ok PEERTERE @772

=R
Chinese Journal of Tissue Engineering Research  www.CITER.com

BHAMmERBENE. RN

B4 A, B3O%°, &, MR, ZAN

h H i 10.12307/2023.67
#;;g:; OBOBOIIIS | o et Bl : et KA o LA 5 A3 o 0
SEHE3: 2022-09-09
B B IR R A X A ik AR A

KFIEHE: 2022-10-18 j
180B5: 2022-10-24 - 2 I . ; 1

7 g Th4L 3 ,-: =
F4&BH: 2022-11-16 T I 51 >t ;—[‘1;1)%]
PEDES: o Ztfgu Z AR 69 K o X mR Y E . A K o BREIGE
R452; R363; R364 s I ey ks
2095-4344(2023)31-05071-07 o L4y = AR ") o KRURME T K
SERFRMREE: A

SCRRAE X :

I : SRR MAN AR B AL fh BRI B, PR R 25 I AR, A e PR AT I PR T 1A S A

BZYEREY: RGN R AT AT BB i, AT DB R ZE AR SR RIRFAT, IR RO B B A DG I, X Tk e
ARG RIIPIT UL ARG T R R EEL, WO AR 2 > 285F SH

HE

BHR: IR LA AT R MBI, RS0 T 25k 1 SO O AN RE 2 TR, SO R (8 R = 45 Al 3
A AR B RAR SR, (HF] H AT IR A — AN TR RS2 At AR R R DU T BT B AR SO0 B 2 i3k o

B8Y: SR UMD SCHR, A a5 4R AR R = SR ) B AR L AR S BE A R RESE IR,  EE SSRIR H TR UL SRR DL L
5 SEBRE 8% R G0t R 25T B, DA ok B — 4RSI 75 2 ik w1 9P A SO B — e B B

5% KiZ&PubMed B FE P A S T80 B, JECK KAy “bone, skeleton, three-dimensional models, models, drug screening, drug
selection” 5 A& 2 o S K14 K 75 77 BAR FEAH G HR SCSCHR, SO By BB, BREL. SRR, ZWTRIE” , RS A UG Tk A
A SCERIEAT L5R 43 AT

HEREE: O BN =R BRI AR, LT — O [ e 1, SRR RN AT, AN T e 7
SR @F i MR = BN 5, AR Z W = ROl 54, B/ 5 ] [l 40 i S S AN B R AR LR R, DR R
ERCT AP . ©f Z4ERIRA S AR R VA AR R, YRR T B 75 5 e 4 AR R 0, T =4
PR 0T B L0 AR AN AN R R 50, RETEMERG LRIV B . @ H AT H LI E = 4R R A0 Miek . ZKBERS . A9 I B2 R
WSS, BT INEARR, EAIRIE TS A A . ©H BE W0 E Z4EB 2 5 T 85 DSR2k, AR
X AN R = AR (R 5 SRAN ], B S 1 TR R 2 P T e T, S AR 7K I P T R AR R T e 0k B R B 24 W 0 e RO 28R

KRR TYR: SEREIR EEREON. SYERCRL. ZGWDTmik. AMRER. KEER: AEMATED: HETRE; Lk

Properties, functions and applications of three-dimensional models of bone for drug screening

Huang Miao', Wu Xiesheng’, Huang Wenshi’, Huang Haina', Chen Longyun®, Peng Weijie'

'Gannan Medical University, Ganzhou 341000, Jiangxi Province, China; ’School of Pharmacy, Nanchang University, Nanchang 330006, Jiangxi Province, China
Huang Miao, Master candidate, Gannan Medical University, Ganzhou 341000, Jiangxi Province, China

Corresponding author: Peng Weijie, PhD, Professor, Doctoral supervisor, Gannan Medical University, Ganzhou 341000, Jiangxi Province, China

Abstract

BACKGROUND: The development of drugs for skeletal-related diseases in clinical settings is a lengthy process, and the effectiveness of traditional two-
dimensional models for drug screening no longer meets the needs. Various modified 3D models have their advantages and disadvantages and related
applications, but so far there is no ideal experimental model that can be utilized for drug screening of all bone related diseases.

OBJECTIVE: To review relevant literature in recent years, to summarize the basic characteristics of two-dimensional and three-dimensional models of bone and their
possible effects on cellular function, and to focus on a review of the current common three-dimensional models of bone and their application for drug screening in
actual skeletal system diseases, with a view to providing ideas for future applications and improvements of three-dimensional models of bone in drug screening.
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METHODS: Relevant English articles were searched on PubMed database with English search terms of “bone, skeleton, three-dimensional models, models,
drug screening, drug selection”. Related Chinese articles were searched on Wanfang and CNKI databases, and the Chinese search terms were “bone, skeleton,
models, three-dimensional models, drug screening, drug selection”. Some articles were searched with literature retrospective method for review analysis.
RESULTS AND CONCLUSION: (1) The physical properties of the two-dimensional model of bone are different from those of the three-dimensional model of
bone; the matrix is generally fixed in the two-dimensional model, whereas the three-dimensional model matrix is adjustable, and the two have different effects
on the functional aspects of the cells. (2) Two-dimensional models of bone are easier to construct and produce, but they lack the typical three-dimensional
microstructure and interconnections with surrounding cells and the extracellular matrix, and are therefore only suitable for cellular level studies. (3) There are
biological differences between two-dimensional and three-dimensional models of cultured bone tissue. In the two-dimensional state, osteocytes or induced
osteoblasts are flattened, whereas the three-dimensional model is closer to the natural extracellular matrix of bone tissue and more accurately represents the
drug response. (4) Commonly used three-dimensional models of bone include cell spheres, hydrogels, bioreactors and microfluidic chips, which are constructed
in different ways and have their own advantages in drug screening. (5) Common three-dimensional models of bone have been used for drug screening in
skeletal-related diseases, and the need for different three-dimensional models of bone varies from disease to disease, for example, in the case of osteoporosis,
a degenerative disease, where the degradability and sustainability of scaffolds and hydrogels are more effective for drug screening.

Key words: stem cell; three-dimensional culture; skeletal disease; three-dimensional model; drug screening; cell sphere; hydrogel; bioprinting; tissue
engineering; review
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BoZ, ZHEREA T LA B R GANE S TR T — AT AT
FE.
234 ERGEMHAT L ERNEBHXT EZ2—FRERHGLY
VB G SRR, TR A B o e R AT YRR T i
A EARGGIG AT L, M AR T EDNFER, ERA
AH SR EE, EREHED KB A EMLTIAE R
TE, RENIMFR R E AL, MESEG R M iHL
B, REEFERPOFTHFERAFEERETE D,

AT H—F T HERGEIRE G E#, PECKF P s
T A B AR . B e e R AR ARl I R G BR
PRI R SRAR IR, B R R Efe A AT R, HAER A
PBIEFER R X T KT ey R, A ERE A —
WAER, il i i ORI AG Rod B 2 4 6906 7 BUR, AT
B 4o RAF B E B IISE, ZAER T A6 R T 05 374976 97 4,
T BT i BRI 0954 97 2R . i, AGOSRINI 2 % A &
MRk, & T —Fridhit F RIS 6 KB IR, HoKEE
JRR S RIRE U AR IR A AR = AR 0 Tt — his )
HEERBE TR, KRAZHYEEEE, A LT HEY
48 64 AR BT A BOERARID 2540 F RSEA A9, R RTIR
B Y G Bt IR IK, TR 308 AR TR Y R R,
AR RGR AT KRG IFRET # 9 5 k.

SN AT IR L BB R R oA B AR K = AR A
kP agiE R R, JLEKR 3.

*3 | ZHBRBEBRERTHNALEE

o (1 R IERTT BRI bR R
H15 1k
BELLONI“ 2018 AL Nid £ 95 4 b 4 ik B2- BUERIRIALE T LIE N Z

TR (A KT ik A 80T &
MONTEIRO "' 2021 sKiEERZAN4HN 4534 N BRI RARIMERL, Rt
Hurkeh & WS, T T2k

ROSSER*2 2019 fififk PO R RNE W AT SR R I fRT R
W il
SAMAVEDI ¥ 2017 7Kt 4 JEEE TG A 6 BESS AU DG S IR,
YUMA TR (ARSI R AT
ZHAO 2020 SCHREEAE) S A A 4RI B 1SS B
YA EREE FATEL T (1 SRR 11 7 70
PECK 2018 AEWTEN B FENRIL TR REOSELIII KU IE ST 4
HEIE, T F T 250 ik
BIREE ST

H RPN — B PERARMIBT < —, = YE3E By AR HE T — o
RURIT 7 58 BERB AN RAGE T JUAN 5 LI B AR DB o = 4 B SRR AL i T
R SRR T S P B A B A L L R 25 2 38 T T A BRI 1
SEE PR K, RN R AR DB A ik S T RARBET 6

3 i} Discussion

3.1 BRI AR ZIUTARICIERFIGENNCIRE  BLiE 49 A 5 ik
B TAE G by e tm e e AR R A R AR TR AT A GRS
Wik 7 A AR GG R, AR A VI 240 T ik 64 A
R AR I R RUR, R R X AR G — 6 A TR,
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do T AT R AR RAE PR AL R A LA A, kM BT
A KR, stmit hit R R SR -2 h¥n, £
BT ARG ERR T BLETIRG, MR ETRASH

KR 64 LR HeA Y

3.2 {EEGRARRBITFHAMREVES BT eh L g 44
A ARG P ik B AT SRR, BRI SRR G EE
B BEAR K SR A A I ik d e 4R A Xi@k?ﬁﬁﬁﬁ
S M RAR G S, B T R IL R g minE AR
R BB FE TR, BifE T Z AR IR AR ey
B M ki 7 & 8 R R .

3.3 LGRHVSIRME O Fitit & 5 692 F = AR 6y 48 K AR
o BV AT ZEBRGMERT AL I T 5 F @R,
@3t F B Z AR f AR E LR B R P 69 AE AL AT A4 tm A
R @t F B Z EAER B BAR K R R 25 4 0 ik 49 ELAR R R Sk
z%*%ﬁﬁ @ L F X TH Z G AEE 0GR oy B8 R
W,

3.4 LARNEBEN XF I E45R T AR @I R 645
SAAR L E R, @R T E LY R = e AR GG,
WYX = AR RE B RAERAY LT EGELA, £—
FALFE BT AN B Z AR B AR K S ) 69 R, R AT
ST 5| AR T AR G R R Z A6 T H, FAF R AT
KA Z AR R FRARIEMR, H—F @ik K KA
RE| YRR B h ik AR b, AT & B h
BAERET 2%
35&@%%&%%%%@&/“%&%%i%mmﬁ%@ﬁ
FaFEH, BRI SR G min T EIR, 3]
Aoy IR L R E— A 7| 0y kst, 23477 AREK—EN
B, SBRAFT E X m, 128 Z AR EAENE B RRS
Folk KEEM T F EA L2 R G A mk, XA BT 24T
IR A A E TR TR MR XA, skl E
F BRI R Ao tE RAT AR 0B Z AR R vt AT K, A R
FrAF ey Z AR F E S Phik, RAEEAT AR B R A
o 2 W BEAT TG R B, ARAY B S AR 4G T AT A A .
BT, FEE LR ERERFTZEER A TIERRGE
R,

ART OGRS AL 69 R ek, B IR AR
FAt AL AT 6B A, A B AR TEGHFRRE—AT
TS, B, T AEASEREOAMAT G K&, @itk
FH, AARERTS S AR TR IR TG, AHERE
I 8 B4 U e T K Hh MR BAIE 0 = AR A

Bugt: Rl d BRI A ARSET LF 5 de 5.
TEETER: LT H RO IR B 4 h k. FTHPIES A RaE
Faf iF, BAESWTAE A BN FERE, BEAME TR
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BRI BT R,
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“Fa - AR AR - AR R F 407 £, ESEIIAWGFILT,
AAFRAIE R A B 69 A T RN R %E. AT &, B AL
TR P . T, #N. %, 3780, k. BREIEZ LK, FA
Z T &G, AR ASIER L TR AR,

MRS LL: I B RAT A A S A E T I MR L L.
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FEMAREHLY (PRISMA 45 ); X3 AT £ 23T % Ak R3] 55 LakAe ]
FAMAT 3 AXFABAAEE;, XFLINFTINTERRF T4, R4
BUAA X FEHERFLAGEE.

5076 | DEHERTIEHR | 58274 | 53154 | 2023F118

4 =#ETHk References

(1]

2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

DIMASI JA, GRABOWSKI HG. Economics of new oncology drug

development. J Clin Oncol. 2007;25(2):209-216.

AMELIAN A, WASILEWSKA K, MEGIAS D, et al. Application of standard

cell cultures and 3D in vitro tissue models as an effective tool in drug

design and development. Pharmacol Rep. 2017;69(5):861-870.

TOVAR-LOPEZ FJ, DOMINGUEZ-HERNANDEZ VM, DIEZ-GARCIA MDEL

P, et al. Finite-element analysis of the effect of basic hip movements

on the mechanical stimulus within a proximal femur. Rev Invest Clin.

2014;66 Suppl 1:532-538.

WRZESINSKI K, FEY S J. From 2D to 3D--a new dimension for modelling

the effect of natural products on human tissue. Cur Pharm Design.

2015;21(38):5605-5616.

MALTMAN DJ, PRZYBORSKI SA. Developments in three-dimensional

cell culture technology aimed at improving the accuracy of in vitro

analyses. Biochem Soc Transact. 2010;38(4):1072-1075.

LANGHANS SA. Three-dimensional in vitro cell culture models in drug

discovery and drug repositioning. Front Pharmacol. 2018;9:6.
XUBNHL . ARAIR 3 =4 I IR A K 2 i i (D). v I 2H 23 AR A

7% ,2014,18(27):4389-4394.

OLIVEIRA FA, MATOS AA, SANTESSO MR, et al. Low intensity lasers

differently induce primary human osteoblast proliferation and

differentiation. J Photochem Photobiol B. 2016;163:14-21.

WEYTS FA, BOSMANS B, NIESING R, et al. Mechanical control of human

osteoblast apoptosis and proliferation in relation to differentiation.

Calcif Tissue Int. 2003;72(4):505-512.

KNIGHT E, PRZYBORSKI S. Advances in 3D cell culture technologies

enabling tissue-like structures to be created in vitro. J Anat. 2015;

227(6):746-756

RAVICHANDRAN R, SUNDARAMURTHI D, GANDHI S, et al. Bioinspired

hybrid mesoporous silica—gelatin sandwich construct for bone tissue

engineering. Microporous Mesoporous Mater. 2014;187:53-62.

XU X, WANG W, KRATZ K, et al. Controlling major cellular processes

of human mesenchymal stem cells using microwell structures. Adv

Healthc Mater. 2014;3(12):1991-2003.

IHALAINEN T O, AIRES L, HERZOG F A, et al. Differential basal-to-

apical accessibility of lamin A/C epitopes in the nuclear lamina

regulated by changes in cytoskeletal tension. Nat Mater. 2015;

14(12):1252-1261.

BOUET G, MARCHAT D, CRUEL M, et al. In vitro three-dimensional bone

tissue models: from cells to controlled and dynamic environment.

Tissue Eng Part B Rev. 2015;21(1):133-156.

BUTTERY L, BIELBY R, HOWARD D, et al. Osteogenic differentiation of

embryonic stem cells in 2D and 3D culture. Methods Mol Biol. 2011;

695:281-308.

RAVI M, PARAMESH V, KAVIYA SR, et al. 3D cell culture systems:

advantages and applications. J Cell Physiol. 2015;230(1):16-26.

LIU X, SUN Q, WANG Q, et al. Epithelial cells in 2D and 3D cultures

exhibit large differences in higher-order genomic interactions.

Genomics Proteomics Bioinformatics. 2022;20(1):101-109.

SON YB, BHARTI D, KIM S B, et al. Comparison of pluripotency,

differentiation, and mitochondrial metabolism capacity in three-

dimensional spheroid formation of dental pulp-derived mesenchymal

stem cells. BioMed Res Int. 2021;2021:5540877.

HAN X, TANG S, WANG L, et al. Multicellular spheroids formation

on hydrogel enhances osteogenic/odontogenic differentiation of

dental pulp stem cells under magnetic nanoparticles induction. Int J

Nanomedicine. 2021;16:5101-5115.

WHITEHEAD J, GRIFFIN K H, GIONET-GONZALES M, et al. Hydrogel

mechanics are a key driver of bone formation by mesenchymal stromal

cell spheroids. Biomaterials. 2021;269:120607.

KIM BC, KWACK KH, CHUN J, et al. Comparative transcriptome analysis

of human adipose-derived stem cells undergoing osteogenesis in

2D and 3D culture conditions. Int J Mol Sci. 2021. doi:10.3390/

ijms221579309.



4= ik PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com

[22] TORTELLI F, PUJIC N, LIU Y, et al. Osteoblast and osteoclast [43] LIYC,ZHANG YS, AKPEK A, et al. 4D bioprinting:the next-generation
differentiation in an in vitro three-dimensional model of bone Tissue technology for biofabrication enabled by stimuli-responsive materials.
engineering Part A. 2009;15(9):2373-2383. Biofabrication. 2016;9(1):012001.

[23] CUIX, BREITENKAMP K, LOTZ M, et al. Synergistic action of fibroblast [44] @, T sy, TRPEsE , 2 . 290 i T (KT o R (). s 24 2,
growth factor-2 and transforming growth factor-betal enhances 2021,33(7):1-5.
bioprinted human neocartilage formation. Biotechnol Bioeng. 2012; [45] HAMEED A, BRADY JJ, DOWLING P, et al. Bone disease in multiple
109(9):2357-2368. myeloma: pathophysiology and management.Cancer Growth

[24]  LIN RZ, CHANG HY. Recent advances in three-dimensional multicellular Metastasis. 2014;7:33-42.
spheroid culture for biomedical research. Biotechnol J. 2008;3(9-10): [46] BELLONI D, HELTAI'S, PONZONI M, et al. Modeling multiple myeloma-
1172-1184. bone marrow interactions and response to drugs in a 3D surrogate

25] M =iy, 2585k, GkEFIL, &5 RIVIGIR / BUIRRE — i R py adedn microenvironment. Haematologica. 2018;103(4):707-716.

MERAG 738 D). A E AR 7T ,2022,26(4):553-559. [47) MONTEIRO CF, CUSTODIO CA, MANO JF. Bioengineering a humanized

[26] GURUMURTHY B, BIERDEMAN PC, JANORKAR AV. Spheroid model for 3D tri-culture osteosarcoma model to assess tumor invasiveness and
functional osteogenic evaluation of human adipose derived stem cells. therapy response. Acta Biomater. 2021;134:204-214.

J Biomed Mater Res A. 2017;105(4):1230-1236. [48] RIMANN M, LATERNSER S, GVOZDENOQVIC A, et al. An in vitro

[27]  RUMINSKI S, KALASZCZYNSKA |, DLUGOSZ A, et al. Osteogenic osteosarcoma 3D microtissue model for drug development. J
differentiation of human adipose-derived stem cells in 3D conditions Biotechnol. 2014;189:129-135.

- comparison of spheroids and polystyrene scaffolds. Eur Cell Mater. [49] CORTES I, MATSUI R AM, AZEVEDO MS, et al. A scaffold- and serum-
2019;37:382-401. free method to mimic human stable cartilage validated by secretome.

[28] KIM J, ADACHI T. Cell condensation triggers the differentiation of Tissue Eng Part A. 2021;27(5-6):311-327.
osteoblast precursor cells to osteocyte-like cells. Front Bioeng [50] LOTZ MK, CARAMES B. Autophagy and cartilage homeostasis
Biotechnol. 2019;7:288. mechanisms in joint health, aging and OA. Nat Rev Rheumatol. 2011;

[29] MAY, LIN M, HUANG G, et al. 3D spatiotemporal mechanical 7(10):579-587.
microenvironment: a hydrogel-based platform for guiding stem cell [51] DIEKMAN BO, SESSIONS GA, COLLINS J A, et al. Expression of
fate. Adv Mater. 2018;30(49):e1705911. p16(INK) (4a) is a biomarker of chondrocyte aging but does not cause

[30] TROJANI C, WEISS P, MICHIELS JF, et al. Three-dimensional culture osteoarthritis. Aging Cell. 2018;17(4):e12771.
and differentiation of human osteogenic cells in an injectable [52] ROSSER J, BACHMANN B, JORDAN C, et al. Microfluidic nutrient
hydroxypropylmethylcellulose hydrogel. Biomaterials. 2005;26(27): gradient-based three-dimensional chondrocyte culture-on-a-chip as an
5509-5517. in vitro equine arthritis model. Mater Today Bio. 2019;4:100023.

[31] QIAQY, LIU X, ZHOU X, et al. Gelatin templated polypeptide co-cross- [53] SAMAVEDI S, DIAZ-RODRIGUEZ P, ERNDT-MARINO JD, et al. A three-
linked hydrogel for bone regeneration. Adv Healthc Mater. 2020;9(1): dimensional chondrocyte-macrophage coculture system to probe
e1901239. inflammation in experimental osteoarthritis. Tissue Eng Part A. 2017;

[32] LID,ZHOU J, ZHANG M, et al. Long-term delivery of alendronate 23(3-4):101-114.
through an injectable tetra-PEG hydrogel to promote osteoporosis [54] REID IR. A broader strategy for osteoporosis interventions. Nat Rev
therapy. Biomater Sci. 2020;8(11):3138-3146. Endocrinol. 2020;16(6):333-339.

[33] NAFEE N, ZEWAIL M, BORAIE N. Alendronate-loaded, biodegradable [55] CHEN LR, KO NY, CHEN KH. Medical treatment for osteoporosis:
smart hydrogel: a promising injectable depot formulation for from molecular to clinical opinions. Int J Mol Sci. 2019. doi:10.3390/
osteoporosis. J Drug Target. 2018;26(7):563-575. ijms20092213.

[34] LI XJ, VALADEZ AV, ZUO P, et al. Microfluidic 3D cell culture:potential [56] ZHENG Z, YU C, WEI H. Injectable hydrogels as three-dimensional
application for tissue-based bioassays. Bioanalysis. 2012;4(12):1509-1525. network reservoirs for osteoporosis treatment. Tissue Eng Part B Rev.

[35] VAN DUINEN V, TRIETSCH SJ, JOORE J, et al. Microfluidic 3D cell 2021;27(5):430-454.
culture: from tools to tissue models. Curr Opin Biotechnol. 2015; [57] MREST, 2580, FRECH , &5 . Thumidas it i e B R K HLAE s A
35:118-126. it AU PRI A LA FE R RLF [2). AR 48 ST BT .2017.

[36] KNOWLTON S, YU CH, ERSQY F, et al. 3D-printed microfluidic chips [58] ZHAOR, CHEN'S, ZHAO W, et al. A bioceramic scaffold composed
with patterned, cell-laden hydrogel constructs. Biofabrication. 2016; of strontium-doped three-dimensional hydroxyapatite whiskers for
8(2):025019. enhanced bone regeneration in osteoporotic defects. Theranostics.

[37] ZUQY, HE X, YANG Y, et al. Microfluidic-based generation of functional 2020;10(4):1572-1589.
microfibers for biomimetic complex tissue construction. Acta Biomater. [59] KAMEL R, EL-WAKIL NA, ABDELKHALEK AA, et al. Nanofibrillated
2016;38:153-162. cellulose/cyclodextrin based 3D scaffolds loaded with raloxifene

[38] ANC, LIUW, ZHANG Y, et al. Continuous microfluidic encapsulation of hydrochloride for bone regeneration. Int J Biol Macromol. 2020;156:
single mesenchymal stem cells using alginate microgels as injectable 704-716.
fillers for bone regeneration. Acta Biomater. 2020;111:181-196. [60] ZFIT, K, 2, & FBRIEINT LI B P T 71 it

[39] LINZ LIZ LIEN, etal. Osteochondral tissue chip derived from iPSCs: F ()], [ 25 3 2R aE R ,2021,37(11):1492-1497.
modeling OA pathologies and testing drugs. Front Bioeng Biotechnol. [61] PECKY, LEOM LT, LOW PFP, et al. Establishment of an in vitro three-
2019;7:411. dimensional model for cartilage damage in rheumatoid arthritis. J

[40] HOSPODIUK M, DEY M, SOSNOSKI D, et al. The bioink: a Tissue Eng Regen Med. 2018;12(1): e237-e249.
comprehensive review on bioprintable materials. Biotechnol Adv. [62] AGOSTINI SBN, MALTA IHS, RODRIGUES RF, et al. Preclinical evaluation
2017;35(2):217-239. of methotrexate-loaded polyelectrolyte complexes and thermosensitive

[41] BYAMBAA B, ANNABI N, YUE K, et al. Bioprinted osteogenic and hydrogels as treatment for rheumatoid arthritis. Eur J Pharm Sci. 2021;
vasculogenic patterns for engineering 3D bone tissue. Adv Healthc 163:105856.

Mater. 2017. doi:10.1002/adhm. 201700015.
[42] BREATHWAITE E, WEAVER J, ODANGA J, et al. 3D bioprinted ( TTAFELdE: W), ZN, ZH)

osteogenic tissue models for in vitro drug screening. Molecules. 2020.
doi:10.3390/molecules25153442.

Chinese Journal of Tissue Engineering Research | Vol 27 | No.31 | November 2023 | 5077



