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Abstract

The delivery of growth factors through biological scaffolds is a commonly used strategy in bone
tissue engineering, which has achieved a large number of satisfactory results in the past few decades.
However, some drawbacks of growth factors such as poor stability, high molecular weight and high
cost, hinder their widespread use. In recent years, some peptides derived from growth factors with
similar biological activities have received increasing attention due to their simple synthesis and sta-
ble properties. This article summarizes the application of peptides derived from growth factors in
bone tissue engineering.
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1. 51§

AR PR AL A EA ZCEERN IR 1], i AR S 285 A A K R (1 SRR 7R
BHLA TR ZMAH, JFHBESE 724 NEEMESR12] (3] [4]. AT, EKETFHAAETZ)E
BRAE, @lantiks ot FaEiis . WA E S, RS T HABIERES] [6]. LK, —HAEKR
FATA BRI A FAE K AR AR s vk, T A R IR MR AR e S ik s 2
BB 22 OCHE[7] [8]

2. BRERATESEKETF

BHAER AR, 2R MK T RIEE9]. AKE R SOR T B & R,
BRI MIGTE . TR LEE[10], JF AXTAMRAMER (ECM) AR BEEZE [11]. T LCOEMAT £
FMEEEEMLHERRN T, SFEEESRAEERABMP). I8N EAEKKTF(VEGE). M/MufiiEAK
K7 (PDGF). R 4EAM LK K F(FGF) B -1 Z& (OPG). MRIAFEH T a (TNFa)Z[12]. HAET, HET
A TR Tk I AE DAL R G R B AR AL R B P SR 2 —[13], BRI, B FAR KR P A4 MR
AR FEOHR HBEAC, RN SEIKBERE M E A E R [14]; RN, BEMAAEKE RS
PR — 287 5 5 BRSO ROERNEE[15] [16], XU FER RS T HAEE 4L TR b 1t — 2
Mo Bk, FHREAR M)A 7 B AT R ARk E R TR 5T I i BBk —

3. EKEFITERAERERATIEFHNA

ARBETATAERR SR AEKE TH D RS BB A KB T Dh B B 2 Ak [17]
R FATAERZ N BEEHOE S, il 2 A e A aE & TR A TR SR, DS tere il e
BHFBEE[18]. ELERJLHER, CQIPR T 2MAERBEFATAER, SRS RERERANTER.
1A A R R TATARR . B R ERATAISE, IF HAEZ R AR RS Seil 7 AR B E A .

3.1. BRSEXEEZEHBMP)ITER

HILARAE A (BMP)Z TGF-B HEERIRA, HA AT BER 7000 T4 s (e fE R, 4R
1, BMP-2. BMP-4. BMP-6. BMP-7 Al BMP-9 # AR s I ECH e /1[19]; H+ BMP-2 #il BMP-7 &
3 [ B g 24t B PR R (FDA) e eIl R & FRAE R (6] HBTWTST 1 251 BMP AT4Efik.

BMP-2 HEHEA ARSIk, $AONIE TR MBIRAL, 18T RA I A BMP-2 Sk
I 454[20], MEAN S BMP-2 24K T A 454721]. Saito £ AJF & 7 —F0E [ BMP-2 4556745 £ A7 73-92
R IEFRERIE AT AR AL, R IEBR 751 KIPKASSVPTELSAISTLYL (f#% KP k), #1EH] iT 454 BMP-2 I
RS2 RS BMP @S, B2 m e e B R B VAL SRR R R A, MR R Ak [22] . X FRATAE R AT
AT A A A E A 48 E, N, Park SH 25 B2 M KP KB T —Fpn]

DOI: 10.12677/acm.2024.143974 2291 I IR = =23t e


https://doi.org/10.12677/acm.2024.143974
http://creativecommons.org/licenses/by/4.0/

L, K E

TSI R SO I R /K B, TEAR WL EE R 7 2 IR RFEE R, IF BAEMRAMERE T N BT 240 ik
B LA B AR N B AE[23]0 940, KPSkt Al ok i 0 25 /) 3kt o 5 R4 &, BN, Bain 58 A%t
T EA LR AR IRET) KP K, PR B B R R SR RE P S R 2 5 G5 T KP IR e LA
MIRE S ESE A, IS 7B AR /1[24]. 78 Weng S5 NIORF 7T, B E7 S5k E1H 1) KP ik thh
BT —F 3D AUIIGURAF g, T T ORRAE SRR A [25]. KP IRt T 5 H A A= P
S FALEIEE, FERAT I — DT, — i i (] 70 0T A PRy S P SR AN IR (LR P 51 EPLQLKM) A
KP J s DA BB H gy 22 328 b, mT DA A2 52 1 44 () 70 00 1 40 RS BRFD i 204, 5230 1 B IR el
[26]. Britz Ak, JEEH BMP-2 B A7) 30~34 A7 2 JE MR DWIVA 741 IE B B e 1 /1(27]
[28]. Oliver-Cervellé & ANTF R T —F&H DWIVA BF S KL G FHI(RGD)FITTAER, 2K I
LT EEZH-BMP 5 5%, (2df 75 B 029], I B H TR 05 R 2 5 B Rk 1R
i AR [30]. EHE— BT, XMEH DWIVA EFEM RGD FA M0 AR T —ME 2 — 8
(PEG)HE/K B I ThEeAL, JF HEAA T 500 48 5 I BE(MMP) AT FE AR 7 51, ot B AR 0 AT B At 1 A B
HAWIER31].

BFP-1 j&—Fii [ BMP-7 AKX IATAER, XTRF BMP-7 & A F 5K 100~114 7 &L 8%
i, %18 GQGFSYPYKAVFSTQ; fA4MFFEK B, BFP-1 o] LA E R EREERIE, JFHE BMP-7
FHEE, A SRR ST, RN R SR 7 ISR A IS E[32]. Bk, BFP-1 AJ{E AL
PRI TH PR T B, Luo % A BFP-1 BT ZFLIEER S, Sont—E MR e
BCEEYE33]. AT s BFP-1 fEVG RS b S 28 P B AR R T, i ALK BFP-1 BXA 5
RGD J7 FI RS B3 R 38 T L A RE ORI, B 5 35 N R R 6 3 38 H, Sal T WL Re ik 1
e S U R TS, ELR O T AR IAT N, TR RIS BB R [34]. 4, BTiEd
ST BFP-1 TAYI SRS S, 7 Jing S NKIWFFEH, BFP-1 B30 BE57) 552 F 3k 5 TR b
(CMO)HEMN G54, IR AR B F A 5L (DDM) K [, 45 R W& /5 DDM 74k P Ak iy 35 &
N IR S S RE 135

pBMP-9 J& Ji H BMP-9 1§ % % £ {7 6887 fi & FE Mk LM AT ALK, F I N
CGGKVGKACCVPTKLSPISVLYK, #ilF B o] i 0 Smad Jdig, M7 FR BCE AHOCHE R 3R 05, 3
SETREBERRBEIE L, e HE /N AT R 4E M MC3T3-E1 B 204, 3F AN Noggin $041, (H w5 (k&
(400 ng/mL)tH 2= 40H] MC3T3-E1 41 (1458 [36]. Bergeron 25 N FF A& T —FhIE 1 1 A4 J5L 2 B A A4
TEPE LR B R G, B T AHFEIRE K pBMP-9 M\ E 4 BMP-2, 45 %845 A\ pBMP-9 REW 22
BT W AR (375 10T 7T BABE J5 X635 R GEHEAT Tk, pBMP-9 i 7 8k &5 — Fh 3L T 7 B
HIERGE, SEILT 10 KN IZASRE, HF HRIhE S T CS7TBL/6 /N BRI IY Sk LA ) A7 B [38]- pBMP-9
B R B R AR o] g — 2D 3 S R T 1%, Beauvais S5 NI AR B, (AR A £F3% & B K (pFibro) Yy B8
TRHI S LA BR(PCL)BEAS /N B, C3HI0T1/2 4R 1 5 2 MBS BT S, I HA pBMP-9 —i2iig &,
MEEEITE 2 1) Runx2 FRiA[39], R T HET XA AEYEEK S0 EM R R A RIFRT 5.

3.2. MEAREKEF(VEGH{TER

IS B AEAS R 7 (VEGF) & B R IS A s PE R AR 7, 0 Y B R A (A 22 70 BBt
TER, SERT{EdtaniERe, SEInmE FOEEvESE, (et i s, DR be Vi i A A sl T B
S([40] ARFTRA RN, A S T 2B AR BR[O, SEIUAT R A0 P A A2 — P AR S

VEGF fiTZ£ Ik (QK) Z ¥ H VEGF 524 & XMW — BT EMARRKF S, FIlN
KLTWQELYQLKYKGI, #GEMIFi#d S VEGF %24k4i¢, S ERK1/2 ¥, (2ik 1 A B4n L hE An
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TR, TEMAMESIEER, FHERTHER AN E AT VEGF R M[41]. R QK BA R T
AR, (AEE R QK HANREIRS BAR M Bl O, Btk QK A Al B Lo 5 FAh B S 1 iR
R A, B0, Li 25 0K QK MELE Ik KP —t 45 & 7E — R JE T B 3L I EAL K (GelMA) 4R,
1 R (ODex) [ AT VE S KB -, FERANARAN 4 FAJG B T KRMEEE42]. Fffh, QK M
BMP-7 {74 ik BFP-1 (120 &t s 1 5 Fil i i P AE[43]. QK B AT il ik 2 7y xQ A3 s s i P & 1,
AEE IR IR A (BT i QK FIBERRESHE AL 2 IR AN 77, HRMIEMIM QK AHEL, E7 &1
1) QK SRS IS BRI B N T 4~6 f5[44]: HANK QK 5 ERE R AATAER AG-73 fHEK LA 5841
M55, TEIA B T NI ER K B A R(HUVECS) R B ANG 56 [45]. BRitz 4k, QK 7EJH
TAMBE[46]. RGO @A[47]). VRI7 O IUESE[48]% J7 Tt B A B 2B iE %

33. BRIPROPGITER

‘HIRY 2 (OPG)/2 RANK-RANKL-OPG F 40 B ELRL 51, A& A5 240 i 20 A R B 98 1) G e IR 1
[49]. H AT 250, %K F xB SZ AR50 IR 7B AR (RANKL)-5 B 41 i 26 10 10 1% IR F B 524435 4k K F(RANK)
S55 TR R 0 M A S ECE N, T OPG AIYE N § 521K 5 RANKL 4544 RANK {5 5% %,
T4 B 4 T2 B[ 501

OP3-4 J&—#h OPG MIATAENM, EIHEREF 5N YCEIEFCYLIR, HAEFHMLHZ# OPG 5 RANKL 45
A, FERANK E 55 F08055, M0 A8 B 40 T2 B AR 1 SR AR [5 1] B AR T R v iy S5
SElRIAELERI[17], DR ie gk s D i 1) 5 sOR B 0 st e — Fh G BRI SRS, 5120, Uehara %6 Nl
4 OP3-4 AR EAH BMP-2 [ a] v B ROK B H, AN 4 8 5 B3 2 7 BMP-2 #7531 _F6i
HHEA[52]. OP3-4 tA] 5 H At E 707 PhFERH, W1 OP3-4 BX&HT CXCLY Hifhk, [FImS4] 1 A& 40 i
A A AR 8, AT A B AR 1 A [53]. FH TR REE T RE & SO R RS, R Xie
GNHE OP3-4 51N 1 25 ] B 1 SCRE VE A (CHP) PR EEIE S48, 2035 1 OP3-4 MR, JFIRTe B4
P IE R R [54].

3.4. PESRSE R T2 (TNFRTTERK

TNF-a & —FP4IMR 7, et 2 M A28, TNF-o % S 000 I SE RN & 5 SO
WS SCRE S0 (CAn 2 FR 98 ) 8 LA A% 02 [ 81 WPOQY JIK(TRTFR W) —Fh R IR ALK T o (TNF-a)) 55741,
Je— ML TNF 1 8324k B ¥ TNF-o 456 6L mOBARBTHIIFRR, 75108 YCWSQYLCY,  HAE A pLAN
OP3-4 #Hfl, FZd@id 5 RANKL Fl TNF-a 25 G KNG AR R, AN B RIS [55]. W9 it 485
WA —E B, R 55T 50 TNF ik, (5 WO B B3R A4 4 i 5 51 TNF Foikm U 2 H5R[56].
[FIFEHL, WO A E I nT DL B B i B {2 [57] 50 15 BMP-2 i S 1B T K([58]. FIH WO ¥ 6 i 45
TER, ATl fe ses 208, an Ma 2 N [S91TF R IIE 25 W9 BRFAIHTE IR LL37 H%E/Na R T Z(SIS)
KB, AMUEIH R HPTRAE S, s WO s ERELI A R M2 BIRR AL, (it B R 7S R T4
B M, R T AR g A P A E A TH A
3.5. RerHELmpaE KB FFGHITER

AT AE AN A K R 1 (FGF) 2 B #% K B I E B 1T 8, Horp FGF-2 SR 80BN T ORI R N A 1)
KEEHATFI[60]. EliE, FGD-2 FAT R/ L BT 2 2 (1 R W (HSPG) 1 AH ELAE F AT i 240 i A K AniE

F[61], Bk, FGF-2 H (22 245 & A fU7E T 5 AR S 14 0 Thi e L 2EE A . F105 A1 F119 2V H FGF-2
JF 2 45 & 00 25 1 W BEAT AR K, 40 B 6 ST 5% 105-111 (F105, YKRSRYT) A1 119-135 (F119,
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KRTGQYKLGSKTGPGQK)f Z FfRik 5, 1AM L] F105 1 F119 SHERAIRENEGRMT), I
B 7 B R 7 A R B R s BB AR, F105 A1 F119 ik $2 w40 e A 15 & s
(ERK) [\ BEBRAL /KT, T2 ST B 5618 76 53 120 M Bk i g il o 2 5 A AR 38 621 B Rl M S 44
P FEUEHE 3R X PRI R &5 G KA s v, RRA B T AV SCEM R Thaeth, DA A,

4. B4

AR T MW S s 1 E AN TREEORR N A — D e, HARKE FIBER R RE. Ko
T SR IA R LR AR AR E P A SRS RS T BB A . RERIRT IR, A KT
AT ERR R R A BRI AEYE . BB/ N 7258, S, SElR 7R, 2 R A2 1 R R
BRI H 2 — RRMEF/RZELZ RAGREEERZ TS MG ULSEIUA R 259145
MR BAELREIERE PR R. BMEZ, ERETATERS 2R AR RE 7 &AW,
EA TR AT R N A

&5k
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