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[ Abstract] Objective To establish a mouse femoral bone defect model and explore the effect of a GelMA hydrogel
on bone regeneration and repair. Methods Forty 8-week-old female C57BL/6N mice were randomly divided into four
groups: bone defect group (n = 10), 5% GelMA group (n = 10), 10% GelMA group (n = 10), and 15% GelMA
group (n = 10). At 2 weeks after modeling, HE staining was used to observe the femur structure. Masson staining was
used to observe the morphology of femoral collagen fibers. OCN immunohistochemical staining was used to analyze bone-
specific protein expression levels. Results

HE staining showed that the 10% GelMA group had a better bone repair effect than bone defect, 5% GelMA, and 15%

GelMA groups, and the tissue structure of the defect site was more complete. Masson staining showed more osteogenic

GelMA was well injectable and injected into bone defects using PCR pipettes.

collagen fibers in the 10% GelMA group. RT-qPCR analysis showed that OCN expression in the bone defect site in the 10%
GelMA group was significantly higher than that in the bone defect group (P < 0.001), 5% GelMA group (P < 0.01),
and 15% GelMA group (P < 0.01). Osterix expression in the bone defect site in the 10% GelMA group was significantly
higher than that in the bone defect group (P < 0.001), 5% GelMA group (P < 0.001), and 15% GelMA group (P <
0.01) ; OCN immunohistochemical staining showed that bone-specific protein expression in the repair area in the 10%
GelMA group was significantly higher than that in the bone defect group (P < 0.01), 5% GelMA group (P < 0.01), and
15% GelMA group (P < 0.05). Conclusions A mouse bone defect model to evaluate the repair effect of injectable
regenerative scaffolds was established and applied to the screening and therapeutic effect evaluation of injectable
regenerative scaffolds based on GelMA, which provides an experimental basis to carrying out studies in related fields.

[ Keywords ] injectable regeneration stent; bone defect model; gelatin methacryloyl ( GelMA ); bone
regeneration; mouse
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Note. A. White spongy GelMA and granular photoinitiator LAP are
proportionally configured to form GelMA hydrogel. B. GelMA
hydrogel is photocuring. C. GeIMA hydrogel is injectable.
Figure 1 GelMA hydrogel preparation process
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Note. A. Skin and muscle tissue of mouse femur were cut and peeled off to expose the bone surface. B. Bone defect model was prepared. C.

GelMA hydrogel was injected into the bone defect area of mice. D. Bone defect was irradiated for 30 s by ultraviolet curing power.

Figure 2 Establishment of mouse femur bone defect model and GeIMA hydrogel injection process
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Figure 3 Femur defect of mice in each group after GeIMA implantation ( HE staining,n = 3)
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Figure 4 Femoral defect of mice in each group after GelMA implantation ( Masson staining,n = 3)
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Compared with 10% GelMA group, ** P < 0.01.(The same in the following figures)

Figure 5 Expression of RT-qPCR in bone defect tissue of mice in each group(n =
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Note. A. OCN immunohistochemical staining of femur defect in each group after GelMA implantation. B. Quantitative analysis of OCN

immunohistochemical staining. Compared with bone defect group, ** P < 0.01. Compared with 10% GelMA group, * P < 0. 05.

Figure 6 OCN immunohistochemical staining and quantitative analysis of each group(n = 3)

3 itig

BRI SR 2 BEPE B, W UL T
FAEL B FERFAR R SR, BEEL T,
KRB RHEFR A B TCE 54T A B R, 75 2 Al
FUAT I PR L 32 25a ad A R A AR
B BB, (5 A PR B A 2 AT TR R I H AT

Bl PR A 9

BORIEAT R, BRA& T AT P, AR SR B i S
S E A SR TG WU TR A I S i T AR

BIR A, (FL AT BE 23 77 A A 26 0 5 HE e S Bz, 52 W) 7 A
B RAF G RN AL e P i AU, HL 52 2] 18 1
IR
SEAARL, AR I B A 3 AR XA G A R A
AT R P A AT R AR i A ) T R A

DRIt , -4 B 22 4 A A8 B BB



Fp [ S2E B WA 2023 4F 8 A4 31 4555 8 1 Acta Lab Anim Sci Sin, August 2023, Vol. 31, No. 8 991

I BOK BE B A RE O D0 R AR B
(GelMA) ok H 2532 BI0CHE . XA TR AR 441 i
HIEETT (ECM) Y 7K 358 A4 AN (L 1 98 38 38 i) i 4
J AT B EL AT WAL & P A T RE 4L 2N, 1 HL 38 RE A
TRRAEYIAE LA G REAR 1715 L GelMA B B A
TS B A= AR 2 R A B T A v 5 A T Y
IKBERE A=W RIAE L, B8R T 42U AR B R TR
Ko IR GelMA B £ 1 T Z Rl IR AT & 5 JF
JRWESE  (HIE A S HAE /N BB Bl A58 20 v i 48 2 A4
HRHAEM R RIRIEAZ X BRH T X T GelMA 2
R0 | LA BB B A AR G 14 40 B D 4 —F AL
AIVTA , ASFI T A T 3 S 2B P A SR R i 22
SR RE

AHIE 5 3 £ 8 7 /0N BB G 4B AR Sk B Ay
GelMA 7KE&E % /N BUB B0 ) R A ZAE .
IR oE B, R s AT A 22, HLEs R A i 22 R
GG AR TR i 52 2 B SR A A | (] e R ik
PR TC 1k R P4 B s 2 75 13 18 S R0
TEJG A B BB R P % B, TR T R
HAMRE =AY, R A — g B B s i 18 2 0t
PR TR AN LR R, AME AT — 3, 5 R
FGUE A AT AR L Al 6 52 & 13 B G O IR e
G R BB AL, i H B AR A E A, AT
DABE N A PN B8 52 3k i vl %) g 2 g 5 L
/N B R P e e ) 8 AP, |
FARFET R AAIG, P e A SC 36 /N B 147 e
A AR RS AR A SRS [, R GelMA
A B Al BCE 5% . 10% ,15% 3% 3 N AS[A] M
JEI GelMA 1R ZR 4 Hovk 58 2=/ UK B B &b, 15
FLIH A BB X 5 RS E R A, st 2 Ji)E
R, BEE SRR i, 25 240 3 A TR0 R B A8
HEEHSIE R, LA HE G0 fl Masson 42 {0 % 551
A ey 2H SUR B I 4T 4E  RT-qPCR %8 € A R A
OCN . Osterix mRNA £ iA57K3F; OCN 4y 40 fb 45 8
HEPBAE B R R R RSO, BRI,
T B4 5% GelMA 45 15% GelMA 41,
10% GelMA ZH 5 SRAGAL B /N2 3 ok i, Sl B 3
HREHEHEN, X Wil T RT-qPCR M 3 41 21 4%
AR TRAE, 250, AR T —F e 5 17
(/N B BB AR I3 FH AR =& 88 T T o e
BB 2 RIS B GelMA R T 5 S 4804 K

AT 5T 25 S HLAT B 1 S B S, — T T
RURT DU H Al A 5 %) AT 3 S X A S R R

VAT, 73— 7 THZ AR AT DAPE #5445 1 1 20 i Fn AR
YT PE R - AT S A B 2 SR B B RUR,
T A CHLHI B 5T . (H R, R o i S & 3], A<
WTFE B 45 R T/ N B S B W45 30 1), R 3l Py
2 NG R 5T B9 45 X0 T 07 1 5 =0 A S48 )
NN EE  TEREMEAN G TAE,

B £ X #f(References)

[ 1] Dimitriou R, Jones E, McGonagle D, et al. Bone regeneration :
current concepts and future directions [ J]. BMC Med, 2011,
9: 66.

[ 2] Salhotra A, Shah HN, Levi B, et al. Mechanisms of bone
development and repair [ J]. Nat Rev Mol Cell Biol, 2020, 21
(11): 696-711.

[3] ZhaY, Li Y, Lin T, et al. Progenitor cell-derived exosomes
endowed with VEGF plasmids enhance osteogenic induction and
vascular remodeling in large segmental bone defects [ J].
Theranostics, 2021, 11(1): 397-409.

[ 4] Agarwal R, Garcia AJ. Biomaterial strategies for engineering
implants for enhanced osseointegration and bone repair [ J]. Adv
Drug Deliv Rev, 2015, 94. 53-62.

[ 5] Hofmann A, Gorbulev S, Guehring T, et al. Autologous iliac
bone graft compared with biphasic hydroxyapatite and calcium
sulfate cement for the treatment of bone defects in tibial plateau
fractures; a prospective, randomized, open-label, multicenter
study [ J]. J Bone Joint Surg Am, 2020, 102(3): 179-193.

[6] LiW, LuW, Wang W, et al. Sinusoidal electromagnetic fields
accelerate bone regeneration by boosting the multifunctionality of
bone marrow mesenchymal stem cells [ J]. Stem Cell Res Ther,
2021, 12(1) . 234.

[ 7] Panos JA, Coenen MJ, Nagelli CV, et al. IL-1Ra gene transfer
potentiates BMP2-mediated bone healing by redirecting
osteogenesis toward endochondral ossification [ J ]. Mol Ther,
2023, 31(2) ; 420-434.

[ 8] Dai W, Leng X, Wang J, et a l. Quadriceps tendon autograft
versus bone-patellar tendon-hone and hamstring tendon autografts
for anterior cruciate ligament reconstruction: a systematic review
and meta-analysis [ J]. Am J Sports Med, 2022, 50(12) . 3425
-3439.

[9] RT3, EA. R STAE AR s n v e (7],
INAREEZ, 2017, 57(32) ; 98-100.

Deng ZW, Huang D. Application progress of allogeneic bone
transplantation in repairing bone defects [ J]. Shandong Med J,
2017, 57(32) : 98-100.

[10] He Y, Zhao Y, Fan L, et al. Injectable affinity and remote
magnetothermal effects of Bi-based alloy for long-term bone defect
repair and analgesia [ J]. Adv Sci, 2021, 8(14) : €2100719.

[11] Ehterami A, Kazemi M, Nazari B, et al. Fabrication and
characterization of highly porous Barium titanate based scaffold
coated by Gel/HA nanocomposite with high piezoelectric

coefficient for bone tissue engineering applications [ J]. J Mech



992

HhE SIS S A4 2023 4E 8 A4 31 555 8 M Acta Lab Anim Sci Sin, August 2023, Vol. 31, No. 8

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

Behav Biomed Mater, 2018, 79. 195-202.

Li L, Li Q, Gui L, et al. Sequential gastrodin release PU/n-HA
composite scaffolds reprogram  macrophages for improved
osteogenesis and angiogenesis [ J]. Bioact Mater, 2023, 19, 24
-37.

Yin BF, Li ZL, Yan ZQ, et al. Psoralen alleviates radiation-
induced bone injury by rescuing skeletal stem cell stemness
through AKT-mediated upregulation of GSK-3B and NRF, [ J].
Stem Cell Res Ther, 2022, 13(1) . 241.

Zhao 7Z, Wang Y, Yin B, et al. Defect-adaptive stem-cell-
microcarrier construct promotes tissue repair in rabbits with knee
cartilage defects [J]. Stem Cell Rev Rep, 2023, 19(1): 201
-212.

Hu ZC, Lu JQ, Zhang TW, et al. Piezoresistive MXene/Silk
fibroin nanocomposite hydrogel for accelerating bone regeneration
by re-establishing electrical microenvironment [ J]. Bioact Mater,
2023, 22, 1-17.

Wang L, Zhu T, Kang Y, et al. Crimped nanofiber scaffold
mimicking tendon-to-bone interface for fatty-infiltrated massive
rotator cuff repair [ J]. Bioact Mater, 2022, 16. 149-161.

Lai Y, Li Y, Cao H, et al. Osteogenic magnesium incorporated
into PLGA/TCP porous scaffold by 3D printing for repairing
challenging bone defect [ J]. Biomaterials, 2019, 197. 207
-219.

Liang JW, Li PL, Wang Q, et al. Ferulic acid promotes bone
defect repair after radiation bymaintaining the stemness of skeletal
stem cells [ J]. Stem Cells Transl Med, 2021, 10(8): 1217
-1231.

Yu W, Sun W, Chen H, et al. Gradual stress-relaxation of
hydrogel regulates cell spreading [ J]. Int J Mol Sci, 2022, 23
(9): 5170.

Goto R, Nishida E, Kobayashi S, et al. Gelatin methacryloyl-
riboflavin ( GelMA-RF) hydrogels for bone regeneration [ J]. Int
J Mol Sei, 2021, 22(4): 1635.

Kurian AG, Singh RK, Patel KD, et al. Multifunctional GelMA
platforms with nanomaterials for advanced tissue therapeutics
[J]. Bioact Mater, 2022, 8. 267-295.

Rehman SRU, Augustine R, Zahid AA, et al. Reduced graphene

oxide incorporated GelMA hydrogel promotes angiogenesis for

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

wound healing applications [ J]. Int J Nanomedicine, 2019, 14,
9603-9617.
Klotz BJ, Gawlitta D, Rosenberg AJWP, et al. Gelatin-
methacryloyl hydrogels: towards biofabrication-based tissue repair
[J]. Trends Biotechnol, 2016, 34(5) : 394-407.

Lu W, Zeng M, Liu W, et al. Human urine-derived stem cell
exosomes delivered via injectable GelMA templated hydrogel
accelerate bone regeneration [ J]. Mater Today Bio, 2023,
19 100569.

Jiang G, Li S, Yu K, et al. A 3D-printed PRP-GeIlMA hydrogel
promotes osteochondral regeneration through M2 macrophage
polarization in a rabbit model [ J]. Acta Biomater, 2021, 128
150-162.

Wagner JM, Conze N, Lewik G, et al. Bone allografts combined
with adipose-derived stem cells in an optimized cell/volume ratio
showed enhanced osteogenesis and angiogenesis in a murine femur
defect model [ J]. J Mol Med, 2019, 97(10) : 1439-1450.
WK, sk, skigFE, A5 Se b bR A B B A b i
REBFEHERE [J]. s SR AMRAGR, 2022, 15(1):
63-69.

Li LF, Zhang ZX, Zhang XD, et al. Research progress of
advanced materials for bone defect repair [ J]. Chin J Bone Jt
Surg, 2022, 15(1): 63-69.

Yue K, Trujillo-de Santiago G, Alvarez MM, et al. Synthesis,
properties, and biomedical applications of gelatin methacryloyl
(GelMA) hydrogels [ J]. Biomaterials, 2015, 73 254-271.
Liu Y, Li T, Sun M, et al. ZIF-8 modified multifunctional
injectable photopolymerizable GelMA hydrogel for the treatment of
periodontitis [ J]. Acta Biomater, 2022, 146 37-48.

Chai S, Huang J, Mahmut A, et al. Injectable photo-crosslinked
bioactive BMSCs-BMP2-GelMA scaffolds for bone defect repair
[J]. Front Bioeng Biotechnol, 2022, 10. 875363.

JEITHERE S, A%, 55, R R B Sh AR L A UK
Tl [J]. PEAZTREMTL, 2024, 28(4) : 633-638.
Zhou SB, Guan JB, Yu X, et al. Status and characteristics of
animal model preparation of femoral bone defect [ J]. Chin J
Tissue Eng Res, 2024, 28(4) . 633-638.

[KFEEHH] 2023-04-11



