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Abstract

BACKGROUND: In vivo study has verified that bone marrow mesenchymal stem cells (BMSCs) can migrate and integrate in the
brain as neural stem cells (NSCs). If BMSCs can be used in system pathway transplantation, it will simplify the procedures of
transplantation.

OBJECTIVE: To construct recombinant expression plasmid pEGFP-N3-CD containing cytosine deaminase (CD). Liposome
Lipofectamine2000 was used to transfect rat BMSCs. To observe CD gene expression and suicide effects of
BMSC-CD/5-fluorocytosine (FC) suicide gene therapy system on C6 glioma cells in vitro.

METHODS: The pEGFP-N3-CD plasmid was constructed, and determined by enzyme digestion and DNA sequence. BMSCs were
harvested and cultured using the whole bone marrow method. The pEGFP-N3-CD plasmid was used to transfect rat BMSCs in
vitro using Lipofectamine2000. CD gene protein expression of G418-resistant clones (named BMSCs-CD cells) was detected by
immunocytochemistry. Apoptosis of C6 cells cultured with BMSCs-CD cells in Transwell culture system induced by 5-FC (24 hours
later) in BMSCs-CD cells genetically modified to express CD was investigated by applying TUNEL, MTT and flow cytometry
analysis techniques (72 hours later).

RESULTS AND CONCLUSION: The pEGFP-N3-CD plasmid containing complete CD gene sequence was constructed. CD gene
was transfected to BMSCs, and fully expressed in gene and protein levels. Under in vitro co-culture conditions of BMSCs-CD and
C6 glioma cells, apoptotic rate of C6 glioma cells showed dose-dependent effects, and significant difference was detected as
compared with control group (P < 0.01). Results have indicated that BMSCs-CD/5-FC suicide gene therapy system exhibits
significant inhibitory effects on growth of C6 glioma cells.
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BBy A A M i i 2l (C D) i PR () T 41 3 itk pEGFP-N3-CD, FJIE 44 Lipofectamine2000 4% 4Lk kL& &6 7 78 5t T
L, HAAMIEE CD 3K R IE K& BMSCs-CD/5- e umene H AR IE VAT RE0%T C6 M iR 4 i it A4 15 o

J73%: 7@ pEGFP-N3-CD Jithi, fiEt] . DNA 546 58 o i B WG BE 0L 40 B 15 B B 1) 78 140 M, Jig 44 Lipofectamine2000
AP EYRIE ki pEGFP-N3-CD #% 44 K U E 80 78 T4 . G418 fifi i 15 7R 3R I PH M 72 i (BMSCs-CD 411 i), % 41l i
A2 LBk BMSCs-CD 41 i) CD L& 13674 . Transwell /)25 31232 BMSCs-CD 41l 2 f1 C6 540 e, 24 h J5in
NFTARZ5H) 5-5mEnE, 72 h /5 TUNEL. MTT. JRaCA1IAKI C6 5Ty 40 M (/i T i it o

FEREER. WA EY KL TR pEGFP-N3-CD & 5234 1) CD FEF 751, CD K& [RI#4 Y 33 1 88 18] 70 0T 40 i H- A6 36 R & 2
FIK T 5E831% . BMSCs-CD Fl C6 IRFUR AN ARSNERE 244, C6 JRFTR AT LA R ARHE, S R4 L2
S B EME (P < 0.01). ZHIURRIMERFEAMT, BMSCs-CD/5-FUMERE [ R IERIGIT RGN C6 IR 41 A= K
A BE I .

KA HUMENE AN, FEO; EEENRIFE T AN transwell JLEETR; RTUR; FERTTIE
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A B BONBIT I B — AR . — 285K
W R O TR, WE T2 R,
FIFH B 7% L DR 55 W 208 v 7 e Jo e sgh A
thz —PB, s i % i (cytosine deaminase,
CD) & 17 ££ 1~ K oy AT 177 F1 L 187 vp 1) — A 4R i
g, WALV %M. DL )R R 2 596U
I 5% (5-Fluorocytosine,5-FC) AL 4 546 bR 1%
WE (5-Fluorouracil,5-FU), - A1 5 S04 44 1)
Too FARIEPIME N H 0 3P w] i i 8 w6 1) 78 5T
+ 41 Jfi (bone marrow mesenchymal stem
cells,BMSCs) 5 i) T A% 1 HI T 17 [P 9Rg 5 i) it
REC RS M T A N A 4 (0 5 R
(enhanced green fluorescence protein, EGFP)
FRiC ) BMSCs-CD/5-FC AL RAIT R4,
ARSI T EE TR GRS C6 TR 4
JHO FR A A T o

1 #RFnA®

Wit MRS TR S

A 18] Rz #tb &5 . SEI6T 2008-11/2009-08 &
T K2 P 2 B B s e i 100265 93 AT 5 0 5
J o

-

MBI Y & CD KW R
PWZLneoTKglyCD 545 < bt 14 1 i #04% 2L
W4, C6 JR TR AN i b 7 B K 2% B 2 B Bt e 2= Bt
rpC S0 B 2 R O R . KA
Escherichia Coli DH5a J ik pEGFP-N3 iy
Hrgl e BAEMEARERAA . SPF 2
Wistar K 30 H, 1 Hig, &)= 809 Ati,
MEREANKE, W B B sc g syt . seiit
T rhoxh B4 1 Ak 2 I KR EROR T 2006
A AT IR T3 45 S 3 K4 S 7 O

FERF:

FEiRH KiIR

g FifA Lipofectamine2000 Invitrogen 2\ ]

5-FC. G418. DMEM. MTT Sigma 2 )
%FPi-CD £ abEdiih Biogenesis /A
T, %40 . EcoR | F1 Xho I [  NEB 2+

Tk Y

1 kb plus DNA ladder

TUNEL JA7)& . AnnexinV
-FITC/PI AU H Tl &

Tiangen 7]

AR

T E:
TR KL Rk pEGFP-N3-CD H9#4iE: BamH

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

[ HfFY) Bk pWZLneoTKglyCD, 75 CD &[4
FBL B FOR. pEGFP-N3 Jlk v, &Rl
HE R A E AR IL R pEGFP-N3-CD,
My He. REG BEY). DR

BMSCs B H B a5 REED: TH4&1E T
80 g /&4 SPF 2% Wistar KR XURIKE, H&
PRRR S Bk 10% 164 135 i) DMEM Rt as i,
B AR, AR vk 5x10° LY, 4
A 6 FLIR, REFLER PRI A 3.5 mL(4H s
Ji 4 1.94x10%cm?) . FAHLEFR, 72 h IR
YR A IA 90%LA [, il 0.25% 8% A i i
AR, 28 1 ARAIZ 10 340, BUAf% 1 2
B — DY REIMEAR 1 k. HUH 4~6 404t
J, g =X 4 S e 4 i 2 i )it CD29 .
CD45. CD90 %k,

R G IR K BMSCs £ 6 1L
B R b AT B g . B0 Bk W
Lipofectamine2000 i B 51T, 4% 24 h )5
TN &R 200 mg/L G418 IR FEH N Ik
ik, BEFRIEAH SRR, DOCEMBI T
T Sk 9t A RIBE L, B F I E0U
% EGFP KIAMFHTEAN RS BHYE e B T &
Je i 24 fLIRY WK TR,

GRS ERN CD REZERED: H
e L 5y R L CD AL [H 1) BMSCs Fll BMSCs-
CD 4188 f, LA CD £ wBEduiaAill CD JE A
HAMRIE,

EMmEeiEam. 6 fLR AN EM
BMSCs-CD, #FL 2x10%, ¥k HJH & 2tk
%4 100 mg/L i) 5-FC ks =38, 25W0
H 72 h WAERFE i, SR A s s
5-FU ¥k, Killgk K 270 nm, LL BMSCs 4
pOpi

A EES: DL 24 fLIR. BILEA
0.4 pm [¥] transwell F:E557 2 4855577 P Fh 4t .
= #:Fh BMSCs-CD 1 BMSCs, Il 200 pL;
NEER C6 BV AN M, i 500 pL. 4iH
WREY g 2x10° LY. BSR4 — 11 1] DMEM+
RSB 10%62F 3% . o 2 KEG AL
80%~90% 2 [A]. HIAN[] i &k & 5-FC(0, 50,
100, 200 mg/L), 3537 72 h JEHG C6 4i
(AT RO T4 00

MTT 36" UK AR K FE 5-FC 151 72 h
JE IR IR R G C6 4L, H AT MTT Al
MG R, BRSO R (S A A
Ingnie, xRN 5-FC 4 0 mg/L 2H), Aok
K0 570 nm. THHEAR: GMAAER=525 20
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IG5 AR T G- 0 I S IS - TV 1 AR L2 97 R SR R R A,

WL 6 FEE AL 06E H 4 W Y6 i X 100%

TUNEL %38 : HOLEFR40M0+ 24 FLB 4T TUNEL
SHMAS I . BEFHYEXS B (55 100 pL DNase I W)
FIBAPEXST BECA I TAT ). $% fRGREEAT, 26
e T WEE

ARG WAL FR R C6 iR 4l
JL, B R, PBS YEM%, %I Annexin V-
FITC/PI XA T AR G Ui, A ik 5, AT 40
Mg, EHUEI, AnnexinV-FITCYPI T 41 i,
U T- R AE M bR . LA B =A% BMSCs [f3Lh;
TR ZAE AT o S MRS S R AT AT B 20 A Ak
i,

FEWEIERR: BMSCs & BMSCs-CD [k
#, JFURL pEGFP-N3-CD [J#% 4%, pEGFP-N3-CD &5
C6 JIR T an M 3L 15 3% 5 C6 J1T0Ies 4 e i T 175

Wit KHE. IEMEE: AASUES, BE RGN,
KRHE LS.

Gt N SPSS 13.0 BAyF#ATSE b
. PAxts RoR, BT 5250 B (R 0 BSR4
I3 BB 28 - T MR I 5% R B e 5 AT T 22 0 AT A
g, 85HLLP<0.01 AZERAEEES N, P>0.01
h) 22 0 S 2 T S

2 #HR

SN, HIPE SR CD SR 78— 8.

2.2 BMSCs #4 BEARLET LR JRAMIPRFE
FESE L YRR B AT DLk B0 22 0 0 R 4 i e e A
o IARTENSEEIE N, £ 2HRE. =Mk, k.
JLABRAAREE L, R RKRIE, LISSIE IR
SRYEANHURE O A, SRR, % AN i B oD
L& 2,

Figure 2 Bone marrow mesenchymal stem cells at passage
5 were confluent, uniform, spindle-shaped, and
whirlpool-shaped (x200)

K2 % 540BMSCs K975 2 K, difuis i, may
—, RARIE, SRR (x200)

10 fRLAG 4 RS K 23508, ZME, Py
il , ARG T . B 4~6 404, e 4
M 145 CD45, CD29, CD9O0 [f1#ik. CD45 [\
KA 2%, T CD29 HI CD9O0 [# X ik Z A 95%LL .
T LA K B340 i BMSCs Hali s, W 3.

21 FMERXF¥ pEGFP-N3-CD #9492 BamH I
Wig 1) 5tk pWZLneoTKglyCD Ji5[ali CD [, BamH
[ B 15Uk pEGFP-N3 i [t e 1k Jioki ddofd . HL 2 pL
[ISCRAT B Lk, 3145 1.28 kb [#) CD £ [X & 4.7 kb
2k pEGFP-N3, WK 1.

1 2 M
- _>I

1: pWZLCD; 2: pEGFP-N3; M: 1 kb plus DNA ladder

Figure 1 Recovered solution with 1% agarose
electrophoresis displayed cytosine deaminase (CD)
gene and linear carrier pEGFP-N3 existence

1 [P T 1% S IR F vk o CD BE AR ZR PR3 4
PEGFP-N3 4745

T, BB TR R P AT R N . WY
fhE . PR S FT S 4R pEGFP-N3-CD &4 CD
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a: Positive rate of b: Positive rate of c: Positive rate of

CD45 is 1.86% CD29 is 96.4% CD90 is 95.8%

Figure 3 Surface markers of bone marrow mesenchymal
stem cells at passage 5

Kl 3 %55 {L BMSCs & 1&iL

2.3 FTRZXF¥ pEGFP-N3-CD #9444 R WK
4, 5.

Figure 4 Green fluorescence in bone marrow mesenchymal
stem cells-cytosine deaminase is expressed under
fluorescence microscope after 24 h transfection
(x400)

4 HY 24 h J5 BMSCs-CD 96 i BEE Tl WAk (50
#1k(x400)
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Figure 5 Green fluorescence in proliferative bone marrow
mesenchymal stem cells-cytosine deaminase is
expressed under fluorescence microscope (x200)

5 ié%?ﬁ #4J5 ) BMSCs-CD 96 BT T4k (5 k
15(x200)

i 4, 5 07, EGFP J:X5 CD H: K Ayl &%
R, #ERNINE, 2OCRMEBE T AT F BRSO EAAAE,
B UL, B R ST AN iR 2 BEIE B 10%
Jiti, fw4 A BMSCs-CD.
24 HEwmlaseg e NH CD ZrilEburikidt
ITHI Yt R, BMSCs-CD 41 it P A i ot 6 ki %
ik, DK 6; TMXHEZ] BMSCs HI ) 15 ok WA B
R 2R IA o

Figure 6 Cytosine deaminase polyclonal antibody staining in
bone marrow mesenchymal stem cells-cytosine
deaminase cells (3,3'-diaminobenzidine
coloration,x400)

<6 BMSCs-CD 4iififu CD £ il difhy(s (DAB T.{4,
x400)

2.5 TUNELXEEZR  SZOA NS BB ~rf
R KERFETASS, WE 7; misHEA T gL,

Figure 7 Under co-culture conditions, apoptosis of C6 cells
(3,3'-diaminobenzidine coloration,x400)
B 7 LRI C6 41T (DAB B4, x400)

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

26 AA@meAERER  FRAMPARKI C6 4
TG EoR, S5 C6 gl i i 2% 20.7%,
LK 8; Lyxt B4 L 22 5 A R (P < 0.01),
9. UHIILHIFRRG T C6 4l X2y 5-FC HU,
W 1.

AFDL227

"

L2 H

ur o 1o n [
FLI-H

FL1: Annexin-V-FITC FT2 : PI

Figure 8 Apoptotic rate of co-cultured C6 cells tested by flow
cytometry is 20.7% in the experimental
5-fluorocytosine 200 mg/L group

8 SR AILIEIRAAT T C6 41 M A A A 5-FC
200 mg/L 4 T:#% 20.7%

e

T
0 0 14 U w
[RRE1

FL10: Annexin-V-FITC FT2: PI

Figure 9 Apoptotic rate of co-cultured C6 cells tested by flow
cytometry is 2.8% in the control group
9 U HRAIILREIRAAE T ) C6 Al sRAN A A T
K 2.8%

F 1 G AR ILFE FRAAT T~ C6 MR TTRs 4 1 1) 7
TR
Table 1 Apoptotic rate of co-cultured C6 glioma cells tested
by flow cytometry (xxs, n=6)

Cells 5-FC (mg/L) Apoptotic rate (%)
BMSCs 0 7.02+1.73
BMSCs 50 7.55+£1.74
BMSCs-CD 0 6.75+1.45
BMSCs-CD 50 8.46+2.23
BMSCs-CD 100 18.52+1.52°
BMSCs-CD 200 25.37+1.15%

BMSCs: bone marrow mesenchymal stem cells; CD: cytosine
deaminase; 5-FC: 5-fluorocytosine; °P < 0.01, vs. other groups (raw
data by the square root of the arcsine function of conversion)

27 MTT &REI&R  JLRFERG N C6 K4
AR5 R C6 diiurIfrig A, Z5a BEN
B X(P<0.01), {ESEIGVEHIN, C6 4473 % bl 45
5-FC [REETFE M THRRAG, 25 40R 40 Mo 4736 5 22 e Ay
BEME (P <0.01), WE2.
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2 MTT AP TR AN C6 B muR 4 M Ao W e £

Table 2 Absorbance value of co-cultured C6 glioma cells

tested by MTT (XS, N=6)

Cells 5-FC (mg/L) Absorbance
BMSCs 0 1.53+0.13
BMSCs 50 1.54+0.10
BMSCs-CD 0 1.31+0.08
BMSCs-CD 50 1.06+1.10
BMSCs-CD 100 0.86+0.06
BMSCs-CD 200 0.71+0.10

BMSCs: bone marrow mesenchymal stem cells; CD: cytosine
deaminase; 5-FC: 5-fluorocytosine; P < 0.01 among groups

2.8 FHEURMELEANLER LL5-FCHEN BMS
Cs-CD 1 BMSCs P47 4t Jiil AT 245499 ot e 9 1 s ) 4
R47x, BMSCs-CD Hy#%5% Eig nl [a] I A 1) 5-FC i
5-FU [¥I{74E, Ifi BMSCs [J555% Lif 9 1A 5-FC 1147
1, W 3.

#* 3 5-FC I H G AMIE TR 5-FU T E I B I s
Table 3 Mass concentrations of 5-Fluorouracil (5-FU) in
cell culture medium containing 5-fluorocytosine

(5-FC) (x+s, n=6, mg/L)
(nfg';f) 24h 72h 96 h 168 h
0 0 0 0 0

50 0.299+0.010 0.689+0.042 0.897+0.090 0.845+0.096
100 3.003+0.316  5.070+£0.623 11.986+0.978 14.534+1.359
200 11.284+1.461 22.477+3.164 71.877+8.216 146.614+11.829

BMSCs: bone marrow mesenchymal stem cells; CD: cytosine
deaminase; 5-FC: 5-fluorocytosine

3 Wit

P-EGFP-N3 #ifA /& A% 4 il I8 3ifk . 4ty b
B, G Z BT, WA SR S
IR Th RS 3T SVA0 il PCMV, Afi H AT 1R 5
(AL HIRE Sy, R LA (25 DR 19 5 40 i A e R A
M P B A 2 A 2R PR 5 35 A 4 A 1) 4
BT neo L, T LUR A G418 Jifiik LS IhFE 4 T
AT SEYN M o BT R A A Y R R (5%
FeE SE R, e A 2 B R AR Rk oS4 e B
PR, T A B NE 717 bp), & TR A 5
Ko £E99C BN, MK 490 nm (R4 AM iRk s
fEn] HEWER R p (98, FLRURE R, iBEE. R
H IR ik 8 4 T IOR B 75 . ¥ CD DR v e
%4 p-EGFP-N3 # 44 EcoR I 1 BamH I [{IBYIA7 £
210, AR, DNA MFPIESE, ek A A . 5K
SR, LE YL 5 Rt S (05 1 PH I 40 B 1) 35 57
W, AT LA R 5-FU FIAEAE, UEEH H ISR DhRE Y
&, PRGN EGFP 1 CD #3252 KA.
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BMSCs &) ZAAE TN I — k40 e, B
A HBEH . Z R IERERE TR R IR AR
MR, KIEEE, WOMNEIRR Y, AEWAR N J7 T n]
SEIL A ARREAE, ASZACHL TR, 1X /& BMSCs 1£
h B R A D eI AR S-S T AN B 1) o AT 4
R A kg 5 DAL 28 A B o) Y637 0 P S 9 A S B rh A —
e R, (8 T PR AR S 0 A I R R A 7 f e
S, HATE % BMSCs (152500 5 HE R,
BMSCs MYAA KAz m M, o) ZiLt, %1
LS, I H 2 FIL &M BMSCs HIhREAR KL
A EE, PTAEAR N RIS IS, TR S K
S P R A S R P AN AR Ay st i sz, A RS R A
LN B IKAEFE Y BMSCs nJ 288 1F 5 (1 R INZH 2, 14
IRHLUT R, AT LERE S I U8 A,
BRI, SIMHN K& T BMSCs 241
TERIR, FLUS A oA, 3 E &5 1 BMSCs A
HERER T g, o HLIA 2 T 9897 MR () H 11 . Hamada
0O a3 2 SEREE UL BMSCs, NG T
oL R JFRARETY B, &5 B I S0 4 B A= A7 3 B B 7
Koo Bigh—seszit ROt BB BMSCs ¥aIT
JEJTUIRE s — 5 TH A 5 (19 5 DR e ) A0 R A e gg 4 B, )
—Jjlfl, BMSCs ]2 FilRl ¥, XL -F AL HA
I g R R4 i 2 2R RV

CD/5-FC ARKEERRIT R4 ) Z AT
I7 AP A, LA S AE RN A
L A N W | ST it 7 U AN 1 N N1
W50 RSzt v, KR T A SR A0 9 R (I
ALk p-EGFP-N3-CD, 1L AR A S #5440kt Ho %
YL\ BMSCs 7343%| BMSCs-CD #4iffi, H# A BMSCs
(1) CD JEF ThREse . LU0 Bor, #4451 BMSCs-CD
M5 BMSCs fETEA FBAK, A —=ME. KR
T, okt AR W] Ik, RS T transwell
HIFRRG, WA TR T C6 15U 41 i
PTG Ol EIL S5 MFH BN, N T 0.4 pm
(FIIEALAE, Bk BMSCs-CD 41 i ff) 3T & It 52 56 45
()T, 928 B 5-FC 5 BMSCs-CD Sl {7 7E I %)
C6 AR TEH AP > 0.01), 4, HLisz
ZAFRIK) C6 40, BE 5-FC JREREZ TR IHIET R
Hain (P <0.01). 35535 72 h J5, 7F 200 mg/L J5i gk
FER) 5-FCYERR, C6 4ifuiif T % 5 miA 2 20.7%,
V15 0.183 8+0.015 6. LI 57 Sz v W RP 41 i I %
fi, 0.4 um FIEEFLIE R % T BMSCs-CD 41 il # ,
Ui 55 W ROV Bk FIR PRI AME A AL R AR .
A e/ BMSCs-CD/5-FC R4k B P B C6
2 e e P,

TAZ AN M ()2 G T H T 5 22 11 2 05 B 00,
FoR gLy, AR A R KRR N B A o AR 22
110004
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A RE AN 2, 2 thm, B RRm A ie .
JiE A B Qe R i Ak L 22 Bl R Z R AR D) i A Y
i, MILLDNAZG R, BLAscE =F 2, A
PEACIRAS B e I 18] R OGS R AR TR 52 1, B SR 0
o5 KU N IR AR N e g TR, 2T %
SHIE, HREA T G AR AR i S50 H A5 2
YR A 1095 A7, 53k b — 80P, 1A
TARYT (12 AR G2 BT A Fo i g 1) i) R
FAR > A e G 0T R A0 RE A (4 S B g 22 4
AR R 252, DR A S B e 6 S
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