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B & %& & (collagen-I, Col) & #4mpa sh L H (Extracellular Matrix,
ECM) z 4% & > M4k 4 (gold nanoparticle, Au) B & —# &% &
WA B E L2 Bk REEAIA Col (0.5 mg/ml) & Au (=5 nm,
43.5 ppm) MARE - WRMBAZ R K @R A AM  Col-Au - FIRFH
M2 SR B £ %% B (umbilical cord-Mesenchymal Stem Cells, MSCs)
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K3t%& (FTIR) 4Bk » % Col #1 Au /&4 » XA NH group /8 Z/ A &
AL FA o R T ) S BAMSE (AFM) #1.7] Col $1 Col-Au A Mz %
@A o 4R Col-Au (16.14 nm) % @#aHk A7 Col (9.47 nm) »
T MSCs BERA A £ 5 sboh > 83 F % Col HmA Aufg » KHt
BABAEZ A EE B 03 b MR ERD - FHAHE
(ROS) 89T~ BARE " 40 I8 2 5 R 30 hudem B30 4 2 5 T3 E A
Ab#&4& 18 B & & % & 3R> 8,.4% : Endothelial nitric oxide synthase (eNOS) -
serine threonine protein kinase (p-Akt) ~ focal adhesion kinase (FAK)/Matrix
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# X E (Abstract)

An extracellular matrix collagen I (Col) incorporated with small amount
(43.5 ppm) of gold nanoparticle (approximately 5 nm) was prepared in this
study. This project was concerned about the interaction between
mesenchymal stem cells (MSCs) and nanocomposites for cardiovascular
diseases therapeutic application. The AFM surface morphology of collagen |
(Col), collagen-Au (Col-Au) was showed that the average domain size of
Col was 9.47 nm and the Col-Au was 16.14 nm. It can be observed the
chemical composition of Col-Au had exhibited more HN group cross-link on
original Col by using the FTIR analysis. Furthermore, the biocompatibility
effect (proliferation, monocyte activation, free radical scavenging ability) of
materials was also observed. The Col-Au enhanced MSCs proliferation and
promoted better biocompatibility compared with the original Col. It was
agreed on the surface morphology accounted for the general improvement of
all performance. In addition, the higher levels of eNOS/p-Akt proteins and
focal adhesion kinase (FAK)/MMP-2 proteins also induced by Col-Au. It
was suggested that the Col-Au can be related through the activation of this
signaling pathway promote MSCs proliferation and migration. We expected

that Col-Au can be offer as novel biomaterials for neovascularization.
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Col : Collagen

Col-Au : Collagen-gold nanocomposite
MSCs : Umbilical cord-Mesenchymal stem cells
EPCs : endothelial progenitor cells

VEGF : vascular endothelial growth factor
SDF-1 @ stromal cell derived factor-1

FAK : focal adhesion kinase

MMP : matrix metalloproteinase

ECs : endothelial cells

BM : bone marrow

ECM : extracellular matrix

eNOS : endothelial nitric oxide synthase
TCPS : tissue culture plates

FN : fibronectin

AFM : atomic force microscope

FTIR : fourier transform infrared spectrometer
SEM : scanning electron microscope

NO : nitric oxide
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BRABAEFAGERN > HEROFHRB LR THRZY > MEB AT
B ETARRENBRB FMAF BRI GA ENTRT R
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R d ettt (1) WEHEEG - 2) BEENER - BB ER
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WANPBE 5 TP R 4 i B2 KPRl 9L R E IR AR A R T
ILE % min > EHIKEEAE &G (Low-density lipoprotein, LDL) &k &
o TR ARG Bt e 0 kAT 69 R m R 0 3 AR e e
BN DENEZ P RIS (fatty streak) > sb & 5§ =PSB E Bl B2 89
MM BHHZE AR @R o MR LGS TN L aiEbh
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J& o BT 35 L B A e M & 3B A Fu 3 78 0 3 AR TR L4 iR B 3 7A R 3B
FPT A RET 9 AF AN e N & b TR AEE SR 0 X AR A By kAR AL BE
W Bk E PR MR o M REIRIRARILG E A [5,6,7] &
AR B Ak 8 P 78 WLEA B8 o o 4E A RE 9 4 By o R T R 0 i db dm il @ R
Wi K EIA - AR IR L aias I EG  ERTE NER N
A~ BERARAL ~ B R ARTR 0 BRI BAIREN B R E e B
BAREmE o RETROENE TAE A D E Bt o ERBREY

A [6] -

4, ERENAMELEHE - T E

}

1969 Dotter & B #| F % X 2245 5k ¥ o B 4545 B85 R G B  F TR
% 0 £ 1977 s£35, 1) Andreas Gruentzig B &5 & 25 & 050 52 A7 3% Mt
ER¥ O BBERANERITEALETN T L R BALEEETRE

Bk /3K #& 7k 4t (Percutaneous Transluminal Coronary Angioplasty, PTCA)
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F 2 AR AR A Wy F+ B 69 BT A 7T 5] B N R dm B 3T R WL de B 3B
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BAT X B — A RNAMSBEME B [13] ko fT BI844714 B8 F
IR TENNE R A= oo et

—~ FRBALRS

l.éag 2@

M4k T 42 (Tissue engineering) &9 & & AR/ % A & B AR
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RZGRANH S ZENARABRZIT - bIME B AL LT AELER
S R~ BREMERM T [21] RAAMREH AR BEN LY
raEE s EBEFERBT ~ FABEE - EHEROBREUARLS T
BT B AEReRSCRAEMELZEEME @A [16,65,60] -
HAEREEMRERERR HGIAE A » FERESZ RS
Gl EGEMES  TRABZHUEZLN N Z > AEHT N
(electrostatic factor) ~ #i7k42 (hydrophobic) #13t/g4¢ (covalent) ; &%
EOE ke I ko R ER (Lysine) KM McEE (argining) # % &7
& PH BB TR € T A MBBHETH c MBAKREAEZRAES
H b ey JEm ik B BB o & BkEE (tryptophan) ~ #ABE#E (valine) - & Pk
(leucine) ~ B & B8 (isoleucine) FnflpzEs (proline) % - & & H 8 5 kK
ARIEEESR T (KA 1 nm) > BRRNEA T Z 0 IRAR A H 0
KM EAVER N MA-2EERN ARER SLAEAE LA FA
B &% (methionene) % & ¥ BLAzEE (cysteine) e WM m L B4ELE ™
Mk — M H Y82 &4 [14] - AR RN EHAMELZEA T — &
R ZMAR st A B J 80 — A2 & ka4 [19,20] 5 Hung etal, Hsu etal,
Tang etal ... £t R T E > 4w A S K 2R A 5 » FAHRHEE R Wk
B MR~ A AR B RER ~ LA RER ~ e IR BT A RR  Hitte
fod kAR e M L2 A YILEBEEEZNERNENSME R 4
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A% RIFe) RIE [47,50,51,61] - B bR LN RBER LS K22 5
L B T RKke MARARZEZ M -
AREAFSAHNEMEB AR GHEN > AEEBERR
(surface plasma band) AR &k & 5 $27% G G &6 % - B & sb A& 45 M AT LA
ZREFHMAZFZRALEMBIMAERL - TFRENGEM T T
BT LA TR B RA SR R B AR R sk - el
AXMEZHEELETRNE c ARTARASF@BRETREARARE ;
Bim#Emmey b ~ 84 ~ B > b~ @A T ~ Rl FRatE
A [22]c e BB T B > RS KRR THIBA LR
RzP A BRI REG T B o 735k s i 1 & My KA 2 BB R E 3 3
Hmfp i [23] R kAT HRER N et d e B TRES
AEREN ARBEZIBY ANARERZ RGO ERLESE &
B Ak ek GEE#ESA 174 ppm to 174 ppm) Ao A B B fS
(polyurethane-PU) 2 ¥ & 3% it 2 & @M AR 4t o Bif tm f3S BN %
FEREZ PU-Au 2 b8 & 4a L Bh 38 4 BB IRE N A M RE
BB H AR A 43.5 ppm » = 3 Ju e B, 2k ) 78 M B D B 4 L Y
REME [24,25] HtRERER X KRS RFEA Lo X8R -

AR ST AL — RN E BE B2 PRIFGEBEHHK -

R R



3.1. fa ik 5 dm B

LAMEF > Theapadmme @A AhEaARER  m
B A FEERIRE T > RISy TSR A —EEEE - 2
Y m BB EF b R AT RERA G EM > — T b
B, 6 AROR L35 B e B L 9t B, o {2 AR 3 £ B RRARE B R e SR A
REAm A — LSRR N A AR (o - N ST I Ab A8 4R 04 e i A2 A8 51 38
REN R E  URBIIERBREA TR @ EFETHwk.. ) B A
SobgEREE R T 4R B B AR e i 7t 48 4% T2 (Tissue Engineering)
x4 e 75 7% (cell therapy) JE R &9 FRA] [14,26] » &30 F % S sa ik T 4251
R R e F ek 0 et B R/ATAE (self renew) fE X AFMH B A
BIRG@BRBHBRT A — AR & -

BRI REFTAR @R EEERZNAE N AEWKR  of
P 0 BEE S AR K SLTA B B Ak SR AR AR AL AR B A S A o AE 69 1
A[27] Bt Ao B AR IEGART T BORBRETHN K@
ERAEMER - LU S B @B T RH T PR RGN
RN bE 2 % TRASEREHR Rtk 2R31HG
PR 4 B3R L AE ) A T > Bk m FRH] T a8 B e R [28,29] - B4

TR AR ANFE b 8 S R B B e L B B PR R R, 0 AR AR R B AR T A2 il dm
fe bRk £ R0 —& [12]

N & AT E&4m i (Endothelial Progenitor Cell : EPCs) 757 s A H B
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T m im0 R RRAM @IBIER LB RN Kl [30,31]
iz tbtm B e S A BIN 4 RN R e e B [30] & B P9 R R AR BT
e THF TR FRERR FREBMIEEALT Sh
#k 3t B A A B BE &) integrating [T ERIEE AN w2 P4E A KR F
By b3 m > REMASAE AR N R a8 R 0 {2 f # 545t EPCs &) IR
BER T eEhstialt o FFT R EIRGGEKXF AN EZ
b fa EBAED (4 E <0.05%2 & hif) B EPCs #4169 2R A
Yo f TR LR £ B AT AR F3o ERANILIFATA &) 3& ¥ ba i 3
T4 # EPCs» FELABE VBN F ML b R EIRAEA
AL A B B0 dn B R 4 B SR BRI B Y R 4a iR RO RE A1 [31] E4E A
sbdm B 6B i B R R AT € A PTIR B R ESE > RL ARG RER T &
BB A i e A E
Fl#E#amppm (MSCs) B B R &M £ EofbiEse [32] HBE L
Z 1235 (CD maker) CD105 ; CD73 ; CD166 ; CD90 #v CD44 % & 2 3.5
PERJE ° MSCs T A Rl e k2 o B R > 38 B84 6938 K 3R
BT HE bR E & tafgF8 A fldo B éafies ~ P & 4o B8 ~ F5 B 4 B,
[28,32,33] - B #5A4 MSCs ;XL RR > BHET HIbmBN K take
(endothelial-like cells) [28,34] » B BT B #E 2 £ 2 4a 5 (Bone marrow
Mesenchymal stem cells, BM-MSCs) 8 XA &z NGk X d 36 4

ZHRPRYE  BAMEFRME SRR @R CRAERNEZT
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G2 4225 o M AE40 8k P B X B B £ #4882 (Umbilical cord
Mesenchymal stem cells, UC-MSCs) » HERF % 5 » BB H R FELBF
B IR X AR A MR B > B R ARMEA S A SH I (major
histocompatibility complex, MHC-1I ) & human leukocyte antigen (HLA —
DR)#LE > MABAREH AT ZRIE > &7 UC-MSCs & — 14
H A A AL 0 fm B RR [28] o
32mpsb g

5 B8 &3R4 AR IE K A 7 R A B 09 SBAT BB IAT RO Th AE 45 A A
AR EMARRUMEEGH ¥ ECM RET 5 REM@B K
5 Ao oA 4k 8 d iR Ae Mk B B 948 [34] o o {2 4e Al B SN B0 22 B TR %
min itk A e B RaH REN RERERAIT R ECM [12] - 3
PLHRA Y m B BE R R AT o 6932 8 2 % 0 ECM T —RBRBEHS 55 F
BeW AEXRFNBEPEETHARE  ERERLEAGREBEAG S
F A 4B 8k T R R 42 B & & (fibronectin) ~ MK & (elastin) ~ i 5% &
(laminin) » A B BB & & (collagens) [15,22] - P % B ~4afn ] i &
F@egE B ECM & 4 524 s 4T X 24T A R I AEZ 3AE o 4o
4m i 4 Y8 4% (migration) ~ 3% 4 (proliferation) & 44t (differentation) > A
ECM TRt bd iz a3 MG % A KB T R ool 5 &M &b
Hes P #1249 &Y 3R B 1% 3R [12,15]

F b L F R AR TR AE MR R CHNE T4 ECM &y

12



MR E G E AL MR DB R AR @A T &y BARR %
S FEAT A & A AR T DOR AR ABRAE A R B4R - AR e B REVY A4
FEPUTIE T AR > MRS S Al E A ECM ey 43 1 R AT
Mt k@ AailEE (1) HEME (EiRge B A -
) (2) R ERIR bR T R @RI > XA (3) &K
MBS A BVE [22] -

3.2.1 BR& & (collagen)

BREGA BRI G @BINRE  RACETREGMESR
WEHEG > BAMmENERER EMT oA [363738] Ao T8
A AR S RGP A i X Z IR A% > b =R AR IR AR ]
B AR — AR AEER [12] 0 RHE S pEaksd B = B AR E A — 1B
glycine » M proline & hydroxyproline &35 ik &#5 81 & 4 L = px 38 5% 4%
T ERBRRANCEDEAPOR R CERE ) TRAEERITH » R
MmAa TSN TR RE AR pH~T.4 85> B8 R A IR 44 37C o
BB & a1 g Eaml  sbif R T K da i 7 AT S AR S ER [38]
ERBAEBHHZ T - BREOTEEABTLREN RS AL B
(membrane) ~ % #k (tublar) ~ #4314k (sponge) ~ % FLiK (porous) ~ #y K
(powder) ~ Z #k ey 4k 4k (fibrillar) B E 44 %| (injectables) » B AT & i &
A b dn bkt ~ AP EE - WRET - BTG RO - B - BRA

IR AR E [12,39] ¢
13



BREEORL2LIERMBE £%2 {724 A type I collagen & x >

WM

R L RBRBANG AR POBERES  GANRHESGMZ EF

NS

i

~N

g
i

EREBENEHEAE BAF AR REARLARL

i
e

3

o 51

s

2y

o

A REFAE > B E LA RBREEMIRES KT AM

UU}Y
D>
&

=

k3

P R 69 B Sy PRk BEE S B AR [40,41] 0 ATRAB AT E K BF
% XEKAE collagen A N f 8 B A B2 % [24,2547,50] 0 BB R &
B A BIRME AR K EF ARG i R BIR > FIBF L BER RIFX 4
W T AR | 3L 7T 4o collagen #EF & —FE38 MY A T o B 414 [40,42] -
SO R A AR H A AR A (In vivo) A4 (in vitro) F &
3, type 1 collagen £ 7 1836 7T 2 B o 4 37 4 6y 2h A5 > 15 T AL YL % P9 ¢
ta i b2 B A E 3% B (integrin receptors)f A8 B [43,41] o &RERL AR EY
EMHRARY > CAEF L EEF ARG EHEBREGERD
d X AR L o plhe 1986 F o BB RABELEE AR REGR
BRI B EEYR [4]- AREAFHIEE collagen RAv N H AL 5
» F 4o : Poly-Glutamic Acid (PGA) and poly ( lactic-co-glycolic
acid)( PLGA) » 584t % X 22 2 #ARIEE [40] - Bt > BB R T
bR EAEMEEE  RAE T XRERTHETEAEEN  MA

collagen 75 & 40 8k B4 X 22 &) — B G800 & 5 F £ B4H [40] -

3.2.2.8 4% & (Integrins)

)

Integrins & ix FA#&#E R m o7 ECM EREM e B2 B> £ —i8 i dm
14
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B sh AR E a0 F R X B R B0 TR ¥46 % G54 & a-subunit
& B-subunitn A7 48 ix 2 B #1552 (heterodimer) » H ¥ism i sh K H S H 4
mip k@ EE S mAE PN collagens I alpl, o2Bl, alOpl,
allpl, avB3...5 » &M e fimin i ~ el ECM R oy & 4E A
[22] -

HEEEECM T v S EAF R IRARF I fehtalin k @i B
MAEHAME—HOELS AP e TR ARARLSEAERNES K
& — BBk R IRER T 7 R B B - B BR - R AR ER (Arg-Gly-Asp, RGD)»
WG FINF S s RE r FPHAERER > o8B EEERS
(fibronectin, FN) » B R % &G A &% B2 & G (laminin)... % [22]- MR A
XFRiE bR T X R e BT A AN > AHMmBpE L2 avp3
TEBRBFENRGEEZREN R EFREnRZI AN P AL
BB TR AR B & e e PSR - 18 A dm e 53 A Y A
o FERRHAEZ MR o tminde ECM 8948 ZAF A B 4 4 B8 4] fa i 5
fo> MEHA > HAMBR > MFF S ECM Rl ta it £ 54 F48 24
A S fitmpn AR B HF S IMRGNE Gt Ly ¥ S FAER
MM AIE e e, 0 T A F 14 iR F &Y focal adhesion plaque (—FE4R A1k
&8 22 % G BB » T 635 paxillin, talin, vinculin, a-actinin and focal
adhesion kinase (FAK) #8454 [59] » i# Mm% % GTPase RhoA pathway °

oA MAREE o5B3 integrins ¥ dn B P9 & 4 i3 78 P18 8 B o B 37 4

15



A48 [58]

E-hBRKES

BAoME R ERR T LS & A A P B R & 5 T A RERT
o B = AEFEA o — B I A %A eY Teflon ~ Dacron ~ polyethylene (PE) ~
silicon ~ polytetrafluoroethylene (ePTFE) #v polyurethane (PU) > jtf&
Mo EE A ARE B2 RAEME AN RO (>4 mm) ~ FHRiR 6 F & B
2 EHEERY > AR O BTl ZHRETRSREENY
M EAo B EEANET e h® BREEKRE RMBE [45] @ F
—F& B o AR A R fpoly- L-lactic acid  (PLLA) ~ poly-lactic-co-glycolic
acid (PLGA) $# AR ABHEZ SN HNER AR AL Z AN SR

HEREME 0 R B A R BRI R E L 0 MR XR

FZMARRAG S FHHOEBRES ~ HERAL (Gelatine) ~ 4
#&k G~ ATH (chitin) FEABSeEMBENET § il XRE
{EMARE T D RAR R > AR EARRT R » MBE A BB X R EHE
HZEAB@SmRE T D [45]° dsb™ 40 B AT & b T @ L AT A Ak 69 o
EH A ER R B E R AR N EFRA B E L BE G R nk
HBEGHARRKM - Bk ol — R hEak T2 E 2

FERMEEVER T —AHLAMRERTEEEULE ) o ffiFa
16



-

AR A e 2 A 0 B AR A M R A

P AR B DA B R N BRI R P 3 AR 0 SR E IR AEHLAE K~ AR A B SR

W}

[46,47] -

K R B 4R

Mt R R BBT UM R RO aG e mipsb i E > EmRS
FamE ) CAXRIEE MR ERBAR KR THE TREREREN L
38 5h [47] BT fut & S B AT EE AT R B R A BRI X
BAS TR - BAMRARKEM N m A R b TSR 2 A A B
M E - KB (hydrogels) & & # AR g (tube formation) sk &)
WE o Er 4R —sbA RRFURMBINAE MK > ENAMAS L%
TR B Rt @i LR A8 IEE (48] LA IR B E KA K
B R d@A A MM E ()40 ¢ Arginine-glycine-aspartic, RGD) » 4. ¢
Whnta BB AT o RAF S A TARRZI AR EBEAMIERA LN
4afi 77 & > Hung et al. 2001, 45 & F 48 A — 2 & o0 F 2R A A 05 F 7T 3%

HeN R afa g bt ~ 38 A ~ AR HEE R 0 EILIFER o

Table 1: Summary of key materials of vascular tissue engineering

Materials Effect Cell type
1. Poly(dimethylsiloxane)(PDMS) T cell elongation ECs
2. Poly(caprolactone) nanofiber 1 modulation adhesion ECs

17



3. Nano-bionic surface modification 1 blood compatibility ECs

4. Poly(L-lactic acid)-co-poly(epsilon- T viability, attachment ECs, SMC

caprolactone) nanofibers and preserve phenotype

5. Poly(methyl methacrylate (PMMA) T cell-surface interaction ECs

and PDMS nanopatter grating

6. Poly-L-lactic acid (PLLA)nanofibers T cell guided aligned and OEC
proliferation

7. POSS modified polycarbonate urea- T endothelialization ECs

urethane (PCU)

8. PCU-based nanocomposites polymer T anti-thrombogenicity, ECs

incorporating POSS nanoages and biostbility

ECs: Endothelial cells; SMC: Smooth muscle cells; OEC: Outgrowth endothelial cell

Reprint was permited by Hung et al. 2011

2. e g TSP mE K A8

BB hTARTRYARLTESR 2R CHHRARSEEZ
REME > AFSAEBMHFIRS S ALT @i AT 2K i
SEE 2N FEEREN Y TREEmiE L RIE  ERMUSEKE
MEBFBE T FREERE @A Uinikiain & A Mk
2R AR E la e 3R AR KRB F 0 Mz AR B 6912 5%
ST WEEERNAE  —2HRERBUR R T AR bk Bl E H be B 5

B eIRE ) o BSNARE S T mi R SRR ES TR E S THRE

SN

4 [47,49] > Hungetal. ... 5 R ERF) 28 R L5 O 28 Bl ba B Sh AL 8 91 4a

He B B 35 o TR o B R e T
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Table 2: Molecular and cellular interaction between nanobiomaterials and vascular

microenvironment

Nanomaterials

1. Aluminum oxide nanoparticles

2. Cupper nanoparticles

3. Nanostructured hydroxyapatite
(HA) crystal

4. Heparin-binding peptide
amphiphiles (HBPAs) nanostructured
5. Nanostructured PLGA

6. Nanosphere-aided targeting of
mutant Raf-1

7. Viscoelastic nanocomposites
8. Poly(glycolide)(PGA) nanofibrous

9. Polyurethane-gold and silver (Au

and silver) nanocomposites

10. Carbon nanoparticles

Molecular mechanism

J expression tight junction protein in

brain vasculature

T regenerating crosslinked and fibrillar elastin

matrices
T FGF-2 expression and promotion of
angiogenesis
delivery growth factor to facilitate

for islet transplantation

T adhesive proteins adsorbed

(virtronectin and fibronectin)

regression tumor progession

T VEGF-R2 and TGF-B expression

T VEGF-R2 and integrin V expression

activate FAK and PI3K/Akt signaling, T

cytoplasmic Ca®" releasing

induced platelets activation and enhance vascular

thrombosis

PLGA: poly(lactic-co-glycolic acid); VEGF-R2: Vascular endothelial growth factor-receptor 2; TGF-f:

Transformer growth factor-beta; FAK: focal adhesion kinase; PI3K/Akt: Phosphatidylinositol 3-kinase

(PI3K)/Akt; Ca®*: Calcium.

Reprint was permited by Hung et al. 2011

R E B E AT % Polyurethane-gold and silver (Au and Ag)

nanocomposites ¥ # B EAF A & 4a it AN AR L > € 3% Jo fe B RE T

oAtk @ ey AE 1[24,25,59,60] 0 TTREA B A &

A L e B AR BR &
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1% % B, Fo) 45 B TR L3 v fk 3 ARGRIRAR BT B 0 N R e i @R R R AE 3R
23818 K3 A MR IE 0 — & NO-dependent 1k % PI3K/Akt 3 8 3448
¥ eNOS » M3 NO 2 I > REN K B a k3 > mAY 4
#e 474 B F-la (SDF-10/CXCL12) H % CXC #ALE Fo—F M 8 - »

SDF-10/CXCR4 48 ZAF A F » BRI EFORTHENEELE O -« o F

o

BRACHKBARRXZEZ A E - SDF-1 7T & & /& 1t activate
PIBK/Akt/eNOS % & W &k a3 A 1 77 7% [80] - 5 — B 12 A
NO-independ pathway - #k % 32285 (FAK) 2 48t 8 2 Bg4k a0 BE - 2
tmpn b K H (ECM) /35 F 5 69125 57 18 35 41 4o 0 3B A5 48 Bl 4o L JE
4% & (Integrins) [80] #2 448 45 414 3% /v FAK>RhoA # MMP2 &
R M AT [24,25,40,52] c Bk Lo E e AR K Y
REAFRBETARAH G FEBEER TN E - RO ESEE IR -
LEEMEA BRI T At TR RAEHAEMG KT
B g tabo s b g A o B AEAT R A AP e 6 A AR R AR A &
ta BRFE TR AE 71 0 AP ] S AR T Ak o dn A T AR 2R 3 o A AR B E 0 A BB A R
AR ENENEE BmpT adikask iz i#y 3k
METURERLEF AL AR RR BB S b E o) TREKRY

B RS m SR R R AR R R o
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Bt MFEHMABEH
ROHMEREZLES rARE—ARNFERE B8R AENMA
MG B EEAREIRIETRAT » A A e X 2235 o B 435 P50

ITFMRBREEZ LGN EHRT > A &N AE R as

&

{25
IREBAEBRZAT Z  FRARS KT LA RATET O RAELE BAH
AkeuF—ABREAH ERmp ALY TR 2R K
Flafpd RPN R M Z alo RIE ~ AR Emia st - B HE
—F b A BAKRAE BN et L b Hmiamik  FHE
Pim RIS R L 0 BB A RE N 0 LUR B B T d B SR R
MAZBER  MAAK TR EQBEERBAFRZARE > EMES
BREASBERERANALOE XBRBHEZSF 0 EMBRHERT XK

\ Fr
Bk m g o
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R—F RARI %
8 KM
1. $i%
FEx$)4 & Sprague-Dawley Rat (SD female rat) B g 4 /& 84 27 %} 4 4+
Bty A PR » &) (BioLasco Taiwan Co., Ltd) » T8 42 € 5 B &
250~300g «
2. smpik
ARG S min 4% MSCs e ad o it d > mink A RHA
P8~P20 X, i o
3. B & A

A. w3 R AR R E KR F

Fetal bovine serum (FBS) Invitrogen, USA

Hight glucose Dulbecco's Modified Eagle
Invitrogen, USA
Medium (H-DMEM)

Penicillin-streptomycin Invitrogen, USA
Sodium pyruvate Invitrogen, USA
Sodium bicarbonate Sigma, USA

Trypsin-EDTA Invitrogen, USA

Human Stromal Cell-Derived Factor-1 alpha Prospec, USA

22




(SDF-1)

Recombinant Human Vascular Endothelial
Prospec, USA
Growth Factor (VEGF)

Global Nano Tech,
Au nanoparticle solution
Taiwan

B A SRR AL,
Acetic acid
Japan

Collagen typel BD, NJ USA

C. &k (Electrophoresis) & % 7 % %% (Western blot) XE| R a8

Acrylamide-Bis (29:1) SERVA, Germany
Ammonium persulfate (APS) J.T.Baker, USA
Glycine J.T.Baker, USA
Methanol J.T.Baker, USA

N,N,N,N-Tetramethyl ethylene diamine
Sigma, USA
(TEMED)

Phosphatase Roche , Switzerland
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Protease Inhibitor

Roche , Switzerland

Protein assay kits

Bio-Rad, USA

SDS-PAGE  molecular  weight  standard

Prestained marker

Fermentas, Canada

Sodium dodecylsulfate (SDS)

J.T.Baker, USA

Tris-base

J.T.Baker, USA

Tween 20

J.T.Baker, USA

Western Blot detection reagent (ECL kit)

perkinElmer, USA

Coomassie brilliant blue R-250 staining

Bio-Rad, USA

Gelatin Invitrogen, USA
CaCl, Invitrogen, USA
a4

Actin mouse monoclonal antibody

Cell Signaling, USA

Phospho-Akt antibody

Cell Signaling, USA

Phospho-FAK antibody

Cell Signaling, USA

Phospho-eNOS antibody

Abcam, USA

Phospho-ERK antibody

Cell Signaling, USA

24




Phospho-RhoA antibody Santa cruz, USA

Phospho-Rac/Cdc42 antibody Cell Signaling, USA
HRP-goat anti-mouse antibody Abcam, USA
HRP-goat anti-rabibt antibody Abcam, USA

D. &EHuas sl

CD29- conjugate PE antibody MACS, USA
CD34- conjugate PE antibody MACS, USA
CD44- conjugate PE antibody MACS, USA
CD73- conjugate PE antibody MACS, USA
CD105- conjugated PE antibody MACS, USA
CDA45- conjugate FITC antibody MACS, USA
CD90- conjugate FITC antibody MACS, USA
Jackson
Fluorescein (FITC)-conjugate AffiniPure Goat
ImmunoResearch,
anti-rabbit I[gG (H+L)
USA
Jackson
Cy™5-conjugated AffiniPure Goat anti-mouse
ImmunoResearch,

IgG (H+L)
USA

25



CXCR4 antibody

Santa Cruz, USA

avp3 antibody

Santa Cruz, USA

NOS3 antibody

Santa Cruz, USA

Flk-1(VEGF-R2) antibody

Santa Cruz, USA

4,6-Diamidion-2-phenylindole (DAPI)

Invitrogen, USA

Rhodamine phalloidin Sigma, USA
E. HtbX#E
Glutaraldehyde Sigma, USA
2,7-dichlorofluorescin diacetate (DCFH—dA) Sigma, USA
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
Sigma, USA

tetrazolium bromide ( MTT )

lipofectamine Santa Cruz , USA
VEGF siRNA Santa Cruz, USA
Scramble siRNA Santa Cruz, USA
Calcein-AM Invitrogen, USA

Quantum dot

Invitrogen, USA

Hematoxylin-enosin (H&E) staining

DAKO,USA

Monoclonal Mouse Anti-Human CD31

DAKO, USA
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Mounting gel Invitrogen, USA

4. TR S AHH

T B/ K E T+ (UV/Visible spectrophotometer)

#& A4 ¢ laminar flow (HAG-120, Chung Fu , Taiwan)

7K 75#% ¢ Water bath (WB212-B2, Chung Fu , Taiwan)

4a B B S A% centrifuge (X-22R, Beckman,USA)

2 B 4x © Fluorescent microscopy (ZEISS AXIO IMAGER A1,USA)
18] 3L BB 4% 4% - Phase contrast microscope (ZEISS AXIO Z1,USA)

78 X EFBALLEE  Scanning electron microscopy SEM (JEOL JEM-5200,
USA)

—fAbmk tafa 3z & 45 ¢ CO, Incubator (Thermoforma 370, bioway, USA)
W 4% & %4 %5 ¢ Orbital shaker (Barnstead 4630, Taiwan)

&8 'H Eké : Protein I (Bio-Rad, USA)

A H EAERMEE SR | Power supply (Bio-Rad, USA)

B A E G Y &% % Wet mini trans-blot cell (Bio-Rad, USA)

R R 4@ A5 1% - Flow Cytometer (LSR II, BD, USA)

94k \m Y E 4% ¢ Plasma treat equipment (Openair®, Steinhagen,

Germany )
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##0k ¥ & 4t © Intravascular Catheter (Insyte™ Autoguard™, BD, USA)

R TBWY*®

— ~ BB R oM &R EH
1. ¥ #B R & G-2 (collagen-gold nanocomposite: Col-Au) 2 23K #
At B

Collagen typel (Col) a8 B BD ; # Col MUk 1% 2 02N 2 E %
MEZE 05mg/ml - F&FAIMA 022 um BIE &HBEBR > AITRARRAZ
F—RBREG (Col) B2 kA& FR (450 ppm/ml) Bld &
# & b Global Nanotech Industries 2\ 3] Fr324s » #| B & FRAM4EBR 2 1
HAZSES 47 0m (F3 5 nm) s 22 0.5 mg/ml 2 Col-I 4 4 k 440k
AR IR A 43.5 ppm 4R 0 LRI A 0 AR B 0.22 um @R & BUE
Bt RAXBREEG-2K% (Col-Au) KRB ESMIER -

TR YA R A RA M AB BAA Lz Col-I-Col-Au 2%
o BB AR R R R ORARSEREHRR 1S mm X BB A R ie g
BB HE 30 paEX AN RKR ADEBAMN  BEEREHK
R 3k LA PBS b ik 1~2 R0 BP R AR B P AR A X ARG R A 0 &
#% AR BT 71 2881445 (Atomic force microscopy: AFM) #1588 ~ #i5h i

BAREAE > UBEERANATEEEBRHMERZA -
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2. I ERIBL IR AR FTIR) X THEA M
R 59 A R 418 3 3 R a4 SP 4R B3R (Attenuated Total Reflection

~E

=

Fourier Transform Infrared, ATR-FTIR) =& #] R & w4 % 1@ 1% K 7] 69

CRES Y e Y E N RIPONCT U E P SR £ T

‘&

LA EMEAF R BT XA EABINHANL YD » BT o4k
BB E A BN E LIRS T RLATEE R B AR R SR 9 REE AT
TR R B S TEMBZESTA > Hibo R R EA TR 9IRS
T4 HE

AR AR B W R AR R @ % &8 Col-I-~ Col-Au A g
o MR AR R @EEMF > NERTAA ATR-FTIR REE > FH
B % 600~4000 cm ' - HEUBRER@TARLNLY  FAMKHKEME

MR

3. TRAVRM R A IER 5 T8

T RARSE IS B R F R E R B R ey R A R
o FhEEE R AR ATRAE =@ % 0 5% 4: ddH,0 -~ Col-I ~ Col-Au
ik RB 2B B k&S 190~1100 nm 2 [ o & e E#F K (ddH,0)
FRF ARG BAE A KEAN B KT LB — T m K R E R
HEBE > B E % ddH,0 B AL 3 & R 2 4 A background spectrum -

7R A% BAR T B & 518 sample 2 R Yk K 5 3 BB E R E) sample %
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%L ddH,O Foka3m e  BELATMERE ™M TEEIE - REFA

originlab #k 8 54 E 1L #IE -

4. RFHEBRSEBEEMZBHE

J& F 71 22 82445 (Atomic force microscopy, AFM) T #1284 3k 424
% Collagen %& @ #& (topographic) 44t 4% At # 4% 449 Col-1 & Col-Au
BREHPEANEB R > REFETRLE 12 N REARTAEZ
RRAR S W 1B R S 50 B I AT 50 7 R B DAL R 4 P Ak B0 R\ Y R B

=~ AR E AR
L. 30w B E e

B S e RORBIE R AT B R 0 B iR A X e i K
% 8~20 4% > 32 &7 10 cm’ dish 32 % » £ A 2 3% & % H-DMEM % s
48 7, 10% FBS ~ 100 U/ml penicillin-streptomycin ~ 1% sodium pyruvate
(Invitrogen) B Z3% 78 % 9 4% (4 3~4 R) 14> 24 0.05% trypsine-EDTA
Fim B BT 484X 0 3B 37C ~ 5% CO, ta 3 R 2+ 0 AR A
R Z A%

FR@RA 2x10° Flapd N minis 4% e8P L EMH ERR

gy 2k A EA) £ B growth medium ¥ &% (4 8 /N8F) > [2 B A5 Rk Bk
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2 bl B f5 R 0 R kA 10% 54 F 232Kk 0 1 ta la LR (serum
starvation) 3% %& 24 /0¥ > 3% B 3 growth medium 7 3t B 48 %) P 5 7
me A% & B F VEGF (50 ng/ml) & SDF-1 (50 ng/ml) 3% 2 XK » LA4R i [

¥ a2 ik o

2. BRMERmBEZEABEESM

FARXN @RI ez k@& a > L 0.05% Trypsin-EDTA
(Invitrogen) #¥ %= fe 3% R M ECTF - #1A PBS Fk 2 R O 2 tm it b
Z 3 AR P kg% B0 1000 tpm 05 A48 3 £ bR Au 50ul PBS
B 4m e B B e Sul 2 & kiigE (CD34- CD44~ CDI105~ CD73 ~
CD29-conjugated phycoerythrin ; CD45 ~ CD90-conjugated fluorescein
isothiocyanate) % % T #¥ % R JE 30 448 > 42 24 500 ul = PBS &% 4
i migE R R @i®& (BD) o470 LRESH —&ILB @3]
FITC-conjugated AffiniPure Goat anti-rabbit IgG (H+L) ~ PE-conjugated
AffiniPure Goat anti-rabbit IgG (H+L)# & ¥ %] 4 » miEA CD marker 2
B A g B o WA B e ik & & G AT & 3,2 CD marker ° 1%

FI A FCS express 4 #k8% > 547 € = a fo fE L A7 & 32 CD maker ©

3. tapa s X5 (MTT assay)

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium bromide
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(MTT) B%E > B2 ¥ ek 48 & 885 (dehydrogenase) %
M R T e ig R o f£ 96 wells thta a3t R BT oA 9 @y il A:
¥Ed 4 ~ #h Collagen & Col-Au #4954t = K& » IRF—Ran /=
gt g B4 R 32~ LA VEGF (50 ng/ml) s, SDF-1 (50 ng/ml) & 32 &4 %= fiEg,
AR well Fhon 4x10° B sa e > £ 24 ~ 48 ~ T2 NEE2 4% 0 B4R
well AaA 100 ul MTT (0.5 mg/ml) &% BN 37 C&5581%ER 2~4 | \bF
Z 4% B/mA 100 ul DMSO & J&E 15-30 4-4% ; 24 ELISA reader 3 E 570
nm &KL 0 ARAEF B A H R E - UERAZRIEMER

UHBEZRAME P EmipZ 8Lt -

4. s/ RBEMI R BB (Platelet activation test)

44 AR 3 & glasss Col~Col-Au 2 43 & & B 37C/ 5% CO,
g AA T LN BEBRA 2.5% RoBERE R MRE EE D 8
JNBF 0 PBS iRk d k4% B Bl BA 309%6~1009¢ X B R PS BCMERR K

B4 HATEE RELEE R4 » IRE SEM B R /E B fo MR Z BEF £ o

5. Bk iEILiRER (monocyte activation test)
A A iR BAZIR A R AR A AR IR B 2 e o DA BEPT AT 0
B 2 Mk (420 ml) 2 PBS ##x (tbf] A 1:1) > B 15ml o %

e 3 ml ficoll> 3w A %) 9 ml PBS # £ fni% > 8.5 2000 rpm> 20 min >
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* M o 8 & 3t B buffly coat > 3 % oA PBS ¥ —=k ° #& 44 LA trypan blue
WME a4 T > St Emin > HEA AL P &4 10% FBS and 1% (V)
antibiotics (10000 U ml/ penicillin G # 10 mg ml/ streptomycin) &% %
TR B A IX10° B B4 | ml 8 be AR IS KR m AF B
Col 2 Col-Au z 24 well plate » 4 5|3% % H 37C 5% CO, #93% &4 96
B NBFAR B > 30 0A trypsin #F e ety 24 well 58T R 0 sk ABESSE

BRI EERI B e ] o

6. #mpa R fE L BE Mg 3XBR (Cell morphology and Adhesion ability)

#) B 47 4 X, E F Ba#44 Scanning electron microscopy (SEM) #3 2%
MSCs 4 E 7B Bbt b2 A A6 S BE M 45 7 < 4% 110" 38 4m i 32 & 7% glass
Col ~ Col-Au Z ¥4t £ » B 37C ~59% CO 3448 P4 48 /N0 >
FE R 2.5% k=B EEHE MSCs Bl € 270 8 /)\8F > PBS iv e R1#%& H
25 2L 309%6~100% 2 7B A5 R FE S B MERL K 0 i 1% SEATER R BE S0 KR » B L

SEM #1844 8] MSCs 7R 5] A b £ 2 B fE -

7. e FERALE
B 1x10% 28 MSCs #& 4= TCPS ~ Col ~ Col-Au Z & # F » Z» 37C -
59 CO3x&sa P Ak 82448 )\oF4% > APBS vk =k > #

Z oA e 4% 48 E#k (paraformaldehyde, PFA) Bl & e 10 44% ~
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0.5% Triton X-100 in PBS %% T K & 10 4% ~ xA PBS # ## phalloidin -
MRS 3 2 1:100 2 35 58 4 BI7 £ 8 F B R JE 10~20 442 - 5 1% & PBS
# % DAPI (4,6-diamidion-2-phenylindole) # &| > &% T # 8 R JE 10~20
NAE o DAL AAASEER S A PBS bkl =k o A HF 15 mm 23
RREWAIE A L BE A B (mounting gel) 344 > 3 A48

MBS R 0 AR BB ABEMER R L0 T 2R -

8. BlEFEMEEALME (Reactive oxygen species)

#| A %% k% 4t DCFH - dA (2°,7’-dichlorofluorescin diacetate) #4T7&
M@ FA e E MR DCFH-dA R G2 AE N > TUB B FiB
Heu ft > e v YE N 4 i P 0 A 4e e P9 &4 AS A% BB /K R Ax, & DCFH > fn DCFH

BILF @R > ERRRERE L K BB @A > miam e EILd R
1e# 8 =T sh AL & % k69 DCFH> & s A & & &9 DCF (dichlorofluorescin)
HbErAR A DCF 09 % RIE R AIT T Atmla M E ML AZ KR -

4% MSCs & R FE &4 (TCPS ~ Col ~ Col-Au) FERZ&EoEF » 24
PBS FtapamR > BEoR AR EER > B A ROS #&- DCFH -
dA (20 uM) 54 500 pl - sb4MEH — % blank R v F| > 3t AwA 500 ul
2z PBS > # sample & A 37°C K54 & B L RIE 30 548 > B AR
Btk (flow cytometry) 48] 3t 547 4a B P9 /& M AL H a9 A FH - AR

#1 A FCS Express 4 #4275 €£16 ROS 2 %3}, F -
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E bR ABRBREAEHERR
1. a3 #4ER (siRNA Transfection)

#| A lipofectamine #% % (transfection)’ 44 VEGF siRNA #& 2 A\ MSCs

\:P o
Sequence Sense Antisense
Santa Cruz
GAUUAUGCGGAUCAAACCUTT | AGGUUUGAUCCGCAUAAUCTT
(29520)

# MSCs 22 2x10° B a o #2444 Col~ Col-Au 2 tm s %5 > &
3T C3 AR B /NEF o LBt B LRE A3 R B > F AT -

# VEGF siRNA #1 lipofectaminet 78/& 54 1 1 2 Z (LR EG > ##EF
B 30 548> BB AFXIBRBAM L] 1000 HEBERSHE &
EHmBRAZIBERSL  PBS FRAZRBMWACREFZ
Transfection ;& & 32 % 4 12~16 /N85 5, VEGF & & % 34| = & 2L PBS
FHRZRM% 0 BAF 10% FBS 324k 3t B 5 R0 45 £ 2 M%) e A
SDF-1 (50 ng/ml) > 3%% 48 /\BF - IAAI A B 7 BEK ~ RSB AL E
S~ AR RS BRI RRE @& S (p-eNOS ~ p-FAK -
p-RhoA ~ P-Cdc42) &9 2R EU R mBlE F 2 B % % (CXCR4 ~ avp3

integrin) & B2 o

2. B BBk (Western blot analysis)
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BFEBEATRETHBIEGERFTAGT & > LA R F IR
RTE MR R EE60RIE > RERLEITEE > BLTHR
BT ZGE APy e R a® b e KRB SIK > ROWARBIE T &
G H AN P RAEN - I RABLIBERITUTZATE T B L
WRE A TR EMRAES -

(1) 2% 84 %R

B 2x10° $8 MSCs 347 10 cm’ ey a5 F > 245570 12 /)
B (m a8 B i) BP £ 38 fiF 2 38 & & #) 24 h (cell starvation) - 3
24T R IE > %) 48 VEGF (50 ng/ml) % SDF-1 (50 ng/ml) Auv A4
d 2 AR R AR OB R ERE G E > RkEAEA AR 0.05%
trypsin-EDTA #% 4 i i B £ 80 2 38 2L PBS i 7k i > Ao lysis buffer
£ 8 20 N4 ACIE @ik 2 > 3 (4°C > 13000 rppm © 20 min) > &4 B
TEREN 15ml 0% BRAR @ EEY -

(2) EaERERZ

& & % B £ 2L BCA (bicinchoninic acid) # 7k &R & » sk #) g —
IENKZF eSS 0 AR A RRMERERARERT 0 ma T8
BCA Bp 1 — (B4R 8T &4 R E &A% » sem» 595 nm TAH &R
HRAGEREOESEREL BRTHARTEESY - LT Ay
WAL o

# #5 — 48 BSA (160 mg/ml) 4Z# & > 3 LA —RAK#FE BCA (4:1) 3
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% M1 2 BCA ##8 BSA s A F — 4 %18 & : 32 mg/ml~ 16 mg/ml
8 mg/ml ~ 4 mg/ml ~ 0 mg/ml » JFoey34 £ R4 > B L. ELISA reader 7|
2595 nm RRTFTHRAE » EHFRGBR - RS UEBAHBTZ
BCA fun 2 pl HoAR » A0 0935 4504 » A H 7 595 nm IR T 9%
KEHK > RBEREHREEHERLTNEEE2E -
(B) BH Bk

FRE/RZEEGEIE B ZE G E 42 # loading bufferc /41 > #
RRAFRIARA (sample)’ AR A Wi B i 5 58 5 k7% (SDS-PAGE) #%&% & %
o8 0 34K sample > F X R ] ffE 7R B o] 2 running gel - 2 48 #%
A Bio-Rad /A 3] Z Mini PROTEAN System 1% 25 3% f 24 60~120 voltage &)
TR AT E A 90~120 4-4% - 4% protein maker & P £ il % IE Bk 14 Bp i3
Ik ER - EAERE  WRTBREPPETEA TR R4 PVDF
YR Ko oA F B (methanol) 2 &) — 42 7Eib 2 B R
PVDF #z Bio-Rad %z Mini PROTEAN System %& & & 4 Ep 2% Z 35 7R AN
s Ept o > 344 transfer buffer (Tris-base 3 g ~ Glycine 14.4 g ~ 100%
Methanol 150 ml ~ ddH,O 1000 ml) Ao AR EpAE » £L 400 £ %3% > 4ACTF
BEp 1B TARREE PVDF » 8328524 S%MAsImH 2 TBST
(Tris-HCI 60.57g ~ Tween-20 5 ml ~ NaCl 85 g ~ ddH,O 1000 ml) > £/ F
# R — NBF o BATFREFAE A (blocking step) A 443% G i PVDF L = JE

EMEGLEAMER TUME - A1 TBST 2L 1500 2 #2e 2 #
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FE— B4R . p-Akt ~ p-eNOS ~ p-RhoA ~ P-Cdc42 ~ p-FAK -~ B-actin » 4%
%238 blocking step 2 PVDF ZanH & 4CraRAPEENEZE E - #
% A TBST buffer &7k 10 242wk » H 11 2000~8000 # FE1% & 4 #2
Z BB E R T RE 1 NeFa 2 0 TBST buffer F ik 10 42wk > fo
1+ #8% #] ECL (enhanced cheniluninescence) > $1 £ 65 & B B » B R&E G K

Beyd 3 > &BE A A Gel-Pro Analyzer 4.0 pr T &A@ HEX KB & -

3. 2B % G &sa Rk (Gelatin Zymography analysis)

B 2x10° #8 MSCs 347+ 10 ecm’ tm s B ¥ > A2V 12 /)
B4 (a4 T i) BP 44 & o 75 2 3 &R0k #4924 s]NBF (cell starvation) o
BE AT BRI 34 VEGF (50 ng/ml) 3% SDF-1 (50 ng/ml) Au A
Bt Th 2 3B AR R 48 VB 0 RIS AR AR MSCs Fr it 2 &K

& B Eg (metalloelastase) » 3 F R # B ® 5 2% gelatin 2 8% SDS-PAGE

BTk o8%Z LB R ¢ |ddHO 5 ml
1.5MTrispH 8.8 2.5ml
Acrymide: Bis (29:1) 2ml
10 % SDS 0.1 ml
APS (10 mg/ml) 35
2 % Gelatin 0.5 ml
TEMED 10 A

Total Volume  8ml

(2% Gelatin A 2g/100ml ddH20 » f£ 55°C /& #%)
LB R Ao da Ty B Rk — o X BN SR TG TR E R

R R ER IR 8 B kix (SDS-PAGE) & G 8 nék > 243 A
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Bio-Rad /» &) 2 Mini PROTEAN System 4% 25 2% % A 60~120 voltage 49 &
R AT E 7k # 90~120 448 » #F protein maker & B % i % 9B 314 B4 0k
Tk o J£E k& R 1% 24 washing buffer (40 mM Tris-HC1 pH 8.5 ~ 0.2M
NaCl ~ 10mM CaCl, ~ 2.5% Triton X-100) £& F ik 30 min 2 =k > k4%
/A Reaction Buffer (40mM Tris-HCI pH 8.5~ 0.2M NaCl ~ 10mM CacCl, ~
0.01% NaN3)& 37C EEMA P RIE 12 6> RBERETZBR K
Coomassie blue (0.2% Coomassie blue R-250 ~ 50% methanol ~ 10% acetic
acid) F &, 30 44% » B LA &% (10% acetic acid Fv 20% methanol) &
2o FRRRR TR > 3 2L Gel-Pro Analyzer 4.0 2 £ 2% &

ES-$ R

4. %% BRI & ¥ (Immunofluorescence analysis)

B 1x10" #8 MSCs #& 4 glass ~ %44 Col ~ Col-Au = £ # £ » i 55
Au A VEGF (50 ng/ml) % SDF-1 (50 ng/ml) # 3k &3 ERNEN 37C
5% CO, Z3BHRMF » 553 Ek 24 N0~ 48 NEHEBRIBAL 0 U
PBS Fiktafn =R w A 4%48 HiR (paraformaldehyd, PFA) 15 4-4& E &
tafintk > PBS h& % R4 Bk o & FAIA 0.1%89 Triton X- 100 37 4% 4m
Jo Bt > LA PBS Fiktmfg =R - Bhu 5% FBS #4747 LB A
(blocking step) & » £A 1 : 100 #FEZ —&4LHE - eNOS ~ CXCR4 ~ avp3

integrin » 4°CTF 8 /NBF LA L » 2 A PBS FHiktmhe 3 R » B4 5] lm A LA
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PBS # # % fluoresce isothiocyanate-conjugated % goat anti-mouse
secondary IgG ~ goat anti-rabbit secondary IgG  (1:100) =& TF 1/\&F »
RAEA 1Smm 2R RENERKA L BB R R B3R 048

§6 B AR 2 0 AR B S X R OLBRAMETR R Tk -

5. A& &E 2 (Flow cytometric fACS analysis)

#% 2x10" 8 MSCs #£42 TCPS ~ %% Col ~ Col-Au Z < FL#EMN - i
%1 m A VEGF (50 ng/ml) 3% SDF-1 (50 ng/ml) # medium ¥ » 3% %
BN 37TC ~5% CO, 23Rt Piesh 48 /it > A1 A 0.05%
trypsin-EDTA 4% 4a fdi IR £ 8.0 % 3£ 24 PBS P72 =k #/A PBS x4 1 :
100 = # B4z R #HF— %413 - CXCR4 ~ avp3 integrin ~ CD31 » £:&F
1 /N8> B2 A PBS Foktmfi 3 R LA 1000 rpm > 5 4280 > RiE %
Bz — % LB B 4 B AN A PBS # B x fluoresce
isothiocyanate-conjugated % goat anti-mouse secondary IgG -~ goat
anti-rabbit secondary IgG (1 : 100) & T 30 4% > #& 4% oA PBS ® %
o EATA X m itk (BD) o475 MMEAH AU H 2 48 5] B 2 4
Mo MR E Az AR AT e EmA G ek aX kB E e L FCS

Express 4 # 8¢ »#r E1b4m ik 3,2 CXCR4 ~ avp3 integrin ~ CD31 % 3,

bl
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6. B T (migration assay)

#$ migration assay 2 %A 96 well &4 A& # K4 Col ~ Col-Au > it
BEAF RN RN 2x10° F8 MSCs AEE@B] ¥ 354 8
NERAE 8 % VEGF siRNA #4352 4 5] 12 /85 o 33 B0 £ A F kit ig
4m g, LA calcein AM % &, 30 548 3L 745 € 2 41 %) sju A SDF-1 (50 ng/ml) >
WA A8 NEFHE P A RAIES sSIRNA 452 0~ 12~ 24 ~ 36 ~ 48 N BF » 7

B O BAMLSE T 8155 48 i migration 2 5 o 3E LA photpcape #k £ 547 4 e

migration Z 2 /& o

m -~ HHRER
1. 84 Col-Au &K EHMF &
L1 RAE R

2k 4%+ (Global NanoTech, Taiwan) J& 2 % % 180 ppm #2 Col j&
Bk mE AR 43.5 ppm Z Col-Au KBRS KM - FE AR T AT
R Z AFARE Bt (22 G 4t3) > #4HRE 30 mm © & LA S B 4t
B EEHETRARAE R %HRIE (Openair®, Steinhagen, Germany) > 3t #
EOHBETH BRTROGEZomiEgsE RIEBRI=ZFTHEREIN
S|P B B4 EAAMA —KER (80% RA 0 20% AR) FEET
ERAM —EGE G EE RS BTGB EAEEL IR 65T - £

#E 10m/min’ "5 5E#EMK I0mm - BB AXAETRREEZEL T B2
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BN TELE 7z Col-I~ Col-Au 2 &R RAEKR (37C) 44 /8% IR
HEBEBANERAFEENTRADN R RRABRTEHIEA L > BN
JRAAARAEZ o AFERA AT LA T5% B A5 %068 5 4844 B % 2L PBS &8 15~30

S48 Rl EERE X HAE - B ass R figure.22 o

12 #sh gy fEss Rl E #htmBs (MSCs) BEMWHFIRE ESE

B MSCs (% k2% 14 4X) » A quantum dots (20 nM) 4= B i A 42
Z ($bAZ E B 2RI Invitrogen, USA PRIt 2 FERAAZEAT) o IR LK
ARERREAFMAREMZIEETHRAERZ 3ml Z44tEH N i
A 2x10° cells/ml Z ém i B 55 k- BN E I EH L3 F (5% CO, 2 37
°C) A BF 40 2 3R 4R 48 N R AR R AR K e
FRRE R E 8 L2 B PR ABHEAKRAZ Col-Au &R EMEE R

figure. 22 o LA L B BN A A B 4 54 9 AT 48 /)N BF AT

2. KRB EIRAEN Col-Au Z AR EMEFEETR

B SD (Sprague-Dawley) KA X 3D ENAUTAWE  HwEL 418
Group 1 : ##l4 (BLEANEERPTZEES)  Group 2 ' HEAEK
T2 ES + MLRES VEGF (A a&Ekw A ) 5 Group 3: Y ES LA
Akt MSCs; Group 4: A Bh it 4m e 2§ B 4+ + WULA JE 4 VEGF ; Group 5

w4 Col Z AL MSCs =9 & 4t 5 Group 6 : &1 Col &AL MSCs = &
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B4t + WLAEST VEGF 5 Group 7 : %44 Col-Au B Bkt MSCs = 8 & 4f
Group 8 : &4 Col-Au A Bhi MSCs = %8 B 4H+AL K /£ 4 VEGF - F Bx 42 7]

R figure. 23 (a) -

#§ 12.5 ml Rompun $2 Zoletil 125 mg A8 ZR 4% A 1.2 ml £ A & B
EEBKMFE B MEFR R > 8250 g Z KB ABEIRES HEANL 0.15 ml
ZREER] > BARBTDMEBZ IR B AR BEAELE > 38 %Ek
BEREHEBAIFRG BEHTEB/ARYI > RELH 10mm > &3

FRERE CEE $HE b2 REBEFGOES 355 & Group 4 -
Group 6 ~ Group 8 b= E ey i 71145 v B EALA £4 VEGF (0.2
ug/0.5ml) ° 474 M X X Cephalothin 30 mg/kg = #| & & Fix 4t % 78

i O R % o A LM S A2 A figure. 23 (b) o

@ZiB— B BB CO, R RELLBBENE BREAXRZIEEGKRES >

PR RAEBRLEREBRBALECRE LT N RIL  ROTEHEER -

3. ABRER AR BERABSE

R B AKX ENIRECT 4% 24 4% PFA Bl & > L& (ethanol) FEEMEALK
REBEGWEIE - BARVIR4EZRE  UKERE-Faf e BHEEARE
B & & » 5] 8L Gieson’s method and Masson’s = & & E8H K - &a 4
WAt 2 % & A 45 A X T 4B 0 CD31 (DAKO) - Cy'™5-conjugated
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AffiniPure Goat anti-mouse IgG (H+L) » £ #0kYG B4t E/EE 44 > BK

M BEEZEL - 2R ARILL R RBEMERRZ -

B8 ARFH AR

AARKEF R EMBE T E 2B R%&%E (Collagen type 1) # f#sx,
d B X EHZEAM > RAWRSIAFR T Z R SRR AMZ P
15 B AR S B 2 T 69 A AR M o BRI ) BRI T R 3E 94 4 B B i
b R A M ey ta e T et~ SRE AR RIS ~ A AR B A E i
Fasa b A A M EHN o THEAE - @RBE oI HR - AT AR

A & 1R
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0.5mg/mi
Collagen solution

1. Nanocomposite film properties

+ Preparation for nanocomposite
+ FTIR analysis
« UV-Vis spectrophotomiter

43.5ppm of gold * AFM images
nanoparticle (5nm) ‘
. - Siologicalcompativity 3
e o Au
- Treatment with + MTT assay
VEGF or SDF-1 . ivati
% Platelet activation test

—>

Incubation

Mixing collagen and for 48 h

gold nanoparticle.

+ Monocyte activation test

» Cell morphology and Adhesion ability
» Cytoskeleton staining

+ Reactive oxygen species

."\/

Coating on the

dish
ells were seeded

3.Biochemical signaling pathway §g

+ siRNA Transfection

« Western blot analysis

« Gelatin Zymography analysis
« Immunofluorescence analysis
» Flow cytometry analysis

- Migration assay

in culture plates

T
+

Nanocomposite Mesenchymal
stem cells

!

traditional catheter

f=——————

Coating on the

The implant were
transplanted into
SD rat

Dynamic culture
of MSC

ge 2L

At
™7 + é’f»f{ﬁl#a aR

RFTNEZ 4B o & 0.5 mg/ml 2B R&k G
A 4838 022 pm ZiBE HiBE A o

1.Histological

2.immunohistochemical
examination

43.5 ppm &
A A

B b 3 be R3S RN L R OR B AM B AR TR AR

fm B, £ 1 Ty e

45

w3 A R Bk B B 15 4R

e H o



FwE %It Hik
BB UL MEAZEG EZ (Mean £ SD) A T-mEBATHREBY
A=ZRUE BEptan z i £ E Student's t-test Ao LA FAE » p<0.05

#FRTEGAZ LN ER -
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F=F AR&ER

=~ R EM B
. RTHhEBREREEH X GV E

A AFM 447 Col ~ Col-Au (43.5 ppm) WA M &k @A & ° o
Figure.l A5~ » topography (Figure.l A1) & oMMk & @ER » F &
REERBERHMLE  REREM K BRI E - Phase (Fig.1 H41)
BEMMBERE  REREABRROEBEE > MEEREABRENER > B
7~ Col-Au (16.14 nm) ; Col (9.47 nm) #1# % & size domain - & phase
Bl *T AR > o Au 9 RZOREM » o Faa RBRENA R MK

BN FE @R T > E Col-Au @R TEK -

2. TRARIRI KA KK ER 7 T524

AT BRSNSk e sl & Col ~ Col-Au (43.5 ppm) ~ pure Au
solution (43.5 ppm) Z %Y &k & » Figure 2. &£ %7 > Col-Au X 24
KEHR 0 — & 290 nm LR AERKBRTNEEEH 0 FEEH
B 520nm > Fox Au BRZRAAAF AL E o Col-Au 7t = H 3
B o Col # 290 nm & HAE %% Col-Au- 8 % Col 4K &M

tiR ek Col HHELEHEHBRFEERRAGETE -
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3. {3 ERIKRAIIR AR ATR-FTIR) 2 A 0¥

#& 2 5k A L ATR-FTIR 85848 & @ B Ae 58 » % Figure 3. ¢ 82w
3350 cm” B IRBAYLAE A Col #u Col-Au #h%4: > F2 L& 3k pure Col
B IR BERWE » o NF R 2 RORLIE Rl R E I v > KR lm A&k € 3k,
At k@ £ ey N-Ho# £ A4 g3 B4 Col $242474 A 3, 1249 cm’’
(C-N group) ~ 1035 cm™ (C-O) group &% » & mH 25K 4RAKERT
FERE TS REASKASK T Col daA% 3| B ik Col &AM

BExu REREFFAAENTRERMEHR -

o BERMEReR I FREL

FE e Pl 3 #p 4m s (UC-MSCs) X 454 A #E 447 > UC-MSCa i 4 Bk
B> ZIRYEEK - ek @ B4 K cell markers ; B )L AF B P A A
24 %% CD29 -~ CDI14~CD34 ~ CD44 ~ CD45 ~ CD73 ~ CD90 % CD105
BB AT AR T E S et ek IR RO R & - A A B
ST B a2 MR A RE o Figure 4. 88~ (a) Ao X MR R B 5K -
f (b) AminkdmEa  ZREEKREH A © CD29 ~ CD44 ~ CD73 -

CD90 & CDI105 - 2 R EE A CD34 ~ CD45% CD14 -

= ~BRZG-2k4e%MH (Col-Au) A 48 5 MR

1. éapp3¥ 7B (MTT assay)
48



HF MSCs 3BRMWARERAENE KRS (174435~ 174 ppm) £ 4
B4t EER R B > > Figure 5.9 88~ £ 24h~48h~72h - Col-Au
AMTREMRIEHE - M B XL 43.5 ppm GE 692 s AR AT i 4a i 3
HAE S SLHACL AR LL R R R BRE - Bk 0 AR REE 435 ppm B
WARE A T MSCs ImAA KR T4 2T G P itk sy
B he A& & B F: VEGF (50 ng/ml)~ SDF-1 (50 ng/ml) %4 ¥3 2% 4m i
78 15 o Figure 6. 885~ » (a) MSCs 3% R ) #+:#+ L TCPS ~ Col ~
Col-Au (43.5 ppm) > &R B TR &> Col-Au At L EFHM4EZ
KR -m b)) BAWMAELERR FERRFM TFTAREZ
W AR - B RB T mANE KB FHREFTH Col-Au L7 #8 % 3 o fa ity
Bgao K 48 NBF R BEAFE M F LR R 48 N B E BRAGE

WK B2 5 IR B RS -

2. foo]NHR BE I BB B

W o NARIE RN glass~ F M Col 2% Col-Au = 24 well plate ¥ >
—/\B§4% 0 #IA 2.5% =B (Glutaraldehyd) PBSE & 4 fo [ ig B &
B DA B B K 1 S R BB 2R 0 S f2 XA SEM L /MR 89 TE L AR
B &FXdo Figure 7. Ao 0 4 Col-Au Jit > B8R €3 ik fn MR 8
BEFAE R 0 B Sbs A st A A AR A B Y 0 SR B T T TS A A B4 K R

UK
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3. # X RER A (monocyte activation test)

Bk (15um) Brrahwsfminn —#  H X275 4HE0RE—

B RAVER E ARG ESILA ESmin (40~50 um) - AR 7 A A
BB Y bR E S min 2 b B3 R R E M F 542 0 BN
MR & e B AR 0 RO AR R E R R AR P el B KRB AR
F o d 1x10°28E A3k TCPS-~Col % Col-Au = 24 well plate >
96 WA HEEMKAE R RER 2B o & Figure 8. 4540 TCPS
AL B 43.49% > 8Bk @M Col 2 48ib% % 10.95% @ &l
Col-Au Rt H#BIALRATHESL 748% L EABHEM - b T4 R
i Col-Au 1% » #F 7 FKBEAAIRE Y B E Sl - M~ Col-Au

BARgEREXRRE AR BEE MR Bk

4. %7 RE LAk M3 3XER (Cell morphology and adhesion ability)

MSCs 4@ i B % WGEE 1x10% cell/ml > AjuA glass ~ Col ~ Col-Au
Z AR EAM 0 BEME SNBF R O4AQNEF 1% 0 #4ai 242 (actin fiber) A
phalloidin % &, » 3t AR LM R R & - » Figure 9. (a) ¥ &3
o~ E e BRI glass ERF A RAKRIUE E > el ZIRE 0 e e Ak
Mt 7 Col-Au & #f B actin fiber 2& & M 8 1 > i A 8 % lamellipodia &
filopodia &) Z# % o

BEZAH SEM #—$3%BF @ik & Figure 9. (b) P #a~m e
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Bhrt o A E 2 VAR > EMSCshb it A4t Lo B A #8 % lamellipodia
A filopodia Wy#& actin fiber o & 4m jg & 4T A6 M R A BT AT > A
4afin ey lamellipodia & filopodia sty #&4m o B 423847384 - B b > &
2 85+~ % MSCs Bhrd# Col-Au L85 & 4 # % actin fiber > 3 &5+

BRI R R MR AR T SRR i 4m B B B AR ) RBEME A7 o

5. BIRFMHEAME (Reactive oxygen species , ROS)
# tm 3% &7 Col-Au AM E - BBERTE @fitafe A4 ROS - M3l
2 da iy BAB4E E > HF 2x10° cell/well 32 &7 &4k 89 6 well plate

b 24 hF o BR@minrr A4 ROS #8980 &% Figure 10. 0 Z a4

- .

F&ATCPS A Col @ pr & A2 ROS & 57 Col-Au (TCPS : 23%
% Col:7%)> st 4o Col-Au 3R &% px e B WROS Z 893 /o > B A8
g Col Fu TCPS #h#am A & 3 > Col-Au A B AERAILZ KR - HHE

f E A RAFZ A5k -

W~ tmfg A bR RBREREGENRAR

1. — S/ QKRB R 4o o 3IR %42 (NO-dependent pathways)
RRMATREFTAREEN R @B RN TR AM LR > €8d

NO-dependent pathways (eNOS / p-FAK / p-Akt) 3% 5o %= fis Bk M4 AE /7 3%3%

FAAES1[24,25] ° BUARIFAATAARLE R - B — IRt > MSCs RN R
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REME REGEBMAREGHEE  RiEapitt REBHYRIE -

MSCs 3% &% R 5] &4+ £ 3 24 VEGF (50 ng/ml) % SDF-1 (50 ng/ml)
B IE A8 NBE4E 0 AT B EEE AT p-Akt Fu p-eNOS Z & H 2 iEM k&
3, % - Figure 11. #85~>MSCs 324&# Col & Col-Au ##t+ Lk 48 /J\65
%aFE p-Akt fo p-eNOS HZEG % 535 > Xz H7 Col-Au 23
o Rt E At KR F VEGF (50 ng/ml) 2 SDF-1 (50 ng/ml) %
BAEREZGHENEAR  AFERO A @R Col-Au B> &8
SDF-1 /&2 %8 %] 1 B 32 % 7 Col-Au = p-Akt & p-eNOS E 44 ]

&IA2E > v VEGF % p-Akt & p-eNOS £ F fig % -

2. E—EALRRBR g KK 4E (NO-independent pathways)

B X AT B9 R AR IR A ok &4 F4& & NO-independent pathways (FAK
/ RhoA / Cdc42) A¥r e e 3845 2 & [24,25] » Figure 12. #8-~ Col-Au™]
RitaF R G &5 (FAK/RhoA / Cded2): 4 AuA 4 £ B FVEGF
(50 ng/ml) &% SDF-1 (50 ng/ml) #c#gF Rz K aug kR, -

MMP-2 % —#& 4 )& % & & (metalloproteinase-2) o #F %35 & » MMP-2
9 B B A AE R ARRE > @R Eminsl > TR Emin gt bt K EF
[50] » Figure 13. & F#7 4% MSCs 32 %7 Col-Au L 7] {2 it MMP-2

§ - Bk kAT (VEGF, SDF-1) BiFTHALAABER L2
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3. Col-Au {2 eNOS Z % #

B AT E%0 0 eNOS T/ X & 4m i 38 78 % 3B 45 & [24,25,28] ° SoAT
MRBER > Tt ARN ke T L g &d NO-dependent
pathways > {% i %= fiis & 3R, eNOS - & M 3% Jo 4a fitL 04 38 78 B 3B F5 2B
[2425] ° & 7 & —H3EF BB > FMSCsiz i # Col-Au L4 &
F (VEGF 50 ng/ml, SDF-1 50 ng/ml) #]i%32% 24h~48h 4% > #1 A
SRR AL B RmiL &I eNOS 24 > & Figure 14.F &7 » R
24 h &% 48 h %mpaysy Col & Col-Au FwAtEHF#%  $&
Rlgctafi it eNOS &3, 0 B Col-Au 243 &R F A% - BT
40 Col-Au 7 juiff2 it MSCs 1L AW & 4afe, - 3t H 23 VEGF &

SDF-1 H T &4 d eNOS 3% jota it A L2 BRI -

4. Col-Au {2 # 4a i £ integrin a5p3 X & 3R,

a5B3 R AkFER M ECM Labmei 2% > R diimiph
tmia® BECM M RMAER AR - 8 ha B AR/ AREDE
ta i, PR ARE 0 3 R e IR L3 AT AR B SR R A R o B
ta 32 A EMH Col ~ Col-Au R HE X IEH - Figure 15. #8 % 4a
fa 3t &7 Col-Au L BFT42# a5B3 &9 %k 3E > B Col /AL H &35,
FRMEE mmwANAEREFEZIA mRAER o R B35 8 bR T R

MSCs 1 B o & 1548
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% ~ VEGF # SDF-1 = F T M4 ZE#
1.2 VEGF siRNA ##3# (transfection) Z &/ EE

4 % #53E  VEGF siRNA ##3t A MSCs ¥k £ S iE 2 B E > $H A
MTT 2 B #4 % %2 VEGF siRNA transfection A 4a i P9 #7323 4m JL 77 75
& 1 N\ 4w R 9 2 3% & o Figure 16. (a) #2855 VEGF siRNA 2 & &7 50
nM & i B tm e At o e fe3g A F T % o M Figure 16. (b) BmHA &
# % siRNA-conjugatet (scramble) 1 N mfafd » N B LBMETEHREK -
K5 % B FZ ¥ huid & 2 35, dose dependent Z 3 F o PR A RE BRIESE 25 nM

# VEGF siRNA ## %> g fFRE o

2. VEGF ## SDF-1z %3,

CXCR4 ¥1 SDF-1 A& — 2 EMEARA T LB PhHhEEtE

~

ZaiA e [68] 0 BMAAREBENS VEGE AR XRE  REGHY
SDF-18#) % # » M CXCR4 (T o #% VEGF siRNA #& A
MSCs F > # 4 MSCs %% Col ~ Col-Au E > Fi 45 & %] A
SDF-1 (50 ng/ml) » 3% %48/ 6%« e & FI A %z %A F & a4 CXCR4 &
a5p3 & #HF - & Figure 17. (a) B85~ » #£F 4% VEGF siRNA # 4 \ 4m
Mo t% & & CXCR4 = %3, Hiun SDF-1 #43%k &EREARRE -
sbsh g VEGF #h¥phlgk ta o £ aSP3 89 RAENF THEHHEHLELE -

P — YA A @A R AR e L2 CXCR4 & oSp3 &3 &%
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B # Figure 17. (b) » B b33 VEGF T34 SDF-1 ey » ik

mRTF#HBEF: CXCR4 #2 o5B3 RRZEZRBEFHE o

3. VEGF $ 4535k 2842 B 14

# MSCs ## VEGF siRNA%% » B3z &5 Col ~ Col-Au 48/)\iF1%
U Western blot & MMP assay #8% p-Akt ~ p-eNOS ~ p-RhoA ~ p-FAK
BB ¥ kR e o Figure 18. B4 & VEGF X B & 3B 1& & m
p-Akt ~ P-eNOS - p-RhoA - p-FAK & & % B &35 > mHwA SDF-1
#EOERERALAE DHELE S sbsh Figure 19. #87 MMP-2 R &R
VEGF 25 B 44 #il i i A%, 50 ik 2 89 F % > {24 ju . SDF-1 1% MMP-2
Db EAEAZIER 0 Bk VEGFA SDF-1 &y L3R -F > g4
i 48 fE 3 9E #8-48 - NO-dependent pathways Fu NO-independent pathways

BEm BRI RES o

4. VEGF %3 & migration

#% siRNA % 5374 €z @3 i SDF-1 (50 ng/ml) > 37 % %
FAMAE T R miRtg 0~ 1224~ 36~ 48 h » migration Z 157 o Figure
20. #8-~ % iz &% Col-Au BF migration st /7 #2 Col % TCPS =
41 %) 45 /1 FA Lth k12 > H 3% VEGF siRNA= 48 %] migration #& 77 F /&

{2 % A A e SDF-1 B85 A migration #E /7 3 Av - B b 7] & — % 3
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Col-Au = 3B #% 4m o 3R 50 348 (R i 4w iy migration Z &) 3 H * £iF:8

VEGF 8754/ » M sa i Col-Au LB e 4E /138 fu o

5. VEGF £t a1 & — KA R4 588 (eNOS)

4 MSCs # 3 VEGF siRNA % » 3 232% 7 Col ~ Col-Au 48 /|- 8
BUAFRBEAEERE - AR EREBZEARE (eNOS)  &RETH
Figure 21. - j4§# VEGF AR &#% > & eNOS 2R B33 > B A
N SDF-1 # &6 E A ERBEAEEMER  BHibigsn SDF-1 € R A%
VEGF 9 23 m B % eNOS 2R 7 > it & & b 48§ 20 38 88 18 -

NO-dependent pathways & i %5 %8 4m 64 3% 4+ 92 4 17 o

N MR R
. a8 12 aESENZ LaaE
MR TR GE A2 B GG T Figure 22,0 kG B4t & &

UEBTFRATR MRS > LR AATEY RARZ Col ~ Col-Au
ik B7TC) Y4/ REZAKBELABRFENERAZRBDERT
BIE AL o BUA AT 75% BAEIRIE S n4Ef% 0 S PBS %8 15~30 4
4% o Figure 22. (d,e,f) #&-~#|F quantum dot 4Z3g MSCs > 2 4} 8) A& 32 %
48 /BRI 0 LA B SR BRSEAE R > FTEAHE MSCs B e g S Rk & o

Bk @mEM Col-Au 2 48%] > a3 AR % o &L 4% catheter
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A EEBEETAATRAER Col-Au %M1 T8 i MSCs Ak 2

£

1. %% 8% 3% & 447 (Immunohistochemistry staining)

MSCs A sh 8y fE3a K ey 7 KX > 3%k MSCs W #IkY & ¢t & |48
IR EAKRBERBIKT (RA2R Fig. 22,23) k5@ — A - &t

KRB BFAERMA catheter X R EHK > AT R BB E & BELSK
FE 4t MSCs #ih g o & F BA548 M & e &Y o #E » Figure 24. 3
T B Ak Rk IRALRE CD31 ZBH (@) AEFADAB #&7% 0 (b) Al A
%% % g &% Col-Au Fo Col (group 5~8) #9438~ % MSCs
NG AN EM Col-Au F R B CD3WEAKR S » BRARAL
CD31 2 tmfai2RBHE LT EMN - LTI A MSCs 7
Col-Au ey B a8k FHth > £ £ MSCs & 51L& N & 4ahn B m &
B AN & e ey CD markers © hCD31 » B 47 VEGF 4 T8 %1%
# MSCs mbB MW kit > 3 B e o T NaA BN 0B P > 35

BB RETNE

2. R4 & (Hematoxylin-enosin, H&E)
$ o B AN IR B RAL — 18 B 1 0 AR SRR AR SRR

% W BRAE AL o & Figure 25. 45 %o catheter 6948 %] B e &y 5 &
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A (Gogtsapror); E4 Col 4 > R A il A2 ks 70 dn B BF E 2 45T
i Col-Au 2 47| 3t & & 4 w8k & F o9&k 3> AR E A Col-Au B A #&
oy £ pte st 0 T R Rk RE © B MSCs 41t & 9 & %a By, » =] SLBp
BT N EERBREEYGER > K hE @R ETERNFELE

A o

5. #4 =& % & (Masson trichrome staining)

B BAEIENREIRE—EAR  FRBE=ZELRE  BEM
BN RAESEEN  BiEE T a8 AL €N e FIEILR
EEBRGHE AEATTHBERZE L 8] BARABE=ELE
R A M Pk 4 Ib 2 E R o & Figure 26. 4340 catheter &9 48 %) fn % I &2
B mpLia sl & A BREIL B GusesaaoR) . Bk Col 4 AN &
ta ek B e b E A > Col-Au Z @B 4R A% - #ARE
# Col-Au BA®IFeyAMmmastt > B EARAMBR e 0T &
Al RmidekRMEANEN  SEBSRANE XEE

b -
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FwE W

EEHMBANR LN EN K @i BRI RIS o F
EIAREANGT PR BRAANKBGETROT ER  EF T HRK
EIE [63,64,65]c AOaEBEMREZHREGRANEL  wEFRETH
Nk mfp ik X 2248 % [64] - Ak B TR S EHEDZ A8 5t
R FRE &R EMF BT EEAM EmBELRERENER - B
BAZRIRZ Y #H» ECM 981 % (Blio &k @4Ft -~ o st L8 £
BB B2 M ELRE) FFER RARITEZTHGMEA ECM
EA Y BUE MR R @A S A R R AT A A AL S B 5T de B A AT
Al6l] - MR E RGN NI T P EIR - HEF R E
Auhfe [62] Bt RiE AR e TRl A B A KAM > TH
ho P9 & fa BB T 0 AR BRI A R [24.25] ¢ B R AR A e R
MRz B REE (Col) ZEKamTemza ki (Col-Au) -
RGN E XE LA BN SRS Bk E FEMESen
(MSCs) b AN K 4a fiey > i MASIR I8 S B Y R o

WARARFRREFAD E Au (435 ppm) BFEHEBRE A H
F @& 7T & Figure | #ELE 2] » & v Au 23588 F(=5 nm)4& A4
* & size domain 4 X Col-Au (16.14 nm); Col (9.47 nm) B 4 #xME4E 8 5k

BHR > BRAMTERME > &R THH PU) mABE Au 2K

-



HF 1% (=174 ppm) size domain # K > T H&AF RBEZIHEHE AL
[24,25,51,59,60] 3t =T &1 L AT A} 48 3R, 4 4a B35 K7 Au (43.5 ppm) B &
fbmtm 38 & BB AE S [24,25,59] ° M A B RIARIE S AT A7 72 B 4% 24
Au B 174~ 43.5~174 ppm A & # 7 MSCs 374 &) R JE - & Figure 4
WE 0 BEE Col Hhu 43.5 ppm Au &k F3% > MSCs BEFt R 3% A &
£ BN R RRAAE > AR EM EZ R FIRE > 2 Col &
#ERRAVEE (pattern) % 4 dm iR by Bk it o

T /b2 kK6 E A 400~700 nm > B A B eg 7 A A B 280 nm &
ARARZAELE  BRARERTERARTETRLIRSE » &A% 520
nm T AER  ERRSRTRIEEYERZ  RExmadETFa
HARL I % O RIA R R E [14] 0 &k 520 nm h BBE K © MbE
F 1 Figure 2 48 [5] » AR 4% tb & -BA48 €& (Beer-Lambert law ) » A = ebc
A=%AEE > e= EFREAH b= kRZKE c=RE) % Col
NG R 2Bl T REGERAMGETRE > & Col FHE Laetd - B
3% g 52 AR AGEE T F -

BREAEABHRZIBERER  HEBLALIEEALEL (FTIR)
B A Bhfrsei2 & [66] 0 B# Lirong et al. 32 X A= collagen X
procyanidin f# % B i #]45 & collagen % R #9424 > & & FTIR #F#1%
#3350 em’ A RYGEE BB [67] 0 T AR R4 collagen iR AE K Ak

F1% I8 A bk 3, > /25 Figure 3. P 283w A Sk ok F 14 €% &%
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3350 cm-1 RAAE L > FonAM Ak @ L ey ERAESE[(C=O) N-H)] » # %
A A IR 0 & collagen 438 L oy s 4t > (B K B B E o

ARARELEEELELAREAM EX Q8 R - e - 1L25 ~ &
Moy A2 R B B AFREAEN [70,71,72] B> Chou et al. &y #F 7%
35 HE 43.5 ppm 2 Ak Ak F 9 PU AR A4 > TR AMeghess
AR RAER e B A ~ B BMEEMBE NG ERR R RIS X2 ER
[72] 5 M &I RERIRE 174 ppm~174 ppm &9 %5 K &k F 821
collagen ;&A1& - R % 43.5 ppm A& i# A MSCs 4 & JE T2 H gk
Mt & 3% 5 (Fig.5, Fig.7) e B8 42 Col 48tk ® Bk X (Fig9) At
d AR BB (Fig.7) &9k 5 B sbdfiR] 43.5ppm 2 & 2 Kk F T 42 & 5
M B Col 6 [&A342 K > B sb38m A 4% €t (biostability) Fv 4 448
7% 1% (biocompatibility) ©

B AT €40 » RAF R PR{E B 2 collagen type | TTE A B Ak T 42

b Bk iR E 0 54 ECs R EPCs TR H AT L3k T R1%
AT RMmE FEE [74] B TERN BRE LB EmRER [68,73] - 12
RARZ N R mfn L3 5E R /1 A Pk 0 f & EPCs & e BAF O d & PR
R ik R AE 48k T42 (tissue engineering) 4= A4 # (cell therapy) ¥+
Z B L RA] [7570] > ARAER AP KA @ ez ik o LR T RE
T L& collagen i A2 K &t » ®W ok F Ko - EEebEA EA 8 &

F 3B % & 5 1bsh e RS A& fE 1 4 2 MSCs [64,65,69,76] -
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A AR I e B, 848 o fe B AR P B e o e L T B9 AR L RUE
RBL e Y RS B bm By e [52,53] 0 ARIE AT S AT B9 AR T 3L EPCs
s &% PU-Au L85 4 # &g CXCR4/SDF-1 3 8. 3548 3% # 41t & ECs » 3t
s PU-Au BA RIFZ A e MR A MIE LM & ECs 3% EPCs 8t
W2k A A M (PU-Au) 8% 5T 2L 3% i 75 f& NO-dependent pathway
(PI3k/Akt #|#k eNOS %31 ) s EPCs 441t % ECs AR 38 jhota o g
4 3B #4E 7~ NO-independent pathways (FAK/RhoA/MMP-2) 3 & 4= i
03B 4% R BE AT B 6y 2 [50,54] fa A5 748 34§ MSCs 3% &7 Col-Au
TR g Rtk A CBE TR Ea AR e LA (Fig. 11, Fig
12, Fig. 13, Fig. 14) > st& £ 8 ECs & EPCs 48[ » B st % 4m fl 3
R E %k A (PU-Au fu Col-Au) _EBF&F] A 48 B 318 A% H] 38 42 4a B BE
M~ BApEA > R4 T 2Kke  HEEZRZWALEAE - 28 Au
A Ao AT B A AIER TR Rk e i B A 8 4 0 B AT R PARE
AR LA % VEGF siRNA £ —F 3t o

Stromal derived factor-1 (SDF-1) #2 VEGF % [ {2 i fn & #7 4 [64,77] -
(SDF-1) T 2%y & (mobilization) EPCs » it 4% i %a fs % 3, eNOS i M %
Hiapn n At B ECs Mk s fo B #74& [64,78,79] - B VEGF T B R #%
4a i & 4 ) 5F 20 (homming) £ 6 B R ABGAA - IRIEN RISHE A K
[64,78] 7 H % P 25 3 4m B 32 A7 Col-Au BB AR A KB F (VEGF

% SDF-1) # » “THE% 42 CXCR4 ~ a5p3 B & eNOS # £ 3. (Fig. 14,
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Fig. 15) > {2y LA R TR B F > B b &MA A #E A VEGF
siRN & T ## SDF-1 #1 VEGF Z F#ghit4 » & %% VEGF iz
SDF-1 % %3, (Fig.17)> m& % eNOS w4 %3, (Fig2l) > #—F ALt
BB A5 e (Fig.14) s &R MSCs HAb & M g ta e egfc /1 o d b 4o
Col-Au T4t fT A& 3R, > L BT #F VEGF #Eir SDF-1 #&—
P38 hn MSCs #4938 4 #LB B JE o

RO BER L 876 B B kAR 38 69 Bl B & K 5B 7 K B Ik RUIK IR TR
(PTCA) R &% % 22 eq 47 [10] (AN BE X 221% - @ B4 hiki8 %
MRE R M EERNEANXEGTH TN K @it isE
M35 PRI ERRBENAE [11,14]-3% B AT o 2 k@ T 24
Bz KhE X BINER R RMME o T B IKPLE X B R[45] -
B A 3% IR > Jo @ MARWEE £ ~ At 5 R1E > B B
F BB o MAEHRZ Col-Au 72 m i B 5 FRE K B A fR4Fa &
A%t (Fig. 8, Fig.7, Fig.10) R & ¥ it X RIE » 7T BH 7 B X
R \AEREMABEMEZ A o BAAT O R RE N EPCs &M
PU-Au X EMHAM E > BASMBEN 14 R1E > BB TR
&3 CD31 & CD34° B b~ 40> £K & KM ET TR &N KL -
3% % EPCs homing % & % 483f4x > {12 EPCs BAFE A R4] o &
T AR SLFETRE] 0 REEER Col-Au R # &4 MSCs # &% &

MR MAKRBREN EmIEE MSCs #2 EPC % 7T 1% fo & 38 3R & 3R
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CD31 H KA st B3 X450 E £ (Fig24, Fig.25) - b 404 5K
RFHETHES @B bAN Rl EMSHE SN KA - &k
A9 # 5 45 R BT 0 Col-Au 73858 MSCs &I T b AN &
i (Fig.24)> BAEAE) MSCs TTako A0 E N R afpmdk f [74] E
I A B 80 R A f % 4 8k o B b R AFI3% st MSCs 32 %7 Col-Au
Eay kM AM > TR BRAARGKE - LB —RFERA ARG

Tk WM A BERABRNRE  RITER LT HBAEY -
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REFE HW

R T H A Z IR R B R AR B & | AR ER ~ R A B
Ml A ML RETRERGMERTIFRXT &

# Col (0.5 mg/ml) & Av Au (43.5 ppm) & A & 2 48 40 » %
SRR S FTIR SR Mok A > Bk @4 aRR 4
Col % size domain K> B Mt E8REX R L2  BREA@BRLANY
W2 ER > Ambappided RWNEE -

A ARV R B AT B AT T T He 0 AEM B R RAFZ A HAE
B RE R R RER R RER » BT MSCs #9384 ~
BEft R %A 0 % MSCs 32 A7 Col-Au A M Eor T &% B
NO-dependent pathways #1 NO-independent pathways %o B 318 2 2% 4=
B RE R ~ 38 4 13845 4T A o sLoMFI A 32 5 VEGEF siRNA 3F ; VEGF %
SDF-1 L3353 EAIER-F > T e SDF-1 8450k > 48 Z 1 7] i Jw
M MSCs £ &k Col-Au Lz e/ BETFTHEEGEZARI (p-FAK,
p-RhoA, p-eNOS, p-Akt, MMP-2, CXCR4, a5B3) » i% & % fa# Col-Au E
Z B A P3G Ak AE J) Y 3 o o

LEEMERY @ B Rz Col-Au #i > BAKXBIREIK T
1 BA% > RAMAEEE  Rgit a2 AR Eibe) %% RIEE

A > BAMER Col-Au 4 MSCs =T #5751t & 1 & 4a i & 37, CD31 » # 38
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BANLETET SR BZ ML N R AL (L0 T e i RS
B BEaRBRELE BUGAZELELEN  ERHLER KA
EARMBR @I A E BN mERFAKR
LA E B X Col-Au 2R &AM T RE S B RAF & o B & WAt

THME X 5F -
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Figure 1. AFM images of surface topography. (left) and phase (right)
for (a) pure Col, (b) Col-Au nanocomposites containing 43.5 ppm of gold

nanoparticles,
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Figure 2. UV-Vis spectrophotomiter spectra of Col and Col-Au
nanocomposites. The pure Col, and Col-Au nanocomposites containing

43.5 ppm of Au nanoparticles were analyzed the absorbance wavelength by

UV-Vis spectrophotometer
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Figure 4. Characterization of mesenchymal stem cells (MSCs). (a) Cell
morphology of human umbilical cord MSCs by optical microscope. (b)
Detection of MSCs specific makers expression by flow cytometry analysis.
An open area represents an antibody isotype control for background
fluorescence and a shaded area shows signal from MSCs surface maker.
MSCs was stained with PE or FITC-conjugated antibody against the
indicated makers : CD105-PE, CD90-PE, CD44-PE, CD73-PE, CD29-PE,
CD34-PE, CD45-FITC and CD14-FITC. MSCs at passages 8-9. Scale bars =

100 pm.
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Figure 5. MSCs proliferation was promoted by materials of various Au
concentrations, where representative growth on different substrates was
shown. MSCs proliferation on the surface of TCPS, Col and Col-Au
containing 43.5 various concentration of Au nanoparticles Data are mean +
SD. &: p < 0.05, greater than Col for 24h , # p < 0.05: greater than Col for
48h . * p <0.05: greater than Col for 72h .
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Figure 6. MSCs proliferation was promoted by substrates of Col-Au
nanocomposites, (a) MSCs proliferation on the various materials for 24h,
48h, 72h .and (b) treatment with VEGF or SDF-1 respectively. Data are
mean £ SD. *: p <0.05, greater than TCPS for 24h , 48h, 72h .
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Materials Number of adhered Average degree of

platelets (X 10°) activation(0.0-1.0)
TCPS 3.00 091 £ 0.2
Col (0.5mg/ml) 2.34 0.63+ 0.1
Col-Au (43.5ppm) 0.07 0.19 + 0.01

Figure 7. Platelet activation test. SEM images of platelets adhered onto

various materials.
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monocytes(x 10°) macrophages (x10%) yield (%)
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Col (0.5mg/ml) 2.2610.5 0.2440. 02 10.95 £ 0.8
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Figure 8. Human monocytes adhered and activated on TCPS, Col and
Col-Au after 96 h culture. Col-Au 43.5 ppm had the lowest percentage
conversion were comparable in the extent of activation for monocytes *: p <

0.05, greater than TCPS.
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(a). Phalloidin staining
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(b). Scanning Electron Microscopy (SEM) images

I Lamellipodia / DAPI / Actin
Figure 9. Cell morphology and adhesion ability. Adhesion ability of
MSCs on the different materials. (a) The rhodamine phalloidin staining of
actin fiber and (b) SEM images was showed. Yellow arrow: filopodia, Green

arrow : lamellipodia , blue color: Nucleus, Red color: Actin
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Figure 11. The expressions of (a) p-Akt and p-eNOS proteins of MSCs
cultured on the TCPS, Col, Col-Au for 48 h . (b,c) Semi-quantitative
measurement of Western blots for MSCs cultured on Col-Au showed
significantly increased p-Akt and p-eNOS expressions compared with TCPS.
Data are mean &+ SD. * p <0.05 : greater than TCPS.
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Figure 12. The expressions of (a) p-FAK, p-Cdc42 and p-RhoA proteins of
MSCs cultured on the TCPS, Col, Col-Au for 48 h . (b,c,d)
Semi-quantitative measurement of Western blots for MSCs cultured on
Col-Au showed significantly increased p-FAK, p-Cdc42 and p-RhoA
expressions compared with TCPS. Data are mean + SD. * p < 0.05 : greater

than TCPS.
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Figure 13. The MMP enzymatic activity of MSCs on various materials
after VEGF or SDF-1 treatment for 48h. Gelatin zymography analysis of
MMP-2 activity that was specificity on Col-Au. Data are mean + SD. * p <
0.05 : greater than TCPS.
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Figure 14. eNOS expression of MSCs on various materials after VEGF or
SDF-1 stimulation for (a) 24 h and (b) 48 h that were visualized by
fluorescent microscopy. Cells were incubated with primary anti-eNOS
antibody followed by stained with FITC-conjugated immunoglobulin (green

color fluorescence). Bar = 100 um.
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Figure 15. a5B3 and CXCR4 expression of MSCs on various materials by
using VEGF or SDF-1 treatment for 48h that were visualized by fluorescent
microscopy. Cells were incubated with primary anti-a5p3 and anti-CXCR4
antibody followed by stained with FUTC-conjugated (a5B3) and Cy5.5
(CXCR4) immunoglobulin . scale bar = 100um.
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Figure 16. Concentration of transfected siRNA. The optimal concentration
of transfected siRNA labelled with fluorescence. (a) The cell viability of
MSCs after treated with different concentrations of scrable siRNA for 24, 48
and 72 hr by MTT assay. Data are mean = SD. * p < 0.05 : greater than
control (b) scramble siRNA expression were analyzed by a flow cytometry.
scramble siRNA FITC-conjugated immunoglobulin (c)The efficacy of MSCs
transfected with siRNA by fluorescence labeling (siRNA/FITC,
F-actin/phalloidin, Nuclei/DAPI). (scale bar=100um)
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Figure 17. SDF-1 stimulated migration of MSCs on Col-Au througha533
and CXCR4. Pretreatment with VEGF siRNA of MSCs and stimulated with
or without SDF-1 (50 ng/mL) for 48h. (a) a5B3 and CXCR4 expression of
MSCs on Col and Col-Au by immunofluorescence. (b) a5B3 and CXCR4
expression were analyzed by a flow cytometry a5B3 and CXCRA4:
FITC-conjugated immunoglobulin (green color fluorescence), F-actin :

rhodamine phalloidin staining (red color staining), cell nuclear : DAPI (blue

color staining) (scale bar=50um).
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Figure 18. The expressions of (a) eNOS, p-RhoA, p-Akt, p-FAK and
p-Cdc42 proteins were induced by Col-Au. Pretreatment with VEGF siRNA
of MSCs and stimulated with or without SDF-1 (50 ng/mL) for 48h. (b)
Semi-quantitative measurement of Western blots for MSCs cultured on
Col-Au showed significantly increased eNOS, p-Akt, p-FAK and p-RhoA
expressions compared with Col . Data are mean + SD. * p < 0.05 : greater

than control.
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Figure 19. The MMP-2 enzymatic activity of MSCs culture on the Col and
Col-Au.(a) Transfect VEGF siRNA and treatment with or without SDF-1 (50
ng/mL) to analyze VEGF stimulated MMP-2 expression. (b)
Semi-quantitative measurement of Gelatin zymography analysis for MSCs

cultured on Col-Au. Data are mean + SD. * p <0.05 : greater than control.
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Figure 20. The average cell migration distance of MSCs on different
substrates in a period of 48 h. MSCs transfected with VEGF siRNA and
stimulated with or without SDF-1 (50 ng/mL) for (a) 0, 12, 24, 36 and 48 h
by using immunofluorescence microscopy. (b) Columns, mean of three

separate experiments. p<0.05: greater than control (TCPS).
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Figure 21. The expressions of eNOS proteins were induced by Col-Au.
Pretreatment with VEGF siRNA of MSCs and stimulated with or without
SDF-1 (50 ng/mL) for (a) 24hr (b) 48h that were visualized by fluorescent
microscopy. Cells were incubated with primary anti-eNOS antibody
followed by stained with FITC-conjugated immunoglobulin (green color

fluorescence). Bar = 100 pum.
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Figure 22. Preparation of vascular graft .Construction and examination of

Col-Au

tissue-engineered blood vessel graft in vitro. (a) longitudinal view of the catheter
(22G needle, 30mm) ° (b,c) The Col and Col-Au coating on catheters, the outer
surface of the catheters was first activated by air plasma (d)(e) Dynamic culture
of MSCs on vascular graft the for 48h . (f) quantum dot label of MSCs indicating
that most of the seeded cells (culture for 48 h) were distributed on the surface of

vascular graft.
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Figure 23. Transplantation nanocomposites of pure catheter ~ Col~ Col-Au
vascular graft in vivo. (a) Animals were randomly assigned to either the
control or 1 of 8 experimental groups consisting ,n=4 - (b,c) SD Rat fixed on
the operating table after anesthesia. Then (d,e) incision of groin and find the

femoral artery (f) Implanted vascular graft (about 1cm) > (g) The blood vessel

ligation (h ~ 1) Suture and disinfection of wound ° (j) Recovery room °
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Figure 24. Col-Au nanocomposites promoted MSCs to differentiate into
ECs after repairing SD rar femoral artery injured by wire. MSCs were
incubated with Col-Au for 48 hr and implantation into femoral artery. The
femoral artery were separated from rat and immunostainined with anti-CD31
antibody. cells followed by stained with (a) 3,3-Diaminobenzidine (DAB)
and stained with (b) Cy'"’-conjugated immunoglobulin (red color
fluorescence), cell nuclear staining was performed by 4,

6'-diamidino-2-phenylindole (DAPI) (blue color staining) (scale bar=50um)
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Figure 25. Cell organization and anti-thrombogenic property after 30 day
for MSCs implantation on various composites vascular graft in vivo. The
samples were stained with Hematoxylin-eosin (H&E) staining was shown.

(scale bar=50um)
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Figure 26. Cell organization and anti-fibrosis property after 30 day for
MSCs implantation on various composites vascular graft in vivo. The

samples were stained with Masson trichrome staining was shown. (scale bar
= 50um)
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