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Background aims

Recently, it has been found that effective periodontal regeneration can

be induced by bone marrow mesenchymal stromal cell (BMSC)

transplantation or local application of basic fibroblast growth factor

(bFGF). The aim of the present study was to assess, in dogs,

the efficacy of periodontal regeneration via the delivery of

BMSC transfected with bFGF to repair destruction of periodontal

tissue.

Methods

BMSC from dogs were isolated, cultured and purified via density-

gradient centrifugation. Polymerase chain reaction (PCR) was

employed to clone bFGF cDNA from human periodontal cells, and

the product was then ligated into the eukaryotic expression vector

pDC316-IREs-EGFP. BMSC transfected with pDC316bFGF-IREs-

EGFP were transplanted into root furcation defects of beagle

dogs. After 6 weeks, regeneration in defects was assessed via

clinical examination, X-ray, histologic observation and micro-CT

analysis.

Results

DNA sequence analysis showed that the bFGF sequence of recombinant

plasmid pDC316bFGF-IREs-EGFP was consistent with that reported

by GeneBank. bFGF expression was detected with Western blotting,

and active bFGF in supernatant was also observed. Our animal

experiment proved that the regenerating speed of periodontal bone

tissue in groups transplanted with BMSC containing the modified

bFGF gene was higher than in those transplanted with BMSC alone.

Conclusions

A successfully constructed eukaryotic expression vector containing

human bFGF in pDC316bFGF-IREs-EGFP could produce bioactive

bFGF in vitro. bFGF overexpression mediated by the recombinant

plasmid pDC316bFGF- IREs-EGFP accelerated periodontal

regeneration.
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Introduction
Periodontal diseases are the main cause of tooth loss and

constitute a substantial public health burden worldwide.

These diseases are characterized by the destruction of

periodontal supporting tissue, including periodontal liga-

ment (PDL), cementum, alveolar bone and gingiva. The

goal of periodontal treatments is to achieve regeneration of

lost periodontal tissue. However, the efficacy of traditional

therapies such as scaling, root planning, anti-infective

therapies and guided tissue regeneration remains limited.

Over the past several years, researchers have discovered

that bone marrow mesenchymal stromal cells (BMSC)
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are able to accelerate periodontal tissue regeneration.

Kawaguchi et al. [1] autotransplanted BMSC into experi-

mental class III defects and found that the defects in the

test group were regenerated with cementum, periodontal

ligament and alveolar bone. Such research has demon-

strated that BMSC have the possibility to promote

periodontal regeneration.

Meanwhile, other research suggests that the application

of basic fibroblast growth factor (bFGF) could also

promote the regeneration of damaged periodontal tissue

[2,3]. bFGF belongs to the large FGF family with 19

structurally related proteins. It is known that many cell

types and tissues (including periodontal ligament) can

produce bFGF, which is a multifunctional growth factor

and has various effects in a wide range of cells and tissues.

We hypothesized that the transplantation of bFGF-

overexpressing BMSC could promote periodontal regen-

eration more effectively. The results provide experimental

evidence in support of a new method for accelerating

periodontal regeneration.

Methods
After receiving approval from the Committee of Research

Facilities for Laboratory Animal Science, Sichuan Uni-

versity (Chengdu, China), four clinically healthy male

beagle dogs weighing 5�10 kg and aged 6�10 months were

used for the study.

Isolation and development of BMSC

Bone marrow (BM) aspirates of 2 mL were drawn out

from the tibia of each animal under sodium pentobarbital

(40 mg/kg) anesthesia with an injector containing 0.1 mL

heparin (3000 U/mL). Then the BM aspirates were washed

three times with phosphate-buffered saline (PBS) and

suspended in alpha type modified Eagle’s medium

[a-MEM; with 10% fetal bovine serum (FBS), 0.05 U/mL

penicillin and 0.05 mg/mL streptomycin]. The suspension

was put into an equal volume of Percoll separating

medium (1.079 g/mL) and centrifuged at 2000 r.p.m. for

20 min. The ivory white cell layer was taken out and rinsed

with PBS twice, and then suspended in a-MEM. These

cells were cultured in a culture flask at 378C in a

humidified atmosphere with 5% CO2. One day after

seeding, floating cells were removed and the medium

replaced with fresh medium. Thereafter, attached cells

were fed with fresh medium every 3 days. Passages were

performed when cells reached 90�95% confluence. Cells

of passage 3 were used for transplantation. The cells

were harvested with trypsin plus EDTA and then washed

with PBS.

Cloning of human bFGF cDNA. Total RNA was

isolated from human periodontal ligament cells using

Trizol reagent (Gibco, New York, NY, USA) following

the manufacturer’s protocol. After extraction with chloro-

form and precipitation with isopropanol, total RNA was

used as a template for reverse transcription into total

cDNA with the Reverse Transcription System (Promega,

USA). To amplify the bFGF cDNA, total cDNA was used

as the template with the following primer sequences:

forward primer 5?-GCGGAATTCATGGCAGCCGG-

GAGCATCA-3?, reverse primer 5?-GCGGAGCTCT-

CAGCTCTTAGCA GACATTGG-3?.
Polymerase chain reaction (PCR) was performed with

a total volume of 30 mL containing 1 U Taq DNA

polymerase [Tiangen, Tiangen Biotech (Beijing) Co. Ltd,

Beijing, China], 1 mM of each primer (Invitrogen Biotech-

nology Co. Ltd, Shanghai, China), 2 mM dNTPs [Tiangen,

Tiangen Biotech (Beijing) Co. Ltd] and 2.5 mM MgCl2

[Tiangen, Tiangen Biotech (Beijing) Co. Ltd]. PCR

amplifications were performed in 30 cycles, with each

cycle consisting of a denaturation step at 948C for 20 s,

a primer-annealing step at 608C for 30 s and a primer

extension step at 728C for 100 s.

Products were separated in a 1.5% agarose gel along

with a DNA ladder of known base pair (bp) lengths used

for identification of PCR products, visualized with ethi-

dium bromide and quantified by intensity. Images of gels

were digitized with a Syngene Gene Genius system, and

bands were quantified using Gene Tools software (Synop-

tics, Cambridge, UK) and normalized with b-actin mRNA.

Construction and identification of recombinant pDC316bFGF-

IREs-EGFP

A 486-bp hbFGF cDNA was inserted into pDC316-IREs-

EGFP (Agtc Human Gene Technology Company Ltd,

Beijing, China), upstream of the enhanced green fluores-

cence protein (EGFP) open reading frame at the EcoRI

site, by using the DNA Ligation Kit Version 2 (Takara

Biomedicals, Shiga, Japan). Before the construction of

pDC316bFGF-IREs-EGFP, the hbFGF cDNA was in-

serted into the pGM-T Easy vector (Tiangen, Tiangen

Biotech Co. Ltd) to construct pGM-hbFGF. DNA sequen-

cing was performed to confirm the inserted hbFGF cDNA.
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In vitro bFGF gene transfection

BMSC were prepared as described above. The gene

constructs containing the hbFGF cDNA and EGFP coding

region were transfected into subcultured BMSC in 6-well

culture dishes of 80�90% confluency with Lipofectamine

2000 reagent (Invitrogen Life Technologies, Carlsbad, CA,

USA), according to the manufacturer’s instructions. Briefly,

Lipofectamine (10 mL) diluted in 250 mL Opti-MEM

medium (Gibco) was mixed with 4 mg purified

pDC316bFGF-IREs-EGFP or pDC316-IREs-EGFP di-

luted in 250 mL Opti-MEM medium. The DNA�Lipofec-

tamine mixtures were incubated for 20 min at room

temperature and then added to each well at a final volume

of 2 mL. Five hours later, infected cells were continuously

cultured in complete a-MEM with FBS after removal of

the transfection medium. After 48 h, transfection results

were observed and photographed under a fluorescence

microscope (Olympus BX60; Olympus, Tokyo, Japan)

using a blue filter.

Detection of bFGF protein expression

Western blot analysis was adopted to detect bFGF protein

expression of bFGF-transfected BMSC. Seventy-two

hours after transfection, total protein was prepared by

adding 500 mL lysis buffer. Plates were incubated at 48C
for 30 min and then scraped, and the protein concentration

was determined with a Bio-Rad protein assay kit. Total

protein (25 mg) in each lane was separated by sodium

dodecyl sulfate (SDS)�polyacrylamide gel electrophoresis

(PAGE) on pre-cast 10% acrylamide gels. The electro-

phoresed proteins were transferred onto nitrocellulose

membranes. After blocking with 3% non-fat dry milk

(PBS-MLK), a panel of 2 mg/mL monoclonal antibodies

against bFGF (mouse monoclonal IgG; catalog number 05-

118; Upstate Biotechnology Inc., Lake Placid, NY, USA)

was applied. Signals were probed using a horseradish

peroxidase-conjugated goat anti-mouse IgG (1:4000; cata-

log number 12-349; Upstate Biotechnology Inc.) and

visualized by DAB. Untreated BMSC and pDC316-IREs-

EGFP-transfected BMSC were used as control groups.

Proliferation activity of BMSC

To test the effects of bFGF on the proliferation activity of

BMSC, BMSC culture supernatant was gathered 72 h after

transfection with pDC316bFGF-IREs-EGFP. BMSC from

the third passage were suspended in a-MEM with 10%

FBS at a density of 2�104 cells/mL. The cell suspension

was seeded on 24-well plates and incubated in a humidified

atmosphere of 95% air and 5% CO2 at 378C for 24 h. Then

0.5 mL medium in each well was replaced with same

amount of supernatants obtained in the foregoing proce-

dure. After 24-, 48- and 72-h periods of culture, the

proliferation rate of BMSC was measured with the MTT

[3?(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium

bromide] method. Untreated BMSC and pDC316-IREs-

EGFP-transfected BMSC were used as control groups.

Four samples in every group were used each day. Data are

shown as mean9SD. Experimental data were analyzed

statistically by one-way ANOVA plus post-hoc (SNK). The

significance level was a�0.05.

Surgical procedure and animal preparation

At least 1 week prior to the experimental operation, scaling

and oral hygiene treatments were carried out. Hand and

ultrasonic instrumentation was used for the removal of

plaque and calculus from the tooth surfaces. Sterile cotton

swabs soaked with 0.2% chlorhexidine solution were used

for wiping all tooth surfaces and gums. All surgical

procedures were performed under general anesthesia

with local infiltrated anesthesia. The mandibular second,

third and fourth premolars of both sides were utilized for

experimentation. Following sulcular incisions, full thick-

ness mucoperiosteal flaps were raised on the buccal aspects

of the experimental teeth. Class III furcation defects of

5 mm vertical height were created by means of osteotomy

on the mandibular premolars in four adult beagle dogs

(Figure 1, left). Denuded root surfaces were curetted to

remove periodontal ligament fibers and cementum. The

roots were denuded only in the area within the furcation

and extending to the mesial line angle for the mesial root

and to the distal line angle for the distal root. Reference

notches were placed around the circumference of the

mesial and distal roots at the bottom of the bone level [1,4].

Cells of passage 3 were prepared for transplantation.

Half of these cells were transfected with hbFGF as

described above. About 2�107 BMSC and bFGF-mod-

ified BMSC were suspended in 1% concentration sodium

alginate (Sigma, St Louis, MO, USA). When mixed with

equal volumes of calcium chloride solution (0.01 mol/L),

they form a calcium alginate gel. Two kinds of BMSC gel

were transplanted into the defects in four dogs. The

defects were randomly repaired with bFGF-transfected

BMSC or BMSC alone. The flaps were coronally reposi-

tioned and sutured with silk sutures. After surgery, oral
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hygiene and scaling were performed every week. All tooth

surfaces and gums were wiped using sterile cotton swabs

soaked with 0.2% chlorhexidine solution to remove plaque.

The animals were given antibiotics for 3 days (1.5 mL/day

streptocillin) and analgesics for 1 day (0.5 mL/day).

Sutures were removed after 1 week.

Tissue preparation for histologic analysis

At 6 weeks post-surgery, the animals were killed with an

overdose of anesthetic agents. Two samples in each group

with wound dehiscence in the process of healing were

discarded. There were 10 specimens in each group. The

specimens obtained were evaluated by general observation,

examination by X-ray, three-dimensional (3D) microcom-

puted tomography (micro-CT) and histologic microscopic

analysis. A desktop mCT 80 system (Scanco Medical AG,

Switzerland) was used for scanning as well as morphometric

analysis. Bone regenerative efficiency was investigated by

measuring microarchitectural parameters such as bone

volume (BV), total volume (TV), BV/TV ratio and

trabecular thickness (Tb.Th). The mean gray level of the

regeneration area in the radiograph was measured using

image software. Data are shown as mean9SD. Two-sample

t-tests were performed to examine differences in BV/TV,

Tb.Th and mean gray value between the two groups. The

significance level was a�0.05.

For morphologic observation, specimens were decalci-

fied and the regions of interest dissected and embedded in

paraffin. Tissue slices with a thickness of 5 micron were

obtained from the tissue blocks longitudinally, in a

mesiodistal direction, in such a way as to obtain

a panoramic view of the furcation area. The sections

were then stained using the H&E and Marsson staining

techniques. Sections were analyzed hematoxylin and eosin

histologically under a microscope and the height of newly

formed bone was measured on digitized photomicrographs

captured in a computer, as in Figure 1 (right). Data are

shown as mean9SD. Independent-sample t-tests were

performed to examine differences.

Results

Isolation and development of BMSC

BMSC isolated by density-gradient centrifugation were

cultured for 5�7 days until individual colonies with

fibroblast-like morphology formed. The cells proliferating

in the culture medium were spindle shaped and attached

tightly to the culture dish. Flow cytometric analyzes

showed that the third passage of BMSC was CD44�

(95%) but CD34�.

Amplification of bFGF and identification of recombinant plasmid

The result of bFGF amplification is shown in Figure 2. To

identify the recombinant plasmid, PCR was used to

amplify the bFGF gene (Figure 3). The results showed

that the band was in accordance with expectations. DNA

sequencing revealed that the sequence for bFGF was the

same as that published (GeneBank number J04513; data

not shown).

500bp 

400bp

M 1

Figure 2. PCR amplification of the bFGF gene DNA marker (left) and

PCR product (right, about 480 bp).

NB 

D

DH 

Figure 1. Experimental furcation defect model used in the present

study (left); schematic drawing of histologic measurement (right). DH,

height of defect; NB, height of newly formed bone; D, dentin; N, notch.
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Transfection efficiency and GFP expression

GFP expression was found in both pDC316-IREs-EGFP

and pDC316bFGF-IREs-EGFP groups, but it was absent

in the blank control group (Figure 4). The efficiency of

liposome-based transfection was about 14%.

Detection of bFGF protein expression after transfection

Massive bFGF expression was detected in the cytoplasm of

pDC316bFGF-IREs-EGFP-infected BMSC with an anti-

bFGF monoclonal antibody (about 17 kD). No expression of

bFGF was observed in non-transfected BMSC groups and

pDC316-IREs-EGFP- transfected BMSC (Figure 5).

The effects of bFGF on the proliferation activity of BMSC

Table I shows the effect of BMSC culture supernatant after

transfection with bFGF on the proliferation of BMSC.

There were no significant differences among groups after

24 h of cultivation (F�0.319, P�0.735�0.05). After 48 h

of cultivation, significant differences were observed (F�
7.680, P�0.011B0.05). SNK analysis showed there were

no significant differences between control and pDC316-

IREs-EGFP groups (P�0.509) but both of these groups

were significantly different from the PDC316bFGF-IREs-

EGFP group (PB0.05). After 72 h, significant differences

were found among groups (F�168.239, P�0.000B0.05).

M 1 2 3 4 5 6 7

500bp 
400bp

Figure 3. Identification of the recombinant plasmid by PCR.

1,2,3,4,5,6, pDC316 bFGF-IREs-EGFP; 7, pDC316-IREs-EGFP; M,

DNA marker I.

Figure 4. Expression of GFP in pDC316bFGF-IREs-EGFP-transfected BMSC (left), pDC316-IREs-EGFP-transfected BMSC (middle) and

untreated BMSC (right).

20kd

15kd

M 1 2   3 

Figure 5. Immunoblot showing a single c. 17-kD band in

pDC316bFGF-IREs-EGFP-transfected BMSC (lane 1). No similar

bands were detected in untreated BMSC (lane 2) and pDC316-IREs-

EGFP-transfected BMSC (lane 3). M, pre-stained marker (MBI).

Periodontal regeneration with genetic engineering of BMSC 321

C
yt

ot
he

ra
py

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

N
yu

 M
ed

ic
al

 C
en

te
r 

on
 0

6/
30

/1
0

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SNK analysis revealed no significant differences between

control and pDC316-IREs-EGFP groups (P�0.607) but

both of these groups were significantly different from the

PDC316bFGF-IREs-EGFP group (PB0.05).

Results of animal experiments

During the experiment, the animals tolerated the surgical

procedures well. Signs of edema at the gingival margin at

both sites were observed at nearly 1 week after surgical

operation. The sites receiving autologous stem cell

transplants did not exhibit apparent soft tissue reaction

in 2 weeks. The gingival contour of the two groups

collapsed a little post-operatively in 2 weeks.

The X-ray results revealed new bone formation in two

groups, but the density of the newly formed bone in the

bFGF-modified BMSC transplantation group was higher

than that in BMSC-alone transplantation group (Figure 6).

The mean gray value of regeneration area was 120.769

4.24 in the bFGF-modified BMSC group and 114.4496.98

in the control group. There were significant differences

among them (P�0.025). Histologic examination showed

that the specimens of both groups exhibited periodontal

regeneration, including newly formed cementum, period-

ontal ligament and bone. As shown in Figure 7, the newly

formed bone and periodontal ligament in sites receiving

bFGF-modified BMSC were greater than those receiving

BMSC alone. With the Masson stain, the gene-modified

BMSC group showed a significantly higher amount of

collagen than the control group; additionally, the newly

formed tissue was more compact and mature (Figure 8).

Histologic measurement and morphometric analysis

showed that the height of newly formed bone in the

bFGF-modified BMSC transplantation group was 4.319

0.27 mm. The height of newly formed bone in the control

group was 3.9890.30 mm. A statistically significant

value (P�0.024) showing more bone regeneration was

gained from sites receiving bFGF-modified BMSC trans-

plantation.

Quantitative analysis of new bone formation in period-

ontal regeneration was carried out with the use of micro-

CT, as shown in Table II. Extensive new bone apposition

was noted in continuity with the trabecular host bone

structure in the bFGF-modified BMSC transplantation

group and BMSC-alone transplantation group with both

2D and 3D techniques. There were significant differences

in the BV/TV and Tb.Th between the two groups. The

BV/TV and Tb.Th of the test group were higher than

those in the transplantation group with BMSC alone.

Figure 6. Radiographs of the defects over 6 weeks post-transplanta-

tion. Left, bFGF-modified BMSC transplantation group; right, BMSC

transplantation group.

Figure 7. Mesiodistal sections stained with H&E (�40). Left,

bFGF-modified BMSC transplantation group; right, BMSC trans-

plantation group.

Table I. Effect of BMSC culture supernatant after

transfection with bFGF on the proliferation of BMSC

(mean9SD, n�4 per time point)

Absorbance value

Group 24 h 48 h 72 h

1 0.488890.0717 0.708690.0779* 1.115390.0184*

2 0.461590.0377 0.599390.0333 0.797690.0314

3 0.477990.0236 0.574390.0283 0.786890.0340

P-value 0.735 0.011 0.000

1. Culture supernatant of BMSC transfected with pDC316 bFGF-IREs-

EGFP.

2. Culture supernatant of BMSC transfected with pDC316 IREs-EGFP.

3. Blank control group, culture supernatant of non-transfected BMSC.

*Significant difference found between group 1 and group 2 or group 3

(PB0.05).
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Discussion

Regeneration of the periodontal attachment requires the

recruitment of osteoblasts, cementoblasts and periodontal

fibroblasts to reconstruct three distinct tissues (periodontal

bone, cementum and periodontal ligament). Based on

contemporary tissue engineering theory, tissue regenera-

tion can be accomplished by combining four key elements:

cells, scaffolds, appropriate signaling molecules and blood

supply [5]. Among these factors, the selection and

induction of seeding cells is the primary challenge in

periodontal regeneration, because the cells repopulating

the periodontal wound determine the type of new

attachment onto the root surface [6].

More and more researchers are beginning to consider

BMSC as seeding cells for periodontal tissue regeneration.

It is believed that BMSC are better seeding cells than

periodontal ligament cells in periodontal tissue engineer-

ing because of their higher availability, multilineage

potential and relatively convenient culture properties. As

they have ability to adhere to culture dishes, BM-derived

mesenchymal stromal cells (MSC) can be isolated from

BM aspirates. They are relatively undeveloped, pluripotent

cells that possess a unique capacity to differentiate into

various lineages under appropriate conditions. Various

research has shown that MSC from BM represent a

potential source for bone tissue engineering. BMSC can

be induced to differentiate into osteoblasts and restore

bone defects [7,8]. Additionally, some researchers have

proved that BMSC can enhance the healing of muscle

tendon, which is similar to periodontal ligament [9,10].

Kawaguchi et al. [1] autotransplanted BMSC into

experimental periodontal class III defects and found that

the defects in the test group were regenerated with

cementum, periodontal ligament and alveolar bone. These

researchers have proven that BMSC is a feasible source for

periodontal tissue rehabilitation and regeneration [1]. It

was believed that BMSC might improve periodontal

regeneration via differentiation into specific periodontal

cells [11�13]. The transplanted BMSC differentiated into

various connective tissue cells in vivo under the influence

of host factors. The local microenvironment could stimu-

late the differentiation of BMSC into specialized func-

tional cells, a process known as site-specific differentiation

of BMSC [14,15].

Signaling molecules are another important element in

periodontal regeneration. Numerous growth factors and

proteins with the ability to promote regeneration of tissues

have been identified [16]. Growth factors can be added to

modulate many cellular activities, including cell differ-

entiation and proliferation, cell migration and extracellular

matrix synthesis and production [17]. Several studies have

shown that bFGF can promote periodontal regeneration.

Murakami et al. [2,18] applied recombinant bFGF to

artificial alveolar bone defects (furcation class II defects)

in beagle dogs and primates. Significantly greater period-

ontal tissue formation was observed in all sites where

bFGF was applied than control sites 6 and 8 weeks after

application [2,18].

However, growth factors have poor in vivo stability, and

their biologic effects are often unpredictable because an

ideal controlled release system has not yet been contrived.

Moreover, the amount of growth factor applied is much

higher than that present under normal physiologic condi-

tions. This often causes adverse growth factor effects.

Therefore, supplemental local growth factor production

via gene transfer could be superior to bolus delivery

methods. The basic idea is also to achieve in vivo

controlled release of growth factor [16,19].

In the present study, BMSC transfected with bFGF were

transplanted into experimental osseous defects in the root

furcation site of mandibular premolars of dogs to observe

Figure 8. Mesiodistal sections stained with Masson trichome (�40).

Left, bFGF-modified BMSC transplantation group; right, BMSC

transplantation group.

Table II. Mean values of bone formation parameters and

comparison between the two groups (mean9SD, n�10)

Parameter Test group Control group P

TV (mm3) 15.723292.6886 15.286090.9516

BV (mm3) 6.824991.2327 5.406890.9664

BV/TV (%) 0.434490.0421 0.354890.0704 0.032*

Tb.Th (mm) 0.325090.0768 0.230390.0482 0.048*

*There was significant difference in BV/TV and Tb.Th between the

bFGF-modified BMSC transplantation group and BMSC-alone trans-

plantation group (PB0.05).
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the effect on periodontal regeneration. We found that

relatively successful regeneration occurred in 6 weeks.

This method shortened the regeneration time and was

more powerful than application of traditional periodon-

tal regeneration methods, which require 8�24 weeks

before obvious periodontal regeneration can be observed

[20,21]. Our results therefore imply that BMSC trans-

fected with bFGF may accelerate periodontal regeneration

remarkably.

In this experiment, the potential of bFGF-modified

BMSC to accelerate periodontal regeneration was higher

than that of BMSC transplanted alone. We suspected that

that the bFGF gene-modified BMSC could enhance

periodontal regeneration by specific differentiation of

BMSC and secretion of bFGF. It is currently believed

that bFGF can promote periodontal regeneration in

several different ways as follows. Firstly, bFGF accelerates

the proliferation of BMSC, which can differentiate into

progenitor cells in the periodontal tissues. After transfec-

tion with bFGF, the proliferation rate of BMSC increases

without interfering with osteogenic, adipogenic and chon-

drogenic differentiating capabilities [22,23]. Secondly,

bFGF can stimulate the proliferation of osteoblasts and

periodontal fibroblasts directly. Some in vitro studies have

suggested that bFGF might play important roles in wound

healing by suppressing the cytodifferentiation of PDL cells

into mineralized tissue, forming cells and inducing the

growth of immature PDL cells [2,24]. Finally, bFGF

stimulates quiescent endothelial cells to induce both

morphogenesis and proliferation. bFGF may play impor-

tant roles in wound healing by inducing angiogenesis,

which promotes a sufficient supply of oxygen and nutrients

to effectively maintain the biologic functions of immature

PDL cells and transplanted cells. It is generally accepted

that the blood supply is very important for cell adhesion,

migration, proliferation and differentiation. That in turn

may accelerate periodontal regeneration [2,25].

The development of safe and effective gene delivery

systems is the most significant challenge facing gene

therapy today. As a mature technology, BMSC transfected

with plasmid�liposome complexes is safe and easily

controlled. Furthermore, the effect of bFGF is dose-

dependent, and a low dose is more effective for hard

tissue rehabilitation [26]. Lower concentrations of bFGF

stimulated a biologic response of rat BM cells [27]. The

lower transfection efficiency of non-viral bFGF gene

delivery systems may be more favorable for periodontal

regeneration.

In conclusion, the present study demonstrates that the

hbFGF gene can be transfected into BMSC and expressed.

The transplantation of bFGF-modified BMSC was able to

promote periodontal regeneration more effectively. We

suggest that ex vivo expansion and genetic engineering of

BMSC may be an alternative approach for future treat-

ment of periodontal regeneration. This procedure may

have potential value for clinical applications. Of course,

further optimization of the level of bFGF expression in the

wound area for ideal periodontal regeneration remains a

key problem in further research.
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