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Abstract 
      This study aimed at analyzing the expression of NFATc1 and RUNX2 on orthodontic tooth 
movement post administration of Robusta coffee extract.  
      A number of 14 wistar rats were divided into 2 groups, i.e. control group (C): rats applied with 
orthodontic mechanical force (OMF) and Treatment group (T): rats with OMF and Robusta coffee 
extract 20mg/100g BW. OMF for rats was applied by a ligature wire with a diameter of 0.20 mm on 
the maxillary right first molar and both maxillary incisors. Subsequently, the maxillary right first 
molar was moved to mesial using Niti closed coil spring. Observations were performed on day 15 
with immunohistochemical examination to determine the expression of NFATc1 and RUNX2.  
      Robusta coffee extract increased NFATc1 and RUNX2 expression in compression and tension 
areas (p <0,05). The expression of NFATc1 in the compression area was greater than that in the 
tension area (p <0.05), whereas RUNX2 expression in the tension area was greater than that in the 
compression area (p <0.05).  
      Robusta coffee extract enhances the expression of NFATc1 and RUNX2 on orthodontic tooth 
movement, thus it can be used as an alternative to accelerate orthodontic treatment. 
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 Introduction 
 

Orthodontic treatment is commonly 
conducted using various appliances to treat jaw 
shape abnormalities and can improve occlusion 
to overcome aesthetic and functional problems. 
However, longer treatment periods have limited 
its clinical application. Thereby, tooth movement 
control and effective short time of treatment is an 
important clinical issue that should be addressed 
for better treatment 1.2. 

Orthodontic tooth movement is a complex 
biological and mechanical process involving 
various molecules. The orthodontic force in the 
periodontal tissue activates osteoclasts and 
osteoblasts resulting in resorption and deposition 
of alveolar bone, and stimulates cell growth and 
collagen regeneration 3. Orthodontic tooth 
movement depends on alveolar bone 

remodeling. The formation of osteoclasts is a 
prerequisite of alveolar bone remodeling. Under 
pressure stimulation, osteoclasts produce an 
osteoclastic reaction. It has been shown that 
tooth movement can be effectively regulated by 
controlling osteoclast differentiation and 
function4. Osteoblasts that function in bone 
formation are necessary to remodel the 
resorption region in the compression area and to 
form new bone in the compression area and 
tension area5. 

Nuclear Factor of Activated T-cells 1 
(NFATc1) is the main regulator of the receptor 
activator of Nuclear Factor-ĸB Ligand (RANKL) 
which induces osteoclast differentiation and plays 
an important role in fusion and osteoclast 
activation through enhancement of osteoclast 
regulation of various genes responsible for 
osteoclast attachment, migration, acidification, 
inorganic degradation and bone organic matrix7. 
RANKL produced by osteoblasts further binds 
the Receptor activator of Nuclear Factor-ĸB 
(RANK) to the surface of osteoclast precursors 
and recruits adapter protein of tumor necrosis 
factor receptor-associated factor6 (TRAF6), 
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which causes activation of Nuclear factor-kappa 
B (NF-kB) and transmits it to the nucleus. NF-kB 
increases the expression of c-Fos, and it 
interacts with NFATc1 to trigger transcription of 
the osteoclastogenic8. 

Runt-related transcription factor-2 
(RUNX2) is a multifunctional transcription factor 
and is involved in the osteoblast cell 
differentiation process9. RUNX2 is a specific 
transcription factor of osteoblasts that activates 
and initiates differentiation of bone marrow 
mesenchyme cells into osteoblasts and regulates 
osteoblast maturation10,11, and plays a key role in 
the process of mature osteoblasts12. During the 
movement of orthodontic teeth, the RUNX2 
levels in the tension area are higher compared to 
that in the compression area13. 

Tooth movement on orthodontic treatment 
that takes a long time and is relatively high cost 
will become economic burden to the patient thus 
efforts to shorten the time of orthodontic 
treatment need to be conducted continuously. To 
accelerate the movement of the tooth on 
orthodontic treatment various attempts have 
been made, among others, using some drugs14. 

 Various studies have been conducted 
recently to determine the effects of substances 
and medicines that have influence on orthodontic 
tooth movement i.e. medicines that show 
negative effects related to inhibition of 
orthodontic tooth movement e.g. osteoprotegerin 
and bisphosphonate (Pamidronat)15,16, or 
medicines that show a positive effect i.e. 
acceleration of orthodontic tooth movement e.g. 
caffeine17,18. PGE2 injection may also increase 
the movement of the teeth19, but it may lead to 
excessive resorption of bone and root surfaces20, 
whereas the newest results of researches 
suggest that topical administration of PGE2 gel 
does not cause root resorption thus it may be 
considered for medication during orthodontic 
tooth movement21. 

Coffee is one of the popular beverages 
consumed among the public. Robusta coffee, 
among others, contains substances e.g. caffeine 
(1,3,7 trimetilxantin) 22, chlorogenic acid and 
caffeic acid, which have effect as an antioxidant 
23, that can reduce oxidative stress on 
osteoblasts 24. The results in rats have shown 
that administration of high doses of caffeine (10 
mg / 100 g BW) increase the number of 
osteoclasts and bone resorption in the 
compression area on day 1425.   

The administration of caffeine 50mg/kg in 
pregnant rats have high osteogenic potential of 
osteoblasts characterized by increased 
expression of osteocalcin, osteopontin, 
sialoprotein, RUNX-2, alkaline phosphatase and 
collagen type 1 as well as the increase of 
synthesis of mineralized nodules26. Chlorogenic  
acid in coffee improves osteogenesis in human 
adipose tissue derived Mesenchymal stem 
(hAMSCs), indicated by mineralization increase, 
mRNA levels of alkaline phosphatase and 
RUNX2-2 transcription factor required for 
osteoblast differentiation27.  

This study was conducted to analyze the 
expression of NFATc1 in osteoclasts and RUNX2 
in osteoblasts during orthodontic tooth movement 
post Robusta coffee extract. 
   

Materials and methods 
 

This laboratories experimental study was 
conducted using 14 male wistar rats aged 3-4 
months and weighed 250-300, in good health, 
have complete tooth structure, oral conditions, 
and healthy periodontal tissue. Rats were 
randomly divided into 2 groups: control group 
(C): performed with orthodontic mechanical force 
and 2ml aquades, and Treatment  group (T): 
performed with mechanical force of orthodontic 
and freeze dried extract of Robusta coffee of 
20mg/100 g BB (equivalent  to 1 cup of coffee for 
an adult person) dissolved in 2ml aquades. The 
mechanical force of orthodontics in rats was 
performed by anesthesia using ketamine.          A 
ligature wire (3 M Unitek, Germany) with a 
diameter of 0.20 mm was applied in the maxillary 
right first molar and both maxillary incisors. 
Subsequently, the maxillary right first molar was 
moved to mesial using Tension Gauge (Ormco, 
USA) to produce 10 g/cm2 strength with Nickel 
Titanium Orthodontic closed coil spring (3 M 
Unitek, Germany) length 6 mm 28. Observation 
was conducted by sacrificing the rats on day 15 
and extracted the maxillary right first and second 
molars along with periodontal tissue. 
Immunohistochemical tests were performed to 
determine the expression of NFATc1 in 
osteoclasts and RUNX2 in osteoblasts. NFATc1 
and RUNX2 expression. Observations were 
conducted using a microscope at 400x 
magnification. Data were analyzed using 
independent t-test, Mann-Whitney test, paired t-
test and Wilcoxon signed ranks-test with 95% of 
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trust level (α = 0,05). This study has been 
approved by the ethical research committee of 
the Faculty of Medicine, Jember University, 
Number: 1150/H.25.1.11/KE/2017. 
 

Results 
 

The results of research on Robusta coffee 
extract effect on NFATc1 expression on 
osteoclasts and RUNX2 in osteoblasts are shown 
in Table 1 and Table 2 (see the appendix). 
Immunohistochemical results of the expression of 
NFATc1 and RUNX2 in the compression and 
tension areas are shown in Figures 1 and 2. 

 

 
Figure 1. The expression of NFATc1 on 
osteoclasts is indicated by arrows: in Control 
group of Compression area (A), Control group of 
Tension area (B), Treatment group of 
Compression area (C) and Treatment group of 
Tension area (D), (Imunohistochemical, 400x 
magnification ). 

 

 
Table 1. Mean ± Standard Deviation of NFATc1 
Expression and results test of differentiation test 
among the research groups of Compression Area 
and Tension Area. 
Notes: p < 0.05 = Significant, p > 0,05 = Not Significant.  

 
Table 1 illustrates the description of the 

data in the form of mean and standard deviation 
of NFATc1 expression on the osteoclast in the 
compression and tension areas. Tests based on 

paired t-test showed that the expression of 
NFATc1 in osteoclasts in group C at the tension 
area was greater than that in the compression 
area but not significant (p> 0.05), whereas based 
on Wilcoxon signed ranks-test in group T, 
NFATc1 expression on osteoclasts in the 
compression area was significantly greater than 
the tension area (p <0.05). Differentiation test 
results based on independent t-test of NFATc1 
expression on osteoclasts between the study 
groups in the compression area showed a 
significant difference (p <0.05), whereas the 
Mann-Whitney test in tension area showed no 
significant difference (p < 0.05). 

 

 
Figure 2. RUNX2 expression on the osteoblasts 
is indicated by arrows: in the Control group of 
compression area (E), Control group of Tension 
area (F), the Treatment group of Compression 
area (G) and the Treatment group of Tension 
area (H), (Immunohistochemistry, 400x 
magnification). 

 

 
Table 2. Mean ± Standard Deviation of RUNX2 
expression and results test of differentiation test 
among the research groups of Compression Area 
and Tension Area. 
Notes: p < 0.05 = Significant, p > 0,05 = Not Significant. 

 

Table 2 illustrates the description of the 
data in the form of mean and standard deviation 
of RUNX2 expression on osteoblasts in the 
compression and tension areas. Tests based on 
paired t-test showed that RUNX2 expression in 
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osteoblasts in group C in the compression area 
was equal to that in tension area or no significant 
difference (p> 0,05), whereas based on paired t-
test in group T,  RUNX2 expression on 
osteoblasts in the tension region was significantly 
greater than that in the compression area (p 
<0.05). Differentiation test results based on 
independent t-test of RUNX2 expression 
between research groups in the compression and 
the tension areas showed significant differences 
(p <0.05). 
 

Discussion 
 
NFATc1 plays an important role in 

osteoclast fusion. The process through regulation 
of transmembrane-specific regulation of dendritic 
cell Protein (DC-STAMP) and isoform d2 of 
vacuolar ATPase Domain V0 (Atp6v0d2)  29. 
There is evidence that NFATc1 also regulates 
the activation of osteoclasts and it has been 
shown that NFATc1 activation enhances 
osteoclast formation and activation in vivo 30. 

An increase in the amount of NFATc1 
expression in Robusta coffee extracts in both 
compression and tension areas is due to the 
caffeine content in coffee increasing RANKL 17,18 . 
Caffeine increases RANKL expression in 
osteoblasts and increases osteoclastogenesis by 
increasing cyclooxygenase-2 (COX-
2)/Prostaglandin 2 (PGE2) 31. RANKL binds to its 
receptor RANK, which recruits adapter molecules 
e.g. TRAF6. It activates NF-κB, which is 
important for early induction of NFATc1. NFATc1 
is activated by calcium signaling and binds its 
own promoter, allowing switching on an 
autoregulatory loop. The activator protein (AP) -1 
complex containing c-Fos is required for 
autoamplification of NFATc1 leading to strong 
induction of NFATc1. Finally, NFATc1 works with 
other transcription partners to activate the 
specific osteoclast gene32. 

The increased expression of NFATc1 in 
the ccompression area is greater than that in the 
tension area in accordance with previous 
research results indicating that the application of 
orthodontic forces in the compression area 
increases RANKL expression which further 
increases osteoclastogenesis17,18, thus bone 
resorption also increases and subsequently lead 
to orthodontic tooth movement followed by 
remodeling of the alveolar bone and the 
periodontal ligament33. 

Osteoblasts are differentiated from 
mesenchymal precursors, and mature 
osteoblasts to form osteoid followed by bone 
mineralization process34. Osteoblastic 
differentiation in human alveolar bone involves 
an increase in the expression of Runx2/Core 
Binding Factor a-1 (Cbfa1) which is an essential 
component of the differentiation process35. 

RUNX2 induces differentiation 
multipotent mesenchymal cells into immature 
osteoblasts and triggers bone matrix gene 
expression including osteocalcin (OCN), alkaline 
phosphatase (ALP) and others, in the early 
stages of osteoblast differentiation36. 

Increased expression of RUNX2 in 
osteoblasts in the compression and tension 
areas in the administration of Robusta coffee 
extract is due to caffeine content in coffee 
increases RUNX2 expression24. Caffeine 
contained in coffee binds to adenosine receptors 
and modulates several other receptors including 
glucocorticoid, insulin, estrogen and androgen 
receptors, Vitamin D, cannabinoid, glutamate and 
adrenergic receptors, all of which are expressed 
in osteoblasts or progenitor cells and have an 
important function during osteoblast 
differentiation37,38.39. Previous research has 
shown that caffeine with a concentration of 0.1 
mM in adipose-derived stem cells (ADSCs) and 
bone marrow stromal cells, enhances osteoblast 
differentiation through activation of RUNX240. 

Coffee also contains Chlorogenic acid 
that can increase RUNX2 27. Caffeic acid in 
coffee i.e. a phenolic acids has effect as an 
antioxidant that can reduce oxidative stress in 
osteoblasts24. Antioxidant activity is important in 
stimulating osteoblastic activity through specific 
receptors41, thus the expression of RUNX2 in 
osteoblasts also increased. The expression of 
RUNX2 in the tension area is greater than that in 
the compression area confirming the results of 
the previous study that the extract of Robusta 
coffee also showed that the amount of 
osteoblasts in the tension area is greater than 
that in the compression area42. 
 

Conclusions  
 
It is concluded that the extract of Robusta 

coffee increases the expression of NFATc1 and 
RUNX2, thus it can be an alternative to improve 
the process of bone remodeling and accelerate 
the movement of orthodontic teeth. 

http://www.ektodermaldisplazi.com/dergi.htm


 

Journal of International Dental and Medical Research ISSN 1309-100X                                            NFATc1 and RUNX2 Expression   
http://www.jidmr.com                                                                                                                                                     Herniyati, and et al 

 

  Volume ∙ 11 ∙ Number ∙ 1 ∙ 2018 

                            
Page 274 

Acknowledgements 
 

Supported by  Dentistry Faculty of Jember 
University and Medical Faculty of Brawijaya 
University for the services provided during the 
accomplishment of the research. 
 
 Declaration of Interest 
 
 The authors report no conflict of interest. 
 
 References 
 
1. Li S, Zhou J, and Ren C. Adult orthodontic technique: 

development and challenge. West China Journal of 
Stomatology. 2013;31:549-551.  

2. Wang X, Wu C, Li Y, and Wang R. Research progress on 
relationship between malocclusion as well as orthodontic 
treatment and psychosocial behavior. China Medical Herald 
2014;16:162-165. 

3. Thirunavukkarasu K, Halladay DL, and Miles RR “et al”. The 
osteoblast-specific transcription factor Cbfa1 contributes to the 
expression of osteoprotegerin, a potent inhibitor of osteoclast 
differentiation and function. J Biol Chem. 2000;275: 25163-
25172. 

4. Caetano-Lopes J, Canhao H, and Fonseca JE. Osteoblasts and 
bone formation. Acta Reumatol Port. 2007;32:103–110. 

5. Kawakami M and Yamamoto TT. Local injection of 1,25-
dihydroxyvitamin D3 enhanced bone  formation for tooth 
stabilization after experimental tooth movement in rats . J Bone 
Miner Metab. 2004;2:541-546. 

6. Kim JH and Kim N. Regulation of NFATc1 in Osteoclast 
Differentiation. J Bone Metab. 2014;21(4):233-241. 

7. Zhao Q, Wang Xi,  Liu Y, He Aimin,  and Jia  Ruokun.  NFATc1: 
Functions in  osteoclasts,  The International Journal of 
Biochemistry & Cell Biology. 2010;42(5): 576-579.   

8. Boyce, Brendan F.MD, and Lianping X.MD. Functions of 
RANKL/RANK/OPG in bone modeling ang remodeling. Arch 
Biochem Biophys. 2007;473(2):139-146. 

9. Wang W. Role of Runx1 and its co-transcription factor CBF b in 
osteoblast differentiation and bone development. Acta Zhejiang 
University. 2014;55:125-140. 

10. Nagatake T, Fukuyama S, and Sato S “et al”. Central Role of 
Core Binding Factor β2 in Mucosa-Associated Lymphoid Tissue 
Organogenesis in Mouse. PLoS One. 2015;10: e0127460.  

11. Baek JE, Choi JY, and Kim JE. Skeletal analysis and differential 
gene expression in Runx2/Osterix double heterozygous 
embryos. Biochem Biophys Res Commun. 2014;451: 442-448.  

12. Byun MR, Kim A, and Hwang JH “et al”. A stimulates osteoblast 
differentiation through TAZ mediated Runx2 activation. FEBS 
Lett. 2012;586:1086-1092. 

13. Taddeia SRA, PedrosaMoura A, and Andrade JI “et al”. 
Experimental model of tooth movement in mice: A standardized 
protocol for studying bone remodeling under compression and 
tensile strains. Journal of Biomechanics. 2012; 45(16):2729-
2735. 

14. Shenava S, Nayak KUS., Bhaskar V, Nayak A. Accelerated 
Orthodontics-A Review. International Journal of Scientific Study. 
2014;1(5):35-39. 

15. Matthew D.Dunn MD, Park CH, Kostenuik PJ, Kapila S, and 
Giannobile WV. Local delivery of osteoprotegerin inhibits 
mechanically mediated bone modeling in orthodontic tooth 
movement. Bone. 2007;41(3):446-455. 

16. Venkataramana V, Rajasigamani K, Nirmal 
Madhavan,  S.N.Reddy, Karthik, and Kurunji Kumaran N. 
Inhibitory effect of bisphosphonate [pamidronate] on orthodontic 
tooth movement in newzealand albino rabbits. Journal of 
International Dental and Medical Research. 2012;5(3): 136-142. 

17. Jianru Y, Boxi Y, and Meile L “et al”. Caffeine may enhance 
orthodontic tooth movement through increasing 
osteoclastogenesis induced by periodontal ligament cells under 
compression. Archives of Oral Biology. 2016;64:51-60. 

18. Herniyati, Narmada IB, and Soetjipto. The Role of Rankl and 
Opg in Alveolar Bone Remodeling and Improvement of 
Orthodontic Tooth Movement Post Coffee Brew Administration. 
Journal of International Dental and Medical Research. 
2017;10(1):84-88. 

19. Kale S, Kocadereli I,
 
Atilla P, and Aşan E. Comparison of the 

effects of 1,25 dihydroxycholecalciferol and prostaglandin E2 on 
orthodontic tooth movement. American Journal of Orthodontics 
and Dentofacial Orthopedics. 2004;125(5):607-614. 

20. Seifi M, Eslami B, and Saffar AS. The effect of prostaglandinE 2 
and calcium gluconate on orthodontic tooth Movement and root 
resorption in rats. Eur J Orthod. 2003;25:199 - 204. 

21. Widayati R, Suniarti DF, Poerwaningsih EH, and Iskandriati D. 
Root Resorption and RANKL Concentration in Orthodontic 
Tooth Movement Accompanied by Topical PGE2 Gel 
Application. Journal of International Dental and Medical 
Research. 2016;9(3):228-232. 

22. Sukendro S. Keajaiban Dalam Secangkir Kopi. Yogyakarta: 
Penerbit Media  Pressindo. 2013:17. 

23. Yashin A, Yashin Y,  Wang JY and  Nemzer B, Antioxidant and 
Antiradical Activity of Coffee, Antioxidants. 2013;2:230-245. 

24. Baek KH, Oh KW, Lee WY, Lee SS, Kim MK, and Kwon HS. 
Association of oxidative stress with postmenopausal 
osteoporosis and effects of hydrogen peroxide on osteoclast 
formation in human bone marrow cell cultures. Calcif Tissue 
Internat.  2010;87(3):226-35. 

25. Peng S, and Chun HY. Effect of caffeine on alveolar bone 
remodeling during orthodontic tooth movement in rats. Journal 
of Tongji University (Medical Science). 2011;03. 

26. Reis AS, Riberio LGR, Ocarino NM, Goes AlM, and Serakides 
R. Osteogenic potential of osteoblasts from neonatal rats born 
to mothers treated with caffeine throughout pregnancy. BMD 
Musculoskeletal Disorder. 2015;16:10. 

27. Bin HS, Jeong JH, and Choi UK. Chlorogenic acid promotes 
osteoblastogenesis in human adipose tissue-derived 
mesenchymal stem cells. Food Science, and Biotechnology. 
2013;  22:107-112. 

28. D’Apuzzo F, Cappablanca S, and Clavarella D et al. Biomarkers 
of periodontal tissue remodelling during orthodontic tooth 
movement in mice and men: overview and clinical relevance. 
Sci World J. 2013;41:342-53. 

29.  Kim K, Lee SH, Ha Kim J, Choi Y,and Kim N. NFATc1 induces 
osteoclast fusion via up-regulation of Atp6v0d2 and the 
dendritic cellspecific transmembrane protein (DC-STAMP). Mol. 
Endocrinol. 2008;22:176-185. 

30. Ikeda F, Nishimura R, Matsubara T, Hata K, Reddy SV, and 
Yoneda T. Activation of NFAT signal in vivo leads to osteopenia 
associated with increased osteoclastogenesis and bone-
resorbing activity. J. Immunol 2006;177:2384-2390. 

31. Liu SH, Chen C, Yang RS, Yuan PY, Yang YT, and Tsai C. 
Caffeine enhances osteoclast differentiation from bone marrow 
hematopoietic cells and reduces bone mineral density in 
growing rats. Journal of Orthopaedic Research. 
2011;29(6):954-960. 

32. Asagiri M and Takayanagi H. The molecular understanding of 
osteoclast differentiation. Bone. 2007;40(2):251-264 

33. Krishnan V and  Davidovitch Z. 2006. Cellular, molecular, and 
tissue-level reactions to orthodontic force. American Journal of 
Orthodontics and Dentofacial Orthopedics.  129(4):469-1. 

34. Sprogar S, Vaupotic T, Cör A, Drevenšek M, and Drevenšek G. 
The endothelin system mediates bone modeling in the late 
stage of orthodontic tooth movement in rats.  Bone 
2008;43(4):740-747.  

35. Hiran P, Thomas M, and “et al”. Alveolar bone osteoblast 
differentiation and Runx2/Cbfa1 expression. Archives of Oral 
Biology. 2006;51:406-415. 

36. Komori T. Regulation of bone development and extracellular 
matrix protein genes by RUNX2. Cell and Tissue Research. 
2010;339:189. 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.sciencedirect.com/science/article/pii/S1357272509003719
http://www.sciencedirect.com/science/article/pii/S1357272509003719
http://www.sciencedirect.com/science/article/pii/S1357272509003719
http://www.sciencedirect.com/science/article/pii/S1357272509003719
http://www.sciencedirect.com/science/journal/13572725
http://www.sciencedirect.com/science/journal/13572725
http://www.sciencedirect.com/science/journal/00219290
http://www.sciencedirect.com/science/journal/00219290/45/16
http://www.sciencedirect.com/science/article/pii/S8756328207003730#!
http://www.sciencedirect.com/science/article/pii/S8756328207003730#!
http://www.sciencedirect.com/science/article/pii/S8756328207003730#!
http://www.sciencedirect.com/science/article/pii/S8756328207003730#!
http://www.sciencedirect.com/science/article/pii/S8756328207003730#!
http://www.sciencedirect.com/science/journal/87563282
http://www.sciencedirect.com/science/journal/87563282/41/3
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.sciencedirect.com/science/article/pii/S0889540603010850#!
http://www.sciencedirect.com/science/article/pii/S0889540603010850#!
http://www.sciencedirect.com/science/article/pii/S0889540603010850#!
http://www.sciencedirect.com/science/article/pii/S0889540603010850#!
http://www.sciencedirect.com/science/journal/08895406
http://www.sciencedirect.com/science/journal/08895406
http://www.sciencedirect.com/science/journal/87563282
https://link.springer.com/journal/441


 

Journal of International Dental and Medical Research ISSN 1309-100X                                            NFATc1 and RUNX2 Expression   
http://www.jidmr.com                                                                                                                                                     Herniyati, and et al 

 

  Volume ∙ 11 ∙ Number ∙ 1 ∙ 2018 

                            
Page 275 

37. Lu PZ, Lai CY, and Chan WH. Caffeine induces cell death via 
activation of apoptotic signal and inactivation of survival signal 
in human osteoblasts. Int J Mol Sci. 2008;9: 698-718. 

38. Costa MA, Barbosa A, and Neto E “et al”.  On the role of 
subtype selective adenosine receptor agonists during 
proliferation and osteogenic differentiation of human primary 
bone marrow stromal cells. J Cell Physiol. 2011;226: 1353-66. 

39. Wang Y, Zhu J, and DeLuca HF. Identification of the vitamin D 
receptor in osteoblasts and chondrocytes but not osteoclasts in 
mouse bone. J Bone Miner Res. 2014;29:685-92.  

40. Jem SS, Lung CK, Hui SS Tsung YY, Wen SH, and Ming CK. 
Caffeine regulates osteogenic differentiation and mineralization 
of primary adipose-derived stem cells and bone marrow stromal 
cell line. International Journal of Food Sciences and nutrition. 
2013;64(4):429-436. 

41. Banfi G, Banfi G, Iorio EL, and Corsi MM. Oxidative stress, free 
radicals and bone remodeling. Clinical Chemistry and 
Laboratory Medicine: CCLM/FESCC. 2008; 46(11):1550-1555. 

42. Herniyati. Mekanisme Pergerakan Gigi Ortodonti Dan Proses 
Remodeling Tulang Alveolar Yang Diinduksi Gaya Mekanis 
Ortodonti Akibat Pemberian Seduhan Kopi. Disertasi, Program 
Studi Jenjang Doktor Fakultas Kedokteran Universitas 
Airlangga Surabaya. 2016: 97-99. 

 

http://www.ektodermaldisplazi.com/dergi.htm

