Cerebral
Cortex, In press. doi: 10.1093/cercor/bhv295 4t
A
2. Fujiyama, F., Nakano, T., Matsuda, W., Furuta,
T., Udagawa.J., Kaneko, T. A Single-Neuron
Tracing Study of Arkypallidal and Prototypic
Neurons in Healthy Rats. Brain Structure and
Function, In press. doi:
10.1007/s00429-015-1152-2 # H
3. Yamada K, Takahashi S, Karube F, Fujiyama
F, Kobayashi K, Nishi A, Momiyama T.

Neuronal circuits and physiological roles of the
basal ganglia in terms of transmitters, receptors
and related disorders. Journal of Physiological

Sciences, in press DOI



10.1007/s12576-016-0445-4 45 3¢
4. Fujiyama F, Takahashi S, Karube F

Morphological elucidation of basal ganglia
circuits contributing reward prediction / Frontiers
in Neuroscience9(6):1-8
doi:10.3389/fnins.2015.00006 2 5t
5. Miyazaki H.fith 20 44 13 & H Singular
localization of sodium channel S 4 subunit in
unmyelinated fibres and its role in the striatum /
Nature Communications5 : 5525
doi:10.1038/ncomms6525 A @i A7

6. Oyama K, Ohara S, Sato S, Karube F,
Fujiyama F, Isomura Y, Mushiake H, Iijima T,
Tsutsui KI. Long-lasting single-neuron labeling
by in vivo electroporation without microscopic
guidance. J Neurosci Methods. 218(2):139-147,
2013. DOI: 10.1016/j.jneumeth.2013.06.004. £

7. Koshimizu Y, Fujiyama F, Nakamura KC,
Furuta T, Kaneko T. Quantitative analysis of axon
bouton distribution of subthalamic nucleus
neurons in the rat by single neuron visualization
with a viral vector. J Comp Neurol,
521(9):2125-46,2013. DOI: 10.1002/cne.23277.
At

8. Hioki H, Okamoto S, Konno M, Kameda H,
Sohn J, Kuramoto E, Fujiyama F, Kaneko T. Cell
Type-Specific Inhibitory Inputs to Dendritic and
Somatic Compartments of
Parvalbumin-Expressing Neocortical Interneuron.
J Neurosci, 33:544-555,2013. DOI:
10.1523/INEUROSCI.2255-12.2013. 25t

(FR%ER] GHi6 )

1. Fujiyama F Quantitative Analyses of the
Thalamic Projections to the Striosome and
Matrix Compartments of the Rat Striatum121
A ARRS S BE - REETES
2016.3.28-3.30, &M RAZIER, i

2. Fujiyama F. 73— 1V L4 & BEREAT#RSL
FHAEBRZA00 g0 R E, B5550E]) H AR ENL - #%

REAHIRAVEL 222201641 H22 H ~23H, IT
B2 v RisT v, e
3. Fujiyama F KM R » b U — 27 OfEHT
545 Bl H AR DR AR AR B s I R &
2015.11.5-7, BV kKPR, KB
4. Fujiyama F KNI JER 2 T RE 2 FRARGE
255 38 [l H ARRRERL R4 2015.7. 28-31,
A ERR S EY .
5. Fujiyama F Single neuron analysis of the Basal
Ganglia. #538[a] H AMRE R 7 K432015.7. 28—
1, thEERE S, e

6. Karube F, Fujiyama F. Anatomical aspect of

the basal ganglia circuitry, in relation to cortical
projection. 5 37 [ H AR EI 2R, 2014,
9.11-13 iR EFSH Y. Bk

7. G B R EOR, XA, L
XJYy Toward a novel closed-loop deep brain

stimulation for ameliorating the Parkinson’s
disease. % 37 [\l H AMEA 7 K=, 2014
9.11-13 BiiRE R #. Bk

8. LLALE, PUPREE, XA, ARILSTTY

Immunohistochemical compartments of the

globus pallidus and their projection patterns. 5
37081 H AR KR, 2014, 9.11- 13841 [E]
BRxwEYs. Bk

9. REFT-, XIERAAL, LRSS, HUFARIE R
111 3C )5 The topography of striatopallidal
projections and calbindin immunoreactive

H37[0] A ARPRER R, 2014,
9.11-13MEFER S, ik

10. A —BE, HERZ, FRIERE, BRI,
4 7R Topological projections of direct and

subdivisions.

indirect pathway neurons in the

neostriatum to the GPe. #537[0] H AR FL K
22,2014, 9.11- 130 FE B2, Mk

11. Mizutani K, Karube F, Takahashi S, Unzai T,

Fujiyama F. Innervation of pallidal neurons by a
striatal direct and indirect neurons in the rat.
36lu] H AR FL A2, 2013486 120 H ~23 H,
FERR RS AU



12. Karube F, Fujiyama F. Neural connection
pattern in the rat basal ganglia, with relation to
cortico-subthalamic pathway. % 36 [F] H A%
FH#5%4%,2013 46 H 20 H~23 H, HUARIEES
Rty
13. Unzai T, Kuramoto E, Kaneko T, Fujiyama
F. Quantitative analysis of single cell projection
from midline and intralaminar thalamic nuclei
to striosome and matrix compartments of rat
striatum. 25 36 [ H R4 E 54, 2013
6120 H~23 H, s EREES . 53
14. Fujiyama F, Nakano T, Matsuda W, Oh
YM, Mizutani K, Furuta T, Karube F,
Takahashi S, Unzai T, Udagawa J, Kaneko T.
Regional Difference in Network between the
Striatum and Globus Pallidus. &5 36 [E] H Af#
PR3, 2013 426 4 20 H~23 H, 5U#D
PR, AT
15. Matsuda W, Furuta T, Kuramoto E, Hioki
H, Fujiyama F, Kaneko T. Axonal arborization
of midbrain non-dopaminergic  neurons:
single-cell study. % 36 [A] H AR 252,
201346 A 20 H~23 H, sU#PERESHS .
AR
16. Hioki H, Sohn J, Kuramoto E, Okamoto S,
Wang T, Kameda H, Fujiyama F, Kaneko T.
Excitatory and  Inhibitory  Inputs to
Parvalbumin-Expressing Interneurons in the
Mouse Primary Motor Cortex. #f; 36 [F] H A fi
PRS2, 2013 426 4 20 H~23 H, 5U#D
EBR T, mUHD

(B4E) GE5 1)

1. EfE W, BRSO, RN 2 K518
i & . Clinical Neuroscience, 33(7):767-771,
2015.

2. BRILCSCT) TR AR E 2 - Tl < R &
= a—nuH A T AOMGR) RsERE
SO

3. BE L XUy . 4 BE % A Clinical
Neuroscience, 2014, 3

4. gLy, EPERE, ARORE, 2013,
5

5. BRILSCTY, Esh, iR YA 7 A R L
A7 > K, 2013, 6

(S PEHE)

OttRE Gt #F)

SFR
LR
MR
TS -
i
HFEFEH B -
EWNs DR -

1

OBk G )

SHFR
FEHE

FERIE -
FHYA -

FSR
BS4EAH :
EWNA DRI

(& DAh)
R— D=V
(O [ 5 A R 572 i o =7 AF 92 % Ao e [ B2 2 R 0
P L ST 7E 2
http://ncircuit.doshisha.ac.jp/
@[] A5 A R 572 i o =7 AF 2 R Ao e [ B2 T R 0
]
http://brainscience.doshisha.ac.jp/introduction/sy
s/nc.html

(Dresearchmap F%&1LI3CTY

http://researchmap.jp/fuminofujiyama/

6. HWFZERERE

(DAFFEREE
&1L 3CJ5 (FUITYAMA, Fumino)
R - BRHEA e R} - B
e 35« 20244022

QMFgEHE
Xigh 44 (KARUBE, Fuyuki)
RIS ALK - WFTCBH S HEE RS - e
WFgeE 35« 60312279
6 % (TAKAHASHI, Susumu)
RIS AR - WFTCBH S HEE R AS - e
WF9edE 35 © 20510960

G)EEENTIEH



