iR

=

pu

« 238 =

Blgdeds 2019467 H 45 40% 45 4 IntJ Orthop. July. 25, 2019, Vol. 40, No. 4

B 03J5 2805 ST

MAR  FRE A

- ZRIR -

Ji&

WE FAMBRGEEAARG ARG LR AT ELEIATRLALR . ZARA G SH @IS TMEZAERRAT WY
SR, WTHEAYARFERAAR AMRG A 20 ARG LAR, BAA SHBTF R A THMEBG G G2

WBE O ERPARMZBEAELTF LTI REAE,

—tr ik,
ES- 35|
DOI. 10.3969/j. issn. 1673-7083. 2019. 04. 011

TR 1 2 R B0 L MR Bl O S LR S B
A R 50 B PE RN 3% 2R A7 BUREIR L AT 5 | LA E 3
BGE I A DI RE RIS B . H AT, A Bk E N
BOA T7 N 32 A R 5 R IR T . R R
JEM R B 3B R T A B 22 Fh i T RE
J& M8 5 B IR YT 7 i I 2 R vl & B AR R YT
S5 YT RO MELL A N . A SO0 B B8 1 4 )5
2 {RAE TR BRSBTS AE — 250
1 HFHERGEHFRENE

HREA AT 43 o T R S T A By
B, TS T 2 W Bk /R 2 AL
SO S S N N AR ol 1 I = 0 %
HOALUKM SRS . WA A E®
AR YEA LG, R, KB B AN . T 40
O i i i O R L R O e € et 57
B A2 0 Ko R BT, 51k — R A S E I A
RN+ 3 A R B . B B O A s
— 355 58 fol BB 9B e PR 2 A B TR RO B B
s & Bz —
2 BEBRGENEREERAE
2.1 a&RBLELIRE

TES T3 2 A0 2Pk B 0 5 32 0 9 4
HABWHAHRBE R SR, HAT, % T 5 5851
B IR A B BLH] A B B 22 B 4 i RN 43 e 21
SULRY, B b AL T T AL, 5 T Bl b A kL
Hh o 2H 2 1 3% 4 5 O AR A 2 T RER B

A REB 35 R IE2H SR AR R i B W A M Pk

PEHBAL: 200233, | ¥ 2858 K24 FHE 55 75 A R B B & B
WAEMEE : A  E-mail: zhengxianyou@126. com

XA AEMBG N E RS LI RAARR G TR

AP A ZFBA A ZRY BRS L 8 7 K%

720 0 2 6 RE AN M X LR AT I BRT . BEE AL
TR B S RE A 05 1 ARRE SN A T U 55 X A B TR
b EHEr e E . MiEmM 1~2 d NEIE
J JR A M TT B 8 A IR T 7~9 d INFESR 41 41 i 4%
T R T B TR AN M RR . 3 SRR RE R ) 48 AE 1Y)
E— 25 Ak R A BB AN T 32 RAE AR 58 A R
TG B . R A0 i R A L B 2
SN 2 o A 5 2 5 I 440 M L /0N S S5 A4 e A
XL S RER G G M B E BV fEE
IR T 3005 2 8 G R it 58 filh &5 2% BT 28 il B
S 5 33K 6 5 il ] SR YT 0 AF I Y 4 21 B R B 1Y il
R ZEI . 2 fih E A A 838 B AT B T IR 2
LAY (ol T E EEAN R 2 N S R 2N R R
R SRR 0 TN € i e e L 2 E 7 L
8 fl R M 22 38 s 1) TR RE R H B O 5% Ml B A
25 W BK 1) A BB B R 5 IS Y sh T e
HRERGE M as —EmaRBERS AT H
B 28 AN I DL 461 47 1) 2 6 S RE o8 4K A .
2.2 AKRBAGRAERE

B R R 1 22 DR 3R 5% e 2 58 i 7 48
O IR A X AL AR A T A A PR A B TR T A g
T3 At 240 A5 ) RO B 45 R4 I AE
2.2.1 Mhrgondniaa R A 3 A EE

FE R IG I o AK Bl 28 o0 4N LA 3 5K 1 R T
Afe 1. P ORK B4R DT B S . X Rl RE ) 8 T &
KUY, He "R KB M4 N 5 PTEN/ &
A7 2 H H (mTOR) M & W[5 5 4 538 6 1 55 40
WLER 15 5 M 4 3/45 5 5 S B e s WO IR 1
(SOCS3/STAT M KI5 5 5% 738 2% 24 5 mL A



FEFR AR eE 201947 A 4 40% 454 IntJ Orthop. July. 25. 2019, Vol. 40. No. 4 . 239

i 2 0 R I 2 1 i 2 T R O B U O . X
S {5 55 Gl PR L R AR ) R L A BT
X R e R B, RO, T A R
i B 5 5 ) A R B A
2.2.2  HAbANHA T B8

B i 2 D0 AN 1 1 3 8 4 A o Al 22 b 4t i
Z5HHRGBE . EITRTE R R R . Rk
JBT R A 240 i COPC) | B 2T 248 240 i i P51 5 W 240 i %
HpE R A i %5 . Anderson U ST N BB R
JO 40 B 6 B 28 A K SRR 2 B AR L (R a0 g e
AL MO, AR 2 Z R . 7E AR K R S
T REEREAEEA S SR A NER. R
T 168 T 240 e 98 9 S0 L ) S 1 A 4 o O T M
JoT 0 AR B 5 5 S A 5% 2E S Y 5 Sk R 9 1
YER .. OPC W45 B il 28 74 $8 17 15 B OPC 2x
SEA R R T ZHRY . BT 4 40 RE
53 6 AT 2 A0 M AR P R Al e AR i YR
P B A0 X AR 0 B R AE R S —
Wi, A REAR G R . ML D S 20 4 S B0 A il ok
B[] 45 L 5% 0 Bl 2% T AR M2a R I 4 A R ik
K & B2 -1, Ym1 5 CD 206 %5 30 i & E R 5 42
PR BRSO E LU A A R R, —
FBEIN AT o H R 200 i 7 405 i R K i % 1k TR
T AR FH BB EN . (A Karimoto 455
53 2 BRL  ob R 200 i A 5 T IO R 28 1 DA A 31
PR B AR AR . Zhou 251 BF9Y & B L 4 BB AR 05
BRASE P T A PN R 24 L AT I A A ) R L A
WG R S 49 PN B 40 L LA R B 40 I 4 i I
KA RE R . 25 B rak B RE 805 5 1 ph & &
OS2 |1 22 A0 L 3 [ T A 4
2.2.3 orTiE

HHEB R A AREE S RERE k. £
oy 725 Hd, B8 8 R . 764 56 1505 9% 4k o T
A28 57 B B8 A 2 45 0 100 b 28 152 L X 2B 1
A% I M 2 5 35 I F (BDNF), M & & = |/ 7
(NT)-3 i o 40 ff 7 77 I F (GDNF) 2 Ji
SEU¥s BDNF 4 A S5 107 X U5 & 80, #243 IX 3
M2 7 5 I 20 i A W Ak, 30T R R4 S R
SN XH A2 1 AR L A B TR TR A, Keele
SELOVRF G I s NT-3 3l 53 0% TrkC A0 {5 5 5%
Sl PR 2 AL AT AT A MR AL S 86 kB
NT-3 fE A 2 5 5 22 00 A2 R 22 00 L 15 MR A &
TG Z D Re M 400 ) y- 2 L T R g i & o0 iy &

RPN H R 2B M ER . Chen %5
FEAESE i 7 40 8 43 WA 1 GDNF HL A {12 k45 BE 45 15
Jei 9 fu E | J MR 28 T REAK B0 AR 5 )2 RN % B
1\ 22 B AR SR S5 58 V8 19 Al 28 A K D 1) BELIT )2 Kt i
HO-BAEETIEREB G EMRENEE, 5
Ab A R A A R (TL) -1, 16 554
B PR B BE B 5 oS AR AR
3 BEHMGEMEEENETHR

TEA AN 37 B AH BAE U T 52 56 86 7T 56 1
IR A RBEE A2 RE MK Z AT MR T
F A I A6 5 86 400 405 )5 R I A iR yT TR
BITEZ R 0 ABROR A LA b5 F 50
— TR BT RE R A T A B S BT ROk
R Z BT .
3.1 AZBRIPBS
3.1.1  Zj¥nayy

PZARAPIRTT 1Y 25 WAL 8 B L0 1 R e L R
W | JHF A R TR B 200 i 4R 9 SRR 7 (CSE) 4%

A RES A )5 5 G DR b A (1 HE 5 1 4 e 4
il 9 i SR LAY X B s L R
A/ 7 P A 8 50 I 40 B PN D B B A 5% Ml i A 42
TCRE A R » DTV 20 % 1 B 1 Al L B T L 36 3
My i B . Kitamura 25 0 58 & B, JIF
Az K TR 0 BB AR 4 A 400 009 0 ek P A O A A
IR BIMRE - BCRERIAE T . IS DFSRUESE , CSF
B i 40 ) K A T B R e /0 48 1 4 i PR T
ek, ARG FFAEKEF & CSF SR
Ab 116 A B 2T B B 7E N R P e A A AR
A R E— B Ik
3.1.2 HEZi¥nnyT

A RE 1 — M B b AT SR L TR A A A
HHEIT VRAR 5%, 55 BHEE 2 K 3 805§
HAHE— LB . B BRZTWR YT oh 0 T RE
)5 M PR3 2k R AR T3, BF5E &
B, A0 R A 5 TR RE B0 S 1 R &
9, Saadeh FEPURF SNy T R LT BE B 0
R 5 50 07 A E v e E B BRI R B A E
AR . RELA YT BE 8 B 0 R IR ATL AR A 35 25 R 4
RS R A B TR R BRSO B & Th R
B F R Tz F i A Lk ot ke S04 i o w1 41
. — TR R B S 5 45 2R WoR L R W IS 1
T2 Wik R Bk A 1% R A8 B 358 52 45 4 17 1L
TR MU 2 22 AR 4 i 1



« 240 -

EFEERE4d 201947 A #40% 4 IntJ Orthop. July. 25. 2019, Vol. 40, No. 4

3.2 WEFARLR
3.2.1 ZYRyT

Rho-ROCK 4 il 7 #1HT Nogo HLAK ¥ # N H &
R BE G G M F A R 25, SRR A
s HRRR A5 I S R R R AR B L R A
KHEE M & Nogo i 1 #7i Rho-ROCK {5 & # F
T o 2 P A R B . B A B
3 5 AT AR R A A S A AR — 0 R
TR R B, X 4 45 8 8 Rho-ROCK 1) 4 541
REA R0 45005 I 1 i 2 T R A ) IR LR R
R R Rho-ROCK 10 i 37 76 45 6 52473 )5 1
P2 B AR YT A B B AR B RT3 B I IR I
FEREAT DS AT R B 5 5 1 R 2 T A VR T
Wi, HAh, Chen 55 HF 551N . HL Nogo Hi 4
A FEE I AR T AT R AR B % A SR R 2R I 45 1Y)
FHE AR R R 2 A2 HE 58 101 405 )5 38 3 D) Re K 2 1
EH.
3.2.2 AEZYIRYY

T AR 5 40 RS AR R R R R A S 1 A 25 4
TRYTENH T R A IS 0 A AR

20 6 A T o R A K PR Y S R
HE T 2 B [ o A LA R 0 I A i 2 P A AL SR
PEHEM 2 FEAESY . H AT, 2E F AT 200 4 T A
it ) 70 I T 40 vt T 4N i B LA AN i S AT RS
R . 2T A0 R A B A1 2 45 475 7 B 1) b 8 IR B R
HE LR B RER G S R 2 T RESS . RIS T Al
it %o 58493 i 19 S0 S e 35 A0 M L A 9 4TV T BT R R
B0 5 0 RAE S . LA, 18] 75 5 T 40 i 38 mT 434k
B Fh 5 GUE B AN S B4 A L 8L it — Rt
BEM s Y Wiliams 2507 BF 58 & B #4 S0
Jiti J7 240 . 1) o AR e 2 2 RS R T R il 5% TR A
b, TS B 26 5 1Y B 1. Bunge %55 78 8
P50 455 80 vh (P btE T 40 MRS R T L 45 R BRI O
T AT A b, o A B 03 S O A T RE . BF SN
Ry i T3 A0 AR R AR A% IS i 8 52 O i A A
405 X dak rp 3 Bl S R 5 | S A 5% i 2 461 11
o, R R & B, AL A IS 41 i Ak
R o 2 0 A T B B AL L ATk BB B B 4 T g
ORI

I 4t 6L A A1 o 22 b ek e A2 0 A i
Bittth 2 AR VA IY . Giinther 268000 b 25785 33
PRl 15 ek TR O B 45 4 YR U R B DD AR 5 N B
R 5 LA b B IR R A B O TR AR

MRS ML AR R BOR E4F . 5 — IIE R

Wl R4 Nogo HiiA 5 RILMR BRI CRIL R W& &

T R BE B 15 05 1 AR S B 2 A e AR

IHE A 4 it T3 20 M 5 3R A TR £ M- = I s A Y 52

ZRRF RIS B 5 R T AT b R 28 B A A

4 £5iE
A 0 2 AT I R I6 97 B BT B

A BE A3 J5 A7 el 22 b A L gy S ) A O R

otz A RBE SR BB REAR. AR UKE

AHEDIRE . H AT 220 75 vk © 0 T Bl 45 4 5 v

SBIRITH ASE R R 2R AR YT

JPRUAR I . PR, % 1 9E — 25 B W] 5 461

Ja B FAE S BARHLE] . A 5005 18 5 fe it i

EREPIg L

& % X #

[1] Chang FS, Zhang Q, Sun M, et al. Epidemiological study of
spinal cord injury individuals from halfway houses in
Shanghai. China[JJ. J Spinal Cord Med. 2018, 41(4); 450-
458.

[27] Ahuja CS. Nori S. Tetreault L, et al. Traumatic spinal cord
injury-repair and regeneration[ J]. Neurosurgery. 2017, 80
(Suppl 3): S9-S22.

[ 3] Ahuja CS, Martin AR, Fehlings M. Recent advances in
managing a spinal cord injury secondary to trauma [ J].
F1000Res, 2016, 5: F1000 Faculty Rev 1017.

[4] Ulndreaj A, Chio JC, Ahuja CS. Modulating the immune
response in spinal cord injury[J]. Expert Rev Neurother,
2016, 16(10): 1127-1129.

[5] O’Shea TM, Burda JE, Sofroniew MV. Cell biology of
spinal cord injury and repair[J]. J Clin Invest. 2017, 127
(9): 3259-3270.

[ 6] ZhouT, Zheng Y. Sun L, et al. Microvascular endothelial
cells engulf myelin debris and promote macrophage
recruitment and fibrosis after neural injury [ J ]. Nat
Neurosci, 2019, 22(3): 421-435.

[ 7] Wanner IB, Anderson MA, Song B, et al. Glial scar borders
are formed by newly proliferated, elongated astrocytes that
interact to corral inflammatory and fibrotic cells via STAT3
-dependent mechanisms after spinal cord injury [ J]. J
Neurosci, 2013, 33(31): 12870-12886.

[8] Burda JE, Sofroniew MV. Reactive gliosis and the
multicellular response to CNS damage and disease [ ] ].
Neuron, 2014, 81(2) . 229-248.

[9] Rosenzweig ES. Courtine G. Jindrich DL. et al. Extensive
spontaneous plasticity of corticospinal projections after
primate spinal cord injury[J]. Nat Neurosci, 2010, 13(12):
1505-1510.

[10] Filli L, Zoérner B, Weinmann O, et al. Motor deficits and



H
=

N

B AE

20094E 7 H 40% H4al

Int J Orthop, July. 25, 2019, Vol. 40, No. 4 o

241 -

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

(191

[20]

[21]

[22]

[23]

[24]

recovery in rats with unilateral spinal cord hemisection mimic
the Brown-Sequard syndrome[ J]. Brain, 2011, 134 (Pt 8):
2261-2273.

Curcio M, Bradke F. Axon regeneration in the central
nervous system: facing the challenges from the inside[]].
Annu Rev Cell Dev Biol, 2018, 34 495-521.

He Z, Jin Y.
Neuron, 2016, 90(3): 437-451.
Anderson MA, Burda JE, Ren Y,

Intrinsic control of axon regeneration [ ] ].
et al. Astrocyte scar
formation aids central nervous system axon regeneration[ J].
Nature, 2016, 532(7598): 195-200.

Hossain-Ibrahim MK, Rezajooi K, Stallcup WB, et al.
Analysis of axonal regeneration in the central and peripheral
nervous systems of the NG2-deficient mouse [ J]. BMC
Neurosci, 2007, 8. 80.

Zhou Y, Wang Z, Li J, et al. Fibroblast growth factors in
the management of spinal cord injury[J]. ] Cell Mol Med,
2018, 22(1). 25-37.

Gensel JC, Zhang B. Macrophage activation and its role in
repair and pathology after spinal cord injury[J]. Brain Res,
2015, 1619: 1-11.

Shi LB, Tang PF, Zhang W, et al. Naringenin inhibits spinal
cord injury-induced activation of neutrophils through miR-223
[J]. Gene, 2016, 592(1); 128-133.

Kurimoto T, Yin Y, Habboub G, et al. Neutrophils express
oncomodulin and promote optic nerve regeneration[ ] ]. J
Neurosci, 2013, 33(37): 14816-14824.

Ji XC, Dang YY, Gao HY, et al.
-BDNF at the

Local Injection of lenti

lesion site promotes M2 macrophage
polarization and inhibits inflammatory response after spinal
cord injury in mice[ J]. Cell Mol Neurobiol, 2015, 35(6):
881-890.

Keefe KM, Sheikh IS, Smith GM. Targeting neurotrophins
to specific populations of neurons: NGF, BDNF, and NT-3
and their relevance for treatment of spinal cord injury[J]. Int
J Mol Sci, 2017, 18(3): 548.

Chen BK, Madigan NN, Hakim JS, et al. GDNF Schwann
cells in  hydrogel scaffolds promote regional axon
regeneration, remyelination and functional improvement after
spinal cord transection in rats[J]. ] Tissue Eng Regen Med,
2018, 12(1): e398-e407.

Samano C, Nistri A. Mechanism of neuroprotection against
experimental  spinal  cord injury by  riluzole or
methylprednisolone[ J]. Neurochem Res., 2019, 44(1): 200-
213.

Martins BC, Torres BB, de Oliveira KM, et al. Association
of riluzole and dantrolene improves significant recovery after
acute spinal cord injury in rats[J]. Spine J, 2018, 18(3):
532-539.

Human

Kitamura K, Fujiyoshi K, Yamane J, et al

hepatocyte growth factor promotes functional recovery in

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

primates after spinal cord injury[J]. PLoS One, 2011, 6
(11) . e27706.

Wallner S, Peters S, Pitzer C, et al. The granulocyte-colony
stimulating factor has a dual role in neuronal and vascular
plasticity[J]. Front Cell Dev Biol, 2015, 3: 48.

Bakar D, Tanenbaum JE, Phan K, et al. Decompression
surgery for spinal metastases: a systematic review [ ] ].
Neurosurg Focus, 2016, 41(2) . E2.
Saadeh YS., Smith BW, Joseph JR, et al. The impact of

blood pressure management after spinal cord injury: a

systematic review of the literature[ J]. Neurosurg Focus,
2017, 43(5) . E20.

Wang J, Pearse DD. Therapeutic hypothermia in spinal cord
injury; the status of its use and open questions[J]. Int ] Mol
Sci, 2015, 16(8) . 16848-16879.
MY, Bichard WD, et al.

Martirosyan NL, Kalani

Cerebrospinal  fluid drainage and induced hypertension
improve spinal cord perfusion after acute spinal cord injury in
pigs[J]. Neurosurgery, 2015, 76(4): 461-468.

Monnier PP, Sierra A, Schwab JM, et al. The Rho/ROCK
pathway mediates neurite growth-inhibitory  activity
associated with the chondroitin sulfate proteoglycans of the
CNS glial scar[J]. Mol Cell Neurosci, 2003, 22(3): 319-
330.

Forgione N, Fehlings MG. Rho-ROCK inhibition in the
treatment of spinal cord injury[J]. World Neurosurg, 2014,
82(3-4): €535-e539.

Fehlings MG, Kim KD, Aarabi B, et al. Rho inhibitor
VX-210 in acute traumatic subaxial cervical spinal cord
injury: design of the SPinal cord Injury Rho INhibition
InvestiGation (SPRING) clinical trial[J]. J Neurotrauma,
2018, 35(9): 1049-1056.

Chen K, Marsh BC, Cowan M, et al. Sequential therapy of
anti-Nogo-A antibody treatment and treadmill training leads
to cumulative improvements after spinal cord injury in rats
[J]. Exp Neurol, 2017, 292, 135-144.

Desai J, Steiger S, Anders HJ. Molecular pathophysiology of
gout[J]. Trends Mol Med, 2017, 23(8): 756-768.

Ahuja CS, Fehlings M. Concise review: bridging the gap:
novel neuroregenerative and neuroprotective strategies in
spinal cord injury[J]. Stem Cells Transl Med, 2016, 5(7):
914-924.

Dasari VR, Veeravalli KK, Dinh DH. Mesenchymal stem
cells in the treatment of spinal cord injuries: a review[]].
World J Stem Cells, 2014, 6(2): 120-133.

Wiliams RR, Bunge MB. Schwann cell transplantation: a
repair strategy for spinal cord injury?[J]. Prog Brain Res,
2012, 201. 295-312.

Bunge MB, Monje PV, Khan A, et al. From transplanting

Schwann cells in experimental rat spinal cord injury to their

transplantation into human injured spinal cord in clinical trials



[39]

[40]

[41]

[ B B 24 2

242 -

201947 H 40 4

Int J Orthop. July. 25, 2019, Vol. 40, No. 4

[J]. Prog Brain Res, 2017, 231. 107-133.

Cattin AL, Burden JJ, Van Emmenis L, et al. Macrophage
-induced blood vessels guide schwann cell-mediated
regeneration of peripheral nerves[J]. Cell, 2015, 162(5):
1127-1139.

Liu J, Chen P, Wang Q, et al. Meta analysis of olfactory
ensheathing cell transplantation promoting functional
recovery of motor nerves in rats with complete spinal cord
transection[ ] ]. Neural Regen Res, 2014, 9(20): 1850-1858.
Giinther MI, Weidner N, Miiller R, et al. Cell-seeded
alginate hydrogel scaffolds promote directed linear axonal

regeneration in the injured rat spinal cord[J]. Acta Biomater,

[42]

[43]

2015, 27 140-150.
Wen Y, Yu S, Wu Y, et al. Spinal cord injury repair by
implantation of structured hyaluronic acid scaffold with
PLGA microspheres in the rat[J]. Cell Tissue Res, 2016,
364(1) . 17-28.
Lee YS, Wu S, Arinzeh TL, et al. Enhanced noradrenergic
axon regeneration into Schwann cell-filled PVDF-TrFE
conduits after complete spinal cord transection[ J]. Biotechnol
Bioeng, 2017, 114(2) . 444-456.

¥ A% :2019-02-28)

(A 34 B 2 ol D




