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Mechanism of transcrianal magnetic stimulation combined with bone marrow mesenchymal stem cells transplantation

therapy for function recovery in rats with spinal cord injury Feng Sining, Wang Shuai, Sun Shi, et al. Depart-

ment of Rehabilitation, Shengjing Hospital of China Medical University, Shenyang 110001, China

[Abstract] Objective: To observe the effect of transcrianal magnetic stimulation (TMS) combined with bone mar-

row mesenchymal stem cells (BMSCs) transplantation on motor function in rats with spinal cord injury (SCI) and

explore its mechanism. Methods: Totally, 60 specific-pathogen-free Sprague-Dawley rats were randomly assigned

into 5 groups (12 in each group), including group A with sham operation without SCI, group B with SCI only, and

group C-E with SCI and treatments of BMSCs transplantation, TMS, BMSCs transplantation combined with TMS,

respectively. The SCI model was established with Allen’s method. Motor function was evaluated using BBB scale

for all the rats at the day one, 14, and 28 after the SCI operation. Injured spinal cord tissue specimens were sampled

at 4th week after the SCI operation for observations of NeuN expression with immunofluorescent staining and detec-

tions of GFAP, GAP-43, Nogo-A protein expression with Western blot. Results: At 4th week after the SCI opera-

tion, the rats with BMSCs transplantation, TMS and TMS combined with BMSCs transplantation had insignificantly

higher BBB scale scores than in those without the treatments (P<C0.01). The BBB scale scores in the rats with

TMS combined with BMSCs transplantation were significantly higher than those in the rats only with SCI operation
(P<C0.001) and with single treatment of BMSCs transplantation (P<Z0. 01). The expression of NeuN in BMSCs,
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TMS and TMS + BMSCs groups was up-regulated
compared to the SCI group, and the up-regulation of
NeuN was more significant in the combined treatment
group. Up-regulated expression of GAP-43 and down-
regulated expression of GFAP and Nogo-A in spinal
cord tissues were measured in the SCI rats with the
treatments of BMSCs transplantation, TMS and TMS
combined with BMSCs transplantation. All the up- and

down-regulated protein expression levels were more re-
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markable for the rats with TMS combined with BMSCs transplantation therapy. Conclusion; BMSCs transplanta-

tion, TMS and TMS combined with BMSCs transplantation treatment could up-regulate the expression of GAP-43,

but down-regulate the expression of GFAP and Nogo-A in spinal cord tissues of SCI rats, which may promote neu-

ronal synapsis formation and inhibit cicatrization of wounds through improving microenvironment and increasing neu-

ral factor secretion, finally promoting motor function in rats with SCI. The effect of combined treatment group is

more satisfactory.

[Key words] Spinal cord injury; Transcranial magnetic stimulation; Bone marrow mesenchymal stem cells; Func-

tional recovery

HHE4 45 (spinal cord injury, SCD J& H A 4Mi |
R 25 D DR 6 R B A AL DD RE R T, R
BT 7 ¥ T D Nl N e | D 3 B e e o = B £ 2
CE NP AB D RE R . b A R A LAY e
PR, 7E [ P 28 35 ik b DX, 9 i b 5L b i S5 . SCI
RIGHELHE T4 2 50~60, 3 B A ZFAE FFa
PR R R T PR UR Ty AR R A A A TT 8
it B R e 0 PR R R R A B — RN IF RET L R
M) £ A T Jo i 114 ] I 0 2 G BE A 23 Ol T DT ER 1Y
ZRUTTAAE . ek AR I B T RE L B R HOE AR TS
B 7 J A A7 a6 1Ay B 2 0l i 5 i 1 1 R

VT AR A WIETE R NI A0 A% AE 1Y 5 B IR 97 1 40
Bzl J B0 MRS R T e S 52 B 05 8 6 45 A 1Y) 3% 2
PR AR A B 0 R 2R T RER Y L TR ) S R T
W Jifg (bone marrow mesenchymal stem cells, BMSCs)
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A EEMEE BMSCs A B TMS I8 97 % 1 38 46
P K BT BEVR 52 100 52 0, 90 20 4 ) 795 2 36 VR AL
Sy Fols R N ] $ it B AR A

1 MBR5FE

L1 —f#H B8 R I % SD Mt K 60
A it 180~250g, BEHLAY AL 5 41, 441 12 2, H .
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Hrfr TMSH BMSCs 20 %8 BMSCs 21 GAP-43 %5 4 # ik
I (P<<0.01), TMS+BMSCs 1% TMS 4 [ A fr
. 2R Ig i ES, WK 4,

2.4.2 Westernblot #&m| SCI 4 J& & &2 K & A%
4 Nogo-A & & k& ik  HHEM G JF Nogo-A FikH
Wi E . SRR . BMSCs 241, TMS 21 }2 TMS
+BMSCs 21 Nogo-A & [ ik U] i FE AR (P<<0.01),
WA B — 1697 4 Nogo-A H H R IKFEMR (P <
0.0, WK 5,

B3 SCl4 B &abmisst GFAP & a &k
BMSCs #8 , TMS 28 % TMS+BMSCs 41 55 # A 48 1k 42 ," P<C0. 01; TMS+ BMSCs 41 55 BMSCs 41 & TMS 41t ,"P<C0. 01,

(n=3),

GAP-43

B-actin

BFERE MmB4E

BMSCs#H TMS#H TMS+BMSCs4

1.5+
c c
<) e e |
.a b
3;3'1'0' | c
[o =]
48kDa 5§ .
()] —
2 7 054
©
43kDa
0.0 i T
P B R R B
X & & & P
& & TS

N

B4 SCl4 B &EERMG AL GAP-43 & & & ik
TMS+BMSCs 415 TMS 48 1t 4% ,* P>>0. 05; TMS-+BMSCs 285 BMSCs 48 W45, P<<0. 01; BMSCs 42 . TMS 48 % TMS-+ BM-

SCs L 5 A 41k 42, P<<0. 01, (n=3),



72

Nogo-A | s MR M S 150KkDa

2 -
1 ] H
TMS# TMS+BMSCsl 0

T — — — - ).

BRFEARA HiEMA  BMSCs4

Chinese Journal of Rehabilitation,Feb 2022, Vol. 37 No. 2

a

l—|

Relative expression
quantity

\&r Vg \&'
& s %&@

&
N

B 5 SCl4 BlJg& At Nogo-A & & kik
BMSCs 8, TMS 1 & TMS+ BMSCs 48 5 4 A 28 bk 4% ,* P<{0. 0153 TMS+ BMSCs #4815 BMSCs 41, TMS 41 1t 42 ,* P<C0. 01,

(n=3),
3 it

ﬁ 00 IR TT — H%#/\ﬁﬁﬁﬁ”w%%ﬁ*
U IR 35000 Bl 26 15 A= A7 B RN bf 28 T e K A2 e

Emﬁé A5 ) B A

HAE 20 a2 4, BVA 3 ) 5256 0 58 30E 52 . BMSCs
AT dEM 2 T e F2E W g . 5 BMSCs LR 3%, {2
HET P2 AN oAk . AR TR RE B R R
DIREM A o 8 S0 A K ] P A 405 G & 3 S
FAT T — W RGN K Meta 4387, gy A 6
ABEALXT IR 56, 252 & B F T Ll ik 4 A 4 . R T
J5T T 44 A 4 v A 00 8 Y ASTA fis v K H B A=
I e J1 9 43 Je Frankel #1475 73 %% ; A 4E ASIA iz 5} 1F
3 T e % A% PR A T SO AN 1 2 o 1 ) A 5 T 2
MR A IR T B RE A A — € IT AL

H AR BMSCs X H 6 #1516 97 A & — & B RCR
RIIB T AL 2= A58 %A . HRTIA Sk BMSCs
IRITEREB O AL A O PRI —E &
1 . BMSCs 7] LA 75 3 434k hy B 28 JT R 240 M R 22
2 S5 240 B S B R A A L B B AR 4 ) TR
) A A /N R L. @BMSCs 3 3 43 WA p 25 A=
KA S o s A 2 A K R R R R
A U 2 T RE B K 0 5 il A 4% 3k K mT A
IR R FEEBMERSY . @BMSCs A L 5 47 11 R
TR A 4 I BRI A 2 BE R S A . AR A v
IR 0T AT I 2H 2 X sl A 2 A A IR T No-
go-A MYRET . [RIBF o LA 55 43 WA TR 3RS Tl 11 1t 8 7 37 R
TR R o P AR A TR A TOR R

28 MG A 1985 AR R B LK gk T

RIT Rl AR AT MR . 90 A, H A2 R R 9
ﬁﬁﬁﬁ&mmmﬁﬁAmme%ﬁﬁ%uﬂm
AE A o0 AR TG o PR 4 R R 3 A B i 3 0 i
FEA 28 0 Y 75 iy 3G 0 #2800 0 B0 B3 T A 4 AR
I BRI N T REC o R R 9 b R BT AR A A
HREA 0 5 D e AR B A RO L B BB ) Y B
Bl PR AR I RERR AT AR A R E RIE IR .
RS 3R 97 ML 55 HL 0 b 28 o 1 A B % L R AIG
P 2R AR I R I B A 1 R 2R T AR
AR AT N B Z 6 ) 6 AR 5 sE B S
SRR A2 AR G, f 0] 8B 0% 3 2o 9 YT R B BRI T A
HEH BRI IS D BE R A

i 7 TMS F1 BMSCs #8423 A i 461 1 J5 21 hg
BEA% A VE A, BMSCs 55 TMS B4 36 7 Xt 8 461 45 K
BRI i 28 400 07 2 A5 A s SR AR E AR R . LA
H A58 2 B BMSCs 5 TMS B A 37 97 % 1 58 1 9 Jf
KA P FAE . BMSCs + TMS 843897 J5 VD &
L2 21012 e 0 i Wk A2 e el TMS IR Y7 B i 35,
$7R BMSCs—+TMS B4 R AT i 28 2 Go 0
AR, AR 45 R R, BMSCs + TMS Bt & 3697
R RT A B E RS T SCL K R BBB TE4) . 6] i
BEI 5 b NeuN BHPE 240 f 503 in , BG4 36 97 RO R
3 $278 TMS n] gl i 2 #F BMSCs 20 Wb 284 K
PRl S il 3 Jeg 3 ok B B 412 205 4 46 40 I K Bz sh T g
PR 5 LA A F 9% 45 S — 3L

SCI 5493 J& 5% e Ty ek 52 11 R 36 32 240 45 4k &
P15 5 2R M DR 7 19 43 0 5 A B 05 1) A8 A 5 M I R 11 T
BAE . R 48 2R G R VA P RS R [ T 4% 40 Y o R A
S5 AN AT 30 UL T R RE A S A 5 Y AR K kT



PR - 2022 4E 2 H - B 37 B 2 )

P A YRR Z O E B, 45 Ak 1 B 5% T il ek
5% vty 28 T 3P AR S sl 2o g8 B Al 28 0 S 2 R T
CFFA S JF 22 22 300 A0 107 1) 0 200 B AR BT 7 2 fl 156
FIAE— o R WK A S A0 M A b 8 S e . IR
o A DAAE AR AL & A L ) an b 8 ik 28 58 o
O3 U o B A 2 JR B ) A R IR A L (R A
Hsh b K # & & 48 (central nervous system, CNS)
T 6 A LSS L X bR T R CNS o0 H 5 1 7
ABE T T RELLAN S CNS & T AR 8 52
25 A0 VR A ) PR 0 5 ) G e b A R R Y
T W A S 31 T Nogo- A ELA FR il b € 4 42E fif &%
X 2R Ge 0t 105 e i 28 FE AR W B 0 . BiFgE & B, SCT R
Nogo-A [k & Wi Tt SR & FAE R, 5
Nogo-A V& A S /2 A K AR G H 43 (GAP-43) 7E
SCT J5 AT LAE 28 i A= - 56 i 08 200 L JEE 1 7 5k 1 £
PERh S A . GAP-43 J&—Fp il 2 41 2145 57 R R 2R
F T2 AR e T & A 80, JUH R 78 AR K oAb T
A WA 28 A i DA B S T . PR GAP-43 ZE R4 5T
AR TR SRR L AE 58 R A KRN 28 Ml B Bt B rh 3R
I U ol Rk e e T AR A BRARRR AR Y L SR
TRIR 9 2 BB 5> GEAP D)3 3 410 ) %l 2 75 26 % BHL 1k
P2 ICHE A A BE 05 WG 5 S ) R GFAP Rk Tt
[

AL E R BN OF M5 GFAP £k 3%
38, BMSCs } TMS 1697 J5 GFAP BH Ak 41 i 2047 fir
WD AELC A5 36 97 20 BE 1 A 50 /0 o R 3L FLARS PR
—VRITH AR A B BTN A DD . QB RS )5 GAP-
A3 By %3k T E B K. BMSCs K TMS 34 97 41 ] I,
GAP-43 L .1 TMS B BMSCs 41 GAP-43 1+
BN, HE AR T BMSCs 41, O % 861
J& Nogo-A ik i & W m, BMSCs & TMS 597 41
A 0L Nogo-A I8 (HG FU A Y 20 22 53 JE 46 12 3 3L
M TMS Bt4 BMSCs 240 Nogo-A TN E . 55
A Gt e L

AW 1 W H BMSCs, TMS K TMS+BMSCs
AR YT SCT R B, M8 & BLEK & ¥R 97 41 SCT K R
BBB 43 i % 5 T — IRy 4, BB S iR K iz
SINBEMR B AL T A —IR97 4. T BE 5 TMS {2 BM-
SCs 43 GAP-43, 3l GFAP K Nogo-A )43
17 236 T A% I Jm 5 1) IR R B L A E T 2R 1 T
ARG, BRAIRIT A M AU AR T A 2 2w
TMS fi£#F T BMSCs [r] #ift 28 5T 19 434k » 5% PR R 35 sk
AL UCE AL S T W & T AE T A R 20 S DUIE

e

73

(5% 3 #k]

[1] National Spinal Cord Injury Statistical Center. Spinal cord injury (SCID) :
facts and figures at a glance[ R/OL]. 2017, 1-2. https://www. nscisc.
uab. edu/reports, aspx.

[2] Eckert MJ, Martin MJ. Trauma : spinal cord injury[J]. Surg Clin North
Am, 2017, 97(5): 1031-1045.

[3] Lee BB, Cripps RA, Fitzharris M, et al. The global map for traumatic
spinal cord injury epidemiology: update 2011, global incidence rate[ J].
Spinal Cord, 2014, 52(2): 110-116.

[4] Garbossa D, Fontanella M, Fronda C, et al. New strategies for repairing
the injured spinal cord; the role of stem cells[J]. Neurol Res, 2006, 28
(5) :500-504.

[5] Okano H, Okada S, Nakamura M, et al. Neural stem cells and regener-
ation of injure sPinal cord[J]. Kidney Int, 2005, 68(5):1927-1931.

[6] Xiang SY, Dusaban SS, Brown JH. Lysophospholipid receptor activation
of RhoA and lipid signaling pathways[J]. Biochim Biophys Acta, 2013,
1831(1) .213-222.

[7] Carrade DD, Affolter VK, Outerbridge CA, et al. Intradermal injections
of equine allogeneic umbilical cord-derived mesenchymal stem cells are
well tolerated and do not elicit immediate or delayed hypersensitivity re-
actions[ J]. Cytotherapy, 2011, 13(10);1180-1192.

[8] Courtney p, Samdani AF, Betz RR, et al. Grafting of human bone mar-
row stromal cells into spinal cord injury: a comparison of delivery meth-
ods[J]. Spine. 2009, 34(4):328 - 334.

[9] Boido M, Garbossa D, Fontanella M, et al. Mesenchymal stem cell
transplantation reduces glial cyst and improves functional outcome after
spinal cord compression[ ] ]. World Neurosurg, 2014, 81(1):183-190.

L1007 NGIDH L o Eer , 5 0, 46 o 0 220 P 0 f0 Tt AR 58 4 T 5 B 40 40 A
B PRI 7 XA, vl [ B2 2019, 34(6) : 303-306.

[11] Wang F,Zhang C, Hou S,et al. Synergistic effects of mesenchymal stem
cell transplantation and repetitive transcranial magnetic stimulation on
promoting autophagy and synaptic plasticity in vascular dementia[]].
Gerontol A Biol Sci Med Sci,2019,8(16) : 1341-1350.

C12] ey HSF- , o 0 , B I8 355 A [RD A3 T 52 420 0 SR o et K i
ShIhRergsE ], o E A BE 2E 4452013, 28(1) 1 3-13.

[13] Allen AR. Srugery of experimental lesion of spinal cord equivalentto
crush injury of fracture dislocation of spinal column[J]. Apreliminary re-
port,1911,57(1) .878 - 880.

[14] Yin YM,Lu Y,Zhang LX,et al. Bone marrow stromal cells transplanta-
tion combined with Ultrashortwave therapy promotes functional recovery
on spinal cord injury in rats[J]. Synapse,2015 Mar;69(3) :139-47.

[15] Chow DS, Teng Y. Toups EG., et al. pharmacology of riluzole in acute
spinal cord injury[J]. J Neurosurg Spine, 2012, 17(1); 129-140.

[16] Wu S, Suzuki Y, Ejiri Y, et al. Bone marrow stromal cells enhance dif-
ferentiation of coculturedneurosphere cells and promote regeneration of
injured spinal cord[J]. J Neurosci Res, 2003, 72(3): 343-351.

(171 S0 AWy, skife i, 55, (8] S BT T AR AR TR T A BB 15L40 - R e iT
M Ko Meta 43 #fr[) 1. o I ZH 2 TREBFST . 2015, 19,(36) :5865-5871.

[18] Zeng X, Qiu XC, Ma YH, et al. Integration of donor mesenchymal stem
cell derived neuron like cells into host neural network after rat spinal cord
transection ] ]. Biomaterials, 2015, 53(2):184-201.

[19] Zeng R, Wang LW, Hu ZB, et al. Differentiation of human bone mar-



74 Chinese Journal of Rehabilitation,Feb 2022, Vol. 37 No. 2

row mesenchymal stem cells into neuron-like cells in vitro[ J]. Spine, [24] Filli L., Schwab ME. Structural and functional reorganization of proprio-
2011, 36(13):997-1005. spinal connections promotes functional recovery after spinal cord injury
[207] Hawryluk GW, Mothe A, Wang ], et al. An in vivo characterization of [J]. Neural Regen Res, 2015, 10(4); 509-513.
trophic factor production following neural precursor cell or bone marrow (257 B RE PN, X B a0 5 o P2k 0 pF e ok SR (1. v BB A
stromal cell transplantation for spinal cord injury[J]. Stem Cells Dev, FHHEZ4 A ,2007,17(9) ; 715-718.
2012, 21(12).2222-2238. [26] BWEE, S, £ L8, 4%, Nogo T8 HAXH 284515 #1148 vh B9 7R RTAIL
[21] Waterhouse EG, Xu B. New insights into the role of brain-derived neu- [J]. s W2 27,2009, 26 (4) :61-64.
rotrophic factor in synaptic plasticity[ J]. Mol. Cell. Neurosci, 2009, 42 [27] EA. /NRBBER G Nogo- A M 4 L2058 L], Jmfit F AR
(2): 81 - 89. Z475,2011,20(3) :237-241.
[22] Chen X, Chen S, Liang W, et al. Administration of repetitive transcra- [28] Wang F, Zhang C, Hou S, et al. Synergistic effects of mesenchymal
nial magnetic stimulation attenuates A(1-42)-induced Alzheimers disease stem cell transplantation and repetitive transcranial magnetic stimulation
in mice by activating beta-catenin signaling[ J ]. Biomed Res Int, 2019, on promoting autophagy and synaptic plasticity in vascular dementia[ J 7.
20(9): 1431760. J Gerontol A Biol Sci Med Sci, 2018,74(9) :1341-1350.
[23] Ba F, Zhou Y, Zhou J, et al. Repetitive transcranial magnetic stimula- [29] Liu F, Liao F, Li W, et al. progesterone alters Nogo-A, GFAP and
tion protects mice against 6-OHDA-induced parkinson's disease symptoms GAP-43 expression in a rat model of traumatic brain injury[J]. Mol Med
by regulating brain amyloid betal-42 level[]J]. Mol Cell Biochem, 2019, Rep, 2014, 9(4): 1225-1231.

458(1):71 - 78.

. ﬁ]\{l ,‘I”/\ﬁt
* W B R E 4T spirifermin BT B EH X

B AT IR ST B T 58 COAD I T 2 4035 B 4 2 138 168 42 Y 0 » 38 U0 5 2 3 608 410 ) 6 0 4 Joe 1) B G 09 VAT 25 9 (DMARDS) .
Spirifermin J&— 7 8 20 A BUAF 4E 40 i A= K R 18, AlAR S B0CR FRAE o AR TR0 IPAN T FIA 7 A R PR G 5 P DG RT3 &% &
Ph . AR AT 45 2510 FGF-18 A7 615 4 I BEHLIX 5 (FORWARD) JE 4 A 549 44 40— 85 2 [ 45 fiE 1R 14 e 56 15 0 1 56 45 48 4R
F. ZIRFBRENL A 4 B 6T N TS Spirifermin 30pg/12 AN A, X615 N 1 4 Spirifermin 30./6 A~ A L 56T B 9 3 5 Spirif
fermin 100p2g/6 A~ H o LLR OGP TE S Spirifermin 100pg/12 A H o MR G240 2 36975 RE- 128 W (TETD ¥y S8

B, A ZiE BT 5 AR R AE B MRIGQMRD i 8w JE 4 . TET] B B ARG YT 5 2 4F 3L T 12 38 1 7)o M
fo FFRFF RS 5 4E(P<0.001), SERGALNIE 4 6 4 %15 BN TES spirifermin 100,g 4155 5 47 ) TET) §cR 8 IR T
jC(P=0.015) JiA 40 WOMAC IR I B BARYTRIEE @ T 50% . 7F 100pg 4lvh 1A ZIXH W BT &R EHA, 4

0 AT R L DG i M DT R BB SC T RN TR ST Spirifermin (20 AR EF 4R 40N AR K H 7 18) Al B | TR AL

RV 3
Eckstein F, et al. Long-Term Structural and Symptomatic Effects of Intra-Articular Spirifermin in Patients with Knee Osteoarthri-
tis; 5 Year Results from The Forward Study. Ann Rheum Dis. 2021, 80(8):1062—1069.
thICEPE i WHO FRE SIS0 G 1F o GRBO A A
A R AR K2 S8 R B 5 5 R 3



