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Abstract 

Cementum is a mineralized tissue produced by cementoblasts covering the roots of teeth 

that provides for the attachment of periodontal ligament to roots and surrounding 

alveolar bone. To study the mechanism of proliferation and differentiation of 

cementoblasts is important for understanding periodontal physiology and pathology 

including periodontal tissue regeneration.  However, the detailed mechanism of the 

proliferation and differentiation of human cementoblasts is still unclear.  We 

previously established human cementoblast-like (HCEM) cell lines.  We thought that 

comparing the transcriptional profiles of HCEM cells and human periodontal ligament 

(HPL) cells derived from the same teeth could be a good approach to identify genes that 

influence the nature of cementoblasts.  We identified F-spondin as the gene 

demonstrating the high fold change expression in HCEM cells.  Interestingly, 

F-spondin highly expressing HPL cells showed similar phenotype of cementoblasts, 

such as up-regulation of mineralized-related genes.  Overall, we identified F-spondin 

as a promoting factor for cementoblastic differentiation. 
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Introduction 

Cementum is a mineralized tissue produced by cementoblasts covering the roots of teeth 

that provides for the attachment of periodontal ligament to roots and surrounding 

alveolar bone [1].  Cementum contributes to the regeneration of the connective tissue 

attachment to root surface, denuded due to periodontal disease.  Therefore, it is very 

important for studying the detailed mechanisms proliferation and differentiation of 

human cementoblasts to understand periodontal physiology and pathology, including 

periodontal tissue regeneration.  Several attempts have been made to obtain makers of 

cementoblasts [2-5].  Recent studies have shown new makers of cementum or 

cementum-periodontlal ligament such as cementum-derived attachment protein (CAP) 

[2] and cementum-derived protein (CP-23) [5].  However, the detailed role of these 

molecules has not been revealed in the differentiation of cementoblasts. 

We recently have established human cementoblast-like (HCEM) cell lines 

and human periodontal ligament (HPL) cell lines from same teeth by hTERT 

transfection to examine the molecule involving with the differentiation of cementobalsts 

[6].  HCEM cell lines obtained from teeth root lining cells showed high alkaline 

phosphatase (ALP) activity, calcified nodule formation and the expression of 

mineralized related genes, including type I collagen (COLI), ALP, runt related 

transcription factor 2 (Runx2), osteocalcin (OCN), bone sialoprotein (BSP) and CP-23.  

On the other hand, HPL cells from middle part of periodontal ligament showed low 

ALP and mineralization activity, and didn’t express OCN and BSP which are maker of 

genes showing the mature differentiation of cementoblasts.  Here we compared the 
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transcriptional profiles of HCEM cells and HPL cells by microarray analysis in order to 

identify the genes that differ in their expression.  We identified F-spondin as the gene 

demonstrating the high fold change expression in HCEM cells.  F-spondin is an 

extracellular matrix protein required for pathfinding of commissural axons during floor 

plate development [7, 8].  In the present study, to know the role of F-spondin for 

cementoblastic differentiation, we transfected F-spondin into HPL cells, and examined 

the expression of the mineralized related genes, COLI, ALP, Runx2, OCN, BSP and 

CP-23 in vitro.   

 

Methods 

These studies were performed in compliance with regulations administered by the 

experimentation committee of the Graduate School of Biomedical Sciences, Hiroshima 

University.  

Cell culture.  HCEM cells which we previously established [6] and human osteoblasts 

(NHOst, OTT4 and Ost) provided by Dr. Tahara (Hiroshima University) were cultured 

in Minimum Essential Medium Alpha (α-MEM, Invitrogen, Grand Island, N.Y.) with 

10% fetal bovine serum (FBS) plus penicillin G solution (10 U/ml) and streptomycin 

(10 mg/ml) in a humidified atmosphere of 5 % CO2 at 37 ˚C.  NHOst and Ost are 

normal human osteoblast cells, OTT4 is immortalized human osteoblast cell lines with 

SV40-T and hTERT.  HPL cells were cultured in Dulbecco’s Modified Eagle Medium 

(DMEM, Nissui Pharmaceutical Co. Ldt.). 
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Gene array analysis.  The human focus array using the system containing 8500 genes 

probes was used for comparing the transcriptional profiles between HCEM cells and 

HPL cells.  This array contains a broad range of genes derived from publicly available, 

well-annotated mRNA sequences.  Total RNA was isolated from cultures of confluent 

cells using the RNeasy Mini Kit (Qiagen, K.K., Tokyo, Japan) according to the 

manufacture’s instructions.  Preparations were quantified and their purity was 

determined by standard spectrophometric methods.   

Reverse transcription-polymerase chain reaction (RT-PCR).  Total RNA was isolated 

from cultures of confluent cells using the RNeasy Mini Kit (Qiagen) according to the 

manufacturer’s instructions.  Preparations were quantified and their purity was 

determined by standard spectrophotometric methods.  cDNA was synthesized from 

1 μg total RNA according to the Rever Tra Dash (Toyobo Biochemicals, Tokyo, Japan).  

The oligonucleotide RT-PCR primers for human F-spondin, rat F-spondin, chemokine 

orphan recetpor (CMKOR1), phosphotriesterase related (PTER), solute carrier family 

membrane1(SLC14A1) and matrix metalloproteinase (MMP) 13 were listed in Table 1.  

Primers for COLI, ALP, Runx2, OCN, BSP, CP-23 and glyceraldehyde-3-phosphate 

(GAPDH) were described previously [6].  Aliquots of total cDNA were amplified with 

1.25 U of rTaq-DNA polymerase (Qiagen), and amplifications were performed in a 

PC701 thermal cycler (Astec, Fukuoka, Japan) for 28-30 cycles after an initial 30 sec 

denaturation at 94 ˚C, annealed for 30 sec at 55-60 ˚C, and extended for 1 min at 72 ˚C 

in all primers.  The amplification reaction products were resolved on 1.5 % 
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agarose/TAE gels (Nacalai tesque, Inc., Kyoto, Japan), electrophoresed at 100 mV, and 

visualized by ethidium-bromide staining.  

Generation of F-spondin highly expressing HPL cells.  Packaging GP-293 cells 

(Clontech, Palo Alto, CA) were transfected with retroviral plasmid encoding a rat 

F-spondin cDNA according to the manufacturer's instructions.  A plasmid pMT21-FP5, 

encoding rat F-spondin cDNA, was kindly provided by Dr. Klar (Hebrew University).  

After 48 h of transfection, the virus-containing medium was collected and supplemented 

with 8 µg/ml polybrene (Sigma, St. Louis, MO).  Then, the culture medium of the 

target cells was replaced with this viral supernatant for 24 h.  This infection process 

was repeated a second time after a 12 h recovery in normal medium.  The stable clones 

were obtained by puromycin selection (1 μg/ml) in the culture medium. 

And clones were examined expressions of F-spondin by RT-PCR and Western blot.  

Four F-spondin-expressing clones were chosen for the subsequent experiments.  A rat 

F-spondin cDNA was also cloned into pBICEP-CMV-2 (Sigma) and was transfected 

into 293T cells. 

Western blot analysis.   Subconfluent cells, in 90 mm culture dishes, were used for 

western blot analysis.  Western blotting was carried out as we described previously [9].  

Thirty  μg/ml of protein was solubilized in Laemmli sample buffer by boiling, and 

subjected to 10 % sodium dodecylsulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE), followed by electroblotting onto a nitrocellulose filter.  The filter was 

blocked for 1h at 4 °C with phosphate-buffer saline (PBS) buffer containing 5 % nonfat 

dry milk powder.  Western blot analysis was performed using an anti-SPON1 
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polyclonal antibody (ProSci, Flint Place Poway, CA), anti-FLAG M2 monoclonal 

antibody (Sigma) and ß-actin monoclonal antibody (Sigma) dissolved in PBS containing 

5 % nonfat dry milk powder and incubating for 60 min at room temperature.  

Incubation with a secondary peroxidase-coupled goat anti-IgY Fc antibody (ProSci) and 

a secondary peroxidase-coupled goat anti-mouse antibody was performed under the 

same conditions.  For detection of the immunocomplex, the ECL western blotting 

detection system (Amersham, Buckinghamshire, UK) was used. 

Tissue samples.  Tissue samples of periodontal tissues including tooth were retrieved 

from the Surgical Pathology Registry of Hiroshima University Hospital, after approval 

by the Ethical Committee of our institutions.  3.7 % buffered-formalin fixed, 

decalcified for 3 days and paraffin embedded tissues were used for 

immunohistochemical examination.  

Immunohistochemical staining.  To examine expression of F-spondin in 7 human 

periodontal tissues cases, the 4.5 µm sections were stained immunohistochemically with 

an anti-SPON1 antibody (Prosci).  Endogenous peroxidase was quenched by 

incubating with 0.3 % H2O2 in methanol for 30 min.  Nonspecific staining was blocked 

using Dako Protein Block Serum Free (Dako, Carpinteria, CA).  The sections were 

incubated with the primary antibody (1:500) for overnight at 4 ˚C, and then incubated 

with a secondary peroxidase-coupled goat anti-IgY Fc antibody (ProSci) for 30 min.  

For visualization, they were treated with Liquid DAB (3,3’-diaminobenzidine) 

Chromogen Syatem (Dako) according to the manufacturer’s protocol.  
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Measurement of ALP Activity.  The quantitative analysis of ALP activity was 

performed biochemically by Bessey-Lowry enzymologic method using nitrophenyl 

phosphate as a substrate [10].    Cells were plated in 24 well culture plates (1x105 

cells per well) and cultured in DMEM containing 10 % FBS, penicillin G sodium (10 

U/ml) and streptomycin sulfate (10 mg/ml) for confluent that cells were plated for 1 

week.  The cells were washed with PBS and homogenized ultrasonically in 0.5 ml of 

10 mM Tris-HCl buffer (pH 7.4) containing 25 mM MgCl2.  Aliquots of the 

homogenates were used for quantification of ALP activity. 

Collagen assay.  The measurement of collagen concentration was performed using 

SircolTM Collagen Assay kit (Biocolor, Northern Ireland) according to the 

manufacture’s instruction.  Cells were plated in 24 well culture plates (1x105 cells per 

well) and cultured in DMEM containing 10 % FBS, penicillin G sodium (10 U/ml) and 

streptomycin sulfate (10 mg/ml) for confluent that cells were plated for 1 week.   The 

culture media were used for measurement of collagen concentration. 

Statistical analysis.  The results of cell growth analysis and quantitative ALP activity 

were shown as mean ± SE, and analyzed for significance using Wilcoxon’s test for 

non-paired examination.  P values of less than 0.05 were judged to be statistically 

significant. 

 

Results 

Identification of F-spondin as a cementoblast specific highly expressed gene  
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We previously established a HCEM cell line from root surface and a HPL cell line from 

middle part of periodontal ligament of the same extracted human teeth [6].  In the 

present study, therefore, we thought that to compare the transcriptional profiles of 

HCEM cells and HPL cells could be a good approach to identify genes that influence 

the nature of cementoblasts (Fig.1A).  By microarray analysis, several genes were 

selectively highly expressed in HCEM (Fig. 1A).  Among these genes, one of the 

highly expressed genes was F-spondin.  Highly expression of F-spondin in HCEM 

cells, but not in HPL cells was confirmed by RT-PCR (Fig. 1B).  As cementoblasts 

share many characteristics to osteoblasts, we examined the expression of F-spondin in 

HCEM and human osteoblasts (NHOst, OTT4 and Ost).  Interestingly, HCEM 

expressed F-spondin mRNA, but osteoblasts did not (Fig. 1C).  On the other hand, 

CMKOR1, PTER, SLC14A1 were detected in both HCEM and NHOst (Fig. 1C).  

Thus, F-spondin is specifically expressed in cementoblasts among the cells, which 

compose the periodontal tissue. 

 

F-spondin expression in human periodontal tissue  

To confirm the specific expression of F-spondin in cementoblasts by 

immunohistochemical analysis, we firstly checked the accuracy of the antibody by 

western blotting.  F-spondin antibody specifically recognized F-spondin expression in 

FLAG-F-spondin transfected 293T cells (Fig. 2A).  Then, we immunohistochemically 

examined its expression in 7 normal periodontal tissues.  As expected, F-spondin 

obviously expressed in the root lining cells (Fig. 2B). 
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High expression of F-spondin promotes the differentiation of HPL cells in vitro.  

To know the role of F-spondin for cementoblastic differentiation, we stably transfected 

F-spondin into HPL cells, which is the poorly differentiated cells in comparison with 

cementoblasts.  We obtained 4 stable clones of F-spondin highly expressing HPL cells 

(HPL-spondin) (Fig. 3A).  High expression of F-spondin changed the morphology, 

showing short spindle shapes in comparison with control cells (Fig. 3B).  Next, we  

examined the expression of mRNA for COLI, ALP, Runx2, OCN, BSP and CP-23 by 

RT-PCR in F-spondin highly expressing HPL cells.  In addition, we examined 

collagen assay and ALP activity by biochemical methods.  Higher expression of ALP, 

OCN and BSP and lower expression of COLI were observed in F-spondin highly 

expressing HPL-cells in comparison with control cells (Fig. 4A).  Both HPL-spondin 

cells and  control cells expressed Runx2 and CP-23 mRNA at the same levels (Fig. 

4A).  The findings that increased expression of ALP mRNA and decreased expression 

of COLI mRNA in F-spondin highly expressing HPL cells were confirmed by collagen 

assay (Fig. 4B) and ALP activity (Fig. 4C), respectively.  To know the reason why 

type I collagen decreased in HPL-spondin, we examined MMP13 expression.  It is 

known that MMP13 is involved in type I and II collagen degradation and expressed in 

both terminal hypertrophic chondorocytes and osteoblasts [11,12].  Interestingly, 

HPL-spondin cells expressed MMP13 mRNA at higher level in comparison with 

control cells (Fig. 4D).   
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Discussion 

The periodontium is a complex structural and functional unit consisting of 4 different 

components, i.e., gingiva, alveolar bone, periodontal ligament, and cementum [13].  

Cementum plays an important role of the attachment of periodontal ligament to roots.  

The progenitor cells in bone marrow spaces migrate into the perivascular area of the 

periodontal ligament and move to the bone and tooth surface, and then differentiate into 

osteoblasts or cementoblasts [14, 15].  In similar to osteoblasts, cementoblasts express 

noncollagenous bone matrix proteins, COLI, ALP, Runx2, OCN, BSP and so on [15, 

16].  Recently, CAP and CP-23 has been identified as new makers for cementum or 

cementum-periodontal ligament [2, 5].  However, we still do not know the detailed 

mechanism of cementoblastic or osteoblastic differentiation from progenitor cells in 

bone marrow spaces.  To study the detailed mechanism of cementoblastic 

differentiation and proliferation of cementoblasts, we recently established a human 

cementoblast-like cell line, HCEM from root lining cells and a human periodontal 

ligament cell line, HPL, from middle part of periodontal ligament of the same teeth by 

using enzymatic digestion method [6].   

 In the present study, to identify the molecules playing the role for 

cementoblastic differentiation, we compared gene expression profiles between HCEM 

and HPL by microarray analysis.  As HCEM and HPL were established from same 

teeth, we thought that comparing the gene expression profiles between them could be a 

good approach for identifying the gene of cementoblastic differentiation.  Here we 

found several genes highly expressed in HCEM cells in comparison with HPL cells, but 
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most genes except for F-spondin expressed in osteoblasts by RT-PCR (Fig. 1A and 1C).  

Therefore, in the present study, we focused on F-spondin.  In fact, the expression of 

F-spondin mRNA was observed only in cementoblast, but not in osteoblasts and 

periodontal ligament cells (Fig. 1B and 1C).  Moreover, F-spondin expression was 

observed only in the cells on the root surface (cementoblasts) by immunohistochemistry 

(Fig. 2B).  These finding suggest that F-spondin may be a specific molecule for 

cementoblasts among the periodontal tissues.   

 F-spondin is an extracellular matrix protein and promotes neurite 

outgrowth of dorsal root ganglion cells [8, 17] and spinal cord neurons in cell culture 

[18].  F-spondin promotes the differentiation of neural precursor cells to cells with the 

characteristics of neurons [19].  This is the first report on the function of F-spondin in 

cementoblasts.  It is considered that periodontal ligament consists of different cell 

populations in various differentiation stages according to the position in periodontal 

ligament.  We previously reported that cell populations with larger growth potential 

were generally located in the middle position of periodontal ligament and cell 

populations with higher ALP and mineralization activities toward the surface of the root 

in rat periodontal ligament [20].  Therefore, we transfected F-spondin into HPL cells 

which are more poorly cell population than HCEM cells.  Interestingly, high 

expression of F-spondin changed the morphology (Fig. 3C) and increased the 

expressions of ALP, OCN and BSP mRNA and ALP activity (Fig. 4A, C) in HPL cells, 

suggesting that F-spondin may influence on the differentiation of HPL cells.  As 

cementoblasts and osteoblasts expressed ALP, OCN and BSP, which play an important 
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role for the mineralization [10], F-spondin promoted the differentiation of HPL cells 

toward the mineralization.  Moreover, both HPL-spondin cells and control cells 

expressed CP-23 mRNA (Fig. 4A).  CP-23 was expressed in mature cementum, 

cementoblasts and periodontal ligament cells but not osteoblasts [21].  Therefore, 

F-spondin promoted cementoblastic differentiation not osteoblastic differentiation.  

We also found that high expression of F-spondin decreased the expression of COLI 

mRNA and collagen concentration (Fig. 4A, B).  This finding may be caused by 

increased expression of MMP13, because MMP13 is known to be a collagenase of type 

I collagen and to increase in the process of osteoblastic differentiation [22].   

 By microarray analysis, we could find a lot of the genes that highly 

expressed in HCEM.  For instance, CMKOR1, PTER and SLC14A1 are also highly 

expressed in HCEM.  Nuclear Factor I (NFIB), which is site specific DNA-binding 

protein [23], is also listed.  In the future, we will examine if these genes are involved 

in cementoblastic differentiation.  In summary, in the present study, we demonstrated a 

critical role of F-spondin for cementoblastic differentiation.  Our findings provide new 

and important information for understanding the mechanism of cementoblastic 

differentiation.  We suggest that F-spondin could be used for a novel molecular target 

for periodontal regeneration therapy. 
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Figure legends 

Figure1. F-spondin is identified as a cementoblast specific gene . (A) Human 

cementoblast-like (HCEM) cells and human periodontal ligament (HPL) cells were 

established from the same extracted teeth by using modified enzymatic digestion 

methods.  The transcriptional profiles of HCEM cells and HPL cells were compared by 

microarray analysis.  Highly expressed genes in HCEM cells are listed.  Among these 

genes, F-spondin was identified the gene demonstrating the high fold change expression 

in HCEM cells.  (B) The expression of F-spondin mRNA by RT-PCR.  F-spondin 

mRNA expression is observed in HCEM cells, but not in HPL cells.  (C) The 

expression of F-spondin mRNA is not observed in human osteoblast cell lines (NHOst, 

OTT4 and Ost).  The expression of CMKOR1, PTER and SLC14A1 is observed in 

both HCEM and NHOst. 

Figure2. F-spondin expression in human periodontal tissues. (A) Checking the accuracy 

of the anti-SPON1 antibody by Western blot.  F-spondin antibody specifically 

recognizes F-spondin in FLAG-F-spondin transfected 293T cells.  (B) 

Immunohistochemical staining with the anti-SPON1 antibody in human periodontal 

tissue.  High expression of F-spondin was observed in cell located along the root 

surface (triangles).  C:cementum, D:dentin. PL:periodontal ligament, AB: alveolar 

bone. 

Figure3. High expression of F-spondin in HPL cells. (A) Stable clones of F-spondin 

highly expressing HPL-cells (HPL-spondin) expressed F-spondin mRNA and protein.  

GAPDH and ß-actin were used for loading control in RT-PCR and Western blot 
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analysis.  (B) HPL-spondin cells shows shorter spindle shapes (b) in comparison with 

control cells (a). (scale bar = 100 µm) 

 

Figure4. F-spondin promotes the differentiation of HPL cells in vitro. (A) Expression 

of mRNA for COLI, ALP, Runx2, OCN, BSP and CP-23 by RT-PCR in HPL-spondin.  

Higher expression of ALP, OCN and BSP and lower expression of COLI are observed 

in HPL-spondin in comparison with control cells.  Both HPL-spondin and control 

cells express Runx2 and CP-23 mRNA at the same levels.  (B) Mesurement of 

collagen concentration.  Collagen concentration tends to decrease in HPL-spondin 

by collagen assay. (C) ALP activity by biochemical methods.  Increased ALP 

activity is observed in HPL-spondin cells in comparison with control cells.  

*Significant difference (p<0.05).  (D) Expression of MMP13 mRNA by RT-PCR.  

HPL-spondin cells express MMP13 mRNA at higher level in comparison with control 

cells. 
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