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Abstract. Mineralized bone matrix constituted with collagenous 
and non‑collagenous proteins was synthesized by osteoblasts 
differentiated from mesenchymal stem cells. Secretory leuko-
cyte protease inhibitor (SLPI), a serine protease inhibitor, 
promotes cell migration and proliferation, and suppresses the 
inflammatory response. Recent studies reported that SLPI regu-
lates the formation of dentin and mineralization by odontoblasts 
and increases the adhesion and viability of preosteoblasts on a 
titanium (Ti) surface. Ti and its alloys are widely used implant 
materials in artificial joints and dental implants owing to 
their biocompatibility with bone. Therefore, this study aimed 
to examine whether SLPI can be an effective molecule in 
promoting differentiation and mineralization of osteoblasts on 
a Ti surface. In order to investigate the effects of SLPI on osteo-
blasts, an MTT assay, PCR, western blotting and Alizarin Red S 
staining were performed. The results demonstrated that SLPI 
increased the viability of osteoblasts during differentiation on 
Ti discs compared with that of the control. The expression levels 
of SLPI mRNA and protein were higher than that of the control 
after treatment of osteoblasts with SLPI on Ti discs during 
differentiation. SLPI increased the formation of mineralized 
nodules and mRNA expression of alkaline phosphatase, dentin 
sialophosphoprotein, dentin matrix protein 1, bone sialoprotein, 

and collagen I in osteoblasts on Ti discs compared with that 
of the control. In conclusion, SLPI increases the viability and 
promotes the differentiation and mineralization of osteoblasts 
on Ti surfaces, suggesting that SLPI is an effective molecule for 
achieving successful osseointegration between osteoblasts and 
a Ti surface.

Introduction

Osteoblasts, which are formed from the differentiation of 
preosteoblasts derived from mesenchymal cells, are respon-
sible for the formation of bone matrix and mineralization. At 
the early stages of osteoblast differentiation, gene expression 
associated with the formation of bone matrix, such as type I 
collagen (Col  I), osteocalcin (OCN) and alkaline phospha-
tase (ALP) are increased. Secreted extracellular matrix is 
mineralized by calcium deposition at later stages of osteoblast 
differentiation (1). Non-collagenous proteins, such as dentin 
sialoprotein (DSP) and dentin phosphoprotein (DPP), which are 
cleaved from dentin sialophosphoprotein (DSPP), dentin matrix 
protein 1 (DMP-1), and bone sialoprotein (BSP) are important 
in osteoblast differentiation and mineralization (2).

Osseointegrated implants have been used for a long time 
in orthopedics and prosthetic dentistry for the restoration of 
damaged bone and loss of function. These implant materials 
are made of titanium (Ti) and its alloy due to its mechanical 
properties and good biocompatibility  (3). Successful dental 
implants undergo osseointegration properly around the Ti 
surface; however, the release the metal ions from the implant, 
as well as patients suffering from underlying diseases, such as 
osteoporosis, diabetes, and periodontitis, can cause the implant 
to fail  (4). Therefore, several studies have been performed 
to increase osteoblast adhesion and differentiation through 
chemical and physical changes in Ti surface structure or by 
producing alloys with other metals. Ti‑zirconia or Ti‑niobium 
alloys increase the expression of genes associated with the 
differentiation of osteoblasts. In addition, oxidization of the 
Ti surface promotes the differentiation of osteoblasts  (5). 
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Furthermore, bone morphogenic protein‑2 (BMP‑2) increases 
the ALP activity with the secretion of OCN and osteoprote-
gerin, and promotes the differentiation of osteoblasts on the Ti 
surface (6).

SLPI is an 11.7-kDa cysteine‑rich protein. It is an epithelial 
cell product found in the uterine cervix, nasal mucus, bron-
chial mucus, saliva, and seminal plasma (7). SLPI acts as an 
anti‑inflammatory factor in the early inflammatory response of 
odontoblasts (8). A recent study reported that SLPI accelerates 
the adhesion and migration of MC3T3‑E1 cells on Ti surfaces by 
increasing the formation of actin stress fibers, paxillin expression 
and focal adhesion kinase phosphorylation (9). Conversely, there 
are no studies regarding the effect of SLPI on the differentiation 
and mineralization of osteoblasts on a Ti surface. Therefore, the 
aim of the present study was to determine the function of SLPI 
on the gene expression associated with the differentiation and 
mineralization of osteoblasts on Ti surfaces.

Materials and methods

Ti samples. Two types of Ti discs, 20 and 48 mm in diameter 
and 2 mm in thickness, were used. Commercially pure titanium 
(Cp-Ti) discs were kindly provided by Professor Han-Cheol 
Choe (Department of Dental Materials, School of Dentistry, 
Chosun University, Gwangju, Republic of Korea). Polished 
Cp‑Ti discs were prepared using a method described previ-
ously (9).

Cell culture and differentiation with SLPI. MC3T3‑E1 cells 
(American Type Culture Collection, Manassas, VA, USA), 
an osteoblastic cell line derived from mouse calvaria, were 
cultured in α‑modified Eagle's medium (α‑MEM; Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 
10% fetal bovine serum (WelGENE, Daegu, Korea) and 1% 
antibiotic‑antimycotic solution (containing penicillin, strep-
tomycin and amphotericin B; WelGENE) according to the 
manufacturer's recommendations. The cells were transferred to 
a Ti surface and changed to a differentiation medium (α‑MEM 
supplemented with 5% FBS, 10 mM β‑glycerol phosphate and 
50 µg/ml ascorbic acid) with or without 1 µg/ml recombinant 
human (rh)SLPI (R&D Systems, Minneapolis, MN, USA) after 
24 h. The cells were placed into a humidified chamber and 
maintained in an atmosphere containing 5% CO2 at 37˚C.

Cell viability assay. Cell viability was assessed using a 3‑(4,5 
dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazoliumbromid (MTT) 
assay. The MC3T3‑E1 cells plated on the Ti discs (6x105 cells/ml) 
were incubated for 4, 7 and 10 days in differentiation medium 
with or without rhSLPI. An MTT assay (Sigma-Aldrich, St. 
Louis, MO, USA) was performed to examine the cell viability 
as described previously (9).

Extraction of total RNA and semi-quantitative reverse-tran-
scription polymerase chain reaction (RT-PCR). The 
MC3T3‑E1 cells plated on the Ti discs (1x106 cells/ml) were 
incubated for 4, 7 and 10 days in differentiation medium with 
or without rhSLPI. The total RNA was extracted from the cells 
using TRI reagent (MRC Inc., Houston, TX, USA) according 
to the manufacturer's instructions. Total RNA was quantified 
using an ultraviolet (UV) spectrophotometer (Ultrospec 2000; 

GE Healthcare, Little Chalfont, UK). A 1-µg sample of total 
RNA was used to synthesize the cDNA. The mRNA was incu-
bated at 50˚C for 1 h and at 70˚C for 10 min using Hyperscript 
RT premix (GeneAll Biotechnology Co. Ltd., Dongnam-ro, 
Korea). The PCR reaction was conducted in a thermocycler 
(TP600; Takara Bio Inc., Otsu, Japan) after adding 1 µl of 
cDNA and the gene specific primers to the α-Taq premix (2U 
Taq DNA polymerase, 200 µM deoxynucleotide triphosphate 
mixture and 2.5 mM MgCl2; GeneAll Biotechnology). The 
mouse gene specific primers were designed using the nucleo-
tide sequences of SLPI, ALP, DSPP, DMP1, BSP, Col I, and 
glyceraldehyde 3‑phosphate dehydrogenase (GAPDH). 

The following primers were used for PCR amplification: 
SLPI forward, 5'-TGC TTA ACC CTC CCA ATG TC-3' 
and reverse, 5'-AAT GCT GAG CCA AAA GGA GA-3'; 
ALP forward, 5'-AAG ACG TGG CGG TCT TTG C-3' and 
reverse, 5'-GGG AAT CTG TGC AGT CTG TG-3'; DSPP 
forward, 5'-CGA CCC TTG TCC AGG A-3' and reverse, 
5'-CAT GGA CTC GTC ATC GAA-3'; DMP1 forward, 
5'-CGA GTC TCA GGA GGA CA-3' and reverse, 5'-CTG 
TCC TCC TCA CTG GA-3'; BSP forward, 5'-ACC GGC 
CAC GCT ACT TTC TTT AT-3' and reverse, 5'-TCC TCG 
TCG CTT TCC TTC ACT TT-3'; Col  I forward, 5'-ATT 
CGG AGC TCA AGA TGT AA-3' and reverse, 5'-CAG TCA 
AGT CCT AGC CAA AC-3'; GAPDH forward, 5'-CCA TGG 
AGA AGG CTG GG-3' and reverse, 5'-CAA AGT TGT CAT 
GGA TGA CC-3'. All primers were synthesized by Bioneer 
(Daejeon, Korea). Each PCR reaction protocol consisted of an 
initial denaturation at 95˚C for 2 min followed by three-step 
cycling: Denaturation at 95˚C for 20 sec, annealing for 10 sec 
at a temperature optimized for each primer pair and exten-
sion at 72˚C for 30 sec. The gene-specific conditions were as 
follows: SLPI, 60˚C and 30 cycles; ALP, 62˚C and 30 cycles; 
DSPP, 56˚C and 35 cycles; DMP1, 55˚C and 35 cycles; BSP, 
60˚C and 30 cycles; Col I, 50˚C and 35 cycles; and GAPDH, 
56˚C and 30 cycles respectively, After the required number 
of cycles (30-35), the reactions underwent a final extension 
at 72˚C for 5 min. GAPDH was used as the internal control. 

All PCR products were electrophoresed on 1.5% or 2% 
agarose gels (Takara Bio Inc.) buffered with 0.5X Tris-borate-
ethylenediamine tetraacetate and stained with ethidium 
bromide (GeNet Bio, Daejeon, Korea) after amplification. 
The staining bands were visualized using Gel-Doc (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The intensities of 
the bands were measured and quantified using Science Lab 
Image Gauge software (version 3.12; Fuji Film, Tokyo, Japan) 
as described previously (10).

Western blot analysis. Differentiated MC3T3‑E1 cells 
(1x106 cells/ml) with or without SLPI for 4, 7 and 10 days 
were harvested and the protein was extracted using Nonidet P 
(NP)‑40 lysis buffer [150  mM NaCl, 1% NP-40, 50  mM 
Tris-HCl (pH 7.4), 2 mM Na3VO4, 2 mM Na4P2O, 50 mM NaF, 
2 mM ethylenediamine tetraacetic acid, 0.1 µg/ml leupeptin 
and 1 µg/ml aprotinin; BioShop Co., Burlington, ON, Canada]. 
The extracted protein was incubated using a Dc protein assay 
kit (Bio-Rad Laboratories, Inc.) and the protein concentration 
was determined using a UV spectrophotometer (EL311; BioTek 
Instruments, Winooski, VT, USA). A total of 20 µg of protein 
per lane was subjected to 15% SDS-polyacrylamide gel (Bio-



MOLECULAR MEDICINE REPORTS  14:  1241-1246,  2016 1243

Rad Laboratories, Inc.) electrophoresis and separated proteins 
were then transferred to a polyvinylidene difluoride membrane 
(Merck Millipore, Darmstadt, Germany). Following blocking 
with 5% non-fat dry milk in 20 mM Tris (pH 7.4), 150 mM NaCl 
and 0.1% Tween-20 (TBS‑T) for 1 h at room temperature, the 
membrane was probed with the following primary antibodies 
at 1:1,000 dilution at 4˚C for 16 h: Mouse anti-β-actin (cat. 
no. sc-47778; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
or rabbit anti-mouse SLPI antibody provided by Takara Bio Inc. 
via their custom antibody service (order no. ARP4093; selective 
for the peptide sequence EGGKNDAIKIGAC in the polypep-
tide region of the mouse SLPI protein) (8). The membrane was 
then blotted with horseradish peroxidase (HRP)‑conjugated 
goat anti‑rabbit or goat anti-mouse (cat. no. sc-2004 or sc-2005, 
respectively; 1:5,000 dilution; Santa Cruz Biotechnology Inc.). 
The membrane was washed four times for 10 min each at 
room temperature in TBS‑T after treatment with the primary 
and secondary antibodies, respectively. β‑actin was used as the 
internal control. Blots were developed by treatment with an 
enhanced chemiluminescence solution (Luminata Crescendo 
Western HRP substrate; Merck Millipore) and images were 
captured on X-ray film (Fuji Film, Tokyo, Japan). The density of 
the expressed bands was measured using a Science Lab Image 
Gauge (version 3.12; Fuji Film).

Alizarin Red S staining. To identify the formation of mineralized 
nodules following MC3T3‑E1 cell differentiation on Ti surfaces, 
the cells were stained with 2% Alizarin Red S (Sigma‑Aldrich). 
Mineralized nodules were observed using a stereoscopic micro-
scope (Stemi 2000‑C, Carl Zeiss, Oberkochen, Germany). The 
Alizarin Red S‑stained MC3T3‑E1 cells were incubated with 
cetylpyridinium chloride (Acros Organics; Thermo Fisher 
Scientific, Inc.) to dissolve and release calcium‑bound Alizarin 
Red S into the solution. The absorbance of Alizarin Red S 
released was measured at 562 nm using a microplate reader 
(BioTek Instruments, Inc., Winooski, VT, USA).

Statistical analysis. All experiments were conducted in trip-
licate. All data is reported as the mean ± standard deviation 
determined using Excel 2010 statistical software (Microsoft, 
Redmond, WA, USA). P<0.05 and P<0.01 were considered to 
indicate a statistically significant difference. The significant 
differences were determined using an unpaired Student's t‑test.

Results

Proliferation of SLPI‑treated MC3T3‑E1 cells during differ-
entiation on Ti discs. The viability of SLPI‑treated MC3T3‑E1 
cells was 1.1 and 1.4 times higher than that of the untreated 
cells at 4 and 7 days, respectively, during differentiation on a Ti 
disc (P<0.05 and P<0.01; Fig. 1). However, no difference in cell 
viability between untreated and SLPI‑treated cells was observed 
at day 10 of differentiation on the Ti disc.

SLPI mRNA and protein expression in SLPI‑treated 
MC3T3‑E1 cells during differentiation on Ti discs. SLPI 
mRNA expression in the SLPI‑treated MC3T3‑E1 cells was 
1.7 and 2.8 times higher than that of the untreated cells at 
4 and 7 days, respectively, during differentiation on a Ti disc 
(P<0.01; Fig. 2A). However, no difference in expression of 

SLPI mRNA between untreated and SLPI-treated cells was 
observed at day 10 of differentiation on the Ti disc. SLPI 
protein expression in the SLPI‑treated MC3T3‑E1 cells was 
1.4, 2.4 and 1.5 times higher than that of the untreated cells 
at 4, 7 and 10 days, respectively, during differentiation on a Ti 
disc (P<0.01; Fig. 2B).

Mineralization of SLPI‑treated MC3T3‑E1 cells during differ-
entiation on a Ti disc. Alizarin Red S staining showed that the 
SLPI‑treated MC3T3‑E1 cells increased the level of mineral 
deposition compared with that of the untreated cells during 
differentiation on a Ti disc (Fig. 3A). The mineralized nodule 
formation in the SLPI‑treated MC3T3‑E1 cells was 1.3 and 1.8 
times higher than that of the untreated cells at 4 and 10 days, 
respectively, during differentiation on a Ti disc (P<0.05; 
Fig. 3B). However, at day 7 of differentiation, no difference 
in the mineralized nodule formation was observed between 
untreated and SLPI-treated cells.

ALP, non-collagenous and collagenous gene expression in 
SLPI‑treated MC3T3‑E1 cells during differentiation on Ti 
discs. RT‑PCR analysis showed that ALP, DSPP, DMP‑1, BSP, 
and Col I mRNA expression was higher in the SLPI‑treated 
MC3T3‑E1 cells compared with that of the untreated cells 
during differentiation on a Ti disc (Fig. 4A). ALP mRNA 
expression in the SLPI‑treated MC3T3‑E1 cells was higher 
than that of the untreated cells at 4, 7 and 10 days during 
differentiation on a Ti disc. The DSPP and Col I mRNA 
expression in the SLPI‑treated MC3T3‑E1 cells were higher 
than that of the untreated cells at 4 and 7 days during differ-
entiation on a Ti disc. The DMP1 and BSP mRNA expression 
in the SLPI‑treated MC3T3‑E1 cells was higher than that of 
the untreated cells at 7 days during differentiation on a Ti‑disc 
(P<0.05 and P<0.01, respectively; Fig. 4B).

Discussion

The cytotoxicity of the ions released from various metallic 
implant materials, including Ti, results in decreases in the 
proliferation of osteoblasts  (11). In addition, Ti‑particles 
decrease the cell viability through the promotion of apop-
tosis (12). A recent study reported that SLPI increases the 
proliferation of oral keratinocytes and it was reported to be an 

Figure 1. Viability of the SLPI‑treated MC3T3‑E1 cells during differentiation 
on Ti discs. SLPI increased the cell viability (day 4 and 7) of MC3T3‑E1 cells 
significantly during differentiation compared to that of the untreated cells on 
Ti disc. *P<0.05 and **P<0.01. Ti, titanium; SLPI, secretory leukocyte protease 
inhibitor; C, undifferentiated MC3T3-E1 cells without SLPI treatment on Ti 
discs (control).
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effective nanomolecule for successful implantation through 
an increase in osteoblast adhesion and proliferation on a Ti 
surface (13). In addition, SLPI increases the cell viability of 
pancreatic cancer cells by inhibiting apoptosis (14). In this 
study, the level of SLPI‑treated MC3T3‑E1 cell proliferation 
was higher than that of the control during differentiation, 
and SLPI mRNA and protein expression was significantly 
higher in the SLPI‑treated MC3T3‑E1 cells. Therefore, SLPI 
increases the viability of osteoblasts during differentiation 
on a Ti surface.

Bone morphogenic protein, fibroblast growth factor  2 
(FGF2) and transforming growth factor‑β1 (TGF‑β1) stimu-
late mineralization and bone marrow mesenchymal stem cell 
(BMSC) differentiation into osteoblasts. BMP‑2 increases the 
ALP activity in BMSCs and also stimulates differentiation 
into osteoblasts and mineralization (15). In addition, BMP‑2 
increases DSPP, BSP and DMP1 mRNA expression and miner-
alization in dental pulp stem cells (16). Furthermore, BMP‑2 
treatment increases the differentiation of osteoblasts on a Ti 
surface by increasing the ALP activity (6). FGF2 stimulates 

Figure 3. Determination of SLPI‑treated MC3T3‑E1 cell mineralization on a Ti disc. (A) Alizarin Red S staining showed that the SLPI‑treated MC3T3‑E1 cells 
exhibited higher mineral deposition on a Ti disc than the control (scale bars, 1 mm; magnification, x8 or x40 as indicated). (B) Quantification of Alizarin Red S 
staining demonstrated a significant increase in SLPI‑treated MC3T3‑E1 cells compared with that of the control (days 4 and 10) (*P<0.05). SLPI, secretory 
leukocyte protease inhibitor; Ti, titanium; C, undifferentiated MC3T3-E1 cells without SLPI treatment on Ti discs (control).

  B

  A

Figure 2. SLPI mRNA and protein expression of SLPI‑treated MC3T3‑E1 cells during differentiation on Ti discs. (A) SLPI mRNA was increased in the 
SLPI‑treated MC3T3‑E1 cells compared with that of the untreated cells during differentiation on a Ti disc (days 4 and 7). (B) SLPI protein was increased at 4, 7 
and 10 days in MC3T3‑E1 cells compared to that of the untreated cells during differentiation on a Ti disc (**P<0.01). SLPI, secretory leukocyte protease inhibitor; 
M, marker; Ti, titanium; GAPDH, glyceraldehyde 3‑phosphate dehydrogense; C, undifferentiated MC3T3-E1 cells without SLPI treatment on Ti discs (control).

  B  A
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proliferation and differentiation and increases Col I and BSP 
mRNA expression and differentiation of BMSCs (17). Calcium 
deposition is increased during osteoblast differentiation on the 
Ti surface and the expression of ALP and Col I is increased 
at the early stages of differentiation by TGF‑β1 treatment (18). 
In a recent study, SLPI mRNA and protein expression was 
increased in the odontoblast layer of the tooth germ cell during 
dentinogenesis, and the formation of mineralized nodules was 
increased compared with that of the control in MDPC‑23 cells 
(an odontoblastic cell line) by an SLPI treatment (19).

ALP is an essential enzyme at the early stages of osteoblast 
differentiation and it increases gene expression associated with 
osteoblast differentiation, such as Col I and osteopontin (20). 
DSPP, an odontoblast‑specific gene, is secreted by odontoblasts 
and then processed proteolytically into DSP and DPP proteins 
during the formation of predentin (21). DPP activates the initia-
tion of hydroxyapatite formation during dentinogenesis, and 
DSP regulates the initiation of dentin mineralization (22,23). 
In addition, the expression of DSPP was identified in the 
osteogenic cell lines, such as MC3T3‑E1 and ROS 17/2.8, as 
well as odontoblasts (24). DMP1 increases the formation of 
bone nodules and mineralization as the nucleator of hydroxy-
apatite (25). Among the factors associated with differentiation 
and mineralization, BSP is one of the component proteins 
in mineralized tissue, such as bone, dentin, cementum, and 
calcified cartilage (26). BSP acts as a nucleator of early apatite 
crystal formation and regulates the direction of crystal growth 
to form ribbon‑like apatite crystals during the mineralization 
process (27). Col I is an important protein in bone that triggers 
the differentiation of osteoblasts and the level of Col I mRNA 
expression is decreased in MC3T3‑E1 cells during mineral-
ization (28). In this study, SLPI increased the expression of 

ALP, DSPP, DMP‑1, BSP and Col I mRNA in MC3T3‑E1 
cells associated with the formation of mineralized nodules 
compared with that of the control during differentiation on 
a Ti surface. A comparison of the present results with other 
studies indicates that SLPI can promote the differentiation and 
mineralization of MC3T3‑E1 cells on a Ti surface. In previous 
studies, SLPI was shown to increase MC3T3-E1 cell adhe-
sion to a Ti-surface as well as the proliferation of KB human 
oral carcinoma cells (9,13). In addition, SLPI was reported to 
increase mineralized nodule formation and expression of BSP, 
DSPP, osteocalsin, osteonectin and Col I, which are associated 
with odontoblast differentiation and mineralization, thereby 
acting as a stimulant of these processes (19).

The present study was the first to report the function of 
SLPI in osteoblast differentiation and mineralization on a Ti 
surface. Previous studies have shown that SLPI regulates the 
formation of dentin and mineralization of odontoblasts, and 

Figure 4. Expression of non-collagenous and collagenous genes in SLPI‑treated MC3T3‑E1 cells during differentiation on Ti discs. (A) SLPI increased 
the ALP, DSPP, DMP-1, BSP and Col I mRNA expression in MC3T3‑E1 cells compared with that of the control during differentiation on Ti discs. 
(B) Quantification of polymerase chain reaction results (**P<0.01). SLPI, secretory leukocyte protease inhibitor; Ti, titanium; ALP, alkaline phosphatase; 
DSPP, dentin sialophosphoprotein; DMP-1, dentin matrix protein 1; BSP, bone sialoprotein; Col I, collagen I; GAPDH, glyceraldehyde 3‑phosphate dehy-
drogenase; C, undifferentiated MC3T3-E1 cells without SLPI treatment on Ti discs (control).

Figure 5. Schematic diagram illustrating the beneficial effects of SLPI on 
osteoblastogenesis and mineralization on Ti discs. SLPI increases the cell 
viability and differentiation of preosteoblasts during osteoblastogenesis, 
and increases the expression of ALP, DSPP, DMP‑1, BSP, and Col I during 
the mineralization of osteoblasts. SLPI, secretory leukocyte protease 
inhibitor; ALP, alkaline phosphatase; DSPP, dentin sialophosphoprotein; 
DMP-1, dentin matrix protein 1; BSP, bone sialoprotein; Col I, collagen I.

  B

  A
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that SLPI increases the adhesion and viability of pre‑osteo-
blasts on a Ti surface. The present study revealed that SLPI 
increases the viability and differentiation of pre‑osteoblasts 
during osteoblastogenesis and stimulates mineralization 
through the upregulation of ALP, DSPP, DMP1, BSP and 
Col I expression on a Ti surface (Fig. 5). At present, the most 
important challenge in implant fixation is the osseointegration 
between osteoblasts and a Ti surface. Therefore, the action of 
SLPI during mineralization and differentiation of pre‑osteo-
blasts can reduce failure of osseointegration and consequently 
increase the success rate of implantation. This suggested that 
SLPI may be an effective adjuvant for clinically successful 
implantation by increasing the osseointegration on a Ti 
surface after implant placement. The findings of the present 
study strongly indicated that SLPI regulates the expression of 
factors involved in the formation of bone matrix in osteoblasts. 
While the signal transduction pathways of the involvement of 
SLPI in the differentiation and mineralization in osteoblastic 
cells may be further elucidated, the evidence provided by the 
present study suggests that an in vivo study may be due to test 
the efficacy of SLPI in improving dental implantation in an 
animal system.
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