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Introduction: The aims of this in vitro study were to evaluate the effects of two calcium silicate 

based cements, Calcum-enriched Mixture (CEM) and Biodentine  on proliferation of human 

dental pulp stem cells (hDPSCs) and the effects of proposed cements on the secretion of 

Transforming Growth Factor β1 (TGF-β1). Methods and materials: The cell cultures of human 

Dental Pulp Stem Cells (hDPSCs) at passage 3-5 were treated with various dilutions (1/1, 1/2, 

1/4, 1/8, 1/16, and 1/32) of CEM and Biodentine extracts to assess the cell proliferation using 

3-(4, 5-dimethylthiazol-2-Y1)-2, 5-diphenyltetrazolium brovide (MTT) assay after 48 and 72 h. 

The amount of TGF-β 1 secretion were estimated after 72 h using an enzyme-linked 

immunosorbent assay. Data were analyzed using the one-way analysis of variance (ANOVA) 

followed by the Dunnett’s test at the level of significance set at 0.05. Result: CEM showed the 

highest rates of cell proliferation compared to Biodentine after 72 h (P<0.05). A greater amount 

of TGF-β1 was secreted by hDPSCs treated with Biodentine compared to CEM (P<0.05). These 

differences were statistically significant (P<0.05). Conclusion: In this in vitro study hDPSCs 

showed more proliferation capacity with CEM rather than Biodentine and TGF-β1 secretion 

rate in Biodentine was higher. 
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Introduction 

ital pulp therapy (VPT) is designed to preserve and maintain 

pulpal health in teeth that have pulp exposure due to trauma, 

caries, restorative procedures, and anatomic anomalies. The prime 

objective in VPT is to initiate the formation of tertiary reparative 

dentin or calcific bridge formation [1]. During treatment of exposed 

vital pulp, proliferation and differentiation of pulp cells are 

necessary. This process is affected by the interaction of human 

dental pulp stem cells (hDPSCs) and pulp capping material. 

It is demonstrated that outcomes for VPT can vary, depending 

on the age of the patient, extent of bacterial contamination, degree 

of pulp inflammation and more importantly the type of pulp 

capping agent [2]. An ideal pulp capping agent should be 

biologically compatible and bioactive to stimulate DPSCs activity 

and hard tissue formation [3]. 

A variety of pulp capping materials have been investigated and 

used over the past century to encourage bridge formation and 

pulp preservation. With introduction of mineral trioxide 

aggregate (MTA), a calcium silicate-based cement as a pulp 

capping material in the mid-1990, significant success has been 

achieved in VPT [4]. Although MTA has excellent desirable 

properties for VPT, some disadvantages like long setting time, 

hard handling, discoloration of tooth and high price persuaded 

investors to develop new calcium silicate-based cements [5]. 

Recently, a variety of new bioactive calcium silicate-based cements 

without drawbacks of MTA have been developed such as calcium-

enriched mixture (CEM) and Biodentine. 
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CEM cement was introduced to dentistry as an endodontic 

biomaterial. The sealing ability of CEM is similar to MTA and it 

promotes the process of differentiation in stem cells and induces 

hard tissue formation. It has been shown that CEM can induce 

osteo-/odontogenic like phenotype differentiation of hDPSC [6-9]. 

Biodentine is a tricalcium silicate-based cement that also 

demonstrates exceptional bioactive properties with potential for 

pulp capping procedures. It has a simple application, and its setting 

time is short. Recent data imply that Biodentine is a bioactive and 

biocompatible material capable of enhancing hDPSCs 

proliferation, migration and adhesion [3, 5, 10, 11]. The 

components of these two cements are listed in Table 1. 

hDPSCs are multipotent mesenchymal stem cells (MSCs) reside 

within soft living tissue inside dental pulp. It has been shown that 

these cells could be beneficial for regenerative endodontic therapies 

[3, 12, 13]. Proliferation of hDPSCs is a principle phase in healing 

of dentin pulp complex, and survival studies with hDPSCs 

demonstrate a useful method for appraising the behavior of these 

cells in contact with new materials [3, 14]. To our knowledge, there 

is no study to compare the effect of two above-mentioned materials 

on proliferation of hDPSCs. Considering the gap of information, in 

the first part of this study we sought to evaluate the effects of CEM, 

and Biodentine on hDPSCs proliferation. 

Transforming Growth Factor β1 (TGF-β1) is a 

multifunctional cytokine that can induce MSCs differentiation 

to odontoblasts and is essential for dentinogenesis [15]. 

Moreover, TGF-β1 has immunosuppressive and 

immunomodulatory effects [16]. TGF-β1 is also an important 

cytokine in cell proliferation, survival and migration [17, 18]. 

So far, separate studies have shown positive effects of CEM 

and Biodentine on the secretion of TGF-β1 but this effect has 

not been compared yet. Accordingly, in an attempt to provide 

more information to introduce a more biocompatible 

endodontic material, in this study the effect of CEM and 

Biodentine on hDPSCs proliferation and also the level of TGF-

β1 secretion were investigated. 

Materials and Methods 

Preparation of pulp-capping material extracts 

The materials tested in this study were CEM (Bioniquedent, 

Tehran, Iran) and Biodentine (Septodont, Saint Maurdes Fosses, 

France). The materials were mixed according to the 

manufacturers’ instructions. Discs of each pulp-capping 

material were shaped under aseptic conditions in 6-plates 

measuring 35×2 mm, sterilized using ultraviolet irradiation for 

15 min, and stored in an incubator at 37°C for 48 h to achieve 

complete setting. The materials were stored in the culture 

medium for 24 h at 37°C in a humid atmosphere containing 5% 

CO2. The ratio of material surface area to medium volume was 

set at approximately 1.5 cm2/mL in accordance with the 

guidelines of the International Organization for Standardization 

10993-5. The extraction medium was filtered with sterile filters 

of 0.22 µm of diameter of the porous.  

Cell culture 

hDPSCs were obtained from Iranian Biological Resource Center 

(Tehran, Iran). Cells were cultured in media containing 

Dulbecco’s Modified Eagle Medium (DMEM) supplemented 

with 15% FBS and 1% penicillin-streptomycin (10000 units/mL) 

as antibiotics. Cells were incubated at 37°C in a humidified 

atmosphere of 95% air and 5% CO2. Primary dental pulp stem 

cells at passage 3-5 were used for the experiments. 

3-(4, 5-dimethylthiazol-2-Y1)-2, 5-diphenyltetrazolium 

brovide (MTT) 

The effect of the different pulp-capping elutes on cell 

proliferation and viability was evaluated using the MTT assay, 

after 48 and 72 h of culture, using hDPSCs cultured in complete 

medium as control. Several concentrations (undiluted, 1/2, 1/4, 

1/8, 1/16, 1/32) were prepared. Cells were seeded at density equal 

to 4000 cells/cm2 on a 96-well plate in 200 µL DMEM. After 24 

h, the cultured cells were exposed to pulp capping extracts. 

Complete culture medium was replaced by serum-free culture 

medium, at the time points of 48 and 72 h. MTT was added at a 

final concentration equal to 1 mg/mL and cells were incubated 

for 4 h. Then, the culture medium containing MTT was removed 

and 100 mL dimethyl sulfoxide was added to release formazan. 

The absorbance at 570 nm was measured using an automatic 

microplate reader (Stat Fax 2100, Palm City, FL, USA). Each 

condition was analyzed in quintuplicate. The percentage of the 

viable cells was calculated using the following equation: (mean 

OD of treated cells/mean OD of control cells) 100×.  
 
 

Table 1. Composition of tested materials 
Materials Manufacturer Composition 

CEM Bioniquedent, Tehran, Iran 
Powder: calcium oxide (CaO), sulfur trioxide (SO3), phosphorous pentoxide (P2O5), and 
silicon dioxide (SiO2); Liquid: distilled water 

Biodentine Septodont, St. Maurdes-Fosses, France 
Powder: tricalcium silicate (Ca3SiO5), dicalcium silicate (Ca2SiO4), calcium carbonate 
(CaCO3), iron oxide (Fe2O3), and zirconium oxide (ZrO2) 
Liquid: water (H2O) with calcium chloride (CaCl2) and soluble polymer (polycarboxylate) 
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Figure 1. The proliferation of hDPSCs after exposure to CEM and 
Biodentine extracts at 48 and 72 h. There is no significant difference 

between either of the tested biomaterials with the control group after 48 
h. However, a significant difference was noted in this regard at 72 h 

between CEM and control group (P<0.01) and also between Biodentine 
and control group (P<0.05) * and ** donate P<0.05 and P<0.01, 

respectively, as compared to the control 
 

Enzyme-linked immunosorbent assay (ELISA) for TGF-β1 

hDPSCs were seeded in 96-well plates in the conditioned 

medium for 72 h. The medium was collected and the levels of 

secreted TGF-β1 were determined using immunoassay kits 

(IBL GmbH; Hamburg, Germany) according to the 

manufacturer’s protocol. The optical density of each well was 

determined using a microplate reader (Stat Fax 2100, Palm 

City, FL, USA) at 540 nm. 

Statistical analysis 

The data were analyzed using one-way ANOVA followed by 

the Dunnett’s test. GraphPad Prism 5.0 statistical and graphing 

software was used for the statistical analyses. The values are 

presented as the mean ± SD. P-values less than 0.05 were 

considered statistically significant. 

Results 

Proliferation of hDPSCs after 48 and 72 h exposure to CEM 

and Biodentine 

Assessment of cell proliferation in CEM and Biodentine 

groups after 48 h revealed no significant difference with the 

control group. However, after 72 h, there was significant 

difference between CEM (P<0.01) and Biodentine (P<0.05) 

with control group (Figure 1). 

Proliferation of hDPSCs in different dilutions of CEM and 

Biodentine after 48 h 

The percentage of proliferation rate of hDPSCs in different 

dilutions of CEM and Biodentine after 48 h is shown in Figure 2A. 

The proliferation of hDPSCs after exposure to CEM in dilutions 

of 1/1, 1/2 and 1/4 were significantly higher than Biodentine.  

Proliferation of hDPSCs in different dilutions of CEM and 

Biodentine after 72 h 

The percentage of proliferation rate of hDPSCs in different 

dilutions of CEM and Biodentine after 72 h is shown in Figure 2B. 

Biodentine was found to have significantly lower cell proliferation 

compared to CEM at dilutions of 1/1, 1/2, and 1/4 (P<0.01). 

However, no such difference is observed at concentrations of 1/8, 

1/16 and 1/32 after 48 and 72 h exposure to CEM and Biodentine.  

TGF-β1 secretion by hDPSCs after exposure to CEM and 

Biodentine 

The concentration of released TGF-β1 was significantly greater in 

Biodentine group compared to CEM (P<0.05) (Figure 3). 

Discussion 

The results of our study revealed that there was no difference 

between tested materials and control group in cell proliferation 

after 48 h. However, the ability of CEM and Biodentine to induce 

proliferation increased over time. After 72 h, cell proliferation was 

significantly greater in the groups exposed to materials than 

control indicating that CEM and Biodentine have optimal 

biocompatibility for use in VPT. This finding is in line with the 

results of previous studies that separately assessed the 

biocompatibility of these materials [3, 5, 19-21]. Moreover, our 

finding revealed that this increase was more in CEM compared to 

Biodentine.  

In our study the effects of CEM and Biodentine on cell 

proliferation was also compared with one another. The survival 

rate of CEM in dilutions of 1/1, 1/2 and 1/4 was significantly 

higher than Biodentine. 

The effects of these materials on proliferation rate of different 

types of cells including periodontal ligament (PDL) fibroblasts 

[22], human gingival fibroblasts [23] and apical papilla stem cells 

[24] were examined. To our knowledge, the effects of CEM and 

Biodentine on the proliferation ability of hDPSCs has not yet been 

compared. Saberi et al. [23] evaluated the effect of CEM and 

Biodentine on viability of gingival fibroblasts. Their findings 

showed that there is no significant difference at 24 and 48 h 

compared to the control group which was in accordance with our 

results. In another similar study, the effects of CEM and 

Biodentine on the proliferation of apical papilla stem cells after 

different time points were evaluated and no significant 

difference was reported [24]. 

48
h

72
h
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Figure 2. Percentage of hPDSCs proliferation following exposure to serial dilutions of CEM and Biodentine after 48 and 72 h was assessed by 

MTT test; A) Comparison of the CEM and Biodentine groups with one another revealed significant differences between them at dilutions of 1/1, 

1/2, and 1/4; B) Similar results were observed after 72 h* and ** donate P<0.05 and P<0.01, respectively, as compared to the control 

 

 
Figure 3. The concentration of TGF-β1 measured by ELISA after 72 
h; the concentration of TGF-β1 in Biodentine group was significantly 

higher compared with the CEM group (P<0.05) 

 
Küçükkaya et al. [22] reported no significant difference in 

cell viability between CEM and Biodentine after 24, 48, and 72h 

in human PDL fibroblasts. Moreover, their findings showed that 

CEM induced more than 90% cell viability after 24 and 48 h of 

incubation, while significantly less cell viability was observed in 

CEM group after 72 h of incubation. In contrast, Biodentine 

showed significantly less cell viability after 24 h of incubation, 

whereas it was increased significantly after 48 and 72 h of 

incubation. 

Such controversy in results may be related to the type of 

target cells, method of cell proliferation assessment, direct 

contact of cells with the materials, concentration of materials 

and assessment time points. 

Lee et al. [25] showed that cell viability of Biodentine in 

concentrations of 1, 1/2, and 1/4 was significantly lower than 

MTA and Bioaggregate in MSCs. 

The biocompatibility of calcium silicate-based cements is 

related to releasing of calcium ions during their setting time 

and hydroxyapatite formation via calcium binding to 

phosphorus [19, 26]. 

Although release of calcium ions can cause inflammatory 

toxic reactions for some types of the cells [27], release of this ion 

from silicate cements is important for the survival of MSCs [25]. 

The proliferation of human dental pulp cells increase when 

exposed to media containing exogenous calcium ion [28]. This 

ion has signaling ability and plays an important role in up-

regulation of different cell activities [24, 29]. Thus, the excellent 

biocompatibility of calcium silicate-based cements such as CEM 

cement and Biodentine can be attributed to the release of 

calcium ion. Difference in the percentage of cell proliferation 

and viability in CEM cement and Biodentine groups at different 

time points in our study may be due to the different release of 

calcium ions. The chemical composition of Biodentine is 

different from that of CEM cement, which could be another 

reason for the difference in cellular proliferation. 

Over time, the components released from materials can 

induce cytotoxicity [22]. Biodentine is claimed by the 

manufacturer as a high purity dental material. However, a recent 

study has found traces of arsenic, chromium, and lead in elutes 

from a mixed Biodentine solution [30]. 

The biocompatibility of radiopacifier in materials can be 

another important issue since they have been observed in high 

levels in tissues adjacent to the capping materials [22]. 

Biodentine contains zirconium oxide as a radiopacifier which 

presents a lower toxicity profile than bismuth oxide, another 

radiopacifier in the MTA structure [31, 32]; however, in the 

CEM structure, there are not any of these elements [33]. 

1
1/
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In the second part of this study, we evaluated the level of 

TGF-β1 secreted by hDPSCs. Until now, no study has compared 

the effect of CEM and Biodentine on the level of TGF-β secretion 

by hDPSCs. Our findings indicate that after 72 h, CEM induced 

a decrease in TGF-β1 secretion as compared to the baseline 

values but the level of secretion of TGF-β1 was significantly 

higher in Biodentine. In accordance with our results, Laurent et 

al. [15, 34] reported that Biodentine significantly increased 

TGF-β1 secretion from human pulp cells. Similarly, Asgary et al. 

[6] showed the secretion of TGF-β1 from hDPSCs after 

incubation with MTA and CEM; however, this secretion was 

significantly lower in CEM group. 

TGF-β1 acts as a regulator of many reparative processes in 

various tissues. In dental pulp, TGF-β1 promotes progenitor cell 

migration [35] and odontoblast differentiation [36]. 

Additionally, previous work has shown that dentine matrix 

contains sequestered TGF-β [37]. During dentine 

demineralization through carious lesions or acidic etchant 

application, this growth factor can be released to the pulp tissue 

where they could mediate dentine regeneration processes. 

Additionally, pulp capping materials such as MTA and 

Biodentine have been shown to stimulate human dental pulp 

and fibroblasts to secret TGF-β1 [15, 34, 38], but less studies 

have been done on the inductive effect of CEM on TGF-β1 

secretion by pulpal cells. The results of our study in line with 

previous studies revealed that Biodentine has a prominent 

induction effect on TGF-β1 secretion. 

The reason for difference in the secretion value in the tested 

materials can be attributed to difference in their chemical 

component. Moreover, our findings revealed the high secretion of 

TGF-β1 in Biodentine group compared with CEM and it may be 

attributed to high similarity of Biodentine structure to the dentine. 

Conclusion 

Human dental pulp cells increase proliferation when exposed 

to media containing CEM and Biodentine, however the effect 

of CEM is more. Moreover, Biodentine promotes TGF-β1 

secretion by hDPSCs. 

Acknowledgement 

The authors thank Dr. Zahra Yadegari from Shahid Beheshti 

Dental School for technical support. 

Conflict of Interest: ‘None declared’. 

References 

1. G B, S K, N C. Vital Pulp Therapy. In: KM H, LH B, editors. 

Pathways of the pulp. 11 ed. USA: Elsevier; 2016. pp. 849-76. 

2. Akhlaghi N, Khademi A. Outcomes of vital pulp therapy in 

permanent teeth with different medicaments based on review of 

the literature. Dent Res J (Isfahan). 2015;12(5):406-17. 

3. Tomas-Catala CJ, Collado-Gonzalez M, Garcia-Bernal D, Onate-

Sanchez RE, Forner L, Llena C, Lozano A, Moraleda JM, 

Rodriguez-Lozano FJ. Biocompatibility of New Pulp-capping 

Materials NeoMTA Plus, MTA Repair HP, and Biodentine on 

Human Dental Pulp Stem Cells. J Endod. 2018;44(1):126-32. 

4. Parirokh M, Torabinejad M, Dummer PMH. Mineral trioxide 

aggregate and other bioactive endodontic cements: an updated 

overview - part I: vital pulp therapy. Int Endod J. 2018;51(2):177-

205. 

5. Luo Z, Li D, Kohli MR, Yu Q, Kim S, He WX. Effect of Biodentine 

on the proliferation, migration and adhesion of human dental 

pulp stem cells. J Dent. 2014;42(4):490-7. 

6. Asgary S, Nazarian H, Khojasteh A, Shokouhinejad N. Gene 

expression and cytokine release during odontogenic 

differentiation of human dental pulp stem cells induced by 2 

endodontic biomaterials. J Endod. 2014;40(3):387-92. 

7. Asgary S, Ahmadyar M. Vital pulp therapy using calcium-

enriched mixture: An evidence-based review. J Conserv Dent. 

2013;16(2):92-8. 

8. Hajizadeh N, Madani ZS, Zabihi E, Golpour M, Zahedpasha A, 

Mohammadnia M. Effect of MTA and CEM on Mineralization-

Associated Gene Expression in Stem Cells Derived from Apical 

Papilla. Iran Endod J. 2018;13(1):94-101. 

9. Haghgoo R, Asgary S, Mashhadi Abbas F, Montazeri Hedeshi R. 

Nano-Hydroxyapatite and Calcium-Enriched Mixture for Pulp 

Capping of Sound Primary Teeth: A Randomized Clinical Trial. 

Iran Endod J. 2015;10(2):107-11. 

10. Parinyaprom N, Nirunsittirat A, Chuveera P, Na Lampang S, 

Srisuwan T, Sastraruji T, Bua-On P, Simprasert S, Khoipanich I, 

Sutharaphan T, Theppimarn S, Ue-Srichai N, Tangtrakooljaroen 

W, Chompu-Inwai P. Outcomes of Direct Pulp Capping by Using 

Either ProRoot Mineral Trioxide Aggregate or Biodentine in 

Permanent Teeth with Carious Pulp Exposure in 6- to 18-Year-

Old Patients: A Randomized Controlled Trial. J Endod. 

2018;44(3):341-8. 

11. Katge FA, Patil DP. Comparative Analysis of 2 Calcium Silicate-

based Cements (Biodentine and Mineral Trioxide Aggregate) as 

Direct Pulp-capping Agent in Young Permanent Molars: A Split 

Mouth Study. J Endod. 2017;43(4):507-13. 

12. Kawashima N. Characterisation of dental pulp stem cells: a new 

horizon for tissue regeneration? Arch Oral Biol. 

2012;57(11):1439-58. 

13. Moazzami F, Ghahramani Y, Tamaddon AM, Dehghani 



 

IEJ Iranian Endodontic Journal 2018;13(4): 522-527 

527 Omidi et al. 

Nazhavani A, Adl A. A Histological Comparison of a New Pulp 

Capping Material and Mineral Trioxide Aggregate in Rat Molars. 

Iran Endod J. 2014;9(1):50-5. 

14. Tabari K, Hosseinpour S, Parashos P, Kardouni Khozestani P, 

Rahimi HM. Cytotoxicity of Selected Nanoparticles on Human 

Dental Pulp Stem Cells. Iran Endod J. 2017;12(2):137-42. 

15. Laurent P, Camps J, About I. Biodentine(TM) induces TGF-beta1 

release from human pulp cells and early dental pulp 

mineralization. Int Endod J. 2012;45(5):439-48. 

16. Stockis J, Lienart S, Colau D, Collignon A, Nishimura SL, 

Sheppard D, Coulie PG, Lucas S. Blocking immunosuppression 

by human Tregs in vivo with antibodies targeting integrin 

alphaVbeta8. 2017;114(47):E10161-e8. 

17. Zhang Y, Alexander PB, Wang XF. TGF-beta Family Signaling in 

the Control of Cell Proliferation and Survival. Cold Spring Harb 

Perspect Biol. 2017;9(4). 

18. Au HK, Chang JH, Wu YC, Kuo YC, Chen YH, Lee WC, Chang 

TS, Lan PC, Kuo HC, Lee KL, Lee MT, Tzeng CR, Huang YH. 

TGF-betaI Regulates Cell Migration through Pluripotent 

Transcription Factor OCT4 in Endometriosis. PLoS One. 

2015;10(12):e0145256. 

19. Pornamazeh T, Yadegari Z, Ghasemi A, Sheykh-Al-Eslamian SM, 

Shojaeian S. In Vitro Cytotoxicity and Setting Time Assessment 

of Calcium-Enriched Mixture Cement, Retro Mineral Trioxide 

Aggregate and Mineral Trioxide Aggregate. Iran Endod J. 

2017;12(4):488-92. 

20. Ranjkesh B, Isidor F, Kraft DCE, Lovschall H. In vitro cytotoxic 

evaluation of novel fast-setting calcium silicate cement 

compositions and dental materials using colorimetric methyl-

thiazolyl-tetrazolium assay. J Oral Sci. 2018;60(1):82-8. 

21. Jaberiansari Z, Naderi S, Tabatabaei FS. Cytotoxic Effects of 

Various Mineral Trioxide Aggregate Formulations, Calcium-

Enriched Mixture and a New Cement on Human Pulp Stem Cells. 

Iran Endod J. 2014;9(4):271-6. 

22. Kucukkaya S, Gorduysus MO, Zeybek ND, Muftuoglu SF. In 

Vitro Cytotoxicity of Calcium Silicate-Based Endodontic Cement 

as Root-End Filling Materials. Scientifica (Cairo). 

2016;2016:9203932. 

23. E AS, Farhadmollashahi N, Ghotbi F, Karkeabadi H, Havaei R. 

Cytotoxic effects of mineral trioxide aggregate, calcium 

enrichedmixture cement, Biodentine and octacalcium 

pohosphate onhuman gingival fibroblasts. J Dent Res Dent Clin 

Dent Prospects. 2016;10(2):75-80. 

24. Saberi EA, Karkehabadi H, Mollashahi NF. Cytotoxicity of 

Various Endodontic Materials on Stem Cells of Human Apical 

Papilla. Iran Endod J. 2016;11(1):17-22. 

25. Lee BN, Lee KN, Koh JT, Min KS, Chang HS, Hwang IN, Hwang 

YC, Oh WM. Effects of 3 endodontic bioactive cements on 

osteogenic differentiation in mesenchymal stem cells. J Endod. 

2014;40(8):1217-22. 

26. Asgary S, Eghbal MJ, Parirokh M, Ghoddusi J, Kheirieh S, Brink 

F. Comparison of mineral trioxide aggregate's composition with 

Portland cements and a new endodontic cement. J Endod. 

2009;35(2):243-50. 

27. Schneider R, Holland GR, Chiego D, Jr., Hu JC, Nor JE, Botero 

TM. White mineral trioxide aggregate induces migration and 

proliferation of stem cells from the apical papilla. J Endod. 

2014;40(7):931-6. 

28. Takita T, Hayashi M, Takeichi O, Ogiso B, Suzuki N, Otsuka K, 

Ito K. Effect of mineral trioxide aggregate on proliferation of 

cultured human dental pulp cells. Int Endod J. 2006;39(5):415-22. 

29. Aguirre A, Gonzalez A, Planell JA, Engel E. Extracellular calcium 

modulates in vitro bone marrow-derived Flk-1+ CD34+ 

progenitor cell chemotaxis and differentiation through a calcium-

sensing receptor. Biochem Biophys Res Commun. 

2010;393(1):156-61. 

30. Camilleri J, Kralj P, Veber M, Sinagra E. Characterization and 

analyses of acid-extractable and leached trace elements in dental 

cements. Int Endod J. 2012;45(8):737-43. 

31. Gomes Cornelio AL, Salles LP, Campos da Paz M, Cirelli JA, 

Guerreiro-Tanomaru JM, Tanomaru Filho M. Cytotoxicity of 

Portland cement with different radiopacifying agents: a cell death 

study. J Endod. 2011;37(2):203-10. 

32. Silva GF, Bosso R, Ferino RV, Tanomaru-Filho M, Bernardi MI, 

Guerreiro-Tanomaru JM, Cerri PS. Microparticulated and 

nanoparticulated zirconium oxide added to calcium silicate 

cement: Evaluation of physicochemical and biological properties. 

J Biomed Mater Res A. 2014;102(12):4336-45. 

33. Mozayeni MA, Milani AS, Marvasti LA, Asgary S. Cytotoxicity of 

calcium enriched mixture cement compared with mineral 

trioxide aggregate and intermediate restorative material. Aust 

Endod J. 2012;38(2):70-5. 

34. About I. Biodentine: from biochemical and bioactive properties 

to clinical applications. Giornale Italiano di Endodonzia. 

2016;30(2):81-8. 

35. Howard C, Murray PE, Namerow KN. Dental pulp stem cell 

migration. J Endod. 2010;36(12):1963-6. 

36. Begue-Kirn C, Smith AJ, Ruch JV, Wozney JM, Purchio A, 

Hartmann D, Lesot H. Effects of dentin proteins, transforming 

growth factor beta 1 (TGF beta 1) and bone morphogenetic 

protein 2 (BMP2) on the differentiation of odontoblast in vitro. 

Int J Dev Biol. 1992;36(4):491-503. 

37. Finkelman RD, Mohan S, Jennings JC, Taylor AK, Jepsen S, Baylink 

DJ. Quantitation of growth factors IGF-I, SGF/IGF-II, and TGF-

beta in human dentin. J Bone Miner Res. 1990;5(7):717-23. 

38. Guven G, Cehreli ZC, Ural A, Serdar MA, Basak F. Effect of 

mineral trioxide aggregate cements on transforming growth 

factor beta1 and bone morphogenetic protein production by 

human fibroblasts in vitro. J Endod. 2007;33(4):447-50. 
 

 

Please cite this paper as: Omidi S, Bagheri M, Fazli M, Ahmadiankia 

N. Effects of Two Calcium Silicate Cements on Transforming 

Growth Factor-β1 Secretion from Human Dental Pulp Stem Cells. 

Iran Endod J. 2018;13(4):522-7. Doi: 10.22037/iej.v13i4.21885. 
 


