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AEREE A AW R, RIS S A AU AR, O T S e R SR B A TR T AR A RE
AR IE R AT AR AT B S | BT, AN G T 883 B A B A 2R SORIIRA R, REAR e 21 B
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[ Abstract] Nano hydroxyapatite (nHAp), a main component of the inorganic composition of human bones and
teeth, is widely used in bone tissue engineering, bone defect repair and replacement, for example, for its biocompatibility,
bioactivity, bioaffinity and the ability to induce bone regeneration. Nano hydroxyapatite contains calcium and
phosphorus, elements that can be replaced through the normal metabolic channels of the human body. Therefore, after
implantation, it can be partially or completely absorbed and replaced by human tissues and can effectively assist bone
regeneration, which makes it an ideal material for bone repair. However, traditional nHAp material is brittle and hard to
be degraded in human body. In addition, nHAp has poor stability due to its high surface energy and tendency for
agglomeration, which causes rapid attenuation of its mechanical strength and limits its clinical application. At present, the
mechanical properties and biocompatibility of nHAp can be effectively improved by loading the related growth factors,
proteins, peptides and other bioactive molecules, so as to better meet the biological requirements of bone repair materials.
However, the traditional physicochemical modification methods are complicated and may interfere with the bioactivity of
nHAp. It is simple to biomimetically synthesize nanomaterials by direct utilization of the molecular recognition and self-
assemble capabilities of biomolecules or living microorganisms. Furthermore, the properties of the synthesized
nanomaterials are stable, and the method has been extensively studied in recent years. Due to the unique crystaline
structure and physicochemical properties of nHAp, results of a large number of studies have shown that its affinity with
biological molecules can be used to produce bioactive nHAp by biomimetic synthesis methods. Biomimetically
synthesized nHAp is expected to become the mainstream bone tissue engineering scaffold material. Analyzing and
summarizing the biomimetic synthetic process and the characteristics of different nHAp materials will facilitate further
development of bone defect repair materials with better mechanical and biological properties. Herein we reviewed
methods of biomimetic synthesis of nHAp based on different biomolecular templates. Furthermore, we also discussed
applications of biomimetic synthesized nHAp in bone tissue engineering, which can used as reference information for

further research and development of new-generation bone repair biomaterials.
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(tricalcium phosphate, TCP) {3k Sr-TCP, {&FM S HHIESE,
S HATCPAH I, 1% A AR RAT RAFI A AR E, 7T
i 3 4 = N JR) F8 BT+ 40 (human mesenchymal stem
cells, hMSCs) AYHEFHACR L AN RR BT, 7T A2 2
EE5HFEALTE, GU Zhi-peng 5T A BA 2 T 14
Az RSN ARTR WIS 1 K B S BB, 1R N AP S8 YT
Wiz B2 G PR AT i 55 R IR FE ] 7 (tumor necrosis
factor, TNF)-a. [141 % (interleukin, IL)-6. IL-10, IL-1p%
0L PR 8 53 I RS S B T B, DR T B AR
(collagen type 1, COL-1). I P A=K F (vascular
endothelial growth factor, VEGF) FllRuntAH &% 5& K+
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Fig 1 Biomimetic synthesis of nHAp based on different biomolecular templates
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nHA-CH-TFSPE & 41K, i 4) HF 1 f5i (transmission
electron microscope, TEM) 73 BT 485 SR 7R, SAAAAERL £
R BInHA-CHM BHH L, 252 G B ok 523 A1 BN
Y59 53080 FnHA-CH 5 nHA - CH-TFSP AR S Wi
(simulated body fluid, SBF) & 4J8, H 2 f5 4 R ML
FRB Py | )R BLBUR, & SR8 P L REA T 515>
L, $E/RnHA-CH-TESP Al A7 5045 1Y B ik . piy i il
UL, AT HE A A KA AT D S A AU RE S S5 A0 5
RN T AL TR — AR
WnHApI &, MHi % AN T4 MnHApM B B A
RAFA A= I ARZEE | AT R R AR s ok, (BB S 2 LA
WA s 2 LM 68 S5 T0 e 454 o 3, T 12 PERE Uy THT AR A
RIRBELH LU B AN R, Sl H A B 2L TR T
P2 B — G BRI SR, D5 A5 LI T 38 A DL R AR
R LH A4k 5 2, AR DGR W 00 7 AR A IR 4
HTESS A FITERE b S0 & RARE RInHApAF R . HT,
C A WF5E A R B R AT 5 A W53 1 Z (R SR A,
AR A R i A T AT —E AR TR nHAD .
i, QIA"H FIDNA 5 Ca™ 545 & 71, ADNA AT
B AT A S5 nHAp., ZnHApXS 254 K 8 (13
AR B OBRE T o TR, AR ATt )P = R A
(adenosine triphosphate, ATP) 43T Ca> By 58 45 & 1E H,
PAHR B G 1 1A FLER IR KA1 oKk K e dh, B2
A SCHRARIE , LA T 27 4 2R B 5 3D 2 fLET 4R /
¥R K A1 (hydroxyapatite, HAp) 44K & &4 81, 1
TRRRECE RS FHAp LSS i . T A5 L K Rk
nHApFPRIPAE, IX 2 B A HL-TCHLAHSS & 105 E 45 F
RLAFHLARE BE A R B 2H 2R T AR AT HAT T 1 1) 1o

2 BOoFERGESHRnHAp

21 E|EAR

B R AE S 2 A BRI, B 2 R R R AR
SRR, & USORIR) IZ, A A SRR
BRI 5 Ca™r, PO, 55 BT SN, BA RAFIAEY)
WEPE, ATV nHAp A=A UM R, o, e R
I (collagen, COL)J& N | ZF IR U A ALY 322
LR 5, WIS IR I 2 1R A 7K i AR v =, AT 138
TCAE AR I A RAFH A PR AR R [ S R 1
ol IR () AR 3 S W K S P RE A7 A 22 52, BRI S
T3 =R A ] A 2 BB |4 2 2 A i Jie et 2 1 B
WIBeRT At A2 GEnHAp LA 5 PR I RE £, TR
HE IIRCOO™F R A AT 11k Ca Bt o7 A 7% BRAV A5, 71—

A5 PO, A B A I, S M AL BU HAp 4K i
. FET I, SADJADISE™ I S LAB R A A d 7 % i
3 T A 7 A S i A n HAp S 4R, A7 Rk
B THAp PR A1 . [RIA, KIKUCHIZE™ L R 25
AR, 38 i IEUTTE I A T A TR A AR A B A i
HEHMHAPW KGR 5 PLEHApHLL, XA B
SR HLBRR L, PR A S50 /R IR AR RIS
BRAGER AL T 2S5 F A AR, JF s A i, R
TIRIEEE A 4E R s AE ] o b, LIUSERIESE W/
HA P K1 4 S BR AR T 88 W S T 407 Gelfoam EL A T AE
4 L T AR LR B2, 7T Ay 200 A A AN 2H S U Jic £
SO R AATLBR SO S 1 B B T, AR T A 0 2l
WIS A . ARSI A o A S T, 7EWT S/ HAp YA
KT Y SO 11 5% 00 8 A0 B R VR 2 1 (bone
sialoprotein, BSP) I 45 % (osteocalcin, OCN) [ FRiA#K
W 2H AT B . ], BT LA A AR BT 5 iU HA p A2
B SR T A A . FPANGAESIA B A A
FEIA T 5 | 40 i R (e P2 A R ST A A 2R
K71 (stromal cell-derived factor-1, SDF-1), —E& % T
% SDF- 11475 4 B 2 B K A1 T Bk GHM - S (gelatin/
nano-hydroxyapatite microsphere embedded with stromal
cell-derived factor-1) . {ASMSE5 7R, GHM-S 5% XS
HEALAR . FT AEhMS LB TSGR 54k 2R T ANOCN | ik
s R (alkaline phosphatase, ALP) ., T BIRGJRSEZRIA [
P [RIBFA P 5256 2 B GHM-S 5 11 85 19 Sinbone Z L2
FEWE AT A RAH EERE S A R0 e 2 K R Bt DX Bl 1
A

BREAEAN, 22 3R | 22 A AT G Ay | IR SR
PRI, i T RAFAY AR AR A | R A S T
PESERFIER 2 B TAE YR 2 4. DINGREIL) 22
4 A Gilk fibroin, SF) AR EFHE Ay 73 TR, 18 i /K AH
FEGTVE B 4 7 RADLA0 L /DB 5 19 AT T 5 SF-HAp /K
BEIZ . RIVESSSF-HAp/KBE HAE B HAp & i, 1Y
SIZAL IO ES Y AR | WIS LA RE RO TS i
fGE ISE-HApE AR RL . ARSI BB 1 20 4% 58 1k
SEHUESE, AT 5 SF-HAp /K BERE 5 S0 1) SEAH AT S 4%
B BAR AL, TSRS 7S ) ALPFIRunx2 2 1 A 7K
P LT AERBARNSES Al SF-HAp/K BEIK
LA PR e A B B /N RS 5 v T
PR SFL, RWIZAEL X BB AL A e BEAE AT H
SEAL KL nJ REAF 1 P fifk 2 B2 B 18 1) (Rl ]l ok i
SEARIRUT 5 | BV SFIr 11 (7341 o 5 A T 2 el 3
TR VR FLRR A B, ol 22 B 4 3t D FCAILAAR A - et IX
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W AT FAR LB AR R Y v S SO b
A G R e . T REEOK, O L R
DISE (I A7 e, 2 S g i s (R P & A5 A
BHMAFPITIN THERE . 7 H M (chitosan, CTS) JE/FAET
R, B BEGESE AEWIIR N RARZ WS, LT M 2 5
M. HZWE S5 SRR MR ARL, AT T A e
JEZALR SR, B RAFR) Bk B A itk
AP fRPE, R 2R BN TR A 8T R S
BObF R R A . THEIN-HANZERIDL CTS AR 1) FH %
A GTIE LA T CTS- i B 43 1% (1wt% ) nHApZH
KA A SR, Horp e RBEL By B R i nHAp S I
RIS A, SCTS ML, B G R mE L, A
BER I R A R0 1Y) W e o, AR S 20 B 4 57 S 3
FEHIL 20 B B A, AR s s e s TS R
4o ZHANGHLICTS AR, AL TTTE % 1
30wt%HAp/CTSH K G AR, IR I oL 27 22 B A K
[ SR v = N ) L P S 5 A s Y SR eE et
7R, HAp/CTSH KL 4 S A AR B 5 CTS S AR A T
Hh R B A e, R O VG BB 48 B (human
fetal osteoblast cells, hFOB cells) ¥4%8 F45 TR, X 427w
TZMBHEE AL TR E RN ). SR B2
TCP B hFOBAH LAY 14 58 1% LA T HAp/ CTSH K &F
Y SRS CTS AR, X A g4 /s CTSHREEAT — 2 i 4
Mg, AR LLEERN b XF CTSHRIIEA T R I e v
TER A REYE, W] BE i — 2048 B HAp/ CTSAUK £F 4 b4
B RCEVE I, S5 ICAE B A 2L TR i n] I

TE 53 FH oD - MY MR 87 2 0 2R 45 T, /K P PR 4 L
S5, BAT AR AE DA E R YA . MESKINFAM
SEPOE R R LN VE R A A B nHAp K B &
FHRL, BT 2 BERY LAY OH 2] 5 Ca® B T HIA ELAEH]
AR HAp I K/ NI AR o 20 35 % A g i L €253
Hr(MTT assay) 45 5 /R % A0K 2 A AR A &1, it
S ALE R VE R AR RE B AL E B T 20 ML g, LA
AR . SADJADIZEHI FH/INAE Ve MAs pl i
LA BB IRnHAp AR, FLA B S 5 KR AN B AL, 5
ARIMATER il 25 H TR A —nHAp b A E, BA 2
FEEIEE . K5 A inHAPE A M BHE 1T SBE
W, LR T S — 20 IR KA, UESE T AR 4
AP
23 BB TREY

B IR T RA YR DAL A i i3

S A A R v A S . SRR SR A
HNEETTEE R LR AR SR, i R T AR A F R
B, LY 2 HOR AT E i A E T 5 T R G VAR
AL AR R R RS A a2, AT EBE 8
MR % 2 2 TR (polycaprolactone, PCL) J&if i e-
O BRI AE 48 I B T8 A Ak AL T~ PR R AT
B TR VLERG Y, B RAFH A YA 251 B T
file b, R —E A TR SRR T ik
YANGHUH DL 2 22 1 45 1) BoAT Y 5] 2T de S5 0
PCLAE MR, 1531 T SBF10IR I, fe AR5 T FKiA 2
10024 W 5 T 0 B 40 K B RL Bl 1R kWl IR U 2 A FL G5
PCLICH . YK IR T R4l ) PCL S L HAT T A%
HRK M BA SRR BB RINa 1, A B B R
TREPRAIERAR . MAVISAESEFER B ZiPCLY KL
Y 57 4R35 ASBFLOV IR h3kA% T4 (5 AL B RS 1 2 1 &2
FLYIKPCLIC R . MTTIA R W Je 4 Mk, MC3T3-
E 140 M A 71 855 9% 52 56 R B A 3 b 4 i ALP A
OCN/KV-34 75 T R IR B WEIR 5 IR 2 I PCLAY K 21 4, ik
ST SRS S AR A . BRPCLAN, RL-FLW
( PLLA) WL 25 £F it 2 T U T AR B ST R
PENGA§I PLLASF 4k S 4 iR & B T HAp/PLLA%Y
KEF A SR, TEMWLES W /R HAp MR T PLLA ST 4K Bl 1)
Ao OS4SR EUE IJREROS17/2. 841 g 1s
FRELES R, A SC AU A AE A7 5 M ALPYE PE AR A
ZiRPLLASC AR A 3, RVIZE G R T 4T
Hi AR 2 200 M R B L S5 5EFN 3k . R BERE (polyamide, PA)
27 S5 R R R A 5 5 TR L, RS A R
UF 0 A= AR M, 012 N AR W i ek o T
VER e P SR 5 W, AT IR 1l S B 5 R Bl I A 4 [ 45
Ao FIFHX—HtE, WANGEE SR FH#GA SAHA PR A,
I I AR RS K A1 IPAR B . B E AR
FEAT A0 B S 12 5, 38 CTES & A iU i, 5
A5 ARIE B H B 125 FxF B4 A [, nHAP/PA ST 3840 I
nHAP/P A+ 8] 725 40 M 20 X5 T JE a5 J) 1 1 i 4l
SURALLIY 1 28 B B 254, DT S BBt X S 3 5. 4R
M, LA B 53 6 1 i 95 28 i S i 05 A & L
nHAp 3 JRIRAEAE TS WnHA KL T2 ek 2% . U A
FEESA R . Xk, WIS FHNaOHAE X = SR L 2 2F
Y AT IS AL A B, B 2T 4 e TE 5] A -COOH.,
-NH, 55 25 7K e A (1 7 125 0 47 4 R DR, inHApKL T
LB S B FHE M4 .
2.4 Hfth

GUOSEILLTC R IR 5 A1 /AT BILIKE 43 F (T e -1
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NI g AR A T B AT N 32 AR s A 2
HAp R AUKAT . (EG BUS R b, AP R LT S
HAp & AR Wi 2 5 141 & 2B AR HAE I, fe EHA p S A 1Y)
100/t MIAERHE L PO, . AU FREE RN, Hal
HAp S AR B AR SR AT 5 i i B IS R AR
H-7(bone morphogenetic protein, BMP-7) BETH Ay {3 3 Hhi
e HE M 3 58, HAp LS 44K 4 TR ] 5 BMP-7 & 45 13 [7)
RONE; [FIE, HAp S AR A KA B vh 2 a5 A A LA 85
KA PR TIER, A 2 11 5 P W B0 AR 40 i )

3 ZHFERGESHRnHAp

BRI TR, LAZ 31 AR A 2 (U nHA pTE
A TRARGITMGRN ) Z N AR 20 5
I3 T RE VSRR R A HA DU REsE ) P Be
RO, HIRAEAE—E BRI, B anD US54 Gl
1Y eI I /HAp S & b R B R 3 1 A= W R g 1
A YRRV, (BB B B R AR AU LA B B A
Ao RIRBEHZ 0162 h A b B P iR L 2
WA il s 1 25 Z AR L [/ 2 5 1 AR, 5 A 1 SR
B K, 2203 TR AR G U AL B3RS RE A AL
PR B L ZUE U LS PRI A A, DT ) 45 HR SR AT
KIRE LRI RER) B H L TR KL

LIS T 375 B Jo 198 S A48 1 1) e Dt 2 1 A HE
A=, T3 IR T 4250 H AN T I A /35 W o
MR fIC S M/ #2 3L % JK 41 (collagen/hyaluronic acid
oligosaccharides/hydroxyapatite, Col/oHAs/HAp ) {}i 1 44
KEFYE IR, HAR S UM O S5 2R AR . shlik
DAL B 200 LR/ B A BT 1 A 4 R 45 R 7R, Col/oH A/
HAp & A MR Col/HA/HAp FICol/HAp I AL 4 1] i
B SR AN LAY RE B A IS BRSOV, [R]I ALPFHIOCN AR 1 46
ik B, GAOFF™ILIR Z U IZ (polydopamine, pDA ) A
B 5 26 A BARCIR 44 K f /A tHA (pDA-templated
hydroxyapatite) , Jf-i#— 2 T & i A tHA 5 PCLF L 25
2258 5B pDA/tHA/PCLAU K L 4 L3 . 51545
HA/PCLE S WK LFEAALL, 122 R I T AR S 4
YItHA . IR, ZEECE A 2 5414 T, pDA/tHA/PCLIR
AEHEhMSCAI L I Runx2, T B Hal (type |
collagen alpha 1, COL I al) MIOCNZE iU B Fn 1C ¥ 1 151 2
Fiko WA, T pDAXS A S AL A e R P (491 40
JRFIDNA) #4957 1 BA i BE R 58 F 0, BA
pDAJZ 1 A H A G4 K UKL IR o] A1 25 ) 2 ik o
ZHAOSE " R Bl K A7 . N MR (polyacrylic acid,
PAA) Fltik 24 (sodium carbonate, Na,CO,) &5 i - BE K

B UL RS N T KR B IKBERE CHAp-PAA, HAE
A B TR IR TR S AL R, R T R
AR E R o RO G B B T 20 M 8% 35 UE 55 L 5 ) B 4
PBSAH LY, X 4 A 3G T8 | 15 1) S AL RN 20 B AP JE o A )
AR ERPEIEN . TEE BUsiAs SRy im 5o Ve sk
BB LI H, CHAp-PAA/KEERC A B FUM L /N
JEEE . BN H S AR RE ) S BV B T
2, Tt B 2 I 25 ) T 200 A S R AT 7 A AR R P )
e K BB BT A VE . WANGSE 4 PCL Y 425
02 S5 B RE AL ¥R A CaCL K, HPO I8 1 HH EA T4 A=
Wfk, 315 THAp-Col-PCLE &1k, M BHESI K
AL B A7 4 W 25 IR 1 T ACR Bl K A 43 2 45 H, 34975
HUIE T PCLICHE, I ELAT FIAA J00H S ABL A S 7K 1 A it
B, ARS8 R 25 R R, HAp-Col-PCLA 54
NaOHZ [ 1% LAY PCLI KL A-PCLAL I Col-PCLALH 1L,
ARG BE AN A A R AR IR BN E
A A S IE S, HAp-Col-PCLA B B 4= i i T8 M
20 B A-PCLY, #R ¥ Van Gieson’ spicrofuchsine .25 11
A R G- RHZ 2R/ S 4R EHC ) AL, HAp-Col-
PCLAH A FE T A-PCLAL, £ WIHAp-Col-PCLE A #4
BRI A | G AT LR R

4 BESRZ

Pt nHAp PR S BRI 5, S O HLAR
PEREFIAE Wk Be, S 1L G HAp M RHA L B B S Y f Bk
PERE, 7B A TR G BB BT 1. HAT, 4%
AR 4 A i HAp C 8RBT ST, S H i, 288
B LR T 5SS IR I AT A 2 SR 2
YR 2% IF 18- FnHAp S . B T A i 51 2 L3
ZREHG SN, AR 70 5 B A 3 e 4 R ) 3 T R AT
SRS T Ca* | PO, S5 T LA—E ML HERUAZ G i, I
AR AR S U] B nHAp AR AR o fe 28, 015 A 4 JC 74 1)
nHApH B A LB A | i HU AR T AR AR A5, 3 P20
R AN I8 5 HAp I AR & A= My R0 m] 5 S A 1 2345
FORH A WIAR AR GE, HAT TR e, ULBPEREIL R, AT 4R
B AR 5 R ARG T AR A2 P T AR A
H BRI OSSR . SR, TCIe R O TR 2R
BIGEIEZ oy TR A A i, Fea U IR 2 0k 58
EHERRBEH BN, BRI RRCE . M
I, 253 F R A A BnHAp A BHE 2 TS SR B 1Y
B TE . BT SR E T T S BOR S, A8
AT — U BB A YRR T 05 45 MinHAp Y
BHIRAETORFE B, O ARAT I RRLHT, IRABFFEA RS A
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o AN, dRSEE SR TIAPRHI 5L | LIRS
AE, TR B 2543 1% | 1200 B 2 PR 545 5 25
HRE, PEALAH B 255 A B, IR R AR 2R &
nHApFEHH I SUAIT 5 ) B B
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