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Abstract: Objective To obtain skin seed cells which can highly express active vascular endothelial
growth factor 165 (VEGF165) so as to promote refractory wound healing by gene therapy in combination with
cell engineering. Methods  After pIRES2-EGFP-hVEGF165 was transfected into dermal mesenchymal stem
cells (DMSCs ) by lipofectin, the expression of VEGF mRNA was detected by RT-PCR, VEGF protein in the
supernatant and in the cells were assayed by enzyme-linked immunosorbent assay ( ELISA) and Westen blotting
respectively. To evaluate the activity of VEGF secreted by transfected DMSCs, hECV304 was cultured with the
supernatant of transfected DMSCs and its proliferation activity was analyzed by MTT assays. Meanwhile, the
proliferation activity of VEGF-transfected DMSCs and non transfected DMSCs was investigated by MTT. Results

The results of RT-PCR, ELISA and Western blot demonstrated that the expression of VEGF in transfected
DMSCs was about 1. 6 times than that of control DMSCs. The product not only enhanced the proliferation of
hECV304 but also increased the proliferation of transfected DMSCs. Conclusion The plasmid pIRES2-EGFP-
hVEGF165 is successfully transfected into DMSCs with the aid of lipotransfection, and hVEGF165-transfected
DMSCs might high-efficiently secrete highly active VEGF165.

Key words: vascular endothelial growth factor 165 ; refractory wound healing; dermal mesenchymal stem

cells; cell engineering; gene therapy

— , BRI A2 WL T RO 3 1
B RE R SRGISA ISR (73 ) (GOS0, 125 1 e fy ) - B R 20 R 4 A T4
SFBEFRIE I Tl L5 H (01MA166)

Supparted by National Key Basic Research Program Foundation (973 ﬁﬁﬂ; ’ mﬁﬁﬁ%ﬁ%ﬁ'ﬂi&? ' ‘mlﬂ&ﬁﬁﬂ;ﬁ Lu‘ KEEK [il ? ﬁ
Project, 61999054205 ) and the Research Project of the “Tenth Five- b ab i = M 308 -G B2 5 2 1R 5 FE A A

s e Rty e WS TS ol kgt i ol
0 =)t MR OB A S E AT ; b, e A e :
ML B T T RS . i 13527573918 DMSCs) %$$i’ﬁ‘%]§:"g’“éiﬁ e DI BRI T

R E 0 2005-06-24 ;8] B 13 :2005-12-23 A R LAY L 21 4 P R Th A B 1 — Fh L 2 1) o AR T



5518

XEH 5. VEGFI65 K& ik KL 2 hE + 40 M9 S IR B 52 1855

REAYIE FERET4M ' . WA R R Z ik
440 A X B 5 ey SR T A 5 B s 7 1 B I 5 F R 4 4
I N A S e R4, 22 5 kO A i)
—FE AL E M. A SRR AR 2 aE T 40
1 2 ] AL E S5 HAE o 2 R IR T R A AR A I A
ProF 4 K VEGF165 FA IR e A B ZHET 40
M IFEAT T X A IR ) VEGF A 40iE i 8,k
R & A M A ) AR AT BEE T IR SEAYIER.

1 ME57HE

1.1 EX F| B A4
HE ZRE T (5 = ER K F L5 & 5 i ar 8
k“-??: RT-PCR =7 & | BR 5 4 U] A 12 & TaKaRa “f ¥4 A
23 A) A LTS 2 O 22 M T o A A A R 2 =)
i, IMDM 1% ﬁ!‘gb{iiﬂ Hyclone S al =i, DOTAP 5z It
il & A Roche 2 &) 7= i, K B8 35006 B B o 7 i £ 3 70 & }J
Promaga 7> &) ™ i , ELISA X A0 & B & 4 I E AL
1.2 F48 4234 DMSCs
$ DMSCs L 1 x 10*/ml (4% BE3ERD T 12 FLES 240, 195 48
A K BB RS, AR R E R G418, G418 H 4 7 [ i) i 12 e
47 d NRFE DMSCs (Y R BE . i A oMb ik 80% 4k
T-Xf ¥4 1 W B9 DMSCs, 4% 5% ¢ pIRES2-EGFP & pIRES2-
EGFP-hVEGF165 % 4 7 2y Jig Bt (4 A S 00 (R (L 7 % 4% 12 b,
BEFEAB hJE, DA & G418 A BE R HE 37, G418 BU R FE
400 pg/ml.
1.3 #EEminey s
S BRI, SR E G418 i1 40 Y B [ AT 4 4
o BB A B Y hVEGF165 DMSC 5554 ik 75 4 (K
DMSCs {7 5. RNA, {72 &t RT-PCR L5 . #4# GenBank
4509 hVEGF165 £ K FH], %1519 i 5'-CGGAATTCAT-
GAACTTTCTGCTGTCTTGGGTG-3', T #if 5'-CGGGATCCTCAC-
CGCCTCGGCTTGTCACATCT-3', RSB H M. gk 42 C x
30 min,99 C x5 min.5 °C x5 min; PCR 94 C x2 min,94 C x
30 5,56 C x30 5,72 C x2 min,72 C x 10 min,4 C x 10 min,
30 B
1.4 Western Blot #&m|
FEHUA KRS 54 4 hVEGF165 DMSCs B 3 pIRES2-EG-
FP 753 (& DMSCs #9 8. & [, SDS-PAGE Wik ¥R /f5, 17
Western blot ) 43-#f .
1.5 BB£% 7% ELISA 2 &G4 %
IR BB A %% s pIRES2-EGFP-VEGF165 DMSCs &
it pIRES2-EGFP %5 8 {& DMSCs fi9 5% # b i, ]l hVEGF-
ELISA i/ &£ VEGF & it
1.6 Kk A ERSH
A% I %5 s pIRES2-EGFP-VEGF165 DMSCs &5 % if
pIRES2-EGFP 73 #{& DMSCs #4935 3¢ |- i ] # 5 #= ECV304 41
f AR A 1 x 10° 4/ ml 41 A 9 B 4 70 T 96 FLETFR 4R, K5 3%
18 h J5 , 7 4 M 4 3K 80% ~90% RS, i A MTT 3k 20 pl/
fLOAREERESR 4 h, 2 L35SR /DG H&F,%%'L A EEFE B, AL

A DMSO 150 pl, &% 10 min, 75 BEHE I {4490 nm
Ak KGN % FE(E [ D(490) ]
1.7 4% VEGF165 DMSCs 3 74 /&1 64 T 1L
e s 3k DMSCs 5564 VEGF165 DMSCs 4351114 1 x
10*~/ml 40 iy % 3 42 0 F 96 FL 5% 3% th, 55 9% 36 h 5, WA
MTT & 20 wl/FL, Ak8EdE 35 4 h 2k BE 3% /N O IR BR AL 4 55
¥ F i, AEFLIIA DMSO 150 wl, #75% 10 min, 7F {56 4 28 50
AL £ 490 nm b ¥ % {H D (490)
1.8 %itFFi&E
B & =5 s, K H] SPSS 10. 0 S it+# it
t K85

2 HR

2.1 B #AEFA DMSCs 69448

(DGA18 70 1 1 1 G418 i i e [ 24 400 pg/ml. 5 ARFE
v DMSCs i H:, 10 d 5 o] W2 §% Y pIRES2-EGFP 735 &5 { X i
20 DMSCs 464 hVEGF165 SC454] DMSCs 4k2E 4 £, T 15 d
AHE AT SR (] 1A) s JOL BT T Al WA S AVOLEA
ik ([ 1B) 7 ASE U A DMSCs 10 d B2 22331 G418
PPk EZ: G418 Ty 5 | AR, H%’Mﬂi}afﬁ*ﬂéwt K.
@2 5 fit RT-PCR. 5% hVEGF165 DMSCs & %% ift 25 4§ {4 4
DMSCs HIfgd" 8 1 (1) VEGF 5 5 ¥ & 47, (%% 4 hVEGF165
DMSCs 4758 iy (0 2515 2 A 90 B B 3 5 T4 =5 # & DMSCs i3
i pIRES2-EGFP-hVEGF165 #% it & [l DMSCs J , BE i 3 #2 i H:
VEGF 5 3#K Ery ik (& 2), @ Western blot ¥ il 4% 5 3% 0
it hVEGF165 DMSCs Hoff %5 #5420 DMSCs (18 1 & ik i&
FERR TG (%] 3)

4R ] He B

A

A2 CAIB ik EH M mm A (HF ZMeEx100); B, #lEL %A
B Ht4 T T AL GFP ¢ G418 THik B mAe £ 1 ( x200)
B 1 S DMSCs £ G418 07 5% 72 i 40 A 55 B8

1 2 3

2.0 kb—

1.0 kb—
750 bp—

500 bp—

+—572 bp
250 bp—

100 pr

1:DNA 47 2. 453 % 404k DMSCs; 3; hVEGF165 #% % DMSCs
@2 RT-PCR #7 hVEGF165 pF&iX



1856 7

L1

£ E K ¥ ¥ i

o528 A&

—22x10°

1 :hVEGF165 #% 4 DMSCs; 2. # ¥ % 41 /& DMSCs
B 3 Western blot #illl h\VEGF165 & 5 %1%

2.2 EQALEERSHW

R i Sy ELISA 3400 G 7R # % hVEGF165 DMSCs | i
o1 VEGF f94M 0 RT3k 1.0 ~ 1.2 ng/ml, Y5 #Hk DM-
SCs 19 1.6 (P <0.01) .
2.3 REFHEHFRSN

H B #4K DMSCs B 24 15 3% 1 5 # ¢ hVEGF165
DMSCs i {4 H5 F- WUH % ECV304 iS5, R S B e B %
i) ECV304 U &5 — B, 2 £ M, {H ECV304 41 g 25 5% Ye
hVEGF165 DMSCs {43 77 W 0 U , 436 T ook FF P 0 38 b, 76
1 x 10°4~/ml 40 ffd 32 Fh 3 R, 45 9% 48 h T Bl 006 455 7 1L 30
80% ~90% ;MTT Al H: D(490) WHE{E 4 0.885 ~0.912, 4
AR 1.4 % (P <0.01), 1% 89 i 4 B 4% 3 ik 8 1&
pIRES2-EGFP-hVEGF165 ¥ 3§t DMSCs % ik i) VEGF B4 4 ¥
FiENE.
2.4 35 DMSCs s 5 ed T 10

MTT il 45 5 5% 554 hVEGF165 DMSCs 14 5 i i
FERM L, D(490) (Y9 R Yeas 84K DMSCs B9 3 1 (P <
0.01). 1A pIRES2-EGFP-VEGF165 i3 5 A DMSCs, 3 H fiE
TR L T

3 itig

40 i PR K (KR 9T T O S S IRY Rak B A E
RISEANAR S R AR A SE I B R H R L M oy i 1R o i
AN L—DMSCs EAREME BB R —EEN
FHRE SRIRTFHIEE A8 75 R T 4000, 5 T4 g
FY I, LA ML AM A EAEE S R B £
WERENTE LM EE T EE ZRET MR AfaE RS
el

BRI G R B B B e e SRR e PR YL 2 b
H TR E A 2 — et E A 18, e AL 5e
O IRATEA TRE AN S A Bket 56 e ity . Ead
ST W FE AN (] e (6] e Y B 0 4 i A R A A B
Bo R G R B oA, FRATE BRI M 75 5 4 12 h, 33K
STk Y

WYL 24 h J5 8 i 7E U B BT T MZE 3] DMSCs
MR A S B = R a0, Al 15 4538
pIRES2-EGFP-hVEGF165 R3) 5 A DMSCs, #4L 48 h
JE %t DMSCs 347 fin JE 75 1% , G418 {4 v B 2 400 pg/
ml, fiiEZESE 7 KA WAMIET X 95% LA |, BEAT

WEFR{URAE 1 ~5 4 i, 55 10 K& AT EF (L L
0 ~2 AN4H, Tk E 15 d ] IR sE R e . )T
RT-PCR )75 # M mRNA KE%t VEGF165 #47 T #
], 25 FAE SC 5% 4 J5 ) DMSCs + VEGF165 () # ik i
E 1008, [F0] FH Western blot 5 ELISA M [ /& 7K F 46t
VEGF165 #4712 il , 45 5 & B Y 40 iy VEGF
BRI KL 1.6 fif, it — B ESE T % 4 5 DMSCs %t
VEGF165 By & ik

VEGF J2& I P4 fz 40 M 0 4 et 22 4y 4R o
i 55 N B 4 A A M R R A A {2 (E VEGE 2Ky
TR, SZ R ER SRR A TS Ak, (i (RS B AR 1k T A HE
HAEH, %5 5 M A1 2 060 /87 PN B 40 R 1) 5 24 S5 16 5 2
MR . ASLI th Y hVEGF165 DMSCs
7 b0 W R R i hECV304 41 Ffg Y 4 5, 3 X
hECV304 4 ffd 1 4% 7 5% Wil BB 7 24 4y % 4 =5 48 4& DM-
SCs fY 1.4 £%, T UE S5 VEGF A (X HE M 5% 44 (1) DM-
SCs Harih, i HELA B 4F A4 Y116 1 -

SEAh B T REFE PR IE 0 9 B 4 MY AR K, VEGE
Xt AL M A SR Y L B A MTT 4G 4%
e hVEGF165 DMSCs 5% it 25 # {& DMSCs ()4 5 1%
P LB, AT LA 31| 7% 4 hVEGF165 DMSCs (1) 584 58 1%
M 35 B T Y 2s 44k DMSCs (438 7 1 1, (] 4230 BH
TH Y5 DMSCs VEGF (B ik M HFZ K=o 4

£ bR FRA A R EHE AR, R E T E
40 # ik 8 4K pIRES2-EGFP-hVEGF165, 3f L g & {4 4/
SR L e A KB DMSCs, 2245 G418 T ik, 3k
18 T # 2k VEGF165 B PR M40 M v , 3 B A B HY
A W TEE O WEEHE B hVEGF165 DMSCs A #fE i 4
Bl T A2 A fE A B e T R SE A A

B % 3Lk :

"1] GAUNITZ F, PAPKE M. Gene transfer and expression[ ] |. Methods
Mol Biol, 1998 107 361 -370.

(2] S BRR. KEAK SN TR THRA TSR] B
=B A, 2001, 23(9) ; 1068 - 1070.

[3] SEKIYA I, LARSON B L, SMITH ] R, et al. Expansion of human a-
dult stem cells from bone marrow stroma: conditions that maximize the
yie]r_ls of ear]y progenitors and evaluate their quality [J]. Stem Cells,
2002, 20(6) : 530 - 541.

[4] TANG K, BREEN E C, GERBER H P, et al. Capillary regression in
vascular endothelial growth factor deficient skeletal muscle[ ] ]. Physiol
Genomics, 2004, 18(1); 63 -69.

[5] CURSIEFEN C, CHEN L, BORGES L P, et al. VEGF-A stimulates
lymphangiogenesis and hemangiogenesis in inflammatory neovasculariza-
tion via macrophage recruitment| J . ] Clin Invest, 2004, 113(7):
1040 - 1050.

(& K &)



