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Aok BER
(B H K FEEXRS FAEYS %=, 1§ 200032)

BE B AN 1987 FE XAZ H 1R DA — A kA sk, BA R AMFEBARIZEHNR
WA RR IR FHEREFE. BT, BRI TAAL B k. REF ORI ME,
B TR, {2 fife TAACLE R 4o SR, B REIL. AFAESFARARK. A2, BAG AR E
BRAESL, MANE I OE ML ARBENGFELSHRENEXRETE, A, BRI —R R

F R IR IR el 7 ik, ML R 4 B8] 64 48 BAE R 2t o S R a9 R

HRRY, o mie

BREGE O . REFRMT BREEEHEM.

REEIA

GRS — il L 7E 1987 4F 1 36 [E BR8P T
2Bk L F2)l Rober Langer Fj -1k & K2 B
Btk Joseph P. Vacanti LRI M, fE4—1138
XML FR, AL TS Ry FHKRAEYY. &
HREAE . PR TR 2% 55 AN S R B 18 En R
R HAT, AohpeDAe) 8 0 41 2R TR B IR AR FRAR
AN, IR SR . H A N T 4123400 i
Bl SIS RARUR . ThRESE 4%, 1RA RS TR
RURAERE T 1| mm?, TS 16 5 R &
i AT 5 T A SR a1 7 7 O P N A 3
I N T LSS RUE A S 2% B 15 LAV R AT
RFMZ —. )L, B RS LSt = N HBA
A M 35 R (B T %%, WS 7 4H i 1] () AH B4R F %ot
M TE IR, SR T TREIZUASN A T 1k,
M E AU IR G 18 E 2 M@ g . 4%
KW, BRA MR IR ML B R R Fe e RSB
M EZE.

1 ¢ALRmELHLH

N L 2 5188V FR P 0. R E 40 M (4o if
WA AN e A ) VRS, DLERFAL BT RAR
e A2 b M 4 K 4 il (endothelial cell, EC).
BEZH fid(mural cell, G135 P18 W40 B AN BAT 4 40 i 2% )
K A Ah B (extracellular matrix, ECM)4H A, [0
BRI, BH. KM, ME R E LI E
W 2% FI s 22 2R 0 2 0] (R B 2R 18 45 i 38 P 1 R 3BV,
Dhfef k2, (A W 2% T i b 2t 2 W B DR 3% (A 1f
BN 1) A R R Can g0 e 7 40 i 5 4

BXE A0 s o7 g A, TR

MM BEAE A L RER S R .
1.1 MEHREAR

AT, BT KPR L — =
T ML SR H — A A 40 M o A T B 4 L, B
& K 4 (vasculogenesis); A& AR H 2 T RROHT AE
M, BHT A M % & Bi(angiogenesis)®. FEH LSS
T—RIEHBRELRE, welhasd. FAEMNRE
. A 2 CA K b 98 T AR o
1.2 MERHEIAT
1.2.1 mFEA @it KEF 1L PR B 40 P A
K [&F(vascular endothelial growth factor, VEGF) & —
Fb B o B A R OB B, AT (R O A B A
W45, W B @S, S5 W% SRE
KHI— RV FHREN. VEGF HEZAME. F
WL . AT e L 5 40 R0 i yed 4 Al 55 7=
Ao HERZZMEERT, 35 H A E A SR
WHEFZAFED R X R, EHRERTS VEGF %
BRI ZRE K Ll BRET 4 40 M A K R -7 (FGF) . i
FEH T (TNF) AT LN RK 45 VEGF HI3&IE .
Benest % “HIF B VEGF 5 Ifil. & 4= i % -1(Ang- 1) BX & 1
F AT AR R ARt A L BT . 4 VEGF 5 4 B¢
90 R TH B PRI B 2 R 25 B 5, 5 MR N A5 B
FHE, PR R B AW A N n L T E YR N
MR E S . GRS H I I 3R B AT 4R A ik B
Mo AhFE 5 5 848 H (integrin) A BEAE R T 5| S 1LE W
KM A A TR . o5 — AN R Y

W HA: 2006-11-02  #:52 H #A: 2007-01-29
*S@IRMEE . Tel: 021-54237330, E-mail: Ifpan@shmu.edu.cn

AT GRS RSN R/ RBAKRSL, FLRBEEFEER  Tel: 021-64040161

www.baolor.com



318

R Tt ) [ 0 25 T A AL A A R A IR
122 s RBRAEKEF il /SR PR AR K R T
(platelet-derived growth factor, PDGF)f 4 KK %
i: PDGF-A. PDGF-B. PDGF-C 1 PDGF-D. —
FALH PDGF A 3G, 7EH A & PDGF 7]
S I A A R & A5 . o PDGF-C g5 #2 I
& P R4 R R LA i IE RS, {23 VEGF & sy
W, FEB G R BT AR 0 M N BRI R AT, R I AR
R X — G T
123 HwRERE B T & T 40 53 0 PR 2 I
B RUR T4, ECMAT 1 A 28 K R 7 A B T R TR ) I
B fig 237 B . ECM H & H I ER(MMP2,MMP3,
MMP9) & ILAM I (PALL) et 12 il SR ECM %
fiREFE, T R PN B 4N PR o A RE A T RS .
Bk, AT A KR S HAbE A - R AR
ZNIE A, EARR A KB BRI & 412338 B
o ) A PAY 7 4 L R o s 4 P P B S R T, VAT
1L 43 SR

B, B AR B R L T OS2 B P A A 5
BFEMBEET. ECM. 7% E S Mg fm s
FeiEE, R HKHLEMIA 3 B, (R BE 40
B SR MR RERUA N B A AR BRI A0 ik, TR,
ISR, V2 K BA 41 BB SR AR B 4R
AR v T REAL A0 4 b I T R — R B 1) R

2 HKEHRIEF S MERK

BR A A MBS R — T IR AN R SR R 4R i EAT VR
EREFRIHEOR, MR R A IE R S0 BRI 2
WE. BEHIR T R4 ML 1A A7 7256 A5 40 RO A B
PERAR. B, 7EME A A REPLE A 2
RO, B AR AR R RA AT 2
ARSI R A B TR BB Bk, JENE
KARZ I SE 50 % TR A, R RN T i 2 R AR S
AR MAEN ARSI . KESLK S REY,
H A 0 P 55 57 PO I b A LA P S 4 A s AR T,
A T L A B ANARE
2.1 BREEFEIRLERINMMEL

HHILZE KR ERRELS . ERHNARN
TR B B URG 2 75 A SR ) B B UL A L 5,
FAN IR BRI A AR 79 ECM, BRI FH B 2k
PR A A UL B B2l R I 2R R AL 7 T80
EX S TRAALAANRE B 5 MAELEES, LbFHIKH
T ERA AL ML RN A BERIIAE, BN 22

AU RIThREE KD, ToRE, KIS B B R R
XTE IR REE,

W FUACEN, B B UL 5 1 6 1) 7 SO 40 R BEG 5 135
Frfa BA MR M T SR A, Wu S50 i /A
H B 73 A0 R BT P B 40 B 5 N ST LA P R 5 ope
7E H R LR (PGA)- T L- FLER(PLLA) 41 B 1) £ £L
AR R = SR L, RS B R SR B I AR S5,
M 7E S P B PRz 40 Y S 38 ob ) G I A A 5 o
Leverberg 552X H 4B G5 R A E T TR
BRI AR LML BB DL ARATTR FH B b - 48 il
ST RCULAN B VR BG4 4 R R I O R 4 B, IF
Fifi T PLLA F1 % SR FLIR - H EFFR(PLGA) 4 Js 1 v e
fRSTHE b SIS, AE RUULAE FRRT P 52 4
TEAERIEEFRAR R, IS IR BSCET 4 40 o v] LAAR KA
AR E A . 5 RO RULA0 B R N R 40 B AE L,
SINT MR JE 4T ¢4 40 R P S 48 v i A7 P R 440 M T
FEFHTAE A B H ¥R B3, 8555 —AHIE, 3 F
MME AR AR HIH B RMELSEE. 5
R R g5 ARG, — N BRI Rk R HE
2 HIARTHRSURE P4 7 400 R 78 o, L85 9 465 40 17 Ll 437 . B
BN, AR, BEARE R R ML FE 45 8
1€ .

14k, FIH RT-PCR 70 # FIREX & 85 TRtk &R
VEGF mRNA fRIETEN . SR 2R 9N Z 45
55 B4 B RS B RRCET 4 40 i — BK % 9, VEGF
RIS . 294 B2 40 L5 OV A0 RO R i 41
4l = BERS 57, VEGF mRNA 234 8 U B & & T80
PR, 57E = BEE 77 vh LS 3] () I 6 1Y 2% i 1 I B 5
FH—3 BRI, 2P an MR G 35 IR 0 B R UL
MEMTERIRME T EEEHES. B HLHE R
UEBA: 25 e 4 MO B & 5 9% T 38 s AR ol A AF R T 3R
ik, (kI P R 40 AR KR AR S I A 4 03,
22 HATRUOIMMESES

FAR) 0 2R T R4k 0ol (engineered heart tissue,
EHT) W iZ R & DU ThREFEEME, ani4ett. B4E
AR E VAN P, R RS M S e bR i B Ak D4
DAVAEZR A, B0 LA B A1 A7 7E 1005 P9 R 40 B
EIEULAM . AT, B, XL
LRSS T OIS &r ik SR B E, s
L0 WL 2R M W 48 A 2 .

H AT, AR AR Rk N IR B B R 441,
T 52 278 24 FUR S SRR B8 R BRI, EHT =4k
AR MES A 200 um JF . FHHFFRERY, B FHAM
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MIEER EHT AR AE S50 R I RE L34 Tt s — 4
A3 EHT .. Zimmermann Z5USVRE, 705k (il AR Y
b, R RO UL A B R EHT Lo L4 ) b
s W IR A = O I S S N |8 1 2
Zimmermann “5UA W 823 XA BEFEH) EHT 4, [H)
BT IR GG B I A KM A RELE K . IX eI
FESHWAEBMERRSE EEL T LBEER.
Memon55 R IR, K A4 B 8% OV AN B AN B i B AZ AN
Jf 3 (R S AN SZ 40O Fe , ASRT BABTT b L L5 44
HIE SR, 1 B AR fE O JUL 41 M A AR R AR L8 T
F o

2.3 ARMME/ HERRMAMREESEFMENLE
P 2%

W ERUEME YRR G R gt N, 2 s
AR K PR, B Bl — IR AR
HY: 425 BT A4 M (neural progenitor cells, NPCs)7E Bk
A 40 B 3% 7 e 08 12 13 I 40 R0 T 40 B T RE A SE
. Ford 5500 = 2140 Mo, B w4 2R R U8 19 7k A4k
1 N &2 48 ffd(brain-derived immortalized microvascular
endothelial cells, BECs). NPCs. NPCs:BECs 473
T ] YRR ALK B S 2R L, B3R e RN
ZRARN . EARROL BB B B R AR
M KA BIRE R RS BE . EHTR
W, TEARAT 5 IR I TR BE A, A8 2 I ARG 2
BB, AR R TEHE Z R, $ERKER
XEAAARGE RE T MU HARHIR/D, (HR = A K i
EHEEHH BE AR . NPCs 4RI H K2 B (i 8 45
PRI f 11N P R 4l MU &G B 737 (PECAM-1) .
PECAM-1 &3k L& P 52 4A FfL R 1, 4 ifiL 7 P9 B2 48
MAF ARG, MRS AR, MEEE 6
Jil, NPCs 41 1M1 % B 32 8 Pt v, Al e 515 £ A A
AN MLIE N SCBA K . (R SLH I FE , BECs 4
) PECAM-1 $ 4K P30k, (L8 ~F- 35 5 5 Bl Ak ]
HERS IR FFANAL, (H/K RS SCHE AN 1A 3 s K F
#, #&75 BECs 21 32 B2 rf 0o B L8 P4 B2 48 i v i HH 3R
BUILG . A FRTH 4], NPCs:BECs 41+, 28 6 J&
i B A PECAM-1, I % thia & T4 4 &,
117 ELR L A 52 4 k238 % . 55 BECs 4LAH L, k&
Brrd b i % B E . BHE 4 8, R
ARG RO 2T G £ 0 50 30 i 5 s N HH D2 40 i, 3o
WG FRAG S, B AE ML T KA Thie . H R
6 J&, NPCs 41 il NPCs:BECs 41 1 il & /548 B A 1
iz I fE .

2.4 WEMBE/ FighNmAEL &5 FFRY I h1E
H

N T M FFAE ) 5 — N ) U AR AR R 4%
R, MR H A 5, N T AN L4
LENRTE AT g, 4k 5 A AR 51k 25— RFPREE R R,
SEBHYARM . EHN LR EHR TS5 FEIL
M BRA R IR0 LS N S M e o e o IR
EEFHERILA I AN 40D 40 dyn/cm?
F1 20 dyn/em? IR 1) ), YEH 24 h Jm, N R4 TE S
WA R AEEH . X —J7 10 H TP VL4 L)
17 AEARBR O BE F7 (1 P B2 40 B 2 I A A 2 T Y
WA, 53— 7T, L5 P LA AL & 3 R 4
TN B4 BT A AR R . B ST L
B, BOARE IR R AN 20 AR BRSO VE R
24 h G, FEAR I IR 5 . 3 — DR,
ST L4 B nT DAE S R P R A i i 2 R
H. ZF4EdE s At m g sR A K 40 i 5 ECM 1%t
}J [20] o
2.5 WRMERE/ BT EMMNEESIEFRS N EH
AT

Wenger 5211 T —Ff —4EBRE B A 1S RGEH
SRS N ik P K 40 s (HUVECS) 5 A SR RET 4
S I (hFBs) L & X ML TE U5 . 1% — 4EBRTE B
A 3R Z F HUVECs 1 hFB A T [& A8 204844k
HAHE B FAMFFN BT AR A, 5
— HUVECs ¥ 3£ Il 8. — hFBs 1 7% . (EAK M3 [F A
IWIMEfT A K B4 VEGF 8% FGF 1414, 748 h
J& Fl ELISA 140 31 DNA B B VP 40 B8 11 0 . &5
REIR, 3 NSLIG L B — hFB K572 (0 40 A T2 /K P
H E/NFH— HUVEC 852 M4 M8 T2K-~F, 1
HUVECS/hFBEX & 15557 HH FTHUVECs FUE T2 /K P KK
B . FHULHEN, hFB [O7F7CAse T A P R 4h g,
T HET.

3 RE

gk Lk, BRE MRS T METE K A
A, AME TGRSR T EE MY E S, I
FTLAE 40 M o Ak, SGIN IR R, 5 IS DO RE A
Fese v, B L AR I A Y B AR IR D) AR 3
Ji8b, BRI R AILAE A K2 A0 08 KTt U R
Ko REW KILE TR AL A+ T 2E,
(H—Len R PR AT RES 530 . BEE SRR
Al PR 5K e 2256 AR B LA KBS iR ik 28, AXET
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Application of Cell Co-culture for Vascularizatin in Tissue Engineering

Shui Liu, Luan-Feng Pan*
( The Laboratory of Molecular Biology , Shanghai Medical College, Fudan University, Shanghai 200032, China )

Abstract The ultimate goal in the field of tissue engineering has always focused on constructing tissues
that may biologically and functionally serve as a substitute for the organs of dysfunction. However, it is still a major
challenge in creating thick and complex artificial tissues and cultivating long-lasting and sufficient vascular network
in these tissues in vitro, which are capable of incorporating with the host’s vascular network after transplantation
and finally well perform their physiological function. Therefore, vascularization before transplantation plays a sig-
nificant role in the survival of engineered tissues especially those that highly require sufficient blood supply such as
liver, heart, and skeletal muscle. At the same time, new approaches involved in the notion of cell co-culture system
aiming for inducing neovascularization before transplantation have been implemented in some laboratories and will
be discussed in this review. Furthermore, recent data has showed that such a co-culture approach can effectively
facilitate the formation of vessels, regulate the interaction between endothelial cells and mural cells, and promote
signal transduction and ultimately the mature of vascular network.
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