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Preparation and characterization of a gene-activated matrix
mimicking extracellular matrix
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Abstract: This study aims to establish a novel gene-activated matrix that mimics the structure and function
of extracellular matrix (ECM-m-GAM). The structure, mechanical property and release profile were also
characterized. Firstly, the liposome/DNA lipoplex (LPD) was modified with cell penetrating peptide TAT. The
obtained TAT-LPD was then mixed with RGD grafting hyaluronic acid solution. After addition of the matrix
metalloproteinase (MMPs) sensitive crosslinker (HS-MMP-SH), hyaluronic acid was crosslinked and TAT-LPD
was encapsulated in the subsequently formed hydrogel. As a result, the cell adhesion factor RGD, MMPs
sensitive substrate and the efficient gene transfer vector TAT-LPD were al integrated in the hyaluronic acid
hydrogel, which was named as ECM-m-GAM. The release profile of DNA from ECM-m-GAM in different
release medium was evaluated with PicoGreen kits. The results suggested that the mean diameter of the
spherical TAT-LPD was (263.0+4.30) nm. TAT-LPD was successfully encapsulated in ECM-m-GAM, which
had the typical porous network structure of hydrogels. The mechanical strength of GAM was enhanced with the
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increasing of hyaluronic acid content. When the content was 4%, the elastic modulus of GAM reached 1 600 Pa.
The highly elastic GAM may be suitable for implantation and tissue regeneration. The DNA release showed
significant MMPs sensitive property. Especialy, the released DNA still existed in form of nanoparticles.
Bone marrow mesenchymal stem cells (BM SCs) were successfully transfected with GAM and the green fluorescent
protein was expressed. The results have laid a solid foundation for future study of the cell transfection and

tissue regeneration.

Key words: hydrogel; hyaluronic acid; extracellular matrix; gene transfer; matrix metalloproteinase

B B SRR R R, R AL TREEAR
BEAT BB SR B B 18 5 5 FAE OO — R
BARaT TR, ERKE T RS TR N E
FRIMME YR, B SRR A T . 4ERF
AEEEZ T AR DIRe . 8, AKEFZ R
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A A KK I B A G He 771 DNA fla T AT
B MRATRI RS DNA IZE S 48, BIIE RS 1k 52
4 (gene-activated matrix, GAM)YW. ¥ GAM H #: 44
A BIHZUERAR X, ATER N GBALRE I DNA F5 4L b
TR . — BRI Tl 40 RRE S A O A
FF 620K I 40 WA B R B 2 B 1 AR TR, 3 10 4
oA AL AR P B 129, GAM fES5 K A
5 DNA E &AM BB 4y, IX P84 (h T g
g T GAM HIIiRE. HET, X1 GAM W7 AT
F B A T A SR BT S AT SEE = AL ) DNA
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YA EER  (extracellular matrix, ECM) &4k
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Wiy AR L0, A B B I A G B 1) 18 73 6], ECM X
Yerrd M) A RS B HERIMEN . SRR
BN AP A AN TE B OB, N KRR T A
il ECM HITZhRE . Bk e B TR A F S0 3E T K,
AT IR X 2 (1) 22 L 45 K R T 41 B 1) 3 7% S s PR ot
AL, AT DAR I Bl ECM [ M2 454 . JE 5 4
JBE AR (matrix metalloproteinase, MMPs) J& T 41l
i B KRB R i . TEHSUE R RET, diRE
573 MMPs, & JLFReBFE ECM Hh i) %M 8 Rl
gy, MITNA T # 5 TE S it 23 (] . RGD ik —
RKEARAR-—H AR -RKELAR (Arg-Gly-Asp) )

FERK, AT 2 M Ao B b, BEds 5 R U
PRI AR S84, R4ME ECM H
F R A2 IR BB Ar . B2 F2 R, Lutolf 254 H MMPs
UK B 2. —BF (PEG) il % PEG Bk, FH#
RGD JEH: 2B LA AN M S 40 . B IR CAE A
41 EE T RGD K& MMPs iU . k% RGD 4
S MMPs FIBHRVE T, N EF 440 A RE DS W B 5F12
BRI, A P 50 2 B 1 80 T i 1 BMP-2 1)
B SR B BT BB E M. Kim 205 RGD
A (1375 B R I L MM Ps 005 1 A2 B8 1) 4% v s =2 42,
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LR . ARKFNHEEE .

Y1 i 77 K TAT (transcriptional activator protein)
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WRIATER . TAT T2 RIh 5 2 R A 038 P T &
WK, BIEE A DNAL 2K, GUKRIAn g o 4%
HEAT 20 i P9 A i, A — Pl B T v 8 2 i %k T
HL 8 R TAT A&l 5 3 0 7T LA S I vk ) 56
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AR R — AR LY 40 B Ah R A
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m-GAM): F TAT 1811 f5 53 A A Ay o R B TR B e 3
i, B RGD &1 1) I i BRIR &, IANSZEEH
MMPs Uk (HS-MMP-SH) 3% B Jii I 4t 1 AL,
RER SRR IR E A R G MK AT o 3% Y g
JI0) TAT AR 544 . 20 26 B X1 RGD 15X 4 Jfd 43 344
filf MMPs UK V)32 B84 B[R — AN 25 (& Wi
FREER) . 52H ECM-m-GAM (g% . A SC# kAL
TR %S B ) % T vk, RAE LR S R
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ERE, WX DNA B &9 713 K% MM Ps #iUs %
BT R, N e K L 4UE ZHF 70 38 e 3

MR 5%

FEMNE YK RARE AL T (Zetasizer
Nano ZS90, #i[E Malvern Instrument 2 ]); i% )
B (Tecnai 12, fii>% Philips A #); BREILIRGIEAX
(AVANCEII, #i+ Bruker A7), Fi#iH 7 B st
(54800, H A Hitachi 2 #]); Jighk A4 (RS600,
EE Thervno A F]); wOLEHM%E (DMLB2, EEH
LEICA A#]);, ZIhaeFLR K M4 (Synergy HT,
% [H BioTek A ]).

M SRA HERE (B EREGRECE
FRAF]); (2,3- il k- 58)- = H i (DOTAP, #&[EH
Lipoid A#]); k& (PRO). KJEEE (Sigma A
A]); s OLE AR (PEGFP-N1, 74 58l S A4
HARAR AT, FEIFER (HA, S ERAR Bk A B
HHMR AT, 1-4H-3-3-Z el B EE) Bcfk — T
ffz (EDC). T & —MtHF (ADH). =Z [ (TEA)
(bR R T ) 2 |y N- P A T 4 S 3% 3 Tk IV i
(NHS-AC, Lifg TCl ik~ w]); TAT ik (CYGRKKR
RQRRR). RGD Jik (GCGYGRGDSPG). MMPs /&
£ ik HSMMP-SH (GCRDGPQGIWGQDRCG) (i
I W A R IR A R); HEER S Triton (iR T
AW TR G BR A F]); 1,2-distearoyl-sn-glycero-3-
phosphoethanol amine-N-[ mal el mi de(pol yethylene glycol)-
2000], (DSPE-PEG-MAL, Avanti Polar Lipids, Inc.);
DSPE-PEG-TAT (A=5256 % &K); TE 22/ . PicoGreen
dsDNA & &k & (LSRR R A A);
K BCE B F) 7S R T 41 . (BMSCs, A S5 = 4 15 2
HU): a4-M3%. LG-DMEM 15955, HHE-HER
BT EE I (Gibco A7),

TAT-LPD BUHIZ5RIE TAT-LPD K& ik
435 B/, H&ETF B FRERE. % DOTAP
PR BE=1 0 1 F L AT P9 5 Vs S e LA v, B 401
WL & B R A&, & HEPES (10 mmol-L ™, pH 7.4)
KA, HEARIRFKE N 10 mmol-L7, #7H 3~5
min, KA Extruder {3 g Fi A 0.4 pm [P 11 1k, F
i 0.1 pm MR 11 ¥k, ] ERLAR NI 43 AT 35 5 I BH 5
TR, 4 CORAE, #5820, 4% PRO/IDNA &
G, WA — e E AR EN (PRO), T HEPES
(20 mmol-L ™, pH 7.4) +h, Bipi &K E N 1 mg-mL™
PRO ¥ . # PRO 1 DNA (ki pEGFP-N1) #%#
AFE ] (wiw) TRTEIR G, EIFE 20 min, 13

PRO/DNA #42kE &4, PRO 1 DNA ()05 LL i
SR R N ST Y W A R N A = [ R
itk PRODNA EEVIRIERS (A& KHMLT
f|/& DOTAP : PRO : DNA=12 pmol : 0.6 pg: 1 pg),
EimiFHE 30 min, I35 —JKHE T-DNA E&5Y)
(liposome-polycation-DNA complex, LPD) . #/Jg, ¥
LPD 5[ & /) DSPE-PEG-TAT % jigiE & (DSPE-
PEG-TAT [ &4 LPD Jii it & 2 ) 5%- 10% Al 20%),
50~60 CH¥ & 10 min, ¥ 2 =, Hil& N [F% & DSPE-
PEG-TAT &4fiff) LPD (B} TAT-LPD).

LPD 2 As[H] EL 5] DSPE-PEG-TAT & i) LPD f1]
K42 5 HLAL 9 KORLAR LA 20 B A e 10% DSPE-
PEG-TAT 1&1fi[f] LPD &5 XA sl e 15 s, &S
FL B W 2%

ERRER-AGERES (HA-AC) BIA R Frit
0.5 giEM I (HA, My 42 kDa) T 50 mL £ 5
FIK, M EDC 1 g fl ADH 9 g, &f#5e 4 e Bk
A pH EHIAN 4.8, =X 12 h, KETFKEN
14 (MWCO 8000~14000), % T, 15 HA-ADH. %
HA-ADH ¥ T 50 mL HEPES 2% (10 mmol L7,
pH 7.2) 1, NN 04 g NHS-AC, SN 12 h, 5T
KiEKT 1 (MWCO 8000~14000), T, EIfEHA-
AC, %M ILIRIEAT RAE

ECM-m-GAM HIHlI& HE I — & & RGD
7T 0.3 mol-L™ TEA 2 (pH 8.0) 1, BLpufsi
BN 10 pg-pl tHI RGD W, —20 CIR-TE. K
I HA-AC 20 mg, % T 0.3 mol-L™* TEA Zri (pH
8.0) 300 pL ', A _Eif RGD ¥ 5 uL, 1R, M
30 min. % ik TAT-LPD il # 77kl % & 15 ng
DNA ] TAT-LPD. #Hl HSMMP-SH 7 mg, ¥ T 0.3
mol-L™* TEA 2%/ (pH 8.0) 30 uL . ¥ TAT-LPD
T HS-MMP-SH ¥ 34 iIn N HA-RGD ) J i & & H,
WFEIE R TEA ZZMRAEAR R 1 4 AA8FN 500 uL,
VB2, 37 °C N 30 min B, BI75 ECM-m-GAM,
Hr HA-AC i &4 4%, RGD £ J >4 100 umol -L ™%,
DNA K 3%, il & B LA 1.

ECM-m-GAM MR HUEEHTA G TR
J& GAM, BT#HMaG I, mi&, Hfih 7 Risu
SIS M ECM-m-GAM 14 7, [FEhl 4
HA-AC FE N 3% GAM, JEHs i 28 A0 52 9 & 1
FERE (G) SRMEE (G"), WMESHONNA
77 0.03. #iZEH 0.01~15 rad-s . N T ML TAT-
LPD #£ GAM Hi4rAh, FFF Rt Ik Gel-
Red %} GAM 1 iJF kL DNA #EAT 4, SR 5 %G
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. vH: 7.4~8.0 . HS-MMP-SH, TAT-LPD
HASAC +RGD —— """, HAJAC] ECM-m-GAM
S 37°C.30min 1T~ pH: 7.4~8.0, 37 "C, 30 min
RGD
bttt | 1]
NH—NH ;N‘NH SH HS\I
HO
_‘5‘__‘/ o -_</ - HoN ! RGDSP HN RDGPOGIWGODRYNHP
K HO OH "OH I o o
— NHCOCH, o
HA-AC HS-MMP-SH

Figure 1 Schematic illustration of ECM-m-GAM formation.

Hyaluronic acid-acrylate (HA-AC) was first modified with RGD

peptides using Michael type addition. The residual acrylate groups were then crosslinked using MMP degradable peptides (HS-MMP-
SH) in the presence of TAT-LPD nanoparticles. Asaresult, the cell adhesion factor RGD, MMPs sensitive substrate and efficient gene
transfer vector TAT-LPD were all integrated in the hyaluronic acid hydrogel, which was named as ECM-m-GAM. RGD: Arg-Gly-Asp;
MMP: Matrix metalloproteinase; TAT: Transcriptional activator protein; TAT-LPD: TAT functioned liposome-polycation-DNA complex

RIS .

ECM-m-GAM 9 MMPs UMK T
ffr ECM-m-GAM K MMPs g, e 1 9 Foss o
i PBS 22k (pH 7.4) A1 PBS L (pH 7.4,
% 05 U-mL' iZJEREE). K GAM 4 HIRIME 1 mL
R FERRERA T R, BT 37 CEIEIRG A
o, T AN TE ) 5 B B B 800 L, I Ah T B
FETA T

¥ 25 B [0 557 HCHE AR BT 50wl 43 A E T 2 mL
EP #&th, BN 50 pL FLm A S HHE (10
mg-mL ™) 1 1% Triton [f] TE ZZ0fil, WRIEIRS],
& 15min, fi DNA 5§ & PRO 784347 &, #R)5 H
PicoGreen dsDNA & & i 5l Gk I &AM ] 55 DNA
MR TBUIG O, 2 i RE sl 2k

T WEERETHOR T DNA 2 547 LAk 5 4 4 i
TERAFLE, H Gel-Red 14 GAM 11 DNA, 2854
Y5 (] GAM 32 IE4E 1 mL PBS il (pH 7.4, &
05 U-mL i JEEg) h, 37 ClEIRIEY 12 h, BUE &
R T8 B, R R e,

ECM-m-GAM {5 E HRITTEN  BUEKHEE
BIE 318 BMSCs, 7 215970, BRE (BN, &

Q

BWITMR R 2 ME I8, 8Osk BIER,
TG R PR RS 4N . %R 1x10° A4 /AL
BT 24 LR, IAESPAERIM TR FRE (10%
i 4= 3% + LG-DMEM #£55%3), T 37°C. 5% %4k
I R R TR IRH, FeEE G, A S Pl RN 5E
AEFEE, TRHIAMACH &M ECM-m-GAM (&
PEGFP-N1 Jfiki), 37 C. 5% 4 AL EE T 4k 4L 5%
F& 3R, FEFHFIIFERLYE, TRGCRME U
%[10]0

&R
1 TAT-LPD ##I& 5 R

fEE N (PRO) & —MIEHRMEM KA RS T
ML, BB RAARZE, TTER RT3 R 3
&, BER—fksE 1-DNA E4% (LPD) EH £
SCHRIRIEM T, ARREAL PRO 55k DNA 1%—
SE LR A, TR — 2 H % PRO/DNA E54)
(polyplex), #XJ5 PRk FE#H FiA/E {5 DOTAP fH &
THeRARLE G, MM 52T DNA (a5 5%, &5
¥ DSPE-PEG-TAT i AZIfI5)5 2+, 5€H TAT-LPD
iprafz: 8
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T e, R 3R B R H UK B 9T AN [ B A
PRO & fi#i DNA 5 & Ja MUK IE L, 4R WK 2, |
KTl I, BE% PRO 5 DNA LUl #1350, DNA f 4%
SRR AN B S, 240k F) 10 1IN DNA 5847 B AE ke
i, UL B DNA BESE4 FR4E7E PRO HY, X}
polyplex 2ILIEHLE . SRTHT, AT F—* polyplex A
% 55 80 B 7 IR AR IR 45 &, 75 2 polyplex BE 45 & 5%
Z I DNA, 3 — @ i 5. ARAE k&5 2, fRik
£ idE R 45 B 5l )y PRO : DNA=0.6: 1, I AER 3]
BUR B, BB DNA #3822, polyplex 4545 171
M, zeta lEAIIIEZS Ry (-19.2+2.8), WK 3, HE
21 GRS B IR R I 4 A SR AL T A

Protamin/DNA (pg/pg)

20 1.5 1.0 0.8 0.6 04 0

Figure 2 Gel eectrophoresis of polyplex prepared with different
protamin/DNA ratios
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Figure3 Zeta-potentia of polyplex prepared with PRO : DNA =
06:1

SRJG, ¥ DOTAP FHE T JiE Fifk 5 polyplex #%—
EHBIRAHEE (DOTAP: PRO: DNA =12 pmol :
0.6 ng: 1 pg), #HLAEFH AR5 P 25 IR Hh 45 & 7
—EENEEY LPD. HE 1 A[Hl, LPD MHAN
(31.2+7.93) mV. Fif& A (203.8+1.53) nm, LT
polyplex, HELAZ KA ), Rifd Bl RN, R IER
P11 DOTAP JIg 5 A W Fff 7E polyplex 1, I
SER T X DNA ELZE 5 R4, T it e (1 DNA JIE i
YPIKEEY LPD.

wJa, KMEYIFE (post-insertation) )75k
¥4 DSPE-PEG-TAT #fi A 2| LPD [fl5Jii 2, 58/ TAT-
LPD [l 2% o 3X AN J7 v 1 B ki 72 2 DSPE-PEG-TAT

Table 1 Zeta-potential and size of polyplex and LPD nanoparticles
with different percentage of DSPE-PEG-TAT (1,2-distearoyl-sn-
glycero-3-phosphoethanol amine-polyethylene glycol-TAT)

Nanoparticle Zeta-potential/mV Size/nm
Polyplex -19.2+ 2.86 323.0+11.8
LPD (0% DSPE-PEG-TAT) 31.2+7.93 203.8 + 1.53
TAT-LPD (5% DSPE-PEG-TAT) 24.8 + 3.96 240.9 + 69.5
TAT-LPD (10% DSPE-PEG-TAT) 8.46 + 3.90 263.0 + 4.30
TAT-LPD (20% DSPE-PEG-TAT) -1.65+ 325 261.7 + 8.01

ST K U R, % DSPE-PEG-TAT Jig Al
S & IF ) LPD R FAE— iR E (50 C) FiFHE —
SERT[H] (10~40 min), ZH R H Y] DSPE-PEG-TAT
¥ BB E] LPD IRFAZF, B g AR 1R
A R M R B R O Kanda 2510
FEHE T4 T4 N BIR S A, R R G TR AR

DSPE-PEG-TAT A [ I & il % 1) TAT-LPD fJ$i
B HEAE N, SERNE 1. NRPTLURIL, BEE
DSPE-PEG-TAT FH&ERIM N, H e HhBkkE(g, X2
1T PEGo00 £ 44K ML 1T ) SR AR FHIT, BhAb, Bl
F R 3G 0, LPD (R4 AN il K, X & T LPD
KK PEG fE/KFE, FHA — @12 A Az I 5
E . bR AL 5 R4 A 35 36 B DSPE-PEG-TAT
PRI AR A F] LPD o, JER T PEG 1L LPD, Rl TAT
&4 i) LPD (TAT-LPD). DSPE-PEG-TAT Fl &4 10%
i, il TAT-LPD Fi%E i L Bs kAT RAE, 4580
4, T DL £ 16 TAT-LPD AT S0 i o dik, Rids
£ 200 nm Ze A5, RS E 45 R — 5

Figure 4 TEM image of TAT-LPD nanoparticles (10% DSPE-
PEG-TAT)

2 BRAREE-RGEREEEY & R

CLIZE BA R A 28, il Wbk A T HA-AC,
SR EAT RAE (B 5). W Hn, AT
HA, HA-AC 7t 6 6.2 AR Z Hlg, XNITET
VI R g 2 A i s (cis) A s (trans) &,
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H NMR 45 5 3¢ B 75 4 R T ) R o 3 3 7 538 W) Jo 1R
B L, T 6 6.2 M5 6 1.88 R4 1 LLAE AT
DAFRHY, T BRES b R 410y 1696181,

| HA-AC _ , t2

T

70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

Figure5 H NMR spectrum of HA-AC and HA in DO

HA

3 ECM-m-GAM B9#|&5RIE

FIH WG EE (-AC) Bef® 53l (-SH) K&
BRI, 6% RGD _EIFi3 S HA B4 1
() -AC HF N, 1 RGD #EHE HA B2 b, 153
HA-RGD, H [ djn A\ TAT-LPD Al HS-MMP-SH,
VRBZ5), JELE 37 CHEE 30 min, FIF HSMMP-SH ¥
i AR AE S HA 542 EFIR I -AC BB, ff HA
FEAE AT RN AL, TR AL 1 FR R SEELX TAT-
LPD [ 3k, AT 56 BN o 44t e 5 6 B 6 DR 46
THRIR . WK 6A Fian, ECM-m-GAM 2% B (1)
e[E AR (inset), SEM HLBE R Al WL B & (1) 2 7L IR
ACHREE L), F I H BT (1) B 1 45 HA) R AIE

Figure 6 SEM image of ECM-m-GAM. The inset shows
macroscopic GAM (A). TAT-LPD were stained with Gel-Red
post-hydrogel formation and imaged with a fluorescence micro-
scope (B)

B SCE X DNA I A 380 1 9% O S i g 14T
FAE, ¥ ECM-m-GAM HIFF 5P 1% R 44 K Gel-Red
T JE AT WSS, SR 6B, HHIETT L, &R
FFAE K B 5 RORDIR 20 AT B Qe IR AT B4 1) DNA, x5
SCRRIRIE AR — 2, K1 DNA 2 LLgeRpi e

(TAT-LPD) f77E ], ECM-m-GAM J{ 3 S2 B 7 %f
TAT-LPD {61 #.

ECM-m-GAM IRk 4 56 ) FH i 2 it AR A kAT
e, ERWE 7. HEFTLUEH, A% HA-AC 1)
FHE S 3%l /2 4%, CAEmstfisE (G) B mT
FERE (GY), £W HA-AC HI&E N 3%aL 4%
TER T B . EAh, 3% HA-AC 45 (1) GAM K3
FEE )9 600 Pa, 11 4% HA-AC #i % ] GAM H 3
FE 2] 1600 Pa, UiBH 4% HA-AC il % ) GAM A
A IR R, IS T R ANAL B,
X5 SR ARE S0, gk W, ATRLEEE HA-AC
i) & k454 ECM-m-GAM IR IE BE A 2 20 21
16 ST S 2R FE R . AT, 1B 4%
HA-AC kil % 28

A 2800
2400 BG mG"
£ 2000
2 1600~ R B -
2 1200
= B
800 -
400 ﬁ.
0 et oE L] L] . L
0.2 0.4 0.6 08 1.0 1.2
Frequency / rad/s
B 1000
|G m(
200
o3
a.
3 B S T B
=
n | | n
0 0.2 0.4 0.6 0.8 1.0 1.2

Frequency / rad/s

Figure 7 The eastic (G") and viscous (G") modulus of ECM-
m-GAM. GAM prepared with 4% HA-AC (A); GAM prepared
with 3% HA-AC (B)

4 ECM-m-GAM £ MM Ps SRk 14 72 55

B, AT i ECM-m-GAM ] MMPs fi&
P, ECH T PIRRE Y T PBS 2P (pH 7.4). PBS
L2 (pH 7.4, %7 0.5 U-mL i J5i), DNA FrIRE I
ik OLPE 8. FHIE 8A T I, PBS ZZiHiifk & DNA
R T 5 A I SRR AT O, I R B TR AL AR
TEF; M, PBSZEMR (& 0.5 U-mL ' JRJEEE)
DNA [FRBR T- PBS 22, & H ECM-m-GAM H
A 1) MMPs U, X2 T ECM-m-GAM &
it MMPs 88U £ ik HSMMP-SH # HA 3ZHRAE
—ifd, 1 HS-MMP-SH e % 4 I S5 g bR 2, AT
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_ —4—PBS  —#— Collagenase

Cumulative release / %

1 33 7 11 25 36 48 54 78 9% 100 120

Time /h

Figure8 DNA release from ECM-m-GAM incubated in PBS (pH 7.4) and PBS (pH 7.4, 0.5 U -mL ™" collagenase) release solutions (A).
The released DNA from Gel-Red stained GAM was imaged with a fluorescence microscope (B)

fii ECM-m-GAM &5 [ fi, Be2ff DNA PUE B
ok SN T IE TR DNA 175 LA K 5 & it T X
1715, 1838 XOf Gel-Red i 45 ) GAM 121 7E 1 mL
PBS ZZi (pH 7.4, 4 05 U-mL Y J5HEE) HRR
12 h, BERCH AR s . B 8B T L, BTN
W5 ECM-m-GAM [HUlsess JHA, IR 1E K=
5 OREIR 20 AT OB e AL €A ) DNA, 28 BB L)
DNA {5 AGAKRL T AFAE, 10K R DL I 4 4%
LBt 5% B9 8 KAt o
5 ECM-m-GAM {468 FTHITEMN

T 5 UE R ) DNA 4K B A B L fg
11, %57 53R pEGFP-N1 Fikift) ECM-m-GAM X
BMSCs MR . R 0N, ¥ 3 RERRIHE
J&, WEE TSR] WA B R RN EEA K, TR
R Z T, MRAEKIRES R (B 9A). WL EM
BN MR 2P0 (B 9B), A SN
WIGE I EGFP 3Rk, £ ECM-m-GAM H1EE
JH DNA BT R0 8 BBl A0 R AT 35 G, (E 2k
iX DNA FTé4wtis )& A, i ECM-m-GAM H&1E R
MRS IR AT AT

Figure 9 Bone marrow mesenchymal stem cells (BMSCs) (A)
and the expression of enhanced green fluorescent protein (EGFP)
in BMSCs (B) after co-cultured with ECM-m-GAM for 3 days
(x100)

i
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