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Figure 1 (Color online) Schematic diagram of the preparation and application of MN@SPs: Preparation of stem cell spheroids is achieved through
microfluidic templating, resulting in stem cell spheroids with enhanced regenerative capabilities. HAMA hydrogel is injected into the microfluidic
template to achieve in situ encapsulation of the stem cell aggregates, generating MN@SPs. MN@SPs can promote wound healing in diabetic ulcers

through the release of active factors' . ADSC: Adipose-derived stem cell; CM: Culture media. Copyright © 2023, John Wiley & Sons

Y BR A A TR A0 AL T R EOIRES, SRR KA TR ) 5 2
EUY DRI, TSR AR AU &, ISR RH R K
AN HLAASE T A AR R AT FH T PR 1592 IR T
FET U, T A T A B ER IR AT A FERE R 15t 97 T
I A AR, ASPRBIZH P2 T — I T o4 AR 2 T2
MaEk B R4 (stem cell spheroids encapsulated microneedles,
MN@SPs). 7EREAERFTE D, A HA ML BT ) D PR AL AR L2
W TR O, XA A3 AR R i e, i
TP ARIE— Pl AR S 52 IR OB T A i 425 ] 1
AR, BT L SRR AR R R AR, TR
EHAR, BATBIT T —Fh IRttt a2 h
RHERE B RL, AT LU SRS T A0 R SR A
A DM, BRI RN T 2, T A B A
BB WA TR A S, 7R/ GCEEMVERTT, T 405
O3 TAL S VOB MBS RO T . RIS,
A DU M PR AN RS, B2 KO RO —HY
MERIRIR. FETok, 5 DI BEAL 1% I 5 R TLE RS v v

i R EEA N FER F 4 (T2225003)% B

A B2 SCHK

TEARTASG, FFERT RIS, i
SOMRE TN AR BEE I BRKBER. e, 2t
RRERIAT SRAT 2 T A0 MU R IR K BRI DA ET . T X T4
PRBRSERRIBIEAT T, BNV T 4R IR0 T 40
H, TAREER IR A b5 Al A R P s 2 SR AR
AP RSB AR T sk, IR ArE B R e
{5 5 5 3 G 2 T R 3 i 1 A S A T E
. Gl S S, FRATESS T MN@SPs AT LUK T4
BRIR I BRI BUZAL, I H R a4 et
LR I ORI, AT R R 1075 1 e .
X — WIS R AR A LA PR 5 1607 A 1 4
HETB . RS HETRTE CAESE 1T MR SR A7 I A
Rk, I HAGUT RGBT AR R AR B R AR E A
JEET7 18], ARG B — A ARIBOR  PRE s, LA 240
MR P Z P ERA TRCR AN, RN, AR ARG
PR AR AT 7 A A B T AHAU TR T AR 745
FRZ .

1 Jodheea-Jutton A, Hindocha S, Bhaw-Luximon A. Health economics of diabetic foot ulcer and recent trends to accelerate treatment. Foot, 2022, 52:

2720


https://doi.org/10.1016/j.foot.2022.101909

12
13

14

101909

Yuzuguldu B, Zengin B, Simsir I Y, et al. An overview of risk factors for diabetic foot amputation: An observational, single-centre, retrospective
cohort study. Eur Endocrinol, 2023, 19: 85

Matoori S, Veves A, Mooney D J. Advanced bandages for diabetic wound healing. Sci Transl Med, 2021, 13: eabe4839

Hoang D M, Pham P T, Bach T Q, et al. Stem cell-based therapy for human diseases. Sig Transduct Target Ther, 2022, 7: 272

Veith A P, Henderson K, Spencer A, et al. Therapeutic strategies for enhancing angiogenesis in wound healing. Adv Drug Deliver Rev, 2019, 146:
97-125

Yu R, Zhang H, Guo B. Conductive biomaterials as bioactive wound dressing for wound healing and skin tissue engineering. Nano-Micro Lett,
2022, 14: 1

Ahmed Saeed AL-Japairai K, Mahmood S, Hamed Almurisi S, et al. Current trends in polymer microneedle for transdermal drug delivery. Int J
Pharm, 2020, 587: 119673

Larraneta E, Lutton R E M, Woolfson A D, et al. Microneedle arrays as transdermal and intradermal drug delivery systems: Materials science,
manufacture and commercial development. Mater Sci Eng R-Rep, 2016, 104: 1-32

Jensen C, Teng Y. Is it time to start transitioning from 2D to 3D cell culture? Front Mol Biosci, 2020, 7, doi: 10.3389/fmolb.2020.00033

Kim W, Gwon Y, Park S, et al. Therapeutic strategies of three-dimensional stem cell spheroids and organoids for tissue repair and regeneration.
Bioactive Mater, 2023, 19: 50-74

Wang X, Jiang B, Sun H, et al. Noninvasive application of mesenchymal stem cell spheres derived from hESC accelerates wound healing in a
CXCL12-CXCR4 axis-dependent manner. Theranostics, 2019, 9: 6112-6128

Ryu N E, Lee S H, Park H. Spheroid culture system methods and applications for mesenchymal stem cells. Cells, 2019, 8: 1620

Chen B Z, Zhao Z Q, Shahbazi M A, et al. Microneedle-based technology for cell therapy: Current status and future directions. Nanoscale Horiz,
2022, 7: 715-728

Wu X, Huang D, Xu Y, et al. Microfluidic templated stem cell spheroid microneedles for diabetic wound treatment. Adv Mater, 2023, doi: 10.1002/
adma.202301064

2721


https://doi.org/10.17925/EE.2023.19.1.85
https://doi.org/10.1126/scitranslmed.abe4839
https://doi.org/10.1038/s41392-022-01134-4
https://doi.org/10.1016/j.addr.2018.09.010
https://doi.org/10.1007/s40820-021-00751-y
https://doi.org/10.1016/j.ijpharm.2020.119673
https://doi.org/10.1016/j.ijpharm.2020.119673
https://doi.org/10.3389/fmolb.2020.00033
https://doi.org/10.1016/j.bioactmat.2022.03.039
https://doi.org/10.7150/thno.32982
https://doi.org/10.3390/cells8121620
https://doi.org/10.1039/D2NH00188H
https://doi.org/10.1002/adma.202301064
http://doi.org/10.1002/adma.202301064
http://doi.org/10.1002/adma.202301064

	干细胞球聚体微针促进糖尿病创面愈合

