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ABSTRACT 
 

Aims: To analyze the effect of rhBMP-2 and Chitosan in differentiation of Periodontal Ligament 
Stem Cells (PDLC) into an osteoblastic lineage. 
Study Design: This study was designed as in vitro study and osteogenic biomarkers were 
determined in the culture supernatant. 
Place and Duration of Study: Laboratory of Oral Biology Faculty of Dentistry Universitas 
Indonesia. Jakarta 10430 Indonesia, January – September 2016. 
Methodology: Human periodontal ligament stem cells (PDLC) were isolated from the root of vital 
teeth, followed by identification of stem cells by antibody anti  STRO-1. Chitosan was used at the 
concentration of 0.15%.  The culture cells were divided into four groups as follow, the control group 
(PDLC) and treatment groups with recombinant human Bone Morphogenic protein 2 (rhBMP-2), the 
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combination chitosan-rhBMP-2 and chitosan only. The levels of alkaline phosphatase (ALP) was 
determined by colorimetry and osteocalcin and collagen type I were measured using ELISA.  
Results: The results showed that levels of ALP tended to increase is in all groups. At day 14, the 
highest levels of ALP was in chitosan treated group. The concentration of collagen type 1 managed 
to raise is in all groups on days 14, and the highest levels Collagen type 1 occurred in RH BMP-2 
and chitosan treated cells, after that decrease in all groups until day 21(p < 0.05).  Osteocalcin 
concentration tended to increase is in all groups, and at days 21, the highest levels in with rhBMP-2 
+ chitosan.    
Conclusion: The rhBMP-2, chitosan, and its combination induce differentiation of periodontal 
ligament stem cells into the osteoblastic lineage. 
 

 
Keywords: Periodontal ligament stem cells (PDLC); alkaline phosphatase (ALP); recombinant human 

bone morphogenic protein 2 (rhBMP- 2); chitosan; osteocalcin. 
 
1. INTRODUCTION  
 
Stem cells from periodontal ligament (PDL) play 
a role in the process of osteogenesis or the 
formation of regenerative periodontal tissue. 
Huang, et al. (2009) suggested that the PDL may 
contain pluripotent stem cells that originate from 
the neural crest [1]. Stem cells in the PDL are 
important not only for formation and maintenance 
of the tissue but also for repair, remodeling, and 
regeneration of adjacent alveolar bone and 
cementum. The previous study has shown that 
progenitor cells isolated from PDL tissue by 
selection with cell surface markers STRO-1+ and 
CD146+ are capable of differentiating into 
chondrogenic, osteogenic, and adipogenic 
phenotypes under appropriate culture conditions 
[2]. To optimize the role of osteoblast in the 
process of osteogenesis will require trigger 
molecules (growth factors) which together with 
the extracellular matrix (scaffold) will induce 
proliferation and differentiation of stem cells into 
osteoblast–liked cells. The scaffold provides a 
three-dimensional environment for cells to attach 
and grow, therefore mimicking the in vivo 
condition. Additionally, these synthetic matrices 
can be fabricated such that it may form any 
desired shape and carry needed growth factors 
to guide the process of cell differentiation and 
tissue formation [3,4]. The tissue-engineering 
technology involves generating tissue or organ 
constructs in vitro for subsequent implantation. 
The biodegradable material can be synthetic 
polymers, e.g., Chitosan. Chitosan is the 
deacetylated form of chitin. Fungi synthesize 
chitin and chitosan in their cell walls, while the 
shells of crabs and shrimps and the bone plates 
of squids and cuttlefish are composed of chitin 
only [5,6]. Chitosan has a biological advantage 
that can be used as a source of biomaterials in 
dental practice in Indonesia. Chitosan can be 
used either alone  [7], or in combination with 

other biodegradable polymers, such as aliphatic 
polyesters [8,9], other natural polymers with 
ceramics such as hydroxyapatite (HA) [10].  
Chitosan as a scaffold is biocompatible, 
bioresorbable, and bioactive polymer so that it 
can be used as biomaterials for medical 
applications, such as regenerative periodontal 
tissue engineering and implant fixation. The 
osteogenic medium can also be supplemented 
with growth factors that naturally occur in bone, 
such as bone morphogenic proteins (BMPs), 
fibroblast growth factors, platelet-derived growth 
factor (PDGF), transforming growth factor beta, 
and insulin growth factors [11]. Under normal 
growth conditions, BMP-2 is localized in bone 
tissue as a complex with high molecular 
glycosaminoglycans, and is released in response 
to bone damage, resulting in the stimulation of 
differentiation of mesenchymal cells into 
osteoblasts and induction of cell proliferation 
[12]. Human recombinant Bone Morphogenetic 
Protein-2 (RH BMP -2) is one of growth factor, 
able to stimulate the differentiation and 
proliferation of Periodontal Stem Cells into 
osteoblasts-like cells, which play a role in the 
process of osteogenesis or the formation of 
regenerative periodontal tissue. The purpose of 
this study was to evaluate whether the 
administration of rhBMP-2, Chitosan,  as well as 
a combination of both, can stimulate Peridontal 
Stem Cells – derived cells into an osteoblastic 
lineage.  
 
2. MATERIALS AND METHODS  
 
This study has been approved by Ethical 
committee Faculty of Dentistry Universitas 
Indonesia.  Human periodontal ligament stem 
cells (PDLC)  were isolated from human third 
molars of impacted teeth. The PDLC was taken 
by surgical scalpel and chopped by scalpel under 
sterile condition.  Collagenase type I and dispase 
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were added to obtain a single cells suspension. 
The tissues were digested with for an hour at 37o 
C incubator in a humidified atmosphere 
containing 5% CO2.  Serial pipetting were 
conducted every 15-20 minutes to separate the 
cells. PDLSC were seeded in culture flask 
containing Dulbecco’s modified Eagle medium 
(Invitrogen, Carlsbad, CA, USA) added with 10% 
fetal bovine serum (Invitrogen, Carlsbad, CA, 
USA), 100 IU/ml penicillin, 100 µg/ml 
streptomycin (Invitrogen, Carlsbad, CA, USA), 
250 µg fungizone (Invitrogen, Carlsbad, CA, 
USA), 10 nM dexamethasone (Invitrogen, 
Carlsbad, CA, USA), 100 µg ascorbic acid, and 
100 mM β-glycerophosphate (Sigma, St. Louis, 
MO, USA). They were cultured in an atmosphere 
of 5% CO2 at 37°C incubator until 90% 
confluency was achieved. Purification of PDLSC  
was conducted as previously described by 
Bachtiar et al. [13]. Briefly, cells were transferred 
in 5 mL tube, washed with PBS containing 2% of 
inactivated FBS and resuspended in PBS/2% 
FBS with a concentration of 106 per 100 µL. The 
antibody of CD 106 and STRO-1 are used (1:40) 
to select and isolate stem cells and added to the 
cell mix, incubated for 20 minutes, washed in 
PBS/2% followed by second antibody incubation 
for 20 minutes. Cells are washed, resuspended 
in PBS/2%FBS containing 4',6-diamidino-2-
phenylindole (DAPI; final concentration 1 µg/mL). 
Identification of stem cells from Periodontal 

ligament with STRO-1 immunostaining. The 
PDLC culture was divided into four groups, the 
control group, and treatment groups with rhBMP- 
2, Chitosan, combination of rhBMP- 2 + 0.15% of 
Chitosan. To evaluate Alkaline Phosphatase 
(ALP), osteocalcin and collagen type 1 were 
determined by ELISA. 
  
3. RESULTS  
 
3.1 Alkaline Phosphatase Activity 
 
In this study, the alkaline phosphatase activity of 
PDLSCs treated by rhBMP-2, Chitosan,                   
and the combination of both was measured for 
up to 18 days. The results show that the ALP 
activity of the cells treated with rhBMP-2              
and rhBMP-2 + chitosan were in highest 
concentration at day 18  (Fig. 1).  ALP on 
chitosan only treated group showed lower than 
those rhBMP-2 and rhBMP-2+ chitosan on days 
18  (P < 0.05).  
 
3.2 Concentration of Collagen Type 1  
 
The level of collagen type 1 tended to increase is 
in all groups on days 14, and on day 18 the 
highest levels in the treatment group are 
presented with rhBMP-2 and chitosan, and then 
decrease in all groups until 21 days. 

 
Fig. 1. Alkaline phosphatase activity PDLSC  on day 14 and day 18 of experiments 
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3.3 Osteocalcin Concentration  
 
This study found that the osteocalcin activity of 
PDLSC treated by rhBMP-2, chitosan and 
rhBMP-2+chitosan were in highest concentration 
at day 18 of culture (Fig. 3). On day 18, 

osteocalcin activity of the cells treated by rhBMP-
2+chitosan showed highest osteocalcin activity 
than the other groups. Compared to day 18, 
osteocalcin concentration tended to decrease is 
in all groups on days 21.  

 
  

 
 

Fig. 2. Concentration of collagen 1 of PDLSC  culture medium on day 14, day 18 and day 21 of 
experiments 

 

 
Fig. 3. Concentration of osteocalcin of  PDLSC  culture medium on day 14, day 18 and day 21 

of experiments 
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4. DISCUSSION 
 
The previous study reported that DPSCs, 
isolated from human third molars was able to 
induce differentiation into cementoblast-like cells, 
adipocytes and collagen forming cells with the 
material similar to periodontal tissue cement in 
immunodeficient mice and rats [14]. In the 
periodontal regeneration process,  cells involved 
in regeneration have shown to express STRO-1 
[15]. The result of our study showed that the 
addition of  RhBMP2 and Chitosan had induced 
osteogenic differentiation of stem cells from 
periodontal ligament. Similar studies have been 
reported by Saito et al. [16]. 
 
Alkaline phosphatase activity is a well-defined 
biomarker of osteogenesis and is assumed to 
reflect the degree of differentiation [17]. Alkaline 
phosphatase levels are indicative of osteoblast 
activity and the early stage of osteoblast 
differentiation [17]. In this study, compared to the 
control Alkaline phosphatase levels were tend to 
increase in all groups. These results indicate that 
in an early stage of PDLSC differentiation 
RhBMP2 and RhBMP2 +Chitosan were capable 
of promoting differentiation of PDLSC into 
osteoblast lineage.  Similar outcomes regarding 
induction of higher alkaline phosphatase activity 
in proliferation and differentiation of Periodontal 
Ligament Stem Cells on chitosan have already 
been reported by our group and by other 
researchers [17,18]. 
 
The concentration of collagen type 1 tended to 
increase in all groups on days 4, and the highest 
level is in the treatment group presented with RH 
BMP-2 + Chitosan, and then decrease in all 
group until days  21. Based on the results of the 
study, this suggests the role of rhBMP-2 in 
enhancing differentiation Peridontal Stem Cells. 
And also showed the role of Chitosan and as a 
scaffold quite good because it can provide an 
environment suitable to trigger adhesion, 
proliferation, and differentiation of cells. 
Osteocalcin is usually used as a marker for the 
late stage of osteoblast differentiation [19].  
Osteocalcin concentration tended to increase in 
all groups, and days 21 the higher expression 
level osteocalcin are in the group presented with   
rhBMP-2 + Chitosan followed by the group 
presented with chitosan and rhBMP-2. High 
levels of osteocalcin showed in advanced stages 
of differentiation might be due to the chitosan 
has a calcium content of mineral apatite which is 
a natural constituent of bone and teeth, then 
becomes conductive to PDL-SC into osteoblast-

like cells. This result was supported by Tang XJ 
et al. in vivo experimental, the NHC composite 
has good hard tissue biocompatibility and an 
excellent osteoconductivity [20,21]. Further study 
needed to evaluate in vivo effect of PDLSC 
compared to dental pulp-derived stem cells 
(DPSCs) on bone defect regeneration. The study 
conducted by Bachtiar et al. showed that 
transplantation DPSCs was effective to induce 
bone regeneration [22].  
 
Cells and scaffolds strategies can promote the 
ingrowth of new bone as these are designed to 
provide mechanical stability of the implanted 
material, while promoting osteogenesis, 
osteoconduction, and osteoinduction, these 
scaffolds were resorbable and thus be gradually 
degraded and replaced by new bone [23].  
Biomaterials can incorporate bioactive factors to 
attract host stem cells, bone ingrowth cytokine 
to promote osteoformation and pro-
angiogenesis factors [24]. 
 

5. CONCLUSION 
 
In conclusion, our study demonstrates 
that  rhBMP-2, Chitosan, and combination of 
both could stimulate  Periodontal Stem Cells 
differentiation into the osteoblastic lineage.   
 

ACKNOWLEDGEMENT 
 
Part of this study was supported by Universitas 
Indonesia PUPT Grant 2016 from the Ministry of 
Research and Higher Education Republic of 
Indonesia.  
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Yang X. Dental pulp stem cells for            

tissue engineering; STRO-1 selection        
and transfection strategies. Tissue 
Engineering. 2007;13(11):2803-12. 

2. Narayanan K. Differentiation of embryonic 
mesenchymal cells to odontoblast-like cells 
by overexpression of dentin matrix protein 
1. PNAS. 2001;98(8):4516-21. 

3. Golub EE. The role of alkaline 
phosphatase in mineralization. Current 
Opinion in Orthopaedics. 2007;18(5):       
444–8. 



 
 
 
 

Yuniastuty et al.; ARRB, 22(6): 1-6, 2018; Article no.ARRB.38859 
 
 

 
6 
 

4. Scheller EL. Tissue engineering state of 
the art in oral rehabilitation. J Oral Rehabil. 
2009;36(5):368-89. 

5. Iohara. Dentin regeneration by dental pulp 
stem cell therapy with recombinant human 
bone morphogenetic protein 2. Dent Res. 
2004;(8):590-5. 

6. Saber SE-DM. Tissue engineering in 
endodontics. J Oral Sci. 2009;51:495–507. 

7. George J. Differentiation of mesenchymal 
stem cells into osteoblasts on honeycomb 
collagen scaffolds. Biotechnol Bioeng. 
2006;20;95(3):404-11. 

8. H.K. H. Fast setting calcium phosphate–
chitosan scaffold: Mechanical properties 
and biocompatibility. Biomaterials. 2005; 
26(12):1337-48. 

9. Bath-Balogh M. Dental embryology, 
histology, and anatomy. Second ed. USA: 
Elsevier Inc. Medicine UK. Oral Histology 
Dental Pulp; 2006.   

10. Wang P, Zhao L, et al. Bone tissue 
engineering via nanostructured calcium 
phosphate biomaterials and stem cell. 
Bone Res. 2014;2:14017. 

11. Lieberman, Jay R, MD, Daluiski, Aaron 
MD, et al. The role of growth factors in the 
repair of bone: Biology and clinical 
applications. JBJS. 2002;84(6):1032-44. 

12. Bostrom MPG, Lane JM, Berberian WS, 
Missouri AAE, Tomin E, Weiland A, et al. 
Immunolocalization and expression of 
bone morphogenetic proteins 2 and 4 in 
fracture healing. Journal of Orthopaedic 
Research. 1995;13:357–67. 

13. Bachtiar EW, Amir LR, et al. Scaffold 
degradation during bone tissue 
reconstruction in Macaque nemestrina 
mandible, Interven Med and Applied Sci. 
2016;8(2):77-81. 

14. Kinaia BM, Chogle SMA, Kinaia AM, 
Goodis HE. Regenerative therapy: A 
periodontal-endodontic perspective. Dental 
Clinics of North America. 2012;56(3):537–
547. 

15. Du L, Yang P, Ge S. Stromal cell-derived 
factor-1 significantly induces proliferation, 
migration, and collagen type i expression 

in a human periodontal ligament            
stem cell subpopulation. Journal of 
Periodontology. 2012;83(3):379–388.  

16. Saito A, Saito E, Handa R, Honma Y, 
Kawanami M. Influence of residual           
bone on recombinant human bone 
morphogenetic protein-2-induced 
periodontal regeneration in experimental 
periodontitis in dogs. Journal of 
Periodontology. 2009;80(6):961–968. 

17.  Christenson RH. Biochemical markers          
of bone metabolism: An overview. Clin 
Biochem. 1997;30(8):573–593. 

18. Mihaylova Z, Tsikandelova R, Sanimirov P, 
Gateva N, Mitev V, Ishkitiev N Role of 
PDGF-BB in proliferation, differentiation 
and maintaining stem cell properties of 
PDL cells in vitro. Arch Oral Biol. 2018; 
85:1-9. 

19. Lukasova V, Buzgo M, Sovkova V, 
Dankova J, Rampichova M, Amler 
Osteogenic differentiation of 3D cultured 
mesenchymal stem cells induced by 
bioactive peptides. Cell Prolif. 2017;50(4). 

20. Tang XJ, Gui L, Lu XY. Hard tissue 
compatibility of natural hydroxyapatite/ 
chitosan composite. Biomed Mater. 2008; 
3(4). Abstract 

21. Yang X. Dental Pulp Stem Cells for        
Tissue Engineering; STRO-1 Selection     
and Transfection Strategies. Tissue 
Engineering. 2007;13(11):2803-12. 

22. Bachtiar EW, Dewi Fatma S, Ahmad Aulia 
Yusuf, and Rahmi Ulfiana. Transplantation 
of Dental Pulp Stem Cells in Experimental 
Bone Defect J Biomimetics and 
Bioengineering. 2017;34:94-100.  

23. Sandor GKB. Tissue engineering of bone: 
clinical observations with adipose-derived 
stem cells, resorbable scaffolds, and 
growth factors. Ann. Maxillofac. Surg. 
2012;2:8–11. 

24. Patel ZS, Young S, Tabata Y, Jansen JA, 
Wong MEK, Mikos AG. Dual delivery of an 
angiogenic and an osteogenic growth 
factor for bone regeneration in a critical 
size defect model. Bone. 2008;43:931–
940. 

_________________________________________________________________________________ 
© 2018 Yuniastuty et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/22866 


