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B Y - OLE L L T SO0 UL 45 il 2% B AL (amyotrophic lateral sclerosis, ALS) /NN F7 22 TARDNA 254
[143(TARDNA binding protein, TDP-43) 2 HMGB1/RhoA {5518 B 2215 O B2 , 4857 H AT LA T ik 3% ALS /R
B S RE ML

T iE A5 A SOD19* Ik [K 32 /N R B ML 15 40 A T 4 (SOD 1) 13l T 114 (electroacupuncture, EA) |
FlEme (Riluzole) , [A]%55 SOD1°* FAM:/INR A ZS X R4 (control) , AF2H 15 H o FUVEF LTI F00U 27 ORUI A
SO KA, 5 U/7d, 7d R—AI7 e FARIF 47 R, gl T 1) 30mg/ (kg - d)FE B IRYT . 1 W/d, S
JA K582 JH o RGBS RN 22 27 0 4y FU L 8 57 SL IR PEAG 45 2/ RGZ B DI R , B8 9 6T B AN 1 )22 TDP-
43 BAPEAN 2 ; Western  Blot 32 K6 ik 57 J57 28 45 45 64223k 73 F 1 (Iba-1) \HMGB1 . RhoA & [ #H1 %} & ik i ; Elisa
A I35 TNF-o0 52 MCP-1 1 55 12 5 33 S WL BB R i 2 2 2 DB 257284k

S5 0 MR e, BT A L s (R SR R [ i D A 2 24 P43 3 55 (P<0.01) , I MCP-1  TNF-o, 1% 58 AR K2 2
Iba-1 . HMGB1 .RhoA & |11 &35 LA J2 TDP-43 FIPEAH I3 T i (P<0.01) . SREIYZH LA, v B 20 FOR - s 2 5 1
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Abstract

Objective: To observe the effect of early electroacupuncture intervention on the expression of TARDNA bind-
ing protein 43 (TDP-43) and HMGBI1/RhoA signaling pathway in the cerebral cortex of amyotrophic lateral
sclerosis (ALS) mice, and to explore the potential mechanism of early electroacupuncture intervention in im-
proving motor function in ALS mice.

Method: SOD1°”** gene phenotype mice were randomly divided into model group (SODI1“**), acupuncture in-
tervention group (EA), riluzole group (Riluzole), and SODI1°”* negative mice in the same litter were blank
control group (Control), with 15 mice in each group. The electroacupuncture group was given acupuncture of

Baihui point, bilateral Tianzhu point, bilateral Tianshu point, 5 times/7 days, 7 days for a course of treat-

DOI:10.3969/1.issn.1001-1242.2024.03.002

3t
1

S H ER ARPREELS I H (82074555) s BRI A #& ) TWI H (2115022)

PR ER2GRAAEE IR RE , BRPUATRREATIT, 7120465 2 BRPTHIRZRFFHRIFEEARE; 3 PRI IAE AR 4 MWiflfEs

BB R 5B, L LT A s WO H 91:2023-04-18

312

www.rehabi.com.cn



YHREE54E

ment, a total of 4 courses of treatment. The riluzole group was treated with riluzole 30 mg/(kg-d) by gavage,
once a day, five times a week for two weeks. The motor function of mice in each group was evaluated by
hind limb functional neurological score and rotarod fatigue test, and the rate of TDP-43 positive cells in cere-
bral cortex was observed by immunofluorescence. The relative expression of Iba-1, HMGBI1 or RhoA protein in
cerebral cortex was detected by Western Blot. The levels of serum TNF-o and MCP-1 were detected by Elisa.
The morphological changes of cerebral cortical neurons were observed by transmission electron microscopy.
Result: Compared with the control group, the rotarod latency time was decreased and the neurological score
was increased in the model group (P<0.01). The contents of serum MCP-1 and TNF-a, the expression of Iba-
1, HMGBI1 and RhoA protein in cerebral cortex and the rate of TDP-43 positive cells were increased in the
model group (P<0.01). Compared with the model group, the rotarod latency time of the electroacupuncture
group and the riluzole group increased and the neurological score decreased (P<0.01, P<0.05), the serum
MCP-1, TNF-a content and the cerebral cortex Iba-1, HMGB1, RhoA protein expression and TDP-43 positive
cell rate decreased (P<0.01, P<0.05). The results of electron microscopy showed that the structure of cortical
neurons in the control group was normal, and the nerve cells in the model group exhibited obvious pathologi-
cal changes. The damage of nerve cells in the electroacupuncture group and the riluzole group was reduced,
the structure was relatively complete, and some normal organelles were detected.

Conclusion: Electroacupuncture intervention can improve the motor function of ALS model mice. The mecha-
nism may be related to the inhibition of HMGBI1/RhoA signaling pathway and the reduction of microglia-in-

duced neuroinflammation, and it is speculated that it has a positive effect on the reduction of ALS pathologi-
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HILZE 46 ) 2 i 4L 4F (amyotrophic lateral sclero-
sis, ALS ) J& B2 S KM B A A1 S LA 2 LA R Se 1)
LTI R A R T B[
I PR 22 B0 T sl BB B IC 7, Bt B R A 7 P o
PP, — HH I ALSSERR , PUREAR H IR 2FE T () 3
AU ] Ry 2—3 4F, LR BRI | P18 508 0y 1 A= iy B g
TR T WAL T I Y, ALS J& A 2 Fi B
FRIE R PR ATV , U HEAETE A I N 3R 14
AR VF 2 W BIC ) TARDNA 255 811 43
(TARDNA binding protein, TDP-43) L7z Ak
PR FNAE Db 2 AN B e P 2 e A BT )
RS E Y, T3 ALS M2 AR PE 1 B0
ML TR 2, Ok 6 22 (04 0F 4 2% BH A 28 S8 SEAE ALS
IR v ke 2 A, 32 S U i SO
JUE J5 240 A T T O, ARORE S g A B A AE PR R
T, 151 2 ik 988 SR AE IRl - (tumor  necrosis factor al-
pha, TNF-o.) . FAAZ 4 fifd #4 4k 25 1 - 1 (monocyte che-
motactic protein 1,MCP-1)%, DKl Fj it 28 Jist it

S i HE i BRAR S A, W R BT I A R M 1
B1(high mobility group box-1 protein, HMGBI) /&
TR AL RS AR ZH 1 JL DL, TR I 5 T AR oy A8
N R R 2R OC E SR M, Ras [R5 R 5%
i 51 A(Ras homolog family member A,RHOA)H]
BARAE AN AR SROE , J8 35 4E R AR A
PSR R, Ml ALS ASEAR A A, rh B 234
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IR, 45 1) 1 P AR A 2R AT M . AT
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hSOD19**/NE (SPF 2% ) 3% H The Jackson Lab-
oratory , {5 F WA & 3101 £H 4k A H U DNA i it
PCRX/NER AT SE R 437 . PCRFAR % TR R,
4 SOD1 " HE R Fe A ) /N BE WL -3 043 M
B2 (SOD19™) & il T T 4 (EA) A 65 n 2]
(Riluzole) , [A] &5 SOD1%** {1 1 /1N Bk 25 11 % B 4
(Control) , BR2H 4% 15 H o /NEURFR FRETIH 2R
=4 [ B R UTRIF ST S50 sy v s, Ry G 9 JL o A
B 20 (2242)°C , ARG 40%—70%, 12h B A2
B, SEO AR B R OK 3R KR S bR R R
AL, SIS B F Al IE g : SCXK (B%)2020-001, )
YIAE S0 FE W AR 3 18], SE08 H X s 1) Ak B
RO TP R shYs SR ). Z %
CL APV 22 24 K2 S s e RS DL 2
1.2 FEFHIR s

fiitR{% (Molecular Devices, 5 ) , 2H414] /i #L
(Leica, f8 [ ) , HL UK A BRAYL A2 R B 5E e i 15
4 (Bio-Rad, £ [H ) , ¢ )6 2 7 5% (Olympus, H
A), SDZ-IR LB ARME JRIC T BT R 5T RN B2 57
&) A BRA R 3 5 H 4% (Hitachi, HAS) o 504
L2E I Broedt el 7% (&% DAPL b5 Solar-
bio) , B-Actin. Iba-1 . HMGBI , RhoA #i {£& #l HRP 5
IEM L E AR 1gG L 28 6 1 4T % 1gG (Abcam, B¢
), TDP-43(Thermo Scientific, 3£ ) ./NF TNF-a
T EDR A 22 43 BT i) /DN B MCP-1 R S8 43 BT ik
7 &5 (Boster, 1) .
1.3 FHhk

HLER 4 - F SOD1 /R 2B I 60d JF 46 41 i+
T, SR RS & TN s & o ARPECHE
S B WL G A L RS B A YU 2 B R
FE UM RAR S o 235 T IE HR 5 RAE S S AR
T WLING | TF 4852 FF 3mm; KA /¢ B 25 HF Smm.
HLEF 7 B A7l 2mm , KAE 7R A 2mm, KA
FCRIA 2mm, B PIAR 43 532 B2 23 7R R
AXSC, L 10min, FIPES L E S0 W0 K 2Hz,
SR ImA. JTAE:5K/7d, 7d J VAR, Hh kAT
44 TR A4 T

FlEme ] . F AT T2 R T, Rl
VAR K 3 30mg/ (kg - d) B EEEATHE B 36
J7, VIR, SR FRREE 2 JAY BB E R TR TR,
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1.4 EAE bR KA I Jy i
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12 S UIRE 5 2/ B B S b R R U
1SRPM, it s/ INEUTE PN 1 O IR s R] , e sk
PEVEAR M, 1 3min #4208 180s ic 5% . AR H F
1135, 3 e rP R BURAE M 1 F 10 Es . 5050
FIHEASEI PR W Th, GRAFAS RN H AT i)
— 3, BT 120d B ERAT R2pAaml . 1B
REIUET 3 d X/ INEREA 738 R N 25, DN R i m B X
ANERGELEIN 3d, THEE 3 RSB s -S4 434
BRI AT B AR A 4 14 TR
120 H B 2547, A7 76 4 10 B N RERSE A T
BB . A i A I PR BEIE I 1h, Pesfs
T2 1 A, ket S I OIR A ARSI BT /) B AR
TRk AR T A 4 8 22 0 5 24 3em Ab OR
— ) — Bl RBEEmnREESELT IR, Z)E
XIS B A TR 58 o WSS AR IE 7 T 58
SR ASA R 07 o NS R R S TR VR
P& | 1) FMIN b 2 T B sl BV e S B o8 A A Rt 3
PR, A5 R 17 NSRS B T AN 2R R
HR E 3 B AN A, D3 A 27 4 5 A L R B
S AERER, U R 37 4
1.4.2  RPEDSEHINES/ N RN TDP-43 B4
Tk AT REFVEIr PGSR A NS RS H/N
B, 3% I L 2240 ( 50mg/kg ) s T 6T JRR /N B B
SN L A 4% 22 B H R ORAT25 FH o U 2 I A 21
AT UKURY) Fr OFEEE 8um) , L1M7 354 A1 30min, i 0
—JL TDP-43(1:100), 4 °CYKAiF & 130 , PBS sk,
WIS e —h, EIRAM TR E Lh, B AT
TN DAPLHLDEETE T ) B F, BB wigs .
i Image J GR35 TDP-43 PN
1.4.3  Western Blot 7% il /1N R K fii Bz Jit Tba- 1.
HMGBI . RhoA ik : 17 R #1505 I 45
W5 B S EUS HUNRL, 3% B 240 (50mg/kg)
iR SRR /N U T oK IBOR G B2 5, B AR
R, S 56 AT - 80°CUKAI & o B 10mg VA7 I K
BT S, R4 T AR v R I o A B AR AR
Lk BB 5 PA), — T B-actin (1:2000) \Tba-1(1:
1000) . HMGB1(1:2000) ,RhoA(1:2000), 4 °CyKF
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FEIRI B 107, TBST ¥, A M — 4T (1:10000) = i
PEIRIFE 2 h, TBST Pk #GAF FECE ECL AL
R HATIEG EE  Image JHAE40 BT K (R
1.4.4 ELISA A0 /)N BRI 48 E [ F TNF-a f&
MCP- 1 MR B AT R oy R S 25 s, 454
s FUINEL 3% 0GB U240 (50mg/kg) I I T 5 ORI
B I I3 1ml, ¥ VR 25200 HL 4°C |, 2000r/min £ 0>
20min, AR FIEW, - 80°CHtifE. H4E5.0oJm i/ NIl
WIS 2T AR B ELISA 170 & B B AT
R, 25658 B Jr B ki SR 22 450nm RO REAE, 3L
FRufErh 2RI T35 AR TNF-0 &% MCP-1 B EE
1.4.5 ESTHBIUES/ NN B 2 M2 TR U -
TR S e S 25 e, T A 5 /IR,
3% L 2244 (50mg/kg ) B T SRR /) U 37 B
BRI Rz ST 2 2224 Tmmx I mmx I mm., & HE BT
T A°CLE 22 2h, AU 0, 1% B BE M CL 3, IR %
PRESE 3 YK, A5 UK 15min, 25 0 [ AE 2h, TR S
K NEALK B L 5—8h, BB Y] HLYI F 60—
8Onm Y] -, AU A S U R S iR TR . B
HL T s T ER  RER UG I T
L5 SEitEoir

ffiH SPSS 26.0 #5140t X FAF G
5 2 IE 2543 A0 BT BN IE 220 A1 (R i ek DA 34 s
PREZEFRIN . ZREARSE LB IR = 5 225017,
H— P LA LSD 5 8% . P<0.05 h 22 R34 A
AR L,

2 #ER
2.1 HUUNRAT R R 22 Ay LA
2.1 RS S N BRAE R AR b 5 B BT ]
SRR , BB 156 BH /N BR PR BB 0 AL b
st fa] B A R R R 8525 . 528 X B
FH L, AT 21 (R R IE e A % s O S s ) 47 e (<
0.01) . SRR AR, H A 2 AR 65 s 2] 1) s A s
TRIABF A EE K (P<0.01,P < 0.05) , HL AT 2H F1F1) 5
HEE R IR A g, 2 0 B E R (P>
0.05), WLEI1A.
2.1.2  JE R L2 E TRy /N T 60 H B
RIS AN HR A SRR AR T R RS AR S R
U, J5 s s 22415y T 22 5% (P>0.05) . F
120 H i M2 % B, A5 10 2 /N B B0 R Jis R AS RE 58
S fi e Ho A 2 b 2, — M A i R B, s E
AR LE , AR I 43 B SR 15 55 (P<0.01) 5 H AU L
A FEL A RN R e 2 T 4y B B AR AR A 4] (P<
0.01, P<0.05) , Ut W W B 2038 /N B Bz sh Wi .
LA A FIR 6 e 2 5 I R 2821 0 LA, 25 5
JCEMERE L(P>0.05), WK I1B,
2.2 ASU/INRIMIE RIEFFMCP-1 TNF-o 3 i LR
523 AL A BRI i 3 - MCP-1 , TNF-o. ¢
B B2 TR (P<0.01) s SR RULL AR LE , FLET 4 R4
M 25 1M % F MCP- 1, TNF-o0 9 & F& A (P<0.01, P<
0.05) , Ut BHATHITEYT T 105 /N Bl 3 2 0 R 73k
T BRI . T ALURIR B F A, Bk
fEbrE ST REEE X (P>0.05), WK 2,
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23 HUU/NRRIN R JZ Tba-1 8 15 5 R

523 FIZAR L, BB 20 R M 7 )22 Tha- 1 JR 138
BT (P<0.01) 5 S RIAIAA L, BT 4L AR e 44
KM Bz J22 7 Tba- 1 2 IR REAIR(P<0.05) . HLETZH AN
Fl e A 22 57 e B R (P> 0.05) . LIEI3,
2.4 BA/NEIEZHMGB1 RhoA B & it oA

525 (A L, AR 41K i B 5 HMGBI
RhoA # [ i £k TH i (P<0.01, P<0.05) ; 545 7Y
AR L, BT 2 RN MR 2H /N BROK G B 5t HMGBI
RhoA & [ AL (P<0.01,P<0.05) . HLEF4H FIF]
Bk, PRI E R R EEE (P>
0.05). VLK 4,
2.5 A4/ Bz 5t TDP-43 FHMEAN K g

523 U2 s B2 R G B2 5t TDP-43 FHA:4H
Ju 22 5 T (P<0.01) 5 SEEAVZHAH L , FEL BT ZH RN A
Mk 2H KR 2 S5 TDP-43 BH A 410 i SR [ AR (P<0.01,

P<0.05) , BERH FET TS ki B2 J= 57 DURA) TDP-
430 o HL B IR €5 R 2H R B2 5t TDP-43 BH
AR AL, 2R R F MR (P> 0.05). WES,
2.6 /NN B Z M 2T A e
75 S5 LB RT DL AR 2N B B J= o 2 A 25

BT AL S R OE R A R 2ok A
B2 LM , BRI/ U S22 A A
ZEUR AR R ik AT B A2 T G o R
SRR ST LA, rRL AT A AR ik
/N JZ A At O, At AsE B, T DL
SPIER AR . WA 6.
3 3tig

ALS (835 R IR IIC T 245, L
BB, WA JOKIZIE , B e , e Ja AN ETT
g FACGRN AR RIE) G I KA, /N

B2 KHA/NRIMFESREREFRIEKELER (n=5)
30 -
A B 300
#t 4
sk * o sk
:E\ 204 /‘é 200+
2 E
7 =
= o
g 10 g 1004
0- 0-
> 5 < Q> s (]
© $ T & TS
> . & v
& & S &
T s N BRZH PR« ##P<0.01 5 S5 IERIZH [ 45 - #P<0.05, **P<0.01,
B3 FH/INRKHRERA Iba-1FRIEKFLLE (n=5)
A N & @ B 1.5 i
Q'é OQ\ '\\’4)0 %
S F D *
£ 104
v g .o g 10
<
. " ¥ i
0.0
N >
SN g Ng
& &Y
° %QQ Q_:\\o

T A B /IR B2 5 P Tha-1 1Y) Western Blot S 8102 151 5 B - £ 41/IN UK B i Tha- 1 AR Bk, 5528 (I A LA - ##P<0.01; 5

FERIZH 35 - *P<0.05
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B4 KHANRKRRE RS HMGB1.RhoA Rik/KFLLE (n=5)
A R B 201 C 2.0
> & N
& & = 1< #h ] #
[ %Q Q)Y' D = 1.5 E 1.5 .
i wx OF 1 *
HMGBI|----‘ |25kDa < 1 0A < 04
m <
9 2
RhoA | D SED wom o | 22KkDa Z 0.5 % 0.5+
0.0- 0.0-
B-actin I: - - |42kDa N & N o
? (\60 Q{\ Q)?* \(‘9\?) “\60 Q{ Qy’ 6‘9\6
[e) AW Qo AN
(@) %O D @) cJO S

A AU/ EZ 5T HMGB1  RhoA 1) Western Blot L7 3R 5] s B . C: 45 41 /N BN B2 i ' HMGB1 . RhoA HYAHX ikt . 525 (X I
FbAZ #P<0.05, ##P<0.01; SH5RIZ HAS . *P<0.05, **P<0.01.

5 &4E/NGR KRR TDP-43 PR %k L (x400,n=5)

A B
TDP-43 DAPI Merge

Control
50 -
#it
40+
R *
SOD1%** ;5 30 sk
5
=
N =
o 20
10
EA
0= T T T
> & Y o®
& S Q) S
& » A
SR S

Riluzole

2 A 254/ NN B 5T TDP-43 e w36, 21 A bRic TDP-43, i tabRic AN A% , merge iy —F ILHRIE] ; B - 25 2/ INER KN 2 5t TDP-43 PH: 4N
MR CE Y ANBECE 43 ) o 525 PN HEZ FL A ##P<0.01 5 SR HLAR - *P<0.05, **P<0.01

B B A Bl KO R RS TR TE LA SR ALS AL/ BUER RN 0], [RAIG S 1Bz Sh o RETT
FbK, AR RE SN s B RNER, 0, IR PTR] LABGE ALS BB/ N2 S I RE

HH R A A i A RE ARG S JRCH 28, /NI P I MR JAE TS FEUE I 5 VF 2 i 2R A TP Y
ES ., Ao Bk TSIk BERAG, e ALS E I — DR HEARE . /M
23 BRI 2 nT PR R AR B, PR RLE AR 2 A S A L R AE ST G T, R P R TR A

FAYL KA U8 R R PHE FRHE SNSRI aE  FIThaeAR{b, fi Pk s PR FE . 36 1k 1R /NI T
TR BH B A FRER FOAAE PHEH B 2 T ik iR A o St — A S 2ot i3k
FTEEHCE 237 OB KA BMRAR VR AR B8, A R R, 20 o8 R0, ALS FR3 Il
N R VACVANI N  Sne s S T ol e T G % o 1 o S R e S SR A S R o 2 = R 7 1
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Elo &H/NRKEEERMETBMEN

(x15000)

SOD19*

TNF-a Al MCP-1 %521 MCP-1, hLFR R L K+
Be A 2, Bk S —Fi e 48 Ak R - 938 2o 76 R AE
RS B R 2 R 2 R A FHAE Y, TNF-
o2 FE M R AN T 22—, 75 S8 Fl 98 0E 1
PR AR OVERT WFSE 3R B ALS B i
YRR B8 Y TNF-0 AT FRATT Ao 45
BN, BEHRYT IS /N RS H R AE T MCP-1
TNF-o % & B 5 BRI

HMGBI1 2t 13 )5 i R R e R IR+ 2 —,
R0 240 47 i 25 o K, 96 TR o A T A
FEAE R R IEPE R A A OG5 R HEVE LA | R RE
SRR IAE R BT, —RE LT  HMGBI &
BT AR AL I L (H 2 ALS 52 19 40 it it HMGBI
ERE, T RS2 HMGBI 3 343 W6 LA 1 8 e ok
A A AE R0 JE ik & 20 B P A5 Bk i
N, REEAEREE e S R b PR R R AP R A T
FERRIGE , X AME T 154 2 B2 Wb T i AR Y
2 PN TR, 9 4 Rho S84 L 8T A] M R i &2
UM YIRERY 0 FHFEY, RhoA J&/)N GTP i Rho
KGR NG 55 S E M, KIEUESE R Y] RhoA 7]
FEZ R TR g R i T AT
A 58 45 SR R B, W B IR T R D BRI 2
HMGB1/RhoA i #2517 it RIBFEAL. R RT,
TE X P ALS /)N BUSE RS Fh  HMGBI/RhoA 3 % i 34075
S R A F B0 A 5%, IE B HMGBI/RhoA {551
BTG AR PR PR 22 JRE e 3 RV E A

B B 2T e Ay T I U SR R b R A
ALS TR IR LG 2 — W98 R A Pk 2 5
A FPHLHI A 32 sl T AR PEDY, 46 KR 2 J2
T TDP-43 5 [17E i gh i & ool T iz gl i 220
HUTY, TDP-43 JRAEEAE ALS FEE K ol s 3|
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Riluzole

g B bRl . WFFEERI] TDP-43 W] Ui ad [ F A
B AERFAR K, DRI TDP-43 2R IR B N 2
ALS FH 2 U UL R UR B N 3R /NI 5 4 i
Je X 28 R G P ME— A AR S B AT, BT
/DA N FE R 2B A TP P A A
S PRAP A 3 2o TR ] L PR 85, el iod A A P B
EULPY D VS R UIEZOTI 3% S R TS/ DT
L5 Gk 1. TDP-43 58 AL 21/ NI T4
i B B S I, 55 T T 24 D 3 T ) 32 AR LA AT
7P ARG AL, e 2R S RAE IR B A
FEATRAL R AT T T A KN B2 = TDP-43 24K,
NS A TS AL 72 40 Tha- 1 26 P 2RI, 2 24
SOV UGS a8 T EHRIRTT BEA 20
PRI
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