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Periodontitis patients suffering concomitantly from rheumatoid arthritis (RA)
often present with less inflamed periodontal tissues due to the ongoing
anti-rheumatic therapy. This in vitro study was aimed to analyze whether
anti-inflammatory drugs used in the therapy of RA can modulate the release of
IL-8 and IL-1B by professional and non-professional immune cells stimulated
with microorganisms. Periodontal ligament (PDL) fibroblasts, monocytic
MONO-MAC-6-cells, and gingival keratinocytes were exposed to ibuprofen,
prednisolone, and methotrexate with and without lysates of Fusobacterium
nucleatum or Candida albicans. Supernatants were obtained and the levels of
interleukin(IL)-8 and IL-1B (only MONO-MAC-6) were quantified. The addition
of F. nucleatum lysate resulted in the strongest release of proinflammatory
cytokines by PDL fibroblast and MONO-MAC-6 cells, while the modification
by the tested anti-rheumatic drugs was only minor. After stimulation of the
MONO-MAC-cells with F. nucleatum, prednisolone increased the release of
IL-8, whereas methotrexate decreased the level. Anti-inflammatory drugs
increased the adherence of C. albicans to epithelial cells. In patients with RA,
the reduction of the microbial load in subgingival biofilm (biofilm removal) is
of major importance; however, the intake of inflammatory drugs may interfere
with the inflammatory response.

periodontitis, rheumatoid arthritis, anti-inflammatory drugs, proinflammatory
cytokines, oral cells

Introduction

Periodontitis is one of the most common diseases worldwide with a prevalence of
11% for its severe form [1]. It is a chronic disease resulting from the inflammatory
response to a dysbiotic microbiota in the subgingival biofilm that eventually leads to
the destruction of teeth-surrounding tissues [2]. Fusobacterium nucleatum, a common
opportunistic bacteria, acts as a bridging bacterium between symbiotes and pathogens
and is generally thought to contribute to bacterial pathogenicity [3]. The inflammasome
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activation is crucial in the pathogenesis of periodontal disease
and it includes the maturation of the pro-inflammatory
cytokines interleukin (IL)-1f8 and IL-18 [4]. IL-8 (IL-8/CXCL9)
is a member of the CXC chemokine family, it attracts neutrophils
and stimulates the release of neutrophil granules [5]. The
expression of IL-8 increases with the severity of periodontal
disease [6]. Meanwhile, it is well known that periodontitis
does not only locally affect the periodontium. There are many
associations with systemic pathologies where periodontitis may
influence the progression or therapy of the systemic disease
and vice versa. Diabetes mellitus was among the first systemic
conditions showing a clear correlation with attachment loss
[7]. Another disease that stepped into the focus of research
is rheumatoid arthritis (RA). A recent large analysis of health
insurance data including more than 500,000 participants in
South Korea showed a higher prevalence of periodontitis in
individuals with RA (19.6%) than without (16.6%) and also more
cases with RA (6.2%) in patients with periodontitis than in those
without (5.2%) [8].

RA is a systemic inflammatory disease characterized
by joint stiffness, pain, and swelling. Antibodies against
rheumatoid factor and citrullinated proteins are detectable
in most patients [9]. Numerous inflammatory cells infiltrate
the interstitium between cartilage and bone. Concomitantly,
higher concentrations of IL-1, IL-6, IL-8, IL-10, and MCP-1 are
observed which may be associated with neutrophil autophagy—
a phenomenon that might play a role in the pathogenesis of
RA [10, 11]. In the 70s and 80s, two inflammatory mediators
were discovered to be relevant for bone and tissue destruction
in the course of RA: IL-1 and tumor necrosis factor (TNF).
While IL-1 is locally active, TNF plays a more prominent part
systemically. The treatment of RA is scheduled to control the
inflammation and lower disease activity by reducing II-1 and
TNF release [12]. Basically, disease-modifying anti-rheumatic
drugs (DMARDs) and nonsteroidal anti-inflammatory drugs
(NSAIDs) are applied [9]. Here, we focused on three widely
prescribed drugs that belong to different classes; methotrexate,
one of the DMARDs, decreases inflammation and counteracts
tolerance of TNF inhibitors [12, 13]; ibuprofen, a NSAID, is able
to limit local inflammation through reversible inhibition of the
cyclooxygenase enzymes COX-1 and COX-2 [13]; and finally
prednisolone, a glucocorticoid that suppresses the migration of
polymorphonuclear leukocytes and reverses increased capillary
permeability [14].

Porphyromonas ~ gingivalis, a major pathogen in
periodontitis, has been widely discussed as a possible link
between the two diseases since its peptidyl arginine deiminase
can citrullinate peptides, and in arthritis patients, increased
antibodies against P. gingivalis have been found [15, 16].
However, in a recent murine model, other bacteria have
come into focus. Complex analyses of the microbiota show
F. nucleatum to be enriched in periodontitis vs. periodontal
health [17]. In a murine model, it has been demonstrated
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that inoculation with F.
actinomycetemcomitans alone spurred the onset and progression
of arthritis [18]. And it was mostly bacterial DNA from F.

nucleatum that was detected in the synovial fluid of arthritis

nucleatum or Aggregatibacter

patients [19].

In our recent studies on the association of RA with
periodontal disease, tooth loss was not associated with the typical
signs of periodontitis such as high probing pocket depth and
bleeding on probing [16, 20, 21]. This might be a result of
the longtime intake of anti-rheumatic drugs. Therefore, the
question arose whether this medication might interfere with
the periodontal inflammatory response. Further, as Candida
albicans was highly present in the subgingival biofilm samples
of RA patients (which was not the case in periodontally healthy
and periodontitis patients without underlying systemic disease),
we also included C. albicans in this study.

The research questions to be answered in the present in
vitro study were (i) if anti-inflammatory drugs used in the
therapy of RA patients can modulate the release of IL-8 and
IL-1B by professional and non-professional immune cells being
of relevance in the oral cavity and (ii) how the interaction of
microorganisms with these cells is being influenced by anti-
inflammatory drugs.

Materials and methods
Cells

Three different cells were used in the assays: periodontal
ligament (PDL) fibroblasts; MONO-MAC-6-cells (DSMZ
no. ACC 124), a monocytic cell line of human origin; and
telomerase-inactivated gingival keratinocyte (TIGK) cells
(ATCC-CRL-3397). The PDL fibroblasts originated from three
different donors. PDL fibroblasts were collected from extracted
teeth. Before, patients had agreed for using their cells for
research purposes and signed a written consent. This procedure
is in accordance with the guidelines set by the Cantonal
ethical committee KEK. As the obtained biomaterials were
categorized as “irreversibly anonymized,” no previous approval
was necessary. The method was used as described before [22].

The cell cultivation media were DMEM for PDL fibroblasts
and RPMI 1640 medium for MONO-MAC-6 cells, both
supplemented with 10% fetal bovine serum (FBS; all Invitrogen;
Carlsbad, CA, USA). For TIGK cells, Keratinocyte Growth
Medium (KGM-Gold; Lonza, Basel, Switzerland) was used.

Anti-rheumatic drugs

The following drugs and concentrations (final) were used in
the assays.
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e ibuprofen (Brufen 600 mg, BGP Products GmbH, Baar,
CH): 2, 10, and 50 pg/ml

e prednisolone (Spricort 20, Spirig Health Care AG,
Egerkingen, CH): 20, 100, and 500 ng/ml

e methotrexate (Methotrexat Farmos 10 mg, Orion Pharma
AG, Zug, CH): 1, 5, and 25 pg/ml.

The concentrations were chosen based on reported
concentrations in plasma or tissue [23-25]. Cytotoxicity
was tested using trypan blue exclusion tests for the
applied concentrations.

When starting experiments, a dilution series of 1:4 of
the drugs in phosphate-buffered saline (PBS) was made. The
first tube contained 10-fold of the highest concentrations. The
respective negative control was PBS.

Microorganisms

Lysates of F. nucleatum ATCC 25586 and C. albicans ATCC
76615 were prepared. A suspension OD600 = 1 in PBS was
exposed to 20 min ultrasonication with a power of 280 W;
thereafter, the mixture was centrifuged at 10,000 g at 20°C for
10 min. The supernatant was obtained and filtrated by using
a pore size of 0.4 um. This corresponded to a multiplicity of
infection (MOI) of ~20:1 (bacteria:cells). Of note is that cells
were stimulated rather with bacterial components than entire
bacterial cells.

In experiments with TIGK cells, microbial cells of C. albicans
ATCC 76615 were suspended in PBS (OD 600nm = 0.2)
resulting in a MOI of ~5:1 (fungi:cells).

Methods MONO-MAC-6-cells

MONO-MAC-6-cells were centrifuged for 5min at 250 g.
The supernatant was removed and the cells were washed two
times with PBS. Thereafter, they were adjusted to a density of
10%/ml in RPMI 1610 media with 0.5% FBS. The cell suspension
was mixed with microbial lysate and one of the drug solutions
in a ratio 8:1:1 of which 1 ml was then pipetted per well in a
24-well plate. Each of the drug-microbes-cell suspensions was
pipetted to a well plate. The plates were incubated for 18 h before
the suspension was transferred to 1.5 ml tubes and centrifuged at
10,000 g for 5 min at 20°C. The supernatants were obtained and
stored at —80°C until assayed by ELISA.

Methods PDL fibroblasts

Before the experiments, PDL fibroblasts were transferred to
24-wells plates and grown to confluence. The cell cultivation
medium was removed. The cells were washed two times with
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PBS and 1 ml of one of the drug-microbes-cell cultivation media
(ratio 1:1:8) was added. Each of the drug-microbes suspension
was pipetted to a well plate with seeded PDL fibroblasts (As
before, the FBS concentration was reduced to 0.5% in the cell
cultivation media). Cells were seeded at 3 x 10°/cm2. No
more than five passages were used for the experiments. The
further procedure followed those of the MONO-MAC-6-cells.
All experiments were conducted in triplicates and in three
independent repetitions.

Methods TIGK cells

TIGK cells were adjusted to 10°/ml cell cultivation media
and every 1 ml was transferred to a well of a 24-well plate 24 h
before starting the experiments. On the day of the experiment,
cells were checked for confluency. Then, they were washed two
times, before 1 ml of one of the drug-microbes-cell cultivation
media (ratio 1:1:8) was added. Each of the drug-microbes
suspension was pipetted to a well plate with seeded TIGK
cells. After an incubation time of 6h, media were removed
and treated as described before (centrifuging, storing of the
supernatants at —80°C).

Then, the cells were washed two times with PBS to
remove non-adherent C. albicans cells. Thereafter, 1 ml ice-cold
dH,O/well was added. The plates were left in place for 15 min,
after intensive mixing, and the suspension was plated on agar
plates to determine the colony forming units of adhered (incl.
invasive) C. albicans.

ELISA

In preliminary tests, the suitable biomarkers were selected.
All cells released IL-8. In addition, from supernatants obtained
after interaction with MONO-MAC-6-cells, the levels of IL-1p
were assessed.

Commercially available ELISA kits (R&D Systems,
Minnesota, MN, USA) were used according to the
manufacturer’s instructions. The detection levels were 1

pg/ml for both IL-8 and IL-1f.

Statistical analysis

Data were compared by using software SPSS 24.0 (IBM,
Armonk, NY, USA). One-way ANOVA with post-hoc Bonferroni
was applied. Beforehand, the assumption of normally distributed
data was confirmed using skewness and kurtosis statistics.
In post-hoc analyses, only comparisons of the drug with
the respective control of the microbes or at defined drug
concentrations with the cells without microbes were considered.
The level of statistical significance was set at p < 0.05.
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Results
MONO-MAC-6 cells

Without stimulation, the cells were released in the mean of
42.47 & 24.29 pg/ml IL-8 after 18 h of incubation. Prednisolone
and ibuprofen in the three applied concentrations had no
influence on IL-8 secretion. However, in presence of 1, 5, and
25 pug/ml methotrexate, the IL-8 levels were higher than in the
controls (p = 0.001, p = 0.020, p < 0.001; Figure 1A).

The exposure to F. nucleatum lysate increased the level
to 862.73 % 209.00 pg/ml (p < 0.001). Higher levels of IL-
8 vs. non-bacteria exposed controls were also detected in the
presence of the drugs. Compared with F. nucleatum without
drugs, ibuprofen did not change the level of IL-8, prednisolone
increased the level further up to 2,201.46 % 70.60 pg/ml
(500ng/ml p < 0.001). In contrast, methotrexate decreased the
IL-8 release, but the levels were always still higher than without
F. nucleatum (Figure 1B).

C. albicans lysate, however, did not significantly change the
released amount of IL-8 (73.23+£60.53 pg/ml). Methotrexate
augmented the secretion (each p < 0.001), and at 5pg/ml
methothrexate, the IL-8 amount was higher with C. albicans
lysate vs. cells without microbes (p = 0.006; Figure 1C).

The level of IL-1f released from MONO-MAC-6 cells
without stimulation was in the mean of 2.70 & 2.65 pg/ml after
18h of incubation. This relatively low level was not changed
further by any of the applied drugs (Figure 2A).

The exposure to F. nucleatum lysate increased the
levels of IL-1p to 8.06 £ 4.10 pg/ml vs. unstimulated
control (p < 0.001) (Figure2B). Also in the presence
of the RA drugs, the level of released IL-18 was most

higher in the supernatants of the respective cells
without microbes. Prednisolone in concentrations of
100 and 500ng/ml elevated the amount of released

IL-1B (p = 0.004, p = 0.006).

C. albicans lysate did not significantly change the released
amount of IL-1P. Elevated levels of IL-18 were found in
the presence of methotrexate in all three concentrations
(each p < 0.001) (Figure 2C).

PDL fibroblasts

Without stimulation, the cells released on average 3.17 +
2.66 pg/ml IL-8 after 18 h of incubation. The addition of drugs
did not statistically significantly modify the release of IL-8
(Figure 3A).

The exposure to F. nucleatum lysate increased the level to
140.33 & 49.18 pg/ml (p < 0.001). The higher levels of IL-8 vs.
non-bacteria exposed controls were also detected in the presence
of the drugs (Figure 3B). C. albicans did not significantly change
the released amount of IL-8 (2.52 =+ 3.14 pg/ml). However, at low
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concentrations of prednisolone (p = 0.003) and methotrexate
(p = 0.001), the amount of IL-8 was higher, and at 50 pg/ml,
ibuprofen (p = 0.002) was lower than in cells without microbes
(Figure 3C).

TIGK cells

In these experiments, not microbial lysate but C. albicans
cells were added. In the mean of 4.42 + 0.67, logjg C.
albicans cells attached to TIGK cells per well. In presence of
RA drugs, always higher numbers were counted [0.31 logjo
(100 ng/ml prednisolone) to 1.01 logjo (50 pLg/ml ibuprofen)].
The differences were statistically significant for 2 pg/ml and
50 pg/ml ibuprofen (p = 0.013, p < 0.001) as well as for 25 pg/ml
methotrexate (p = 0.048; Figure 4A).

Without microbial stimulus, there was only IL-8 detectable
after the addition of 25pg/ml methotrexate and 6h of
incubation (Figure 4B). The exposure to C. albicans increased
the IL-8 levels without dependency on added RA drugs
(Figure 4C). Also here, higher IL-8 levels were measured after
25 pg/ml methotrexate vs. C. albicans only (p < 0.001).

Discussion

In this study, the influence of anti-rheumatic drugs with
and without microbial stimulus on oral cells was analyzed. The
addition of F. nucleatum lysate stimulated most strongly the
release of proinflammatory cytokines by PDL fibroblast and
monocytic cells. In contrast, the modification by the tested
anti-rheumatic drugs was mostly minor.

Among the oral bacteria, Porphyromonas gingivalis is
discussed as the most important link between rheumatoid
arthritis and periodontitis [26]. P. gingivalis possesses a peptidyl-
arginine deiminase that is able to citrullinate bacterial and
host proteins [27]. Recently, it has been shown that the
outer membrane vesicles of P. gingivalis may contain about
50 citrullinated proteins [28]. In our first experiments, P.
gingivalis ATCC 33277 lysate (obtained by suspending bacterial
cells, exposing them to ultrasonication, centrifugation, and
filtrating the supernatant) was used. But in supernatants of
PDL fibroblasts exposed to P. gingivalis without and with
anti-rheumatic drugs, IL-8 was never measurable. This can be
explained by the content of active gingipains which can cleave
and degrade IL-8 [29]. Therefore, in the following experiments,
F. nucleatum was used. Compared to periodontal health, the
genus Fusobacterium is elevated in gingivitis [30] and it was
most increased among all genera in periodontitis [31]. F.
nucleatum is a strong inducer of inflammatory cytokines in
gingival fibroblasts [32]. This was confirmed in the present
study with regard to PDL fibroblasts and, in particular,
monocytic cells.
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FIGURE 1
Released interleukin (IL)-8 by monocytic MONO-MAC-6 cells after 18 h of exposure of 20 ng/ml (low), 100 ng/ml (middle), 500 ng/ml (high)
prednisolone, 2 ng/ml (low), 10 wg/ml (middle), 50 pwg/ml (high) ibuprofen, 1 wg/ml (low), 5 ng/ml (middle), and 25 pg/ml (high) methotrexate (A)
w/o microbial compounds, (B) with Fusobacterium nucleatum lysate, and (C) Candida albicans lysate. The columns represent the mean and the
bars represent standard deviation. *p < 0.05 vs. control, **p < 0.01 vs. control. #¥p < 0.01 vs. respective group w/o microbial compounds.
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FIGURE 2
Released interleukin (IL)-18 by monocytic MONO-MAC-6 cells after 18 h of exposure of of 20 ng/ml (low), 100 ng/ml (middle), 500 ng/ml (high)
prednisolone, 2 ng/ml (low), 10 g/ml (middle), 50 wg/ml (high) ibuprofen, 1 wg/ml (low), 5 g/ml (middle), and 25 pg/ml (high) methotrexate (A)
w/o microbial compounds, (B) with Fusobacterium nucleatum lysate, and (C) Candida albicans lysate. The columns represent the mean and the
bars represent standard deviation. *p < 0.05 vs. control, **p < 0.01 vs. control. #/%%p < 0.05/p < 0.01 vs. respective group w/o microbial
compounds.
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FIGURE 3
Released interleukin (IL)-8 by PDL fibroblasts after 18 h of exposure of 20 ng/ml (low), 100 ng/ml (middle), 500 ng/ml (high) prednisolone,
2ng/ml (low), 10 pg/ml (middle), 50 pg/ml (high) ibuprofen, 1 wg/ml (low), 5 png/ml (middle), and 25 wg/ml (high) methotrexate (A) w/o microbial
compounds, (B) with Fusobacterium nucleatum lysate, and (C) Candida albicans lysate. The columns represent the mean and bars represent
standard deviation. 8/5%p < 0.05/p < 0.01 vs. respective group w/o microbial compound.
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FIGURE 4
Attached (incl. invaded) Candida albicans to TIGK cells (A) and released IL-8 by TIGK cells after 6 h of exposure of 20 ng/ml (low), 100 ng/ml
(middle), 500 ng/ml (high) prednisolone, 2 iwg/ml (low), 10 g/ml (middle), 50 wg/ml (high) ibuprofen, 1 ug/ml (low), 5 g/ml (middle), and
25 png/ml (high) methotrexate (B) w/o microbial compounds, and with (C) Candida albicans. The columns represent the mean and the bars
represent standard deviation. */**p < 0.05/p < 0.01 vs. control, #/%%p < 0.05/p < 0.01 vs. respective group w/o microbial compound.
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When exposed to non-professional immune cells, that is,
PDL-fibroblasts, F. nucleatum without the addition of anti-
rheumatic drugs led to an increased release of IL-8. This
increase, however, was smaller than in MONO-MAC-6-cells. C.
albicans did not affect IL-8 expression. In the assays, we used
C. albicans in the logarithmic growth phase (blastospores). In
gingival fibroblasts, germinated C. albicans and not blastospores
stimulated the release of IL-8 [33]. Among the three different
included cell types, MONO-MAC-6 cells represent professional
immune cells. These cells are potent cytokine producers except
for interferon y [34]. They release IL-1p and high levels of IL-
8, in particular, after stimulation with F. nucleatum lysate. In
contrast to F. nucleatum, C. albicans did not stimulate the release
of IL-8. Our preparation method of C. albicans may suggest that
the used lysate contained cell wall compartments. One cell wall
component, the B-glucan has been shown to increase (together
with LPS) the release of the anti-inflammatory cytokine IL-10
and do not affect the release of pro-inflammatory cytokines by
human monocytes [35]. This may explain the missing influence
of C. albicans on the release of pro-inflammatory mediators
in our study. Supernatants from a Candida-biofilm did neither
change IL-8 mRNA expression in blood cells nor the release of
the cytokine into the supernatant [36]. Combined with mixed
bacteria, however, there was an increase up to 86-fold of mRNA
expression together with a high release [36]. It might be a
limitation of the study that we did not stimulate the cells with
a lysate obtained from a multi-species mixture.

MONO-MAC-6 cells released high levels of IL-1f after
stimulation with F. nucleatum lysate, however, not after
stimulation with C. albicans.

Glucocorticoids are widely used in the therapy of RA
patients; they reduce inflammatory cell counts in tissues and
decrease levels of inflammatory cytokines such as TNFa, IL-1 f,
IL-6, and IL-17 [37]. Clinically, in RA patients, administration
of prednisolone decreased synovial gene expression and protein
level of IL-8 but not of IL-1p [38, 39]. In the present in vitro
study, prednisolone, in general, did not influence the release of
proinflammatory cytokines by any cells. Only together with F.
nucleatum, prednisolone augmented the release of IL-8 and to a
minor degree of IL-18 by MONO-MAC-6-cells.

Our results did not find an influence of ibuprofen on
the release of IL-8 or IL-1f8. This contrasts with a study on
bovine fibroblast-like synoviocytes where ibuprofen lowered
the secretion of IL-1B after lipopolysaccharide stimulation
[40]. Clinically, in orthodontic patients, the use of ibuprofen
did not influence the increase of IL-1f level in the gingival
crevicular fluid after placement of elastomeric separators
[41]. In the past, adjunctive ibuprofen was discussed in
periodontal therapy. A 2-week administration lowered clinical
signs of periodontal inflammation, but only as a short-term
effect [42].

Methotrexate interacts with folate pathways, adenosine,
leukotrienes, and cytokines, except for RA patients, it is
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used for chronic sarcoidosis patients [43]. In RA patients,
the increased number of neutrophils can be decreased by
methotrexate [44]. An increase in IL-1 expression and protein
release by methotrexate has been reported in the monocytic
U937 cell line which was correlated with activation of the
JUN and FOS pathways [45]. Also in the present in vitro
study, methothrexate increased the release without microbial
stimulus; however, the release level was lowered after F.
nucleatum stimulation. Thus, an ongoing inflammation induced
or stimulated by bacteria associated with periodontal disease
might be inhibited. In treatment-naive RA patients, systemic
inflammatory variables decreased after a 12-week intake of
methotrexate alone or in combination with an anti-TNF-drug;
however, there was no influence on periodontal inflammation
which was quantified by the periodontal inflamed surface
area (PISA) [46]. Clinically, inflammation and severity of
periodontitis seem to be associated with the type of RA drugs.
RA patients receiving methotrexate and rituximab (an antibody
targeting B-cells) or leflunomide (an immunosuppressant)
presented fewer sites with bleeding on probing than those
receiving methotrexate and TNFa inhibitor [47]. In a recent
evaluation of the antimicrobial activity of DMARDs against
oral pathogens, methotrexate was the only DMARD to exert
antimicrobial activity, and only one against F. nucleatum and
Viridans streptococci [48]. With periodontitis, the level of IL-
1B in GCF is controversially reported in patients with RA in
comparison with those without, some studies reported higher
levels in RA [16, 49], others lower levels in RA [50], and
another study again did not find a difference [51]. All the
RA patients were under respective RA treatment, details on
the used drugs related to IL-1f levels were not reported. In
a prospective study including RA patients, the levels of IL-18
and IL-8 decreased in the gingival crevicular fluid after TNFa-
therapy [52].

The intake of anti-rheumatic drugs is designated to
decrease RA disease

activity. An analysis of salivary

IL-B  determined higher levels in periodontitis and
RA patients than in periodontally and systemically
healthy controls. The RA patients were under treatment
with  several DMRADs;  subgrouping resulted in
lower IL-1f levels in patients who received anti-
TNFa  therapy in comparison to the other RA

patients [53].

In our recent analysis of microbiota in subgingival biofilm
by using cultivation, surprisingly often yeasts were detected in
RA patients which was not the case in periodontitis patients
without RA [20]. Hence, we included C. albicans in that in
vitro study. Methotrexate and ibuprofen increased the adhesion
of C. albicans to gingival epithelial cells. Which mechanism,
however, traffics the higher adhesion of C. albicans to host
cells remains unclear. In C. albicans, Als3 functions as the
adhesin to E-cadherin on oral epithelial cells and mediates
endocytosis [54].
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This study has several limitations. Only isolated cells were
included. The in vivo immune response, however, is a result
of concerted action of different cell types. Further, the model
organism was F. nucleatum, but dental biofilm consists of
hundreds of bacterial species. Then, the levels of cytokines were
determined only after one single time point, whereas periodontal
inflammation is a time-dependent process. Finally, lysates and
not the whole bacteria were used.

Taken together, the release of inflammatory cytokines
by professional and non-professional immune cells was
mainly induced by bacterial stimuli. Among the tested anti-
inflammatory drugs, methotrexate and prednisolone may
interfere with the interaction of microorganisms with monocytic
cells. Prednisolone increases the release of IL-8 after stimulation
with F. nucleatum, whereas methotrexate decreased the
level. Anti-inflammatory drugs increased the adherence of
C. albicans to epithelial cells. Also, in patients with RA,
the reduction of the microbial load in subgingival biofilm
(biofilm removal) is of major importance to decrease the
inflammatory response, however, the intake of inflammatory
drugs may lead to untypical clinical signs of periodontitis
in RA.
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