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[Abstract] Objective To explore the effectiveness of nanoparticle ORMA40 as a vector for delivery of survivin gene to olfactory
nerve ensheathing cells(ONECs). Methods  ORMA40 nanoparticles (ORMA40) was synthezed, and plasmid survivin (pS and mS)
waspropagated, isolated and purifyed to form ORMA40-survivin complexes(pSO and mSO); ONECs was isolated, cultured, purifyed
and identifyed to transfect ONECs with pS, mS, pSO or mSO. Results Transmission electron microscopy showed that ORMA40
were highly monodispersed in the aqueous solution with the average size of 20 nm; agarose gel electrophoresis showed that both mSO
and pSO were free from digestion of DNase 1; immunostaining showed that mS, pSO and mSO can transfect more than 50 % of ONECs;
and statistical analysis showed that the transfection effectiveness of pSO and mSO was higher than that of pS (P <0.01) and as the
same as that of mS(P>0.05). Conclusion Nanoparticle ORMA40, as a vector, can effectively mediate the delivery of survivin gene
to ONECs.
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FTHD, HEHE 2R, TR A 2
o It A SR It HARAVERIB, fRin JLAE, Ok
B2 IEAE SR AR B A S L D
#%. A, 99KFF (nanoparticles, NPs)
ME AR A . IR%E 5 5 DNA 255 MUV E &
T LAHA S BE R R AN 52 W0 15 32 40 B i) 7 R
. TEARZ I NPs W, A7 BB M 1) 1 20 oK R 1
(organically modified silica nanoparticles, ORMOSIL
NPs) W RE/E A AR AR R 2R, MU Roy I
etal (2005) BYHRIE, JEALG Y RIFSEANLL B,
A4 K ZFh ORMOSIL NPs. Hrf, ORMA40 fi&
HA R .

AAEZR (survivin) 28 T8 I 7 S5
M5 22—, BN 5 I A0 58 T A A
Mo, T HZ S HA R L AE . s
5 211 it (olfactory nerve ensheathing cells, ONECs)
SR 2 (O RERE T AR M, 3 R RO IR
Schwann 41} AR, . ZhHE -5 205 I Jo 40 i 5 AH
1. H1T ONECs Ry 7 (8 BTk B R R, i
HAE A RE 40318 52 vh Al BEAT ) I 4 3 T iG55 0.
A W58 R I ORMA40 4 5 Ak A7 2 5 8] %
ONECs, ALURTRTTH R 17 58 S,

1 MEFFEE

1.1 SIEhY

Bk SD R 10 A, AE 20~25¢, HIEM
BEr B s R AL
1.2 EZAFIFNEE

survivin — MIEG3 (mS) #/ survivin — pcDNA3.
1(+) (pS) GBI [ 37 it 28 B2 2 5 b 25 Jien e
SRR ) 5 P PTSNGFR Bk (Abcam)
RICNEAERIIE (R&D Systems) 5 98 % S
&8 OT (Aerosol OT, AOT; Aldrich), 99.8 %% 1-
TEE (1- butanol; Aldrich), 97 %) ZMEFHE=2 K
FAELE (triethoxyvinylsilane, TEVS; Aldrich), 99 %
B 3— Z KL Ak = & S BEFE St (3—aminopropyltri—
ethoxysilane, APTES; Aldrich), —HFAK (Dimethyl
sulfoxide, DMSO; Fisher Chemicals); 12— 14 kDa
A 325 BT IR (Spectrum Laboratories, Inc.), 0.2 pm

BYE B (Nalgene) ; #% 71 5 £ #% , JEOL JEM

2020 HL B AR,
1.3 FHik

K FH YN KA 45 R AE AOT-DMSO-H20 i i
B TCHRAZ LA . ORMA40 9, F 376 559 i 85 4% R
FE KT ORMA40 FESFIR/NL 7E E.coli H14™
4 mS FpS, /AR ERRMA TN TG RERE
mS Fl pS MBAPERETE. RAZNEERIANE (Qi-
agen, Valencia, CA) M E.coli /0% . 4fifk mS
1 pS, FLEEHEEE R LUK % E mS A1 pS. il &
mS/pS-ORMA40 & A& mSO/pSO, B Hist i i
vk EAIEBA 6 BORE DNA B4R 30 F S S ie 4tk
SEOTRYEESNE . B ONECSY 2R ] ORMA40
WIEN SR ILHFE Y ONECs?, BB L AR 55
F755 5 AU ONECs 438 6 41, HRAUMAFREYLE 570
wl: AZH, 10 %FBS/DMEM/F12 ¥:5:; B4H, OR-
MA40/10 %FBS/DMEM/F12 535 ; C4H, pS/10 %
FBS/DMEM/F12 % 2 W ; D 41, mS /10 %
FBS/DMEM/F12 3555 ; E £, mSO/10 % FBS/EM
/F12 Rg#l; F 4, mS0/10 % FBS/DMEM/F12. 22
J&, BT 37 °C. 5 % CO, AT E 24
h, FEEFEPRW A 10 % FBS/DMEM/F12 1555
W. SRARTINAAARDUA, 81 5 40 i b2
J7 15 PE M ORMA40 #8444 3 26 7 20 5L D9 i e
ONECs FIBICE.

K SPSS GEit i A A T e b, 1E
B AR ORI + bR 22 R, FEHLIX 4
BT ERER FHREHLIX 415 225347, SNK k617
PR Hegss.

2 #R

BHTH AT R, ORMA40 7E/KAH BT |
SEWEAZR 20 nm (B 1a) . BEAE ISRt vk 35
B, mSO Fl pSO A#% DNase 1 JHIL (Fl 1b~c) .
L ORMA40 A 2 A4 AT J 2l b oK A A7 R B R % A
ONECs (l2b~d), HEI)Z L 50 %.
pS % Y« ONECs AR A%, 1M mS. pSO Fl
mSO % 4t ONECs W8 R AR =, 50 %L
ONECs #FEYL. pSO Fl mSO %k Yeidi 4 HU A i
BB S mS BYEAY (K 3) .
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Fig.1 pSurvivin~ORMA40 and mSurvivin-ORMA40
complex
a: BHTHEER A ORMA40 TE/KAHAHIUT; KAz = 100
nm. b: 13N pS; 2iEH pS 5 DNase 1; 33N pSOC; 4
iEH pSO 5 DNase 1; ¢: 15 mS; 238K mS 5 DNase
1; 31 mSOC; 4 i8N mSO 5 DNase 1. b. ¢ K NFiE
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B2 ORMA40 HENSEFZERE S ONECs
Fig.2 ORMA40 mediates survivin gene delivery to
ONECs
a: JFACHESRAY ONECs (38 5 K); b: ORMA40 kA
5 pS YL ONECs, HUAEFZERBEYLE; ¢: ORMA40 ZifA
T mS YL ONECs, ZENBMER; d: ORMA40 HAANF: mS
UL ONECs, PUAAFRE Ayt
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Fig.3 Efficiency of ORMA40 mediating survivin gene
delivery to ONECs
A: ONECs Bph%5%; B: ONECs 5 ORMA40 2L [a] 54
F¢; C: ONECs 5 pS 2L[A}EF%; D: ONECs 5 mS L[R5
3%; E: ONECs 5 pSO H[ERi5%; F: ONECs 5 mSO 3:[H
BF. CH5DHH: P<001; E5FHE: P>0.05.

fo 7 —EST R Horb, R AN RS R O A I
o, BCBER AN 22 Schwann Zi il (schwann
cells, SCs) . /L ZE i Jit 40 g (oligodendrecytes,
0Cs) FIMLAHZEEEZHMY (olfactory nerve ensheathing
cells, ONECs) .He, 0Cs BHFHKMAL RS (the
central nervous system, CNS) R BERIANM, SCs
JE B4 24 (the peripheral nervous system,
PNS) [ B BERS 4, ONECs MIFEA OCs 1 SCs
fRRrE, RIGEJET PNS, WIHEA CNS, ONECs #%
PG A AR AR A RO B ¥ B AR 20
RETRAETE RN KA DE T 240 MRS A A 3
SRR &8Nk, AR RRT
FTEEAMHINE T AR — O,
KR 7 AEM R AR bl A T2 A, e 2 5
GUR B HAB S B, AR A A R R R A
ONECs, A2 7 AR A7 3k DA i AR A 542
Pk, DA SRR AF A 1% £ A7 A

H R R 1 e % 2 B R T R RT3 1%
SR RE N RS A e FE AR, BRI JLAE, Ok
B 1 27 8 AR SR AR R B AR T 19 Bk N B
. Lee TW SF42 %, i 24 AT BH & 75 5t
&, DNA- ZRIKZ S WFERIA DNA M. gk
o 2 BARTT L KL F  (nanoparticles, NPs) .
NPs [ B A2 % 7E 50-300 nm Z [i], 58 i 7ok
MOk HLH, IRES AN, HE, S8tk
T ZFh NPs. Roy I 554Gl , A HUEMIRYRELS K KL

¥ (organically modified silica nanoparticles, OR-
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MOSIL NPs) HJ 443 DNA B YL RS 52 1 20 i 2
Bharali DJ 25438, ORMOSIL NPs if 1] /35 DNA
EEYLIR N A0 1.

HETETAL, W SR kN SRR,
LR D Williams DA 28323, MIEG3 &3t
F/NECT 40 M 5% B (murine stem cell virus,
MSCV) Fa A AL — Wiz 33 e S e g AR, Ry
T B9 UE ORMA40 NPs /S A7 2 B I /5 1 3l
K, ALHWE T pS. mS. pSO Hl mSO %k Y
ONECs MUR%, 455 &L, pS #5 4% ONECs AL
FAEHAK, M mS. pSO M mSO # Y+ ONECs 5L
KEARE, Alfd 50 %L F i) ONECs #iE0s. 48
HHHHIER, pSO Fl mSO (55 Y% 5 mS i Y
HAYE. T ORMA40 B4 ik fmifl, Hosokt
RBE, #ASCIN K, ORMA40 & —FhaEH 4 ik
BRI B A, 7E CNS IFERIIE YT FR AT VR AE ) 1
FAYME.
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