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(HZ] HMY WA A 2%k TRSAWmx 7K BE B FEAR ST /)N BRUBSCH 48 L i A4 40 g MC3T3-ElL
YOS B RCR YGTE e T Ml o AGBE T S, T aE s R 0 S O O SR B K A T 2 ke
PERE s LUE 0500 I BE AR 25, F AR [ R L 20 B RG B 5 LA CCK-8 RS A PTAf AN [m 44 4 | 40 ffd
P3G T 5 8 b O SR AR I U S A M ZE AR 3 T A AR 5 P 3R 20-S YL (0 UL 235 15 1 ol 5 A D At
|- 55 % ) 20 it Bl P i R 16 ( alkaline phosphatase , ALP) 36 ¥4 DA A 2 i ALP B 454K [ ( osteocalcin, OCN) |
1148 P9 2 A= K Bl 7~ ( vascular endothelial growth factor, VEGF ) & RL R R A5, 454 TRSAWmx i H 4123
BN AL HES5 1 PR 30 .60 .90 min B, TRSAWmx 25 4 it Rl B 45 B Sk &5 T8 41 (P <0.05) 53 .5,
7 d i} TRSAWmx ZH 4014 % SEAERIGFETG J1 (P <0.05) 5 76 8B 7 S5 5% 3.7 .14 d i}, TRSAWmx 21
ALP 3P 5 T RADALG- [ 41(P <0.05) ;3557 14 d J5 , TRSAWmx 2 #5 FK £1-S YL (e n] WLAS 255 JE A%
Z B AHCHE P ALP  OCN |\ VEGF FKiA/KF-H 5 (P <0.05), &5 AU 3 20 % 2 IR0 K oK BE I
TRSAWmx ZEARSMGEAG 358 i MC3T3-E1 4 oG 38 58 kB4 4k fg
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Effect of self-assembling peptide hydrogel scaffold on mouse pre-osteoblasts in vitro
Chen Beike, Hou Tianyong, Liu Jian, Li Zhigiang, Deng Moyuan, Luo Fei, Xu Jianzhong ( Department of Orthopedics,
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[ Abstract | Objective To determine the effect of self-assembling peptide hydrogel TRSAWmx on cell
adhesion , proliferation and osteogenic differentiation of mouse pre-osteoblasts MC3T3-E1 in vitro. Methods
The nanostructure charateristics of TRSAWmx hydrogel were observed with an atomic force microscope
(AFM). The adhesion of MC3T3-El cells to different hydrogels was measured by counting adherent cells
under an inverted microscope. The proliferation was investigated by cell counting kit (CCK)-8 assay. A laser
confocal microscope was employed to observe the cell morphology. Alizarin red staining was used to observe
calcium nodules. Alkaline phosphatase ( ALP) activity as well as the expressions of ALP, osteocalcin ( OCN)
and vascular endothelial growth factor ( VEGF) was detected to evaluate osteogenic differentiation of MC3T3-
El cells. Results TRSAWmx hydrogel showed nanofiber structure based on self-assembly. The cell adhesion
assay showed that TRSAWmx hydrogel had better cell adhesion (P <0.05) than the control. CCK-8 assay
showed that the proliferative activity of MC3T3-E1 cells on the TRSAWmx hydrogel was higher than that on the
traditional RADA16- ] gel on day 3, day 5 and day 7 (P <0.05). The activity of ALP was higher in the
TRSAWmx hydrogel than in the RADA16-1 gel on day 3, day 7 and day 14 (P <0.05). Calcium nodules
were observed in the TRSAWmx hydrogel on day 14 after osteogenic induction, while the expressions of ALP,
OCN and VEGF in the MC3T3-El cells were enhanced on day 14 (P < 0.05). Conclusion The
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functionalized self-assembling peptide hydrogel TRSAWmx can enhance the adhesion, proliferation and

osteogenic differentiation of MC3T3-E1 cells in witro.
hydrogel; RADA16-TRSAW; MC3T3-E1 cell; tissue engineering; osteogenic
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H Al AR R 0 A s 2 AR R, s SR K
A BB RIS AEAEAST T2 OB B DA S A= WA 250
R4 Sl T T b AR IR T I b ROk
X LR AT UEA T 1B B2 B 48, 7K B B A1 B AR 4 3
5. RADAILG6- [ H 16 BRE LRI AL, /& B 414 2 koK
eI AR, FLRB AR K AR B 7 sl A PR VA W R T, 43
TP B T8, FAE Y Wl BoHb B 4, e
BN K L7 Y, AP 4 EL A% 10 ~20 nm, fLF2 5 ~
200 nm, FK R T 99% P BEgEF W, KR 4
FH BEAZ A4 21 B 21 35 57 ( extracellular matrix, ECM ) &
HAEIAEE , A At R4 i iR oA K A8, A R F 4
B KGR BB AN AL 5 (B F RV S S Ak R i
IR e ik = A2 F B 3 L B J7 . Osteostatin ( Thr-
Arg-Ser-Ala-Trp ) & HUR 55 BRI P AHC & 1 (PTHLP)
C K2 3 PTHP (107 ~ 111) Tk Fy Be, BR3¢
PTH/PTHrP SZAARAEFHICHEAZ AR, FEAR SMIE 32 A1 200
AR AL L 1A, Osteostatin 765 Bl S A P A
P A . ARBESTE A Osteostatin F Bt
145 RADALG- 1 #1781 , 1 B4 21 e RS B A1 42 A%
B CHERE B F 412 22 IRGN KK EE AL KL

1 WS

1.1 MR £ XA

MC3T3-E1 Subclone 14 /)N B8 40 Jifd 55 142 20 i
(ATCC), £ JIk RADA16-1 ( AcN-RADARADARADA-
RADA-CONH2 , #HX} 53+ it 4 1 671.76) \RADA16/
TRSAW (FHX} 43> £k 2 387. 54) Fi1 TRASW (A%}
Ay F IR 619.58) W A L ifg 5 0 A W Rk A BR2S A
(4l =99% ) ,a-MEM 552355, Ja4- 175 0. 25% R
[ Hi-0.04% EDTA (Gibco AH]) ,14 mm [BJE HIE A
(NEST A 7] ) ,CCK-8 Kl i) & (R Al i %
1% fif# (alkaline phosphatase, ALP) & X7 & ( B 57 &
B) , PHERZL-S (Sigma 23w ) , B P W 2 PR K ( Sigma
o)) DAPL(EE R RANTE]) |, B s3] 5 S SERT 't
7€ 1t PCR A5 & (TaKaRa 23 H] ) .
1.2 ¥k
1.2.1 5 g ik 1 AR 4 ket 4 Osteostatin 5
RADAI6-1 C Al , A% H 413 2 Ik RADA16-TRSAW
( AcN-RADARADARADARADA-GG-TRSAW-CONH2) Jif

o 1A 2H 2 22 BRI ) il 2% 1) AR (A 10 22 58 4324
PIIA T mL JCR B 2li7K , B AR W TIR ) )5 , B8 7 %
TEVEMLZ IR S AL B 30 min ZBRIA R PE, 53 1%
(i R 1 2 %0 9 2 Bk B: . B RADAILG- [ 1l
RADA16-TRSAW HEE SE R FUR A&, 155 1% (Fi &K
Fr40) TRSAWmx L

1.2.2  JETFH7 500458 (AFM) WLEE [ 40235 £ Ik (1) £F 4k
Sk FH B 4l 7K 43 5§ B¢ TRSAW | RADA16- 1 |
RADA16-TRSAW F1 TRSAWmx 13 , £251 0. 5% ( Jii &
TRFRS:H0) IO e, 8 75 DR T Uk AL & IR R Ak PR
30 min, HURRIZ GBS S wL 2 0 n 203 i
BB =B b, #0815 s 5, 100 L 4k U5
Wk 3 K, 30 CEEHE , Fatbh AR T
J& , AFM TR . AFM S50 B R mbi=t, S X
WA 2 wm x 2 pm, SR 1.0 Hz; 49 15 45 &
(Model : Arrow UHFAuD) S5 sifk 2%0(k) H 6(1.5 ~
21.0)N/m, # & Si, TIRJ2E , 2021424 (10 £2) nm.,
1.2.3  [H 2 2% 2 IROKEE I i il /E A1 MC3T3-E1 4 iy
Hepp 53 3K 1% (s AR L5340 RADALG- T Fl
TRSAWmx B 5 20% ( B s AR 40550 Jori IERE R
FRARFRLE 10 LIRS, I 0. 5% 7K 8E je TAF ., B
14 mm [FJEIE #8008 T 24 FLIG TR, mAEik 55
R Bl n 100 wL TAEW . WL RE 2212
A 10% BRI + 1% ST +50 we/mL Fsi g +
10 mmol/L B-HIHBERR AN AY o-MEM A H B IR, B 57
BT 37 °C 5% CO, M4 &5 1 h, MC3T3-El
AMBH R AL B O 5, B B SR AL 5 x 10 4~/mL
(1) P LR, o O G 361 J R i, W v L PN 3 7
BFLIEM 1 mL MC3T3-E1 4% T 37 °C .5% CO,
SRR R bR R

1.2.4 MC3T3-E1 4i7E [ 21 %< 2 BR K &E e 0Kk B
PERE Bl 24 FLAR PO 14 mm [BE 3555 A
JFiE I RADA16- T A1 TRSAWmx T 3 J1 i H sl e
125 (3% B . RADAL6- T /K BEfie . TRSAWmx 7K BE i
i1 mL MC3T3-E1 48 il £ 2, 43 9 AE 45 10,30,
60 .90 Z3f i L N B 3R 3L, PBS W 1 WK, ARk ok
R BAE %) 20 B, BEATL Ao BT ot A A T

1.2.5  CCK-8 Kl 4uffisss il 78 96 FLARP , i
il RADAL6-TF1 TRSAWmx TAEW %% 50 pl/FL, B34k
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BT 37 C 5% CO, Ml #E 1 h sS4 5 1E
75 1 4L RADA16-T7K % Jie . TRSAWmx 7K 3% i [ 3% Jin
100 pL %K 5 x 10*/mL ) MC3T3-E1 48, 4
R, ARG IR 1.3.5.7 d, WL FLrh 1 35 5% 44
10: 1A HE A9 3R 45 mi 1 35 57 WA CCK-8 171, AL im A
100 pL. CCK-8 IR, - E T 37 °C 5% CO, Yl
FiHIEE 1 h e, DABERIAE 450 nm 420D (450) {f .

1.2.6  HoGIt R A T s Mg MC3T3-E1 41 g 78 7K
g E RN MR K BERE TR 8595 3.7 .14 d

J& , LN R 3R, PBS 15 UL 3 IR, 4% 22 5 H R &1
30 min, F§ PBS ¥k 3 ¥,0. 2% Triton X-100 2 JH 3 i
10 min, PBS 3§ ¥k 3 ¥, A 5% BSA £[4] 1 h, fi/5
PBS {5 VE 3 W, AL & 4092 FHH- B ZE PR K (5 U/mL)
TAEW, =R EEM F 30 ming H PBS 3% 3 IX,
10 wg/mLirY) DAPI YLREAEAS , 2 R & 10 min,
PBS W5t 3 WK, B A, O RSO BB R
1.2.7 ALP J&PERGI  4RBEAEKEEIR R RE3: 3.7 d
F14 d J5 WAL G TR PBS 1 BE 2 IR, BLINA
19% Triton X-100(100 pL) 525 WRAT, 5k fols W5 4 o ms
o P FEmR e R A0 & Ui A 7E 96 FLAR N EA T
JE, DABREX S A AR 520 nm A0 D(520) , []Hs
FI BCA VA8 8 VR BE , FF1 15 ALP BT 77 6

1.2.8 PHZL-S Yt Y M AE K BE AL s T 1 7
14 d &, WAL N B 35 5L PBS 118 2 IR ,4% 2
JE [ 72 20 min J5,PBS JEVE 3 WK, IIAPE R L0-S Uil %
IR 48 10 min, PBS Y535 B YL, FEHLBCILEF A IR
1.2.9 RT-PCR e 6 FL 40 ML 5% 3 4 vh 4 1 FH
RADA16- 1 F1 TRSAWmx T 1F ¥ i ¢, 78 25 1 L.
RADA16- T 7K %E i . TRSAWmx 7K #E B F fin A 3 mL
1 x 10°/mL ) MC3T3-E1 4l &%, i HEWRE T
37 °C 5% CO, WA, FEXE 256 14 K, Mg iE 57
JE,PBS 5k 3 ¥, B J5 A TRIzol $2HL RNA, £ B
1 wL mRNA %% 5323575 ¢DNA, BfJ5 R #iE TaKaRa 23
F G S ROV AP BR , 64T RT-PCR LA, B-actin ,ALP
A58 1 (osteocalcin ,OCN) [fil 45 PN B2 4= K -7+ (vascular
endothelial growth factor, VEGF) 5| ¥ /&5 W3 1, ffif
27 AP A Bk AT

%1 RT-PCRE|¥FEF
HEH SIYIFFI(5'—3")

B-actin -7 CATTGCTGACAGGATGCAGA;
T CTGCTGGAAGGTGGACAGTGA
ALP % AGATGATGACTCTGAGCCTCCTT;
Tii# GATGGGACAGCCTAAACTTGG
VEGF ¥ GCTACTGCCGTCCGATTGAG ;
T GCTGGCTTTGGTGAGGTTTG
OCN ¥ GGACCATCTTTCTGCTCACTC;

Tii# CACTACCTTATTGCCCTCCTG

1.3 %itsae
fdi i SPSS 14. 0 G534 A4 47 B 2 7 22 5047,
ERPL x +5 Fono

2 HR

2.1 RF ) RBEIIER R M6 4 K 454

JEF 1 BT 2 B %S RADAL6- [ . RADA16-
TRSAW . TRSAW il TRASWmx 4 1 45 K 19 44 A 25 44,
TRSAW £ = 22k, Jo ik B W90 oK 4F 48 R 45 14
RADA16-TRSAW [ ZH 25 B R 248 7 A D) () 266 7 bR 494 oK
24k, K AR (523.7 £ 142.9) nm, £F- 4 2 8] K 4 4% 4%
%, KTEE B im A 2% RADALG- 1 B & E
B, TATSE e 22 iR B 20 26 B A 9 oK 27 4, H2 8%
RADA16- I 5 RADA16-TRSAW #% 1: 1 L fliR & )5 15
Ff) TRSAWmx 4K 424 (810.2 £96. 7) nm, FL 1%
F(17.6 £2.1) nm; RADAL6- [ £F4E K424 (847.7 +
87.8)nm, 2K (12.8 +1.7)nm, TRSAWmx 4§ K £F
HE B KT RADALG-T (P <0.05) ., MiZ¥aeiE ik
KT SE(E 1) .
2.2 REEA8.E MC3T3-El 2a f e R F) A+ 4L & @ 84

Hs M L

THEUE A 2 0 20 A 45, 25 A 80 220 G it 24 4
FH 10 min B}, 25 (4415 RADALG- 1 4l Ib4, 25465
P28 X (P <0.05, & 2) ;30 .60 min F1 90 min K}, 28
FI2H3 95 RADA16- T 40 #1 TRSAWmx 4 [L 45, 2% 57
HGi12:7 X (P <0.05) ,RADA16- T 415 TRSAWmx
Ak, ZR IS E X (P>0.05),

B1 EFOERENRARMEBINKEN
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O%5 194 BRADAIG-14 M TRSAWmx 4

300 L
250 T
10 30 90

HF 8] (¢/min )
a: P<0.05,5% & ki
B2 AT ECER TR E RS MC3T3-El @AMER
)i A} s B O
2.3 RFEEFA8.E MC3T3-El %8 0 /2 R Bl A4 & @ 69
WA ARG EEA
CCK-8 il 2 i s 45 R an il 3 i, B5 92 1 d
I, 23 1405 RADA1L6- 1 Fll TRSAWmx 41 V4%, 2 FH
itk X (P <0.05), RADAL6- T 415 TRSAWmx
HERTGIFE L (P >0.05) ;5 3.5.7 KA

ESRAGIFE (P <0.05),
34

e

RADA16- 1 4

TRSAWmx 41

—%— 25 [14] —a— RADA16- [ 41 —a—TRSAWmx 2
Lar ab
12}
1.0}
0.8}
0.6
04+
02}

D450

1 2 3 4 5 6 7
FEFREIR] (2/d)
a;: P<0.05, 5% 4% ;b: P<0.05,5 RADAL6- | 43tk
3 CCK-8 #&ill MC3T3-E1 48 i 7K [5] Bef ] s 7E 47 # 3%
HREAETL

WO 3 3R A W fo B WL 4 L AR KO A 181 4 i
7, MC3T3-E1 20 s 53 551l 4 7 T A8 [ b4} 38 T 75 3 0
X5 FE 3.7 d Fi 14 d 5, 25 41 4B 2R 245 4E 7R 20 i
Kdh oA, LR HEF , 40 ] 25 TRSAWmx 20 41 g £ H
323 (4R RADALG6- 1 203445 B B3 fin (P <0.05)

14d

B4 HEHARERRENE MCIT3-El AREMBREARMERHERES  (x400)
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2.4 REEA8.E MC3T3-El %8 it & R R A4 £& @ 64
ALP FHAemfedh F4r-S &2 R

ALP 250 & A6 I 45 B5F 1] 2 ALP 3¢ 76 3.7 .14 d
A #5 di ) 22 ST A it 27 (P <0.05, 81 5) o X 4R
TRSAWmx | $% 5211 MC3T3-E1 4l il e % 335 T 25 1 0%
PERERR GG M, BUE - EACR LT RADALG-T KBRS .

Wi 14 d FEFIE TR R LS Yo LB 451y
A AR 25 SR AN & 6 BT, 25 P20 400 i 23 /N, (Y
B /R AELETT I Y s RADAL6- T 2H 41 i 25 s 45, mf I,
BAEELE T IE 1 TRSAWmx 20 AT I, K H 475 41 €0, 45 45
E,

O H4 RADA16-14] M TRSAWmx 21

5001
— ab
S 400
;‘ﬁ_‘; 300 a
2 b 7
& 200} ) |
g %
% 0 1 1 %

—_
S

REFRI I (e/d)
a; P<0.05,55 &4 k%; b, P<0.05,5 RADAI6- T 1rkbik
5 MC3T3-E1 A [E B 18] s 7E 41 #H R E A ALP & 1546
MEER

2.5 A4 KK A MC3T3-E1 282 OCN, ALP #=
VEGF 3 B &34 69 % h
F4f Real-time PCR Kzl 255 4 25 U4 SRk
SR 1 B AR IR A 7 FrR . TRSAWmx 44
KSR 4 ALP (OCN Al VEGF &N F A0 1 5 T8
P12 F1 RADAL6- 1 41 (P <0.05)

XERLEASLET FE

O H4H RADA16-T 41 M TRSAWmx 21
ab
i Sk ab
=
/ 4L
i
= 3t
=
-«
z 2r
z - -
1 ke
0 1 .
ALP OCN VEGF
A

a: P<0.05, 5% g4i;b: P<0.05,5 RADAL6- | 21k
7 Real-time PCR #&il] MC3T3-E1 {7 R B+ #_E 35
14 d Bt ALP OCN #1 VEGF EFE &%

3 g

B 242 0 K 2 koK BE i RADAL6- 1 RE#% 78 7K 41
BT oA B A R T I S K & T8 A 99% 11
YOREFHE ST ARPPIRZ5 4 . AIFFEUE B, 3 F 3 7K o i 1
23 (7] IR 45 A4 BE S R0 K SR 40 i A0 56 TR e e
A AR = SR R IR R G, KT AN ARG B R 5
PRI A K 7 9 43 I A B B FG 4 k1 1O
[, ARG B4 10 ~ 20 nm F A% 0 S/ INFLAR
5 ~200 nm" AT BT A0 B 4R, LA G A
s,

H A, K55 £ W, il ad ) RADAL6-T fki C K
Ui e DT RE I B, BB 4 o K S AR A A DG AE ) 2 2
FRSEPETIRE T 3B F IR T A5 B 4 7 K
W RENSLETE IR LT e AR 544 ()[R s), D) BE Sk P O
S 5YpR 24N B Pra I A, 2 AE R MEE % T
B @z Ah, IR SRR, Pan 251

6 MC3T3-El HaEMPREEF 4 dEHNEELISEBER  (x40)
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WEHTH: BMP-2 AH G A 1 (P24) f&1fi RADAL6- | J5ighs
SEATRHIE BMSCs 384 58 | Zf B RIS 7 B (9 RE F1. Tao
4500 % ] BMP-7 5% T fig J¥ 51 SNV I KPS i 4%
RADAL6-TFT A5 1 7K B A R — P i 1) A% 1 21
TR R AESEAL AT o, A 12 2 e A Ak
B AR R EE YRR Y DGEA J¥ 31 [R] RADALG-IZ ik C
ARIATEE AR A T [ 228 20 IR KK B I 7 2Rk
k¥ DGEAmx"™" 4855 T 40 Bk . 75 18 42 1
L R A A S L LIR7As i UYL

PTHrP JEPH 4t B3 e n 1 22274 3 AN AR
el PR 2 B2 R v PTHrP (1 ~36) PTHrP (38 ~94) L)
Je PTHeP (107 ~139) ) 81 2 VA5 ol B 4 B 4 1, 76
P AN B SR i AR b R B R N
Osteostatin & PTHrP C Rughfa sk PTHrP (107 ~111) 1
JiK B BERS A S PTH/PTHIP 2R AEM G2 1A, 1A
HMIEHE R AL KA

ABISE R, FRATTAE A3 K A A5 B2 FE RADALG-T11)
C %% 5 PTHrP (107 ~ 111) T Jik % % 15 | RADAI6-
TRSAW, 3 ¥ H 5 RADAI6-] 4 {k 1R & 18 3
TRSAWmx JRAR, B8 TFIF 2 H e IR B AR 1
5 P BE B A 413 £ K 9 K K B IS TRSAWmx,
TRSAWmx 7K EEHREF 4k 1A% KT RADAL6-T/K BE 1 41 4
(P <0.05) (HHABEAYORBAEAR, 58 A A MK
KT 4E, TRSAWmx [ 41 LRSI RE 71 4% RADAL6-1C
22 5 U e R BB I AR S i 40 i e 7K e L
(IRERR . AMAE7E TRSAWmx K BEIE |55 354 & HAEN)
ARG EE MRS, DL SR R, A4l
HOKEEE TRSAWmx {2 1F MC3T3-E1 41 Ak Bt 3 78 A
ISR T 2R 2l i [ 4285 7K RADAL6-1,

A FE I UE B, 38 1K RADALG-11Y C A i 5
PTHrP (107 ~ 111) Z L AR 6 MR ok 422 , A A 37 A 1
YA AR B e TRSAWmx 7 1 41 e % e J57 4 it R [
R AHOETERE . X0 0T mT 5 B0 15 3 ot R e
IR EME A — LR E A TG MR R A A )
Sk LA RGHE — 218 I R MR TR T B T R
iasibive e
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