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F-EAS RS A S 3 b 4 {0 250 A 4 5 e U 39T -LA 2 AT R A 2, K fi
JR M - 3K 5 0 T 2 1R) PR AR e e ok, N T I R —— 0] DK ) B S P LA PR 7
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Abstract

Central nervous system (CNS) injuries, such as stroke, traumatic brain injury
(TBI), and spinal cord injury (SCI), are major causes of mortality and long-term
disability worldwide. These injuries typically disrupt descending pathways, blocking
the transmission of cortical commands from one hemisphere of the brain to the
contralateral spinal cord, thereby leading to persistent motor function deficits.
Currently, the contralateral cervical seventh cross transfer (CC7) surgery is commonly
used to treat motor dysfunction in patients after acute brain injuries. This procedure
connects the healthy cervical seventh nerve to the paralyzed side, bridging neural
pathways between the healthy cerebral hemisphere and the paralyzed hand, enabling
unilateral brain control of bilateral limbs. However, the mechanisms underlying CC7
surgery-mediated cerebral functional remodeling remain poorly understood.

In this study, we employed wild-type mice and Kv2.1 global knockout mice,
along with behavioral assessments and brain slice patch-clamp recordings, to
investigate the role of Kv2.1 channels in post-CC7 surgery cerebral functional
remodeling using a TBI mouse model. The findings revealed that during the recovery
of forelimb usage asymmetry after CC7 surgery, Kv2.1 knockout mice exhibited
slower restoration of asymmetric forelimb function compared to wild-type mice.
Additionally, cortical mEPSC analysis in Kv2.1 knockout mice suggested that Kv2.1
channels may play a critical role in restoring monosynaptic signal transmission
efficiency and promoting functional synapse formation in the cerebral cortex
post-CC7 surgery.

In summary, our results demonstrate the significant contribution of Kv2.1
channels to post-surgical functional recovery in the cerebral cortex and uncover their
potential influence on cortical synaptic plasticity. This study provides novel insights

into therapeutic strategies for CNS injuries.

Keywords: Central nervous system (CNS) injuries, contralateral cervical seventh



cross transfer (CC7) surgery, Kv2.1 channel, cerebral cortex
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1.1 PR#HERHGE5ELTELRXBAR

XA R G5 (CNS) Bl i R B3 B4 (TBD AEEETR 5 (SCD,
IR FEOC MK IR EE R N2 —. 501, &REFA 16900 TN E
R, Fo 2 3300 5 ANIRFEAT . REEFEAFEHAH 80%EH L IZa)kReT,
P XA RN SR PR R (1 32 2[R 22— 1230,
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5.61, HKZHEEWIKEEZG)E 00 3-6 MHN, FE2biE 6 MHE, ME
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HAARAN AR FHRACT B B 02 131, X LR BRI, R BRI 11216
I BN 2R T R A TR E 7 19

S A LR SCRC R MIa sh D Re, Ao A 3558 YRS AN A T e fi
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EREE R, AT ST 0] 2K g ) o < P U P e R Th o A JE Bl R IR, A 3
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BRI & 3 1 BMBAR L Iz shThRel. H a2 A St X AR
WO Ty SR O B i sh ThRekElS, 1 CC7T FARSEM IR E
AR T C7T A G SR TIRE, @n] U TR 7 J LEMNRE S . Ll 2 4E
e B R R AN, REZTAREEAMEmY; (BPD A6 ARG
J7 ARSI RR, HPEARE R ELE iRz 2.

AW, EEAE AR (TBD /N BESERERD CCT TR J5 s
AT JE AR I2 B Th RS K S (1 IR JE AL . TBI /)N SRASE AL — A P oL 5 o 4 107 6 o 2
(eCCI) 5473 I EE/IN B 1 22 SF BRI B JZ S B s, 2 J e, Rl S5 HiiE
SERXM TBI PR UL 1R shissh W EEZ A B i) R, X Ea
SN TBI (/) BRI H B 2 1R A7 AT REE dRi

CCT FAREI AR f FUAHER (CST) A& MK 5132 ) Bz J7 i Bl I 2 K
O AAGRINIZZN T RE,  TBI Ja /N B2 1 AT B RET B B R KR, H—h
CST # UIA KM BAGRIZ S Dh e TCiR AR =06 17, iy &5 AR AL CAndEAA bI T
A2) AALE, TBI W] LASE G AR Ul 0 R S5 A2 i (K0 BUIRAS . IR B T 3 i 3
T S0 B (77 22 2R8I,

CC7 surgery Step 1 Step 2 Step 3 Step 4
Unilateral Exposed the bilateral Distally Proximally Sutured the
coical 7 % antact “orachial plexus sectioned sectioned bilateral C7 nerves
lesion ~ leftC7 nerve right C7 nerve  via prespinal route

Sensory Roots 120 Top view
¥ inputs C5 nerve suture
} C6 nerve| [ \;g-'l',)a
" _’)Mntur | 'C7 nerve| | "%, i - ¥ X
oot Qutputs | ‘C8nerve| |°
Left Right T1 nerve cer

L1 AR HSHE T ARRE

12 Kv2.1 BESRA K EESE
1 Kv2.1 F1 Kv2.2 20 B Kv2 38 T8 S5 AE P il w4 X d Ve T T e A 38 2244
(91, Kv2.1 B AE RN SL S R b T i2 3k, 2 B2 A By e 42 e A I A
T AL 23, (EITA RZ T IR 4 IR RR i ik 20210, SE5G 3 WAL I DA S o
B SCEARE AR, Kv2.1 J8IE 4 S PR R/ SRS R 5 B AR /)N B LG I
Petm, RN A A S i R I B e IR R AR A AR K T B £ B R AT
N, $oR Kv2.1 JTE LR/ B ) is s 72 v 45 5 2R A .
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Kv2.1 7EHEANIR S 3 470 K I 4 8 6 10 M A R o 4% 2R R i /KPR, R
JOIE T AR 2 51 R S A B BRI A Kv2.1 LIRS, SEUBIE R U L
FEAR oy A B, T AR A 5 A IR A LR (L, A AL AT I R T
ZouHME AL, PAUESRIETT NTEXS A, AT CAL I I 28 S0 I SR 5 1y
Kv4.2 A BUEIE TR IE I AT 5 = B s 1R, 78 tH AR S /N RO, BRI
R T I S PR FLALE A1 (10 5 fil ke BB e AR G, TX 6By 1 ft A P 91 R
THER B, Rl Kv2.112), iX B /R 7 Kv2.1 & PR 7, wl e
TE B o s s N B BRI AR A

AR B Kv2.l BIEAPFIE R FOIRFIEHEZR . dEARIR Kv2.1 JBIERE IE
WA T K, WYERFAZ ST E AL I M AR R E L MR Kv2.1 @i
JUFAS L, CREE AR e 2 70 5 /55 CER/PMD B4 1) T 124 23,
ER/PM 40T FAZ A0 ML IR AN Ca> Pl 22 ¢ B2, HLAEMH AL BN 22 76 1
PR ) = 200, T (A FE R B, AR ) Kiv2.1 3@ IE #H 5% Cavl.2 1k ER/PM
BERAL, TERL Ca2E 5, #Hllk CaHES, HTEDMEur N ar- 5%
MG, SEILEE R IA R ERT,

B-EAE XFGALARAMNE IR 1 IR Z I D REIERR, (2 st [ a3 = H BT
WS . O AR Je 2 I, a6 7 VR R AR R AR S5 A5 A /N B gk AT
B3N R AL &, R IR GBS BRI BB EE TR S 8 JA I T2 1
BRI, AR 12 IR AT T CFA 19 S1 X U4, (HARAL iy BARHLHE A 15
W,

SHG 2 1A 5 5 FH B T A PR SR A A A R E B RT-PCR IR 5% 7
AHEZE XSG ST XARPE TR HATIR L. X S1 XA B S i A 3
BAH) 2/3 JZAEICHT T PRI M 2 B RT-PCR 5256, R BLIX S22 0 Kv2.1
B R A 2 E R, JF R R A SR XIR T Kv2.l Alge2 5 1
IR XA G ST X PR Fak Fp 22 Jo Rt I AR,



— MR 5%

2.1 #%

AR RSB Eh Y 8 RS MERR, TRE LI N 2025 g/ K, HhARN
C57BL/6N, LA[A] & Hi A i [R) R B AR /N BRAE ot BT FE S5 o Kiv2. 1 Rk B
H ML (TR M)A F St . AU K (R3PS 50 7™ i 4 R B BR324 i B 2

FRAC R B AR AT

2.2 &5
2.2.1 SEHRF R 25 fh
£21 AHEHRERE

A A x

SALHE (KCD Merck 1

PR — 4 (NaH2PO4) Merck &

BREREH (NaHCO3) Merck i

4-F5 LHENRIGE LR TR Merck P
(HEPES)

& FE (Glucose) Merck fia

RE: (MgS04) Merck 7

FAE (CaCly) Merck 1

SAbs (NaCD Merck v

REFE (Sucrose) Merck fiti

T E PR (K-gluconate) Merck fiti

ATP B (Mg-ATP) Merck vt



GTP =4k (Na3-GTP)
PR ILEE (Ascorbic acid)

PEHEREN (Sodium pyruvate )

Trizma EHFRZZ MR (Tris
HceD)

H M K (Proteinase K)
Triton X-100

Premix Taq 7§

DNA Marker (100 bp)

ks (Agarose)

Aladdin

A T A

Vetec

Sigma

Merck

Sigma

Vazyme

Thermo Scientific

BIOWEST

2.2.2 SEIRAFIE S

*2.2 MARTI A

Ewl WEE (mMD
Sucrose 210
KCI 2.5
NaH>PO4 1.25
NaHCOs3 25
Glucose 7
MgCl, 7
CaCl 0.5
Ascorbic acid 1.3



Sodium pyruvate 3

W pH & 7.4, BEE S 305mOsm / L

2.3 ATRH®
%l WE (mMD
NaCl 125
NaHCO; 25
Glucose 12.5
CaCl, 2
KCl1 2.5
NaH2PO4 1
MgCl, 2
Ascorbic acid 1.3
Sodium pyruvate 3

pH A% N 7.4, BiEEHESE 315mOsm / L

F 2.4 HBINTHERMEHER (mEPSC) iERHWE

%l WIE (mMD
K-gluconate 120
EGTA 0.4
HEPES 10

Mg-ATP 2



Na3-GTP 0.3

KCl 10

pH %% 7.3, BEKIHE R 305mOsm / L

2.2.3 LR E

R2.5 FEMBEE
& AT P
R F (FA1004N) AL R4 [
pH X (FE28) Mettler Teledo Hi
BiEEIX (OSMOMAT3000) Gonotec i ]
s v AL (DTK-1000) DOSAKA H A
F B IR KB (SY-1210) P £
HAR FzH{X (MODELP-97) SUTTER % [H
IEEARZE R4BE (Olympus BX51) OLYMPUS H A
JE P £ RCOR A% (MultiClamp 700B) Molecular Devices K[
AL %S (Axon Digidata 1550B) Molecular Devices X H
AR (MP-225) SUTTER % [
pifg s (ZDT12-075) HEPEE TS i
HRERE (HL-2B) P HTAES ]
2R (QD8204) T DT R H [
FL - DR B o 4 i e A (eCCD RN VE ]




£ 2.6 LB ME

A AL K
Q-capture Teledyne Photometrics ¥
Clampex10.7 Molecular Devices %
MultiClamp700B Molecular Devices %
Clampfit10.7 Molecular Devices %
GraphPad Prism8.0 GraphPad Software %
2.3 LT
2.3.1 PCR &R/ REFE

1 AR I/ B AAE BT
2.7 PREXER

Hh R A PR C57BL/6N-Kcnblem1C/Cya
FPo5 KOCMP-16500-Kcnb1-B6N-VB
H bR Kcenbl (NCBI ID: 16500)
H K] e S Y T I (Conventional Knockout)
GRS C57BL/6N

2) gt

a. 7|4 1 GR K 60.0 °C):
F1: 5>-CAGTGAGATACAAATTGTGTGTGGT-3’
R1: 5~ AATACTGAATCATTTGAGCCGCTG-3’
= 657 bp (RERR4EET)

b5 ¥4 2 GR KR 60.0 °C)
F2: 5>-CAGTACATAGACACCGACACTGAT-3’

8



R1: 5’-AATACTGAATCATTTGAGCCGCTG-3’
WA= Y: 817 bp (AT

c. LRI AL 1) 5
x 2.8 MREFBH E
B R Y S 1 =) S 2 =)
a1 (- 657 bp T
RETF (+-) 657 bp 817 bp
FAR (44 o 817 bp

3) DNA #HUJ7 %

a. 2 BN 100 pL ARSI (% 50 mM KCl. 10 mM Tris-HCl. 0.1%Triton
X-100. 0.4 mg/mL ZHE KD, 56 °Cid RiHMN .

b K3E: 98 °CHHA 13 23 Bh K% K 1 i K.

c. Bl BB 15 8, I HIE BB T PCR.

4) PCR itk &5 %A+

a X NARZR (25 ul)

& 2.9 PCR RMifk &

%

ddH20 9.0 ul

5% F 1.0 1l

1% R 1.0 ul
Premix Taq 125 ul

DNA 15 ul

&t 25 ul

b IR



£ 2.10 PCR § 42

R TR i [8] TEIEL
AR 94 C 3 min 1%
A 94 C 30s

Bk 60 C 355 35X
S 72 C 355
2 GEfif 72 C 5 min 1 X

2.3.2 SMitERIBOIR R (TBD EiZ

LIEFRAERS Ty 8 JH . AR EAE 20 & 25 T8 2 18 K RAE /N BRAE S0 0 5

2AE R EEZ88(100 mg/kg) (PRI R, /N REE E Sk DT PR R e, BT
fEHIE T

3% BB HEAT BLAT 4.0 KB VIBR AR, EBRESAUE, UE DIRR A4
WORTTE T (AP) —1.0 £+2.0 2K, A4 7J7H (ML) 0.5 % 3.5 2K, Kl
P SR 2R 5 B0 B M I P /N BRI A%t AR

APE VIR, EHBCAA 3.0 2K BRI KI eCCL, i IR BE B o PR A i
B 1.25 2K, TRBGHEE N 4.0 m/s, FFEE 100 ms, FHGERIATRIZE) K Z .

5.5 G kYN

2.3.3 ELR

1) 47555

a. FEMPARTLEE RIS R E 20 30 48, 4R AL MRV R eI, ik
BRAZ TR S

b. R BB IR TS A A (0 v (8] 3 ST i 4% AT Sh P E B RS A 1k N 1 E s
.

c. RN RAEBIEE AT 5 3B KE BT

d. F 75% . REmEG 5] £ LA 2 BRATAT SRS, 76 R — U IR 2 A Lk 388 [ 1

10



.
. XPFTA IR/ RIS TR,

2) Kk b

a it AR 7SR MBS, R 0 Ay B IR 2 Bt
S [CRHOAER/ Rk + XD x 100].

234 P LR

1) 47 s

a. (EMRAAT LR BUERR 2 220 30 40%h, St SIAH R OB &1, ik
BRAZ TR S

b. SERAEE ZRATIS, KA IEFRIE B, T 1) SR R BT A I R
Xk, SEi B, AFhW7ESLInAE B HiEs).

c. 1LR/NRIEW AR 5 2080 RTE 1K B o

d. I 75% BB AE A A BB AR RIRIE, 76T —RINK 2 BTk 3548

TP
e. XA MHN R ER DR,
2) Hifhb

a TSN BRAED™ 37 T A [ XSO A (R I 8] B P AR L BB s s 4%,
S PLN SRR 2 g

2.3.5 S A&

D MRV AR, VRRETIKE, WEREIARERET 34 CKIE,
PR R AR REA 1 h, MERAE TR EARES .

2) HERBF PN AN — AN BRI, 4 S SO R o (R 985 7 VLB L O R DR LT 1
DRBN=A288, FFEIANL 20 mL VI, = ANEEBE Tk k.

3) B FTARGIIEANIK TS, 5 Si /N ER . Wik, FRR KRR M5
M £ MR, = 5~10 s JFHLH

4) W GERCSK ERSL B BT, ERIRIERAL, SRR E W B OT, B
TERE RIS 4E) o TE AR I 2 A BN WK i 2 U et b, DULRRR AN 2 21K

11



AR .

5) ZHSERRMN, BN RGeS RO

6) fEWRENVI B L IER 2R br T) e AU i, IS IE A B IR EAKEER .

7 BTN, FWOKARIR 25 AR, 7T /KB AL, FE Y] Al o
ANV R R E 2Bt i 24

8) FrLL A Y] M e 1Y) e A DAL R D) IR R R SRR S

9 EHEY R, VIR 250 1 m.

10) VIR 5ERUE, 34 CH#E 45 min.

1D WEEWRE, HIEMIH, ZRE 10~15 min UREAIHIER, 5
A LA AR AT 5250 .

2.3.6 HRH%

WK EEDY 10 emy AMEON 1.5 mm. NAE2Y 0.86 mm BB . BB
HACSH, hHAE R GEEBRNREBEAE R 4.5~5.5MQ ). BRI [A]
B% 5 min, HEARHLLF IS TN ARG N IRAE, DL G 2Rk E

2.3.7 E4ME e R

D) AT A BOR S . B AL 2% . R CRT Q-capture $&E ML, FHATIHF
Clampex10.7. MultiClamp700B I Q-capture 4144 F .

2) KB AR R T R N ME T, JRR U B R, AR
[ 58, AR X dsh T & &L E .

3) ARG SR B X Hk, # =S e, BB mas, RREES
£ L V7 AT T DU

4) KR NBE N AR, R B SR T O m A LAHE AL

5) ¥ Clampex10.7 4% % membrane test #E20, FFHRELL %,

6) 4 THMAR A IEE, BRAERERICE 2 B AR SE T & 140 .

7) VARG B, B EE R A v Al 8 0 M PR s B2 T R SR A
F-80mV.

8) LAHMAT —ANE, FRMEAR 1GQ, semdE, REMERERSA.

12



9) 7t Clampex10.7 [ patch B0, HHT4s T LMK PR A7 T 22 40 R s Je
100 IZATRE 0 A AR .

2.3.8 HE

SEES TS SR AE clampfit10.7 oAl Frfe4s R E T Excel AP,
2 JaH A GraphPad Prism8.0 /£ .

AR UL n AEEFEARKH , S48 R mean+S.EM KBS . HikE
KH One-way NOVA. Paired Student’ s t-Test BH4T7 #5546, p <0.05 BB G2
F 5t

13



=\ BARGR

3.1 PCR J7iEkr e/ 2 F &

C57BL /MR HARFEH : Kenbl (NCBIID: 165000 #EATH MG, AT
%5 5E Kenbl AR NALE, HURABARR EIEIUE DNA, B AR5,
R 2.3 HHgI ) ey FR T, A PCR & 38504E . ¥7 4% DNA B 817 bp,
Ak DNA KB~ 657 bp, BRfRFEGER 45 R an i 3.1 fion e AR 1. 2. 7
F/NERN Kenbl 246 RAEAK, 3-6 S/NRNAIERARE, WHT /G450

M WT ddH,O 1 2 3 4 5 6 7

&l 3.1 PCR Jrikta B /s bR 2 R 2

3.2 Kv2.1_KO W18/, CC7 RJ5 B B A AN FR MR 5

N TS TR B R ARG Y CCT AR/ AL, FRATH 3 505
Jiiie TS BIRE 1 SRR AT — /N R, o B AR RN R B Kv2.1 4 B v i DR ok
ANERIEATARRIACEE, e R A i S (eCCD HA7 A /N UK 72
EERKIYE (BTG =+1.0mm £ -2.0mm, Hl =0.5mm £ 3.5mm), &
FURMI TG WS, 7B SR A RS T A A S ERE XBALAR (CCT
FAR).

14



T8I CC7 surgery Behavior test Both Partial
or sham

b

v v v v v

| | | | | ] | |

I | | | | I

2 10 2 4 8 10 13 (weeks)

B

= WT-TBI
-8 WT-TBI+CC7
- Kv2.1 KO-TBI
-~ Kv2.1 KO-TBI+CC7

Limb use asymmetry
(%left - %right)

A 3.2 Kv2.1_KO B 18/NR CC7 RJERIBAE A RIEIRE
(AT NI 2 (£ AUVNREE SR B ) My (B 47k, #H 5 f3
M (B n=6), LAVEAL /N RS2 4500 1 o fg

B T MIRAT A 2 oA i, 8 F T I AR T A< A 5 R 22 45 A 2 o
A1 A AR AR o T BIRARER /N, RIS 13 W, BRI AT —
RREAT A, 5/ BUBE T i 30 1 e e i 5 0 e o5 2 U ) 22 18 . L
iR, BPAERUNRAERAT CCT ARJG, 7o i Hefih 5 47 FR e fik o 2 U 1) 22 (B PRARG
FEF AR/ RRAE CCT RJFRTI GBS DIRE R B, T Kv2.1 4 5 MR Dl
Br/ANERIEAT CCT RJG, 2o IR 540 o Fefiuh o5 S e i 2 B R T v, R A Kv2.1
A B PEBE R R B CCT F AR AT IR S 2 3N D Re I A8 18 . IX 7R T Kv2.1
(R BR AT REAE CCT7 F-R fe 2 HE BB T RETo%: 56 B, Kiv2. 1 JRIE AT BEFE A A -6 A2 X
BT A S5 i Th R S 9 A AR

15



3.3 Kv2.1_KO #M CCT R MBI E R ALE R (mEPSC) AL

N T RFT Kv2.1 IBIETE 45 70 4 3658 R A J5 i o g 25 28 v 1) LA AR
H, R E R R F ARG /N SR SR YD R, 7R R K2 2/3 J2 X A IS
B AERE T, TEAEMISRAE T, 105/ RO A 1 S 5 HLIR
(mEPSC). fEicsidfe, fi A i et R A B s s 7 CRFFAE-70 mV, I
AR FEAMB NN 1 o M TTX $0H148 B 51 & B B & ShAE AT

33 K EMEAE TS MEtERM/EHER (mEPSC)
(A) A8 T A S stg (2 FlsEfsss T R ER 2 T S asg B)

AT Al 7 B AR RN R AR b B, % CCT7 ARJG ) mEPSC, iHE I
LRI VA SR, 45 NP 3.4 BF A /N K mEPSC s i W A1 7 i 451 3
JEEBRMIES, BFRGAERGESR, (ARREEES . a0 R
PHBEAR T K R J7= B S Al 5 5% 36 380 %, AT eSS AMPA A NMDA SZAA% & #
& ZARThEEIH]. S 2. MiEFAE AN R I mEPSC AR AL i J5 A
THmas, EFREAERKES, TREEER . XEIR/N R0 RE T R
06 2 2 D R SR AW BRI B R, AT RE S RAMET Ca?H(E 5 B SR S b I i 1Y
RAREERIE O, X —FH A RRIE CCT FARM BN .

0

16



WT W —
WT_TBI W
WT_TBI+CC7 m ) I I
 E— |
n.s. |l|
1
$
&
&

L]
]
=
1

N
1

Peak Amplitude(pA)
s o
1 1
Frequency (Hz)

5pA L
2s 20

1 1
$ Q@ &
&7
\‘S&/

\)&7_
S

7%
o

pe)

3.4 @i & CC7 RJ§ mEPSC 284k
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