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Abstract

BACKGROUND: Hyaluronic acid is a natural polysaccharide and a common glycosaminoglycan in human body. It has the highest concentration in eyes and
joints. It is made into hydrogels because of its biocompatibility, degradability, and low immunogenicity, and is widely used in tissue engineering.

OBJECTIVE: To introduce the characteristics of various hyaluronic acid composite hydrogels and their application in the repair of cartilage damage caused by
osteoarthritis.
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METHODS: CNKI and Wanfang databases were searched with the key words of “hyaluronic acid, hydrogel, cartilage repair, osteoarthritis” in Chinese. PubMed
and Web of Science databases were searched with the key words of “hyaluronic acid, hydrogel, cartilage repair, osteoarthritis” in English. The articles published
from January 1995 to July 2020 were searched and further analyzed and summarized.

RESULTS AND CONCLUSION: The excellent biological properties of hyaluronic acid hydrogel have made it widely studied in the cartilage repair of osteoarthritis,
especially through the combination of biological factors, natural materials, synthetic materials, 3D printing technology, polypeptides, mechanical stimulation,
etc., which improved the performance of hyaluronic acid hydrogel and promoted its application in cartilage tissue engineering. Although hyaluronic acid
composite hydrogels have been studied more, with the comprehensive development of chemistry, materials, physics, biology and other disciplines in the future,
a deeper understanding of the degradation mechanism of hyaluronic acid hydrogels and an exploration of the cartilage damage mechanism in osteoarthritis,
the hyaluronic acid composite hydrogel is expected to be designed with high efficiency, no side effects and more suitable for cartilage tissue engineering.

Key words: material; cartilage; hyaluronic acid; hydrogel; cartilage repair; osteoarthritis; tissue engineering; biomaterials; cartilage injury; review
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3 RLESREE Summary and prospects
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F. B A Bk M, ML HEAAARK R AT, R
Rty TAER A A TRA A TER R B EAREIRE) % BREM,

Chinese Journal of Tissue Engineering Research | Vol 26 | No.4 | February 2022 | 623



@7 PEERATEHR

www.CITER.com Chinese Journal of Tissue Engineering Research

TR HAAE, MALEmIbE @R EER
Wb, FRAK LT EREHFR FHRETEE AL, 595,
Wit AR A A F MR R, A TR R R
B AKRBIAELEM . BE. BWEA. REEL. AHEEE
Zr@mP AR, RS HTRTEE, BLALA LR
AFARTATKEH.

EH TR RBHATERARIT, TP EA KA. Bhi, REL, RERL,
i, RAEE. HHAL IXTHAFR.

BHEIH: EXFELT “ZMTAFTAF A LA E (2019RC32)” 4% 8h.
A V% o, 2% LAFRA Yot & At B 5 2048 B4k Bty e it AT B
JRid,

FZE R
+R,

S{Efem:

XEEE:

CESNE:
BEE.

B F R AT E OS5 AR H RRAZLE T B4R K X,

FHORBUERR: X — BRI E, Bl (Goift FHTH) “F8 -
ERF WAL - AAF F R F 407 K3k, AL AGHELT, AFRALIER
Wt BT RIA S, BT R, R AFETR P B3, TR #H0,
tEidk. ATEP. Ak, BBAEEIZIRK, HFAHZET R, AERRASERL
CAEAT Ak A IR

KT oL B, ERAATAXFRE T REEHE

FRET (RAGRFZFESHBEHILY) (PRISMA 15 ).
L3 AT i bR B G kA A AT 3 KRB,
XFLZNFATINF FEXREINF, FATIFBUAN LFFEMFIL

4 ZEuk References

[1] MAUDENS P, JORDAN O, ALLEMANN E. Recent advances in intra-articular drug delivery
systems for osteoarthritis therapy. Drug Discov Today. 2018;23(10):1761-1775.

2] GOLDRING SR, GOLDRING MB. Changes in the osteochondral unit during
osteoarthritis: structure, function and cartilage-bone crosstalk. Nat Rev
Rheumatol. 2016;12(11):632-644.

B] B, BmRE, SKIE E R ROR AR R i TE g 0]
AT TS ,2020,24(21):3394-3400.

[4] CHEN S, FU P, WU H, et al. Meniscus, articular cartilage and nucleus pulposus:

a comparative review of cartilage-like tissues in anatomy, development and
function. Cell Tissue Res. 2017;370(1):53-70.

[5] ZHANGY, LIU S, GUO W, et al. Coculture of hWJMSCs and pACs in Oriented
Scaffold Enhances Hyaline Cartilage Regeneration In Vitro. Stem Cells Int. 2019;
2019:5130152.

[6] RAI'V, DILISIO MF, DIETZ NE, et al. Recent strategies in cartilage repair: A systemic
review of the scaffold development and tissue engineering. J Biomed Mater Res A.
2017;105(8):2343-2354.

[7] KAHN TL, SOHEILI A, SCHWARZKOPF R. Outcomes of total knee arthroplasty in
relation to preoperative patient-reported and radiographic measures: data from
the osteoarthritis initiative. Geriatr Orthop Surg Rehabil. 2013;4(4):117-126.

[8] HUANG K, LI Q, LI Y, et al. Cartilage Tissue Regeneration: The Roles of Cells,
Stimulating Factors and Scaffolds. Curr Stem Cell Res Ther. 2018;13(7):547-567.

[9] REY-RICO A, MADRY H, CUCCHIARINI M. Hydrogel-Based Controlled Delivery
Systems for Articular Cartilage Repair. Biomed Res Int. 2016; 2016:1215263.

[10]  PRE ED, CONTI G, SBARBATI A. Hyaluronic Acid (HA) Scaffolds and Multipotent
Stromal Cells (MSCs) in Regenerative Medicine. Stem Cell Rev Rep. 2016;12(6):
664-681.

[11]  VASI AM, POPA MI, BUTNARU M, et al. Chemical functionalization of hyaluronic acid
for drug delivery applications. Mater Sci Eng C Mater Biol Appl. 2014;38:177-185.

[12]  BROCKMEIER SF, SHAFFER BS. Viscosupplementation therapy for osteoarthritis.
Sports Med Arthrosc Rev. 2006;14(3):155-162.

[13]  ZHANG B, THAYAPARAN A, HORNER N, et al. Outcomes of hyaluronic acid
injections for glenohumeral osteoarthritis: a systematic review and meta-analysis.
J Shoulder Elbow Surg. 2019;28(3):596-606.

[14]  STERN R, ASARI AA, SUGAHARA KN. Hyaluronan fragments: an information-rich
system. Eur J Cell Biol. 2006;85(8):699-715.

[15] BOLLYKY PL, BOGDANI M, BOLLYKY JB, et al. The role of hyaluronan and the
extracellular matrix in islet inflammation and immune regulation. Curr Diab Rep.
2012;12(5):471-480.

[16] HENROTIN Y, RAMAN R, RICHETTE P, et al. Consensus statement on
viscosupplementation with hyaluronic acid for the management of osteoarthritis.
Semin Arthritis Rheum. 2015;45(2):140-149.

[17]  CONROZIER T, MATHIEU P, VIGNON E, et al. Differences in the osteoarthritic
synovial fluid composition and rheology between patients with or without flare: a
pilot study. Clin Exp Rheumatol. 2012; 30(5):729-734.

[18]  LARSEN NE, DURSEMA HD, POLLAK CT, et al. Clearance kinetics of a hylan-based
viscosupplement after intra-articular and intravenous administration in animal
models. J Biomed Mater Res B Appl Biomater. 2012;100(2):457-462.

[19]  KENNE L, GOHILS, NILSSON EM, et al. Modification and cross-linking parameters
in hyaluronic acid hydrogels--definitions and analytical methods. Carbohydr
Polym. 2013;91(1):410-418.

624 | PEHEATIEWAR | 55264 | 5545 | 2022928

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

ZHENG Z, HU J, WANG H, et al. Dynamic Softening or Stiffening a Supramolecular
Hydrogel by Ultraviolet or Near-Infrared Light. ACS Appl Mater Interfaces.
2017;9(29):24511-24517.

CHEN G, JIANG M. Cyclodextrin-based inclusion complexation bridging
supramolecular chemistry and macromolecular self-assembly. Chem Soc Rev.
2011;40(5):2254-2266.

APPEL EA, DEL BARRIO J, LOH XJ, et al. Supramolecular polymeric hydrogels.
Chem Soc Rev. 2012;41(18):6195-6214.

JIANG Y, CHEN J, DENG C, et al. Click hydrogels, microgels and nanogels:
emerging platforms for drug delivery and tissue engineering. Biomaterials.
2014;35(18):4969-4985.

HAMLET SM, VAQUETTE C, SHAH A, et al. 3-Dimensional functionalized
polycaprolactone-hyaluronic acid hydrogel constructs for bone tissue engineering.
J Clin Periodontol. 2017;44(4):428-437.

MOHAMMADINEJAD R, KUMAR A, RANJBAR-MOHAMMADI M, et al. Recent
Advances in Natural Gum-Based Biomaterials for Tissue Engineering and
Regenerative Medicine: A Review. Polymers (Basel). 2020;12(1):176.

ISHIDA O, TANAKA Y, MORIMQTO |, et al. Chondrocytes are regulated by

cellular adhesion through CD44 and hyaluronic acid pathway. ] Bone Miner Res.
1997;12(10):1657-1663.

OH EJ, PARK K, KIM KS, et al. Target specific and long-acting delivery of protein,
peptide, and nucleotide therapeutics using hyaluronic acid derivatives. J Control
Release. 2010;141(1):2-12.

BORZACCHIELLO A, RUSSO L, MALLE BM, et al. Hyaluronic Acid Based Hydrogels
for Regenerative Medicine Applications. Biomed Res Int. 2015;2015:871218.
SUNY, LI X, ZHANG L, et al. Cell Permeable NBD Peptide-Modified Liposomes

by Hyaluronic Acid Coating for the Synergistic Targeted Therapy of Metastatic
Inflammatory Breast Cancer. Mol Pharm. 2019; 16(3):1140-1155.

LEI'Y, GOJGINI'S, LAM J, et al. The spreading, migration and proliferation of mouse
mesenchymal stem cells cultured inside hyaluronic acid hydrogels. Biomaterials.
2011;32(1):39-47.

LAM J, TRUONG NF, SEGURA T. Design of cell-matrix interactions in hyaluronic
acid hydrogel scaffolds. Acta Biomater. 2014;10(4):1571-1580.

GREEN JD, TOLLEMAR V, DOUGHERTY M, et al. Multifaceted signaling regulators
of chondrogenesis: Implications in cartilage regeneration and tissue engineering.
Genes Dis. 2015;2(4):307-327.

DENG Y, SUN AX, OVERHOLT KJ, et al. Enhancing chondrogenesis and mechanical
strength retention in physiologically relevant hydrogels with incorporation of
hyaluronic acid and direct loading of TGF-B. Acta Biomater. 2019;83:167-176.
SCOTTI C, TONNARELLI B, PAPADIMITROPOULQS A, et al. Recapitulation of
endochondral bone formation using human adult mesenchymal stem cells

as a paradigm for developmental engineering. Proc Natl Acad Sci U S A.
2010;107(16):7251-7256.

BIAN L, ZHAI DY, TOUS E, et al. Enhanced MSC chondrogenesis following delivery
of TGF-B3 from alginate microspheres within hyaluronic acid hydrogels in vitro
and in vivo. Biomaterials. 2011;32(27):6425-6434.

KIM M, GARRITY ST, STEINBERG DR, et al. Role of dexamethasone in the long-
term functional maturation of MSC-laden hyaluronic acid hydrogels for cartilage
tissue engineering. J Orthop Res. 2018;36(6): 1717-1727.

LIU X, YANG Y, NIU X, et al. An in situ photocrosslinkable platelet rich plasma-
Complexed hydrogel glue with growth factor controlled release ability to promote
cartilage defect repair. Acta Biomater. 2017;62:179-187.

CHEN WH, LO WC, HSU WC, et al. Synergistic anabolic actions of hyaluronic acid
and platelet-rich plasma on cartilage regeneration in osteoarthritis therapy.
Biomaterials. 2014;35(36):9599-9607.

YAN W, XU X, XU Q, et al. Platelet-rich plasma combined with injectable
hyaluronic acid hydrogel for porcine cartilage regeneration: a 6-month follow-up.
Regen Biomater. 2020;7(1):77-90.

TURAJANE T, CHAVEEWANAKORN U, FONGSARUN W, et al. Avoidance of

Total Knee Arthroplasty in Early Osteoarthritis of the Knee with Intra-Articular
Implantation of Autologous Activated Peripheral Blood Stem Cells versus
Hyaluronic Acid: A Randomized Controlled Trial with Differential Effects of Growth
Factor Addition. Stem Cells Int. 2017; 2017:8925132.

XU X, JHA AK, DUNCAN RL, et al. Heparin-decorated, hyaluronic acid-based
hydrogel particles for the controlled release of bone morphogenetic protein 2.
Acta Biomater. 2011;7(8):3050-3059.

JHA AK, MALIK MS, FARACH-CARSON MC, et al. Hierarchically structured,
hyaluronic acid-based hydrogel matrices via the covalent integration of microgels
into macroscopic networks. Soft Matter. 2010; 6(20):5045-5055.

AULIN C, JENSEN-WAERN M, EKMAN S, et al. Cartilage repair of experimentally
11 induced osteochondral defects in New Zealand White rabbits. Lab Anim.
2013;47(1):58-65.

MASQUDI E, RIBAS J, KAUSHIK G, et al. Platelet-Rich Blood Derivatives for

Stem Cell-Based Tissue Engineering and Regeneration. Curr Stem Cell Rep.
2016;2(1):33-42.

JOOYBAR E, ABDEKHODAIE MJ, ALVI M, et al. An injectable platelet lysate-
hyaluronic acid hydrogel supports cellular activities and induces chondrogenesis
of encapsulated mesenchymal stem cells. Acta Biomater. 2019;83:233-244.
YOON DM, CURTISS S, REDDI AH, et al. Addition of hyaluronic acid to alginate
embedded chondrocytes interferes with insulin-like growth factor-1 signaling in
vitro and in vivo. Tissue Eng Part A. 2009; 15(11):3449-3459.



&=

i

PEERTERE @777

Chinese Journal of Tissue Engineering Research  www.CITER.com

[47]

[48]

[49]

[50]

[51]
[52]
[53]
[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

KAYAKABE M, TSUTSUMI S, WATANABE H, et al. Transplantation of autologous
rabbit BM-derived mesenchymal stromal cells embedded in hyaluronic acid gel
sponge into osteochondral defects of the knee. Cytotherapy. 2006;8(4):343-353.
JOHNSTONE B, ALINI M, CUCCHIARINI M, et al. Tissue engineering for articular
cartilage repair--the state of the art. Eur Cell Mater. 2013; 25:248-267.

REMYA NS, NAIR PD. Engineering cartilage tissue interfaces using a natural
glycosaminoglycan hydrogel matrix--an in vitro study. Mater Sci Eng C Mater Biol
Appl. 2013;33(2):575-582.

LIU C, LIU D, WANG Y, et al. Glycol chitosan/oxidized hyaluronic acid hydrogels
functionalized with cartilage extracellular matrix particles and incorporating BMSCs
for cartilage repair. Artif Cells Nanomed Biotechnol. 2018;46(sup1):721-732.

PARK H, CHOI B, HU J, et al. Injectable chitosan hyaluronic acid hydrogels for
cartilage tissue engineering. Acta Biomater. 2013;9(1): 4779-4786.

RIEGER R, BOULOCHER C, KADERLI S, et al. Chitosan in viscosupplementation: in
vivo effect on rabbit subchondral bone. BMC Musculoskelet Disord. 2017;18(1):350.
LEE KY, MOONEY D). Alginate: properties and biomedical applications. Prog Polym
Sci. 2012;37(1):106-126.

PARK H, LEE HJ, AN H, et al. Alginate hydrogels modified with low molecular weight
hyaluronate for cartilage regeneration. Carbohydr Polym. 2017;162:100-107.
MAHAPATRA C, JIN GZ, KIM HW. Alginate-hyaluronic acid-collagen composite
hydrogel favorable for the culture of chondrocytes and their phenotype
maintenance. Tissue Eng Regen Med. 2016;13(5): 538-546.

REPPEL L, SCHIAVI J, CHARIF N, et al. Chondrogenic induction of mesenchymal
stromal/stem cells from Wharton'’s jelly embedded in alginate hydrogel and
without added growth factor: an alternative stem cell source for cartilage tissue
engineering. Stem Cell Res Ther. 2015;6:260.

CHEN P, XIA C, MO J, et al. Interpenetrating polymer network scaffold of sodium
hyaluronate and sodium alginate combined with berberine for osteochondral
defect regeneration. Mater Sci Eng C Mater Biol Appl. 2018;91:190-200.

YU HS, KIM JJ, KIM HW, et al. Impact of mechanical stretch on the cell behaviors
of bone and surrounding tissues. J Tissue Eng. 2016;7:2041731415618342.
WANG SJ, JIANG D, ZHANG ZZ, et al. Biomimetic Nanosilica-Collagen Scaffolds
for In Situ Bone Regeneration: Toward a Cell-Free, One-Step Surgery. Adv Mater.
2019;31(49):1904341.

BAO W, LI M, YANG Y, et al. Advancements and Frontiers in the High Performance
of Natural Hydrogels for Cartilage Tissue Engineering. Front Chem. 2020;8:53.
CHEN'Y, SUIJ, WANG Q, et al. Injectable self-crosslinking HA-SH/Col | blend hydrogels
for in vitro construction of engineered cartilage. Carbohydr Polym. 2018;190:57-66.
JIANG X, LIU J, LIU Q, et al. Therapy for cartilage defects: functional ectopic
cartilage constructed by cartilage-simulating collagen, chondroitin sulfate and
hyaluronic acid (CCH) hybrid hydrogel with allogeneic chondrocytes. Biomater Sci.
2018;6(6):1616-1626.

GUO Y, YUAN T, XIAO Z, et al. Hydrogels of collagen/chondroitin sulfate/
hyaluronan interpenetrating polymer network for cartilage tissue engineering. J
Mater Sci Mater Med. 2012;23(9):2267-2279.

YANG J, LIU'Y, HE L, et al. Icariin conjugated hyaluronic acid/collagen hydrogel for
osteochondral interface restoration. Acta Biomater. 2018; 74:156-167.

LIN H, BECK AM, SHIMOMURA K, et al. Optimization of photocrosslinked gelatin/
hyaluronic acid hybrid scaffold for the repair of cartilage defect. J Tissue Eng
Regen Med. 2019;13(8):1418-1429.

JIN'Y, KOH RH, KIM SH, et al. Injectable anti-inflammatory hyaluronic acid hydrogel for
osteoarthritic cartilage repair. Mater Sci Eng C Mater Biol Appl. 2020;115:111096.
RASHEED Z, ANBAZHAGAN AN, AKHTAR N, et al. Green tea polyphenol
epigallocatechin-3-gallate inhibits advanced glycation end product-induced
expression of tumor necrosis factor-alpha and matrix metalloproteinase-13 in
human chondrocytes. Arthritis Res Ther. 2009; 11(3):R71.

GARCIA-FERNANDEZ L, OLMEDA-LOZANO M, BENITO-GARZON L, et al. Injectable
hydrogel-based drug delivery system for cartilage regeneration. Mater Sci Eng C
Mater Biol Appl. 2020;110:110702.

KIM WK, CHOI JH, SHIN ME, et al. Evaluation of cartilage regeneration of
chondrocyte encapsulated gellan gum-based hyaluronic acid blended hydrogel.
Int J Biol Macromol. 2019;141:51-59.

LICCIARDI M, SCIALABBA C, SARDO C, et al. Amphiphilic inulin graft co-polymers as
self-assembling micelles for doxorubicin delivery. ] Mater Chem B. 2014;2(27):4262-
4271.

PALUMBO FS, FIORICA C, DI STEFANO M, et al. In situ forming hydrogels of
hyaluronic acid and inulin derivatives for cartilage regeneration. Carbohydr
Polym. 2015;122:408-416.

BARTKOWIAK A, HUNKELER D. Carrageenan-oligochitosan microcapsules: optimization
of the formation process(1). Colloids Surf B Biointerfaces. 2001;21(4):285-298.
PEREIRA RC, SCARANARI M, CASTAGNOLA P, et al. Novel injectable gel (system)
as a vehicle for human articular chondrocytes in cartilage tissue regeneration. J
Tissue Eng Regen Med. 2009;3(2):97-106.

D’SOUZA AA, SHEGOKAR R. Polyethylene glycol (PEG): a versatile polymer for
pharmaceutical applications. Expert Opin Drug Deliv. 2016; 13(9):1257-1275.
WANG G, CAO X, DONG H, et al. A Hyaluronic Acid Based Injectable Hydrogel
Formed via Photo-Crosslinking Reaction and Thermal-Induced Diels-Alder
Reaction for Cartilage Tissue Engineering. Polymers (Basel). 2018;10(9):949.
SCHINAGL RM, GURSKIS D, CHEN AC, et al. Depth-dependent confined
compression modulus of full-thickness bovine articular cartilage. J Orthop Res.
1997;15(4):499-506.

[77]

[78]

[79]

[80]

[81]
[82]

(83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]
[93]

[94]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

NGUYEN LH, KUDVA AK, SAXENA NS, et al. Engineering articular cartilage with
spatially-varying matrix composition and mechanical properties from a single stem
cell population using a multi-layered hydrogel. Biomaterials. 2011;32(29):6946-6952.
PLACE ES, NAIR R, CHIA HN, et al. Latent TGF-B hydrogels for cartilage tissue
engineering. Adv Healthc Mater. 2012;1(4):480-484.

LIJ, HUANG Y, SONG J, et al. Cartilage regeneration using arthroscopic flushing
fluid-derived mesenchymal stem cells encapsulated in a one-step rapid cross-
linked hydrogel. Acta Biomater. 2018;79:202-215.

BAKER MI, WALSH SP, SCHWARTZ Z, et al. A review of polyvinyl alcohol and

its uses in cartilage and orthopedic applications. J Biomed Mater Res B Appl
Biomater. 2012;100(5):1451-1457.

KIM HD, LEE Y, KIM Y, et al. Biomimetically Reinforced Polyvinyl Alcohol-Based
Hybrid Scaffolds for Cartilage Tissue Engineering. Polymers (Basel). 2017;9(12):655.
OH SH, AN DB, KIM TH, et al. Wide-range stiffness gradient PVA/HA hydrogel to
investigate stem cell differentiation behavior. Acta Biomater. 2016;35:23-31.
ASHRAFUL ALAM M, TAKAFUJI M, IHARA H. Thermosensitive hybrid hydrogels
with silica nanoparticle-cross-linked polymer networks. J Colloid Interface Sci.
2013;405:109-117.

ATOUFI Z, KAMRAVA SK, DAVACHI SM, et al. Injectable PNIPAM/Hyaluronic

acid hydrogels containing multipurpose modified particles for cartilage tissue
engineering: Synthesis, characterization, drug release and cell culture study. IntJ
Biol Macromol. 2019;139:1168-1181.

WANG CZ, ESWARAMOORTHY R, LIN TH, et al. Enhancement of chondrogenesis of
adipose-derived stem cells in HA-PNIPAAM-CL hydrogel for cartilage regeneration
in rabbits. Sci Rep. 2018;8(1):10526.

OLIVEIRA JT, CRAWFORD A, MUNDY JM, et al. A cartilage tissue engineering
approach combining starch-polycaprolactone fibre mesh scaffolds with bovine
articular chondrocytes. J Mater Sci Mater Med. 2007;18(2):295-302.

MINTZ BR, COOPER JA JR. Hybrid hyaluronic acid hydrogel/poly(e-caprolactone)
scaffold provides mechanically favorable platform for cartilage tissue engineering
studies. ) Biomed Mater Res A. 2014; 102(9):2918-2926.

LEE MY, TSAl WW, CHEN HJ, et al. Laser sintered porous polycaprolacone scaffolds
loaded with hyaluronic acid and gelatin-grafted thermoresponsive hydrogel for
cartilage tissue engineering. Biomed Mater Eng. 2013;23(6):533-543.

OWIDA HA, YANG R, CEN L, et al. Induction of zonal-specific cellular morphology
and matrix synthesis for biomimetic cartilage regeneration using hybrid scaffolds.
J R Soc Interface. 2018;15(143):20180310.

LYNCH B, CRAWFORD K, BARUTI O, et al. The effect of hypoxia on thermosensitive
poly(N-vinylcaprolactam) hydrogels with tunable mechanical integrity for cartilage
tissue engineering. J Biomed Mater Res B Appl Biomater. 2017;105(7):1863-1873.
SEOL D, MAGNETTA MJ, RAMAKRISHNAN PS, et al. Biocompatibility and preclinical
feasibility tests of a temperature-sensitive hydrogel for the purpose of surgical wound pain
control and cartilage repair. J Biomed Mater Res B Appl Biomater. 2013;101(8):1508-1515.
LI J, CHEN M, FAN X, et al. Recent advances in bioprinting techniques: approaches,
applications and future prospects. J Trans| Med. 2016;14: 271.

MURPHY SV, ATALA A. 3D bioprinting of tissues and organs. Nat Biotechnol.
2014;32(8):773-785.

ANTICH C, DE VICENTE J, JIMENEZ G, et al. Bio-inspired hydrogel composed of
hyaluronic acid and alginate as a potential bioink for 3D bioprinting of articular
cartilage engineering constructs. Acta Biomater. 2020;106:114-123.

XIAH, ZHAO D, ZHU H, et al. Lyophilized Scaffolds Fabricated from 3D-Printed
Photocurable Natural Hydrogel for Cartilage Regeneration. ACS Appl Mater
Interfaces. 2018;10(37):31704-31715.

MORRISON RJ, NASSER HB, KASHLAN KN, et al. Co-culture of adipose-derived
stem cells and chondrocytes on three-dimensionally printed bioscaffolds for
craniofacial cartilage engineering. Laryngoscope. 2018; 128(7):E251-E257.

YU SM, LI'Y, KIM D. Collagen Mimetic Peptides: Progress Towards Functional
Applications. Soft Matter. 2011;7(18):7927-7938.

REN'Y, ZHANG H, QIN W, et al. A collagen mimetic peptide-modified hyaluronic
acid hydrogel system with enzymatically mediated degradation for mesenchymal
stem cell differentiation. Mater Sci Eng C Mater Biol Appl. 2020;108:110276.
WANG Q, LI X, WANG P, et al. Bionic composite hydrogel with a hybrid covalent/
noncovalent network promoting phenotypic maintenance of hyaline cartilage. J
Mater Chem B. 2020;8(20):4402-4411.

PR, IR, SRR, A R R R R R B S AR LR AT AL ]
WyE AR ,2015,64(2):264-271.

BIAN L, ZHAI DY, ZHANG EC, et al. Dynamic compressive loading enhances
cartilage matrix synthesis and distribution and suppresses hypertrophy in hMSC-
laden hyaluronic acid hydrogels. Tissue Eng Part A. 2012;18(7-8):715-724.

LIN'S, LEE WYW, FENG Q, et al. Synergistic effects on mesenchymal stem cell-
based cartilage regeneration by chondrogenic preconditioning and mechanical
stimulation. Stem Cell Res Ther. 2017;8(1):221.

CHOI JW, CHOI BH, PARK SH, et al. Mechanical stimulation by ultrasound
enhances chondrogenic differentiation of mesenchymal stem cells in a fibrin-
hyaluronic acid hydrogel. Artif Organs. 2013;37(7):648-655.

ZHANG N, LOCK J, SALLEE A, et al. Magnetic Nanocomposite Hydrogel for
Potential Cartilage Tissue Engineering: Synthesis, Characterization, and
Cytocompatibility with Bone Marrow Derived Mesenchymal Stem Cells. ACS Appl
Mater Interfaces. 2015;7(37):20987-20998.

( BTESi%E: GW, ZN, ZH)

Chinese Journal of Tissue Engineering Research | Vol 26 | No.4 | February 2022 | 625



