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1-INTRODUCTION: 
 Candida species are the most common opportunistic fungal pathogens in humans, with C. 
albicans being the most prevalent pathogen in mucosal and systemic fungal infections (Pfaller et 
al., 2002; Trick et al., 2002). The C. albicans fungus causes both systemic and local disease. 
Fungal invasion of the superficial oral epithelial cells is a characteristic of oropharyngeal 
candidiasis (Farah et al., 2000; Eversole et al., 1997; Drago et al., 2000). C. albicans invasion of 
host cells, such as oral epithelial cells, is necessary for the organism to damage these cell types in 
vitro (Filler et al., 1995; Park et al., 2005). Host cell invasion and damage are likely critical 
virulence attributes of C. albicans (Park et al., 2005; Phan et al., 2000).  
Candidiasis is treated with antifungal agents such as polyene antibiotics, flucytosine, and azoles 
(Bustamante, 2005; Kuriyama et al., 2005). Currently available antifungals are limited in both 
number and level of effectiveness. The latter may be due to a lack of specific targets that make it 
possible to discriminate between eukaryotic fungal cells and mammalian cells. The clinical 
usefulness of these antifungals is also hampered by the undesirable side effects often associated 
with them and by the emergence of resistance to them (Kuriyama et al., 2005). Antifungal drug 
resistance is fast becoming a major concern for the growing number of immunocompromised 
individuals and has resulted in a dramatic increase in the incidence of opportunistic and systemic 
fungal infections. The rise in resistance and the changes in the spectrum of Candida infections 
have generated greater interest in the development of new antifungal drugs using multiple 
synthetic and natural molecules.  
Scope of the research: Antimicrobial peptides show a broad range of antimicrobial activity and 
could play a role in protection against the emergence of pathogenic microbiota. Scientists 
including Dr. Kai J Lung et al from the US Army Dental and Trauma Research Detaachment has 
developed an antimicrobial decapeptide, KSL (KKVVFKVKFK), and its analog, KSL-W 
(KKVVFWVKFK)(Na et al., 2007). These KSL-W peptides possessed a broad range of 
microbicidal activity and effectively killed selected strains of oral pathogens including mutans 
streptococci and non-oral pathogens that included methicillin-resistant Staphylococcus aureus. 
However, the effect of KSL-W on fungal infection is still to be investigated.  

Hypothesis. Because KSL-W showed antimicrobial activities, we hypothesis that KSL-W will 
synergistically interact with the host against Candida pathogenesis. 

General objective: The purpose of this innovative study was to investigate the effect of KSL-W 
on Inflammatory Response of Engineered Human Oral Mucosa Following Candida albicans 
Infections. 

2-KEYWORDS: Fungal treatment, C. albicans, Antifungal molecules, engineered oral mucosa, 
antimicrobial peptides, chemical peptides, KSL-W.  

3-ACCOMPLISHMENTS: There was no change as to the original proposal. 
The specific objective this study was: 

1. To investigate the effect of KSL-W on Candida growth and transition when in contact with
gingival human tissue, and the secretion of inflammatory mediators (IL-1β, IL-6 and IL-8) by
gingival oral cells following contact with C. albicans.
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ACCOMPLISHED WORK 

1.1) Major activities: We conducted a complete study evaluation the effect of KSL-W on C. albicans 
growth and pathogenesis as well as the secretion of IL-1β, IL-6 and IL-8. We used enginnered human 
oral mucosa to generate innovative data.  

1.2) We specifically investigated: 
1.1.1: Effect of KSL-W on gingival epithelial cell adhesion and growth 
1.1.2: Growth of KSL-W on the interaction of C. albicans with engineered human tissue. This 

includes the analyses of effect of KSL- TLR and defensing expression, as well as cytokines 
secretions ( IL-1, IL-6, and IL-8 ). 

1.3) Results: We demonstrated that KSL-W had no toxic effect on cell adhesion or growth, 
suggesting its safe use of this peptide with human cells. Pre-treating C. albicans with KSL-W 
attenuated the yeast’s virulence as demonstrated by its reduced adhesion to and growth on 
engineered human oral mucosa epithelium and the subsequent decreased expression of some 
innate defense molecules by targeted epithelial cells. Indeed, the expression of Toll-like receptors 
and human β-defensins was reduced in tissues infected with KSL-W-treated Candida. 
Proinflammtory cytokine secretion (IL-1β and IL-6) by the epithelial cells was also regulated by 
KSL-W in a manner similar to that of antifungal molecule amphotericin B. All needed information 
related to the different protocols we used, and the figures about to the results are included in the 
published paper (Semlali et al., Peptides 32 (2011) 859–867; see appendix 1). These findings 
therefore show that KSL-W is safe for use with human cells and is able to attenuate Candida 
virulence by modulating its effects on host innate immunity. This study proposes the potential 
application of KSL-W peptide as an alternative antifungal agent. However, further investigations 
are need before clinical use of KSL-W as an antimicrobial peptide for patent treatment.  

4) Other achievements. None

Opportunities for training: 
1. One postdoc student participated to the project. He contributed publication preparation and

publishing (appendix 1). He also contributed oral presentation as follow: Semlali A, Leung
KP, Curt S et Rouabhia M. Interactions entre les cellules épithéliales gingivales et un
décapeptide antimicrobien (KSL-W) contre la pathogénicité de Candida albicans. Journée
de la recherche GREB/Faculté de médecine dentaire, Université Laval, Québec, le 13 mai
2011. 

Results dissemination:   
The results were disseminated through presentations and publications in pair review scientific 
journals (see appendix 1).  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leung%20KP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leung%20KP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Curt%20S%22%5BAuthor%5D
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4-IMPACT: The major accomplishment is the understanding the mechanism(s) by which 
antimicrobial peptide KSL-W in reducing C. albicans pathogenesis in vitro, but has no side 
effect on human tissue. The study suggested the potential use of the KSL-W as an 
antimicrobial peptide, with no side effect to human cells.  

The impact on the development of the principal discipline(s) of the project  
We clearly demonstrated that KSL-W was effective in reducing C. albicans growth, transition 
through the down-regulation of certain important genes involved in biofilm formation. This 
consolidates the previous studies on inhibition of bacterial growth and suggests the potential use of 
KSL-W against microbial infections in humans. We also demonstrated, for the first time, that 
KSL-W has no adverse effect on human tissue (engineered human oral mucosa). Altogether, data 
suggest the KSL-W peptide implication in the control of C. albicans pathogenesis.   

The impact on other disciplines 
Nothing to Report. 

The impact on technology transfer 
Nothing to Report. 

The impact on society beyond science and technology 
Eventually the data generated through this project may suggest the use of KSL-W to control 
infection and minimize the emergence of microbial resistance. Such improvement may be of great 
economic improvement in reducing infection and promoting person health by increasing the 
wound healing process. This will allow more active work, thus economic improvement. It may 
also be very important for the design of new antimicrobial molecules, thus giving good treatment 
alternatives, and creating more jobs. 

5-CHANGES/PROBLEMS: 
Nothing to report. 

Changes in approach and reasons for change 
Nothing to report. 

Changes that had a significant impact on expenditures  
Nothing to report. 
Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 
select agents  
Nothing to Report. 

Significant changes in use or care of human subjects 
Nothing to Report. 

Significant changes in use or care of vertebrate animals. 
Nothing to Report. 

Significant changes in use of biohazards and/or select agents. 
Nothing to Report. 
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6-PRODUCTS:  
Nothing to Report. 

Publications, conference papers, and presentations 
Publications.  

Appendix 1: 
Semlali A, Leung KP, Curt S, Rouabhia M. Antimicrobial decapeptide KSL-W attenuates Candida 

albicans virulence by modulating its effects on Toll-like receptor, human β-defensin, and 
cytokine expression by engineered human oral mucosa. Peptides. 2011 May;32(5):859-67. 

Status of publication: Published 

Acknowledgement of federal support: Yes 

Other publications, conference papers, and presentations. 
None 

Website(s) or other Internet site(s) 
None 

Technologies or techniques 
None 

Inventions, patent applications, and/or licenses 
None 

Other Products 
None 
7-PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 

What individuals have worked on the project? (See below Tables). 

Name: Abdelhabib Semlali 

Project Role: Post-Doc 

Researcher Identifier (e.g. ORCID ID): University Laval student 

Nearest person month worked: 15 h a week 

Contribution to Project: 
M. Semlali has performed all the experimental 
protocols along with M. Rouabhia. 

Funding Support: Laval University Foundation 
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Name: Sèverine Curt 

Project Role: Research assistant 

Researcher Identifier 
(e.g. ORCID ID): 
Nearest person month 
worked: 5 h a week 

Contribution to Project: Helped Semlali on the experimental protocols 

Funding Support: Laval University Foundation 

Name: Leung KP 

Project Role: Collaborator 

Researcher Identifier (e.g. 
ORCID ID): 
Nearest person month worked: 5 

Contribution to Project: K. Leung has contributed the study design and manuscript 
revision. 

Funding Support: 

Name: Mahmoud Rouabhia 

Project Role: Principal appliquant 

Researcher Identifier (e.g. 
ORCID ID): Professor, 

Nearest person month worked: 15h a week 

Contribution to Project: contributed the study design, experimentation, data 
collection, analyses, manuscript preparation,  revision, etc. 

Funding Support: 

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel 
since the last reporting period?  
Nothing to Report. 

The Organizations involved as partners 
The University Laval as an involved organization. 
At the dental Faculty of Laval University, I was able to use different equipment to perform the 
study and get publishable results. Without such in-kind supports, the study would be very 
difficult / impossible to realize. The equipment at the research center of the Dental Faculty at 
Laval University was obtained because of the financial supports of University Laval and 
different funds that Dr. Rouabhia obtained previously from different funding agencies. These 
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include the CIHR, NSERC, FRSQ, the ⸗Fonds Émile-Beaulieu⸗ at the dental Faculty of Laval 
University, and so. 

8-SPECIAL REPORTING REQUIREMENTS 
Nothing to Report. 

9-APPENDICES:  
Appendices 1 : Published paper 
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ntimicrobial decapeptide KSL-W attenuates Candida albicans virulence by
odulating its effects on Toll-like receptor, human �-defensin, and cytokine

xpression by engineered human oral mucosa

. Semlali a, K.P. Leungb, S. Curta, M. Rouabhiaa,∗

Oral Ecology Research Group, Faculty of Dentistry, Laval University, Quebec, QC, Canada
Microbiology Branch, US Army Dental and Trauma Research Detachment, Institute of Surgical Research, Fort Sam Houston, TX, USA
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a b s t r a c t

We investigated the toxicity of synthetic antimicrobial decapeptide KSL-W on normal human gingival
epithelial cell cultures, its effect on Candida albicans adhesion and growth, and the activation of epithelial
cell innate immunity. Our results indicate that KSL-W had no toxic effect on cell adhesion or growth,
suggesting its safe use with human cells. Pre-treating C. albicans with KSL-W attenuated the yeast’s viru-
lence as demonstrated by its reduced adhesion and growth on engineered human oral mucosa epithelium
eywords:
andida
ntimicrobial peptide
SL-W
LRs
-Defensins

and the subsequent decreased expression of some innate defense molecules by targeted epithelial cells.
Indeed, the expression of Toll-like receptors and human �-defensins was reduced in tissues infected with
KSL-W-treated Candida. Proinflammtory cytokine secretion (IL-1� and IL-6) by the epithelial cells was
also regulated by KSL-W in a manner similar to that of antifungal molecule amphotericin B. These findings
therefore show that KSL-W is safe for use with human cells and is able to attenuate Candida virulence by
modulating its effects on host innate immunity. This study proposes the potential application of KSL-W

antifu
nnate immunity peptide as an alternative

. Introduction

One of the most commonly encountered opportunistic microor-
anisms in humans is Candida albicans [35], a yeast that is part
f the normal microbial flora found on mucosal surfaces such as
hose of the oral cavity, gastrointestinal tract, and vagina in human
eings and domestic animals. This ubiquitous fungus is the most
ommon cause of mucosal and invasive fungal infections observed
n humans [29]. Host protection against Candida infection is com-
lex and includes different subsets of the immune defense system
5,36,38,40].

Several recent studies have highlighted the significant role
layed by the innate immunity of epithelial cells in prevent-

ng Candida infection of the oral mucosa. Primary epithelial cells

btained from various sources [8,38,40] inhibit C. albicans growth
hrough cytokine and antimicrobial peptide expression [17,30,38].
he detection of and response to microbial infection by epithelial
ells is largely dependent on a family of pattern-recognition recep-

∗ Corresponding author at: Université Laval, Groupe de recherche en écologie
uccale, Faculté de médecine dentaire, Pavillon de Médecine dentaire, 2420, rue de

a Terrasse Université Laval Québec, Québec G1V 0A6, Canada.
el.: +1 418 656 2131/16321; fax: +1 418 656 2861.

E-mail address: Mahmoud.Rouabhia@fmd.ulaval.ca (M. Rouabhia).

196-9781/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
oi:10.1016/j.peptides.2011.01.020
ngal agent.
© 2011 Elsevier Inc. All rights reserved.

tors called Toll-like receptors (TLRs) [41] which play an active role
in recognizing pathogens of considerable target specificity [26].
This recognition produces a series of signaling events that result
in the onset of acute host responses to ultimately contribute to
the killing of the pathogens [1]. Also demonstrated was the crucial
involvement of TLRs in the recognition of fungal pathogens such as
C. albicans, although less is known regarding the function of these
receptors following Candida infection [18,25]. The Candida-killing
activity of epithelial cells involves recognition of the organism by
TLR2 and TLR4 and the subsequent activation of NF-�B [32].

Cell-mediated immunity (CMI) against Candida infection
involves various T lymphocyte subsets [15,36] that may dictate
the outcome of the infection. For example, Th1-type responses are
associated with resistance to gastrointestinal and systemic Candida
infections in animals, whereas Th2-type responses are associated
with susceptibility to the yeast infection [33]. CMI response against
Candida infection can be enhanced by humoral defense activity
mediated by Candida-specific antibodies, such as IgM, IgG, and IgA
[5].

A decrease in host defenses may lead to increased suscepti-

bility to Candida infections [35,40] which constitute a significant
public health challenge of high medical and socioeconomic impor-
tance. Although Candida infections are treatable with various
available drugs, such as polyenes (amphotericin B or nystatin),
azoles (voriconazole and posaconazole), and echinocandins (caspo-

dx.doi.org/10.1016/j.peptides.2011.01.020
http://www.sciencedirect.com/science/journal/01969781
http://www.elsevier.com/locate/peptides
mailto:Mahmoud.Rouabhia@fmd.ulaval.ca
dx.doi.org/10.1016/j.peptides.2011.01.020
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ungin, micafungin, anidulafungin) [21], the effectiveness of several
f these antifungal drugs is hampered by undesirable side effects
nd the emergence of microbial resistance [7,13]. Antifungal drug
esistance has thus become a major concern for a growing num-
er of immunocompromized individuals which has resulted in
dramatic increase in the incidence of opportunistic and sys-

emic fungal infections. These facts have generated greater interest
oward developing new antifungal drugs using various synthetic
nd naturally occurring antimicrobial molecules.

Natural antimicrobial peptides, such as defensins produced by
pithelial cells, are capable of a broad spectrum of antimicro-
ial characteristics and may play a role in preventing microbial

nfections [8,19,45]. Generally, these antimicrobial peptides exhibit
elective toxicity for microorganisms and are less likely to
nduce microbial resistance. In the pursuit of an alternative
ntifungal treatment, we developed a synthetic �-helical antimi-
robial decapeptide, KSL (KKVVFKVKFK), and its analog KSL-W
KKVVFWVKFK) [31], that not only display a wide range of antibac-
erial activity but were shown to effectively kill selected strains of
on-oral and oral pathogens, including streptococci mutans. In com-
ination with a surface-active agent, benzalkonium chloride, the
eptide significantly reduced in vitro biofilm growth [9,10,23,24].

We therefore sought to determine the potential of our syn-
hetic antimicrobial peptides, with a focus on the use of KSL-W
a structurally more stable analog of KSL [31]) to control Candida
athogenesis using engineered human oral mucosa as the target
ost tissue. We also examined the toxicity of the peptide on oral
ucosa using gingival epithelial cell cultures.

. Materials and methods

.1. Human gingival epithelial cell and fibroblast cultures

Normal human gingival cells (epithelial cells and fibroblasts)
ere obtained from ScienCell Research Laboratories (Carlsbad,
A, USA). The fibroblasts were cultured in Dulbecco’s modified
agle’s medium (DME, Invitrogen Life Technologies, Burlington,
N, Canada) supplemented with fetal bovine serum to a final
oncentration of 10% (FBS, Gibco, Burlington, ON, Canada), peni-
illin and streptomycin (20 �g/ml), and fungizone (0.5 �g/ml). The
pithelial cells were cultured in Dulbecco’s modified Eagle’s (DME)
Ham’s F12 (3:1) (DMEH) with 5 �g/ml of human transferrin,

nM 3,3′,5′ of triiodo-l-thyronine, 0.4 �g/ml of hydrocortisone,
0 ng/ml of epidermal growth factor, penicillin and streptomycin,
nd 10% FBS (final concentration). The medium was changed
hree times a week. When the cultures reached 90% confluence,
he cells were detached from the flasks using a 0.05% trypsin-
.1% ethylenediaminetetraacetic acid (EDTA) solution, washed
wice, and resuspended in DMEM (for the fibroblasts) or DMEH-
upplemented medium (for the epithelial cells). These were then
sed for subsequent experiments.

.2. Engineered human oral mucosa (EHOM) tissue

The EHOM model was produced as previously described [8,37].
riefly, gingival fibroblasts and epithelial cells were used to form a
omplex three-dimensional spatial cellular organization similar to
hat found in normal human oral mucosa. The lamina propria was
roduced by mixing Type I collagen (Gibco-Invitrogen, Burlington,
N, Canada) with gingival fibroblasts, followed by culture in 10%

BS-supplemented medium for four days. The lamina propria was
hen seeded with gingival epithelial cells to obtain the EHOM. The
issue specimens were grown under submerged conditions until
he total surface of the lamina propria was covered with epithelial
ells. To produce stratified epithelium, the EHOM was raised to an
32 (2011) 859–867

air–liquid interface for four more days to facilitate the organization
of the epithelium into its different strata.

2.3. Effect of KSL-W on gingival epithelial cell adhesion

Epithelial cells (104 cells/well) were plated onto tissue culture-
grade cover glasses in six-well plates. Immediately after seeding,
various concentrations (0, 12.5, 50, and 100 �g/ml) of KSL-W were
added to the medium and cultured in a humid atmosphere con-
taining 5% CO2 at 37 ◦C for 6 and 24 h. Controls include KSL-W
untreated epithelial cell cultures, and epithelial cells treated with
heat-inactivated (at 120 ◦C for 30 min) KSL-W. Following each time
point, the culture supernatants were removed and the cultures
were washed twice with warm medium, with adherent cells sub-
jected to Hoechst staining assay. The cells were incubated with
2 �g/ml of Hoechst 33342 (H42) in PBS at room temperature for
15 min and were then washed extensively with PBS after which
time the stained cells were observed and photographed under an
epifluorescence microscope.

2.4. Effect of KSL-W on gingival epithelial cell viability/growth

Gingival epithelial cells (4 × 104 cells/well) were cultured in
appropriate medium in the presence of various concentrations
(12.5, 50 and 100 �g/ml) of KSL-W. Controls include KSL-W
untreated epithelial cell cultures, and epithelial cells treated with
heat-inactivated (at 120 ◦C for 30 min) KSL-W. Monolayer cul-
tures were maintained in a 5% CO2 humid atmosphere at 37 ◦C for
24 and 72 h. Thereafter, cell proliferation was assessed using the
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)
(MTT) assay (Sigma, St. Louis, MO, USA), which measures cell
growth as a function of mitochondrial activity [20]. MTT assay
is based on tetrazolium ring hydrolysis by mitochondrial dehy-
drogenase, which results in formazan, an insoluble blue reaction
product. Briefly, a stock solution (5 mg/ml) of MTT was prepared
in PBS and was added to each culture at a final concentration of
1% (v/v). Gingival epithelial cell cultures were incubated at 37 ◦C
for 4 h with the MTT solution. At the end of this culture period,
the supernatant was removed and the adherent cells were washed
twice using warm culture medium. Following the last wash, 2 ml
of 0.04 N HCl in isopropanol was added to each culture well, and
the incubation was extended for another 15 min. After this step,
200 �l (in triplicate) of the reaction mixture was transferred to a
96-well flat-bottom plate and the absorbance (optical density, OD)
was measured at 550 nm using an enzyme-linked immunosorbent
assay (ELISA) reader (Model 680, Bio-Rad Laboratories, Mississauga,
ON, Canada). Results are reported as the means ± SD of six separate
experiments.

2.5. Growth of KSL-W-treated C. albicans on EHOM

C. albicans (SC5314) was inoculated into 10 ml Sabouraud dex-
trose broth (Difco; Becton-Dickinson) supplemented with 0.1%
glucose and was grown to the stationary phase overnight at 30 ◦C
in a shaking water bath. Following culture, blastoconidia were col-
lected, washed with PBS, counted by means of a hemocytometer
[38], and adjusted to 107 cells/ml. C. albicans (107 cells in 1 ml of
Sabouraud medium) was then incubated for 24 h with KSL-W at 0,
12.5, 50, and 100 �g/ml, at 37 ◦C. As a positive control, C. albicans
was also cultured in the presence of amphotericin B at 5 �g/ml.
For the negative control, C. albicans was cultured in the presence

of 100 �g/ml of heat-inactivated (120 ◦C for 30 min) KSL-W pep-
tide. Following culture with or without KSL-W, Candida cells were
washed twice with PBS then 106 cells in 200 �l of Sabouraud dex-
trose broth were overlaid on the top of the EHOM. After culture
for 24 h, the EHOMs were flipped onto Sabouraud dextrose agar
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Table 1
Primer sequences used for the q-RT-PCR.

Gene name Primers sequences Product size (bp)

TLR-2 Sense: 5′-GCCTCTCCAAGGAAGAATCC-3′ Antisense: 5′-TCCTGTTGTTGGACAGGTCA-3′ 144
TLR-4 Sense: 5′-AATCTAGAGCACTTGGACCTTTCC-3′Antisense: 5′-GGGTTCAGGGACAGGTCTAAAGA-3′ 116
TLR-6 Sense: 5′-CATCCTATTGTGAGTTTCAGGCAT-3′ Antisense: 5′-GCTTCATAGCACTACATCCCAAG-3′ 121
TLR-9 Sense: 5′-GGACCTCTGGTACTGCTTCCA-3′ Antisense: 5′-AAGCTCGTTGTACACCCAGTCT-3′ 151
�1-Defensin Sense: 5′-GCCTCTCCCCAGTTCCTGAA-3′ Antisense: 5′-GCAGAGAGTAAACAGCAGAAGGTA-3′ 82
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�2-Defensin Sense: 5 -TGTGGTCTCCCTGGAACAAAAT-3
�3-Defensin Sense: 5′-CTTCTGTTTGCTTTGCTCTTCCT-3′ A
�4-Defensin Sense: 5′-CACTCTACCAACACGCACCTAG-3′ A
GAPDH Sense: 5′-GGTATCGTCGAAGGACTCATGAC-3′ An

lates and left in place for 5 min. The EHOMs were then removed
nd the plates were incubated for 24 h at 30 ◦C, after which time the
olony-forming-units (CFU) were counted. Results are reported as
he means ± SD of six separate experiments.

.6. Effect of KSL-W-treated C. albicans on TLR and ˇ-defensin
ene expression by gingival epithelial cells in the EHOM

C. albicans (SC5314) was incubated in the presence or absence of
ctive KSL-W at various concentrations (12.5, 50 and 100 �g/ml) or
eat-inactivated KSL-W (100 �g/ml) for 24 h at 37 ◦C prior to use to

nfect the EHMO, as described above. C. albicans (106 cells in 200 �l
f Sabouraud medium) was laid on top of each engineered mucosa
ample. The tissues were then incubated in a 5% CO2 humid atmo-
phere for 12 h at 37 ◦C. Following incubation, each EHOM tissue
as washed twice with fresh medium and thereafter, the epithelia
ere detached from the lamina propria and used to extract total
NA.

.7. RNA extraction and quantification

Total cellular RNA was extracted using the Illustra RNAspin Mini
GE Health Care UK Limited, Buckingham, UK). The concentration,
urity, and quality of the isolated RNA were all determined using
he Experian system and RNA StdSens analysis kit according to
nstructions provided by the manufacturer (Bio-Rad, Hercules, CA,
SA).

.8. Quantitative real-time RT-PCR

RNA (1 �g of each sample) was reverse transcripted into cDNA
sing Maloney murine leukemia virus (M-MLV) reverse transcrip-
ase (Invitrogen Life Technologies, Mississauga, ON, Canada) and
andom hexamers (Amersham Pharmacia Biotech, Inc., Baie d’Urfé,
C, Canada). The conditions for the preparation of the cDNA tem-
lates for PCR analysis were 10 min at 65 ◦C, 1 h at 37 ◦C, and
0 min at 65 ◦C. Quantitative PCR (qPCR) was carried out as previ-
usly described [3]. Amounts of mRNA transcripts were measured
sing the Bio-Rad CFX96 real-time PCR detection system. Reac-
ions were performed using a PCR supermix from Bio-Rad (iQ
YBR Green supermix). Primers (Table 1) were added to the reac-
ion mix at a final concentration of 250 nM. Five microlitres of
ach cDNA sample was added to a 20 �l PCR mixture containing
2.5 �l of iQ SYBR Green supermix (Bio-Rad) and 0.5 �l of spe-
ific primers (TLR2, TLR4, TLR6, TLR9, HBD1, HBD2, HBD3, HBD4,
r GAPDH) (Medicorp, Inc., Montréal, QC, Canada) and 7 �l of
Nase/DNase-free water (MP Biomedicals, Solon, OH, USA). Each
eaction was performed in a Bio-Rad MyCycler Thermal Cycler. For

he qPCR, the CT was automatically determined using the accom-
anying Bio-Rad CFX manager. The thermocycling conditions for
he TLRs were established as 5 min at 95 ◦C, followed by 45 cycles
f 15 s at 95 ◦C, 30 s at 60 ◦C, and 30 s at72 ◦C, with each reac-
ion done in triplicate. For the HBDs, the thermocycling conditions
nse: 5 -GTCGCACGTCTCTGATGAGG-3 105
se: 5′-CTGTTCCTCCTTTGGAAGGCA-3′ 138

nse: 5′-CGCAACTGGAACCACACACT-3′ 133
se: 5′-ATGCCAGTGAGCTTCCCGTTCAGC-3′ 180

were 3 min at 95 ◦C, followed by 45 cycles of 10 s at 95 ◦C, 10 s at
63 ◦C, and 30 s at 72 ◦C, with each reaction performed in triplicate.
The specificity of each primer pair was verified by the presence
of a single melting temperature peak. GAPDH produced uniform
expression levels varying by less than 0.5 CTs between sample
conditions and was therefore used as a reference gene for this
study.

2.9. Western blot analyzes of TLR production following EHOM
contact with KSL-W-treated C. albicans

Following contact with KSL-W treated Candida for 24 h, as
described above, each EHOM tissue was washed twice with fresh
medium and thereafter, the epithelia were detached from the
lamina propria and total proteins were extracted using lysis
buffer (50 mM of HEPES, pH 7.4; 1% (v/v) Triton X-100; 4 mM of
EDTA; 1 mM of sodium fluoride; 0.1 mM of sodium orthovanadate;
1 mM of tetrasodium pyrophosphate; 2 mM of phenylmethylsul-
fonyl fluoride; 10 �g/ml of leupeptin; and 10 �g/ml of aprotinin).
The lysates were incubated for 60 min on ice and then vor-
texed, with the insoluble materials removed by centrifugation
(14,000 × g, 2 min, 4 ◦C). The protein lysates were subsequently
used for immunoblotting. Whole cell lysates (40 �g of total pro-
tein) were subjected to SDS polyacrylamide gel electrophoresis and
were electroblotted onto PVDF membranes (pore size 0.2 �m). The
membranes were blocked with 5% BSA in Tween-20/Tris-buffered
saline (TBS) (TTBS; Tris-buffered saline, 0.1% Tween-20) for 1 h at
ambient temperature and were incubated overnight at 4 ◦C with
primary anti-TLR2 (1:250, Imgenex, San Diego, USA), anti-TLR4
(1:200, Imgenex, San Diego, USA), anti-TLR6 (1:200, R&D Systems,
Minneapolis, USA), anti-TLR9 (1:500, Cell Signaling, Danvers, MA,
USA) and anti-�actin (1:5000) antibodies in TTBS containing 0.5%
BSA. The membranes were washed three times with TTBS for 10 min
after which time they were incubated with horseradish peroxidase
labeled secondary antibody (1:1000 in TTBS) for 1 h at ambient tem-
perature. For protein detection, the membranes were washed for
3 h with TBS, were subsequently incubated in ECL (Amersham), and
were assessed by means of a FujiFilm Image Reader LAS-1000 Pro
(FujiFilm USA, Valhalla, NY, USA). The experiment was repeated
four separate times.

2.10. Measurement of IL-1ˇ, IL-6, and IL-8 secretion following
interaction of KSL-W-treated C. albicans with the EHOM

To determine the protein levels of cytokines IL-1�, IL-6, and
IL-8, supernatants obtained from the EHOM following their infec-
tion with KSL-W-treated C. albicans for 24 h were analyzed by
sandwich enzyme-linked immunosorbent assays (ELISA, R&D Sys-

tem, Minneapolis, MN). The supernatants were collected in tubes
containing 1 �l of a protease inhibitor cocktail for specific use
with mammalian cell and tissue extracts (Sigma–Aldrich). Imme-
diately after, the supernatants were filtered through 0.22 �m
filters and used either undiluted or at a dilution of 1/50 in PBS
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ig. 1. Photomicrograph of the epithelial cell monolayer cultures following treatm
eriods. Photos are representative of five separate experiments.

o measure cytokine levels. ELISA plates were read at 450 nm
nd were analyzed using a Microplate Reader Model 680 (Bio-
ad, USA). The minimum detectable concentrations were under
pg/ml for the IL-1�, 0.7 pg/ml for the IL-6, and 3.5 pg/ml for

he IL-8, as reported by the manufacturer. Each experiment was
epeated four times and the means ± SD were calculated and
resented.

.11. Statistical analyzes

Each experiment was performed at least four times, with exper-
mental values expressed as means ± SD. The statistical significance
f the differences between the control (absence of KSL-W) and the
est (presence of KSL-W) values was determined by means of a
ne-way ANOVA. Posteriori comparisons were done using Tukey’s

ethod. Normality and variance assumptions were verified using

he Shapiro-Wilk test and the Brown and Forsythe test, respec-
ively. All of the assumptions were fulfilled. P values were declared
ignificant at ≤0.05. Data were analyzed using the SAS version 8.2
tatistical package (SAS Institute Inc., Cary, NC, USA).
ith KSL-W. No effect on cellular adhesion was observed after 6 and 24 h culture

3. Results

3.1. KSL-W had no inhibitory effect on gingival epithelial cell
adhesion

Fig. 1 shows that KSL-W had no effect on cell morphology at con-
centrations ranging from 12.5 to 100 �g/ml as well as no effect on
the adhesion of cultured epithelial cells. In addition, no difference in
cell density was observed in the epithelial cells cultured in the pres-
ence or absence of KSL-W. Heat-inactivated KSL-W has no effect on
epithelial cell adhesion (Fig. 1). These results clearly demonstrate
the absence of any toxic effect of KSL-W on the adhesion of cultured
epithelial cells.

3.2. KSL-W had no side effect on gingival epithelial cell

proliferation

As shown in Fig. 2, epithelial cell growth at 24 h post-treatment
with KSL-W was comparable to that recorded by the untreated cul-
ture, with an optical density ranging from 0.7 to 0.8. After 72 h
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Fig. 2. Effect of KSL-W on human gingival epithelial cell proliferation. Following
epithelial cell culture in the presence or not of KSL-W for 24 and 72 h, each cul-
t
o
o
p

o
g
n

3
i

i
u

Fig. 3. Adhesion and growth of KSL-W-treated C. albicans on the EHOM. The

F
a
a

ure was subjected to an MTT assay. Cell proliferation was assessed by means
f absorbance measurements. Note that no effect on cellular proliferation was
bserved in the presence of different test concentrations of KSL-W antimicrobial
eptide. Heat-inactivated KSL-W has also no effect on cell growth.

f culture, epithelial cell growth increased equally in the control
roup and the KSL-W-treated group. Heat-inactivated KSL-W did
ot affect epithelial cell proliferation (Fig. 2).

.3. KSL-W pre-treatment reduced Candida growth in the

nfected oral mucosa tissue

Fig. 3 shows that the growth of C. albicans was significantly
nhibited by the KSL-W pre-treatment, compared to that of the
ntreated control. A dose response of the KSL-W pre-treatment

ig. 4. TLR expression by gingival epithelial cells following infection by KSL-W-treated C.
nd 9 gene expression. Results are presented as the number of fold increase in expression
s means ± SD from triplicate assays of three different experiments.
pre-treatment of C. albicans decreased its adhesion and growth on the EHOM. KSL-
W-untreated Candida, Candida treated with 5 �g/ml of amphotericin B are shown
for comparison with 12.5, 50 and 100 �g/ml KSL-W pre-treated Candida. Results
represent means ± SD of four different experiments.

was also observed, as the number of CFUs recovered decreased
from 170 ± 13 CFUs/cm2 to 12 ± 2 CFUs/cm2 when the Candida cells
were pre-treated with 12.5 �g/ml and 100 �g/ml of KSL-W, respec-
tively. Heat-inactivated KSL-W showed no effect on Candida growth
(Fig. 3).
3.4. KSL-W modulated TLRs expression by the EHOM gingival
epithelial cells following contact with C. albicans

RT-PCR results indicate that when the EHOM was cultured in the
presence of KSL-W-treated C. albicans, TLR2 mRNA expression was

albicans. Pre-treating C. albicans with KSL-W reduced its ability to induce TLR2, 4, 6,
of the genes in the test samples compared to that in the control. Data are expressed
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educed by approximately five fold as compared to the expression
evel exhibited by the EHOM cultured in the presence of untreated
andida. This reduction occurred in a dose-dependent manner
Fig. 4). Similar results were obtained with TLR4 expression. When
. albicans was pre-treated with KSL-W, TLR4 mRNA expression
y the epithelial cells significantly decreased, contrasting that
f the EHOM epithelial cells infected with untreated Candida.
his decrease in expression level appeared to be dose-dependent
Fig. 4). Thus KSL-W reduced C. albicans virulence, leading to a
own regulation of TLR4 expression by the EHOM epithelial cells.
LR9 is also a key receptor implicated in pathogen recognition
y epithelial cells. C. albicans-treated KSL-W significantly reduced
LR9 mRNA expression by the EHOM compared to the expression
ecorded by the tissues infected with untreated C. albicans (Fig. 4).
his significantly inhibited expression was observed by the pre-
reatment of Candida with KSL-W at 50 and 100 �g/ml. In contrast
o the previously described TLRs, TLR6 expression was up regu-
ated when the EHOM was infected with KSL-W-treated C. albicans
Fig. 4). The increased TLR6 mRNA expression was obtained with
0 and 100 �g/ml of KSL-W and was comparable to the expres-
ion obtained with the ampho-B-treated C. albicans, suggesting that
oth KSL-W and ampho-B modulated TRL6 mRNA expression by
he gingival epithelial cells in a similar fashion. As shown in Fig. 4,
SL-W and ampho-B had the same effect on TLR2, TLR4, and TLR9
RNA expression by the EHOM gingival epithelial cells following

. albicans infection. Heat-inactivated KSL-W pre-treated Candida
howed no effect on the expression of TLRs by EHOM epithelial

ells (Fig. 4). Protein analyzes using Western blot (Fig. 5) confirmed
he mRNA expression results. Indeed, TLR2, TLR4 and TLR9 pro-
eins were reduced in EHOMs infected with KSL-W treated Candida
Fig. 5). In contrast, TLR6 protein was increased basically with 50
nd 100 �g/ml of KSL-W (Fig. 5).

ig. 6. �-Defensin expression gingival epithelial cells following contact with KSL-W pre
BD2, HBD3, and HBD4 gene expression by the EHOM epithelial cells following infection
mphotericin B-treated yeast cells. Results are presented as the number of fold increase in
ontrol. Data are expressed as means ± SD from triplicate assays of three different experi
Fig. 5. TLR protein production by gingival epithelial cells following infection by KSL-
W-treated C. albicans. Western blot analysis of TLR2, TLR4, TLR6 and TLR9 proteins
following EHOMs contact with untreated and KSL-W treated Candida (n = 4).

3.5. KSL-W downregulated the effect of C. albicans on human
ˇ-defensin expression

As shown in Fig. 6, when Candida was pre-treated with KSL-W
at 12.5 and 50 �g/ml, HBD1 mRNA expression was unchanged, yet

it was reduced in the EHOM gingival epithelial cells when treated
with KSL-W at 100 g/ml. Similarly, Candida pre-treated with KSL-
W at 50 and 100 �g/ml reduced HBD2 mRNA expression by the
epithelial cells (Fig. 6). Also, EHOM infected with KSL-W pre-treated

-treated C. albicans. Pre-treating the yeast with KSL-W resulted in reduced HBD1,
. The decreased level of �-defensin expression is similar to that observed with the
expression of the genes in the test sample compared to the gene expression in the

ments.
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Fig. 7. Cytokine secretion by the gingival epithelial cells following C. albicans infec-
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ion. Increased IL-1� (A) and decreased IL-6 (B) secretions were observed in the
HOM gingival epithelial cells infected with KSL-W pre-treated C. albicans. KSL-W
t high concentrations, and amphotericin B effects were comparable. Data are the
eans ± SD of four separate experiments.

. albicans, showed reduced levels of both HBD3 and HBD4 mRNA
xpression (Fig. 6). It should be noted that the antifungal molecule
mpho-B had an effect comparable to that of KSL-W on HBD1, 2,
, and 4 mRNA expressions (Fig. 6). Heat-inactivated KSL-W pre-
reated Candida showed no effect in human �-defensins expression.

.6. Cytokine induction

As shown in Fig. 7A, following EHOM infection with KSL-W pre-
reated C. albicans for 24 h, the secretion of IL-1� was significantly
ncreased basically with 50 and 100 �g/ml of KSL-W. This effect

as similar to the one obtained with ampho-B (Fig. 7a). Inactivated
SL-W pre-treated Candida showed similar effect as non-infected
HOM. By contrast, the secretion of IL-6 significantly decreased
fter 24 h of contact of EHOM with the KSL-W pre-treated Can-
ida (Fig. 7B). Decreases of IL-6 secretion was important when
SL-W was used at 50 and 100 �g/ml. At high concentration, the
SL-W effect was comparable to the one obtained with ampho-B-
reated Candida treated EHOM. A study performed on IL-8 secretion
howed no significant modulation of this chemokine. Results sug-
est that KSL-W may potentially modulate cell defenses against
nfection through IL-1� and IL-6. When a higher concentration
100 �g/ml) of KSL-W was used, the effect was also comparable
32 (2011) 859–867 865

to that of ampho-B. However, the effects of KSL-W on IL-1� and
IL-6 secretions are different.

4. Discussion

Antimicrobial peptides displaying in vitro activity against
human bacterial pathogens [28] have been proposed as a novel
control strategy to combat bacterial infections [27,34] and an alter-
native solution to control fungal infections [27,28,34]. As some
available antifungal agents are ineffective (in terms of resistance)
and may cause significant side effects, the medical community is
now turning its interest toward new anti-fungal molecules. Nat-
urally occurring antimicrobial peptides (AMPs) have been shown
to play an essential protective role against microbial infections in
species across the animal and plant kingdoms.

Synthetic peptides that mimick many of the key structural fea-
tures essential for the antimicrobial activity of naturally occurring
AMPs have emerged as substitutes against microbial infections.
Our laboratories have focused on the antimicrobial activity of syn-
thetic decapeptide KSL and its structural analog KSL-W. We in fact
discovered that these peptides possess potent antimicrobial activ-
ity against a wide variety of oral and non-oral bacterial pathogens
[6,10]. However, their potential effect against fungi, such as C. albi-
cans, remains to be determined.

Oral candidiasis is associated with gingival tissue where epithe-
lial cells are the primary components of the oral mucosa [11,16,38].
We sought to determine the effect of antimicrobial peptide KSL-
W in controlling oral candidiasis and its toxicity, if any, against
oral mucosa cells. Our results show that at both low and high
concentrations, KSL-W had no effect on the adhesion and prolif-
eration of monolayer cultures of gingival epithelial cells. These
findings, reported here for the first time, demonstrate that decapep-
tide KSL-W exhibited no toxicity against human gingival epithelial
cells.

To determine the potential effect of antimicrobial KSL-W against
oral candidiasis, we produced an engineered oral mucosa to mim-
ick the in vivo conditions in which the yeast is in contact with
the host tissue. In this context, engineered oral mucosa was cul-
tured in the presence of C. albicans which was pre-treated or not
with various concentrations of antimicrobial peptide KSL-W. We
found that KSL-W downregulated the adhesion and growth of
C. albicans on the EHOM. Compared to the control, the number
of C. albicans CFUs had significantly decreased following treat-
ment with KSL-W at concentrations of 50 and 100 �g/ml. These
results therefore demonstrate the growth-inhibiting effect of KSL-
W against Candida. Similar results were previously observed using
other antimicrobial peptides such as human �-defensins [8,14].
Although we did demonstrate that antimicrobial peptide KSL-W
may inhibit Candida growth, the mechanism by which it reduces
this growth remains to be determined.

It is well documented that epithelial cells play an active role in
protecting the host against invading microbial pathogens. Recent
studies have demonstrated the possible involvement of TLRs in the
recognition, by epithelial cells, of fungal pathogens including Can-
dida species [2,19,26]. The present study links TLR activation in oral
epithelial cells to C. albicans infection using a human oral mucosa
model and the ability of KSL-W to attenuate the capacity of Candida
activating the innate immunity.

Quantitative real-time RT-PCR revealed that the gingival epithe-
lial cells expressed TLR2, TLR4, and TLR9 following infection with

C. albicans. However, following KSL-W treatment of the yeast, the
expression of these TLRs from the targeted epithelial cells was
downregulated. These data support those showing that epithelial
cells respond to microbial infections through TLRs [2,22,42]. As
in the case of antifungal drugs such as ampho-B, KSL-W down-
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egulated Candida virulence, which in turn modulated the innate
esponse of the epithelial cells through decreased TLR2, TLR4, and
LR9 gene and protein expression.

It remains unclear whether the decreased TRL expression by the
pithelial cells was due to the change of surface phenotypes or the
oss of viability of Candida following pre-treatment with KSL-W.
hese changes may in fact contribute to its reduced ability to elicit
ost innate responses. On the other hand, the observed results may
lso indicate the ability of epithelial cells to sense and distinguish
ifferences between microbial challenges encountered (for exam-
le, virulent versus avirulent strains or dead organisms), resulting

n various levels of subsequent activation of host innate responses.
Further studies will elucidate the underlying mechanistic inter-

ction(s) between KSL-W treated Candida and gingival epithelial
ells that lead to this decrease in TLR expression. Of interest
s that while a decrease was observed in TLR2, TLR4, and TLR9
xpression due to pre-treatment with the peptide, TLR6 expres-
ion increased in the targeted cells. Similar results were obtained
y treating specific organisms with natural molecules, such as gar-

ic [44], and quorum-sensing inhibitory molecules, such as farnesol
8].

Recognition of pathogen-associated molecular patterns of
nvading microbial organisms by epithelial cells through TLRs can
ead to the expression, by these cells, of native antimicrobial pep-
ides such as HBDs [43]. In this study, we confirm that gingival
pithelial cells may prevent C. albicans infection by expressing
arious HBDs. Interestingly, the KSL-W-treated C. albicans demon-
trated less virulence as evidenced by a reduced activation of
pithelial cells through reduced HBD expression. This effect was
imilar to that obtained with antifungal agents, such as ampho-
ericin B, which are used clinically to control Candida infection.
hese results suggest that KSL-W attenuated Candida virulence,
hus when it came in contact with epithelial cells, the latter were
ble to sense the avirulent nature of the challenge, which led to a
educed expression of HBDs as a part of the host’s inflammatory
esponse to infection.

In addition to the role epithelial cells have in controlling Can-
ida pathogenesis through the expression of native antimicrobial
eptides, several studies have reported that these cells display

nnate immunity against bacterial and yeast infections via an active
nflammatory process that involves a variety of mediators includ-
ng IL-1�, IL-6, and IL-8 [12,38,39]. Given the biological role of oral
pithelial cells as active immunocytes [4] because of their ability to
ecrete several pro-inflammatory cytokines, our study shows that
he production of both IL-1� and IL-6 were modulated following
ontact with the KSL-W-treated C. albicans. The peptide increased
L-1�, but decreased IL-6 secretions. These effects of KSL-W were
omparable to that obtained with amphotericin B. Our data sug-
est that KSL-W modulated the host pro-inflammatory responses
gainst C. albicans through different ways involving IL-1� and IL-
. Further investigations will therefore be necessary to identify
he signaling pathway activated by KSL-W-treated Candida which
esults in a selective increase/decrease of IL-1� and IL-6 production.

. Conclusion

Our study confirms the non-toxic effect of KSL-W on normal
uman gingival epithelial cells and its ability to inhibit the adhe-
ion and growth of C. albicans on engineered human oral mucosa.
SL-W was also shown to reduce C. albicans virulence/pathogenesis

y reducing C. albicans ability to activate the innate immunity
xhibited by the targeted epithelial cells. Overall results suggest
hat KSL-W may have antipathogenic properties and may show
otential as an antifungal molecule to treat infections such as oral
andidiasis.

[

[

32 (2011) 859–867

Acknowledgments

This study was supported by grants from the US Army and Nat-
ural Sciences and Engineering Research Council of Canada (NSERC
– Discovery Program).

References

[1] Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol
2004;4:499–511.

[2] Bahri R, Curt S, Saidane-Mosbahi D, Rouabhia M. Normal human gingival
epithelial cells sense C. parapsilosis by toll-like receptors and module its
pathogenesis through antimicrobial peptides and proinflammatory cytokines.
Mediators Inflamm 2010;2010:940383.

[3] Bahri R, Saidane-Mosbahi D, Rouabhia M. Candida famata modulates toll-like
receptor, beta-defensin, and proinflammatory cytokine expression by normal
human epithelial cells. J Cell Physiol 2009;222:209–18.

[4] Bos J, Kapsenberg M. The skin immune system: progress in cutaneous biology.
Immunol Today 1993;14:75–8.

[5] Bromuro C, Torosantucci A, Gomez MJ, Urbani F, Cassone A. Differential release
of an immunodominant 65 kDa mannoprotein antigen from yeast and mycelial
forms of Candida albicans. J Med Vet Mycol 1994;32:447–59.

[6] Concannon SP, Crowe TD, Abercrombie JJ, Molina CM, Hou P, Sukumaran DK,
et al. Susceptibility of oral bacteria to an antimicrobial decapeptide. J Med
Microbiol 2003;52:1083–93.

[7] Cowen LE, Steinbach WJ. Stress, drugs, and evolution: the role of cellular sig-
naling in fungal drug resistance. Eukaryot Cell 2008;7:747–64.

[8] Decanis N, Savignac K, Rouabhia M. Farnesol promotes epithelial cell defense
against Candida albicans through Toll-like receptor 2 expression, interleukin-6
and human beta-defensin 2 production. Cytokine 2009;45:132–40.

[9] Dixon DR, Jeffrey NR, Dubey VS, Leung KP. Antimicrobial peptide inhibition of
Porphyromonas gingivalis 381-induced hemagglutination is improved with a
synthetic decapeptide. Peptides 2009;30:2161–7.

10] Dixon DR, Karimi-Naser L, Darveau RP, Leung KP. The anti-endotoxic effects of
the KSL-W decapeptide on Escherichia coli O55:B5 and various oral lipopolysac-
charides. J Periodontal Res 2008;43:422–30.

11] Dongari-Bagtzoglou A, Fidel Jr PL. The host cytokine responses and protective
immunity in oropharyngeal candidiasis. J Dent Res 2005;84:966–77.

12] Dongari-Bagtzoglou A, Kashleva H. Candida albicans triggers interleukin-8
secretion by oral epithelial cells. Microb Pathog 2003;34:169–77.

13] Espinel-Ingroff A. Mechanisms of resistance to antifungal agents: yeasts and
filamentous fungi. Rev Iberoam Micol 2008;25:101–6.

14] Feng Z, Jiang B, Chandra J, Ghannoum M, Nelson S, Weinberg A. Human
beta-defensins: differential activity against Candidal species and regulation by
Candida albicans. J Dent Res 2005;84:445–50.

15] Fichtenbaum CJ, Powderly WG. Refractory mucosal candidiasis in patients with
human immunodeficiency virus infection. Clin Infect Dis 1998;26:556–65.

16] Fidel Jr PL. Distinct protective host defenses against oral and vaginal candidiasis.
Med Mycol 2002;40:359–75.

17] Hedges SR, Agace WW, Svanborg C. Epithelial cytokine responses and mucosal
cytokine networks. Trends Microbiol 1995;3:266–70.

18] Jouault T, Ibata-Ombetta S, Takeuchi O, Trinel PA, Sacchetti P, Lefebvre P, et al.
Candida albicans phospholipomannan is sensed through toll-like receptors. J
Infect Dis 2003;188:165–72.

19] Koczulla AR, Bals R. Antimicrobial peptides: current status and therapeutic
potential. Drugs 2003;63:389–406.

20] Laflamme C, Rouabhia M. Effect of BMP-2 and BMP-7 homodimers and a
mixture of BMP-2/BMP-7 homodimers on osteoblast adhesion and growth
following culture on a collagen scaffold. Biomed Mater 2008;3:015008.

21] Lanternier F, Lortholary O. Liposomal amphotericin B: what is its role in 2008?
Clin Microbiol Infect 2008;14(Suppl 4):71–83.

22] Leber JHCG, Raghavan S, Meyer-Morse NP, Cox JS, Portnoy DA. Distinct TLR-
and NLR-mediated transcriptional responses to an intracellular pathogen. PLoS
Pathog 2008;4:e6.

23] Leung KP, Abercrombie JJ, Campbell TM, Gilmore KD, Bell CA, Faraj JA, et al.
Antimicrobial peptides for plaque control. Adv Dent Res 2009;21:57–62.

24] Leung KP, Crowe TD, Abercrombie JJ, Molina CM, Bradshaw CJ, Jensen CL, et al.
Control of oral biofilm formation by an antimicrobial decapeptide. J Dent Res
2005;84:1172–7.

25] Levitz SM. Interactions of Toll-like receptors with fungi. Microbes Infect
2004;6:1351–5.

26] Liew FY, Xu D, Brint EK, O’Neill LA. Negative regulation of toll-like receptor-
mediated immune responses. Nat Rev Immunol 2005;5:446–58.

27] Lopez-Garcia B, Gonzalez-Candelas L, Perez-Paya E, Marcos JF. Identification
and characterization of a hexapeptide with activity against phytopathogenic
fungi that cause postharvest decay in fruits. Mol Plant Microbe Interact
2000;13:837–46.

28] Montesinos E, Antimicrobial peptides, plant disease control. FEMS Microbiol

Lett 2007;270:1–11.

29] Morschhauser J. Regulation of multidrug resistance in pathogenic fungi. Fungal
Genet Biol 2010;47:94–106.

30] Mostefaoui Y, Claveau I, Ross G, Rouabhia M. Tissue structure, and IL-1beta,
IL-8, and TNF-alpha secretions after contact by engineered human oral mucosa
with dentifrices. J Clin Periodontol 2002;29:1035–41.



tides

[

[

[

[
[

[

[

[

[

[

[
[

[

A. Semlali et al. / Pep

31] Na DH, Faraj J, Capan Y, Leung KP, DeLuca PP. Stability of antimicrobial
decapeptide (KSL) and its analogues for delivery in the oral cavity. Pharm Res
2007;24:1544–50.

32] Pivarcsi A, Bodai L, Rethi B, Kenderessy-Szabo A, Koreck A, Szell M, et al. Expres-
sion and function of Toll-like receptors 2 and 4 in human keratinocytes. Int
Immunol 2003;15:721–30.

33] Puccetti P, Romani L, Bistoni F. A TH1-TH2-like switch in candidiasis: new
perspectives for therapy. Trends Microbiol 1995;3:237–40.

34] Rao AG, Antimicrobial peptides. Mol Plant Microbe Interact 1995;8:6–13.
35] Richardson M, Lass-Florl C. Changing epidemiology of systemic fungal infec-

tions. Clin Microbiol Infect 2008;14(Suppl 4):5–24.

36] Richardson M, Rautemaa R. How the host fights against Candida infections.

Front Biosci (Schol Ed) 2009;1:246–57.
37] Rouabhia M, Deslauriers N. Production and characterization of an in vitro engi-

neered human oral mucosa. Biochem Cell Biol 2002;80:189–95.
38] Rouabhia M, Ross G, Page N, Chakir J. Interleukin-18 and gamma inter-

feron production by oral epithelial cells in response to exposure to

[

[

32 (2011) 859–867 867

Candida albicans or lipopolysaccharide stimulation. Infect Immun 2002;70:
7073–80.

39] Rouabhia M, Schaller M, Corbucci C, Vecchiarelli A, Prill SK, Giasson L, et al.
Virulence of the fungal pathogen Candida albicans requires the five isoforms of
protein mannosyltransferases. Infect Immun 2005;73:4571–80.

40] Saunus JM, Kazoullis A, Farah CS. Cellular and molecular mechanisms of resis-
tance to oral Candida albicans infections. Front Biosci 2008;13:5345–58.

41] Takeda K, Akira S. TLR signaling pathways. Semin Immunol 2004;16:3–9.
42] Thompson J, Iwasaki A. Toll-like receptors regulation of viral infection and

disease. Adv Drug Deliv Rev 2008;60:786–94.
43] Yang D, Liu Z, Tewary P, Chen Q, de la Rosa G, Oppenheim J. Defensin partici-
pation in innate and adaptive immunity. Curr Pharm Des 2007;13:3131–9.
44] Youn H, Lim H, Lee H, Hwang D, Yang M, Jeon R, et al. Garlic (Allium sativum)

extract inhibits lipopolysaccharide-induced Toll-like receptor 4 dimerization.
Biosci Biotechnol Biochem 2008;72:368–75.

45] Zasloff M. Antimicrobial peptides in health and disease. N Engl J Med
2002;347:1199–200.


	Final  Report-IW81XWH-09-1-0438, Sept-2017
	1-s2.0-S0196978111000362-main
	Antimicrobial decapeptide KSL-W attenuates Candida albicans virulence by modulating its effects on Toll-like receptor, human beta-defensin, and cytokine expression by engineered human oral mucosa
	Introduction
	Materials and methods
	Human gingival epithelial cell and fibroblast cultures
	Engineered human oral mucosa (EHOM) tissue
	Effect of KSL-W on gingival epithelial cell adhesion
	Effect of KSL-W on gingival epithelial cell viability/growth
	Growth of KSL-W-treated C. albicans on EHOM
	Effect of KSL-W-treated C. albicans on TLR and beta-defensin gene expression by gingival epithelial cells in the EHOM
	RNA extraction and quantification
	Quantitative real-time RT-PCR
	Western blot analyzes of TLR production following EHOM contact with KSL-W-treated C. albicans
	Measurement of IL-1beta, IL-6, and IL-8 secretion following interaction of KSL-W-treated C. albicans with the EHOM
	Statistical analyzes

	Results
	KSL-W had no inhibitory effect on gingival epithelial cell adhesion
	KSL-W had no side effect on gingival epithelial cell proliferation
	KSL-W pre-treatment reduced Candida growth in the infected oral mucosa tissue
	KSL-W modulated TLRs expression by the EHOM gingival epithelial cells following contact with C. albicans
	KSL-W downregulated the effect of C. albicans on human beta-defensin expression
	Cytokine induction

	Discussion
	Conclusion
	Acknowledgments
	References



