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It is known that enamel extracts have

bioactivities such as the induction of

osteogenesis (1, 2) and cementogenesis

(3–5). For example, it is shown in

in vivo and in vitro systems that the

Emdogain� (EMD) have cementum-

and osteo-promotive activities (6) and

stimulate the proliferation and differ-

entiation of osteoblastic cell (7–11).

In developing dental enamel, there

are five protein species, which contain

three matrix proteins and two protein-

ases. These are already cDNA cloned

from the developing tooth germs of

bovine, human, pig, rat, mouse, etc.

The three matrix proteins are ameloge-

nin (12), enamelin (13), and sheathlin

(14, 15), also known as ameloblastin

(16) or amelin (17). The two proteinases

are enamelysin (18) and KLK4 which is

also known as EMSP-1 (19). Amelo-

blastin and amelin, first cloned from

rat-tooth specific cDNA libraries, are

homologues of porcine sheathlin.

It has been reported recently that

porcine enamel extracts contain bone

morphogenetic proteins (BMPs) (2),
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Objectives: It has been shown that Emdogain� (EMD) containing enamel matrix

derivative has cementum- and osteo-promotive activities in vivo and in vitro.

Nevertheless, the commercial sale of EMD was halted because it has some possible

risk for infectiosity. At present, Emdogain� Gel (Emd-Gel) containing the EMD

heated to avoid the infectiosity is commercially available. The purpose of this

study was to compare the in vitro bioactivities of Emd-Gel and EMD.

Material and methods: Healthy human periodontal ligament (HPDL) cells were

used to study the effect of Emd-Gel and EMD on cell differentiation. The HPDL

cells exposed to Emd-Gel and EMD were evaluated for the following effects: (i)

alkaline phosphatase (ALP) activity; (ii) mitogenic (MTT) assay; (iii) biominer-

alization activity; (iv) gene expressions using reverse transcription-polymerase

chain reaction (RT-PCR). The effect of EMD with or without heat treatment was

examined for ALP activity on the cell differentiation.

Results: The effect of Emd-Gel on ALP activity was greater than that of EMD. It

was confirmed from the effect of EMD with heat treatment at 60�C, 80�C and

100�C on the ALP activity. The effect of Emd-Gel on the biomineralization

activity was also greater than that of the EMD. The Emd-Gel has a stronger effect

for the expression of osteoblast-like phenotype than the EMD.

Conclusion: The results indicate that the Emd-Gel has greater bioactivities than the

EMD in vitro.
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and the EMD has transforming growth

factor-beta (TGF-b)-like activity in

both oral epithelial and fibroblastic

cells (20). Some members of the BMP

family, which belonged to the TGF-b
super family (21), can induce osteo-

genesis in vivo (22) and osteogenic dif-

ferentiation in vitro (23).

Although there is increased evidence

on EMD related to bone formation

(1, 2) or periodontal regeneration (3–5),

the active material in enamel extracts

and the mechanisms involved in these

processes are not well understood.

Currently the commercial sale of

EMD has been stopped in Japan,

because it has some possible risk for

infectiosity. The Emdogain�Gel (Emd-

Gel) is supplied with a premixed type

commercially available now. According

to the manufacturer’s manual, the dif-

ference between Emd-Gel and EMD is

the heat treatment of proteins to avoid

the infectiosity.

Clinical research has demonstrated

recently that the Emd-Gel gives equal

clinical outcomes compared with EMD

in the treatment of intrabony perio-

dontal defects (24). The aim of this

study was to compare the bioactivities

of Emd-Gel and EMD in vitro.

Material and methods

Material

Emd-Gel (lot number: ETP082), EMD

(lot number: 961971), and propylene

glycol alginate (PGA) (control) (Biora,

Malmo, Sweden) were generously

supplied by Seikagaku-kougyo Cor-

poration, Tokyo, Japan.

Preparation of EMD and Emd-Gel

Since the EMD was supplied with a

set of lyophilized EMD (30 mg) and

PGA solution (1 ml), these were mixed

according to the manual prior to use

(25). The Emd-Gel was supplied with a

premixed type in which heat-treated

EMD is already dissolved in PGA

solution. According to the manual, the

Emd-Gel contained 30 mg of enamel

proteins per 1 ml of PGA solution.

Samples were prepared by adding

29 ml of ultrapure water to the

Emd-Gel or the mixed EMD to gain

1 mg/ml of solution. The PGA was

diluted to obtain the same concentra-

tion in the sample as a control.

To evaluate the effect of the heat

treatment, the mixed EMD samples

(1 mg/ml) were separately heat treated

at 60�C, 80�C and 100�C for 2 h. Each

heat-treated EMD was measured for

alkaline phosphatase (ALP) activity

according to the method described

below.

Cell culture

Three periodontally healthy premolars

were collected from three patients who

had undergone extraction for ortho-

dontic reasons. Informed consent was

obtained from all patients under a

protocol approved by the Ethics Com-

mittee of Tsurumi University. Human

periodontal ligament (HPDL) cells

were obtained as previously described

by Somerman et al. (26, 27). The cells

were maintained in the alpha modifica-

tion of Eagle’s medium (aMEM; Life
Technologies, Grand Island,NY,USA)

containing 10% fetal bovine serum

(Asahi Technoglass, Chiba, Japan) and

1% antibiotics [100 U/ml of Penicillin-

G and 100 lg/ml of Streptomycin

sulfate (Gibco BRL, Grand Island,

NY, USA)] at 37�C in a humidified 5%
CO2 atmosphere.

Cell proliferation (mitogenic assay)

The mitogenic activity of the samples

was assayed using 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H tetrazolium

bromide (MTT) (Sigma, St.Louis, MO,

USA) according to the manufacturer’s

instructions. The HPDL cells were

incubated in 100 ll of growth medium
at an initial density of 3 · 103 cells/
well. After 24 h of incubation, the

aMEM containing 1.0% fetal bovine

serum and 50 lg/ml of samples was
then changed. After 96 h, 10 ll of
MTT (5 mg/ml) was added to each

well, and the cells were incubated for

4 h. The medium was then discarded,

and 100 ll of dimethylsulfoxide was

added to each well. The absorbance of

each well was measured at 570 nm with

background subtraction at 655 nm

using a microplate reader (Bio-Rad

Model 450, Hercules, CA, USA).

Alkline phosphatase activity (enzyme
assay)

The HPDL cells were distributed in

96-well plates at a density of approxi-

mately 5 · 105 cells/well and incubated
for 24 h. The growth medium was then

changed to contain 10 nM of 1a,25-
dihydroxyvitamin D3 (Calbiochem, La

Jolla, CA, USA) and 50 lg/ml of

samples dissolved in ultrapure water.

After 96 additional hours of incuba-

tion, the cells were washed once with

phosphate-buffered saline, and ALP

activity was determined using 10 mM

p-nitrophenylphosphate as the sub-

strate in 100 mM 2-amino-2-methyl-

1,3-propanediol-HCl buffer (pH 10.0)

containing 5 mM MgCl2 and incubated

for 10 min at 37�C. Adding NaOH

quenched the reaction, and the

absorbance at 405 nm was read on a

plate reader.

Mineralization activity (differentiation
assay)

The HPDL cells were plated in 24-well

plates at an initial density of

3 · 104 cells/well. After 24 h of incu-

bation, the medium was replaced with

growth medium containing 50 lM
ascorbic acid, 10 mM b-glycerophos-
phate, and 10 nM 1a,25-dihydroxyvi-
tamin D3 (differentiation medium) and

25 lg/ml of samples. The medium was

changed every 72 h. The cells were

maintained for 15 days and then the

medium was discarded.

The compartments of cells were

fixed in 100% methanol, stained with

alizarin red S for 10 min, then washed

with ultrapure water and photo-

graphed to examine the biominerali-

zation activity. The staining solution

was 1% alizarin red S (sodium aliza-

rin sulfonate) (Sigma) dissolved in

ultrapure water and adjusted to

pH 6.4 with 0.1 N ammonium

hydroxide.

For measuring the calcium content,

the compartments of cells were dis-

solved by 0.5 N hydrochloric acid. The

resulting solution was measured by a

Calcium C-test kit and protocol (Wako

Pure Chemical Industries Ltd, Osaka,

Japan). The absorbance at 570 nm was

read on a plate reader.
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Reverse transcription-polymerase
chain reaction (RT-PCR)

Total RNA was extracted using

RNAzolTM B (Tel-Test Inc., Friends-

wood, TX, USA) from the HPDL cells

that were cultured in differentiation

medium by adding 50 lg/ml of sam-

ples for 1, 4, 7, and 10 days. In some

cases, the cells were cultured in the

differentiation medium without ascor-

bic acid or b-glycerophosphate. The
cDNAwas synthesized from 3 lg of the
totalRNAusinganoligo-dTprimerand

the You-primed First-Strand Beads

kit (Amersham-Pharmacia Biotech,

Piscataway, NJ, USA) according to the

manufacturer’s protocol. PCR primers

weredesigned,baseduponhomosapiens

mRNA sequences. The primer pairs

were as follows: alkaline phosphatase

(ALP), 5¢-AGAGGGCCACGAAGG
GGAACT-3¢ and 5¢-GGACGGACCC
TCGCCAGTGCT-3¢ (425 bp); osteo-
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Fig. 1. (A) Sodium dodecyl sulfate–polyacrylamide gel electrophoresis profiles of Emdogain� Gel (Emd-Gel), Emdogain� (EMD) and

propylene glycol alginate (PGA) stained with Coomassie Brilliant Blue. Molecular weights (Bio-Rad Low Range Standards, Hercules, CA,

USA) are shown in the left margin. The Emd-gel and EMD exhibited the same protein profile. However, Emd-gel has more protein contents

than EMD. (B) Gelatin and casein zymograms showing the relative proteolytic activities in equal volumes of samples. The gel of casein

zymogram was incubated in 2 mM calcium. In the EMD, proteinase activities such as KLK4 and enamelysin were detected, whereas no

proteinase activity was found in the Emd-Gel and PGA. P, PGA; EG, Emd-Gel; E, EMD; MW, molecular weight markers.

In vitro studies of Emd-Gel 251



pontin (OPN), 5¢-TGACCTCTGTG
AAAACAGCGT-3¢ and 5¢-TGTACA
TTGTGAAGCTGTGAA-3¢ (301 bp);
osteocalcin (OC), 5¢-TTGTGTCCA
AGCAGGAGGGCA-3¢ and 5¢-ACA
TCCATAGGGCTGGGAGGT-3 ¢
(304 bp); bone sialoprotein (BSP), 5¢-
GCAGAAGTGGATGAAAACGA-3¢
and 5¢-TGGTGGTAGTATTCTGAC-
CA-3¢ (448 bp). A primer set amplifying
glyceraldehyde-3-phosphate dehydrog-

enase (Clontech, Palo Alto, CA, USA)

was used as a control. PCR conditions

(Perkin-Elmer/GeneAmp PCR system

9600) were as follows: PCR started with

a 10-min denaturation at 94�C, fol-
lowed by 25 cycles with denaturation at

94�C for 30 s, primer annealing at 55�C
for 30 s, and product extension at 72�C
for 30 s; in the final cycle, the 72�C
extension lasted 7 min. PCR products

were analyzed by 4.5% polyacrylamide

gel electrophoresis in Tris-borate-

EDTA (TBE) buffer (pH 8.0). Gels

were stained with ethidium bromide,

and the bands were visualized under

UV light. Additionally, the PCR

products were cloned into pBluescrip-

tIISK(+) (Stratagene, La Jolla, CA,

USA), and their nucleotide sequences

were determined by cycle sequencing.

Analytical methods

Sodium dodecyl sulfate–polyacryla-

mide gel electrophoreses (SDS-PAGE)

were carried out using 15% polyacryl-

amide slab gels containing 1% sodium

dodecyl sulfate (SDS) according to the

method of Laemmli, and the gels were

stained with Coomassie Brilliant Blue

R-250 (28).

Zymographies were performed using

acrylamide gels containing 1% SDS

and 0.033% gelatin or a-casein (Sigma)
as a substrate according to the method

of Heussen and Dowdle (29). Gelatin

and a-casein zymograms showed the

detection of KLK4 (19) and enamely-

sin (18), respectively.

Statistical analysis

All values are represented as means ±

standard error (SE). Statistical signifi-

cancewas determined using an unpaired

Student’s t-test, and p < 0.05 was con-

sidered statistically significant.

Results

Differences of protein profiles

The SDS-PAGE profiles of the Emd-

Gel, EMD and PGA are shown in

Fig. 1(A). From the SDS-PAGE

profiles, 20-, 13-, and 6 kDa amelo-

genins were contained mainly in the

Emd-Gel and EMD (30), whereas no

protein band was detected in the

PGA. The Emd-gel and EMD

exhibited the same protein profile.

However, Emd-gel has more protein

contents than EMD. No difference in

the protein profiles of the EMD with

or without heat treatment was detec-

ted on the SDS-PAGE (data not

shown).

We compared proteolytic activities

at Emd-Gel, EMD and PGA by

zymography (Fig. 1B). KLK4 activ-

ity, which corresponds to 30- and

34 kDa bands, was detected in the

EMD sample, and was not detected

in the Emd-gel and PGA samples.

Enamelysin activity, which corres-

ponds to 41- and 46 kDa bands, was

detected in the EMD, and was not

detected in the Emd-gel and PGA

samples.

Effect of proliferation

The growth-stimulative effect of Emd-

Gel and EMD on the HPDL cells was

examined by MTT assay. Both samples

at concentrations of 50 lg/ml did not
show any growth-stimulative effect

(Fig. 2).

Comparison of alkaline phosphatase
activity

The ALP activity of the HPDL cells

was stimulated by Emd-Gel and EMD

(Fig. 3). Their ALP activities increased

dependent on the doses of both Emd-

Gel and EMD. The changes occurring

in the ALP activity by adding the Emd-

Gel were always 1.7-fold greater than

those occurring by adding the EMD.

Mineralization activity

When the compartment of HPDL cells

were stained with alizarin red S at the

end of the experimental period

(day 15), many mineralized nodules

were distinctly stained in the Emd-Gel

compared with EMD and PGA. The

calcium contents were also increased

by Emd-Gel and EMD. The result

Fig. 2. The mitogenic activity was evaluated by MTT assay after 96 h of incubation. Data

are presented as the mean ± SE (n ¼ 3). There were no significant differences between the

samples. EMD, Emdogain�; Emd-Gel, Emdogain� Gel; PGA, propylene glycol alginate.
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shows that the calcium content stimu-

lated by the Emd-Gel was almost 1.7-

fold higher than that resulting from the

addition of EMD (Fig. 4).

Gene expressions of tissue-specific
differentiation markers for
osteoblasts

RT-PCR was carried out to determine

the gene expression of tissue-specific

differentiation markers for osteoblasts,

such as ALP, OPN, OC, and BSP. The

RT-PCR results showed that ALP

expression was increased at day 1 in

the presence of Emd-Gel, and OPN

expression was increased at day 4. The

OC expression was increased at day 10

in the presence of Emd-Gel, and that

of BSP was increased in the presence of

Emd-Gel at day 10 (Fig. 5). The up-

regulations were also confirmed in the

gene expression of ALP, OPN, OC,

and BSP within 24 h when the cells

were cultured in the medium without

ascorbic acid or b-glycerophosphate.

Effect of the heat-treated EMD on the
alkaline phosphatase activity

We examined the ALP activity to

evaluate the effect of heat-treated

EMD. The result shows that the EMD

with heat treatment at 60�C, 80�C and

100�C stimulated the ALP activities by

almost two-fold greater than the EMD

without heat treatment (Fig. 6).

Discussion

The enamel matrix derivative is clinic-

ally used as the EMD expecting the

induction of cementogenesis along the

root surface of the tooth (31, 32).

However, the commercial sale of EMD

has been stopped for possible risk of

infectiosity. At present the Emd-Gel,

which contains the EMD heat treated

for avoiding the infectiosity, is com-

mercially available. Therefore, a com-

parison of the in vitro bioactivities of

Emd-Gel with EMD was carried out

on the HPDL cells culture system.

In this study, it was demonstrated

that Emd-Gel more enhanced the ALP

activity of HPDL cells than the EMD.

It was also shown that Emd-Gel more

induced the mineralization activity
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Fig. 3. The alkaline phosphatase (ALP) activity of human periodontal ligament (HPDL)

cells induced by Emdogain� Gel (Emd-Gel) and Emdogain� (EMD). Emd-Gel induced 1.7-

fold higher ALP activity than EMD. Data are means ± SE of three culture wells. Signifi-

cantly different from EMD at *p < 0.05; **p < 0.01.
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Fig. 4. The activity of mineralization induced by Emdogain� Gel (Emd-Gel) and Emdo-

gain� (EMD). The mineralized nodules were stained with alizarin red S and are shown in the

left circles, and calcium contents are shown by the right bars. Data are means ± SE of three

culture wells. There were significant differences between propylene glycol alginate (PGA),

Emd-Gel (**p < 0.01), and EMD (*p < 0.05) on calcium content.
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when cultured in the differentiation

medium and more up-regulated gene

expressions of tissue-specific differen-

tiation markers for osteoblasts. We

also confirmed the up-regulations in

the expression of these markers’

mRNAs when the cells were cultured

in the medium without ascorbic acid or

b-glycerophosphate. On the other

hand, there were no significant

differences of cell proliferation between

Emd-Gel and EMD. This result indi-

cate that the growth factor of induced

proliferation response is not inacti-

vated after heat treatment.

In this study, it was very important

to measure the Emd-gel and EMD

protein contents. We confirmed the

protein contents by using automatic

amino acid analyzer (JEOL JLC-500).

The protein contents of Emd-gel were

1.5 times as much as that of EMD

from the amino acid analysis. These

results indicate that the Emd-Gel has a

stronger effect for the expression of

osteoblast-like phenotype and biomin-

eralization activity than EMD on the

HPDL cells cultured system, even if the

protein content of Emd-Gel, which is

1.5 times as much as that of EMD, is

taken into consideration from amino

acid analysis.

The HPDL cells cultured from

explants consist of heterogeneous

populations, which included the perio-

dontal mesenchymal cells (33, 34).

Little information has been reported

with regard to the particular effect of

EMD on the cell differentiation of

pluripotential mesenchymal cells,

whereas the effects of osteoblastic dif-

ferentiation at various maturation sta-

ges has been studied using several

osteoblast-like cells (8–11).

Concerning the osteoinductive abil-

ity, BMPs are members of the TGF-b
super family (21), which have been

discovered recently in the EMD (2).

These active proteins, which have been

purified from bovine bone and cloned

as BMPs (35, 36), are known sources of

osteoinduction in vivo (22) and in vitro

(23). Recently, it has also been repor-

ted that the EMD has TGF-b-like
activity on both oral epithelial and

fibroblastic cell cultures (20). However,

the mechanisms involved in these

activities of enamel extracts are not

well understood.

Previous studies show that low-

molecular-mass amelogenin from

bovine dentin has chondrogenic activ-

ity (37), and recombinant rat low-

molecular-mass amelogenins induce

signaling effects for mesenchymal cells

in vivo and in vitro (38). Nevertheless,
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Fig. 5. The mRNA expression of alkaline phosphatase (ALP), osteopontin, osteocalcin, and

bone sialoprotein (BSP) on HPDL cells cultured with 50 lg/ml of samples. Total RNA of

HPDL cells incubated with Emdogain� Gel (Emd-Gel), Emdogain� (EMD) and propylene

glycol alginate (PGA) was collected on days 1, 4, 7, and 10. Each culture was incubated with

50 lM ascorbic acid, 10 mM b-glycerophosphate, and 10 nM 1a,25-dihydroxyvitamin D3.

Each PCR product was based on an equal amount of glyceraldehyde-3-phosphate dehy-

drogenase (GAPDH) and separated by electrophoresis on a 4.5% polyacrylamide gel. Emd-

Gel increased the expression of ALP at day 1, OPN at day 4, OC at day 10, and BSP at

day 10. P, PGA; EG, Emd-Gel; E, EMD.
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Fig. 6. The alkaline phosphatase (ALP) activity of Emdogain� (EMD) with heat treatment.

EMD was separately heat-treated at 60�C, 80�C, and 100�C, for 2 h. The ALP activity of
EMD with heat treatment at 60�C, 80�C and 100�C was two-fold higher than EMD without

heat treatment. Data are means ± SE of three culture wells. Significantly different from

without heat treatment EMD at *p < 0.05; **p < 0.01.
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since normal periodontium is observed

in the experience of amelogenin

knockout mouse, it may be denied the

amelogenin has osteoinductive ability

(39).

The Emd-Gel appeared more

effective on the induction of ALP

activity in the HPDL cells than the

EMD. This result was confirmed by

the effect of the heat-treated EMD on

the ALP activity. The EMD heat

treated at 60�C, 80�C, and 100�C was

over two-fold more effective than the

EMD without heat treatment on the

ALP activity. In addition, the Emd-

Gel was 1.7-fold more effective than

the EMD.

The Emd-Gel and EMD exhibited

the same protein profile, which con-

tained mainly amelogenin and its

derivatives. The maximum difference

between Emd-Gel and EMD occurs

with or without the heat treatment. By

the heat treatment, the proteinase

activities were inactivated in the Emd-

Gel. When the EMD was heated for

2 h at 60�C, 80�C, or 100�C, no dif-

ferent band between with heat treat-

ment and without was detected on the

SDS-PAGE. These results indicate that

the inhibitor against the induction of

ALP activity on the HPDL cells is

contained in the EMD, and is inacti-

vated by the heating process.

This is the first study to show that

Emd-Gel inactivated proteinase activ-

ity and inhibitor. Clinical study has

demonstrated that the Emd-Gel and

EMD have comparable effect for the

treatment of intrabony defects (24).

Our in vitro study supports that Emd-

Gel has greater bioactivity than the

EMD, considering that the protein

content of Emd-Gel was 1.5 times as

much as that of EMD. Therefore, the

good clinical outcome can be expected

by Emd-Gel application.
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