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Abstract

Candida albicans is the most numerous commensal and potentially
pathological yeast in the human oral cavity. Here we investigate the ability of C.
albicans to form a biofilm on human root tip surfaces (RTs) in the presence of
periodontal ligament (PDL) cells, and we compare the expression of cytokines
in PDL cells induced by biofilm on RTs compared to that induced by planktonic
C. albicans. PDL cells were added at the adhesion phase of C. albicans, or after
C. albicans cells were allowed to attach to RTs for 90 minutes. The whole mixed
culture was allowed to form a biofilm. Development of a biofilm on RTs was
analyzed after 24 h using the XTT reduction assay and by scanning electron
microscopy. To analyze cytokine expression by real-time PCR at two and three
hours, biofilms formed on RTs or planktonic C. albicans were co-cultured with
PDL cells. Our results show that PDL cells limit biofilm formation, especially
when co-cultured before the attachment phase. Biofilms induced a more
persistent expression of IL-1 3 and RANKL in PDL cells than did planktonic
C. albicans. IL-10 expression in PDL cells was down regulated in response to

biofilms or planktonic C. albicans as compared with controls.

Keywords: Candida albicans biofilm; Inflammatory cytokines; Periodontal
ligament cells; Planktonic C. albican

Introduction

Microorganisms are associated with all diseases of the dental
pulp that lead to periradicular lesions [1,2]. Many studies have
documented the presence of fungi in endodontic infections, and its
role in the aetiology of periradicular lesions [3-8].

Several fungi are considered normal microbial inhabitants of the
oral cavity, but may result to disease when there are local or systemic
factors predisposing the individual to infection. Candida albicans is
considered the most frequent commensal and sometimes pathogenic
yeast in the oral cavity [9]. It has been reported that 21% of infected
root canals contain C. albicans [6]. A pure culture of C. albicans
has been found to be the causative factor of an acute apical abscess
[10]. C. albicans, Enterococcus faecalis and Actinomyces are the most
prevalent microorganisms associated with persistent secondary
endodontic infections that do not respond to current root canal
therapy [11-14]. These reports support that C. albicans are involved
in the aetiology of persistent periradicular lesions. There are multiple
mechanisms involved in the pathogenicity of C. albicans. Adaptation
and adhesion to a variety of surfaces, including dentine and root
surfaces, is believed to be a crucial virulence factor [8-12].

Many oral microbes form and live within a biofilm matrix
composed of exopolysacchardies, proteins, and nucleic acids that
protect them from the environment and immune system. Biofilm
formation, leading to immune-evasion and immune-modulation
of the host defense, is considered another key virulence factor of

C. albicans. Formation of the biofilm can provide to the C. albicans
community protection against antimicrobial agents compared to
those in a nomadic state (e.g. planktonic cells). C. albicans in biofilm
can be 100-fold more resistant to antifungal fluconazole and 20- to
30-fold more resistant to antifungal amphotericin B than planktonic
cells [15]. Interestingly, biofilm formation is associated with the
longstanding pathological process of periapical lesions [16]. Heavy
colonization of yeast cells was reported in teeth with persistent
periapical lesion [5,12]. The availability of a well-characterized,
reproducible biofilm model is essential in understanding the nature
of C. albicans biofilm pathogenicity on the root surface in order to
develop a more effective treatment strategy.

Periodontal ligament (PDL) cells play a crucial role in the early
infection as well as resolution stage of infection at root surfaces [17].
They respond to infection by secreting potent pro-inflammatory
cytokines, such as Interleukin (IL) p -1 (IL-1pB), IL-6 and tumor
necrosis factor-a (TNF- a). These cytokines promote inflammation
and induce Receptor activator of nuclear factor kappa-B ligand
(RANKL) secretion, that leads to osteoclast differentiation and bone
resorption. IL-17 is another proinflammatory cytokine secreted
by a subset of CD4+ T helper cells, named Th17 cells. It has been
shown that Th17 cells are involved in several inflammatory diseases
including chronic lesions of human periodontal disease [18]. Th17
cells are present in high numbers in induced rat periapical lesions [19].
Interestingly, the IL-17 receptor (IL-17R) is expressed by human PDL
cells [20], suggesting that PDL cells respond to Th17 cells of adaptive
immunity to promote inflammation. It should be noted that Th17
cells are known to play a protective role against C. albicans infection
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in the oral cavity [9]. Therefore PDL cells may play an integral role in
the resistance to C. albicans infection at the expense of exacerbating
inflammation and promoting periapical lesions. Thus, studying
the interaction between C. albicans infection and periodontal cells
should advance current understanding of the mechanism involved
in the aetiology of persistent periradicular lesions related to fungal
infections.

PDL cells secrete cytokines such as IL-10 and transforming
growth factor-p (TGF-p), which are anti-inflammatory and necessary
for tissue repair during the healing process [21]. Therefore, studying
the immune response of PDL cells against C. albicans may help to
determine the fate of the inflammatory response as it relates to tissue
destruction versus tissue repair during and following infection.

Material and Methods

Cell Culture, C. albicans, and growth conditions

Primary human PDL fibroblasts isolated from human periodontal
tissues were obtained from ScienCell (Carlsbad, CA) and grown in
complete culture medium; Dulbecco’s modified Eagle’s medium
medium (Invitrogen, CA) supplemented with antibiotics and 10%
fetal bovine serum (FBS), at 37°C in a humidified 5% CO, atmosphere.
Cells between the 4™ and 6™ passages were used in the present study.

The C. albicans wild type SC5314 (courtesy of Dr. Ken Nickerson,
University of Nebraska, Lincoln) were grown in yeast nitrogen base
(YNB) medium (Difco Laboratories, Detroit, Mich.) from fresh
Sabouraud dextrose agar plates (Difco) and incubated for 24 h at 37°C
in a shaker at 60 rpm. Cells were harvested and washed twice with
phosphate buffered saline (PBS). Cells were then re-suspended in 10
mL of PBS, counted following serial dilution, standardized, and used
within 24 h.

Biofilm formation on the root tip surface

The study protocol was reviewed by the Institutional Review
Board (IRB#022-10-EP). Freshly extracted human single intact root
tip surfaces (RTs), with an unknown history, from maxillary and
mandibular anterior teeth were sectioned approximately 4-mm
in length, placed into 6% sodium hypochlorite solution for 24 h
to remove any stains, and autoclaved. They were then placed onto
12-well tissue culture plates and incubated in FBS for 24 h at 37°C.
Following incubation in the FBS; pretreatment phase [22], they were
transferred to new plates and washed with PBS to remove residual
FBS, and were immersed in a C. albicans suspension containing 107
cells/mL. Finally, they were incubated in 5% CO, at 37°C to allow
biofilm formation over the external root surfaces for 24 h. As controls,
RTs were processed in an identical fashion, but without the addition
of C. albicans. These samples were used later to analyze cytokine
expression of PDL cells in response to planktonic C. albicans cells or
biofilm form.

Quantitative measurement of biofilms, scanning electron
and light microscopy

Biofilm formation by C. albicans on the RTs in the presence of
PDL cells was investigated using a colorimetric assay and scanning
electron microscopy (SEM). PDL cells (2 x 10°) were added either at
the adhesion phase of C. albicans, or after C. albicans were allowed
to attach to RTs for ninety minutes, as described previously [23].
The whole mixed culture, in complete culture medium; Dulbecco’s

modified Eagle’s medium (Invitrogen, CA) supplemented with
antibiotics and 10% fetal bovine serum (FBS), was then allowed to
form a biofilm.

Following maturation for 24 h, biofilms were quantified by
tetrazolium-salt-based (2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-
5-[(phenyl amino) carbonyl]- 2H-tetrazolium hydroxide (XTT) as
described previously [24].

Root tip surfaces with biofilms were transferred to 12-well tissue
culture plates containing 4 mL of PBS per well. Empty wells and RTs
co-cultured with PDL cells were used as negative controls. C. albicans
cultured alone served as positive control. Fifty uL XTT (1 mg/mL in
PBS) and 4 uL menadione solution (1 mM in acetone) were added
to each well. Plates were incubated at 37°C for 5 h. The contents
of each well, excluding RTs, were transferred into 96-well culture
plates. A water soluble brown formazan product was determined
spectrophotometrically at 492 nm.

In a parallel experiment, RTs were prepared for SEM. They were
fixed with 10% formalin, followed by fixation with osmium tetraoxide.
This was followed by a series of ethanol dehydration steps, and the
prepared samples were sputter coated with Au-Pd (60/40 ratio) and
viewed with a model JEOL 6100 microscope.

To visualize PDL cells, cells were fixed in 10% formalin and
subjected to light microscopy analysis.

Cytokine expression of PDL cells in response to planktonic
C. albicans cells or Biofilm form

After the PDL cells reached confluence in culture medium, they
were collected, washed, and counted with a haemocytometer. A total
of 2 x 10° cells were plated in culture medium onto six-well plates and
grown overnight in 5% CO, at 37°C to allow adherence to the surface.
On the next day, the non-adherent cells were removed from the plates
by aspiration and fresh complete culture medium was added. Culture
plates containing PDL cells were then divided into the following
groups:

Group (1) PDL cells alone were maintained in complete culture
medium (Control).

Group (2) PDL cells were co-cultured with root tips with no
biofilm (Control).

Group (3) PDL cells were challenged with planktonic C. albicans
at ratio (1:1) based on seeding cell densities.

Group (4) PDL cells were co-cultured with root tips that were
exposed to C. albicans for 24 h to form biofilms as described above.
After 2 and 3 h, RNA was extracted based on preliminary data (not
shown).

RNA isolation, cDNA, and quantitative RT-PCR

To quantify the expression of cytokines by PDL cells, RNA
was extracted using the PureLink RNA Mini Kit (Invitrogen, CA)
according to the manufacturer’s instructions. cDNAs were prepared
from 1 pg of RNA using standard protocol [25]. Quantitative real-
time PCR (qRT-PCR) was performed with the Power Sybr Green
PCR Master (Invitrogen, CA). Quantitative PCR reactions were run
on an ABI Prism 7000 thermal cycler in which 1 pL of cDNA with
primers was incubated at 95°C for 10 minutes, followed by 40 cycles
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of 95°C for 15 seconds, and 60°C for 30 seconds. Cycle thresholds
(Ct) were normalized to Ct for GAPDH for each cDNA and were
expressed by fold increase using the formula: 2%, The sense/
antisense primers were designed using the Oligo Perfect Designer
software (Applied Biosystems, Ca, USA) based on published human
upstream and downstream sequences of each gene’s cDNA derived
from mRNA. The sense/antisense primers used of IL-1f, IL-6, IL-10,
TNF-a, RANKL, IL-23 pl19, IL-1L-7R, TGF-p1 and GAPDH were
listed in table 1

Statistical Analysis

Each experiment was independently performed three times
in duplicate on separate days. One-way analysis of variance was
performed to compare means of multiple groups, and the one-tailed
Student’s t-test was used for analysis of two groups. Results with a
P-value less than 0.05 were considered statistically significant.

Results

PDL cells limit biofilm formation

It was hypothesized that PDL cells influence the immune response
and the ability of C. albicans to form a biofilm. Therefore, PDL
cells were co-cultured immediately before the attachment phase or
ninety minutes after C. albicans were allowed to attach to the RTs. By
utilizing the metabolic activity of cells (XTT reduction assay), it was
shown that PDL cells limited the biofilm formation significantly by
40% if co-cultured immediately, and by 25% if C. albicans were first
allowed to attach to RTs (Figure 1). In both instances, the difference
in means was highly significant (p<0.05) compared with biofilm
formed by C. albicans alone (Figure 1). The data represents pool of
three experiments performed in duplicate.

Using SEM to visualize biofilm formation on RTs revealed that
C. albicans formed a hypha-rich biofilm over the entire external RTs
surface in the absence of PDL cells (Figure 2a). The effect of PDL cells
was obvious when they were co-cultured immediately (Figure 2b).
However, when C. albicans were allowed to attach before co-culturing
with PDL cells, a hypha biofilm formed over the external RTs surface
when examined with SEM (Figure 2c). Nevertheless, there was less C.
albicans hypha-rich biofilm in the presence of PDL cells.

Biofilm Formation after24 h

0.6

XTT value at 492 nm

e
-

[}

RTs/CA/PDL

RTs/CA RTs/PDL RTs/CA 90 min/PDL

Figure 1: Metabolic activity of C. albicans biofiims formed in different
experimental groups is presented as means + standard error (SE) of optical
density at 492 nm.

Figure 2: SEM analyses at accelerating voltage of 10 KV of the effect of PDL
cells on C. albicans grown as (a) biofilms formed by C. albicans alone on RTs,
(b) with PDL cells co-cultured immediately, or (c) with PDL cells co-cultured
after C. albicans were allowed to attach for 90 minutes. C. albicans formed
hypha-rich biofilms in the absence of PDL cells. Scale bar and magnification
are shown. Light microcopy images of PDL cells co-cultured with RTs (d and
e). PDL cells had normal morphology in absence of C. albicans (d), and a
layer of biofilm formation covering wells with no evidence of PDL cells when
C. albicans were added. Scale bar = 100 pm.

Light microscopy was used to visualize PDL cells in wells
containing RTs that were co-cultured with C. albicans. It is noted that
wells became covered with a layer of biofilm but PDL cells could not
be seen (Figure 2e). PDL cells had normal morphology in wells that
contained RTs with no C. albicans (Figure 2d).

PDL cells have a differential inflammatory response to
planktonic C. albicans as compared with biofilm form on
RTs

It was hypothesized that PDL cells express different or different
levels of inflammatory cytokines in response to C. albicans as
planktonic cells when compared to biofilm. As shown in Table 2,
compared to the level of mMRNA expressed from the same number of
PDL cells grown alone or with root tips, the level of proinflammatory
factors IL-1P, RANKL, IL-6, TNF-a, IL-23p19 and IL-17R was up-
regulated from the PDL cells co-cultured with planktonic C. albicans
or RTs with biofilm at 2 and 3 h of stimulation. However, IL-1f and
RANKIL, factors known to induce bone resorption, were persistently
up-regulated at 3 h in response to RTs with biofilms, in contrast to
of planktonic C. albicans. The difference in means was significant
(p<0.05). Both IL-6 and TNF-a expression were significantly greater
(p<0.05) in response to planktonic C. albicans at 3 h compared with
biofilms.

As shown in table 2, IL-17R and IL-23p19 mRNA were expressed
in response to planktonic C. albicans and RTs with biofilms.
Interestingly, the induction of IL-23 p19 subunit was significantly
greater (p<0.05) at 2 h in response to planktonic C. albicans as
compared to RTs with biofilms (Table 2). However, the expression
was decreased to comparable levels in response to planktonic C.
albicans and RTs with biofilms at 3 h (Table 2). In contrast, IL-
17R mRNA was expressed at significantly higher levels (p<0.05) in
response to RTs with biofilm at 2 h compared with planktonic C.
albicans. The expression of IL-17R mRNA was at the same level in
response to planktonic C. albicans and RTs with biofilms at 3 h.

Finally, the expression of the key anti-inflammatory cytokines
during the healing process was analyzed. IL-10 mRNA expression
was constitutively expressed by PDL cells, and was down-regulated
significantly (p<0.05) by planktonic C. albicans and RT's with biofilms
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Table 1: The sense/antisense primers used for real time PCR.

TARGET SENSE PRIMER ANTISENSE PRIMERS

IL-18 5-ACGCTCCGGGACTCACAGCA 5-TGAGGCCCAAGGCCACAGGT
IL-6 5-AGGAGACTTGCCTGGTGAAA 5-CAGGGGTGGTTATTGCATCT
IL-10 5-TGGTGAAACCCCGTCTCTAC 5- CTGGAGTACAGGGGCATGAT
TNF-a 5-TCCTTCAGACACCCTCAACC 5-AGGCCCCAGTTTGAATTCTT
RANKL 5-GTCTGCAGCGTCGCCCTGTT 5-ACCATGAGCCATCCACCATCGC
IL-23P19 5-GTTCCCCATATCCAGTGTGG 5-TTTTGAAGCGGAGAAGGAGA
IL-17R 5- CACTAGCCTTTTGGGCTCAG 5- TACGCAGGAAGAGTGCATTG
TGF-g1 5- GGGACTATCCACCTGCAAGA 5- CCTCCTTGGCGTAGTAGTCG
GAPDH 5-CAGCCTCCCGCTTCGCTCTC 5'- CCAGGCGCCCAATACGACCA

at 2 and 3 h. However, TGF-B1 was highly expressed (p<0.05) only
in response to planktonic C. albicans compared to RTs with biofilm
infection at 2 and 3 h (Table 2).

Discussion

Current Candida biofilm models use sections of synthetic
clinically relevant materials. An ex vivo model is necessary to study C.
albicans biofilm infection of root surfaces, which are involved in the
aetiology of persistent periradicular lesions [11,12]. Furthermore, C.
albicans infections have to overcome the immune response mediated
by supporting tissue and cells of roots. Therefore, in the present study
an in vitro biofilm model was developed to investigate the ability of
C. albicans to form a biofilm on human root surfaces in the presence
of periodontal ligament cells, and to compare cytokine expression
of PDL cells in response to biofilm compared with planktonic C.
albicans. The current study demonstrated that PDL cells limit the
formation of biofilms by C. albicans on the root surfaces. To our
knowledge, this is the first report to study the interaction between
PDL cells, and C. albicans and its ability to form a biofilm on root
surfaces. Classic studies have indicated that teeth with periapical
lesions have lower success rates compared to ones without [26-28].
Biofilms are present and associated with the longstanding pathological
process of periapical lesions [16]. Given the fact that all current non-
surgical endodontic therapy addresses the intra-canal infection, it is
ultimately the host’s responsibility to clear extra-canal infections and
biofilms. Therefore, it is important to establish an ex vivo model that
simulates a clinical scenario [10]. In this study, C. albicans formed
biofilms on root surfaces and interacted with host cells.

The present study was motivated by Chandra et al. (2007), who

demonstrated that co-cultured C. albicans with blood mononuclear
cells (BMCs) enhanced biofilm formation [23]. In their study, C.
albicans were allowed to adhere to synthetic discs prior to co-culturing
with BMCs. There were few monocytes visible on the surface of the
biofilms and they failed to phagocytize Candida cells. In contrast,
BMCs incubated with planktonic C. albicans were phagocytized. It is
generally accepted that the phagocytosis-induced apoptosis of BMCs
and subsequent clearance by macrophages is a prerequisite for the
resolution of infection-associated inflammation, while the failure to
undergo apoptosis creates a pathological situation [29,30]. Studies
have reported the occurrence of C. albicans in primary and persistent
endodontic infection [12]. One aspect of C. albicans pathogenicity
is related to its ability to form biofilms [31]. Biofilm formation has
been described as a production of filamentous scaffolding and
initial deposition of extracellular matrix material [32]. C. albicans
biofilm exhibits low metabolic activity in the first 6 h, which then
increases exponentially until maturity is reached by 24 h [24,33].
For C. albicans to form a biofilm, it must interact with and attach to
the supporting structure and cells of root surfaces. Further analysis
is needed to explore the dynamic interactions between PDL cells
and fungal biofilms. Therefore, a system was developed to test this
hypothesis. Utilizing quantitative assay (XTT), it was shown that PDL
cells limited C. albicans biofilm formation. However, once C. albicans
attached to the root surfaces during the initial phase of biofilm
formation, the presence of PDL cells were less effective. The SEM
analysis was conducted to visualize the morphology and architecture
of biofilms. It was clear that the presence of PDL cells resulted in less
mature biofilms over root surfaces. While the mechanism of how
PDL cells limit biofilm formation before or after C. albicans attaches

PDL PDL/CA
Ki
Cytokines 2hr 3hr 2hr 3br
CT value CT value CTvalue CTvalue

IL-1B 10.00001£0.0001  0£0.00001 11.02:0.3 11.820.6

RNAKL 0.0003:0.0003  0.0003+0.0001 2.3%1 11.60.3

IL-6 10.0340.009 0.0240.01 21415 3.6411.4

TNF-a 0.001+0.0007 0.0010.0008 1.740.6 1.5910.4

IL-23p19 .D_Dﬂﬂiiﬂ.DDﬂZ .l].IJODS:I:D_IJl]Ol .4.311.5 .O.GTiD_IJl]OI

IL-17R 0.004+0.001 0.004+0.001  1.330.3 1.6410.6

IL-10 14.614.9 9.084 0.7+0.19 1.5210.2

TGF-B 0.001+0.0003 0.0030.001 5.7+2.3 2.8320.3
represents mean of relative levels of 6 samples and 3 independent experiments.

PDL/RTs PDL/biofilm

2 hr 3hr 2 hr 3 hr
CT value CT value CT value CT value
0.00001£0.001 0£0.00001 10.9620.2 3.741.6
0.00010.0001 0.0001:.00001 0.9:0.2 5.75:1.12
10.02:0.009  0.03:0.008 11.6£0.57 |1.10.29
0.00240.0008 0.002+0.0006  0.780.2 0.48740.07
0.0008+0.0004 0.001+0.001 1.12+0.17 0.43%0.15
0.0005+0.001 0.006:0.001  1.8+0.66 1.35:0.4
11.614 19.116.9 0.810.2 1.740.08
0.005+0.001 2.12+0.9

0.65+0.001 0.65+0.08

Table 2: Normalized Ct values of IL-13, RANKL, IL-6, TNF -a, IL-23p19, IL-17R, IL-10, and TGF-B1 expression in response to planktonic C. albicans or root tips
with biofilm. Real - time PCR of mRNA in PDL cells. PDL cells (2 x 10°) alone, with 2 x 10° cells of C. albicans or RTs with or without biofilms at 2 and 3 h. Data
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to the root surfaces is yet unknown, it is clear that competent PDL
cells promote resistance to C. albicans biofilm formation at the root
surfaces of teeth during the attachment phase.

XTT assay has been used as a viability assay of different
organisms including mammalian cells, bacteria and fungi [24,34,35].
In the present study, PDL cells alone also metabolized XTT (Table
1). However, signals produced by C. albicans biofilm in the absence
of PDL cells were significantly higher (4-folds) than that of biofilm
formed by C. albicans co-cultured with PDL cells (Table 1). Our
findings show that PDL cells clearly exert anti-biofilm activity.

Results here demonstrate that the cytokine profile of PDL cells
following co-culturing with planktonic versus biofilm C. albicans
is different. For RT-qPCR, it is necessary that an appropriate
housekeeping gene for normalization should be equally expressed
under different conditions for accurate and reliable analysis.
In the present study, the gene for glyceraldehyde 3-phosphate-
dehydrogenase (GAPDH) was chosen because it is an essential
enzyme in all cells. However, GAPDH is also found at the cell surface
of C. albicans [36]. The primers used here for RT-qPCR of human
GAPDH do not have any homology to the GAPDH ¢cDNA sequence
of C. albicans.

Cytokines produced by PDL cells co-cultured with biofilms
showed a pattern of persistently higher expression of IL-1p and
RANKL cytokines, which are associated with bone resorption. The
data is in agreement with the fact that biofilms are present and
associated with the longstanding pathological process of periapical
lesions [16]. The data also indicates that the expression of IL-10 is
significantly down-regulated by planktonic C. albicans and biofilms,
suggesting that these infections target this cytokine. Down-regulation
of IL-10 may be a mechanism by which C. albicans promote
inflammation from human immune cells such as PDL cells. IL-10 is
a potent anti-inflammatory regulatory cytokine which decreases the
expression of proinflammatory T cell cytokines such as IFN- and IL-
17. It is reasonable to conclude that the decline in IL-10 contributes to
the rise in expression of the proinflammatory cytokines IL-6, TNF-a
and IL-, and the increase in expression of the IL-17 receptor.

IL-17 is a proinflammatory cytokine produced primarily by the
Th17 subset of CD4* T cells. While its expression depends in part
upon proinflammatory cytokines IL-1p and IL-6, one of its roles
is to induce expression of proinflammatory cytokines such as IL-6
and TNF-a through the IL-17 receptor. These cytokines are also
involved in osteoclastogenesis by inducing RANKL expression in
osteoblasts [37]. The presence of Th17 cells and significantly higher
levels of IL-17 expression have been found in periodontal lesions,
with especially high levels at the lower lesional site adjacent to the
sites of bone destruction [18,37]. IL-23 is an essential factor required
for the survival and expansion of the Th17 cells and the production of
IL- 17. In the present study, PDL cells expressed both IL-23 p19 and
IL-17R in response to biofilm and planktonic C. albicans. However,
the response was relatively higher at early stages which may favor
bone resorption due to destructive feature of Th17 axis. In contrast
to its role in several inflammatory pathologies, Th17 cells are known
to play a critical protective role against C. albicans infection in the
oral cavity [9]. Mice rendered deficient in IL-17 are significantly
more susceptible to oropharyngeal infection with C. albicans [38].

Therefore, therapeutic inhibition of IL-17 axis to prevent bone
resorption induced by C. albicans infection may not be efficacious.

Conclusions

The present studies have shown that PDL cells may limit the
formation of a biofilm by C. albicans. Furthermore, PDL cells
expressed distinct and differential proinflammatory cytokines in
response to a biofilm compared with planktonic C. albicans. The
current ex vivo model presented will allow the conduction of further
studies to understand the pathogenicity of C. albicans biofilms on
root surfaces of teeth, as well as the host response.

References

1. Kakehashi S, Stanley HR, Fitzgerald RJ. The Effects of Surgical Exposures
of Dental Pulps in Germ-Free and Conventional Laboratory Rats. Oral Surg
Oral Med Oral Pathol 1965; 20: 340-349.

2. Moller AJ, Fabricius L, Dahlen G, Sundqvist G, Happonen RP. Apical
periodontitis development and bacterial response to endodontic treatment.
Experimental root canal infections in monkeys with selected bacterial strains.
Eur J Oral Sci 2014; 112: 207-215.

3. Nair PN, Sjogren U, Krey G, Kahnberg KE, Sundqvist G. Intraradicular
bacteria and fungi in root-filled, asymptomatic human teeth with therapy-
resistant periapical lesions: a long-term light and electron microscopic follow-
up study. J Endod 1990; 16: 580-588.

4. Sen BH, Piskin B, Demirci T. Observation of bacteria and fungi in infected
root canals and dentinal tubules by SEM. Endod Dent Traumatol 1995; 11:
6-9.

5. Waltimo TM, Siren EK, Torkko HL, Olsen |, Haapasalo MP. Fungi in therapy-
resistant apical periodontitis. Int Endod J 1997; 30: 96-101.

6. Baumgartner JC, Watts CM, Xia T. Occurrence of Candida albicans in
infections of endodontic origin. J Endod 2000; 26: 695-698.

7. Egan MW, Spratt DA, Ng YL, Lam JM, Moles DR, et al. Prevalence of yeasts
in saliva and root canals of teeth associated with apical periodontitis. Int
Endod J 2002; 35: 321-329.

8. Gomes C, Fidel S, Fidel R, de Moura Sarquis MI. Isolation and taxonomy of
filamentous fungi in endodontic infections. J Endod 2010; 36: 626-629.

9. onti HR, Gaffen SL. Host responses to Candida albicans: Th17 cells and
mucosal candidiasis. Microbes Infect 2010; 12: 518-527.

10. Matusow RJ. Acute pulpal-alveolar cellulitis syndrome. Ill. Endodontic
therapeutic factors and the resolution of a Candida albicans infection. Oral
Surg Oral Med Oral Pathol 1981; 52: 630-634.

11. Waltimo TM, Sen BH, Meurman JH, Orstavik D, Haapasalo MP. Yeasts in
apical periodontitis. Crit Rev Oral Biol Med 2003; 14: 128-137.

1

N

. Siqueira JF Jr, Sen BH. Fungi in endodontic infections. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2004; 97: 632-641.

13. Rocas IN, Hulsmann M, Siqueira JF Jr. Microorganisms in root canal-treated
teeth from a German population. J Endod 2008; 34: 926-931.

1

N

.Miranda TT, Vianna CR, Rodrigues L, Monteiro AS, Rosa CA, et al. Diversity
and frequency of yeasts from the dorsum of the tongue and necrotic root
canals associated with primary apical periodontitis. Int Endod J 2009; 42:
839-844.

15. Kumamoto CA. Candida biofilms. Curr Opin Microbiol 2002; 5: 608-611.

16. Ricucci D, Siqueira JF Jr. Biofilms and apical periodontitis: study of prevalence
and association with clinical and histopathologic findings. J Endod 2010; 36:
1277-1288.

17.Jonsson D, Nebel D, Bratthall G, Nilsson BO. The human periodontal
ligament cell: a fibroblast-like cell acting as an immune cell. J Periodontal
Res 2011; 46: 153-157.

18. Cardoso CR, Garlet GP, Crippa GE, Rosa AL, Junior WM, et al. Evidence of

Submit your Manuseript | www.austinpublishinggroup.com

J Dent App 2(1): id1034 (2015) - Page - 0143


http://www.ncbi.nlm.nih.gov/pubmed/14342926
http://www.ncbi.nlm.nih.gov/pubmed/14342926
http://www.ncbi.nlm.nih.gov/pubmed/14342926
http://www.ncbi.nlm.nih.gov/pubmed/15154917
http://www.ncbi.nlm.nih.gov/pubmed/15154917
http://www.ncbi.nlm.nih.gov/pubmed/15154917
http://www.ncbi.nlm.nih.gov/pubmed/15154917
http://www.ncbi.nlm.nih.gov/pubmed/2094761
http://www.ncbi.nlm.nih.gov/pubmed/2094761
http://www.ncbi.nlm.nih.gov/pubmed/2094761
http://www.ncbi.nlm.nih.gov/pubmed/2094761
http://www.ncbi.nlm.nih.gov/pubmed/7641616
http://www.ncbi.nlm.nih.gov/pubmed/7641616
http://www.ncbi.nlm.nih.gov/pubmed/7641616
http://www.ncbi.nlm.nih.gov/pubmed/10332243
http://www.ncbi.nlm.nih.gov/pubmed/10332243
http://www.ncbi.nlm.nih.gov/pubmed/11471635
http://www.ncbi.nlm.nih.gov/pubmed/11471635
http://www.ncbi.nlm.nih.gov/pubmed/12059932
http://www.ncbi.nlm.nih.gov/pubmed/12059932
http://www.ncbi.nlm.nih.gov/pubmed/12059932
http://www.ncbi.nlm.nih.gov/pubmed/20307734
http://www.ncbi.nlm.nih.gov/pubmed/20307734
http://www.ncbi.nlm.nih.gov/pubmed/20381638
http://www.ncbi.nlm.nih.gov/pubmed/20381638
http://www.ncbi.nlm.nih.gov/pubmed/6947187
http://www.ncbi.nlm.nih.gov/pubmed/6947187
http://www.ncbi.nlm.nih.gov/pubmed/6947187
11.%09Waltimo TM, Sen BH, Meurman JH, Orstavik D, Haapasalo MP. Yeasts in apical periodontitis. Crit%20Rev Oral Biol Med 2002; 14: 128-137.
11.%09Waltimo TM, Sen BH, Meurman JH, Orstavik D, Haapasalo MP. Yeasts in apical periodontitis. Crit%20Rev Oral Biol Med 2002; 14: 128-137.
http://www.ncbi.nlm.nih.gov/pubmed/15153878
http://www.ncbi.nlm.nih.gov/pubmed/15153878
http://www.ncbi.nlm.nih.gov/pubmed/18634922
http://www.ncbi.nlm.nih.gov/pubmed/18634922
http://www.ncbi.nlm.nih.gov/pubmed/19712195
http://www.ncbi.nlm.nih.gov/pubmed/19712195
http://www.ncbi.nlm.nih.gov/pubmed/19712195
http://www.ncbi.nlm.nih.gov/pubmed/19712195
http://www.ncbi.nlm.nih.gov/pubmed/12457706
http://www.ncbi.nlm.nih.gov/pubmed/20647081
http://www.ncbi.nlm.nih.gov/pubmed/20647081
http://www.ncbi.nlm.nih.gov/pubmed/20647081
http://www.ncbi.nlm.nih.gov/pubmed/21118418
http://www.ncbi.nlm.nih.gov/pubmed/21118418
http://www.ncbi.nlm.nih.gov/pubmed/21118418
http://www.ncbi.nlm.nih.gov/pubmed/19121062

Fahd Alsalleeh

Austin Publishing Group

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

the presence of T helper type 17 cells in chronic lesions of human periodontal
disease. Oral Microbiol Immunol 2009; 24: 1-6.

Xiong H, Wei L, Peng B. Immunohistochemical localization of IL-17 in induced
rat periapical lesions. J Endodv 2009; 35: 216-220.

Zhu L, Wu Y, Wei H, Xing X, Zhan N, et al. IL-17R activation of human
periodontal ligament fibroblasts induces IL-23 p19 production: Differential
involvement of NF-kappa B versus JNK/AP-1 pathways. Mol Immunol 2011;
48: 647-656.

Colic M, Gazivoda D, Vucevic D, Vasilijic S, Rudolf R, et al. Proinflammatory
and immunoregulatory mechanisms in periapical lesions. Mol Immunol 2009;
47:101-113.

Chandra J, Mukherjee PK, Ghannoum MA. In vitro growth and analysis of
Candida biofilms. Nat Protoc 2008; 3: 1909-1924.

Chandra J, McCormick TS, Imamura Y, Mukherjee PK, Ghannoum MA.
Interaction of Candida albicans with adherent human peripheral blood
mononuclear cells increases C. albicans biofilm formation and results in
differential expression of pro- and anti-inflammatory cytokines. Infect Immun
2007; 75: 2612-2620.

Chandra J, Kuhn DM, Mukherjee PK, Hoyer LL, McCormick T, et al.
Biofilm formation by the fungal pathogen Candida albicans: development,
architecture, and drug resistance. J Bacteriol 2001; 183: 5385-5394.

Al-Salleeh F, Petro TM. TLR3 and TLR7 are involved in expression of IL-23
subunits while TLR3 but not TLR7 is involved in expression of IFN-beta by
Theiler’s virus-infected RAW264.7 cells. Microbes Infect 2007; 9: 1384-1392.

Trope M, Delano EO, Orstavik D. Endodontic treatment of teeth with apical
periodontitis: single vs. multivisit treatment. J Endod 2007; 25: 345-350.

Marquis VL, Dao T, Farzaneh M, Abitbol S, Friedman S. Treatment outcome
in endodontics: the Toronto Study. Phase llI: initial treatment. J Endod 2006;
32: 299-306.

Orstavik D. Time-course and risk analyses of the development and healing of
chronic apical periodontitis in man. Int Endod J 1996; 29: 150-155.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zhang B, Hirahashi J, Cullere X, Mayadas TN. Elucidation of molecular
events leading to neutrophil apoptosis following phagocytosis: cross-talk
between caspase 8, reactive oxygen species, and MAPK/ERK activation. J
Biol Chem 2003; 278: 28443-28454.

Kobayashi SD, Voyich JM, Somerville GA, Braughton KR, Malech HL, et al.
An apoptosis-differentiation program in human polymorphonuclear leukocytes
facilitates resolution of inflammation. J Leukoc Biol 2003; 73: 315-322.

Kumamoto CA, Vinces MD. Alternative Candida albicans lifestyles: growth on
surfaces. Annu Rev Microbiol 2005; 59: 113-133.

Ramage G, Mowat E, Jones B, Williams C, Lopez-Ribot J. Our current
understanding of fungal biofilms. Crit Rev Microbiol 2009; 35: 340-355.

Nett J, Andes D. Candida albicans biofilm development, modeling a host-
pathogen interaction. Curr Opin Microbiol 2006; 9: 340-345.

Scudiero DA, Shoemaker RH, Paull KD, Monks A, Tierney S, et al. Evaluation
of a soluble tetrazolium/formazan assay for cell growth and drug sensitivity in
culture using human and other tumor cell lines. Cancer Res 1988; 48: 4827-
4833.

McCluskey C, Quinn JP, McGrath JW. An evaluation of three new-generation
tetrazolium salts for the measurement of respiratory activity in activated
sludge microorganisms. Microb Ecol 2005; 49: 379-387.

Gozalbo D, Gil-Navarro I, Azorin |, Renau-Piqueras J, Martinez JP, et al. The
cell wall-associated glyceraldehyde-3-phosphate dehydrogenase of Candida
albicans is also a fibronectin and laminin binding protein. Infect Immun 1998;
66: 2052-2059.

Ohyama H, Kato-Kogoe N, Kuhara A, Nishimura F, Nakasho K, et al. The
involvement of IL-23 and the Th17 pathway in periodontitis. J Dent Res 2009;
88: 633-638.

Rahman D, Mistry M, Thavaraj S, Naglik JR, Challacombe SJ. Murine model
of concurrent oral and vaginal Candida albicans colonisation. Methods Mol
Biol 2012; 845: 527-535.

J Dent App - Volume 2 Issue 1 - 2015
ISSN : 2381-9049 | www.austinpublishinggroup.com
Alsalleeh et al. © All rights are reserved

2015;2(1): 139-144.

Citation: Alsalleeh F, Young A, Algarawi Z and Petro T. C. Albicans Biofilm Formation is Restricted by Periodontal
Ligament Cells and Induces Differential Cytokines Response Compared to Planktonic C. Albicans. J Dent App.

Submit your Manuseript | www.austinpublishinggroup.com

J Dent App 2(1): id1034 (2015) - Page - 0144


http://www.ncbi.nlm.nih.gov/pubmed/19121062
http://www.ncbi.nlm.nih.gov/pubmed/19121062
http://www.ncbi.nlm.nih.gov/pubmed/19166776
http://www.ncbi.nlm.nih.gov/pubmed/19166776
http://www.ncbi.nlm.nih.gov/pubmed/21145111
http://www.ncbi.nlm.nih.gov/pubmed/21145111
http://www.ncbi.nlm.nih.gov/pubmed/21145111
http://www.ncbi.nlm.nih.gov/pubmed/21145111
http://www.ncbi.nlm.nih.gov/pubmed/19232436
http://www.ncbi.nlm.nih.gov/pubmed/19232436
http://www.ncbi.nlm.nih.gov/pubmed/19232436
http://www.ncbi.nlm.nih.gov/pubmed/19180075
http://www.ncbi.nlm.nih.gov/pubmed/19180075
http://www.ncbi.nlm.nih.gov/pubmed/17339351
http://www.ncbi.nlm.nih.gov/pubmed/17339351
http://www.ncbi.nlm.nih.gov/pubmed/17339351
http://www.ncbi.nlm.nih.gov/pubmed/17339351
http://www.ncbi.nlm.nih.gov/pubmed/17339351
http://www.ncbi.nlm.nih.gov/pubmed/11514524
http://www.ncbi.nlm.nih.gov/pubmed/11514524
http://www.ncbi.nlm.nih.gov/pubmed/11514524
http://www.ncbi.nlm.nih.gov/pubmed/17897860
http://www.ncbi.nlm.nih.gov/pubmed/17897860
http://www.ncbi.nlm.nih.gov/pubmed/17897860
http://www.ncbi.nlm.nih.gov/pubmed/10530259
http://www.ncbi.nlm.nih.gov/pubmed/10530259
http://www.ncbi.nlm.nih.gov/pubmed/16554199
http://www.ncbi.nlm.nih.gov/pubmed/16554199
http://www.ncbi.nlm.nih.gov/pubmed/16554199
http://www.ncbi.nlm.nih.gov/pubmed/9206419
http://www.ncbi.nlm.nih.gov/pubmed/9206419
http://www.ncbi.nlm.nih.gov/pubmed/12736263
http://www.ncbi.nlm.nih.gov/pubmed/12736263
http://www.ncbi.nlm.nih.gov/pubmed/12736263
http://www.ncbi.nlm.nih.gov/pubmed/12736263
http://www.ncbi.nlm.nih.gov/pubmed/12554809
http://www.ncbi.nlm.nih.gov/pubmed/12554809
http://www.ncbi.nlm.nih.gov/pubmed/12554809
http://www.ncbi.nlm.nih.gov/pubmed/19863383
http://www.ncbi.nlm.nih.gov/pubmed/19863383
http://www.ncbi.nlm.nih.gov/pubmed/16815078
http://www.ncbi.nlm.nih.gov/pubmed/16815078
http://www.ncbi.nlm.nih.gov/pubmed/3409223
http://www.ncbi.nlm.nih.gov/pubmed/3409223
http://www.ncbi.nlm.nih.gov/pubmed/3409223
http://www.ncbi.nlm.nih.gov/pubmed/3409223
http://www.ncbi.nlm.nih.gov/pubmed/16003480
http://www.ncbi.nlm.nih.gov/pubmed/16003480
http://www.ncbi.nlm.nih.gov/pubmed/16003480
http://www.ncbi.nlm.nih.gov/pubmed/9573088
http://www.ncbi.nlm.nih.gov/pubmed/9573088
http://www.ncbi.nlm.nih.gov/pubmed/9573088
http://www.ncbi.nlm.nih.gov/pubmed/9573088
http://www.ncbi.nlm.nih.gov/pubmed/19605880
http://www.ncbi.nlm.nih.gov/pubmed/19605880
http://www.ncbi.nlm.nih.gov/pubmed/19605880
http://www.ncbi.nlm.nih.gov/pubmed/22328401
http://www.ncbi.nlm.nih.gov/pubmed/22328401
http://www.ncbi.nlm.nih.gov/pubmed/22328401

	Title
	Abstract
	Introduction
	Material and Methods
	Cell Culture, C. albicans, and growth conditions
	Biofilm formation on the root tip surface
	Quantitative measurement of biofilms, scanning electron and light microscopy
	Cytokine expression of PDL cells in response to planktonic C. albicans cells or Biofilm form
	RNA isolation, cDNA, and quantitative RT-PCR

	Statistical Analysis
	Results
	PDL cells limit biofilm formation 
	PDL cells have a differential inflammatory response to planktonic C. albicans as compared with biofi

	Discussion
	Conclusions
	References
	Table 1
	Table 2
	Figure 1
	Figure 2

