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W O=E. BHBY @ KECESER T T 40 M ( bone-mesenchymal stem cells, BMSCs) A& 7N FR1K &, (RSN g
JifA 2000 454 225 77 53 ( neurotrophic factor-3,NT-3) #4k BMSCs , 4 N H- AR RT IR e kAl . iE - @
SR 4 0 BE U5 B R K B BMSCs JFA X, B0 P3 AUAS AR 4 il 4k P, Q4 R S L AGx I BMISCs 1) & 1 A 26 4
CD29,CD90 L B2 36k 1fi 41 i 22 I b7 25 4 CDA5 ; Q3% JEAS [ JBUkE — B8 BT AR AL Lb A 5t pEGFP-N1-NT3 %44t P3 {, BM-
SCs, §5 Y45 48 h TR Y0 e PR AERC HbFF pEGFP-N1-NT3 ki 4% 4t P3 X BMSCs, §5 44 /5 1.3.7 .14 d, W%
HAIOCAGRIEOL; OFe U5 3 d ) BMSCs 21U 1, Western Blot Bl NT-3 1Rk, HR OB #ilEE LR
TR 2 AR AT DA ifL A . A KT ZR AT Logistic AR HIZR . V=AM M SR 41 s CD29 FiT CD9O
PRI, CDAS [IPERIR 456 BMSCs RFAIE ; @A RIC Ho P BORE - BRBIA N 4 g 12wl I e b my , e AL 1L 5
Qe Yef5 48 h 9SERIKER T d YOLFIBEFHTI LIS , 14 d FEACR W R 2EE#R B, Western Blot JaiiE: NT-3
BERMIRIE . i O FBENEED ] LUS TR I% d 58 R, 40405 55 1) BMSCs ; @fIR B i il 2 4 45 NT-3
FUZBORIAE BMSCs A #35 , BMSCs ] BBy A H-HE DR IG Y7 O BEAE 244
X 8 R EBEE ST A0 2 E SR -3 5 BRIBUA 2000 ; HE R
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Study on in vitro culture bone marrow-derived mesenchymal stem cells
of guinea pig and transfection with neurotrophic factor-3
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Abstract: Objective To provide foundation for further study of inner ear transplantation via establishing in vitro
culture system of guinea pig bone marrow-derived mesenchymal stem cells (BMSCs) and transfecting neurotrophic factor-3
(NT-3) by Lipofectamin 2000 into BMSCs. Methods (DGuinea pig BMSCs were extracted, cultured and passaged by whole
bone marrow direct adherent method in flasks. The third generation cells were used for detection of the surface markers
CD29, CD90 of BMSCs and the surface antigen CD45 of hematopoietic cell by flow cytometry. 2 BMSCs of P3 were
transfected with pEGFP-N1-NT3 by plasmid-liposome mixtures of different ratio. In 48 h after transfection, the transfection
efficiencies of different mixtures were calculated and that with the best efficiency was chosen to transfect BMSCs of P3 with
pEGFP-N1-NT3. On day 1, 3, 7 and 14 after transfection, the fluorescent expressions were observed. (3)Proteins of BMSCs
were extracted on day 3 after transfection, and the expression of NT-3 was validated by Western Blot. Results (DBy whole

bone marrow direct adherent method in flasks, large amount of BMSCs were harvested. The BMSCs could proliferate
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quickly and be purified via passage. Their growth curves accorded with Logistic growth curve. The flow cytometric detection

showed positive expressions of CD29 and CD90, negative expression of CD45, which matched the characteristics of

BMSCs. @The transfection efficiency was the highest with the ratio of plasmid-liposome (wg:pul) at 4:12, making it the

best ratio of plasmid-liposome. (@Fluorescent expression was the strongest in 48 hours after transfection, and was visible

but significantly decreased in day 7, and could not been observed in day 14. Western Blot identified successful expression

of NT-3 gene in BMSCs. Conclusions

(DBMSCs of guinea pig can be cultured by whole bone marrow direct adherent

method in flasks with high purity and quick proliferation. (2 Eukaryotic plasmid of NT-3 can be successfully mediated by

Lipofectamin 2000 and expressed in BMSCs. BMSCs may be ideal carriers of gene therapy for inner ear.
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HRTFIE A I DL | b o Ry b 22 R 2%
(sensorineural hearing loss, SNHL) f%) Jii Rl 52 1 F Wt
"5 % 240 L R 0 B e 2 T 5 | RS R
JERHZTTAML IR 1k ., BT LATE SNHL f93697 Hr , 4
AT O 458 403 5 = 200 B AR R Ao 2 A L ) P A A
SN T SRR E . BOBiFE s TR
i ) B i ] 32 5 T 48 M8 ( bone-mesenchymal stem
cells, BMSCs ) i Jy it A ¥ S 9 R T4 i, 6 9 B
A SR B A7 5 IF 1) o 8 AN AE 4k
[ 3 A7 BIF 50 0 52 #2425 3% [H -3 ( neurotrophic
factor-3 ,NT-3) o] DA — E B R BB 4P X N
el A B BB AN S R 5 3 A YT A
4546 AT A AR R B A A T N HAS A, vl REXT
WH-IRER PRI FIIR I 2 AR ARSI ST AE
AR BB B ] ST 5T T 40 L ( BMSCs ) fR A S B Fe ik &
PRSI BT 2000 A5 i 2875 F5 -3 (NT-3) BTk
pEGFP-N1-NT3 %53 BMSCs , £ HiAE BMSCs ik,

N B AR LRI T At
1 #RFn7E

1.1 5555

2 I EBLLH K, AR E 29 150 g, g K5
HIHE = I e SE 90 34 oo de it
1.2 &k

pEGFP-N1-NT3 J5i ki #1 pEGFP-N1 J5ikr Hy i #fE
SEERE LS IR AL . T I A R Bk
AR R,
1.3 K BMSCs (43 B 1595 S S5
1.3.1 JAR BMSCs #94 F3x4h Wi HKE 10% K
B AT SRR (0. 3 ml/100 g) , T 7, Bz [A]
B i ) 58 R DU B T, B R T N B, SR
F 15 9 i 1Y) B 6 R, ] DMEM 3% 5% & (10% FBS,

100 U/ml 783,100 pg/ml HE8 3% ) LA bk i

4 ~5 0, rh Uk T ORI B R O, R, 1%
15 107 A~/ ml f) 41 fifd 25 2 22 51 40 i 155 3% A, 46
T IRA NG IR FRIC o PO s HATEAR) B 52 12 6l
Be T VLGS AN i R 25 A8 Ak W BE 5 A AR KO DL
48 hG i KA, L) 3 d Byl — K. FE4n M@l S
BEIK 80% ~90% Wi A48, WA T WG A% X 4t il
HITE 25722 A B BB O o

1.3.2 #4] P3 X BMSCs #9 A& ¥k w2 P3 {{ BM-
SCs 21 il 25 B 3k 80% IS ¥ Ak, , il 45 it 200 A 2 W
(1x10° A4~/ml) , #% &AL 1 ml 3 FpF 24 FLAR, 3E
40 Lo B KA E R TR 4 L, T A i 4 s 4
B, AT AR B4 L IAEID SR SR
10 d, DA R] Ay 65 AL A , 20 1550 DA A B 2 i 2 K
k.

1.3.3 BMSCs ¢y k mAr &M% 2 wH P3 A
BMSCs, 43 513 ] FITC-CD29, PE-CD45 % PE-CD90
( 225 Biolegend 7\ )Y FITC anti-rat CD29 \PE anti-
rat CD45 PE anti-rat CD90) & H.Z= mFr B Y a0
RE AN A NPT BMSCs 500 i, T 124
T P3 AR BMSCs Fifi 5 R 3R 5] 90% LA L1, T AL,
25 20 A2 Y (440 B 2% B 1 % 10° A4~/mil) |, 43 1] B
200 wl 2] 10 4~ 1.5 ml .08, 25 IMA PR 4 pl
FITC-CD29,5 pl PE-CD90,5 pl PE-CD45 % EP 45 Ji%
LA 3 B T 1 AR TR AR S X R 4°C sk
o6, 30 min, FEGREASEE TGREOHL4C,
2 000 r/min, &0 5 min, 3 FiE; BE 2 IR, SR
Z5E PR, 200 wl PBS HA AN, B AR B AR
oA A A I, b = A0 B ORI, B A3 IR
CellQuest HAF73 4T .

1.4 JREREAS NT-3 Bk shs% g BMSCs
L4 1 RAFEGHA FHIR L CaCl2 I
7 IM109 &2 2540, A pEGFP-N1-NT3 Jiifr Jz
pEGFP-N1 JJubr JE A7 56 A, 97 4% , fili 3, Jo i Ak 2 Je
aif, 256 EE TG, pEGFP-NT-NT3 5 by 46
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BE 172, %% M 1 340 pg/ml; pEGFP-N1 i kr i J&
D 1.66, %% 1200 pg/ml, FHIJGH ddH,0, 45 P
PRGBS 1 mg/ml, B 1 - 20°C AR
1.4.2 SR RARRZEAE R 2000 (55
invitrogen 23 H) ) MR FLE £ 10,1216 pl, 43 51 5
250 ul Opti MEM FHRAERES, FERTHES min;
pEGFP-NI1-NT-3 Jiki (1 mg/ml) 735 # BE AL 4 pl
JnE| 250 wl Opti MEM K5 3% 58, 1R 5 % i T i &
5 min B EIR G, F il T #E 20 min, B P3 4R
BMSCs 4% 5 x 10° /4L ) 25 £ B Fp &5 6 AL, 58 4
B R E AR A 2 ml, 1557 24 ~ 48 h TR Rl & R ik
80% ,PBS WIFUE 2 WK, 43 AIMALL HIRG W, )5
A 1.5 ml Opti MEM 8537 3%, B2 R 50 5 B 9%
6 hJE W LR IR, PBS WUk 2 i, B ALIMA AN ST
R SE R FREE 2 ml, JEFE 100 R FAERE S D
PR B G JE 24 h TEFEOGE B0 08 T WA AN g
POCRIRNGFOL S A ML AAAE DL AL e i, e
YR = FOCANMIEY S

1.4.3 pEGFP-N1-NT3 Jji #i4e pEGFP-N1 Jf 454K 5
# BMSCs  J7 ¥ [E b, Bt pEGFP-N1-NT3 Ji ki
(1 mg/ml) Al pEGFP-N1 Jikz (1 mg/ml), Jif it {4
2000 $#ZHEAEFL 12 wl WAL #5445 24 h,48 h,7 d,
14 dfESSGENE BB T WA IEIOERIR GO
1.4.4 Western Blot 54 NT3 & & &kl &
YeJm 48 hofg 6 LA M R , o3 0] 4K 45 e Gt pEG-
FP-N1-NT3 it , pEGFP-N1 JFUki J 25 [ % B3 45
R, R 3 = KA A 1Y Bradford £ ¥ 2l
AEGR BN 3 48 A0 M B AT I R AR
pEGFP-N1-NT3 ok i) 25 (1 FE i v 2.5 pe/pl,
5yt pEGFP-N1 ki WK E R 2.2 pg/pl, REE G
SHHAMEEAWE N 2.7 pg/pl, SDS-PAGE HLIK,
BRI, 5515 Santa Crus 24 W) SHT A NT-3 Hipf4& (1:200
f—4t,1: 1000 /) HRP dricl i) —40) , B A&, i
FPUSEHUR O, AL E RO B3

2 F#R

2.1 K BMSCs {45 45

2.1.1 BMSCs BRI A Ll HHEigi
RVRTE 24 b DA 2 R 2 U B A R 2 S DB
(&l 1a) 48 h i I 26 R Ut BE 240 1, D0 240 it v s
e D VFRATECZ A TR 40 M, B 32 2558 2 E
p (& 1h) 55 8 K, AT A MR ARIE,
AN EL RS, Rl G BE IR B2 90% . 4 i 2Z TRl A X

SEATHES , H A 2 TR HE S, rC 40 A X 4
BEBS AT AEA AR (B 1e) o

2.1.2 BMSCs #R¥zHmiaBAs T ERE
Pl B A T = R AR B 5, = P3R4
TEAIAE T — 30, MRA T BT A MkE , A WLIRE
ol BT A, et A (I 1) o 200 3 B e
553 -5 AR, (B2 5 4N Rl 5 AL, Ho g o
Bz s, 56 8 AR ANARES 3 -5 A0 i
TR B B (Bl 1e) o

2.1.3 BMSCs A 5 EHAE TN i MM
BE FEA TR I AT H AR — (B 1), A K B A
W2 AT, K — A2 10 d 2245,

1 BMSCs JsUfQ R F7 A [R] i 1) 3 g L8 A% X I S 05
(x 100) a.,bc: 705l JEACH 3R 24 h 48 h 5 8 K;
d.e: 50500 P3 X P8 A4 f: Oy P3 A5 AN, I &
FEA 5 URAT i — 2K

2.2 BMSCs ffA: K ik

P3 {8 BMSCs AE K IR EEA R ST, 5 1 ~4 K
ST ARG, MR A 08 56 5 RITtRiE AR
A, P KRR 205 8 K, 76 I F] 20 i
PREAER, ZJEHEAT-6 W, AL G Logistic £ K
Mgk, BIAILE 2,
2.3 BMSCs My f 3 e 45 1

T 4 AR 3 Yk CD29 , CD45 ,CDY0 11 FH
PEFR IR R, HAREE W& 1, CD29 £k V-0
96.14% (& 3),CD90 Fik 44K 96.77% (& 4) ,
CD45 SE-49 3360 7.58% (K 5) .
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time (d)

10 %y

&1 BMSCs RifiprEYRAAIEELR (%)
B P ik

i 1w 2% 3% T
CD29 95.67 96. 12 96. 62 96. 14
€D90 97.56 97.62 95.13 96.77
CD45 6.38 7.85 8.52 7.58

12,16 wl 5355 4 pg pEGFP-N1-NT3 JFikiiE 4455
BMSCs J5 48 h, 7EFDERIZOE TS, TER
A 10 Wl B 20 AR 25 TG B S AR 1k, A 0L B 5 440 g

2 P3 A BMSCs A i £ K]

2.4 JIRFEARA S NT-3 #:3x BMSCs 45 53

SET ([ 6al) , ZOLRMEL Al WAIOEHIE, F iR
299% (18 6a2) o R BUARZE SR 12 wl i 20 i JC W] 2
AR SET- AR 10 wl RS 22 (18] 6b1) , 201tk fik

2.4.1 FRERRRAARGER EPEIRFRMAEI0, BN ILSOERIKN, Y AR19% ([E6b2) (g i &
o CD29.001 o CD29.002 o CD29.003
re} 0 Lo
&4 - Q1
- | - | M2 T | M2

n ol M2 n D+ 0 D4
= & 20 = o
c c c
3o 3o 3o
O ©7 O ©7 O ©7
8 L 8: 8 3
o O -
10 o 102 10°  10° o 102 10° 10 o' 102
CD29 FITC CD29 FITC CcD29 FITC
M2=95.67% M2=96.12% M2=96.62%
B3 4o BMSCs Hiik CD29 #ik
§ 3 CD90.002 3 CD90.003
S S K3
- — 4 —_ —
o ;—. M2 ] M2 M2
% i 23T £8]
] S ] =]
88 83 S8
8] 31 8
O - ol o
10° 10" 102 0* 10° 10" 10> 10°  10* 10° 10 o*
CD90 PE CD90 PE CD90 PE
M2=97.56% M2=97.62% M2=95.13%
4 ISR BMSCs HifAk CD90 ik
§ 3 3
&4 b Qi |
M2 M2 M2
o -
25 W* £8 Ti 2 8'T|
= > >
S g- S8 881
& 25 =%
o o o
10° 10" 102  10° 10° 10° 10"  10®  10°  10¢ 10° 10" 102 10°  10°
CD45 PE CD45 PE CD45 PE
M2=6.38% M2=7.85% M2=8.52%
B 5 N4 AR BMSCs Hiik CD45 55
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PEFE16 pl AL 20T (E 6¢l) , 5 BAMEE T nf
LN FE R YL 24 15% ([ 6¢2) o MRPEZE 5L, ok
PERR AR TE £ 12 pl ish i R 23S T, 28 e 18 R A1

X, A IS R

6 TEDOL BB T A R i Jo 1A 2 45 17 pEGFP-NI-
NT3 kgL Yt BMSCs 5035 ( x 100) al bl cl 7EH
LSS 502 (b2 (2 FEFOE T WS

2.4.2 AR CRAGIENE AR, WEE
HAHHIRITE] . 55 YL I 24 h B Af DL UL &g a5
Fik (B 7a) 16 48 h FeFRBBGR (K Th) 7 d 7]
WAk (E Te) B FB RN B8 55, 3] 14 d
PR o WL B2k (B 7d)

7 EROEEAMEE TN WA (12 wl) #47 pEGFP-NI-
NT3 kit g BMSCs Jg AN ERF R 2 ek (x 100)
ab.c.d RN EYL G 24 h 48 h\7 d 14 d

2.5 Western Blot K iFE 45

PR YL A AL R 2s O IRAL (A 4)
#: Yt pEGFP-N1 ki 2 b 25 # 41 (B 4) Fil ik 4
pEGFP-N1-NT3 kgl Ky 554 (C 4H) o 45 R BoR
SEG 2R W] LA S R R, FEAR AT LABG UE NT-3 JE R #E
BMSCs [N T #eik . HARTLE 8,

NT-3

A B C

8 Western Blot #:l] NT-3 J: X #E BMSCs N ¥ #ik45
A 7S AR IR B 2S8R C: SE e

3 g

BMSCs fA7ET5 88, /F 0 T4 505 — o, ¥4
K A IREH N Z ) oA e . Wnfapts BMSCs M
WERTA A ARG R IR R 08 R B R A TS
S By PRIA ST UL R R S 5 B A e i) — 1~ (1]
B, HHETXT BMSCs 170 85 Ak i) 5 28 o — 1M
AR , DR 4 6 3 0 BE 3 K1) B BMSCs AT LA i
AR, O ELIE AL AT LASR = 0 M A T, RS
H A 3 22 TG RS S AR TR, BoAR 5 SRk
FAAFH 5 53 A (4 Pl J3E 008 1] 145335 1)
FEHATF BMSCs (RSN G R 6 EDT, (HAL
55 IR P8 2 B b FE 3 R R VR, M 2 I S Ak
PR A fep i BMSCs FEAAR M B3G5 IO/ 45 1E 5 A=
FENEATS SR 2 FRAT S A e 2 s AR

ARSI FATT ) B A FH R B AR i 2278 55
NT-3 JE[H 5 A BMSCs, W UE T NT-3 JE[H ¥E BM-
SCs P Rk , IF H kB T 43 A5 T 74 F kL
PR BB, RAS 1A X 8 1o B e e o (LR SRR
AR RN, RIRAEFRHL | A . RATHY S5 H
BISE R T Ae g 5 4 NT-3 BE[H () BMSCs, FH1E J5
TSI RS, WL G451 19 W o 4 Y 7 FR 4
YERT, BRI g 37 A2 3658 NT-3 [ BMSCs X J5 11 3y
PSR B o anfeT 42 g J A 400 B A 2 e 22T
AR Ik, AT REA LA T O ik Ok A i il 71l
IRAT B e R0 X T X A e 11 240 i R R o R 0 g e
U NanoJuiceTM 5% 4t i ?ﬂJm . Lipofectamine
LTX&PLUS " 2. (2)3% FH o % Yy | Peister 25 I Hy,

- 357 -



o [ - G A TR AR A 3

5523 %

FEALHARN EGFP FEF 5 AN BMSCs Hr, BRI 4Ll
BAN 12% (HL 01 14 d GAI8 ik f , HAS i %
HORATIRF] 98% WIFF I BN AR 2 A st T (H 2
FETE AN EAE i 4 A KRS B A PRt s B
1554 R ( Nucleofector ) J& Amaxa 7\ &) {E 2002 4E %
W, AT LA S 4 e A A B ) e T4
2N T P A0 MR P IR S8R T L2 e U 4
Hr Sh i B HL RS = A S 3 Al Rt R
AT AR R 7 1 R R R B (N T v s R 3E
TEBURZR A 5 e G, AR LA e A1, (H i ok
05 0 4 PR A0 TR L i PR A DR A 4

TEWNH- SNHL I8 Y7 AH 58 o, T 40 6 7 #l
FEPNGIT B KK kiR, BMSCs & £k S5 /]
ALE P EEAEIG O 3 L 1) 6 40 M R 200 i B 22
AffEEAL ", g BMSC 76 N B RS A SR AL T4k . i
NT-3 fE R B R KR — 51, @ BEESE X N
F v B LA G T SR T 40t
AT REPRME R AT DALE & #5 4 R JT YT AL, BMSCs
FLAT IR B S B HE TR 2, AT RASEAT 26 PR B 4
BHAfE TREHMERE, B2A 25 Wk
NT-3 5 A BMSCs J T #5145 19 0F 52, 3F HLL 3
He R Bl BMSCs 1 107 1 BT A A 2P RE 0
SRR N, I S IR AT ATE AR 32 A6 I 1T 42 ik
P XA T AE TR S A0 5 D RE VK SE . E AR
RAHE BMSCs /£ NT-3 B FGST 246 0 T A H-
FEAEIRYT SNHL AR SCHE . PR RTIOT 706 NT-3
S BMSCs X J5 BN H S Rt 1 s Sk o
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