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Effects of self-assembled IKVAV peptide nanofibers on
olfactory ensheathing cells
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Abstract: We observed the effects of IKVAV self-assembling peptide nanofiber scaffold (SAPNS) on olfactory ensheathing cells
(OECs). The IKVAV molecules were triggered to self- assemble to interconnected nanofibers hydrogel by adjusting pH of solution
and adding of DMEM/F12 culture medium. Atomic Force Microscopy (AFM) showed that self-assembly hydrogel was consisted of
the interconnected nanofibers, which varied from three nm to five nm in diameter and hundreds nanometer in length. The primary
OECs were isolated from rat olfactory bulb and purified by differential adhesion twice. At days 12, the purity of OECs was 85%
according to immunostaining of P> NGFR antibody. OECs were cultured with IKVAV peptide. The adhesion, viability and
proliferation of OECs were observed with inverted microscope, Calcein-AM /PI staining and Cell Counting Kit-8. OECs cultured on
IKVAV SAPNS grew well and the viable cell count was 95%. IKVAV SAPNS can promote the adhesion of OECs and did no hinder
the proliferation of OECs. IKVAV SAPNS nanofiber gel has good biocompatibility and bioactivity for OECs. It can serve as a good
nerve tissue engineering scaffold.
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B #E1173 (Spinal cord injury, SCI)F & Ji KBl #&
PSR SN B AR 5, AR S BORH 7 JBAe e,
BN FRE St SRR R T S R, R it—
BRI 0T S RO A, b 20 R 4R B
AL TR A VCHIRIT B BRI 03 A W A w s T
W, XHE 3 AN EENE: AN SRR R
B AR TR N IREE . 558 2R A R 3 A7
TENLORR R . AR AR 22 . FRAR A HL A bk
Gy 7 A P SN R TG HE W 2 T I S S, BRI T B
1A PR 2 A 2 TR R ALY, R e s 2 54k —
FBr 09 S RME B . BARIGYTY SCL. Z kA4
BEANK LR YL RHE S HAT BT (4 A= W0 AR 25 AR )
TG M BN R SRR R R — AN R B
] o FEASEIG IR B T 2R E & T s 2
ik HBE IKVAV(Ile-Lys-Val-Ala-Val) i [ 2H 2% 4/ K
LRAERER, FFUESZ XS PC12 4 M AR 28 1 20 i FL
A RAFI A AR E, IE AR DR RS B Ao e DT
WELEES 241 B (OECs )t & A7 3 Bl 1 e A i s i 2
— RS2 OECs 5 IKVAV £ k4l K 25 4 S 5 i
A 00 240 B AR A 1 P A BB 03 3R 7 B T A TR AR AR 5
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1 MEAE

1 Jii#% SPF 9% SD K (W T4 RHEE K 2 [F] %
B2 BE S W o), IKVAV Z KR M0 7 (%=
e BB AR A RN A Wl G R, TH s RORAH LAY
BTG T AL A A3 B, AR 23 F BT 13516,
4 98%), DMEM/F12 8570k, MRk i (Gibco
N D), 2 BWE R (Poly-L-Lysine, PLL), 0.125%]#
(Sigma 2\ F]), 4 3K $ BUK (Bovine pituitary
extract BPE, Invitrogen /A #]), Forskolin(ff & Ak
Sigma /A F])CCK-8 izl 7| & (Cell counting kit-8, _I-ifF
[F= A2 BF5E0T), P NGFR $ifk, SABC il & (1
180N w])FEHFE Blx-808 bR (Bio-Tek, Elx-808 4,
USA), 8 & & % 8 (OLYMPUSCKX41-F32FL), Ji
F J1 BB (Atomic Force Microscopy, JEM-1230),

2 hik

2.1 IKVAV iE4ZRRBHER AN KFHET SR
B 10 mg 1) IKVAV W EE4>F A 400 uL G
B9 0.1 mol/L NaOH H1 400 puL X 7&K jil & 1E 37°C.

30 min, ¥R %50 B B TE WK, B A
10 puL 0.1 mol/L HC1 212 184 Z Ik i pH {H % 8.5,
AT X ZE AR SRR 1 mL, WEEH 1%
(WIV), BT UL 22 BRI W SRR S, O IR W
200 puL, AA 200 uL &4 Z 40 FH &+ 1 DMEM 4 il
BRI G & A D,
22 HLEBMRMAMEFREUHFLEE
TWEAMET, Bt 10 H 7 d % SPF 2% SD Kl
MELISK, iR E0) SRR T A 200 R B LR R T ) R A
BRORSE, KA IRERBT AR 2 AR 0.5 mm ALk,
A 0.125% BEEMAEE 37°C 144k 15 min, & 10%
FBS B35 32 1134 4E 10 min, WRFT 20 ¥R 2 40 i &
W, 1000 r/min 8.0 5 min W B, InASE IR
(DMEM/F12 K5 % %, 10% FBS, 4 7 & $#2 B
20 mg/L, Forskolin 20 umol/L)EEE40l, /oK
BB BEE SR, T 37°C. 5% CO, Bi 54
FiF% 20 h G AR RS 2 ) — g, A L
o B—Ye 24 fLR, 7EHH] 8 FLNRFLIA —
PLL AbFRAY SEBE R, 7EREFLI A ZY 1 mL 20 B,
I E N 1x10° F 37°C. 5% CO, HEFefih 3%,
£ 3 d ik, DOWSSYI L 2597 P NGFR R4k
PUARAE S g 414k e 0 % 5 OECs 4t
2.3 IKVAV % k#1445 OECs R4 HHE &= M4
R 30 mg/L 2RISR B SR, K
A 24 LA H, # OECs 4L % 2 5% 10°/mL, $F
FEZMRBoE A b FE R FwE N
0.1 mg/mL 1Y 2 J 1 24 B2 A9k 1Y) 55 3% A R % B
B3R 7d R 12 d W R38R U, PBS Pk 3 1k, N
AL EH 4 pmol/L ) Calcein-AM F1 20 pmol/L
B P EATIESEANAE YL 2, 37°C ¥ & 30 min J5 PBS
Pk 3 R, HE A, OB IR A U T WS
HEAH ML L
2.4 IKVAV % RkXf OECs By M Fn1E5E A9 200
B2 He 96 LM, A0 MRl TR N, AR
FERh 60 L, 454l 100 pL 4MEW, BT 37°C. 5%
CO, AR R T AH 3G, 2 d Je¥eil . Koy
6, 1 ARFERZE 5 NS, RE2H 10 £L, i3 AL
YEZS XTI O X BRAL A A ZUINAAR T IKVAV £ KAy
FERW(A 4 DMEM/F12 }53:3+10% FBS+4- {4k
FEIBURK 20 mg/L+Forskolin 20 pmol/L)., 5 > 52 5 4H 43
B B, C4. D4, E4HMFH, GHIMASAH
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[A] ¥ B 1) IKVAV £ Ik 94 K 2F 4 32 28 19 15 9% W
(DMEM/ F12 }55555+10% FBS+4- (A4 HUK 20 mg/L
+Forskolin 20 pumol/L+IKVAV), H ¥ B 4 71 A4
320, 160, 80. 40 120 mg/L. 43%)F 3 d 17 d B
196 fLAR, AN BE R /A B A U GR] CCK-8
10 pL, #EEEHLA 37.0°C B3R5 9% 4 h, BUBH
it s £SO R S BE AR, ORIl 450 nm,
2.5 IKVAV % k%t OECs B9 MR B9 821

B4 He 96 Lk, 434 1 AXFHEZH(A 1)1 5 4
SCEGH(B. C. D, E M F4), 43 BT ICE DR KA
Hile R 0, 10, 20, 40, 80, 160 mg/L ] IKVAV
WISENESY T, B AR 4 ASF5EH PLL 424519 96
LA, BEFLIA 30 uL ARG IKVAV IE R -
¥ 96 FLAUIA 37.0°C IRAH R, SRIGHLA
S TAEG IR T . 96 FLANNE R TR A — 1 FLI
JEE AR 032 em?®, FFLL A 2 F AR
IKVAV [ EE2H0 0. 099, 1.88, 3.76, 7.52.
15.0 pg/ om’ FHBERRERZZ b Uk 96 FLAL 3 Ik, IR
5 min, JHRG SRR ANMH N 6<10%/L, S AF] k-
AR M 19 IKVAV A0 1) 4 4~ 96 FLANMIES 7%
M, BFLINAAMIER 100 pL, &4 6x10* 4.
J TIPE ARG RIEXF L 8 h, 13 h, 18 h f1 23 h
NS B, EbRiELL 1 NG 4, 7F ik 4 85 5%
B4 E 6 FL, IAS AT 6x10% /)~ OECs 41 it 1) 21 ity
B 100 uL, FRAEH SA 100% M AN K 4 1
RANA OECs i L35 7= i A 37°C . 5% CO, M Fh
MR RY R FRAR Y, JrmliEFR 8. 13, 18 Ml 23 h, 8h
Bf 25 SC A bR LR A8, B8, C8. D8, E8.
F8 1 G8, 13 h I 45 5L B 4l FIbRELH AR A13 . B13,
C13. D13, E13. F13 f1 G13, DIHEHE. B 1At
ZH(G8. G13., G18 Il G23 £H)7k, W H 4% 2H v i 41 it
B, BALHBEIRER 2 vh I 5w se AL RE, R
W IR R 7 PR . AR BRI R O v vk 2 IR
OECs 2 ifd 2 R AGr 0 - A 552 56 38 2 200 i 37 14 6 0 3k
F CCK-8 [RHz A0 I 40 MO 5o, I3 1430 40 M 266 B %
FE b IR IR A I AH LS AR CCK-8 VAW,
Fefilh 10:1. B ThsuEdS, BFLR A Lk k3%
W/CCK-8 ¥ 110 uL, prifEdl b AL B m A4l
CCK-8 I 10 uL, #IEHA 37°C 53746 H55% 4 h
B AR A U O BE A, WOk G 450 nm,
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W5 45 S0 2 1) S S5 (B FNVB o 4 1S (B AR B, 45 3
25 S0 21 A AN R B R
26 @RitFRIE

TR AR £ prifE 230K, R SPSS 13.0
A B AT et 25 a0 b, AL BN L BCR T
MSTAEA tR IS, P<0.05 R BENEER.

3 &R

3.1 BHEERRMLETE

JRF ) BB AR R IKVAV & AL 1Y)
Z K WAE DMEM fil & T B 418 R BER, HERE R g
SUIRGK Y, A4 EARN 3~5 nm, KENEEN
K, GUKEF Y2 8] a] 32 BUE B AR 2548, £F 4R
BRZBR(E 1),

Bl 1 IKVAV BEEREFAEMBERN IKVAV 4%
;3

Fig. 1 Atomic Force Microscopy (AFM) testing of nanofibers.
AFM showed that self-assembly hydrogel was consisted of the
interconnected nanofibers, which varied from 3 nm to 5 nm in
diameter and hundreds nanometer in length. Scale bar=0.2 um.

32 OECSHIEEMNBRAEIEBLET

FiiE 24 h JE A LR RN, R, Mk
K, BEA K. 553 KR(E 2), s ARG, BT,
RN S BT . ST AEER, Hoh LI R Y
MR A R 3, HAIR R K RIE, A F g
IREWRIE, =M 3%k, RIAE =MIE, 4
WA T b S R AR, R A IR ) R R R
HEAHK .7 d B (E 3)OECs 4 g 2 B4 fin, Mo fAds oz,
HOEH Ry W B = A, A T IRAT AT 44
MAETE, MRS K . W, Hor ek, Ptk 2,
F12d, gEEINESE, A AR B HES,
P”> NGFR % 4l il b 2% Y . 45 (] 4)OECs £h % Ky
85%.
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2 OECs #ift/5 3 d 21 E BRMEMEL(x200)

Fig. 2 Inverted Microscopy observation of OECs after three
day (x200). The cells and Its slender process have very intense
stereoscopic sense.

3 OECs #@ifkf5 7d B E BiMEEVE(X 200)

Fig. 3 Inverted Microscopy observation of OECs at day 7
after purification (%200). The purified cells displayed the
typical spindle-shaped bi- to tripolar morphology of OECs.

4 OECs #i{Lf5 14d P> NGFR DAB % (X 100)

Fig. 4 Immunocytochemical staining of OECs with
anti-NGFR P”°. On the twelfth day in vitro, the cells extended
unanimously and grew in parallel directions. The purity of
OECs was determined according to immunostaining positively
for P”° was 85%.

3.3 IKVAV % Bk#1#) 5 OECs Wy MIHE &= 14

A HFE 7 d 12 d B OECs 4 Calcein-AM/PI
et 5, WO IR A BB LS & IS 4N i &
LT, FEANIL R B LT, IKVAV £ ik
1) 55 88 R 5 2 R SRR A0 Bl 10 55 3% 1 TE A0 M B0
FL B35 A 95% LA b (&l 5~8).

5 OECs 5 IKVAV E&15%F 7.d (X 100)
Fig. 5 OECs cultured with IKVAV for 7 days (x100).

Bl 6 OECs6 5 PLL E&1E3F 7d (X100)
Fig. 6 OECs cultured with PLL for 7 days (x 100)

B 7 OECs 5 IKVAV §&1%5F 12 d (X 100)
Fig. 7 OECs cultured with IKVAV for 12 days (XlOO).

8 OECs 5 PLL 413 12 d (X 100)

Fig. 8 OECs cultured with PLL for 12 days (x100). The cell
viabilities in Figs. 5-8 were determined by the calcein-AM/PI
double-staining method. The Calcein-AM stained the living cells
only (Green), while the PI stained the nucleus of the death cell
(Red). At 7 or 12 days, the percentages of living cells in both
IKVAV and PLL group are more than 95%.

Journals.im.ac.cn



296 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

February 25, 2009 Vol.25 No.2

F1 KHEM OECs3d,7dHIRHAE(N=8, X £5s)

Table 1 The mean value of absorbance at 3 and 7 days (n=8, mean + S.E.M.)

A Group B Group C Group D Group E Group F Group
3d 0.426+0.041 0.401+0.034 0.417+0.049 0.389+0.055 0.441+0.044 0.409+0.058
7d 0.903+0.064 0.887+0.059 0.873+0.047 0.905+0.071 0.896+0.060 0.900+0.061

At 3 and 7 days, the mean value of absorbance in each of the experimental group was not significant higher than that in control group

(A Group) (P>0.05).

3.4 IKVAV % RkXf OECs &% iY 22 M

% A 4%EFP OECs J5 433+ 3d. 7d JilA CCK-8,
R BRI W e BE (S5 RN 1 PR, 4% 4okl
ZESAEPIT ) S TG F R S, U R R
i) IKVAV £ BEI% % OECs #458 CHEPEE A .
3.5 IKVAV % k%t OECs B9 M R B 821

8h. 13 h Fl 18 h = ANBf[A] 5 C 4 F A ZHAHLL P
EH¥/NT 0.05, HA W#EMEZES . 23 h B E 4
FEPRERC KT 60% SR EMER . K 9 6
RIFHULE] 20 mg/L 1) IKVAV(C 4)REH 2 g it
OECs 1% .

= A Group
e =+ C Group
G Group

0.700 —

0.600

0.500

0.400

Absorbance

0.300

0.200

0.100

t(h)

9 A, C. GHZRE & OECs KRk 2%
Fig. 9 A, C, G Group’s adhesion curve of OECs at 8, 13, 18,

23 hours. C Group compared with A Group, IKVAV at
concentrations of 20 mg/L promoted the adhesion of OECs
(P<0.05).

3 Wi

A Sy i IKVAV B SE 1R 4y 1 % 41 198
Ci6H;,0-NH-AAAGGGEIKVAV-COOH, % J¥ %] th
Ci6H3 O JEFKPER, i RE, M H A KRN
S Ci6H3 0, 145 F4 1T 4 iy IRV &0 1 SR
Jot 5 JR8 20 4T 44 el 1) TG e 2k R O A - 2 1 B
HARE S TR A ANEE A Al LB . 3 41
A3G3(-AAAGGG-). —J5 IS5 e 3EAL Pr [ 20, 75
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— 7 TS G TR RE X, IKVAV il 3] 27 4k 5%
I, MIZEE IKVAV B9GP IX S, B Mgk M,
Iy F R 24 pH {H>9 B, kAT G, PR T e HE
JRBHIEE A 203, 24 pH {E<8.5, B far HEF A H
MR, BiKIEARE, RENZIG T oA HE
HA%E, TERARIRFELZEM, K C i IKVAV 6%
ZRRAL T Z5H 3R, N S K i 2 IR G ZE 55 T
ZER R FRE A A BHES (0 Ca®)J, At
H g 118 K RT3 o 5 P 22 (] A S0 ke A TR 4,
AR F B4R . 1% KRR R A
DMEM/F12 J&, £ T F M & TRk B
GRS JO R 1) B G o AR S B0 i AFML SR IE S 1% 5
A RHE GRSURGOK R 4, SF4EE RN 3~5 nm, K
JERT IR BVBOA K, Y2 B —E A B, AT
R AR o, TESEH F IR — RSl T K2k 4H i 4h
FEJTT A5 R MR

A SR K OECs B AE IKVAV 24K F 232 BEIE
FEFARL EE R, AT OECs fEK R, 40 Aidhs),
NS P R, T AR S AR 95% A B, [l
IKVAV £ k44 K41 %) OECs 1384 5l A I /E F,
FW IKVAV Z IR HA R 1A YA Z 1

TERGI S v % B IKVAV £ K BEAS AL HE OECs
FRIRE R, A 38 TR RE 1) TR VAV (1R B BE 758 T 22 Bl
IR . IAE IKVAV BEME i OECs i B it ELAHL
MAIERE, Al REHAE UE OECs Zh M I/E /2 IKVAV
Fl OECs 2 1H 35 1 J2 Al i 8 (1 4L W /E A 25 28,
ERBRUEE Y IKVAV-PA W] RES I OECs H &
SRR IR IE, T AR LG B

PHAE A B B 4 20T AR SRR R DL LA
PR 1) RIEFMAEMEE, FEERNASSIRAERF
FIRIER N . 2) HA AT = 4E AR S5, 2
2L REIRR, BARKANRERH . A5
T Y M LA B A S HE o T AR A RN B, R A R A
FI T4 8 55 0 9B AR = i HE . 3) B
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AR A S TG, AR 0 B 2 B O R AL R
AN BAMEIR SR o 4) HAT A= nT B A 1 s B B
figp ek 310

ARSI A R IKVAV, B LTI EE: 1) T
JERGEE Mol SR IKm, EEAGEENAY
ol HE A% BRI EE B B, A AR B E Y E
PEULRL 0y JnfuE EME; 3) AR L AR L, R
G R E R, ATE M BB S 5k 4) T
& = 4 E RS E 10 B R iZIKE IR T
A DMEM / F12 J&5. FESE A B2 1 fik
%I BB R A 9K 4T 4 S BRI 5) HA TS
PEXIR, AR DS G A0 i B 1 A BC A 6) 5 4RI
SN T3Ts 7) il & T8 BCBE S 2% 1 T B, I e] oy
HCL, ARV, 8) SUW AR, 7EH T ik
Ay ng, B, A BB B AT 52 i 9) BRJF 41
ARG T IR G 10) X 20 A I B A
M, I Heefe gEa Ml zE . 582G T hikEsk,

AT AT Sk IR 20 i A Ok 2 B A WIS AE SCLIRYT
B SR A AR A, PO B LIRS 1) /]
DAIFS G bt 22 % 2 1) P A 0 v R ol 22 B 2% 1 4 4R P A
WEAEH, et wahier g 2) OECs Bit)n
JT A1) 3 1 R P 35 RE AT ) 2 R RN R RS A,
B B AR K AU X, I HAE S R B
K B 28 2R G0 B T G o A i R A1 J b 28 R G 25 I R
20 i A R A B 2R DL AT B A LR S LR
WARTE TR RGN, SRS 57
TN RS S F AR, ol (i 45 LA &4t i T TR B 1)
IR R SRR, REA% oF bR AR il 28 Tk
o B ORI, TR SR R A, R AR 803 A e 4
REM; 3) FEHREILIR N MEE S, 4) US4
it e LR b 20k AR 22 55 A0 RS A R 2% A KA O
B 53, NPT a2 28 IE K ) L1, PSA-N-CAM,
N-CAM ., laminin, fibronectin, {27 ZE K ER
3= A TR ALY nexin A1 S100., MRS 4H it fig
3 U6 R AN TR 288 1) o 228 3R R0 SRS 7, /)
WRAERK T, Mzl Y. S100, #gERKE T,
M IRPEAR 228 RN F . MAE IR F— 3 MR s
FRIN -4 SO T A il 2 H T T AR N R

IKVAV Z KGR EF AEBEI 52 6 i i 22 2 2 T %
ikt OECs JE i & 14 J5 OECs fii T IKVAV £
JR K £F 2k B i 1 25 BN, B8 A 38 08 40 w3 I

BALUFER: 1) rTLABG 1k OECs 8L M. 2)
AT AR AR B2 E 1 N R 5T LR T OECs 4.
3) GEKEFLERT LI OECs MR A KA e, 4
YK LT Y43 AT LS S OECs R b A K
4) A5 B IK VAV g3 2 {2 #F OECs I Rt
HFF OECs 4K

ARSI AR MRS A R T A RE AL 1 3 SIS (R
TN, 7 ZMRERT A A 1 R R AR A P9 R 558 ) 1
K, AT TR 4500 8 1 18 S $ ) o R A
YN K LT HEEE I A R IKVAV Z2 KX OECs 19 4= W3 1
WA, FEol{EdE OECs WKLY, &—Fh it K i pf
LA TR R, OECs 5 IKVAV £ JIkgh K &F
AR A i 2 U TR BRI S & T &
BIPLA, JF H OECs 3R I1HI 35 1Y 43 Fl 43 Ik 1) 2 Fil
KT b pf 2 A SR T RAFI N EREE, PrlL OECs
5 IKVAV Z IR K BN S G i e 40T A2
A T A B 400 405 7 3 9 IE T e B A T I 1 i

oy
A 5o

REFERENCES

[1] Nomura H, Tator CH, Shoichet MS. Bioengineered
strategies for spinal cord repair. J Neurotrauma, 2006,
23(3-4): 496-507.

[2] Tysseling-Mattiace VM, Sahni V, Niece KL, et al.
Self-assembling nanofibers inhibit glial scar formation and
promote axon eclongation after spinal cord injury. J
Neurosci, 2008, 28(14): 3814-3823.

[3] Anderson DG, Burdick JA, Langer R. Materials science.
Smart biomaterials. Science, 2004, 305(5692): 1923—-1924.

[4] Saha K, Irwin EF, Kozhukh J, et al. Biomimetic interfacial
interpenetrating polymer networks control neural stem cell
behavior. J Biomed Mater Res A, 2007, 81(1): 240-249.

[5] Heller DA, Garga V, Kelleher KJ, et al. Patterned
networks of mouse hippocampal neurons on peptide-
coated gold surfaces. Biomaterials, 2005, 26(8): 883—889.

[6] Niece KL, Hartgerink JD, Donners JJ, et al. Self-assembly
combining two bioactive peptide-amphiphile molecules
into nanofibers by electrostatic attraction. J Am Chem Soc,
2003, 125(24): 7146-7147.

[7] Wei YT, Tian WM, Yu X, et al. Hyaluronic acid hydrogels
with IKVAV peptides for tissue repair and axonal
regeneration in an injured rat brain. Biomed Mater, 2007,
2(3): S142-S146.

[8] Wu YC, Zheng QX, Wu B. et al. Self-assembled IKVAV
nanofibers and its effects on neural stem cells. Chin J Exp
Surg, 2006, 23 (11): 1398-1400.

SR, RGBT, RO, AF. RS s PR - R -4 I -

Journals.im.ac.cn



298 ISSN1000-3061 CN11-1998/Q Chin J Biotech February 25, 2009 Vol.25 No.2

T 28 - 451 2 iR 22 IR N A 2T 4 o 0 25 T 40 i A= 2447 R [12] Silva GA, Czeisler C, Niece KL, et al. Selective
(IS, TR AESEIR AL Je s, 2006, 23(11): 1398—1400. differentiation of neural progenitor cells by high-epitope
density nanofibers. Science, 2004, 303(5662): 1352—1355.

[13] Kubasak MD, Jindrich DL, Zhong H, et al. OEG
implantation and step training enhance hindlimb-stepping
ability in adult spinal transected rats. Brain, 2008, 131( Pt

[91 Hu ZJ, Ma YH, Zhou CJ, et al. Morphology and
phenotype of rat olfactory ensheathing cells harvested by
enzyme digestion. Chin J Clin Rehabil Tissue Eng Res,
2007, 11(20): 3892-3895.

" . . NN . 1): 264-276.
Ik, DAL, RELE, % WAL B [14] Dombrowski MA, Sasaki M, Lankford KL, et al.
B9 BB A P 5 S R AR AE. o [ 412U T AR B 5 Myelination and nodal formation of regenerated peripheral
HimKREE, 2007, 11(20): 3892-3895. nerve fibers following transplantation of acutely prepared
[10] Hurtado A, Moon LD, Magquet V, et al. Poly (D,L-lactic olfactory ensheathing cells. Brain Res, 2006, 1125(1): 1-8.
acid) macroporous guidance scaffolds seeded with [15] Lopez-Vales R, Forés J, Navarro X, et al. Chronic
Schwann cells genetically modified to secrete a transplantation of olfactory ensheathing cells promotes
bi-functional neurotrophin implanted in the completely partial recovery after complete spinal cord transection in
transected adult rat thoracic spinal cord. Biomaterials, the rat. Glia, 2007, 55(3): 303-311.
2006, 27(3): 430-442. [16] Deng C, Gorrie C, Hayward I, et al. Survival and
[11] Almifiana N, Grau-Oliete MR, Reig F, et al. In vitro migration of human and rat olfactory ensheathing cells in
effects of SIKVAV retro and retro-enantio analogues on intact and injured spinal cord. J Neurosci Res, 2006, 83(7):
tumor metastatic events. Peptides. 2004, 25(2): 251-259. 1201-1212.

REORFOIREGOIMRIOMREGRLGIR LR DR LR LR DR FHD R KR 56 R 50D R 56 R 56 (R 50 (R 50O R 56 (R 56 (R 50
MEEBARFEBPEGHF ot d N

YR FERATY (R ) (%)
(ERZIBMER (EEIDWERE - FHHAT (ERZ) B H#F
Tk DEM EF
978-7-03-022630-3 ¥ 86.00 2008 £ 12 H K

A JZ Springer 3 MR AE YR A T4 9 U OEL The Ep idemiology of Plant Diseases
( Second Edition ) B AR o N4 FEAGLRE T A0 W) AT 00 5 1l E , FEW TR E 120
T VAR I | S AT A S IR L G | PO | AL | =i
R BIAS | R EIRATI RIS AL G A L A . e E A TE RS, JFHA R
T ARG I o LS AR B e . SRR L VEAURE . BT IR ORE LM iR
IS5 . W ER R, A ENA TIRZEH MR NE, EEHEAR . 4 FEY*.
KRABEFELER EWATE RN, (8 T3 T A0 35 AT op Fe A iR .

A AT AT HE R AE W B A 5T 2 TR TR AT E BB, AT S AR R AR AR 2 S R R T TRA T S
H, AT A LR ARG S FAE BN B 225 S .

XM 25 N MR A2 A5 2 A (ks % )
WSk . LR BRI 16 5 BlAEhiaud Bl B4t BB 100717
BERA: BUts BCRMIE: 010-64034622 (L)
22K R e A5 355 8 B I 3 http://wwwe.lifescience.com.cn

Journals.im.ac.cn



