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Response of a co-culture model of
epithelial cells and gingival fibroblasts
to zoledronic acid

Abstract: Osteonecrosis of the jaw is an adverse effect of
bisphosphonates. While the etiopathogenesis of this condition has
been investigated, the interactions and effects of bisphosphonates on
oral mucosa cells remain unclear. It is hypothesized that cell culture
models, such as co-culture or three-dimensional cell culture models,
can provide valuable insight. Therefore, the aim of this study was
to evaluate the effects of zoledronic acid (ZA) on epithelial cells and
gingival fibroblasts in a co-culture model. Briefly, epithelial cells were
seeded on transwell inserts and gingival fibroblasts were seeded
in the lower well of 24-well plates. The latter were treated with ZA
(5 pM) for 24 or 48 h. Cell viability and synthesis of the inflammatory
chemokine, CCL2, were subsequently assessed. Data were subjected
to statistical analysis with a 5% significance level. In the presence
of ZA, the epithelial cells exhibited significant toxicity in both cell
culture models and at both time points. However, greater cytotoxicity
was observed in the co-culture model. Greater viability for the
gingival fibroblasts was also associated with the co-culture model,
and ZA-mediated toxicity was observed for the 48 h time point.
ZA promoted a significant increase in CCL2 synthesis in both sets of
cells, with greater CCL2 synthesis detected in the gingival fibroblasts.
However, this effect was diminished in the co-culture model. Taken
together, these results confirm the specific response patterns of
the cells seeded in the co-culture model and also demonstrate the
protective mechanism that is mediated by epithelial/mesenchymal
cell interactions upon exposure to ZA.

Keywords: Cell Culture Techniques; Epithelial Cells; Fibroblasts;
Diphosphonates.

Introduction

The etiopathogenesis of bisphosphonate-related oral osteonecrosis
of the jaw (BRON]) has not been completely elucidated; however, the
toxic effects of this class of drugs on oral mucosal cells appears to
play an important role."? In order to provide better care for patients
receiving bisphosphonate treatment, the events related to BRON]J are
important to elucidate.

Several studies have demonstrated that bisphosphonates are highly
toxic to oral epithelial cells and gingival fibroblasts, as characterized
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by decreased cell viability and cell proliferation,
and even cell death.’* Decreased migration and
reduced growth factor expression have also been
observed, and these phenomena are directly related
to cell proliferation and local neovascularization.’
It is possible that these effects may be related to the
poor specificity of bisphosphonates for clastic cells,
which could lead to nonspecific activity against
oral mucosal cells and inhibition of the farnesil
synthetase pathway. The latter is responsible for
cell migration and proliferation control in several
cell types, and has been shown to promote cell
death when activated.®”%’

While many studies have demonstrated the cytotoxic
effects of bisphosphonates,**¢'° a great number of
these studies were performed with monoculture cell
models. However, oral mucosal homeostasis is directly
related to interactions that occur between the oral
epithelium and subjacent connective tissues, with
both tissues able to be stimulated or regulated by the
other.""'? Moreover, during the healing of oral tissues,
expression of growth factors by gingival fibroblasts
has been found to promote the proliferation of oral
epithelial cells. Additionally, epithelial wound closure
has been found to be directly related to fibroblast
proliferation and the expression of factors related to
local vascularization.”? Therefore, in vitro models that
are able to represent the interactions between both cell
lines in the same microenvironment are predicted to
provide better insight into the behavior of these cells
when they are exposed to various drugs, including
bisphosphonates.***'> Thus, in the present study, the
effects of ZA on epithelial cells and gingival fibroblasts
in monolayer and co-culture models were evaluated
and compared.

A B

Methodology

Cell culture

Two human cell lineages, epithelial cells
(HaCaT - CLS 300493) and gingival fibroblasts
(HGF Ethics Committee of Piracicaba Dental
School - UNICAMP # 64/99), were used. Both sets of
cells were maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM,; Gibco, Carlsbad, USA) containing
10% fetal bovine serum (FBS; Gibco). Two cell culture
models were established: a monolayer cell culture
model and a co-culture model. For the monolayer
model, cells (epithelial cells or gingival fibroblasts)
were seeded (1.5 x 10* cells/cm?/well) in 24-well
plates. For the co-culture model, gingival fibroblasts
were seeded as a monolayer (1.5 x 10* cells/cm?/well)
in 24-well plates, and epithelial cells were cultured
in transwell inserts (0.4 pm pores; Corning Inc.,
Lowell, USA) which were placed in the same wells
containing the fibroblasts. Interactions between
the two cell types involved paracrine signaling
by macromolecules, thereby simulating the in vivo
situation (Figure 1).* The monolayer cell model was
established as a control to represent the behavior
of each cell line individually as opposed to in the
co-culture system.

ZA treatment

After cells were grown for 48 hin DMEM/10% FBS,
the cells were incubated for 24 h in serum-free DMEM.
ZA (5-uM; Zometa 4 mg; Novartis Biociéncias S.A.,
Sé&o Paulo, Brazil) was then added to the serum-free
DMEM and the cells were incubated for an additional
24 or 48 h. This drug concentration was selected
based on a previous study by Scheper et al.,'* where
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Figure 1. Schematic representation of the monolayer and co-culture models employed: (A

) 24-well cell culture plate; (B) monolayer

model for gingival fibroblasts; (C) monolayer model for epithelial cells; (D) co-culture model with epithelial cells plated on the

insert and gingival cells in the lower well.
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it was demonstrated that 5 pM ZA is present in the
saliva and oral bone of patients under ZA treatment.
This concentration has also been used in previous
studies,*>!° thereby facilitating a comparison of
the results.

Cell viability

The effect of ZA treatment on the viability of
epithelial cells and gingival fibroblasts seeded in
either the monolayer or the co-culture model was
determined by a MTT assay. This method determines
the mitochondrial activity of viable cells based
on cleavage of the MTT salt by a dehydrogenase
succinic enzyme.*

For the monolayer cell cultures, the medium was
removed and fresh culture medium supplemented
with MTT salt (10%) was added. From each culture,
200 pL-aliquots were transferred to a 96-well plate.
After 4 h, formazan crystals were dissolved in acid
isopropilic ethanol and absorbance values at 570 nm
were determined with a spectrophotometer (Synergy
H1). For the co-culture model, the inserts containing
seeded epithelial cells were transferred to a new cell
culture plate and were subjected to the same steps
as the monolayer culture.

Inflammatory chemokine synthesis
Expression of CCL2 was evaluated with an
immunoenzymatic ELISA assay (R&D Systems, Inc.,
Minneapolis, USA). Standardized kits were used
for this test, based on antigen-antibody detection,
according to the manufacturer’s instructions."”
Briefly, 96-well ELISA plates were coated with a
primary antibody overnight. The plates were then
rinsed with wash solution and blocked with a 1%
BSA solution for 1 h. After rinsing the wells, 100-pL
aliquots of each sample were added to the plates
and were incubated for 2 h at room temperature,
then were incubated with the appropriate secondary
antibodies (100 ng/mL) for an additional 2 h.
Streptavidin solution was added to each sample and
incubated for 20 min, followed by the addition of a
reagent solution and a stop solution. The absorbance
values at 455 nm for each sample were recorded by
a spectrophotometer (Synergy). The concentration
of CCL2 for each sample was determined according

to a standard curve that was generated from known
CCL2 concentrations.

Statistical analysis

The cell viability data exhibited normal distribution
(Kolmogorov-Smirnov, p > 0.05) and homoscedasticity
(Levene, p > 0.05). Therefore, a parametric two-way
analysis of variance (ANOVA) was applied,
complemented by Tukey’s test. In contrast, the CCL2
synthesis data did not exhibit normal distribution and
the non-parametric Kruskal-Wallis test was applied,
followed by the Mann-Whitney test. A P-value <0.05
was considered statistically significant.

Results

After 24 h, the viability of the epithelial cells in
the monolayer and co-culture models was similar.
However, after 48 h, greater viability was observed
in the monolayer model. For the gingival fibroblasts,
greater viability was detected in the co-culture model
at both time points.

For both the monolayer and co-culture models,
ZA treatment significantly decreased the viability
of the epithelial cells at both the 24 h and 48 h time
points. However, the toxic effect was greater in the
co-culture model (Figure 2). Conversely, a significant
increase in fibroblast viability was observed in both
models following ZA treatment for 24 h, particularly
in the co-culture model. However, after 48 h of ZA
exposure, fibroblast viability significantly decreased,
and this negative effect was greater in the monolayer
model (Figure 3).

Diverse patterns of CLL2 synthesis were observed
for each cell line. For the gingival fibroblasts, greater
synthesis of CLL2 was detected compared with the
epithelial cells. However, when the gingival fibroblasts
were included in the co-culture model, CCL2 synthesis
decreased. ZA-treated cells also showed enhanced
synthesis of CCL2, even in the co-culture model.
However, decreased synthesis was observed for this
model (Figure 4).

Discussion

In previous in vivo studies and clinical trials,
ZA treatment has inhibited the healing of oral mucosa
and delayed wound closure.® In vitro studies have

Braz. Oral Res. 2016;30(1):e122 3



B Response of a co-culture model of epithelial cells and gingival fibroblasts to zoledronic acid

175 1 5

g ]50 T E
T 125 |
— A 1
2 AB :
£ 100 cD 5
& D
S 75 4 T
- s
2 50 1 '
° !
O 25 A :
0 - —

24h

- Monolayer
- Coculture
- Monolayer + ZA

BC D |:| Coculture + ZA

48h

Figure 2. Viability of the epithelial cells that were exposed to ZA in the monolayer and co-culture models. The columns represent
the mean values =+ standard deviation. The different letter labels indicate statistically significant differences for each period (Tukey’s

test, p < 0.05).
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Figure 3. Viability of the gingival fibroblasts that were treated with ZA in both the monolayer and co-culture models. The columns
represent the mean values * standard deviation. The different letter labels indicate statistically significant differences for each

period (Tukey’s test, p < 0.05).

further demonstrated that ZA induces marked
toxicity against oral mucosa cells, including gingival
fibroblasts and epithelial cells.*>%”* In addition a
study by Werner et al.'> showed that interactions
between epithelial cells and connective tissues are
directly related to successful healing. Therefore, in
the present study, both co-culture and monolayer
cell culture models were exposed to ZA, and the
data were compared.

After 24 h and 48 h of ZA treatment, decreased
cell viability was observed for both cell lines in
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the monolayer culture. These negative results were
expected, since previous studies have demonstrated
a similar cell response after ZA treatment.*>%”
In the co-culture model, treatment with ZA also
negatively affected the viability of the epithelial
cells, although this affect appeared to protect
the gingival fibroblasts since their viability was
largely unaffected.

Interesting behavioral data were also observed
for the co-cultured cells that were not exposed to
ZA. For example, the gingival fibroblasts exhibited
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Figure 4. Synthesis of CCL2 by the gingival fibroblasts that were treated with ZA in both the monolayer and co-culture models. The
boxplots represent the median (25" to 75" percentiles) values. The different letter labels indicate statistically significant differences
for each period (Mann-Whitney, p < 0.05). *statistically significant difference between the groups at 24 h and 48 h.

the highest levels of viability in the untreated
co-culture model. These results, in combination
with the results of previous studies,®*?' support the
hypothesis that growth factors play an important
role. It has also been observed that the co-culture
model facilitates interactions between epithelial
cells and mesenchymal cells, thereby providing
a better environment for the expression of cell
phenotypes.”® Despite the fact that the co-culture
model used in this study did not allow for direct
cell-cell interactions, paracrine communication via
the secretion of soluble molecules such as growth
factors and inflammatory chemokines/cytokines
was possible.”®

Other studies have evaluated the expression of
inflammatory cytokines by cells seeded in monolayer
or co-culture models.** In these co-culture models,
expression levels of inflammatory cytokines were
up-regulated. In the present study, the co-culture
model appeared to provide a protective interaction
among the epithelial/mesenchymal cells, since

decreased synthesis of CCL2 was detected. The
aim of this study was to evaluate the effects of
ZA on cells that play an important role in oral
mucosal wound healing. Therefore, up-regulation
of chemokine synthesis after ZA treatment may
represent, at least in part, delayed wound healing
as a result of this treatment.?> Correspondingly,
the capacity for CCL2 to regulate alveolar bone
resorption, which may enhance the solubilization
of ZA from bone tissue, has previously been found
to increase the exposure of oral mucosal cells to
ZA.? In the present study, higher expression of
this chemokine was observed in the co-culture
model compared with the epithelial cells that were
seeded in the monolayer. This is probably due to the
presence of gingival fibroblasts, which exhibited
an increase in CCL2 expression in the monolayer
model. In the co-culture model, ZA treatment
enhanced the expression of CCL2, although the
expression levels did not increase over time, and
a positive effect was observed.
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Conclusion

The results of this study confirm the different
response patterns of cells seeded in the co-culture
model and the protective mechanism provided by
epithelial/mesenchymal cell interactions when these
cells were exposed to ZA.
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