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DMOG /K EEBEAHXT T GelMA #1EL A B (1 BRI REBAT CAE , FLASMIA Y 8256 57512 B T e A6 52 HAT b i AR kA
HH R s 2 T AR T B BRI RN T RE T 812 .
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Bone tissue engineering study of DMOG-loaded photocrosslinked GelMA hydrogel
ZHANG Yanping , CHEN Huahua, GU Yongchun,ZHOU Peigang
Department of Stomatology ,Suzhou Ninth People’s Hospital , Suzhou 215200, China

[Abstract] Objective: To investigate the effect of dimethyloxallyl glycine (DMOG) - containing gelatin methacryloyl (GelMA)
hydrogel on promoting osteogenic differentiation in vitro, and the effect of repairing calvarial bone defects in rats in vivo. Methods:
After synthesizing GelMA - DMOG hydrogel, the surface characteristics were observed by scanning electron microscope, and its
degradation time was detected in vitro. Mouse osteoblast precursor cells MC3T3-E1 were cultured on the surface of GelMA and GelMA-
DMOG hydrogel. The cytoskeleton morphology was observed by fluorescence, and its cytotoxicity was detected by CCK-8 assay. After
cultured cells in osteogenesis induction medium, alkaline phosphatase (ALP) , alizarin red staining and qRT-PCR were used to detect
the effect of two kinds of hydrogel on osteogenic differentiation of MC3T3-E1 cells. A rat calvarial bone defect model was constructed.
The effects of GelMA and GelMA-DMOG hydrogels on bone defect repair were observed after 4 and 8 weeks. Results: Compared with
GelMA hydrogel, there was no significant difference in the pore size , distribution, and degradation time of GelMA-DMOG hydrogel. The
two groups of hydrogel had no significant effect on the proliferation of MC3T3-E1 cells. Compared with control group, the GelMA
hydrogel cultured group slightly promoted osteogenic differentiation of MC3T3-E1 cells, while the GeIMA-DMOG hydrogel cultured
group significantly enhanced the osteogenic differentiation and the expression of osteogenesis-related genes, such as Runx2, ALP, and
osteocalcin (OCN). In vivo, compared with control and GelMA group, the GelMA-DMOG hydrogel group has a much better calvarial
bone repair effect. Conclusion: The physical and chemical properties of GelMA-DMOG hydrogel are not changed compared to GelMA
hydrogel. In vitro and in vivo experiments show that the GelMA-DMOG hydrogel can promote the repair of bone defects , which opens up
a new clinical application of bone tissue engineering in the treatment of bone defects.
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Fe 32 B B (gelatin methacryloyl, GelMA ) 7K #E
W B LT 2000 4F FH Van Den Bulcke & %% . GelMA
K BRI TT L) AE 22 15 (360~480 nm) BT T Ly 52
4k, UL 3B A, A0 B B i AL
e, TRANSZIGUESE GelMA /K EEEETE 2D F1 3D 55531
352 38 R —Fh B G A B IR 3 SRR, AR /R
B R A Z0 B (MC3T3-E1) 78 P 1) 22 Fl 40 g 24 7T L
TE 1K 1) GelMA /K BEIE WP A7 3556 ik 2%,
ITREAETE U2 M5 A R ) ) 28 BN 2% . e il oY
HESE , GelMA 7K BE A N SCHR MR E A8 5 K Bk
WLP LR i R A e S i v

K175 T I F-1a (hypoxia inducible factor- 1o,
HIF- 1) e 428 4 A A 3G 58 L 53 A0 Fn 2 R L PR 1)
ik ARG R I E) 55T 40 B Gt HIF- 1ot
DAL J EL A B P BB S L A BB ) L RS S 1 1 1
5 MA . HIF-1ock AW EE T 2 B A, AT RER T 7E
DB B AT T HAE IR IR B R ™ . 3k 2 ik
H & 12 (dimethyloxalyl glycine, DMOG ) J& A\ T. & ¥
(/N3 il 2 6 7 A BRI R 7], e AR e o R
T HIF-1ofE4H 19 3R35 , 55 HIF-1oAH L A A B2
G HTIGRIRY . AL B 7R/ #1712 DMOG 1)
NS K BEIE GeIMA-DMOG , 3 3t 1A S S 36 WL ¢ e
XF MC3T3-E 1 21 Jf 38 5 Fl B 1) 43 A0 i 5 il 442
S W HO6F A B SR 2 I RICR TN Gel-
MA-DMOG 7K BE e B 22 TR VA7 S ) 1
A X .

1 #EIAEE

1.1 A

HEPE SD K B (IR TR 250 g 2247 ) , I [ 1 T 95 ot
YRR RA R . W CGE MR TEE A PR A
Al ; LA R I (b st E AL 2= B A FRA FDD 5

DMOG ( I ¥ B 2 A AL B A R A R 5 I 4 1 v
(FBS) WA 1 75 5 % 2 (Gibeo A ], £ H) s a-
MEM % 3% 3 (Hyclone A A , 3£ [#] ) ; CCK-8 iR 57 &
(Dojindo 28 A, HAS) s M ZEKAN HLIRMLER . B-H
WM (Sigma-Aldrich 23 7], 98 [ ) 5 33056 SR & |
qRT-PCR i 7 & (TaKaRa A ], HA) ; CO,H I 57
8 B0 ML (Thermo A F) , L[ ) 3 28 A & W 1HUES
(8 7) ZEISS 4w 5 ) 5 5Lt e 7 PCR X (Bio
-Rad A7), 36 ) ; BEFRY (Bio-Tek 23], 3& [ ) 5 ik
BLALHEHL U] R B 05 T4 (Leica 24 A, 7
) ; & 5435 4% (FESEM, Hitachi 4800 23 7], H
) s Micro-CT X (Skyscan 23 &, FEAE ) o
12 F&*
1.2.1 GelMA #= GelMA-DMOG 7K %% iz # %) &-

B GelMA 1Y FEZ LI AL BRI < B 20 g HY 3
PR TR BTN A TR 200 mL K B PBS ¥ Wk /K%
PidE2 b5, B0 2 min S22 1R 1 mL H SRR
PRI, H 0 16 UC, 3190 Nl 60 CARIBHEFE , i m
S5 RJE A 800 mL T PBS ¥ 28 1k U o K
TRE WA 14 kDa BB A8 5 IRE AT 1~2 J8 LABR
TR A PR S AR UE J5 1 GelMA TR
AW-80 CARHZE /D24 h, =R THRAELE, 75 .
GeIMA-DMOG NI 515 FH PBS 22 ik i il % 155 >4 500
pmol/L ) DMOG ¥ , #R 5 F DMOG ¥ il 5 Gel-
MA-DMOG 7KEEE . GelMA/GelMA-DMOG /KB 3%
IR R ELAR I A L AR AR BUA VR T Y GelMA
200 mg, ¥ F 2 mL 37 CHI PBS AT, L2 58 2%
fEIE 1 10% (W/V) WL . TE 360 nm P ZEFMTF IR
53 min, RIATTE A% GelMA 7K LS A .
1.2.2 2% w4 (SEM ) ILE K E s & & 57

¥ GeIMA & GelMA-DMOG 7K 5 ik 23t Vo T
M, A T IRER W45 , 76 SEM FWEIE S IF4A
FEIE R, i FH Nanomesure 440 #5 7K Bt fise HEE4E8 1 L
T LR
123 GelMA Z GelMA-DMOG 7K % i 4 1 91 it

B[ 5 o G [ AR S5 A PR RR K A (R ie ol
Wo) T 15 mL 2.0, i A 5 mL 19 PBS, & T
37 CHEIRKIRHEIR o B R WS 7K B Jse 2% i 175 490 5
TERILAE B E] 25(5.,10.15.,20.25 d) , R AT BEBULK
PRI XTI A K BRI (e W), SR I I AT Y
PBS, B/ [A] S R FEAR T AT 31k, B =
(Wo=W.)IWex100%
1.24 R MC3T3-E1 @ ftl 355

WEURAER MC3T3-E1 2152 75, 1 FH a-MEM 35
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F:3 (£ 10% FBS 100 U/mL 785 Z 1100 pe/mL 4
) A 3T C.5% CO 53556 12 d B 11k
BR AR TR A M3 5 % 85 55 LAY 8090 R, 44 241 Jf 4
HEC1:3 LRl AR

1.2.5 GelMA % GelMA-DMOG 7K # Jiz &F MC3T3-E1
4 KIGIH 0 h

e E AL GelMA i1 GelMA-DMOG 7K ¥ Jie B T
96 fLAR v, PBS T YETH B8 )5 , 1 10* /™4 fu 422k T4
[ 7K BE AL B B 25 (LA . 595 3 d R AT AR
JIK (phalloidin) A DAPT 4 6, % 6 i i WLEE 4
T 25 T B R O 5 452 BR a4 2 A 5 9% 1.3.5 .
7 dBF, FFEEANE B, A CCK-8 A s v s, T
AR ASC T A 450 nm PR A WS, AR [ g
IR,

1.2.6  GelMA & GelMA-DMOG 7K %t i 3+ MC3T3-E1
a0 R B e AL R ) 69 %

TSR T VRN 2 10> 4i i T AN [ 7K
WAL S 25 1 24 F LA D FESE SR A R 24 h, B2
2 7T M BE A K, 2 d R B A S R R A
(10% FBS, 100 U/mL 7 % = #1100 pg /mL 5=,
100 nmol/L 8 ZEKAR , 50 peg/mLITIR AR FN 10 mmol/L
B-H B4 ) . 14 dBFFT ALP YL, 21 dBHFTPE R
gLy, WA N AR ] Image J ERAF50 0T B
o ALP g R4 BHPE A E %

1.2.7  qRT-PCRA&M i A8 5% A B

PR T AN 110540 T 6 FL AR N R
537 dJ5 , TRIzol IR 77 G H2 HUAS 4 40 ML B RNA , fff
FH % S8 7 24 i cDNA, qRT-PCR A6 I 35 B 41
KL O 255 AT 2 (runt-related transcription fac-
tor 2, Runx2) . B P4 %5 182 fif# (alkaline phosphatase,
ALP) F115-45 Z (osteocalcin, OCN) YKL £ 8 7K F
FERIS ange 1 iR, i Ll T A TR PR
NG . GAPDHAE NS it 24 kit 45
FEARIARXT
1.2.8 KRR H AL A A 0] GelMA Z GelMA -
DMOG 7K %8 i A A% B 2R

L fg R A SD B 18 IR S WU ft-i i By
B R ARG 28 S5 M T AR LN RS B A8 Bl

Byosit e . 483 m/kg PR R IS T 109% K &
ARERIE . UIFF Rk T Mo B, FHHEAE 5 mm
HLES E R P BG AL , L BR e )2 o ki
J& ARSI 200 L PBS A [k 58 e T Bk
AT AT, 22 A% BT 3 min BEAL K BER S, R IR 5%
G0 —IEBAT 36 4 B AR A AR A A A

x1 BEERESWFT

Table 1 Primer sequences of the genes

FEH W FHI(5'—3")

GAPDH U5 : AGGTCGGTGTGAACGGATTTG
NS : TGTAGACCATGTAGTTGAGGTCA

Runx2 #5149 : GACACTGCCACCTCTGACTT
TG4 : GATGAAATGCTTGGGAACTG

OCN 519 : CGGCCCTGAGTCTGACAAA
TG4 : GCCGGAGTCTGTTCACTACCTT

ALP 3514 : ACGTGGCTAAGAATGTCATC
TS : CTGGTAGGGGATGTCCTTA

FRHASTR] , BEHL /3 A2s X BB ZH (Control ) . GelMA

IKEEEL N GeMA-DMOG /KBS ZH . TEAR G 45 .8
JA AR HE 9 B, B H 109 H AR R ShbR [
J& Micro-CT 494 , i F Mimics T2 =4k K12, CTAn
BRAE 5 B T DX R ) B 4% BE A . AR Micro-CT
S ] EDTA A5 55 21 d, B EE K, A
BEELEE U0 HE G0, B WA IR
13 %itsH#

K SPSS16.0 Geit 4k, i1 5okt L5+ br
HEZE (x + 5) 3R, 241 R FLBCR R 2R 5 2290#T
PRI LR T LSD-¢ K 3 . P < 0.05 25 R AT 4t it

2 # R

2.1 GelMA/GelMA-DMOG 7%t 44 & @ T 5 e i
WE 1A iR, KRG 1 GelMA Fl GelMA -
DMOG 7K &E 1 75 BRI A, 58 4= [ Ak 5 1) 7K B i )
Pl B EE R RO . SEM WAL R P A
IR s 1) SR AV 28 v LB R A L T B 3 3 Y
WALEEH (I B) o P Fh K EE i B9 FLAR AT, N
100~500 pm, F3(150+30) wm. P Bh 7K B 10 [
i B[R] TE B J 25 S, 1978 22 d A2 A 50 A I (&
1C), 3XLegh B 7R DMOG VAR #1451 GelMA 7K &E
W I AT s e FL R TR S5 R i
2.2 GelMA-DMOG 7K % ik xF MC3T3-E1 %0 it %5 Bt
Fa 3 75 649 %@

T B DMOG X GelMA 7K BE 1% 7 42 /Yy
W RE R A S, eSS T MC3T3-E1 4
HELAE PR K BEIE T AR KBRS Ol . YR ZE IR IR
DAPIY (0 )5 2t BB W EE nT UL, 7E P Fh K e T
21 Y 285 O A A R DLARAR AT, 20 5 R v LA 5T
Phy A B (B 2A) o CCK -8 6 I 19 e 7K 88 Jise ol
MC3T3-E1 4 fd 3458 B 520 , 25 58 7R S5 7E 96 FLAR
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5% 35 10 X6 B 4 (Control ) A HE , GelMA il GelMA -
DMOG 7K B J5 28 % 448 L 1) 33 56 I I i 52 i), 0 B 794
PRSI 38 HAT AR I i A= AR 250 (& 2B ) o

2.3 GelMA/GelMA-DMOG 7K %t iz 3+ MC3T3-E1 28
FR B 181 A 8 v

ALP Qe 55 R R, 55 FRAE 24 LR 117 Con-
trol ZHAH Lb , 40 155 3% 14 d )5 GelMA 7K B 15 37 41
ALP BHAE T FRE 43R5 #2715 5 Control A1 GelMA
HAH L, GeMA-DMOG 7K BERE$5 57 20 ALP FH P T FH
BRI, 2598 Gt # R (B 3A B) . R4
R SRS R DR AR L, ARG 9% 21 AR AT PE &R
YLt 45 B R P, 5 Control HAH I , GelMA Fl Gel-
MA-DMOG 55 77 41 gt 2 21 BHM: [ AR E 40 2R 4 St 334
5, GelMA-DMOG 2 5 GelMA ZH A Lt b B o 484 2
ZRAGITFE L (E3A.C),

K 20 AR 3 Fh 2 F R 8535 7 d i B M 56 3k
AR IRTE I, 25 IR, 5 Control 41 F1 GelMA 21
AL, GeIMA-DMOG ZH Runx2 . ALP F1 OCN 3£ [H (2
KA EE 22 A Gt E L. TS Con-
trol ZHAH Ft , GelMA 4H Runx2 Fil ALP [ 3 PR 3k 7K -
WA —EREE N EIH(F3D~F) , 1% 5 40 i e (1 45
AR —3k, RS IRARR 712 DMOG W S 358 1
GelMA 7K BE I A 4 A BB 1] 3 fk BE
2.4 GelMA-DMOG 7K 3 iz 2+ K R0 B B B4R 4915
HA R

g 2 R OB 505l S SR BB R T FAELA Gel-
MA 5% GelMA-DMOG /K5 i , JokE A M BH5E A Con-
trol 2 (K1 4A) . ARJ5 A SD KRG sh & LK
K/AMEBIIER . A s @& Rk, B

A VTR DAPI

GelMA

GelMA-DMOG

A ik Al B p

" =
LA
it

GelMA
GelMA

GelMA-DMOG
GelMA-DMOG

— GelMA
— GelMA-DMOG

Rt (%)

0 5 1'0 1'5 20 25
MFIE] (d)

A: GelMA 1 GelMA-DMOG 7K HE e [ A i 1 & 4k )= 4 K 1 iR
F 5 B WK 5 ISR FIr 1 0 FL B R (x400) 5 C 2 PRIFIZRBE IR 14 %
% ,n=3,
1 GelMA/GeIMA-DMOG 7K BB B KR R E TS 3R 0

P fiR AR

Figure 1 General observation, surface morphology and
degradation rate of GelMA/GelMA-DMOG hy-

drogels

i, DG Y JOU I, 0 B IRIRSE i 5t . AR 4 )]
N8 JA, ik i R AR A6 K U UK B8 17 Micro-

Merge
= =3 Control

01 mGelMA

= GelMA-DMOG
27 m I
1 3 5 7

K] (d)

A:MC3T3-E1 4T PIFP/KEERE 8557 3 d JafT BRI DAPT 2G4 (x400) ; B: MC3T3-E1 4E43 57 96 FLAR (Control ) FHI K ¥

B FREFR1.3.5.7 dJE, CCK-8 K& I 445 35 1  n=3 .

B2 MC3T3-E14A7E GelMA/GeIMA-DMOG 7k R AR Bt 4 K Fn it s g R
Figure 2 Adhesion and proliferation of MC3T3-E1 cells cultured on GelMA/GeIMA-DMOG hydrogels
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CTHFRI . — 4 )5 & M, Control 41 B B I
TCH BB, A KLU ELAR 5 GelMA 4B %5
s [ ) S B A TR R AT k)N, I B 5 GelMA
-DMOG 2 B B4 T AR S 25 sk /) , 30 Z B AN H ) (1]
4B) o X EAT X s (0 o [ B X8R ) A B B,
Control Fl GelMA ZHAH L , GelMA-DMOG £H 15 %5 & il
BB IR (E 4C~D) ., HE 4% 8, 7E Con-
trol ZH B Sl DX 3k FE i K i AR R0 4, B a) 43 A 2D
A BN ; GelMA HAEAR G 4 8B 35 0 £F
YEREZY, AR5 8 JEII AT LA & IR AN A 41455
GelMA-DMOG L 7EA 5 4 JE s a] WLAE SR A4 4 o] el
B MG RN G 20 T8 B, AR 8 J& B I T I,
AN AR AR 2 B A HES ) AR TR R i
INGE R A A5 R (] 4E) o sk s gk PR | 638
DMOG J&5 , B B 3858 T GelMA 7K BRI 1 B b 15 52

.
3 #

TEAR IS, 4 i = (8] 5 A 20 i 70 3% 5 (ex-
tracellular matrix, ECM) . ECM a8 T g 40 o
WA A0 B PR, O AR A T — A A A ZUE R

GelMA
- -‘

v

ALP

3DIRE ., HHGUR M IR A YA ARZH AL, o 4
AT ECM A . B B ECM 32 % R AT pLER
AT R S 2 ik, e P i S 2T A2 B DR B AR
FHE SRR N T AR AU TR
IKBERAT AR Z M, WIRFLRRK BEIE R IR
Pt 7K BRI 35 W Jor PR /K B M B e DS/ B I 5 o M it
JEECM P EZ 2 —  BA AR AR YA
AR SR B P , L B ) i S 7K BB A A WL B AN
P2 T FAPE AR R

GelMA J&— Fift £ 1 2k BB A6 (149 X 9% ECM K it
JB2 L AR T RIR M TR BE L H o i it — &
(1 T B 5 i S PR GelMA 1 FL B & | FL A% e fit
R, LA ARG — A BEAR Y ) 22 PR RE 8 H T A
T2 A0 20 L A R B AR AN B, X — R L T 2
JEJEUK BERCAT SE B B A OE . T HL, GelMA (4
SE B R BITIBE R DT IR I it 7 4 ) A ) v
T AR H & RR- KA AR KPS (ar-
ginine glycine aspartic acid, RGD) FIFE 57 43 J& &5 1 il
BURPEREARALS . RGD P AFAE T 2 FhAf il S0 A
Frh, al 5 2 MG R AR A REA SO0 (e
2R X A MU RERL R BB, AT ARG 8T AR

B EE]
T sk

80 —

40 ’_-r_‘

Control GelMA GelMA-DMOG
C ok

GelMA-DMOG

ALP FHPETRIAR (%)
S 3

o

§ 100 sk ok
- %
m' E[é 80 —
iﬁé{é ' E 60
s g‘é 40 1
EN
&
#E 0 T T T
Control GelMA GelMA-DMOG
D E s F .
8 *,@**i‘ . 6 . 3 =
- — = — ]Ei—
e Hg: 6 —* Z%y Zx%)
X 2 X 23
S ER IR
£ Sz2 Sl
é _% 2 l_-l-_| < = l_—.-_l S =
0 T 0 T T T 0 T T T

Control GelMA GelMA-DMOG

Control GelMA GelMA-DMOG

Control GelMA GelMA-DMOG

A:MC3T3-E1 4535176 24 FLAR (Control) B FKEERL 15597 14 dJSAT ALP YA (1) 1595 21 A AT R4y (R ), BAMEE M
Js e (L1 7 (x100) ; B: Image J 4387 ALP Y (4 FAPETRIFR T 433 5 C: Image J 43 M7 o6 RELYL O BIPETEFR T 433 ; D~F: MC3T3-E1 481 [itd 53 3117E 6 LAk
(Control) FIFIF KBRS E1537 7 dJa BB AR IEIE N Runx2 (ALP F1 OCN YRR £ 15K, PRELEEE, P < 0.05,"P < 0.01,"P < 0.001(n=3),
3 GeIMA/GeIMA-DMOG 7Kg B3t MC3T3-E1 4HB6 RS & 13 53 L 550
Figure 3 Effect of GeIMA / GeI]MA-DMOG hydrogels on osteogenic differentiation of MC3T3-E1 cells
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C OControl wkk E
800 mGelMA

4 )4 8 Jl
D OControl e
80 1 mGelMA
g 60
E 40
= 20

4 )4 8 Jil

A R BB 5 e SR A A TR - R A PRI KBEE A RL , TERT AR EL R Control 2 5 B : AR Ji5 4 J& 1 8 J&1 M5 i1 k4t X 45 Micro-CT F4

J5 AT R A 5 C~D BB X ) B (BMD) FLHT A B (BV/TV) , B ELER P < 0.05, 7P < 0.01, P < 0.001 (n=6) ; E: R J5 4 JAI 1 8

Jo PR A XA HE B 7] (x100) o
4 GelMA/GelMA-DMOG 7Kg R 3 K RA B B RINES

Figure 4 Effect of GelMA/GelIMA-DMOG hydrogels on repairing rat calvarial bone defect
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B ERE SR ST A0, B 5 — s I a) s FOi R K
ISR S ) ik PR X 5 2 B 9, g LA P S 56
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