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Abstract
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Background: In bone tissue engineering, the fabrication and biocompatibility of scaffold are crucial. Among many
scaffold materials, nanohydroxyapatite (nHAP) and collagen (COL) are chosen as building materials of scaffold. At the
same time, growth factors were also used to modify the scaffolds.

Methods: In this study, blending and freeze drying methods were adopted together in order to build basic fibroblast
growth factor (bFGF)-bone morphogenetic protein-2 (BMP-2)-nHAP/COL scaffolds. ELISA was applied to test the
release of bFGF and BMP-2 on the scaffold. The flow cytometry was used to identify bone marrow mesenchymal stem
cells (BMSCs). Scanning electron microscope was adopted to observe scaffolds and cells morphology. BMSCs were
seeded on the scaffolds to test the biological compatibility in vitro. Cells were counted to detect early cell adhesion.
Cell counting kit-8 assay was adopted to detect cell proliferation and alkalinephosphatase assay was applied to detect

Results: The characterization of bFGF-BMP-2-nHAP/COL scaffolds meets the requirements of ideal bone tissue
engineering scaffolds. BMSCs that were isolated, purified and passaged satisfied the needs of further experiments.
The growth status of cells on bFGF-BMP-2-nHAP/COL scaffolds was satisfactory. Cell adhesion was the highest in the
bFGF-BMP-2-nHAP/COL scaffolds group. The cell viability and ALP activity of bFGF-BMP-2-nHAP/COL scaffolds group

Conclusion: Taken together, bFGF-BMP-2-nHAP/COL scaffolds have good biocompatibility in vitro and promote

Keywords: Bone tissue engineering, Nanohydroxyapatite, Collagen, BMP-2, bFGF

Introduction

In the past decade, tissue engineering has been play-
ing increasingly important role in orthopaedic repair.
Tissue engineering combined cells and its growth fac-
tors with biomaterials through its own principles, has
been already adopted to develop various of connective
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tissues, in vivo and vitro, such as cartilage, bone, tendon
or ligament [1]. The interest in bone tissue engineering is
constantly growing in parallel with the rise in trauma vic-
tims and musculoskeletal disorders associated with the
increase in life expectancy [2, 3]. To develop an artificial
bone matrix, a tissue engineering scaffold always works
as a pivotal element in regenerating bone tissue [4]. The
construction of scaffolds requires the combination of a
variety of materials, and the methods of construction are
varied. In this experiment, nanohydroxyapatite (nHAP)
and collagen (COL) were selected as the basic compo-
nents, bone morphogenetic protein 2 (BMP-2) and basic
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fibroblast growth factor (bFGF) were combined with
them by mechanical mixing and freeze drying methods
to form a double factor scaffold (bFGF-BMP-2-nHAP/
COL). BMP-2 in 100 ng/mL and bFGF in 50 ng/mL both
are beneficial to promote the proliferation of bone mar-
row mesenchymal stem cells (BMSCs). Furthermore, the
combined utilization of BMP-2 and bFGF at a ratio of 2:1,
significantly promotes the proliferation and differentia-
tion of BMSCs compared with BMP-2 or bFEGF use alone
[5]. Su et al. had also demonstrated the feasibility of using
double factor release in poly(lactic-co-glycolic acid)/
polycaprolactone/nanohydroxyapatite (PLGA/PCL/
nHAP) scaffold [6]. The nHAP have been increasingly
used in biomaterial composites because of their excel-
lent biocompatibility, bioactivity, osteoconductivity, and
osseointegrative nature [7—11]. Several research revealed
that COL improves cell adhesion, promotes bone cell
proliferation and enhances osteogenic cell differentia-
tion [12, 13]. Moreover, the initial adhesion of perios-
teum segments was greatly improved by COL, which
thus facilitated cell outgrowth and handling efficiency
on implantation [14, 15]. The bFGF regulates a variety of
biological functions including neuroprotection, vasodila-
tion, the stimulation of angiogenesis and the suppression
of apoptosis [16—18]. Among the bone morphogenetic
proteins (BMPs), BMP-2 has been profoundly studied in
osteogenesis and exerts superior potential in bone forma-
tion [19-21]. In this study, the morphology of the dual
factor scaffold and its protection and growth-promoting
effects on BMSCs were tested to see if the requirements
for bone tissue engineering were met.

Materials and methods

Materials

Rat tail tendon collagen Typelwas purchased from
Shengyou Biotechnology (Hangzhou, Zhejiang, China).
The nHAP was purchased from Emperor Nano Mate-
rial (Nanjing, Jiangsu, China). Acetic acid, anhydrous
ethanol, HCL, cell counting kit-8 (CCK-8), alkalinephos-
phatase (ALP) kit was purchased from Nanjing Jiancheng
Bioengineering Institute. Phosphate buffer solution
(PBS), aMEM, 10% fetal bovine serum (FBS), 0.25%
trypsin was purchased from GE Healthcare Life Sciences
Hyclone Labratry (South Logan, Utah, USA). The bFGF
was purchased from PeproTech (catalog Number: 400-
29, Rochy Hill, USA). BMP-2 was purchased from Pepro-
Tech (catalog Number: 120-02, Rochy Hill, USA). TrypLE
Express was purchased from Gibco (USA). FITC anti-rat
CD44H, APC anti-mouse/rat CD29, PE anti-rat CD45
were purchased from Biolegend, Inc. (CA, USA). CD34
Polyclonal antibody PE conjugated was purchased from
AOsen Biotechnology (Beijing, China). All other general
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laboratory reagents were of the highest quality available
and obtained through standard commercial suppliers.

Animals

4-week-old SD rats were acquired from the Center for
Experimental Animals at Medical College of Eastern
Liaoning University (Dandong, China) with a National
Animal Use License number of SCXK-LN2011-0009 and
allowed a 1-week adaptation before experiments began.
Food and water were provided ad libitum. The rats were
cultivated at a constant temperature (25 =+ 1 °C), humidity
(60+5%) and 12-h light/dark cycles (6 a.m. to 6 p.m.).

Preparation of bFGF-BMP-2-nHAP/COL scaffolds

10 mg COL was added into 10 mL acetic acid solution
(0.005 mol/L) and intensively mixed by stirring with a
magnetic stir bar. 10 mg nHAP was then added to the
above solution and stirred overnight. The quality ratio of
the above method (nHAP: COL) was 1:1.5. 5 ng/pL bFGF
and 10 ng/uL BMP-2 solutions were prepared by dissolv-
ing standards in PeproTech protein solution [22] and then
added to the solution of the scaffold and stirred at low
temperature for 50 min, so that the final concentration
of bFGF and BMP-2 in the mixed solution was 50 ng/mL
and 100 ng/mL. The solution was then subjected into a
24-hole Teflon culture plate, storing at —20 °C for 24 h
and then lyophilized at — 80 °C for 48 h to obtain bFGF-
BMP-2-nHAP/COL scaffolds. According to this method,
the bFGF-nHAP/COL, BMP-2-nHAP/COL, nHAP/COL
scaffolds were prepared. The morphology and micro-
structure of the scaffolds was observed by scanning elec-
tron microscope (SEM) (Hitachi-4800, Tokyo, Japan).

Detection of bFGF and BMP-2 release

in bFGF-BMP-2-nHAP/COL scaffolds

After 1 mL bFGF-BMP-2-nHAP/COL solution was fabri-
cated to form one standard scaffold (bFGF 50 ng, BMP-2
100 ng), three scaffolds were placed into the orifice plate
and 1 mL 1 x PBS buffer (PH=7.4) was then added into
the orifices, following which were sealed by the mem-
brane. The orifice plate was placed in the cell culture
box at 37 °C, and PBS buffer in pores were collected, at
specific time points (1, 2 to 20 days). After collecting liq-
uid, 1 mL PBS buffer was added into the hole and then
bFGF and BMP-2 ELISA kit (Yuduo Biotechnology com-
pany, Shanghai, China) was used to detect the bFGF and
BMP-2 content of each sample, following which took the
mean and calculated the cumulative release of bFGF and
BMP-2, and drew the curve [6]. According to the above
method, bFGF of bFGF-nHAP/COL and BMP-2 of BMP-
2-nHAP/COL were detected.
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Isolation, culture and passage of BMSCs

4 week old SD rat was sacrificed by excess of anesthesia and
75% ethanol was applied to sterilize the skin. Under aseptic
conditions, the femur and tibia were removed and soaked
in PBS solution. After ultraviolet disinfection, PBS contain-
ing penicillin and streptomycin was adopted to wash bone
for three times. After the bone marrow cavity was exposed,
the 5.2 mL cell growth fluid was drawn into until most of
the bone marrow was flushed out. After being blown and
sucked three times, the cell suspension was sucked into a
sterile container. After counting, the cells were inoculated
in the culture dish according to the required concentration.
The aMEM medium containing 10% fetal bovine serum
and 1% penicillin and streptomycin was added into the
culture medium, the cells were cultured at 37 °C, in a CO,
incubator, and changed liquid every 24 h. After BMSCs
adhering the wall deformated and gathered, the cells were
digested using TrypLe Express enzyme 2.5-3.0 mL for
10 min at 37 °C until cMEM was used to terminate the
reaction. At the speed of 800 rpm, the cell suspension was
centrifuged for 5 min and the cells were resuspended in an
oMEM medium and seeded into a new 10 cm (diameter)
culture dish. Cells were changed liquid one time every day,
and then was 1:3 passaged after being fused to the 80-90%.

BMSCs identification

The third generation of BMSCs was used for identification.
After discarding the medium, the cells were washed by PBS.
TrypLE Express was added into and the cells were digested
at 37 °C for 10 min until the tMEM medium was used for
the termination of the reaction. After the cell suspension
was charged, the cells were counted after centrifugation
and being adjusted to 10°/100 pL and then PBS contain-
ing 10% BSA (w/v) was added to close. The cell suspension
was transferred to 4 round bottom flcon tubes and the APC
labeled anti-CD29 antibody, FITC labeled anti-CD44 anti-
body, PE labeled anti-CD29 antibody, PE labeled anti-CD34
antibody were added into the cell suspensions respectively
according to the final concentration of 0.2 g/100 mL. After
being incubating at 4 °C for 20 min, the surface markers
CD34, CD29, CD44 and CD45 were analyzed by the flow
cytometry (FACSCanto II, BD Company, USA) [23].

BMSCs culture

After the lyophilized bFGF-BMP-2-nHAP/COL scaffolds
were sterilized with ethylene oxide (SQ-H, Zhongxitai
Service, Beijing, China), the scaffolds was washed with
PBS and aMEM medium three times, and then soaked
into FBS overnight. The scaffolds were placed in 24 hole
cell culture plate, and the concentration of the BMSCs
suspension was adjusted to 2 x 10°/mL. After each scaf-
fold was inoculated with 1 mL suspension for 24 h, 1 mL
culture medium replaced the cell suspension and was
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added into the hole around the scaffold and then the cell
scaffold was cultured in 5% CO, incubator at 37 °C [24].
Six independent experiments were conducted.

BMSCs morphology

After the cells were inoculated for 72 h, the samples were
taken out, and washed with PBS, and then added to glutar-
aldehyde solution, which was then placed in a wet box and
fixed overnight at 4 °C. The samples were removed and
washed by PBS, dehydrated with ethanol gradient (50%,
70%, 80%, 90%, and 100%, each lasting for about 20 min),
and then dried by natural drying method and sprayed with
gold. Finally, SEM was used to observe the samples.

Adhesion of BMSCs

bFGF-BMP-2-nHAP/COL, bFGF-nHAP/COL, BMP-2-
nHAP/COL, nHAP/COL and control groups were set up.
The BMSC cells at the density of 1 x 10*/mL were placed
in culture plates, which were pre-coated with the bFGF-
BMP-2-nHAP/COL, bFGF-nHAP/COL, BMP-2-nHAP/
COL, nHAP/COL scaffolds (1 mL per well) and BMSCs
that were cultured in plates with no scaffold worked as
control. A total of six parallel wells were used for each
group and the cells were cultured at a 37 °C humidified
incubator with 5% CO,. The amounts of non-adhered cells
were quantified at 1, 2, 4, 8 and 24 h and the adhesion rate
was calculated according to the following formula: Adhe-
sion rate (%)= (number of seeded cells —non-adhered
cells)/(number of seeded cells) x 100 [25].

CCK-8 assay

CCK-8 kit was used to detect the proliferation of cells in
four scaffold groups and control group. At 1, 3, 5, and 7 d
after inoculation, 3 samples were taken out. 100 pL. CCK-8
solution was added into each hole. 300 uL solutions from
each hole was added to the 96 hole culture plate and the
absorbance value of the solution was detected by the micro-
plate reader (A=450 nm) (Bio-Rad 550 Bio-Rad Laborato-
ries, Inc., CA, USA). The average value of 3 parallel samples
was taken as the experimental data. Optical density (OD) at
450 nm was applied to represent the number of cells [26].

ALP activity

At 1, 4, 7 and 10 days after culture, 3 samples were taken
out from each group, respectively, and then washed with
PBS 3 times. 1 mL 0.1% TritonX-100 was added to decom-
pose cells at 4 °C for overnight aiming. Straw was used to
decompose the cells completely and then 30 pL suspen-
sion was transferred into the 96 orifice plate. 50 pL buffer
solution and matrix liquid were configured, and fully
mixed following water bath for 15 min. After that, each
hole was added into 150 pL chromogenic agent and oscil-
lated, and the OD of 520 nm was measured by ELISA [27].
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Ethics

All animal studies were performed after receiving the
approval of the Animal Use and Care Committee at
Medical College of Eastern Liaoning University with a
protocol number EMU62043006. All experiments were
approved by the Animal Care and Use Committee at
Medical College of Eastern Liaoning University, and
complied with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals.

Statistical analysis

All data are presented as the mean=standard deviation
(SD). Statistical analyses were performed by SPSS17.0
(SPSS, Inc., IL, USA). Multiple groups comparison was
analyzed by one-way analysis of variance (ANOVA) and
Student’s t-test was adopted to comparison between two
groups. P<0.05 was regard as statistically significant.
Prior to results being analyzed using one-way ANOVA, all
quantitative data were confirmed as normally distributed.

x1,000 10pm
0028 12 Sep 2016

Fig. 1 a Gross morphology of the bFGF-BMP-2-nHAP/COL scaffolds.
b SEM images of the bFGF-BMP-2-nHAP/COL scaffold (magnification
% 1000)
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Fig. 2 a Cumulative release rate of bFGF from bFGF-nHAPCOL
scaffolds. b Cumulative release rate of BMP-2 from BMP-2-nHAP/COL
scaffolds. ¢ Cumulative release rate of bFGF and BMP-2 per time point
from bFGF-BMP-2-nHAP/COL scaffolds

Results

Morphology and SEM image of bFGF-BMP-2-nHAP/COL
scaffold

Scaffolds was white, the flexibility was good and the com-
pression deformation could be gradually restored to the
original state, the surface was slightly rough (Fig. 1a).
The sample was three-dimensional porous structure and
a large numbers of nHAP particulates could be seen to
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Fig. 3 Cell morphology of BMSCs, examined under a light-inverted microscope (magnification x 100). a 1 day after primary BMSCs were cultured. b
5 days after primary BMSCs were cultured. ¢ 1 day after passage 1 BMSCs were cultured. d 5 days after passage 1 BMSCs were cultured
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adhere on the surface COL. The aperture was between
80 and 200 pm and the holes were connected with each
other, there was no obvious fixed direction. The thickness
of the hole wall was about 1-2 pm and the combination
of nHAP and COL was homogeneous and substantial
(Fig. 1b).

Release of bFGF and BMP-2 in scaffolds

bFGF in bFGF-nHAP/COL scaffolds could be accumu-
lated to release for 17 days. After 18 days, there was only
little amount of bFGF factor (<1 ng) in the supernatant
of each sample or not be detected at all. The amount of
factor released by the scaffold material was 91.05+3.38%
of that of factor added. In 3-5 days, the burst release of
factor appeared in the scaffolds, and the release tended
to be stable after 5 days (Fig. 2a). BMP-2 in BMP-2-
nHAP/COL scaffolds could be accumulated to release for
19 days. The amount of factor released was 90.05 £-2.08%.
In 2-5 days, the burst release of factor appeared, and
the release tended to be stable after 5 days (Fig. 2b). The
release of bFGF and BMP in double factor scaffolds was
not significantly different from that of the single factor
scaffold according to the curve (Fig. 2c).

Cell morphology

Primary BMSCs were inoculated for 12 h and then
gradually began to adhere to the wall. After 1 day,
some cells began to deform, and cells showed Spindle
or polygonal, nucleus was large and deeply stained.
Some adherent cells are round or oval, and nucleus was
large and deeply stained, at the same time, non adher-
ent red blood cells can be seen (Fig. 3a). 1 day after the
first vaccination, non adherent cells and the cells that
need a longer time to adhere to the wall were cleared.
About 5 days after the culture, BMSCs were collected
and a small number of round cells were mixed in spin-
dle and polygonal cells (Fig. 3b). After digestion and
re-inoculation using TrypLE Express, the number of
impurity cells decreased significantly and at 6 days,
the cells adhered the wall and deformed. After the first
passage, BMSCs grew well, and the impurity cells were
significantly reduced (Fig. 3c). 3 days after the second
inoculation, cell density increased and at about 9 days,
BMSCs completed the fusion of 80% to 90% and could
be passaged (Fig. 3d).
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Fig. 4 a Flow cytometry analysis of BMSCs. b Scanning electron
microscopes images of BMSCs that were inoculated on the
bFGF-BMP-2-nHAP/COL scaffold after 7 days

BMSCs identification

The results of flow cytometry of the third generation
BMSCs antibody markers were as follows: the positive
rates of CD45, CD34, CD44, CD29 were 4.4%, 6.8%, 94%,
100% respectively. The above results were consistent with
the standard of BMSCs flow cytometry (CD45 and CD34
positive rate of <10%, CD44 and CD29 positive rate of
>90%) (Fig. 4a).

BMSCs cultured with the bFGF-BMP-2-nHAP/COL scaffold
indicate biocompatibility

The SEM images showed randomly distributed cells on
the surface. After 7 days, an increased number of cells
had adhered to the surface of the scaffold, the cell had
grown and proliferated well. The cells exhibited a typical
BMSCs morphology, and adhered tightly on the scaffold
surface via the formation of lamellipodia and filopodia,
indicative of cell spreading (Fig. 4b).

Dual delivery of bFGF and BMP-2 promote the adhesion

of BMSCs

The cell adhesion rate was enhanced with increasing
incubation period in five groups (Fig. 5a). Following
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culture for 1, 3, and 6 h, the adhesion rate of cells in
groups pretreated with scaffolds was higher than that of
the control group (P <0.05). The adhesion rate of bFGEF-
BMP-2-nHAP/COL, bFGF-nHAP/COL and BMP-2-
nHAP/COL groups was higher compared to that of
nHAP/COL group (P<0.05), and bFGF-BMP-2-nHAP/
COL group with two factors was higher than above sin-
gle factor groups. The adhesion rates of BMP-2-nHAP/
COL group and bFGF-nHAP/COL group were not sig-
nificantly different (P>0.05). These results demonstrated
that bFGF-BMP-2-nHAP/COL scaffold increased the
adhesion of BMSCs better (Fig. 5a).

Dual delivery of bFGF and BMP-2 promote the proliferation
of BMSCs

The proliferation of BMSCs in scaffold groups and the
control group cultured for 1, 3, 5, 7 days were compared
using a CCK-8 assay. The absorbance values for the scaf-
folds increased indicating significant cell growth within
the scaffolds. The number of cells increased with cul-
ture duration in five groups. BMSCs proliferation was
observed in five groups, and there was no significant
difference between the scaffold groups and the con-
trol group after 1 day (P >0.05). However, after 3 days,
the number of cells in the scaffold groups was higher
than that in the control group (P <0.05). bEGE-BMP-2-
nHAP/COL, bFGF-nHAP/COL was higher than nHAP/
COL, BMP-2-nHAP/COL groups (P<0.05). There was
no significant difference between BMP-2-nHAP/COL
and nHAP/COL, bFGF-BMP-2-nHAP/COL and bFGE-
nHAP/COL (P>0.05). These results demonstrated that
bFGF-BMP-2-nHAP/COL increase the proliferation of
BMSC:s (Fig. 5b).

Dual delivery of bFGF and BMP-2 promote

the differentiation of BMSCs

The ALP activity of BMSCs cultured in scaffold groups
and the control group was shown in Fig. 5c. No signifi-
cant difference in OD values were identified between
the scaffold groups and the control group in the first
4 days (P >0.05). However, The OD value in the scaffold
groups was significantly higher than the control group
between 4 and 10 days (P<0.05). Comparing factor
groups with nHAP/COL group, the former was higher
than the latter (P <0.05). This suggested that the nHAP/
COL scaffold had an effective impact on the activity
of the BMSCs and bFGF, BMP-2 enhanced the impact
further. In addition, dual factors group was higher than
single factor groups (P<0.05), which suggested that
bFGF-BMP-2-nHAP/COL promotes the differentiation
of BMSC:s (Fig. 5¢).



Hu et al. Appl Biol Chem (2019) 62:49 Page 7 of 9
a control
nHAP/COL x
E3 BMP-2-nHAP/COL LS
100
[ bFGF-nHAP/COL %
90+ bFGF-BM P-2-nHAP/COL Z b B3 control
72 E=3 nHAP-COL
80 Z E3 BMP-2-nHAP/COL
% % % ,5- [ bFGF-nHAPICOL
T 701 Z % - bFGF-BMP-2-nHAP/COL x
% 601 * Z Z * * %
= Z
c | | %
e % * % | 0
B 7 7 | 7
£ w : | = . é
/ / B % %
. | ’ 7 /
/ . / % %
% / / %
% . % é .
%
101 % % é .
= (||| = || 7 7 g7
0- =1illZ %/ é 1E % £l
1 3 1 3 5 7
Culture time(h) Culture time(days)
c E3 control
204 &= nHAP-COL
E3 BMP-2-nHAP/COL i
[ID bFGF-nHAP/COL
15 4 bFGF-BMP-2-nHAP/COL * *
o
& 10 4
<
=
54
0- = .
1 4 7 10
Culture time(days)
Fig. 5 a Adhesion rate of BMSCs cultured with the control, nHAP/COL, BMP-2-nHAP/COL, bFGF-nHAP/COL and bFGF-BMP-2-nHAP/COL groups.
Data are expressed as the mean =+ standard deviation. *A value of P<0.05 were considered statistically significant. b Cell counting kit-8 assay
determination of the proliferation of BMSCs from the control, nHAP/COL, BMP-2-nHAP/COL, bFGF-nHAP/COL and bFGF-BMP-2-nHAP/COL
groups after 3 days. Data are expressed as the mean = standard deviation.*A value of P<0.05 were considered statistically significant. ¢ Alkaline
phosphatase assay of the proliferation of BMSCs cultured with the control, nHAP/COL, BMP-2-nHAP/COL, bFGF-nHAP/COL and bFGF-BMP-2-nHAP/
COL groups. Data are expressed as the mean = standard deviation. *A value of P< 0.05 were considered statistically significant

Discussion

Collagen, an important extracellular matrix (ECM), has
been extensively applied to facilitate cell growth and
differentiation in tissue remodelling. The bio-inductive,
desirable mechanical and degradable characteristics
makes collagen a popular clinical application mate-
rial [27]. After repeated lyophilization, the antigen of
the collagen extracted of the rat tail was reduced fur-
ther [28]. Hydroxyapatite, a biocompatible material
with osteoconductive properties, can be available in
various forms according to its applications, such as the
bone formation and graft incorporation. Unfortunately,

the disadvantages of bone-graft substitutes consisting
solely of particles are mechanical weak and the migra-
tion from the graft site before ingrowth of new bone
tissue secures them in place [29]. Due to its desirable
biological and biomechanical properties, nano-scale
biomaterials have drawn the attention of the research
community [30]. The nHAP-COL scaffold provides a
good spongy porous structure that satisfy the ideal scaf-
fold material that provide a three-dimensional space for
the transfer of nutrients of bone cells [31]. At the same
time, the nHAP particles increased the roughness of
the surface, thereby increasing the surface area of the
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scaffold, which is more conducive to cell adhesion. The
release rate of bFGF and BMP-2 combined with scaf-
folds after lyophilization showed that the method had
no significant loss in the process of production, and the
sustained release time after lyophilization could meet
the needs of tissue engineering. The results of flow
cytometry showed that the isolated and purified cells
were able to meet the requirements of further experi-
ments. SEM images confirmed the good growth state
of BMSCs on the scaffolds. The determination of cell
adhesion rate confirmed the promoting effect of the
composite scaffold and the role of bFGF and BMP-2
in promoting adhesion. The CCK-8 method proved
the effect of the compound scaffold on promoting pro-
liferation. However, at the concentration of 10 ng/uL,
BMP-2 does not have a further role in promoting pro-
liferation. The ALP method confirmed the good effect
of the compound scaffold to promote differentiation
and the obvious function of promoting differentiation
of bFGF and BMP-2.

In this study, we revealed that bEFEGF-BMP-2-nHAP/
COL, two factors composite scaffold, can better pro-
motes BMSCs adhesion, proliferation and differentiation,
and be better applied to the further study for bone tissue
engineering.
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