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ABSTRACT

Ⅰ. Introduction

Nowadays, in endodontic field mineral trioxide

aggregate (MTA; Dentsply, Tulsa Dental, Tulsa, OK,

USA) has been introduced and widely used in many

indications such as root-end filling, perforation

repair, apexification, and pulp capping.1,2) Traditionally,

various materials, such as amalgam, zinc oxide

eugenol (ZOE), Intermediate Restorative Material

(IRM; Dentsply Caulk, Milford, DE, USA), and

super ethoxy benzoic acid (Super EBA) have been

used for root-end filling. Types of root-end filling

materials have gone through a lot of changes with

time. Currently, MTA is mainly used for its excellent

sealing ability and biocompatibility.3)

In the past, there had been a lot of studies identify-

ing cell response to MTA.4-6) According to these stud-

ies, MTA appears to stimulate cytokine production in

human osteoblasts4) and allow good adherence of the

cells to the material.5)
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MG63 human osteoblast-like cells, originally isolat-

ed from a human osteosarcoma, have frequently been

used in many experiments. These cells show impor-

tant osteoblastic traits, including the production of

high levels of alkaline phosphatase (ALP) activity

and osteocalcin (OC) synthesis. Thus, they were

used not only in the study of implant surface,7,8) but

also in cellular response to dental materials9) and

cytotoxicity test.10,11)

After MG63 cells being attached to root-end filling

materials, initial cell response can be evaluated by

measuring the amount of ALP and OC,12) biochemical

markers showing bone formation, and the amount of

TGFβ1,13) growth factor affecting osteoblast through

enzyme-linked immunosorbent assay (ELISA). 

Recently, new root canal repair filling material,

DiaRoot BioAggregate (DB; Innovative BioCaramix

Inc, Vancouver, BC, Canada) was developed.

According to the manufacturer, this material con-

tains biocompatible pure white powder composed of

ceramic nano-particles and deionized water. And

powder is composed of hydraulic calcium silicates,

calcium phosphate, amorphous silicon oxide and tan-

talum oxide, contained in a crystalline mass, not

separable into individual components.14) Though there

was a research on cytotoxic15) and antibacterial16)

effect of DB, there are few published studies on its

osteogenic effect. So in this study, by comparing DB

with highly evaluated existing MTA, potential applic-

ability of this new material as root-end filling materi-

al was studied. 

Ⅱ. Method

1. Cell culture 

MG63 cells, which are osteoblastic cell line, were

obtained from the American Type Culture Collection

(Rockville, MD, USA). Cultures were maintained in

Dulbecco’s Modified Eagle’s Medium (DMEM;

Gibco, NY, USA) supplemented with 10% fetal

bovine serum (FBS; Gibco, NY, USA) and 1% peni-

cillin/streptomycin (Gibco, NY, USA). All experi-

ments were performed using cells between seven and

nine passage.

2. Preparation of root-end filling materials

In this study, three kinds of root-end filling materi-

als were used: MTA, DB, IRM. And tissue culture

plates with no material were used as control. Each

material was mixed according to the manufacturer’s

instruction. Mixed material was inserted into the

wells of 24-well tissue culture plates and condensed

to disks that were approximately 1mm thick and had

the same diameter as the wells. The materials were

allowed to set for 24 hours at 37�C under 5% CO2

and 100% humidity. And then the cells were seeded

on DB, MTA, and IRM in 24-well tissue culture

plates in a density of 2 × 105 cells/well. In every

experiment, six wells with no disks (plastic controls)

and six wells for each of the three types of root-end

filling materials were used. For the cells to adhere to

each material sufficiently, the cells were grown on

different root-end filling materials in DMEM medium

for 4 hours and then were changed with new com-

pleted DMEM for 12 hours. Attached cells were har-

vested by trypsinization with 0.25% trypsin and

1mM EDTA. Cells were centrifuged at 1,200 × rpm

for 5 min at 4℃ and then stained with trypan blue.

Cell number was counted by hemacytometer and the

culture supernatants were stored at -80℃ for ELISA. 

3. Alkaline phosphatase assay

MG63 cells (2 × 105 cells/well) were seeded into

24-well culture plates and incubated for 12 hours in

DMEM supplemented with 10% FBS. The cells were

harvested by trypsinization with 0.25% trypsin and

1mM EDTA. After the cells were centrifuged at

1,200 × rpm for 5 min at 4℃, supernatant was

removed. 0.5 ml distilled water was added to the cell

pellet and this was homogenized with sonication. We

measured Protein concentration by BCA assay

(Pierce) and  ALP with p-nitrophenyl phosphate.

Briefly, The cell lysates were incubated with 15 mM

p-nitrophenyl phosphate in 0.1 M glycine-NaOH

buffer (pH 10.3) at 37℃ for 30 min. Reactions were

stopped by the addition of 0.25 N NaOH. The stan-

dard concentrations were used p-nitrophenol. The

optical density was measured at 405 nm by ELISA

reader. The ALP activity was normalized with pro-
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tein concentration of each aliquot. 

4. ELISA

The culture supernatants were assayed to deter-

mine the cytokine levels according to the manufac-

turer’s instructions. TGFβ1 was measured by ELISA

kit obtained from R&D systems (Minneapolis, MN,

USA). OC was measured by ELISA kit obtained from

Bender medsystems GmbH (Vienna, Austria).

5. Statistical analysis

The data are presented from one of the two repli-

cate experiments. Each data point represents the

mean ± standard deviation (SD) of six individual

cultures. The statistical significance of the differences

was analyzed by ANOVA and Bonferroni’s t-test. A

p-value of less than 0.05 was considered significant.

Ⅲ. Results

1. Number of attached cells

Out of the total number of cells added, 88.13 ±

6.25% had attached to the cell culture plate surface

(control) after 12 hours of incubation. On the other

specimens the following levels of cell attachment

were observed: MTA, 48.75 ± 3.23%; DB, 43.75 ±

1.44%; IRM. 29.38 ± 3.31%. There was no signifi-

cant difference only between MTA and DB (p >

0.05).

2. ELISA

For each item of TGFβ1 and OC, followings are the

converted results per 105 cells which were attached

to materials. Only for OC, there was no significant

difference between MTA and DB (p > 0.05). For

remaining others, there was significant difference

between every two group (p < 0.05).

Figure 1. Number of attached cells (* represents no

significant difference between the two groups).

Figure 2. TGFβ1 (significant difference between every two

group).

Table 1. Number of attached cells

Control MTA DB IRM

Mean ± SD 176250 ± 12500 97500 ± 6455 87500 ± 2887 58750 ± 6614

Table 2. TGFβ1 and OC (pg/ml)

Control MTA DB IRM

TGFβ1 29.25 ± 2.04 56.62 ± 2.99 62.26 ± 3.69 19.40 ± 3.36

OC 4546 ± 459 7452 ± 1070 7508 ± 410 5794 ± 858
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3. ALP

For all groups, p-nitrophenol was presented in

nmole per 1 hour and 1mg of protein. There was sta-

tistically significant difference between every two

group.

Ⅳ. Discussion

Root-end filling is a critical process, which can

affect success and failure of apicoectomy, key treat-

ment to surgical endodontic treatment. Important

criteria to judge success of surgical endodontic treat-

ment is to confirm bone regeneration at apical lesion

through radiograph. Healing after apical surgery

includes dentoalveolar healing and alveolar healing.17)

Dentoalveolar healing is regeneration of apical

attachment apparatus while alveolar healing is

osseous repair of medullary and cortical bone. This

study focused on finding out relevance between root-

end filling materials and alveolar healing. Root-end

filling material, which helps bone formation and

repair, stimulates alveolar healing, thereby increas-

ing success rates in apical surgery.

Established cell line such as MG63 cells used in

this study has advantages in phenotypical consisten-

cy, stable cell population, and sufficient biochemical

analyses. Reason for using MG63 cells in this study

lies in its genetic identity under distinct line and pos-

sibility of test reproduction and standardization. In

addition, MG63 cells have similar adhesive property

and physiology compared with osteoblasts.6)

However, this does not always guarantee results

from osteosarcoma cell culture since immortalization

can affect cellular behavior. In the other experiment

primary osteoblasts were more sensitive to cell cul-

ture of white MTA than MG63 cells. Therefore, there

is an opinion that primary osteoblasts are appropri-

ate model for the study of cellular interactions with

endodontic materials.9,18)

MTA, comparable target of this test, has been

extensively studied for the past decade at endodontic

field. In particular, MTA is widely used for root-end

filling after periapical surgery. And there have been a

lot of studies on this subject as well. Koh et al.

investigated the cytomorphology of osteoblasts (cell-

line MG63) in the presence of MTA and IRM and

reported good attachment of the cells to MTA.5)

Mitchell reported biocompatibility of MTA by using

cell growth scoring system in 1999, though he could

Figure 3. OC (* represents no significant difference between

the two groups).

Figure 4. ALP (significant difference between every two

group).

Table 3. ALP (nmole p-nitrophenol/h/mg protein)

Control MTA DB IRM

Mean ± SD 8747 ± 58 14346 ± 334 16213 ± 253 25157 ± 403
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not make any statistical analysis.6)

This study compared DB, developed as MTA’s sub-

stitute, with MTA. Cellular reaction was investigated

arising from the contact of MG63 cells with several

root-end filling materials. As a specific method,

ELISA was used to assess cytokine expression. This

assay provides good quantification at a biochemical

level.

ALP and OC are phenotypic marker of osteoblast

and closely related with osteogenesis. In addition,

increased TGFβ1 was known to create an osteogenic

microenvironment, good to create bone.8) For this

reason, concentration TGFβ1 and OC was estimated

by ELISA respectively. Original data from ELISA

was presented as the amount created by all cells

adhered to the materials. Therefore, the resulting

value was converted per 105 cells. Like other experi-

ments, tissue culture plastic was used as control

while IRM, known to have high cytotoxicity, was

used for comparison.

According to the pilot study, substantial number of

MG63 cell was adhered to control group in 2 hours

after cell-seeding, which was observed by optical

microscope. After 4 hours, there was no more adhe-

sion. So medium was exchanged in 4 hours. After

another 12 hours of cell culture, attached cell num-

ber was counted and ELISA was carried out to

observe relatively initial response taken place

between root-end filling materials and cells.

As a result of the number of attached cells, 88% of

cells seeded at control shows highest adhesion while

that of MTA and DB were similar with 49% and 43%

respectively. IRM ranked the lowest with 29%. Only

between MTA and DB, there was no statistical sig-

nificance. From this result, MTA and DB’s effect on

cell adhesion is similar. Moreover, as expected,

results showed that cytotoxicity of IRM is relatively

higher than that of MTA and DB.

Zhu et al. studied adhesion of human osteoblast

(cell line Saos-2) to a number of root-end filling

material and showed that osteoblasts were adhered

to MTA and composite resin, thereby spreading.

However, on IRM osteoblasts appeared rounded with

no spreading.19) These results also indicate that MTA

is more favorable to osteoblast than IRM. 

OC is a major non-collagenous protein of bone

matrix and plays a regulatory role in the mineraliza-

tion of hard tissue. This is synthesized in the bone by

the osteoblasts. This is also produced by the cells

with mineralizing capacity such as odontoblasts and

cementoblasts. Exact physiological function of OC

has not been clearly known yet. However, based on a

lot of studies, circulating level of OC is known to

reflect bone formation rate.20) In the response of

cementoblast cell line (OCCM.30) to MTA, amalgam,

and IRM, cellular adhesion and growth of cemento-

blasts on MTA are comparable to this study using

osteoblastic cells.21) This results show that MTA

allows cementoblastic cell attachment, growth and

matrix protein expression involved in mineralization,

which is similar in the osteoblastic cells. 

TGFβs are members of a superfamily of growth fac-

tors that have important roles in the regulation of

many aspects of cell growth, proliferation, differentia-

tion and function.22) In vitro effects of TGFβon

osteoblasts have been reported as highly variable and

dependent on culture conditions, cell type, and

species of origin. 

Kassem et al. investigated TGFβ’s effects on

human osteoblasts with two different stages of differ-

entiation. According to the results, TGFβ1 increased

osteoblastic cell proliferation irrespective of differenti-

ation state and increased ALP activity, but decreased

OC production. While ALP is produced early during

osteoblast differentiation and related to matrix pro-

duction, OC is produced late and is associated with

matrix mineralization. That is to say, ALP is an

early marker of osteogenic differentiation and is

found in high levels in cells such as osteoblasts.7) And

primary effect of TGFβ1 is to increase proliferation of

osteoblast in early/intermediate stages of differentia-

tion. TGFβ1 seems to be inhibitory to matrix miner-

alization as well as late stages of osteoblast differen-

tiation.13) Another study demonstrated that TGFβ1 is

an important growth factor for bone formation and

physiologically up-regulate differentiation of

osteoblasts.23) Thus, increase of TGFβ1 may con-

tribute to elevate ALP activity and production of

OC.7)

Since a lot of cytokines, growth factors and hor-

mones are associated with proliferation and differen-

tiation of osteoblast, exact mechanism of contributing
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factors to bone formation is not completely uncov-

ered, which needs to be further identified.   

In the other study, which seeded human periodon-

tal ligament fibroblasts to MTA, production level of

cytokines and growth factors in line with time was

observed.24) If we get the results based on the various

point of time and the production level is estimated at

gene level by using PCR, it may be helpful to get

more information.  

In our results for TGFβ1 and ALP there was statis-

tically significant difference between all groups. In

other words, the amount of TGFβ1 and ALP was sta-

tistically different even between MTA and DB, but

the difference was relatively smaller when compared

with the other groups (average of TGFβ1 : control

29, MTA 57, DB 62, IRM 19, average of ALP : con-

trol 8747, MTA 14346, DB 16213, IRM 25157). 

Ⅴ. Conclusions

In conclusion, DB cannot be regarded as showing

completely same cellular response compared to MTA.

However, there was no difference in the number of

attached cells, which show biocompatibility of the

material, and in the amount of OC, strong indicator

to show the bone formation rate. In that regard, DB

can be used for alternative material to MTA as a

root-end filling material.
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국문초록

수종의 치근단역충전 재료가 MG63 osteoblast-like cells에 미치는 영향

이정호1∙손원준2∙이우철2∙백승호2*

1동서신의학병원 치과보존과, 2서울대학교 치의학대학원 치과보존학교실

본 연구의 목적은 현재 치근단 역충전재로 널리 사용되고 있는 MTA와 새롭게 개발된 제품인 DB를 MG63 세포를 사용하여

비교하는 것이다. 치근단 역충전재료로는 MTA, DB, IRM을 사용하였고 대조군으로는 tissue culture plastic을 사용하였다.

각 재료를 혼합하고 혼합물의 경화가 일어나도록 24시간 동안 놓아두었다. MG63 세포를 각 군에 뿌려준 후 세포가 재료에 부

착될 수 있도록 4시간 배양하였다. 치근단 역충전재를 세포에 접촉시킨 후 세포수준의 초기 반응을 관찰하였다. 12시간 더 배

양한 후 세포가 각 재료에 붙어 있는 정도를 관찰하고, 각 재료가 골형성에 미치는 영향을 알아보기 위해 ELISA를 이용하여

TGFβ1, OC를 측정하였고 ALP의 양도 측정하였다. 결과는 일원배치분산분석법으로 통계처리하였다. 그 결과, 재료에 부착이

일어난 세포의 수 항목과 OC 항목에서만 MTA와 DB간에 통계적으로 차이가 없었다. 다른 항목들에서는 모든 군 간에 통계적

으로 유의한 차이가 있었다. DB가 MTA와 완전히 같은 세포반응을 보이지는 않았지만 부착이 일어난 세포의 수는 재료의 생

체적합성을 나타내며 OC는 골형성 정도를 나타내므로 DB가 역충전 재료로 사용된다면 MTA와 유사한 결과를 보일 것으로

예측된다.

주요단어: 치근단 역충전재, MG63 osteoblast-like cells, MTA, DB, ALP, OC




