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In vitro functionalized self-assembling peptide hydrogel scaffold promotes adhesion,

proliferation and differentiation of mesenchymal stem cells in mice

Liu Jian, Hou Tianyong, Li Zhigiang, Chen Beike, Deng Moyuan, Luo Fei, Xu Jianzhong ( Department of
Orthopedics, Center of Orthopedic Surgery, National & Regional United Engineering Lab of Tissue Engineering, Center
of Regenerative and Reconstructive Engineering Technology, Chongqing Laboratory of Tissue Engineering, Key Lab of
Military Bone Tissue Engineering, Southwest Hospital, Third Military Medical University, Chongqing, 400038, China)

[ Abstract | Objective To investigate the effect of functionalized self-assembling peptide DGEAmx,
which is prepared by modifying C terminal of self-assembling peptide RADA16-1 with DGEA ( Asp-Gly-Glu-
Ala) peptide, on the cell adhesion, proliferation and osteogenic differentiation of bone mesenchymal stem cells
(MSCs) in mice. Methods An atomic force microscope was used to detect nanostructure characteristics of
the functionalized self-assembling peptide DGEAmx. An inverted microscope was employed to count adherent

cells and compare cell adhesion. The proliferation of the MSCs was observed by cell counting kit ( CCK)-8
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assay. Cell morphology was observed with a laser confocal microscope. Alkaline phosphatase ( ALP) activity
and expression of osteogenic differentiation-specific genes collagen I (ICAM-1) and osteocalcin (OCN) were
detected to evaluate osteogenic differentiation of the MSCs. Results The atomic force microscope observation
found that functionalized self-assembling peptide DGEAmx was capable of forming nanofiber network structure.
Cell counting result showed that the adherent cells on the DGEAmx scaffold were more than those on the
RADA16-I scaffold at 30, 60 and 90 min (P <0.05). CCK-8 assay results showed that the proliferation of the
MSCs on the DGEAmx scaffold was significantly increased on days 3, 5 and 7 (P <0.05). The MSCs
cultured on the DGEAmx scaffold showed higher ALP activity and higher ICAM-1 and OCN expressions
compared with those on the RADA16-I scaffold on days 3, 7 and 14 (P <0.05). Conclusion The
functionalized self-assembling peptide DGEAmx nanofiber hydrogel scaffold can promote the adhesion,

proliferation and osteogenic differentiation of the MSCs, and has good potential as bone tissue engineering

scaffold.
[ Key words |

self-assembling peptide ; hydrogel ; nanofiber; scaffold; tissue engineering

Supported by the General Program of National Natural Science Foundation of China (81371975), the Key Progect of “Twelfth Five-year Plan” of Military
Logistic Scientific Research (BWS11C040) and the Military Pre-research Project of Third Military Medical University( SWH2013JS07). Corresponding author:

Xu Jianzhong, E-mail: xjzslw@ 163. com

BRI 2 B AR B 0 R I R T
Pio ARB AR B B 0 S hr i, (H A E LA ok
VR 32 B IR 07 Bt AR e el L ARk,
HHL TR P & &, OB 2 U8 5 M A= 4 ok
WA, B ST R =B S A R R T4
Y0 248 L P

[7] 7, 5 T 28 M2 ( mesenchymal stem cells, MSCs) ,
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2 2% Z2 IRAE R — B N T A B S5 LT R
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R ARG LT HE , I HLAE 5 5 B 1 AH 18 ) L
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>99% , SIEGSTRMEHALL, F 2% 2 RGN K 41 4
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Ala) JFHNRENS 5 o2B1 B 32 ARAE T, £ 1 20 MK
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¥ DGEA 454 3] RADAL6- 1 1) C ¥, & 5 fefk A 4
4 £ ik RADA16-DGEA  ( AcN-RADARADARADARA-
DA-GG-DGEA-CONH, ) , DU AR 15 — Fl A R 4 240 iR
PRI S IR B B, TS 55 R W] DGEA kAN fig A 41
B AT AE LS , WA REIE K BE G ; RADA16-DGEA fig
Y e T ANOK EF A (27 2 (B AN AH B3 4R, JF HOANRETE
BKEE L % RADA16-DGEA #1 RADAL6G- | % LR &
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L1 SEAHR 20X A

C57BL/6 /)N BB 56 (8] 72 )5 T 40 g ( mesenchymal
stem cells, MSCs) H 28 = Z2 15 K22 E 5 -Hi 7 BE A 4021
TR Z R, Z ik DGEA (AHX) 73 i 431.25) |
RADAL6- [ (#H X} 70 ¥ & 1 712. 76 ) Al RADAL6-
DGEA (AR 73 2 199. 21) iy g s A= YRk
AR FA BURSiAl (26 =95% ), CSTBL/6 /MR
T R J57 1 4 i 5¢ 42 15 F7 & L CSTBL/6 /)N BB 7] 5 1
20 B B R AR ()N BRI ) ,0. 25% IR
fif (HyClone ) ,14 mm [RJE % 3% /- (NEST) , CCK-8 #a:i|
R & (Sigma ) , Bl P B 2 W A 0 32 5 & (A,
), 1035 s i) & e 2 5 PCR 5] & ( Life tech-
nologies ) ,
1.2 =M

I 5.0 L Thermo, F21E ) |, 5] 1 {345 (OLY M-
PUS, HAS) , M BH BEHL( Kejingda, HE) | J5F 7 1
55 ( Asylum Research, 3¢ [5) , 0GR EIO0 B
% (Nikon, HZR) , lftRi¥ ( Varioskan Flash ,36[H) .
1.3 sEiedyik
1301 il % B 43 2 IR 10 mg KK T
1 mL 2K, TR AR HT# A AR B 30 min 25 BRALTE,
133 1% B (AL B . RADA16-DGEA BEiK
5 RADAT6- I #F# A BLLL 12 1R &, #5 21 1%
DGEAmx £}
1.3.2 Jfi 07 WA WL 3 23 90 K 2 IR £F e 45
4 ¥ DGEA. RADA16-1 . RADA16-DGEA #iI
DGEAmx A= H 20 K 5 FE 20 1%, 45 B S L i B
W T IR =B R 1S s JE ] 100 L
Akt 3 U0, ZERARG AT B, B B R B IREE &
AR THE IR T B g™, Biesonig
s, R SECH L HEE 200 pum, £755 10 pm,
SRPEREC8 N/m, Si R 242 0 10 nm, 39 4 X 58
2 um X2 pm, TR SE 1.0 Hz,
1.3.3 MSCs H:Fp 2 /K BEE ¥ 1% RADA16- 1
Fl DGEAmx B1 73315 20% TG 1 0 7 W S5 R BR
AL B 0. 5% K EERE TAEW . #4514 mm [8E 55 3%
FCEAE 24 FLEEFRARALIN, 100 WL AR W e 5
B b SR mFLAIMA | mL 58853558 B 3tk
WCF 37 CEE M P 40 min, B AR, B R
2 YIEFREELATAE pH, IS 30 min, BT 2/3 ~3/4

R R SR R G SRR E T 37 CHE A
. WAL BRI S K1 255 3 AR m e i+
MM 7 B IR S BN 1 x 1074/ mL 40 g &
W, BALIMA 500 wL, FEFEMRCE T 37 °C il lsFR44
o5 2 R, SRR 1 d ik 1 IR
1.3.4 {18 0G0 N AMOREH SOl 78 24 fLARIN
JiCE 25 9% A 9F ] RADAL6- [ Fl DGEAmx &8, 1636
B H . RADAL6- T 7K % Jit . DGEAmx 7K % i |- 4% Ff
MSCs , 43 JI7E 25 10,30 ,60.,90 73 W 14 £L 4 15 55 3,
PBS Yk 3 YR 23 B ARG BE 28 M, 5 X A4 Rk L 1% s e 44 A
PEATHA R S B AL 3 HRORA B 6T WU B 240 e 3 T4
1.3.5  CCK-8 A/ B i - 41 i 11 154 5 15
1t 96 fL 85 3% Ml 43 o % i 50wl RADAL6-1 #i
DGEAmx TAEW , MUK 5 43 il #E 25 4L \RADA16- [ 7K
BERE . DGEAmx 7K & i 3 i 100 pl % B ok 3 x
10*4~/mL AY%5 3 MSCs 42k . 7ER RS 1,
357 R, BAPERAFLUMA 1 pL CCK-8 i# K,
37 CHEF 1 h, ABEARXAE 450 nm JA< A0 I 5' 25 5 {6
[D(450) ], #4503 L (9 D (450) 8 X W & 4L
D(450)
1.3.6  HotL AT B M EE MSCs 1E /K BEIR
FREPAERKIES 76 24 LA T b s 35 3%
F, 4% B RADALG- 1 F1 DGEAmx A% ¢, 7625 [ 4L
RADA16-I 7K EERE . DCEAmx /K EERE F A 3 x 10*4~/4L
%6 3 18 MSCs, bR 3% 14 d J5, WORFL N i,
PBS Tt 3 IR ,4% 2 5 H & [ 72 30 min, A PBS 53t
3 ¥,0. 2% Triton X-100 %&b ¥ 10min, PBS i ¥ 3 1%,
5% BSA £ti4] 1 h,PBS 3 ¥k 3 I, IN A% 11 BH- 28 3
JK(5 U/mL) SRR FEAS, IR E 30 min, PBS i
WE3 ¥k, H 10 pg/mL ) DAPI Y4 {5, 5 min, PBS i ¥t
3 WINPT K B R o O IR R £SO
o IR I R
1.3.7  JKBEREXT MSCs JH J3-1 1 5 1 7E 6 fL
YR FEAR 45 3 RADAL6- T Fil DGEAmx KIS, 76
25 fL RADAL6- T /K&K . DGEAmx 7K &I 1 hin A
3 x 10"/ FLAYEE 3 18 MSCs, 4rfbii9%3.7.14 d ),
W FLIN AR , FH PBS 3568 3 ¥k, AFLINA 100 wL 41
MR E AT, B N SR T JC e R 4 i 45 1
Fie ALP 35 PEAG IR S DA ALP 15, 25 A
TG AEREARMY 520 nm KA LIER EEAE D(520) o

¥ 58 3 4% MSCs 4% 3 x 10* A4~/ FL il $i 2 35 Ff 1)
6 FLIE F: M 11925 HFL . RADA16- [ 7K %E i i1 DGEAmx
IREERE b, DS 75 A 3R 245 5% BERE 1 d il



5 37 255 10 ) CHE AN NI B O
J Thid Mil Med Univ

948 2015 4E5 A 30 H

Vol. 37, No. 10
May 30 2015

LR, 7655 3.7 .14 RIPR 45 235 57 L L R ), PBS 3
UE 3 WK, 4% TRIzol 127 156 I 5452 4 $2 HU 40 Jf 6L RNA,
P4 S SR G U A DL 30 L KRR K 1 g 4541
RNA #3558 ¢cDNA, [fij5 3% 18 TaKaRa SYBR Green
—PikE at PCROA ) & Ul I B #8845, #1790 &=
PCR I, /A &y 25 pL,95 C ik 5 min, B 5 #17
95 °C 5 s Fl160 °C 30 s 240 MEFRMIY 4, )5 72 C
FEAH 2 min, FIEFT IR AR R LRI . 514HR 4 NCBI
I Primer-BLAST i1 If- 280 LU X, 51907 91 S 4 34
Bt K BE R /N K ICAM-1 iE [6] 3] #): 5'-AGCGGCT-
GACGTGTGCAGTAAT-3', 2 [a] 5| #: 5'-TCTGAGAC-
CTCTGGC-TTCGTCA-3", 115 bp; OCN iF [/ 8| 4.5 -
CGCTACCTGTATCAATGGCTGG-3', J% [ 8| 4 : 5'-CTC-
CTGAAAGCC-GATGTGGTCA-3", 123 bp; B-actin iF []
21 #): 5'-CACCATTGGCAATGAGCGGTTC-3", JZ [ 5]
¥ :5'-AGGTCT-TTGCGGATGTCCACGT-3", 135 bp, %%
FLL Ct {275, B-actin NS, L2 4R
PO STy i
1.4 itz

AL, x5 2o, R SPSS 13. 0 G it %) £k
PEHAT R R I 22508,

2 HR

2.1 gaRRERiEe

JFF A7 55155 F 8% DGEA . RADA16-1, RADA16-
DGEA FI DGEAmx H U454, & 1 i~ ,DGEA
AREIE L ET 4E 4548 , RADAL6-DGEA [ 2H %€ B J 1) 4
KEF 4 H A4 Z WA AH BAE 2, S8R I A T e 41 25
N E| RADAL6- 1 B 478 45 HJE B, AT Hh T 44 K
LY AN Y —E R RADALG-T filA RADAL6-
DGEA K% W&, DGEAmx J& j ¥ 5] () 4 90 K £F 4k,
RADA16- [ F1 DGEAmx £F4E £ 42}y (13.6 £ 1.3) nm
F(16.1 +1.5)nm, GPOKLF AL LUE ARG, Z
[FIESE N
2.2 B % RBOKER T MSCs # M & 65 % vk

20 LTS T AR BRI B LA 25 3 7 TR AR A 440 i 2
JE (cell/em®) [ AAEHEEFIE 25 10.30.60 1 90 434445
H AR RT3 FE 2 g it 2 A 3, 7RSS 10 Z3Bh 4%
28] JC i 2 1 22 5 (P > 0. 05) 5 55 30,6090 73,
3 Ao A 2R R (P <0.05, K 2)
2.3 MSCs f2 7K iz L o4 38 78 45

CCK-8 For 20 i s 5 45 SR an 18l 3 s . &egiit2e
AEPR L EEFAE 1| RASARITC I E 25 (P >0.05) 58

3 KDGEAmx 41575 A4 A i E £ H (P <0.05),58
5 REHIEA B EME2ES (P <0.05),5 7 K RADAIL6-]
MG PHICREEZE S (P >0.05) , 1 DGEAmx 415
Hot 2 2073 e E 2R (P <0.05)

A:DGEA;B:RADA16- [ ;C:RADA16-DGEA ;D:DGEAmx
Bl REFHERBEUZSEMENKRREND

4000 OC#H4] B RADALG-14]

B DGEAmx 2 ab
2 300 ab a
& ab T
= 200f E
= a
SNV
&
£ 100 n
0
10 30 60 90
FsF ] (¢/min)

a: P<0.05, 558284 ;b: P<0.05,5 RADA16- | 48k
B2 R EARNA ER4E A MSCs 7£ 3 ARt RE
B 5 Bt 4H R 2T 4K
20 -©-DGEAmx 41

-8-RADAIG- | 4
= ZEHA

5 7

3
iR /)
B3 CCK-8i&#aill MSCs 7£ 3 A+ B RE L 7+ A [ it

i8] S A I AL
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AB.C:% %5 MSCs £ Z3k # L34 3.7.14 d;D E.F. % ) 4 MSCs £ RADAL6- [ /K fc £ o434 3.7.14 d;G . H,
1.4 %) 4 MSCs £ DGEAmx Kz Lok 3.7.14 d

El4 HritBERMBEWE MSCs £ 3 AMHREHLIEFEAERBEESNERES  ( x200)

2.4 MSCs f£ K5 _E 69 BB 1L _oSp Osf BRADAIG T
R BRI ALP 3 2 SR 28 e 2 b3, 7565 3 o golf T DCEAm= Al
714 KB, 4 410 AT 35 1k 5 (P < 0.05, g .l u}, II
Kl 4), #2778 DGEAmx %M 2 4804 ) 36 Tl AE 4 10 Bl ;Zg T
B0 L B K T 8 OB B R E (181 5) =T N [I
Real-time PCR %5 % g 7, MSCs 22 1B 5 7 1k § sk .
BEFRAR 3.7 .14 K, X HAS (14141 RADAL6- [ 41, 75 ' ﬁﬂl 1 []
DGEAmx 4745 ¥ 55 19 ICAM-1 f1 OCN fy £ ik (P < 3 14

l.‘%‘a'%ﬂzﬂ‘ﬂl (t/d)
a: P<0.05,5 = &g4irtii;h: P<0.05,5 RADAL6-] arbk
B 5 MSCs 7£ 3 A R R EEE 3R 5 ief 18] (9 7 1 Bt B
E MRS R

0.05,K6),
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15 E=Ed B RADALG T4 ISP O3%rs EERADAIG 141
B B DCEAmx 4] R B DGEAmx 41
% B
< %
Z. a L
Z 10 . = 10
E = a
a =l ’
D a = a
= g . a
505 S 05F = 2
= =
4 >
0 @ 0
3 7 14 3 7 14
REFRISHE] (1/d) TR T (1/d)

A:ICAM-1;B:0CN a:P<0.05,5 DGEAmx 41 }t4x
& 6 Real-time PCR #& il [E) B iE] MSCs 7£ 3 H#F iR mE ICAM-1 1 OCN E RE &R iE

3 i

1] 2126 22 oK 490 K 2T i 7K R I S Rk R A 40 B
o1 AN W N o VY Y SN B S ) R P DA < T ]
UL M S i TR IR AR AT 4, AR
£ L E AN D =PI W) € (SR Y BB L b S AR
ZRIE 5 A A0 SRR S AL A 4 ), oK i O HOA
A LB JERE IR SN R Ar Rk, Tk gt
BHE H RIREIEIR G 1, A = %A B, mT LAk e
5 AR AE S W AR S I o AH A28 ELUE R RADAT6-T
] LA SR 2 B A A K R T s aE T A,
AT LAGE S 7E L C o FH KA B AR 26 B A R [ 2
RER AT 1 2 Ik R B (— AN i 15 A2 B
R B SHEE A M EF R AR Ak A 413 2 KGR &7
YK B S 24k kL, DA T 4 AR W 3 D
Horii 25 44 D37 AKL DGR Hl PRG 43 51145 4 %
RAD16- [ C 3, 315 RAD16- I JR&# % 1 =4k 7 2
AIYESER MC3T3-E1 2 i A R B 1 58 A ke oL g
Pan 2517 BMP-2 #1367 19 ( P24 ) &4 RAD16- 1 &
B RAD16-P24 , FLIR & R FLR- 23 L MR IL BRI il
EAAME IR FE A4 EHESR T BMSCs (13
B R B R R R i R DI REAL 4 2K
FER T RADALG-L /) C R f5 2352 ) [ 202 2 ik A
(EERSYE , 7R IhREF S5 E] RADAL6-1 B 4T & 4514
TERL, T W K gk T i 3 4l 3, B S
RADAI6- I FEABUR G 5, R H 5 RADALG-T A1)
(A IS R o

200 6 5 8 ek 114 G B 2 20 AR A L 3 T T RS L B
555 4y Ak W HT B EHE ARG B T BT 51 DGEA 5
RAD16- 1 42 & FFAG I H:XF MSCs A b 8RS BR800 8 A
DA SCHEIE o TR ATKs 76 40 RS B b A 2 AR R Y

DGEA #4155 RADA16- [ ZikE C RumAHiE , lh &
AR E T A 432 K90 K EE I 4L DGEAmx,
DGEAmx fOME5HE 5 28 L) RADALG- [ 25101, g%
RECALLA0 it A0 R R PR AR P, R ATTE /DN B MSCs
%] RADAL6- 1 \RAD/DGEA /K#EIE 28 ks
Fi, WA S AR R L A0 AR R B B AR A A .
FEFh MSCs J5%5 30.60.90 4380, DGEAmx 4k B %245
RADAIL6- | £ 8 #4458 (P <0.05) . CCK-8 A 4 g
OGS AESE , MSCs 7E DGEAmx [ X [ 7E RADA16- 1
AT R A R . YRR I o A IR A
T BRI A S 2R SR P MSCs [ i 4 M 404k o
ALP 2 40 60 [ 188 400 M 53 Ak 1 31 B8 A, LR 1 5 K
BN A b 5T A DN AR S A O 45 BHR R TE
DGEAmx 7KEEME | 534k 35557 1) MSCs 11 ALP 3% 1 S,
BAHIEEA ICAM-1 F1 OCN ()52 & T RADAI6-]
(P<0.05), FR&5REZH, 548 AHKZ K
RADAI16- [ # 1., DGEAmx J& 5 3% 4 MSCs {& 4 b5 35
S AR R

F 2H 3% 22 IR oK £ 4 SR R AE B i A A 4 B
T R AP, 5 205 R R i g
FHARHELTEAS KU A5/ B BB I e 4 fE
TR B SR R A B e X AR A R S
V8 1 20206 22 RO I AR Ay A Wi A e, A8 Ot 605 i ol
( demineralized bone matrix, DBM) | ¥23:#% K 41 (hydro-
xyapatite, HA) 55 % 45 S J8 4 B}, 1 B B2 6 S
BE AT B 1 S 2R RE, i HLARRE T A 28K
YRR LT 4 S B B A W T Oz R E— 25 1
A AR RN R R FH 25 2 T BRI SEah AR (8 T 5056
@ETE[W—ZO] .

SE Lk
(1] Z@gmse, KT, [MIseh A et i A 1 R ) 2 il
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