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ZRF @l (co-culture adipose-derived mesenchymal stem cells, Co-ADSCs)#9 4848 TAZ 44, B %,
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SEIRINEAR . R, et T dHAM/PCL, 833 SEM. CCK-8. JaA{iXIa+ P #4tad mie
AR GNEAR ) G, SRR, IR R B 6 I L& 8 R T el d¥ i, ADSCsZ 432 75T &%,
RERRREE. Hl&Q LM A8 %M, /8RB 148G F & & 482.12%. dHAM/
PCLZn @Al 2k, AT Co-ADSCs4R A T #1489 bk fie. 42 b, K F2AR T2 RE A E 49Co-
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Fabrication and Evaluation of Decellularized Human Amniotic
Membrane/Polycaprolactone Tissue Engineering Materials
Implanted with Adipose-Derived Mesenchymal Stem Cells

YANG Deyu, SHU Hongmei, LIU Kehai*
(College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract In order to explore a new biomaterial for pelvic floor repair, a tissue engineering material with
Co-ADSCs (co-culture adipose-derived mesenchymal stem cells) was constructed using dHAM (decellularized
human amniotic membrane) as coat and PCL (polycaprolactone) as carrier. First, ADSCs (adipose-derived mesen-
chymal stem cells) were isolated and identified in vitro, and a co-culture system was established. Immunofluores-
cence, qQRT-PCR and ELISA were used to detect the ability of Co-ADSCs to synthesize type I collagen. Meanwhile,
dHAM was prepared and the degree of decellularization was evaluated. PCL film was prepared by solution casting
method, and dHAM was composite on both sides of PCL film. The degradation test was carried out in vitro for 8
weeks. Finally, the cells were planted in dHAM/PCL, and the cytocompatibility and mechanical properties of the
materials were evaluated by SEM, CCK-8 and tensile test. The results showed that adipogenic cells had the charac-
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teristics of mesenchymal stem cells, and ADSCs produced more type I collagen by co-culture. The prepared compos-
ite was a “sandwich structure”, and the residual content reached 82.12% after 8§ weeks of degradation. The dHAM/

PCL cell compatibility was good, and the mechanical parameters of the materials were improved after Co-ADSCs

transplantation. In conclusion, the tissue-engineered Co-ADSCs-dHAM/PCL composite biomaterial is degradable,

cell-compatible and has good mechanical properties, so it is expected to be a new pelvic floor repair material.
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%5 4% B It 3 (pelvic organ prolapse, POP) & 1
ZAE LR W MR, 18 2R 45 48 5L A 4H
ZUEE BN E T8 AT gekEmst, 78t 50
PRSI 1R I 30% 2o e AR gL, o E EEPOP RS F
ARAEN I 0, PR 85 FH ) SR TR A D o — b 77 2
P RELF 128 FHIE A\ W F (transvaginal mesh, TVM),
R AN H AR, ARG T RE = A% gL 45 It
KAEP . 32 [E & 24 J5j(Food and Drug Administration,
FDA)Z VZERTVMPIAR JG AR, FHT-20194 5 4 5%
TTVMAEIN PR EAT AR 107, 37, A=9mT BE
A BHEIR IR EIUAS — 58 97 2%, 1B AR} B i ik i
T AL AR, SRR K. Bk, PEREER
(2 S ARG fr itk — BT 5T

BT H TR R F R 2% 1) 2 A AR R T
S TVMAHIRIEAES, Horr, Fh 720 i 2 4 23 A
FRCL, M5 W 18] 78 52 41 M (adipose-derived mesenchy-
mal stem cells, ADSCs)Z #& (. BEFERC, KL 2%
REE RS It & IR TT I 00 F A
S ADSCs 4 & AP KL DU i B 8 H 23 7 A,
RNERABE IR 1T @ 545, POPI H
73 DAL A2 S 21 24 24H e 164 5 e 73 9k 55 AR e i i 1 2 Wl
U BT, WS RCAT 4 40 i AR K PR F (fibro-
blast growth factor, FGF) 1) 3¢ 4% I A= W) #H 25 M B BT
AR P A B o WA T iR, AEPOPYR YT H B A S
PrEM B TR B, I IR IR AT 42 n]
DA 32 4 B 23 A I iR 04, {0 H AT H NADSCs 5 A
7 R AT 44 241 Bfd (human skin fibroblasts, HSFs)3t %
I, LG Z AR DU 3 IR R UM BB E
WD,

41 i A FE J5fi (extracellular matrix, ECM)& M 4]
Ji B AH 24 R B R AR AR, R T4 g e I 2
Sl SEBON G R _EIECMER 73, A2 R6 IR i N )2
FIGE T Rk FECMAL B, 5 40 H2 A 5 [ (decellularized
human amniotic membrane, dHAM )[R = g A= 7% P4 Al

adipose-derived mesenchymal stem cells; decellularized human amniotic membrane; polycap-

K G 228 TP W P T £ RS A 5 A ) I 2 Ak
SR, dHAMAMUIR I REH% 22 HLRE AR TR, Joid s pif
NEIREE MR A BT 2R ¥ dHAMA
F % E&[poly-(ester urethane), PUJE &, il 7 —#
A AE AN, (EPUAS 2 FDAL#E 1) B= FH A K
T E AR B AR S Y. R AN
(polycaprolactone, PCL)*&FDA I 1) 2E ) 0] [ fif 44
B, 580 TIBIE AN A AERHMICER, BEARAEYIAHES
(JPCLIFIdHAMAH b ik = 2 8 A= i D), (R 772
PERRLT, PN SR AL R BN ¥

AHF T NADSCs 5 HSFsHEAT HLhs 9%, #6564t
15 7% ADSCs(co-culture ADSCs, Co-ADSCs) % 17
IR A RE 1. AR, K dHAM 5 PCLA & il % (1)
dHAM/PCLAE ARl JE T 4 40 T2 i #0Ks 41
H Al T 44 8], JE R Co-ADSCs-dHAM/PCL, F%f
HBEAT AL W AH 25 1 AN ) 2 M SR, ATE ) 5E Co-
ADSCs45 & dHAM/PCLIE MBI B MR Z2 T B
CIETRE

1 5258
L1 #R R

M AR R T 2L b T AR N N R BE B
IRBE X BT AR T B8 B2 R WIS AR () 6151 42 B ple 4
WAHE(RE R TIN5 S, A — 2 IR TR, otk
Guipi MU 3 WA ), =F R el b it 55 75 N R B
HP R 2 E TR SR, BUE 2 H @R L
fadk, UL EIOM 315 B G F R, JFa Bl
FERFACHH A% 0l ¥ Al (k7 5. SHOU-
DW-2020-003). PCL. i 25 il Jige 2 1 g (R
it ) 35 W - 25 [E Sigma 2y &) 5 I 917 18] 72 57— 40 i G 1L
5 K% 7% £ (mesenchymal stem cells medium, MSCM)
W T N B B IR A=Y A w5 2H 2{DNASE B
AT & T 52 EOMEGA A w5 Jig Bk A 72 W B0 e
(ELISA) I & T 9% [§ Abcam A ) T R #h 2% il
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(phosphate buffer solution, PBS). &k & Z5 772414 T
1.2 ADSCsHBEMEE

HX100 mLAg W A2 BT W i b fa, B T 50.1%
DR i i (B IMSCM Y, 37 °CT il 7378 4430 min,
1 500 r/min% €210 min, Y5 40 M T UE 7 5 3.
FAMSCM 4% F B 41, K5 7724 hiG i, Fr4n i
1580%fil & BT AL A

i e 9 A6 26 34040 A, HX100 pL 40 i &
(1x10°NM/mL) T & 0 H, 237 iIn ACD73. CDY0.
CD105. HLA-DR. CD34#1CD4547(14 %10 uL, 4 °C
WEGH F 30 min. R 5 SR I A0 AN 4 e R T
PrEYL,

YHM 2 B AERSHR Rl AR o A s R S
FHERARE, ZiE T H4%2 BRI E, A
O ol = 28 T2 il R ] )T W e e, TR AR
M5, R A0 f A oh 2 3 R A T e
1.3 ADSCs3tiE7: K8

BRI BT R, KM FREN6TLIR,
W 72 % NTranswell’N%E . G1.G3. G5 NFHREFRA,
G2. G4. GOENXFHEL; 4 25 1 N 1x10°4 /4L .

FH SEI 56 6 58 8 TR A BB S N (QRT-PCR) A6
Co-ADSCsH T4 Ji Ji B EmRNAFK & . %4 TRIzol
PRI U0 B AR B 2L 40 S RNA, T 0 % 5%
JNeDNAPY, qRT-PCR 2 B 11142

W SE 6 FLAR L AN 3B, FXELISABRI &t
B 5 K W0 R O A (n=3)P, H & IR R R R
TR,

1.4 dHAM/PCLE &#H#l#&

FE ARG, T30 min Py HVGHCK BT 6 1 E T
VKB N RAZ IRk [ 88 =, JFF24 hW kb3 . T8
W R AE R, pReia A B s &5, MG B e
FIRGSER, AETREREE, HRHREE
FI METmE . MRS X IR I 45 & ) BRI 5
ZEHAMIBL AR, FARTT 2 an B LR

SRy H T R 200 R, % B 4 B RTHAMLS B2 i
JadHAM T, FH 34 B 7 W8 (scanning electron
microscope magnification, SEM)W %2 H R IS, 1%
H ZADNA$HE B ) & v B 5 ITHAM AT dHAM
DNAE

HU1 g PCLAI10 mLOKESER & T P MR A+, W)
P FE 2 FORLA R AR, K PCLIE TSR 86 T 18 B AR,
FIRAE, T8, 0.5 mol/LINaOHIZ i3 Ji5 F F 7%
Pk PgE, T, EIFSPCLE RS, K dHAMIY S &
NG TPCLE M M, &5 I 25 1410 h, RIS
2 it 2 /2R LN B 52 A M BHAHAMY/PCL), Wi 43 )5
FISEMW%% .

1.5 dHAM/PCL{A5N4 AR

¥ dHAM/PCLET &1 cmx1 cmi# |, fEIRE N

37 °C. pH7.4[1PBSH #E AT 8 i ¥ 44 41 B i 5 40120

*1 HEFLEMSERE

Table 1 Group setup in the co-culture experiment

415 AR E NEETRE FrFRIN )/ R
Group Transwell Six-well plate Culture time /d
Gl ADSCs HSFs 3
G2 ADSCs ADSCs 3
G3 ADSCs HSFs 6
G4 ADSCs ADSCs 6
G5 ADSCs HSFs 9
Go6 ADSCs ADSCs 9
2 HREESIYFAR R Z G
Table 2 Specific primer sequences and reaction conditions
B IH SIFPFI(5'—3") Kz KR IR KIS [A] LA (1]
Genes Primer sequences (5'—3") Length Annealing temperature Annealing time Duration
p-actin F: TTG CTG ATC CAC ATC TGC TGG AAG 395 bp 55°C 10s 12s
R: GGC CAC TGC CGC ATC CTC TTC
Collagen I F: CAC CAG ACG CAG AAG TCATAG 469 bp 51°C 10s I5s

R: GCT GTT CCA GGC AAT CCAC
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75% ethano

i PBS
N washing eg==—=——————s.washing Mild

Twice
Fresh HAM

Mild
shaking&
37°C3h

DNase Pancreatolipase

shaking
12 h twice

Twice

Penicillin-Streptomycin

Mild Mild
shakingb shaking
37°C20h 8 h twice

1% Triton

Mild Storin;
shaking‘ﬁ 4°C
12 h twice
Penicillin-Streptomycin Penicillin-Streptomycin dHAM

JL A I AR AE PBSA R T HEAT, T T T R BE R BN 19200 U/L, [ IR ES & 291 000 U/L, DNAFR 5241 000 U/L.
The decellularization process was carried out in PBS solution with Penicillin-Streptomycin (200 U/L), Pancreatolipase (1 000 U/L) and DNAse (1 000 U/L).
E1 HAMEBARRZ
Fig.1 Decellularization process of HAM

FF7R K dHAM/PCLA B} B H, F 28 MK e 5 T
f, FRELIE U R AR T E (n=3).
1.6 ZApatEE MM

¥ dHAM/PCLEE 5t K i f5 B T-64LAk 1, MSCM
1214 h. JERFHILADSCsHICo-ADSCsHH-F-1 000 r/min
25005 min, 4 Mo FhAE 25 410 em?, RI6FLAR
A FL I A2 mL%E FE 2x 109N /mL K 240 i B 5
dHAM/PCLM BV &1 7% FE R, SRk E T
PBSH /K A2 h, R FIMSCMH, 4 °Cik % J5, H
WA 2% 529 N1 mL% £ 92x10°4/mL I 48 i &
T A RE R T, 24 hiF 40 fR G BE 5, LRI FE 7572
YRR TR 5 —TH . P IS LM RR AT
TMSCMH, 4R NG FRFE R i 98, WE XS
& 4. ADSCs-dHAM/PCL4. #1Co-ADSCs-dHAM/
PCL4. 53724 h)5, IIACCK-8iX 7137 °C T i
H1 h, FHEEFRCINE 3K 450 nmid B FEAE
FESAG TR J5, FISEMNL 241 i 76 b4 R} 25 1 1 %
B LT
1.7 71 MR

M M7 JS, 43 5 BLAHAM/PCL. ADSCs-
dHAM/PCLAHI Co-ADSCs-dHAM/PCL#4 ¥}, F i)

DCIEAT B R A0S, P = A A ) ) AR B
JIRIE W 2K Z AN S A B (n=6).
1.8 ZitFAE

KHISPSS 25.04t 11, Hif AP35 H+ 77 2R 0R,
H 8] 2 5 ek 38 3047 0 M. P<0.05R R Z R B A
GuitsEm L.

2 RS
2.1 ADSCsHBYETE

2R, 4 FH R IACD73. CD90FICDI105,
[HPERIAHLA-DR. CD45HICD34, Wiz H A
[ 78 J5T T 40 BARFAE R L, UE S5 H 9 ADSCs o

2ot fa, WU %L R ADSCsifl it A K/
AN R B 2T t0 6 W, 2% B ADSCsAE I i 40 i J7 1 43
H(EB3A). S ERERR A e (LB 75 2 )5, W53
ADSCsH 636 7 P ) 5 R R &L, Rondiin B
B AR A (BEI3B) . 28 BT R et R i 5
J&i, MEEEIADSCs i W5 (¥ 5 2 Bl R 2y, Fon 4
A RCHCR A0 R 2 (3C). HI AT L, ADSCsZ&:
FEFIE A F AR B R E 7k, R IHADSCs
BA AN =10 73 AT B2, 11 (8] 70 53 40 M X A sk
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WHHBZH ., 45 59IFH], ADSCs 5HSFH: 55 ), AU R
BAEGBCERIN, B 5 7%, HSFsTER AN S

qQRT-PCR&E UK 4A 7R~ , L1595 6 K J5 Co-  ADSCsIf 2T 4E 41 i 234k, 1 5 A AL T HSFsf
ADSCsH 1 i J5 25 FAmRNA 3k & 52 1 n, 5%t ¥ 'r@m % 4h, Co-ADSCsIHITR! i Ji 55 1 I mRNA
R 2 22 55 B2 25 (P<0.05), 9K I Co-ADSCsHITHY i i 1) B i S 355 7 B ) (1) ZE K A2 39 A, 3% BHHSFs X
B A mRNAR F A /KF 53 38 0n, 2 X% B 241 19345 . ADSCSE@%‘%%’EﬁHBLHﬁIIﬂIEWJu%E
45 W], ADSCs 5 HSFs3t 1 95 AE /i i ADSCs ikl FR T 4 21 0 2 280 S P A 2R R AN MY, w] o)
R R WA O IRL 5 38 75T A B S ORI o i, BT s R
ELISA4: R i El4B Al 7k, 335 7723 K% B 74 41 48 TR, R FRAK R P, TranswellZ % [ L2 70
O 53 VAT 2 DR B 1 G i 35 % 7, Co-ADSCsfE VFRRAF4E 20 43 W I FGFZR I i X T, I 22 408
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& 404 2 401 & 40
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O Ly R oo 0 1 = . 04, . Ao . v
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Fig.2 Detection of cell surface antigen
(A) o ©) ,
’ \4\ f ’fi ‘ I t ;} '(’\" ALY
,*‘r‘ { 4\ _'ef"- TR
’ % X . ] k { { ? ¥ ; : ,‘ l .
' , A j W ,,\' ) . ,) ’ ey
pt & \‘r‘,,.-a. .
: ' . /, s 1 ’( \
b 1 _ Wy AN
’.) ’1 S| 500 um ,500 p.m ‘ I 500 pm
A JHLLOYLth 2 s B: TR B ER B e s 2R C: KT%'J%R“’“”“ u%o

A: results of Oil Red-O staining; B: results of Alkaline phosphatase staining; C: results of Alcian Blue staining.

B3 ADSCsHI L& gE
Fig.3 Differentiation potential of ADSCs
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F2 30 R FEADSCs Ay WA I JR 2R (. iX %1, Co-
ADSCsA“ﬁii?'ai_EﬁﬁﬁfP%éHiE@, i A S R R
MIEE 24
2.3 dHAMHﬂéIHH@%;FE%%?E

S R ML A AR VB HEAT AN R AT, HAM
2 TH A0 M B B B 22 R 4 2R (BIS A, T 40 e
dHAM A L% IROIR 36 5, 3R T 1 808, o4 i ik

(A) 6,
Control
51 mm Co-culture
2
& 44
g
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< 34
v
&
1
0
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A TRR R FImRNA R RIA &7 B: IR R &

4 (n=6, **P<0.01).

B (KISB). Mgl A ik 2 o, 3R 100 v P 770 A0 AR i Bl A
YT B AR P, 3k T 44 Hﬁwﬁﬁﬁﬁﬁﬁiﬁ)\éﬂiﬂ’@@iﬁ#
DNA$ZHE AT, i 40 i o] fEHAMAR B 800 56

(R IR = E IR 2544, B I 25 BR AT A %lfaﬁa&“ﬂtﬁ
SN ) 2 26 T 0 R . dHAM T S DNAK JiF 3 2%
I T W40 AT (BISC), ELAR T2 D10 B 40 g 32 o
DNAY ¥ & B Fp1EPY. SEMEE FIDNA & & 46 il

(B) " ek
en15- M Control ‘ ‘ ‘ !
610 I Co-culture
£
— 121 :
5
&
= 9]
Q
G
=} 6
]
2
g 34
[}
2

0_

3 6 9
Time /d

A: the expression of Collagen I mRNA; B: the content of Collagen I (n=6, **P<0.01).
El4 ADSCsFICo-ADSCsMHIEKEERNESE
Fig.4 The contents of Collagen I secreted by ADSCs and Co-ADSCs
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200 pm

©

(B)

200 pm

kk

500+
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300
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DNA /pg-mL™!

100

0

4.46

Native

Decellularized

A: JHA I ATHAM PG TS B: A S dHAM BSOS C: HAMAIdHAMIIDNA S 5
A: micromorphology of HAM before decellularization; B: microscophology of dHAM after decellularization; C: DNA content of HAM and dHAM.
El5 HAMAAARIZRE A
Fig.5 Detection of the degree of HAM decellularization



PR 55 R 1A 78 B TR B RN JB 40 = 1 2R A R LR T REA R i SR 1997

SE L2 BH, dHAM A (6 200 it a5, 43 R0 400 it A% 0 A 5k
b, WIHHAT IS S
24 MRIFRERREIE

FERGAT T ] WAHAM/PCL 9232 B dHAM,
W e S FL A BPCL, 2= IR 4 #I(KEI6A). 5 Fh
MR B A BN B %, B RGE L4 5 68
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SEM A BHOU 2 11 52 30 S502 AN HE 0 1 2 4 AR 25
P, LRSS AEHER, IR 5 7 R r(E6C); ks (1)
LR Y 2 T O A AR LR I B . RIZEAHAME
0 240 P Kb B BRI T B e SR, SRR TR AL £
B I 2 R AE KR 7, 5 IR B F B ST 0 A
Fe B R AE A .
2.5 MRMAINERRMERE DT

Bl 7 9 dHAM/PCLAA 4 % A 8 Ji 1 it & A 1k,
1% . 81 5, dHAM/PCLFE 4% & 175 1£82.12%, it B
dHAM/PCLA] B R, H R4l st 7 Rse K
W5, BEARVI, MELR 2 FIdHAM G R fR, JEI% W
3 5% H N HBPCL, PCLAETE A 3 R85 rp (R L 45 44
(NI, S R B AR E % . PCLE AR
Z Il WG| K TR, (0 s I R K R, 108w
RGN TEREER, A TR, = N
il R b8 B B SR T4 9 AR T, AT B A YT dHAMY

(A)

PCLA B} g AR PR LE A4 P K AR T 51 % B LBl
18 1 9E I AU . o o, RO R AR S SR Re R R B
A A EHAHAM/PCL W] 42 (it 47 35 S 300 4 i iz i 2 2
2, A B Bh A P e 2 B
2.6 MRAPEEEME S

Co-ADSCsfi i T-dHAM/PCLRT & KW, IR 2
R I (KI8A). FhAH7K J&, Co-ADSCs% Ff T-dHAM/
PCLEETH, 22 10¥, H I E 412 (EI8B).
9C AN ADSCs 5 Co-ADSCs £ dHAM/PCL_L [ 4= K i
2, LA HdHAM/PCLAE X R, AT L 1~3 KB ADSCs
5 Co-ADSCsEdHAM/PCL_E A= K218, 42 5 41 41
JH 38 B DN G, 5K 5 P ZH AN i AR KB 2% . ADSCs5
Co-ADSCsAKBEFH AL, HhZih 2<S”Y, HADSCs
SETEBE R [FIIT, AR K it 22 B P 20 40 e AEdHAMY
PCL FAKARESLF, MBL A RIF A0, B
FHLUTREM B IR A LY e, 2 —Fh ] gk
Hi - 436 BA B L AU = e R RE. = 4ERT SR S5 R
FIAHAM & A Wi g a . AR 7S E TR
4383 AL, K dHAMIS T-PCLER [ RE W8 IR T 1R
S EI A DIRE .
27 EEEMMRINFEMEES T

% L8 B NGB AW Rk, T 3R
S AR RIS U [T TR FH, T HL R ORRF — 5 1)

(B)

El6 dHAM/PCLEﬁéE |

©

Fig.6 Surface morphology of dHAM/PCL
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Time /week
FHAHAM/PCL 78] 4% A8 A4 24 5 o RS 00 H B A A 0, HE 80 8 P AR [ I 300 R B L 55 A A i D ) LA R
The degradation of dHAM/PCL was quantitatively detected by the remained amount change curve of the material, wherein the remained amount was
expressed in the ratio of the weight of the drying material to the weight of initial sample at different time points.

El7 #REmEFERE

Fig.7 Remained amount of materials during degradation

@ (B)

20 um

©
0.7
dHAM/PCL
——Co-ADSCs-dHAM/PCL
0.6{ -4 ADSCs-dHAM/PCL
0.54
0.44
Q 0.34
0.2
0.14
1 2 3 4 5 6 7
Time /week

A: FIE T Co-ADSCs[HMM LA, B: it 5 Co-ADSCsd i MIEAS; C: 4l Al T4k LA K i 2k
A: micromorphology of Co-ADSCs before planted; B: micromorphology of Co-ADSCs after planted; C: the growth curve of cells on the materials.
E8 #ripIMmAataA T
Fig.8 Cytocompatibility of materials

SR R SE FR A . HEARIANSCHRAR AT FE0Y, SRR BRI AN . KR, MR A B R A A
(IR B R g 5 B AN PR B O Tl R AR SUBARRES . M T AR dHAM/PCLAY BL 5351 /)
KB MR, R AR fiRenovii MR F K FBHEETE, WIREH TAIMAEM R R HISH, T2k
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Table 3 Mechanical parameters of materials

iR e B I8 7 588 B2 /RN WA K 22 /% % IRAE R/ MPa
Group Maximum load /kN Elongation at break /% Young’s modulus /MPa
dHAM/PCL 0.45+0.06 41.03+0.08 37.27£10.19
ADSCs-dHAM/PCL 0.50+0.18 51.17+0.11 47.98+11.13
Co-ADSCs-dHAM/PCL 0.50+0.09 51.23%0.12 48.56=12.43

AR AR, MG e 1 R A AR R SR AN BE 3 Hk (References)

. H T Co-ADSCsH] & i /iR Z IR JF R H,
A EE 2 F Co-ADSCs-dHAM/PCL /7 24 1k R AR,
DAL LA N AR N BE B8 F2 LIE 4 LR SRRk 91 52
s 2 R R (R A, PRI 2 B A
PEABIE, 338 1 4 B 52 R A 4 AR DU A
Co-ADSCs-dHAM/PCLI{] KL 4F 1244 RE R B HAE R
BB ERL A A AT R,

3 g

A ZA TR A R T A 2 2 A AR TR, —
FRR UL, Pl A SRR 2 . B — @ A
R I T e HE R R N o R P A I R R AR
ADSCs, J5HSFsHt 5 75 3k 15 7 i 8 2 18 it 5 &
H1Co-ADSCs. 253K B, Co-ADSCsH] 1E N K
HAUTFERIFIFA0ME, TRANRRIR IR AR, H B4
HEVEE . ZI0NF, REEERBCE &Y A HAM
B0 240 B & — R R A AR 7 R A AR dHAM
HPCLM 45 &, & 1 ¥ & & & £ W kldHAM/
PCL, H&JZdHAM T &L A= M AH 5 1 e, A EBPCL
AR LR OE ) 2 3R, HOMORME AR A1 v £ B il
# Co-ADSCs LL4x104~/em? ) % FE F A T dHAM/
PCLATEL, W12 ¥y a3 B AL 23 TR A AWk Bl Co-
ADSCs-dHAM/PCL. 14 44l i AH 75 P S 56 2 ) 2%
SIS S5 R BOR, ML R R A YA S K
B Re )1, H 1%V REAEF A Co-ADSCs 5 3 134 —
T, BN RS T AL TREM R

AW A BIREE, ¥dHAMSPCLAHSS &,
N A AR B PR T BB . S SR
SN T K R U L B ) Ak P i) 1k POPASE B4 3t — 2
LT T 5 A LRV B E A4 1 B A B2 5 ) 2
SCRFIIUCHEC B2, FEAE 5 )2 Tk AT R ARk Bt 4
PERIZH SRV, 30— 20 VRAN FLAE S 0 B M )
BREGHA, REREE K. SRR WM
CIEFRES

(1

(2]

B3]

(4]

[3]

(6]

(7

(8]

91

[10]

[11]

[12]

[13]

DWYER L, KEARNEY R. Conservative management of pelvic
organ prolapse [J]. Obstet Gynecol Reprod Med, 2017, 28(1): 15-
21.

VASHAGHIAN M, ZAAT S J, SMIT T H, et al. Biomimetic im-
plants for pelvic floor repair [J]. Neurourol Urodyn, 2017, 37(2):
566-80.

WU X, JIAY, SUN X, et al. Tissue engineering in female pelvic
floor reconstruction [J]. Eng Life Sci, 2020, 20(7): 275-86.
DIETER A A, WILKINS M F, WU J M. Epidemiological trends
and future care needs for pelvic floor disorders [J]. Curr Opin
Gynecol Obstet, 2015, 27(5): 139-48.

DENG M, DING J, AL F, et al. Impact of human umbilical cord-
derived stem cells (HUMSCs) on host responses to a synthetic
polypropylene mesh for pelvic floor reconstruction in a rat model
[J]. Cell Tissue Res, 2020, 382: 11-2.

FOOD AND DRUG ADMINISTRATION. Urogynecologic sur-
gical mesh: update on the safety and effectiveness of transvaginal
placement for pelvic organ prolapse [EB/OL]. http://www.fda.
gov/MedicalDevices/Safety/AlertsandNotices/ucm262435.htm.
WK, RIS, IEWHT X FDAXT 2 PIEBA M i FARIGST R
S ERIEMAED] P EEHARS R EXIE B, WANG
J L. Prudent cognition of FDA announcement on the transvaginal
surgical mesh treatment for pelvic organ prolapse [J]. Chin J
Pract Gynecol Obstet), 2020, 36(10): 917-20.

BOENNELYCKE M, GRAS S, LOSE G. Tissue engineering as a
potential alternative or adjunct to surgical reconstruction in treat-
ing pelvic organ prolapse: reply to Osman et al. [J]. Int Urogyne-
col J, 2013, 24: 883.

@iz, R, mHREE, A5 HUBITAOAS IR RUE ) 78 BT IR i A=
VIR IE R 2 m) 3RV BRLT]. R 40 A ) 2 2 R(PENG Y,
CHEN F, HUANG H X. Comparison of biological characteristics
and multiple differentiation potential of mesenchymal stem cells
from different sources [J]. Chinese Journal of Cell Biology),
2020, 42(4): 566-72.

MATTEO B D, ARABY M, ANGELO A D, et al. Adipose-de-
rived stem cell treatments and formulations [J]. Clin Sports Med,
2019, 38(1): 61-78.

QI L, WANG J, LIU H, et al. Tissue-engineered mesh for pelvic
floor reconstruction fabricated from silk fibroin scaffold with
adipose-derived mesenchymal stem cells [J]. Cell Tissue Res,
2013, 354(2): 471-80.

DOKMECI F, TEKSEN F, CETINKAYA S E, et al. Expressions
of homeobox, collagen and estrogen genes in women with uter-
ine prolapse [J]. Eur J Obstet Gynecol Reprod Biol, 2018, 233:
26-9.

ZHANG D, LIN Z Y, CHENG R, et al. Reinforcement of trans-



2000

CBRE T

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

vaginal repair using polypropylene mesh functionalized with
basic fibroblast growth factor [J]. Colloids Surf B Biointerfaces,
2016, 142: 10-19.

SONG Y, PENG C, LU 8, et al. Adipose-derived stem cells ame-
liorate renal interstitial fibrosis through inhibition of EMT and
inflammatory response via TGF-beta 1 signaling pathway [J]. Int
Immunopharmacol, 2017, 44: 115-22.

X, E AR, LR, S5 RS S B2 i o K LA
P B AL AR D). 2B 4 B (ZHAO L L, GAO J P, KONG Y J.
Comparison of biological characteristics and multiple differentia-
tion potential of mesenchymal stem cells from different sources
[J]. J Biol), 2020, 37(5): 112-6.

HASTURK A E, YILMAZ E R, HAYIRLI N, et al. Stereologic
and ultrastructural comparison of human and rat amniotic mem-
brane wrapping for rat sciatic nerve repair [J]. J Clin Neurosci,
2018, 57: 157-61.

SHI P, GAO M, SHEN Q, et al. Biocompatible surgical meshes
based on decellularized human amniotic membrane [J]. Mater
Sci Eng C, 2015, 54(9): 112-9.

FERREIRA P, SANTOS P, ALVES P, et al. Photocrosslinkable
electrospun fiber meshes for tissue engineering applications [J].
Eur Polym J, 2017, 97: 210-9.

MELNIK E V, SHKARINA S N, IVLEV S 1, et al. In vitro de-
gradation behaviour of hybrid electrospun scaffolds of polycap-
rolactone and strontium-containing hydroxyapatite microparticles
[J]. Polym Degrad Stab, 2019, 167: 21-32.

TAGHAVIM A, RABIEE S M, JAHANSHAHI M, et al. Electro-
spun poly-e-caprolactone (PCL)/dicalcium phosphate dihydrate
(depd) composite scaffold for tissue engineering application [J].
Mol Biotechnol, 2019, 61: 345-54.

CORREA N, KULIGOVSKI C, PASCHOAL A, et al. Human
adipose-derived stem cells (ADSC) and human periodontal
ligament stem cells (PDLSC) as cellular substrates of a toxicity
prediction assay [J]. Regul Toxicol Pharmacol, 2017, 92: 75-82.
WREEFS, 14 B, XUHARN. AR T N B B 0T 200 it 1ea A L
Fe REANAR I 434 [T]. A5 243 (CHEN G L, XIAO Y, LIU Y L,
et al. Differentiation of human bone marrow mesenchymal stem
cells into corneal epithelial-like cells [J]. Acta Anat Sin), 2016,
47(1): 62-6.

GYA B, RUI T A, KM A, et al. An indirect competitive enzyme-
linked immunosorbent assay toward the standardization of
Pueraria candollei based on its unique isoflavonoid, kwakhurin
[J]. Fitoterapia, 2019, 133: 23-8.

QI L, WANG J, LIU H. Tissue-engineered mesh for pelvic floor
reconstruction fabricated from silk fibroin scaffold with adipose-
derived mesenchymal stem cells [J]. Cell Tissue Res, 2013, 354:
471-80.

VR, B AR, HAEAR, 5 SEIREEE N IR E A I ON

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

A S EMRHED]. S AR IU HY, DAN W H, DAN N
H, et al. Micromorphology and structure characteristics of chito-
san/poly(e-caprolactone) composite membranes [J]. Acta Mater
Compos Sin), 2016, 33(9): 2038-44.

TERE[T]. A RAF4E(CHEN G X, HUANG F Y. Study on structure
and properties of PLGA nanofibrous membrane with different
copolymerization ratio [J]. Synth Fiber China), 2017(1): 34-6.
QIN M, JIN J, SAIDING Q, et al. In situ inflammatory-regulated
drug-loaded hydrogels for promoting pelvic floor repair [J]. J
Control Release, 2020, 322: 375-89.

GUIDOTTI G, SOCCIO M, GAZZANO M, et al. Biocompatible
PBS-based copolymer for soft tissue engineering: introduction
of disulfide bonds as winning tool to tune the final properties [J].
Polym Degrad Stab, 2020, 182: 109403.

MITCHELL J B, MCINTOSH K, ZVONIC S, et al.
Immunophenotype of human adipose-derived cells: temporal
changes in stromal-associated and stem cell-associated markers
[J]. Stem Cells, 2006, 24(7): 376-85.

B, SRR, XK, SR ONBE A R) AT 5T A0 R 0 S A E Kkl
FiTT TV FSCA P 1 5 40 AR D). b 20 i A ) 2 S R (WET A,
ZHANG D, LIU L, et al. isolation and identification of human
umbilical cord mesenchymal stem cells and their differentiation
into keratinocytes [J]. Chinese Journal of Cell Biology), 2019,
41(4): 695-701.

DOKMECI F, TEKSEN F, CETINKAYA E, et al. Expressions
of homeobox, collagen and estrogen genes in women with uter-
ine prolapse [J]. Eur J Obstet Gynecol Reprod Biol, 2018, 233:
26-9.

AR, TR, IR, S5 O E AN T G 2T A R
PERELT]. 2R 2 23] (QIN C P, WANG X L, TANG H, et
al. Osteogenesis-promoting effects of the electrospun nanofibers
containing decellularized bone matrix [J]. Chem J Chin Uni),
2020, 41(4): 780-8.

KU, AR, WRIh, &5, h 20 20 A 5 o ke /BMP-2/ 5t 445 1
SEMEHH 4 L VEREN]. ThREM EHLIU Y, ZHU J X, CHEN
W, et al. Preparation and properties of acellular nerve matrix gel/
BMP-2/decalcified bone composites [J]. J Funct Mater), 2020,
51(4): 199-204.

BGEFT, SCAREL, A, S5 SR AR ) S RHIE AR
[, B2 TR EMIAO Y L, WEN J R, WANG S C,
et al. The preliminary study on biomechanical properties of four
synthetic implants for reconstructive surgery of pelvic floor dys-
function [J]. J Biomed Eng), 2018, 35(3): 409-14.

RYU J H, HAN N K, LEE J S, et al. Microstructure, thermal and
mechanical properties of composite films based on carboxymeth-
ylated nanocellulose and polyacrylamide [J]. Carbohydr Polym,
2019: 84-90.



