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FHE AXE AR #EBYE BHF #IHA Zz& &% FRE HET
(PER K23 RHE 22, B R 400715)

M

g 4m 090 R (extracellular matrix, ECM)Z —#F 5 E ) 6944, A5 @R, 4%
Fa A 4R it 42, A ECMA 89 = 4 (three dimension, 3D)3& J/k & A8 95 AL IR ) A ER3E,
Pt T 4m AL AR 4 L R R A M8 L 4m i (induced cardiomyocytes, iCMs) 4 s A= 461k; ECM 5
3DATEPARLE G A AR I K BB 09 A AR e L R SRS HECMAN T 22 B0 I A T & 5 4
MFay f. A2RA . INFFR R, SRS B 6 BARE AT, ECM 5 40 i 18] &9 V8 B AL A A& ik —
TIRK . Z LR TECMALL R EMFo b, KEIRA R (ECMER . L0 L0 Foid i 5
VABARIRE B4 5 2 3D3E IR & P oS IR 40 04T A 69 %7, 132 T ECMAE3DAT P B AR Fo 2 4108 Ak
PASE P e ), A SRR A E . RRABER M. B ihkFe X FHIRIRIT F AR LR ek,

FHEIE ECM; OIE4HAE; 3D/KEEK; 3DFT EN; ECMAN T

Effects of 3D ECM Hydrogel on Behaviors of Cardiac Cells Derived from
Stem Cells or Progenitor Cells

WANG Mingyu, LING Wenhui, XIONG Chunxia, XIE Dengfeng, CHEN Qiyu, CHU Xinyue, LI Yunxin,
QIU Xiaoyan, LI Yuemin, XIAO Xiong*
(College of Animal Sience and Technology, Southwest University, Chongqing 400715, China)

Abstract Extracellular matrix (ECM) is a highly dynamic structure, which regulates the cellular
proliferation, migration and differentiation etc. 3D hydrogel culture system created with cardiac ECM simulates
microenvironment of heart in vivo, which promotes the maturation and functionalization of induced cardiomyocytes
(iICMs) derived from stem cells or progenitor cells. ECM combines with 3D printed technology to promote the
construction and applications of cardiac organoid. ECM patch also can be transplanted into damaged heart to
improve its structure and functions. However, the efficiencies in repair of damaged heart with those strategies
in vitro and in vivo are low, furthermore, the underlying mechanisms are poorly understood. Therefore, the
composition, remodeling and functions of ECM, effects of histologic origins, biochemical compositions, physical
properties and micro-vascular systems of 3D ECM hydrogels on behaviors of cardiac cells generated from stem
cells or progenitor cells, applications of ECM on 3D printed technology and transplant in vivo for repairing the

damaged heart were reviewed in this paper in order to lay the foundation for cell therapy, disease modeling, drug
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screening, exploration of development mechanism and so on.

Keywords

O L BB (myocardial infarction, MI)Z> 5] 2 .Co A
4 i (cardiomyocytes, CMS)AET JEIR TR AL LA
P4, SO0 E Y e D Re gk 8 H A e k. DRSS
M B e E 2T, (B2, (ks TR,
TS AMHEIE T 25 T H I I R0 &5 ) AT R e o 245
P PR % D0 O 3 R IR AR, ECE R 52
PCMsI DR, OB E R AR, MRGT NEE
LB VRIT O MUV SR SR A 7RSS . AR T
41l (embryonic stem cells, ESCs)!"AI5 514 £ fig
21 (induced pluripotent stem cells, iPSCs)? A {E N
7 SO LH Y (induced cardiomyocytes, iCMs) [
KUK, R 2032 40 X IO g D fg. H72, B
TESCsMIPSCs A A % i i i = i 1HE 1) 5E 17 70 44 1
P, BUE A AU 2 ekl A0
T 22 40 3 AL R R0 EAH 21 L (cardiac progenitor
cells, CPCs)H B 1 N B A3 K e il 5% (1) 40 i %5 Ui
CPCsH] PAJ3 A Jil g 0o JIE P A7 AE 1 BT A 400 it 2 2 431
WICMs. A B2 20 Ji A1 VLA Y, /NSRS 5
PIMURE RS A 4 F N CPCs8) 2 30 H — 5 F2 FE (1) 0 i
Dtk EW. HECPCsHI3 MR IR % CADUCEUS.
SCIPIOF1 ALCADIA(NCT00981006), 54A& CPCsH—
AN I R 12 3% ALLSTAR(NCTO01458405) 3 £ JF &, LA
IR 0816 97 O IR, AR FLVE o7 AL A7) B
Do Br T 2 fe T 4 R BAH 20 B 234k BT BAJE BCMs
b, 3B AT LA 55 73 WA %00 R RN 3 5 N R MRS L
SRS GE O NE DI RE, IXAE A= 1 1) 8] 78 5 T4 A
(mesenchymal stem cells, MSCs)JHF 7t 1 L4 £53 ZE
G, DR, AR R S DL A S 5 A B
WKL IEEE .

O 95 A TR AN CMs 32 B 52, 177 H. 52 45
DX 35k PRy 72 () 465 R R A ) 2 R B R AR T B0, 3K
5 ANIE I A # NS A s SRR D e R B, IX 2k
A% M AT R R e A e T W 6D % e i @Y. H R,

(1) P 2B AN ) RE A, T M BT AL RO SR E O
PR o o fIFE4H P #h 26 5 (extracellular matrix, ECM) & HH
2 L 5 PR 5 151 5 R 22 00 T A 8 PR 25 1) S A P IR
SE, te FAMLI o A AR KA, (R IFECMs IR 4
kA - FA P& SR BE S LS. R/

ECM; cardiac cell; 3D hydrogel; 3D printed technology; ECM patch

1Y B 41 B T 2 R] A S A O U B R
GRS, S2m ] A0 4738 IEF8 HFE AT
FCEAEEAT AT R R AR 2 A AL IECMBE % 45 AL
P P9 20 M R A AR B, LB AR I AR R . i
F R R AR BB A M S R PR A Th AL, 3D
ECME; 754k 2 7] DUBLCMs [ 44 A TR 85, 28 422D
B IR 5 ecse 2 A AL, A2 s oh et 2 21 Bl
A5 E, RIFAE S WA AR 8 A DR B vy 5
B i B SN R, IR T mndE R R, DR IR
W FIPIRAS T 1O AR BN i AE AL, 1EAT
BRI FL . 29T AN AR B B AR VR T TR AN
PRI I, A SCXTECMF) 2H BRI B AL . ECMIEE R 73 1Y
RUFFILE R EL B TR E 2R ot 3D3E 77140 i 5liAh
A1 St Y00 FUE 41 BAT A B 5, ECMAE3DAT B
JLFHFIECMAN T 4R A& & 324500 Ik D) Re 55 N & 14T
T 25K, DAHISNECMAE O liE 20 23 TR A% 75 THI 1 3 FH
RS,

1 ECMAERY. EMFRERELTL
1.1 ECMALERR K HIhgE

ECM& — Fiv 41 j 45 14 2 2% i 5 v] A2 13Dk
I fw 5 4, AR A I AH R AN AL B AN ], BT 43 A TR) o
&k 27 O 2 R TR R SIS I 5 366 5 LA 22 B (o
TEWEAN AR (1 SR RN £ 3% 28 [ (fibronectin) Ay &, #4 %
gER SR, B R S, AR AR KA
I Sl B (8] 5 BAL 1B S5 D) REY . Fibronectind& [ [
T 2k 25 [H A5 BE 1 f8(Zebrafish)-Cr JUE BT 1R 40 i 1T 72 2
FR 2 IF R0 B R AR, 2 G 30N BRI B
SETZ, #B4>CPCsHIME FE fg 77 & 11 T %, T A7 35 (1)
CPCsit 1] 58 4 - Jik [R] Rl Bk 11 A B P £ 32 28 (1 Ak
S B 1) 32 L AR 4y N IR R R [ (collagen) 31 2R
1 (elastin) 1 JZ 4 1% 25 1 (laminin) &%, 7] 41 o 26 B
REFEAMBREN. HMEEEAS SHENIE
LR YRR T o0 8 2H 25 52 A0 I B2, TR Jie Ji 2 1 e
TE LA A 2 PR A 2T 4 X 5%, TR S TR i i 2
110 B AR B FH R 00 o i 5 2 2R ) il 1 AR
U2, elastinf) 975 8, 45 5] RS Al - =5 2 Fikomepk 4%
B35 BB Kk U £F 4E A B B0 R R B st
oBEG-ZE IR 5 A R ARG A, T B B (focal
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adhesion), /™ FHLB A7 A1 515 5 AL 50, of %R
IKITGBI(integrin B1)JE K] AT DL 55 K FRMSCs [t
BRI 22, A 80k FL 2R S T (anoikis)™ . [Al Ut
ECMYE BN 6 ik B2 v 1 2 i A &5 48 A2 A0 mT A Dy
BB B i R A, E 52 A AT DT TR A5
HEMEH.

b IR EEE AN, ECMAPIEAFE— Ll n S
55U 0 A B ) RGBT ARG BG R AN R R AT
AN, B /N B D IFECM AR, Agringy T A8 95 2 i3t
/N BRI N ZRIPSCs ok YRICMs ) A4 Hh 38 5, 75 52 41 X
BES Agrings A B T E 2800 L, RO
% 10 2y i AT 9D g SR AR By AR (periostin) 2
5 IEECMI) A 7 2H 23 R0 00 IR B 2T 45 48 B (cardiac
fibroblasts, CFs) 11T #U'%; JHE 1 &5 FH (fibulin) A2 I &
L5k Ik (angiotensin 11)175 3 0o T 25 44 T 06 75 (R RS 77,
RERY 2 R mMUG /D B AR TS 38, TR O i AR
TBIT BT AERE R0 REURAG . BT AR BAE B
O HFECMI J5t 3% 73 At 7, 403 8 R B R )
EL A51] i 4 08 (1) 3G K 177 PR AIS, 3R BHECML 43 (1 22 4k
HANA TR, OISR K E™. Gaetani
SRR N YR AR ) LCPCsHN Bl A 75 S 44 00 JIE A 41 it
(induced cardiac progenitor cells, iCPCs)-5 %4 > JFECM
LIRS, AR T 1G98/ B CPCsII b B4 5 A 3
fLaE 7y, #EnCMstr EY)Gatad. o-MHCHltroponins-T
HIFRIAE; /MR CMs 5 A g5 18] )53 41 9 (human adipose
derived stromal cells, hADSCs)J5 14 ECM i, 43 JL 55 7%
A LR FFCMs IS TE  HEF | 40 B[R] ZE ALY R,
FRAR LA KR, RARECMIA REES & AR A K[
TS 5501, WL B A K K1 (epidermal growth
factor, EGF). 4T 4 4H ffd £F 4 [A] ¥ (fibroblast growth
factor, FGF). ¥ {t4 K B(transforming growth
factor-B, TGF-B)F1 XU iff £ [ (amphiregulin, AR)%, Z
SECMA A4 AT A AT
1.2 ECMBYAHEM EHY

ECMPR 1 #2490 3 5 48 DL 4 RF 20 211 70 B 1
A Ab, b I e ) 3h ) 2 AR A, BT RLIE AT
P E AL DLAERFH 2R BN A BB E
fiff(matrix metalloproteinases, MMPs). ZHE& XK 4R
25 [/ (a disintegrin and metalloproteinases, ADAMs)+
B IR S5 G B E ST ) ADAMs(a disintegrin and
metalloproteinase with thrombospondin motifs, ADAMTs)
FiMeprins55 e R 2 5 T ECMIFIFEAR, HHMMPs

Refg B AR ) LT BT A IECMR F1 (K1), X 78 2% B F1 4y
FEAGTEAS I Ax v R P B FHY. 3, S R e o
MMPY9%2: S EMIZN B SR TR Bk | 2 R S AL il
(lysyl oxidase, LOX)AZ RIEG AL 24 5K gl /b
XTECM I 7K fif A FH A1 52 21 A R i 4, DA TR S iod 5
. B ENDREWR. &8 E AR L0657
(tissue inhibitor of metalloproteinases, TIMPs) 5 ji& )4
AN TIMPL. TIMP2. TIMP3#1 TIMP4&E S 7] i3
PEHUANHIMMPs. ADAMsFIADAMTS 5 1,
i R TIMP2FI TIMP3 '3 SIMU BRI J5 2 1 2R
R FAT P B BAARK, 3017 /00 I Th e SRR, 3
MMPsH11 il 771 68 1 &8 73 Pk 5 TIMP 355 R il B 71N B
CFETAERY, (A, MMPs 5 TIMPs[) E 9 7E R K2
J& _E g TECM E A (E12).
1.3 ECMHIRERETK

ECMIT S 45k TR EEN RS —
SL FRAR A B IR O (1812) e MIV B SZ 45 DX H 2
1% (osteoglycin) 1 % 45 5 [ 5 M 4(syndecan-4) ] R 1A
PRI, JE 0T R R PR, O A SRR T e
TN K R il 2 5 4 B it 0 L B 1 AT A R
IEMUG IR AR 4K, /N g Rk 3L & | A
FEHE 1 (syndecan-1) A] J ML O E B9 28 5E . 35K A1
ThReBEAg>), ECMIP)IL B FE AR5 8O0 2 A CBY,; 0
JEMMP1 (1) 5 ik 2 T 80K 5 % 2%, O BEW i D e
1859, 51 K OHUREPY; ADAMTS 4F1ADAMTS 5 it
RIS IR BECMB] R K11 9852, 18 1t 5l ™ &
(A 2R 2= 3 IRECM Pt B35 A= RN T AR, S ik
ZPHTEREAR, IR A YA, H 25 B RS,
Ban A B RELT e YE . TGF-B(5 5 8. Toll
FE 52 1R 4(Toll-like receptor 4, TLR4)(5 5 iBH . 1L-33.
Jo 38 3 AR 0 40 FImiR-29%% 2 5 T ECMET 4k 1L 1) it
TR ECMU o 1 15 I8 R AR St A A=, i)
2 WK e % V0 B I IR UL 3-8 i phosphatidylinositol
3-kinase, PI3K)5 518 % miR-18ap 2% 25 {i¢ i3 iy
WAk, ECMIE S 5 1 4 Be 240 i AR RE 20 e i 6 £ 2
BAL bk, R FEECMA (U I 50 22 T) 1) 0% 28 AR
TEAERE S S T O AR VR T B e A

2 3D ECMUEE R 32 28 % T 20 A 2 4H 40 i
SR BE L BRT T A Y20

O JIE 2H 23 22 Ak R/ 0 2 B R 4 (sodium
dodecyl sulfate, SDS)/Triton X-100= 1% % 4l i {b
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Compositions

ECM proteases

1 Collagen I

— Collagen II

MMP 1,3, 8,10, 11, 14, 19; ADAMTSs; Meprina p; Cathepsins

Collagen III

MMP1, 3,8, 10, 11, 14; ADAMTSs; Cathepsins

MMP 1, 3,8, 10, 11, 14, 16; ADAMTSs; Meprina, B; Cathepsins

MMP1,2,3,7,8, 10, 11, 14, 19,25, 26; ADM 10, 12, 15; ADAMTSs; Cathepsins

Collagens 1 Collagen IV
Collagen V

MMP1, 2,3, 8,10, 11, 14; ADAMTSs; Cathepsins

I Collagen VI == MMP 1, 3,8, 10, 11, 12, 14; ADAMTSs; Cathepsins
— Collagen VII = MMP 1, 2,3, 8, 10, 11, 14; ADAMTSs; Cathepsins
| Collagen X MMP1,2,3,8,9.10, 11, 14; ADAMTSs; Cathepsins
1 Aggrecan peet MMP 1, 3, 8, 11, 13, 24; ADAMTS; Heparanase

—| Proteoglycans '—-._ Versican —— MMP 1, 8, 24; ADAMT; Heparanases
1 Brevican o MMP 1, 8, 24; ADAMT; Heparanases
| Decorin —— MMP 1, 3,8, 11, 13, 24; ADAMTSs; Heparanases

| Fibronectin

MMP2,3,7,8,9,10, 11, 12,13, 14, 15,16, 19, 24,25; ADM9, 12; ADAMTSs: Meprin o,

MMP3, 7,12, 11, 14, 15, 19; Meprin a, §; Plasmin

ECM ] 1 Laminin

— Elastin —— MMP3, 7, 10, 11, 12; Plasmin
— Transferrin__p—— MMP?7
—‘| Glycoproteins }——-— Fibrinogen [—— MMP 12, 17,26
H Entactin — MMP1,3,12,14,15
I Osteonectin_|—— MMP3, 13
— Vitronectin [—— MMP 12, 14, 15
[ Tenascin —— MMP 13
' Nidogen —— Meprina, B

Interacting

] proteins |

—I Mucins

Ell ECMEIEZER S FIXI R E R

Fig.1 Main compositions of ECM and respective proteases

ECM proteases:
+ MMP
4+ ADAM
4 ADAMTS
4 Cathepsin
4 Heparanase
4 Meprin
4 Plasmin
4 Suphatase
4 Ser protease elastsse

Breakdown % ECM

Metalloproteinase inhibitors:
¢ TIMP1
¢ TIMP2
¢ TIMP3
+ TIMP4
4 Cystatin C
¢ Elafin
¢ Fetuin A
4 Membrane-associated RECK

Rebuilding

Anomaly

heart-specific MMP1
ADAMTS4 and ADAMTSS

MMP2
¢ Excess ECM

4 Abnormally overexpression of
¢ Abnormally overexpressed of

4 Loss-of-function mutations in

4 Cardiomyopathy;

4 Osteoarthritis

4 Osteolytic and arthritic syndrome
4 Pathological fibrosis

E2 ECMRIFER. EBMEEIILHER

Fig.2

Degradation, remodeling of ECM and diseases resulted from anomaly of ECM
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Ab PR JE FTASECMATI R B A £ B AR e 8
() 25 AL FH R SR A P VE s, A9 InFGF-2 R0 L8 A 2
A K [A 7 (vascular endothelial growth factor, VEGF),
FMIA A R TR M B 5, SCRFCMSsIL/N Y
I B, R H RARECM S 5 14 i (113D 42 (A &
VA AR . T R AT 4 ELAR AL
Ml e B2 2 L H AR B R ER B 2 BRIDIR 45 4, A )
I3 M = W i 52 e, T8 RO B ) 5o . 3R
TR PR A R 1, R T R ) A K PR 4 i A
T B R 2 KA, G SR A A ELAE D, B
& HA ARSI B P 91 AR BEAH SURE S M S 07 1)
SEALHAT EA TR BB H AT EY. 3D ECMBEIK /2
HIRAgEEFERIAEA FEEAS). ZBIufE.
5 0 0 52 A AH ELAE P PRV R S PR O AR 552 22 A 40 2H R
2 R G5, AR A (A1 HE R A AR AE
S R 2 ) SRORE S ik R AR F AR A F A5 (813) .
BA B, 4R FUECMIBEIR I B2 A BAR P L lUKE &R

ECM

N

Fibrils

Biochemical aspects

Interlinking
elements

Complex supramolecular

Laminin

2@~
7N
Proteolytic /

processing

Afnity
specificity

Integrin

S5 3DRE TR AN ML (1) 5 A A F AL 2 OC 2

2.1 ECMEERR X 43 %1 T 4 At % 48 40 Bl SR IR 1 Bl
HABIT RIS

2,11 BILF RSl RRECM AL YI(ELEE
W B CESHIIRJLECM A 805 12 [m 45 44, 3
PELF 2 53 A 38 51, A5 R T 40 B 0 B 1k S 72 LA K 41 i
A K E 5 S PadEs. 16U OIEHR 7
FEPFPR IR 8 R H 2 B (5 TGF4: &, 5720
AR KA )M 2 Thae B 1 R (— AP gt
o, TR RS R SRR ZANIMETIER)S
H5TORESE S T/ F M AER. Kk,
5L EFECMI R AL S 25 I8 4540 S A7 1 3
AR TG0 3T A S . O IFECM A £
ISR MELF R, FAEBERER, KEEARETZ,
Hoap R 20 0 R JLECM 1015, HLEEE O IF Thg
S, ELAG T 5 A4 ) AL g 52 4
U, AR O BIEECMIF) 25 A6 A A AL 20 B m BE SE A F1 T

wn
L
=
1)
o
o
=
o
=
o
7
>
=i
=P
Strain
ﬁ Clusters
Growth factor

Cell membrane

‘@ : ECM epitope.
- - -: Proteolytic processing produces laminin G-domain
which has an specific affinity to combine with intergrin.

Spatial array
[E3 ECVUEERRAVHERSRIE. =SB HEFIRE (L EHEXT 4R a1 T A RIS

Fig.3 Effects of physical properties, spatial array and biochemical aspects of ECM gel on behavior patterns and selection of cells
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CMsTI R 5835 . Fong% B8 KW, 2116 ) LA Ak
SE 0 W 2H 2R 22 25 2 B A A B B AR ECMAEL A AR ALL 1)
A REA R R IE B . it LA CEECMIK it
JBE 1) R A idEiCMs i AR DT AR 20, 169 m 4 i 1] 15 5
VIR IE B /1%, RS B 1155, S im0 LI
Gife 1. (HR2, RGO BEECMuK #E R H CMs P F5 25
TAE S MM I 0 CASQ2. CX43. Junctin
b B TG )LD IEECMAL B 4L, 1fi it JLECM
K& 8 57 I CMs 3R IA B KT IR B 1
HE R —— 45 22 #14K 1(sodium-calcium exchanger 1,
NCX1), 40 #h sl s iz . MU, JECMs
THRFER RS MNCX 1 RIA, T CMs[A]45 25
TR S AL, F2MCMsH . SilvaZEPIRE 7T L,
/N LR BAFECMAL 35 25 1 240 Mo A7 7% 22 AH 0L, iR
JUECMUE K SC R A T H2 vy 48 J 110 5 PR 5 80 3 5
o ERARAG RN s A2 A Ak T 5 de FHL L 2 B T
R A fi FE FRTECMA™ R R 24 1) 184 B R %
SullivanZ5P7HF 5T R W, 5 B AL4L R IFECMAR L,
SRR O JIE R IR ECM AL B 1 L AT MSCs 2D s
I ST ATt e B0 R 404k

2.12 HtbALRRECM  OEFECMBIT B M
OIFH ARG =, FIRPEOIEECM %) 51 K 9% IR V.55
JREE, Fm RS A R SO R ARV 2
HHAT @A THEHARN IR, FHiLE A
A 50 UL R SUVLZE5 A8 A ZH A%, FEECMAE 44 i
T, fRediis A AR 2 mMER R IR
A REL 200 i RN 3 T S UL A48 55 77 T 4% B 24
HPY, HEA R 5 W EE B 335R/5 . R R s
I RSP AT 32 BT 9 « Hong 55 HIF 78 K 3,
2520 f Ak 1) B B ULECMATC IFECMAR A 24l i) a6
FEPAR B B 0T 2H R o RO &5 44, SRR/
SUESCsI RPN . A73% . HFEA o B B K
[FA0 . MR CBRNIE 5 5 bR 2 s B 0
A2, 5O BEECMAH L, & 8% LECM B 8 3l ¥/
BUESCs 73 5 w5 7K T 1) — % A (nitrogen monoxide,
NO), A i i BH 1 caspase-375 4« IHP3822 24 it
WAL A S (P38 mitogen-activated protein kinases,
P38MAPK) 5 5 il % Al PI3K/v-akt i A& i fif I8 77
B S K] [F] Y54 (PI3K/v-akt murine thymoma viral
oncogene homolog, PI3K/Akt)f5 5@ . PRkt
PRCaZ WSS LI HNHI CMS T T2, 34 InAE N\ 40 i (1) 47
e DRI, B B NIECMAE H T TREAL O i 2H 2R 4D

T 4. Lok, NBHEE T EECMA B EECM
AEAR BEMIB) P AR 7 MSCs [ iCMs R 73 A6 A L o0
PR Thae . T H, B & AR 2% B
¥ B RGN ALECM S 48 mT F T ol O A
PR AR

2.1.3 WINEHR S Baf Rk RECM  Przybyt: |
PR ANRE IR N IR EhADSC 25 41 i 14 3 A ECM(hADSC-
ECM), 1% G5 $2 m R AP CMs I3 FE R, {2 EAL/
TR HEFI RN LA R B &R . ADSCRENS 43k
AR (A K 1 B, 0 A0 S N A4
JE T, fEsEMIF 8 PR A FICMs /Y, — LS DRerE
K F BE 8 R AEECM A, HAS 52 22 41 Ak i 72 1 52
Wi, ADSC-ECMIH 78 75 4 ffd [a] B, AT 38k 5% 43 Wh il
TGS S5 A, BETTMIFIRHOAS:, S
BITROR, BRI TR O TREG R, 12
BEMISZ 451 [X O L E2 985 Schmuck S5 BRE 14 4 3% 77
1) 1 % BECFs £ 4 il J5, 3R 13 CFs-ECMC 22 (B2
15~20 mm, J5 & 50~150 um). HEEFAG SMIE A 78
Ji -4 i (ectomesenchymal stem cells, EMSCs)[*JCFs-
ECMZ L8685 2 O I 5240 X 38, TG 75 4% & B B B
5 {7 5F48 hLL . EMSCsH] USRS 5500 Y JEL,
A RBUEE O NEBA, 3K T 4 i 22 s i v 0 L
PRAL T HT R

2.1.4 ECMERJR 49 2B s ] 7K HECMAN 25 [
5 M L L S M A 3 T . A7 AR R
EAT N . DuanfE" AR B, 7E A INAE KB 1)
THEOLT, O HEECMF i &1 (1 58 2 (75% ECM+25%A%
Ji 25 ) ELECM 7 2 AIK 1 #8E 2 (25% ECM+75% A% iR
HH; 100%0% )5 8 H) 5 fe 3 5 AESCs>K i 11iCMs
FRTUAC 24 Fit 7 (USC 248 &4 1) 5 2 R A 48 I s 338 o) s
FA(CX43 M Tl ) Lk B I, K H100%FECM
1] % 14 7K 5% J2 110 gt 4 B T K LA o R, B ECM
FIT 7 B A R0/, sk 435 st ) sk, 580 A A A ke
P LRI . MR} A HR AR A B /N U LB e 45
#E X ¥ (damping loss factor, DLF)ifk /]y, 5 4zt + #
R HAPERT R . B ECM 25 & (TR i b 35 2 A1,
FLRE T R B 5 IR AR W 4 R T 3k (R 25, RS E
ECMEEI H g 2 AR AR A Rk 3, It A F
T HIHESCsr] CMs 7 [ () 734k, 25 3O I IR =
e LB IR IR .

2.2 ECMUEERS B3 M 45 2 XF T 4 B s 48 4R B >R TR
1L ZBABTT A RS
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TE W JUE 41 L R AT R 52 B LR Bl T 5 R T
CMsUZEIHLAH 77 LA S ECM 3 S5 U T (R 520
O IFECM ) 2H BN A2 B 2 3 &8 7484k, 3 BUK & #A 1A
2 S PR B 58 2 A A AR, SO AR PR MV I S PRI
T1 kPalt 2] s O EET 7k B 1) K £910 kPal®l. M1
FCE O I T B 21 4E A T ECMCHA 53 (1) B i
IE£9100 kPa, AT 52 [ A5 CMsELT- 41 il K IHiCMs
AT )90 ECMIEE I [ BILAR VE BE A0 45 I B (B 33 1)
Fhapte . FLBRR/NAIFLIR AR 4 . S PR AR B i B 2k
AT AR T BE 77 R/ N B RUBE, e A Bl R ) i
JOT PRI I A RS, MISCs T 6 JoT 1) B 14 A5 1 B A v B
BB, FEBIR RIS . LRV SR oy e Jit
B AL 5T o) SR I R AR R PR R LR )
FOE RS 1477 7] 4310, MSCIES AL v g T FH
S ATIEH,

ECMI&E I 1) 25 s FHAE AT 38 o 2 i s ok 1 458
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Fig.4 Mechanism on effects of composition stiffness of ECM gel on cellular phenotype
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