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ABSTRACT

Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans) has been
traditionally classified into seven serotypes (a-g). However, the non-serotypable strains have also
been reported, but their distribution in various populations and age groups is unclear. Moreover, the
virulence of different strains of A. actinomycetemcomitans in Thai patients with chronic
periodontitis has not been completely demonstrated. Therefore, the aims of this study were: 1) to
investigate the prevalence and the relationship of different serotypes of A. actinomycetemcomitans
among Thai patients with chronic periodontitis and 2) to examine the relationship between different
serotypes of A. actinomycetemcomitans and their virulence factors, including expression of
leukotoxin (/tx) and of cytolethal distending toxin (cdt), internalization ability and cytotoxicity to
fibroblast.

Forty-four adult Thai patients with chronic periodontitis were examined by
evaluating clinical attachment level, periodontal pocket depth and bleeding on probing. Seventy-
nine strains of A4. actinomycetemcomitans were isolated from deep periodontal pockets and 17
strains were isolated from shallow pockets by selective culture on TSBV ( tryptic soy serum
bacitracin vancomycin agar) agar. The strains were serotyped by polymerase chain reaction and
subtyped by denaturing gradient gel electrophoresis (DGGE). The virulence factors were examined
for the presence of the ltx gene and the cdt gene (cdtBC) and tested for leukotoxin expression,
leukotoxin activity, cytotoxicity to fibroblast, and internalization into fibroblasts.

The prevalence of A. actinomycetemcomitans in Thai patients with chronic
periodontitis was 84.1%. The non-serotypeable strains of 4. actinomycetemcomitans were detected
as frequently as the serotypeable strains (or around 54.5%), including the serotype a 18.2%,

serotype ¢ 15.9%, serotype e 9.1%, and serotype f 11.4%. However, the serotypes b and d were not



viii

detected at all. In addition, two JP2-like strains with a characteristic of 530-bp deletion on their /tx
promoter were isolated from two patients and serotyped as ¢, whereas the other two strains showed
886-bp insertion on the /tx promoter of their A. actinomycetemcomitans isolates. DGGE subtyping
revealed 16 different subtypes among the non-serotypeable strains. Two of them (NSI and NS2)
were more commonly found (12.7% and 10.1%) than the other 14 subtypes (< 5.1%). Twelve
patients (32.4%) had only one subtype, eleven patients (29.7%) had two and three different
subtypes, and three patients (8.1%) surprisingly had four subtypes in one deep pocket. The /tx gene
was present in all isolates, while the cdfBC gene was shown only 84.4%. An increase in leukotoxin
expression by 595.9 + 33.0 fold and in its activity by 54.7 + 9.3% was associated with the 530-bp
deletion on the /tx promoter. Furthermore, higher virulence was found in the two non-serotypeable
subtypes (NS1 and NS2) than in the serotypeable strains. Higher virulence was generally found for
the strains isolated from deep periodontal pockets than those from shallow non-bleeding pockets.

In conclusion, this study demonstrated a greater subtype diversity of A.
actinomycetemcomitans than other previous studies conducted in Thai population. The non-
serotypeable strains were found to be predominant in this study. The isolates with 530-bp deletion
and 886-bp insertion on their /tx promoter were demonstrated for the first time and serotyped as c.
Different subtypes of A. actinomycetemcomitans showed highly variable virulence, ranging from
leukotoxin expression, leukotoxicity to internalization and cytotoxicity to fibroblast. These

virulence factors may be regulated both genetically and environmentally.
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1. INTRODUCTION

Background and rationale

Periodontitis is a chronic inflammatory disease associated with loss of the
supporting connective tissue and alveolar bone around the teeth. An etiological relationship
between Aggregatibacter actinomycetemcomitans and chronic periodontitis has been found."” 4.
actinomycetemcomitans, a gram-negative, capnophilic coccobacillus has been associated with
several forms of periodontitis including aggressive and chronic periodontitis.l’ ? This bacterium is
also involved in some systemic infectious diseases such as endocarditis, meningitis, osteomyelitis,
glomerulonephritis, and arthritis.” However, it is known that the species is genetically
heterogeneous and can be grouped into six serotypes (a—f) based on a surface polysaccharide
antigen that can be are disclosed phenotypically by immunodiffusion assay4 or genotypically by
PCR.™° Moreover, a novel serotype g has recently been shown.”

It has been reported that there is an increase in the proportion of serotype b among
patients with aggressive periodontitis (formerly known as juvenile periodontitis), whereas serotypes
a and ¢ have been associated with periodontal health.” In addition, a highly virulent subtype of A.
actinomycetemcomitans (the JP2 genotype) has been classified as serotype b.” This particular strain
has been categorized as racial tropism due to oral colonization exclusively in individuals from an
African origin9_ll and has not yet been found in the Asian population.m5 Interestingly, not all the
isolates can be serotyped, and the non-serotypeable 4. actinomycetemcomitans isolates have been
previously reported in a frequency rate ranging from 1.2% to 11.4%."° A higher rate of non-
serotypeable strains was reported to occur in Asian populations (14.7%)."” Thus it was hypothesized
for the present study that we might face yet another example of racial tropism involving the non-
serotypeable A. actinomycetemcomitans strains that calls for another subtyping strategy rather than
traditional serotyping.

Denaturing Gradient Gel Electrophoresis (DGGE) has been used as a diagnostic
tool to detect putative periodontal pathogens including A. actinomycetemcomitans in dental plaque
samples.lg_zo Genotyping using DGGE has been used to disclose various serotypes of A.

actinomycetemcomitans has detected in only 3 out of the 6 serotypes (1. serotype a, d, f, 2. serotype



b, 3. serotype c). However, DGGE has not yet been used for subtyping non-serotypeable A.
actinomycetemcomitans isolates.

The virulence of A. actinomycetemcomitans has been shown to be associated with
leukotoxin production.3’ *' Other virulence factors that may play a crucial role in the pathogenesis of
periodontal diseases, including cytolethal distending toxin (CDTs), internalization and cytotoxicity
in fibroblast, known as there have not been many studies about them. 2% CDTs are multi-
component bacterial toxins, which by targeting and entering eukaryotic cells cause a distention and
cell cycle arrest. The production of CDTs is based on a specific cdtABC gene.24 Toxin activity is
based on the cdB unit but flanking of the gene by cdtA and cdrC significantly increases the toxicity.
Moreover, A. actinomycetemcomitans could inhibit fibroblast proliferation and undergo
internalization in cell cultures.””’

Serotype b has been claimed to be associated with pathogenicity due to its recovery
in cases with aggressive periodontitis in young individuals (earlier called, localized juvenile
pelriodontitis).21 However, the virulence and toxicity have not been found to strictly follow the
serotype pattern.Z]' *" Leukotoxin of A. actinomycetemcomitans is encoded in an operon consisting
of four genes, which typically cause cytotoxicity in polymorphonuclear granular leucocyte (PMN),
macrophages, and endothelial cells.”"** A 530-bp deletion in the promoter region of the leukotoxin
(Itx) gene in strains of the JP2 clone results in a high level of leukotoxin.”"** The JP2 clone of A.
actinomycetemcomitans is identified as serotype b and is isolated frequently in young individuals of
an African origin.g' *' The leukotoxin level of this genotype has been found to be expressed over 10-
to 20-fold compared with the non-deletion strains.”” ** However, a number of non-JP2 genotype
strains (complete /tx promoter and 640 bp deletion on /tx promoter), mainly serotype b but also

29

serotype ¢ and a, have shown high leukotoxic activity similar to the JP2 genotype.27’ The

relationship between virulence and serotypes/subtypes of 4. actinomycetemcomitans, other than the
JP2 clone, is unclear. .20

The hypothesis inspiring the thesis was that individual serotypes/subtypes of A.
actinomycetemcomitans could be qualitatively different in their association with periodontitis, and
thus have different roles in periodontitis development and progression. The ability of bacteria to

colonize and persist in a particular environment depends, in part, on their ability to modify or

. .. . . .. 2,24 .
express their genes as a response to variation in local environment conditions or stress.”” The main



properties of periodontopathogenics bacteria include internalization and leukotoxin production,
which enables them to survive and reproduce in the subgingival tissue. Assessment of bacterial
genetics and their properties have been mostly performed on A. actinomycetemcomitans from
African and American populations. In Asia there have been fewed studies on the relationship of
serotypes/subtypes of A. actinomycetemcomitans and their periodontitis status, or on the role of
these virulence levels of 4. actinomycetemcomitans in Thai adults with chronic periodontitis.z’lz-14
The current study therefore aimed to investigate the prevalence and distribution of
serotypes and DGGE subtypes of A. actinomycetemcomitans isolated from deep and shallow pocket
sites of chronic periodontitis cases in Thai adults, and the virulence of these strains with respect to

the /tx gene, leukotoxin expression, leukotoxin activity, cdt gene, internalization, and killing activity

on fibroblasts were with studied, special attention to 4. actinomycetemcomitans subtypes.

Review of literature

1. Periodontal disease

Periodontitis is an inflammation of the periodontium that is usually caused by
specific pathologic bacteria that grow in the gingival sulcus and in the host response to an infection.
Periodontal disease includes several disease entities with different clinical presentation. The
diagnosis of periodontal disease is based on a visible amount of tissue destruction due to the
ongoing or proceeding inflammatory process in the periodontal tissue and these criteria are
classified as the type of periodontitis (Fig. 1). The classification system for periodontal disease and
conditions was proposed at the 1999 International Workshop.30 The types of periodontitis include
chronic periodontitis, gingivitis, aggressive periodontitis, periodontitis as a manifestation of
systemic disease, necrotizing periodontitis, abscesses of the periodontium, periodontitis associated

with endodontic lesions, and developmental or acquired deformities and conditions.
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Fig. 1 Periodontitis stages (http://mizar5.com/periodontal stages of gum_disease.html)

It is well established that bacteria in the dental plaque play a key role in the
initiation of periodontitis, which can eventually lead to tooth loss. Periodontitis is formed from
aberrant inflammation resulting from a complex biofilm of friendly commensal bacteria and their
products, stimulating the human inflammatory response. However, the relationship between the
contribution of these bacteria and the disease progression is still poorly understood. A shift in
microbial species in the gingival sulcus such as anaerobic gram negative and facultative gram
negative has been strongly associated with periodontal tissue breakdown.” ™ Bacterial exotoxins
are a diverse collection of proteins responsible for many of the biological effects caused by
pathogens.

The prevalence and distribution of periodontitis may reflect differences in oral
hygiene and socio-economic status rather than differences in genetic susceptibility or in occurrence
of periodontal pathogens. Nevertheless, there seems to be agreement among several investigators on
certain distinct patterns of prevalence and distribution of periodontal disease in different parts of the
world. The prevalence of aggressive periodontitis was found to be < 1% (usually 0.1-0.2% in
Caucasian populaltions).z’lo’21 This does not apply to other ethnic groups where the prevalence may
show striking variations related to geography and/or ethnicity. In any case, chronic periodontitis is
generally a slowly progressing form of periodontitis, which at any stage may undergo acute

exacerbation with associated periodontal attachment loss. From prevalence studies, chronic



periodontitis in mild to moderate forms is the most commonly occurring form of periodontitis
worldwide ranging in prevalence from 13% to 57% in different populations depending on oral
hygiene and socio-economic status.”' The disease is characterized by loss of clinical attachment due
to destruction of the periodontal ligament and loss of the adjacent supporting bone.™ Chronic
periodontitis occurs in localized and generalized forms.™ ** Chronic and aggressive periodontitis
are further classified into (i) localized periodontitis; when less than 30% of sites assessed in the
mouth demonstrate attachment and bone loss, and (ii) generalized periodontitis; when 30% or more
of the sites in the mouth demonstrate attachment and bone loss. Based on severity, chronic
periodontitis is defined as “slight periodontitis” when the clinical attachment loss is between 1 and
2 mm or “moderate periodontitis” if the attachment loss is between 3 and 4 mm or “severe
periodontitis” when the clinical attachment loss is 5 mm or greater.35

The aetiology of chronic periodontitis is polymicrobic with complex interactions
among many microbes, making the study disease a challenge. In particular, the involvement of
Aggregatibacter actinomycetemcomitans which is an opportunistic pathogen in humans that is

present in the oral cavity in aggressive and chronic forms of periodontitis need to be elucidated.”

2. Taxonomy, identification, and prevalence of Aggregatibacter actinomycetemco-

mitans

2.1 Taxonomy of A. actinomycetemcomitans

Aggregatibacter actinomycetemcomitans (previously Actinobacillus
actinomycetemcomitans) is a capnophilic gram-negative bacterium (Fig. 2) that prefering
environments enriched with CO, (5-10%). It is a non-sporulating, non-motile, non-hemolytic
coccobacillus and is oxidase and catalase positive. Growth is optimal at 37°C over a pH range of
7.0-8.5. A. actinomycetemcomitans can grow in the absence of X (hemin) or V (nicotinamide
adenine dinucleotide). The cells are straight or curved rods (0.4-0.5 pm x 1.0-1.5 pm in size) with
crinkled adherent (rough) colonies (1-2 mm diameter) on tryptic soy serum bacitracin vancomycin
agar (TSBV) with a star-shaped structure in the center (Fig. 2).36 Recent studies have shown a
phylogenetic similarity of A. actinomycetemcomitans and Haemophilus aphrophilus, H.

paraphrophilus and H. segnis, suggesting the new genus, Aggregatibacter, for them. A.



actinomycetemcomitans was characterized into the Pasteurellaceae family. This bacterium has also

been reported to be involved in periodontitis based on prevalence studies in healthy (0-16%) and

2,4,11,13

periodontally diseased subjects (22-100%). It is also involved in some systemic infectious

diseases, such as endocarditis, meningitis, osteomyelitis, glomerulonephritis and arthritis.’

Fig. 2 Colony morphology and gram stain of 4. actinomycetemcomitans (http://www.atsu.edu)

2.2 Identification of 4. actinomycetemcomitans

The frequency of A. actinomycetemcomitans in subgingival samples is assessed by
traditional cultivation methods on selective media, as well as by molecular techniques. Traditional
techniques for 4. actinomycetemcomitans identification in samples consisted of culture techniques
with biochemical testing and gram staining. The biochemical test included catalase, esculin
hydrolysis, indole, nitrate reduction and fermentation of glucose, lactose, maltose, mannitol,
sucrose, and xylose.37 Slot (1982) developed media for A. actinomycetemcomitans detection being a
selective agar for 4. actinomycetemcomitans (TSBV).” Detection of A. actinomycetemcomitans in
subgingival samples was high in cultures on TSBV in previous studies.” ™ Although, traditional
techniques are low cost, but its limitations include specificity, sensitivity and it is time-consuming.
Flemmig et al. reported that the sensitivity and specificity of culture were 58% and 79%,
respectively.39 Thus, molecular methods have solved the limitations of the classical methods
(culture method, biochem method, and immnuoassay).

The molecular methods to identify A. actinomycetemcomitans currently include
DNA probe hybridization; for example, the checkerboard technique and gene amplification via PCR

methodology (multiplex, nested multiplex and quantitative PCR, loop-mediated isothermal



amplification, and cloning and sequencing of 16S rRNA libraries). PCR, a molecular technique, has
been recently used to identify 4. actinomycetemcomitans because it shows great potential in the
microbiological diagnosis of periodontal diseases, being more specific and more sensitive."” PCR
uses species-specific primers to identify target microorganisms, which have been developed,
commonly used, and demonstrated to have a high degree of efficiency and accuracy in the detection
of target microorganisms and in the evaluation of bacterial colonization in saliva and dental plaque
samples. However, several studies showed low frequency of A. actinomycetemcomitans in samples
using PCR*'"* because there were healthy subjects or a high socioeconomic populations, or because
of the low amount of DNA of A. actinomycetemcomitans in the samples. For example, multiplex
PCR could detecte 4. actinomycetemcomitans in 16% of patients with the discase.” Other
molecular techniques have been proposed for identification of 4. actinomycetemcomitans such as
Arbitrarily-Primed Polymerase Chain Reaction (AP-PCR),” Restriction Fragment Length
Polymorphism (PCR-RFLP),* quantitative real-time PCR (qPCR),” and DNA hybridization." *
For instance, 4. actinomycetemcomitans was detected in 85.1% by qPCR and 44.0% by PCR of the
subgingival samples but 67.3% by qPCR and 59.2% by PCR in supragingival plaque samples.45
Therefore, the detection method for A. actinomycetemcomitans identification depends on the

requirements of the study and the equipment in each laboratory.24

2.3 The prevalence of periodontal diseases caused by A. actinomycetemcomitans
and reservoirs

The prevalence of 4. actinomycetemcomitans is highly variable depending upon
the population, age, disease severity, detection method, sampling strategy, etc. The prevalence and
distribution of 4. actinomycetemcomitans in healthy periodontium and disease are still unclear.” 4.
actinomyceterncornitans is an important pathogen in severe chronic periodontitis. A.
actinomycetemcomitans is found to be associated with aggressive periodontitis such as in localized

48-50

juvenile periodontitis, periodontal inflammation and refractory periodontitis. A.
actinomycetemcomitans has been isolated in high numbers from young patients with rapidly
progressing alveolar bone loss and is detected in higher numbers and frequency in aggressive

periodontitis than in chronic periodon‘ci‘cis.51’52 Aggressive periodontitis is modified by rapid

progression result in tooth loosening and is characteristically present with significant periodontal



attachment loss at an early age, with a tendency for familial clustering of cases.” The frequencies of
aggressive periodontitis and chronic periodontitis (caused by A. actinomycetemcomitans)
worldwide were 82% (164/200 subjects) and 39% (501/1273 subjects), respectively.2 The frequency
of localized aggressive periodontitis in the US’s adolescent population was revealed to be
approximately 0.5%, but this differed in relation to the subjects’ racial group (African-American,
Asian-American, and Caucasian population).53 Kenyans showed a prevalence of only 0.3%,”
suggesting that not all African populations show an increased prevalence of this disease. The
highest prevalence of aggressive periodontitis is seen in subjects from North-Africa.”

The habitat of A. actinomycetemcomitans showed that 47% of the subgingival
samples, 17% of the tongue samples, 40% of the cheek mucosa samples, and 29% of the saliva
samples contained A. actinomycetemcomitans.55 In addition, periodontal pockets often contained
100-fold or more cells of A. actinomycetemcomitans than other oral sites studied.” These data
suggested that dental plaque and the periodontal pocket area were a main oral reservoir for A.

actinomycetemcomitans.

2.4 Serotyping and detection methods of 4. actinomycetemcomitans

A. actinomycetemcomitans is divided into seven serotypes; a through g, based on
O-polysaccharides. Each serotype represents a distinct clonal lineage.s_7 Different serotypes have
been shown to be associated with periodontal health, aggressive or chronic periodontitis, and also
with non-oral infections. The predominant serotypes of 4. actinomycetemcomitans were serotypes a
through ¢ and a minor frequency of four serotypes (d through g) among A. actinomycetemcomitans
oral isolates. >’

The frequent distribution of A. actinomycetemcomitans serotypes differs among
populations from geographically distant regions, suggesting that serotype-specific strain differences
may be responsible for host specificity and virulence. Serotype b is an important serotype because it
was found more frequently in periodontitis subjects under the age of 18 years (60.9%) in
comparison to subjects older than 35 years (29%) and also was associated with aggressive
periodontitis,58 African, Asian, Europeans, and North and South American populations show

differences in serotype distribution.” For instance, in the US, serotype b is detected more frequent

than serotypes a and c in patients with localized juvenile periodontitis, whereas serotype a is more



commonly detected in samples from adult subjects with chronic periodontitis.16 In Finland, serotype
b is predominant in periodontitis patients and serotype c is frequently isolated in periodontally
healthy individuals." Kim et al. found that in German patients the predominant serotypes are
serotypes b, ¢, and a.” In a Greek population serotype ¢ was more predominant within the
periodontally  diseased groups.41 Roman-Torres et al. studied serotypes of A.
actinomycetemcomitans in a subgingival sample, and found that the A. actinomycetemcomitans
serotype a and c are prevalent in slight/moderate periodontitis whilst serotype ¢ is predominant in
severe periodontitis.42 The prevalence of serotype c in severe periodontitis is greater than that of
serotypes a and b in Asian and Eurasian populaltions.55 Dahlen et al.”” and Bandhaya et al.” found
serotypes a and ¢ in a southern Thai population; however, they are not particularly associated with
periodontal disease.” However, non-serotypeable strains have been previously demonstrated in
Asian populations (8.9%, Mombelli et a1.60; 12%, Yamamoto et al.Gl; 14.7%, Yoshida et al.”;
54.5%, Pahumunto et al.,”) and these strains appear to be more common in Asian populations than
in American and African populations (1.2%, Chen et al.'’: 3%, Saarela et al.”; 9.5%, Fine et al.”).
Therefore, 4. actinomycetemcomitans has more than seven serotypes and shows a diversity of
serotypes depending on age, oral health, behaviors and nations. The global distribution of the
different serotypes of A.actinomycetemcomitans 1is heterogeneous, which implies that the
association between the serotype and periodontal status may depend on the geographical location
and/or ethnic status of the study population.58

Serotypes of A. actinomycetemcomitans can be distinguished by using several
methods such as an immunoassay, the biochemical method, and the molecular method. In the past,
serological ~ studies have exhibited higher serum antibody levels against A.
actinomycetemcomitans.64’ * This technique is not stable and requires a high quantity of bacterial
cells. The PCR technique was later developed to distinguish different serotypes of A.
actinomycetemcomitans.s’ * PCR appears to have great potential in distinguishing serotypes of A.
actinomycetemcomitans (Fig. 3);” ® it uses multiple sets of oligonucleotide primers to identify the
six serotypes of A. actinomycetemcomitans but it cannot distinguish subtyping of A.
actinomycetemcomitans. PCR-DGGE was developed to solve PCR limitations. PCR-DGGE is a
molecular method that separates PCR-generated DNA products. PCR products from a given

reaction are of similar size (bp) and conventional separation by agarose gel electrophoresis results
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only in a single DNA band that is largely non-descriptive. PCR-DGGE can overcome this limitation
by separating PCR products based on sequence differences that results in differential denaturing
characteristics of the DNA. Differing sequences of DNA (from different bacteria) will denature at
different denaturant concentrations resulting in a pattern of bands. For example, 16S rDNA PCR-
DGGE distinguished serotype b and serotype ¢ of A. actinomycetemcomitans.18 Also, three different
groups of A. actinomycetemcomitans serotypes could be distinguished by DGGE (1. serotypes a, d,
e, and f; 2. serotype b; 3. serotype ¢),” or five different serotypes (1. serotypes a, d, and f; 2.
serotype b; 3. serotype c; 4. serotype e; 5. non—serotypeable).38 Moreover, the DGGE technique is
suitable to distinguish subtyping of A.actinomycetemcomitans, serotypeable and non-serotypeable,
in to 19 subgroups.38 Thus, DGGE has great potential method to distinguish serotypes and

subtyping of A.actinomycetemcomitans.

Fig. 3 Serotyping of A.actinomycetemcomitans was distinguished using PCR with specific primer
lane 1: serotype a (CCUG 37004), lane 2: serotype b (CCUG 37002), lane 3: serotype ¢
(CCUG 13227), lane 4: serotype d (CCUG 38565), lane 5: serotype e (CCUG 37399), lane 6:

serotype f (3816), and lane M: Marker **
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3. Virulence factors of A. actinomycetemcomitans

Virulence factors are characteristics of a microorganism that capacitate it to
colonize a particular niche in its host, overcome the host defenses and initiate a disease process.
These factors are frequently associated with the ability to be transmitted to susceptible hosts
causing them to become greater pathogenicity. Virulence factors of A. actinomycetemcomitans
enhance its survival in the oral cavity and enable it able to circumvent the host’s protective
strategies. These virulence factors including adherence ability,ZS’ * a chemotactic inhibitor,” a
leukotoxin,” a cytolethal distending toxin,” inhibitors of fibroblast proliferation,26 and the ability to

invade epithelial cells. 2% All of these factors may be involved in the pathogenesis of periodontitis.

3.1 The leukotoxin of 4. actinomycetemcomitans

Leukotoxins are exotoxins that affect leukocytes, especially polymorphonuclear
cells (PMNs). Leukotoxin contains a variety of chemicals ranging from 9,10-epoxy to 12-
octadecenoate, a fatty acid derivative produced by leukocytes and proteins, such as RTX which
repeats in toxin. Leukotoxin is produced during the early stages of growth of A.
actinomycetemcomitans.67 Leukotoxin of A. actinomycetemcomitans is a 116 kDa water-soluble
protein that is expressed by an operon on the surface of the bacteria consisting of four genes,

designated as /txC, lixA, ItxB and ItxD (Fig. 4)%
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Fig. 4 The various types of ltx structure of A. actinomycetemcomitans, (a) Strains with the A530
deletion or JP2 clone; (b) Strains without the /530 deletion or normal strain; (c) Strains with

the 886-bp insertion sequence (IS) or insertion strain *
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3.1.1 Mechanism of leukotoxin of 4. actinomycetemcomitans

A. actinomycetemcomitans leukotoxin can kill lymphocyte cells and
monomyelocytic lineage of human and some non-human primates by forming pores on the lipid
bilayer.70 Non-specific adsorption of this toxin onto the cell membrane of several toxin sensitive
and toxin resistant cells occurs. However, leukotoxin has a very narrow host range, suggesting that
there is a specific cell surface receptor for this toxin.

Effects of leukotoxin on target cells are divided into three categories
depending on the dose dependent and activation—inhibition paradox. At very low concentrations,
the release of the lysosomal content enhances oxidative burst activity leading to surrounding host
tissue damage. The strains that produce leukotoxin are less efficiently phagocytosed by PMNs.”
Low doses of leukotoxin (less than 0.5 leukotoxin units) kill pro-myelocytic HL-60 cells via an
apoptotic mechanism. HL-60 cells treated with leukotoxin show a decrease in size, increase in
granularity, and flocculation the nucleus in early apoptosis.72 High concentrations of leukotoxin
induce necrosis subsequent to pore formation in target cells. The pore formation and membranolysis
of human neutrophils are evidenced by rapid efflux of extracellular calcium, collapse of membrane
channels, release of lactic dehydrogenase (LDH), and disintegration of the plasma membrane.
Leukotoxin destroys the cell membrane which induces pores in target cells (such as PMNs,
macrophages, NK cells and lymphocytes) with a functional diameter of approximately 0.96 nm.”
This activation—inhibition paradox of the phagocytic and immune-mediating cells brought about by
Itx, enables A. actinomycetemcomitans to evade the host immune system and help establish a local
infection. Leukotoxin can also act as a bridge that physically bonds the bacterium to receptors on
the surface of various peripheral blood leukocytes, thereby helping its movement through various
organs of the host disregarded by the host immune system. Leukotoxin may support A.
actinomycetemcomitans to establish secondary endogenous infections such as endocarditis,

.. . 67
osteomyelitis, and pneumonia.

3.1.2 Regulation and secretion of leukotoxin gene
The A. actinomycetemcomitans ltx operon consists of four coding genes and
an upstream promoter.74 Operon creates leukotoxin, which is a /tx4 gene that encodes toxic activity,

and the /t&xC gene product is used for activation of the leukotoxin protein. The /txB and /t&xD genes
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are associated with the sec-independent secretion of the toxin polypeptide.76 The /txA protein of A.
actinomycetemcomitans has 40-50% amino acid, which is similar to Escherichia coli hemolysin
(HlyA) and Mannheimia haemolytica leukotoxin (lktd).”
The expressed leukotoxin is transported to the bacterial outer membrane by
a type I secretion system.24 Whether the expressed and secreted leukotoxin remains associated with
the bacterial outer membrane or whether it is secreted into the environment is still a topic of
controversy. The mechanisms of leukotoxin secretion are still not fully understood either.”
Leukotoxin destroyed host cells through a unique receptor on the target cells (LFA-1)."" " The
LFA-1 molecule, identified as the /txA target cell receptor, is a heterodimer consisting of the aL
(CD11a) and B2 (CD18) subunits. The residues 1-128 on human CD11a have been shown to be
important for the human specificity of leukotoxin induced cell lysis.77 In addition, the extracellular
region of human CDI18 (residues 500-600) has been shown to be critical for conferring
susceptibility to leukotoxin induced cell 1ysis.76’ 7
The production of the toxin varies among A. actinomycetemcomitans
strains. The JP2 clone, a virulent strain of A. actinomycetemcomitans, is strongly associated with
aggressive periodontitis producing higher levels of leukotoxin, and it has shown to have a 530-bp
deletion in the promoter region of the leukotoxin gene operon. 4. actinomycetemcomitans with 530-
bp deletion on its /tx promoter produces over 10 to 20 fold higher levels of toxin than does the non-
JP2 genotypes of 4. actinomycetemcomitans.14’ 7 Some researchers report that the JP2 clone is
found to belong to serotype b; however, serotype b is not always associated with a 530 bp deletion.
Haubek et al. reported strains of serotype b recovered from aggressive periodontitis patients, and all
strains contained a normal leukotoxin gene.80 A. actinomycetemcomitans with 530-bp deletion on its
Itx promoter, which produces high levels of leukotoxin, and may be associated with severity and

. . . . . 79
progression of disease in some ethnic populations.

3.1.3 Prevalence of A. actinomycetemcomitans strains with 530-bp deletion
on the leukotoxin promoter

A previous study has reported prevalence of A. actinomycetemcomitans
strains with 530-bp deletion of the leukotoxin promoter among patients with localized juvenile

periodontitis in all racial origins of 0.53%, which made it a reasonably common disease.”
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Teenagers of African-American descent with aggressive periodontitis were found to have a 15-fold
higher incidence of the disease than Caucasian Americans. Notably, this clone (a 530-bp deletion
strain) demonstrated racial tropism and could be isolated from subjects originating from Africa,

80, 81 . . . .
In Brazil, one research of localized juvenile

although the subjects did not reside in Africa.”
periodontitis in 15-16-year-old teenagers reported that it existed in 3.7% of the population.82 In
Nigeria, a prevalence of 0.8% was found.” The 530 bp deletion strains could be endemic in North
African populations and strongly related to the particularly high prevalence and progression of

aggressive periodontitis in Moroccan and US school children.* " Nonetheless, this specific clone

was not detected in Asian subj ects.”

3.2. Cytolethal distending toxin

The cytolethal distending toxin (Cdt) of 4. actinomycetemcomitans is a cytotoxin
that affects mammalian cells by inhibiting cell division and causing apoptosis.84 Cdt is encoded by
three genes, designated as cdiAd, cdtB and cdtC, which are organized in an apparent operon (Fig.

66

5)." cdtA and cdtC are necessary for the secretion of the toxin, while cdtB is responsible for the
biological ac‘[ivity.85 There is a sequence homology between cdtB and mammalian DNase I,
showing a critical role for nuclease activity in host parasite interactions.” The cdt gene has been
reported in Haemophilus afucrey.87 One study revealed that Cdt has the ability to induce G2 cell
cycle arrests of human T-cells in vitro, which means that it has also been shown to have lethal
effects on mammalian cells in culture.”” However, not all strains of A. actinomycetemcomitans
possessed the cdt gene, in other words, not all A. actinomycetemcomitans strains presented
cytotoxic CDT activity.87’ * While the roles and the molecular mechanism of the action of the toxin
are being elucidated, the association between this cytotoxin of A. actinomycetemcomitans and
periodontal disease remains unknown and it has not been possible so far to demonstrate such a role

21,84

for Cdt.

Fig. 5 The cdt gene structure of A. actinomycetemcomitans.66
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3.3 Adhesion ability of 4. actinomycetemcomitans

Adhesion is an important property for bacterial attachment on host surfaces.
Adhesion is therefore a powerfully evolved survival mechanism and thus a virulence mechanism for
pathogens. A. actinomycetemcomitans can adhere to oral epithelial cells better than other cells.” It
was found that the adhesion of A. actinomycetemcomitans to KB cells occurred rapidly and was
detected within ten minutes after the addition of the bacteria. A. actinomycetemcomitans adhered
using fimbria, adhesin, non-fimbriated A. actinomycetemcomitans,91 extracellular matrix (ECM)
adhesin A (EmaA), and an oligomeric coiled-coil adhesin bind collagen.92 Occasionally, the
adherence of A. actinomycetemcomitans to epithelial cells is mediated by multiple adhesins.”
Bacterial colonization depends on both bacteria and host cells, and specificity of adhesion to a host
related to adhesin expression of the individual bacterium.” Besides, a previous study has reported
that adhesion ability depends on the conditions of cultivation. 4. actinomycetemcomitans can
adhere better when it is cultured in broth in anaerobic conditions than when cultured on agar in
aerobic conditions.” Adhesion ability at exponential growth phase is better than at the stationary
phase of bacterial growth. Moreover, ionic interactions play an essential role in adhesion of A.
actinomycetemcomitans to KB cells.”

Fujise et al. suggested that polysaccharides on the surface of A.
actinomycetemcomitans are related to adhesion to host cells.” Specific polysaccharide antigen-a (4.
actinomycetemcomitans serotype a) in the lipopolysaccharide molecule assisted the adherence to
abiotic surfaces.” Thus, adhesion ability of different individual serotype 4. actinomycetemcomitans
may depend on the structure of the cells enveloped in a self-produced matrix, such as protein,
polysaccharide, etc. The relationship of serotypes and adhesion ability is reported in some bacteria.
For example, Pseudomonas aeruginosa serotypes I, G and E are more adhesive to contact lenses
than other serotypes (A, C, D, and F).96 Escherichia coli serotype 0113:H21 has also been found to
adhere to HEp-2 cells with a distinct pattern of adhesion, which differs from the enteropathogenic
E. coli and E.coli serotype 0157:H7.” This variation in adhesion can therefore indicate differences
in the molecule(s) expressed on the outer membrane of the bacteria, which affect adhesion of
individual strains of bacteria. Therefore, it was expected that adhesion ability of A.

actinomycetemcomitans may be related to certain serotypes.
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3.4. Invasion ability of A. actinomycetemcomitans

It is established that many bacteria can invade host cells, and invasiveness is a
requisite for the pathology of certain bacterial pathogens. This ability is an important factor in the
disease process because invasion of bacteria will protect bacterial cells from immune defenses and
antibiotics.” In the oral cavity, bacteria can enter the mucosal epithelial cell layer and reach the
underlying connective tissue. Colombo et al. found 4. actinomycetemcomitans within gingival and
buccal epithelial cells from both healthy individuals and patients with periodontitis.99 The
cytoplasm of buccal epithelial cells may act as the role of a reservoir for periodontal bacteria, and
the mechanical periodontal therapy provided by antimicrobial agents would not affect the
intracellular levels of bacteria.'”

The invasion process is initiated when A. actinomycetemcomitans contacts with the
microvilli of the KB cells as cell attachment is necessary for invasion to proceed.lol The degree of
invasion by A. actinomycetemcomitans is greater in KB cells and human primary gingival cells than
in cells of non-oral origin.25 A. actinomycetemcomitans invades KB cells through the mechanism of
a cytochalasin D-sensitive inhibitor of actin filament network dynamics, whereby cytochalasin D
can promote the invasion of certain A. actinomycetemcomitans strains (SUNY 523 and 465).
Nonetheless, Meyer et al. revealed that A. actinomycetemcomitans internalization of epithelial cells
is a multistep process which involves entry, escape from the vacuole, rapid multiplication, and
intracellular spread.102 Most bacteria use the actin microfilaments for uptake and intracellular
movement, and there is increasing evidence that microtubules are also important. Microtubules are
strongly involved in the intracellular and intercellular spread of A. actinomycetemcomitans. A.
actinomycetemcomitans rapidly exits from cells after invasion. It has the ability to move from one
cell to another and the capacity to divide rapidly within host cells.'” The process of intracellular
movement and cell spreading is inhibited by agents that interfere with microtubule dynamics,
suggesting that this bacterium interacts closely with the microtubules of the host cell.'™

Bacterial invasion is a complex process depending on both the bacterium and the
host cell. Meyer et al. found that a smooth colony of A. actinomycetemcomitans could invade more
efficiently than could a rough colony, although some smooth isolates did not invade.” Henderson et
al. analyzed invasion of ten clinical 4. actinomycetemcomitans isolates, in which they found five

isolates that were invasive and five isolates that were clearly non-invasive.” It has been found that
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there are limitations with the bacterial strains and human cells used. Henderson and co-worker
revealed 25% of A. actinomycetemcomitans isolates were invasive.” These data suggest that
invasion of A. actinomycetemcomitans depends on several factors from both the host and the
bacteria including the character of different serotypes of A. actinomycetemcomitans. Furthermore,
no study has ever examined the association between the invasion ability and different serotypes of
A. actinomycetemcomitans. Thus, it is interesting to further study the different seorotypes and their

invasion abilities.

3.5 Chemotactic inhibitor

Host defense mechanisms play a major role in controlling quantities and types of
bacterial communities in the oral cavity. Gingival epithelial cells are a barrier to prevent
microorganisms from invading periodontal tissues. They can produce some chemokines
(chemotactic cytokines) that are considered the most important mediators for accumulation of
neutrophils and T cells.'” Interleukin-8 (IL-8) is a chemoattractant for neutrophils and
monocytes.]06 The levels and the mRNA of IL-8 are increased depending on the concentration and
incubation times with A. actinomycetemcomitans.'07 Nevertheless, it is not known whether A.
actinomycetemcomitans induces IL-8 in gingival epithelial cells (GECs) and little is known about
the IL-8 expression profile in GECs."” However, some bacteria, Porphyromonas gingivalis and A.
actinomycetemcomitans, have been shown to elaborate many factors capable of suppressing these

. 88, 108, 109
host defense mechanisms.

It is also suggested that they can evade host recognition,
resulting in minimal activation of immune responses in a proposed strategy, known as “chemokine
paralysis”, reinforcing the emerging view that these bacteria do not demonstrate characteristics
normally associated with bacterium contributing to an inflammatory disease.'” The organisms can
produce proteins that stop synthesis of DNA, RNA and protein in mitogen-activated human T-
cells."” 4. actinomycetemcomitans produces a 60-kDa protein to inhibit IgG and IgM synthesis by
human lymphocytes.110 This means that the 60-kDa protein secreted by A. actinomycetemcomitans
affects immunoglobulin production by down regulating the ability of the B and T cells to respond to
mitogens. Cells expressing chemotactic inhibitors (such as IL-8) after being infected with bacteria

may be the potentially important for effective host protection against infection and for the

pathogenesis of periodontal diseases.
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3.6 Growth inhibition of fibroblasts

Fibroblasts are a major source of collagen production and confer structural
integrity to the tissue. All strains of A. actinomycetemcomitans can inhibit fibroblast proliferation
including human and murine cells.”® Thus, this is considered a virulence factor due to its impact on
fibroblast viability. One toxin (heat labile toxin) is recognized: as a 50-kDa protein.ll3 This toxin
suppresses DNA and RNA synthesis in the fibroblast.” """ However, the mechanism of this toxin is
unclear. It may result from several different factors including supernatants (after being cultured in
broth) that contain protein are capable of stimulating or suppressing growth of fibroblast cells,
substances produced by PMNs or leukocytes or macrophages after being stimulated A.
actinomycetemcomitans, etc.”® Therefore, the inhibition of fibroblast proliferation can possibly play

an important role in collagen loss associated with periodontal disease.

Objectives

The specific objectives of this study were:
1. To investigate the prevalence and relationship of serotypes of A.
actinomycetemcomitans in Thai patients with chronic periodontitis
2. To examine the relationship between different serotypes of 4. actinomycetemcomitans
and their virulence factors, including the /tx gene, cdr genes, leukotoxin expression,

internalization, and cytotoxicity in fibroblasts
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2. MATERIALS AND METHODS
Study design

This thesis is based on a microbiological study (Paper I), and virulence factors of

A. actinomycetemcomitans (Paper II)

/ 44 periodontitis patients

}

Collected from deep pockets and shallow pockets

|

Paper I < Cultured on TSBV agar

}

Gram stain and catalase test

|

Leukotoxin gene identification (184 isolates)

}

Serotyping study (PCR and DGGE; 96 independent strains)

}

( Examination of virulence factors:

1. cdtBC gene identification
< 2. Leukotoxin expression and its activity assay

Paper 11 3. Internalization assays

\ 4. Cytotoxicity in fibroblast assay
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Study population

Forty-four subjects from the patient recall list (during June 2012-December 2013)
of the Periodontology Clinic, Faculty of Dentistry, Prince of Songkla University, Thailand, were
sequentially recruited for this study. They were all be diagnosed as having generalized moderate to
severe chronic periodontitis according to the American Academy of Periodontology in 1999.% They
were then selected based on the following inclusion criteria: (i) < 60 years of age with = 15
remaining teeth, (ii) showing clinical attachment level of = 4 mm on 30% of sites, (iii) having a
pocket depth of 2 5 mm and bleeding on probing, (iv) presentation of bone loss on a radiograph,
and (v) having good general medical health. Any patients with the following conditions were
excluded: (i) having systemic diseases, (ii) taking any antibiotic medication within the previous six
months, and (iii) receiving periodontal treatment or preventive prophylaxis within six months prior
to this study.

The study was approved by the Ethics Committee of the Faculty of Dentistry at
Prince of Songkla University, Thailand (EC550936P). All patients gave their informed consent and
were offered dental treatment after the study. Demographic data of these patients on general health,

age, gender and smoking use were collected.

Clinical examination

A full mouth recording of the patient’s clinical attachment loss (CAL), probing
pocket depth (PPD), and bleeding on probing (BOP) were assessed. All three parameters were
recorded at four sites per tooth; the mesio-buccal, mid-buccal, disto-buccal, and mid-lingual aspect
of all teeth except third molars. Probing pocket depth was measured to the nearest whole mm as the
distance between the gingival margin and the bottom of the probeable pocket. The clinical
attachment level was measured as the distance in mm from the cement enamel junction to the

bottom of the pocket.
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Subgingival plaque sampling

Two subgingival samples were taken from each patient randomly. The first sample
was taken from one deep pocket site, which was defined as having clinical attachment loss (CAL =
4 mm), a probing pocket depth (PPD = 5mm), and bleeding on probing (BOP). The second sample
was also randomly taken from one shallow pocket sample, being a site with no CAL and BOP, and
PPD < 3 mm. All samples were obtained by introducing 2 sterile paper points subgingivally, which
were kept in place for 15 s. Then they were transferred into a vial containing reduced transport

medium (RTF), which was immediately transported to the laboratory.

Cultivation and identification

Samples were cultured on tryptic soy serum bacitracin vancomycin agar (TSBV
agar), a selective medium for 4. actinomycetemcomitans, under anaerobic conditions (80% N,, 10%
H, and 10% CO,) at 37°C for 3-5 days.36 Initial identification was based on showing a typical 4.
actinomycetemcomitans morphology as star-shaped or small smooth, adherent and catalase-positive
colonies, and a micro-morphology including gram-negative coccobacilli. All isolates were further
confirmed as A. actinomycetemcomitans by the presence of the leukotoxin gene (/tx) using the PCR
with leukotoxin primer.69 The selected isolates were purified and kept at -80°C for further use in
serotyping and subtyping. The following reference strains of A. actinomycetemcomitans were
included: CCUG (Culture Collection, University of Goteborg, http://www.ccug.se/) strain 37004
serotype a, CCUG 37002 serotype b, CCUG 13227 serotype ¢, ATCC 33384 serotype ¢, CCUG
38565 serotype d, CCUG 37399 serotype e, OMGS 3816 serotype f (received from Sirkka
Asikainen, Umed, Sweden) as well as a P48:2 JP2 clone strain (received from Gunnar Dahlen,

Gothenburg, Sweden).

Determination of the leukotoxin (/£x) gene

This study aimed to determine the /tx gene and /tx gene variants of A.

actinomycetemcomitans. Primers used included a forward primer 1tx3 and a reverse primer Itx4
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(Table 1).” All DNA samples of 4. actinomycetemcomitans isolates were prepared according to the
method of Owen and Borman.'” The PCR mixture included 1 unit of T aq DNA polymerase, 10x
PCR bufter, 600 pM dNTP, 2.5 mM MgCl,, 5 pM of 1tx3 and 1tx4, and extracted DNA. The thermo
cycling program was carried out at 94°C for 5 min followed by 30 cycles at 94°C for 1 min, at 60°C
for 1 min, at 72°C for 2 min, and a final extension at 72°C for 8 min. A PCR product of 1,216 bp
and 2,117 bp represented the complete promoter and the insertion promoter, respectively, while 686
bp was indicated as a deletion promoter, being a characteristic of the JP2 clone. A.
actinomycetemcomitans ATCC 33384 (non-JP2) and P48:2 (JP2) were used as the negative and
positive control, respectively. The PCR products were analyzed by 1.5% agarose gel electrophoresis
and photographed under UV light. The molecular weights of the PCR products were compared with
standard molecular weight markers (TriDye™ 1 kb DNA Ladder, New England, Biolab, MA,

USA).

Serotyping using the specific primers in PCR

Serotyping using the specific primers of the PCR method was performed according
to Kaplan et al.” and Suzuki et al.” The sequences of the specific primers for each serotype are
shown in Table 1. PCR mixture consisted of 200 pM dNTP, a 10x PCR buffer with 2.5 mM MgCl,,
1 unit of Taq polymerase, 5 pM of each primer, and 10 ng of DNA template. The PCR condition
included initial denaturation at 94°C for 30 s followed by 30 cycles of denaturation at 94°C for 15 s,
annealing at 54°C for 45 s, with extension at 72°C for 1 min, and a final extension at 72°C for 8
min. The PCR products were analyzed by 1.5% agarose gel electrophoresis. The gel was stained
with 0.5 pg/mL ethidium bromide. The gel was photographed under UV light and the molecular
weights of the PCR products were compared with standard molecular weight markers (TriDye™ 1

kb DNA Ladder, New England, Biolab, MA, USA).
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Subtyping using denaturing gradient gel electrophoresis (DGGE)

Not all isolates can be serotyped, and non-serotypeable A. actinomycetemcomitans
still exists, thus this technique was used for detection of subtypes of A. actinomycetemcomitans and
to study the distribution of A. actinomycetemcomitans subtypes.

Subtyping was performed using DGGE, the V2-V3 region of the 16S rRNA gene
was amplified with primers of HDA1-GC and HDA-2 (Table 1) according to the method of Ledder
et al.” The diversity in the DNA sequence of the V2-V3 region of 4. actinomycetemcomitans is
suitable for distinguishing subtypes of A. actinomycetemcomitans. The reaction mixture consisted
of 1 unit of Tag DNA polymerase, a 10x PCR buffer with 1.5 mM MgCl,, 5 pM of forward primer
(HDA1-GC) and reverse primer (HDA-2), 200 uM dNTP, and 10 ng of DNA template. The PCR
cycle was performed at 94°C for 4 min followed by 30 cycles of 94°C for 30 s, 56°C for 30 s, and
68°C for 60 s. The final cycle was stationary at 68°C for 7 min to provide a chain elongation step.
PCR products (238 bp) were determined using a D-Code universal mutation detection system (Bio-
Rad, Hemel Hempstead, UK) with 8% polyacrylamide gel (16 x 16 cm, 1 mm deep). The gel was
run with a final concentration of 1x TAE buffer (2 M Tris base, 2 M glacial acetic acid, 0.5 M
EDTA pH 8.0). On this basis, a denaturation gradient for parallel DGGE analysis ranging from 35%
to 60% (100% denaturant equals 7 M urea and 40% formamide) was selected for distinguishing the
serotypes of A. actinomycetemcomitans. The PCR product of the clinical strains of A.
actinomycetemcomitans isolates was compared with the reference serotypes. Reference serotypes of
A. actinomycetemcomitans (a through f) were loaded into the gel to compare with clinical strains.
Electrophoresis was carried out at 120 volts at 60°C for approximately 6 h. The gel was stained
with SYBR” safe stain for 30 min and was viewed under UV light (Spectroline® UV
Transilluminator Select™ Series). Images of the gels were analyzed using BioNumerics version 6.0
(Applied Maths). The resulting patterns were compared to one another using the dice similarity
coefficient and the matrix generated was clustered by the UPGMA method (Ultra-Violet Products

Ltd., UK).



Table 1 Primer sequences used in this study

Name Sequence (5’ - 3°) Target Product size (bp) Reference
1x3 GCCGACACCAAAGACAAAGTCT Itx A - glyA gene 686 (deletion strain) Poulsen et al.”
1tx4 GCCCATAACCAAGCCACATAC 1,216 (normal strain)

2,117 (insertion strain)
HDAI-GC CGCCCGGGGCGCGCCCCGGGCGGGGCGG V2-V3
GGGCACGGGGGGACTCCTACGGGAGGCA (16s rRNA) 238 Ledder et al."”
HDA -2 GCAGT GTATTACCGCGGCTGCTGGCAC

SA-F GCAATGATGTATTGTCTTCTTTTGGA Putative 428 Suzuki et al.’

SA-R CTTCAGTTGAATGGGGATTGACTAAAAC mannosyltransferase

SB-F CGGAAATGGAATGCTTGC dTDP-4-keto-6-deoxy- 298 Suzuki et al.’

SB -R CTGAGGAAGCCTAGCAAT D-glucose reductase

SC-F AATGACTGCTGTCGGAGT Putative 559 Suzuki et al.’

SC-R CGCTGAAGGTAATGTCAG acetyltransferase

144



Table 1 (continued)

Name Sequence (5’ - 3°) Target Product size (bp) References

SD-F TTACCAGGTGTCTAGTCGGA Putative 690 Suzuki et al.’

SD -R GGCTCCTGACAACATTGGAT mannosyltransferase

SF-F CCTTTATCAATCCAGACAGC 4813-5044° 232 Kaplan et al.”

SF-R ARAAYTTYTCWTCGGGAATG"

cdtBF CAACAACACAATTCCAACCC cdtB-cdtC 1,971 Tanetal. " ; Umeda et

cdtR TTAGCTACCCTGATTTCTCC al.'”

‘R=AorG;:Y=CorT;W=AorT; ® GenBank accession no. AF213680

S¢
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A. actinomycetemcomitans strains were selected for virulence factor tests

A total of 96 independent strains included 36 serotypeable and 60 non-
serotypeable strains isolated from 37 subjects with A. actinomycetemcomitans positive strains
(79 strains from 37 deep pockets and 17 strains from 11 shallow pockets). Strains were
serotyped using PCR with specific primers (as described above) including serotype a having 11
strains, serotype ¢ having 11 strains (included 2 strains of JP-2 like), serotype e having 7 strains,
and serotype f having 7 strains. Denaturing gel gradient electrophoresis was used for subtyping
60 non-serotypeable strains (as described above) including the non-serotypeable group 1 (NS1)
of 11 strains, the non-serotypeable group 2 (NS2) of 9 strains and other groups of non-
serotypeable (other NS) with 40 strains. The culture collection was kept at —80°C in the
Department of Stomatology at the Faculty of Dentistry, Prince of Songkla University, Thailand.
A. actinomycetemcomitans was cultured on brain heart infusion agar (BHI) under anaerobic
conditions (80% N,, 10% H, and 10% CO,) at 37°C for 3-5 days before being used. Reference

strains of A. actinomycetemcomitans were included in this study (as described above).

Determination of cdtBC genes

The presence of cdtBC genes was investigated as in a previous
investigation.““’115 The reaction mixture consisted of 10 ng of extracted bacterial DNA, 5 pM

114,115

each of c¢dtBF and cdtR, 600 uM dNTP, 10x PCR buffer, 2.5 mM MgCl,, and one unit of
Taq polymerase. The thermo cycling program was performed at 94°C for 5 min followed by 35
cycles at 94°C for 30s, at 57°C for 30s, at 72°C for 2 min, and a final extension at 72°C for 8
min. Amplicons were analysed using 1.5 % agarose gel electrophoresis and the molecular

weights of the PCR products were compared with standard molecular weight markers (TriDye™

1 kb DNA Ladder, New England Biolabs, Ipswich MA).
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Determination of leukotoxin expression

The total of bacterial RNA was extracted using an innuPREP DNA/RNA Mini
kit (Analytikjena, Berlin, Germany) and the total RNA concentration in each sample was
calculated from the A260. Twelve pg/mL of the total RNA was added in a Sensi-FAST™SYBR
One-step kit (Bioline Reagent Ltd.), and the DNA sequences of primers used were 1tx3 and 1tx4.
The PCR thermal profile consisted of an initial cDNA step of 10 min at 45°C followed by 94°C
for 5 min and then 40 cycles at 94°C for 1 min, at 60°C for 1 min, and at 72°C for 2 min.
Amplification, detection, and data analysis were performed with the Rotor gene Q (Qiagen,
Valencia, CA). A. actinomycetemcomitans ATCC 33384 was used as a positive control to
compare with other samples. The mRNA expression level of leukotoxin was expressed as the

ZAACT, of which the 16s rRNA gene was used as a housekeeping gene.

Determination of leukotoxin activity

The leukotoxicity of A. actinomycetemcomitans was determined using the
trypan blue exclusion method with some modification.* Briefly, the promyelocytic leukemic
cell line (HL-60 derived from the Faculty of Associated Medical Science, Chiang Mai
University) was grown in Roswell Park Memorial Institute 1640 medium (RPMI 1640; Gibco®,
Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) and with 1% pen-
strep in an atmosphere of 5% CO, at 37°C. HL-60 was adjusted in RPMI 1640 at a density of 1 x
10° cells/ml and bacterial inoculum (108 CFU/ml) was added and incubated at 37°C for 2 h. HL-
60 cells without bacteria were used as a negative control. After incubation, 0.4% trypan blue
was added to the mixtures to stop the reaction, and the mixture placed on a hemocytometer and
observed under a light microscope. Leukotoxin activity was reported as a proportion according
to the formula of death cells (%) = 100 — (surviving cells of the test/surviving cells of the control

x 100).
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Determination of internalization

A. actinomycetemcomitans cells were resuspended in DMEM (Dulbecco’s
Modified Eagle’s Medium; Gibco®, Grand Island, NY, USA ) at a density of 10° CFU/mL.
Fibroblast cells (Mouse fibroblast cell lines (L929) Balb/c 3T3 ATCC CCL 163 obtained from
Dr. Carl T. Hanks, University of Michigan, School of Dentistry, Ann Arbor, Michigan) were
cultured in fibroblast growth medium (FGM; DMEM supplemented with 10% fetal bovine
serum, 1% pen-strep, and 1% fungizone) and incubated with 5% CO, at 37°C for 48-72 h or
until the cells propagated a full flask. Cells (7 x 10" cells/well) were seeded onto 24-well plates
and incubated with 5% CO, at 37°C for 48-72 h. 4. actinomycetemcomitans cells (108 CFU/m))
were incubated with a monolayer, having a 95-100% confluence, at 37°C for 1 h in anaerobic
conditions. Then non-adherent bacteria were washed off with PBS pH 7.0. Gentamycin (100
pug/ml) was added to the 24-well plates, which were then incubated at 37°C for 2 h to kill
external cells.” After washing twice with PBS pH 7.0, cells were disrupted using 0.05% trypsin-
EDTA and incubated for 5 min at 37°C. A 10-fold dilution of samples was made in PBS pH 7.0
and then plated on BHI agar. The plates were incubated at 37°C for 24-48 h for counting the
number of A. actinomycetemcomitans. The internalized percentages were calculated from the

number of internalizations divided by the total number of bacterial cells at the start x 100.

Determination of cytotoxicity to fibroblasts

Cytotoxicity to fibroblasts was determined using the trypan blue exclusion
method with some modification." Briefly, A. actinomycetemcomitans was harvested and
resuspended in DMEM at a density of 1 x 10" CFU/ml. L929 was cultured in FGM in an
atmosphere with 5% CO, at 37°C for three days. The cells were adjusted in DMEM to a density
of 1 x 10° cells/ml. Bacterial inoculum (50 ul) and fibroblasts (50 pl) were incubated at 37°C for
2 h. Fibroblasts without bacteria were used as a negative control. After incubation, 100 pl of
0.4% trypan blue was added and viable cells were observed under a light microscope.
Cytotoxicity to fibroblasts was reported as a percentages according to the formula of death

fibroblasts (%) = 100 — (surviving cells of the test/surviving cells of the control x 100).
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Data analysis

The prevalence of A. actinomycetemcomitans serotypes between deep and
shallow pocket sites and the number of A. actinomycetemcomitans serotypes with positive
cdtBC genes between deep pockets and shallow pockets were analyzed by the Chi-square test.
The differences of cytotoxicity in fibroblasts, internalization into fibroblasts, leukotoxin activity,
and leukotoxin expression of 4. actinomycetemcomitans serotypes and subtypes were evaluated
using the Kruskall-Wallis test, and the Mann-Whitney U test was used for multiple comparisons.

P < 0.05 was considered statistically significant.
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3. RESULTS

Subjects and clinical characteristics

A total of 44 chronic periodontitis patients fulfilled the inclusion criteria. The
mean age was 46.4 + 9.5 years with a range of 24-60 years. They were all systemically healthy
and had not taken any antibiotics during the last 6 months. Twenty subjects (45.5%) were males
and 23.3% of all subjects smoked, while the mean percentage (£SD) of sites with gingival
bleeding was 72.3 + 29.3%. The mean percentage of sites with CAL = 4 mm and CAL = 7 mm
was 35.3 + 21.6% and 18.0 + 22.3%, respectively (Table 2), and the mean percentage of sites
with PPD < 3 mm, PPD = 5 mm, and PPD =7 mm was 58.8 + 30.2%, 19.3 % 17.6%, and 8.3 =
11.6%, respectively.

The deep pocket sampling sites exhibited a mean CAL of 8.8 £ 1.9 mm, PPD of
8.9 = 2.0 mm and all showed bleeding on probing. The shallow pocket sampling sites had no

CAL and no BOP, and PPD was 2.64 = 0.65 mm.

Study of the leukotoxin (/£x) gene

A total of 184 A. actinomycetemcomitans isolates (145 from deep pockets and
39 from shallow pockets) were positive for the l&x promoter gene. Two strains (2 isolates)
isolated from 2 different subjects exhibited 530-bp deletion of the /tx promoter region (or JP2
clone like) (Figure 1). These two patients, one man (57 years of age) and one woman (24 years
of age), were diagnosed as having generalized moderate to severe chronic periodontitis with 21
and 15 teeth remaining, respectively. They showed percentage of sites with PPD < 3 mm, PPD
2 5 mm, and PPD 2 7 mm of 39.0%, 41.9% and 19.1%, respectively, whereas the percentage
of sites with CAL = 4 mm and = 7 mm was 36.3% and 18.8 %, respectively. Two other
subjects harbored one strain each (from 10 isolates) with an 886-bp insertion on the /tx promoter
gene (Fig. 6). They were diagnosed as having generalized moderate to severe chronic

periodontitis with 21 and 25 teeth remaining. They showed that the percentages of sites with
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PPD < 3 mm, PPD >5 mm, and PPD = 7 mm were 70.9%, 21.5%, and 7.6%, respectively,
whereas the percentage of sites with CAL = 4 mm and = 7 mm were 18.5% and 3.9%,

respectively.

Table 2 Characteristics of the study population

Subjects
Subjects parameters n =44
Mean + SD
Age (years) 46.4+9.5
Males (%) 455
Smokers (%) 233
No. of teeth present 25.5+4.7
% sites with BOP 72.3+29.3
% sites with CAL = 4 mm 353 +21.6
% sites with CAL = 7 mm 18.0+22.3
% sites with PPD < 3 mm 58.8 £30.2
% sites with PPD = 5 mm 19.3+17.6
% sites with PPD = 7 mm 83+11.6

Analysis of the prevalence and subtypes of A. actinomycetemcomitans

The prevalence of 4. actinomycetemcomitans was 84.1% (37/44 subjects) from
37 deep pocket sites and 11 shallow pocket sites. A total of 96 independent strains, 79 from
deep pocket and 17 from shallow pocket sites, were used for analysis. Initially, 145 isolates from
deep pocket samples and 39 from shallow pocket samples were pure cultured and tested for the
Itx-gene (see above) and then serotyped. If the same serotype occurred for two or more isolates
from the same sample, they were considered the same strain. Thus, 24 independent serotypeable
strains were isolated from deep pockets and 12 independent strains from shallow pockets (P <

0.05). Sixty strains (55 from deep and 5 from shallow pockets) were non-serotypeable. The



32

prevalence and serotype distribution is shown in Table 3 and Figure 7a. The prevalence of
serotypeable and non-serotypeable (NS) strains was equal at subject levels (54.5%). Among the
serotypeable strains, serotypes a and ¢ were most prevalent (18.2% and 15.9%, respectively),
while serotypes b and d were not found. Notably, the 2 JP2 like strains and the 2 strains with the
insertion gene as identified above were all classified as serotype c. A. actinomycetemcomitans
serotypes and non-serotypeable (NS) strains showed a similar distribution pattern in deep
pockets, while the frequency of serotypeable isolates was significantly higher in shallow
compared to deep pockets (P < 0.01).

Additionally, all 184 isolates were subtyped with DGGE. Similarly as for the
serotypeable isolates, when the same DGGE subtype occurred for two or more isolates from the
same sample they were considered the same strain. The 24 serotypeable strains fell into 3 DGGE
subtypes (S1-3). The DGGE subtyping could not distinguish between serotype a, d, and f (Fig.
7b), and this subtype was designated as DGGE subtype S1 (S for serotypeable). Serotype c
isolates formed a separate DGGE subtype (S2) and serotype e formed the DGGE subtype S3
(Table 4). The 60 non-serotypeable isolates (55 from deep pockets and 5 from shallow pockets,
Table 3) fell into 16 different DGGE subtypes (NS1-16), and the distribution is shown in Table
4. The NS1 and NS2 subtypes were more frequent (12.7% and 10.1% in deep pockets,
respectively) than the others. A dendrogram showing the similarity between the subtypes as
presented in Figure 7c. The UPGMA method could not distinguish between serotype b and e,
between a and ¢, or between d and f (Fig. 7¢), although the differences between serotype b and e
and serotype a and ¢ were quite visually clear under UV-light in the gels (Fig. 8).

The same pocket/sample could harbor more than one subtype, in fact up to four
different subtypes (serotypes and DGGE subtypes) were found in 3 deep pocket samples from

three different patients (Table 5).
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Fig. 6 The /tx gene of different strains of A. actinomycetemcomitans was amplified using Itx3
and 1tx4 primers: lane 1 contained 4. actinomycetemcomitans ATCC 33384 (serotype ¢
and non-JP2 clone); lane 2 contained P48:2 (JP2 clone); lanes 3-5 were clinical isolates
with a normal /tx gene; lane 6 was a clinical isolate with 530 bp deletion gene; lane 7 was

a clinical isolate with an 886 bp insertion gene; and lane M was the marker.
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Table 3 Prevalence of 4. actinomycetemcomitans at subject and site level, and serotypes/

subtypes distribution in deep and shallow pockets

No. (%) No. of (%) sites No. (%) of strains isolated
subjects Aa-positive Aa- Aa-positive  Aa-positive
Serotypes'/Subtypes  n =44 deep positive deep shallow
pockets shallow pockets pockets
n =37 pockets n="79 n=17
n=11
a 8 (18.2) 8(21.6) 3(27.3) 8 (10.1) 3(17.6)
b ND ND ND ND ND
c 7(15.9) 7(18.9) 4(36.4) 7(8.9) 4(23.5)
d ND ND ND ND ND
e 4(9.1) 4(10.8) 3(27.3) 4(5.1) 3(17.6)
f 5(11.4) 5(13.5) 2(18.2) 5(6.3) 2(11.7)

Total serotypeable 24 (54.5) 24 (64.9) 11 (100.0) 24 (30.3)° 12 (70.5)°

Non-serotypeable 24 (54.5) 24 (64.9) 4 (36.4) 55 (69.2)b’C 5(29.4)

ND: not detected,

“serotypeable,

* The difference between the number of serotypeable and non-serotypeable strains isolated
from deep and shallow pockets was significant (P < 0.01),

 The difference between the number of strains totally isolated from deep pockets and shallow

pockets was significant (P < 0.05)
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Fig. 7 (a) Serotyping of A4.actinomycetemcomitans by the PCR with specific primers: lane 1was
serotype a (CCUG 37004), lane 2 was serotype b (CCUG 37002), lane 3 was serotype ¢
(CCUG 13227), lane 4 was serotype d (CCUG 38565), lane 5 was serotype ¢ (CCUG
37399), lane 6 was serotype f (OMGS 3816), lanes 7-9 were clinical isolates of serotype
a, d, and f, respectively, and lane M was the marker.

(b) Subtyping of A.actinomycetemcomitans by DGGE: lane 1 was serotype a (CCUG
37004), lane 2 was serotype b (CCUG 37002), lane 3 was serotype ¢ (CCUG 13227), lane
4 was serotype d (CCUG 38565), lane 5 was serotype e (CCUG 37399), lane 6 was

serotype f (OMGS 3816), and lanes 7-16 were clinical isolates (lanes 7, 8, 11, 13, and 15
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were serotype a, d, f, lane 12 was serotype e, lanes 9 and 16 were NS 2 and NS 1,
respectively, and lanes 10 and 14 were other NS)

(c) Dendrogram illustrating the similarities among the A.actinomycetemcomitans strains
for different subtypes, which were calculated based on the intensity and the position of
each band in the gel. The scale bar indicates the value of similarity, which if closer to

zero (0) are very similar but if closer to 1 are very dissimilar.

serotype

sero%g g
serotype ¢
serotype a

Fig. 8 Subtyping of 4.actinomycetemcomitans serotype a (CCUG 37004) and ¢ (ATCC 33384)
as well as serotype b (CCUG 37002) and e (CCUG 37399) clearly distinguished by

DGGE.
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Table 4 Prevalence and distribution of DGGE subtypes of 4. actinomycetemcomitans strains

No. (%) of strains isolated from

DGGE subtypes Deep pockets Shallow pockets
n=179 n=17
S 1 (serotype a,d,f) 13 (16.5) 5(29.4)
S 2 (serotype ¢) 7 (8.9) 4 (23.5)
S 3 (serotype €) 4(5.1) 3(17.6)
NS 1 10 (12.7) 1(5.9)
NS 2 8 (10.1) 1(5.9)
NS3,7,9,10 3(3.8) ND
NS 4,5 1(1.3) ND
NS 6,11, 14 2(2.5) ND
NS 8, 12 4(5.1) ND
NS 13 1(1.3) 1(5.9)
NS 15, 16 4(5.1) 1(5.9)

Table 5 Distribution of serotypes and DGGE-subtypes of A. actinomycetemcomitans in subjects

and sites (deep and shallow pockets)

Site level
Subtypes distribution Subject level Deep pocket Shallow pocket
n=37 n=37 n=11
Single type 12 (32.4) 12 (32.4) 5(45.5)
Two types 11 (29.7) 11(29.7) 6 (54.4)
Three types 11 (29.7) 11 (29.7) ND
Four types 3(8.1) 3(8.1) ND

ND: not detected
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Virulence factors of A. actinomycetemcomitans serotypes

Presence of cdtBC genes

The cdtBC gene was detected in 84.4% of all strains (81 of 96 strains: 66 strains
from deep pockets and 15 strains from shallow pockets), and distribution of cdtBC genes

between serotypeable and non-serotypeable strains in the deep pocket was significantly different

(Table 6).

Virulence factors of serotypeable or non-serotypeable strains from deep and

shallow pockets

Considering the abilities of leukotoxin expression, leukotoxin activity,
internalization of fibroblast cells and cytotoxicity to fibroblasts between the strains isolated from
deep and shallow pockets of individual serotypeable or non-serotypeable strains, the strains
from deep pockets, especially non-serotypeable strains, showed significantly higher abilities in
all means (P < 0.01, Table 7). When comparing the strains from deep pockets between
serotypeable and non-serotypeable, non-serotypeable strains exhibited significance higher
means for leukotoxin expression, leukotoxin activity, internalization of fibroblast cells and
cytotoxicity to fibroblasts, compared to serotypeable strains (P < 0.001, Table 7).

Generally, mean values for leukotoxin expression for non-serotypeable and
serotypeable strains showed significantly higher (P < 0.001) means for strains isolated from
deep pockets compared with those isolated from shallow pockets (Table 7). The non-
serotypeable strains isolated from deep pockets showed significantly (P < 0.01) higher means of
leukotoxin expression, leuktoxicity, internalization and cytotoxicity to fibroblasts than the
serotypeable strains (Table 7). The non-serotypeable subtypes, NS1 and NS2, isolated from deep
pockets, showed significantly (P < 0.05) higher means of cytotoxicity to fibroblasts compared to
the serotypeable and other NS strains. However, no significant differences were found between

these groups if the strains were isolated from shallow pockets.
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Table 6 Presence of 4. actinomycetemcomitans cdtBC genes in serotypeable and non-

serotypeable subtypes isolated from deep and shallow pocket sites

No. (%) of strains with cdtBC genes

Serotypes/subtypes’ Deep pocket Shallow pocket
n =66 n=15

Serotypeable: 22 (33.3) 11 (73.3)
a 7 (10.6) 3(20.0)
c 7 (10.6) 3(20.0)
e 4(6.1) 3(20.0)
f 4(6.1) 2(13.3)
Non-serotypeable: 44 (66.7)" 4(26.7)
NSI 10 (15.2) 1(6.7)
NS2 8 (12.1) 1(6.7)
other NS 26 (39.4) 2 (13.3)

“no serotype b and d strains were found,

- significant difference of cdtBC gene positive between serotypeables and non-serotypeable

strains (P < 0.001)
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Table 7 Mean = SD of leukotoxin expression, leukotoxin activity, internalization, and
cytotoxicity to fibroblasts for serotypeable and non-serotypeable strains of A.

actinomycetemcomitans isolated from deep and shallow pocket sites, respectively

Serotypeable Non-serotypeable
Virulence factors Deep pockets Shallow Deep pockets Shallow
n =24 pockets n=>55 pockets
n=12 n=>5
Leukotoxin expression 11.0+7.6° 21+1.7 42.9+39.6 0.3+0.3
(multiple of control)
Leukotoxin activity (%) 40.7+13.7 292+182  475+11.8% 32.0+ 149
Internalization (%) 483 +2.7 39.7+2.7 57.9+13.27 445 £9.9
Cytotoxicity to 51.3+6.8 43.0+6.0 61.7+14.4" 38.4+5.5

fibroblasts (%)

- significant difference of individual characteristics of A. actinomycetemcomitans strains
between deep pockets and shallow pockets (P < 0.01),
- significant difference of individual characteristics of 4. actinomycetemcomitans strains of deep

pockets between serotypeable and non-serotypeable (P < 0.001)

3.3. Leukotoxin expression, leukotoxin activity, internalization, and cytotoxicity in
fibroblasts of A. actinomycetemcomitans between serotypeable and non-serotypeable
strains

The results of Table 8 demonstrate that subtype NS1 exhibited highly
significant leukotoxin expression (P < 0.001) compared to others (serotypeable, NS2, and other
NS) with mean of 89.1 + 37.1. Also, subtype NS2 showed highly significant leukotoxin
expression (P < 0.001) compared to serotypeable and other NS with mean of 36.3 + 6.8.

In addition, subtype NS1 exhibited highly significant leukotoxin activity (P <

0.001) compared to serotypeable strains, NS2 and other NS. Moreover, NS1 showed correlation
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between leukotoxin expression and leukotoxin activity in the same way (P < 0.001; r, =0.936).
NS2 showed significant difference from serotype f (P < 0.05).

All strains showed various degrees of internalization of bacterial cells into
fibroblasts compared to the number at the start. The non-serotypeable (NS1, NS2, and other NS)
showed a significantly higher degree of internalization of fibroblast cells (62.8 + 12.1%, 64.4 +
11.8%, and 55.9 + 13.0%, respectively) compared to serotypeable strains (48.6 + 8.3%).

The cytotoxicity to fibroblasts of NS1 (66.3 + 10.3%) and NS2 (75.1 + 13.1%)
was significantly higher than that serotypeable strains (50.5 = 9.7%) and other NS (58.1 +
12.6%) (P < 0.001).

Two strains (JP2-like) with a 530 bp leukotoxin gene deletion showed high
levels of leukotoxin expression (596.0 = 291.3) and leukotoxin activity (54.7 + 9.3%), similar to
what was found for the JP2 reference strain (761.0 + 34.6) and significantly higher than all other
strains tested. Internalization and cytotoxicity to fibroblasts were of the same magnitude or even

lower than that of the non-serotypeable NS1 and NS2.
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Table 8 Mean + SD of leukotoxin expression, leukotoxin activity, internalization, and
cytotoxicity to fibroblasts for serotypeable and non-serotypeable strains of 4.

actinomycetemcomitans

Virulence Leukotoxin Leukotoxin  Internalization  Cytotoxicity
factors expression activity (%) (%) to fibroblasts

Serotypes/ (fold of control) (%)
subtypesa
a 8.0+3.9 414+159 444 +10.2 57.5+49
¢’ 8.1+3.2 37.8+£18.5 50.3+£12.6 56.0£12.3
e 11.9+7.7 36.9 +14.0 50.1 +14.8 48.4+9.2
f 3.7£24 32.1+16.8 48.5+12.3 43.1+11.8
NSI1 89.1+37.1° 50.6+9.9° 62.8+12.1" 66.3+10.3"
NS2 363+6.8 447+115° e44x118"  751+13.17
Other NS 8.1+13.0 347+12.4 55.9+13.0° 58.1+12.6
JP2-like (serotype c) 596.0 £291.3 547+£93 48.4+£0.5 66.4+0.5
JP2 761.0 £ 34.6 57.3+84 53.9+0.6 57.8+£0.6

Statistical analysis was considered within the same column,

“no serotype b and d strains were found; . serotype ¢ excluded 2 strains of JP2-like,

- significant difference between NSland others (serotypeable, NS2, and other NS) P < 0.001,

- significant difference between NS2 and serotypeable strains and other NS P < 0.001,

- significant difference between NS2 and serotype f P < 0.05,

- significant difference of NS1, NS2 and other NS compared to serotypeable strains P < 0.001, P
<0.001, P <0.05, respectively,

* significant difference between NSland others (serotypeable and other NS) P < 0.001
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4. DISCUSSION

This study was carried out with the aim to investigate the prevalence and
relationship of A. actinomycetemcomitans serotypes with chronic periodontitis patients in
Thailand and its virulence factor such as cdtBC genes, leukotoxin expression and its activity,
internalization, amd cytotoxicity in fibroblasts. The main finding are that there was a high
prevalence (84.1% ) of A. actinomycetemcomitans was found in deep pocket samples that was
significantly higher than the prevalence in shallow pockets (11.0%), and that there was a similar
prevalence of non-serotypable strains (54.5%) and serotypable strains (54.5%) among the
patients. Serotypes a and ¢ were the most prevalent serotypes (18.2 and 15.9% respectively),
while serotype b and d were not found. Two strains with a JP2- like deletion of 530 bp in the
promoter region of the leukotoxin gene and two strains with a 886 bp insertion of the /rx
promoter were found and identified as serotype c. The DGGE subtyping disclosed 16 subtypes
among the non-serotypable strains, among which two subtypes, NS1 and NS2, were more
common than the others, and up to four different subtypes could be found in the same individual
and in the same sample/pocket. This means that subtype NS1 and NS2 associated with chronic
periodontitis and strains with deletion of 530 bp in /tx promoter did not belong to only serotype
b. The virulence factors of 96 independent strains of A. actinomycetemcomitans were 84.4% of
the cdtBC gene. A higher virulence was found in the two non-serotypeable DGGE subtypes,
NS1 and NS2, than in the serotypeable strains (serotype a-f, serotypes b and d were absent).
Furthermore, two strains with a JP2-like /tx gene with a deletion of 530 bp in the promoter
region (serotype ¢) showed a magnitude of cytotoxicity similar to that of JP2 clone reference
strains (serotype b). The strains obtained from deep periodontal pockets had generally higher
virulence than those isolated from shallow pockets.

The proportion of the population that harbors A. actionomycetemcomitans
differs dramatically between various geographical areas and different clinical presentations of
periodontitis.47 Most studies have focused on aggressive forms of periodontitis in juveniles,
while only a few studies reported on periodontitis in adults. Similarly, available prevalence data
of A. actionomycetemcomitans are comparatively few from Asian populations compared with
data from Caucasians, Hispanics or Afro-americans.'>  The prevalence of A.

actionomycetemcomitans in general adult Asian populations was low in Japanese and Koreans
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(19.5% and 22.2%).15’17 However, in some countries such as Indonesia, China, and Thailand the
prevalence of A. actionomycetemcomitans is quite high (44.5%, 63.0%, and 88.0-92.7%,

. 13,45,58,60
respectively).

This may depend on the periodontitis and socioeconomic status of the
population. The present study showed a similar high prevalence (84.1%) of A.
actionomycetemcomitans in Thai chronic periodontitis cases. A higher prevalence is thus
expected from diseased cases compared to healthy subjects as also has been reported, and a
higher prevalence has also been found in deep pockets compared to healthy shallow pockets in
several studies.” “* "' This is supported by the present study showing 84.1% prevalence in deep
pockets compared to 11% prevalence in shallow healthy pockets. It should be emphasized that
the prevalence of A. actionomycetemcomitans is highly dependent on the population
characteristic and the number of samples used for analysis. An increasing number of samples
will certainly increase the prevalence in accordance with Meng et al. (2009), who collected 2
sites with the deepest pockets, which showed significantly higher prevalence of A.
actinomycetemcomitans than that of healthy sites.'® In fact, in the present study we sampled 2-3
deep sites in each case, which increased the prevalence from 37 to 42 out of the 44 subjects
(unpublished observations). It needs to be pointed out that we, for statistical and computational
reasons, randomly selected only one single deep pocket to be included in this study. Another
strategy could have been to use pooled samples, which also would have increased the prevalence
on the subject level, although at the cost of limiting the calculation of site prevalence.117 It is
tempting to argue, similarly to Dahlen et al. (2002), that if the number of samples increased, we
would have found 100% prevalence leading to the conclusion that Thai adults are generally
colonized with A. actionomycetemcomitans and that these bacterium is members of the resident
oral microbiota.

A critical step in prevalence studies is the detection method of choice. Culture
on selective media, the most commonly used strategy, is reasonably sensitive and has the
advantage of strain isolation for further genetic and phenotypic subtyping. In this study, we
selected up to five colonies from each sample with the purpose of isolating different subtypes;
altogether 96 independent strains were isolated. While culture-independent methods, such as
PCR, real-time PCR, etc, give a high prevalence of 4. actinomycetemcomitans,46 nevertheless,
they are problems for studying bacterial phenotypic characteristics such as sugar fermentation,

immune response, etc.
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The diversity of A. actionomycetemcomitans was investigated using serotyping
and DGGE subtyping. Traditionally, serotyping used an immunodiffusion assay, later serotype
specific primers were identified. Nowadays, serotyping is carried out with PCR methodology.“
Thus 6 serotypes (a-f) can be identified, with a, b, and ¢, being found to be the most common. >
61500218 A seventh serotype (serotype g) has been proposed; however, the non-serotype was
still present in some populations.7’17 It has previously been suggested that serotype c is more
common in the Asian population, while serotype b is detected more frequently in Caucasian or

12, 13, 15, 17, 60, 118,119

African populations. Both serotypes have been associated with periodontitis,

2.4, 8,9,13,58

especially aggressive and chronic periodontitis. The highly toxic genotype (JP2) was
found in children of North and West Africag'“; however, this strain can also be found in adults
(33 and 62 years) in Sweden. * 2% All of them are serotyped as serotype b. However, serotype b
was not found in the present study, supporting the observation that serotype b is not a very
common serotype in the Asian population. The absence of serotype b may be due to the small
sample size (44 periodontitis cases), which is too small to find uncommon bacterial subtypes in
a particular population. Also, it may be due to other factors such as patient age, disease severity
and an Asian subpopulation such as adults of southern Thailand.

It was surprising to find two JP2-like strains (strains with 530 bp deletion on
the /tx promoter gene) from Thai chronic periodontitis that were serotyped as ¢. The JP2 strain
has not been found in an Asian population and this strain has only been reported in African
populations and were serotyped as b.** The rate of non-serotypeable 4.
actionomycetemcomitans strains in chronic periodontitis cases in this study was remarkable

(54.5%) being as common as the serotypeable strains (54.5%). Non-serotypeable strains have

17, 60, 61
) and seem to be more common

been previously found in Asian populations (8.9-14.7%
than in American and African populations (1.2-9.5% ).'* ' *

The high rate of non-serotypeable strains led us to use some other subtyping
methods such as DGGE. The DGGE method has been recommended to use for studying the
competitive ability of A.actinomycetemcomitans strains. Although there has been only one
report on the use of DGGE for subtyping between serotype b and ¢,”” DGGE disclosed 16
subtypes among the non-serotypeable strains and showed much higher subtype diversity than

that found for serotypeable strains. The findings from non-serotype groups in this study indicate

that new serotypes beyond serotypes a-f may be possible as serotype g is the newest serotype
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that has been found in 2014.” However, to further analyze other serotypes was beyond the scope
of this investigation. The non-serotypeable strains were significantly (P < 0.05) more common
among the strains isolated from the deep pockets than those from the shallow pockets, which
indicates an association between some DGGE subtypes, deep pockets and periodontitis. Two
subtypes (NS1 and NS2) were more common, but whether they are more related to periodontitis
or are more toxic than other strains is a matter for further study. The subtype diversity among
the isolates needs explanation in view of the fact that up to four different subtypes could be
found in the same sample — indicating that the diversity is much more illustrated when using
culture methodology and DGGE subtyping. This diversity may be population related but it could
also be due to a change in disease pattern and/or age of the individuals. It is suggested that the
competitive process that governs those subtypes that are best fitted to the changing environment
in slowly progressing sites is when the individual grows older and that the non-serotypeable
strains have such abilities allowing them to colonize and increase in deep periodontal pockets of
adult patients with chronic periodontitis.

Also, the present study focused on the relation of serotypes/subtypes of A.
actinomycetemcomitans and their virulence. Variation in the virulence factors, such as
leukotoxin expression and its activity, internalization, cytotoxicity to fibroblasts, and cdtBC
genes, among A. actinomycetemcomitans strains was found and this may play a role in the
pathogenesis of periodontal diseases.

This investigation showed a high prevalence of cdtBC genes (84.4 %) in
contrast to the lower prevalence (27%) that was observed in Thai patients by Bandhaya et al.”
This is explained by the fact that 4. actinomycetemcomitans may be positive for the cdtBC,
while still being cdtABC negative.121 It is possible that mutation had occurred in the cdt4 gene,
which results in unsuccessful annealing of the primers. It may also be due to different methods
leading to discrepancies in detection frequency of cdtABC genes in A. actinomycetemcomitans.
12179 A0, the difference of the sample (healthy or diseased sites) may affect the detection rate
of the cdt gene. However, the distribution of cdf genes among the analyzed isolates did not show
any serotype-dependent pattern and it was not possible to demonstrate a specific pattern for cdt
genes among the 4. actinomycetemcomitans subtypes in the present study.

Leukotoxin of 4. actinomycetemcomitans is known as a crucial virulence

factor, especially the highly leukotoxin producing JP2 clone, but the leukotoxin expression has
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not yet been studied among the Asian population. The /tx gene was found in all A.
actinomycetemcomitans strains in this study; however, leukotoxin expression varied among
different strains. It was found that a high leukotoxin expression was associated with a deletion of
530 bp in the /tx promoter gene. 89 Additionally, we examined leukotoxin expression and its
activity to indicate that leukotoxin produced from A. actinomycetemcomitans strains could be
synthesized and secreted to kill target cells (THP-1, HL-60)."**" Our results confirmed that the
leukotoxin gene with 530-bp deletion enhanced leukotoxin expression approximately 17-fold
compared to the normal /tx gene, resulting in higher leukotoxin activity by killing more HL-60
cells in this study.

It has been previously reported that the highly leukotoxic strains (JP2 clone)

11, 14, 21, 22 .. . . . .
thus it is believed that there is an association between

usually belong to serotype b,
serotype b and aggressive periodontitis.21 Our study has shown that such a claim is not always
true because the strains with a deletion of 530 bp found in this study were identified as serotype
c. In addition, serotype b was not detected in this study although the periodontal severities
among the patients with chronic periodontitis in this study were relatively obvious. Both JP2-
like strains found in this study originated from deep periodontal pockets (twelve mm) from two
different patients with severe periodontitis.

Strains with inserted sequence elements were found among isolated A.
actinomycetemcomitans strains in this study. He et al."* demonstrated that highly toxic strains of
A. actinomycetemcomitans contained a novel insert sequence element. However, such an
insertion did not seem to influence leukotoxin expression in this study (data not shown).

The factors that influence the expression of various toxins in bacterial cells of
subgingival biofilm in vivo in the presence of inflammation and complex polymicrobial
microbiota are matters of conjecture. Most strains, including the non-serotypeable ones, isolated
from deep periodontal pockets showed a higher virulence compared with the virulence of those
that originated from shallow pockets. It is tempting to argue that the higher leukotoxin
expression in the non-serotypeable and the NS1 and NS2 subtypes in particular (although they
were not in the magnitude of the genetically based highly toxic JP2 clone) indicates a higher
leukotoxin expression of these subtypes. On the other hand, the expression of virulence factors
and the toxicity are probably due to an environmentally driven adaptation to the pathological

periodontal pocket. We have limited knowledge of how the genes in detail are regulated and



48

about the role of environmental conditions for leukotoxin expression in vivo. The results of the
present study should primarily be regarded as showing the virulence capacity and the
comparative toxicity between strains under similar conditions in vitro.

The internalization ability of A. actinomycetemcomitans has been considered an
important factor in the disease process because A. actinomycetemcomitans can escape from host
defense and antibiotics by internalization into host cells such as epithelial cells and
fibroblasts.”"*** The present study showed highly significant internalization of non-serotypeable
strains, particularly NS1 and NS2. It is likely that this is part of the subtype selection that takes
place in the periodontal pocket due to a more competitive survival ability of these subtypes.
Also, NS1 and NS2 strains showed a significantly higher degree of cytotoxicity to fibroblasts,
which may be a consequence of their internalization in cell lines. It was reported that
cytotoxicity to fibroblasts after exposure to A. actinomycetemcomitans followed inhibition of
DNA synthesis, decreased RNA synthesis, and a decrease in fibroblast cell growth.26

The fact that multiple subtypes are commonly isolated from a patient or even
from one pocket warrants comment. It is commonly found that the resident flora, as the age of
the host increases, is successively colonized by new genotypes of the same bacterial species,
climaxing with a community of multiple subtypes.lzz’123 Several genotypes of the same species
increase the survival rate. At the same time, there are competition and internal control between
the subtypes favoring those that have certain abilities to adapt in a dynamic and changing
environment. The production of leukotoxin and the ability to internalize host cells are ways to
escape the host defense as discussed above. It is therefore tempting to speculate whether the
presence of toxic subtypes such as NS1 and NS2 are due to a competitive process between
genotypes of the same species favoring those with a higher toxicity or due to a significantly
higher ability for cytotoxicity and internalization than other A. actinomycetemcomitans subtypes.

Such abilities of NS1 and NS2 strains may express more in chronic periodontitis in adults.
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5. CONCLUSIONS

The present study was performed to characterize oral A.
actinomycetemcomitans serotypes/subtypes in relation to periodontitis status in Thai chronic
periodontitis. There was a strong relationship between deep pockets and the A.
actinomycetemcomitans level. The level of A. actinomycetemcomitans in deep pockets was
significantly higher than that in shallow pockets.

The assessment of chronic periodontitis A. actinomycetemcomitans was
achieved in this thesis using a molecular method and inclusion of numerous periodontitis
patients. Furthermore, the classifications of 4. actinomycetemcomitans serotypes/subtypes were
examined. The serotypes/subtypes frequency analysis of A. actinomycetemcomitans was
performed on 96 strains from 37 subjects. Five serotypes and nineteen subtypes were detected:
non-serotypeable (54.4% of subjects) strains were the most frequent followed by serotype a
(18.2%), serotype ¢ (15.9%), serotype e (9.1%), and serotype f (11.4%). Serotype b and serotype
d were not detected in this study. Furthermore, this is the first time that isolates with a 530
bp deletion or 886 bp insertion of the /tx promoter have been described in an Asian
population. Some unique strains were found, of which two strains had a 530 bp deletion
in the /tx promoter similar to the previously demonstrated JP2 genotype but were identified
as serotype c¢. Non-serotypeable subtype NS1 and NS2 (12.7 and 10.1%) showed a higher
detection rate than other subtypes. An association between non-serotypeable A.
actinomycetemcomitans, especially subtype NS1 and NS2, and chronic periodontitis in Thai
adult was found.

By clonal analysis, a genetic heterogeneity among subjects was found and up to
four different clonal serotypes/subtypes of A. actinomycetemcomitans were detected in a single
deep pocket. The genetic heterogeneity of serotypes/subtypes of A. actinomycetemcomitans
found in deep pockets suggests that changing disease patterns or age of the individual or
competition process or changing environment may promote various A. actinomycetemcomitans
serotypes/subtypes to colonize and persist in the subgingival tissue.

Virulence factors, including cdtBC genes, leukotoxin expression, leukotoxin
activity, internalization, and cytotoxicity in fibroblasts were determined. Eighty-four percent of

A. actinomycetemcomitans strains presented cdtBC genes. No association was found between A.
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actinomycetemcomitans serotypes/subtypes and cdtBC genes. Leukotoxin expression varied
among the different of 4. actinomycetemcomitans strains. Highly virulence was found in two
strains with a JP2-like 530 bp deletion of the promoter gene of the /tx gene but were serotyped
as c. The non-serotypeable subtype NSI and NS2 showed significantly higher leukotoxin
expression, leukotoxin activity, cytotoxicity to fibroblasts, and internalization than serotypeable
and other NS. JP2-like, NS1, and NS2 showed high virulence. Thus the severity of periodontitis
may be related with these strains. The ability of virulence factors of A. actinomycetemcomitans
was higher in strains from deep periodontal pockets than from shallow pockets. A.
actinomycetemcomitans serotypes/subtypes isolated from Thai adults with chronic periodontitis
showed a highly variable virulence, leukotoxin expression, leukotoxin activity, internalization,
and cytotoxicity to fibroblasts, and are regulated both genetically and environmentally.

More information about the pattern and virulence of 4. actinomycetemcomitans
and their relationship to chronic periodontitis in Thai adults could help increase our
understanding about the roles of these microorganisms in periodontitis development and lead to
a definition of a risk group of bacteria. The finding of marked virulence strains of A.
actinomycetemcomitans (JP2-like, NS1, and NS2) present in severe chronic periodontitis
reported here raises the possibility that these strains may be related to severe chronic

periodontitis.
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Article history: Objective: To investigate the distribution of Aggregatibacter acti i and DGGE

Received 3 March 2015 subtypes among isolates from Thai chronic periodentitis patients.

Received in revised form 2 September 2015 Design: Forty-four adult Thai perindontitis patients were { by a full mouth recording for CAL PPD,

Accepted 3 September 2015 and BOP. Seventy-nine strains of A. actinomycetemeomitans were isolated from deep pockets on selective
TSBV agar and 17 strains were isolated from shallow pockets. The strains were serotyped using PCR and

Keywonds: ) ) subtyped using DGGE.

m?::mmnmmmmns Results: The p e of A. actinomy was 34.1%. N ble A actinomycetemco-

Chronic periodontitis mitans strains occurred equally frequent as ble (54.5%); a 1823, pe ¢ 15.9%,

Serotype e 9.1%, and ype [ 11.4%. b and d were not detected. A JP2 like strain but serotyped

Subtype as ¢ was isolated from two patients, and another two strains showed an 886 bp insertion on the o

DGGE of their A. actil itans isolates. DGGE typing disclosed 16 different subtypes among
the non-serotypeable strains. Two of them (N51 and N52) were more common {12.7 and 10.1%) among
the strains than the other 14 subtypes { <5.1%). Most patients showed only one subtype (32.4%) but 29.7%
had 2 and 3 different subtypes while 8.1% revealed 4 subtypes in one and the same deep pocket.
Conclusion: This study showed a greater subtype diversity of A. acti i {omi |
non-seratypeable strains than previously reported in an adult Thai population. It was also revealed for
the first time that isolates with a 530 bp deletion or 886 bp insertion of the Itx promoter were serotyped
as serotype c.

® 2015 Elsevier Ltd. All rights reserved.
1. Introduction ‘Yoshida, [keda, & Koga, 2001). It has been reported that there was

an increased proportion of serotype b among patients with
aggressive periodontitis {formerly juvenile periodontitis), whereas
serotypes a and ¢ have been associated with periodontal health

Aggregatibacter actinomycetemcomitans, a gram-negative, cap-
nophilic coccobacillus, has been associated with several forms of

periodontitis including aggressive and chronic periodontitis in
Jjuveniles and adults (Minguez et al., 2014; Mombelli, Casagni, &
Madianos, 2002 ). A. actinomycetemcomitans has been traditionally
classified in at least 6 serotypes (a-f) based on a surface
polysaccharide antigen and are disclosed phenotypically by an
immunodiffusion assay or genotypically by PCR (Asikainen, Lai,
Alaluusua, & Slot, 1991; Kaplan et al. 2001; Suzuki, Nakano,

* Corresponding author. Fax: +66 74 212922
E-mail address: rawee t@psu.acth (R Teanpaisan).

htp:fjdx dob.org/10.1016/j. archoralbio 2015.09.003
0003-9969/& 2015 Elsevier Lid. All rights reserved.

(Zambon, Slots, & Genco, 1983). In addition, a highly virulent
subtype of A. actinomycetemcomitans (the JP2 genotype) has been
classified as serotype b (Haubek et al., 1997). This particular strain
has been claimed for a racial tropism due to oral colonization
exclusively in individuals with an African origin (Haubek et al.,
1997; Haubek, 2010; Haubek, Poulsen, Westergaard, Dahlen, &
Kilian, 1996). This particular |P2 clone has not yet been found in the
Asian population (Bandhaya, Saraithong, Likittanasombat, Heng-
prasith, & Torrungruang, 2012; Dahlen et al., 2002; He, Nishihara,
Demuth, & Ishikawa, 1999; Kim. Frank, Eickholz, Eick, & Kim,
2009). Not all isolates can be serotyped and non-serotypeable A.

65



66

1790 N. Pahumunro et al fArchives of Oral Biology 60 (2015) 1789-1796

acfinomycetemcomitans isolates have been previously reported in a
frequency rate of approximately 1.2-11.4% (Chen, Wang, & Chen,
2010; Minguez et al, 2014). A higher rate of non-serotypeable
strains was reported to occur in Asian populations ( 14.7%) (Yoshida
et al, 2003). Thus, it was hypothesized for the present study that
we might face yet another example of racial tissue tropism
involving non-serotypeable A. actinomycetemcomitans strains that
call for another subtyping strategy of A. acinomycetemcomitans
rather than the traditional serotyping. Denaturing Gradient Gel
Electrophoresis (DGGE) has been used as a diagnostic tool in
periodontal microbiology to detect putative periodontal pathogens
including A. actinomycetemcomitans in dental plague samples
(Ihalin & Asikainen, 2006; Ledder et al.. 2007; Zijnge et al.. 2006).
Genotyping using DGGE has been used to disclose wvarious
serotypes of A. actinemycetemcomitans and was found to detect
only 3 out of the 6 serotypes, however, DGGE has not so far been
used for subtyping non-serotypeable A. actinomycetemcomitans
isolates.

The aim of this study was to investigate the prevalence and
distribution of serotypes and DGGE subtypes of A. actinomyce=-
temcomitans derived from deep and shallow pocket sites of chronic
periodontitis cases in Thai adults.

2. Materials and methods
2.1, Siudy population

Forty-four subjects were consequentially recruited during 18
months (June 2012-December 2013) for this study from the
patient recall list of the specialist Clinic for Periodontology, at the
Faculty of Dentistry, Prince of Songkla University, Thailand. They
were should all be diagnosed as having generalized moderate to
severe chronic periodontitis according to the American Academy of
Periodontology in 1999 (Armitage. 1999), and were then selected
based on the following inclusion criteria: (i) <60 years of age with
remaining teeth =15, (ii) showing clinical attachment level >4 mm
on 30% of sites, (ili) showing pocket with a depth >3>mm and
bleeding on probing, (iv) presenting of bone loss on radiograph,
and (v) showing in good general medical health. Any patients with
the following condition: (i) having systemic disease, (ii) taking any
antibiotic medication within the previous six months, and (iii)
receiving pericdontal treatment or preventive prophylaxis within
six months prior to this study were excluded.

The study was approved by the Ethics Committee of the Faculty
of Dentistry at Prince of Songkla University, Thailand (EC550936P).
All patients gave their informed consent and were offered dental
treatment after the study. Patients were also registered for general
health, age, gender and smoking.

2 2 Clinical examination

A full mouth recording of the patient’s clinical attachment level
(CAL), probing pocket depth (PPD) and bleeding on probing (BOF)
was assessed. All three parameters were recorded at four sites per
tooth; the mesio-buccal, mid buccal, disto-buccal and mid lingual
aspect of all teeth except third molars. Probing pocket depth was
measured to the nearest whole mm as the distance between the
gingival margin and the bottom of the probeable pocket, and the
clinical attachment level was measured as the distance in mm from
the enamel-cement junction to the bottom of the pocket.

2 3. Subgingival plague sampling

Two subgingival samples were taken from each patient
randomly. The first sample was taken from one deep pocket site,
which was defined as having clinical attachment loss (CAL> 4
mm), a probing pocket depth (PPD>5mm), and bleeding on
probing (BOP). The second sample was also randomly taken from
one shallow pocket sample, being a site with no CAL and BOP, and
PPD < 3 mm. All samples were obtained by introducing 2 sterile
paper points subgingivally, which were kept in place for 15s. Then
they were transferred into a vial containing reduced transport
medium (RTF), which was immediately transported to the
laboratory.

2.4, Cultivation and identification

Samples were cultured on the tryptic soy serum bacitracin
vancomycin agar (TSBV agar), a selective medium for A. actino-
mycetemcomitans, under anaerobic conditions (80% M., 10% H, and
10% C04) at 37 °C for 3-5 days (Slots, 1982). The initial identifying
based on showing a typical A. actinomycetemcomitans morphology
as star-shaped or small smooth, adherent and catalase-positive
colonies, a micro-morphology being gram-negative coccobacilli.
All isolates were further confirmed being A actinomycetemcomi-
tans as the presence of the leukotoxin gene (ltx) using the PCR with

Table 1
Primer sequence used in this study.
Mame Sequence (5'-37) Target Product size (bp) Reference
[FE] GOCGACACCAAAGACAAAGTCT Irx A-giyA gene 686 (Delerion strain Poulsen et al., 2003
lixd GOCCATAACCAAGCCACATAC 1216 (Normal strain)
217 (Insertion strain)

HDAT-GC CGCCOGGLGOGOGCCOCGGGOGGLECGGE V23 (165 riMA) 38 Ledder et al, 2007

GGCACGGGLGLACTUCTACGGGAGGCAGT
HDA-2 AGT GTATTACCGUGLCTGCTGGCAC
SA-F GCAATGATGTATTGTCTTCTTTTGGA Putative mannosyliransferase 428 Suzuki et al, 2001
SA-R CITCAGTTGAATGGGGATTGACTAAAAC
SB-F COGAAATCCAATGOTTGE

CTGAGGAAGCCTAGCAAT dTDP-4-keto-G-deoxy-o-glucese reductase 298 Suzuki et al, 2001
SC-F AATGACTGCTGTCGGAGT
SC-R COCTCAAGCTAATCTCAL Putative acetyltransferase 550 Suzuki et al, 2001
SD-F TTACCAGGTGTCTAGTOGGA Putative mannosyliransferase (=50 Suzuki et al, 2001
SD-R GOCTOCTCACAACATTGGAT
SE-F COTAACCACAACAATACTAAACCT Unknown m Suzuki et al, 2001
SE-R AATAACGATGGCACATCAGACTTT
SF-F CCTTTATCAATOCAGACAGT AE13-5044" 32 Kaplan et al. 2001
SF-R ARAMYTTYTOWTCCGGAATE

*Re=forG ¥Y=CorT: WeAor T,
b GenBank accession no. AF213680.
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leukotoxin gene (lix) (Pouslen, Ennibi, & Haubek., 2003). The
selected isolates were purified. and were kept at —80°C for a
further use in serotyping and subtyping. The following reference
strains of A. actinomycetemcomitans were included: CCUG (Culture
Collection, University of Goteborg, http://www.ccug.se/) strain
37004 serotype a, CCUG 37002 serotype b, CCUG 13227 serotype c,
ATCC 33384 serotype ¢, CCUG 3B565 serotype d. CCUG 37399
serotype e, OMGS 3816 serotype f (received from Sirkka Asikainen,
Umed, Sweden) as well as a P48:2 JP2 clone strain (received from
Gunnar Dahlen, Gothenburg, Sweden).

2 5. Determination of the leukotoxin (Itx) gene

This study aimed to determine the ltx gene and Itx gene variants
of A actinomycetemcomitans. Primers used included a forward
primer Itx3 and a reverse primer ltx4 (Table 1) (Poulsen et al.,
2003). PCR mixture included 1 unit of Tag DNA polymerase, 10x
PCR buffer, 500 M dNTP, 2.5 mM MgCl,. 5 pM of 1tx3 and 1tx4, and
extracted DMA. The thermo cycling program was carried out at
94°C for 5 min and followed by 30 cycles at 34 °C for 1 min, at 60°C
for 1 min. ar 72 *C for 2 min, and a final extension at 72 °C for 8 min.
A PCR product of 1216 bp and 2117 bp represented the complete
promoter and the insertion promoter, respectively, while 686 bp
was indicated as a deletion promoter, being a characteristic of the
JP2 clone. A. actinomycetemcomitans ATCC 33384 (non=[P2) and
P48:2 (JP2) were used as negative and positive controls,
respectively. The PCR products were analyzed by 1.5% agarose
gel electirophoresis and photographed under UV light The
molecular weights of the PCR products were compared with
standard molecular weight markers (TriDye™ 1 kb DNA Ladder,
Biolab, Mew England).

2 6. Serotyping using the specific primers in PCR

All DNA samples of A. actinomycetemcomitans isolates were
prepared according to the method of Owen and Borman (1987).
Serotyping using the specific primers of the PCR method was
performed according to Kaplan et al. (2001) and Suzuki et al.
(2001) and the sequences of the specific primers for each serotype
are shown in Table 1 (Kaplan et al., 2001 ; Suzuki et al., 2001). PCR
mixture consisted of 200 M dNTP, a 10x PCR buffer with 2.5 mM
MgClz, 1 unit of Tag polymerase, 5 pM of each primer, and 10 ng of
DNA template. The PCR condition included initial denaturation at
94+ for 30 s, followed by 30 cycles of denaturation at 94°C for 155,
annealing at 54=C for 45 s, with extension at 72 *C for 1 min, and a
final extension at 72 =C for 8 min. The PCR products were analyzed
by 1.5% agarose gel electrophoresis. The gel was stained with
0.5 pg/mL ethidium bromide. The gel was photographed under UV
light and the molecular weights of the PCR products were
compared with standard molecular weight markers (TriDye™
1 kb DNA Ladder. Biolab, New England).

2.7. Subtyping using denaturing gradient gel electrophoresis {DCCE)

Subtyping using DGGE, the V2-V3 region of the 165 rRNA gene
was amplified with primers of HDA1-CC and HDA-2 (Table 1)
according to the method of Ledder et al. (2007). The reaction
mixture consisted of 1 unit of Tog DNA polymerase, a 10x PCR
buffer with 1.5 mM MgClz, 5 pM of forward primer (HDA1-CC) and
reverse primer (HDA-2), 200 M dNTP, and 10 ng of DNA template.
The PCR cycle was performed at 94*C for 4 min followed by 30
cycles of 94+C for 30s, 56+C for 30s, and 68 *C for 60 5. The final
cycle was stationary at 68 ¢C for 7 min to be a chain elongation step.

PCR products (238bp) were determined using a D-Code
universal mutation detection system (Bio-Rad, Hemel Hempstead,
UK) with 8% polyacrylamide gel (16 x 16 cm, 1 mm deep) that the

gel was run with a final concentration of 1= TAE buffer (2M Tris
base, 2 M glacial acetic acid, 0.5M EDTA pH 8.0). On this basis, a
denaturation gradient for parallel DCGE analysis ranging from 35%
to 60% (100% denaturant equals 7 M urea and 40% formamide) was
selected for distinguishing the serotypes of A. actinomycetemco-
mitans. Reference serotypes of A actinomycetemcomitans (a
through f) were loaded into the gel to compare with clinical
strains. Electrophoresis was carried out at 120 volts at 80*C for
approximately 6h. The gel was stained with SYBR™ safe stain for
30min and was viewed under a UV light (Spectrolinesx UV
Transilluminator Select™ Series). The PCR product of the clinical
strains of A. actinomycetemcomitans isolates were compared with
the reference serotypes. Images of the gels were analyzed using the
BioMumerics version 6.0 (Applied Maths). The resulting patterns
were compared to one another using the Dice similarity coefficient,
and the matrix generated was clustered by the UPGMA method
{Ultra-Violet Products Ltd., UK).

2.8 Sraristical analysis

The frequency of A. actinomycetemcomitans serotypes between
deep and shallow pocket sites was analyzed by Chi-square test.
P 0,05 was considerad statistically significant.

3. Results
3.1. Subjects and clinical characteristics

A total number of 44 chronic periodontitis patients fulfilled the
inclusion criteria. The mean age was 46.4 £ 9.5 years with a range
of 24-60 years. They were all systemically healthy and had not
taken any antibiotics during the last 6 months. Twenty subjects
(45.5%) were males and 23.3% of all subjects smoked, while the
mean percentage of sites with gingival bleeding was 72.3 £ 20.3%_
The mean percentage of sites with CAL>4mm and CAL>7mm
was 353 £ 21.6% and 18.0 £ 22 3%, respectively (Table 2), and the
mean percentage of sites with PPD<3mm, PPD>5mm, and
PPD = 7 mmwas 58.8 £ 30.2% 19.3 £ 17.6%, and 8.3 + 11.6%, respec-
tively.

The deep pocket sampling sites exhibited a mean CAL of
B8+ 19mm, PPD of 89+20mm and all showed bleeding on
probing. The shallow pocket sampling sites had no CAL and no BOP,
and PPD was 2.64 + 0.65mm.

32 Study of the leukotoxin (Itx) gene

Totally 184 A actinomycetemcomitans isolates (145 from deep
pockets and 39 from shallow pockets) were positive for the I
promoter gene. Two strains (2 isolates) isolated from 2 different
subjects exhibited the 530-bp deletion of the [tx promoter region
{or JP2 clone like) (Fig. 1). These two patients, one man (57 years of

Table 2

Characteristics of the study population.
Subjects parameters Subjects n=44

Mean £ 50

Age (year olds) A6A+95
Males (%) 455
Smokers (X) 233
Mo. of teeth present 255447
% Sites with BOP T23+293
X Sites with CAL >4 mm 35.3+L216
% Sites with CAL >7 mm 180£223
% Sires with PPD £3 mm SEE+302
% Sires with PPD >5mm 193+ 176
% Sites with PPD 27 mm B3+116
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Fig. 1. The lrx gene of different strains of A. acrinomycetemcomitans was amplified
using Ire3 and Ined primers: lane 1, A actinomyceremconitans ATCC 33384 (serotype
¢ and non-JP2 clone); lane 2, P48:2 (JF2 clone); lanes 3-5, clinical isolates with
normal {rx gene; lane 6, dinical isolate with 530bp deletion gene; lane 7, clinical
isolate with 886 bp insertion gene; and lane M, the marker.

age) and one woman (24 years of age), were diagnosed to have a
generalized moderate to severe chronic periodontitis with 21 and
15 teeth remaining, respectively. They showed the percentage of
sites with PPD<3mm, PPD>5mm, and PPD >7mm of 39.0%,
41.9% and 19.1%, respectively, whereas the percentage of sites with
CAL=4mm and >7 mm was 36.3% and 18.8% respectively. Two
other subjects harbored one strain each (from 10 isolates) with an
BB6-bp insertion on the ltx promoter gene (Fiz. 1). They were
diagnosed to have a generalized moderate to severe chronic
periodontitis with 21 and 25 teeth remaining. They showed the
percentage of sites with PPD < 3mm, PPD > 5mm, and PPD>7
mm of 70.9%, 21.5%, and 7.6%, respectively, whereas the percentage
of sites with CAL>4mm and >7mm was 185% and 39%
respectively.

Table 3

3.3. Analysis of the prevalence and subiypes of
actinomycetemcomitans

The prevalence of A. actinomycetemcomitans was found 84.1% in
37 subjects; from 37 deep pockets sites and 11 shallow pockets
sites. A total of 96 independent strains, 79 from deep pocket and 17
from shallow pocket sites, were used for analysis. Initially 145
isolates from deep pocket samples and 39 from shallow pocket
samples were pure cultured and tested for the [tx-gene (see above)
and then serotyped. If the same serotype occurred for two or more
isolates from the same sample, they were considered the same
strain. Thus, 24 independent serotypeable strains were isolated
from deep pockets and 12 independent strains from shallow
pockets (P < 0.05). Sixty strains (55 from deep and 5 from shallow
pockets) were non-serotypeable. The prevalence and serotype
distribution is shown in Table 3, Fig. 2a. The prevalence of
serotypeable and non-serotypeable (N5S) strains was equal on
subject level (54.5%). Among the serotypeable strains, serotypes a
and ¢ were most prevalent (18.2% and 15.9%, respectively). while
serotype b and d were not found. Notably, the 2 JP2 like strains and
the 2 strains with the insertion gene as identified above were all
classified as serotype c. A. aclinomycetemcomitfans serotypes and
non-serotypeable [(NS) strains showed a similar distribution
pattern in deep pockets, while the frequency of serotypeable
isolates was significantly higher in shallow compared to deep
pockets (P=0.01).

Additionally, all 184 isolates were subtyped with DGGE.
Similarly as for the serotypeable isolates, when the same DGGE
subtype occurred for two or more isolates from the same sample
they were considered the same strain. The 24 serotypeable strains
fell into 3 DGGE subtypes (51=3). The DGGE subtyping could not
distinguish between serotype a, d, and f (Fiz. 2b) and this subtype
was designated DGGE subtype 51 (5 for serotypeable). Serotype ¢
isolates formed a separate DGGE subtype (52) and serotype e
formed the DGGE subtype 53 (Table 4). The 60 non-serotypeable
isolates (55 from deep pockets and 5 from shallow pockets,
Table 3) fell into 16 different DGGE subtypes (N51-16) and the
distribution is shown in Table 4. The N51 and NS2 subtype were
more frequent (12.7% and 10.1% in deep pockets, respectively) than
the others. A dendrogram showing the similarity between the
subtypes is presented in Fig. 2c.

The UPCMA method could not distinguish the difference
between serotype b and e, between a and ¢, and between d and
(Fig. 2c), although the differences between serotype b and e and
serotype a and ¢ were quite clear visually under UV-light in the gels
(Fig. 2b).

Prevalence of A. actinomycetemoomitons at subject and site level, and serotypes/subtypes distribution in deep and shallow pockers.

Serotypes’[subtypes Mo. () subjects Mo. of (X) sites Mo. (%) of strains isolated from
n=d4
Aa positive deep pockets Aa positive shallow pockets Aa positive deep pockets Aa positive shallow pockets
n=37 n=T1 =79 n=17
a 8(18.2) & (21.6) 3(273) & (101) 3(1786)
b ND HND ND HND ND
c 7(159) 7(18.9) 4 (36.4) 7 (8.9) 4(235)
d ND HND ND HND ND
e 4(91) 4(10:8) 3(273) 4(51) 3(176)
f 5(11.4) 5(135) 2(18.2) 5 (6.3) 2 (1.7)
Total serotypeable 24 (54.5) 24 (64.9) 11 (100.0) 24 (30.3)% 12 (7050
Mon-serotypeable 24 (54.5) 24 (64.9) 4 (36.4) 55 (GU.2) 5 (29.4)b=

ND: not detected.
4 Serotypeable.

" The difference between no. of serotypeable and non-seratypeable strains isolated from deep and shallow pockers was significant (P <001}
* The difference between no. of strains totally isolated from deep pockets and shallow pockets was significant (P < 0.05).
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Fig. 2. (a) Serotyping of A actinamycetemopmitans by the PCR with specific primer: lane 1, serotype a (CCUG 37004 ); lane 2, serotype b (CCUG 37002): lane 3, serotype o (CCUG
132277 lane 4, serotype d [(CCOUG 38565); lane 5, serotype e [ COUG 37399); Lane 6, serotype {OMGS 3816); lanes 7-9, clinical isolates of serotype a, d, and f, respecrively; and
lane M, the marker. (b) Serotyping of A actinomycetemcomitans by DGGE: lane 1, serotype a {CCUG 37004); lane 2, serotype b (CCUG 37002); lane 3, serotype ¢ (CCUG 13227);
lane 4, serotype d (CCUC 38565); lane 5, serotype e {CCUG 37399); lane 6, serotype f (OMCS 3816); and lanes 7-1E, clinical isolates (lanes 7, 8, 11,13, and 15, serotype a,d. £
lane 12, serotype €; lanes 9 and 16, NS 2 and N5 1; lanes 10 and 14, other M5) (c) The dendrogram illustrating the similarities among the A. actinomycetemoomitans strains of
different subtypes and were caloulated based on the intensity and the position of each band in the gel. Scale bar indicates value of similarity which closer zero (0 are very

similarity but closer 1 are very difference.

The same pocket{sample could harbor more than one subtype,
in fact up to four different subtypes (serotypes and DGGE subtypes)
were found in 3 deep pocket samples from three different patients
(Table 5).

4. Discussion

The proportion of the population that harbors A. actionomy-
cetemcomitans differs dramatically berween various geographical
areas and different clinical presentations of periodontitis (Rylev &
Kilian, 2008). Most studies have been focused on aggressive forms

of periodontitis in juveniles, while less has been reporied on
periodontitis in adults. Similarly, available prevalence data of A.
actionomycetemcomitans are comparatively few from Asian pop-
ulations than from Caucasians, Hispanics or Afro-americans
{Contreras et al., 2000). Using various methods, the prevalence
in general adult Asian populations has been reported to be 19.5%
(328 Japanese adults by culture) (Yoshida et al, 2003), 63%
{185Chinese young and older adults by culture) (Mombelli, Cmur,
Lang, Corbert, & Frey, 1999), 27 and 22.2% (96 German and 98
Korean cases by real-time PCR) (Kim et al., 2009}, 19.0% (453 Thai
adults by PCR) (Bandhaya et al., 2012; Torrungruang, Bandhaya,
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Table 4
Prevalence and distribution of DGGE subtypes of A. actinemycetemopmitans strains.

DGGE subtypes Mo. (%) of strains isolated from
Deep pockets Shallow pockets
n=79 n=17

5 1 (serotype ad.f) 13 {16.5) 5 (29.4)

5 2 (serotype c) 7(8.49) 4(235)

5 3 (serotype e) 4(51) 3(178)

NS 1 10 {12.7) 1{5.4)

NS 2 g(101) 1(5.9)

MN$3.7.9.10 3(3.8) ND

NS4, 5 1(13) ND

NS5 6. 11,14 2(25) ND

N5 8,12 4(5.1) ND

NS 13 1(13) 1(5.9)

NS 15, 16 4(5.1) 1(5.9)

MD: not detected; 5: serofypeable DGGE subtypes: N5: non-serotypeable DGGE
subtypes.

Likittanasombat, & Grittayaphong, 2009), 88% (60 rural Thai adults
by culture) (Dahlen et al., 2002), 92.7% (356 rural Thai adults by
checkerboard DNA-DNA hybridization method) {Papapanou et al.,
2002), and 44.5% (265 Indonesian adults by culture) (van der
Reijden, Bosch-Tijhof, van der Velden, & van Winkelhoff, 2008 ). The
present study, using culture, showed a similar high prevalence
(84.1%) of A. actionomycetemcomitans in Thai chronic periodontitis
cases. A higher prevalence is thus expected from diseased cases
compared to the general population as also reported, and a higher
prevalence has also been found in deep pockets compared to
healthy shallow pockets in other studies (Asikainen et al., 1991;
Meng, Zhao, Yang, Wu, & Ouyang, 2009; Papapanou et al., 2002).
This is supported by the present study showing 84.1% prevalence in
deep pockets compared to shallow healthy pockets of 11%. It
should be emphasized that a prevalence study is highly dependent
on the sampling strategy and the number of samples used for
analysis. An increasing number of samples will certainly increase
the prevalence in accordance with Meng et al. (2009) who
collected 2 sites with the deepest pockets, which showed
significantly higher prevalence than that of healthy sites (Meng
etal, 2009). In fact, in the present study we sampled 2=3 deep sites
in the cases, which increased the prevalence from 37 to 42 out of
the 44 subjects (unpublished observations). It needs to be pointed
out that we, for statistical and computational reasons, randomly
selected only one single deep pocket to be included in this study.
Another sirategy would have been to use pooled samples, which
also would have increased the prevalence on the subject level,
although at the price of limiting calculating the site prevalence
(Psoteretal, 2011). It is tempting to argue, similarly to Dahlen et al.
(2002) that if the number of samples increased, we would have
found 100% prevalence leading to the conclusion that Thai adults
are generally colonized with A. actionomycetemcomitans and is a
member of resident oral microbiota (Dahlen et al., 2002).

A critical step in prevalence studies is the detection method of
choice. Culture on selective media is the most common used
strategy, is reasonably sensitive and has the advantage of strain

Table 5
Distribution of serotypes and DGGE-subtypes of A actinomycetemcomitans in
subjects and sives (deep and shallow pockets).

Subtypes distribution Subject lewvel Site level
n=37
Deep pocket Shallow pocket
n=37 n=11
Single type 12 (32.4) 12 (324) 5[455)
Two types 11 (29.7) 11 {29.7) 6 [54.4)
Three types 11 (29.7) 11 (29.7) ND
Four types 3(8a) 3(81) ND

ND: not detected.

isolation for further genetic and phenotypic subtyping. In this
study we selected up to 5 colonies from each sample with the
purpose of isolating different subtypes; altogether 96 strains were
isolated (see below ). PCR using primers for 165 rDNA seems to give
a lower prevalence although gene-specific methodology can be
used for direct detection of certain serotypes, cdt genotypes and
specific virulent genotypes such as JP2 (Bandhaya et al, 2012;
Contreras et al, 2000; Haubek et al.. 1997; Haubek et al., 2001;
Haubek, Poulsen, Asikainen, & Kilian, 1995; Roman-Torres et al.,
2010; Sakellari et al, 2011). The checkerboard DNA-DNA
hybridization method was used in some epidemiological studies
in Asia (China and Thailand) (Papapanou et al, 1997; Papapanou
et al, 2002) showing a high prevalence both at the subject and site
level, although it is claimed that the methed is not very sensitive
{Dahlen, Preus, & Baelum, 2015). Most studies show a lower
detection rate of A. actionomycetemcomirtans compared to other
putative periodontopathogens, and it may well be so that this
method also has a lower degree of specificity (by cross-hybridiza-
tion) against the target bacteria, making prevalence studies for A
actionomycetemcomitans less reliable using the checkerboard
DMNA=-DNA hybridization method (Dahlen et al., 2015; Papapanou
et al., 1997).

The diversity of A. actionomycetemcomitans was investigated
using serotyping and DGGE subtyping. Traditionally, serotyping
first used an immunodiffusion assay and later when serotype
specific primers were identified, serotyping was carried out with
PCR methodology (Asikainen et al., 1991; Kaplan et al, 2001;
Suzuki et al., 2001 ). Thus 6 serotypes (a-f) can be identified, with a,
b, and c, being found to be the most common (Chung, Chung, Son, &
Nisengard, 1989; Dahlen et al., 2002; Kaplan et al., 2001 ; Mombelli
et al., 1999; Saarela et al., 1992; Suzuki et al.. 2001). It has also
previously been suggested that serotype c is more common in the
Asian population than in populations with Caucasian or African
origin (Bandhaya et al., 2012; Dahlen et al_, 2002; Kim et al, 2009;
Leung et al., 2005; Mombelli et al.,, 1999; Yoshida et al., 2003). In
those studies serotype b has been associated with periodontitis,
especially aggressive periodontitis in young individuals (localized
juvenile periodontitis) (Asikainen et al., 1991; Haubek et al, 1997;
Zambon et al, 1983). The highly toxic genotype (JP2) found in
children of Morth and West Africa is genotype b: it was also
detected in samples from two adults (33 and 62 years) in Sweden
{Claesson, Lagervall, Hoglund-Aberg, Johansson, & Haubek, 2011;
Haubek et al., 1997). However, serotype b was not found in the
present study—supporting that serotype b is not a very commaon
serotype in the Asian population. This may in part be due to the
small sample size (44 periodontitis cases), which is too small for
prevalence studies in general and to find uncommon bacterial
subtypes in a population in particular. The absence of serotype b
could also be due to other factors such as patient age, disease
severity and an Asian subpopulation such as adults of Southern
Thailand.

It was surprising to find 2 JP2-like strains that were serotyped as
c. The patient records did not reveal that these two patients were
clinically unique, nor were they clinically unique for the 2 strains of
a genotype with insertion in the lix gene. We are not able at this
point to say that these 4 strains are equally toxic or virulent as the
JP2 genotype but this will be subjected for further investigation.
The rate of non-serotypeable A. actionomycetemcomitans strains in
chronic periodontitis cases in this study was remarkable [54.5%)
and was as common as the serotypeable sirains (54.5%). Non-
serotypeable strains have been previously found in Asian
populations (8.9-14.7%) (Mombelli et al, 1999; Yamamoto et al,,
1997; Yoshida et al, 2003) and seems to be more common than in
American and African populations (1.2-9.5%) (Chen et al.. 2010;
Fine et al., 2007; Ihalin & Asikainen, 2006).
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The high rate of non-serotypeable strains led us to use some
other subtyping method such as DGGE. The DGGE method was
suggested to be useful in investigations for the competitive ability
of strains belonging to different lineages of A. actinomycetemco-
mitans, although there have been no reports on the use of DGGE for
subtyping (lhalin & Asikainen, 2006). DGGE disclosed 16 subtypes
among the non-serotypeable strains and showed much higher
subtype diversity than that found for the serotypeable strains. The
findings from non-serotype groups in this study indicate that new
serotypes beyond serotypes a-f may be possible; a serotype g has
been proposed (Tsuzukibashi et al., 2014). However, to further
analyze for other serotypes was beyond the scope of this
investigation. The non-serotypeable strains were significantly
(P < 0.05) more common among the strains isolated from the deep
pockets than from the shallow pockets and indicate that some
DGGE subtypes are associated with the deep pockets and
periodontitis. Two subtypes (NS1 and NS2) were more common,
but whether they are more related to periodontitis or are more
toxic than other strains is a matter for further studies. The subtype
diversity among the isolates needs explanation in view of the fact
that up to 4 different subtypes could be found in the same sample—
illustrating the diversity is much more expressed when using
culture methodology and DCGE subtyping. This diversity may be
population related but it could also be due to a changing disease
pattern andfor age of the individual. It is suggested that the
competitive process that governs those subtypes that are best
fitted to the changing environment in slowly progressing sites is
when the individual grows older and that the non-serotypeable
strains have such abilities allowing them to colonize and increase
in deep periodontal pockets of adult patients with chronic
periodontitis.

In conclusion, the prevalence, distribution and diversity of A.
actionomycetemcomitans subtypes in this adult periodontitis
population were found to be much higher than earlier reported
in other Asian populations or elsewhere. Some unique strains were
found, of which 2 strains had a 530bp deletion in the leukotoxin
gene similar to the JP2 genotype, but was identified as serotype c.
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A high proportion of non-serotypeable isolates of Aggregatibacter actinomycetemcomitans among Thai
periodontitis cases has been previously reported. The aim of this study was to investigate the expression
of leukotooin and toxicity, cytolethal distending toxin (Cdts), and internalization and the killing effect on
fibroblasts by A. actinomycetemcomitans subtypes from Thai chronic peridontitis cases. A total of 96
A actinomycetemcomitans strains from 37 periodontitis cases, previously serotyped with PCR and sub-
typed with DGGE, were examined for the presence of the [tx gene and odt genes (cdtfC), and tested for
leukotoxin expression, leukotoxicity, internalization, and apoptosis of fibroblast cells. The Ibx gene was
present in all isolates, while 84.4% showed the cdtBC gene. Two strains with a JP2-like It gene with a
deletion of 530 bp in the promaoter region, serotyped as ¢, showed virulence of similar magnitude to the
JP2 strain. Furthermore, a higher virulence was found in the two non-serotypeable DGGE subtypes, NS1
and N52, compared with the serotypeable strains (serotype a-f, serotype b and d were absent). Generally,
the virulence of strains obtained from deep periodontal pockets was higher than those isolated from
shallow non-bleeding pockets. A. octinomycetemcomitans subtypes isolated from adult Thais with chronic
periodontitis showed a highly variable virulence, leukotoxin expression, leukotoxicity, internalization
and apoptosis of fibroblast, and are regulated both genetically and environmentally.

© 2015 Elsevier Lrd. All rights reserved.

1. Introduction

found to strictly follow the serotype pattern [7.8]. The virulence of
A. actinomycetemcomitans is thought to be associated to its pro-

Aggregatibacter actinomycetemcomitans, a capnophilic gram
negative bacterium, has been reported to be associated with several
forms of periodontitis including chronic periodontitis [1,2]. This
bacterium has also been reported to be involved in some systemic
infectious diseases, such as endocarditis, meningitis, osteomyelitis,
glomenilonephritis and arthritis [3]. A actinomycetemcomitans has
been traditionally classified into six serotypes (a-f), and a new
serofype g has been recently proposed |4=G| Serotype b is
frequently associated with aggressive periodontitis in young in-
dividuals [7], however, the virulence and toxicity have not been

* Corresponding suthor
E-muil address: rawee sy acth (B Teanpaisan ).

hirpejdx doi org/ 10.1016]j anserobe 2015.10.012
1075-9964j0 2015 Elsevier Led. All rights reserved.

duction of leukotoxin and has been studied extensively [79.10].
Other virulence factors that may play a crucial role in the patho-
genesis of periodontal diseases including cytolethal distending
toxins (CDTs), internalization, and fibroblast apoptosis, have been
studied less [7.9-13].

Leukotaxin of A. actinomycetemcomitans, encoded by lix operon,
typically causes cytotoxicity in neutrophils, macrophages, and
endothelial cells [7,14]. All A actinomycetemcomitans strains exhibit
the Ix operon, however, differences in the lbx promoter region ac-
counts for differences in leukotoxin expression among individual
strains. The lix operon strain with high leukotoxin production (JP2
clone) presents a deletion of 530 bp, resulting in 10—20 times
higher leukotoxin expression than the non-deletion strains [79].
The P2 clone of A. actinomycetemcomitans is identified as serotype
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b and is isolated most frequently in young individuals of African
origin [715]. However, a number of non-]JP2 genotype strains,
mainly serotype b but also serotype ¢ and a, have shown high
leukotoxic activity similar to the JP2 genotype [8.16]. The relation
between virulence and serotypes or other subtypes of
A. actinomycetemncomitans, except for the P2 clone, is unclear.

CDTs are multi-component bacterial toxins, which, by targeting
and entering eukaryotic cells, cause a distention and cell cycle ar-
rest. CDTs are produced by the cdtABC gene, in which cdtB is an
active toxin, while cdtA and cdiC increase the toxicity significantly
[10]. Moreover, A. actinomycetemcomifans could inhibit fibroblast
proliferation and internalize in cell cultures [11,13].

In our previous study, a high [65%) prevalence of non-
serotypeable strains of A. actinomycetemcomitans was reported
from deep pockets with advanced periodontitis [2]. No serotype b
strains were found. Two strains of a |P2-like subtype and two
strains of an insertion gene, identified as serotype ¢, were isolated.
In addition, 16 new subtypes were identified by the DGGE method,
and up to four different subtypes were found in a single deep
pocket. Such findings seem to differ from other populations and are
more diverse than previously thought [2]. The virulence and
toxicity of these subtypes are not known.

Therefore, the aim of this study was to investigate the virulence
of A. actinomycetemcomitans strains derived from Thai chronic
periodontitis cases with respect to the lix gene, leukotoxin
expression, cdf gene, internalization and killing activity on fibro-
blast cells and with special attention to A. actinomycetemcomitans
subtypes.

2. Materials and methods
21 A actinomycetemcomitans strains

All strains were obtained from a previous study of Pahumunto
etal.|2]. A total of 96 independent strains included 36 serotypeable
and 60 non-serotypeable strains isolated from 37 subjects (79
strains from 37 deep pockets and 17 strains from 11 shallow
pockets). The 36 serotypeable strains included 11 serotype a, 11
serotype ¢ (with 2 |P-2 like), 7 serotype &, 7 serotype [ and the 60
non-serotypeable strains included 11 non-serofypeable group 1
(N51). 9 non-serotypeable group 2 (NS2) and 40 other groups of
non-serofypeable strains (other NS). The culture collection was
kept at —80 *C in the Department of Stomatology, Faculty of
Dentistry, Prince of Songkla University, Thailand.

The type strains were also used as follows: CCUG 37004 sero-
type a, CCUG 37002 serotype b, CCUG 13227 serotype ¢, ATCC
33384 serotype ¢, CCUG 38565 serotype d, CCUG 37399 serotype e,
OMGS 3816 serotype f(gift from Sirkka Asikainen) and OMGS P48:2
P2 strain.

22 Determination of the leukotoxin (Itx) gene and cdtBC genes

To determine the I gene and i gene variants of
A actinomycetemcomitans, specific primers ltx3 (5- GCCGA-
CACCAAAGACAAAGTCT-3') and ltx4 (5-GCCCATAACCAAGCCACA-
TAC-3") were used [17]. The reaction mixture contained 1 unit of
Tagq polymerase, 500 pM dNTP, 2.5 mM MgCl. 5 pM of each primer
and 10 ng of extracted DNA. PCR condition was performed at 94 «C
for 5 min followed by 30 cycles at 94 *C for 1 min, 60 *C for 1 min,
72 *C for 2 min and final extension at 72 *C for 8 min. PCR products
of 686 bp, 1216 bp and 2117 bp represent the deletion, normal and
insertion of the promoter gene, respectively, on 1.5% agarose gel
electirophoresis. A. actinomycetemcomitans ATCC 33384 (non-]F2)
and P48:2 (JP2) were used as the negative and positive controls,
respectively.

The presence of the cdfBC genes was carried out using specific
primers, cdtBF [5'-CAACAACACAATTCCAACCC-3') and cdtR (5'-
TTAGCTACCCTGATTTCTCC-3") [18.19]. The reaction mixture con-
sisted of 10 ng extracted DMA, 5 pM of each primer, 600 pM dNTP,
2.5 mM MgClz and 1 unit of Tag polymerase. The PCR condition was
performed at 94 °C for 5 min followed by 35 cycles at 94 °C for 30s,
57 °C for 30s, 72 °C for 2 min, and a final extension at 72 °C for
& min. The PCR product of cdtBC genes presented as 1917 bp on 1.5%
agarose gel electrophoresis.

2.3 Determination of leukotoxin expression and its activity

Total RNA was extracted using an innuPREP DNAJRNA Mini kit
(Analytikjena, Berlin, Germany) and RENA concentration was
calculated from measuring at A260. The level of leukotoxin
expression was evaluated by adding 12 pgfml of RNA and 5 pM of
each primer, Itx3 and ltx4, in a Sensi-FAST™SYBR One-step kit
(Bioline Reagent Lid.). The PCR condition was set for an initial cDNA
step at 45 “C for 10 min followed by 94 *C for 5 min and 40 cycles at
84 °C for 1 min, at 60 *C for 1 min, and at 72 °C for 2 min. Ampli-
fication, detection, and data analysis were performed with the
Rotor gene ) (Qiagen, Valencia, CA) A actinomycefemcomitans
ATCC 33384 was used as a positive control and the 165 rRNA gene
was used as a housekeeping gene. The leukotoxin expression level
was expressed as fold of the control strain ATCC 33384,

Leukotoxin activity of A. actinomycetemcomilans was deter-
mined using the modified trypan blue exclusion method [20].
Briefly, an HL-60 cell, a promyelocytic leukemic cell line, was grown
in RPMI 1640 medium (Gibco, Grand lsland, NY, USA) supple-
mented with 10% fetal bovine serum and 1% pen-strep at 37 *Cin 5%
C0y. An equal volume (50 ul) of HL-60 cell (10° cells/ml) and tested
bacteria [IIZ!‘t CFU[ml) were mixed and incubated at 37 °C for 2 h
After incubation, 0.4% trypan blue was added and then observed
under a light microscope. Leukotoxin activity (%) = 100 — (surviv-
ing cells of the test{surviving cells of the control = 100]).

24, Determination of internalization and apoptosis of fibroblast
cells

The mouse fibroblast cell line L929 Balbjc 3T3 ATCC CCL 163
(donated by Dr. Carl T. Hanks, University of Michigan, School of
Dentistry. Ann Arbor, Michigan) was used for testing. The cell line
was grown in the fibroblast growth medium supplemented with
10% fetal bovine serum, 1% pen-strep, and 1% fungizone at 37 °C
under 5% COy for 48=72 h. For the testing, L 929 cells, having a
95=100% confluence, were inoculated with the tested strain
(108 CFU/mil), and incubated at 37 °C for 1 h. Then non-adherent
bacteria were washed off, and gentamicin (100 pg/ml) was added
and further incubated at 37 *C for 2 h to kill external bacterial cells
[12]. After washing twice with PBS, cells were disrupted using
0.05% trypsin-EDTA, then the A. actinomycetemcomitans number
was counted. The internalization (%) = the number of internaliza-
tion/the total number of bacterial cells at start = 100.

Apoptosis of fibroblast cells was determined using the modified
trypan blue exclusion method [20]. The details were mentioned as
above; however, the mouse fibroblast cell line 1929 was used
instead of the HL-60 cell line in this experiment.

2.5, Statistical analysis

The data were expressed as means + standard deviation (SD).
The Chi-square test was used to analyze the presence of the cdtBC
gene between serotypeables and non-serotypeable strains in deep
pockets. The comparative differences of fibroblast apoptosis,
internalization of fbroblast cells, leukotoxin activity, and
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leukotoxin expression of A actinomycetemcomitans serotypes and
subtypes were evaluated using the Kruskall-Wallis test and the
Mann=Whitney U test for multiple comparisons. P < 005 was
considered statistically significant.

3. Results
3.1, Presence of ltx and cdtBC genes

All 96 A_ acrinomycetemcomitans strains (100%) were positive for
the ltx operon gene; however, 2 strains isolated from different
subjects exhibited the 530-bp deletion of the lix promoter region
{or JP2-like). Two other strains from two different subjects showed
an 886-bp insertion on the lix promoter gene.

The cdrBC gene was detected in 84 4% of all strains (81 of 96
strains; 66 strains from deep pockets and 15 strains from shallow
pockets), and distribution of cdrBC genes between serotypeable and
non-serotypeable strains in the deep pocket was significantly
different (Table 1)

3.2 Virulence factors of serotypeable or non-serolypeable strains
from deep and shallow pockets

Considering the abilities of leukotoxin expression, leukotoxin
activity, internalization of fibroblast cells and fibroblast apoptosis
between the strains isolated from deep and shallow pockets of
individual serotypeable or non-serotypeable strains, the strains
from deep pockets, especially non-serotypeable strains, showed
significantly higher abilities in all means (P < 0.01, Table 2). When
comparing the strains from deep pockets between serotypeable
and non-serotypeable, non-serotypeable strains exhibited signifi-
cant in all means for leukotoxin expression, leukotoxin activity,
internalization of fibroblast cells and fibroblast apoptosis,
compared to serotypeable strains (P < 0.001, Table 2).

Generally, mean values for leukotoxin expression for non-
serotypeable and serotypeable strains showed significantly higher
(P < 0.001) means for strains isolated from deep pockets compared
with those isolated from shallow pockets (Table 2). The non-
serofypeable strains isolaied from deep pockets showed signifi-
cantly (P < 0.01) higher means of leukotoxin expression, leuko-
toxicity, internalization and apoptosis than the serotypeable strains
(Table 2). The non-serotypeable subtypes, NS1 and NS2, isolated
from deep pockets, showed significantly (P < 0.05) higher means of
apoptosis compared to the serotypeable and other N5 strains.
However, no significant differences were found between these
groups if the strains were isolated from shallow pockets.

Table 1

Presence of cdiBC genes among serolypeable and non-serotypeable strains from
deep and shallow pocket sites,

Serotypes’jsubitypes Mo. () of strains with cdtBC genes
Deep pocket i — 66 Shallow pocket o = 15

Serotypeable: 22(333) 11{733)
a 7(105) 3(20.0)
¢ 7(1056) 3 (200)
e 4(61) 3(200)
| 4(61) 2{133)
Non-senolypeabie: 44 (66T 4(26.7)
N5l 10(15.2) 1(67)
Ns2 B(121) 1(67)
other NS 26(39.4) 2{133)

* Mo seratype b and d strains were found.
b The significant presence of cdiBC gene between serotypeables and non-

seratypeable strains in deep pockets (P < 0,001).

33 Leukoroxin expression, leukotoxin activity, intermalization, and
[fibroblast apoptosis of A. actinomycetemcomitans between
serotypeable and non-serotypeable strains

The results of Table 3 demonstrated that subtype NS1 exhibited
highly significant leukotoxin expression (P < 0.001) compared to
others (serotypeable, NS2, and other NS) with mean of 89.1 + 37.1.
Also, subtype NS2 showed highly significant leukotoxin expression
(P < 0.001) compared to serotypeable and other NS with mean of
36.3 + 6.8

Also, subtype N51 exhibited highly significant leukotoxin ac-
tivity (P < 0.001) compared to serotypeable strains, N2 and other
NS. Moreover, NS1 showed correlation between leukotoxin
expression and leukotoxin activity in the same way (P < 0.001;
re = 0936). N52 showed significant difference from serotype [
(P < 0.05).

All strains showed various degrees of internalization of bacterial
cells into ibroblasts compared to the number at the start. The non-
serolypeable (NS1, NS2, and other NS) showed a significantly
higher degree of internalization of fibroblast cells (628 + 12.1%.
644 + 11.8% and 559 + 13.0%, respectively) compared o sero-
typeable strains (48.6 + 8.3%).

The fibroblast apoptosis of NS1 (66.3 + 10.3%) and NS2
(751 + 13.1%) was significantly higher than serotypeable strains
(50.5 + 9.7%) and other N5 (58.1 + 12.6%) (P < 0.001).

Two strains (JP2-like) with a 530 bp leukotoxin gene deletion
showed high levels of leukotoxin expression (596.0 + 291.3) and
leukotoxin activity (54.7 + 9.3%), similar to what was found for the
JP2 reference strain (761.0 + 34.6), and significantly higher than all
other strains tested. For internalization and apoptosis of fibroblasts,
it was of the same magnitude or even lower than the non-
serofypeable NS1 and NS2.

4. Discussion

The present study extends from our previous study focusing on
the relation of serotypes/subtypes of A. actinomycetemcomitans and
their virulence. They express several putative virulence factors
in vitro that could play a role in the pathogenesis of periodonial
diseases.

Leukotoxin of A actinomycetemcomitans is known as a crucial
virulence factor, especially the highly leukotoxin producing P2
clone, but it has not yet been reported among the Asian population
[21=24]. The lx gene was found in all A. actinomycetemcomirans
strains in this study, however, leukotoxin expression varied among
different strains. Also a high leukotoxin expression associated with
a deletion of 530 bp in the Itx promoter gene. In fact, it is quite
surprising that 2 strains with a deletion of 530 bp were found in 2
different patients, which has not previously been reported in Asian
populations [21=24] Additionally, we examined leukotoxin
expression and its activity to indicate that leukotoxin produced
from A aoctinomycetemcomitans strains could be expressed and
secreted to kill target cells (THP-1, HL-G0) [8.20]. The results
confirmed that those which had a 530-bp deletion (JP2-like)
enhanced leukotoxin expression approximately 17 fold compared
to the normal Itk gene, and that positively correlated with the high
leukotoxin activity by killing HL-60 in this study.

It was previously reported that highly leukotoxic strains (P2
clone) usually belonged to serotype b [25], thus it was believed that
there was an association between serotype b and aggressive peri-
odontitis [7]. Our study has shown that it is not always true,
because the strains with a deletion of 530 bp found in this study
were identified as serotype ¢ In addition, serotype b was not
detected in this study, although, the periodontal conditions among
the subjects in this study were relatively severe. Both JP2-like
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Table 2

Mean = SD of leuknioxin expression, leukologin writy, intermalization, and apoptosis of fbroblast cells for serotypeable and non-serotypeable strains of

A aeting rycetemennitans isolated from deep and shallow pocker sites, respactively.

Vinlence factars Serolypeable MNon-serotypeabls

Deep pockets i = 24 Shallow pockets o = 12 Deep pockets n = 55 Shallow pockets o = 5
Leukotoxin expression [fold of contral) 1.0+ 76" 2117 420 1 3064 03:03
Leukotoxkn activiry [X) 407 £ 13.7° X2+ 182 475 + 118~ 320+ 149
Internalization [X) 483+ 27 7T +27 570+ 132% 445+ 99
Apoptosis (%) 513168 43.0 £ 60 617 £ 14.4% B4+ 55

4 The significant difference of individual characteristics of A actinemyceremeomitons strains between deep pockets and shallow pockets (P < 0.01).
E The significant difference of individual characteristics of A actinamyeetemeomitans strains of deep pockets between serotypeable and non-serctypeable (P < 0.001).

Table 3
Mean =+ SD of leukotoxin expression, leukotoin ity internalization, and apoptosis of fbroblast cells for serotypeable and non-serotypeable strains of
A. aetinomyceremeonirns.
Seratypes/sublypes’ Virulence factors
Leukotoxin expression (fold of control) Leukotoxin activity (%) Internalization (%) Apoposis [X)
a B0x39 d14 = 159 ddd x 102 375z49
& Blx32 378z 1ES 503+ 126 360123
3 11877 369+ 140 501 x 148 48492
f 37x24 321z 168 485+ 123 431 =118
N51 89.1 £37.0° 506 + 9.5F 628+ 12.1' 66.3 £ 1037
NS2 363 = 68° 47 2 115 644 + 118’ 751 £ 131¢
Other N5 B.1+130 HTx124 558 + 130' 3811286
JP2-like (serotype c) 596.0 + 2913 547+93 4BA £ 05 664+ 05
2 T61.0 345 373z B4 535+ 06 57E+06

2 Mo serotype b and d strains were found.
E Serotype ¢ excluded 2 strains of JF2-like.

© The significant difference bepween N51 and others (serotypeable, M52, and other N5) P < 0.001.
* The significant dilference between N52 and serotypeable strains and other N5 F « 0.001.

* The significant difference berween N52 and serotype [P < 0,05

' The significant difference of N51, N52 and other N5 compared 1o serotypeable sirains P < 0.001, P < 0.001, P « 0.05, respectively.
® The significant difference between N51 and others (serolypeable and other N5) P < 0.001: statistical analysis was considered within the same columin.

strains in this study originated from deep pockets (12 mm pocket
depth) of 2 different subjects with severe periodontitis.

Strains with inserted sequence elements were found among
A. actinomycetemcomitans strains in this study. He et al. [20]
demonstrated highly toxic strains of A actinomycetemcomitans
contained a novel insert sequence element, but such strains did not
seem to influence leukotoxin expression in the present study (data
not shown).

The factors that influence the expression of various foxins in
bacterial cells of subgingival biofilm in vive in the presence of
inflammarion and complex polymicrobial microbiota are matters of
conjecture. Most strains, including the non-serotypeable ones,
isolated from deep pericdontal pockets showed a higher virulence
compared with the virulence of those that originated from shallow
pockets. It is tempting to argue that the higher leukotoxin
expression in the non-serotypeable and the N51 and N52 subtypes
in particular, (although they were not in the magnitude of the
genetically based highly toxic JP2 clone) indicate a higher virulence
of these subtypes. On the other hand, the expression of virulence
factors and toxicity is probably due to an environmentally driven
adaptation to the pathological periodontal pocket. We have limited
knowledge how the genes in detail are regulated and about the role
of environmental conditions for leukotoxin expression in vivo. The
interpretation of the difference in toxicity (although significant)
found between strains from deep and shallow pockets should
therefore be done with caution. The results of the present study
should primarily be regarded as showing the virulence capacity and
the comparative toxicity between strains under similar conditions
in vitro.

This investigation showed a high prevalence of the cdiBC genes
[84.4%), in contrast to the lower prevalence (27%) that was observed

in Thai subjects by Bandhaya et al. [ 22]. This is explained by the fact
that A. actinomycetemcomitans may be positive for the cdtBC, while
still being cdtABC negative |26]. It is possible that mutation had
occurred in the cdtA gene, which results in unsuccessful annealing
of the primers. It may also be due to variation in the methodology,
leading to discrepancies in detection frequency of cdtABC genes in
A. actinomycetemcomitans [26]. However, the distribution of edr
genes among the analyzed isolates did not show any serotype-
dependent pattern and it was not possible to demonstrate a spe-
cific pattern for cdt genes among the A actinomycetemcomitans
subtypes in the present study.

The internalization ability of A. actinomycetemcomitans has been
considered an important factor in the disease process, because
A. actinomycetemcomitans could escape from host defense and
antibiotics by internalization into host cells such as epithelial cells
and fibroblasts [6,12,27]. The present study showed highly signifi-
cant internalization of non-serotypeable strains, particularly N51
and NS2. It is likely that this is part of the subtype selection that
takes place in the periodontal pocket and it is due to a more
competitive survival ability of these subtypes. Also, NS1 and N52
strains showed a significantly higher degree of apoptosis, which
may be a consequence of their internalization in cell lines. It was
reported that apoptosis of fibroblast cells after exposure to
A. actinomycetemcomitans followed inhibition of DNA synthesis,
decreased RMA synthesis, and a decrease in fibroblast cell growth
[13].

The fact that multiple subtypes were commanly isolated from a
patient or even from one pocket warrants comment. It is commonly
found that the resident flora, as the age of the host increases, is
successively colonized by new genotypes of the same bacterial
species, climaxing with a community with multiple subtypes



78

] N. Pohumunto ef ol. / Anoerobe 36 (2015) 60-64

[28,29]. Several genotypes of the same species increase the survival
rate. At the same time, there is a competition and internal control
between the subtypes favoring those that have certain abilities to
adapt in a dynamic and changing environment. The production of
leukotoxin and the ability to internalize host cells are ways to
escape the host defense, as discussed above. [t is therefore tempting
to speculate whether the presence of toxic subtypes such as the
NS1 and N52, is due to a competitive process between genotypes of
the same species favoring those with a higher toxicity or to a
significantly higher ability for apoptosis and internalization than
other A actinomycetemcomitans subtypes and that this ability may
be more expressed in chronic periodontitis in adults.

In conclusion, non-serotypeable strains, especially the DGGE
subtypes NS1 and NS2, showed significantly higher leukotoxin
expression, leukotoxicity, fibroblast apoptosis, and internalization
of A. actinomycetemcomitans. High toxicity was also found for two
strains with a JP2-like 530 bp deletion of the promoter gene in the
deletion Itx gene but serotyped as ¢ No association was found be-
tween A. actinomycetemcomitans subtypes and cdiBC genes. The
ability of leukotoxin expression, leukotoxicity, internalization and
fibroblast apoptosis of A. actinomycetemcomitans was higher in
strains from deep periodontal pockets than from shallow pockets.
The toxicity is independent of serotypes and several genetic link-
ages of A. actinomycetemcomitans exist with a high toxicity, and the
toxin expression is likely to be driven by environmental conditions.
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Search for protein from lactobacilli inhibit growth of Aggregatibacter
actinomycetemcomitans

Pahumunto N. and Teanpaisan R.
Commeon Oral Diseases and Epidemiology Research Center and the Department of Stomatology, Faculty of
Dentistry, Prince of Songkla University, Songkhla, Thailand

Abstract- Lactobacilli can provide health benefits to the host due to their antimicrobial components which inhibit
the growth of oral pathogens including periodontal pathogens. The aim of this study was to evaluate whether protein
produced from lactobacilli could inhibit the growth of Aggregatibacter actinomycetemcomitans, one of etiologic
bacteria for aggressive periodontitis. Materials and methods: Seven strains of Lactobacillus, L. paracasei SDI, L.
casei SD2, L. salivarius SD3, L. plantarum SD4, L. rhamnosus SD5, L. fermentum SD6 and L. fermentum SDI1
were included in the study. The strains were cultured in MRS broth at 37°C, 24-48 h in anaerobic condition and
were centrifuged at 8,000 rpm 5 min. The whole proteins in the supernatant were prepared by dialysis bag and then
were concentrated using carboxymethlycellulose sodium salt. The antimicrobial activities of proteins against A.
actinomyeetemcomitans ATCC 33384 were determined using micro-dilution method. The results showed that crude
proteins of L. fermentum SD11 and L. paracasei SD1 gave the strongest activity with Minimum inhibitory
concentration (MIC) of 4.46 and 5.52 pg/ml. L. casei SD2, L. plantarum SD4 and fermentum SD6 showed the
moderate activity with MIC of 9.12, 12.11 and 14.71 pg/ml, respectively. L. salivarius SD3 and L. rhamnosus SD3
had the lowest activity with MIC of 41.10 and 28.30 pg/ml. Conclusion: It is promising that the proteins extracted of
certain Lactobacillus e.g. L. fermentum SD11 and L. paracasei SD1 may be useful for treatment of periodontal
discases.

Introduction

The application of using of probiotics for prevention of periodontal diseases has been an interest recently. Mayanagi
et al. (1) found that probiotic bacteria may affect on the oral microbial ecology, nevertheless, the effects of various
probiotic in the oral cavity are not easy to predict. Most probiotics belong to the genera of Lactobacillus which are
gram positive bacteria, negative catalase and rod shapes. Lactobacilli can provide health benefits to the host due to
their antimicrobial components, for example organic acid (lactic acid and acetic acid) and antimicrobial substance.
There were reports showed that Lactobacillus strains could inhibit the growth of oral pathogens such as
Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, and Streptococcus
mutans (2, 3). Therefore, in this study investigated potential of protein from Lactobacillus strains to inhibit growth
of A. actinomycetemcomitans, a periodontal pathogen.

Materials and methods

Seven strains of Lactobacillus, L. paracasei SD1, L. casei SD2, L. salivarius SD3, L. plantarum SD4, L. rhamnosus
SD5, L. fermentum SD6 and L. fermentum SD11 ( a collection strains of the Department of Stomatology, Faculty of
Dentistry, Prince of Songkla University, Thailand) were included in the study. The strains were cultured in MRS (de
Man Rogosa and Shape) broth at 37°C, 24-48 h in anaerobic condition and were centrifuged at 8,000 rpm 5 min.
The whole proteins in the supernatant were prepared by dialysis bag and then were concentrated using
carboxymethlycellulose sodium salt. 4. actinomycetemcomitans ATCC 33384 was cultured in BHI (brain heart
infusion) broth and was incubated at 37°C, 24-48 h in anaerobic condition. The antimicrobial activities of MIC of
proteins against 4. actinomycetemcomitans ATCC 33384 were determined using micro-dilution method.

Results and Discussions

The crude proteins of L. fermentum SD11 and L. paracasei SD1 gave the strongest activity with MIC (Minimum
Inhibitory Concentration) of 4.46 and 5.52 pg/ml. L. casei SD2, L. plantarum SD4 and L. fermentum SD6 showed
the moderate activity with MIC of 9.12, 12.11 and 14.71 pg/ml, respectively. L. salivarius SD3 and L. rhamnosus
SD5 had the lowest activity with MIC of 41.10 and 28.30 pg/ml (Table 1).
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Table 1 Antimicrobial activities and MIC of proteins of various Lactobacillus strains against 4.
actinomycetemcomitans ATCC 33384

Proteins Antimicrobial MIC Proteins Antimicrobial MIC
activities (ug/mL) activities (ng/mL)
L. paracasei SD1 + 5.52 L. rhamnosus SD5 + 28.30
L. casei SD2 + 9.12 L. fermentum SD6 + 14.71
L. salivarius SD3 + 41.10 L. fermentum SD11 + 446
L. plantarum SD4 + 12.11

Conclusion

The results presented that proteins derived from Lactobacillus strains tested could inhibit the growth of A.
actinomycetemcomitans ATCC 33384, Thus, it is promising that the proteins extracted of certain Lactobacillus e.g.
L. fermentum SD11 and L. paracasei SD1 may be useful for treatment of periodontal diseases.
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