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Preparation and characterization of the extracellular matrix of human adipose tissue
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[Abstract] Objective To explore the ideal three—dimensional scaffold structure for cell growth in vitro. Methods — Preparation
of human adipose extracellular matrix: adipose tissue decellularization is performed by a combination of physical, chemical, and enzyme
treatments. The human adipose extracellular matrix was obtained and lyophilized to prepare matrix material with different shapes. The hu—
man adipose extracellular matrix material was evaluated. The cytotoxicity of matrix material was detected by the CCK—8 method. The adhe—
sion of matrix material in vitro was observed. The proliferation of hADSC—-gfp in matrix material by Ki67 staining and the differentiation of
adipose—derived mesenchymal stem cells was also observed. Results (1) The adipose tissue was treated with different shapes of ma—
trix materials by decellularization, (2) matrix material was thoroughly acellular, (3) matrix material was rich in collagen, laminin, and other
active ingredients, (4) matrix material was without cytotoxicity. The adhesion and proliferation abilities of cells on the matrix materials were
strong. The adipose—derived stem cells inoculated on the matrix material could be induced to the epidermal cells. Conclusion The repa—
ration method of the extracellular matrix of human adipose tissue is simple: the cells are more completely decellularized and the effective
components are well-preserved. This method yields cells that are low in density, high in porosity, with good water absorption, no cytotoxici—
ty, and ease of cell adhesion, proliferation, and differentiation.

[Key words ] Adipose extracellular matrix; Acellular matrix; Adipose tissue; Human adipose stem cells; Scaffold material

M e S RIERHE R DI ER 255 DR 1Y
B SR B AR I, BAE A AR S IR T
PIE S P o e S AL O TTR) ) W BT PO E|
RSB HORACR B . TR RME
SRR I B B R 2 —  BLEAT (A4
PRI SC AN ML IR D RE  F5 53 ) AN M T SR
kb, 2WSNE G BFRIG B R T BB,
HEB AR E . [ 2016 AEWILCE B & R A
B Al e B AL BRI 5 95 MR IE AR5 IR TR

DOI:10.3969/j.issn.1673-7040.2017.12.004
YE& AL A EBE (LA AR 3R BR 4.0 TR =),
b5 1008532 K% BERF R, 10T Ki%E 116044
BIE1EE W% , Email:13720086335@163.com;

A4, Email:304555414@qq.com

JI s 2 R AR ORI 240 B AR I i 4, R T 1l 4
FE TR, S XoF I A el ) B A B R 0 K
BAT PR BB B ARG A K 20 B AR 2k 45y T
ATV, T - B 7 248 L 9 5 S b e BERAEL Py i) 5
RV T A8 T I B RN FH o
1 XM&E5FE
1.1 SERX4

JIg W7 2 2K 5 T A 7 A B e B 18 S Rl
TR WA A AR L P (5 ) o A% 20~50 %,
BMI<30, JCHH PRI K i 13 , 6 38 R 4 B AR i
PR FING T ZE AL, MLLE T >10 o/L. 3R E A

AR o

JIE 0 ok I 30 IR, SR M I JRR T, b K TR
i i 0.9% 4 B ER K 1000 ml+2% F) 2 K A 10 ml+



o E SE AT AMRE AL 2017 4F 12 A58 28 455 12 ] Chin J Aesth Plast Surg, Dec 2017 Vol. 28 No. 12 <717

0.1%'% FRRZE 1 ml, W IR 5 & AEAH A 5 il
W BT , AR ET B4R 3 mm KRB IR D5 4 27 JE
ST 43T 50 ml BLOE T, UEIR)E -80°CHRAT.
1.2 RGNS

TG e /EDTA (Hh [E BE 2Rz e AR Y R 2 1
IR ) SN EE (IRt fE T ) ; Benzonase 1% 2 il
(I FEAE YR A PR H] ) s PBS .L-DMEM(E [5
Hyclone A F]); Pt A Ki67 Hiik (3 [H Sigma 2
H ) RPLA CK19 FiLik RITC- EHi % oG 91 .
PMSF( & [E -8 H 0 A )

IHR: e B . BIESOLEMEE (HA
Olympus 23w ) 5 0 i 35 F% 48 L vk R U1 R AL (36
Thermo 2] ) o
1.3 ANJEWRIR T 40 i 40 58 S 1%

NJEW IR 4 (human adipose—derived stem
cells, hADSC)¥JHC [ [7] — /&, R B AL 15 2
FE ABEUT 2 0.1 M PBS 78430818 G 15 ks 20
S, LR VR L I Y A MR 5 7540 BY g s
i, AT 0.1% 1 AU i ) L-DMEM, T~ 37°C. .
120 r/min FEIR WAL 40 min; IMAJRHAFL S 10%FBS
) L-DMEM 2 11714k ; S E 5302, 200 H i /13 98 5
AR 1L BEV , 1500 r/min &0 10 min, 57 L, f£
DALY ;s A 10%FBS 1 L-DMEM &,
RATHEL, 2R F 10 em B3R F 37°C 5%C0,
2 6 55 R 40 H RS % .24 h R T IR SR SR
2~3d R 1 RIS, FRIRIRIE T A AR
G EETR 80% /AT, A TH AL AR
1.4 ARG hADSC

PR H EIEG T YA R F] . e RE
AU B 148 hADSC, LA 1 x 107 fLEEFIT 24 £L
M, B 37°C 5%C0, 355465597 24 hy 7l g it
HALINAS 6 ngml B % M 10%FBS # L-DMEM
2 ml; AFFLIMA 10 p 1 #ER (GFP R BERE 7 x
10%ml, MOI=40), F/HR 4], B TR FRFa 35 9% 24 h;
FEREFREE,0.1 mmol/L PBS Pk 1 0, A& 10%FBS
) L-DMEM 2 ml, & T35 5/ P 4k 2235 5% s i v s
48~72 h, 9t B MU S A I o ' F R T O .

1.5 NJEWidn s oh 3k Sobt el i il £

BT A 0T Ak e 2 U AR Y E 37°C,120 ¢ K557
i, AR YA 1M EFER I EERA
PMSF . A5 (DR RBUM AR T2 20 ml A 50 ml
BLE T, (2)0.1 mmol/L PBS PR 3 Yk, 22545 i A
F KRR 53 o (3)-80°CHARAF 1 h,37°C A i 40 min, 3>
PRAERS o (4)7000 r/min &0 3 min, 7 2R R

JEBAR K ITEY . G 0.25% Bl /0.1%EDTA,
37°C, 120 v/min JHAEIE . (6)0.1 mmol/L PBS P4
3 7,30 min/ . (7)99.9% 5 N EEAEH 36 h, 4 12 h
B N, DABR 22 A8 . (8)0.1 mmol/L PBS {£¥%
3 K, 30 min/ K 5(9)0.25%% i /0.1%EDTA {H4k 4 h.
(100.1 mmol/L PBS %£%4 3 Y% ,30 min/ X, (111000 U
KRR AL 7 . (20.1 mmol/LM PBS % 3 X,
30 min/ ¥X .(1399.9% F N EEAHL 6 h.(4)0.1 mmol PBS
BRI 3 K, 30 min/ IR o (R 1V 240 B o0 e o
BHASLRT, -20°C% . W00HEARTHL 24 h T
.

1.6 AHgWidn oML Bt AL PR

1.6.1 AT HBUATRERME, %4 4%%
REWEREE 24 h, AMEE . 6pm ELEY A, 1T
HE .DPAI JHIZT O Yefo , AT AL Ak Hh At A -
IR RT3 BRI Dl o W VR T I B 1 200 B b
AL, ST T B AR

1.6.2  FRAMISCRLA RN BOAT 5 A I 4n i
HNIETM R, 28 4% 22 R, AW, 6 wm
HELEY) R AT RAR LT Y R R T 2 1 o3 AR
FEDL AT EVG Yt s £ AR R I D

1.6.3 AR DAMEN. K KEE
() N R 105 240 M A 2 BT B T 5 10% i 4 I3 1Y
L-DMEM H', F 37°C .5%CO, W4 HIZ 24 h, 37
B ; FHE 10% 8624 103 1 L-DMEM 24
24 h, FRPURMA ; FEEFREE 5 00 hADSC, #2
1000 > / FLEY 20 25 BE 4 T 96 LR, RRdH i
B 6 NESL, BFRILRTSE 24 h 5, B FREE 4 B
A 200 w1 100% . 75% 50% .25% 0%i= LAY
FEFRhE R SR L R 1. 3.5 d i, LA
10 w1 CCK=8, IRAAMEH 2.5 h, BEFRIL (490 nm ) K5
WOCREME. (MRHMEER S . R T 0 A BRI 240
HNILIR B 10% 625 L35 19 L-DMEM ) 6 Lk
H,37°C 5% CO, W . s iin, 5 5 1R
hADSCs—gfp P 1 x 10%em*(2 50 p ISR ZEN
JI I 5 A L o 1, B 37°C 5% CO, 46 ,4 h
JE ARG TR . FEIE DO B WA 0.2,
4.24 h J 3 d B2 AR RS B HL 5 S b R 2
TEL - (B)ZHMIIG TR TE DL o K525 5 4CHT hADSCs—gfp %
FE NG W7 4 SR8 5 Ak, B 10986 4 g
) L-DMEM 557, 5 2 d B4 1| IREGFR5L B R 2
557 RETHUM , Fl 22 5 FE S 1) , ERRUTTE , OCT £
VKRR R B EESY 6 pm, T Ki67 .DAPL e {0,
(4SO . #5555 3 £UAY hADSCs—gfp 205



<718 SRR AN 2017 4F 12 J155 28 4555 12 ] Chin J Aesth Plast Sure, Dec 2017 Vol. 28 No. 12

NBg Wi A3 b kb, S 10916 4 13 i
L-DMEM $55% 31555 2 d J& , KRB 1D ot U5 T 20 g
YL S BT RHE TC I 5544 T ¥4 8% 2 transwell Z/NE P,
TGS 1545 77 55 22 G LB FEK Y- {35 5T b4 R}
TR F o RREHIE R, 2O 0 U A 4
LRSI T O s 55 3R 255 7 RSB, 25 B [ a2
FERFDUUE , OCT (3R, VKARVIR, JEEEHN 6 pm 4T
CK19 .DAPI J:fa,,
1.7 Geitseab i

K SPSS 17.0 Sk Al A v et 43 b, Eictia
Phx+ s, 2] HUACR TN FEAS ¢ K55, P<0.05
RS HAG R L
2 #R
2.1 AR A4 A kil 5

W g A AR AS 10 1 15 4 23 R 28 Z2 IR R Al L
fiti /EDTA T4k SN BEAE I AZ RR AL P, T 3RA5 7L
HEERAE SRR, SR HLRT il & A
[FEAR L S n] T S i B B kL R T 1)
FEFAEET PBS FRIR 24 h, e A AT 3 R
PR IR KN — I ZFLAREE ) -
2.2 NJRWi gL AT By
221 JRANMEPEM  HE et n] Wk T 5Lk
REHRTCAN I AE R, AR DLZT Y i 41 i AL 5 A 4
PN AT DL RS TR S BRI A R . DAPL e /R JE i
PR I A5G AR MAZ By, AT WL R 4Ty
FEFTMRL . 2L O G o SURT D BbA R} S 4R
4, A DLET YRR S s A i 40 B A2 i3 . SEM K A
CINWNG YV 0%1 B 95w p S s ved i DA e =S
LEAR—ZFREsH . WLE 1,
222 FATERONA R BB D5 41 i A BT R
AR LT YL n] UL oA b e SR A 1 SR A g, HE S
. NG /R SE BT &R 1 EVG Jetan] I
LA b e s B A e e SR 2
223 AR (DAUIEEEYE. AR IE)R
WHEHEE T T hADSC 3535, 7T UL RS 7 3k 15T 410 it
A RAT AN RV B A T2 Y 1) 200 i 4 5 % T B
ZE 5 (P>0.05) , 3 158 BH $2 IR 41 i 40 358 5 4 R JC 41

- 7 | SR £
3 ‘1;‘“' ’&r’ \ '-&\

MLBEPE R Rk (AN LR . 26 BAEE T nl
DL T RE AR R B hADSC—gfp S [HITE , $efh
J&i 2 h AT DGR 4 4 LA s fioh £ 86 B 3 R
H 3RS 4 h 7] L hADSC—gfp U535 R) S22 4%
Fa 2 TR BIHHES ), 52 B0 40 M () K AR TE 40 T 5
fIE s 82D 24 b J5 ] UL IR D A R T 4R ik 50 426
BT ARk SRS 2R T DR 5 3t U4
WA R AR, H AN SR R AT I B3 £
(34U 7R . BUERD hASCs—gfp 7 d J LT A4
RH T Ki-67 Yet, m] WAL T34 58 101 (4 40 i A% & 41 €
9,5 DAPL R YL S5 0O AN Az B 4, 38
BN T5%~85% , 3% B 10 A U514t 26 g iy 240
HNEETFRRE L35 KT (OhADSCs—gfp T35 H fi)
R MBS Bl o 7] WL hADSCs—gfp FIEFA1
WIS AT, S A I nT D (5 4
. DAPIYefanf WL th | Sh it R A7 e W (g
AR AEAE . CK19 Yeta BAYE , B4R 7E
JIE 7 4 B A0 35 I3 A4 ) R Y hADSCs 1) 36 Bz 41 g 43
fbo ASEFREFRI R R, BT A0H5 T 40055
hADSCs [n] 4 57 21 it 3 Ak 25541
3 iFig

21 225 It A1 Ak B R 20 LD 3 SR A
21 i AL S5 2 L SR el AT A0 A R 43 0 1) 400 i
A, 437 E 20 L 1T B 2 L B 1) —FP 2 D BE R R
R ZWER G, EER AR R T AT E
HEAVZEEEN EORM AR A KR
TG, X TR [ Ao T AN L 3
IR AR B 21 R i A IR DN PR A e
B CEEVERY,  H ETE T P I 20 A0 I 5 A
AT : JBEIHER B JRI I AT A2 A iOAE R
breliee UV vy S NS A S s e B N A
TR 2% H20 M MR EC B R

B B an e A 5E o o HOR R & . nTIEF A
A, 5 F3RA% K il £ , I HH & AR 9 = 4 25 ) 25
P R B3 0 20 A 2 1 S0 5 T A B UE SR I
FAEA B Z —, HEM A IR IRATE 5B B . BRI
20 it 90 35 I3 1 ) 4 T s BRI AR EATD A ARV 2

k4
\ R

i

B 1 RN AN E A R A YL (0 ( x 100)  a. HE Y2(7 b, Masson — (4% {h . DAPI Je(f  d. 4L O 4fn



o E SE AT AMRE AL 2017 4F 12 A58 28 455 12 ] Chin J Aesth Plast Surg, Dec 2017 Vol. 28 No. 12 -719-

B, AR B O 7 B A iR A s 4 e A1 o ) A
BORSr AR S SR A 25 S R,

FeA a2 VR R B /EDTA TH AL 57
AE NG TR WAL BRARATH ) B 105 A N AR o, A L T
2 it p N RS AT IR SuR S i W P
PEREVE BT G, 0 T BB R AT A, sl —60
WS, B2 ORI A, BT F T i i 5% , Bb
BTSSR , 7E LB PBS A= JER K K2 SD iR N2
AIORSFAR TR IEZS o N aH LM s e HAT TR G
AR RS, AT TR ERIR, ELAT TSR AR 2
AR BT , I PTARE A5 BE AN [r] 15 S oA e
FLARRNH, AN Z A AT RERIAS By sif B2 R 55, 52
P E, AR IARMEAT 850 v 5i JBE 1) SCHE b
o FEBSCARPTRB A M AT , SR i i 2H 28 4
N ECREIRG , SEATCANME > NG T A% RER B o
Sr VR B O o P B G, 8 A iR 2R A
AR A S o o FRATH 5 A i
AR AL SRR G BT , 240 MO f i I T8]
RIVRTRERR I b, IR ORFFAR o I B G A o R 3l
hADSCs (5L JFOM BT R T 77, B
FRIE, AT UL hADSCs [0 Bz A0k o ik e 4 fd s
A AR AL

Wi SR K B, MIRIE ARSI 3 4 i 105 AR
Hh B DO 017 440 D &7 35 Joe i o ) 4 1) S SR e
Jd A A EE , AT ARG 19 A= WU RHRR AL, 2 T 40 i
RO BRI 5E , 0 AN T L AT B O 1B IR B AU
13, TR R T B LBk, 75 5 T 40 oAl i BELAE
MEzZz—.

S 3k

[1] Gee AO, Baker BM, Silverstein AM, et al. Fabrication and evalua—
tion of biomimetic—synthetic nanofibrous composites for soft tissue
regeneration| J ]. Cell Tissue Res, 2012,347(3):803-813.

[2] Badylak SF. The extracellular matrix as a biologic scaffold mate—
rial[ J ]. Biomaterials, 2007,28(25):3587-2593.

[3] Brown BN, Freund JM, Han L, et al. Comparison of three methods
for the derivation of a hiologic scaffold composed of adipose tissue

extracellular matrix| J |. Tissue Eng Part C Methods, 2011,17(4):

! B !\ ! P ! P P P P P P " P P P P P ! P ! P ! P ! . ! P P P P P P " P P P P P P ! P ! P ! P ! . ! P P P P P ! P e P e P P " P P

KT ARSI FH A 2EK

411-421.

[4] Friedl P, Zanker KS, Brocker EB. Cell migration strategies in 3—=D
extracellular matrix: differences in morphology, cell matrix interac—
tions, and integrin function| J ]. Microsc Res Tech, 1998,43 (5):
369-378.

[5] Yuan H, Zhuang Y, Xiong J, et al. Human umbilical mesenchymal
stem cells—seeded bladder acellular matrix grafts for reconstruction
of bladder defects in a canine model[ J ]. PLoS One, 2013,8(11):
€80959.

[6] Wainwright D, Madden M, Luterman A, et al. Clinical evaluation of
an acellular allograft dermal matrix in full-thickness burns[ J |. ]
Burn Care Rehabil, 1996,17(2):124-136.

[7] GaoY,LiuF, Zhang L, et al. Acellular blood vessels combined hu—
man hair follicle mesenchymal stem cells for engineering of func—
tional arterial grafts| J ]. Ann Biomed Eng, 2014,42(10):2177-2189.

[8] LiuJ, Chen J, Liu B, et al. Acellular spinal cord scaffold seeded
with mesenchymal stem cells promotes long—distance axon regen—
eration and functional recovery in spinal cord injured rats[ J ]. J
Neurol Sei, 2013,325(1-2):127-136.

[9] Yang Q, Peng J, Guo Q, et al. A cartilage ECM~derived 3-D
porous acellular matrix scaffold for in vivo cartilage tissue engi—
neering with PKH26-labeled chondrogenic bone marrow—derived
mesenchymal stem cells| ] |. Biomaterials, 2008,29(15):2378-2387.

[10] Doryab A, Heydarian M, Amoabediny G, et al. Recellularization on
acellular lung tissue scaffold using perfusion—based bioreactor: an
online monitoring strategy[ J |. Journal of Medical and Biological
Engineering, 2017,37(1):1-10.

[11] Choi JS, Choi YC, Kim JD, et al. Adipose tissue: a valuable re—
source of biomaterials for soft tissue engineering[ J ]. Macromolec—
ular Research, 2014,22(9):932-947.

[12] Banyard DA, Borad V, Amezcua E, et al. Preparation, characteriza—
tion, and clinical implications of human decellularized adipose tis—
sue extracellular matrix(hDAM): a comprehensive review| J |. Aesthet
Surg J, 2016,36(3):349-357.

[13] Choi JS, Yang HJ, Kim BS, et al. Fabrication of porous extracellular
matrix scaffolds from human adipose tissue[ J ]. Tissue Eng Part C
Methods, 2010,16(3):387-396.

[14] Choi JS, Yang HJ, Kim BS, et al. Human extracellular matrix
(ECM) powders for injectable cell delivery and adipose tissue engi—
neering| J ]. J Control Release, 2009,139(1):2-7.

(ki H18:2017-10-10)

5| A AP, DR, RIS, S NI AN A S0 R BT 1 A K

PEM T . P ESE ARG AR 2R, 2017,28(12):716-719.D01:10.3969/).

issn.1673-7040.2017.12.004.

P R (R Ty

LA R E S B R B ILGEE R A S P U AR, AT PR R LR L AR R G E, R
B AE T BT, 3E LA L P 09 4E kG5 T 0 KA A B L E LA ARiE d SRR e A B ALIE B
I L GEuk B AR B 099535 . N A B YE9EE T R B B AR, EHIE R ASAT,



