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Abstract

BACKGROUND: Human endometrial mesenchymal stem cells can directly repair the damaged endometrium, promote angiogenesis, and restore the
morphological structure of the uterus. However, after the direct injection of stem cells into the damaged endometrium, the cell survival rate is low, the

retention time is short, and the repair effect is limited.

OBIJECTIVE: To observe the effect of polycaprolactone-hyaluronic acid electrospinning membrane combined with human endometrial mesenchymal stem cells

on endometrial injury in rats.

METHODS: (1) Cell experiment: Human endometrial mesenchymal stem cells were extracted by collagenase digestion method. Polycaprolactone-hyaluronic
acid electrospinning membrane was prepared by electrospinning technology. The human endometrial mesenchymal stem cells were inoculated on polystyrene
culture plate and polycaprolactone-hyaluronic acid electrospinning membrane. The proliferation and adhesion of the cells were observed by DNA quantitative
analysis, WST-1 cell activity test, phalloidin staining, and scanning electron microscopy. The mRNA expressions of CD90 and Meflin in electrospun membrane
were detected by qRT-PCR. (2) Animal experiments: 27 female SD rats in estrus were selected to establish uterine adhesion model by mechanical scratching
method and randomly divided into three groups with nine rats in each group: The blank control group did not receive any treatment; the control group was
implanted with polycaprolacton-hyaluronic acid electrospinning membrane; the experimental group was implanted with polycaprolacton-hyaluronic acid
electrospinning membrane/human endometrial mesenchymal stem cell mesh. Samples were collected at 3, 7, and 14 days after surgery. Hematoxylin-eosin
staining was used to observe the morphological structure of uterus and the number of glands. gRT-PCR and immunofluorescence staining were used to observe

the expression of CD31 and vascular endothelial growth factor in uterine tissue.

RESULTS AND CONCLUSION: (1) Cell experiment: Compared with polystyrene culture plate, polycaprolactone-hyaluronic acid electrospinning membrane

could promote the proliferation and adhesion of human endometrial mesenchymal stem cells. Polycaprolactone-hyaluronic acid electrospinning membrane
supported the expression of CD90 and Meflin genes of human endometrial mesenchymal stem cells. (2) Animal experiments: Hematoxylin-eosin staining
showed that polycaprolactic-hyaluronic acid electrospinning membrane/human endometrial mesenchymal stem cell patch could promote the recovery of
endometrial morphological structure after injury. The endometrial thickness and number of gland on day 14 after surgery were higher than those in blank
control group and control group (P < 0.05). gRT-PCR and immunofluorescence staining showed that the mRNA and protein expressions of CD31 and vascular
endothelial growth factor in the experimental group were higher than those in the blank control group and the control group at 7 and 14 days after surgery

(P <0.05). (3) The results showed that polycaprolacton-hyaluronic acid electrospinning membrane could improve the survival rate of stem cells and prolong the
contact time between stem cells and the damaged tissue, and the composite transplantation of the two could better repair the damaged endometrial tissue.
Key words: endometrium; intrauterine adhesion; human endometrial mesenchymal stem cell; electrospinning membrane; polycaprolactone; hyaluronic acid
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1 ¥RIFN753E Materials and methods
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1.4.1 hEMSCs [F4REUR 7% 0 N5 A IRAL SN &
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3R, I BRI MR AR . G B AR R B 2 2R 8 g
PR, FERE R B0, AN - =R T B9 5
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WA 5 B0 N 2544 AR () DMEM/F12 5843535 5 (&R
rEL10% G A= IMiE 1% B & R - HRRE G ) L 1LH.
28 40 um i ) 3t 38 5 USCER B VR B B0 8, 1000 r/min
20 5 min, 3F B3, A DMEM/F12 584377 FL B 24 i
DU SR HRD T B 70, 73 30 R AX hEMSCs. JEARSH i 5

Chinese Journal of Tissue Engineering Research | Vol 29 | No.16 | June 2025 | 3371



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

I 24 h JE R, UG AR 2 d 3l 1 k. WS 4N i @
&% 80%-90% 5 BG4, L1 o 2 EeBEAY, R
3d AR 1 IR, HUES 4 1RGNN S SR a 5

AFEREBEFRTRMEERREE

RRRIR AT B NI

REAm ovewrgrE

SRR EUVECIO% I, 16 R ERRAE

IRACEREE BUCANNS 200 U, DUR 24 BOR1

R Al 50%-90% FMECIAINIG, D1 2 KAIER, B
ffs 3 d ATAAR 1 0k, BUES 4 ARG 25550

BT RAMMARRMAVRETTIUN DO, D73 K CDAS ik, .
BE S REEE M
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RANEAEARE MM RE IR : I 4 /8 hEMSCs,
FRE IR AL, FH PBSIEYE, JHEEGYH 1L 5 min 50\ DMEM/
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WA, 4B\ CD90-PE, CD73-PE-cy7 Fl CD45-APC-cy7
Pk 4 "CiEEEE 40 min, JH PBS & VLG i A4 i1
iR/l

BAE. B RERBFFFDU: K hEMSCs 550 T
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HS21d JE, DBIEATIA O v 220 ki Fil g i et
AL T WS o A LA
1.4.3 PCL-HA FrLgi 22 B4 7Pk 1.88 g R C
WS 0.94 g (iEHER, — [ F] 10 mL /N5 R
B P RGP HE 12 h, SRIGENE B MG 2. B Y4l
BN 88, EFFRYiLNl Lyisk, WEYLRMEN
1.5 mL/h, 7225y 12.6 KV, Z52FEES A 20 cm. Y%
FERUG, WA YEIEAE LS TR BT 48 h DLE R RS
A, d JE B AFAE TS T . (AT E TR AR
# 70% P H RIS R
1.4.4 4 sSLL

SEIS AR T F AT FL2SKE PCL-HA i 45 22 JIE A
FK /NS — I s TN 48 FLAR A, AEFL I AR FR 43 3
70% CBEHFL R, KH I PBS VL 3 Ik, H & Xk
BREA I LI . H4 hEMSCs BVl o0 il e T 3R 2R M B 77
5 PCL-HA #2540 B Ay 5x10%/ 4L, BT
37 C. A4 5%CO, FFRFE N HEF7 .
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\ 50 puL 0.05%Triton/EDTA 40 24 /R, VK 2441 1 h,
VR R 2 1.5 mL B0 R ZU9R% 30 s, 65 TK
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BB, RERERARM. X 96 FLEEMR, FEFRAEFLRIRE T
FLH 23 0N 100 pL Hoechst 33258 JYREHAK (1 mg/mL),
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I 5 min, ff HEEAR AU KN 360 nmy RIFHE KN
460 nm AT EEE .

WST-13k S 4T 4R BESEME: 35971, 3, 7dJ5, ¥
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JEIMAALA, TREERAIR 200 uL, BT CO, BrFrif s
7 1h, [ HEEARACAER K 450 nm RIIEROGEE .
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WOE AL EE 10 ming ] PBS 336, BEFLANA 200 pL %%
IRIE AR (2 ul TREFF IR A A7, 198 uL PBS) 78 75 4f jfd ,
il FEOLIE E 30 ming A PBS i, LN 200 pL
DAPI VA % i FEEOEIFE 1 ming H PBS iYL, MINHLR
eV K B R, BT B WSS .
Fi Image J A TR BEAT I 307, RSk D)
BEALEI 4 A m B L EF T S, B 3ME.

PR AR : 1597 1, 3, 7d 5, HUHA
1 - # B S, H PBS Bk, 2.5% K —MEfE 4 C
NEDER, BEEEWREE CRERK, TS R I 4,
BT s TSI

QRT-PCR#&3: #7321, 3, 7dJ5, RH Trizol 4%
W dL g 2 JEE A (BB SE I AR5 3, 7, 14 K1
T B M EEZH L )mRNA, R i 4 S 7 S ) 6 1t BH 1S PE VK
34T cDNA & B K5 3145 1) cDNA £ i i RNase-free ddH,0
i Bt 10 £, H T gRT-PCR. J2 M {k %: 10 uL 2xChamQ
SYBR gRT-PCR Master Mix. 0.4 pL iE [ 5| 4 (10 pumol/L).
0.4 uL [ [1]5]1%7 (10 umol/L). 0.7 uL cDNA, 8.5 uL ddH,0.
S Y07 %) W3 1. oRT-PCR 2% 1. 11732 % (95 °C 30 s);
40 MEFA (95 °C 10s; 60 °C 30s); JAfiRHIZE (957C 15 s,
60 ‘C 1 min, 95 C 15s). {153 K AR FKIA &, KA 2
TR AT b 4H M SEER A I CD90. Meflin mRNA
Fak, FNPEERT I LA P K AR KPRl CD31 mRNA £k .
145 ZhW)SEse 4 PCL-HA & i 9y 22 I 5 BT i 2.5 cmix
0.5cm K/, BT 70% LB b &l . ¥
50 pL hEMSCs & i T PCL-HA # FiL g 22 JBE | (4 i 4
1x10°), H-F CO, HiFefarh 37 CHE A 24 h J5 M.

EiEMENIRBENESL S S ETF I LR ARA
AR, 281K 12 h, BV TEh1E AR MENE SD KR 27 K,
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1 | oRT-PCR &5 4F5

Table 1 | Primer sequences for qRT-PCR detection

BEERSHE3) 1319 (5-3) 4
e
(bp)
CD90 CGC CTT CACTAG CAAGGA CGAG CTG ATG CCCTCACACTTGACCA 126
Meflin CTG GAC CTCAGC CACAATCTCA CAGCTCGTTGCTGTCCATCTTG 96
GAPDH  GCA CCG TCA AGG CTG AGA AC TGG TGA AGA CGC CAG TGG A 138
IfiL % N & CGT CCA ACT TCT GGG CTC TTC AGC ACT TCT CCC AGC TCC GAT 85
LRI
CD31 TCA GCA AGATTG CCG AGGAGA GAG CATTTC GCACACCTG GAC 110

B-actin  GGA GAT TAC TGC CCT GGC TCC TA GACTCATCGTACTCCTGCTTG CTG 150

I VEST 1% [ B EE 28 (40 mg/kg) BEAT FRIEAL 2R, 7E1E
PRI PRIE 129 3 em AMEMATUI I, ENRERE, ot “v”
B8, 185 XTI, SR 16 G 1E
STERER Sk, DAANEIRL T 5 BE bR I ST B 1R 45
1B, HAETEAEA 7 R RS %50 5 BE AR A3 RS i
fEIEElE . BTG, KBS REE RN 3
H, A R: FaXRANIATAEMIEBIT, BEKH
KRG I s o HE 2 P et <k Aty ¥ 8 BY 47 1K) TG B PCL-HA
MY JERE A B S22 1 5 WIER I, 1B 5K R BRI
SEIG A F B Sk A Bk PCL-HA & LG5 2218 [hEMSCs #h %
M2 405 NIRRT, 82K K RIE I .

AARIE - PFLARBURTERSEME: KEH3, 7,
14 KR, HFHBANNE SSDOR 3 X, EREN KE
LA S BT E AL, BT 40 g/L 2 R R 2
48 h, JENBEIMEN, FKMEER. K E5HLUKIKR
MNARFR S8 75%, 85%, 95% LMES 2 h, 1AF14r% 100%
CBE T A% 30 min, HIZE T AL % 30 min, 328 2 h
JE R, Y HUR Y 4 um BEAT Y] ), 60 CRERE
¥ 53 he KA U ARUGEN ZH 2K T AT 15 min,
PR > % 100% £ B T AL 4% 10 min, 443 %1 95%,
85%, 75% LIS 5 min, ZEMH/K 1 min, SR J5HEAT 75 AR -
e gets, RF3 4 75%, 85%, 95%, 100% . BEJii/K &
5min, THZE T A AALEE S min, sRYEREGEE . Ak
VIR R S S, ok U BT I BOAH B . 4
Wb, ffH Image J BRI E AR R, BCOPIME: Bk Y)
R RENLERE 4 DR ALEr, THEUR R E, B

RIEREREEN D31, MENKEKEFEAR
B REH3, 7, 14k, WMTEANEHL, BT 40g/L
Z R e 2 /b 24 h, TN 30% REMEA TR R H 24
ZAUTRE: OCT Wi j5, AW ALYl A (10 um), H PBS
T Vs ¥ N 0.5%TritonX-100 ¥4 ¥ i i 10 min, F PBS i
Bes W0 LS S B PRV E IR 1 h, 0 PBS MR
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JE YRR [ 7R B, 5B SO0 B NS IR, ff
F Image J B BE 4 208 58 6 THTAR AT W 5 40 A7, 5K
PV BENLIEEL 4 s sy, BCPIME.
qRT-PCR#&M: BURJES 3, 7, 14 RITEWIRA L,
K FH qRT-PCR A8 LA 4 B A= KRl ¥+ CD31 mRNA Rk .
iR/ po S il
1.5 EZIULRIE4F PCL-HA FFELYT 22 %) hEMSCs $85H |
Zh Bt B 18] 70 51 40 M B PR A R sg e, DA S PCL-HA i et
Y22 ] [hEMSCs #b 18 5 KR A2 4078 W IR RO .
1.6 “itFodr Fra R4 3 o B R SLK, f
FH 1BM SPSS 22.0 B A Bl i AT GE i 70 i, A xds Ko
PR LT (R 3800 0 A B BCR FH SRR AS ¢ A e, 22 ZH ) )
HHE LB o TR FH B DR 35 T 22 43 1T A Turkey's 22 8 LUK
1%, P<0.05 RnEd =R A RE R L, P<0.01%
AR ERA T EREME L. ZXH I E LR
INEEZEBL G2 % K o

2 58 Results
2.1 hEMSCs 44 %%

MRS INER . 3 B BT 0T WL hEMSCs F I H I
REPE, gk,

EYHRRG A, B, LE 1.

BlvE: 4N T 2 WIRME 7R T4
St e ARG, R gjEIR A K, tEfl R =
200 um,

1 | AFERRREFRRTFHEBERS
Figure 1 | Morphology of human
endometrial mesenchymal stem cells
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HR BORE S BCECE 4 Ak hEMSCs | TR 75 3 73 1k
21d )5, 2L O GufiyJ5 W AEE T nl Wi B B 5 o, IR,
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g B IES A, TR R g, WLE 3B; Ak
BEHEFME 20 d 5, BRI g )5 B T T WA A
ML, BZMY, I WHEcERE, WE 3C.

2.2 e kiR

2.2.1 hEMSCs 7 PCL-HA #5 H145 22 Ji5 b IR S8 AR S 1
BT DNA 5 240 HT AT WST-1 41 i 375 14 S 56 F 7T PCL-HA &
1977 22 6 hEMSCs S B A1 ARG PR MR, 45 2R SR
BRI 3, TR, H5ERROIGEEFRAHLL, PCL-HA # L g;
22 1 (1) hEMSCs o th B = i) 3G 5 e /g, JF BB E R IR
IR AE K, PCL-HA &gy 22 5 i 20 %k B 38 m, - WL
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Figure 2 | Flow cytometry of human endometrial mesenchymal stem cells
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Figure 3 | Multidirectional differentiation of human endometrial
mesenchymal stem cells
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H ¥ u S8, UWE 5B, C. F4% {4 Fal I PCL-HA i

L 97 22 5 R AT 58 1) HE A B A 4T 4 OB e FLRR AR, R
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YHREIESE 5 5E M A R0
Figure 4 | Effect of polycaprolactone-hyaluronic acid electrospinning
membrane on proliferation and activity of human endometrial
mesenchymal stem cells
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Figure 5 | Effect of polycaprolactone-hyaluronic acid electrospun
membrane on adhesion of human endometrial mesenchymal stem cells
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Figure 6 | Adhesion of human endometrial mesenchymal stem cells on
polycaprolactone-hyaluronic acid electrospinning membrane (scanning
electron microscope)
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Figure 7 | Effect of polycaprolactone-hyaluronic acid electrospinning
membrane on CD90 and Meflin mRNA expression in human endometrial
mesenchymal stem cells
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Figure 8 | Restoration of endometrial morphology and structure in rats of
each group
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Figure 9 | Expression of CD31 in endometrial tissues of rats of each group
at different time points after surgery
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WIT AR BRI ), IR RERIKIGE N & ZIEE .
Tt 50 R L IR) 78 0 T2 P R 8 10 7% B U2 X 8,
PURAMIN 7, BB A P hEMSCs & —
T A BREHRE ST ST BUC R SR A
BUR MR AT A, DLHCEERE I6 9T I VAR B Ak
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