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Advances in olfactory ensheathing cells for the treatment of spinal cord injury L/ Jia-xi,GAO Zheng-chao ,HE Xi-jing,
Ll Jing,and ZHA O Hang. The Second Department of Orthopaedics ,the Second Affiliated Hospital of Xi’ an Jiaotong Universi-
ty,Xi’an 710004, Shaanxi, China

ABSTRACT Spinal cord injury is a highly disabled neurological disease,and there is still a lack of effective treatments.
Studies have proved that olfactory ensheathing cells are one of the ideal seed cells for promoting nerve regeneration after spinal
cord injury. Olfactory ensheathing cells can promote axonal germination and elongation through secretion,interaction with as-
trocytes , regulation of inflammatory reaction,migration characteristics, myelination , anti - oxidation, lipid regulation and other
channels. Thus olfactory ensheathing cells play the role of neuroprotection and nerve repair. In recent years,some studies have
used bioengineering, tissue engineering, reprogramming and other technologies to enhance the efficacy of olfactory ensheathing
cells from different aspects, thereby providing new therapeutic strategies for optimizing the cell therapy of spinal cord injury. This
article will summarize the mechanism of olfactory ensheathing cells in repairing spinal cord injury, and review the progress of op-
timizing strategy of olfactory ensheathing cells in treating spinal cord injury recently,so as to provide new research ideas for the
further developing the repair potential of olfactory ensheathing cells and optimize the cell therapy effect of spinal cord injury.
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AR, B AR A A R s o€ — R TS R |
B, B3k wi i /N e R TE R ph 42 )25 . OECs 43 i
F IR ZE E (olfactory mucosa, OM) 1y [E 45 |2 | MR 41 22 DA
S WER (olfactory bulb, OB) 2% Ifif ()4 22 )2 FI/NERZ o
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OECs M A Z B IR F MR (cyclic adenosine
monophosphate,cAMP), W 2 ~1 #1 fibulin-3 & H
SN AN o RIS . L fibulin=-3 2K 23 0 2
P HoA WK 2R M 28 OECs 19 HL i i 4F
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A% 4y GFAP FHPE , i M RS 4 p7SNTR FHA%: o
A WS AEARSNE I8 A KL OB-OECs i #&# v, &
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L AR A AL
1.4 Thfgketk

W FL 3 R R G R AR A A
A, WIRGE R 2 T AS W 1 p HE S AE R R RIS
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proteoglycans, CSPGs) &3k 14 22 I JKE i i IR 1) T 1L
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sion molecular, L1-CAM) , ##1 £& 4 jfg %4 i 2+ (neural
cell adhesion molecule, NCAM), #i1 & ¥4 —45 2l [ff &£
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loproteinase—2 , MMP-2) 13t & 4 J& 55 F -9 (ma-
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CXCLI12 7£ N (1) Z i 24t . IR - M H 52 1k CXCR4, X
S 200 i PR 5 R AR T H A B 5 4 i i 2 g I T
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JEH . Sema3A T #4874 ) Sl HE R Bl o A i
HE 5 ) AR R i R ) R OR G [) BE 2H 2 ) A
K16 AE OECs BT, OECs 45 M #% #l &8 057 12 7%
BT IR S s 2 AR . PR R R T R R
25 OECs iT B4 ¢, T4 AR, 0ECs 1]



- 788« PP 2021 45 8 HES 34 4555 8 ] China J Orthop Trauma, Aug.2021, Vol.34,No.8

PIFE CNS HE B8 K i BE B (2 28 A 4P, B8R
EfiE T —&IH OECs a0+, HE2HTr
OECs & ) iT % 1 43 F AL HIA/ AT & . GDNF i b
GDNF Zjiti % {4 alpha—1 (GDNF family receptor al-
pha—1,GFRA1) 1 Ret #i& JNK F1 Sre, $] 3 J& Bl Az
JE PR IEYE, DTS 0 240 -5 A4 e 1) 42 A A o 1
B 86 K BV I I B2 (lysophosphatidic acid,
LPA) J& A #F OECs [m] #1475 v 0o 3 6 1) G gt ¥ 1k 1A
F 22—, IPA L #5 B—catenin il ERK1/2 i [
FREUE R BB BERG )5 OECs BIHE™, HIF5R %k
UG PR IUER 2R 1 1038 2 W% Ak 3 A 1 75 X5 OECs
FEH RTS8 b A A0 i A0 NG B0 R E 1) 3T
#%54. Nogo-66.Slit-2 I Fibulin—3 % iiF # v L1 il
OECs WiF# , [A] B iXx £e 47 ] OECs i£ 8 1Y 7+ 7] LA
EI R s A K HEeT LU K28
00 46 b 98 B R A0 I B AR K Y TR ER AT BB S )
OECs HyiL# o #eAh, AT 1 OECs MERE H A iR Y
MR AR, JERIME BENEEER, Hi
SchCs 1 OECs b 2 JE I it OECs H A7 B3 ) iz
Bl
2.5 RESHIE AR

JBE RS 2 AEAE T SCI 0 2 M S 18 1 I B
A BE 23 BH W7 2l 4 W A0 4% 3 Bl il 8 S0 25 ) AR L AR
T RE S 250 5 ph 2 D) BE K A2 Z [ B & H R A 4
W, R A% T 0] DLAE WA 58T TP 8 18 0 T 5K
L, T H AR T 0 B AT REAN R T A A 5 | A
(), ELAR S5 5 TR AT B A0 A A1 0 ot Pk O 1) o 22
Hrz—, OECs 74 BRI A = A sy , (5
JEEATRT DA BE 15 1 2 Py B A vh i 32 451 Y CNS
T8 8 AL O D Be AR BIK & . A E PRk L
38 2 1 55 P ey 4 A T 48 405 AR B TR 45 52 OECs #84H
Jo B KT ) B BB AT 4 R AR SR A, RS 19 4
1 HE  ASIA-A 2k 365 ASIA-C 2%, #2471
SRR, KR RS Sh 4 e TTRECKR B R A B R
N HBER ) FIE . (B2, OECs B& 85T A ) ik e )&
B, BAEYH SchCs 1975 44 1] 5 2 8E 5 T2 ht,
MR . 9R 11 , Franssen 26758 1 Fp#¢ OECs Fll SchCs
LR iAiE, FW] OECs UL OLs #1720 sl 2
HEAHTHE L . Coutts 5ED 3 — L E T, IR fif ok U8 1
OECs 1] LI % fif Ak 22X Fn X 5 261075 5 1) B
JI58 5 8 J ¥ X PR A 4k, i H OECs ZEAS [m] i) 15
IR AT AT LA IA R A B BEES A DG B 1 .
2.6 HUEALIEA

SCI Ji5 4 3 DX 80 A A= 4R A B 8 R I, T T
(MDA ) Fil— S AL A& (NO ) 7K - 3 25 T =, 5 8 40 Jif 9
S ETFRE, RBKEMA TR AR

WF 54 OECs FoAm 25615 (19 0L 19 R 452 7 A Bl i 1R
PRI, AT Ak 2D R AR I RO IRk Az i 1 & 2R T 8K
B3 F B OECs Bl S I A K i 1 R g B 35 IR IR E
BEH 5 )5 MDA il NO i 7KF', OECs 2155 7%
AT AR BB A A B AL, g e Akt AR
SR 655 2 M SR IR £ (6-OHDA )5 311
AL R, B OECs 1T LAY Bk A 3t
L E P A L RE
2.7 R EM

SCI £ F Mg 4 358 A IH [ s A 56 26 1 R i &
S, I [ PR P B Bl e s R i AR K
Roet 2B 57 & 30 OECs #1 SCARB2 3L A 4 i fh 28
T ) i B AR, JLAE SCI JE DA Ml o€ 4= K iy o # v
FEE LR, w5 R e Al 22 1 A KRR AR AL AT
el M ERE AN RS S, M
DAL 31 ) 5 BBCRHE s, AT A2 a2 A o R L [ e )
A Kl 5 55 A% LU U R B i o
3 HRREAMES SCI KKK
3.1 EERHBEMmEA

FEIEF G DUR ,  WELES 20 o b b 2678 F2 IR 7 I
il GSPGs By RE 1A R, 5 I T LKA 1F 1 28 o0 %8
EAK P H R S A OECs, DL H A= W24 4
FH ,OECs & f 51 473 3k PR 96 97 68 - 1) 22 A 20 i, A1)
JH % 3 IR R R LA [ 3% 5% OECs (1) SCI & & 1
FH o Ma %55 F i 5% S 15 R G0 NT-3 H 9L
S A K OECs, 88 )5 ¥ 453 JL R & 1 )5 19 OECs %
FE AR RS O M BE B Bt ib, R84 2 1 H
i 95 A8 FB AV B S8 45 /N I ELATHAS I 31 2 ik i) NT—
3, AR R B B 1 £ 2 S T Be T 4 (BBB 143 ) il
AR SR R K BUG Iz sh o ae Wl K & . Carwar-
dine 25 “F HEE B M B AR, # RE 16 1 1L GSPGs 11
BRERAKH 2 & 1 ABC ZE[H 5 A K OECs, #0 [ 4%
5 Ho K 1k GSPGs 1 RE 11,4 J& J5 ml LA W 2 31 4651 455 3
PRz AR R A oS B B 1 2, 50 B AH E , OECs
FE At 2 BBB ¥ 43 AR 4 8ot B S 4 7t
3.2 AL TRHEAR

A TR ARTILZAEY 3D T AR &
Ji& R ¥ OECs DhRR$E4E T8 iy X A=Wkt
ARG HA RIS, 5T g A
PEALR AL, e BUR T A AN =S
() T A BE W 85 Ul R MR 48 22 28 8 11 o0 SRR
£ T B AR M 400 nm (1) OECs [ 32 28, 1A &) 52 36 7] L)
AL HE OECs MhHE A K AT R . Besh, 5 gt
OECs B4 I , S 22 -OECs F41 2H 45 453 X 48 it %%
U R 2 GNDF /KOF- B S 4 w5, 2 0 SO 2R RE Al K
Hu 3R S AN RS L Y R0% . GOmez—Pinedo 25 & T
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—Fp Z L5 & WK (polycaprolactone , PCL) £ 1) #4 %}
R IR OECs 4 it , 8 5 4 S 2R 1 T R R i
MBCRAR Z (6], 5408 PCL 2R 4 AH [, OECs 5
PCL R 8 41 1) S L PN T 2 1R 8 A it P 12 &2 44 1) 3%
FEWTRRGR, FRUIIL R % (2 #F 28 i SCR A8 B P i
WS tE A, DA A2 2 79 A% DA o T 2 22
PCL i ALZ M AUE B TS BN AP A 5+ FVE
FEW) T AH TS, IF Bl AR s g2 iy K PR B A K
SR A ) S AR AN AT 22 4 I AE A AR I & D g 45 9K
e it — L Y o
3.3 EHREEAR

4 A LA 240 B o g R Dy i 8 S O
28 P AR S 2E W I E SR 7 1], Sun SE I F R T
—MrE R T, FIIRIZ )RR 2 (Neurogenin 2,
NGN2) H ¥ OECs F ¥ g2 A M &0, 4RI
P2 Al DL 25k Z2 i otk e bR B YT P
TR RETE S il , 4> BE PR 2H RNA I % 43 7 6 B, OECs
1) 2 ik 2 1 i A 00, T v B O R 2T AR L
IR A R AR A 2 T T AR A B AR /DN BLUE B
J& A5 R , #F OECs Fiph 4 e L RS A1, AL AT DA
PR AT 2 A K oA, 38 1T DL B R i
28 USRI AT , DT 3 5 P B F AR AR AT
HE— LB S, HIX B Tk OECs B g &
PR TR AR
4 BRERRE

OECs R AHIRYT A B8 1 © 2 WS T — & ik
o OECs ] DL 32 58 K 1 73 WA BE 71 43 Wb 22 o A6 4%
PR B A il S SR AL TS IR S, IR g SR
R A0 47 DX I 58 PR T B 5, Sy i 92 1 P A 4R RE 2 1
OECs i 2 5 5 IV I 5t 41 L A A 24 H T 7% fg
T e R BORIR 4 A= K i ik g 5 ) 8 1) SE
K AN, OECs 3 o 73 W i T b 2850 A2 1l
B 0 At 52 57 A O ) B A S LR A 4B pl 18
SAEH . OECs B ABIRYT A RE 401405 1Y 25 HL ik 22 18] I A
ST R FEAE B, EATZ (A L AR A ELAR
e [FAG B T WUIRAE FIAL , e 23k i T B 2 i
ORI Ah B HA A= ) 2= BOR S U C R R
1) R, AR FRATTA B ik — I & OECs i fE , 76
LR b E 255 R T T lm ARG T, R E R R
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2% Xk

[1] Zhou PH,Guan JJ,Xu PP,et al. Cell therapeutic strategies for

spinal cord injury[J]. Adv Wound Care,2019,8(11) :585-605.
[2] Tabakow P,Raisman G, Fortuna W , et al. Functional regeneration of

supraspinal connections in a patient with transected spinal cord fol-

lowing transplantation of bulbar olfactory ensheathing cells with pe-

ripheral nerve bridging[J ]. Cell Transplant,2014,23 (12):1631-

(3]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1655.
Barraud P,Seferiadis AA,Tyson LD,et al. Neural crest origin of
olfactory ensheathing glia[J]. Proc Natl Acad Sci USA,2010,107
(49):21040-21045.
Ramon-Cueto A ,Plant GW , Avila J, et al. Long-distance axonal re-
generation in the transected adult rat spinal cord is promoted by ol-
factory ensheathing glia transplants[J]. J Neurosci, 1998,18(10):
3803-3815.
Vukovic J, Ruitenberg MJ, Roet K, et al. The Glycoprotein fibulin-3
regulates morphology and motility of olfactory ensheathing cells in
vitro[ J ]. Glia,2009,57(4) :424-443.
Beckingham L, Todorovic M, Tello J,et al. Three-dimensional cell
culture can be regulated by vibration: Low-frequency vibration in-
creases the size of olfactory ensheathing cell spheroids[J]. J Biol
Eng,2019,13:41.
Franssen E,de Bree I, Essing A , et al. Comparative gene expression
profiling of olfactory ensheathing glia and Schwann cells indicate
distinct tissue repair characteristics of olfactory ensheathing glia
[J]. Glia,2008,56(12) : 1285-1298.
Huang H,Chen L,Xi H,et al. Fetal olfactory ensheathing cells
transplantation in amyotrophic lateral sclerosis patients :a controlled
pilot study[J ]. Clin Transplant,2008,22(6) :710-718.
Schwob JE,Jang W, Holbrook EH et al. Stem and progenitor cells
of the mammalian olfactory epithelium: Taking poietic license[] ]. J
Comp Neurol ,2017,525(4) : 1034-1054.
Nazareth L, Lineburg KE,Chuah MI, et al. Olfactory ensheathing
cells are the main phagocytic cells that remove axon debris dur-
ing early development of the olfactory system[J]. ] Comp Neurol,
2015,523(3):479-494.
Wright AA,Todorovic M, Tello- Velasquez J, et al. Enhancing the
therapeutic potential of olfactory ensheathing cells in spinal cord
repair using neurotrophins[J ]. Cell Transplant,2018,27(6) :867—
878.
Wang Y, Teng HL,Gao Y, et al. Brain-derived neurotrophic factor
promotes the migration of olfactory ensheathing cells through TR-
PC channels[]J]. Glia,2016,64(12) :2154-2165.
Li YJ,Huo SJ,Fang YJ,et al. ROCK inhibitor Y27632 induced
morphological shift and enhanced neurite outgrowth - promoting
property of olfactory ensheathing cells via YAP-dependent up-reg-
ulation of L1-CAM[J]. Front Cell Neurosci,2018,12.:489.
Gomes ED,Mendes SS, Assuncao-Silva RC , et al. Co-Transplanta-
tion of adipose tissue-derived stromal cells and olfactory ensheath-
ing cells for spinal cord injury repair[J ]. Stem Cells,2018,36(5)
696-708.
Ingram NT,Khankan RR,Phelps PE. Olfactory ensheathing cells
express alpha 7 integrin to mediate their migration on laminin[J].
PLoS One,2016,11(4) :e0153394.
Wang Y,Bao XM, Wu SY et al. Semaphorin 3A as an inhibitive
factor for migration of olfactory ensheathing cells through cofilin
activation is involved in formation of olfactory nerve updates layer
[J]. Mol Cell Neurosci,2018,92.:27-39.
Andries L, Van Hove I,Moons L, et al. Matrix metalloproteinases
during axonal regeneration ,a multifactorial role from start to finish
[J]. Mol Neurobiol ,2017,54(3) :2114-2125.
Chuah MI,Hale DM, West AK. Interaction of olfactory ensheath-

ing cells with other cell types in vitro and after transplantation



<790 -

[20]

[22]

(23]

[24]

[25]

[26]

[27]

[29]

A% 2021 4E 8 45 34 555 8 1 China J Orthop Trauma, Aug.2021,Vol.34,No.8

Glial scars and inflammation [J]. Exp Neurol,2011,229 (1) :46-
53.

Li Y,Li DQ,Raisman G. Interaction of olfactory ensheathing cells
with astrocytes may be the key to repair of tract injuries in the
spinal cord:The “pathway hypothesis’[J]. J Neurocytol ,2005,34
(3-5):343-351.

Piantanida AP, Acosta LE, Brocardo L, et al. Selective Cre-medi-
ated gene deletion identifies connexin 43 as the main connexin
channel supporting olfactory ensheathing cell networks[J ]. J Comp
Neurol ,2019,527(7) : 1278-1289.

Vadivelu RK,00i CH, Yao RQ,et al. Generation of three-dimen-
sional multiple spheroid model of olfactory ensheathing cells using
floating liquid marbles[J]. Sci Rep,2015,5:15083.

Khankan RR, Wanner IB,Phelps PE. Olfactory ensheathing cell-
neurite alignment enhances neurite outgrowth in scar-like cultures
[J]. Exp Neurol ,2015,269:93-101.

Pastrana E,Moreno—Flores MT, Gurzov EN , et al. Genes associat-
ed with adult axon regeneration promoted by olfactory ensheathing
cells: A new role for matrix metalloproteinase 2[J]. J Neurosci,
2006,26(20) :5347-5359.

Pourkhodadad S, Oryan S,Kaka G, et al. Neuroprotective effects of
combined treatment with minocycline and olfactory ensheathing
cells transplantation against inflammation and oxidative stress af-
ter spinal cord injury[J]. Cell J,2019,21(2):220-228.

WEARAR , sk oC , AR I, 55 MELIR 200 7 DK SR A B o 8 B L 18
SRR E RS, h EE R AR 2 Ak L2016,
30(12):1538-1544.

YAO DD,ZHANG JY,LI BC, et al. Regulatory effect of olfactory
ensheathing cells on inflammatory cytokines in repair of rat sciatic
nerve defect[J]. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi,
2016,30(12):1538-1544. Chinese.

TR, AR, WEAR AR, A5 WL AN A% A N R BB RE R4 S A
300 0 ) M2 S AR R A B 5 ) B L) ] rh AR 2 B
2¢,2018,17(2) : 130-135.

ZHANG JY,LI Y,YAO DD, et al. Effect of olfactory ensheathing
cells transplantation on polarization of M2 macrophages and its
significance in rats with spinal cord contusion at acute phase[J].
Zhonghua Shen Jing Yi Xue Za Zhi,2018,17(2) :130-135. Chi-
nese.

Xie J,Li YJ,Dai JM, et al. Olfactory ensheathing cells grafted into
the retina of RCS rats suppress inflammation by down-regulating
the JAK/STAT pathway[J ]. Front Cell Neurosci,2019,13:341.
Vincent AJ,Choi - Lundberg DL,Harris JA,et al. Bacteria and
PAMPs activate nuclear factor kB and Gro production in a subset
of olfactory ensheathing cells and astrocytes but not in Schwann
cells[J]. Glia,2007,55(9) :905-916.

He BR,Xie ST, Wu MM, et al. Phagocytic removal of neuronal de-
bris by olfactory ensheathing cells enhances neuronal survival and
neurite outgrowth via p38MAPK activity[]J]. Mol Neurobiol ,2014,
49(3):1501-1512.

Li YJ,Zou T,Xue LY ,et al. TGF-beta 1 enhances phagocytic re-

(31]

[32]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

moval of neuron debris and neuronal survival by olfactory en-
sheathing cells via integrin/MFG-E8 signaling pathway[J]. Mol
Cell Neurosci,2017,85:45-56.
Ramon-Cueto A, Cordero MI,Santos-Benito FF,et al. Functional
recovery of paraplegic rats and motor axon regeneration in their
spinal cords by olfactory ensheathing glia[J]. Neuron,2000,25
(2):425-435.
Cao L,Su ZD,Zhou QY ,et al. Glial cell line-derived neurotrophic
factor promotes olfactory ensheathing cells migration[]J]. Glia,
2006,54(6) :536-544.
Zhong WT,Bian KP,Hu YN, et al. Lysophosphatidic acid guides
the homing of transplanted olfactory ensheathing cells to the lesion
site after spinal cord injury in rats[J]. Exp Cell Res,2019,379
(1):65-72.
Zheng CG,Zhang I, Bao XM , et al. Polarized distribution of active
myosin Il regulates directional migration of cultured olfactory en-
sheathing cells[J ]. Sci Rep,2017,7(1) :4701.
Papastefanaki I, Matsas R. From demyelination to remyelination :
the road toward therapies for spinal cord injury[J]. Glia,2015,63
(7):1101-1125.
Coutts D, Humphries C,Zhao C et al. Embryonic-derived olfactory
ensheathing cells remyelinate focal areas of spinal cord demyeli-
nation more efficiently than neonatal or adult-derived cells [J].
Cell Transplant,2012,22(7) :1249-1261.
Shukla A ,Mohapatra T,Parmar D,et al. Neuroprotective poten-
tials of neurotrophin rich olfactory ensheathing cell’s conditioned
media against 60HDA-induced oxidative damage[]]. Free Radic
Res,2014,48(5) :560-571.
Roet KCD, Franssen EHP,de Bree FM, et al. A multilevel screen-
ing strategy defines a molecular fingerprint of proregenerative ol-
factory ensheathing cells and dentifies SCARB2 , a protein that im-
proves regenerative sprouting of injured sensory spinal axons[] ]. J
Neurosci,2013,33(27):11116-11135.
Ma YH,Zhang Y,Cao L, et al. Effect of neurotrophin—3 genetical-
ly modified olfactory ensheathing cells transplantation on spinal
cord injury[] . Cell Transplant,2010,19(2):167-177.
Carwardine D, Prager J,Neeves J,et al. Transplantation of canine
olfactory ensheathing cells producing chondroitinase ABC pro-
motes chondroitin sulphate proteoglycan digestion and axonal
sprouting following spinal cord injury[J]. PLoS One,2017,12
(12):e0188967.
Wu P,Zhang P,Zheng HJ et al. Biological effects different diam-
eters of Tussah silk fibroin nanofibers on olfactory ensheathing
cells[J ]. Exp Ther Med,2019,17(1):123-130.
Gomez-Pinedo U,Sanchez-Rojas L, Vidueira S,et al. Bridges
of biomaterials promote nigrostriatal pathway regeneration[]J].
J Biomed Mater Res B Appl Biomater,2019,107(1) : 190-196.
Sun X, Tan ZJ,Huang X, et al. Direct neuronal reprogramming of
olfactory ensheathing cells for CNS repair[J]. Cell Death Dis,
2019,10(9) :646.

(U F 1 :2020-06-08 A< SC 4 it - T42)



