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Abstract

Introduction: Periodontal diseases are among the most common diseases of the oral cavity in
the worldwide population. The prevention of gingivitis and periodontitis is based on the removal of
bacterial plaque from the teeth with use of toothpaste containing active substances. Noteworthy is the
ethanolic extract of Brazilian green propolis (EEP-B), which, due to the high content of artepillin C,
has anti-inflammatory, antibacterial, or immunostimulatory effects. Little is known about interactions
between EEP-B and gingival fibroblasts within the oral cavity. The purpose of the article is to determine
the role of acidic fibroblast growth factor (aFGF-1), E-selectin, and ligand of CD40 (CD40L) secreted
by human gingival fibroblasts (HGF-1) in the gingiva.

Material and methods: We performed our experiments on gingival fibroblasts (HGF-1), which are
an ideal in vitro model for studying the processes taking place within the gingiva. We incubated cells
with EEP-B or artepillin C at the concentrations of 1 ug/ml and 10 ug/ml. The aFGF-1, E-selectin,
and CD40L were detected using the Bio-Plex Magnetic Luminex Assay and the Bio-Plex 200 System.

Results: Ethanolic extract of Brazilian green propolis and artepillin C increased the levels of aF GF-1
secreted by HGF-1. Moreover, EEP-B decreased the levels of E-selectin in both tested concentrations,
which was not proved for artepillin C. No changes in the concentration of CD40L released by HGF-1
were observed.

Conclusions: The obtained results may suggest that EEP-B, due to the mixture of various com-
pounds including flavonoids, accelerates the wound healing effects and has anti-inflammatory activity.
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Introduction

Periodontal diseases are highly prevalent in the world-
wide population. Gingivitis is a chronic inflammatory dis-
order caused by bacterial biofilm in the dental plaque which
may progress to periodontitis [1, 2]. During biofilm matu-
ration, pathogenic bacteria produce soluble compounds that
stimulate host cells to produce mediators associated with
the inflammatory process. The secretion of proinflammato-
ry cytokines activates neutrophils, lymphocytes, and mono-
cytes. High levels of interleukin 1p (IL-1f), tumor necrosis
factor o (TNF-a), and prostaglandin E2 (PGE2) correlate
with the periodontal damage. The role of molecules and de-
tailed pathways in the development of periodontal diseases
is still unclear. Human gingival fibroblasts (HGFs) are the
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most abundant cell types in periodontal connective tissues
[3] and they provide an ideal model to study processes
taking place within the gingiva.

Fibroblast growth factors (FGFs) belong to a large
family consisting of 22 polypeptides. These proteins bind
to transmembrane receptors FGFR1-4 with tyrosine kinase
activity [4]identified on the basis of amino acid sequence
homologies. The FGF family has distinguished itself from
other growth factor families by virtue of the pleiotropic
actions of its members. This chapter discusses the structur-
al and functional diversity in the FGF receptor multigene
family. The effects of FGFs are known to be mediated by
high-affinity receptor tyrosine kinases. The structurally
diverse receptor molecules are also functionally different.
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The characterization of structural and functional diversi-
ty within the FGF receptor shows the differences in the
mechanisms of action among members of the FGF family.
The first members of the FGF family to be purified and
characterized were acidic FGF (aFGF. FGFs and their sol-
uble form mediate proliferation, migration, wound healing,
angiogenesis, or metabolism [5, 6]. Acidic FGF (aFGF,
FGF-1, heparin-binding growth factor 1) is one of the
best studied members of the FGF family. It was originally
identified as a mitogen for endothelial cells, but it is also
mitogenic for all other types including osteoblasts, chon-
drocytes, and fibroblasts and a potent angiogenic factor.
FGFRA4 is a highly specific receptor for aFGF.

E-selectin (endothelial leukocyte adhesion molecule-1,
ELAM-1, CD62E) is an adhesion molecule synthesized by
endothelial cells. The expression of E-selectin is stimulated
by IL-1pB, IL-6, TNF-a, or bacterial lipopolysaccharide
(LPS) in the inflammatory response [7]. The receptors for
ELAM-1 are E-selectin ligand-1 (ESL-1), sialyl Lewis x
(SLE®, and sialyl Lewis a (SLEa). These receptors occur
on the surface of leukocytes and tumor cells [8]. During
inflammation or cancer metastasis E-selectin interacts with
its ligand and leads to the rolling of leukocytes on endo-
thelial cells. Selectins are usually bound with cytoplasmic
membranes of cells, but they can also be released by enzy-
matic cleavage into the circulation. The soluble E-selectin
(sE-selectin) level correlates with its expression on the sur-
face of endothelial cells, but little is known about its role
[9]. Some studies have shown that it may act as a chemo-
tactic signal triggering the migration of neutrophils [10].
High levels of sE-selectin have been reported in patients
with inflammatory diseases [11, 12].

The ligand of CD40 (CD40L, CD154) is a member of
the TNF superfamily. It is a costimulatory molecule on
the surface of activated T lymphocytes. CD40L binds to
its receptor, a CD40 molecule, which is present on B lym-
phocytes. It activates B cells and allows for switching of
immunoglobulin classes. CD40L deficiency or defect is
a cause of hyper-IgM syndrome. It has been reported that
CDA40L is expressed on activated B cells, dendritic cells,
platelets, basophils, and eosinophils [13, 14]. CD40L on
T lymphocytes binds CD40 on monocytes and dendritic
cells, which results in secretion of cytokines such as IL-13,
IL-6, IL-8, IL-10, IL-12, and TNF-a. [15]. CD40L exists in
two forms: membrane bound and soluble (sCD40L). The
level of sCD40L in gingival crevicular fluid (GCF) is sig-
nificantly higher in patients with periodontitis compared to
healthy patients [16].

Propolis, also called “bee glue”, is a natural substance
collected by honey bees (Apis mellifera). It is a resinous
secretion of tree buds and a mixture of wax, pollen, es-
sential oils, and a small amount of glandular secretion of
bees. Propolis is used by Apis mellifera as a building and
insulation material [17, 18]. Propolis possesses anti-in-
flammatory, antioxidant, antibacterial, anticancer, and
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Fig. 1. Brazilian green propolis
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Fig. 2. Chemical structure of artepillin C

immunomodulatory properties [19-21]. The composition
of bee glue depends on the place of collection. Brazilian
green propolis is collected by Africanized honeybees (Apis
mellifera) mainly from Baccharis dracunculifolia DC (As-
teraceae). This plant is an important source of propolis in
Minas Gerais, Carvalhopolis in Brazil [22]. A photograph
of Brazilian green propolis is shown in Figure 1.

The biological activities of Brazilian green propolis
result from the high levels of prenylated p-coumaric acids,
mainly artepillin C (3,5-diprenyl-p-coumaric acid) [23].
The structure of artepillin C is shown in Figure 2.

We investigated for the first time the effect of ethanolic
extract of Brazilian green propolis (EEP-B) on selected
molecules aFGF-1, E-selectin, and sCD40L secreted by
human gingival fibroblasts in vitro. We compared the ob-
tained results of EEP-B to its main ingredient, artepillin C.

Material and methods

Ethanolic extract of Brazilian green propolis

The raw Brazilian green propolis was collected man-
ually from beehives located in the state of Minas Gerais
in southeastern Brazil. The sample of propolis was kept
desiccated prior to processing. The sample of propolis was
extracted in 95% v/v ethyl alcohol for 4 days at 37°C. Then
the EEP-B was filtered through Whatman filter paper and
evaporated at 60°C. The EEP-B was dissolved in DMSO
obtaining the final concentration of 20 mg/ml. In the cul-
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ture medium, the final concentration of DMSO was 0.1%
(v/v). EEP-B activity at the concentrations of 1 pg/ml and
10 pg/ml was evaluated after 24-hour incubation with hu-
man gingival fibroblasts (HGF-1) cells.

Artepillin C

Artepillin C (3,5-diprenyl-4-hydroxycinnamic acid)
was obtained from Wako Pure Chemicals (Osaka, Japan)
as a natural component isolated from Brazilian green
propolis. Artepillin C was dissolved in dimethyl sulfoxide
(DMSO) to obtain the concentrations of 1 pM (0.3 ug/ml)
and 10 pM (3 pg/ml).

Cell culture

The human gingival fibroblasts cell line was obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The cells were grown in high glu-
cose Dulbecco’s Modified Eagle Medium (DMEM), sup-
plemented with 10% heat-inactivated fetal bovine serum
(FBS; Sigma Aldrich), 100 U/ml penicillin, 0.1 mg/ml
streptomycin and 8 mM glutamine in a humidified atmo-
sphere with 5% CO, at 37°C. The cells were detached with
trypsin-EDTA (0.05%; Sigma-Aldrich) for 3 min at 37°C.

Cell viability — staining with trypan blue

After 24 hours incubation of HGF-1 cells with tested
compounds, the cell viability was assessed using a 0.25%
trypan blue solution staining method. Trypan blue stains
apoptotic and necrotic cells.

Cell viability — MTT cytotoxicity assay

The cytotoxicity was measured by the 3-(4,5-dimeth-
ylthiazol-2-y1)-2,5 diphenyltetrazolium (MTT) assay as
previously described [24, 25]. This test is based on conver-
sion of the tetrazolium salt MTT into a blue formazan dye
by viable cells. HGF-1 cells (15 x 10*/ml) were seeded into
each well of a 96-well plate 48 h before the experiments.
The cells were treated for 24 h with EEP-B at the concen-
trations of 1 ug/ml, 10 pg/ml and 20 ug/ml and artepillin C
at the concentrations of 1 uM, 10 uM and 20 uM (dissolved
in DMSO). After this time, the medium was removed, and
180 pl of culture medium and 20 pl of MTT solutions
(5 mg/ml) were added to each well for 4 hours. The re-
sulting formazan crystals were dissolved in 100% DMSO.
The reagents were purchased from Sigma Chemical Com-
pany (St. Louis, MO, USA). The controls included native
cells and medium alone. The spectrophotometric absor-
bance of each well was measured using a microplate reader
(Eon Microplate Spectrophotometer, BioTek, Winooski,
VT, USA) at 550 nm wavelength. The cytotoxicity as the
percentage of cell death was calculated using the formu-
la: percent cytotoxicity (cell death) = [1 — (absorbance of
experimental wells/absorbance of control wells)] x 100%.
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Quantification of acidic FGF-1, E-selectin,
and soluble CD40L concentrations

The concentrations of aFGF-1, E-selectin, and sCD40L
released from human gingival fibroblast supernatants of
cell culture were determined 24 h after the treatment with
ethanolic extract of Brazilian green propolis and artepil-
lin C. The measurements were performed using the Bio-
Plex Magnetic Luminex Assay (R and D Systems, Can-
ada, USA) and the Bio-Plex Suspension Array System
(BIO-RAD Laboratories, Inc.). The technique uses col-
or-coded (shades of red) sets of magnetic beads coated
with antibodies specific for the analytes. Bead sets add-
ed to supernatants of cell cultures and standards combine
with specific analytes. Bead-linked analytes are detected
by adding a cocktail of biotinylated antibodies, which can
then react with the streptavidin phycoerythrin conjugate.
An ELx 50 magnetic washer (BioTek, USA) was used to
rinse the ferromagnetic beads after each incubation period.
The quantification was carried out using the Bio-Rad Sys-
tem 200 instrument. The instrument’s operation is based on
the technique used in flow cytometry using two lasers, one
to recognize the color of the beads (assigned to a specific
analyte) and the other to excite phycoerythrin to determine
the fluorescence (measurement proportional to the amount
of analyte bound). The analyte concentrations were read
from the curves taking into account the appropriate stan-
dards, using the instrument control software and analysis
of the results. The sensitivity of this technique is < 1 pg/ml
and the detection range is < 1% cross-reactivity. For statis-
tical analysis four repeats were performed in two indepen-
dent experiments with n = 8 for quantification of the acidic
FGF-1, E-selectin, and soluble CD40L concentrations.

Statistical analysis

The results are expressed as the means (£SD) from
8 measurements obtained from two independent experi-
ments. The distribution of the data was verified for normal-
ity with the Shapiro-Wilk test. Statistical significance was
evaluated using Student’s-f test. p < 0.05 was considered
significant.

Results

The concentrations of the tested substances aFGF-1,
E-selectin, and CD40L secreted by HGF-1 cells presented
as mean and standard deviation are shown in Figure 31.
The acidic FGF-1 significantly increased after the incu-
bation of HGF-1 cells with 1 pg/ml EEP-B and 1 uM ar-
tepillin C, from 4.23 pg/ml in the control to 4.97 pg/ml and
8.40 pg/ml respectively (Fig. 3IIA). Higher concentrations
(10 pg/ml and 10 uM) did not increase the secretion of the
tested substances. The EEP-B in 1 pg/ml and 10 ug/ml
decreased the concentration of E-selectin from 4.36 pg/ml
to 1.14 pg/ml and 1.42 pg/ml (Fig. 21IB), which was not
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and CD40L secreted by human gingival fibroblasts

L
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confirmed by use of artepillin C of any concentration. The
concentration of sSCD40L released by gingival fibroblasts
did not change after using EEP-B and artepillin C in both
concentrations (Fig. 3IIC). It was 24.43 pg/ml in the con-
trol and 21.71 pg/ml to 14.71 pg/ml for EEP-B in a dose-
dependent manner. For artepillin C, it was 21.71 pg/ml
(1 uM) and 20.64 pg/ml (10 uM).

Nontoxic effects of EEP-B and artepillin C were deter-
mined at the tested concentrations using trypan blue solu-
tion. Cell viability was not less than 93%. We confirmed
the viability of HGF-1 cells using MTT assay. The results
are presented in Figure 4.

Discussion

The prevention of gingivitis and periodontitis is
based on the removal of bacterial plaque by toothbrush-
ing and using mouthwashes or dental floss. Numerous
studies have shown that toothpastes and mouthwashes
containing EEP-B have an antibacterial effect [26-28].
Tanasiewicz et al. have shown that the application of
toothpaste and gel with 3% EEP-B efficiently supports the
removal of dental plaque and improves the state of mar-
ginal periodontium [29]. Pereira et al. conducted a phase II

trial study in which they evaluated the effect of 5% Brazil-
ian green propolis on gingivitis and periodontopathogenic
plaque [30]. One and three months after using mouthwash,
a significant reduction in plaque index (PI) and gingival
index (GI) was observed as compared to the control group.

The role of soluble molecules detected in the super-
natant of the HGF-1 has not been clarified yet and little
has been reported on acidic FGF-1, E-selectin and CD40L
secreted by these cells. In our study, we examined the ef-
fect of ethanolic extract of Brazilian green propolis, which
is used as an additive to toothpaste, on selected molecules
released by human gingival fibroblasts. We compared our
results to artepillin C, a component of the Brazilian green
propolis. The EEP-B and artepillin C caused an increase
of aFGF-1 concentration. Some studies have shown that
aFGF-1 affects cell differentiation and tissue regenera-
tion [31-33]. Our results may suggest that propolis, being
a component of toothpastes, affects gingival fibroblasts
to secrete increased amounts of aFGF-1 and accelerates
wound healing.

E-selectin plays an important role in inflammation. It
is produced at the surface of endothelial cells and initiates
the migration of polymorphonuclear neutrophils (PMNs)
from the gingival vessels to the junctional epithelium [34].
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Fig. 4. Cytotoxic activity of EEP-B and artepillin C on
HGF-1 cells. A) HGF-1 cells (magnification 200x),
B) HGF-1 cells incubated with MTT tetrazolium for 4 hours
showing formazan crystals (magnification 200x), C) Cell
viability (%). Cytotoxic activity of artepillin C and Brazilian
green propolis on HGF-1 cells. The cells were incubated for
24 hours with artepillin C at the concentrations of 1-20 uM
and with Brazilian green propolis at the concentrations
of 1-20 ug/ml. The cell viability was measured by MTT
cytotoxicity assay. The values represent mean +SD of
three independent experiments in quadruplicate (n = 12);
*p <0.005, **p < 0.01, ***p < 0.001
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The concentration of circulatory E-selectin can be used as
a marker of endothelium activation. Its expression has also
been detected in nonstimulated cells [35]. A number of
studies have shown that inflammatory cytokines induce
expression of E-selectin in endothelial cells. Leeuwenberg
et al. incubated human umbilical vein endothelial cells
(HUVEC) with TNF-q., IL-1, interferon y (IFN-y) and
LPS [36]. The amount of the soluble adhesion molecules
E-selectin and intercellular adhesion molecule-1 (ICAM-1)
was directly correlated with cell surface expression. Maxi-
mal release of E-selectin was observed 6-12 hours after the
activation of HUVEC and it decreased below the detection
limit 24 hours after the activation. The release of adhe-
sion molecules may reduce the potential adhesiveness of
leukocytes by competing with membrane-bound receptors
for their ligands. On the other hand, the study of Lo et al.
showed that recombinant soluble E-selectin is a neutrophil
chemoattractant that activates the integrin CR3 (CD11b/
CD18, Mac-1) [37]. Leukocyte integrin binds to E-selec-
tin, which is essential for the next step, i.e., the movement
of PMNs to a connection between endothelial cells and
diapedesis. Interestingly, anti-CD18 antibodies block in-
flammatory movement of PMNs in animals despite the
presence of E-selectin [38]. Many studies have shown the
anti-inflammatory properties of flavonoids. Takano-Ishika-
wa et al. showed that luteolin and apigenin have the stron-
gest inhibitory effect among the examined flavonoids on
E-selectin expression on HUVEC stimulated by TNF-a
[39]. Our results have not confirmed the change in solu-
ble E-selectin concentration after the incubation of HGF-1
with artepillin C. Interestingly, use of EEP-B at 1 ug/ml
and 10 pg/ml decreased the concentration of sE-selectin.
Perhaps flavonoids contained in propolis act synergisti-
cally and enhance its anti-inflammatory properties [40];
however, this requires further research. Toothpastes with
the addition of ethanolic extract of Brazilian green propolis
have anti-inflammatory properties as a result of the flavo-
noids contained in it.

CD40L is a costimulatory molecule which is essen-
tial for the activation of CD4+ T cells. The CD40-CD40L
pathway plays a key role in the functioning of the immune
system. Soluble CD40L has been identified as a risk indi-
cator of various cardiovascular diseases [41, 42]. CD40L
activates DNA synthesis and mitogenic signaling pathways
[43]. Probably not every cell will respond in the same way
to CD40L. However, its role in periodontitis is unclear.
Chaturvedi et al. investigated the role of sCD40L in the
pathogenesis of periodontal disease [16]. They found that
the levels of sCD40L in gingival crevicular fluid (GCF)
were significantly higher in patients with chronic peri-
odontitis compared to healthy patients. Dongari-Bagtzo-
glou observed that CDA40 interaction with CD40L upregu-
lates IL-6 and IL-8 secretion by gingival fibroblasts [44].
Interesting research results were obtained by the team of
Fries et al. in cultured human fibroblasts [45]. Interferon y
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upregulated the CD40 expression on fibroblasts and shifted
them into the GO/G1 phase of the cell cycle. These results
suggest that CD40 may facilitate fibroblast proliferation,
which is important for tissue repair. Our results, however,
did not reveal any significant influence of EEP-B and ar-
tepillin C on CD40L.

Periodontal diseases develop as a result of dysreg-
ulation of the innate and adaptive immune systems. Un-
derstanding the role of molecules produced by gingival
fibroblasts would enable the treatment of oral diseases.
By analyzing the interactions between gingival fibroblasts
and EEP-B, beneficial effects of its use as a component of
toothpaste can be noted. Artepillin C as a single compound
has a weaker effect than propolis, which is a mixture of
various compounds. Probably flavonoids and phenolic
acid derivatives found in propolis have a synergistic effect.
However, further research is needed to better understand
the immunological mechanisms of EEP-B action in the oral
cavity.

Conclusions

The ethanolic extract of Brazilian green propolis and
artepillin C stimulate human gingival fibroblasts to secrete
high levels of acidic FGF-1. The EEP-B causes a decrease of
E-selectin secretion by HGF-1 cells. The tested compounds
showed no change in the concentration of CD40L secreted
by HGF-1. Our results may suggest that ethanolic extract of
Brazilian green propolis, due to the content of artepillin C
and other various compounds, for example, flavonoids,
which act synergistically, may have an anti-inflammatory
activity and accelerate the wound healing effects.

The authors declare no conflict of interest.
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