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Hydrogels are crosslinked polymer chains with three-dimensional (3D) network structures, which can absorb
relatively large amounts of fluid. Because of the high water content, soft structure, and porosity of hydrogels, they
closely resemble living tissues. Research in recent years shows that hydrogels have been applied in various fields,
such as agriculture, biomaterials, the food industry, drug delivery, tissue engineering, and regenerative medicine.
Along with the underlying technology improvements of hydrogel development, hydrogels can be expected to be

applied in more fields.

hydrogel medical application 3D cell culture drug delivery wound dressing

tissue engineering

| 1. Introduction

Hydrogels comprise a three-dimensional (3D) network which can absorb a large amount of water and swell in the
water due to their hydrophilic groups, such as -NH,, -COOH, -OH, -CONH,, -CONH, and -SO4H LEBI4IEI6I7IEIS],
Its network is usually constructed by crosslinked polymer chains that sometimes can be formed through
crosslinked colloidal clusters [LQILLI2I13IAAISIICNLT] They can be flexible and soft, which are results of their water
absorption ability 28, Chemical or physical crosslinking of natural or synthetic polymer chains can be used to
design the hydrogels 19201[21122123] Because of the high water content, soft structure, and porosity of hydrogels,
they closely resemble living tissue. Wichterle and Lim first developed hydrogels for biomaterials in 1960. They
produced a synthetic poly-2-hydroxyethyl methacrylate (PHEMA) hydrogel, which was then used as a filler for eye
enucleation and contact lenses 24, Since then, the expense of hydrogels in drug delivery and bioactive compound
release has been elevated in several early studies from the 1970s to the 1990s [251261[271[28]i29] | the 1990s,
hydrogels were applied in tissue engineering BABLIEAB3 The application of hydrogels was restricted to only the
surface environment from the 1970s to the 1990s, for applications in the eye or open wounds, for example. The
properties (e.g., swelling—deswelling rate, stiffness, degradability, mech size) of hydrogels can be adjusted by
changing the hydrophilic and hydrophobic ratios, the initiator or polymer concentrations, and the reaction conditions
(time, temperature, container, etc.) [B4l23138137] The biomedical application of hydrogels is not limited to the surface

environment due to in situ gelation after infection and the stimuli responsiveness of the hydrogel 28391,

Over the past 60 years, hydrogels have been engineered to be implantable, injectable, and sprayable for many

organs and tissues 3839 Recently, hydrogels have gained attention in the field of environmental engineering 29,
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soft robotics 41, and wastewater treatment 2. With the underlying technological improvement of hydrogel

generation, hydrogels can be expected to be used in more fields.

| 2. Biomedical Applications of Hydrogels
2.1. 3D Cell Cultures

Three-dimensional cell cultures provide a useful platform for the cell to grow in vitro in all directions. Compared with
the 2D culture system, it is easier to understand the in vivo cell behavior, since cells form a 3D structure in living
tissue. The 3D cell culture is achieved by culturing the cells on a 3D scaffold. In the in vivo 3D cell structures, the
cells are embedded in the extracellular matrix (ECM) and form a 3D structure. ECM is known to play an important
role in regulating the cell behavior 3], Hydrogels have a 3D structure and a hydrophilic polymer network capable of
absorbing water in addition to biological fluid [I2IBIAIBIGI7IEIRIA4I45] Thys, they can construct the soft and wet 3D
structure which is like the extracellular matrix (ECM), which is available to encapsulate the cells. This results in

those hydrogels which have gained increasing attention in the application of scaffolds for 3D cell cultures (481471,

Hydrogels can comprise natural, synthetic, and semi-synthetic polymers. These hydrogels provide distinct
biochemical, physical, and mechanical properties for the 3D cell culture 3. Table 1 describes the recent
application of these hydrogels for 3D cell culture. Natural hydrogels have good biocompatibility, endogenous

factors, and the similar viscoelasticity and fibrils of the ECM. These hydrogels can support cell activity for 3D cell

cultures.
Table 1. Natural, synthetic, and semi-synthetic hydrogels for 3D cell cultures.
L Properties Materials Cell Applications
Hydrogels
Natural Provide comparable Maintain the chondrocyte
viscoelasticity and phenotype [“8l: facilitate
fibrils to the ECM,; Rat chondrocyte 48], chondrogenic differentiation of
having good Collagen  hMSCs BIBA rvsc B hBMSCs 2 and rBMSCs [31I;
biocompatibility; HUVECs/hASCs [22 form stable EC networks [2!;
endogenous factors promote cell viability; promote
can support cellular growth of hMSCs 29,
activity
HA hiPSC-NPCs 58], hiPSCs Promote the neural
B4l rMSCs B3, human differentiation of hiPSC-NPCs

breast cancer MCF-7 cells (53] cardiac differentiation of
561 HepG2 cells B, human  hiPSCs 4); osteogenic

dental pulp stem cells 58], differentiation of human dental
hNS/PC 89, and hMSCs pulp stem cells 58l; the
[60] adhesion and proliferation of

HepG2 cells B7; cell
spreading, fiber remodeling,
and focal adhesion of hMSCs
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3;::5; ecl); Properties Materials Cell Applications
(691 maintain the stemness of
rMSCs and induce the direct
cartilage differentiation [61].
enhance the tumorigenic
capability of MCF-7 cells £8;
increase the oligodendrocytes
and neural differentiation of
hNS/PC and support long-term
cell viability 52,
Prevascular formation of
HUVECSs, improve cell viability
and proliferation of AMSCs
and enhance their osteogenic
differentiation and bone
mineral deposition €2,
HUVECs/hMSCs (62, maintain the functional
porcine cumulus—oocyte relationship between oocytes
complexes (COCs) [63] and follicular cells €2 induce
Fibrin primary human the production of
chondrocytes €4 mHPSCs  glycosaminoglycans and
65 and collagen type Il of primary
hiPSCs/HUVECs/human human chondrocytes 4
dermal fibroblast € enhance the murine
hematopoietic stem/progenitor
cells (IMHPSCs) expansion
and differentiation £2I; no
effect viability and prevascular
formation of encapsulated
cells €8],
Enhance the generation of
. hESCs/hiPSCs 67 ret(ljnal plgrlner;_ted efplthehum
Alginate hiPSCs-derived neurons €& ﬁgsgzlljr:ﬁj;%ga@o; form
complex neural networks [68]
Synthetic  Have the good mHSCs 82 msccs 29, Enhance the expansion of
mechanical strength human glioma cell lines murine hematopoietic stem
to provide structural LN299, U87MG and Gli36 cells (MHSCs) ©Y; promote
support for various PVA (71 human breast cancer the meiotic and post-meiotic
cell types in 3D cell Hs578T cells, and human differentiation rate of mSCCs
culture pancreatic cancer cell lines (29 form tumor spheroids L
Sui67 and Sui72 2 (22,
PEG hiPsCs 8 mmscs 24, Enhance the hematopoietic
chondrocyte 73] and differentiation of hiPSCs [3I:
hMSCs 18 evaluate the behavior of

mMSCs ™ and hMSCs at the
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Source of

Hydrogels Properties Materials Cell Applications
specific condition (6], prolong
the oxygen release of
chondrocytes 221,
Enhance viability and
hiPS-HEPs 77 and functionality of hiPS-HEPs Z;
Have a feature of HA-PEG HUVECs 781 promote the ca}pillary-like ‘ation of
sprouts formation of HUVECs .
Semi- ECM . Spheroids @ il'tIC|eS
. microenvironment
synthetic
and faster stress
e RGD-— Increase the spread and
alginate—  Fibroblasts and mMSCs 2 proliferation of fibroblasts and  jtion of
PEG the osteogenic differentiation
of mMSCs 2, 011, 20,

FAS N RVAYE

3. Gbenebor, O.P.; Adeosun, S.O.; Lawal, G.1.; Jun, S.; Olaleye, S.A. Acetylation, crystalline and
2.2nDpugddehiveryperties of structural polysaccharide from shrimp exoskeleton. Eng. Sci. Technol.

2017, 20, 1155-1165.
Polymers are one of the most promising substances for the preparation of drug delivery systems. Polymers can be

Sreb 508 6 Lrius SNTstultINE NG Rk SBIAL S ARRdHEKING IR EHOREHIES OGS AU SIS Abse
naMég&Punggeére%P&moP Aﬂ% Efgl%&?@(?ﬂr@regéedgﬁi‘e‘r@ﬁﬁn hydrogels is focused on smart hydrogels due to
the BamidnicAomsivreprapRsie P ipEiifaets afoiriieRldemydietonsivridtiersriieg cemperblieifeedartigation of
noveldANRIRSO Y egfiane teanbividirng calsastyhodugiriorynichanenitedanististensiimampisordelarsthmgffect
of qpAgNIGHieMbRew. PEHicea®094—8099.

P PR AdVSAGTR MM AU Y KSR PryHBGER RS CHARDE MRS ERLREE Y& TRMNNANYE M perties,
swéfiy 05 AR R aRIeRIG 5P BRFALA R G A R HAA A S WAL cPRRGSR s S Y MinbRS tn&Bdiny
tem%%rai%arjef%-% electromagnetic radiation, magnetic field, and biological factors. Smart hydrogels can be
reoeRd, Ay, PeunRkivalber MynbREeeh¢lenErs . Thergstela, IMoslemi-WiN Balyerabyditssats. nahiek om ussitiés
megRitichpreRatigmnadgmiatiifiond imortintainikamisstedenction parameters and swelling characteristics.

Carbohydr. Polym. 2018, 190, 95-306.
Although this problem with natural hydrogel can be overcome by extensive chemical modification for natural

SRR Kir MRk Rt phbe ds@rialily & mUE IR IB¥ly Refs BIRASHPAAARIG WIS DNAGHRE or
phyRR 4 03B RL-PRLERRLD L. ARHY IRIG SRREY I BEICIBO MBS LAY e BRI Yo RpIGRR B LEHILLEL,
theas[g}a“?gstiig%‘f @%'Q(Pﬂy%%lg%é foqoc}rﬂ&Gdelivery. Those synthetic polymers endow smart hydrogels with low
©xiZainlow sitkaeBects ANE IBhiingsl VRETARIDSSIPIA Qg Alhe Supbletssoentlaithesie basetpwithe
effesy |fb rapsanizedinch dod iraproitie whesoeayie shmiratisofaklecd. shews Biolamebertrnodf 2008, ashetic
smgthg@ogels for drug delivery.

10. Peppas, N.A.; Merrill, E.W. D?Xﬁ@ﬁ%r?ﬂfcﬁﬁ&&@’%ﬁmﬂg (peqib/éw_nyl alcohol) hydrogels for
biomedical applications. J. Biomed. Mater. Res. 1977, 11, 423-434.
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Hydrogels

Thermoresponsive
hydrogel

1
1
pH-responsive
hydrogel
1
1
Photoresponsive
hydrogel
1
2
Daul-responsive
hydrogel
2
pH/thermo
2
pH/redox
2

Drug

Dexamethasone

Topotecan

Lamivudine and
zidovudine

Antibody

Bortezomib

Amifostine (S-2(3-
aminopropylamino)
ethyl phosphorothioate

Doxycycline

Insulin

Doxorubicin
chemosensitizer
curcumin

Methotrexate

Magnesium ions

Materials

HPMA

Poloxamer 407
and poloxamer
188

Pluronic® F-127

PEGMA

mPEG-LUT

MAC-g-PCL

SPCOOH
modified-silicone-
hydrogel
(poly(HEMA-co-
PEGMEA))

BP, pNIPAM, PEG,
and ETPTA

poly (NIPAAmM-co-
DMAEMA)

poly (NIPAAmM-co-
DMAEMA)
PLP-CDE

Sustained-
Release
Time

More than
30 days

28 days

168 h

13 days

50 h

6 h

42 h

Not
detected

168 h

50 h

6 h

Proposed
Applications

Osteoarthritis

and rheumatoid
arthritis

Colorectal
cancer

AIDS

Enhance the
efficacy of
antibody
treatment

Colorectal
cancer

Acute radiation
syndrome

Inflammation
disease

Diabetic disease

Colon cancer

Breast cancer

lonic
therapeutics
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hydrogels as topical vehicles for hydrophilic drugs. J. Pharm. Pharmacol. 2002, 54, 1453-1459.

24. Wichterle, O.; Lim, D. Hydrophilic Gels for Biological Use. Nature 1960, 185, 117-118.

25. Haldon, R.; Lee, B. Structure and permeability of porous films of poly (hydroxy ethyl

2.3nWeanthDreésshngsn. J. 1972, 4, 491-501.
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2thekskisrisapeiafgaAt hireppasyaN . Anddbesisaf dhepidenpli wgipikhydrapbiicheatyneels tivais desnosutside
to idsftiesiohiandatedelse f prgtiratottibleiciugs therianbmSsel. wBish ,r&s 2t lin 280nding. Wounds lead to

27 SR S s A MRS B B e AL R S P e B e
BB LA PIICALE RO RRBSIRNIR 80 Bt o WAL GR0T RS9 A BY e o
the repair as acute and chronic wounds. Acute wounds are mainly caused by mechanical injuries, such as
28bra&iaRs, LeuBURGHS s KRIEOBr $PgfR&VRERRIES MBACBMZ AEQNCBA TGS G RbyHEas! weakde2. chronic
wold1gienef R MRl QERDeR RBIGAL rIMBekS e EoxKRINVLI et aeRdale)uvdEcae!maMBkeamed by
rep@ﬂ@tmis%gggaﬂﬁée,%Ja%‘n}i%%%hysiological factors (such as diabetes, impaired angiogenesis, innervation, or
2% el rae I OTTRSTEY, AYSBlagcal dReters (s, el EsrTRe” FTegRYIRGE +Preer8 htstc wound
forrpsiel S8 PYXBHANNBIISEA 9, ANRURUAABrBREHeD ety Reltigswayisihealing migcess is dynamic and
complicated. It involves four phases: hemostasis, inflammation, proliferation, and remodeling 28, The hemostasis
30BN Rt A RMRAR IS inM9OBENE Hid GBS BMURACIS AR Y Relis Rdare Ul matihs,

coll%aetr%r%argllgggg tt(apoarhsoi]r'l,ggv%ic%oaééa?e%'fibrin to form a network that stops blood loss. The inflammation

Jhase B omogrPimAwimzcaRsH g vkl ptine Nronats, @K maEopagEheng, regcriviadpioytHd . wmMoidség, by
platelats; Brhunehleld eidalividavigitsatiltsintbepgastieneieria. type ddinpatiogragerittbét@ognd Hisulfdtt
sangldinteanspieut ateptid e ameoethl BB1Hr348s 986ased by platelets and inflammatory cells, which promote the

migration of fibroblasts to the wound site. ) ) .
32.Bellamkonda, R.; Ranieri, J.P.; Bouche, N.; Aebischer, P. Hydrogel-based three-dimensional

Durripmat{h)((afgrroﬁfeelrjar |(|)r$ ep'f'?a‘s‘cg; |i(r)cm%gts'v[|3%ﬁ{éra %Sat %g%v()zu%dessﬁ e_gr?ci]' rebuild the dermal tissue, employing
3B amalbata, tesuraioTawdio K andigaracedy s nNggareteinkikpehiion. Abyathe grantdationaissie | kg, Wessel
net@Boe veldecicitimd byrdddiagfibrticlest grpyeth fadtouteniplexedpite lsieldegmadible=hijrtigedslls then

migBitsniateriaks We98 dde8thgidenter to cover the defect: this process is termed re-epithelialization. During

the re,modelin%'phase, excess collagen fibers are deg\r;ade ;
34. Miao, L.; Hu, J.; Lu, M.; Tu, Y.; Chen, X.; LI,’Y.; Lin, S.; LI, F.; Hu, S. Alkynyl-functionalization o
Therefore, the use of wound dressings to quickly stop bfeedlng, prevent infection, and promote repair can speed up
hy rox?_/propyl cellulose and thermoresponsive hydrogel thereof prepared with P(NIPAAmM-co-
wound healing and reduce unnecessary mortality.
HEMAPCL). Carbohydr. Polym: 2016, 137, 433-440.

d in the dermis, and the wound shrinks and heals raPidIy.

BhaectivicBalttastant a0nduntidres s dRegoid RBsponisie ey tragels withoide eoviplethénitid? ) Seigfniisthe
easyrichDzsgjpadationy Bz @ remoleceiad REL &n@ 2b507P0I5EGHrom the wound, (4) have low adherence to
skin,. (5)_reduce wound necrosis, 86) prevent infection, (7) allow heat insulation, (8% enhance epidermal migration,

36. Liu, T.; Zhang, Y.; Sun, M.; Jin, M.; Xia, W.; Yang, H.; Wang, T. Effect of Freezing Process on the
(9) promote angiogenesis, (10) have low toxicity and be blocompa_lble and_biodegradable 98], Several studies

Microstructure of Gelatin’Methacryloyl Hydrogels. Front. Bioeng. Biotechnol. 2021, 9, 810155. |
have shown that hydrogels can form a physical barrier and remove excess exudate. They also provide a moist

Shvixbligielt tOpitndie WaspievieRadayitdhe MatiCke\dédidon TOtifogBIt- cRemoYppid\icke sisragalseor
injeA@UROWSLRAl e BY wWhidy dreyy@thirbdceriateripeenio il EAhL]S (PpjiniZe ¢rosdnReBR AR
profettiacasMethadpkpeyirerrlifkP Aatrix &25M), biocompatibility, biodegradability, and tunable properties (such

3 RBPECER! '3y L EIE YRR e tadh s AN A9RSPAME'BIsk A8 MG hS fisvRicemg: of
hydjogﬁ%%jmdgfare[gh?{%mr{?r 8ﬁ8¥%mﬂ%993 %ﬂ%;ggﬁ%}tly functional hydrogels have received a lot of

attention in wound dressing research. These hydrogels can exhibit high-performance biological activities, such as

SehdBQUEN N hel et BRINRASLYSLASARN AN Seiearsiry BlSH AL -Mat, Blagen Prod. 2014, 9,
e20126.
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MoNing ArEssihgperiHannasdez, Bhyiduendsikl. atbgdatod , ibfédtipBrand aRtidriflivietarjda. Chaldateistc. Rave
a gdaCimpycGaD. WALoiff, Hedlin&rdvatdiialfipelprevsntiochtlako eghujprep st treatagent ahhighariskntain
endagelsnapbisasivgioms Cotdastithreesandaatall gt o Belscam atl gacadvdboid dessRgl By 1ildnA0B20ng. For
exad}@&7an in-situ-formed collagen—-HA hydrogel was adapted to promote spontaneous wound healing. In

AR S BNRS, e iy of BRIHATE ERRTEHRB U elb e AR A e (S
e e e e G e
b‘O‘EB‘EGTE‘ié‘,V‘}E,"QE';%'é? exhibits hemostatic ability, which can enhance wound healing 224, Zhu L. and Chen L.
developed CF-encapsulated graphene-silk fibroin macromolecular hydrogel dressings, which have functions of

A iMittabidT (b BBYpIghRoriRkaN 165 M- Recr RO ss i LssignR8s APRirIRERTand enhanced
fibrEPSEAGRARHIEnBasral SiafidaPRANRGIbITYIER B81% AR ARRAIENE IR YAasienslgtHRWiitesdioRcl, «-
carMGEEREROL MM RQR-FRG d 2PRI 30 ARLMAER hydrogel to load cefotaxime sodium (CTX), which displays a

AEIINKIS, RARCAONRY, ARS AGTRAAR R FARARY (& SR BT SI5CBIP CUMENE neCSPRUROHE
colipTsis BelrRsEhie e g sevaispifein 2AtoB A1 BRAAHRMIREIRUE fIMPIRIbIos Gedithg1bum
Wo%szj@ge}__diabetic rat model (2981 |n addition, the silver-nanoparticle-loaded pH hydrogel also showed the
effective elimination of P. aeruginosa and Staphylococcus epidermidis (S. epidermidis) in in vitro antibacterial

BofmiNSied S Hyliode Mbvile SR pimiERY dratb gy e e PRRHR AR P RRS VES L ROV
it SaNOY DRSO INERMYE R SAROSLE AatRagiara! RYLrogsis FOEYRYEL HasSi% table

hydcr:o%]re g r(%%{aiﬁi%l Wm%fﬁga ’0206r& 'S elrrZ Sc:éﬁ'factor (SCF) can induce neovascularization and skew toward M2

4Badioppgaska) Aiatklimekykds Pdika chn; [Beapte ckibetjcGinalskeep@r Canelarn Beseanbipdeogeisdod anti-
inflarotenival albitkedifsh bis DrisssimysHfeth@rthindiidrogs| Skinfubcions i dadiimgHPitelimiragperievinavth due
to Beuttids oManébiadte0@2dctivdy 284y studies. A 3-carboxy-phenylboronic-acid-grafted gelatin-PVA hydrogel
exhibits excellent hemostasis pr%perties enhancinPPceII adhesion. This hydrogel further encapsulates the

46. Jose, G.; Shalumon, K.T.; Chen, J.P. Natural'Polymers Based Hydrogels for Cell Culture

vancom?(cin-_conjugé\ted silver nanoclusters (VAN-Ag]NCs) and_ nimesulide (NIM), endowing an anti-inflammatory
Applications. Curr. Med. Chem. 2020, 27, 2734-2776. _ _
effect. It also has the capacity to inhibit the planktonic S. aureus and P. aeruginosa growth in a VAN-AgNCs dose-

Adegdnbaitjatafhe DinkaAssalvd expaidriie-Ghexein AgRetrand. RIMGsiliseu g soystprasy iboromit-acid-
graf@p beativnpixa ratagescanmhddicathasiagestidnhedliMOpr&tis st82b, @dmbe2tHd healing of chronically

ABIeSHRO SO, e R Be I GRS R RPN A BT B el esfo i spratoaded
CMSh B BioAsTL SpHss dhe R hlir sy i saieelg. SRyBaRRIL VS5 1912488 paiiyvay. This

pathway further enhances angiogenesis and re-epithelialization to promote the wound healing process in diabetic
A9pd amacdam My FHHT QiSy MseE Bl A c SR ed ARREHEN T s BiRESh B OmEY 3B biRdd-with
PIufohR R4S 7o G S8 HE ML G MODAME G BEEP LS YRS L GRLAGE R SGB YL PIOMARY growth factor
betGIORHEPEAYIGATEISIIALANAT MHIRRAPRE BB MOILTENCEYIRA! G GBUS MM i%in RiRance
thez%gngr’aﬁgnr’]o?' granular tissue and angiogenesis in chronic diabetic wound healing 1. However, the
sotiBarieigbadivly pasaes Erdsginydrogels ig wicleaniminess; westydies FKIEH. w. Silk
fibroin/collagen protein hybrid cell-encapsulating hydrogels with tunable gelation and improved

2'%h§§(§‘t’§rﬁ%ﬂﬁﬁgqﬂoperties. Acta Biomater. 2018, 69, 218-233.

Stis¥(iémeryiQeErinB astistpron it ; dndxsiAaljddony, Fatedy anitcbatApatidnts) WhdCallfégeiankyiped daitiié and
irre heatteHigdreged stithtiant 88y dire MiesehckhymeadGiieneCells as deSeaficddstafiaidicuitaiciagtidaga vivo
extRedtab Repaix. 16 CG Biamsdes. IBgeneragoR 0206 g4 bév34afhed great interest in tissue engineering due
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53. tAeid rée;HBriidahstrdhdth,; ladi@ap&ibiliteisiedegrapailityStral heSesvobtaft Mo kavieoiaxirAce Milfik eratfix
[L13Eormation of three-dimensional tubular endothelial cell networks under defined serum-free cell

culture conditions in human collagen hydrogels. Sci. Rep. 2019, 9, 5437.

A hydrogel scaﬁold can be useful in tissue regeneration of nerves, cardiac tissue, cartlla e, and bone. For

53. Wu, S.; Duan, IB \Elan P. Three- Dllgnen ional Hyaluronic Acid r}/ % ased Models
example the 3’D I’In'[ll‘l O CO Iage —chitosan is beneficial In ecreasmg sScar a ormation and can

frInV|er |P Deri NP lture and Differentiation. J. M rhm 2017
|mpr%ve thet r%geHere%%n %%er\% ggrs agvglz Lllltgsefue}lcgona er‘e%O\t/grE/OWhen teastt%d |Cr:1 gn anITD’ma moée’l (114]

Anc:)gtﬁgrogxsaSm?p e is HA combined with alginate and fibrin. This was applied as an ink ingredient of 3D printing in
Seerifberdl; GhaamidseGegSatatioriNEAS, \Mhakidival/ .thdiadg;d8liuidse XyBimjeispieedr@iiCtitucerinal nerves
(116N anoliealHysdd rooiseAcidrRieho Gdase SHEIP Hyat aelihdi cxodages (OIS alatesitkighte Rliorpoténtel to
enddpsniare i PS Gsv SDealf 2O BYdrbgeeddfad 8.high capacity to promote cellular viability, neural differentiation,
o R V2B aE TR OV e BV T PR 8 FFe e A 9, aPager Uit
of e,joOL? Ehla @Hﬁarqé:gg ar eesuerﬁlg ﬂ?r%lgt tt('aorﬁr &n'se (é ﬁjrnéa\t/'ﬁa 'Talpédr ?\ﬁorrecular Mechanisms to
Maintain Stemness and Induce Cartilage Differentiation. ACS Appl. Bio Mater. 2021, 4, 2601—
2613.

56. Suo, A.; Xu, W.; Wang, Y.; Sun, T.; Ji, L.; Qian, J. Dual-degradable and injectable hyaluronic acid
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Polym. 2019, 211, 336-348.
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