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Abstract The development of suitable bioactive three-
dimensional scaffold for the promotion of cellular prolif-
eration and differentiation is critical in periodontal tissue
engineering. In this study,porous f-tricalcium phosphate/
chitosan composite scaffolds were prepared through a
freeze-drying method. These scaffolds were evaluated by
analysis of microscopic structure, porosity, and cytocom-
patibility. The gene expression of bone sialoprotein (BSP)
and cementum attachment protein (CAP) was detected with
RT-PCR after human periodontal ligament cells (HPLCs)
were seeded in these scaffolds. Then cell-scaffold com-
plexes were implanted subcutaneously into athymic mice.
The protein expression of alkaline phosphatase (ALP) and
osteopontin (OPN) was detected in vivo. Results indicated
that composite scaffolds displayed a homogeneous three-
dimensional microstructure; suitable pore size (120 pum)
and high porosity (91.07%). The composite scaffold
showed higher proliferation rate than the pure chitosan
scaffold, and up-regulated the gene expression of BSP and
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CAP. In vivo, HPLCs in the composite scaffold not only
proliferated but also recruited vascular tissue ingrowth. The
protein expression of ALP and OPN was up-regulated in
the composite scaffold. Therefore, it was suggested that the
composite scaffold could promote the differentiation of
HPLCs towards osteoblast and cementoblast phenotypes.

1 Introduction

Periodontitis is an inflammatory disease invading the per-
iodontium including gingival, periodontal ligament,
cementum and alveolar bone, which could affect approxi-
mately 10% of adult population and lead to bone resorption
and ultimately tooth loss [1]. The final goal of periodontal
therapy is to restore the structure and function of the per-
iodontium destroyed because of periodontitis. So far, var-
ious procedures have been proposed [2], including guided
tissue regeneration, application of enamel matrix deriva-
tive, bone substitutes and autogenous bone grafting tech-
niques. However, attempts at regeneration of periodontium
by these methods have not always yielded predictable
results [3]. The key limitation is the true regeneration of
cementum, alveolar bone, and periodontal ligament
anchored between them. Progress in tissue engineering has
opened the world of regeneration of various tissues and
organs. Recently, researchers have focused on the regen-
eration of periodontium using tissue engineering [4]. This
approach consists of an interactive triad of responsive cells,
supportive matrix (scaffold), and bioactive molecules
promoting differentiation and regeneration.

The scaffold, which is used to create the three-dimen-
sional organization needed for appropriate cell interactions,
to serve as vehicles to deliver and retain the cells at a
specific site, is a key element in tissue engineering. It
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provides a three-dimensional porous and fully inter-pene-
trable space for tissue ingrowth, accelerates the formation
of tissue structure, and ultimately is replaced by a new
extracellular matrix (ECM) to form completely natural
tissue [5]. Today, two important categories of materials are
used for scaffolds. The first category of materials is natural
or synthetic polymers such as polysaccharides, hydrogels or
thermoplastic elastomers; the second category of materials
is bioactive ceramics such as calcium phosphates and bio-
active glasses or glass—ceramics. Chitosan is a deacetylated
derivative of chitin, and it has been proved biologically
renewable, biodegradable, biocompatible, non-antigenic,
non-toxic, and bio-functional [6]. Chitosan possesses excel-
lent ability to form porous structures and the applications of
porous chitosan scaffolds for tissue engineering have been
reported [7]. However, pure chitosan scaffold lacks bioac-
tivity to induce hard tissue formation, which limits its
application in tissue engineering.

Calcium phosphates are excellent candidates for bone
tissue engineering because of their close chemical and
crystal resemblance to bone mineral. They not only have an
excellent biocompatibility, but also possess osteoconduc-
tive properties and may bind directly to bone under certain
conditions [8]. Calcium phosphates have been reported to
have good bioactivity, and the osteoblasts can readily form
mineral deposits on the surfaces of calcium phosphates in
vitro and in vivo [9]. Numerous in vivo and in vitro
assessments have reported that calcium phosphates, no
matter of which form (bulk, coating, powder, or porous) and
of which phase (crystalline or amorphous), always support
the attachment, differentiation, and proliferation of relevant
cells (such as osteoblasts and mesenchymal cells) [10].

Currently, composites of polymers and bioactive
ceramics are being developed with the aim to increase the
mechanical scaffold stability and to improve tissue inter-
action [11]. The periodontal tissue is a composite structure
including soft tissues (periodontal ligament and gingival)
and hard tissues (alveolar bone and cementum). Therefore,
composite systems combining advantages of polymers and
ceramics seem to be a promising choice for periodontal
tissue engineering. It is desirable to develop a composite
material with favorable material properties of chitosan and
calcium phosphates for periodontal regeneration.

Therefore, in this study, -tricalcium phosphate (S-TCP)/
chitosan composite scaffolds were constructed by a freeze-
drying method and evaluated by analysis of microscopic
structure and porosity. Then, the cytocompatibility was
evaluated through seeding human periodontal ligament
cells (HPLCs) into scaffolds in vitro. The morphology and
distribution of HPLCs in these scaffolds were examined by
confocal laser scanning microscope. The gene expression
of bone sialoprotein (BSP), suggesting the initiation of
bone mineralization, and cementum attachment protein
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(CAP), a marker molecule for cementogenesis, was
detected with RT-PCR. Besides, HPLCs combined with
scaffolds were implanted subcutaneously into athymic
mice to evaluate the biocompatibility. In addition, the
protein expression of alkaline phosphatase (ALP) and
osteopontin (OPN), two important molecules involved in
the formation of bone and cementum, was detected with
modified Gomori’s ALP staining [12] and immunohisto-
chemical staining, respectively in vivo.

2 Materials and methods
2.1 Materials

Chitosan (minimum deacetylation degree of 85%) was
obtained from Sigma (St. Louis, MO, USA). -TCP was
purchased from Sigma—Aldrich Com. Dulbecco’s modified
Eagle’s medium (DMEM) and fetal bovine serum (FBS)
were from Gibco Company. All other reagents were of
analytical grade.

2.2 Fabrication of porous fJ-TCP/chitosan scaffolds

The chitosan was dissolved in a 2% acetic acid solution.
Then, B-TCP powders were added to the solution. The
mass ratio of f-TCP and chitosan in the mixture was 3:7
and the total concentration of f-TCP and chitosan was 1%
(w/v). The solution was stirred for 48 h at 4°C. Then, this
mixture was rapidly transferred to a freezer at —35°C
overnight to solidify the solvent and induce solid-liquid
phase separation. Then the solidified mixture was main-
tained at —80°C for 2 h and was transferred into a freeze-
drying vessel (OHRIST BETA 1-15, Germany) for 48 h
until dried. The scaffolds were soaked in 0.3 M NaOH,
followed by washing with double-distilled water and
immersed in 75% ethanol solution for 12 h for sterilization,
and then lyophilized again to get neutral, asepsis scaffolds.
Pure chitosan scaffold prepared by the same method was
served as the control. The porosity of the scaffolds was
determined by the liquid displacement method [13].

Scaffolds were divided into two groups: group 1, the
pure chitosan scaffold group; group 2, the f-TCP/chitosan
scaffold group.

2.3 Scanning electron microscopy (SEM) examination

The porous morphologies of the scaffolds were studied by
SEM (Quanta 200). The groups 1 and 2 scaffolds were
sectioned at various planes, sputter-coated with gold and
observed by SEM. Mean pore diameters were determined by
image analysis of digital SEM photo of sectioned samples.
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2.4 HPLCs cultured into the scaffolds

HPLCs were obtained as previously described by Somer-
man et al. [14]. These HPLCs were used at passage 2—4 in
experiments. After 90% confluence, cells were digested by
0.25% trypsin and cell density was adjusted to 1 x 10”/ml.
The sterilized scaffolds were shaped into 5 x 5 x 1 mm
pieces and transferred into 24-well plastic culture plates.
After prewetted with culture medium overnight, 100 pl cell
suspensions containing 10° cells were seeded into each
scaffold. After 3 h, another 900 pl culture medium was
supplied, and the culture was set at 37°C in 5% CO,
humidified atmosphere.

2.5 Confocal laser scanning microscope (CLSM)
observation

10° HPLCs were seeded into each scaffold in 24-well
plastic culture plates. Two days after initial seeding, fluo-
rescein diacetate (FDA, AnaSpec, Inc) solutions (5 mg/ml)
were dropped into the cultured cells (3 pl/well). After
incubated for 15 min at 37°C, the cell-scaffold complexes
were examined with a confocal laser scanning microscope
(CLSM, Leica, DMIRZ, Germany).

2.6 MTT assay

Scaffolds were transferred into 96-well plastic culture
plates. 10° HPLCs were seeded into each scaffold (n=6).
The cells were allowed to adhere to the scaffolds for 3 h, and
then the cell-scaffold complexes were covered with 150 pl
of medium. The percentage of viable cells was determined
every day after incubation. One hundred microliters of
sterile MTT (5 mg/ml) was added to each well and incubated
for 3.5 hat 37°C. At the end of incubation, the MTT solution
was carefully aspirated without disturbing the pellets, and
the resulting blue formazan product was solubilized in
200 pl of DMSO. The optical density values were deter-
mined at least in triplicate against a reagent blank at a test
wavelength of 570 nm and reference wavelength of 630 nm.
The values reflect the viable cell population in each well.

2.7 Reverse transcription-polymerase chain reaction
(RT-PCR)

10° cells were seeded into each scaffold in 24-well plastic
culture plates. Expression of BSP and CAP was confirmed
by RT-PCR, 72 and 144 h after initial seeding. The total cell
RNA was prepared from each scaffold (n = 3) harvested at
72 and 144 h by the TaKaRa kit (TaKaRa, Japan). Total
RNA (1.0 pg) was used as template for the synthesis of
cDNA with OligodT and AMV reverse transcriptase
(TaKaRa, Japan). The following PCR amplification reaction

used Taq polymerase and specific primers. The primers for
the BSP gene (GenBank Accession No. NM_004967.2) were
5'-GCCTGTGCTTTCTCAATG-3' and 5'-TTCCTTCCTC
TTCCTCCTC-3'. The primers for the CAP gene (Gen-
Bank Accession No. NM_014241.3) were 5'-TGGCTCAC
CTTCTACGACA-3’ and 5'-CCAGCAACTCCAACAGG
AT-3'. The PCR products were visualized on a 1% (w/v)
agarose gel by staining with ethidium bromide and analyzed
densitometrically using Gel image software. The relative
levels of mRNA expression were quantified by comparison
with the internal control (f-actin). Each PCR was duplicated
with the same total RNA.

2.8 In vivo study

Two kinds of scaffolds were located into 24-well culture
plates and 10° HPLCs were seeded into each scaffold. Two
days after initial seeding, the group 2 scaffolds were
implanted into the left dorsal subcutaneous area of 12
athymic mice (BALB/c-nu;Hubei Medical Laboratory
Animal Center). The group 1 scaffolds were implanted into
right dorsal subcutaneous area as control. All animal
experimental procedures were carried out under Guidelines
and Regulations for the Use and Care of Animals of the
Review Board of Hubei Medical Laboratory Animal Center.
The transplants were harvested at 4 weeks post-trans-
plantation, the specimens were fixed in 4% paraformalde-
hyde for 24 h, decalcified in 10% EDTA for 48 h,
dehydrated, embedded in paraffin, and sectioned serially at a
thickness of 5 pm. The specimens were stained with hema-
toxylin and eosin (H&E), or used for immunohistochemical
and modified Gomori’s ALP staining. Primary antibodies
against human osteopontin (OPN, Santa Cruz, CA) were
used. Specimens were examined with light microscope.

2.9 Statistical analysis

All experiments were performed three times, with each
treatment conducted in triplicate. Means and standard
deviations (SD) were calculated, and the statistical signif-
icance of differences among each group was examined by
Student’s #-test and P values less than 0.05 were considered
significant.

3 Results

3.1 The characterization of porous scaffolds

As shown in Fig. la, b, both pure chitosan and composite
scaffolds showed open macroporous microstructure with a

high degree of interconnectivity. The mean pore size of
pure chitosan scaffold and composite scaffold was 160 pm
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Fig. 1 SEM photographs of
scaffold surface. Pure chitosan
scaffold (a), f-TCP/chitosan
composite scaffold (b), and the
particle-like structures on the
pores wall of S-TCP/chitosan
composite scaffold (¢). CLSM
photographs of HPLCs after

2 days culture in vitro. Pure
chitosan scaffold (d), f-TCP/
chitosan composite scaffold (e),
and complex three-dimensional
network-like cell clusters
formed by HPLCs in -TCP/
chitosan composite scaffold (f)

and 120 pum, respectively. Compared with the pure chito-
san scaffolds, the composite scaffolds showed more regular
pore structure and more homogeneous pore size. The sur-
face of the pores wall was smooth and homogeneous in the
pure chitosan scaffold, while some particle-like structures
appeared on the pores wall of composite scaffold (Fig. 1c).
It suggested the S-TCP particles spread in the chitosan
matrix of the composite, combined with chitosan, and
showed particle-like structure. The porosity of the pure
chitosan scaffold and the composite scaffold was 90.90%
and 91.07%, respectively.

3.2 CLSM observations

Morphology and distribution of viable HPLCs in the two
kinds of scaffolds were observed by CLSM. On composite
scaffold, live HPLCs (stained green) spread on the surface
uniformly. Cells adapted closely to the surface and dis-
played flattened morphology (Fig. le). Cell-cell junction
was also observed in every case. Two days after seeding,
HPLCs not only spread on the surface of the scaffold, but
also migrated into the inner space (120 um in depth) to
form complex three-dimensional network-like cell clusters
(Fig. 1f). For the composite scaffolds, the HPLCs showed
higher cell densities and more abundant cytoplasm. In
contrast, the HPLCs in pure chitosan scaffolds showed
scattered distribution and little cytoplasm (Fig. 1d).

3.3 Cell proliferation and viability
MTT assay was adopted to evaluate the cytotoxicity of the
tissue engineering materials. The absorbencies of HPLCs

in the scaffolds were shown in Fig. 2. It showed the percent
of viable cells on group 2 scaffolds was significantly higher
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Fig. 2 The proliferation of HPLCs in two kinds of scaffolds was
measured by MTT assay. The data showed the percent of viable cells
on group 2 scaffolds was significantly higher than that on group 1
scaffold during the culture period (¥ P < 0.05)

than control scaffold during the culture period (P < 0.05),
which suggested the HPLCs showed much better prolifer-
ation properties on group 2 than on group 1.

3.4 RT-PCR

RT-PCR showed that HPLCs altered their genetic expres-
sion during the culture periods (Fig. 3). RT-PCR analysis
revealed the expected 439 bp BSP and 425 bp CAP DNA
band, f-actin being an internal control. The significant
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Fig. 3 RT-PCR analysis revealed the expected 439 bp BSP and
425 bp CAP DNA band, f-actin being an internal control. The
significant differences were noted in the mRNA expression levels of
BSP and CAP when the HPLCs were cultured in group 2 scaffolds
(* P <0.01)

differences were observed in the mRNA expression levels
of BSP and CAP when the HPLCs were cultured in group 2
scaffolds (P < 0.01). The mRNA expression levels of BSP
and CAP both increased in 72 and 144 h, and the
increasing level of 144 h was greater than that of 72 h.

3.5 In vivo study

To investigate the biocompatibility of the composite scaf-
folds and the pure chitosan scaffolds in vivo, the athymic
mice model was adopted. The HPLCs were seeded onto the
scaffold using a static seeding method to verify that they
could adhere to these scaffolds. All 12 animals survived
from the experiment. There were no inflammatory reac-
tions, infections, or extrusions. After 4 weeks’ transplan-
tation, two kinds of transplants could be clearly seen
subcutaneously on the animals’ dorsal area and kept the
initial shape.

HE staining showed that many proliferated cells and
abundant regenerated ECM filled the voids of the composite

scaffolds. Vascular tissue ingrowth was noticed in the
composite scaffolds (Fig. 4b). In contrast, the cells dis-
tributed sparsely and little ECM presented in the pure
chitosan scaffolds (Fig. 4a). In both scaffolds, a few slivers
of the degrading scaffolds distributed among the cells and
ECM.

Immunohistochemical staining with antibody to OPN
showed that only group 2 was stained after 4 weeks’
transplantation (Fig. 4c, d).

ALP staining showed that positive black areas were only
stained in group 2 (Fig. 4e, f).

4 Discussion

Tissue engineering strategies use combination of cells,
biodegradable scaffolds, and bioactive molecules to reca-
pitulate natural processes of tissue regeneration and
development. The major parameter in tissue engineering is
the choice of a suitable scaffold that plays a key role in
seeding the cells and serves as a template for tissue
regeneration. The design of a scaffolding material can
significantly affect the cell seeding and growth both in vitro
and in vivo [15]. Scaffolding materials should be bio-
compatible, biodegradable, and bioactive to let specific
cells attach, proliferate, migrate, and differentiate on them.
Chitosan satisfies many of these requirements. However,
chitosan is nonbioactive but only biotolerable, which limits
its application in tissue engineering. Calcium phosphates
have been proven bioactive and osteoconductive, which is
good to form hard tissue such as bone and cementum. For
example, calcium phosphate ceramics such as hydroxapa-
tite are widely utilized as bone graft substitutes [16]. They
have bone-bonding properties that allow them to establish
chemical bonds between the regenerated bone tissue and
the surfaces of implants when they are implanted into bone
defects. On the other hand, the key limitation in periodontal
therapy is the true regeneration of cementum, alveolar
bone, and periodontal ligament. Therefore, it is desirable to
develop a composite material with favorable material
properties of chitosan and calcium phosphates for the
regeneration of the periodontal tissue. In the present study,
we constructed f-TCP/chitosan composite scaffolds and
evaluated B-TCP/chitosan materials as prospective candi-
dates for periodontal tissue engineering. The composite
scaffolds were prepared through a solid-liquid phase sep-
aration of the polymer solution and subsequent sublimation
of the solvent. This is a low-cost and bioclean method for
formulating biodegradable scaffolds without the use of any
additives or organic solvents. The composite scaffold
showed a homogeneous three-dimensional microstructure;
suitable pore size and high porosity. It was reported the
scaffold mean pore size significantly influenced cell
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Fig. 4 Light micrographs of implants excised at 4 weeks after
implantation. The cross-section was stained with hematoxylin and
eosin. Cells distributed sparsely and little extracellular matrix
presented in the pure chitosan scaffolds (a), and numerous prolifer-
ated cells and abundant regenerated extracellular matrix filled the
voids of the composite scaffolds. The arrows indicated vascular tissue

morphology and phenotypic expression [17]. Fibroblasts
bound to a wide range of pore size from 63 to 150 pm and
cells increased their viability with decreasing pore size
until no cells could fit into the pores [18]. The pore size of
the composite scaffold is 120 um, which is favorable for
the attachment and ingrowth of HPLCs. The scaffold with
high porosity (higher than 90%) can not only provide large
internal surface for cell adhesion and migration but also
contribute to the exchange of nutrients and metabolic
waste. Further, it can easily be made into the required
shape and size. After two days’ incubation, seeded HPLCs
not only spread on the surface but also migrated into the
inner space of the scaffold (120 pm in depth). In vivo
study, histological examination showed the scaffolds were
covered and filled with new tissue. The HPLCs produced
exracellular matrices to fill the voids in the scaffold. The
microsponges formed in the openings of composite scaf-
fold provided abundant surface area for HPLCs attachment.
In tissue engineering, scaffolds need to be designed to
support the proper formation of vascular tissue and possess
the mechanical properties that can match those of native
arteries [19]. The results from the in vivo study showed that
new vascular tissue had grown into the scaffold residues
after 4 weeks implantation, which was important for the
regeneration of periodontal tissue.

Periodontal ligament (PDL) is a soft connective tissue
embedded between cementum and alveolar bone, to sustain
teeth within the jaw. PDL contains heterogeneous cell
populations,which have many osteoblast-like properties
such as high levels of ALP and the ability to produce bone-
associated protein [14]. Currently, PDL tissue is considered
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ingrowth (b). The cross-section was immunohistochemically stained
with OPN antibody. Group 1 was negative (c¢), and the OPN was
positively stained in group 2. The arrows indicated the positive areas
(d). The cross-section was stained with modified Gomori’s ALP stain.
Group 1 was negative (e), and group 2 was positively stained. The
arrows indicated the positive areas (f)

to contain pluripotent mesenchymal stem cells that can
differentiate into cementum-forming cells, osteoblast-like
cells, and connective tissue fibroblasts. Successful healing,
repair, or regeneration of damaged periodontal tissue
requires orchestration of cellular migration, proliferation,
and differentiation of pluripotent mesenchymal stem cells
in PDL [20]. Therefore, human PDL cells were cultured in
composite scaffolds.

The gene expression of BSP and CAP was examined in
vitro; the protein expression of ALP and OPN was evalu-
ated in vivo. BSP and OPN are two major non-collagenous
proteins of bone and cementum. It was reported that both
BSP and OPN were necessary for the initiation of hard
tissue mineralization [21]. During hard tissue formation,
BSP acts as a crystal nucleator and OPN ensures that only
the right crystal is formed. CAP is a collagenous protein
that is found in the developing and mature cementum
matrix and cementoblasts. It has been suggested that CAP
is a marker molecule for cementogenesis [22], and that
CAP is related to the development of the cementoblast
phenotype. ALP is a membrane-bound enzyme abundant
early in bone formation. The increase of ALP levels had
been found to correlate with the increase of bone formation
histomorphometrically [23]. ALP is widely recognized as
an early stage marker of cellular differentiation towards an
osteoblast phenotype. Further, ALP also has been involved
in cementogenesis [24]. Therefore, we analyzed the effect
of composite scaffold on BSP, CAP, ALP, and OPN syn-
thesis, and we found the levels of BSP and CAP gene
expression in the HPLCs cultured in composite scaffolds
increased compared with those of the control. In vivo, we
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found the levels of ALP and OPN protein expression in the
HPLCs in composite scaffold were higher than those of the
control. These findings suggested that composite scaffold
successfully promoted the ability of HPLCs to synthesize
genes and proteins associated with bone and cementum
formation both in vitro and in vivo.

The ideal goal of clinical therapy in periodontal defects is
regeneration of all lost structures. For the realization of
regeneration, cell proliferation, migration, and differentia-
tion are necessary. Besides, in treating periodontal disease, it
is essential the HPLCs proliferate faster than that of the
surrounding supporting tissue cells [25]. Therefore, the
regulation of HPLCs proliferation in the periodontium is
crucial for periodontal tissue regeneration. In the present
study, the proliferative effect of composite scaffolds on
HPLCs had been examined in vitro, and the composite
scaffolds obviously stimulated the cellular responses when
compared with the pure chitosan scaffolds. TCP have been
reported to support the differentiation of relevant cells [10]
,and the results of the present study are in agreement with this
report. BSP, CAP, ALP, and OPN are expressed by differ-
entiated osteoblasts or cementoblasts, so the high levels of
expression of these genes and proteins in the HPLCs cultured
in composite scaffolds suggested that composite scaffolds
significantly promoted the differentiation of HPLCs towards
osteoblast and cementoblast phenotypes. The addition of
TCP might increase the proliferation and differentiation of
HPLCs through these approaches: (1) The TCP could
improve the initial attachment of the cells, as has been
reported [10]. The initial cell attachment directly affects
further cellular responses, such as movement, proliferation,
and phenotype expression of cells through the internal signal
transduction [26]. At the same time, addition of the TCP
might increase the scaffold surface area. Therefore, the
improved cell attachment on the composites affected further
proliferation level. (2) The biocompatibility of the scaffold
increased because of the addition of TCP. The TCP was a
suitable material for constructing artificial substitutes for
damaged tissues and organs, and it promoted cell adhesion
and proliferation [10]. (3) The TCP powders were dispersed
homogeneously on the surfaces of the solid walls of the
pores, which are expected to dissolve slowly in physiologi-
cal media and increase the concentrations of the Ca and P
ions [13]. The increase of the concentrations of the Ca and P
ions may play an important role in regulation of the prolif-
eration and differentiation of HPLCs. For example, inor-
ganic phosphate has been reported to be an important
regulator of cementoblast functions including maturation
and regulation of matrix mineralization [27].

CLSM and FDA were used to observe the morphology
and distribution of HPLCs in f-TCP/chitosan composite
scaffolds. This method offers several advantages for
observation of cells cultured in scaffolds when compared

with SEM. First, FDA (no fluorescence), a ‘vital dye’,
could penetrate through the cell membranes. Then it was
hydrolyzed into fluorescein by the viable cells. Therefore,
only viable cells could be observed by CLSM. In contrast,
SEM could only provide images of dead and fixed cells,
which could not reflect the true condition of cells. Second,
the preparation of samples with FDA for CLSM is simple,
so this method almost provides a real-time observation for
cells. Further, CLSM not only provides images of the
scaffold surface, but also images of the inner space and it
can guarantee the clarity of the images and easy recon-
struction of three-dimensional images. In our study, we
observed that 2 days after seeding, HPLCs not only spread
on the surface of the scaffold, but also migrated into the
inner space (120 pum in depth) to form complex three-
dimensional network-like cell clusters. Cell—cell junction
was also observed in every case. These findings demon-
strated that the [-TCP/chitosan composite scaffold pro-
vided a good environment for the adhesion, proliferation,
migration, and cell—cell interaction of HPLCs.

5 Conclusions

We constructed f-TCP/chitosan composite scaffold by a
freeze-drying method, which exhibited a homogeneous
three-dimensional microstructure, suitable pore size
(120 pm) and high porosity (91.07%). CLSM observation
revealed that composite scaffold provided a good environ-
ment for the ingrowth of HPLCs. The composite scaffold
showed better cytocomaptibility than pure chitosan scaf-
fold. The gene expression of BSP and CAP involved in bone
and cementum formation was up-regulated in composite
scaffold. After implanted in vivo, the composite scaffold
exhibited excellent biocompatibility, biodegradability, and
bioactivity. The protein expression of ALP and OPN
reflecting the formation of hard tissue was improved in the
composite scaffold. In summary, -TCP/chitosan compos-
ite scaffold provided a good environment for the adhesion,
proliferation, migration, and differentiation of HPLCs. It
also promoted the ability of HPLCs to synthesize genes and
proteins associated with bone and cementum formation
both in vitro and in vivo. This study demonstrated the
potential of f-TCP/chitosan composite scaffold as a good
candidate in periodontal tissue engineering.
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