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Abstract

This study tested the hypothesis that bioactive glass used for implant coatings enhance the
expression of key osteoblast-specific markers associated with osteoblast progenitor differentiation.
The ions from experimental bioactive glass (6P53-b) and commercial Bioglass (45S5) were added
to osteoblast progenitor (MC3T3-E1.4) cultures as a supplemented ion extract (glass conditioned
medium (GCM)). lon extracts (Si: 47.9 + 10.4 ppm, Ca: 69.8 + 14.0 for 45S5; Si: 33.4 + 3.8 ppm,
Ca: 57.1 £ 2.8 ppm for 6P53-b) and control extract (Si: < 0.1 ppm, Ca: 49.0 ppm in a-MEM) were
supplemented (10%FBS, 1% pen-strep) and added to pre-osteoblast (MC3T3-E1.4) cultures. Cell
proliferation rate was enhanced (150% of control) within the first three days after adding 45S5 and
6P53-b GCM. For differentiating cultures (GCM or control medium + ascorbic acid (50 mg L™1)),
osteocalcin protein expression increased to 40x—70x control after 10 days exposure to GCM with
corresponding expression level increases at the gene level (day 3, 45S5 GCM: 14x control; day 5,
6P53-b GCM: 19x control). Runx2 levels were approximately 2x control after 7 days exposure to
GCM. Finally, collagen type 1 expression was enhanced after 1 day of exposure (Collal, 45S5
GCM: 3x of control; 6P53-b GCM: 4x control) and on through the course of differentiation (day
5, Colla?2, 4555 GCM: 3.15x control; 6P53-b GCM: 2.35% control)
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INTRODUCTION

Implants are used in dental applications to replace missing teeth or in orthopaedic and
craniofacial applications to replace lost bone. These implants must restore the physiological
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structure and function while also facilitating complete bone apposition [1]. Currently, Ti
implants are used successfully for tooth replacement in mandibular or maxillary bone (86%
and 76%, respectively [2]) and nearly 93% for bone replacement in the cranium [3].
However, faster osteointegration and improvements in implant success rate and longevity are
still desired.

Various coatings technologies to improve the implant-bone interface have been attempted.
Hydroxyapatite (HA) was used for a number of years, however, loss of HA occurs from the
implant-ceramic interface [4] or bone-ceramic interface [5]. Commerical Bioglass™ (Hench
and colleagues [6-11]). is widely known for its benefits in various bone substitutes [12] and
periodontal procedures [13], however, it is difficult to use as an implant coating because it
cracks at the Ti-glass interface when cyclically loaded [14]. Both hydroxyapatite and
Bioglass cracking is due primarily to a large thermal expansion mismatch with Ti [14]

Improvement in glass coating technology led to the development of a family of bioactive
glasses (50-59 wt.% SiO5) to enhance the osteointegration potential of Ti (E. Saiz and A. P.
Tomsia and colleagues [14-26]) or other applications involving polymer-bioactive glass
composites to build scaffolds in hard and soft tissue engineering [27]. By doping the glass
with additional constituents and partial substitution of CaO with MgO and Na,O with K,0
(Table 1, 6P53-b vs. 45S5), improved adhesion to Ti alloy was achieved during the coating
process. In previous /n vitro studies, these glasses facilitated direct mineralized tissue
attachment (as compared to mechanical attachment of mineralized tissue to Ti surfaces [25]).
The bioactive glass coating forms a hydroxyapatite (HA) surface layer which facilitates the
direct bond to bone [25, 28].

In general, the surface of the glass material and its corrosion behavior in the physiological
environment influence its apposition to bone. In this study, we focus on the corrosion of
ionic products, isolated from the bioactive glass surface, as they influence osteoblast
behavior. This procedure will be to separate the effect of ions released during /n vitro
dissolution from the bioactive glass surface texture changes that occur.

Interestingly, recent studies have shown that ions from bioactive glass dissolution influence
osteoblast intracellular and extracellular marker expression. Hench and colleagues have
suggested that these ions play an active role in osteoblast behavior in that they alter the
expression of osteoblast differentiation markers associated with bone matrix formation [29-
38], while other studies have focused on individual ion effects on osteoblast function [39-
43]. For example, commercial Bioglass in several studies was shown to influence Runx2 and
osteocalcin expression [44], which are expressed within the first 10 days of the
differentiation compartment of the osteoblast progentior cell cycle. Their expression
indicates the maturation of the osteoblast progenitor to the mineralizing phenotype.
Furthermore, Foppiano et al. [45] found that these dissolution products promoted the up-
regulation of Runx2. Yet, no significant effort has been attempted to connect the enhanced
gene expression (within 7 days) as it impacts downstream matrix protein expression (within
10 days) by osteoblasts under the influence of these bioactive glass corrosion products. To
determine the effect of these ions on osteoblasts, a materials extract was isolated as a
dissolved product from the bioactive glass surface.
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In another study [46], we attempted to separate the role of the surface in contrast to the
dissolved ion products. We found the initial /n vitro dissolution of the glass was rapid, which
increased the pH of the /n vitro environment to which osteolast progenitors were exposed.
This increased pH appeared to decrease the amount of cell proliferation and alkaline
phosphatase activity. For these reasons, we pre-soaked the glass materials in simulated body
fluid for a period of 10 days. This initial soaking period was seen to stabilize the /n vitro pH
(7.0-7.4) to near physiological [46]. The enhanced marker expression observed by Foppiano
et al. [45] in fact occurred when the bioactive glass was pre-soaked /n vitro.

In this study, we test the hypothesis that bioactive glass ions enhance osteoblast
differentiation. The goals of this study are to (1) demonstrate that specific osteoblast markers
are enhanced in the presence of bioactive coating glass (6P53-nb) ions; (2) demonstrate that
similar osteoblast behavior is observed for commercially available Bioglass™ (45S5) ions;
and (3) determine a direct correlation between gene and matrix protein expression.

The key osteogenic markers to be investigated here are collagen type 1 alpha 1 (Collal,
Colla?2), core binding factor a (Cbfal/Runx2), alkaline phosphatase (ALP), and osteocalcin.
Collagen type 1 forms the biological support to which mineralized tissue binds for bone
formation [47-50]. Runx2 is a key transcription factor associated with early expression of
the osteoblast phenotype [51]. Alkaline phosphatase is a key dephosphorylating enzyme
expressed by osteoblasts to turnover expressed collagen into a form that is amenable for
bone matrix formation [41, 47-50]. Osteocalcin is a key non-collageneous protein that binds
extracellular calcium to bone matrix [52].

MATERIALS AND METHODS
Study Design

Glass conditioned media of 6P53-b, 45S5 and control were prepared and measured for their
ion concentrations by inductively coupled plasma mass spectrometry (ICP-MS). The glass
conditioned media and control were then added to pre-osteoblast cells (MC3T3-E1.4)
seeded in multi-well plates, and studied for their influence on osteoblast proliferation and
differentiation. Differentiation studies were evaluated using protein assays and quantitative
polymer chain reaction (QPCR) to quantify the level of expressed genes associated with
osteogenesis.

Specimen and Media Preparation

Preparation of experimental bioactive coating glass (6P53-b, Table 1) was performed as
described previously [25]. In brief, 6P53-b powders were commercially purchased (SEM-
COM, Toledo, OH), placed into a Pt crucible, and melted in air in a Pt crucible for 5 h
between 1400°C and 1500°C. The melt was cast in a pre-heated (200°C) graphite mold
yielding glass bars and annealed (500°C, 6 h). The annealed bars were then cut into square
samples (~ 1 x 1 x 0.2 cm) with a low speed diamond saw (Isomet, Buehler, Ltd., Lake
Bluff, IL) and exposed to gamma radiation, to complete sterilization. All glass specimens
(45S5 and 6P53-b) were then soaked for 10 d prior to study /n vitro.
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Bioactive glass conditioned media were prepared by soaking glass specimens in a.-MEM for
an additional 2 d (volume:surface area = 3 mL: per?? cm?), and was recovered as an ion
extract. Samplings of this ion extract and control (a-MEM) were analyzed using ICP-MS.
The ion extract (0.2 um filter-sterilized) was supplemented (10% FBS, 1% pen-strep, final
concentration) to make glass conditioned medium (GCM), with the reported concentrations
of ions within the GCM at 89% of the concentrations determined from ICP-MS. Control
medium was prepared by supplementing un-conditioned a-MEM, with 10% FBS and 1%
pen-strep (final concentration). The above media preparation was used for proliferation
studies while further supplementation of glass-conditioned and control medium with
ascorbic acid (50 pg/mL, final concentration) was used for differentiation studies.

lon extracts and control were collected from as follows. Three each of 45S5 and 6P53-b
glass specimens were used to make ion extracts for analysis. In addition, three separate
control media containers were samples for analysis (error less than 1%). The collected ion
extract and control samples were analyzed using ICP-MS (University of California at Davis
Center for Plasma Mass Spectrometry). ICP-MS analysis was performed by introducing ion
extract aliquots?? samples into a mass spectrometer (250 amu 7500a, Agilent Technologies,
Palo Alto, CA). Solutions were sprayed through a high solid type nebulizer as a plasma into
a thermoelectrically controlled spray chamber. This instrument has four mass-flow
controllers (Plasma, Auxiliary, carrier gas lines) and also contains a 27.12 MHz solid state
(1600 W) ICP source on a three stage vacuum system. An ion optic system (Omega Il off-
axis lens system) was used to direct the plasma through the quadrupole mass filter
(hyperbolic cross-sectional rod system, 3 MHz) and onto the electron multiplier detector.
Data acquisition was performed using a simultaneous dual-mode electron multiplier (nine
order dynamic range, 100 ps dwell time). Results of analysis were then compared to a
standard for identification and quantitation of ion concentration. The average and standard
deviation of the ion concentrations per set of samples was reported.

Glass conditioned media (2 mL) were used to treat mouse pre-osteoblast (MC3T3-E1.4)
cultures. This cell line is derived from mouse calvaria and expresses the osteoblast
phenotype when differentiated. The cells were cultured in 150 cm? flasks (passage 25-30)
prior to seeding(50 000 cells cm ~2) in 6-well tissue culture plastic plates and incubated
overnight. After the cell line doubling time (12-16 h), these cells were synchronized (a-
MEM, 1% FBS, 1% pen-strep) for an additional 48 h. The media was then replaced with the
glass conditioned media (6P53-b and 45S5) or control medium for proliferation studies. For
differentiation studies, additional supplementation of ascorbic acid (50 pg mL ~1) was used.
For both studies, media changes were made every 48 h.

Cell Proliferation Assay

Cell proliferation was assayed using the MTS Assay (Promega, Madison, WI). This assay is
derived from the MTT assay, which measures the mitochondrial activity of living cells by
measuring the turnover of tetrazolium dye reagent by cells into a formazen product. The
color of the formazen product was measured using a spectrophotometer (SpectraMax Plus,
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Molecular Devices, San Jose, CA) and quantified based on a calibration curve for formazan
absorbtion. Cells were also assayed to determine if some proliferation may occur during
differentiation. To perform this experiment, the cells were allowed to remain in their
respective media (GCM and control medium) and ascorbic acid was added to the cultures.
Cells were then assayed using the MTS protocol to determine cell number, as mentioned
above. The cell population was then recorded as a cell density (cells cm=2). All experiments
were conducted in triplicate.

Protein Expression Assays.

gRT-PCR

At the desired time point of assay, cell cultures were collected in lysis buffer (CelLytic-M,
Sigma Co., St. Louis, MO) and lysed according to the manufacturer’s protocol. Total protein
quantification (BCA protocol, Pierce Biotechnology, Rockford Illinois) was conducted for
all samples and normalized to the same total protein concentration prior to assay.

The concentration of alkaline phosphatase (Procedure 104) and osteocalcin (Mouse
Osteocalcin EIA Kit, Biomedical Technologies Inc., Stoughton, MA) were measured.
Adjustment of Procedure 104 was performed by reaction of sample alkaline phosphatase
with pre-incubated (37°C) nitrophenyl phosphate (0.4% w:v) and amino-2-methyl-1-
propanol (1.5 M, pH = 10). The reaction was then stopped using 0.02 N NaOH. The reaction
produces inorganic phosphate and nitrophenol [53], which produces a yellow color and its
intensity is assayed using a spectraphotometer [53].

Expression of these proteins was assayed at intervals of 1,3, 5, 6, and 10 days. The first
week of time points was compared with gene expression during this same time period. The
last time point was chosen to examine a long-term effect of GCM on osteocalcin and
alkaline phosphatase production. All experiments were conducted in triplicate and samples
were assayed twice for confirmation. All results of analyzed proteins were normalized to
total protein concentration and relative to control.

To quantify levels of gene expression, gRT-PCR was used. Cells were cultured as described
above and pelleted at the selected time point in the experiment and mRNA was extracted
(RNeasy, Quiagen, Valencia, CA). Extracts were converted to cDNA using reverse
transcriptase (Reverse Transcription System, Promega, Madison, WI) according to the
manufacturer’s protocol. Absorbance (A) measurements of mMRNA and cDNA samples were
performed using a full-spectrum UV/Vis nanodrop volume analyzer (ND-1000, Nanodrop
Technologies, Wilmington, Delaware) to quantify total cDNA concentration (Aggg) and
quality (Asgo/Azgp)- The measurement of nucleic acid absorbance at Aygp/Argg is used to
assess the purity of nucleic acids after retrieval from cell and tissue cultures. The purity
range used for this work was between 1.8-2.0, which is recommended from the
manufacturer’s protocol. All cDNA samples were diluted to the same concentration (100—
1000 ng pl 1),

For quantitative PCR, samples were mixed with reagents for PCR as follows (final
concentration): cDNA sample (10%), FastStart Tagman Master Mix (Rox, 2x, 50%) (Roche
Applied Sciences, Mannheim, Germany), forward primer (900 nM), reverse primer (900
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nM), and hydrolysis probe (250 nM) mixture (Table 2) (10%), and PCR grade water
(company, city, state,?? 30%). Sample reaction was performed using a real time PCR
machine (AB17500, Applied Biosystems inc., Foster City, CA).

All amplification was compared to a control gene (glyceraldehyde 3-phosphate
dehydrogenase or GAPDH) for relative quantification. Data acquisition was performed using
the Applied Biosystems 7500 thermal cycler software. Threshold cycle (Ct) was determined
using a four parameter sigmoidal fit of the amplification curve (Qiu ef a/. [54]) and relative
expression was determined using the delta Ct method. Genes to be studied are given below.
Gene expression was studied within the first 7 days of differentiation because this period
marks the early expression of the osteoblast phenotype. All experiments were conducted in
triplicate and all assays were repeated twice for confirmation of results.

Data analysis was conducted to determine statistical significance (p < 0.05). two-way
ANOVA testing was used to compare the treatments (45S5 GCM, 6P53-b GCM, control)
and temporal effects on MC3T3-E1.4 cells. For gene-related studies, genes expressed as a
result of exposure of cells to different treatments were reported relative to the control
treatment (100%).

lon concentrations in the cell culture media changed as a result of bioactive glass dissolution
in vitro (without addition of pen-strep and FBS). Results (Table 3) of ICP-MS analysis
showed (1) increased concentrations of Si and Ca for both glasses and (2) Na, K, Mg and
phosphate concentrations were relatively close or slightly decreased relative to a-MEM.

Direct exposure of glass conditioned media (GCM) enhanced the proliferation rate of pre-
osteoblasts. Results (Figure 1) of proliferation experiments showed increased numbers of
cells in both glass conditioned media within 24—72 h (after cell synchronization (t = 0 days),
p < 0.05). For example, 1 day after treatment, cell numbers were significantly higher in 45S5
and 6P53-b GCM (120% and 130% of control, respectively) and a similar result was seen on
day 3 (140% and 150% of control, respectively). Significant differences were not observed
after 72, h with an observed plateau of the cell density after 7 days in culture for all
treatments. (probably due to limited MTS reagent exposure to overcrowded cell layers
within the well plate).

Bioactive glass corrosion products enhanced the expression of several key osteogenic
markers during MC3T3-E1.4 differentiation. Alkaline phosphatase expression in GCM-
treated cells was significantly increased. For example, after 10 days of exposure, a 2x
increase (relative to control) in alkaline phosphatase expression was seen in GCM-treated
cells as compared to control (Figure 2). However, on earlier days of exposure there was no
significant enhanced expression for alkaline phosphatase.

GCM treatment also enhanced osteocalcin expression. For example, the expression of
osteocalcin peaked (Figure 3) for cells treated with ascorbic acid and 6P53-b GCM (40x
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control after 10 days) and 45S5 GCM (70x control after 6 days). This result is markedly
higher than the result obtained in a separate control study (results not shown). In that study,
MC3T3-EL.4 cells were cultured in control media and ascorbic acid treatment. After 21 days,
osteocalcin expression was maximally expressed (30 ng uL=1), which was approximately
1.5x higher than the measured osteocalcin expression after 10 days of control media and
ascorbic acid treatment in this work (Figure 3).

This significantly increased protein expression of osteocalcin correlated with the gene
expression of osteocalcin within 7 days of treatment. While MC3T3-E1.4 cells
differentiated, osteocalcin gene expression reached a maximum after 5 days in 6P53-b GCM
(14x control) and after 3 days in 45S5 GCM (19x control) (Figure 4). These significant
increases in osteocalcin gene and protein expression indicate the enhanced effect of GCM on
differentiating osteoblasts.

It is well-known that collagen expression and AA treatment are pre-requisites for osteocalcin
and alkaline phosphatase expression [47, 48, 55]. Collagen type 1 expression (Collal and
Colla2) was enhanced in GCM-treated cultures as compared to control cultures. For
example, Collal was maximally increased after 1 day of exposure to GCM (45S5: 4x
control; 6P53-b: 3% control, Figure 5), while Colla2 expression was maximally increased
after 5 days of GCM exposure (45S5: 3.15% control; 6P53-b: 2.35x control, Figure 6).
Besides the maximal expression just mentioned, overall collagen type 1 expression was
observed throughout differentiation. The increased expression of collagen type 1 probably
contributed to the enhanced osteocalcin expression.

GCM exposure also enhanced Runx2 expression. Runx2, an early transcription factor
expressed by osteoblasts during early differentiation [56], was observed to be 2x control
treated cells (Figure 7).

DISCUSSION

This study tested the hypothesis that bioactive coating glass ions enhanced the expression of
genes and associated proteins that are related to osteoblast differentiation and production of
bone extra cellular matrix (ECM). The results from this study indicate that osteoblast
behavior was enhanced by these ions derived from both bioactive glasses.

The dissolution of bioactive glass 6P53-b in a-MEM was found to be similar to that of
Bioglass [10]. The pre-soaking period of 10 d /n vitro was intended to prevent MC3T3-E1.4
cultures from incidental exposure to higher than physiological in vitro pH [28, 46]. Without
this pre-soaking period, the GCM takes on a basic pH, which we found decreased alkaline
phosphatase expression [46]. Subsequent soaking of the glass in a-MEM yielded increased
Si and Ca concentrations, indicating that the HA layer formed during initial soaking period
does not totally block further ion release and is probably also porous. In a similar glass
system (57 wt.% SiO»), Saiz et al. [14] reported continued silicon and calcium dissolution
over a 30 day period /n vitro. They found that after 10 days of pre-soaking in SBF, Ca2*
concentrations increased (15-20 ppm higher than SBF Ca concentration after 8 days of
soaking) and Si#* concentrations increased (40-50 ppm higher than SBF Si concentration
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after 8 days of soaking) [14]. Dissolution over an additional 2 day soak in a-MEM (to make
GCM) showed continued dissolution of Si and Ca, consistent with the observed trend
reported by Saiz et al. [14].

Previously, Foppiano et al. [45] found that collagen type 1 (Collal) was expressed at a
lower level (80% of control) after 7 days of exposure of MC3T3-E1.4 cells to GCM and
ascorbic acid. Under similar conditions in this work, Collal was 1.4x control in 6P53-b
GCM and 0.9x control in 4555 GCM. Considering that our results show markedly higher
expression level increases (> 2x control), the small changes in expression may not greatly
influence osteoblast behavior. Thus, a 20% decrease or increase in relative expression may
not appreciably alter downstream matrix production.

Furthermore, Foppiano et al. [45] found that increased expression of Runx2 (2x control) was
observed for cells cultured in a similar glass system after 7 d exposure of MC3T3-E1.4 cells
in the presence of bioactive glass corrosion products. This was in agreement with the present
study that showed Runx2 expression was increased compared with controls for both
bioactive glasses. The increased expression of Runx2 and collagen type 1 probably increased
expression of osteocalcin and alkaline phosphatase beyond the initial 5 day treatment.

Increased levels of osteocalcin were observed as a result of osteoblast exposure to GCM.
The expression of osteocalcin occurs as a direct result of the expression of collagen type 1
and Runx2 [52, 56], Osteocalcin is a critical Ca binding protein for bone ECM development
and marks terminal differentiation, at which point osteoblasts begin to form calcified tissue.
The increased level of osteocalcin was significant after 5-6 days of GCM exposure, which
coincided with Runx2 and collagen type 1 expression in MC3T3-E1.4 cells. Expression of
Runx2 mRNA was seen after 5-7 days in culture. Thus, the observed enhanced behavior of
osteoblasts in the presence of GCM coincides with the well-known temporal mechanisms of
expressed Runx2, collagen type 1, and osteocalcin in osteoblast progenitors.

The timeline of events that occurs with these osteoblasts was reviewed by Xiao et al. [57]. In
their explanation, they note that osteoblasts must be in contact with a collagen-containing
matrix. Our results show that collagen type 1 expression is maximally expressed after 1 day
in culture, consistent with the work of Quarles et a/. [50] and Franceschi et al. [47-49, 58,
59], and suggests that osteoblasts must express collagen type 1 in the absence of an existing
collagen type 1 containing ECM. The binding of the osteoblast to ECM collagen type 1 is
afy integrin mediated. Integrin binding at the osteoblast membrane induces the expression
of mitogen-activated protein kinases (MAPKSs) that transduce signals to the osteoblast
nucleus. These MAPKSs phosphorylate and activate Runx2 and alkaline phosphatase, which
then binds to the promoter region of downstream genes such as osteocalcin.

Considering the mechanism above and the results in this work showing an enhanced effect
on osteoblast differentiation, two inferences can be made. First, the earlier collagen is
expressed or the faster the attachment of the osteoblast to collagen type 1 in the ECM starts
the temporal cascade of events that lead to other downstream markers. Second, these ions
may catalyze the signal pathways in the osteoblast by simply activating cell receptors (such
as the integrins mentioned above) that mediate the signal pathways therein to the nucleus.
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Finally, inhomogeneity in the data (e.g. osteocalcin protein (Figure 3) and gene expression
(Figure 4)) could be due to the regulation of these ions across the plasma membrane or
nuclear membrane that can then alter these signaling pathways.

The enhanced behavior of pre-osteoblasts in the presence of GCM is probably due to the
increased Ca and Si media concentrations. On one hand, the role of Ca is well-known on
osteoblasts as evident by the vast array of commercially available dietary supplements and
pharmaceuticals used to treat patients with low bone density or osteoporosis. Maeno et al.
[39] found that increased Ca concentrations (8 mM higher than that of a-MEM Ca
concentration) also enhanced the expression of osteocalcin (2x control) in primary mouse
osteoblast monolayer cultures. In our work, the relative increased Ca concentrations for
6P53-b and 45S5 GCM were 8 and 20 ppm (0.2 and 0.5 mM, respectively) and may have
led, in part, to increased levels of osteocalcin. The increased Ca concentration may trigger
mechanisms in which MC3T3-E1 cells respond via a calcium receptor [60-63].

On the other hand, the role of Si on osteoblasts is still somewhat uncertain. In our work,
increased Si concentrations for 6P53-b and 45S5 GCM (1.2 mM and 1.7 mM, respectively)
may have had a greater impact on the observed enhanced osteocalcin expression, Runx2, and
collagen expression. In MG-63 osteosarcoma cultures, Reffitt ef a/. [40] found that increased
Si ion concentrations (10-50 pM, 3 d after cell confluence) increased the relative expression
of collagen type 1 (180% of control), alkaline phosphatase (150% of control) and
osteocalcin (150% of control). Further studies or evidence [64] is lacking in showing a direct
effect of Si on osteoblasts and will be the focus of future work.

This work showed for the first time a direct link between GCM treatment and osteocalcin
production. This means that there is a specificity to the osteoblast response to the presence
of GCM. Hench and colleagues and Foppiano et a/. found an effect of GCM treated cells on
osteoblast gene expression, however, these researchers did not show a direct link between
how this altered gene expression relates to matrix production. Without the downstream
expression of matrix proteins related to expressed genes, the altered gene expression may
not be meaningful. Such a specific link is critical as it shows how altered gene expression as
a result of osteoblast exposure to GCM influences matrix production.

This study raises clinically relevant questions with regard to future implant preparation prior
to implantation. In particular, is the pre-soaking period a necessary procedure to avoid
potentially adverse localized conditions near the implant coating-bone interface. Although
this could be potentially harmful, the initial rapid dissolution physiologically may not be
deleterious since the physiological environment is highly buffered. However, such issues
need to be addressed prior to clinical use.

CONCLUSIONS

Enhanced expression of four key osteogenic markers was found when culturing cells in the
presence of glass conditioned media. (GCM). Markedly higher expression of osteocalcin
was observed at the protein level with correlated increases at the gene level. The increased
osteocalcin expression was related directly to the expression of three key genes (Collal,
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Colla2, and Runx2). The enhanced expression most likely occurred due to the increased
concentrations of both Ca and Si in the GCM from both bioactive glasses. Alkaline
phosphatase expression remained comparable to controls and this observation was attributed
to no significant increase or decrease in phosphate ion concentrations.
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Figure 1.

Effect of glass conditioned media on osteoblast progenitor proliferation (ANOVA, p < 0.05,
* denotes statistical significance).
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Figure 2.

Effect of glass conditioned media on osteoblast progenitor alkaline phosphatase expression
(ANOVA, p < 0.05, * denotes statistical significance)
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Figure 3.

Osteocalcin expression over 10 days of differentiation for cells cultured in the presence of
GCM and control media (ANOVA, p < 0.05, * denotes statistical significance).
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Figure 4.

Osteocalcin gene expression in the presence of GCM and control treated cell cultures over 7
days during the course of differentiation (ANOVA, p < 0.05, * denotes statistical
significance).

Acta Biomater. Author manuscript; available in PMC 2019 June 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Varanasi et al.

Col1a1 relative expression, %

Page 18

600 L L L L
-EEN 6P53-b GCM -
“Em 4555 GCM i
| (@ control _

500 — * _

400 — =
i * i

300 — _

200 — * * —
i . i

100 — * —
i . i

1 3 5 7

Time, days

Figure 5.
Collagen type 1 alpha 1 expression in the presence of GCm and control treated cells

(ANOVA, p < 0.05, * denotes statistical significance).
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Figure 6.

Gene expression of collagen type 1 (colla2) during time course of differentiation (ANOVA,
p < 0.05, * denotes statistical significance).
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Figure 7.

Gene expression of Runx2 during time course of differentiation (ANOVA, p < 0.05, *

denotes statistical significance).
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Table 1.
Composition (wt. %) of Bioglass (45S5) and experimental bioactive glass (6P53-b)

SlOZ Na,0 K,O MgO CaO P,05

45S5 (Mo-Sci) 450 245 245 6.0
6P53-b (LBL) 52.7 10.3 2.8 102 180 6.0
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Table 2.

Gene Expression Assay Primers and Probes (from ABI)

gene Accession number  Gene Bank mRNAs  Amplicon length
GAPDH  NM_008084.2 31 107

AKP2 NM_007431.1 8 90

OCN NM_031368.3 6 89

RUNX2 NM_009820.2 2 115

COLl1la2 NM_00773.2 18 140
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Table 3.
lon Extract Concentration (mg L ~1)
Si4* Na* K* Ca?* Mg?* P03~
a-MEM - 4300 325.0 490 37.6 288
4555+ a-MEM | 47.9+10.4 | 4168+ 404 | 299.8+26.6 | 69.8+14.0 | 27.8+25 | 236447
6P53b+ a-MEM | 33.4+38 | 44584186 | 298.3+349 | 57.1+28 | 327+54 | 326+9.3
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