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ABSTRACT

Extracellular matrix and growth factors are the crucial factors that regulate
healing and regenerating process in human periodontal ligament (HPDL) cells. The
purpose of this study was to examine the effects of type I collagen and insulin-like
growth factor-I (IGF-I) on osteopontin (OPN) expression. The data showed that OPN
expression was significantly decreased when cells were cultured on collagen-coated
plates. Addition of IGF-I obviously induced OPN expression only in a collagen-
coated condition, suggesting an attenuation effect of IGF-I on OPN expression
inhibited by type I collagen. Cells treated with a combination of inhibitory antibody
to B1 integrin and IGF-I, showed the same level of OPN expression as those of the
group treated with either inhibitory antibody to B1 integrin or IGF-I alone. These
results indicate that IGF-I counteracts'with the inhibitory signal from type I collagen

through a 1 integrin receptor.
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INTRODUCTION

Regeneration of the lost tissues due to periodontal disease is the ultimate goal
of the treatment. To achieve the goal, polypeptide growth factors have been applied
in addition to the treatment. Both in vivo and in vitro studies have revealed that some
growth factors such as insulin-like growth factor-I (IGF-I) and platelet-derived
growth factor (PDGF) have the potential to aid in periodontal regeneration [1,2].

Most tissues express IGF-1 and the local production of this growth factor is
thought to be important for the regulation of growth and differentiation of epithelial
and mesenchymal cells. The biological action of IGF-I is mediated by IGF-I receptor
(IGF-IR), a transmembrane heterotetramer with tyrosine kinase activity [3.,4]. It is
well documented that IGE-I associated with the regulation of inflammation and bone
formation [5,6]. In the inflamed rat cartilage, the increase of IGF-I plays a role in
early acute inflammatory event and later in the formation and remodeling of bone-
bridge [7]. Similar result was found in bone fracture healing, IGF-I level increased
after the fracture and reached a maximal level in the middle to late stage of callus
formation which suggest a role of IGF-I in the process of bone regeneration [8].
Regarding to periodontal tissue, IGF-I has been shown to have mitogenic and
chemotactic effects in vitro [9,10] and enhance periodontal wound healing in vivo [1,
11]

Extracellular matrix (ECM) also plays an important role in the regulation of
cell dynamic and cell behavior by providing extracellular signal via receptor
mediated signaling such as integrin receptors. Integrin receptors are heterodimeric

receptors consisting of o and 3 subunits mediating cell-ECM interactions [12]. Type



I collagen is the major component of ECM which provides tensile strength and
support, as well as modulates various cellular functions. There are evidences
showing an association between type I collagen and growth factors during the
process of wound healing. An application of basic fibroblast growth factor (bFGF) to
type I collagen sponge could enhance dermal wound healing [13]. An induction of
angiogenesis was detected after embedding type I collagen sponge soaked with
several growth factors including IGF-I in the mouse subcutaneous [14]. However, the
correlated mechanism between IGF-I and type I collagen for periodontal wound
healing was still unknown.

In mineralized tissue, osteopontin (OPN) is one of the predominant RGD-
containing ECM proteins [15] and is ubiquitously expressed in all skeletal tissues
during embryogenesis [16]. The increase of OPN expression, one of osteogenic
differentiation markers, was detected when rat bone marrow cells were exposed to
dexamethasone in order to promote an osteoblast phenotype [17]. OPN has been
shown to be up-regulated by IGF-1 and facilitate wound healing in the initial stage of
mineralization of rat periodontal tissue [18,19]. In addition, it was reported that
selective adhesion to fibronectin, laminin and type I collagen could induce OPN gene
expression in osteoblastic cells [20]. Since ECM, including collagen, involves in
maintaining a pool of growth factors to regulate cellular function and homeostasis
[21], it is interesting to investigate the effect of IGF-I on OPN expression in the
collagen-rich condition. We showed here that in HPDL cells, type I collagen
inhibited the OPN expression and IGF-I could attenuate this inhibitory effect via 1

integrin receptors.



MATERIALS AND METHODS

Cell culture

Human periodontal ligament (HPDL) cells were obtained from explants that
obtained from periodontal ligament tissue attached to non-carious, freshly extracted
third molars, or teeth removed for orthodontic reasons as previous described [22]. All
patients gave informed consent. Briefly, teeth were rinsed with sterilized phosphate
buffer saline (PBS) several times and the PDL tissues were scraped from the middle
third of the roots. The explants were cultured on a 35-mm culture plate (Nunclon
Surface, NUNC A/S, Roskilde, Denmark) and grown in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal calf serum, 2mM L-Glutamine, 100
units/ml of penicillin, 100 pg/ml of streptomycin, and 5 pg/ml of amphotericin B at

37°C in humidified atmosphere of 95% air, 5% CO,. The medium and supplements

are from Gibco BRL (Carlsbad, CA, USA). The medium was replaced every other
day until cells grew out from the explants. After reaching confluence, cells were
subcultured with a ratio of 1:3. For this study, cells from the third to the fifth
passages were used. All experiments were performed in triplicate using cells

prepared from three different donors.

Preparation of type I collagen-coated plate

Type I collagen (Vitrogen100, Cohesion, Palo Alto, CA, USA) was dissolved
in 0.012 N HCl in a concentration of 3 mg/ml. Stock solution was diluted in 0.025%
acetic acid to a final concentration of 40 pg/cm?. Before use, 6-well culture plates

(Nunclon Surface, NUNC A/S, Roskilde, Denmark) were coated with a film of type I



collagen by a modification technique. Briefly, aliquots of Iml per well were
dispensed and the plates were shaken overnight at 4°C. The plates were then washed
twice with sterilized PBS and air-dried in a lamina flow cabinet at ambient

temperature. Normal plastic culture plates were used as control in this study.

Activation of HPDL cells with IGF-I

HPDL cells were seeded in 6-well plates, coated and uncoated with type I
collagen, and allowed to attach for 24 hours. Cells were then starved in serum-free
medium containing 0.02% lactalbumin hydrolysate (Sigma Chemical Co., St. Louis,
MO, USA) overnight before further treatments. Cells were treated with 0, 1, 5, 10
ng/ml of IGF-I (Sigma Chemical Co., St. Louis, MO, USA) in serum-free condition
for 48 hours.

In the inhibitory experiment, cells were treated with 1 ng/ml of inhibitory
antibody to Bl integrin (Chemicon International, Temecula, CA, USA) for 30

minutes prior to application of 5 ng/ml of IGF-I for another 48 hours.

Reverse-transcription polymerase chain reaction (RT-PCR)

Cells were treated with IGF-I as described above for 48 hours, total RNA
was extracted with-TRI Reagent (Molecular Research Center, Cincinnati, Ohio,
USA) according to manufacturer’s instructions. The concentration of purified RNA
in each sample was determined by the absorption at 260/280 nm using a
spectrophotometer (Thermospectronic, Roche, NY, USA). One ug of total RNA per
sample was used to generate cDNA by a reverse transcription reaction using AMV

(Avian myeloblastosis virus) reverse transcriptase (Promega Corporation, Madison,



WI, USA) for 1.5 hours at 42°C. Subsequent by a polymerase-chain reaction was
performed to detect of OPN cDNA. Glyceraldehyde 3 phosphate dehydrogenase
(GAPDH) was used as internal control. The primers were designed based on the
reported sequences from Genbank. The oligonucleotide sequences of the primers are
OPN forward 5’TACCCTGATGCTACAGACG3’
reverse 5’CAACCAGCATATCTTCATGGCTG3’
GAPDH forward 5S’TGAAGGTCGGAGTCAACGGAT3’
reverse S5’TCACACCCATGACGAACATGG3’

After denaturation for 1 minute at 94°C, 30 cycles of amplification followed
by final extension for 10 minutes at 72°C were performed using Taq polymerase

(Qiagen, Hilden, Germany) by a thermocycler (Tpersonal, Whatman Biometra,

Goettingen, Germany). The cycling parameters were denatured for 1 minute at 94°C,
annealing for 1 minute at 60°C and extension for 1.45 minutes at 72°C. The PCR

products were separated electrophoretically on 2% agarose gel and visualized by

ethidium bromide fluorostaining.

Western blot analysis

Cells were treated for 48 hours and extracted using RIPA buffer (150 mM
NaCl, 1% NP-40, 0.5% Deoxycholate, 0.1% SDS, 50 mM Tris pH 8.0) containing
cocktail protease inhibitors (Sigma Chemical Co., St. Louis, MO, USA). The amount
of protein was determined using BCA protein assay kit (Pierce, Rockford, IL, USA).
Protein extraction from each sample was separated by 12% SDS-polyacrylamide gel

electrophoresis (PAGE) and transferred onto a PVDF membrane (Immobilon-P,



Millipore Corporation, Bedford, MA, USA). The membrane was incubated in
blocking buffer (5% non-fat dry milk, 0.1% Tween 20 in deionized water) at room
temperature for 1 hour. Then, the membrane was stained overnight with primary
antibody for OPN (Chemicon International, Temecula, CA, USA) or p-actin
(Chemicon international, Temecula, CA, USA) at the dilution of 1:1000 in blocking
buffer at 4°C. After extensively washed with PBS, the membrane was incubated with
biotinylated-secondary antibody (Sigma Chemical Co., St. Louis, MO, USA) for 30
minutes at room temperature, and peroxidase-conjugated streptavidin (Zymed, South
San Francisco, CA, USA) for 30 minutes, respectively. The bands of protein were
detected using a commercial chemiluminescence system (Pierce, Rockford, IL, USA)
and were exposed on CL-X Posture film (Pierce, Rockford, IL, USA). The band
intensity was determined by Scion Image analysis software (Scion Corporation,

Frederick, Maryland, USA).

Statistical analysis
Statistical analysis of independent t -tests of triplicate determinations was

performed. Differences at p < 0.05 were considered statistically significant.



RESULTS

IGF-I induces OPN expression in the presence of type I collagen

We first determined the effect of IGF-1 on OPN expression. HPDL cells were
cultured in the presence of 0, 1, 5, 10 ng/ml of IGF-I for 48 hours and the cell
extracts were collected. RT-PCR analysis in figure 1A demonstrated that OPN
expression was not altered after treated with various doses of IGF-I. Figure 1B
showed that IGF-I had no effect on the level of the OPN protein, which concurred
with the result from RT-PCR.

It had been shown that the signal from ECM may affect the response of the
cells to cytokines and growth factors [23], we therefore investigated the effect of
various concentration (0, 1, 5, 10 ng/ml) of IGF-I in the presence of type I collagen
on the OPN expression in HPDL cells. Figure 1C revealed that in the presence of
type I collagen, IGF-I could activate OPN mRNA expression as compared to the
control. The same result was obtained from Western blot analysis (figure 1D).

Because there was no marked difference on OPN expression when treated
with 5 and 10 ng/ml of IGF-I, the minimal effective dose (5 ng/ml) was selected and

used throughout the rest of the experiments.

Type I collagen inhibits OPN expression in HPDL cells

To study the effect of type I collagen on the expression of OPN, HPDL cells
were cultured on collagen-coated or uncoated plates. The mRNA expression of OPN
in the presence and absence of type I collagen was shown in figure 2A. Interestingly,

a decrease of OPN expression was observed in the type I collagen-coated condition



as compared to the uncoated one. A similar result was also found in Western blot
analysis as shown in figure 2C. Quantitative analysis of the data confirmed that the
level of OPN mRNA (figure 2B) and protein (figure 2D) expression were
significantly reduced by type I collagen.

We further determined the effect of type I collagen on OPN expression in
HPDL cells at different time point. HPDL cells were harvested at 12, 24, 48 hours
and the OPN expression was analyzed by RT-PCR. The decrease of the OPN
expression in the presence of type I collagen was observed at 24 hours and was

obvious at 48 hours (figure 3A, lane 2).

IGF-I attenuates the inhibitory effect of type I collagen on the OPN expression

in HPDL cells

We next determined whether IGF-1 could affect the OPN expression inhibited
by type I collagen in HPDL cells. Five ng/ml of IGF-I was added to the cultures in
the presence of type 1 collagen, cell extracts were collected at different time points
(12, 24, 48 hours). RT-PCR analysis was performed.

The results in figure 3A (lane 3) indicated that the inhibitory effect of type I
collagen on the OPN expression was attenuated by IGF-I. The quantification of the
data (figure 3B) showed that IGF-I significantly restored the OPN. expression in
HPDL cells on collagen-coated condition at 48 hour. These results indicated that the

inhibitory effect of type I collagen on the OPN expression was abolished by IGF-I.

The inhibitory effect of type I collagen on the OPN expression is mediated by 1

integrin receptor




In order to investigate the mechanism of the effect of type I collagen on OPN
expression, an inhibitory antibody specific to Bl integrin was used to block type I
collagen signaling through this integrin. Interestingly, the expression of OPN was
strongly increased at 48 hours after treated with an inhibitory antibody to B1 integrin
as compared to the control. The result in figure 4A, lane 4 showed that inhibitory
antibody to B1 integrin could abolish the inhibitory effect of type I collagen. A
similar result was also obtained from Western blot analysis (figure 4C, lane 4).
Figure 4B and 4D, lane 2 and 4 showed that inhibitory antibody to B1 integrin
significantly restored OPN expression.

We finally examined the interaction between the IGF-I and type I collagen
pathway on the regulation of OPN expression in HPDL cells. RT-PCR analysis of
the OPN expression was shown in figure 4A. The lane 5 in figure 4A exhibited the
increase of OPN expression after treated with the combination of IGF-I and
inhibitory antibody to B1 integrin. However, no difference of OPN expression was
observed between the groups treated with IGF-1 (lane 3) and those treated with
inhibitory antibody to B1 integrin (lane 4) alone. It is noted that the increased level of
the OPN expression in all treated groups in collagen-coated condition (lane 3-5) were
not higher than those in uncoated condition (lane 1). The Western blot analysis
(figure 4C) was corresponding to-the result revealed by RT-PCR. The quantitative
data showed no significant difference among these 3 groups (figure 4B and 4D, lane
3-5). This result suggested that the enhancing effect of IGF-I on OPN expression in
the presence of type I collagen is mediated via Bl integrin receptor signaling

pathway.
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DISCUSSION

In this study, we determined the effect of type I collagen and IGF-I on the
OPN expression in HPDL cells. We showed that IGF-I had no effect on the OPN
expression. It is interesting that the level of OPN expression was markedly decreased
when cells were cultured on the collagen-coated plates and this effect could be
eliminated by an inhibitory antibody that specific to 1 integrin receptor. This result
suggested that the inhibitory effect on the OPN expression exerted by type I collagen
is signaling through Bl integrin receptor. Moreover, IGF-I could counteract the
inhibitory effect caused by type I collagen. This finding shows the direct evidence of
the interaction between IGF-I and integrin signaling in HPDL cells.

The effect of type I collagen on the expression of OPN has been reported. Liu
and colleagues showed that bone marrow-derived mesenchymal stem cells cultured
on type I collagen coated PLGA membrane increased the expression of OPN [24].
The contrasting result of this study might stem from various factors, such as different
cell types or different integrins involved in the signaling pathways. It is well
documented that the major integrin receptors for type I collagen are alB1 and a2p1
[25,26]. In addition, non-integrin receptor for type I collagen, such as discoidin
domain receptor, has been reported [27]. Therefore, we cannot exclude the effect of
such receptor in this study. However, in this experiment, the counteracting effect of
the inhibitory antibody to 1 integrin indicated that type I collagen signaling via 1
integrin is involved in the regulation of OPN expression in HPDL cells. This result is
corroborated by a previous study showing that type I collagen regulated alkaline

phosphatase activity via activation of a2B1 integrin receptor in HPDL cells [28].
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Further investigation is necessary to clarify the more specific pathway for type I
collagen in the regulation of OPN expression.

Our result demonstrated the association between type I collagen and IGF-I on
the expression of OPN in HPDL cells. The result form figure 1 revealed that IGF-I
increased the expression of OPN in cells grown under collagen-coated condition but
not in the uncoated one. This finding may imply that IGF-I had no direct effect on
the OPN expression. We hypothesize that IGF-I attenuates the inhibitory effect of
type I collagen on the OPN expression in HPDL cells. Our result corresponds to the
previous immunohistochemical report in rat PDL cells. In the area which was mainly
composed of type I collagen, OPN-positive staining PDL cells were found in greater
number in growth hormone-induced IGF-I-treated group when compared to control
[19]. In addition, the result from figure 5 showed that application of both IGF-I and
inhibitory antibody to B1 integrin had no additional or synergistic effect on the OPN
expression when compared to the condition of adding either one alone. This evidence
supports our hypothesis that IGF-I restores the inhibitory effect exerted by type I
collagen through B1 integrin.

The upregulation of IGF-IR level by type I collagen may be one possibility
to explain the interaction between type I collagen and IGF-I on the OPN expression.
This could make cells more susceptible to IGF-Iand respond to IGF-I even in the
dose that has no effect on plastic plates. There are evidences of the IGF-IR alteration
during inflammatory and regenerating process. From a previous study, an increase of
IGF-IR and tissue IGF-I levels was detected in pancreatitis, reflecting the correlation
of IGF-IR, IGF-I and inflammation [29]. A recent study has suggested the

involvement of IGF-IR signaling during mineralized nodule formation by HPDL
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cells [30]. Normally, IGF-IR mRNA is expressed at a higher level in HPDL cells
than in gingival fibroblasts [31]. Parkar and colleagues revealed that IGF-IR was not
detected by immunohistochemical study in HPDL cells but it was occasionally
stained weakly in regenerating tissue [32]. However, we found that the level of IGF-
IR mRNA was not changed when the cells were cultured on the collagen-coated plate
compare to the uncoated condition (data not shown).

The signal from growth factors that can interact with the signal of integrin has
been reported. For example, the signals from type I collagen via a2fB1 integrin and
PDGF synergistically enhance cell proliferation in smooth muscle cells [23].
Rousselle and colleagues also indicated the collaboration among type I collagen,
avp3 integrin and IGF-I in the regulation of metalloproteinase activity in rabbit bone
cells [33]. There was a report showed that signaling from B1 integrin receptor
regulated cell adhesion and proliferation in response to IGF-I [34]. Differently, the
present study demonstrates that the signal from B1 integrin was modulated by IGF-I.
Further study is required to elucidate the role of type I collagen and IGF-I association
as well as their downstream signaling pathways in the regulation of OPN expression.

From this study, we conclude that type I collagen inhibits OPN expression in
HPDL cells via Bl integrin and IGF-I counteracts this inhibitory signal. This basic
knowledge will provide a better understanding of the mechanisms that contribute to

the periodontal wound healing and regeneration.
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Figure 1 The effect of IGF-1 and type | collagen on OPN expression in HPDL cells.

HPDL cells were plated on !:e plastic (A and B) or type | collagen-coated plate (C and
D) for 24 hours. The cells were treated with 1, 5, 10 ng/ml of IGF-| for 48 hours. RT-
PCR (A and C) and Western blat analysis (B and D) were performed using OFN primer
and monoclonal antibody against OPN, respectively. GAPDH and P-actin were used as
internal control. The experiment was performed triplicate using HPDL cells from three

donors.
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Figure 2 The effect of type | collagen on OPN expression in HPDL cells.

RT-PCR (A) and Western “:lot analysis (C) of HPDL cells cultured on the plastic or type |
collagen-coated- plate. for. 48 hrs.(B) and (D) Graphs. show the quantification of OPN
expression which normalized to the GAPDH or [} -actin. All values are indicated by the
average T SD relative to the control from three independent experiments. *, significantly
different from control {(p < C.05).



20

ol

Figure 3 IGF-I stimulates C P expression in the presence of type | collagen.

(A) HPDL cells were cultured in the absence or presence of type | collagen and then 5
ng/ml of IGF-1 was added to the cultured media. The cell extracts were collected at 12, 24
and 48 hours and then RT-PCR analysis was performed.

(B) The mRNA levels of OPN were quantitated and normalized to GAPDH. The data are
represented the mean & SO relative to the control from three independent experiments. *,

statistical significance (p < 0.05).
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Figure 4 The combination ef"
integrin on OPN expressior.
HPDL cells were plated on !
ng/ml inhibitory antibody to
collected 48 hours after treatr»
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ct of type | collagen, IGF-1 and inhibitory antibody to 1
HPDL cells.

. | ‘collagen-coated plate for 24 hours before treated with 1
‘1 integrin andfor 5 ng/ml IGF-Il. The cell extracts were

ot and assessed for RT-PCR (A) and Western blot analysis
the quantification of OPN expression which normalized to
Its are indicated by the mean X SD relative to the control

wits. *, significantly different from control (p < 0.05).
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