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Substance P (SP) is known to be expressed in the nerve

fibers of dental pulp and periodontal tissues. It was recently

reported that SP expression increased in response to

orthodontic force. In the present study, we investigated the

effect of SP on expression of mineralization markers and

heme oxygenase-1 (HO-1) in human immortalized

periodontal ligament (IPDL) cells. Cell viability was

measured using a 3,4,5-dimethylthiazol-2-yl-2,5-diphenyl

tetrazolium bromide (MTT) assay. The expression of

mineralization markers, including alkaline phosphatase

(ALP), osteonectin (ON) and bone sialoprotein (BSP), and

heme oxygenase-1 (HO-1) was assessed by reverse

transcription-polymerase chain reaction (RT-PCR) and

Western blot analysis. SP did not significantly change

human IPDL cell viability, with the exception of the 24 hour

treatment group. Treatment of human IPDL cells with 10
-10

to 10
-4
 M SP upregulated mineralization marker and HO-1

expression in a time- and concentration-dependent manner.

Our results suggest that SP may modulate osteoblastic cell

differentiation of human IPDL cells through a mechanism

involving HO-1 expression.

Key words : Periodontal ligament cell, Substance P, Mi-

neralization marker, Heme oxygenase-1 

INTRODUCTION

Periodontal ligament (PDL) is a unique structure which is

a typical soft connective tissue and lies between the tooth

cementum and the alveolar bone. With bone remodeling

phenomenon, PDL cells are involved in tooth movement by

orthodontic force (Irie et al., 2002). PDL cells that were

applied orthodontic force release neuropeptides, cytokines

and growth factors, and differentiate osteoblasts and

osteoclasts (Nicolay et al., 1990; Jeon, 1997; Long et al.,

2002). Several studies have revealed osteoblastic pheno-

types of PDL cells, such as high alkaline phosphatase (ALP)

activity, osteonectin (ON), bone sialoprotein (BSP), para-

thyroid hormone responsiveness, production of bone-like

matrix proteins, and formation of mineralized nodules

(Nojima et al., 1990; Cho et al., 1992; Nohutcu et al., 1997).

But the mechanisms that mediate osteoblastic or ost-

eoclastic differentiation are not completely understood,

especially in human PDL cells.

Heme oxygenase (HO) is a rate-limiting enzyme in the

oxidative degradation of free heme (Li et al., 2006). Two

isoforms of HO have been identified: the oxidative stress-

inducible HO-1 and the constitutively expressed HO-2

(Choi and Alam, 1996). Accumulating evidence suggests

that up-regulation of HO-1 expression and subsequent

increase of HO activity may confer adaptive survival

response to oxidative insults both in vitro (Vile et al. 1994)

and in vivo (Otterbein et al., 1995).

The neuropeptides including substance P (SP) are known

to be present in the nerve fibers of dental pulps and

periodontal tissues (Lutherman et al., 1988; Kvinnsland and

Heyeraas, 1992). Recently, it was found that the expression

of SP increased in dental pulps and PDLs in response to

orthodontic force in experimental studies (Nicolay et al.,
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1990; Kvinnsland and Heyeraas, 1992; Jeon, 1997). It was

revealed that SP stimulated the receptor activator of nuclear

factor kappa B ligand (RANKL) in human pulp cells

(Kojima et al., 2006), osteoclast precursors (Sohn, 2005)

and synovial fibroblastic cells (Matayoshi et al., 2005). But,

there is little information on possible correlation with HO-1

and osteoblastic differentiation of SP in human PDL cells.

The aim of this study was to investigate the effects of SP

on the expression of mineralization markers and HO-1 in

human immortalized PDL (IPDL) cells in vitro. We focused

on mineralization markers such as ON, BSP and ALP,

because these are known to affect osteoblastic diffe-

rentiation.

MATERIALS AND METHODS 

Cell culture / Samples

HPV16-immortalized periodontal ligament cells (IPDL

17) were derived by transfecting normal human PDL cells

with PLXSN vector containing the E6/E7 open reading

frames of HPV type 16 (Pi et al., 2007). Human IPDL 17

cells were previously characterized for expression of genes

normally expressed by primary PDL cells, including ALP,

ON, osteopontin (OPN), BSP, BMP-2, periostin, S-100A4,

and PDLs 17. All experiments were performed using human

IPDL 17 cells between 60 and 70 passages.

Cell viability analysis

To examine the viability with various concentration, serial

dilutions of SP in 1 ml volume were added and cells were

incubated for 2 hours. And to examine the viability with

various incubation time, 10
-5
 M SP were added and cells

were incubated for serial times. Viable cells were detected

using 3,4,5-dimethylthiazol-2-yl-2,5-diphenyl tetrazolium

bromide (MTT) dye, which forms blue formazan crystals

that are reduced by the mitochondrial dehydrogenase

present in living cells.

Statistical evaluation of the result of MTT assay was

performed with analysis of variance (ANOVA) followed by

the Tukey's multiple comparison test. Significance was

inferred when the p value was ＜ 0.05.

Reverse transcription polymerase chain reaction (RT-

PCR)

The ALP expression was identified by RT-PCR analysis.

Cells were subjected to SP at each concentration for 30

minutes, or to 10
-7
 M SP for various incubation time. Total

RNA was isolated from cells using easy-Blue (iNtRON

Biotechnology, Daejeon, Korea). Reverse transcription of

the RNA was performed using AccuPower RT PreMix

(Bioneer, Daejeon, Korea). One microgram of RNA and 20

pmol primers were preincubated at 70
o
C for 5 minutes and

transferred to a mixture tube. The reaction volume was 20 µl

ß°. cDNA synthesis was performed at 42
o
C for 60 minutes,

followed by RT inactivation at 94
o
C for 5 minutes. Then,

the RT-generated DNA (2-5 µl) was amplified using

AccuPower PCR PreMix (Bioneer). The primer used for

cDNA amplification and PCR condition was as follow :

ALP, 475 bp, (F) 5'-ACGTGGCTAAGAATGTCATC-3',

(R) 5'-CTGGTAGGCGA TGTCCTTA-3'. The PCR con-

dition was performed with annealing temperature of 55
o
C

After 30 cycles, aliquots of the PCR products were resolved

into 0.5 % TAE-agarose gels, were stained with ethidium

bromide, and were photographed under ultraviolet light.

Western blot analysis

ON, BSP and HO-1 were identified by immunoblotting

with each polyclonal antibody.Cells were incubated

according to the experimental design and were lysed in a

lysis buffer. Protein concentrations were determined with

Bradford reagent (Bio-rad Laboratories, USA) using bovine

serum albumin as standards. Equivalent amounts of total

proteins per each sample of cell extracts were denatured and

were run on 10 % SDS-polyacrylamide gel electrophoresis.

Proteins in the gel were stained with silver or electro-

phoretically transferred to a PVDF membrane (Millipore

Corp., Bedford, MA, USA). After the membranes were

blocked with blocking solution (Zymed, San Francisco, CA,

USA), they were reacted with anti-ON, anti-BSP and anti-

HO-1 polyclonal antibodies (1:2500 dilution) at 37
o
C for 1

hour. And the membranes were incubated with each anti-

rabbit IgG in blocking solution for 40 minutes at 37
o
C.

Reactive bands were visualized using enhanced chemilu-

minescence kit (Amersham Corp., Arlington Heights, IL,

USA).

RESULTS

Effects of SP on cell viability of human IPDL cells

After treating SP with concentration of 10
-10

 M to 10
-4
 M

for 2 hours, cell viabilities were decreased in proportion to

concentration, especially in 10
-5
 and 10

-4
 M SP treated

groups. But there were no significant differences in all

experimental groups (Fig. 1A).

We treated 10
-5
 M SP for 10 minutes to 24 hours to

examine time-dependent cell viability. The growth of

human IPDL cells was progressively decreased until 2

hours. After 2 hours, the cell growth was progressively

recovered. But there were no significant differences except

the 24 hours group (Fig. 1B).

Effects of SP on mineralization markers and HO-1 in

human IPDL cells

When cells were treated with 10
-10

 to 10
-4
 M SP for 30

minutes, mineralization markers and HO-1 were up-

regulated. ALP and HO-1 were particularly up-regulated in

10
-8
 M group, and ON and BSP in 10

-8
 M and 10

-6
 M group

(Fig. 2A).
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In time-dependent manner, all mineralization markers and

HO-1 expressions were up-regulated by 10
-7
 M SP

treatment. But the time which expressions were the highest

were different. The maximal induction of ALP was seen

after 10 minutes, ON after 30 minutes, BSP after 2 hours,

respectively. And HO-1 was most abundant in 1 and 2 hours

group (Fig. 2B).

DISCUSSION

Orthodontic tooth movement is created by the response of

periodontal tissues to orthodontic force, which leads to

modeling and remodeling of the surrounding alveolar bone

(Hayashi et al., 2002). PDL is a source of pluripotential cells

and molecular factors controlling cellular events in surr-

ounding tissues (Norton et al., 1995). The bony response is

primarily mediated by PDL, so we focused to PDL cells in

the present study.

SP is a multifunctional neuropeptide that transmits pain

signals, regulates the immune system, and may modulate

bone metabolism (Basdra and Domposch, 1997). SP

stimulates bone resorption activity of osteoclasts, and the

expression of SP increases in dental pulp and PDL in

response to orthodontic force (Nicolay et al., 1990; Jeon,

1997; Norevall et al., 1998). Jeon (1997) or Nicolay et al.

(1990) suggested that SP was increased in PDL cells by

application of orthodontic force. It was increased on tension

site and especially on compression site. Therefore, SP may

be involved in the initial pulpal and periodontal

inflammation that occurs after the application of orthodontic

force.

In the present study, we found that human IPDL cells

stimulated by SP were decreased in their viability in both

time and dose dependent manner up to 2 hours. But it was

not statistically significant, and was readily recovered (Fig.

1). These results suggest that SP does not significantly

change the growth of human IPDL cells and that the cellular

protective mechanism works immediately.

Human IPDL cells exhibit phenotypic characteristics in

vitro consistent with osteoblast-like cells (Basdra and

Domposch, 1997). The extracellular matrix (ECM) com-

Fig. 1. Effects of SP on cell viability of human IPDL cells by MTT
assay. A, Dose-dependent cell viability after each concentration SP
treatment for 2 hours. B, Time-dependent effect after 10

-5
 M SP

treatment. *Significant difference compared with control (p < 0.05).

Fig. 2. Expression of mineralization markers and HO-1 in human
IPDL cells treated with SP. A, Dose-dependent expression of ON,
BSP, and HO-1 by western blot analysis and ALP by RT-PCR anal-
ysis after SP treatment for 30 minutes. Maximal induction of ON
and BSP were seen in 10

-8
 M and 10

-6
 M. ALP and HO-1 were

most expressed in 10
-6
 M. B, Time-dependent expression of ON,

BSP, and HO-1 by western blot analysis and ALP by RT-PCR anal-
ysis after 10

-7
 M SP treatment. The maximal expression of ALP,

ON, BSP could be seen in 10 minutes, 30 minutes, 2 hours, respec-
tively. HO-1 was most expressed in 1 and 2 hours.
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ponents in bone includes collagen and non-collagenous

protein, as in other connective tissues. We examined ON,

BSP and ALP as markers of osteoblast-like differentiation

by western blot and RT-PCR analysis. It is known that ALP

activity in mineralizing chondrocytes and osteoblasts prior

to the onset of mineralization is increased in the process of

differentiation of osteoblasts (Oh and Choi, 1995). It seems

to have a positive role for catalytic activity in initiating

mineralization. ON is a major noncollagenous matrix

protein and is related with bone cell development (Termine

et al., 1981). It has been shown to play various roles in the

initiation of mineralization in various experimental models.

BSP is considered to be a marker of osteoblastic cell

differentiation in the late stage of differentiation (Mizuno et

al., 2000). It is a major noncollagenous protein in miner-

alized connective tissues. Expression of BSP is highly

specific in mineralizing tissues, including bone, mineralized

cartilage, dentin and cementum.

We found that the expressions of ALP, ON and BSP in

human IPDL cells were increased by SP treatment. 10
-7
 M

SP was treated, ALP expression level was most abundant in

10 minutes. The highest expression level of ON was seen in

30 minutes, and BSP in 2 hours (Fig. 2). These differences

are concerned with the fact that ALP was participated in the

initiation of mineralization, and then ON concerned, and

BSP had a part in the late stage of differentiation (Termine et

al., 1981; Mizuno et al., 2000). Our results are consistent

with rat osteoblast, in which SP stimulated bone colony

formation or cAMP production (Bjurholm et al., 1992). But

there are many reports that SP stimulates formation of the

resorption pit by cultured osteoclasts and up-regulates

osteoprotegerin (OPG) and RANKL (Mori et al., 1999;

Imasi and Matsusue, 2002). Goto et al. (2002) suggested

that SP stimulates the bone formation activity of osteoblasts

and the bone resorption activity of osteoclasts. So it might

be probably that SP came into baphsic effects in human

IPDL cells: the osteoblastic effect and the osteoclastic

effect.

HO-1 is a rate-limiting enzyme in heme catabolism (Terry

et al., 1999). The role of heme oxygenase in different tissues

has not been fully characterized, but it is becoming evident

that it is involved with a variety of cellular regulatory and

protective mechanisms. As shown in Fig. 2, HO-1 expre-

ssion was up-regulated by SP treatment, and was most

abundant in 1 hour group and 10
-6
 M group. The HO-1

expression patterns to SP treatment were similar to

osteoblastic markers. So, it could be thought that HO-1

protein is related with differentiation of human IPDL cells.

Moreover, Zwerina et al. (2005) suggested that HO-1

induction is related with osteoclast formation in vitro and in

vivo. But there are no reports about correlation with

osteoblastic differentiation and HO-1. So, another research

is needed for certain relationship in human IPDL cells.

Collectively, SP has biological effect on osteoblastic

differentiation and HO-1 expression in human IPDL cells.

Namely, SP can promote cell defferentiation and have

cytoprotective effect. It might be affected by the amount of

SP produced by activated cells.
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