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Abstract Enterococcus faecalis (E. faecalis) is a Gram-
positive bacterium, mostly recovered from root-filled
teeth with persistent periapical lesions. Bacterial contam-
ination of root canals inevitably results in interaction
between E. faecalis and periapical tissues during the
dynamic process of periapical inflammation. This study
investigated the impact of heat-inactivated endodontic E.
faecalis on the proliferation and the differentiation of
ovine osteoblast-like cells, in an attempt to elucidate its
putative enhanced pathogenicity mechanisms. Therefore,
two different concentrations of a heat-inactivated end-
odontic E. faecalis isolate (2×106 or 2×108 CFU/ml) were
incubated with ovine osteoblast-like cells for 7 and
14 days, respectively. Cells without antigen served as

control. The effects of antigen on cell growth were
evaluated by a proliferation assay (EZ4U). Furthermore,
the assessment of alkaline phosphatase (ALP) activity,
calcium deposition, and osteocalcin (OCN) gene expres-
sion through quantitative real-time PCR determined the
degree of osteogenic cell differentiation. Scanning electron
microscopy (SEM) was also performed to detect alter-
ations in cell morphology. Interestingly, although highly
concentrated E. faecalis increased cellular reproduction
after 14 days, ALP activity and OCN gene expression
decreased in an antigen concentration-dependent and
incubation time-independent way. SEM images revealed
E. faecalis adhesion on cells, a fact that might contribute
to its virulence. These results suggest that E. faecalis
stimulated cell multiplication, whereas it likely restrained
cell differentiation of ovine osteoblast-like cells. In
conclusion, the presence of E. faecalis in root canals
may negatively affect periapical new bone formation, and
thus, the healing of periapical lesions.

Keywords Osteoblasts . Bacteria . Endodontic infection .

Cell culture . qPCR

Introduction

Up to 90% of the medically demanding enterococcal
infections are induced by Enterococcus faecalis, a
representative member of the Enterococcus genus [1].
The Gram-positive, catalase-negative, non-spore-forming,
facultative anaerobic E. faecalis strains mainly inhabit the
alimentary tract of humans and the oral cavity, especially
related to teeth with persistent periapical lesions of
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endodontic origin [2]. Numerous studies using culture and
molecular methods have shown a higher prevalence of E.
faecalis in obturated root canals with chronic apical
periodontitis compared to teeth with primary infections
[3–5]. The survival of E. faecalis in root canals even
under unfavorable environmental conditions may be
associated with the presence of an enhanced bacterial
pathogenicity.

More specifically, its ability to withstand extreme
challenges in root canals can be attributed to resistance to
the antimicrobial effects of calcium hydroxide and other
intracanal medicaments such as sodium hypochlorite,
hydrogen peroxide, and acids [6–8], partly through a
functioning proton pump structure, maintaining cytoplas-
mic pH at favorable levels. E. faecalis also shows
resistance, intrinsically or via acquisition, to a wide range
of antibiotics [9, 10] and can invade in dentinal tubules,
where its elimination by root canal disinfectants seems to
be a formidable challenge [11]. Finally, E. faecalis
colonizes the root canal as monocultures, organizes in
biofilms without the need for support of other bacteria [12,
13], and possesses a wide array of putative virulence factors
that bring about pathological alterations either directly
through toxin production or indirectly through the activation
of the host immune system. Among these factors belong
aggregation substance (AS), surface adhesins (Esp, Efa A, and
Ace), sex pheromones, lipoteichoic acid, extracellular
superoxide, gelatinase, hyaluronidase, cytolysin, and
bacteriocins such as AS 48 [14–17].

Up to now, many studies have been conducted
concerning the diversity of microorganisms in infected
root canals without addressing their impact on periradic-
ular host tissues [18]. The necessity to examine the
influence of bacteria on the activity of eukaryotic cells
has been recently investigated extensively [19, 20].
Therefore, the aim of this study is to focus on the effect
of a heat-inactivated endodontic E. faecalis isolate
originating from an endodontic patient on the proliferation
and the differentiation of ovine osteoblast-like cells, in
order to illuminate the virulence potential of E. faecalis
towards the major cellular component of periapical tissues,
the osteoblasts.

Materials and methods

Antigen preparation

The endodontic E. faecalis FRs 112 isolate was acquired
from a patient’s periapically inflamed root canal [21]. The
activated stock-culture microorganisms firstly reached
their exponential growth phase when incubated in Caso-

Bouillon broth (Merck, KGaA, Darmstadt, Germany)
overnight at 37°C. For its production, 15 g of the medium
was suspended in 0.5-l distilled water. They were mixed
thoroughly and heated gradually until the medium was
completely dissolved. It was then poured into suitable
containers and subjected to a 15-min-long sterilization at
121°C in an autoclave. The bacterial strains of E. faecalis
were then centrifuged twice in 0.9% NaCl at 4.000×g for
20 min (Hettich Zentrifugen Universal 32, Tuttlingen,
Germany), heated at 90°C for 1 h (Thermomixer Comfort,
Eppendorf GmbH, Hamburg, Germany), and stored at −80°C
until use, according to a modified protocol [22]. The
suspensions were adjusted to a concentration of 2×
108 CFU/ml by using a SmartSpec plus spectrophotometer
(Bio-Rad, Life Science Group, Hercules, USA). The
bacterial suspensions remained sterile, and the complete
inactivation of E. faecalis was certified after recultivation of
the heat-inactivated strains on CBA plates.

Cell culture

For the cultivation of ovine osteoblast-like cells, the pieces
of pelvic bone (3×3 mm), from seven (n=7) sheep, 9–
12 months old, were crumbled with the aid of the explant
technique. Cells in primary and secondary culture were
cultivated in opti-minimal essential medium (Opti-MEM,
Gibco Laboratories Life Technologies Inc, Grand Island,
NY, USA) supplemented with 10% fetal bovine serum
(PAA Laboratories GmbH, Pasching, Austria) and 1%
penicillin/streptomycin (Penicillin/Streptomycin liquid,
PAA Laboratories GmbH, Pasching, Austria), at 37°C/5%
CO2. The first passage of cells, detached by 0.5% trypsin
from the culture flask, was diluted to a final cell
concentration of 1×105 cells/ml. Cells were then seeded
with two different E. faecalis concentrations onto 12- and
24-well culture plates. The first group (0) lacked antigen
and served as control. The second (1) and third groups (2)
were cultivated with E. faecalis antigen concentrations I
(2×106 CFU/ml) and II (2×108 CFU/ml), respectively.
After inoculation with antigen, the ovine osteoblast-like cell
cultures were incubated over a 14-day period in a
humidified atmosphere of 5% CO2 at 37°C. The culture
medium and E. faecalis suspensions were replaced every
2 days, and the experimental procedures were conducted
twice, after 7 and 14 days, respectively.

Cell proliferation assay

A colorimetric, nonradioactive, and nontoxic assay kit
(EZ4U, Biozol diagnostica GmbH, Eching, Germany)
enabled the assessment of cell proliferation of three
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different samples for each individual. Intact mitochondria
turned lightly yellow-colored tetrazolium salts into
intense red-colored formazan derivatives, indicative of
the total amount of living cells in the samples [23]. In
this assay, 125 μl of solubilized ready-to-use dye substrate
was added in every well, and 24-well plates were stored at
37°C and 5% CO2 for 3 h, as specified by the
manufacturer. Two hundred microliters of each superna-
tant was then dispensed into a 96-well microplate in
triplicate for each sample. Wells filled only with pure
culture medium served as negative control (blind value).
The exact amount of the active osteoblast-like cells was
photometrically measured by a microtiterplate reader
(Infinite M200, Tecan Austria GmbH, Groedig, Austria)
at a wavelength of 450 nm (reference wavelength 620 nm)
and was further demonstrated as an optical density (OD
value). The EZ4U assay was conducted twice, after 7 and
14 days, respectively.

Cell differentiation

Alkaline phosphatase activity and protein assay

An assay, based on the chemiluminescent substrate
disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2′-(5′-
chloro) tricycle [3.3.1.13,7] decan}-4-yl) phenylphosphate
(CSPD,0,4 mM Ready to use with Sapphire-II Enhancer,
Tropix Applied BioSystems, Foster City, CA, USA)
determined the alkaline phosphatase (ALP) activity in the
cell lysate after 7 and 14 days, as previously described
[24]. The measurement was held in triplicate for each of
the three different samples per individual with lumines-
cence by an ELISA reader after 5, 15, and 30 min,
respectively. The ALP detection signal was recorded in
relative luminescence units (RLU), and the graphic
demonstration of the ALP activity was logarithmic. BCA
Protein assay (Thermo Fisher Scientific Inc, Rockford,
USA) normalized the cellular ALP activity to total protein
concentration utilizing bovine serum albumin to derive a
standard curve.

Calcium deposition assay

von Kossa silver nitrate staining manifests extracellularly
positioned insoluble calcium phosphate salts [25]. After
fixation in 4% (w/v) paraformaldehyde in phosphate-
buffered saline for 10 min, the cells were rinsed with
distilled water and incubated with 10 mg/ml silver nitrate
solution under UV light for 1 h. Following rinsing in
distilled water, 50 mg/ml sodium thiosulphate solution was
added to the cultures for 2 min and then they were washed
again. Phosphate deposits stained black.

PCR assay

RT-PCR

Total RNA extraction was accomplished with the aid of
RNeasy mini kit (Qiagen, Hilden, Germany), while
iScript™ cDNA Synthesis Kit (Bio-Rad Laboratories
GmbH, Munich, Germany) assisted complementary DNA
(cDNA) synthesis, specified by the manufacturer.

Primer design and direct sequencing

Utilizing the Blast nucleotide algorithm (NCBI, http://
www.ncbi.nlm.nih.gov/) and Beacon Designer Software
(Premier Biosoft International, Palo Alto, CA, USA),
signature primers that are most exclusive to ovine osteoblast
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
osteocalcin (OCN) genes were designed and further con-
structed (Thermo Fisher Scientific GmbH, Ulm, Germany).
Direct sequencing of the PCR products was performed by
GATC Biotech (Konstanz, Germany).

Quantitative real-time PCR

Real-time PCR cycles were performed in the presence of iQ
Sybr Green Supermix (Bio-Rad Laboratories GmbH,
Munich, Germany) on iCycler (Bio-Rad Laboratories
GmbH, Munich, Germany). For PCR assay, 1 μl of cDNA
was amplified in a 25-μl-reaction mixture consisting of
specific primer pairs to detect transcripts of OCN and
GAPDH gene. PCR primer sequences and PCR product
sizes are demonstrated in Table 1. The amplifications were
conducted in triplicate for each of the three different
samples per individual, while H2O was used as negative
control. The following temperature profile was optimized
and adopted during thermocycling: 45 cycles were run,
where each cycle includes denaturation (94°C for 30 s),
annealing (54°C for 30 s) and synthesis (72°C for 30 s).
The gene expression of the housekeeping gene was utilized
to normalize the content of cDNA samples. The increased
fluorescence of GAPDH-reference gene and OCN-target
gene PCR amplicons was monitored in the form of
dissociation curves, and the average threshold cycle (Ct)
was calculated with a specified software (Bio-Rad Laborato-
ries GmbH, Munich, Germany). The delta/delta calculation
method was used for quantification [26].

Agarose gel electrophoresis

The electrophoresis of PCR products (100 V, 400 mA, 1 h)
in 1% agarose gel, mediated by ethidium bromide, certified
the progress of the reaction, and visualized by means of a
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UV lightbox (Universal Hood II, Bio-Rad Laboratories,
Milan, Italy), the specificity of the GAPDH and OCN
primers on DNA templates.

Scanning electron microscopy

After fixation in 8% formaldehyde, specimens were
dehydrated in an ascending ethanol series (50–100%),
sputter-coated with gold/palladium, and examined by an
environmental scanning electron microscope (Electroscan
ESEM 2020, Wilmington, MS, USA) at 10 kV.

Statistical analysis

A linear mixed model was fitted, where each continuous
response variable (proliferation rate, ALP activity, and OCN
gene expression) was modeled as a linear function of time and
antigen concentration. The interaction between time and
antigen concentration was utilized as an explanatory variable
[27]. Least-square means with 95% confidence interval were
calculated and subsequently graphically displayed.

Results

Effects of E. faecalis on cell proliferation

The predicted means determining OD of ovine osteoblast-
like cell reproduction in the absence of E. faecalis were
0.74 after 7 days and 1.06 after 14 days. Accordingly, the
corresponding OD values for ovine osteoblast-like cells
seeded with E. faecalis concentration I (1) were 0.71 and
1.07 after 7 and 14 days, respectively, whereas with E.
faecalis concentration II (2) 0.76 after 7 days and 1.39 after
14 days as shown in Fig. 1a. When considering each
osteoblast-like cell group with a specific antigen concen-
tration measured at two time points (7 and 14 days) as a
single group, no significant alterations in the calculated
proliferation rates were observed (p≥0.2) among the
different cell-antigen combinations over the first week. On
the contrary, the differences between the predicted means
were statistically significant after a 2-week time period.
Osteoblast-like cells with E. faecalis concentration II (2)
proliferated in greater proportions than the control group (0;
p=0.0053) and the cell group with E. faecalis concentration

I (1; p=0.007). A significant time-antigen concentration
interaction was only detected for the cell group with E.
faecalis antigen concentration II (2; p≤0.05), indicating that
there was a time effect only among antigen concentration II
cell groups (2) and not among other cell groups.

Effects of Enterococcus faecalis on cell differentiation

Alkaline phosphatase activity

When E. faecalis antigen is absent (control group), the
predicted means for ALP activity showed RLU of 45,400
after 7 days and 35,293 after 14 days. Accordingly, the
corresponding values for ovine osteoblast-like cells culti-
vated with E. faecalis concentration I (1) were 55,159 and
38,886 after 7 and 14 days, respectively; while for
osteoblast-like cells seeded with E. faecalis concentration
II (2), the values were 24,463 after 7 days and 21,260 after
14 days as shown in Fig. 1b. When considering each
osteoblast-like cell group with a specific antigen concen-
tration measured at two time points (7 and 14 days) as a
single group, the significant changes in the estimated ALP
activity values were detected. There was less ALP activity
in the cell group with E. faecalis concentration II (2) than in
the control group (0; p=0.003) and the cell group with E.
faecalis concentration I (1; p=0.0001). There was a
significant influence of time among the same cell groups
assessed at different time points.

Osteocalcin gene expression

The procedure of quantitative real-time PCR (qPCR)
facilitated the evaluation of osteodifferentiation-indicative
OCN gene expression twice, after 7 and 14 days, respec-
tively. The predicted means for the relative OCN gene
expression of the control group (absence of E. faecalis)
were 2.2384 units and 1.9268 units after 7 and 14 days,
respectively; whereas, the equivalent values for the cell
group with E. faecalis concentration I (1) were 1.1690 units
after 7 days and 1.2364 units after 14 days. The cell group
with E. faecalis concentration II (2) showed mean values of
1.2097 units after 7 days and 0.6219 units after 14 days
(Fig. 1c, d). The statistical evaluation of the results did not
show a meaningful effect of time among the same cell
groups. When each osteoblast-like cell group with a

Genes Primers Primer sequence Length

GAPDH GAPDH-F 5′-ACA TCA TCC CTG CTT CTA CTG-3′ 181 bp
GAPDH-R 5′-GCC TGC TTC ACC ACC TTC-3′

OCN OCN-F 5′-CAG CGA GGT GGT GAA GAG-3′ 145 bp
OCN-R 5′-CTG GAA GCC GAT GTG GTC-3′

Table 1 Forward (F) and
Reverse (R) PCR primers used
for determination of OCN and
GAPDH gene expression
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specific antigen concentration assessed at a particular time
point (7 and 14 days) is regarded as a single group,
significant changes were observed between the control
group (0), where OCN gene was expressed more intensely,
compared to the cell group with E. faecalis concentration I
(1; p=0.0131) and the cell group with E. faecalis
concentration II (2; p=0.0016).

Matrix mineralization

The E. faecalis-inoculated osteoblast-like cell groups (1 and
2) demonstrated very little von Kossa-positive mineralized
nodules, while calcium precipitation was exhibited more
intensely in the control group (0) by multiple von Kossa-
positive areas (Fig. 2).

Scanning electron microscopy

General view and more detailed SEM exposures of ovine
osteoblast-like cells seeded with E. faecalis are shown in
Fig. 3. Ovine osteoblast-like cells (magnification, ×2,000)
tended to form a highly packed network when cultivated
without E. faecalis. Spindle- or cuboidal-shaped cells with
long cytoplasmic filaments oriented in parallel. The
interconnection and therefore the communication between
the osteoblast-like cells were distinctly achieved through
numerous filopodia and long lamellipodia (Fig. 3a).
Osteoblast-like cells seeded with E. faecalis concentration
I (2×106 CFU/ml) constitute confluent cell monolayers
(magnification, ×5,000), which demonstrate flat, mainly
stretched or polygonal morphology of closely packed cells
with numerous filopodia. SEM analysis of osteoblast-like
cells cultivated with E. faecalis concentration II (2×
108 CFU/ml) revealed a layer of regularly spread cells
(magnification, ×2,000) with cytoplasmic processes that
mediate cell-to-cell communication. The attachment of E.
faecalis to cell surfaces, through capillaceous extensions of

Fig. 1 The proliferation rate (a), endogenous cellular ALP activity
(b), and OCN gene expression (c) of a total of seven (n=7) ovine
individuals were statistically evaluated as a linear function of the
measurement time points (7 and 14 days) and the osteoblast-like cell
groups with variant antigen concentrations (0 absence of antigen/
control group, 1 low Enterococcus faecalis concentration I (2×
106 CFU/ml), 2 high E. faecalis concentration II (2×108 CFU/ml)).
a–c Graphical displays of the anticipated estimates with 95% CI for all
cell groups with different E. faecalis concentrations and all times of
assessment (p≤0.05). The asterisks on the right side display the
statistically significant differences between the predicted means. d
Exhibited data represent mRNA levels of GAPDH and OCN
documented by agarose gel electrophoresis of qPCR products from
osteoblast-like cells (n=7) cultivated with different antigen concen-
trations (0 absence of antigen/control group, 1 low E. faecalis
concentration I (2×106 CFU/ml), 2 high E. faecalis concentration II
(2×108 CFU/ml)). The OCN-target gene mRNA expressions normal-
ized to those of GAPDH were estimated twice, after 7 and 14 days,
respectively

�
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proteinaceous nature presumably, was also demonstrated
(Fig. 3c). SEM observation showed no detectable morpho-
logical alterations of osteoblast-like cells, resulting from the
bacterial influence of E. faecalis.

Discussion

Analyzing experimental design and methodological param-
eters, the use of osteoblast-like cells derived from ovine
pelvic bone provided a highly representative culture model
for the study of the influence of E. faecalis on eukaryotic

cells. Past studies have indicated that cancellous bone of
iliac crest, compared with other osseous sites, has a high
metabolic turnover rate and can represent a large potential
reservoir of osteoprogenitor cells [28]. In our study, ovine
osteoblast-like cells were used because previous studies
showed that ovine osteoblast-like cells are sensitive to
substrate composition and topography [29, 30]. Conse-
quently, it was also interesting to examine the affect of
microorganisms like E. faecalis on proliferation and
differentiation on the already established cells. Moreover,
in these in vitro examinations, ovine osteoblasts were
investigated for potential later in vivo studies (sheep model
to examine proliferation, differentiation, and healing pro-
cess) because spectroscopical analysis shows similarities
between sheep and human bones regarding the micromor-
phological structure [30]. The ovine osteoblasts were
characterized as previously described by Wagner et al.
[30]. The characterization of ovine and human osteoblast-
like cells depends on the osteocalcin amount. For the
quantification of osteocalcin in the cell culture supernatant
of ovine and human osteoblast-like cells, the MetraTM
osteocalcin EIA-Kit (Quidel, San Diego, USA) was
performed.

Monolayer culture was the most appropriate method to
raise the amount of osteoblast-like cells needed [31].
Moreover, heat inactivation of E. faecalis aimed at
preparation of experimental inoculum without loss of
virulence or number of bacteria and at impeding the
overexpansion that a live bacterial population normally
develops. Indeed, bacterial adherence to cells does not seem
to be inhibited by heat inactivation [32]. Although heat
killing at 90°C would be expected to denaturate all or most
of the protein virulence factors, other components such as
LTA do not seem to be affected. Therefore, SEM images
revealed hair-like structures that have been previously
identified as an AS, an adhesin which enables binding of
E. faecalis to eukaryotic cells, and therefore, it might
contribute to its virulence [33].

As far as the cell reproduction-related outcomes are
concerned, literature research did not provide any informa-
tion about E. faecalis-driven stimulation of cell prolifera-
tion. However, a similar in vitro study showed that the
treatment of basal urothelial cells with lipoteichoic acid

Fig. 2 Light microscopy of Enterococcus faecalis-inoculated ovine
osteoblast-like cell cultures following von Kossa staining on day 14. a
In the absence of E. faecalis (control group), multiple black-stained
insoluble calcium phosphate salts (magnification, ×200), indicative of
intense matrix calcification, are demonstrated in the extracellular
spaces (white arrows). Pink-tinged cytoplasm (black arrow) and red-
dyed nuclei (asterisk) reveal the osteoblast-like cellular presence. b
Ovine osteoblast-like cells seeded with E. faecalis concentration II
(2×108 CFU/ml) exhibit very little black-stained von Kossa-positive
areas (magnification, ×200), due to a markedly decreased mineral
nodule formation

Fig. 3 Scanning electron microscopic (SEM) exposures of ovine
osteoblast-like cells seeded with different Enterococcus faecalis
concentrations, after the first 7 days of culture. a Ovine osteoblast-
like cells (magnification, ×2,000) cultivated without E. faecalis. b
Osteoblast-like cells seeded with E. faecalis concentration I (2×
106 CFU/ml). Spherical or ovoid E. faecalis cocci (a) tended to form
chains that adhered via hair-like structures (b) protruding from the
bacteria to the cells. c Osteoblast-like cells cultivated with E. faecalis
concentration II (2×108 CFU/ml). E. faecalis attached in the form of
cocci or chains, indicated with a white arrow, to the cells

�
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(LT-2) stimulated a high proliferative subpopulation of
quiescent cells, possibly through NO-mediated mechanisms
[34]. In contrary, viability and proliferation assays did not
disclose any cell number changes when human dental pulp
fibroblasts were seeded with whole heat-inactivated E.
faecalis [35]. The results of the present study contribute to
the above conflicting published data. These contradictions
may reflect different biological responses related to the
source and progenitor status of cells analyzed. The source
and the preparation of the pathogenic agent should also be
considered with regards to the diversity of the above
published conclusions, due to the multiple putative virulent
factors involved in the use of whole heat-inactivated E.
faecalis.

The assessment of ALP activity revealed an antigen
concentration-dependent enzyme activity reduction.
However, the duration of cell cultivation proved to have
no influence on ALP activity. The interpretation of the
results necessitates the consideration of the in vivo
regulation of cell differentiation by inflammation-associated
cytokines. It is already described that a series of putative
virulence factors of E. faecalis, e.g., LTA, could trigger the
release of inflammation mediators (TNF-α, IL-1β, IL-6, IL-
8, PGE2, lysosomal enzymes, superoxide anions). Depend-
ing on cell differentiation stage, the prolongation of culture
period and cytokine concentration, both IL-1α and IL-1β,
has been shown to stimulate osteoblast proliferation and to
inhibit bone formation through reduced ALP activity [36].
Although host response cannot be estimated in our in vitro
study, the suppression of ALP activity under
concentration-dependent influence of E. faecalis through
still unknown mechanisms is in agreement with the above
statements. These cell differentiation-related outcomes are
supported by several research projects studying different
bacterial effects on osteoblast cell differentiation [37, 38].

Additionally, qPCR disclosed the most bone-specific
OCN gene expression downregulation in an E. faecalis
concentration-related manner. It was previously reported
that a prostaglandin-independent inhibitory effect of
Gram-positive Staphylococcus aureus and Staphylococcus
epidermidis on OCN biosynthesis was observed after 24 h
of treatment with human osteoblastic cells [39], while
OCN levels significantly decreased in S. aureus-infected
mice [40]. Moreover, CCAAT/enhancer binding protein
beta is known to play an important role of development-
and homeostasis-associated gene expression and it was
proved to increase proliferation and suppress osteogenic
differentiation [41]. Putative intracellular signaling mech-
anisms responsible for the negative effect of E. faecalis on
differentiation could involve LTA-mediated upregulation
of Toll-like receptor 2 (TLR2) that recognizes Gram-
positive cell wall structures [42]. Upon TLR2 stimulation,
osteoblast-like cells may go through a functional alteration
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that results in the decrease of matrix synthesis and
mineralization [43].

Finally, the data of this study exhibited the ability of E.
faecalis to affect cell differentiation, implying that bone
loss in E. faecalis-induced inflammatory processes may not
be caused only by enhanced bone resorption, but also by
suppressed bone formation.
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