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Dynamic circuit shift during functional recovery from brain and/or spinal cord
injury
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To clarify the circuit shift mechanism during the recovery from brain and
spinal cord injury, we investigated the spinal cord injury and primary visual cortex injury models
in macaque monkeys. In the former case, dexterous hand movements recover after the corticospinal
tract lesion at C4/C5 segment, and we have demonstrated by using pathway-selective blocking with
double viral vector infection technique that the propriospinal neurons in the mid-cervical segments
are critically involved in the recovery during the early recovery phase, however during the late
recovery phase, other descending pathways also participate in the recovery process and the
contribution of propriospinal neurons becomes partial. In the latter case, we have demonstrated by
using the same double viral vector infection technique that after the primary visual cortex lesion,
the superior colliculus to pulvinar pathway is involved in the recovery of visually guided saccadic
eye movements.



(C4/ch)
Sasaki et al. J Neurophysiol., 2004; Nishimura et al. Science,

2007
Yoshida et al. J Neurosci 2008
Tet
(Kinoshita et al. Nature 2012)
C6-T1
FUGE-TRE-eGFP_eTeNT C2-C5
AAVDJ-CMV-rtTAV16
PN (n=2)
C4/C5 3-4
(n=4) C4/C5
15 (ECoG) C4/C5
5-6

ECoG Granger

FARAFAC(parallel factor analysis)
Granger
1-2 90%
GABA
FUGE-TRE-eGFP.eTeNT
AAVDJ-CMV-rtTAV16 —
8
0.7-1.3s
(0.17mI) 2s

1.5s (0.06ml)



PN

PN

A 04@ C Neuret
&

HiRet AAV Lesion Electrophysiol.
N -ON———m¥ ooy
ORI adtw” 2mo. 12w, 34.5mo.

Behavioral analysis

Pre Ope Post 132d
(Dox on»1@ (Dox on-148d)

or FUGE
Muscles or NeuRet
uble-nfected PNs HiRet
B i D FUGE  AAV 1.-2rounds Lesion 1 -3rounds Electrophysiol.
AT — P' Dox
i1 2w 28mo.  w. 1mo.  2w2mo.  1w-3w.
@B n
5 Behavioral analysis
Success rate Movement time
(%) s
100
50 1.25
0 4 .0
NS InCeT T~
MNs in C6-T1 _40 0 40 BO (d)

(B1) A DAV ANYB—2ERRAKICFHEHMER =1 —0V(PN)DFEIREIER, BZDIERAREF.
CRFUHAD) IR S C L HPNDEN IR EHMIIRGETo/=HE . D HFRIBBEORTRIC1E
Y OEMBIEETIIHEDA;E,

a—B y

PARAFAC(Parallel factor analysis)
2 2 70-80%

Contra Ipsi

a1 Contra b (o} Reacmrg aspj?g d

Freq (Hz)

Grasping-related
connectivity structure

2 e Ipsi Time (s)

Freq (Hz)
3

Preparation-related
connectivity structure

R 05 0
Time (s)

(K2) aZBBEBIENODMEERIEBIECHITAPETICKDMERE. 1. BEMNH(1HA) . 2. EEREH
(8—44HH),b-d. PARAFACIZ &> TR DM 2122 DD 5 . LB 18IS RO EBFI T A D — IEETF
ISAASEEROF v HE DN, T 185 R ALEB RS H S 1815 R A 0:EBHTE - — R EEEF 1<
WSEENRRAINSEE F I T TEMNT 5 a hd S FEODES DN,

Chao et al. Cereb

(Nishimura et al. Science, 2007)

PN
PN

PN

Tohyama
et al. PNAS (2017)

20-30Hz B

60Hz %

Y
Granger

Activation (a.u.)

Activation (a.u.)

a—B

2-3

Cortex (2018)

PET

Granger



120Hz Y

120Hz
120Hz
Sawada et al. Science (2015)
Gd MR1
— 6-8
CAMKIT Schmid konio
3-8 18-34

Kinoshitaetal.
Nat Comm (2019)

2s 1.5s

100ms

Takakuwa et al. eLife (2017) Takakuwa
et al. Sci Rep (2018)

31
6

for blindsight to reveal the critical role of the pulvinar and superior colliculus. Nature Communications,
10(1):135. doi: 10.1038/s41467-018-08058-0.
recovery from partial spinal corc_i_i_rij_ﬂr_{/_i_ri_fﬁbnkeys. Cerebral Cortex, doi.org/10.1093/cercor/bhy172.
3. Tohyama T, Kinoshita M, Kobayashi K, Isa K, Watanabe D, Kobayashi K, Liu M, Isa T (2017)
Contribution of propriospinal neurons to recovery of hand dexterity after corticospinal tract lesions in
monkeys. Proceedings of National Academy of Science USA: 114:604-6009.
4. Takakuwa N, Kato R, Redgrave P, Isa T (2017) Emergence of visually-evoked reward expectation



signals in dopamine neurons via the superior colliculus in V1 lesioned monkeys. eLife 6. pii: €24459.
doi: 10.7554/el ife.24459.

cortico-rubral pathway and functional recovery through forced impaired limb use in rats with stroke.
Journal of Neuroscience, 36:455-467.

of nucleus accumbensin motor control during recovery after spinal cord injury. Science, 350: 98-101.

30 -

1. Tadashi Isa, Key elements for the recovery from partial spina cord injury; propriospina neurons
and beyond. The 27" Annual Meeting of the Society for Neural Control of Movement, May 5, 2017,
Dublin, Ireland.

2. Tadashi Isa, Large-scaled network reorganization for recovery after partial spinal cord injury in
primates. Special Lecture, The Special Lecture, The 40" Annual Meeting of Japan Neuroscience
Society, Makuhari, Chiba, Japan.

3. Tadashi Isa, The brainis needed to cure spinal cord injury. Special Lecture, Society for Neuroscience,
Nov 17, 2014, Washington DC, USA.

31
1. Tadashi Isa, Double vector infection technology (DIT) for the pathway-selective manipulation in
non-human primates. NIH Symposium on “Genetic technologies for systems neuroscience in
non-human primates”, Dec 13, 2018, Bethesda, USA.
2. Tadashi Isa, Dissecting the recovery mechanism after spinal cord injury by multidisciplinary

approaches. Cold Spring Harbor Asia, “Primate Neuroscience” Symposium, June 26, 2017, Suzhou,
China.

1. Tadashi Isa(2015) Large-scaled network reorganization during recovery from partial spinal cord
injury. In “Clinical Systems Neuroscience” (eds. Kansaku K, Cohen LG, Birbaumer N), Springer,
pp121-138.

https://nscinbiol _.med.kyoto-u.ac. jp/

¢y
@

NISHIMURA Yukio

KOBAYASHI Kenta

YOSHIA Masatoshi

FUJI1 Naotaka



