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Abstract

BACKGROUND: The recovery of function after spinal cord injury depends on the functional remodeling of the motor cortex. However, the anatomical evidence
underlying the functional remodeling of the motor cortex is still illusive. Analyzing the anatomical changes in the motor cortex after spinal cord injury can
provide new ideas and research directions for regulating functional recovery and rehabilitation after spinal cord injury.

OBIJECTIVE: To analyze the neural circuit structural basis of functional remodeling of the primary motor cortex after spinal cord injury.
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METHODS: C57BL/6J mice were randomly divided into a sham operation group and a spinal cord injury group. The adeno-associated virus vectors expressing
the fusion protein of Cre recombinase were injected into C, of mice of both groups. The adeno-associated virus vectors with Cre recombinase-inducible
expression of avian sarcoma/leukosis envelope glycoprotein receptor TVA and rabies glycoprotein were injected into the primary motor cortex. Fourteen

days later, a C4 dorsal hemisection mice model was established in the spinal cord injury group. The pseudotyped rabies virus was injected into the primary
motor cortex of mice of both groups. After 7 days, brain samples were collected and frozen sections were made. The distribution of input neurons innervating
corticospinal motor neurons in the brain was observed and analyzed quantitatively.

RESULTS AND CONCLUSION: Fluorescence microscopy observation and quantitative analysis found that input neurons innervating corticospinal motor neurons
of the primary motor cortex in mice of both groups were distributed in the cerebral cortex, thalamus and midbrain. Among them, in the sham operation
group, the number of input neurons in the mouse cerebral cortex accounted for (84.0+3.6)% of total brain input neurons; that in the thalamus accounted

for (10.6+2.3)%, and that in the midbrain accounted for (0.7+0.4)%. Direct synaptic input neurons in the spinal cord injury group accounted for (81.7+1.0)%,
(13.140.5)%, and (1.6+0.8)% in the cerebral cortex, thalamus and midbrain, respectively. The proportion and number of primary motor cortex input neurons
in the three regions of the spinal cord injury group did not differ significantly from that of the sham operation group. After spinal cord injury, the number of
input neurons innervating corticospinal pyramidal motor neurons in various brain regions did not change significantly, suggesting that functional remodeling
of the motor cortex after spinal cord injury may not only depend on changes in synaptic input related to injured corticospinal motor neurons, but also on

transcriptional regulation changes within the injured neurons themselves.
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1 #HEF155E Materials and methods

1.1 3%t BENUX IR EhA S o 4110 2 53 R R ST AEA R 56
1.2 B ASbE 92T 2022 4F 8 4 2023 4E 1 H1E B
AT R R Bt 56

1.3 #H#t

1.3.1 SZIeZhY)  8-10 JE¥L SPF 2% C57BL/6) IEME/INE 6 H,
& 20-25g, W H i RGAEMRIEARAR, 45~
YF A HIE 5 A SCXK( 7 )2013-0018, S/ 7 T Rl
KR B LI B R Oy, A F AT IE 5 SYXK( )
2018-0027; &g 25 °C, {8 )¥ 50%-60%, & 12 h BHRE A &,
N E BRI S . SRS SIREI R & LIRS IE K
= B s e ERAH G E , B k5 y: A-2021-009,

1.3.2 SEERF S Rk Cre EALFEIIARAH KT (AAV-
hSyn-SV40-NLS-Cre), i £ Bff {4 4 (1) % 1A TVA (1) i #H 5% 93 55
(AAV-EF1a-DIO-TVA-mCherry), Cre i 41 Jiff {4 i () % 1% RG &
I i AH 5% 75 25 (AAV-hSyn-DIO-N,CG). 15 7 18 5 3¢ (4% Ol
A PR AT R i 55 (PCVS-EGFP) 340 MU 25 1o B 27 4
ARABRA T AL W [ 35 [F SAKURA A& J5b F 7410 [ 2 [H
SouthernBiotech /Al f a3 4142 (Nanoject 11,24 Dmmmond
Scientmc); K& HL (HM525NX, 35 Thermo); &l &35 18
96 S s (VSI120, H A Olympus). Louisville B #4015 24 H
AT I KRB ) A AR A R R SR L

1.4 FE¥7ik

1.4.1 SEEGSF4H F 6 L C57BL/6) /N SR BEAL S o i 17 41
FERFARA, B4 3 K. FHEH AN RAEA MY HE 3 K
SR AL R 7 (PCVS-EGFP) Z HITEAT Co H8E T M 1)
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1.4.2 JREFEST 7S RS AR 1L W) S B K iR
BEIME IR, IR T EE A U SR
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A1 0.5 mm, PREE 0.5 mm), {45 5 IR E 4 G LA R Rk,
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RE . FEADNRIFT ., AR RO, K BRSCE Tk
SEALA LT g ANER SRR, MURTE RS, VIO Sk B
kR FE . S A B RS A B AR 49 0.5 mm
M /INE S P A P i 0 48 7R VR S A7 AU A 60 nL/min (135 5
WS . # 2x10" pg/mL 5 2 B A A 2RI TVA [ IRAH ¢
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B RED D B REI A . BT AR/ AT HEAR DI
HRZ G, 18— R Lk 5 e A M 23s 3h Bz e S
100 nL #5738 5 4 (0 5 B I IR AE R B (PCVS-EGFP).
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Pseudotyped CVS
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- | ety
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21K [ R B

Bl B AR PSR ET A B N Coa i MUl REE; Ch
FIREREA AR BB D AR ARG 0SB R T A2 0
TEST SRR AR R R B B8 0 K, FEAT i C, 17 BT 4 AAV-hSyn-SV40-NLS-Cre,
J£44 AAV-Efla-DIO-TVA-mCherry FiI AAV-hSyn-DIO-N,CG % /8 1 © 2 LLHilyE
SEE NI HEE B R 55 14 R, TEA MR8 3) [ i ] vEST Pevs-
EGFP, JEHET Co BHETT ML VI 5. 5 21 R #-AT R IM »

E 1 | #RICEER 7 d BYIREHERERSHHATTMARETE
B AR SRS i A SRR

Figure 1 | Strategy for joint viral labelling of the whole-brain inputs to M1
pyramidal neurons 7 days after spinal cord injury
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HOgEE Bl R R R F R D R B AR gt
F .

2 Z58 Results
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GEUIEZSTI

2 | REISMIARRAEAESRMETHRIEER

Figure 2 | Viral vector injection sites and the expression of fluorescence
proteins in the neurons
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Figure 3 | Proportion of pseudorabies virus-labelled input neurons in
cerebral cortex, interbrain and midbrain
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Figure 4 | Whole-brain distribution of pseudorabies virus-labelled input
neurons of sham operation group and spinal cord injury group
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Figure 5 | Percentages of pseudorabies virus-labelled input neurons in the
whole brain of sham operation group and spinal cord injury group
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