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Abstract: Integrating biomimetic micro-nano structure on implants surface can provide a favorable microenvironment for
organism cell, so as to effectively increase the cellular activity and improve tissue repairing. However, there are few appro-
priate bone tissue engineering materials which could simultaneously simulate native bone in the aspect of composition and
structure at present. Therefore, biomimetic bone tissue engineering materials with large-scale controllable micro-nano struc-
tures were prepared by combining biomineralization and micro/nano-fabrication in this work. Moreover, it was the first time
to prove that their composition and controllable ordered micro-nano structure could facilitate the regeneration of vascularized
bone. The results have shown that, firstly, mineralized hydroxyapatite nanoparticles (HANPs) with different microstructures
were synthesized by different composite polymer templates. And, large-scale ordered micropatterns were integrated on the
biomimetic bone tissue engineering materials by micro-contact method. Secondly, rat mesenchymal stem cells (rMSCs) cul-
tured on the surface of biomimetic bone tissue engineering materials present highly orientated alignment. The angiogenesis
and osteogenesis expressions of rMSCs increase. Meanwhile, we also found the biomimetic bone tissue engineering materials

promoting vascularized intramembranous ossification via a rat

skull defect model. This work provides an advanced platform for

Wi EE: 2019-06-01 fEEEH: 2019-11-20 manipulating directional differentiation of stem cells, as well as
EEWH: EFEARKPEREEGE LIIH (81471792) gives a theoretical and practical foundation for preparing novel
S—1E&. BEs, 4, 1984 4FA4 -, biomimetic bone tissue engineering materials with micro-nano

Email: gaojiey1128@ gmail. com structures. It is a potential application for this materials in clinic.
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Bk Ca™, BHIEHS PO HRLES A, S B IR 45 1Y)
Wit%, R, T LAIE a3 28 B 4R o sl 1 i B Ak 1) R 43 B
MOR T I8 B Kok FRYTESR

B PRI NS H, v DI gn e sioa e i 4
KIEZA, DI A NUAHS P HEs ], s ek
SR o 1) DA I PR ;B <8 W AWAER 7)) v/ 2 M i R NG Y3
B, TR AR AT R Ak v SEBU AL ARAN
MAT R T, I ARZENLASR B P i B Al %5 &
SCHEEMIERTT AT R, fE R AR (K
SRS | B, BES O R RIS AT AR E . AL
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2.1 FEBAAIEHBRINEE
2.1.1 HAAF R ML

A3 50 i A& B R B 1 mg/mL 1Y 1 B JE 2R H (col-
lagen T, fAiFK Col 1, HI3EME Sigma 2N FIHEML) | HERKE
# (chondroitin sulfate, i X CS, M 3% & Sigma 2\ 7] 4%
b)Y | MEBEIRAM (sodium alginate, fRiFK SA, i E 254 HI42
M) FEE M BR4M (sodium polyacrylate, fajFK PAA,
B RTRL TR A R AL ) i, DAY Col-CS,
Col-SA | Col-PAA S5y TRE AW (HWE 1:11RG) . Kl
JE A J-810 BB — 354 ( H A Jasco 24 7)) X 25 2H 5 43
FUSHBEATRTIN 434 v 0 T MR 19 — G 25 4 RS AR [1]
FIAHEAEH
2.1.2 &1L HANPs #) %] &

A TR SR G i A2 s B 78 A M- T AL i R
ERZLE , VB NL-TOHLA s P R L 28 g 72, R A
IR -FE AR A A2 0 AL ¥R A 45 A B9 7 15 345 HANPs,
HARR R R, B0.25 ¢ T/l (i EZyE R | 2 mL
WEH AR (22 Sigma A RIHEAE) 1 8 mL oK & B (Hh
2B AL ) SR IF FE A0, K 2 mL, 0.5 mol/L 1)
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Col 1 5 1 mL, 5 mol/L WIAEBRFS I ILIRIG, #FxX WiFh
IR WA IR IR, 30 ming BEIS, 42916 50 o/L 1Y
CS, SA. PAAR S 1 mL, 3 mol/L MIBEM A —SIH K
FOMIRG, SR AZEH IR AR R T, R
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2.1.4 HAFHAE IEMEEHE

W45 1T ) £ 9 Col-CS/HA ., Col-SA/HA | Col-PAA/
HA 3 #1574k HANPs L) 50 mg/mL A4 5 e BE 4 S 0 B T
5% (RBUMEL, TR BB (H 24 AR L) K
i, IR EAREIN HANPs 1925 4L, 78 4 C LR AT
AR TR TE I SCHR AT Y 1% 15 VS W
(FHEZGERRAE) b, RVACEE 1 hy Z0K%E, A
10 g/L 4= 135 P18 11 (AP [ Biosharp 23 R4 AL ) % &
PABR A T 3, P4 B OK Uk )5 4R A5 97 k. HANPs £ 4L
X,

FEA 10 o/L BREER 2 B YEES (NHS-PEG-OH,
i3S Sigma 23 F)H24E) A1 100 g/L BB (i R
AL ) YIRS VA T 35 A5 PDMS R YA 1k HANPs
MIESR L, JFET 4 CMKFEN; FEERES, HHMA
T 1% I B, RV ACHR 1 hy SZ200KTEE,
JA 10 g/L A L3 8 R B P AR AT 3, MR B0k
KRG, IRAFHEA TH L HANPs IR R D5 AR B 414 T
FEMRL, AL, DARRER T 1k HANPs 151 528 5
TE3%5 B AR (hyaluronic acid, fijFK HA, 132 Sigma 2
FPR AL ) AR BE I AR 2LER - 5 £ FR AL R ) (poly (lactic-co-
glycolic acid) , fii#k PLGA, F3EME Sigma A FI424L) I,
2.2 BROSERALANRIESHF

A Tecnai G2 20 BYi%& §f fi B2 (TEM, #if >% FEI 24

] ) Fl Sirion 200 AL H1L 4% (SEM, fif = FEI A w] ) M4
W4k HANPs IR G AOKRIESR, Il it XPert PRO Y
X BHERATHMY (XRD, fif 22 PANalytical 23 ] ) FIHE & @8
Stk (EDX) 23 M st 4y, R 3 & 5 454 F B8 (FSEM,
faf 2% FEL A R]) Al IX71 B R AR BOCHE 0 /8% (CLSM,
H 7 Olympus 2\ F] ) X I Z2 250 EA TSR
WD W EE . FSEM WRZE 07 A B 4L 41 T RE AL R
MRTIES . WA, 8 T 505 A4 48U TR R L 1
IR IEERE ), ¥ HE T84 0.14 g/L CaCl, i) DPBS
ST, E36.5 CTH Rl 24h )5, HEEFK

HYE AR B, g FSEM W2 H K1 Ca, P YLK
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2.3.1 ARSh@mpL RN

Briea % PR A 5L HANPs SRS B H A T
FEMPRME T a0, g X 4 i i PR e . b T
FEIM A B TR B R A AT o R, G
FERE S 2 ARSI A T R R A 5 Ak 17 ol T 5 ok R 8 )23 5
RS, B Fra e AR E T 24 FLAMIESE IR RN, JF AT
RS RE B, B oMSCs (B 8L A MR A BR A W
$EAE) DL 1x10°/mL MR T AR R T, - H DMEM 5%
SFEFREL (10% WG 4 78 (FBS ) FIBUHT ( i Gibeo 32
HE) ) 7E CO,IEFAAN KGR 3~7 d,

R T WS tMSCs BITES, 4428 4% 22 J WP (A Tk
A B AL ) [ B RE A, 8 I R 2% v R VW (PBS, R
Gibeo #2411 VE V5, i 0.3% B3 £ B 37 3628 FE i
(Triton X-100, H 3 [E FEBR € /RBHE A wl $E 1L ) 3 3% ,
B T SR R 96 16 K (FITC) ARic B R ZEFRIK (i 36
Cytoskeleton $2{it) F1 DAPI( iy [ ¥ 28 = K A= W R H 2\ A
PRAE) 23N A0 AL R 20 A AT Y 5, T CLSM
X HEATUEE

R T RS ALK A A A A 52 R, SR FH S R A i
4 JZ V. ( real time-polymerase chain reaction, RT-PCR) Fl4g
YE5¢ Yt (immunofluorescence, TF) 6 Il 45 A4 Az B RN %
PRI 23k, B tMSCs 78 DMEM 5¢ 4x 85 37 3 vh 5 57
7 dJa, H Trizol 35 ( i 3& EIFEER LR BHE 24 FlHE4E)
PEHUH B RNA, 5 ] sensifast <DNA & i F) & (i 35
Bioline A AR M 1 g & RNA W& H 4 DNA, Jf
FIFH SYBR Green qPCR 5‘3(5’:%%( EEIEES v
B FlHRAE ) 78 ABI Prism 7500 % BAE PR ( 3 [ W FH A=
YRS T]) EXF RUNX-2, OCN, VEGFR-2, CD144 ik
17T RT-PCR 2Tk Hr, @il IF B @XTiE5E 14 d 19
rMSCs HEAT 0 ARG I 45 A DG 2 A ARG LA A, BIDRE
FHAR$T KB 1gC 70 RUNX-2, OCN, VEGFR-2, CDI144
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Fig. 1 Circular dichroism spectra and secondary structure analysis of bi-templates
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Fig.2 SEM (a) and TEM (b) images showing the microstructures of mineralized particles induced by different templates
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Fig.3 XRD (a) and EDX (b) patterns of mineralized HANPs induced by different templates
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Fig. 4 Microstructures of line and grid patterns for mineralized HANPs; (a) designed micropatterns, (b) SEM images, (c¢) CLSM images
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Fig. 5 Morphologies of biomimetic bone periostea based on mineralized HANPs with micropatterns; (a) fluorescent and bright field microscope

images of bone periostea using gelatin membrane as substrate; (b) FSEM images of bone periostea using different substrates; (c¢) FSEM

images of bone periostea after being mineralized in vitro
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Fig. 6  Fluorescent microscope images of tMSCs adhered to the biomi-

metic bone tissue engineering materials with different microp-

atterns of mineralized HANPs
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Fig. 7 Osteogenesis (a) and angiogenesis (b) gene expression of rtMSCs and micrographs after they being stained by alizarin red (c)
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