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Abstract

BACKGROUND: Tissue repair is a multifaceted process involving several components, including cell proliferation, cell migration, and angiogenesis. In the
process of peripheral nerve repair, the migration of SCs play a pivotal role. By migrating to form cell bridges and secreting neurotrophic factors, SCs provide
essential nutrients and topographical cues for axon extension. As axons continue to extend and form myelin sheaths under the guidance of SCs, the recovery of
peripheral nerve function is promoted.
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OBIJECTIVE: To explore the effect of poly(caprolactone) (PCL) aligned nanofibers with topologically deposited ECd particles on the behavior of SCs.

METHODS: The collected HUVECs conditioned medium was subjected to freeze-drying using low temperature lyophilization to obtain functionalized ECd, which
was then assayed for VEGF and protein content. PCL aligned nanofibers undeposited and deposited with ECd particles were prepared using electrospinning
and electrospray techniques. The morphology and hydrophilicity of the nanofibers were characterized using scanning electron microscopy and water contact
angle measurement. The optimal deposition time of ECd was determined by evaluating the proliferation and morphology of HUVECs and SCs. Based on these
findings, PCL aligned nanofibers with uniform and unidirectional linear gradient deposition of ECd particles were constructed and inoculated with SCs. SCs
activity was detected by CCK-8 kit, and fluorescence staining was used to observe SCs morphology and directional migration.

RESULTS AND CONCLUSION: (1) Following the culturing of HUVECs at a specified density, the cell culture medium was subjected to centrifugation, resulting

in the isolation of ECd through freeze-drying. The analysis of the kit revealed the presence of VEGF and protein in ECd; (2) Characterization experiments
showed that the PCL fibers had a well aligned structure, and the fiber diameter was 700£150 nm. After plasma treatment, the PCL aligned nanofibers were
superhydrophilic; (3) ECd was uniformly deposited on the surface of the fibers in the form of particles, which not only did not affect the oriented structure

of PCL nanofibers, but at the same time could provide contact induction for cells in a raised manner; (4) CCK-8 assay showed that PCL aligned nanofibers
deposited with ECd particles for 10 min significantly promoted the proliferation of HUVECs and SCs; (5) Immunofluorescence staining showed that HUVECs,
SCs grew along the oriented structure of the fibers compared to controls; (6) The results showed that PCL aligned nanofibers with unidirectional linear gradient
deposition of ECd particles did not reduce the activity of SCs and were able to promote the directional migration of SCs compared to the other groups.
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fad- My (48 E PAN AF] ); =iHE DMEM 5773,
HER -HERER (RMEHEREGREARA
Al ); 0.25% JBE B W A (b E AT RHECA BR A
Al ); BCA S AR EAFI & DAPI R (Jb R
KERAERAR ) ATl 7 & -8(CCK-8)( 3£
GlpBio /A @ ); Phalloidin-iFluor 488 it 71| ( ¥&
Abcam A ); NI PRz A2 K TR BBk G 72 W il
ERANE (P ETSEAEYREARAR ) AHT R
LT Z T IS GRAT ) Kb A 24X
( 78 [E Tantec A A ); FHH 5 ( H A Regulus8100
Al ) ZEAMIREEFRFE (£ Thermo AH] ); bR
1 (ZEE Thermo A ] ); OGRS ( £ E Echo &
Al )o
1.4 F¥7 %
141 MRS RAEH 10% a4 Mg A 1% Xt
(1) 75 Bl DMEM £ 7% 56 155 77 N\ 5 i ik A Bz 400 a0 it 75
UM, BERHEATHIR, B 2 R —I. Pidpgnif
BERRRAE G 5 2 A T G 450 .
1.4.2 ECd [Pl Koy 5

ECd B9l M NJBF# ik P Bz 4 B 2 Y ECd.
FARRUL, BB KORES B 1 T ik 9 52 41 i A
5x10° A / LI % FE R PP T 30 mL =i DMEM 5597 5
o 5598 3 RJE, B N IRk N R 4 2% AR 85 7R 2,
L 1 000 rmp 3% B0 A0 BE 5 min 53815 EIET.
G E T -80 CLRAT 24 h J5iEATA R (-55 C ) T
1R, K53 EC, ¥ ECd BT -80°CHIMIKIRIK
FEORAE 2 o

MEAREKEFEEHNE: RIFWEHA
1L PN R A K R 18 T Bk 2 W o ) e 4 71 6 13 B
FHATIE N EAEKE TR E. H%, AR
) P 38 R V6T b o S AT A L AR R, R
B 43 % 9 200, 100, 50, 25, 12.5. 6.25. 3.12 Al
0 pg/mL. Ff i 95 10% i 2F M3 1) = % DMEM £5
Tl NIBFE K A R 40 i 2% 11 1 7R . ECd KB
(5 mg/mL)o HEFE i AN R BEARVEE di I BEATAR 14
L 100 pL. g5 FEEE T 37 CHFE 60 min )5,
TR AR, BEEMANEDR AT TIER
100 L +7£ 37 CHATIHE. IR E 60 min J5,
B3 BB AR PN YA ST HEAT 3 RS, ABEALINN 300 pL
Ve ill. 2 JaBFLIMA 100 L 8§45 &9 TAE W,
IR E 30 min. IR H 5 BEBEFR AR AR, BEFLIN
N\ 300 pL P E Z ViR 3 Ik, MANEY, &1Ll

90 uL, 37 C FEOGHFE 15 min, 15 min 5EFLIMA
50 ubL Z&1b3, A4 B AR A7 BPAS I AE 450 nm 4 1)
W FEAE, AR BE bR vHE 2R 5 ECd Hf g N AR
KEHETFHE&E.

EEHSERNE: 8 HE K BCA & H WK N
ERAEHITEATEMNNE. Hk, PLFE+
BSA T FIEARHE S, [ A PBS X ARHE S AT FE
RIkRE 58 5. 4. 2. 1, 0.5, 0 mg/mL. FE57
AR 10% i 4 L3 1) = B DMEM 85 7 26 A it
Wk N B A AR R . BCA R 5 cu 74k
AL 50 1 ECHIE AR, TR R
(1) TAE W A 200 pL/ FLIV% BE N2 96 FLARH,
HINEE. 2 JaRFLIA 50 pL A5 dE 5 ERE .
4 96 FLAR T 37 CHFE 15 min, A FH g br ORI 7
562 nm AbAIWR O BEAE, ARPEARHERD 261t B H ECd
EAMS .

1.4.3 PCL HUA gloK £ 4 1) ] 45 5 R AIE

PCL BREIZARAHERIHIE . R EH R 2 H A
% PCLAN KL 4. ¥ PCLIA T /NE SRS,
FREHR S N 10 wt% [ L 97 22 15 . it 22 S5
LA 1 mU/h R B HESD R O 4 R A AN B R
fa (3000 rom) b, {ENEHHGTYUKRA4ERICRE .
EF 3L 5 VR 2 AN 15 KV B9 B E, IR B
N 15 cem, B EA 2.5 h,

PCL EX IR AT 4RI FRAE : #5445 11 PCL B ) 44
KEFAEWT 42 20 s, I 10 kv, AR TR
WMERGPPK A LS S BEAA, T Image) B4R &
AT EUR DT AR 4P B AR .

1.4.4 ECd fRifE PCL HURI 9K 4T 4E EIPTRR 5 RAE

ECd R ROIAR : RAIE WIS R, K ECd DL
ok B SRUTRR T PCL IR I G K 4R iR T . & ok,
ECd DL 1 @ 1ARFRELIE T IRKIEM +, #145 ECd.
B A BE 3500 5 wit% B A S5 R G . 2 )5
i B 558 T & (O PCL EY ) 9 0K 21 4E 3% 1h1 gk
AT AR B, (2R 4k i K AR K, SR Ak
FE24 0.1 mg/mL £ M BRI Ak %, 37 CHE
TFo fEEFIMTE IS FET, PCL X Mg K 44 Ak
RH, Sk HECEEE 2 AiE N 20 kv 1) B B,
HEEH 9 0.3 mu/h, BRI H 10 em. ECd L
(RIPTARI [E] 43 51 9 10 min, 20 min, 30 min, 3fHT
a8 HmIL .

ECd i Ri RUSRAE: v 1 W M4k ECd UKL 7E PCL
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YR AR oA tE oL, 76 & WS A
1 mg/mL TP} B, i Fj_E3R 73RS 1E PCL 9K 4T
YERYURR EC foRi . A R JE R IE B 0 U W 5%
2R AEFK 1 EC ki 9 0 A I O, AE A B B
BE M EL TR EC TORLIR PCL B 9K LT LEITEAS o
1.45 YUORALERIEKMYE BEETRLRT SR PCL
558 AR A B S U ECd (1) PCL B A 4T 4 B T
WA b, A KB A A D2 AACK R 2K (5 L)
TAFEgim, SRR R4 4R A A .
1.4.6  ECA FfEYURART B] I8 ¥ FE 47 22 R0 L I 55
F A H 45 U AR ECd f3k ki 0. 10, 20, 30 min f¥] PCL
H ) gh oK 48 4 1 B T 24 FLAR A, 4 il A PCL.
PCL-ECd1. PCL-ECd2. PCL-ECd3, LLZS [ 3% F1E o iR,
N B ik P R 4i i . it T 4 LA 5x10° A / FLEI %
FERF T LIRFES b, AN E AR AR 4 2L 10% i
A 37 () 5 B DMEM 53555 400 L, H4H 3 AN EH,
BT Cco, B IR R R

N[E] PCL-ECd SHoRAHEFRHE ECd RUFRE: 1L
%o b3 i) 4% B9 S [A] PCL-ECA 9K £F 4 347 8 80, K
/Ny 5x8 em, A G R e AR Al KON FL AT AR
Hp @ W 5k amsitt 1 o 1 eHl. fRA
7] PCL-ECd N K £F 4LV i fe, A FH % S 1) BCA 2
WP e R AT A S = A E . BCA W E
Cu™ IRFIFARFILL 50 & 1 BCHI R CAEW, 782018 A] .
F4 I ) 4 () TAE 7L 200 pL b\ 96 FLAR, 454 3
ANEH ., ZJEHFLINAN 50 uL A [F) PCL-EC 4l K 4 4
ARG W ¥4 96 FLART 37 ‘CH# & 15 min, fi#i
FABEARXG I AE 562 nm AEHIWEOG R, ARFEFRUE il
2R 1H 5L R [F] PCL-EC YK 21 4% TH] ECd FITTAR &

N [E] PCL-EC 494K £ £ X3 A B &% Bik 7 B2 48 Al
WA RAMIEERI R0 7RSS 1. 3. 5 KB, H&A
FUOr %0 10% 1) CCK-8 i i 1 72 3L B AR R A5 1 4l i i
Frdk. 37 CEOLWEE 2h J5, BFLWHAL 100 pL, ff
FHBEARACI B 7E 450 nm KbV 6 B AE, A3 NEE.

AN[E] PCL-EC WK £F 4E X1 A B &% Bk A B2 48 AR
KA RBERASHIRN: 1% LR /415 AT ik N 52
SRR T AR PR 3R 3 KRG, 8T 4% 4 A 2H 2R [k
7€ R [ 5 40 g 30 min, FH PBS ik 2 IRk, #8J5 1 0.1%
Triton X-100 2% 10 min, 1% &41fijE A& A S 1 h,
B\ Phalloidin-iFluor 488 4%} i & 30 min. [ 5,
FH DAPI i dsf ] 71 [, B T30 B 9 e WA N W
RIS .
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1.4.7 FRZMERRFE ECd (UM% (] iR E B 5
ZH, 1 ECd R G HEWH IMA 1 mg/mL %' FE B,
BB I 3 v 5 AN R /N X IR 803 b
77 78 i PR o I8 sk SO R A AR 1 7 G X e 7
i 4 A XIBE P AR 75 0 N X8 AR B F 3
oy A, N3RS ECd fokr (1 B JE DUAR, I & 77 4R
EC UKL 58 ) 2R 14 56 5, J8d Image) 1R & 28
B R AN [ DX S P S5 AR 5 A5

1.4.8 PCL-EC YUK AP fEibsit st @il
HL &7 22 AN LS 25 BOR 23 A ) 6 R TR B — 5 8

) 42 V6 5 TR EC ok Y PCL B M K 4 4, 3
WIHCN PCL. 2 — AR ANBE BEUAR AL, IS AR A
PEXTIR, FERCE T 6 FLIRH AT SEEG .

e 7 4BAR R MESTEE . Bt /T 4 LA 2.5x10° 4~ /
FLI S B Hehh T EIRAFRE S B, 3 2 mL 5
1% AR 73 B 4 I35 1) = b DMEM 55 37 5%, f 4
3ANEE, BT CO,HaMbist. 5 3 KM CCK-8
ARy BN 10% 1) 37 15 77 5k B AQ 40 i 8% 97 3¢,
37 CHEENLME 2 h J5, REFLWCH 100 uL {58 A BgARAX
D 450 nm AEFIMROEFEE . 4RGP = SEI6 I
FEAE / X HRZH IO FE{E x100%

iR kOB AONS M i 17 8l W% a2 s D EATEA 1 )
B R e, [E. B, $ s i\ Phalloidin-iFluor
488 YLl 30 min. [ /5, FH DAPI G tffF ] 77184 [,
B TEE B TSRS

AR BIE: A LM
S5mm P EHER - HEFEAKREEER, £
(25 [ X 8 T 40 i Ah R . it T 40 i BA 1x10° A /
LR B M T M X, RRAORG S, R4
EBEE, A 3 mL & 1% i 4 M3 /) = DMEM
B, BH3ANEHE. 3 KRG, HERmETEE.
. S5, b Phalloidin-iFluor 488 %4 AL &
30 min, ¢/ A DAPI JEATEf o Al A IE B 2 6 WA
BEXTRE M EEAT L EE . G . JEEL Image) B 252
Y0 AL A B DA RO R X am e £ B AT Sk
T
1.5 EEZURIAF GORF4ERUA T, ECd $5— 58
P B TRR LA B HEN it 75 20 B 1t . TSR AT 2 (1) 52
M) o
1.6 ZitF o4t HAER A SPSS BAFHAT 4T, 4t
THEHE I DL xts Rox. PRALIA LLEIE R ¢ /36 04T,
Z A BRI R T 2 8. A SEistE R
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3RLLE, P<0.05 RRERAEENLEE L. LESR
THETRE I T RS L K.

2 258 Results
2.1 ECd &9 %) & B 4 M & ECd [ i) 2% it 72 00 &
1A, 5 %8 4H (15.7740.25) pg/mL #H L, 1N R 41 i
ARG IR A EC Hh VEGF SR B E N, &
43 51 (218.84411.90) pg/mL Fl (138.89+3.79) pg/mL
(E1B), EHHFERMNGERE R SXHEAHA
(0.92+0.01)mg/mL AH b, P9 2 4 i 2% 14 15 3% 3 fn
ECd $J B & 8 m, & &4 %N 3.1440.11 mg/mL
3.1620.11 mg/mL( [&] 1C).
2.2 PCLIR@G MK LT 4o R 4E WIE 2A fiT7x, PCLY
Kt A RIFr A, getg N s, 1T/
AR GFRIHIEG] T F4EBEAIERNPIKRG, /P
7004150 nm( [&] 2B).
2.3 ECd 7 PCL BG4 R AT 2 L e AR R4 1
2C ffin, PCL HUIA G oK 41 4 i - 1) ECd DAk &
XU, HA4ER R R iF A ELm 4, R ECd
THORL 1) PCL oK 21 4k B2 1% [F] BF S 40 4 i th B 26
MAEYE S . WE 2D s, ZFHH B Frid i ECd fig
s LARCRE 7 2034 20 43 A5 T PCL B A i K 4R 4 i 1 (AL
K| 2D),
24 PCLAA KT R FARNE WE3HR, KL
S B AR AL B ) PCL Y ) gl oK A 4 1 B Al A N
128.78+2.78°, B A Hi/KME; &FH IR E, K
PURR 53T AR ECd fMORL IR PCL B[] 44 K 21 4 351 B A
SRR, Bl 0%,
2.5 ECd AEimARnt g
2.5.1 AN[F] PCL-ECd oK £F 23R 1M ECd TR & 18
ok g 22 A ER R T 55 B R ) & T DT AR ECd Tl
Fi 10, 20. 30 min f] PCL HU 7] 44 3K 21 4k, 4 1l ic
4 PCL-ECd1. PCL-ECd2. PCL-ECd3. A T Wi %% A [
PCL-ECd 4K &T 43R 1 ECd ()& &, X3 ECd WP
ST T %K. 5 PCL-ECd1(0.114+0.01 mg/mL)
AH b, PCL-ECd2. PCL-ECd3 v & [ & & ) i 3 1t
fn(P<0.001), & & 4 % N 0.23+0.07 pg/mL
0.3740.02 mg/mL; [, PCL-ECd3 FEEH S E L F
fm1 1 PCL-ECd2(P < 0.05). [X[ith, [ POARIS [A]3E I,
ECd 7 PCL g K 4f- 43R 1 AR &350 ( & 4).
252 NJFFR kN B A B JE 1S L CCK-8 45 R I
N, SXTERAAMEL, 51 KFIE 3 K PCL-ECAL 4H 1)

N 155 Jk A Rz 44 i 64 9 1 B Wt P AIG, 55 PCL-ECd2,
PCL-ECd3 ZH 4 Jfd 1) 184 8 AH LX 33 S5 2 38 n (P < 0.05).
%5 5 K PCL-ECA1 ZH 1y N JiF i ik P9 Rz 248 e () 38 B8 5
PCL. PCL-ECd2. PCL-ECd3 ZH fH Lk 35 2. 38 18 i (P < 0.01)
(& 5).

253 JtiJAMIGEE S WE 6 i, 5 R
PCL-ECd1 A 5 X BRAHM L, HF4it ¥ xR, & fF
B b 34T AR . T 40 B 3G 5 5 PCL-ECd2, PCL-
ECA3 4 21 i ) 38 B AH B 350 2 25 38 0 (P < 0.05), %45
5 NI IK P Rz 4 B 3 G AR AR -

2.5.4 Nk P9 Bz 2 A it 5 4 i A5 AN [R] PCL-ECd
RIMPIERAEN & 7 B, ABFEt bk e B 40
it 3 A B S % AR S R IR 3 R R O R A B
7~ SXTIRAAHE, FERTTUR 5T ECd foki i) PCL
B g K A 4E i B 2R 4R 7 A K. AR s
N ik P Sz 4T B it /3 4 PR G B 5 SR A AR KRS
i i A EC FORLITAR N 8] 9 10 min.

2.6 ECd Aty @M E4ER LRI
HIE 4 1) ECd YA AT DAE b 4 i 3G 3 . AR 4 BRIt
AT TR], JE I O e R Y, RO B3 ()
WEREE B ORI X 3. = AN X3k AN X3k
— A DX IR TG R A RS X, AN X 35 ECd (1)
DURR B IR T /D B 44 3R 45 EC FORL BRL ) 28 14 16F: 52 11
DU, AR ILE 8A. 7R P B FRic i EC 13
B ) o FE VR 2 1R PCL B M oK AR 4 |, 20
B A, e L s I AR 2 5 BE 24 R S A )
40 f%, B 7E BLIA) PCL 4N K 21 4k b Bl o 3 vt #R
ECd Z& 14 B2 ( (%] 8B). 4n[E 8C firw, %% i
Fr s PLE PFBH B BRic (1) EC UKL 7E PCL B ) 4K
YRR 13— 5 B S MR R DA

2.7 JULAR ECd #4649 PCL 316 44 K 4 4E 2t 56 77 4m L
a4z

2.7.1 Jita ) 40 O vE M A5 R cok-8 R I I
5t MM L, ¥ — 586 R Tt 7 48 i
(98.09£0.03%. 100.65+0.02%) 337 &t 44k, PCL4H
it 73 40 1 FR O 1 (93.49+0.024%) 3 PRI, HETH
ZF 20 P PRV M 38 R T AR AL AN IS 70 (70%) (& 9) o
2.7.2 TR AS R A0S & R
7R3 KRG, RAEME RS RER, SXTRAML,
TE PCL HU [ 44 2K 25 4 i 5 AR ECd Bk 1) PCL B[]
PR A YN TG 2R 4 g AR, HAEKIR
ARL, WHE 10,

Chinese Journal of Tissue Engineering Research | Vol 30 | No.? | ? 2026 | 5



@)z PEARTEHSR WREE
www.CITER.com Chinese Journal of Tissue Engineering Research

160
P e e 1401 B RSB Tk
<>C>—) i3t LB () PCL 4F 45 AL A5
0. Bk ik BT IRAL
& . H90s 5, RIS
BEF BB LEER AT E o 9L ECd 0K 11 PCL
601 B gl K £ e B A
40 1 J
B 400 s I SRR .
350 P— —
i 01 ) ?
£ 300 1] - v y
g250 PCL(4:3277) PCL(4#:32/5) PCL-ECd
2501
® & e -
S 2001 3 | SEFHLHEN PO 5EZETHAIRETR £Cd B PCLERE
:ﬁ 150- a SRR
£ 100- Figure 3 | Water contact angle of PCL before and after plasma, PCL
i
€ 501 1 oriented fibers deposited with ECd by plasma
WRE  RERE ARMBEEY
0.6
PCL-ECd1 K ¥E: A [E PCL-EC
PCL-ECd2 .
. 0.51 [ PCL-ECd3 éf)ﬂ*ﬁ éﬁ%%ﬁ ECd EP
c 40 T — 3 B 1 R 2
3.5 E’ 5 pCL-ECd3 #LL, *P<
< 301 ¥ - % 05 $ 0001; 15 PCL-ECA2 4]
S 2. s 3 tk, ‘P<0.05.
22° H fﬂ 0.21
:‘fﬁ 2.0 . " 2
% 1.54 I 0.1
1.0 0
0.5
XNEE AR WEAEHEY B4 | ] PCL-EC SR ETHERTE ECd RERAEE
Figure 4 | Protein content in ECd on the surface of different PCL-ECd
nanofibres
Bl A S NSBB8 bk P B2 40 B RF 58 35 77 G 08 0 IR IR A R T R S 3RS
ECd; By ECd Hifit’E W f A KR T & B IIIESS R CHECd MRS
B e g 5 %R 2 4.0 R ‘
I E SR, '533”“:H$E/tt, P <0.001. pCL BIE: ARk B
1 | ECd BIHI&ERIERTAE 3.51 PCLECd 1 MITES 1. 3. 5 K
. . I e 4 NIEN
Figure 1 | Preparation and distribution of ECd = 3.0 B e s iy CoK-8 K Tl 25 L,
£ 25| EERA PCL-ECd1 5 Eo A A AR
g 50 2 tt, P <0.001, °P <
— ammaa
45 0.01, °P<0.05,
=
= D=0.70:0.15 ym B 1.0 ﬁs
/| 0.5 ns
0.0 T - T T
1x 3X EFS

5 | AR EIRTE] EC B PCL BRISIZARET4E xF A B &% Bk 7 BZ 4B A 1458
HISZHE

Figure 5 | Effect of PCL aligned nanofibers deposited with ECd on the
proliferation of HUVECs

4.0
. PCL Bl vE: it /3 40 B L
: PCL-ECd 1
3.0 PCL-ECd 2 # 1 3\‘ 5K
€ 7| ElpcLEcds 3 cek-8 k&5 &, 5
£ 25) M MRE PCL-ECd2 4] [k, P<
2 20l §l 0.05, k PCL-ECA3 #]
g e Lk, *P<0.001,
e 1.5
=10
BlE: A PCLELIAI K AR 4 R L 18 s B 9 PCL R [ g oK 4 4 0.5 -
MEARGE: COATTRR EC fURLIY) PCL B IA) 44K 21 4 (¥ A H v 45 11 s 0.0 1.3%- e s
D AEA ' FH B 1) EC ok i i mt 25 05 A3 &) o A T8 A .
2 | PCL BUEI4ARET4E ISR AN ECd BOIAR E 6 | SAFAA[EIRTIE EC By PCL BY[S]4ARET 4 X e o AR IE5E R %20
Figure 2 | Microscopic morphology of PCL aligned nanofibers and Figure 6 | Effect of PCL aligned nanofibers deposited with ECd on the
deposition of ECd proliferation of SCs

6 | (PERLATIZASR | §30% | FHA | 2026578



HMAREE PEEATERR @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

PCL PCL-ECd 1 PCL-ECd 2 PCL-ECd 3 X BB B AL e G
- a4 B, SRR RN, W
& & el S, AR .
ﬁé% g =Y 7 | SRARAEIRiE] ECd #Y PCL BRISIZH
= £\ KR A FERBKPIEI AR e 4RAE
— . - = FASHIEZ N
2 g iy od L Figure 7 | Effect of PCL aligned
L5 nanofibers deposited with ECd on the
E morphology of HUVECs, SCs
ArESEEERs SR ER AR SR AR aR e Es B 140 " . e
1 '"' '“' ! - Bl A Jyidid i B 55 3815 ECd 35—
! - - @ LBV R R B ABRRE DR,
| T A KR FORHRE; C N ECd ¥ 5
! 4 BV B A, By CHLLE S}
: g 801 E ] i B fFic ECd.
' 3R 60- / F8 | ECd HM—SHEETHR
1 7
| i‘l ” E#[{ - Figure 8 | Uniform and gradient
: + 1 407 -/ deposition of ECd
| BE : 20--/~ 1238
; L— veaa | ol
! :
e SR e K| K K& E&IV K&V
C
]
X1 | : Eecall : EecAl : XV : Xig v
AR
120 5
[ =]
ol = T —— M M7 MR
9 cok-8 KL R, X 58
;’80' WM, P>0.05; 5 &
== ’ a o
¥ 60 PCL 41481k, *P<0.001,
=2 T
% 40 g
201

MEA  PCL il AR

Merge

9 | ¥)—5#5E ;TR ECd 9 PCL BX[E)4f oK £ 4 X4 e 7 4R Be & 1% B9S2 BRI T I TE AN 5 LR i 332 3 RS IR AS .

Figure 9 | Effect of uniform and gradient deposition of PCL aligned B 10 | ¥— S8R AR ECd f PCL IS 445K 414 X 76 75 4R BT 7S B 22
nanofibers with ECd on SCs activity i

Figure 10 | Effect of uniform and gradient deposition of PCL aligned
nanofibers with ECd on the morphology of SCs

Chinese Journal of Tissue Engineering Research | Vol 30 | No.? | 2026 | 7



@)z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

2.7.3 JAAMMPTRE AR WE 11A R, RfER
Fege s R EOR, SXIRAMEL, Ui
DURA 2Lt /3 40 B 3506 AN R A2 B 3T #%, Gradient 44
e it ERE M E. 2B SGiH0, SR
HAHEL, 35— PURR AR FE O AR 41 7 5 48 T #% i 2K
A RGN (P < 0.001); 5 —YTARAIRR FE DTUAR 4 it
JI R B BOE R 2 5 (P> 0.05), 4TS PCL
ZHAH EE A A R S A B B3 (P < 0.001). LR X
PN EAXE, iR 1 X, BV S5 —
DU LB Gt 22 . il 7 40 3 7 B
BT RB 4L A PCL 4 (P <0.001); 7ETRSIL. MMIIX,
Tofs VAR AL it 7 240 e 1O 7% 0 i 6 3 v T A
PCLAHA 5 —PIARA (P<0.01), W.[E 11B-C. K[,
ECd [ B [r) £ M A6 52 W7 DU ASE it /5 4t B I % B o
XM OS] e A ER T B2 TR R D BE AL 2245 5
& A — VU &l A A 5 7R OA B A X 1
S1o0 A, AN B RME BB — 8, AR gl
PR ) B — e T T s TR R VAR 2 1 R
AT S A BRI 510 A0, 20 i E I AR A [
Fr B AR WA [FME 5 DL R AT TR K, AT 52 0 24 g
SRS B R R E B

ERE

PCL

3 i7i$ Discussion

JE AR 22 4545 R Bl L& R R 2
—, RWE A EREOE AW P A 54 e
% T BUS B ABE D RE NG L B s i iR R, 8
ASR & 5 e A K 0 BB A B, Rk, A R
J 6 #0240 4 ) AR 208 B2 2RO I PR BT 98 1Y B
M. FEMEs G, MEEAEMM I E PR H
2 e s A L, I AR L A 2 4
Yifs i R i A B A € P, HAE AR
WAFAEMENEESMMERZ, DRI SN
ARRE TR R, AW AURE, @ AL
T 41 NGF. BDNF. VEGF &% 2 [A T, UL K Nk
AL ) 20 AR 70 A2 RS0 D e R S T DA s
Z AR O 2, A, — TR AT R T R 4
TEAS [6) 40 M0 %5 B 26 AF 1 55 97 J5 BT i AS B 2 Ak 1 R 2k
N A 2T 3 R AR K R E A 0 35 22 57
I8 RO b 22 S ) IR AT RE 5 PN R 4 i 0 IR R IR
FEH YA B R, ASHIE T M A2 A AT
WEE A, B el 1 R N bk o R 4 B ) % T
ECd, H'E & VEGF fl&EH, ENIREW UL E 7= n
PLECE A 2 AR OA ST, TR A 24 A

BlvE: A it 5 AL B i) S e 9Ot B
Kl: B it 5 4RI fE ST X IR B, 5
XHHE41, PCL LML, °P<0.001; 5H—T
AL, P>0.05; C it /340 72 4>
RS X HCR, 5 HABAAM L, °P <0.001.
11 | H—5HERF ECd iy PCL BLE)
LRRETYEXTTE T3 LB AT F5 RS2 e

Figure 11 | Effect of uniform and gradient
deposition of PCL aligned nanofibers with
ECd on the migration of SCs

20, | 1 . -
Sl . 1 _ 12 i
19— R
< 16 ns S0l REAR
~ 14 e
12, % °]
02 40 o o
3B ol 5 —
H.—_J 6 .;‘1:] 4 a
E 44 [==4 a
[==1 S 2
S 24 a a
a a a
0 . . . = 0 . .
T ERER PCL #—i# #EIR I o m

8 | DEHNTEASR | 58305 | 5578 | 20265°H



HMAEE

hEEATERR (@) 2

Chinese Journal of Tissue Engineering Research  www.CITER.com

i HL 7 22 BOR 55 AT 5 AR R B DR HL 5 A g B
JRARAT R R PR, EARBE S HEM %%
ik B PCL R AT SR B A R 2 —,
DIH ORI & R A4, DR i A 4 i )
SPREBE B0 SRTRT, AARER I B K R X 40 D Fr kG
GRIERSPS N PR NN S ¥ SR &3
MR SA G SRS, MRk e, (24

KA, WREANFHALBE TR, &k, HH
TSR EE MR RL WRARFE, @

TEREY P, RO B — E I
R AR TR TR R, BT £ X3 %H
THEESEAMSE AR AW RS ST
A} PCL R T AT e PR L BAG oK 1, 4% PCL
g K45 ecd 454, B PR 7R
% e S5 AU B% e % 0 52 3] PCL 4909 2K £F 4 1) Y 17 45 4
A ECd 351 PTHL. B IR AR EC 1) PCL 4K 4F
Y 5 41 g e 1% 77 3R S 24 1 ECd IR AT DA 2k 4 g
WG, TTREE W TEAMUURSE &, REIAT
AR, DL 20 i 5 285 5 (8] (1) R B 28R AR BT
?& [37] 3

Hixwa mgmAFE, HEMERGAEG —E
1A IRAE R IR, X BV PR T T 40 2 T
kP, fEE B, BT E A
Uity 2 (A B AR B S K R U RS, Rk
it 5 2 AT K B 8 R R R O R A 2 Th e
e 3 ] i A8 I — OGBSI . ASHIF 9ol o
HHL &7 22 1 L 25 AR i) 25 U AR ECd FORLfF) PCL B
[ K 274, A PCL HU M) 9K 21 44 Sy B il A R
BA BT ) A AR e A A AT AR, i T
oA KR HEHIE % AR5, ECd URIAE N4 4E %k
TH ) R &5 K i T A e fe ik e s 5. 4
FIIE R B b e R kb, 20 R o SR e ] L3R
5i Ak A5 45 L S B A 358 R 6 5 5 1), B Bh
Y 5 2R T 2 AR 25 A 1 51 R AN M 9 R AE 5 4% 3 T
A X — 7 A R A e T RS B2 % X Al b
S A AR EE T LR S ES. 2. 4
Yk ka5, AT RN MR A — AN R R Y
T R 88 R AN A OR AR AT A it 3 4 BT B
“Biingner” HHRALFT T IE F#MIT . Awfridid
AR HL 37 03 AR SR AT L ) 2R PR B B ECd BORE RS 1
5 ST e IE R . Bt AR A RS BT
Jiti 73 2 B AE EC FRORLAE A 1) 21 4 R 145 B 5 1 2 P

TG, [FINFE ECd FRORE B [r) 26 M A6 FE 2415 (1) £F
YEfE F AN RS AL B I S .

SR, XTI AN A — L /R, A E A
SPUERH ECd &4 VEGF AR, X TR & A m
RAFERBEAT 0T, Rk, KR AT LR ET
ECdH AT I ZHE . & A, BHER IR E A B E R,
N H Ao AT B A 2= M, AT RE 8 T X 4 A
Fo U E R A R E A E i R b E
— IR R HEAT T U ECd fHORE Y PCL B[ 44
KR LN} e 7 4 B A% R VDD IR &R, MR —
AP B UE X Rl S AR VB AR B E . i
JH I 40 e S8 A EC i 3 it o A0 B i A dR k[ —
FEAR WLAR . AR AT 75 ZEXT EC i 45+ 42 4
1 BARAE R AL — 20 A, RIe AT 3K
SRR FC DA BE B Hb TR L AR 5 5 4 22 [ ) AH B
EA.

ZRLERTIR, BT PCL B[R gl K 48 4k B
B R4 AR A P IR 25 16 FHE 25 7K 1
LZIRett. ECd B & VEGF M fidr, @idHEd
W 55 £ R Be 08 DAGIOkL 7 s 6 T4 4E 3R . X Fh
BRI g5 A R s AR gt BT ER K Y B A B i T 4 e
1) 184 5 AN e 5 i i e W) B RS, N EME B R Y
FAGURTTRE TR IR

B : RMEFSXFRLREAFHXEMBEREFAELFTOE
HRERRERENGZIETFS.

EHTMk: W R THA B &SRR, RAERKLEE. LIRS
B BA S F AR, B EE. S F T mhiE g L F AR,
E A A RAR R AT IRALR T Rl Lo AR,

FIEHR: XFehIH FY, ERAALFLTRELLT R
HEA BT R,

FFHURERAEERE: X2 — B AR FE, ARIE (Sl b 24T L)
“E 4 - WAL - AR F KEF 4.0 K, ESHIIMGHFLT,
AFAVLIEF AL B R T RN SR, AT &, BN AHE
AP R, TH. BN, ##. 3790, k. REMEZHK, F4
Z s w5, ARG MASER L CIETeERE,

WA LE: X R AT kA b S 3302 T L RRARSE S

HARHSE: ZAFREET T EHREZNFRELER S (FRAFR
FEREREFHRHELS L EOEFNLY . LFHRIT 2L H
R B G X kAW RT3 REF, LFLDRTIF ERREFIF,
TP BOAA X EH SR FILAREE.

4 SErHk References

[1]  SHARIFI M, KAMALABADI-FARAHANI M, SALEHI M, et al. Recent
advances in enhances peripheral nerve orientation: the synergy of
micro or nano patterns with therapeutic tactics. J Nanobiotechnology.
2024;22:194.

[2]  WANG X, CHEN S, CHEN X, et al. Biomimetic multi-channel nerve
conduits with micro/nanostructures for rapid nerve repair. Bioact
Mater. 2024;41:577-596.

Chinese Journal of Tissue Engineering Research | Vol 30 | No.? | ? 2026 | 9



@7 PEEATEHR

www.CITER.com Chinese Journal of Tissue Engineering Research

[3]  XUEJ, WUT, LIJ, et al. Promoting the Outgrowth of Neurites on
Electrospun Microfibers by Functionalization with Electrosprayed
Microparticles of Fatty Acids. Angew Chem Int Ed Engl. 2019;58:3948-
3951.

[4] HAN Q, GUAN W, SUN S, et al. Anisotropic topological scaffolds
synergizing non-invasive wireless magnetic stimulation for
accelerating long-distance peripheral nerve regeneration Chem Eng J.
2024;496:153809.

[5] JINB, YUY, LOU C, et al. Combining a Density Gradient of
Biomacromolecular Nanoparticles with Biological Effectors in an
Electrospun Fiber-Based Nerve Guidance Conduit to Promote
Peripheral Nerve Repair. Adv Sci (Weinh). 2023;10:€2203296.

[6] MOTTA CMM, ENDRES KJ, WESDEMIQTIS C, et al. Enhancing Schwann
cell migration using concentration gradients of laminin-derived
peptides. Biomaterials. 2019;218:119335.

[71 WU P, TONG Z, LUO L, et al. Comprehensive strategy of conduit
guidance combined with VEGF producing Schwann cells accelerates
peripheral nerve repair. Bioact Mater. 2021;6:3515-3527.

(8] CERQUEIRA SR, LEE YS, CORNELISON RC, et al. Decellularized peripheral
nerve supports Schwann cell transplants and axon growth following
spinal cord injury. Biomaterials. 2018;177:176-185.

9] HUANG Y, YE K, HE A, et al. Dual-layer conduit containing VEGF-A-
Transfected Schwann cells promotes peripheral nerve regeneration via
angiogenesis. Acta Biomater. 2024;180:323-336.

[10] MAT, HAOY, LI S, et al. Sequential oxygen supply system promotes
peripheral nerve regeneration by enhancing Schwann cells survival and
angiogenesis. Biomaterials. 2022;289: 121755.

[11] TANGJ, WU C, CHEN S, et al. Combining Electrospinning and
Electrospraying to Prepare a Biomimetic Neural Scaffold with
Synergistic Cues of Topography and Electrotransduction. ACS Appl Bio
Mater. 2020;3:5148-5159.

[12] XUEJ, PISIGNANO D, XIA'Y. Maneuvering the Migration and
Differentiation of Stem Cells with Electrospun Nanofibers. Adv Sci
(Weinh). 2020;7:2000735.

[13] JI'E, SONG YH, LEE J K, et al. Bioadhesive levan-based coaxial
nanofibrous membranes with enhanced cell adhesion and
mesenchymal stem cell differentiation. Carbohydr Polym. 2025;
354:123337.

[14] QIANJ, LIN Z, LIUY, et al. Functionalization strategies of electrospun
nanofibrous scaffolds for nerve tissue engineering. Smart Mater Med.
2021;2:260-279.

[15] LY, GEZ LIU Z, et al. Integrating electrospun aligned fiber scaffolds
with bovine serum albumin-basic fibroblast growth factor nanoparticles
to promote tendon regeneration. J Nanobiotechnology. 2024;22:799.

[16] WANG Q, ZHANG S, JIANG J, et al. Electrospun radially oriented
berberine-PHBV nanofiber dressing patches for accelerating diabetic
wound healing. Regen Biomater. 2024;11:rbae063.

[17] ZHOU Z, LINY, LIU N, et al. Gradient coating of extracellular matrix
derived from endothelial cells on aligned PCL nanofibers for rapid
endothelialization. Front Bioeng Biotechnol. 2024;12:1527046.

[18] ZHANG X, GUO M, GUO Q, et al. Modulating axonal growth and
neural stem cell migration with the use of uniaxially aligned nanofiber
yarns welded with NGF-loaded microparticles. Mater Today Adv.
2023;17:100343.

[19] XUEJ, WU T, QlU J, et al. Accelerating Cell Migration along Radially
Aligned Nanofibers through the Addition of Electrosprayed
Nanoparticles in a Radial Density Gradient. Part Part Syst Charact.
2022;39(4):2100280. .

[20] BLACK BJ, ECKER M, STILLER A, et al. In vitro compatibility testing
of thiol-ene/acrylate-based shape memory polymers for use in
implantable neural interfaces. J Biomed Mater Res A. 2018;106:2891-
2898.

[21] XUEJ, WU T, QIU J, et al. Promoting Cell Migration and Neurite
Extension along Uniaxially Aligned Nanofibers with Biomacromolecular
Particles in a Density Gradient. Adv Funct Mater. 2020; 30.

[22] WUT, XUE J, LI H, et al. General Method for Generating Circular
Gradients of Active Proteins on Nanofiber Scaffolds Sought for
Wound Closure and Related Applications. ACS Appl Mater Interfaces.
2018;10:8536-8545.

[23] DAIY, LUT, LIL, et al. Electrospun Composite PLLA-PPSB Nanofiber
Nerve Conduits for Peripheral Nerve Defects Repair and Regeneration.
Adv Healthc Mater. 2024;13:2303539.

10 | PERR[TIZHASR | 305 | 5528 | 202659°H

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

132]

[33]

[34]

[35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

PATEL DK, WON SY, JUNG E, et al. Recent progress in biopolymer-based
electrospun nanofibers and their potential biomedical applications: A
review. Int J Biol Macromol. 2025; 293: 139426.

ROBLES KN, ZAHRA FT, MU R, et al. Advances in Electrospun Poly(e-
caprolactone)-Based Nanofibrous Scaffolds for Tissue Engineering.
Polymers (Basel). 2024;16(20):2853.

SNYDER Y, TODD M, JANA S. Substrates with Tunable Hydrophobicity for
Optimal Cell Adhesion. Macromol Biosci. 2024;24:e2400196.

KIM K, YANG J, LI C, et al. Anisotropic structure of nanofiber hydrogel
accelerates diabetic wound healing via triadic synergy of immune-
angiogenic-neurogenic microenvironments. Bioact Mater. 2025;47:64-
82.

LIU H, PUIGGALI-JOU A, CHANSORIA P, et al. Filamented hydrogels

as tunable conduits for guiding neurite outgrowth. Mater Today Bio.
2025;31:101471.

LIU S, SIMINSKA-STANNY J, YAN L, et al. Bioactive ECM-mimicking nerve
guidance conduit for enhancing peripheral nerve repair. Mater Today
Bio. 2024;29:101324.

GRASMAN JM, KAPLAN DL. Human endothelial cells secrete
neurotropic factors to direct axonal growth of peripheral nerves. Sci
Rep. 2017;7:4092.

ZHOU Z, LIU N, ZHANG X, et al. Manipulating electrostatic field

to control the distribution of bioactive proteins or polymeric
microparticles on planar surfaces for guiding cell migration. Colloids
Surf B. 2022;209:112185.

ZHENG T, WU L, SUNS, et al. Co-culture of Schwann cells and
endothelial cells for synergistically regulating dorsal root ganglion
behavior on chitosan-based anisotropic topology for peripheral nerve
regeneration. Burns Trauma. 2022;10:tkac030.

YAO X, XUE T, CHEN B, et al. Advances in biomaterial-based tissue
engineering for peripheral nerve injury repair. Bioact Mater.
2025;46:150-172.

HUANG J, LI J, LI S, et al. Netrin-1-engineered endothelial cell exosomes
induce the formation of pre-regenerative niche to accelerate peripheral
nerve repair. Sci Adv. 2024;10: eadm8454.

KL, ok, B AEME RGNS S B E 7 D]
o EH A TREWE AT ,2021,25(4): 651-656.

WELI'Y, ZHOU X, LI Z, et al. Genetically Programmed Single-Component
Protein Hydrogel for Spinal Cord Injury Repair. Adv Sci (Weinh).
2025;12(10):e2405054.

NING X, WANG R, LIU N, et al. Three-dimensional structured PLCL/
ADM bioactive aerogel for rapid repair of full-thickness skin defects.
Biomater Sci. 2024,;12:6325-6337.

XU W, WUY, LU H, et al. Injectable hydrogel encapsulated with VEGF-
mimetic peptide-loaded nanoliposomes promotes peripheral nerve
repair in vivo. Acta Biomater. 2023;160:225-238.

HUANG J, ZHANG G, LI S, et al. Endothelial cell-derived exosomes boost
and maintain repair-related phenotypes of Schwann cells via miR199-
5p to promote nerve regeneration. J Nanobiotechnology. 2023;21:10.
XIA B, LV Y. Dual-delivery of VEGF and NGF by emulsion electrospun
nanofibrous scaffold for peripheral nerve regeneration. Mater Sci Eng C
Mater Biol Appl. 2018;82:253-264.

SENGUPTA'S, PARENT CA, BEAR JE. The principles of directed cell
migration. Nat Rev Mol Cell Biol. 2021;22:529-547.

IDRISOVA KF, ZEINALOVA AK, MASGUTOVA GA, et al. Application of
neurotrophic and proangiogenic factors as therapy after peripheral
nervous system injury. Neural Regen Res. 2022; 17:1240-1247.
MENEZES R, VINCENT R, OSORNO L, et al. Biomaterials and tissue
engineering approaches using glycosaminoglycans for tissue repair:
Lessons learned from the native extracellular matrix. Acta Biomater.
2023;163:210-227.

BARIK D, SHYAMAL S, DAS K, et al. Glycoprotein Injectable Hydrogels
Promote Accelerated Bone Regeneration through Angiogenesis and
Innervation. Adv Healthc Mater. 2023;12:2301959.

CHU X L, SONG X Z, LI Q, et al. Basic mechanisms of peripheral nerve
injury and treatment via electrical stimulation. Neural Regen Res.
2022;17:2185-2193.



