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Reorganization of descending motor pathways connecting the brain and spinal cord
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This study aimed to understand the reorganization pattern of descending
motor pathways connecting the brain and spinal cord, and their connections and functions after brain
injury. Spared neural circuits undergoing plastic changes contribute to functional recovery after

brain injury. However, the pattern of reorganization across various lesion sites and the neural
basis of functional recovery remain poorly understood. In this study, we established mouse stroke
models inducing damage to distinct cortical areas and revealed that the axons of the corticospinal
tract derived from different cortical areas were reorganized differently based on the location and
size of the lesions. We further found that the reorganized axons connected to specific spinal
neurons in the cervical cord and contributed to motor recovery. Collectively, this study elucidated
the principle of reorganization in different conditions of injuries and the structure and function
of the circuit that lead to motor recovery.



¥ X C—19. F—19—1, Z—19 (@)

1. WFEBAAR S RO 5
I o 7 T RO A MBS S C AR AR AN PR S D & | APRRIEIBR ANIAE L | GEEEY A 1T U & T DR
RO TE L7267, Kb BOBAILEFNETH Y | BEREA BT 2 ARARM 2159 EIX
BROVORBIRTH D, —F., Kbhictieix, BREESH 2 WVIIHET 528 LIELIFER TS
TEPEBND, ZOMREDE(GIL, FEED DIRNIRTE L IR EEE o mIER . RIER R 2 kIC
FVEZIDEIFRINTND, FATZHILIZNE T, ZOREIE(LOFEE L LT, FEEZICH
RREFE D FRT 5 2 & & L L C & 7o, il 20 KIMRE O Tld RIS L e o7 X
BEEGEENIC B 5 KEERERE Y, TRETHIZ e B Z1E Y | HRED AARIEIEIZFH 595 (Ueno
et al.,, Brain 2012), FHEHEE TIE, ZRARREIEIEE 23 F B CRUE 7R BIKHE A 1E D | SulEiERE 2 Hiil
9% (Uenoetal., NatNeurosci 2016), Z L5 DOWFZEN G, 7RG LI O TR LI, HEEZE
ROBBTHLZ &, ETMBEEORLE 2DBFETHL AR LTEIL, 5%, ZhHOH
R A TRFARA & 3 2 120%, PV A TR~ Xl O e B3 2 FBD 2 WERH Y | DT
DIZIE, Bt LEERERITE & & 7 & TAFFREIE O JRTECE 3 2 BRI BRI T 2 R B 5, L L,
MR CRE 2 2 RO 2%, 72T 2 B OGS L FEOBRIE, RefnEETH D,
BBl 2 E T, RS 2 BRI ORI E 2 S D LT & 7, EH
BEREIZIT, RIMEE DR FEEF D DI RE~H D ZARRBRIRIE & 0 | & % OREEDIFEE OF#E
ME=a—m bR L, FREOEBEREAHIHT 2 2 &2 AH L TE7 (Ueno et al., Cell Rep
2018; B 178), ZIHM-FHEE D7 SRR EEFREN, IMOREFIZIB W T ED X 912
O EEHE AL AA FAVEHR DS ET D BEAE D A TV, FFEEE e Tk, FESCHMEIC X
D REEIT R A A AR TIREZ 5 2 & D S BREEICIE U7 im0 B SR S b,
ZIVE TOMEE, EROREEET L, EHOEBREOFRmESREINDICE EEoT
Hich, WEX A THNE Z 5 FmE OB FCRBLOBEARIIEA TE b7, (KR bR ST
W7R\N, BL72 2 MR OREEIC L 0 | T FATEE D Y AT AR T ED X5 22 AR OE )
EFEI, BRRICERHT 2000 TV,

2. MHEOBE®

AT, MREFERICEZ 5, M— % o7 CHEB) MTROFmEA P S nic L, BEH
RN Z D RO /N2 — o KRR L. FfRERE O S BREZ O T2 L2 AR E
T 5, Y72 [A]EE O WM A HTR UIREIERY & 9 D11, AR IMBEESALIC IS U Cigim LS EE
[ % b 72 O TR O JRTECE OZEBOBEN RO LTI Y | AL TIEEDOERRIL &
[FIEEAS . HEEE DRI 237 7,

3. WFFED 5k

HEFEE T L~ 7 A& AV, B7p B EERAL LT 2 & BB OB T O RN A
KR L. & SICHRT %R EHRE OB T OB, BIEERIE~DEEZH SN T 57
. FRe ()~ (3) OIFEE T 7,

(1) EE FATHE P O ] 7 AT

Rose Bengal % HW\oHMARTERIZ LV | Bl ZGEHL~DOFIEET VA/ER LT, ZHE T,
SHBRIC BN T D BB = 2 —r ORI E ORI 3 7 GEBNEF (CFA, RFA) ., TP
SDIZHAiT 5 E R LTEY (Uenoetal., CellRep2018 ; X 1/), Zhixb &I, KR EER



Wma—n T T REET D ABORPTEZEET L (JAfi CFAtRFA+S1, 1 CFA+ S1,
Pl CFA, SMEIS1) ZHESE L7z, &7 /MWW T, BT B L—13—BDA # H T, RN
B OFRATRID DI T 2 B R IhoR 2 A5 U BEZER I LT 2 AR A iR - ALk
W AT LTz

(2) FEfm T 2 HEE) F1TH OBk O fRHT

R B D FRAF BRI S 5 U RS 5 BOE A RS R & i = = — v v ik Az i~ 7,
BEOEMNME=a—n r ZBETHRE~Y T AZHWTE# L (Ueno et al., Cell Rep 2018) . JI&
ITPE B L—Y— TR 2 BB BB ER A Bk U7z, BEZERE, MRFRIICH 2 D Esi D& b % |
fiR] - AR PRI IRET LT, F72 Z OERAERER T D0 & TR~ To, #E VU At th—
GCaMP Z R EDH = = — 1 RIS E, REFHRE 2 R A TFE TR L, Fii==2—
HUDINEE T 7 AN=T 4 M A Y — TR 5 EBRR ML LT, BZERICET 5, BE
BB ANS T D F B = 2 — 1 o DA & FH L=,

(3) Ff9 2 &) F17H OHERE DT

Pl U 72 BB A RERR ORI M85 | I FEZE 14 O TEEIRERERIE IS 5 D &2~ iz fiX L=
P a2 D IEIEE 2, A A — RO AT ZAWTRE L, BIEORE & [a1E OlfE 4 3 KT ¥
XT A v I ST LTz, BT OE) X &2 HEhERR L (DeepLabCut ; Mathis et al., 2018) | 1577 JAE 2
7 —% % KinemaTracer BI/EfRNTY 7 b U = 7 ~E A EE T A —H— (BAEALE, #LE, BH
B, R, AREERY) Z2HUS L., EBEOMEEER Z L OB EHE 2 5 R &ML L7 (Nakamura et
al.,eLife2023), FifmlAliE 2kt 2 =a—na 03, BERITEICRE DL NERD70D, AAV R
Cre v U A% W, ALFREFHIFECHOVOZBEBERED =2 —n U ~EE S, VTR
DEEGAT K0 G E) & Fr LAY ICBRE L. EENERE DR ZERITE(LANE 2 2 it L7z,

4. BFSTAR

(1) FEFEEL & K& ST X 2 BEFHER O sk D R %1k
EEORMEEERIHELE T~ T RAET VAL L, BEE 2 ki 7= KN RE O 7 A7 5k
M BAROND BB B BERE OWhER 23 3 D A2 MM L7 (Sato et al., Front Neurosci 2021), $Aff
R D BEEES = 2 — 0 VRN E D 3 » A GEENEF (CFA, RFA) ., R EF S1) (2312
AT % Z DD (Uenoetal, CellRep 2018 ; X 1 /2) . Z OAFEINEE X5 4 FRO MFE ST
TIVEREST UTc, P IREICIHEIE A # 2 L= 556 (CFA+RFA+ST fiEig) . FEE x> CFA <° S1
MOMOD BRI, SISV THEF - MR L, BT 52 Lhbhrole (M14), —
F. o/ MU ONFEZE (CFA+ST fEIk) 2 & L7256, BEERHMU O R EHF I imE T, R
ERMANZFED RFA PO suagasms @es) RERS O S EEER
5N RS 2 ARl P07 6

Lbhote, Bk, ES) ; J

B CFA & 5\ MG B S1 12
FRFEZ R - L7286, 7L
72 S1 & 5\ ML CFA 2B Cf .*C & o C o,
B HEL B O TR 23R o1 || is e i e f[]E

BRats T L bans. B, BEERICRECARESMBOSREERES. (5 @
s I B AR, KM D RFA (). CFA (7). S1 (%)
EIIE, EELEFMogL

R, BRSO e o~ 0% (Cell Rep2018), () I
BRBEHERLTHM L. o f ssiss o PR, IMEEOMECAE S0k | B
R O FE BRI 2 72 DA% ~9, Sato et al., Front Neurosci (2021) % &%,

Primary somato-
sensory cortex (S1)

REH R

BER G




o2 h, MU EEREIE TR L, £72FX VT « ORI 5 BEHFRIE IR L 5 2 72
WZERDrole (K1), ZoRRIT. BEEBA, REFHKOZ A THGEZ 5, kDR
HERET 56D ThD, FBUEEZFET L2568, BEOTMAINC, 72 R A R
T HMENEEZ RS 5,

(2) MR\ TR T 2 BB B B Ok & HhE

WEZEE T L~ T RITHRW T, FHm T 2 BUE A RERS O SARE T OBkl L B AR~ T, £ TR
T - MR IR IR NS | BT LT S E B OB IT, HEOFEM = —n LT A &
ERH U, ZOESEEN TH 205720, REHRKZ CEEHTIM L, Ti==
—Ba YDAV T NEEERET D HERMSL Lz, ZOhEZAWEZE 25, INE%ES, RE
BHEHE L FFEOFH = = — v o OPEReA, A - BEREMICHIINT 2 Z L A R L7z, &S, F
i L7- B OBREZ A S22 T 572, BIBENORKED = o —u > OIFE) &2 (L FE R0
B3 FEEMSL LTc, ZOFEEZRAG, v U A0 WA I L=t A B D PHicEE) 2 3 ot %
YT A IR LT L 2 A IEIER , FFEOFM = 2 — U3 THRUES OMRERIEICEF ST
HT EDbroTl,

ABFFETIE, IS OEALRCR E BT, e 2EE) FTHOFMHRARSEZ 52 &2 /AL
BRI LTz, & BICHRHR L7z Bl OHzke & BRE O R % RS L~V T H M2 LTe,
Z ORI, BEER O B & HSRERIE OMRIEEZ | AT A-lafED LV TEfiES 5 2 &
ICEBRT D, 2R RETR G 7 & OB F SRS SN D REBICB VLT, EO X D 2 kifkE
DEECHESERERIE ~LETH 2 00, 1GFRIENE RINT—BIce 2 i s,

<G HISCHR>

1. Ueno M, Hayano Y, Nakagawa, H, Yamashita T. Intraspinal rewiring of the corticospinal tract requires

target-derived BDNF and compensates lost function after brain injury. Brain 135: 1253-67, 2012

2. Ueno M, Ueno-Nakamura Y, Niehaus J, Popovich PG, Yoshida Y. Silencing spinal interneurons inhibits

immune suppressive autonomic reflexes caused by spinal cord injury. Nat Neurosci 19: 784-7, 2016
3. Ueno M, Nakamura Y, Li J, Gu Z, Niehaus J, Maezawa M, Crone SA, Goulding M, Baccei ML,

Yoshida Y. Corticospinal circuits from the sensory and motor cortex differentially regulate skilled

movements through distinct spinal interneurons. Cell Rep 23: 1286-1300, 2018

3. Mathis A, Mamidanna P, Cury KM, Abe T, Murthy VN, Mathis MW, Bethge M. DeepLabCut: Markerless
pose estimation of user—defined body parts with deep learning. Nat Neurosci 21: 1281-89, 2018

4. Nakamura Y, Kurabe M, Matsumoto M, Sato T, Miyashita S, Hoshina K, Kamiya Y, Tainaka K,
Matsuzawa H, Ohno N, Ueno M. Cerebrospinal fluid-contacting neuron tracing reveals structural and

functional connectivity for locomotion in the mouse spinal cord. eLife 12: e83108, 2023

5. Sato T, Nakamura Y, Takeda A, Ueno M. Lesion area in the cerebral cortex determines the patterns of

axon rewiring of motor and sensory corticospinal tracts after stroke. Front Neurosci 15: 737034, 2021



13 7 1 2

Tsuboguchi S, Nakamura Y, Ishihara T, Kato T, Sato T, Koyama A, Mori H, Koike Y, Onodera O,
Ueno M

146

TDP-43 differentially propagates to induce antero- and retrograde degeneration in the 2023
corticospinal circuits in mouse focal ALS models
Acta Neuropathol 611-629
DOl
10.1007/s00401-023-02615-8
60
2023
110-114
DOl
10.32272/ans.60.3_110
26
2023
11-20
DOl
10.24780/jjptf.JIPTF_2023-06
55
2023
32-36

DOl




39
2023
30-39
DOl
10.20584/neuropsychology.17171
Nakamura Y, Kurabe M, Matsumoto M, Sato T, Miyashita S, Hoshina K, Kamiya Y, Tainaka K, 12
Matsuzawa H, Ohno N, Ueno M.
Cerebrospinal fluid-contacting neuron tracing reveals structural and functional connectivity 2023
for locomotion in the mouse spinal cord.
eLife €83108
DOl
10.7554/eLife.83108.
40
2022
Clinical Neuroscience 746-749
DOl
25
2022
43-49
DOl
10.24780/jjptf.JIPTF_2022-R1




Sato T, Nakamura Y, Takeda A, Ueno M. 15

Lesion area in the cerebral cortex determines the patterns of axon rewiring of motor and 2021

sensory corticospinal tracts after stroke.

Front Neurosci 737034
DOl

10.3389/fnins.2021.737034. eCollection 2021.

Nakamura Y, Ueno M, Niehaus JK, Lang RA, Zheng Y, Yoshida Y. 41

Modulation of both intrinsic and extrinsic factors additively promotes rewiring of 2021

corticospinal circuits after spinal cord injury.

J Neurosci

10247-10260

DOl
10.1523/JINEUROSCI . 2649-20.2021.

Ueno M 33
Restoring neuro-immune circuitry after brain and spinal cord injuries. 2021
Int Immunol 311-325
DOI
10.1093/intimm/dxab017.
72
2021
409-411

DOl




277

2021

1104-1107

DOl

30 15 5

Ueno M

Elucidating the degenerative process of the corticospinal circuit in ALS

The 14th BRI international Synposium ALS/FTD: in depth understanding and up-to date

2024

23

2024

129

2024




Sato T, Nakamura Y, Matsuzawa H, Ueno M

Connectivity of rewired corticospinal circuit for motor recovery after stroke

Sensorimotor circuits for limb control

2024

Nakamura Y, Kurabe M, Matsumoto M, Sato T, Miyashita S, Hoshina K, Kamiya Y, Tainaka K, Matsuzawa H, Ohno N, Ueno M

Structure and connectivity of cerebrospinal fluid-contacting neurons for locomotion in the mouse spinal cord

Sensorimotor circuits for limb control

2024

Sato T, Nakamura Y, Matsuzawa H, Ueno M

Reorganization and molecular changes in the corticospinal circuit after stroke

13 - -

2024

Nakamura Y, Kurabe M, Matsumoto M, Sato T, Miyashita S, Hoshina K, Kamiya Y, Tainaka K, Matsuzawa H, Ohno N, Ueno M

Revealing the structure and connections of cerebrospinal fluid-contacting neurons in the mouse spinal cord

13 - -

2024




LF

2023

2 GTP

2023

2023

66

2023




66

2023

Nakamura Y, Kurabe M, Matsumoto M, Sato T, Miyashita S, Hoshina K, Kamiya Y, Tainaka K, Matsuzawa H, Ohno N, Ueno M

46

2023

Sato T, Nakamura Y, Matsuzawa H, Ueno M

46

2023

Ikarashi K, Sato T, Nakamura Y, Yano M, Ueno M

46

2023




63

2023

63

2023

2023

Ueno M

Exploring sensorimotor circuits in the spinal cord

DANDRITE -

2023




25

2022

75

2022

27

2022

46

2022




Voluntary exercise restores the ability of corticospinal tract rewiring and motor recovery lost in aged mice after brain
injury

Neuro 2022

2022

Sato T, Nakamura Y, Ueno M.

The patterns of axon rewiring of multiple corticospinal tract pathways after stroke in different cortical areas.

Neuroscience 2021

2021

Rewiring of corticospinal circuits after CNS injuries.

2022

40

2021




94

2021

Sato T, Nakamura Y, Ueno M.

Poststroke reorganization of the corticospinal circuit

44

2021

19

2021

https://www.bri.niigata-u.ac.jp/research/result/001597.html

https://ww.bri.niigata-u.ac.jp/research/result/001626.html
ALS
https://www.bri.niigata-u.ac.jp/research/result/001985.html

TOP-43




Burke Neurological Institute

Cincinnati Children®s
Hospital




