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Abstract

Objectives: This study investigated whether novel liposome formulations loaded with
transforming growth factor 1 (TGF-B1) could promote the odontogenic differentiation
of human dental pulp stem cells (hDPSCs) for dentine-pulp regeneration.

Methods: 0-100 ng/mL of liposomal TGF-f1 was prepared using the thin-film
hydration method. Release of TGF-B1 from the liposomes was quantified by an
enzyme-linked immunosorbent assay (ELISA). The hDPSCs were treated with
different concentrations of liposomal TGF-f1 and cell viability was tested using an
MTT assay. “Osteodentine” differentiation capacity was assessed by RT-qPCR, ELISA
and Alizarin red S staining.

Results: The ELISA results showed that liposomal TGF-f1 achieved a controlled and
prolonged release over time. The MTT results demonstrated that the liposomes (100

pg/mL) were not cytotoxic to the cells. Liposomal TGF-1 up-regulated the expression
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of “osteodentine” markers, RUNX-2, DMP-1 and DSPP, in hDPSCs after 7 days of
treatment and resulted in the accumulation of mineralised nodules.

Conclusion: This study indicated that liposomes are an effective carrier for delivering
TGF-B1 over time. Liposomal TGF-f1 promoted dentinogenesis and increased
mineralisation in hDPSCs. This highlights the potential of liposomal TGF-f1 for future
use in dentine-pulp regeneration.

Clinical significance: Liposomal TGF-B1 may be used as a synergist for promoting
dentine-pulp regeneration of immature permanent teeth or as a pulp capping agent for
inducing reparative dentine formation.

Keywords: Dental pulp stem cells, Liposomes, Odontogenic differentiation,

Transforming growth factor 1

1. Introduction

The dentine-pulp complex is critical in maintaining the development, function and
homeostasis of the tooth [1]. Dentine plays a crucial role in protecting the inner dental
pulp from harmful stimuli and bacterial invasion [2]. Once the dental pulp is infected
or removed, there is an increased risk of tooth fracture and loss [3,4]. Pulp necrosis in
immature permanent teeth is particularly detrimental and can potentially lead to
arrested root development. Hence, it is important to develop a novel approach that will
regenerate organised dentine with normal physiological functions for teeth with dentine

or pulp damage.



Various growth factors are normally upregulated and secreted during dentinogenesis;
in response to tooth injury; or in response to infection by a carious lesion [5]. Amongst
these bioactive factors, transforming growth factor f1 (TGF-B1), vascular endothelial
growth factor (VEGF) and basic fibroblast growth factor (bFGF), have been shown to
be highly involved in dentine-pulp regeneration [6]. TGF-B1 is a multifunctional
cytokine that regulates cell proliferation, differentiation and extracellular matrix
synthesis. It has been reported that 6 ng/mL TGF-B1 induces osteo/odontoblastic
differentiation of rat dental pulp cells in vitro, and also promotes columnar odontoblast-
like cell formation in vivo [7].

The clinical use of growth factors however is limited, due to their short half-life and
susceptibility to protease degradation. High doses are often required to achieve a
sustained release and physiological effect [8,9]. Therefore, methods that achieve
targeted delivery, whilst also preventing degradation are extremely beneficial. A
potential method of achieving this is through the use of lipid-based nanoparticles,
known as liposomes. Liposomes consist of a lipid bilayer that allows for the
encapsulation of hydrophilic molecules within its aqueous core and hydrophobic
molecules within its phospholipid bilayer structure [10]. This delivery system is
advantageous due to its biocompatibility (US FDA approved) and has been widely used
clinically [11]. Liposomes have been shown to not only increase the uptake of aqueous
molecules into cells but also release therapeutics and growth factors in a much more

controlled and prolonged manner into the cell microenvironment [12].



Previous studies have reported that stem-cell-based regenerative medicine
approaches could provide a potential solution for dentine-pulp complex regeneration
[13,14]. Human dental pulp stem cells (hDPSCs) have an inherent differentiation
capability and relatively high proliferation and self-renewal potential [15]. Thus, there
is significant interest in stimulating these cells for treating tissue damage or tissue loss,
such as repairing the dentine-pulp complex.

To further this goal of regenerative endodontics, this study aims to formulate
liposomes with different concentrations of TGF-B1 and to investigate the effects of
liposomal TGF-B1 on the odontogenic differentiation of hDPSCs for dentine-pulp

regeneration.

2. Materials and methods
2.1. Preparation and characterisation of liposomes and liposomal TGF-f1

Liposomes were prepared by the thin-film hydration method [16]. In brief, lipids
were weighed in a round-bottom flask (phosphatidylcholine (Sigma-Aldrich):
phosphatidylserine (Sigma-Aldrich): cholesterol (Sigma-Aldrich) at aratioof 7:2: 1,
w/w) and suspended in minimal chloroform, which was then evaporated using a rotary
evaporator (BUCHI Interface 1-300) at 332 mbar, 50°C for 30 min. A dry film on the
bottom of the flask was resuspended in distilled water (control liposomes) or using
different concentrations of human recombinant TGF-B1 (PeproTech) in an aqueous

solution (10 ng/mL, 50 ng/mL and 100 ng/mL) to give a final lipid concentration of 1



mg/mL. The suspensions were then extruded under nitrogen gas at 8 bar, 3 times
through a 400 nm polycarbonate membrane filter, 3 times through a 200 nm filter and
10 times through a 100 nm filter using a Lipex mini-extruder (Northern Lipids).
Manufactured liposome and liposomal TGF-31 were stored in a nitrogen atmosphere at
4 °C until used.

The size and zeta potential of liposome samples were tested by dynamic light
scattering using a Malvern Zetasizer ZS (Malvern Zetasizer ZEN3600). 10 pL samples
were diluted into 1 mL distilled water for measurements.

To test the encapsulation efficiency of TGF-B1 in the liposomes, a human TGF-1
DuoSet ELISA kit (R&D SYSTEMS) was used to analyse the amount of unentrapped
TGF-B1 outside of the liposomes. The encapsulation efficiency was calculated using
Equation 1, where the total quantity of TGF-1 used is W and unentrapped quantity of

TGF-B1 is W1.

Encapsulation efficiency (%) = (W-W1)/W x 100 Eq. 1

2.2. Release of TGF-p1 from liposomes

The release of TGF-B1 from the liposomal carrier was assessed over time by a
DuoSet ELISA kit (R&D SYSTEMS). The total quantity of TGF-B1 in the liposomal
TGF-B1 group and free TGF-1 group was 200 ng. The initial concentration of TGF-

B1 in phosphate buffer solution (PBS) was tested after extrusion in both groups. 400 pL



samples from both groups were incubated at 37°C for 1, 3, 6,9, 12, 24, 48 and 72 h and

the released TGF-B1 was measured using the TGF-B1 ELISA kit.

2.3. Cell culture, characterisation and treatment

hDPSCs (Lonza) were cultured in a-minimum essential medium (a-MEM, Gibco,
Invitrogen) containing 10% (v/v) fetal bovine serum (Gibco, Invitrogen) at 37°C in 5%
(v/v) COa. Cell surface antigens were detected and the expression of specific
mesenchymal cell markers analyzed to confirm the mesenchymal phenotype. The cell
suspension was incubated with antibodies CD105-FITC, CD73-PE, CD90-FITC,
CD31-FITC and CD34-FITC (1: 100, Abcam) respectively for 1 h in the dark on ice
and then detected by flow cytometry (Becton-Dickinson). For the multi-lineage
differentiation assay, Alizarin red S staining was used to identify the mineralised
nodules after incubation in osteogenic medium (a-MEM supplemented with 10 nM
dexamethasone and 100 pM [-glycerophosphate); and Oil red O staining was used to
identify the lipid vacuoles after incubation in the adipogenic medium (o-MEM
supplemented with 10 pg/ml insulin, 1 uM dexamethasone, 100 uM indomethacin and
0.5 mM 3-Isobutyl-lI-methylxanthine) for 3 weeks. Cells were treated using different
concentrations of liposomal TGF-B1, with a lipid concentration of 100 pg/mL and final
encapsulated TGF-B1 concentrations of 0 ng/mL, 1 ng/mL, 5 ng/mL and 10 ng/mL

respectively. Free TGF-B1 (5 ng/mL) and PBS treatment were used as controls.
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2.4. Cell viability

Cell viability was assessed wusing a 3-(4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay. hDPSCs were seeded at 1,000 cells/well in
96-well plates. Liposomal TGF-1 was added into the culture medium to give a final
concentration of 100 pg/mL lipid for all groups with a final concentration of 0 ng/mL,
Ing/mL, 5 ng/mL and 10 ng/mL of TGF-B1. After 1, 3 and 7 days treatment, 25 pL of
5 mg/mL MTT solution (Sigma-Aldrich, USA) was added to each well, followed by
incubation for 4 h at 37°C. The MTT solution was removed and 100 puLL dimethyl
sulfoxide was added. The absorbance was then measured at 570 nm using a microplate

reader (FLUOstar Omega).

2.5. Alizarin red S staining

hDPSCs were treated with control liposomes and liposomal TGF-B1 in osteogenic
media (o-MEM supplemented with 10 nM dexamethasone and 100 puM j-
glycerophosphate) for 21 days, fixed with 10% (w/v) formaldehyde for 30 min and
stained with 2% (w/v) Alizarin Red S ( Sigma-Aldrich, USA, pH = 4.2) for 20 min at
room temperature. The cells were washed three times with distilled water and photos

were taken at 20x magnification.

2.6. Quantitative real-time PCR
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The hDPSCs were seeded in 6-well plates at 5 x 10* cells/well and treated with
different concentrations of liposomal TGF-f1 (0 — 10 ng/mL TGF-B1; liposomal
concentration 100 pg/mL) or free TGF-B1 (5 ng/mL) for 7 days. Total RNA was
extracted from the cells using a QIAGEN RNeasy Mini Kit. RNA yield was quantified
using a NanoVue spectrophotometer (GE Healthcare). cDNA was synthesized from 1
png RNA using M-MLV Reverse Transcriptase (Promega). “Osteodentine” marker
expression was analysed by SYBR Green quantitative PCR reaction (QuantStudio 6
Flex) and was performed at 95°C for 20 sec, 55°C for 20 sec, 95°C for 15 sec, 60°C for
1 min, 95°C for 15 sec. The gene-specific primers for runt related transcription factor 2
(RUNX-2), dentin matrix protein-1 (DMP-1) and dentin sialophosphoprotein (DSPP)
were used to evaluate the odontogenic differentiation of hDPSCs, using S-actin as the
reference gene. The results were analyzed by ““CT method according to MIQE
guidelines [17]. The efficiency of all primers was validated through qRT-PCR of
Human Reference Total RNA dilutions (Agilent Technologies). Sequences of primers

used in RT-qPCR are shown in Table 1.

Table 1 Sequences of primers used in RT-qPCR

2.7. DMP-1 expression tested by ELISA

The cell culture medium was collected after treatment with control liposomes, 5

ng/mL liposomal TGF-B1 and 5 ng/mL free TGF-B1, respectively at 7 days. The human



DMP-1 ELISA Kit (Abcam) was used to determine DMP-1 concentrations following

the manufacturer’s instruction. The concentration of DMP-1 was calculated by the

standard curve.

2.8 Statistical analysis

All data were presented as the mean + standard deviation. Statistical analysis was

performed using a post-hoc multiple comparison test to compare the differences

between each two groups. P < 0.05 was considered statistically significant difference.

Primer sequence (5°-3°)

Expected PCR

Gene product size Efficiency (%) NCBI no.
(F: Forward, R: Reverse)
(bp)
F: CTT TTT TGT CCC CCA ACT TGA
PB-actin 68 108.81% NM_001101.3
R: TGG CTG CCT CCA CCC A
F: CCCGTGGCCTTCAAGGT
RUNX-2 135 108.07% XM_017011396.1
R: CGTTACCCGCCATGACAGTA
F: AAG CAG ACA GCG AAT CCA GT
DMP-1 114 107.26% XM_011531706.2
R: CTG CTG AGC TGC TGT GAG AC
F: GAA GAT GCT GGC CTG GAT AA
DSPP 164 95.16% NM_014208.3

R: TCT TCT TTC CCA TGG TCC TG

3. Results

3.1. Cell characterisation

As shown in Fig.1, hDPSCs had a spindle-shaped morphology and were similar to

the fibroblast-like cells (Fig.1 A). The cells expressed the mesenchymal stromal cell

markers CD105 (95.68%), CD73 (98.17%), CD90 (87%) and lacked expression of


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1034638761
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=111119006

CD31 (0.1%) and CD34 (0.1%) (Fig.1 B). Mineral deposits and lipid vacuoles could be
observed after 3 weeks of osteogenic induction or adipogenic differentiation,

respectively (Fig.1 C and D).

3.2. Characterisation of control liposomes and liposomal TGF-p1

The average diameter of the control liposomes was 108.9 +26.6 nm with an average
polydispersity index (PDI) of 0.262. The average diameter of the liposomal TGF-1
samples (10 ng/mL, 50 ng/mL, 100 ng/mL) were 104.2 £ 18.9 nm, 107.8 £ 26.6 nm,
and 120.8 £ 34.9 nm respectively and their PDI were 0.216, 0.366, 0.256 respectively.
The zeta potential of the control liposomes and all groups of liposomal TGF-1 were
similar, ranging from -17 and -20 mV. For the 10 ng/mL and 50 ng/mL liposomal TGF-
B1 groups, the encapsulation efficiencies were 25.2% and 39.5% respectively. The
encapsulation efficiency for the 100 ng/ml TGF-B1 concentration was not significantly

increased compared to other conditions, at 44.9% (Table 2).

Table 2 Characterisation of control liposomes and liposomal TGF-$1

PDI, polydispersity index; SD, standard deviation.

3.3. Release profile of TGF-f1 from liposomes
The initial concentration of TGF-B1 in the liposomal TGF-1 group and free TGF-
B1 group was 9.62 ng/mL and 7.25 ng/mL respectively after the extrusion process. Over

24 h, the TGF-B1 concentration in the free TGF-f1 group decreased dramatically to



less than a quarter of the initial concentration. For the liposomal TGF-f1 group, the
TGF-B1 concentration remained above 6 ng/mL over 9 h, which indicated its longer
release and stability over time. After 9 h, the concentration of TGF-B1 reduced

gradually until 72 h (Fig. 2).

3.4 Cell viability after liposomal TGF-f1 treatment

Groups Average size £ SD (nm) PDI Zeta potential ~ Encapsulation efficiency (%)

Control Liposomes 108.9 +26.6 0.262 -18.8 5.7 -

Liposomal TGF-f1

104.2 +18.9 0.216 -18.7+£3.9 252+34
(10 ng/mL)
Liposomal TGF-f1
107.8 £26.6 0.366 -202+£6.9 395+14
(50 ng/mL)
Liposomal TGF-1
120.8 £ 34.9 0.256 -172£5.1 449+12

(100 ng/mL)

The MTT results demonstrated that the cell viability of control liposomes and
liposomal TGF-B1 groups was above 90% at 7 days. This confirmed that 100 pg/mL
liposomes were biocompatible and had no cytotoxic effects on hDPSCs. For the free
TGF-B1 group, the cell viability was 118% at 7 days, which was higher than the other

groups (P < 0.05), reflecting the TGF-B1 induced proliferation of hDPSCs (Fig. 3).

3.5. Liposomal TGF-S1 promoted mineralisation of hDPSCs



There was increase in Alizarin red S staining, reflective of mineralisation, in
hDPSCs treated with liposomal TGF-B1 compared with the control group, particularly
for the 5 ng/mL liposomal TGF-B1 group (Fig. 4A). Cells cultured in normal medium

without osteogenic induction are shown in supplementary Fig. 1.

3.6 Liposomal TGF-f1 induced the expression of odontoblastic genes and protein

According to the Alizarin red S staining data, 5 ng/mL liposomal TGF-B1 showed
the most obvious increase in mineralisation in all groups (Fig. 4A). Therefore, this
concentration (5 ng/mL) was taken forward for comparison between the liposomal
TGF-B1 and free TGF-B1. RUNX-2 expression in hDPSCs treated with liposomal TGF-
B1 (1 ng/mL and 5 ng/mL) were similar and approximately 1.9-fold greater than the
control group after 7 days (P < 0.05). Free TGF-B1 caused a 1.3-fold increase in RUNX-
2 expression compared with the control group (P < 0.05), but interestingly, the
induction observed with liposomal TGF-1 was significantly higher than that seen with
free TGF-B1 (P < 0.05). An increase in the expression of DMP-1 and DSPP for the
cells treated with liposomal TGF-B1 was also observed. For liposomal TGF-B1 (1
ng/mL), both DMP-1 and DSPP expression were around 3.0-fold greater than the
control (P < 0.05). For the liposomal TGF-B1 (5 ng/mL), there was a 3.7-fold increase
in DMP-1 expression and 2.2-fold increase in DSPP expression compared with the
control. There was no significant difference in the expression of these genes between

the higher liposomal TGF-B1 concentration (10 ng/mL) and the control group (P > 0.05)



(Fig. 4B-D). ELISA data showed that the concentration of DMP-1 in the 5 ng/mL
liposomal TGF-B1 group was significantly greater than that in other groups. (P < 0.05)

(Fig. 4 E).

4. Discussion

Liposomes have been widely used for the encapsulation and release of bioactive
substances in tissue engineering and regeneration [18]. Size and zeta potential of
liposomes are important parameters for assessing their stability and function. Hwang et
al. demonstrated that liposomes filtered through 100 nm, 200 nm or 400 nm
polycarbonate membrane filters became large unilamellar vesicles (LUVs) from
multilamellar vesicles (MLVs). This process resulted in liposomes with a relatively
narrow and mono-disperse particle diameter distribution [19]. A similar liposomal
preparation method was used in this study to ensure that the liposomal size was close
to approximately 100 nm with acceptable stability. For zeta potential, all groups of
liposomes and liposomal TGF-B1 were between -17 and -20 mV, demonstrating no
change after the inclusion of TGF-B1. The highly negative charge of the liposomal
TGF-B1 formulations is indicative of a stable liposome suspension in solution. Similar
zeta potential values of liposomes have been estimated in other studies which
demonstrate that formulation stability was achieved at zeta potential values greater than
+30 mV [20,21]. In this system, liposomal TGF-1 was relatively stable in solution,

however long-term shelf-life stability needs to be assessed. Liposome-mediated
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delivery of therapeutics faces additional obstacles in vivo, such as entry into the cell,
endosomal escape, and lysosomal degradation [22]. Niu et al. reported that liposomes
containing glycocholate could deliver and protect recombinant human insulin against
enzymatic degradation [23]. Additionally, it was demonstrated that the complement
system mediated the clearance of liposomes in rats via uptake by macrophages and
degradation in blood circulation [24]. Further in vivo studies are required to
establish the likely in vivo degradation pathways of this formulation and the
feasibility of clinical implementation. Studies are also required to assess the
scalability of the formulation and long-term shelf-life.

In general, exogenous TGF-B1 is not systemically administered in vivo because it
is short-lived when exposed to a physiological environment. Carriers are usually
required to protect soluble growth factors from proteolysis or antibody neutralization
and to locally deliver growth factors at effective concentrations and controlled rates.
Many kinds of carriers are used to overcome the above-mentioned disadvantages
[16,25,26]. In our study, liposomes were demonstrated to be an excellent,
biocompatible carrier to deliver TGF-B1 to cells, with sufficient TGF-B1 encapsulation
and prolonged TGF-B1 release.

As a member of TGF-B superfamily, TGF-B1 is one of the most abundant growth
factors in dentine, and has many reported roles in wound healing, extracellular matrix
production and mineralized tissue repair [27]. One of the most well characterized

effects of TGF-B1 is the promotion of cell proliferation, which has been shown in



precartilaginous stem cells [28], bone marrow mesenchymal stem cells [29], adipose-
derived stem cells [30], as well as DPSCs [31]. It has been reported that a combination
of a chitosan scaffold with TGF-B1 enhanced the proliferation and osteogenic
differentiation of multipotent stem cells derived from human exfoliated deciduous teeth
[32]. The effective concentration of TGF-B1 for stem cell proliferation is likely to be
different and dependent on cell type and treatment time. Tabatabaei et al. reported that
5 ng/mL and 10 ng/mL free TGF-1 showed a significant increase in cell viability at
24 h compared with the control group [33]. In this study, all liposomal TGF-1 groups
had no negative effect on cell viability and free TGF-B1 (5 ng/mL) showed a positive
effect on DPSC proliferation.

TGF-B1 in dentine also plays important roles in dentine matrix maintenance and in
promoting odontogenic differentiation. Many clinically used conditioning agents have
been shown to release TGF-B1, which could induce odontogenic differentiation of
hDPSCs [34,35]. It was also reported that 330 pg/mL of TGF-B1 could be released from
100 pg/mL demineralized dentin matrix (DDM), which could induce the osteogenic
differentiation of DPSCs [16]. Comparatively, in this study, the odontogenic
differentiation of hDPSCs induced by liposomal TGF-B1 seemed to be greater than that
of liposomal DDM judged by the induction of biomineralization. This may be related
to the relatively higher concentration of TGF-B1 used during cell treatment, compared

to the amount released by DDM.



DMP-1 and DSPP are important dentine matrix phospho-proteins that belong to the
small integrin-binding ligand N-linked glycoproteins (SIBLING) family and possess
key roles in dentine-pulp regeneration and hard tissue biomineralization. Li et al.
reported that 6 ng/mL TGF-B1 could increase the expression of dentine sialoprotein
(DSP) and osteopontin (OPN) in vitro after 7 days [7]. However, Luisi et al. found that
the exposure of 1 ng/mL TGF-B1 to human dental pulp cells was not sufficient to induce
expression of the dentin matrix components bone sialoprotein (BSP) and DSPP by RT-
PCR [36]. As a result, the function of TGF-B1 on dental pulp cells is still inconclusive.
In this study, free TGF-B1 (5 ng/mL) had no effect on increasing the expression of
DSPP and DMP-1, whereas lower concentrations of liposomal TGF-B1 (1 ng/mL and
5 ng/mL) were found to be effective. Our data demonstrated that the continuous and
low concentration TGF-B1 release from liposomes was effective for inducing
odontogenic differentiation of DPSCs.

The exact mechanism by which liposomes loaded with TGF-B1 or other growth
factors have their effect still remain to be delineated. Additionally, the combination of
applying liposomal TGF-B1 in degradable biomaterials could further promote dentine-
pulp complex regeneration and help achieve the therapeutic effects of growth factors in

vivo in the future.

5. Conclusion



This work has shown that liposomes can deliver TGF-1 over prolonged periods
and maintain therapeutic concentrations within the cell microenvironment. Liposomal
TGF-B1 was biocompatible and induced odontogenic differentiation of hDPSCs. This
study highlights the potential for using this technology to successfully promote dentine-

pulp regeneration in the clinical setting.
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Figure Legends

Fig. 1. Characterisation of hDPSCs. (A) The morphology of hDPSCs was spindle-
shaped; (B) hDPSCs expressed the mesenchymal stem cell surface markers, including
CD105 (95.68%), CD73 (98.17%), CD90 (87%) and lacked the markers CD31 (0.1%),
CD34 (0.1%); (C) The mineral deposits in hDPSCs was indicated by Alizarin red S

staining; (D) The neutral lipid vacuoles in hDPSCs was indicated by Oil red O staining.

The images were taken at 40x magnification.

Fig. 2. TGF-B1 release profile from liposomes. TGF-B1 was measured by an ELISA to
assess the release profile from liposomes over time. Liposomal TGF-B1 could maintain

more stable TGF-B1 concentrations in solution than the free TGF-B1 over the first 9 h.

n= 3 + standard error of the mean.
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Fig. 3. Cell viability of hDPSCs treated with liposomal TGF-B1. Cell viability of
hDPSCs treated with control liposomes, liposomal TGF-f1 and free TGF-B1 was
assessed using an MTT assay over 7 days. n= 3 + standard error of the mean. *P < 0.05

(compared to control).
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Fig. 4. Liposomal TGF-B1 induced hDPSCs odontogenic differentiation and
mineralisation. A. Mineralisation of hDPSCs was assessed by Alizarin red S staining.
Representative pictures were taken at 20x magnification. B-D. The mRNA expression
of hDPSCs treated by liposomes (100 pg/mL), liposomal TGF-B1 (0—10 ng/mL TGF-
B1, 100 pg/mL liposomes) and free TGF-B1 (5 ng/mL) were assessed by RT-qPCR for
7 days. B. Runt-related transcription factor (RUNX-2); C. Dentin matrix protein 1
(DMP-1); D. Dentin sialophosphoprotein (DSPP). E. The concentration of DMP-1 was

tested by ELISA. n = 3 + standard error of the mean. * P < (.05.
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