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Abstract

BACKGROUND: Bone morphogenetic protein 2 is vital in embryonic development, bone formation, and regeneration, but its high-dose application is linked to
cancer. Bone morphogenetic protein 2 osteogenic peptide L20 reduces adverse effects like cancer and boosts bone tissue regeneration.

OBJECTIVE: To graft bone morphogenetic protein 2 active peptide segments onto mesopores and surfaces through a peptide mimicry strategy inspired by
oysters, and explore its impact on osteogenic properties of tissue-engineered bone.

METHODS: (1) Mesoporous bioactive glass was synthesized using a template method. Bone morphogenetic protein 2 osteogenic peptide L20 was loaded
onto mesoporous bioactive glass using a one-step synthesis method to characterize the morphology and in vitro sustained release properties of mesoporous
active glass nanoparticles loaded with bone morphogenetic protein 2 osteogenic active peptide L20. (2) Bone marrow mesenchymal stem cells were isolated
and extracted from SD rats. After two generations, they were co-cultured with PBS (blank group), mesoporous bioactive glass nanoparticles (control group),
and mesoporous bioactive glass nanoparticles loaded with bone morphogenetic protein 2 osteogenic active peptide L20 (experimental group). Cell live/dead
fluorescence staining and CCK-8 assay were used to detect cytotoxicity and cell proliferation. Scanning electron microscopy was used to observe cell adhesion.
After osteogenic induction and differentiation, alkaline phosphatase staining, Alizarin red S staining, and osteogenesis-related gene expression were detected.
(3) Fifteen SD rats were selected to establish bilateral femoral condyle defect models and divided into three groups using a random number table method:
the blank group (n=5) was not implanted with any material; the control group (n=5) was implanted with mesoporous bioactive glass nanoparticles, and the
experimental group (n=5) was implanted with mesoporous bioactive glass nanoparticles loaded with bone morphogenetic protein 2 osteogenic active peptide
L20. Eight weeks after surgery, femoral Micro-CT scanning and tissue morphology observation were performed.

RESULTS AND CONCLUSION: (1) Scanning electron microscopy showed that the mesoporous bioactive glass nanoparticles loaded with bone morphogenetic
protein 2 osteogenic active peptide L20 were spherical and monodisperse particles. Transmission electron microscopy showed their porous structure with an
average particle size of (268.10+0.58) nm, which could release L20 in vitro. (2) Mesoporous bioglass nanoparticles loaded with bone morphogenetic protein

2 osteogenic active peptide L20 were non-cytotoxic and could promote the proliferation and adhesion of bone marrow mesenchymal stem cells. Compared
with the blank group and the control group, the alkaline phosphatase activity and extracellular matrix mineralization capacity of the experimental group were
increased (P < 0.05), and the mRNA expression levels of alkaline phosphatase, Runx2, and osteocalcin were increased (P < 0.05). (3) The results of femoral
Micro-CT scanning showed that compared with the blank group and the control group, the new bone mass and bone density of the experimental group were
increased (P < 0.05). The results of hematoxylin-eosin and Masson staining showed that compared with the blank group and the control group, the new

bone formation and collagen fibers of the experimental group were increased. (4) These findings indicate that mesoporous bioactive glass loaded with bone
morphogenetic protein 2 active peptide L20 exhibits excellent biocompatibility and in vitro and in vivo osteogenic properties, promoting regeneration and
repair of SD rat femoral condyle defects.

Key words: bone morphogenetic protein 2 osteogenic peptide; mesoporous bioactive glass; nanoparticle; catechol; osteoblast differentiation; femoral condyle
defect; bone tissue engineering; biomaterials
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1 #EF153%E Materials and methods
1.1 kot ARAMH 2 SEIG AR N Zh P s de, P AHTA) 34
FLACK H student ¢ &5 56, 2 2H TR I 40 LUK FH FRL IR 250
ZETHT
1.2 BFIE RS SEG T 2023 4F 2 A & 2024 4 2 HET
N K 25 B e 28— = e i BT 9 1 5 A
1.3 A+
1.3.1 FZMRANAGR] oSk = AR IR =
CFE. IEFERR O MR DK SRS L 28 (Sigma
AT ) SRR LR R (Aladin AF] ); HIEE
RAEEA 2 BB IEYERR 120 VR4 ( Bigsaig R A
PRAF] ) a-MEM EiFRe . JIf2F MG X ( £ E Thermo
Fisher A ] ); 3R [ AR A 355 & ( 28k Oricell 24247,
F7IN ) BB ER AR S PR el (L
mRAW] ) AL/ FEGL 0T (Yeasen A F] ); 40 g/L
P E . A RNA TR B (75 00 387 3835 AR 4
BHEATR] ) 2 ZHEN ORR (M AR] ) SN (Z3K
A ) TR - G WK (B,
1.3.2 FENEE BT RP ( BRSOl AF ) K’
TR HRTENL ( B sEdI AR ), BB R (A
Hitachi A 7] ); ZH oL A4S (£ 1E FEL A W] ): 4Kk
J& K Zeta HLAZ 53 HT4X (Malvern Zetasizer Nano 2590, = [H ),
Barnstead j## 2 /K {X ( 3% [E Millipore A ] ); {8 & 50 &2
T (15 E Zeiss A F) ) BRI VKFE (1 E/RA A );
SkyScan Micro-CT 9 4#4% ( #&[E Bruker A7) ); Al (LA
(3£ Bio-Tek A #] ); AT F#HL (3£ Thermo Fisher A ] );
FACS Calibur it 04 g% ( 35 [E Becton Dickinson A #] ).
133 sEgezhy) 16 HUfEtE SD KR, 6-8 Ak, AM&E
200-250 g, SPF 2, I HIFMKZESNHH L, VFAMUES
SYXK( 75 )2021-0074, 256 K 54 7% T bRy B2 b (50
26 C, MEEL)55%, FRGM 120, HHITES), B
7)o SKIRTT R O RN K AR B Dl (S
SUDA20230327A04).
1.4 F£¥7ik
141 FEHFBSREEN 2 BCETEERK 120 A FLAEYE
Vg Es ) & ) TS PR R A RO FLAE Y 3
. 1F 60 C K 7.092 g —¥& 56 5 F e 3R 1R 3 H oK
W 250 mL B KA, ARERE 1.5 g HoNkidk = HIRR
IR, WS E, RSN 10.8 mL

IERERR B6 0.9 mL R = 2 B8 2.45 g VU/KA RS IRES,
200 r/min JE A3 +EE 30 min, 800 r/min A 214 +E 16 h, H
B AL A FH K CBEAN 25 8 KB I i 3 1K,
5000 r/min &.0> 30 min, FF L&, WEDTIELE 60 CHt
Farh Tk 24 h, G EARIREIFAE 650 C 2 RRE 3 he
HAF S FLAE VD B FE AN KR .

HRARKEED 2 BUE TSR 120 B 5 58 4= 4
B A PR A 7R A Fmoc S0 1) [ AR K & il 6 .
P2 LS mg B TEA KA E 2 BUB TR 120 YR
T 5 mL PBS(pH=7.4) 1, fiI A\ 10 mg /i FL A= ¥ 3 35
203K BORL 5 % IR 500 r/min $ig4E 2 h, 2 000 r/min 5.0
5min, XBr EIEWR, S 7 OKIEBE T R F R0
BEAK, BRI R S BRI 3RAS A FLAE P B B /120 44
PN b
1.4.2 GUAKIURL I AR

FAERE R A FLAED B RS /120 4K B0k 252
A2 T R E IR E TR RSN S, REZR
FRIRD AR o A L5 MR 2% AR TR A FH B8 - DU SR AN B8 0 R R
HEATBE 4 A0 BE, W98 42 5 BORE S BN H HL B AR i
EEZRS FREAE R HEIETE 10-12.5 kv, WEM k%
TR 3 4042 A

ESTEEME: K LA B ERL, LA
VI ES /120 YK T8 5 B T N F, SR A 55 [ FE
Tecnai F20 37 5 HL - 5 Sl B8 0 R RE AR R AT IO 45 K WL 5%

RLRSHT: BNFLAEBEEGURRL. A FLAEY B
3 /120 YRR 2 5l 2 T KR AR IS4
WHEOE DA R DA FESE, A T N G KORL 2 AN
A, AT IR L SR A BRI AR 43 A B

RN RSCUS : WA FLAE YIS /120 YKL
1ZIAE 5 mL PBS(pH=7.4) 1, B T#E/K 2573 (100 r/min)
WA, "KW H 1K PBS. R 1, 3, 5, 7, 9, 11,
13, 15K, 4rHIECH 0.5 mL PBS( F£:%M%E 0.5 mL PBS), i
FH e 80 LS A L20 BIVREE, {3 Origin R4 %
BRI GHES
1.4.3  H R 700 T 40 AR K 2 e B 1 K SD KR,
JI Js U 55 3% R B EE 249 (150 mg/kg) JFRIF J5 4bSE, B
R H75% LBEHHEE S ming A EIE . IBE, THEE
G BT BENE, VRS AL a-MEM B IR R R s K
MR ENELE N, 1500 r/min .0 5 min, F i
TN 2 mL 21 41 ff 24 A v 22 % 5 min, 1500 r/min & .0
5min, 3% B3, H &A% 10% it 4 135 1) o-MEM
BRI, R R SRR N PO, BT 37 C. A
IR 5%CO, A h i g, 48 h B Y. ApEh&
L F| 80% IAEAR, IEHCE 2 ARl s i T4 (P2) H T /E
LESIE
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A58 FH 1] 2K R 78 o T 240 it 3 T s v 00 K7 6 25 v £
BRI AL . FEE AV AL i USCHE 40 i 5 1) 4l B B, i
R OGPk 4 CieLiE & 30 min, F PBS Bk, H
PBS Fi ik, i v A O HiAR AR T R 40 2 T AR S
CD34, CD44 #1 CD90 HEAT 43T«

1.4.4 KRB E A VIR 2 1E

YHARTETE IR LR W O BRE B 1) 78 O T A 4 b
T 24 fLH A, BN 1 mLo-MEM 5848555 (& A
PRARS B 10% JA 2 NI +19% XUT ), 4HAR S Ny 2x10°%/ £L,
Ff 24 h UV REJ5 4 3 G 9%: A4 10 L PBS,
XTREZE NN 10 uL A FLA= P 3 39K BRI (5 mg/mL),
SERTANN 10 pL A FLAEVIBEES /120 GOKBURLE IR, R4
3HE, BTYMEFRMATEIR. Kk 3d)E, WhisxE
K&, FH PBS YL 3 i, FFIKS5 min; FEFLAIA 300 pL i /
e Yetai, BT IEE BB T, .

CCK-8 JEA M ZMARIETE: 15 A 5B i 7] 70 03 140 M 4 b
T 96 FLH N, FFFLINA 100 pL a-MEM 58 485575 (54
PRAR> $i 10% B2 M35 +1% WU ), 400 P K 8x10°/ 4L,
gy 3 TR AEAMA 1uLPBS, XA 1 uL /4L
VBB AR TRLIE W (5 mg/mL), SKIRZIMA 1 pL /4L
EVDBES 120 GUOKBURLIA W, fRH 4 EE, BT
FEfaTE TR, $9 1, 3, 5d 5, MEASTIE IR,
BN 200 pL & 10%CCK-8 {55773 37 C NG A 1 h,
WY T AEFLEL 100 pL Br IR AL AL BH 1 96 FLbt, A
B ARG W AN FLAE 450 nm B RO B AR

FAFEER SR SR AMAR LA 1 K BB i () 7 o T4 P
R T 24 FLRA, SN 1 mLo-MEM 584k 0E (&4
PRS0 10% fif2F M3 +1% XU ), 400 %l 2x10%/ 5L,
£5 24 h 4O NGEE 5 4> 3 dR% 9% S A 4L 10 pL PBS,
XTREZE NN 10 uL A FLA= W3 3 9K ORI (5 mg/mL),
SIS ZH NN 10 ul A FLAE P BB /120 9K FIORL I VL
f3EE, BTHMREFMATER. B9E3dE, W
Frdk, F PBSEYE 33, X5 ming PK | 40 g/L ZFEH
itk [] 7€ 48 i 15 min,  H PBS iE Uk 3 Ik, BHEEMLK S &l
I 705 T4, B PR OO gl i R mime 4, 5 A R
FHEME, BFHAHBE WA RES T,

1.4.5 GRIEURL I PR SMIE B PERE

LISy eREE TR K R B B IR AR R T M R T
24 FLAR P, 400 A 2x10%/ FL, £ 24 h 4l EE f5 57
JREFFREE, Jr 3 HEEFE: AN 10 pL PBS+1 mL & H
FHRR IR, SR 10 pL A FLAEY B3 9 K ok v
(5 mg/mU)+1 mL e 7SR50, SR 10 uL A
FLAEY B3 /120 KRR VAT +1 mL BOR 5 S 7R 2k
BOCH 15 SR IR AR R B A AR A H 10% i AR LI
10 mmol/L B- BEEZH . 50 umol/L FLdA If fiZ F1 100 nmol/L
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HZE KA ) a-MEM 5775

W ERELA B REE S NHIESMML7d)E,
{81 40 g/L 2 5 FE [ 52 40 15 min,  &EFL AN 300 pL
BCIP/NBT 4% & T ikt 6 & 30 min, & T % WAEE
NULEE . RN, AR R AL O USRI\ RIPA
ZUER 4 °C %A FZLAE 30 min, 4 ‘CZFF 13 000 r/min
B0 20 min, YSCEE B3R, A5 FH R 1l R T A ) S T
Bt S5 T KA, (E 400 nm AR IIR O FE(Y, &
3 AT B B R TG ) A R 1

HRASEBREENH: WEIHEFHTMH21d )5,
FH 40 g/L 2 5 W B[] 52 40 g 15 min, &EFLAIA 300 pL
FALS YR E 30 ming WRERPE R LS Y, F PBS
EE 3K, BT RS NS, K5 AR
RAEAE 10% S T7SBedemtne iz | 15 min, BRI
I 600 nm ALSGIRHCAE, TE B A Al AN EE BT A 1

RT-qPCR # M A B AE R EFEFRIL: HEFEFHH7d
J&, I8 I RT-qPCR ik — 4 P fif 5 14 % B2 B . Runx2 Al
5 ) mRNA k. WA 40 B 5 NN Trizol 22 A v %
5min, A 200 pL 515, b FRIZRERGEHIRES, kE
# 8 10 min; 4 ‘CF 12 000 r/min B5.0» 15 min, ## b2
KA S B S A, BN RUENR &) 50K L B 10 min;
12 000 r/min &0 15 min, 2 B, THEEMA 1mL &
AT $ 75% £ 1) DEPC ¥ 852 12 000 r/min &0
15 min, Wk BiE, RSN T4 I 20 ul DEPC /K%
fEDTUE, BN 58 C& B n#4 8 min; {# A NanoDrop
2000 F3 Y EETE 0 L RNA BEATIRE E &, i RNA S5
WEEN 1 pug/ul, I 4 uL 5X All-In-One RT MasterMix, fif
F DEPC /KL T 3] 20 uL J5 iR &), JR % 5 % cDNA; R4
ChamQ SYBR qPCR Master Mix 15 Bl 5 it & 20 pL J itk &,
1E PCR % JH 1) 96 FL3E SAR 1 58 BUINAFE f5 HEAT gPCR J B,
SN AR N AR 95 °C 3 ming AEME 95 C 30 s; Bk
60 C 30s; 4EfH1 72 °C 30s; JHIAECH 40, S ZARIEAES
R CT B A 38 i 2R E AT A e i, (A 27 ikt
HERFIEWAN &, PP 5L 1.

1 | RT-gPCR &5 |45F5
Table1 | RT-qPCR primer sequences

B R 5IMRA (57-3) a5 A (3'-5)

7
K
(bp)
T t4 % CTG GTA CTC AGA CAA CGA GAT G GTC AAT GTC CCT GAT GTT ATG C 94
il

Runx2 TCC GCCACCACT CACTACCAC  GGAACT GAT AGG ACG CTG ACG AAG 133
H45 % GGA CCC TCT CTC TGC TCA CTC TG ACC TTA CTG CCC TCC TGC TTG G 124
B-actin AAC ACA GTG CTG TCT GGT G GTA ACA GTC CGC CTA GAA GC 255

1.4.6  GUKBURLIOIR AR TERE 12 BRI LS R
15 A SD K ERBENL o A 140 . ST RRA L sged, f2H 5 s
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B KRBT RBRE . IS 3% e 28
(30 mg/kg) WRIEE 3 ZHR R, o B 2544 T 2 5 U 1 & M
B, SR oo Al S 5 BLAZ 3 mmy VRFE 5 mm ) B,
FHIC T A FR 2R K b e s i ir 7, g 2R i o AN
ATATAT AL 38, 0 R 4 sl 453 350 57 1N TG B A LA 4 38 3 M
KR, SEIG A NN FLAEY) B /120 Gk Rk, 1R Z
ZaY0, WE 1. RS 3d Pt & 2 8x10° U/d,
WK AR 5 e i, VIR R8s . KRG
8 JAATIL EREEAL AU R R, SRR R E AL, A Bk
KBV G B TR $ 10% Ak S o E 2

K

“ﬂi 25 1A

1 | SD KRB BRERIREIE T2
Figure 1 | Process of establishing the defect model of femoral condyle in
SD rats

Micro-CT Wi Z 3% : B A5 A B T 1441 40 # 10%
PEF R [ 52 48 h J5, #E4T MicroCT 54, S EN:
Oy HEA 18 um, HIE 50 KV, HLIf 500 pA, AEREE G A
4 100 ms, 0.9°/8 images. &K BRI B RS Ab Sy
BB X3, B Micro-CT B8 7 At 3 45 UG gk 4T = 4t &
AT, RISk H R ARE
HAAF AR BN

PN, BT R E 10% o S A E e

48 h J&, ¥ FH 10%EDTA 45 4 J&, K 58 4 ALK bR A&
BIREST, RELMZ AU, kT EEE TR EH
BEAT CRERA LK s K JE BB AR B T = R
W3 h, 70 CHIEE8h, KirAE FHEA, FHAKE
BT -20 CAHEG AR 1 h, HURRER 14 28 sl
A geta, VIR ERERN 6 um; HKIEIT I AR -
FHLIFN Masson 4uty, ERIBAK. FEH . B, BTty
BB SR E A AR . WIEHS B TR
$10% kRS E E 48 h 5, BEAT IR - (ALt
1.5 EBALERIEAT AFLAEMBLES /120 9K FI0RL IR TH Y
. RiAR. RANEREMERE. MM, DL AR P AME
B VERE .
1.6 % it % 54  ff H GraphPad Prism 8.0 % ft %I 5
W BT S5 BEEAT M, Ml xes ROR 45 B A . %
Kruskal-Wallis B [K] -7 75 22 73 #7 ok L 5 22 4 2 IRl 1) 22 5o
P < 0.05 N ERA EEER L. ZXHIFHECE
IR KA G R

2 258 Results

2.1 NILA Y IIE 120 Gh R BUEL 69 R\ T SR BHL AR T
LR N WA LAY BEE /120 9KR0R N BRTE |
B EOBURL,  J7 B T RO T AT WA AL AE M B R /120
YRR R 1 2 fLEEM; BhAh, &5 ¥ Mapping 1% &
7N Siv Cay P ATEN LA PR T, WE 2. /v
FLAE W 3 B 40 K UKL 1 P 35 A% 2 (257.540.489) nm, A
FLAE) B3 /120 Gl K FORL ) ~F- 32 ki 4% (268.1£0.58) nm,
DL 3A, B, XK L20 CLRRINHER BN FLA BRI .

L_—_150nm L—150nm L—— 50nm

Bl 20 NE A KAEE A 2 esiE Tk . A gk ESuR 4 f bt BI1E,
RNERFE . B HUBRL; B NARRIRLE S B R, o7 WL fLE5H; C-F
ARR IR = 15 1 55 Mapping 255, 7R Siv Cay P IGE MM .

2 | NFLEITHES /120 YRR R RIELE R

Figure 2 | Characterization results of mesoporous bioactive glass/L20
nanoparticles
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