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Non-virus vector methods in hBDNF gene transfected bone marrow mesenchymal stem cells:

Lipofectamine versus electroporation
Chen Guan-gui', Liu Qian-xu?, Xie Ding-hua®

Abstract

BACKGROUND: Gene transfection of cells includes virus and non-virus vector. As virus vector has some issues, such as safety
and immunological rejection, the present study explored lipofectamine and electroporation transfection methods.

OBJECTIVE: To establish genetic engineering cells using human brain-derived neurotrophic factor (1BDNF) gene transfected
bone marrow mesenchymal stem cells (BMMSCs) by lipofectamine or electroporation, and explore its characteristics and
expression in vitro.

METHODS: Lipofectamine method: The BMMSCs were obtained from the tibias and femurs of the guinea pigs. The third
passage BMMSCs were cultured with plasmid-lipofectamine mixture for 6 hours, followed by fetal bovine medium for 48 hours.
Immunohistochemistry was performed for transient expression. G418 was added after 48 hours. Electroporation method:
BMMSCs were trypsinized and resuspended with serum-free medium. Cell suspension was added into electrotransformation pool,
and plasmid was added. The electrotransformation pool was moved between electrodes. After transfection for 48 hours, gene
transient expression was detected. G418 was added after 48 hours. Brain-derived neurotrophic factor expression was detected
by immunohistochemistry and RT-PCR.

RESULTS AND CONCLUSION: Immunohistochemistry showed that BDNF transient expression was 5.80% by lipofectamine
and 24.29% by electroporation. Cells almost died at 14 days following lipofectamine transfection. Stable expression cell lines of
BDNF engineered BMMSC were successfully established by electroporation, with 90% expressive rate by immunohistochemistry
and expression of BDNF mRNA by RT-PCR. Genetic engineering cells using BDNF transected BMMSC were established by
electroporation whereas failed by lipofectamine, and the expressed BDNF was confirmed by immunohistochemistry and RT-PCR
in vitro.
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AT RE, AN YA T RN I R Y67 EE AR R SR 4H
o, bR & [A] 78 5T T 48 B (bone  marrow
mesenchymal stem cells, BMMSC)3Z 51| % [
IRV, MG TR T, AR %
PRI O R 2 05 a4k, BT BARREAE, THRR T
SRR B S e A R, JF BRIz T
%, 55 EEHABETREDRE, XL
AN HAE R RNA YT AT BE BOA AR A A E 112 2
YHMD . 5T FE A 1) A VAN G R YRS I
&, AEEAEAZES /AL T AR R A T N
A i VR P M & E #% B T (brain-derived
neurotrophic factor, BDNF)3: X% 4*BMMSC,
P EE D TAR AN, JFAIBDNFEIEIE AL, A
FEPRVA T I LA AR PR IR

1 MRFTE

Wit SHoEg,

BFIE] Rt e : SEAG T-2008-06/124E 1 1
R EEIE = B o 0 5256 2 58 L (BSL-2)

¥ 57 2060~90 dfg B4l A4 B4 H K
B, A E250~350 g, MEMEAR .

SEI6 I R o B Ak B A 2006 4F B2
REB AT T 5 LIRS 45 Sk P,

FERFNRINEE:

RFIRALEE FiR

TR K EHRHIE AP R A
Z[H Invitrogen /A )

pcDNA3.1(-)-hBDNF Jii i
Lipofectamine™ 2000

519 M b A TR
25 BRA 7]
fudii A BDNF £ 5 BEifk. T - )
SABC #:tuikf &, DAB
2R &

RevertAid™ H Minus First
Strand cDNA Synthesis Kit.
PCR Master Mix (2X).
DNase |

CD44. CD34. CD45

1 % fL1X (Gene Pulser 1)

PCR 1% (ABI 7500 %)

S %E Fermentas 2 )

Z£[# Santa Cruz A &
Z[H Bio-Rad A 7
Z[E ABI A H]

LW TE:

BMMSCHIN B, HEFREE: HUKR IR
T, FHVE S A3 MDMEMES 37238 v B3 b B 6
Jios, UREEEBERER. 4 CE.0900 gx10 min, 2=

B EFEWL FEHINA4 mL DMEM#A] 4 i £
Mo KB BE I I TA S B 4 mL
1.073 g/mLibk EL 4T A 73 B VRV 5 OV, R A
A T2 B R T . B5.02900 g=20 min,
BRI B AR E S 7 — 808, IS mL
DMEME; 973, B.0900 gx10 min, %k
TEW . B I0N5 mL DMEMES 77 & (& 4R R 7
HON10% 64 M35 ), K4 B 40 i T h H 2
1.5 x10% L5480 T-25 mLig 7. E4RHR
S HBUNE% CO, 37 °C KM I W46 P 1%
IR, FRUH KR £980%~90% J5 F LAEAR.
3 3R B 7R 40 M i AT I 34 A, A U
FiJ5 NCD44. CD34F1CD45.

IR F AT E N 5 ABDNFE F i 3
BMMSC : 43 % F i i 14 i (lipofectamine ™
2000) 1 HL % FL ¥ A 5 BDNF 3 [F % 4%
BMMSC, 48 hjgH iz H 43Uk J7 ikl H
(3 DR () B 3R, SR N 7 G418 214
REFE TR, RN A KA I & e A
SULZE T YRR B SE R R e 1 0 o i it 7 ol
JRERIEL, AT G v T AL
IR T2 A

B BiAsk: 6FLIT IR P R U 3 LA
[IBMMSC, 441 il A %k £]90%~95%HT ,
TG H1 F TE IS Fbi A 2 I DMEMSE 23k ,
FLIIA2 mL DMEM. Bl FRi-Ag AR &
Y. Bk alifb R R4 pg i ANE1250 pL
TMmEMPERMERES, REHK
lipofectamine 10 pLJNA250 L7 I iE A4tk
R R FRE T =R AES min. B HLALNES],
FIEAF FH20~30 min. K5 k- AR IR A0
NEFLE AR 7R, Bl RRaRS. 4
HiF37 CHEEIR6 h, WIFEFEG, NS
AHEBRSEH10% G4 MG REE 732 mL,
e E48 h JEAT R A UL A, B K
RS FRIE . 48 hjG I\ & GA1855 7R L0k . H
AL AMEL S FE70%~80%I) , JHEEEN AL,
200500 gx5 min). =il T A ICMIIE R 7R
HREMAZESx10° L, 4500 uLa i Eiin
A4 mmEL it

WEBELSH: HAE1 050 Uf, Mk
260V, WIBASTIL TS K. B — i in A 20 ug
I RIDNA, FWE RS . LRI
Tt # 2 r AR ) TR L A% 5 o R A i 5 7 2R 6 1L
B, ORI E . Y48 hig, KlH
(LRI I 695 . 48 hJE NN & G418%: 37 4
i 1
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SRS RARRYTHE 20 B G418 ik 2450, 100,
150, 200 mg/LAARF 7 Hh 10% i 4 1 i 5 77 3 55 7%
BMMSC, =JURHE#H—kiEmeEE, ESEE10 d, W
SRR FRIE P BMMSCRGE T UL, EFEAER 710 dfE
REfs R AT A0 ML I Bt /N G418 B B AR ke Ik
A S 6 5% 1) B IR FE 100 mg/L. B edi s 97
48 hJEW 7 IHE 773, 100 mg/L G418 1A 73 %1
15% 6 4= MG B IR B AT 0k, RIS, F R e
BMMSC Xt FEZH, fipxd B A 40 i A3 A0 T2 Ja (— R s 97
10~14d), ¥ IER R IR Kk, HRAYI
FEIC A FET0% LA BB UERFRAR

HRERER S RS 548 h)5 G iZ H UL FAa
BDNF BRI RIE, FHE SR T T30 G2l 5 40 i 3L
H, UHEYIETIR, RJE B InG418HEH T ik,
% H W AI A KA o ik AR R AR L 2 LY I SK
ISR, PGB G ikt — D f T I R T2
WRRFERR: BRI RIA R, gISET R, FaE Rk

A L S NG S A BDNFROFRI% L K 7 448 h
Ji (B I8 ) A G4 1815 7= A ik J (B e I8 ) I 41 g 3
REHUCEIFLbR A, [R50 B 2 A R E JedH  RE
HAEARTE . S A8 FISABCIE, [ HE DA
PBS 7l E —Hi k= di.

RT-PCR# %% 40 B ) BDNF mRNA: JH & 48 ik #%
(1) 8 Y 7 5 0 AT A0 B e F 0 0 S, B B kAT
RT-PCRASGIM,  [F) I FH oA e 2H RN e (4 BORL LA N
WHEZH . AR LE 2R X 2% 3K - Primer5iit51%): ABDNF
(genebank/F%1'5NM001709), X iRBDNF (genebank
J¥%1°5AB012097), R4 AN IKERILERTIBET 519,
P 21 Fiib-actin (genebank/¥ 515 NM_007393).

g]%

B-Actin:
Li#519)5-AGC GAG CAT CCC CCAAAG TT-3,
T 51915-GGG CAC GAA GGC TCATCATT-3, 747285 bp;
BDNF:
L3#514)5-ATG ACC ATC CTT TTC CTT AC-3,
TE5195-GGT AAT TTT CCC CTT CTATC-3, 7=#744 bp.

15 77 40 S RNARHHE (TRIZoIE: ) 5, 1% 0 35 ig B
IR F UK HIBTRNA R 58 8%, F S840 70 s FE A N &
RNAFEA [ Aggo~ AogoMOt LM . $EHLAIRNA fRAET
-70 CHURIRIKF T .

5 —4cDNAMIA A : 7EPCRR B A1 K N i
RNA 2 yL. Oligo(dT)18(0.5 mol/L)1 yL. DEPC-treated
Water 8 uL, 65 C N5 minjg Bk, FRIKINASx%
reaction buffer 4 pL. NTP mix (10 mmol/L) 2 pL.
Ribonuclease Inhibitor (20 u/uL) 1 pL. DEPC-reated
Water 1 uL, 37 °C /N5 min, i ARevertAidTM H Minus
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M-MpLV Reverse Transcriptase (200 u/uL) 1 uL, 42 'C
[60 min, 70 'C 10 minfF 1L B J5, 20 CORAF .

PCRR K : Hlnuclease-free Water ##i % 55 — 4% B
CDNAMI& =R 31100 pL. HE4TPCRY 14, KM
fk%: PCR Master Mix (2X) 12.5 uL, Forward Primer
(25 ymol/L)0.5 L, Reverse Primer (25 ymol/L)0.5 pL,
cDNA Template 2 uL, nuclease-free Water 9.5 L,
AR : 95 ‘CAZMES min, 95 CAZ1430s, 54 Cil
k30s, 72 CHEMH30s, fE3F38IK, 72 ‘CHIEMS min
Jeis I A 5% AR BE I FLK .

FEWEIEHR: FERE Y448 him A BE MRk 2
HMMAET A, SRR IR fo AN R R R R A O

Wity KhE. WEE: ONE . BOAEE, R
SUREELY/Es o NM a3 [

2 #R

21 BMMSCHI#E. EZFRRETE N SISy
2548 hiiEEAE K, KM, Az, s,

BIF MR A& el 5 BB b o B5327~10d, AT
SR AN T R, 2945 28 Ja nl DA BRI 1 G EE 2
FIE TR A e, &R ERFEIR AR
T PR FIA B M2 43 5 NCD44 : 94.65%. CD34:

4.37%. CD45: 7.81%, WK1, E@ S 5E)E
AT LRI A B 3R = I BMMSC .

g 080301.002
e File: 080901.002
_2 E | | Marker % Gated
£ 3 ml M2 ! Al 100.00
¥ M1 384
3 M2 95497
=]
w' ! ed wd
Ch4d PE
o 080319.002
5
File: 0B0319.002
£ w2 Marker % bated
3 Al 10000
M1 97.04
= Mz 1.90
w0 wd wef
CD3d PE
o D#0319.001
5
File: 080318.001
Lyl
£ M2 Marker % Gated
S8 Al 10000
M1 8112
= M2 841

Tp? gt i

D45 PE

10 10

Figure 1 Flow cytometry analysis of cultured cells
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22 BBREEZNMEFAEINSGERERAOLER HH
B YL T L e 48 S 43 B AR P G 9% 4 AN 2 A DU
BDNF {218 A0 B Acse B 4 ot S5 1
HMIAET R, AR EEN g% (5.80+2.80)%,
HMIBET-H AN (15.2023.77)%; HL 5 FLIEBRIN 4 e R )y
(24.30£5.19)%, 4HMIFET-H A (26.90£6.26)% . &K
PR LRI ARG | 7tk v S A i ) iR N
(P < 0.01), HAMT-RFBEZEEETIREP <
0.05).

Ji R ARV G J AR R 3 BB T, INGA1 8Tk 1E2)H
Ja 4R o A B BRI AR R IE P A0 T, B 2 G
KA TR0 . FH R o FLVEHE a8 N 4 i v]
WA K, BB 4EMBET oA, UM S5 et T
B TN GA185; - B ik , FF4LRi9:10~14 d)5,
e K, LA, 4 2B 41 L
&, LE2.

SEN e gedn s, 22G4180/iik14 dJm rIBDNFFH ik 4%
£190% . AREE QLU B B e A R AR T L P A RA
BDNF&EH, K3,

a: 1 wk after transfection by b: 2 wk after transfection by
liposome, cells shrank and liposome, cells demise gradu-
decreased ally

c: 48 h after transfection by
electroporation, cells grew
adhesively without any change
in shape

d: 14 d after transfection by
electroporation, cells showed
various shape even neu-
rons-like

Figure 2 Comparison of bone marrow mesenchymal stem
cells BMMSC after transfection by culturing with
G418 (arrow: cells; x200)
[ 2 2 PR e e s AR R 2 5% 5 A 100 LB (5 Sk P i o 2 e »
x200)

e TG

a: Cells showed 90% expressive
rate by immunohistochemistry
after electroporation and selected
culture

b: No BDNF expression in
non-transfected cells and
blant-plasmid transfected cells

Figure 3 BDNF expression detected by immunohistochemistry
(arrow: cells; x400)
K3 B4kl BDNF BZRIE (57 Sk B v,
x400)

2.4 RT-PCREMBDNF mRNA 5 fLiEN S
LU, 4GA187 L T, AIRIEEUERNA)E, 171.5%
IR B B e I Lk, G SR IR 2 55 M 4. 288
18S, H 28S:18S=2:1, HIRNAREL, WK4.

bp

2000 B B R4— 23S

1000
750

500

bt~ B W H4— 18S

250
100

1.5% agarose gel electrophoresis showed two distinct banes: 28S, 18S,
with 28S:18S=~2:1. Lane 1: DNA marker, Lane 2-4: total RNA samples.

Figure 4 Total RNA electrophoresis
4 & RNA k% E

Ji A2 BRI G e AR AR T ARSI, H H B A
W I R IA AR, T ELOf 0 = 4 A 22 Oy 1 2k . Rtk
AR S2HG 0k FH HL 27 FLVEAE I BMMS C & [5] A5 4 i Fr) 22 57
Tiik. B TREMEHE— Do AL
RT-PCRI;VAiIESE H 2 H Ik

23 SREALZERNBDNFHIRE HFLENT
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AN I FEA I B RNAFEA (1) Agso Agso G FE
B, EoRAolAzgo=1.8~2.0, Uil ERNAMKIZLE & .

RT-PCRJ5 1246l 40 fiu BDNF mRNA, BDNF# 34
TEZ)750 bpAb il LA BIRE -V 565, T A e 2H R Y
TR B R R AT, B A I kA
TIAE N2 18 [ B-Actin e 3ZH K I £ 21300 bpkk 4
SMESAT, WIS, VBT N ARG AR AR AR A

P.O. Box 1200, Shenyang 110004  cn.zglckf.com




BT 5 RN TR FPLE TR T T A TR RAT B AT R IR R A T TS5

@2 7&2 WWW.CRTER.org

BDNF mRNA, i 5% Ye o FlsE Yeas [ ok AR5 5%
BDNF mRNA.

bp
2000

1000
750

500

Group 1 Group 2 Group 3

b: B-Actin

Group 1: BDNF transfected cells (A1-A3); Group 2: non-transfected cells;
Group 3: blank-plasmid transfected cells. a: BDNF gene can be detected in
group 1(A1-A3) near 750 bp, but negative in group 2(B1-B3) and group
3(C1-C3). b: B-Actin can be detected in all three groups near 300 bp

Figure 5 Amplification of gene BDNF and B-Actin by RT-PCR
5 RT-PCR ¥4 BDNF J% B-Actin 2E[F

3 g

MSCsAME R LIME N4l i FE AR 12E H AR 2N,
S AR AEXS BN L 2R D Re 4 ML, i HLak n] AR MR
7 DR B B AR A B, S5 B3R R VA T £ o, e Rl A g
U T A R AN BRI AR R A SRR .
BHAR BRI YRE S, WSR R A Y MSCs 1] DA
A EiE95% i Y T, e Fei # A S HIMS Cs i
MEILF] 80%~90%%, (H R 224tk St F
28 i BN, R e AR S R T R R A e 1
J7iE, AR R Y7V FH A DEAE - JEE . IR
B5y5 PRARERI B ZEFLE, JCH IR EE .

7% sz B UL ¥ A B B T S 1 57 Lipofectamine ™
2000, 7T BHES T HE A5 100 3 Gk 0 v 3 FH T L DR 4 g
T L AR T BT S . SCiR AR B Lipofectamine /5 3 [R5
MSCsI{I%: Je 3% 1%~24% 1213, | seis 44 5L,
B JRARAN T (1) 5 [R5 JeMS Cs U R AR1E, N5.8%, HH.
PrAE R IR IE2 ] J5 M LT 43R aE T, SRR EE £ kI
RAFEIAMEA N TR, X 5 & P2l s o 4%
Hry ABHAA 2238 F 7 1 R D A i A e Rk [ B B IR
RS FE a0 IR R ARVE N S AIEMSCSTE
() R AR M 5 e R R A T e SR IR . O iR
RPN R, 2l 5DNA, ST, 5

ISSN 1673-8225 CN 21-15639/R  CODEN: ZLKHAH

I THI O MRV R &5 &, 4 I I IR IR B2 AR A T 1
A FENARA . BTEL, 75 T-MSCsHEJIE B &/ 3
) 25 AL B G R 261K 1T B 5 1% 40 o 2 T o = L ARE S v A2
A5, SRR U @B AR H—
AEI IR BURAE T BCR, AEAT)E S AN T % 4 i A B 2 75
PO, Sem R AR RS YR KR SR IIE BT, SR
1 o v B HE LU AT e 51X — s 08 . @A It R B JIg
T AR e Gy 0T T Ak - 24 A R UG B 4 1) A S kR A 22
IRK, MSCs/ZMiEELNM, X825 H A e 8eR
Gy 4h—AN g P,

ML T2 R B SMSCs 25 H ik, Har s
REERVERDG T B, BT LUK e, Peisterg !
P48 05 R ) L ZE LR e NFI K SR IFIMSCs, I 98
R OIS e a IR i RIEFN12.5%, £id14 di
G4183% 7= B 17 10 7 4H i PR 14 8 T 14 98%, 423814 d
MR35 77 5 40 E RT LY 1534 30045, W DAL AR E R
% H IR 1 LARGAM . Ferreiras®2%f B 8 FLi it 47
MR, RINFEGA48 highkdi fKlacZfEMSCs Rk %
HN29%, KikZE/DYEFF10d. I H, HEIEIIEITMSCs
) 5 AL e G50 240 G 10 5% 70 RN AR 2 e MR LS 22 1) 4 A
REJISCMAN K oS00 F M o FLIE I QL R, R B ) 2k
(Rl I I SRR 2 20824 3%, =i THERF o7k, &id
AR IR TR R 2 Ja B 3 R PR A 2 0] 14 90% .
AR LA Qe A AR TR A B, AR SEER R
26.9%, HEAIA50%, (H LT FLIEAR KN — AN e ]
AIATHIITVE o ERERE— 204 i AR 25 B A i e AR 4t
H i Je i AT R — MER RN A . T kAR
FERIRMMFR, Stk IR LI TR TURL B 25 ) %6 2 41 il
FERH, 50 AT DLk B sk 40 B P 51 K T A DNAZR A4
(Minicircle DNA vectors)®®, 5t 1iF B 37 8 94 K A4
XEEE YR G A 1 B, T 4E kamaza sy B X L AL
EIHT TR, KT B RIE AR 44 (Nucleofection),
RERE L IR BRI LA MAR Y, 2 e e 32 1) [R] ) 4 2
FRAS T HMBE T2, fFXT U HEMSCs A 1) 2 F 28 2 54X
24 i 5 R e 4 42 5 B1150%~90% 220, E R [F) 4 i
P FERE BE. BRRERELSEA R
Qe AERALET

SIGUESE, MSCs S ASMEMESE A J5 AT R N =
ARk, FFAT LUK A 1 S A e A AR tS 28300,
Chan 5PV Jsg i 53095 46 B 1 FLWH FF W AN 4 5t 2R
F LR B e AR EMSCs, MSCsTE 5 e il 2h i 148 LA
FAMREFERE R 2 Re, RSMEE L1820
KRBl . Lee BRI &5 3w 4% N A4 IR/ &
3(human interleukin 3, hIL-3)F1%k t5 5% 6 85 (1 2L A
(green fluorescent protein, GFP)¥;4¢/NRMSCs,
B 5 AT T AT TR RSN . NERAMA R SEIG ISR, 255
KIENNEYI A= 3 g5 & 1 & F
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S TR ALY S ) tho R AR i 7K A8 AN DR I T
B3N . FRE, SeB MR 1N L ALIE S HEMSCs
SN2 11 534 B 704 A S S 2200, R st ) e, 5
FLiES I K EMS Cs i i TREAH A2 % A mI AT I,
BRBEBT R SRR, B gl 2k e Gedn
H YRR RE ST AN VRO . 22 PR AN 45 ) JAT 8 —
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