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Olfactory ensheathing cells: cellular biology and molecular properties
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[Abstract] Olfactory ensheathing cells (OECs), a unique population of glia in the primary olfactory nervous system, are
derived from the olfactory placode in the peripheral nervous system; they can envelop olfactory axons during migration from the
olfactory epithelium to the bulb in the central nervous system and are thought critical for growth of olfactory axons in both the
developing and adult olfactory nervous system. Importantly, OECs are potential candidates for implantation therapy of damage
to the central nervous system. The biological features of OECs are determined by the molecules they express: PDGF, NDY,
S-100, Nestin, etc. Although p75 "™ is commonly used to label OECs, up to now there have been no specific molecules for
identifying OECs from Schwann cells and astrocytes. This paper reviews the cellular and molecular biological properties of
OECs.
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TERAEMFLZ Y b, PP 28 R G B0 )5 AR A P A L H
WLOE R G — R, U 2 AR S T AR I IR R 22
JCANZE AT L DS Ji 48 2R 50 1 R B S e R % R i
MR 3 TR B 28 2R e 9 SLBR L T JBORT 9 58 il i R UL IRUBE
REHMMEZ LR HAE, EEEN I ZRE T HAE—
R TR B BT A0 I — MR B 40 8 Colfactory ensheathing
cells, OEC)P", OECs AT LAl a3 3¢ 35 5 Bl 7> 7, 40 i 41 3%
J 53 R AR U8 — LA B R R AR AR 2 A, Rk, 0
4R OECs BAH T BN IR T AR B 28 28 58 5 0 e ol o2 4
14 (spinal cord injury, SCD) [ — i 5% JE % & 1 SL 5634
SFITIEE,

1 OECSHINHREGEMERGZEAETRNER

OECs 7EMR 58 7 58 £ T o0 A T 18 b Sz | W5 b 28 K IR BR 1Y)

[KFBH] 2010-09-29 [(#EZHH] 2011-02-11

BAMEM)Z . TENEIG T L, R EE AR b o A B4 Ry IR b 2
TCAR Al 5 2 3 vl F] A 5T 300 3 it A vt 0T, M 2R T DA Rk
AR H SR 5, 3 A 45 )2 (lamina propria) , 7E 98 B 4% OECs
58 0 L — > B IR S5 1 L (il o8 55 A0 B 4 G, X AR T DL D
G T S L S, A Bl T IR R 22 Al 58 K BE B L Al
LA B0 OECs FEBE P & # — H B s Mk R 2,
5 BT B 5 A0 A0 [R] TR B MR R g LA 8 R ML e £ ] L
BRI R T, OECs 02 18 WU 22 il 98 K i (9 117 18I L 3X 32 7R
OECs MRS 5 T Mt &M T m, #£LF AR BB,
OECs T RIKMM X T HAELE —EMERGE D X5
OECs WIEH AT FIRAFEVLR,

TE AR OECs H WL B 28 70 — R AZ 76 4 P4 T F 1A 2
T B A i MR ok B OB By T 40— 25 40 (basal
cells) . MR |- {2 1) 55 58 410 M 43 o 2 Fobr . — b o 3R 255 K 40 g
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(globose basal cells,GBCs) , [ JE , H.- 75 i % 56 3R, H 5k N
IR A1 BRI LA Ay Ak S R 28 ST A AR A 2 T A Bl &R An
OECs"™ ;5 — Fh 2 7K F 5 i 4 J2 Chorizontal basal cells.
HBCs) , K Z B [0] 4b T R IR 1, 8% 58 R ARAL, BoA 2 510
g, HETHIR NN, IR R 4032 B A5 I HBCs 4 %
KA X TP RE 4 Ak 3 4 S GBCs MRl 28 56 R I Al B R 20 i
LLSE RUMRSE R GEr g S s 10 H AT AR 209 e e 4 R
B OECs A ¢ 4 28 H A7 36 [7] B9 I8 —— I 4 Colfactory
placode)™™ . BRERAL ) OECs EMRIG A& B R, iR L
A OECs IEB i £/, AT, 5T OECs % 7 40 b i B AR 23
FIEAL T IEATERE . BRI h 3K 19 Distal-less-5 (DIx5)
G FRMLL R OECs b i — A\ E P E 5 707, &
DIx5 HH 5 R /NR T, R R IREN R KB R L, B
WRLER 1 b 22 2 B R & B OECs, H i, OECs & & Rl4r b
B J7 T8 049 AH DGR 5% R 22 4%, 2 B0y SRR 7E T it 2 A il
OECs 4t & & A5 7] By B 9 45 S5 M p s g 017,

&1 kKN OECs RiZW G ZEEIREY!

Tab 1 Biological markers of OECs in vivo'!

Marker Embryo Neonate Adult
PDGF ND + ND
NPY ND + +
S-100 ND + +
Nexin ND + ND
p75NTR + + +
L1 + + +
Laminin + + +
PSA-NCAM + + +
NCAM + + +
Vimentin + + -
Nestin + + +
GFAP — + -
GAP-43 - - -
Gal-C — — —
HNK-1 — — —
04 + + +
1E8 + + ND
ND: Not described; =+ : Present; —: Absent

2 OECs 4E#=4MH

2.1 HBAF4 4  Cuschieri #1 Bannister™" i & ¥t % & i
B OECs @M r e, F 1975 & SeHt H OECs 1l g
RN TE 25 14 S 20 40 6 P 4 ok — WL, ATl R B, R R & &
W Bt AR L ZUR A OECs HAE St AR —30, feksh, i
F UL B A I R R AR 22 B OECs 2 3L R A 19 T2
BIPEER, R KB OECs 76 &4 L5 R 3: H
— B3 P AS U B = A 5 I G I I o R 4
TEEDBM, = HMBEIERMIEE N T, Bl KRB
OECs 7 & 7 L7 79 15 75 36 b 52 90 H 0 50 428 {46 1) s T AR 400
Ff0 L T = A8 R O ERAR /b 5 T HE AT TG I3 1 3% B AR R = A
M5 F207 . BAE R BB OECs — i £ B XU 2 2R A8, 24
OECs 5t mdbigrnt , g St & EA, OECs 58

ZoTe-HR AN L B R L TS MU R T L It e E 5,
Hur, B2% e TILAARRIES K OECS™ AR5 & 1]
FIR M BTS2 B (0 O R] AT LACKE 43 Sy 2 A 22 JIE 41 g
B OECs(Schwann-cell-like OECs) I £ 1 [ Bt 40 Jfd B OECs
(Astrocyte-like OECs), & B4l fitf OECs B A 2R IE,
Fik prs R FIBE Y GFAP; 2T IR B4l i b OECs B & 2
Jit “EAR . #35 PSA-NCAM Fi 220k GFAP, i p75~™ & BH %,
B 2 Ah B AT 52 0 5 0 BRIP40 e BE OECs A5 9 i
AFIEART(E 1), HiX 3 FIE S8 OECs i # fig /1t
A2 B, RFEIEE OECs % T ik #f 22 351 i J5 i
Wiz HARA ARG, XEARFEER OECs & &7
KSR PRE B L HEARDRE, HiE A KGR, XF
X AR Z R R AR T AN AN AR U6 (B 2)TT —Fd
SRy J2 A LI R4 A0 0 5 43 A 1R Y M 9 A0 B AR OECs. 75 i
J5 B BB B —A R R B B OECs., 85 & & #2817
AN LEE OECs ; 53 — F R 158 0 TA Ay S i 4% 400 Jf0 5 & 75 v fi)
& OECs. 88 Ja H 5 & 4 0 & & BCM 28 IS 40 il A OECs il
TV I BT 20 i B OECs,

p-75/GFAP

S-100/p-75 S-100/GFAP

B 1 =#MAREEEH OECs™

Fig 1 Three subtypes of OECs'**]
A1-A3: Schwann-cell-like OECs; BI-B3: Astrocytelike type 1
OECs; C1-C3: Astrocyte-like type 2 OECs

2.2 #HBRSH TEBERZHEETLEF,OECs BT LS
PR E T EEAEM ., IR AT R A — M
£33 A WU 28 T8 A K 5 R OECs 19 B A4 7 28 3ot o 1] )
3] 3 o 900 7R TR BT A B IR R A5 R T OT L Liu R0 T
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BB 2 OECs B MI S0 & PR, WL BR Ab 7T 43 3 56 26 m] 35
HF %S OECs [ MRER 7 [0 528 . AL EFE OECs M1k
A B 3 525 v K B S5 4 A IR M 0 b 22 SR I F (GDNF) 1]
Wit GFRa-1 Ml Ret 3Z 1% INK Hl Src 8 %, M A2
OECs @ #P7 . 1998 4F Buckland %5128 & IR R AL 7] 43 W5
W% /) GDNF, T AT 1 Py Fil A 41 52 56 FPHIESE T GDNF %t
OECs WiE R A fE e,

(a) Sequential pathway

°—>°—> ®  — ()

Precursor cell Astrocyte-like Intermediate OEC Schwann-cell-like

(unidentified) OEC (E-NCAM®) (p75"™ and ENCAM®)  OEC (p75"™")
b) Bipotential pathwa
(®) Bip P Y Astrocyte—likepEC
J- ® (E-NCAM")
e —
® \ ? Intermediate cell
Precursor cell  Intermediate OEC Schwann-cell-like
(unidentified) (p75 and E-NCAM") L] OEC (p75"™)

B 2 B4 s A ZFHIEE ORCs By R 522
Fig 2 Two hypothesis of OECs differentiation**

2.3 SRR FHE LS I0 A SR Y SUNL A L B
PG 43 1 A i) 1 J) 5 rPoRK L Ak T A1 J) IRLSE A 28 5T 1 25
L hh s RSB B fil L B0 45 2 SO A TR AR Ok T AR 243
PeHl 2y AR R T IR0 2R G5 A R T 12 e 2 AR R S
WO A, BFFEIN N, X — Gl fE 5 OECs 7858 R 4
BA—EMREIREA X2, 2005 4, Vincent %12 7E 1
8 OECs 5 BT 6 5 410 0 T 4 0 58 400 M 7y 355 I8 36 3k 2% 5
KB, OECs 2235 B9 T4 B | 4 hE 1k PR 7 0 204 40 il s b 7R
PSR SR M e I T B K- BT B e S A R 4l i
T A AATIE K B OECs 35 Toll #5321 2 A1 4 I mRNA,
HREFEREHKFE LR T Toll B4z 4k 4. OECs 7£i# 1%
SN AR Toll #3214k 4 2R I BT N NF-«B i 5% 5]
WP SO A DG 2R 1 0 5% SRR OF HLE S R i R R —
LA A B GNOS Y& BEY . Rk, 78 OECs 5 K
40T (AR SM 3L B 35 9286 a8 & B, K W FF TR 0T DL B OECs #%
gt

3 OECs RIEWHEXHF

3.1 autkEa mEJLEERERETCEEAILE
EMTFEAKHETREZE, Dp7l 2—MIEHRAREN
B9 3E %L, Takatoh 4850 & A/ BRI WLE R e b, 2R OECs
SRR WA G RAL S M AR LR R, 7E OECs 1.
Dp71 7] 5 2 4% & X (laminin) . 3 i B BB E H (perlecan)
Jehr . AATHEN OECs W335 Dp71 W gl i 5 40 i oh 5
RHER .25 T R 80 % 0 LA R 8 3h

AR Y (NPY) f W2 78 4 i b g & 3, i 36 4> 22 Ak
BRI, B A RGP FE W RIB W — Rk, RETF5R
W NPY S2FR [R—Fh 2878 35 K7, 7T LU i b 28 9 A=

£, 1994 4, Ubink %07 & L 7E OECs A NPY WK ik,
U AREE 15 KA, 78 BBk 4 22 J2 55 — A6 I 8] NPY A9 4 s
BB ATE B mRNA, S 16 K I 4R WL F) ML 48 )2 h NPY
ME mRNA W5 B G, 76 WB &R NPY Rk B
G, T LA 228 22 0 P I 3R 3R 4 i, HL 5 p75 YRR S-100 A gt
B o AHR 72 RER A 22 2 A SN B p7 5N B8 N 2 1 L
L ERH R NPY fig 5 S-100 AAFT, LR EB G R W, A8
P28 B 21 AN LN BRE BT B, OECs B & FFir Rk A
NPY., NPY W] GE7E WAl 28 T ) | 4 b 3 7 497 3] 58 ML/ 5K 1
XA SR PRET EEEM, BRIZ AN, NPY & 0] i 5 B
ZHRBAHE R, AX OECs sr M & E RN F R LK
ZINA M2 A K T (NGF) il I #2238 32 8 F (BDNE) |
MATEFEND SINT-3) MEEFRREN 4/5(NT-4/5), X
o 228 35 DR T 5 2 R 2 R R 4G A T 5K
AN MEAKFFZAEL G . NGF.BDNF fl NT-3 1] L)
PR HEAH 8 90 o-Fos Y 3k, MM A F F 4 2 5C 19 1735 .
2001 4F, Woodhall %5138 33 RT-PCR 14 358 41 fg 1k 2= 19
HBEIT K B IR A5 3R B9 OECs % 3% NGF,BDNF, GDNF Al
BT Z K TrkB Ml GFRa2. fH R ik NT-3, TrkA. TrkC.
GFRal 1 Ret, #K 03 AT 5 5 5 58 12 5¢ ' fou 93 48 i b 2 1 2R
5T BT W 58 K B, PR SR 5 37 19 OECs A GFRal il Ret %
KET . NCAM 2l 3 & #L Y — 4~ GDNF Z &5 2 7 ik
W OECs LA Fik HIATHF 57 & BLE 744 SN 32 0 OECs
ORI,

Senut 81T HRIE L IRLER A N AR Z AP R ZE AL NGF
Fik, Katoh-Semba %M R BRI/ BRI BR F NGF Y%
LR KRR ER h NGF ik i 8 R A8, i 76 /) BRR R
L NGF W33k 5/ AR IS IE A 36, 78 MRBR IHLA 58 4 25 7
M K h  NGF K #EEFRF FHIIRE. FEIRIMEITRA,
SN NGF S 25 36 i w28 90 ) 2503 k42 33k 4 28 00 1 77 3% L (1
RELEMAZITE OECs ML IE IR R T A M A NGF, #i £ 5]
R 2 TR I B b BRI NGF X Ak E v
P2 4 2 DG I TE TS R T OECs P A M. 5340, 341
SCI AR KB OECs W] L4r i NGF M T2 3 1 28 i 440 i )
RN,

LT A K T R 18 AR B, % 5E & BB 2 B ik
BRET YA K T (FGF2) F R Ml £F 4 4= K I/ F (FGF1) .,
FGF 7 # 2 2 55 v i V8 T 32 22 02 4 o e 40 o0 Y 184 42 i 4100 1)
I3k, AWIEER M, 78 OECs A FGF2 mRNA M) 5% )5
Jde, XAE OECs AT 2 T FGF2 B AR 35, 78 AR Ay 18
R HLA K E T M FGEF2 B9k, 534, 7E OECs
IR R L AT A AN AR K R T 2 AR L(FGErD M,

/N IR P A K R (PDGF) B 56 & 75 I /AR o 2 3R,
AR 4 . HS0 . PDGE 76 H A AR 2 40 i #5265k, n &2
TE R B 20 A L P9 B2 A L L B A RN S T dE A i, B SRR
OECs # # ik 5 PDGF-B, SPARC (secreted protein acidic
rich in cysteine) & — Pl i 40 ML A0 56 5t 70 W 19 & B2 R R 1Y
R PEE [, Al 5 PDGF-B 454, il B 1k ‘& 5 PDGF-B 3% {&
54, 2003 4F A A SPARC Rl B9 R B A S 56, 118 0 2
B 21 OECs I 5 8K BUA B8 40 405 AL , & B3 b 28 78 1
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Az 1 Bl e B R/ T HL 0 AE OECs # 5 I & A %
Y FEMRAN IR H, OECs 42 69 SPARC W] LU 3] 8 i 25
R L, AR 3 Ao 2 Sl 2 0 2 R BB A e B T, X BB Y
F A, SPARC J& WLZH K F1 45 2 9 OECs K45 N #E i 248 43 18
AR — A ia] 4, 5 A0 B Ok VR Y o 3 B 1 (glia-de-
rived nexin, GDN) T f 4 25 )2 F1 2 il F 2 (19 OECs F ik
Wb, R — R AR TR N 43 000 MEAS T BRAEH
it P A R0 L T DA gkl g€ AR KT, S-100 & —F Ca 4
B 1Y - B - M HE 45 H Y 2 L S-100p J2 S-100 A H Y —
FifE 28, OECs ol ik 43 S-1008, 31k OECs Ay — Fli 4=
Pir &, EMARGEH .S 100 KIEB ML EREANI
T, J& — B i 2 il 58 f2 kR0

3.2 &G OECs FRBMESTFREMENZIE, 550 H
FEElA X, SEMATENIIRE ML, Bar, 7 X
OECs M B E ([ T 0L 3% 202, OECs BB A A L1
JZ K% 2 M (laminin) (47 % 2 A (fibronectin) | IR G W2 Y 4
20 ER 2> F (PSA-NCAM) F I 20 IE 3% Y 4 28 40 I % Ff
4 F (NCAM) % TR R W B e g ik T A2 iF OECs
BB AR M e €A 4K . Laminin fe iR & 30E 7 T ILER
Ry IR 2 2, 7E K L E13 JF 4R (i OECs R I B 45 il 58 %35
WFoR 2B oy FIEWLSE R G B 2 Fh D e . A48 15 5 4
Z N5 A AR 3 40 B S E A8 . Galectin-1 & — R A,
BRI E15 SR LAY ) 0F 40 ) L E17 RS e
i F OECs M. Z 5 7E %A G & & By B4R B 3 1Y
OECs ¥ %35,
WG & B R R 2y E13 I BT ) o 40 L BE S B AL T
OECs H. Rohm %M B 58 & B, OECs | % 3%k Semaphorin
3ALJTE I LA B 5E I ek 0 B B A R EHER L A
S IR 22 1Y g

HSPG(heparan sulfate proteoglycans) T

R 2 OECsRIEMBEZAS T

Tab 2 Membrane proteins expressed by OECsH'?

Spatial presence

Antigen molecule

In axons In lamina propria

Laminin
NCAM
L1
Galectin-1
HSPG —
Semaphorin 3A —

|+ + +

+4++++

+ . Present; —: Absent

p75~"™® (low-affinity nerve growth factor receptor) & J& T
i g6 IR BE TR F 32 A R T ) — A ARG A D i 2 A K R 32 4
Tisay 0O WF 58 & B, 76 p7oNTR B /N R, RN ER R A
S X B p7s N TR M T R 2 Bl g ik AR G, T BL7E Hh AR
JEMRER YR B P R T AR, HE,OECs B3R
KA p75NTRE B R AR — D E AR EY, prsE
T OECs B3R A2 BRI & & o B ™A% 45, 7EIRG
14 d, M5 R 403 B 1) 40 B A (olfactory migratory mass) FF#f

S p7s M, RS 1A .OECs I p75NTR gk
KWL, B RAE S L p75N T Y R 3k AKCE W R [ 2L T A D
AE], LA BUNKRIZ N5 OECs i 23 p75 ™ M, A
R 2, LR 28 B W JE T L R AR MBS R &P OECs I
p75NTR K 3K K S, 2005 4, Kumar 209 78 Fb 45 R [ o
19 OECs {23 # 2 12 i /E R B & 9, 43 843 310 p75N™ B
PE OECs il 98 A4 & p 4 HEVE FBE 00 3% . et 19 e IR A 5%
R IE AR B OECs kA prs e,
3.3 mAEa WnfEAlTZAGSEE. HEEREM
1438 /& Wnt/B-catenin {5578 B, Wnt LA 58 [ 1) Fz %
K5 LPR5/6 454 J5 . FL1E T ML B-catenin 19 B % . B-catenin
HEARZ A Lefl Fl Tof B & KA TAHRM R 3 T L
SR T AR A e s KA. Bl 7EMLSE R AT Wnt/B-cate-
nin {5 5 W H O 51 R MR £ % % WK H. Zaghetto 557 Hl
Booker-Dwyer 20 Fi| i 2 TOPGAL /) BREAT 5256, %
IAE LS K B SRR T, Wt/ B-catenin 15 538 #% 1 331 5 LU
i 28 N7 HE R I ) AR S W) G B R 108 PR AR T RE 5 IR G b
ZeH SR W E A 6, S Ah, Wang S5 R FHIZ /N B & R
OECs =M & 145 Wnt/B-catenin {7 5 18 P& i B#0G . A4l
i KB Wnt/B-catenin {55 W & Al i8S 55 T WL/ Bk 19 T2 B0 AN
MR it 2 Jh 5 1) O 8 BV SR G R

Barnett 2000 % SR 28 2 b B I 40 O4 H (6 2 B
PR, 0TI AL B OECs O4 3 8 )05 FHPE 9, 5 LA AR O4d
P i 9 28 = 4 19 OECs, 1E8 /93 35 23 5 19 & L 4 i
(neural nest cells) FI £ B 40 g ) — A~ 35 R R AE , TR B & 02
OECs f)—" i, GFAP(glial fibrillary acidic protein) f&—
49 000 19 152 5T 21 4 B2 1 2 1, & AL ¢ J5T 40 Y Y — A b i
Wy AHAE OECs FIpf 2 BEAN A P A #35 . Vimentin & —Fl i
WEA.REELERNENTRMERE D, —RELT,E
T B J3 200 M B S5 K AN TR 75 Vimentin, BT R 2Z 192 GFAP
Rk, B B . A BV OECs 11, Vimentin #1J& 32 %
4 v E) £F 48 AR 433X SR A 2 B X 28 OECs I 3F B OF B2 087
Nestin J&—F #8176 IE i 1 FU8T A2 B9 OECs AR K3k
{EA5 I B9S2 , OECs 3Rk WA B AU AN LB 45 B 8] & & A7 1E
225 HAE =S R 43 A B A 7E 22 S (8 3)

.
ONL | | R : B os
& >
o :.:l:! o4 E N-CAM
i, o3 Eg Vin
d [
GL i $-100
GAP-43
NGFr
a: Surface of the ONL =
b: Outer ONL PSA/E-N-CAM
¢: Inner ONL
d: ONL/GL boundary m GFAP

B3 OECRZEEHMTES D
Fig 3 Spatial distribution of OECs-expressed proteinst
ONL: Olfactory nerve layer; GL: Glomerular layer; GEFAP; Glial fi-
brillary acidic protein; Vm: Vimentin; NCAM: Neural cell adhesion

molecule; CAM: Polysialyated(“embryonic”) form of NCAM
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4+ B 2

OECs B45 5k 42 W) 2 45 o B 0 AT 26 30 A £ A3
IEAE K L OECs B4 C 2832 F 2 i PR A A ff 28 51 05 9 AR 5236
ST IR HUR TORBE TR HE A G OECs fit it 4 22 7
AR B TOLRE A TE R RO — H RS R’A,
XABRE T OECs B A8 1R 7 # 22 451403 W I AR W . PRIk, 72
AR BB, AT % 5 A OECs 4% 5 i 25 9y 2 R
W58 (U0 - OECs Ff 5+ R K70 1) il il X OECs W) 2 45
PERS IR AW ST, B8l OECs 72 W58 2 40 19 T g, L% OECs
g a7 VAL KU I ENE 3 28
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