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Abstract 

The genetics of canine periodontal disease – A candidate gene approach 

________________________________________ 

Periodontal disease (PD) refers to a group of inflammatory diseases caused by bacterial 

plaque in the periodontium and ranges from an early stage (gingivitis) to an advanced stage 

(periodontitis). It is a multifactorial disease that results from the interaction of the host 

defence mechanisms with the plaque microorganisms. PD has an enormous impact on human 

medicine and veterinary medicine due to its high prevalence as well as its local and systemic 

implications. Dog model has been extensively used in oral disease research, contributing 

significantly to the current understanding of periodontology. The most important clinical 

aspects of canine PD were considered in this work and the various animal models were 

examined with emphasis on the role of the dog as the most useful model for understanding 

human PD and to develop new therapeutic and preventive measures. 

In recent decades, it has been consolidated the idea of the genetics influence in PD by 

controlling the inflammatory process severity and the therapy responses. Various single 

nucleotide polymorphisms have been identified as risk factors, mainly in genes responsible 

for molecules involved in immunoregulation and/or metabolism, but many questions still 

remain. In canine PD, this is a completely unexplored issue but a highly relevant and 

promising research field namely because the strong similarity between canine and human 

disease provides the possibility to share the knowledge attained from one species to another, 

with mutual benefits. 

Following a comparative genomics approach to identify the most promising candidate genes, 

the main goal of this work was to contribute for a better characterization of canine PD, 

particularly in terms of genetic basis. Five candidate genes (IL1A, IL1B, IL10, IL6 and LTF) 

encoding molecules with recognized relevant role in the PD pathogenesis (interleukin-1α, 

interleukin-1β, interleukin-10, interleukin-6 and lactotransferrin, respectively) were selected 

and case-control studies were delineated, in which a molecular analysis of each gene was 

performed to identify genetic variations and to evaluate its possible association with PD. It 
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was hypothesized that in canine PD, similar to human PD, a disfunction or a dysregulated 

production of these molecules resulting from genetic variations can be part of the explanation 

for the differences in disease susceptibility between individuals. 

A total of twenty-six genetic variations were identified and analyzed, eight in the IL1A and 

IL1B genes, seven in the IL10 gene, three in the IL6 gene, and eight in the LTF gene. The 

IL1A/1_g.388A>C and IL1A/1_g.521T>A variations showed statistically significant 

differences between groups [adjusted OR (95%CI): 0.15 (0.03-0.76), p=0.022; 5.76 (1.03-

32.1), p=0.046, respectively], meaning that, in the studied population, the IL1A/1_g.388C 

allele is associated with a decreased PD risk, whereas the IL1A/1_g.521A allele is associated 

with an increased risk. Regarding all the others variations, no statistically significant 

differences were detected, but the IL1A/2_g.515G>T, IL10/2_g.285G>A, IL6/2_g.105G>A, 

LTF/3_g.411C>T, LTF/3_g.420G>A and LTF/3_g.482G>A variations resulted in a change of 

encoded amino acid, which may alter protein structure and function, as demonstrated by 

different bioinformatics tools. 

Before the molecular analysis of the IL10 gene, two additional studies were delineated. 

Considering that no clear consensus has been reached about the association of IL10 

polymorphisms and human PD, a meta-analysis of all available studies was performed. It was 

found statistically significant association of IL10-819(-824)C>T and IL10-592(-597)C>A 

polymorphisms, with IL10-819(-824)T and -592(-597)A alleles conferring a relative increased 

risk for chronic periodontits in Caucasians. Additionally, a study to evaluate the levels of 

interleukin-10 in plasma of dogs with periodontitis was delineated assessing a possible 

correlation between these levels and periodontal condition, being found lower levels in the 

periodontitis group comparing with the control group. 

The outcome from this work suggests that dog IL1A, IL1B, IL10, IL6 and LTF genes, as 

occurs in the human orthologous genes, are highly polymorphic with genetic variants that 

may be important in PD susceptibility. The results obtained for the IL1A are particularly 

relevant, but this is the first work in this issue and further studies are essential to reinforce 

these findings and to clarify its biological importance; as well as other studies with different 

candidate genes. But, it is undeniable that advances in this area are fundamental to understand 

properly the complex causal pathways of PD and to improve the clinical management of PD, 
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particularly with the development of novel strategies of risk assessment. A candidate gene 

approach supported in comparative genomics tools is a promising path of research to achieve 

these objectives, which may lead to great benefits in human and veterinary periodontology, 

adding important knowledge to design new preventive and therapeutic strategies, and 

ultimately to improve health in both humans and dogs. 

 

Keywords: Periodontal disease; Animal models; Dog; Genetic variations; Single nucleotide 

polymorphism, Genetic susceptibility; Clinical genomics 
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Resumo 

A genética na doença periodontal canina – Estudo de genes candidatos 

________________________________________ 

A doença periodontal (DP) constitui o grupo de doenças inflamatórias causadas pela placa 

bacteriana no periodonto, incluindo o espectro de doença desde estádios precoces (gengivite) 

até estádios avançados (periodontite). É uma doença multifatorial resultante da interação dos 

mecanismos de defesa do hospedeiro com os microrganismos da placa. A DP tem um enorme 

impacto na medicina humana e na medicina veterinária, pela sua elevada prevalência e pelas 

suas implicações locais e sistémicas. O modelo cão tem sido extensivamente usado na 

investigação das doenças orais, contribuindo significativamente para o conhecimento atual em 

periodontologia. Os aspetos clínicos mais importantes da DP canina são apresentados neste 

trabalho e são explorados os diferentes modelos animais, com particular relevância para o 

papel do cão como o modelo mais útil para estudar a DP e o desenvolvimento de novas 

medidas profiláticas e terapêuticas. 

Nas recentes décadas tem sido consolidada a ideia da influência genética na DP, controlando a 

gravidade do processo inflamatório e a resposta terapêutica. Vários polimorfismos de 

nucleótidos simples têm sido identificados como fatores de risco, nomeadamente em genes 

responsáveis por moléculas envolvidas na imunoregulação e/ou metabolismo, mas muitas 

dúvidas ainda persistem. Na DP canina este é um assunto completamente inexplorado, mas 

um campo de investigação muito relevante e promissor considerando a elevada similaridade 

da doença no cão e no homem, o que permite a partilha de conhecimento entre espécies com 

benefícios mútuos.  

Seguindo uma abordagem de genómica comparativa para selecionar os genes candidatos mais 

promissores, o principal objetivo deste trabalho foi contribuir para uma melhor caracterização 

da DP no cão, principalmente da sua base genética. Foram selecionados cinco genes (IL1A, 

IL1B, IL10, IL6 e LTF) que codificam moléculas com um papel relevante na patogenia da DP 

(interleucina-1α, interleucina-1β, interleucina-10, interleucina-6 e lactotransferrina, 

respetivamente) e foram delineados estudos caso-controlo, nos quais foi realizada uma análise 
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molecular de cada gene procurando identificar variações genéticas e avaliar a sua possível 

associação à DP. Foi colocada a hipótese de que na DP canina, similarmente à DP do homem, 

uma disfunção ou produção desregulada destas moléculas, resultante de variações genéticas, 

poderá ser parte da explicação das diferenças de susceptibilidade entre indivíduos. 

Foram identificadas vinte e seis variações genéticas, oito nos genes IL1A e IL1B, sete no gene 

IL10, três no gene IL6 e oito no gene LTF. As variações IL1A/1_g.388A>C e IL1A/1_g.521 

T>A apresentaram diferenças estatisticamente significativas entre grupos [OR ajustada 

(95%CI): 0.15 (0.03-0.76), p=0.022; 5.76 (1.03-32.1), p=0.046, respetivamente], significando 

que, na população estudada, o alelo IL1A/1_g.388C está associado a um menor risco de DP, 

enquanto que o alelo IL1A/1_g.521A se associa a um risco acrescido. Relativamente às outras 

variações genéticas não foram encontradas diferenças estatisticamente significativas, mas as 

variações IL1A/2_g.515G>T, IL10/2_g.285G>A, IL6/2_g.105G>A, LTF/3_g.411C>T, 

LTF/3_g.420 G>A e LTF/3_g.482G>A conduzem à alteração do aminoácido codificado, o 

que pode alterar a estrutura e a função protéicas, como demonstrado por várias ferramentas 

bioinformáticas. 

Previamente à análise molecular do gene IL10, foram delineados dois estudos. Pela 

inexistência de um consenso claro relativamente à associação de polimorfismos no gene IL10 

e a DP no homem, foi realizada uma meta-análise de todos os estudos disponíveis. Foi 

encontrada associação estatisticamente significativa para os polimorfismos IL10-819(-

824)C>T e IL10-592(-597)C>A, em que os alelos IL10-819(-824)T e -592(-597)A conferem 

um acréscimo relativo do risco para periodontite crónica em Caucasianos. Adicionalmente foi 

delineado um estudo para avaliar os níveis plasmáticos de interleucina-10 em cães com 

periodontite, investigando a possível correlação destes níveis com a saúde periodontal, e os 

níveis plasmáticos medidos foram mais baixos no grupo de doentes comparativamente com o 

grupo controlo. 

Os resultados deste trabalho sugerem que os genes caninos IL1A, IL1B, IL10, IL6 e LTF, tal 

como acontece nos genes ortólogos na espécie humana, são altamente polimórficos e com 

algumas variações genéticas que podem ser importantes na susceptibilidade para a DP. Os 

resultados obtidos para o gene IL1A são particularmente relevantes, mas sendo este o primeiro 

trabalho nesta temática, estudos futuros são essenciais para os reforçar e clarificar a sua 
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importância biológica, assim como novos trabalhos com outros genes candidatos. Mas é 

inegável que avanços nesta área são fundamentais para compreender adequadamente as 

complexas vias causais da DP e melhorar o seu acompanhamento clínico, particularmente 

com o desenvolvimento de novas estratégias de avaliação de risco. A abordagem de genes 

candidatos, suportada em ferramentas de genómica comparativa, é um caminho de 

investigação promissor para atingir estes objetivos, que podem resultar em enormes 

benefícios na periodontologia humana e veterinária, principalmente por acrescentarem 

conhecimento para delinear novas estratégias preventivas e terapêuticas, e em última análise, 

melhorar a saúde de ambas as espécies. 

 

Palavras-chave: Doença periodontal; Modelos animais; Cão; Variações genéticas; 

Polimorfismos de nucleótidos simples, Susceptibilidade genética; Genómica clínica 
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I.1. Canine periodontitis: The dog as an important model for periodontal studies 

Periodontal disease (PD) refers to a group of inflammatory diseases caused by bacterial 

plaque in the periodontium (Pihlstrom et al., 2005; Niemiec, 2012). The periodontium 

contains the supporting structure of the teeth and includes the gingiva, alveolar bone, 

periodontal ligament and cementum (West-Hyde and Floyd, 1995). In humans, there is 

limited information regarding PD epidemiology (Dye, 2012), but a recent US survey showed 

that almost 50% of adults have periodontitis (Eke et al., 2012). In veterinary medicine, PD is 

the most prevalent disease in domestic carnivores and is found in approximately 80% of dogs 

aged 2 years or older (Niemiec, 2008a). 

PD is the most frequent cause of tooth loss in adult dogs and humans and is associated with 

serious systemic health concerns (West-Hyde and Floyd, 1995; Papapanou and Lindhe, 2003; 

Kim et al., 2006). Human PD has been associated with a higher risk of preterm delivery, low 

birth weight, diabetes, osteoarticular and cardiovascular diseases (Kuo et al., 2008; Cullinan 

and Seymour, 2013). In dogs, PD has been linked with renal, hepatic and cardiac disorders 

(Pavlica et al., 2008; Glickman et al., 2009; Glickman et al., 2011) although there is no 

conclusive proof of a direct link between PD and systemic disorders (Peddle et al., 2009a,b). 

I.1.1. Periodontal disease in the dog 

PD has a significant impact upon small animal practice due to its high prevalence (Harvey, 

1998). Epidemiological studies indicate increased prevalence with age (Kortegaard et al., 

2008) and higher occurrence in small or toy breeds (Harvey et al., 1994). 

I.1.1.1. Aetiology and pathogenesis 

The aetiology of PD is multifactorial, as microbiologic, behavioural, environmental, systemic, 

and genetic factors contribute to its susceptibility and clinical expression (Van Dyke and 

Dave, 2005). Although dental plaque is the primary cause of PD, several additional factors 

contribute to dental plaque accumulation (e.g. teeth overcrowding, malocclusions, soft foods, 
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and absence of oral hygiene) or to decreased resistance to infection (e.g. metabolic disease, 

nutritional disturbances, and immunodeficiency) (Harvey, 1998; Tatakis and Kumar, 2005). 

Plaque is a microbial biofilm, a well-organized community of cooperating microorganisms 

(e.g. Actinomyces spp., Streptococcus spp., early colonizers) on the teeth surface, embedded 

in a matrix of polymers of bacterial and salivary origin (West-Hyde and Floyd, 1995). In the 

subgingival plaque, which forms within the gingival sulcus, the microenvironment changes to 

facultative anaerobic with an increase in the number of Gram-negative, motile, anaerobic 

bacteria (e.g. Aggregatibacter actinomycetemcomitans, Porphyromonas spp., Prevotella spp., 

Tannerella forsythia, and Treponema spp.), resulting in the onset of periodontal inflammation 

(American Academy of Periodontology, 1999; Hardham et al., 2005). Additionally, 

cytomegalovirus and other herpesvirus form a pathogenic consortium with subgingival 

bacteria, playing an important role in this process (Contreras et al., 2014, Nemec et al., 2014). 

Plaque accumulation leads to gingivitis, but the shift to periodontitis depends on both host 

factors and the presence of periodontal pathogens, with tissue damage resulting by host 

inflammatory reactions, rather than by toxic products from these microorganisms (Tatakis and 

Kumar, 2005; Gorrel and Nind, 2008). 

Bacterial components and products promote the chemotactic attraction of neutrophils and 

vasodilatation, as well as the activation of host systems, such as the complement and kinin 

systems and the arachidonic acid pathways (Kinane et al., 2003). Additionally, cellular 

components, including monocytes/macrophages and fibroblasts, are stimulated by viruses and 

by bacterial components, such as lipopolysaccharides, to produce cytokines. These cytokines 

stimulate inflammatory responses and catabolic processes, such as bone resorption and 

collagen destruction via the matrix metalloproteinases (Ishikawa, 2007; Contreras et al., 

2014). This complex immune-inflammatory response results in severe destruction of the 

periodontium (Teng, 2006), so the emphasis of ongoing investigations is on host/dental 

plaque interactions (Hasturk et al., 2007; Amano, 2010; Kinane et al., 2011). 

I.1.1.2. Clinical presentation 

PD is not a single disease, but rather a group of diseases with similar patterns and symptoms 

affecting the periodontium (Kinane et al., 2005; Pihlstrom et al., 2005). The most obvious 
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clinical sign (and the one that most often produces complaints from owners) is halitosis. Other 

clinical signs include ptyalism, anorexia, behaviour alterations, altered gingival colour, 

gingival bleeding, tooth mobility, periodontal and periapical abscesses, nasal discharge, 

sneezing, osteomyelitis, contact ulcers, intranasal dental migration, oronasal and oroantral 

fistulas (Wiggs and Lobprise, 1997; Kesel, 2000). A diagnosis of PD relies on interpreting 

clinical signs, full-mouth examination (including periodontal probing), and intraoral 

radiographic exams (Figure 1.1) (Klein, 2008). 

 

Figure 1.1 – Periodontal disease. (A) Clinical signs; photograph of the mandibular left arcade of a dog 

showing significant calculus accumulation, severe stomatitis, and gingival inflammation. (B) Radiographic 

signs; intraoral parallel-angle dental radiograph of a mandibular left first molar in a dog. Note the horizontal 

bone loss indicative of periodontitis (black arrows) and the evidence of furcation involvement (white arrow). 

The healthy non-pigmented canine gingiva is coral pink with a smooth and regular texture, 

and its gingival margin is knife-edged (Figure 1.2 A) (West-Hyde and Floyd, 1995). 

Clinically, the attachment loss measurement represents the most important aspect of 

evaluating PD, but other indices adequately adapted from human periodontology, such as 

gingival index, radiographic index, plaque index, calculus index and sulcus bleeding index, 

are used to quantify the extent of inflammation and disease (Wiggs and Lobprise, 1997; 

Gorrel and Nind, 2008). Periodontal probing stills a key element in the diagnosis (normal 

probing depth should be ≤3mm in most dogs), but the clinical attachment loss converted into 

a percentage is more useful than expressed in millimetre increments due it is highly variable 

according to animal size (Wiggs and Lobprise, 1997). 
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Accordingly, PD is commonly referred to as gingivitis and periodontitis and can be classified 

in four stages [PD 1 (gingivitis), PD 2 (early periodontitis), PD 3 (moderate periodontitis), 

and PD 4 (advanced periodontitis)] based on the veterinary PD index system, which quantifies 

the periodontal attachment loss making use of probing and radiographic examinations (Table 

1.1) (Wolf et al., 2005; AVDC, 2009). 

Table 1.1 – Periodontal disease classification (Wolf et al., 2005; AVDC, 2009). 

Normal (PD 0) No gingival inflammation or periodontitis clinically evident. 

 Clinically 

normal 

Stage 1 (PD 1) Gingivitis only without attachment loss. The height and architecture of the alveolar 

margin are normal. 
 Gingivitis 

Stage 2 (PD 2) Less than 25% of attachment loss or at most, there is a stage 1 furcation 

involvement in multirooted teeth. There are early radiologic signs of periodontitis. 

The loss of periodontal attachment is less than 25% as measured either by probing 

of the clinical attachment level, or radiographic determination of the distance of the 

alveolar margin from the cemento-enamel junction relative to the length of the root.  

 

Early 

periodontitis 

Stage 3 (PD 3) 25-50% of attachment loss as measured either by probing of the clinical attachment 

level, radiographic determination of the distance of the alveolar margin from the 

cemento-enamel junction relative to the length of the root, or there is a stage 2 

furcation involvement in multirooted teeth. 

 
Moderate 

periodontitis 

Stage 4 (PD 4) More than 50% of attachment loss as measured either by probing of the clinical 

attachment level, or radiographic determination of the distance of the alveolar 

margin from the cemento-enamel junction relative to the length of the root, or there 

is a stage 3 furcation involvement in multirooted teeth. 

 
Advanced 

periodontitis 

The PD 1 stage is characterized by different substages scored from mild gingivitis, in which 

only a slight gingival margin erythema is seen (Figure 1.2 B), through moderate gingivitis, 

when the gingiva is swollen and bleeding on probing (Figure 1.2 C), to severe gingivitis, in 

which the gingiva is inflamed, hyperplasic or retracted, with obvious erythema and oedema 

and with spontaneous bleeding (Wiggs and Lobprise, 1997). The periodontitis stage 

commences with attachment loss and is characterized by several alterations in periodontal 

tissues such as apical migration of the junctional epithelium with formation of periodontal 
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pockets, gingival recession (Figure 1.2 D) and alveolar bone resorption (Niemiec, 2008a). The 

PD 2 stage is characterized by signs of deepening sulcus (usually <5mm) and radiologic signs 

revealing up to 25% attachment loss. The PD 3 stage is present when probing (usually <7mm) 

and radiographic examination reveal 25–50% attachment loss around a root. The PD 4 stage 

occurs when the measurement of sulcus depth (usually ≥7mm) and radiological signs show an 

attachment loss of >50% (Wiggs and Lobprise, 1997; Wolf et al., 2005; AVDC, 2009). 

 

Figure 1.2 – Periodontium at different stages of health/disease. (A) Healthy gingiva; photograph of the 

maxillary and mandibular right arcades of a dog showing normal gingival tissues. (B) Mild gingivitis; 

photograph of the maxillary right fourth premolar of a dog showing a slight gingival margin erythema and mild 

calculus on the teeth. (C) Moderate gingivitis; photograph of the maxillary left fourth premolar of a dog 

showing a significant erythema and edema to the gingival, as well as increasing calculus accumulation on the 

tooth. (D) Advanced periodontitis; photograph of the maxillary right fourth premolar of a dog showing an 

obvious gingival recession, severe gingival inflammation and calculus accumulation. 

Gingivitis is a reversible process when recognized early and properly treated. Otherwise, 

gingivitis can evolve into periodontitis, which is irreversible and leads to tooth mobility and 
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exfoliation (Gorrel and Nind, 2008; Niemiec, 2008a). It is interesting to note that not all 

animals with untreated gingivitis evolve into periodontitis, emphasizing the multifactorial 

character of PD and the importance of several susceptibility factors (Wiggs and Lobprise, 

1997). 

I.1.1.3. Treatment options 

The careful plaque and calculus removal from the tooth crown, gingival sulcus and root 

surfaces is essential for the prevention and control of PD. Plaque removal can be 

accomplished by a combination of home care procedures that include mechanical and 

chemical plaque reduction techniques (e.g. tooth brushing with dentifrices, topical application 

of chemical plaque retardants such as 0.12–0.2% chlorhexidine gluconate), dietary 

manipulation (special diet and chew toys) and regular professional periodontal therapy 

(Niemiec, 2008b). 

Non-surgical periodontal therapy is always the first line treatment and involves scaling (a 

combination of hand scaling, mechanical scaling, polishing and sulcular lavage) and closed 

root debridement under general anaesthesia. With progressive PD, advanced periodontal 

surgery becomes necessary. To treat patients with deep pockets and bone loss, mucogingival 

surgery (flap exposure) and open curettage are required (Niemiec, 2008b). 

Clindamycin hydrochloride, amoxicillin/clavulanate and metronidazole seem to be 

particularly effective antimicrobials. They may be used for a week before periodontal 

treatment, prior to anaesthesia, postoperatively for 7–10 days, and as intermittent therapy in 

selected patients (impaired host defences or failure of conventional root debridement) 

(Lobprise, 2007; Niemiec, 2008b). Locally delivered antimicrobials (perioceutics), such as 

doxycycline gel, can be applied to teeth that have been cleaned and polished (Niemiec, 

2008b). Nevertheless, the long-term usage of antimicrobials in the management of PD cannot 

be encouraged due to unproved benefits and possible side effects. 

New therapies have started to be used with the aim of inducing periodontal regeneration and 

include: soft tissue grafts, bone replacement grafts, root biomodifications, enamel matrix 

derivatives, use of bioactive products such as bone morphogenic protein, guided tissue 
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regeneration, and combinations thereof (Greenwell, 2001). The final modality for PD therapy 

is currently tooth extraction (Niemiec, 2008b). 

I.1.2. Research in periodontology 

I.1.2.1. Animal models used in periodontal disease research 

Animal models have been extensively used in oral disease research, particularly in PD, which 

has resulted in enormous advances in our understanding of aetiology, pathogenesis, 

prevention and treatment (Weinberg and Bral, 1999; Dannan and Alkattan, 2008). 

An optimal animal model of PD needs to be standardized, reproducible, and to share some 

characteristics with humans, such as periodontal anatomy, aetiology, pathophysiology, 

disease course, and clinical outcome. Other attractive attributes include availability and 

simplicity of handling. The most commonly used models are dogs and non-human primates, 

although other animals (rats, mice, hamsters, rabbits, miniature pigs, ferrets, and sheep) have 

also been used (Weinberg and Bral, 1999). Table 1.2 summarizes the advantages and 

disadvantages of different animal models in periodontal research. 

I.1.2.1.1. Non-human primate models 

Non-human primates have been used in PD research in several studies because of their 

anatomical, immunological and microbiological similarity to the human oral cavity and 

periodontium. Other advantages are the natural occurrence of PD and their phylogenetic 

similarity to humans. These animals are considered the models closest to humans in terms of 

PD (Miller et al., 1995; Weinberg and Bral, 1999). 

Many studies have been carried out related to periodontal healing, filling with biomaterials, 

guided tissue regeneration, enamel matrix derivatives and implant surgery (Caton et al., 1994; 

Fritz et al., 1997). Nevertheless, these models have important limitations. For example, 

naturally occurring periodontitis appears later in life, the lesions are asymmetrical, and the 

teeth and pocket depths are usually much smaller than in humans. Research access to these 
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animals is hindered by high costs, ethical considerations, difficulty in handling, 

aggressiveness, high susceptibility to infections and systemic illness, and the possibility of 

infectious agent transmission from and to these animals (Weinberg and Bral, 1999). Squirrel 

monkeys and marmosets are small in size and relatively easy to handle, but present a very 

limited inflammatory infiltrate, making them inappropriate models for studying the 

pathogenesis of PD (Schectman et al., 1972; Adams et al., 1981; Struillou et al., 2010). 

I.1.2.1.2. Rat and mouse models 

Rats and mice have been used because of their small size, low cost, prompt availability, ease 

of handling and housing, and our detailed knowledge of genetics. Additionally, they present 

some anatomical and histological similarities with the human periodontium and PD (Genco et 

al., 1998). However, there are significant differences in oral cavity size, dental anatomy, oral 

microbiota, inflammatory processes, and PD lesions (Genco et al., 1998; Weinberg and Bral, 

1999). The use of gnotobiotic or germ-free rats/mice allows for the study of the individual 

effect of a particular bacterium without the interference of other microorganisms, whereas the 

use of knockout mouse models facilitates the exploration of new concepts regarding the 

pathogenesis of PD (Sasaki et al., 2004; Fine, 2009). Rats can also be used in periodontal 

tissue regeneration and bone healing studies (Struillou et al., 2010). 

I.1.2.1.3. Hamster models (Mesocricetus auratus) 

Hamsters have been used mainly in bacteriological studies (Hojo et al., 2008). The gilded 

hamster is also an interesting model for any immunological research (Struillou et al., 2010). 

Nevertheless, PD in hamsters is quite similar to that in rats, and therefore presents the same 

limitations (Weinberg and Bral, 1999). The golden Syrian hamster is the most commonly 

used strain (Struillou et al., 2010). 

I.1.2.1.4. Rabbit models (Oryctolagus cuniculus) 

Rabbits have been used in periodontal tissue regeneration studies for the testing of 

biomaterials (El-Bokle et al., 1993) or for evaluating the treatment of peri-implantitis 

(Struillou et al., 2010). Rabbits do not exhibit the spontaneous form of PD, so the disease has 
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to be induced. Moreover, this is a poorly standardized model with respect to relevant aspects 

of PD pathogenesis (Hasturk et al., 2007). 

I.1.2.1.5. Miniature pig models (Sus scrofa domesticus) 

Miniature pigs are described as useful animal models in dental and orofacial research, 

including PD (Lang et al., 1998; Wang et al., 2007). The animals are very similar to humans 

in terms of oral and maxillofacial anatomy and inflammatory response. Miniature pigs 

develop spontaneous PD with high prevalence at a young age. These traits, coupled with other 

scientific, economic and ethical factors, lead to a high usage of these animals in biomedical 

studies (Lang et al., 1998; Wang et al., 2007). The model has been used to test the 

regenerative capacity of periodontal tissues (Lang et al., 1998), the effects of dental lasers on 

periodontal healing, and dental implant surgery (Singh et al., 1993). 

I.1.2.1.6. Domestic ferret models (Mustela putorius furo) 

The domestic ferret was suggested as an animal model, mainly due to its PD similarities with 

human PD (Fischer and Klinge, 1994). The animals appear to be good alternatives to dogs 

and primates in the ligature-induced periodontitis model (Harper et al., 1990; Fischer and 

Klinge, 1994). Additionally, ferrets are an interesting experimental model for the study of 

calculus (Harper et al., 1990). Further studies are needed to confirm the use of this animal as 

appropriate for PD research (Weinberg and Bral, 1999). 

I.1.2.1.7. Domestic sheep models (Ovis aries) 

Sheep present a natural form of periodontitis called ‘broken mouth’ (Duncan et al., 2003). 

The periodontium, oral microbiota associated with PD and the bone metabolism in sheep are 

similar to those of humans (Genco et al., 1998). The publications using this model describe it 

as a suitable model for training surgical methods and for guided tissue regeneration research 

(Danesh-Meyer et al., 1997; Al-Qareer et al., 2004). However, its size, cost and handling 

demands, as well as the challenging diagnosis of PD as a result of poor access to posterior 

teeth, are disadvantages (Genco et al., 1998; Duncan et al., 2003). 
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I.1.2.2. Advantages of the canine model 

The dog has several attractive attributes that make it an important model for the study of PD 

(Gad, 1968; Hamp and Lindberg, 1977). There are certain aspects of the disease for which the 

applicability of the dog is widely accepted and other aspects (as yet poorly researched) where 

the dog has promising potential as a model for the study of PD (Genco et al., 1998; Weinberg 

and Bral, 1999). PD in dogs is a naturally occurring disease and as such is more likely to 

mimic the pathophysiological mechanisms of human PD (Berglundh et al., 1991; Klein, 

2008). Histological traits of the normal and diseased periodontium are similar in humans and 

dogs (Hamp and Lindberg, 1977). Moreover, there is a very high prevalence of PD in the 

canine population (Sorensen et al., 1980; Lund et al., 1999). The Beagle dog already presents 

high prevalence of PD at 2 years of age, but the major disease burden is carried by only a few 

individuals (Kortegaard et al., 2008). Therefore, in periodontal research, in parallel with 

naturally occurring PD, it is possible to induce experimental periodontal defects by placing 

silk bindings around the teeth for a period of 4–6 months or to use surgically created lesions 

(Struillou et al., 2010). 

The canine periodontal anatomy, the aetiology of PD and its physiological mechanisms are 

well described because of the extensive use of dogs in periodontological research and in 

clinical and epidemiological research in veterinary medicine (Wikesjö et al., 1994; Koo et al., 

2004; Kortegaard et al., 2008). Several comparative studies have shown that the factors 

involved in canine PD, including bacterial plaque, are similar to those of humans (Gad, 1968; 

Hamp and Lindberg, 1977). Nevertheless, despite many similar organisms in dog and human 

dental plaque, there are also important differences. Porphyromonas spp. are black pigmented 

anaerobic bacteria which have a central role both in human and canine PD. While humans are 

known to have Porphyromonas gingivalis, a catalase-negative bacterium, dogs apparently 

hold other catalase-positive P. gingivalis-like organisms (e.g. P. canoris, P. salivosa, P. 

denticanis, and P. gulae) (Genco et al., 1998; Hardham et al., 2005; Tatakis and Kumar, 

2005). There is currently no consensual model for identifying critical microorganisms in the 

aetiology of PD but natural occurrence models are good candidates for reproducing the 

polymicrobial and chronic nature of disease (Sanz and Quirynen, 2005). 
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Table 1.2 – Animal models of periodontal disease. The comparison is made based on general characteristics with major implications for the ease/difficulty in PD research and based 

on similarity with the disease in humans. 

Model 

General characteristics  Similarity with human PD 

Size Cost Handling Availability 
Dietary 

habits
a 

 Anatomy
a 

Spontaneous 

PD
a 

Histopathology
a 

Oral 

Microbiota
a 

Well-characterized 

animal model 

Dog ++ - ++ - ++  + ++ + + ++ 

Non-human 

primates 
++ -- -- -- ++  ++ + + + + 

Rat; mouse -- ++ ++ ++ --  -- - - - + 

Hamster -- ++ ++ ++ --  -- - - - -- 

Rabbit + + ++ ++ --  - - - - -- 

Miniature pig ++ - + -- ++  ++ ++ + + + 

Ferret - + + + --  - + + + - 

Sheep + - -- - --  + ++ + + - 

++, Great advantage; +, Advantage; -, Disadvantage; --, Great disadvantage; 
a
, Similarity with human characteristics 
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I.1.2.3. Past and present contributions of dogs in periodontal research 

The dog has been one of the most widely used animal models in periodontology research 

(Sorensen et al., 1980; Dannan and Alkattan, 2008), especially for the study of the 

histopathological aspects of the disease and for developing new therapeutic procedures 

(Hamp and Lindberg, 1977; Berglundh et al., 1991). 

In 1899, Talbot pointed out the need for an animal model to study PD and noted the high 

prevalence and multi-stage characteristics of PD in dogs (Talbot, 1899). Since then, the dog 

has been used to study several PD aspects, including prevalence, aetiological factors and 

clinical and histological aspects (Gad, 1968; Lindhe et al., 1975; Sorensen et al., 1980). 

The development of new treatment strategies, particularly periodontal reconstructive 

therapies, has always been dependent on animal models (Wikesjö et al., 1994; Polimeni et al., 

2009). Histometric analysis is essential in order to evaluate the biological potential and 

application of those candidate therapies prior to clinical translation (Koo et al., 2004). Several 

studies have used the Beagle dog to evaluate the regenerative potential of periodontal tissue 

through the use of different techniques (Wikesjö and Nilvéus, 1991; Karring et al., 1993). 

Wikesjö et al. (1991, 1994) developed and characterized a surgical protocol for the creation of 

a periodontal critical size defect in the mandibular premolar region of Beagles to evaluate the 

security and efficacy of several methodologies and devices proposed in periodontal 

reconstructive therapies. This is known as ‘periodontal supra-alveolar defect’ and is a widely 

accepted model for periodontal regenerative studies (Wikesjö and Selvig, 1999; Koo et al., 

2004). 

I.1.3. The dog as a promising model for gaining new insights into periodontology 

An emerging new medical concept is the establishment of susceptibility profiles (Kinane et 

al., 2005). There are many risk factors associated with the prevalence and severity of PD, 

which may be both modifiable and non-modifiable (Figure 1.3). Modifiable risk factors are 

usually environmental or behavioural (e.g. nutrition, oral hygiene, chewing habits) (Harvey, 

1998; Gorrel, 2004), whereas non-modifiable risk factors (e.g. genetic factors) are usually 
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intrinsic to the individual, and thus not easily changed (Van Dyke and Dave, 2005). The early 

identification of non-modifiable risk factors may signal more predisposed individuals, set up 

personalized therapies and create more effective preventive strategies (Yoshie et al., 2007) 

(Figure 1.4). 

 

Figure 1.3 – Complex multifactorial nature of periodontal disease. Both genetic susceptibility and 

environmental/behavioural factors are implicated in the PD aetiology. For the same level of 

environmental/behavioural aggression, an individual with higher genetic susceptibility (individual B) will 

develop earlier and more severe PD than a less susceptible individual (individual A). 

In the recent decades, clinical and scientific data have indicated that there is a significant 

genetic influence on PD which seems to control the severity of the inflammatory process and 

the therapy responses (Nares, 2003; Yoshie et al., 2007; Laine et al., 2012). A study using 

human monozygotic twins estimated that chronic periodontitis in adults reveals a 50% 

hereditability rate, suggesting that about half of the variation of the disease within a 

population is due to genetic factors (Michalowicz et al., 2000). To the best of our knowledge, 

there are no previous studies evaluating genetic predisposition in canine PD. Even so, by 

examining the similarities of PD in humans and dogs, it is plausible to speculate that genetics 

will be one of the factors that partly justify the difference in susceptibility/resistance to 
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disease amongst dogs. Knowledge of PD genetics is still very limited due to its polygenic 

nature and environmental and behavioural interactions. This knowledge will open the door to 

new diagnostic and therapeutic strategies (Nares, 2003; Kinane et al., 2005). 

 

Figure 1.4 – Strategies of risk assessment in periodontal disease. The early identification of genetc risk 

factors may signal predisposed individuals, set up more aggressive preventive strategies avoiding disease 

progression to advanced and irreversible stages. 

The large number of diseases with breed predisposition, some of them similar to human 

counterparts (Wayne and Ostrander, 2007), makes the dog a promising clinical model (Tsai et 

al., 2007). Moreover, dogs are physiologically quite close to man with marked similarities in 

the form and function of several tissues and organs (Tsai et al., 2007). Another advantage is 

that dogs live in close proximity to people, so allowing research to be undertaken in 

controlled laboratory settings and also environmental and epidemiological trials (Olson, 

2007). 

The canine genetics research community has recently made significant strides, producing 

dense linkage and radiation hybrid maps, oligo-based microarrays, single nucleotide 
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polymorphism arrays, and, most importantly, the sequence of the canine genome at 7.6X 

coverage (Tsai et al., 2007). Consequently, a comparative genomic approach (whereby 

disease-carrying genes can be identified in dog diseases and then mapped onto the human 

genome) is now recognized as a valid method and such studies are increasing in popularity. 

Genome-wide canine SNP arrays have been developed, and increasing success in using these 

arrays to map disease loci in dogs is emerging, which is highly relevant, not only for canine 

health, but also as comparative models for analogous human conditions (Ke et al., 2010). It is 

expected that over the coming years work on the dog genome will help increase our 

understanding of the genetic cause of many diseases shared by humans and dogs (Mellersh, 

2008). 

I.2. Clinical genomics of PD – candidate genes approach 

Clinical genomics refers to the use of information from genomes and their derivatives to 

guide medical decision making, namely to make individualized risk predictions and to guide 

in prophylactic or treatment decisions. This approach is a key component of the personalized 

medicine which represents an emerging new model for health care (Guttmacher and Collins, 

2002; Ginsburg and Willard, 2009). 

Genetic association studies are essential for identifying the complex disease genetic 

contributors, and there are two main approaches, one based on candidate genes, the other 

based on analysing the entire genome (genome-wide scanning). Each strategy has specific 

advantages and disadvantages (Amos et al., 2010). Candidate gene approach has been proven 

to be extremely powerful for studying the genetic basis of complex diseases, being a much 

more effective and economical method (Tabor et al., 2002; Zhu and Zhao, 2007). 

Nevertheless, in order to apply this method it is necessary to have a previous knowledge about 

the biology or physiopathology of the disease under investigation, because candidate genes 

must be genes with known biological function regulating the disease process (Zhu and Zhao, 

2007; Amos et al., 2010). The combination with a comparative genomics strategy is 

extremely useful because this method uses a cross-species approach to select the most suitable 

candidate genes, which may be functionally conserved or structurally homologous genes 

identified from other related species (Zhu and Zhao, 2007). This kind of study approach was 

followed in various diseases shared by dogs and humans, such as diabetes, rheumatoid 
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arthritis and other joint diseases (Ollier et al., 2001; Short et al., 2007; Clements et al., 2010). 

The applicability of this strategy to select candidate genes for canine PD study is suitable 

because various homologous genes associated with PD susceptibility have already been 

confirmed in humans (Zhang et al., 2011). 

Genetic research on human PD is primarily focused on single nucleotide polymorphisms 

(SNPs) in genes responsible for molecules with a role in immunoregulation and/or the 

metabolism such as cytokines, cell surface receptors, chemokines and enzymes (Yoshie et al., 

2007; Zhang et al., 2011). SNPs (Figure 1.5) are single-nucleotide substitutions of one base 

for another [replaces between adenine (A), cytosine (C), guanine (G) and thymine (T)], which 

by definition must be present in at least 1% of the population. These polymorphisms are the 

most frequent type of genetic variation and are currently refered as important biological 

markers or directly associated with complex diseases susceptibility (Wang et al., 1998). 

 

Figure 1.5 – Single nucleotide polymorphism (SNP). An example of sequencing chromatograms showing a 

SNP [both homozygous and heterozygous are represented (AA, TT and AT)]. A SNP is a single nucleotide 

variation at a specific location in the genome. 
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Cytokines, important immune-regulation molecules, play a central role in the PD 

pathophysiology (Page et al., 1997; Preshaw and Taylor, 2011). The severity of the disease 

results from a disruption in the normal balance of tissue homeostasis caused by persistent 

bacterial infection with consequent increased levels of pro-inflammatory cytokines and low 

levels of anti-inflammatory mediators, being widely accepted that concentrations of the 

antagonistic cytokines determine the severity of the inflammatory process, tissue damage and, 

thus, the successful resolution of infection (Górska et al., 2003; Tatakis and Kumar, 2005). 

The presence of polymorphisms in cytokine genes often have an effect on the cytokine 

expression profile and, thus, may have an important role in resistance and susceptibility to PD 

(Stabholz et al., 2010). Nevertheless, as in any other complex disease, genetic variants 

associated with PD are multiple with synergic contributions to the overall effect (Yoshie et 

al., 2007). 

Various candidate genes have been studied and associated with increased or decreased PD 

susceptibility, such as the genes encoding interleukin-1 alpha (IL-1α), interleukin-1 beta (IL-

1β), interleukin-10 (IL-10), interleukin-6 (IL-6) and lactotransferrin (LTF), among others. 

However, there is still no consensus about the polymorphisms involved and more studies, 

with different approaches, are still needed to obtain definitive conclusions (Kinane and Hart, 

2003; Kim et al., 2006; Yoshie et al., 2007; Zhang et al., 2011; Laine et al., 2012).  

I.2.1. Interleukin-1 

The interleukin-1 (IL-1) cytokine family plays a key regulator role in acute and chronic 

inflammation, presenting pleiotropic effects and being implied in the pathogenesis of many 

infectious, autoimmune, and inflammatory diseases (Dinarello, 2011; Karimbux et al., 2012). 

IL-1α and IL-1β are the two principal forms of IL-1 with agonist pro-inflammatory activity, 

and their increased levels have been associated with periodontitis severity (Masada et al., 

1990; Preiss and Meyle, 1994). These mediators lead to amplification of the inflammatory 

response, the induction of adhesion molecules and enzymes that degrade extracellular matrix, 

osteoclastic bone resorption, and can inhibit osteoblast differentiation (Shirodaria et al., 2000; 

Graves and Cochran, 2003). The treatment of PD leads to a reduction of IL-1 levels, and the 

therapeutic value of IL-1 inhibitors was also demonstrated (Shirodaria et al., 2000; Delima et 

al., 2002). 
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Polymorphisms in the genes coding for IL-1α and IL-1β (IL1A and IL1B) are the most well 

studied genetic polymorphisms in PD (Shirodaria et al., 2000; Taylor et al., 2004). The first 

study was reported by Kornman et al. (1997) and found a “composite” IL1 genotype as a 

strong indicator of susceptibility to severe periodontitis. This composite genotype means at 

least one copy of the rare allele at both IL1A (-889) and IL1B (+3953) loci. A third locus, 

IL1A (+4845), is in complete linkage disequilibrium with IL1A (-889) and most recent studies 

opted to genotype this locus and not IL1A (-889) because it is technically easier (Cullinan et 

al., 2001; Papapanou et al., 2001). Elevated levels of IL-1α and IL-1β in the gingival 

crevicular fluid were found in periodontitis patients positive for the “composite” genotype 

(Engebretson et al., 1999; Shirodaria et al., 2000). This overproduction of IL-1 results in a 

higher inflammatory response to bacteria stimulus and consequently in a more severe disease 

presentation, as well as, an unfavorable response to treatments (Kornman et al., 1997; 

McGuire and Nunn, 1999). A systemic hyperinflammatory state, showed by increased levels 

of C-reactive protein, is also associated with this “composite” genotype (Berger et al., 2002). 

Over the years, more than one hundred and twenty five studies were developed evaluating the 

association between IL1 genetic variants and PD in humans (Karimbux et al., 2012). The 

results are heterogeneous, but recent systematic reviews and meta-analysis reinforce that IL1A 

and IL1B genetic polymorphisms are significant associated with PD (Nikolopoulos et al., 

2008; Karimbux et al., 2012). Additionally, variations in these genes are also correlated with 

other diseases, including osteoarthritis (Moxley et al., 2010), inflammatory bowel disease 

(Bioque et al., 1995), atherosclerotic cardiovascular disease (Brown et al., 2010), Alzheimer’s 

disease (Nicoll et al., 2000), and gastric cancer (El-Omar et al., 2000). 

In veterinary medicine, the specific role of IL-1 in the pathogenesis of inflammatory diseases 

has not been extensively studied, but crescent evidences show that the involvement of the IL-

1 in dog and human diseases is quite similar (Gibson et al., 2004). 

I.2.2. Interleukin-10 

Interleukin-10 (IL-10) is considered an anti-inflammatory cytokine and having a proliferative 

effect on B cells, showing a pleiotropic effect in the immune and inflammatory regulation 

(Moore et al., 2001). Its ability to inhibit Th1-type response supports this important regulatory 
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function (Ouyang et al., 2011). IL-10 promotes the production of protective antibodies and 

reduces the production of pro-inflammatory cytokines, limiting the tissue damage (Moore et 

al., 2001). In several infectious and inflammatory diseases, was reported an important role of 

IL-10 either by its over-expression or by its deficiency (Ouyang et al., 2011). 

In human periodontology, several studies have shown that IL-10 plays a key role in 

maintaining the periodontal health and stability, and therefore have a protective action against 

disease progression (Cutler et al., 2000; Bozkurt et al., 2006). It was demonstrated in vitro 

that IL-10 acts by inhibiting the synthesis of pro-inflammatory cytokines and bone resorption 

(Owens et al., 1996). 

In humans, IL10 gene is well described and the 5’-flanking promoter region contains various 

polymorphisms associated with periodontitis risk [-1082(-1087)A>G; -819(-824)C>T; -592(-

597)C>A] but the different studies showed partially inconsistent results (Yoshie et al., 2007). 

These polymorphisms also play an important role in other diseases, such as endometriosis 

(Zhang et al., 2007), Alzheimer’s disease (Ma et al., 2005), aortic stenosis (Gaudreault et al., 

2011), Crohn’s disease (Fowler et al., 2005), Graves’ disease (Liu et al., 2011) and sepsis 

(Stanilova et al., 2006). 

Canine IL-10 shows strong sequence similarity and identical cellular expression in relation to 

human IL-10 (Lu et al., 1995; Zucker et al., 1996). Anti-inflammatory proprieties of IL-10 

were demonstrated in dogs with gram-negative bacterial sepsis (Ogasawara and Stokol, 

2012). Additionally, an increased IL-10 expression was described in different canine diseases 

namely, recurrent demodicosis (Felix et al., 2012), inflammatory mammary cancer (Andrés et 

al., 2013), osteoarthritis (Maccoux et al., 2007) and leishmaniasis (Corrêa et al., 2007). A 

study delineated to evaluate the effect of a specific therapy on periodontitis in dogs showed a 

reduction in the expression of various cytokines, including IL-10 (de Oliveira et al., 2011). 

Short et al. (2007) developed an analysis of candidate susceptibility genes in canine diabetes, 

including IL10 gene, selected taking in account the previous associations described in human 

diabetes. These authors found various polymorphisms in dog IL10 gene associated with 

diabetes mellitus in the Cavalier King Charles Spaniel. 
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I.2.3. Interleukin-6 

Interleukin-6 (IL-6) is a pleiotropic cytokine synthesized in diverse cells, like macrophages 

and neutrophils, and has different functions, namely the B cells differentiation, the T cells 

proliferation and acute phase proteins production (Irwin and Myrillas, 1998; Hirano, 2010; 

Scheller et al., 2011). This interleukin is crucial in the inflammatory response against 

infectious agents, particularly gram-negative bacteria (Dalrymple et al., 1996), and has an 

important role in the local regulation of bone turnover (Ishimi et al., 1990; Okada and 

Murakami, 1998; Taylor et al., 2004). In periodontal lesions it was demonstrated that IL-6 is 

expressed in multiple cells (T cells, macrophages, endothelial cells and fibroblasts) (Matsuki 

et al., 1992; Takahashi et al., 1994). It is speculated that the increase of B cells / plasma cells 

observed in periodontal lesions may result from an increased expression of IL-6 in the 

affected locations (Fujihashi et al., 1993), with important implications in the bone resorption 

(Ishimi et al., 1990; Irwin and Myrillas, 1998; Okada and Murakami, 1998).  

Several SNPs in the promoter region of the IL6 gene have been associated with human PD 

susceptibility (Nibali et al., 2008a, 2008b; Nibali et al., 2009). These variations are associated 

with increased plasma IL-6 levels and transcriptional activity of IL6 gene (Fishman et al., 

1998; Hulkkonen et al., 2001), and appears to influence the predisposition to the colonization 

of periodontopathic bacteria (Aggregatibacter actinomycetemcomitans, Porphyromonas 

gingivalis and Tannerella forsythensis) (Nibali et al., 2007; Nibali et al., 2008b; Nibali et al., 

2011). Consequently, the response to periodontal treatment may be influenced in the 

predisposed individuals. However, further studies are necessary to clarify the role of IL-6 in 

the inflammatory process of PD. 

I.2.4. Lactotransferrin 

Lactotransferrin (LTF) is an iron-binding glycoprotein included in the family of transferrins 

(Schanbacher et al., 1993). This multifunctional protein is associated with anti-bacterial, anti-

viral, anti-inflammatory and anti-carcinogenic processes; performs regulatory functions in cell 

growth and immunity; and is involved in several enzymatic activities (Baveye et al., 1999; 

Ward et al., 2005). LTF is the major iron-binding protein secreted in saliva (Fine and 

Furgang, 2002). It has two principal antibacterial mechanisms, namely the direct inactivation 
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of the bacterial activity and the ability to capture iron (Schryvers and Morris, 1988; Yamauchi 

et al., 1993; Erdei et al., 1994). This glycoprotein presents a cationic peptide designated 

lactoferricin, which can damage the external membrane of gram-negative bacteria (Ellison et 

al., 1988; Bellamy et al., 1992). LTF also captures iron from the oral cavity, which deprives 

the oral bacteria from an element necessary for its growth and survival (Bullen et al., 1978; 

Mukherjee, 1985; Sojer et al., 1998). Based on these biological mechanisms, LTF appears to 

interact with periodontopathic bacteria (Alugupalli et al., 1995; Fine and Furgang, 2002). The 

increased LTF concentration in gingival crevicular fluid has been documented in PD cases 

(Friedman et al., 1983; Wei et al., 2004).  

The overexpression of LTF gene and polymorphisms that affects encoding amino acids and 

protein functions have been associated with human PD predisposition (Velliyagounder et al., 

2003; Jordan et al., 2005; Kim et al., 2006; Wu et al., 2009). Nevertheless, the results of these 

studies present some contradictions and the authors highlight that further studies are important 

to clarify the role of the LTF gene. 

I.3. Objectives 

Although the recognized canine PD importance in small animal practice and the potential 

advantages of the canine model to study PD genetic basis, there is a complete lack of 

information regarding the possible existence of dog genetic risk factors behind PD 

susceptibility. Thus, the main goal of this Thesis is to give a contribution to overcome this 

fault and globally can be divided into two complementary strands: 

1) To improve the methodology of clinical approach for canine PD; 

2) To gain insight into the genetic susceptibility to canine PD. 

In this context and recognizing the pioneer character of this methodology to study canine PD, 

a previous sequential plan was delineated mainly to give solid scientific support and to 

develop inexistent tools necessary to achieve the main goals initially proposed and to provide 

a background for future studies in this area. So, the specific objectives established to achieve 

with the different steps followed in this Thesis were to: 



Chapter I – General Introduction 

 

 
24 

1) Perform a detailed literature review 

Execute a complete and systematic literature review focused on three complementary 

issues of this Thesis, namely the canine PD characterization (epidemiology, aetiology, 

pathogenesis, clinical presentation, and treatment options), the animal models used in 

PD research and the genetic basis of human PD. 

2) Develop basic tools to facilitate and to standardize the veterinary dentistry examination 

Design a clinical record model with odontogram (dental chart), adapted for Portuguese 

small animal clinical practice. This specific task was included giving the absence of a 

clinical record model with dental chart for be used in the Portuguese small animal 

practice and the importance to standardize the clinical approach and registration of the 

clinical animal cases. 

3) Perform a candidate gene approach searching for gene variants possibly associated with 

canine PD susceptibility 

Select the most appropriate candidate genes encoding molecules with recognized 

relevant role in the PD pathogenesis and delineate case-control studies to identify 

genetic variations and evaluate its possible association with PD. 

4) Perform a meta-analysis to estimate the putative association between IL10 polymorphisms 

and human PD 

Develop a meta-analysis of all available published studies to quantify in a reliable 

manner the genetic risks associated with the IL10 polymorphisms in PD susceptibility. 

5) Evaluate the systemic levels of IL-10 in dogs with periodontitis 

Perform a study to evaluate the levels of IL-10 in plasma of dogs with periodontitis 

and to compare with healthy dogs to assess a possible correlation between these levels 

and the periodontal condition. 
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The points 4) and 5) represent two complementary studies regarding the gene IL10, namely a 

meta-analysis and a study of the plasma levels of the IL-10 protein. These complementary 

studies were delineated because the quantitative systematic review (meta-analysis) and the 

evaluation of a possible correlation between protein levels and disease susceptibility 

(functional assessment) are two fundamental tools in the selection process of candidate genes. 

In the context of this Thesis, it was considered that the application of these important tools 

should be exemplified at least in one of the studied genes. Moreover, the selection of IL10 

gene was based on its importance in the PD pathogenesis and the lack of consensus in the 

existing literature. 

Globally, a mix of candidate gene and comparative genomics approachs was planned to be 

applied along this work, which is a pionner approach on this disease, but seems a promising 

research path which can be extremely useful to improve the knowledge in human and 

veterinary periodontology. 
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This Chapter provides a general overview and detailed information on all the techniques 

performed under the scope of this Thesis. The main objective is to contextualize and justify 

the selection of materials and methodologies applied throughout the various studies. 

II.1. Study population – Case and control selection 

A population of 90 dogs was selected to be included in the studies developed in the scope of 

this Thesis. These animals were identified and selected from the pool of animals that were 

observed at the Veterinary Hospital of the University of Trás-os-Montes e Alto Douro, and at 

the association for abandoned animal’s protection – Cantinho dos Animais Abandonados at 

Viseu. In the selection process, a detailed medical history and a general clinical examination 

were performed to assess the individual health condition and to exclude other pathologies. 

The main selection criteria included: mesocephalic skull, mixed diet pattern (home-prepared 

rations and commercial pet foods), no history of any previous dental treatment or preventive 

measures (e.g. tooth brushing, dental diets), and unrelated/unfamiliar individuals.  

II.1.1. Odonto-stomatological evaluation 

After an informed consent of the owners (Annex I) and following all the animal welfare 

guidelines, the dogs were sedated by an intramuscular administration of butorphanol 

(Torbugesic 1%; Fort Dodge, The Netherlands) and acepromazine (Vetranquil; CEVA Sante 

Animal, France). Anesthesia was achieved by an intravenous administration of diazepam 

(Diazepam MG; Labesfal, Portugal), ketamine (Imalgene 1000; Merial, France) and propofol 

(Lipuro 2%; Braun, Germany) and was maintained using isoflurane (IsoFlo; Abbott Animal 

Health, USA), administered in oxygen through an endotracheal tube. A systematic odonto-

stomatological exam was performed to all dogs, to determine the presence or absence of PD 

and, when present, classify in the correct stage. This clinical periodontal evaluation includes 

an interpretation of clinical signs, a full-mouth examination (including periodontal probing), 

and intraoral radiographic exams. To standardize this clinical periodontal examination, it was 

developed an original clinical record model with odontogram, prepared to a complete 

veterinary dentistry consult (Annex II). The classification of PD stages was based on the 

American Veterinary Dental College recommendations (see Table 1.1).  
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After the odonto-stomatological exam, dogs were distributed in two groups. The cases group 

included 40 dogs with PD (ranging from gingivitis to advanced periodontitis). The inclusion 

in each PD stage group was based in the worst affected teeth and defined by the presence of 

four or more teeth in that PD stage. The control group included 50 dogs with healthy 

periodontium. The only two exceptions were the IL6 gene analysis and the plasma IL-10 

levels determination studies, in which the population was composed by 70 dogs (25 dogs in 

the cases group vs. 45 dogs in the control group) and 46 dogs (23 dogs in the cases group vs. 

23 dogs in the control group), respectively. All animals were mixed-breed with body weight 

ranging from 9 to 18 kg and ages between 2 and 8 years. A more detailed characterization of 

the population is presented in Table 2.1. 

Table 2.1 – Main characteristics of the population under study. 

PD stage Frequency n (%) Age (years) Weight (kg) Sex (males/females) 

PD 0 (Healthy periodontium) 50 (55.6) 3.9 (2-5) 12.2 19 / 31 

PD1 (Gingivitis) 5 (5.6) 3.4 (2-4) 11.7 2 / 3 

PD2 (Early periodontitis) 15 (16.6) 4.1 (3-6) 10.5 6 / 9 

PD3 (Moderate periodontitis) 11 (12.2) 4.2 (3-8) 11.3 5 / 6 

PD4 (Advanced periodontitis) 9 (10.0) 5.4 (4-8) 11.2 4 / 5 

     

Control Group 50 (55.6) 3.9 (2-5) 12.2 19 / 31 

Cases Group 40 (44.4) 4.3 (2-8) 11.1 17 / 23 

     

Exceptions 

IL6 gene analysis 

 PD 0 (Healthy periodontium) 45 (64.3) 3.8 (2-5) 12.2 18 / 27 

 PD1 (Gingivitis) 5 (7.1) 3.4 (2-4) 11.7 2 / 3 

 PD2 (Early periodontitis) 15 (21.4) 4.1 (3-6) 10.5 6 / 9 

 PD3 (Moderate periodontitis) 1 (1.4) 5 13.1 0 / 1 

 PD4 (Advanced periodontitis) 4 (5.7) 5.8 (5-8) 10.7 2 / 2 

      

 Control Group 45 (64.3) 3.8 (2-5) 12.2 18 / 27 

 Cases Group 25 (35.7) 4.2 (2-8) 10.9 10 / 15 

IL-10 plasma levels determination 

 PD 0 (Healthy periodontium) 23 (50.0) 3.8 (2-5) 11.6 11 / 12 

 PD2 (Early periodontitis) 6 (13.0) 4.2 (3-6) 10.3 4 / 6 

 PD3 (Moderate periodontitis) 9 (19.6) 4.1 (3-8) 11.0 2 / 4 

 PD4 (Advanced periodontitis) 8 (17.4) 5.5 (4-8) 11.0 3 / 4 

      

 Control Group 23 (50.0) 3.8 (2-5) 11.6 11 / 12 

 Cases Group 23 (50.0) 4.6 (3-8) 10.8 9 / 14 
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II.2. Whole-blood collection, storage and processing 

Blood (3 mL) was collected by venipuncture from each dog in ethylenediaminetetraacetic 

acid (EDTA) tubes that were immediately gently inverted 5-6 times to mix. Then, the blood 

was centrifuged at 2500 rpm for 15 minutes, at room temperature, to separate the whole blood 

in three fractions (red cells, plasma and buffy coat). Plasma was carefully removed into 2 mL 

Eppendorf tubes and stored at -80 ºC until enzyme-linked immunosorbent assay (ELISA). The 

other fractions (buffy coat and red cells) were stored at -20 ºC, until DNA extraction 

procedures. 

II.3. DNA extraction and purification 

DNA extraction and purification are essential procedures because the success of subsequent 

polymerase chain reaction (PCR) is dependent upon the purity of the DNA. There are several 

techniques for isolation and purification of genomic DNA from blood, since manual protocols 

to commercial kits, which allow simple, rapid and high-yield isolation of pure DNA. The 

essential steps in a DNA extraction protocol are the lysis of cellular and nuclear membranes, 

the protein degradation and the DNA precipitation (Santella, 2006; Bailles et al., 2007). In 

this work, the extraction of DNA was performed recurring to an optimized protocol using the 

DNA QuickGene whole blood kit S (Cat. No. DB-S Fujifilm). 

II.3.1. DNA QuickGene whole blood kit S (DB-S) 

The buffy coat was used to extract genomic DNA improving substantially its yield and purity. 

Briefly, 250 μL of the buffy coat sample were transferred to a 2 mL eppendorf tube, and 30 

μL of protease were added. The mixture was vortexed, and 250 μL of lysis buffer were added. 

Then, the mixture was vortexed at the maximum speed for 15 seconds, and briefly 

centrifuged. The mixture was incubated at 56 ºC for 5 minutes. Thereafter, 250 μL of absolute 

ethanol were added, and the mixture was vortexed for 15 seconds, followed by a new 

centrifugation at 6000 rpm for 15 seconds. 

https://www.google.pt/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CEAQFjAB&url=http%3A%2F%2Fwww.medscape.com%2Fviewarticle%2F583145_3&ei=jzAXUrf_FOnX7AaSsoCQDw&usg=AFQjCNFHsnpBKDOwUM0zQQHF4MKGXQAMxA&bvm=bv.51156542,d.d2k
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After that, the "QuickGene-Mini80" equipment was used to follow the DNA extraction 

procedure. The whole volume previously obtained was transferred to the columns, and the 

equipment performed the pressurization necessary to remove the content of the columns, 

retaining the genomic DNA in the filter. Three washes were carried out with 750 μL of wash 

buffer, making pressurization after each wash buffer addition. DNA collection was performed 

using an elution solution, wherein a first elution was obtained using 100 μL and was 

incubated for 5 minutes in the column. A second elution was carried out adding more 100 μL 

of elution solution, leaving to incubate more 5 minutes in the column. The DNA obtained was 

stored in aliquots at -20 ºC. 

II.4. DNA quantification 

The DNA quantification is an essential procedure after the extraction and purification 

techniques, mainly to assess the yield and purity of the DNA. This step is important to 

confirm the effective extraction and to delineate the subsequent protocols, which depend on 

the DNA concentrations. There are various methods to perform DNA quantification; such as 

spectrophotometry approach that measures the amount of ultraviolet radiation absorbed by the 

bases, or fluorimetry approach that evaluates the ultraviolet-induced emission of fluorescence 

from intercalated fluorophores (Gallagher and Desjardins, 2007). In this work, the 

spectrophotometry approach was used for DNA quantification, as explained below. 

II.4.1. Quantification by spectrophotometry 

The NanoDrop ND-1000 spectrophotometer (Thermo Scientific) was used to determine the 

concentration and quality of the DNA. After a cleaning of the measurement pedestals of 

NanoDrop with de-ionized water, the blank reading was performed, using 1 μL of ultra-pure 

water. A new blank reading was determinate using 1 μL of the elution buffer used in the DNA 

extraction. Then, the quantification of DNA was performed using 1 μL of each sample, 

wiping the upper and lower pedestals between samples. The ratio of sample absorbance at 260 

and 280 nm was used to assess the purity of DNA (ratio=1.8 represents “pure” DNA), and the 

sample concentration was expressed in ng/μL based on absorbance at 260 nm. The group of 



Chapter II – Materials and Methodologies 

 

 
33 

90 samples had DNA concentration in the range from 50-100 ng/μL and the mean DNA 

purity (A260/280) was 1.6. 

II.5. In silico analysis – Target regions selection and primers design 

The specific gene regions to study were selected using the nucleotide sequences in FASTA 

format obtained from the genomic databases (Ensembl and NCBI). The selected gene regions 

and the reasons for these choices are explained individually below. 

II.5.1. IL1A and IL1B genes fragments selection 

In the IL1A gene, two fragments were studied, namely the fragment IL1A/1, which includes 

the exon 2 and partial intron 1; and the fragment IL1A/2, which includes the exon 5. In the 

IL1B gene, one single fragment (IL1B/1) was analyzed that includes the exons 4 and 5. These 

target regions were defined recurring to data available in genome browsers for human and dog 

IL1A and IL1B genes. Two of the three studied fragments correspond to the homologous 

regions that contain polymorphisms associated with PD in human genes [IL1A (+4845) and 

IL1B (+3953)]. Additionally, in the IL1A gene, the intron 1 and exon 2 were selected because 

in this gene region a genetic variation was already identified in dog species, and corresponds 

to the homologous sequence of human IL1A gene which contains polymorphisms related with 

other inflammatory diseases, namely ankylosing spondylitis (Maksymowych et al., 2006) and 

rheumatoid arthritis (Johnsen et al., 2008). 

II.5.2. IL10 gene fragments selection 

For the IL10 gene, two fragments were studied, namely the fragment IL10/1, which includes a 

target region in the 5’-flanking sequence; and the fragment IL10/2, which includes 5’-

untranslated region (UTR) and exon 1. In the absence of previous studies in dogs, the human 

IL10 gene information and the homology with canine IL10 gene were used to select these two 

target regions. The 5’-flanking promoter region of human IL10 gene contains various 

polymorphisms associated with different diseases, including three important SNPs associated 

with PD (Yoshie et al., 2007).  
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II.5.3. IL6 gene fragments selection 

Regarding IL6 gene, two fragments were studied, namely the fragment IL6/1, which includes 

a target region 5´-UTR, exon 1 and exon 2; whereas the fragment IL6/2 includes the exon 5 

and a target region 3’-UTR. Due to the reduced information about dog IL6 gene and the 

absence of previous case-control studies analyzing IL6 variations in this species, the selected 

regions were based on previous human IL6 gene studies. These regions are homologous to 

highly polymorphic regions in human IL6, which include polymorphisms associated with 

various complex diseases (Cooper et al., 2007; Milet et al., 2007; Cole et al., 2008). 

 II.5.4. LTF gene fragments selection 

For the LTF gene, three fragments were studied, namely the fragment LTF/1, which includes 

the exon 2; the fragment LTF/2, which includes the exon 12; and the fragment LTF/3, which 

includes the exon 15. These regions were selected considering the data available in genome 

browsers for human and dog genes, due to absence of case-control studies and analysis of 

LTF variations in the dog. The exons 2 and 15 were selected considering the homology with 

highly polymorphic regions in human LTF, containing polymorphisms associated with 

alterations of its biological functions (Kachiwala et al., 2005; Harris et al., 2007; Moreno-

Navarrete et al., 2008). The exon 12 was analyzed taking into account the presence of one 

genetic variation (dbSNP ID: rs8866393) in this region of the dog LTF. 

II.5.5. Primers design 

A proper primer design is one of the most important factors interfering in the quality of PCR 

results. A primer must have the following characteristics: 16 to 30 nucleotides in length, % 

GC of 40 to 60, melting temperature in the range of 50 to 65 ºC, absence of dimerization 

capability, absence of significant hairpin formation, lack of secondary priming sites, avoid 

high GC content at the 3’ end to prevent mispriming. The use of bioinformatic programs to 

design primers with these characteristics is highly recommended (Roux, 1995).  In this work, 

the primers were selected with the help of the bioinformatic tool Primer3plus 
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(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi). The primers used in this 

work are presented in Table 2.2. 

Table 2.2 – Primers used in the studies on the scope of this Thesis. 

Primer Sequence Lenght (nt) 
Lenght of 

amplicon (nt) 

IL1A    

IL1A/1_F 5’-TCTTGTCTGTGCCTGGTTTG-3’ 20 
677 

IL1A/1_R 5’-TCTGGCTCCATGCTAGTTACTG-3’ 22 

IL1A/2_F 5’-TCCTCAGTAACAAATATAAGTC-3’ 22 
730 

IL1A/2_R 5’-TACAAGTTGAAGGGTCTT-3’ 18 

IL1B    

IL1B/1_F 5’-CCCTTCAGCCTCTCTGATGT-3’ 20 
639 

IL1B/1_R 5’-TCCATAATTCGCCTTATTGTTC-3’ 22 

IL10    

IL10/1_F 5’-CTTAACTTCCTTATTATTCC-3’ 20 
551 

IL10/1_R 5’-CTGAGATTGAGAAATAATTG-3’ 20 

IL10/2_F 5’-AAGCGAAGAACCTTAAAAAGTTAAA-3’ 25 
622 

IL10/2_R 5’-AGGTGGCATTTTCTGCACAT-3’ 20 

IL6    

IL6/1_F 5’-TCCTGCTTCTTAGCACTAGCC-3’ 21 
643 

IL6/1_R 5’-CAGAGATTTTGCCGAGGATG-3’ 20 

IL6/2_F 5’-GGATGAAGTGACCACTCCTGA-3’ 21 
630 

IL6/2_R 5’-CACATTAAGCTTCACAGGACAC-3’ 22 

LTF    

LTF/1_F 5’-GGCAGTTCTTGAGCCCTTAC-3’ 20 
630 

LTF/1_R 5’-ACATCTTTCCAATGCCCAGT-3’ 20 

LTF/2_F 5’-CCTGCATCTACACAGCACTTAG-3’ 22 
615 

LTF/2_R 5’- ATGTGTCTACCCGCCCAGAT-3’ 20 

LTF/3_F 5’-GCTGCCAACCACCAGTCTAT-3’ 20 
626 

LTF/3_R 5’- GGACCCGTGTGGTTAAGAGA-3’ 20 

II.6. Polymerase chain reaction conditions 

Polymerase Chain Reaction (PCR) is a technology developed by Kary Mullis in the 1980s and 

is broadly used for amplifying DNA sequences. It is a relatively simple, quickly and 
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inexpensive tool that enables researchers to produce numerous copies of a specific DNA 

sequence (Roux, 1995; Bermingham and Luettich, 2003). 

A PCR reaction requires the following components: DNA template, primers (forward and 

reverse), deoxyribonucleotides (dNTPs), polymerase buffer, magnesium chloride (MgCl2) and 

DNA polymerase. PCR consists of a series of 20-40 repeated cycles, with each cycle 

consisting of a three steps sequence, namely denaturation, anneling and extension. First, the 

double stranded DNA molecules are converted to single strands (denaturation) by submitting 

the PCR mixture to 94-96 ºC for 0.5-2 minutes. Then, the primers anneal to the 

complementary DNA sequences by lowing the temperature 3-5 ºC below the melting 

temperature of primers (45-65 ºC) for 0.5-2 minutes. The last step involves primer extension 

by the action of DNA polymerase, whose activity is potentiated by raising the temperature to 

it optimum temperature (70-80 ºC). The dNTPs that are complementary to the template are 

added in 5’ to 3’ direction, synthesizing a new complementary DNA strand. A post-PCR final 

incubation step of 5-10 minutes at 72 ºC may be added in order to ensure the complete 

synthesis of all PCR products (Roux, 1995; Bermingham and Luettich, 2003). 

In this work, the conditions for amplification of the studied genetic fragments were optimized 

for the DreamTaq PCR Master Mix kit (K1071, Fermentas) in a Biometra Uno II 

thermocycler. All the PCR amplifications were optimized in a 25 μL of reaction mixture 

containing 12.5 μL of DreamTaq PCR Master Mix (2x), 1 μL of each primer (approximately 

16 pmol), 1 μL of genomic DNA (50-100 ng) and 9.5 μL of H2O. The specific PCR 

conditions used to amplify each fragment are described below. 

II.6.1. IL1A and IL1B genes 

For all the fragments (IL1A/1, IL1A/2 and IL1B) the amplification reaction was performed 

with a initial denaturation at 95 ºC for 3 minutes followed by 40 cycles of 95 ºC for 30 

seconds, 57 ºC for 30 seconds, 72 ºC for 30 seconds and a final extension at 72 ºC for 10 

minutes. 
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II.6.2. IL10 gene 

For the first fragment (IL10/1), the amplification reaction was performed with a initial 

denaturation at 95 ºC for 3 minutes followed by 40 cycles of 95 ºC for 30 seconds, 50 ºC for 

30 seconds, 72 ºC for 30 seconds and a final extension at 72 ºC for 10 minutes. For the second 

fragment (IL10/2), the amplification reaction were performed with a initial denaturation at 95 

ºC for 3 minutes followed by 35 cycles of 95 ºC for 30 seconds, 59 ºC for 30 seconds, 72 ºC 

for 30 seconds and a final extension at 72 ºC for 10 minutes. 

II.6.3. IL6 gene  

The amplification reaction was performed with an initial denaturation at 95 ºC for 3 minutes 

followed by 40 cycles of 95 ºC for 30 seconds, 55 ºC for 30 seconds, 72 ºC for 30 seconds and 

a final extension at 72 ºC for 10 minutes. For the second fragment (IL6/2) the same PCR 

amplification parameters were used with only two differences, namely a different annealing 

temperature (68 ºC) and the adition of 1 mM of MgCl2 to the mixture reaction. 

II.6.4. LTF gene 

For all the fragments (LTF/1, LTF/2 and LTF/3) the amplification reaction was performed 

with a initial denaturation at 95 ºC for 3 minutes followed by 40 cycles of 95 ºC for 30 

seconds, 55 ºC for 30 seconds, 72 ºC for 30 seconds and a final extension at 72 ºC for 10 

minutes. 

II.7. Agarose gel electrophoresis 

The agarose gel electrophoresis is a technique used in the laboratory, which uses an electrical 

field to move the negatively charged DNA (due to the phosphate groups) toward the anode 

(positive electrode) through an agarose gel. This physical method separates DNA fragments 

according to their charge and their size, and the molecular size of each fragment can be 

estimated including an appropriate DNA molecular weight marker. The migration velocity is 

inversely proportional to fragment size, with small fragments migrating faster than large 
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fragments. Different fragments appear as different bands when the gel is exposed to 

ultraviolet light, due to the large increase in fluorescence of the ethidium bromide (added to 

the gel solution) upon binding to the DNA (Clark and Pazdernik, 2012). 

The agarose gel electrophoresis was used to analyze the results of PCR amplification of all 

fragments in this Thesis (Annex III). Briefly, a 1.5% agarose gel was prepared in suitable 

electrophoresis buffer (1X TBE). To prepare 40 mL of 1.5% agarose solution, 0.6 grams of 

agarose were weighed and were added to 40 mL of 1X TBE buffer. The mixture was 

introduced in a microwave to melt completely and to become clear. The casting tray (mold) 

was previously prepared with one or more combs. Then, 3 μL of ethidium bromide (10 

mg/mL) were added in the melted agarose, and the solution was immediately poured into the 

tray. After agarose was completely solidified (20 minutes), the combs were removed and the 

gel was transferred into electrophoresis tank that was filled with electrophoresis buffer to 

cover the entire gel.  The DNA samples mixed with DNA loading dye (10 mM Tris-HCl (pH 

7.6); 10 mM EDTA; 0.005% azul de bromofenol; 0.005% xilenocianol FF; 10% glycerol) 

were loaded into the wells of agarose gel. A molecular marker (MassRuler DNA Ladder Mix 

#SM0403, Fermentas; 100 bp BLUE eXtended DNA Lader, Cat. 304105, Bioron) was loaded 

on one the wells parallel to the samples. The electrophoresis apparatus was connected with 

power supply and started the electrophoresis. After electrophoresis, the gel was analyzed 

using the transilluminator Gel Doc Molecular Imager (Bio-Rad). 

II.8. Purification of PCR products 

The ExoSAP-IT kit (GE Helthcare Bio-Sciences) was used to purify the sequencing PCR 

products. The unconsumed dNTPs and primers were removed by the hydrolytic enzymes 

(Exonuclease I and Shrimp Alkaline Phosphatase) present in this purification kit. 

A volume of 2 μL of ExoSAP-IT was mixed with 12 μL of PCR product, and the mixture was 

first incubated at 37 ºC for 15 minutes (promoting the enzymes’ activity), and then submitted 

to 80 ºC for 15 minutes (inactivating the enzymes’ activity). A Biometra Uno II termocycler 

was used to this process. 
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II.9. DNA sequencing 

DNA sequencing is the technique for determining the sequence of nucleotides in a DNA 

fragment, and the actual thechnology, named chain termination DNA sequencing, involves 

synthetizing DNA subfragments of all possible lengths and separating them on a gel. The 

automated sequencing procedure use fluorescent labeling, with each base being represented 

by a different color (Clark and Pazdernik, 2012). 

The DNA sequencing process was performed at the National Genotyping Centre (Evry, 

France), with which a scientific collaboration was developed, and at Stab Vida laboratories 

(Lisbon, Portugal). After receiving the results, the ChromasPro program (version 1.5; 

Technelysium Pty Ltd) was used to visualize and to interpret the chromatograms and the 

output sequences. After that, the ClustalW2 tool (http://www.ebi.ac.uk/Tools/clustalw2/) was 

used to align the forward and reverse sequences and the GeneDoc software (version 2.6.003) 

to edit the sequences (Annex III). Additionally, a manual check was performed to all 

sequences confirming all the nucleotide positions and clarifying any dubious position. 

II.10. Enzyme-linked immunosorbent assay 

With the purpose of IL-10 plasma levels measurement, it was used an enzyme-linked 

immunosorbent assay (ELISA Kit for IL10, E90056Ca, Uscn Life Science Inc). First, all 

reagents, samples and standards were prepared. The reconstituted standard and the standard 

diluent were used to prepare a serial dilution of eight tubes (1000 pg/mL, 500 pg/mL, 250 

pg/mL, 125 pg/mL, 62.5 pg/mL, 31.2 pg/mL, 15.6 pg/mL, 0 pg/mL). The detection reagents 

were diluted with respective assay diluents to the working concentration (1:100), and the 

wash solution concentrate was diluted thirty times. Then, 100 μL of standards and samples 

were added to the corresponding wells, and the plate, that has been pre-coated with an 

antibody specific to IL-10, was covered and incubated for 2 hours at 37 ºC. The liquid of each 

well was removed and 100 μL of the first detection reagent were added. A new incubation at 

37 ºC for 1 hour was performed after covering the plate. The solution was aspirated and a 

total of 3 washes were performed with wash solution using a multi-channel pipette. After 

removing any remaining wash buffer, 100 μL of the second detection reagent were added to 

each well, and the plate was incubated for 30 minutes at 37 ºC. A new series of five 
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repetitions of aspiration/wash process was executed. Next, 90 μL of substrate solution were 

added to each well, and a final incubation at 37 ºC for 20 minutes was performed. Finally, and 

protecting from light, 50 μL of stop solution were added to each well. Then, the optical 

density (OD) was immediately read on a microplate reader at a wavelength of 450 nm. A 

standard curve was created using the OD values of the known standard concentrations. 

According to the manufacturers, the lower limit of detection (LLD) using this assay is 15.6 

pg/mL. 

II.11. Meta-analysis 

Meta-analysis refers to the procedure for combining the results of several studies providing a 

numerical estimate of the overall effect of interest. The main objectives are to increase the 

statistical power and consequently to derive a more precise estimation of the possible 

associations, and inform the design and conduct of future primary studies (Trikalinos et al., 

2008). Current genetic literature may be distorted by various biases which would lead to a 

misleading impression of the strength of evidence for a putative gene–disease association. 

Meta-analysis is one means by which a more accurate estimate of the strength of evidence for 

such association may be obtained, in addition to offering a means by which potential biases, 

such as publication bias, may be identified and, in principle, corrected for (Lohmueller et al., 

2003). A combined estimate with enhanced statistical power is extremely useful for gene-

disease association research where small effects are usually anticipated. Therefore, the 

number of published meta-analysis of genetic studies, including PD, continuously rises 

(Nikolopoulos et al., 2008; Ozturk and Vieira, 2009; Shao et al., 2009). 

II.11.1. Search strategy 

A literature search of the PubMed database was conducted to identify all articles that 

examined the association of the IL10 polymorphisms with PD. The terms “interleukin-10”, 

“IL-10”, “polymorphism”, and “periodontitis” were used as search criteria, without language 

restriction. Articles reporting the association of the IL10 polymorphisms with PD were 

identified. All the studies that were published before December 2011 were considered for 

initial screening. The full texts of the candidate articles were examined to determine whether 
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they contained sufficient information on the association of the IL10-1082(-1087)A>G, IL10-

819(-824)C>T and IL10-592(-597)C>A polymorphisms and the risk of periodontitis. 

Abstracts or unpublished reports were not considered. 

II.11.2. Inclusion criteria 

Articles were included in the meta-analysis if they met all the following criteria: (1) they 

evaluated the effect of genetic variability in IL10 gene (SNPs) on the occurrence of 

periodontitis; (2) the design type of study was case-control study; (3) clear genotype and/or 

allele frequencies documentation; and (4) provide genotype distribution of the control 

population, to allow calculation of Hardy-Weinberg equilibrium (HWE). 

II.11.3. Data extraction 

All studies were carefully reviewed and the data extracted using a standardized form. The 

following information was extracted from each study: name of the first author, year of 

publication, population ethnicity, journal, number of cases and controls, study design, 

genotype and allele distributions and type of periodontitis [aggressive periodontitis (AP) or 

chronic periodontitis (CP)]. If allele frequencies were not given, they were calculated from the 

corresponding genotype distributions. 

Assessment of the quality of included studies is essential for a proper understanding of meta-

analytic results. Thus, a quality assessment of individual studies was performed taking in 

account some key components of case/control groups selection and experimental design of 

primary studies. It was tried to focus important characteristics of individual studies, such as 

sample size, population/ethnicity studied, clinical diagnosis criteria, and control for key 

confounding variables (e.g. smoking, age). This information was taken into account in the 

organization of data, in the calculations and in the discussion of results.   
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II.12. Statistical Analysis 

Several statistical analyses were performed in this Thesis, according to the specific types of 

data and the objectives of each study. A case-control design was used along the various 

studies, and a particular statistical technique, named meta-analysis, was performed in the IL10 

gene. 

II.12.1. Candidate genes (IL1A, IL1B, IL10, IL6, LTF) analysis 

On a case-control approach about genetic variations in different candidate genes (IL1A, IL1B, 

IL10, IL6, LTF), the statistical analyses included the Chi-square test (χ
2
) or the Fisher’s exact 

test to evaluate the distribution of genotype and allele frequencies between groups, and the 

estimation of the odds ratios (OR) with 95% confidence interval (CI). To increase statistical 

power for the less frequent variant, the rare homozygotes were combined with the 

heterozygotes assuming a dominant effect. Adjusted ORs (controlling for age, weight and 

gender variables) were calculated with a logistic regression model. The association between 

gene variants and sequential PD stages was tested by trend chi-square test (linear by linear 

association). The genotype frequencies of both groups were also evaluated for deviation from 

Hardy–Weinberg equilibrium with Chi-square test (χ
2
). All p-values were evaluated in a two-

sided model and a p-value of <0.05 was accepted as statistically significant. These analyses 

were performed using the software SPSS (Statistical Package for Social Sciences) version 

17.0. Additionally, the RunGC programme (Curtis et al., 2006) was used for estimating 

haplotype frequencies in both cases and controls, and to test for significant differences 

between groups using a likelihood-ratio test (LRT). 

II.12.2. Plasma IL-10 levels analysis 

Analysis of data was performed using the statistical software SPSS (version 17.0). Data were 

examined for normality by the Kolmogorov-Smirnov test. In each group (PD and controls), 

individuals were separated in two subgroups (IL-10 level below and above the LLD of the 

assay). The Chi-square test (χ
2
) was used to detect differences in the frequencies of subgroup 

among groups. The non-parametric Mann-Whintey test was used to study the significance of 
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the differences in the mean levels of plasma IL-10, considering only dogs with measurable 

IL-10 levels (above the LLD). All tests were two sided, and values p<0.05 were considered 

significant.  

II.12.3. Meta-analysis  

Allele and genotype frequencies were described for each study. Hardy–Weinberg equilibrium 

analysis for genotype distribution among control populations was carried out using Chi-

square test (χ
2
) (p<0.05 was considered significant). For each IL10 polymorphism, meta-

analysis was performed to compare the distribution of alleles and genotypes between cases 

and controls. An additive “per-allele” model (major allele versus minor allele) was performed 

for all SNPs, and a dominant and a recessive models were also considered. The most adequate 

model of inheritance (additive) was estimated applying a pooling method, using the 

information available on all genotypes, as suggested by Thakkinstian et al. (2005). The effect 

size of each IL10 polymorphism on PD susceptibility was standardized by calculating the 

odds ratios (ORs), together with the 95% confidence interval (CI) and the corresponding p 

value (the p value being significant if <0.05). Individual analysis was performed considering 

chronic periodontitis (CP) and aggressive periodontitis (AP). 

To evaluate the ethnicity-specific effects, subgroup analysis was performed. The difference of 

the allele frequencies was assessed by calculating the OR and CI for each individual study, 

and then combining the effects (log ORs) using a variance-weighted random-effects model. It 

was opted to use the random-effects model instead of the fixed-effect model, because it was 

anticipated some differences in the characteristics of the individual studies. Cumulative 

analysis was performed to investigate the trend of the association between the SNPs and PD 

with accumulation of studies by published year. 

Heterogeneity between the studies was examined by Q-statistic test (Cochran, 1954). 

Quantification of the heterogeneity was done with the I
2
 measure (inconsistency index), 

which is independent of the number of studies in the meta-analysis. The I
2
 values falls within 

the range 0–100%, with higher values denoting greater degree of heterogeneity (I
2
 = 0–25%, 

no heterogeneity; I
2
 = 25–50%, moderate heterogeneity; I

2
 = 50–75%, large heterogeneity; I

2
 

= 75–100%, extreme heterogeneity) (Higgins et al., 2003). Publication bias was tested using 
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the rank correlation method of Begg (Begg and Mazumdar, 1994) and the Egger’s regression 

method (Egger et al., 1997). All statistics were computed using the Comprehensive Meta-

Analysis Statistical Software (version 2.2.048). 
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III.1. IL1A and IL1B genetic variations 

The amplified fragments of the two genes were sequenced and genotyped (GenBank ID: 

KF477322 and KF477323). A total of eight genetic variations were identified in this study, 

seven in the IL1A gene and one in the IL1B gene (Table 3.1). For IL1A gene (Figure 3.1), two 

fragments were analyzed, namely, fragment 1 (IL1A/1) that includes the exon 2 and partial 

intron 1, and fragment 2 (IL1A/2) that includes the exon 5. For IL1B gene (Figure 3.2) one 

single fragment was analyzed which includes the exons 4 and 5. The distribution of the 

genotypes for all the genetic variations identified satisfied Hardy-Weinberg equilibrium in 

both groups. The distribution and analysis of genotypes and allele frequencies are 

summarized in Table 3.2. 

Table 3.1 –Genetic variations identified in IL1A and IL1B genes. 

Genetic variation Location Codon Position Amino acid 

IL1A     

IL1A/1_g.110A>G Intron 1 - - - 

IL1A/1_g.113C>A Intron 1 - - - 

IL1A/1_g.129G>A Intron 1 - - - 

IL1A/1_g.388A>C Intron 1 - - - 

IL1A/1_g.521T>A Intron 1 - - - 

IL1A/2_g.153T>A Intron 4 - - - 

IL1A/2_g.515G>T Exon 5 GGA/GTA 146 Gly-G/Val-V 

IL1B 

IL1B_g.525G>A Exon 5 GGG/GGA 146 Gly-G/Gly-G 

For IL1A gene, the analysis of fragment 1 (IL1A/1) allowed the identification of five single 

nucleotide variations, all located in intron 1, among which one was already described (dbSNP 

ID: rs22530526) and the other four are new genetic variations. A transversion of cytosine to 

adenine (IL1A/1_g.113C>A) was identified only in one dog (2.5%) of the PD group; whereas 

a transition of guanine to adenine (IL1A/1_g.129G>A) was found in only two dogs (4%) of 

the control group. These two variations were not included in the statistical analysis due its low 

frequencies.  
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Figure 3.1 – Nucleotide sequence of the IL1A gene fragments. Primers are in unshaded boxes, exon 2 and 

exon 5 are in a gray shaded box and genetic variations are highlighted by black shaded boxes. The gap 

separating the two analyzed fragments is represented by NNNs. 

A transition of adenine to guanine (IL1A/1_g.110A>G) was found in both groups (PD dogs 

group with 2.5% AG vs. control group with 12% AG); as well as a tranversion of thymine to 

adenine (IL1A/1_g.521T>A) which appeared in 12.5% of individuals in the PD dogs group 

and in 4% of dogs in the control group. For these two variations, the unadjusted OR analysis 

revealed no statistically significant differences among groups. However, after adjusting for 

confounding variables, the OR for the IL1A/1_g.521T>A allelic comparison was statistically 

significant [OR: 5.76 (95% CI: 1.03-32.1), p=0.046]. Finally, a transversion of adenine to 

cytosine (IL1A/1_g.388A>C) was found in 5% of individuals in the PD dogs group and in 

20% of dogs in the control group, with two homozygous individuals for the rare allele. The 

statistical analysis of this variation revealed significant differences in the allelic frequencies 
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between groups. The unadjusted and adjusted OR values confirm the significant differences in 

allele frequencies between groups [unadjusted OR: 0.19 (95% CI: 0.04-0.87), p=0.018; 

adjusted OR: 0.15 (95% CI: 0.03-0.76), p=0.022]. This result shows that C allele is more 

frequent in the control group, meaning that, in the studied population, the C allele may confer 

a relative decrease in the risk for PD. 

Considering fragment 2 of IL1A gene (IL1A/2), two single nucleotide variations were 

identified, one already described (dbSNP ID: rs22530525) in intron 4, and a new variation in 

exon 5. A transversion of thymine to adenine (IL1A/2_g.153T>A) was found in both groups 

(PD dogs group with 5% TA vs. control group with 10% TA), but without statistical 

significant differences. A transversion of guanine to thymine (IL1A/2_g.515G>T), located in 

exon 5, was identified only in one dog (2%) of the control group. This genetic variation 

results in a change of amino acid Glycine (Gly-G) to Valine (Val-V). 

For IL1B gene, it was identified a transition of guanine to adenine (IL1B/1_g.525G>A) 

located in exon 5. This single nucleotide variation was found in 5% of individuals in the PD 

dogs group and in 2% of dogs in the control group. No statistically significant differences 

were found between groups, prior and after adjustment for age, weight and gender variables. 

Additionally, this genetic variation does not change the encoded amino acid [Glycine (Gly-G) 

in both cases]. 

 

Figure 3.2 – Nucleotide sequence of the IL1B gene fragment. Primers are in unshaded boxes, exons 4 and 5 

are in a gray shaded box and the genetic variation is highlighted by one black shaded box.  
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Table 3.2 – Genotype and allele frequencies of the IL1A and IL1B genes variations. 

Genetic 

variation 

Genotypes 

/ Alleles 

PD dogs 

n(%) 

Controls 

n(%) 

OR  

(95% CI) 

p-

value* 

Adjusted OR
†
  

(95% CI) 

p-

value* 

IL1A/1_g. 

110A>G 

A/A 39 (97.5) 44 (88.0)     

A/G 1 (2.5) 6 (12.0)     

 G/G - -     

 A/G + G/G 1 (2.5) 6 (12.0) 0.19 (0.02-1.63) 0.127 0.13 (0.01-1.38) 0.091 

 A 79 (98.8) 94 (94.0)     

 G 1 (1.2) 6 (6.0) 0.20 (0.02-1.68) 0.101 0.15 (0.02-1.42) 0.098 

IL1A/1_g. 

388A>C 

A/A 38 (95.0) 40 (80.0)     

A/C 2 (5.0) 8 (16.0)     

 C/C - 2 (4.0)     

 A/C + C/C 2 (5.0) 10 (20.0) 0.21 (0.04-1.02) 0.059 0.20 (0.04-1.09) 0.063 

 A 78 (97.5) 88 (88.0)     

 C 2 (2.5) 12 (12.0) 0.19 (0.04-0.87) 0.018 0.15 (0.03-0.76) 0.022 

IL1A/1_g. 

521T>A 

T/T 35 (87.5) 48 (96.0)     

T/A 4 (10.0) 2 (4.0)     

 A/A 1 (2.5) -     

 T/A + A/A 5 (12.5) 2 (4.0) 3.43 (0.63-18.7) 0.235 4.85 (0.77-30.2) 0.091 

 T 74 (92.5) 98 (98.0)     

 A 6 (7.5) 2 (2.0) 3.97 (0.78-20.2) 0.075 5.76 (1.03-32.1) 0.046 

IL1A/2_g. 

153T>A 

T/T 38 (95.0) 45 (90.0)     

T/A 2 (5.0) 5 (10.0)     

 A/A - -     

 T/A + A/A 2 (5.0) 5 (10.0) 0.47 (0.09-2.58) 0.456 0.38 (0.06-2.22) 0.281 

 T 78 (97.5) 95 (95.0)     

 A 2 (2.5) 5 (5.0) 0.49 (0.09-2.58) 0.389 0.40 (0.07-2.23) 0.293 

IL1B/1_g. 

525G>A 

G/G 38 (95.0) 49 (98.0)     

G/A 2 (5.0) 1 (2.0)     

 A/A - -     

 G/A + A/A 2 (5.0) 1 (2.0) 2.58 (0.23-29.5) 0.583 1.44 (0.12-17.6) 0.777 

 G 78 (97.5) 99 (99.0)     

 A 2 (2.5) 1 (1.0) 2.54 (0.23-28.5) 0.435 1.42 (0.12-16.6) 0.782 

*Chi-square test or Fisher’s two-tailed exact test, when applicable; †OR adjusted for age, weight and gender variables. 

The haplotype combinations between identified IL1 variations were analyzed, giving 

estimated frequencies for controls and PD cases. This analysis showed the discrimination of 

eleven haplotypes. Four haplotypes were present only in the control group, among which the 

highest likelihood-ratio test value was obtained for the haplotype ACAATTGG. The 

haplotype AAGATTGG was present only in the PD dogs group. The haplotype ACGCTTGG 

was detected in both groups and also presented a high likelihood-ratio test value. The six 

haplotypes with higher frequency in the population under study are shown in Table 3.3. 
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Table 3.3 – IL1 haplotype estimated frequencies (analyzed by RunGC software). 

Allele combinations  
Estimated 

frequencies 
 

LRT 

mean 

PD cases 

vs. 

controls 

IL1A

/1_g. 

110 

A>G 

IL1A 

/1_g. 

113 

C>A 

IL1A 

/1_g. 

129 

G>A 

IL1A 

/1_g. 

388 

A>C 

IL1A 

/1_g. 

521 

T>A 

IL1A 

/2_g. 

153 

T>A 

IL1A 

/2_g. 

515 

G>T 

IL1B 

/1g. 

525 

G>A 

 Controls 
PD 

cases 
 

A C G A T T G G  0.7377 0.8250  0.38 

A C G C T T G G  0.0923 0.0250  3.13 

A C G A A T G G  0.0200 0.0625  1.81 

A A G A T T G G  0.0000 0.0250  2.81 

A C A A T T G G  0.0200 0.0000  2.06 

G C G C T T G G  0.0177 0.0000  1.83 

III.2. IL10 gene analysis 

III.2.1. Meta-analysis 

The initial search with the key words and subject terms identified a total of 21 studies. Of 

these, based on the inclusion criteria, only 9 articles (Berglundh et al., 2003; Scarel-Caminaga 

et al., 2004; Brett et al., 2005; Babel et al., 2006; Mellati et al., 2007; Sumer et al., 2007; 

Claudino et al., 2008; Reichert et al., 2008; Hu et al., 2009) were considered for the meta-

analysis on the -1082(-1087)A>G, -819(-824)C>T and -592(-597)C>A variations of the IL10 

gene. The other 12 articles (Kinane et al., 1999; Yamazaki et al., 2001; Gonzales et al., 2002; 

Loos et al., 2005; de Sá et al., 2007; Savarrio et al., 2007; Cullinan et al., 2008; Donati et al., 

2008; Erciyas et al., 2010; Haverkamp et al., 2010; Passoja et al., 2010; Larsson et al., 2011) 

were excluded because they did not respect one or more than one of the inclusion criteria. 

Selection process of the included publications and specific reasons for exclusions are 

presented in the flow-chart (Figure 3.3). 

The characteristics and genotyping data of included studies is presented in Table 3.4. These 

nine studies contained 841 periodontitis cases (644 CP cases and 197 AP cases) and 748 

controls. Genotype distributions in the controls of all studies were in agreement with HWE. 



Chapter III – Results 

 

 
52 

 

Figure 3.3 – Flow diagram of search strategy and study selection. 

Concerning the ethnicity of subjects, an important variable mainly because the carriage rate of 

polymorphic alleles might vary substantially between different ethnic groups, all information 

was collected and analyzed. Of the nine selected association studies; only one study (Hu et al., 

2009) was developed in Han Chinese ethnicity subjects (145 CP cases, 65 AP cases and 126 

controls). The great majority of studies were carried out in Caucasian populations (499 CP 

cases, 132 AP cases and 622 controls) although of different countries, namely Swedish 

(Berglundh et al., 2003), Brazilians (Scarel-Caminaga et al., 2004; Claudino et al., 2008), 

English (Brett et al., 2005), German (Babel et al., 2006), Iranian (Mellati et al., 2007) and 

Turkish (Sumer et al., 2007). 

Although heterogeneity was found in some parts of the meta-analysis, it was decided not to 

exclude more studies or make more subdivisions, except ethnicity, because database had a 

limited number of primary studies, and if some of them were eliminated, it would not be 

possible to construct a strong meta-analysis. It was opted to include all the studies that met the 

inclusion criteria, to perform a quality analysis of individual studies, to generate subgroups by 

ethnicity, and then to discuss the results. 
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Table 3.4 – List and characteristics of all eligible studies. 

Study Population 
Study 

design 
Cases 

(GG/GA/AA) 
Control 

(GG/GA/AA) 
HWE      

(p-value) 
Form of 

disease 

IL10-1082(-1087)G>A 

Berglundh et al. 

2003 

Swedish 

Caucasian 
Case/Control 24/22/14 8/19/12 0.92 Chronic 

Scarel-Caminaga 

et al. 2004 

Brazilians 

Caucasians 
Case/Control 6/15/27 3/19/14 0.32 Chronic 

Brett et al. 2005 
English 

Caucasian 
Case/Control 

13/24/18 
17/47/28 0.73 

Chronic 

15/17/16 Aggressive 

Babel et al. 2006 
German 

Caucasian 
Case/Control 82*/36 84*/30 NA Chronic 

Mellati et al. 

2007 

Iranian 

Khorasanian 
Case/Control 9/27/16 7/31/23 0.48 Aggressive 

Reichert et al. 

2008 

German 

Caucasian 
Case/Control 

5/17/5 
6/18/10 0.67 

Chronic 

3/15/14 Aggressive 

Hu et al. 2009 Han Chinese Case/Control 
0/13/132 

0/11/115 0.61 
Chronic 

0/5/60 Aggressive 

IL10-819(-824)C>T 

Scarel-Caminaga 

et al. 2004 

Brazilians 

Caucasians 
Case/Control 11/32/5 19/13/4 0.45 Chronic 

Sumer et al. 

2007 
Turkish Case/Control 33/32/10 40/28/5 0.97 Chronic 

Reichert et al. 

2008 

German 

Caucasian 
Case/Control 

20/7/0 
23/11/0 0.26 

Chronic 

18/9/5 Aggressive 

Hu et al. 2009 Han Chinese Case/Control 
16/52/77 

12/55/59 0.87 
Chronic 

6/22/37 Aggressive 

IL10-592(-597)C>A 

Scarel-Caminaga 

et al. 2004 

Brazilians 

Caucasians 
Case/Control 12/34/2 19/14/3 0.85 Chronic 

Sumer et al. 

2007 
Turkish Case/Control 24/40/11 43/29/1 0.11 Chronic 

Claudino et al. 

2008 
Brazilians Case/Control 33/65/18 84/69/20 0.32 Chronic 

Reichert et al. 

2008 

German 

Caucasian 
Case/Control 

20/7/0 
23/10/1 0.94 

Chronic 

18/8/6 Aggressive 

Hu et al. 2009 Han Chinese Case/Control 
27/32/86 

16/48/62 0.17 
Chronic 

6/21/38 Aggressive 

* GG + GA 

III.2.1.1. IL10-1082(-1087)G>A polymorphism and periodontitis 

For IL10-1082(-1087)G>A polymorphism seven studies were involved composed of 453 CP 

patients, 197 AP patients, and 502 controls. Among them, six studies were conducted in 

Caucasian populations (308 CP patients, 132 AP patients and 376 controls) (Table 3.5).  
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Table 3.5 – Overall risk estimates of the IL10-1082(-1087)G>A polymorphism. 

 

The combined results (Table 3.6) showed that, considering all the studies, there were no 

significant differences in the additive per-allele model between periodontitis cases (CP or AP) 

and the healthy controls. Similar non-significant results were observed taking in account only 

the Caucasian subgroup. Additionally, in the GG vs. GA/AA (dominant model) and AA vs. 

GA/GG (recessive model) it was found no significant differences considering all population 

or Caucasian subgroup. Heterogeneity and publication bias were not detected in all these 

combined analyses. 

Table 3.6 – Subgroup analysis of the IL10-1082(-1087)G>A polymorphism. 
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III.2.1.2. IL10-819(-824)C>T polymorphism and periodontitis 

For IL10-819(-824)C>T polymorphism four studies were involved composed of 295 CP 

patients, 97 AP patients, and 269 controls. Among them, three studies were conducted in 

Caucasian populations (150 CP patients, 32 AP patients and 143 controls) (Table 3.7). The 

combined results (Table 3.8) showed that, considering all the studies, there were no 

significant differences in the additive per-allele model between periodontitis cases (CP or AP) 

and healthy controls. However, the subgroup analysis of Caucasians yielded a significant 

measure of effect [OR: 1.48 (95% CI: 1.01-2.17)] in the additive per-allele model between CP 

cases and the healthy controls. This result means that individuals carrying the T allele are 

more frequent in the CP group than in the control group. The T allele may result in a slight 

increase of CP susceptibility in Caucasians. Related with AP, results showed that there were 

no significant differences in the additive per-allele model between cases and the healthy 

controls. In the CC vs. CT/TT (dominant model) and TT vs. CT/CC (recessive model) it was 

found no significant differences considering all the population or the Caucasians subgroup. In 

the CP vs. controls genotypes comparison (CC vs. CT/TT), and AP vs. controls genotypes 

comparison (TT vs. CT/CC) it was found an evidence of heterogeneity. Additionally, in this 

polymorphism, the results did not show any indication of publication bias. 

Table 3.7 – Overall risk estimates of the IL10-819(-824)C>T polymorphism. 
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Table 3.8 – Subgroup analysis of the IL10-819(-824)C>T polymorphism. 

 

III.2.1.3. IL10-592(-597)C>A polymorphism and periodontitis 

For IL10-592(-597)C>A polymorphism five studies were involved composed of 411 CP 

patients, 97 AP patients, and 442 controls. Among them, four studies were conducted in 

Caucasian populations (266 CP patients, 32 AP patients and 316 controls) (Table 3.9).  

Table 3.9 – Overall risk estimates of the IL10-592(-597)C>A polymorphism. 

 

The combined results (Table 3.10) showed significant differences in the additive per-allele 

model between CP cases and the healthy controls, considering Caucasian subgroup [OR: 1.72 

(95% CI: 1.17-2.54)] or all the studied population [OR: 1.52 (95% CI: 1.23-1.87)]. These 

results showed that A allele is more frequent in CP group than in control group, meaning that 

A allele may confer a relative increase in the risk for CP. In AP vs. controls comparison, only 
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two studies of different ethnics (Caucasians and Han Chinese) were identified, and when 

analyzed together, it was found again a significant measure of effect [OR: 1.53 (95% CI: 

1.01-2.31)]. In the CP vs. controls comparisons it was found evidence of heterogeneity. In the 

CC vs. AC/AA comparisons (dominant model) it was found also significant differences [CP 

vs. controls OR: 0.44 (95% CI: 0.27-0.72)] considering the Caucasian subgroup. This result 

means that Caucasian individuals with CC genotype may have a slight decrease in PD 

susceptibility compared with subjects with the AC/AA genotypes. In the CP vs. controls 

comparisons it was also found evidence of heterogeneity. In the AA vs. AC/CC comparisons 

(recessive model) it was found no significant differences. Additionally, in the CP vs. controls 

and AP vs. controls comparisons it was found evidence of heterogeneity. No statistical test 

was suggestive of publication bias in this polymorphism. Cumulative analysis shows 95% CIs 

progressively narrower over time, with accumulation of more data, suggesting an increased 

precision of the estimates. 

Table 3.10 – Subgroup analysis of the IL10-592(-597)C>A polymorphism. 

 

III.2.2. Plasma IL-10 levels 

Forty-six dogs were enrolled in the study, including 23 dogs with periodontitis and 23 healthy 

dogs used as controls. The frequency of detection of IL-10 and the mean concentrations are 

shown in Table 3.11 and Figure 3.4.  

Detectable levels of IL-10, corresponding to concentrations above the LLD, were found in 

only 12 dogs, representing about one quarter of the samples analyzed. Within this population, 

an IL-10 level above the LLD was present in ten healthy dogs (43.5%) whereas only two 

animals (8.7%) belonging to the periodontitis group showed measurable levels. Thus, dogs 
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with periodontitis were significantly less likely to have measurable IL-10 levels than healthy 

dogs (p<0.05; Chi-square test).  

Table 3.11 – Plasma IL-10 concentrations. The analysis was performed based in the frequency of dogs with 

plasma IL-10 levels below and above the LLD, and in the mean plasma IL-10 levels in the two groups. 

 Periodontitis group Healthy group p-value 

Number of subjects (n) 23 23  

LLD = 15.6 pg/mL    

 Below, n (%) 21 (91.3) 13 (56.5)  

 Above, n (%) 2 (8.7) 10 (43.5) < 0.05* 

IL10 (pg/mL)
‡
    

 Mean ± SD (pg/mL) 20.9 ± 6.6 115.8 ± 109.8 < 0.05
† 

Range (pg/mL) ND-25.6 ND-313.0  

*Chi-square test; 
† 

Mann-Whintey test; 
‡ 

Only dogs with measurable IL-10 levels (above the LLD) were 

considered; ND – non-detectable 

 

Figure 3.4 – Plasma IL-10 concentrations (healthy group vs. periodontitis group). (A) Comparison of the 

frequency of dogs with plasma IL-10 levels below and above the LLD, showing significant differences (p<0.05; 

Chi-square test); (B) Comparison of the plasma IL-10 concentrations, showing significant differences (p<0.05; 

Mann-Whintey test). Only dogs with measurable IL-10 levels (above the LLD) were considered.  
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Considering dogs with measurable IL-10 levels (above the LLD), the control subjects 

presented higher IL-10 levels [115.8 ± 109.8 pg/mL] than the periodontitis group [20.9 ± 6.6 

pg/mL]. Thus, in this population, IL-10 levels were significantly lower in plasma samples 

from periodontitis dogs than in healthy controls (p<0.05; Mann-Whintey test).  

No statistically significant differences were found between genders (male and female dogs). 

Additionally, in the periodontitis group, the differences between stages of disease were not 

statistically significant. 

III.2.3. IL10 genetic variations 

Two fragments were defined in the IL10 gene target region, one to include the homolog 

region of human SNPs associated with PD (5’-flanking region), and other to include the exon 

1 (Figure 3.5). Both fragments were amplified by PCR and sequenced (GenBank ID: 

KF130879), resulting in the identification of six new nucleotide variations and a 3-nucleotide 

deletion (Table 3.12). 

Table 3.12 – Genetic variations identified in IL10 gene. 

Genetic variation Location Codon Position Amino acid 

Fragment 1     

 IL10/1_g.276_278delTGA 5' flanking region -  - 

 IL10/1_g.506A>G 5' flanking region -  - 

Fragment 2     

 IL10/2_g.285G>A Exon 1 (signal peptide) GGG/AGG 16 Gly-G/Arg-R 

 IL10/2_g.305C>T Exon 1 CAC/CAT 22 His-H/His-H 

 IL10/2_g.424C>A Intron 1 -  - 

 IL10/2_g.497C>T Intron 1 -  - 

 IL10/2_g.513C>A Intron 1 -  - 

In the first fragment (IL10/1) (Figure 3.5) a 3-nucleotide deletion and a single nucleotide 

variation were identified. The transition of adenine to guanine (IL10/1_g.506A>G) was 

identified in high frequency in both groups (PD cases group with 30% AG and 5% GG vs. 

control group with 36% AG and 12% GG). The 3-nucleotide deletion (IL10/1_g.276_278del 

TGA) was identified in heterozigosity in both groups (40% in PD cases group vs. 14% in 
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control group); nevertheless homozygous individuals for this deletion were present only in the 

control group (8% of individuals). 

 

Figure 3.5 – Nucleotide sequence of the IL10 gene fragments. Primers are in unshaded boxes, exon 1 is in a 

gray shaded box and genetic variations are highlighted by black shaded boxes. The gap separating the two 

analyzed fragments is represented by NNNs. 

In the second fragment (IL10/2) (Figure 3.5) were identified five new single nucleotide 

variations, two in the exon 1 (IL10/2_g.285G>A and IL10/2_g.305C>T) and three in the 

intronic region (IL10/2_g.424C>A, IL10/2_g.497C>T and IL10/2_g.513C>A). A transition of 

guanine to adenine (IL10/2_g.285G>A) and a transversion of cytosine to adenine 

(IL10/2_g.424C>A) were identified only in the control group and in low frequencies (4% GA 

individuals and 6% CA individuals, respectively). A transition of cytosine to thymine 

(IL10/2_g.305C>T) and a transversion of cytosine to adenine (IL10/2_g.513C>A) were found 
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only in one dog (2.5%) of the PD group. The low frequency of these four variations was not 

statistical relevant for the case-control analysis. Finally, a transition of cytosine to thymine 

(IL10/2_g.497C>T) was detected in both groups (PD cases group with 5% CT vs. control 

group with 6% CT). In all variations found in this fragment, homozygous individuals for the 

rare allele were not identified in the population under study. 

The distribution of the genotypes for all the genetic variations identified satisfied Hardy-

Weinberg equilibrium in both groups, with exception of the 3-nucleotide deletion which 

presented a deviation in the control group. The three genetic variations identified with high 

frequencies (IL10/1_g.276_278delTGA; IL10/1_g.506A>G; IL10/2_g.497C>T) were 

statistical analyzed with more detail in respect to differences in genotypic and allelic 

frequencies distributions among groups (Table 3.13). 

Table 3.13 – Genotype and allele frequencies of the IL10 genetic variations. 

Genetic 

variation 

Genotypes / 

Alleles 

PD dogs 

n (%) 

Controls 

n (%) 

OR 

(95% CI) 

p-

value* 

Adjusted OR
†
  

(95% CI) 

p-

value* 

IL10/1_g. 

276_278 

delTGA 

[TGA/TGA] 24 (60.0) 39 (78.0)     

[TGA/-] 16 (40.0) 7 (14.0)     

[-/-] - 4 (8.0)     

[TGA/-] + [-/-] 16 (40.0) 11 (22.0) 2.36 (0.94-5.94) 0.064 2.50 (0.92-6.75) 0.072 

“TGA” allele 64 (80.0) 85 (85.0)     

“TGA deletion” 

allele 

16 (20.0) 15 (15.0) 1.42 (0.65-3.08) 0.377 1.41 (0.61-3.24) 0.419 

IL10/1_g.

506A>G 

A/A 26 (65.0) 26 (52.0)     

A/G 12 (30.0) 18 (36.0)     

 G/G 2 (5.0) 6 (12.0)     

 A/G + G/G 14 (35.0) 24 (48.0) 0.58 (0.25-1.37) 0.215 0.65 (0.27-1.60) 0.347 

 A 64 (80.0) 70 (70.0)     

 G 16 (20.0) 30 (30.0) 0.58 (0.29-1.17) 0.126 0.66 (0.32-1.37) 0.264 

IL10/2_g.

497C>T 

C/C 38 (95.0) 47 (94.0)     

C/T 2 (5.0) 3 (6.0)     

 T/T - -     

 C/T + T/T 2 (5.0) 3 (6.0) 0.83 (0.13-5.19) 1.000 0.58 (0.08-4.18) 0.587 

 C 78 (97.5) 97 (97.0)     

 T 2 (2.5) 3 (3.0) 0.83 (0.14-5.09) 0.839 0.62 (0.09-4.29) 0.628 

*Chi-square test or Fisher’s two-tailed exact test, when applicable; †OR adjusted for age, weight and gender variables. 

In both unadjusted and adjusted analysis, no statistically significant differences were detected 

between groups, and consequently the genetic variations identified were not associated with 
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PD susceptibility in the population under study. Additionally, for all analyzed genetic 

variants, it was not found correlation with disease progression. In respect to the variations 

identified in the exon 1, the transition of guanine to adenine is located in the region encoding 

the IL-10 signal peptide, and results in a change of amino acid Glycine (Gly-G) to Arginine 

(Arg-R). The transition of cytosine to thymine does not change the encoded amino acid 

[Histidine (His-H) in both cases]. 

The haplotype combinations between identified IL10 variations were analyzed, giving 

estimated frequencies for controls and PD cases. This analysis showed the discrimination of 

thirteen haplotypes. Six haplotypes were present only in the PD group, among which the 

highest likelihood-ratio test value was obtained for the haplotype TGAAGCCTC. Four 

haplotypes were present only in the control group, among which the highest likelihood-ratio 

test value was obtained for the haplotype TGAAGCATC. The haplotype TGAGGCCCC was 

detected in both groups and also presented a high likelihood-ratio test value. The six 

haplotypes with higher frequency in the population under study are shown in Table 3.14. 

Table 3.14 – IL10 haplotype estimated frequencies (analyzed by RunGC software). 

Allele combinations  
Estimated 

frequencies 
 

LRT mean 

PD cases vs. 

controls 
IL10_g. 

276_278 

delTGA 

IL10

g.506

A>G 

IL10

g.285

G>A 

IL10

g.305

C>T 

IL10

g.424

C>A 

IL10

g.497

C>T 

IL10

g.513

C>A 

 Controls 
PD 

cases 
 

TGA A G C C C C  0.5010 0.5856  0.48 

TGA A G C C T C  0.0000 0.0173  1.84 

TGA A G C A T C  0.0299 0.0000  2.80 

TGA A A C C C C  0.0191 0.0000  1.79 

TGA G G C C C C  0.2990 0.1846  1.94 

del (TGA) A G C C C C  0.1500 0.1644  0.05 

III.3. IL6 genetic variations 

Two fragments were defined in the IL6 gene, including a target region 5´-UTR, exon 1, exon 

2, exon 5 and a target region 3’-UTR. After amplification, these fragments were sequenced 

and genotyped (GenBank ID: JF292989 and JF292990), allowing the identification of three 

new genetic variations (Table 3.15). 
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Table 3.15 – Genetic variations identified in IL6 gene. 

Genetic variation Location Codon Position Amino acid 

Fragment 1     

 IL6/1_g.564T>C Exon 2 GAT/GAC - Asp-D/Asp-D 

Fragment 2     

 IL6/2_g.105G>A Exon 5 CGG/CAG 191 Arg-R/Gln-Q 

 IL6/2_g.440G>A Exon 5 UTR - - 

In the first fragment (Figure 3.6) one single variation (IL6/1_g.564T>C) was detected in exon 

2 and is characterized by the transition of thymine to cytosine without affecting the encoded 

amino acid. Additionally, two variations were identified in the second fragment analyzed 

(Figure 3.6). 

 

Figure 3.6 – Nucleotide sequence of the IL6 gene fragments. Primers are in unshaded boxes, exons are in gray 

shaded boxes and genetic variations are highlighted by black shaded boxes. The gap separating the two analyzed 

fragments is represented by NNNs. 

The variation located in coding region of exon 5 (IL6/2_g.105G>A) determines the transition 

of guanine to adenine, affecting the encoded amino acid [Arginine (Arg-R) to Glutamine 
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(Gln-Q)]. Finally, other genetic variation was observed in the untranslated region 

(IL6/2_g.440G>A). 

In the Table 3.16 the allele and genotype frequencies observed in the studied groups are 

reported. The distributions of genotypes for all variations analyzed fulfilled Hardy-Weinberg 

equilibrium conditions in the control and disease groups, except for IL6/2_g.105G>A in the 

PD cases. The variation IL6/1_g.564T>C was detected only in the control group and the 

genotype CC was not observed in the studied populations. The low prevalence of this 

variation was not statistically relevant. For the IL6/2_g.105G>A variation, there was no 

significant differences in the genotypic distributions among control and PD cases groups, 

prior and after adjustment. Likewise, the allelic differences were not significant among the 

groups. Similarly, for the IL6/2_g.440G>A variation, both genotype and allelic analysis 

revealed no statistically significant association with PD, prior and after adjustment. 

Additionally, for all analyzed genetic variants, it was not found correlation with disease 

progression. 

Table 3.16 – Genotype and allele frequencies of the IL6 genetic variations. 

Genetic 

variation 

Genotype 

/ Alleles 

PD dogs 

n (%) 

Controls 

n (%) 

OR 

(95% CI) 

p-

value* 

Adjusted OR
†
  

(95% CI) 

p-

value* 

IL6/2_g. 

105G>A 

G/G 20 (80.0) 37 (82.2)     

G/A 3 (12.0) 8 (17.8)     

 A/A 2 (8.0) -     

 G/A + A/A 5 (20.0) 8 (17.8) 1.16 (0.33-4.01) 0.819 0.93 (0.25-3.38) 0.907 

 G 43 (86.0) 82 (91.1)     

 A 7 (14.0) 8 (8.9) 1.67 (0.57-4.91) 0.349 1.32 (0.43-4.03) 0.626 

IL6/2_g. 

440G>A 

G/G 19 (76.0) 38 (84.4)     

G/A 6 (24.0) 6 (13.3)     

 A/A - 1 (2.2)     

 G/A + A/A 6 (24.0) 7 (15.6) 1.71 (0.51-5.82) 0.523 2.14 (0.58-7.91) 0.252 

 G 44 (88.0) 82 (91.1)     

 A 6 (12.0) 8 (8.9) 1.40 (0.46-4.28) 0.557 1.61 (0.50-5.21) 0.428 

*Chi-square test or Fisher’s two-tailed exact test, when applicable; †OR adjusted for age, weight and gender variables. 

In the Table 3.17 the haplotype combinations between all three IL6 variations studied are 

showed, giving estimated frequencies for controls and PD cases. The analysis showed the 

discrimination of four haplotypes. The haplotype CGG was detected only in the control group 

and presented the highest likelihood-ratio test value. 
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Table 3.17 – IL6 haplotype estimated frequencies (analyzed by RunGC software). 

Allele combinations  Estimated frequencies  
LRT mean PD cases 

vs. controls IL6/1_g.564

T>C 

IL6/2_g.105

G>A 

IL6/2_g.440

G>A 
 Controls PD cases  

T G G  0.804 0.743  0.13 

T G A  0.085 0.117  0.27  

T A G  0.085 0.137  0.67  

C G G  0.022 0.000  1.48  

III.4. LTF genetic variations 

Regarding LTF gene, three target regions, including the exon 2, exon 12, exon 15 and the 

adjacent intronic regions, were amplified (Figure 3.7). All amplified fragments were 

sequenced and genotyped (GenBank ID: JF292991, JF292992 and JF292993) allowing the 

identification of eight new single nucleotide variations (Table 3.18 and Figure 3.7). 

Table 3.18 – Genetic variations identified in LTF gene. 

Genetic variation Location Codon Position Amino acid 

Fragment 1     

 LTF/1_g.288T>G Intron 2 - - - 

 LTF/1_g.403G>A Intron 2 - - - 

Fragment 3     

 LTF/3_g.213C>T Intron 14 - - - 

 LTF/3_g.411C>T Exon 15 CCA/CTA 578 Pro-P/Leu-L 

 LTF/3_g.420G>A Exon 15 AGG/AAG 581 Arg-R/Lys-K 

 LTF/3_g.445A>G Exon 15 GAA/GAG - Glu-E/Glu-E 

 LTF/3_g.482G>A Exon 15 GAG/AAG 602 Glu-E/Lys-K 

 LTF/3_g.514A>G Exon 15 CCA/CCG - Pro-P/Pro-P 

In the first fragment two variations located in intron 2 were identified. The transversion of 

thymine to guanine (LTF/1_g.288T>G) was detected only in the PD cases group and the 

frequencies of genotypes were 97.5% to TT and 2.5% to TG. The transition of guanine to 

adenine (LTF/1_g.403G>A) was detected in both groups with the frequencies of 98% to GG 

and 2% to GA for control group, and 97.5% to GG and 2.5% to GA for cases group. The 

genotypes GG and AA were not observed in the population under study. The low incidence of 

these variations was not statistically relevant for the case-control analysis. The animals 
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genotyped in this study did not present any variations localized in the second region analyzed. 

The other six variations were detected in the third fragment. 

 

Figure 3.7 – Nucleotide sequence of the LTF gene fragments. Primers are in unshaded boxes, exons are in 

gray shaded boxes and genetic variations are highlighted by black shaded boxes. The gap separating the two 

analyzed fragments is represented by NNNs. 

The transitions of cytosine to thymine (LTF/3_g.411C>T) and guanine to adenine 

(LTF/3_g.420G>A) appeared with low frequencies only in the control group, 98% to 

homozygous CC and GG, and 2% to heterozygous CT and GA, respectively. The genotypes 

TT and AA were not identified in the population under study. These variations were excluded 
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from the case-control analysis because of its low occurrence. The variations 

LTF/3_g.213C>T, LTF/3_g.445A>G, LTF/3_g.482G>A and LTF/3_g.514A>G were 

submitted to an association study. Three of the identified variants affect the encoded amino 

acid, the LTF/3_g.411C>T leads to an alteration of Proline (Pro-P) to Leucine (Leu-L) 

(P578L); the LTF/3_g.420G>A influences the variation of Arginine (Arg-R) to Lysine (Lys-

K) (R581K); and the LTF/3_g.482G>A leads to a modification of Glutamic acid (Glu-E) to 

Lysine (Lys-K) (E602K). 

The distribution of the genotypes for all the identified variations satisfied the Hardy-Weinberg 

equilibrium in control and diseased groups. For the variations included in the case-control 

study the distributions of genotypic and allelic frequencies were analyzed (Table 3.19). 

Table 3.19 – Genotype and allele frequencies of the LTF genetic variations. 

Genetic 

variation 

Genotypes 

/ Alleles 

PD dogs 

n (%) 

Controls 

n (%) 

OR 

(95% CI) 

p-

value* 

Adjusted OR
†
  

(95% CI) 

p-

value* 

LTF/3_g.

213C>T 

C/C 33 (88.5) 42 (84.0)     

C/T 7 (17.5) 7 (14.0)     

 T/T 0 (0.0) 1 (2.0)     

 C/T + T/T 7 (17.5) 8 (16.0) 1.11 (0.37-3.39) 0.850 0.95 (0.29-3.13) 0.926 

 C 73 (91.25) 91 (91.0)     

 T 7 (8.75) 9 (9.0) 0.97 (0.35-2.73) 0.953 0.85 (0.28-2.58) 0.776 

LTF/3_g.

445A>G 

A/A 33 (88.5) 42 (84.0)     

A/G 7 (17.5) 7 (14.0)     

 G/G 0 (0.0) 1 (2.0)     

 A/G + G/G 7 (17.5) 8 (16.0) 1.11 (0.37-3.39) 0.850 0.95 (0.29-3.13) 0.926 

 A 73 (91.25) 91 (91.0)     

 G 7 (8.75) 9 (9.0) 0.97 (0.35-2.73) 0.953 0.85 (0.28-2.58) 0.776 

LTF/3_g.

482G>A 

G/G 33 (88.5) 42 (84.0)     

G/A 7 (17.5) 7 (14.0)     

 A/A 0 (0.0) 1 (2.0)     

 G/A + A/A 7 (17.5) 8 (16.0) 1.11 (0.37-3.39) 0.850 0.95 (0.29-3.13) 0.926 

 G 73 (91.25) 91 (91.0)     

 A 7 (8.75) 9 (9.0) 0.97 (0.35-2.73) 0.953 0.85 (0.28-2.58) 0.776 

LTF/3_g.

514A>G 

A/A 33 (88.5) 42 (84.0)     

A/G 7 (17.5) 7 (14.0)     

 G/G 0 (0.0) 1 (2.0)     

 A/G + G/G 7 (17.5) 8 (16.0) 1.11 (0.37-3.39) 0.850 0.95 (0.29-3.13) 0.926 

 A 73 (91.25) 91 (91.0)     

 G 7 (8.75) 9 (9.0) 0.97 (0.35-2.73) 0.953 0.85 (0.28-2.58) 0.776 

*Chi-square test or Fisher’s two-tailed exact test, when applicable; †OR adjusted for age, weight and gender variables. 
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No statistically significant differences were observed between the control group and the group 

of cases with PD, prior and after adjustment for age, weight and gender. Additionally, for all 

analyzed genetic variants, it was not found correlation with disease progression. 

Consequently, no association between these genetic variations and the susceptibility to PD 

was established. 

The haplotype combinations between the LTF variations identified were analyzed, giving 

estimated frequencies for controls and PD cases (Table 3.20). This analysis allowed the 

discrimination of five haplotypes. The highest likelihood-ratio test value was obtained for the 

two haplotypes (TACCGAGA and GGCCGAGA) identified only in the cases group, and the 

haplotype TACTAAGA was detected only in the control group.  

Table 3.20 – LTF haplotype estimated frequencies (analyzed by RunGC software).  

Allele combinations  

Estimated 

frequencies 
 

LRT 

mean PD 

cases vs. 

controls 

LTF 

/1 

g.288 

T>G 

LTF 

/1 

g.403 

G>A 

LTF 

/3 

g.213 

C>T 

LTF 

/3 

g.411 

C>T 

LTF 

/3 

g.420 

G>A 

LTF 

/3 

g.445 

A>G 

LTF 

/3 

g.482 

G>A 

LTF 

/3 

g.514 

A>G 

 Controls 
PD 

cases 
 

T G C C G A G A  0.900 0.888  0.01 

T G T C G G A G  0.090 0.089  0.00 

T A C C G A G A  0.000 0.013  1.36 

T A C T A A G A  0.010 0.000  0.97 

G G C C G A G A  0.000 0.013  1.36 
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In this Thesis, the candidate genes were defined and selected by the actual knowledge of the 

pathogenesis of PD and by comparative genomics, namely because previous association 

studies of specific polymorphisms with PD in humans were considered. This kind of study 

design is an important tool to identify genetic risk factors for complex genetic disorders 

shared by humans and dogs (Risch and Merikangas, 1996) and is currently used in various 

diseases such as diabetes mellitus (Short et al., 2007), inflammatory bowel disease (Kathrani 

et al., 2012), rheumatoid arthritis (Ollier et al., 2001), and other joint diseases (Clements et 

al., 2010). This is particularly relevant because polymorphisms in specific genes are also 

associated with disease phenotypes in both species (Short et al., 2010; Kathrani et al., 2012).  

PD presents a complex and multifactorial aetiology and the clinical presentation is influenced 

by oral bacteria, host immune and inflammatory responses, local and systemic environmental 

factors and genetic predisposition, particularly, regarding to the host defence (Takashiba and 

Naruishi, 2006; Meng et al., 2007). In human periodontology, there are several genes already 

associated with susceptibility to disease, but the specific nature of genetic risk is unknown 

(Kinane and Hart, 2003; Dumitrescu and Kobayashi, 2010).  

Recognizing the multifactorial nature of PD, with important influence of several 

environmental variables, identification and quantification of genetic factors is a complex task 

(Kinane and Hart, 2003). In this work, it was tried to minimize these interferences selecting 

dogs with similar average age, body size, skull shape and feeding habits. Additionaly, it was 

applied a logistic regression model to obtain the adjusted odds ratios controlling for for age, 

weight and gender variables. Nevertheless, the complete elimination of the interference of 

non-genetic confounders is not possible in this kind of studies. 

IV.1. IL1A and IL1B genetic variations 

The structure and organization of IL1A and IL1B genes are highly conserved among humans 

and dogs, as occurs with the structure of the respective proteins (Soller et al., 2007). This 

homology supports the availability of knowledge transfer between species, since the essential 

genetic and protein properties are comparable. In this context, the locations of the 

polymorphisms associated with PD in human genes were identified [IL1A (+4845) and IL1B 
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(+3953)], as well as other important polymorphisms, and the homologous regions of the dog 

genes were studied, with identification of eight single nucleotide variations. 

For the IL1A/1_g.388A>C variation, the results of this study showed statistically significant 

differences between groups in allele frequencies (A vs. C). The results suggest that, in the 

studied population, dogs carrying the C allele may have a slight decrease in PD susceptibility 

[unadjusted OR: 0.19 (95% CI: 0.04-0.87), p=0.018; adjusted OR: 0.15 (95% CI: 0.03-0.76), 

p=0.022]. For the IL1A/1_g.521T>A variation, although no statistically significant differences 

on the unadjusted analysis, the adjusted OR calculation showed significant differences in 

allele frequencies [OR: 5.76 (95% CI: 1.03-32.1), p=0.046], meaning that, in this population, 

the A allele may results in a slight increase in PD susceptibility. 

The detection of genetic variations in the dog IL1A gene associated with PD susceptibility is 

consistent with what is described to humans, since the great number of reports confirms IL1A 

polymorphisms as putative risk factors in PD, mainly influencing the IL-1 production 

(Nikolopoulos et al., 2008; Karimbux et al., 2012). The location of these variations in an 

intronic region does not reduce its importance, namely because introns contain a multiplicity 

of functional elements, including intron splice enhancers and silencers that regulate 

alternative splicing, trans-splicing elements and, other regulatory elements. In addition to 

pathological mutations, introns also contain functional polymorphisms that can influence the 

gene expression (Cooper, 2010). Regulation of IL-1 production is a critical point of immune 

response mainly because, although IL-1 is essential in response to infection, an inappropriate 

production can lead to damaging effects on the host (Kornman and di Giovine, 1998; Taylor 

et al., 2004). 

Elevated IL-1 levels were described in the gingival crevicular fluid of diseased teeth 

compared with periodontally healthy individuals (Shirodaria et al., 2000). This 

overproduction of IL-1 leads to an enhanced reaction of the host to periodontal pathogens, 

inducing a higher severity of PD (Graves and Cochran, 2003). Asthma, congestive heart 

failure, arthritis, septic shock, and preterm labor are some examples of other conditions which 

pathogenesis includes alterations in IL-1 levels (Graves and Cochran, 2003). 
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Although much less studied than in the human species, similar involvement of IL-1 in the 

pathogenesis of canine inflammatory diseases has also been described (Gibson et al., 2004). 

IL-1 has been identified as a marker of joint inflammation associated with osteoarthritis in 

both humans and dogs (Carter et al., 1999; Punzi et al., 2002; Maccoux et al., 2007), as well 

as in inflammatory bowel disease (Casini-Raggi et al., 1995; Maeda et al., 2012). Considering 

the major role of cytokines in the pathogenesis of human and canine malignant histiocytosis, 

various genetic variations in the coding sequences which led to missense mutations within the 

protein sequences of IL-1α and IL-1β have already been reported (Soller et al., 2006). 

Two genetic variations identified are located in exons (IL1A/2_g.515G>T and 

IL1B/1_g.525G>A), which correspond exactly to the same exons where are located the 

polymorphisms associated with PD (IL1A_g.+4845G>T and IL1B_g.+3954C>T) in the 

human IL1A and IL1B genes (Karimbux et al. 2012). 

The IL1B/1_g.525G>A genetic variation was found in both groups, without statistically 

significant differences. Furthermore, the encoded amino acid Glycine (Gly-G) does not 

change with this variation. The IL1A/2_g.515G>T genetic variation was found in low 

frequency in the population under study, being identified in only one dog of the control group. 

Nevertheless, this variation alters the encoded amino acid [Glycine (Gly-G) to Valine (Val-

V)]. The amino acid change may alter protein structure and function, and to predict the 

possible impact of this variation different computational tools were used, namely PROVEAN, 

PolyPhen-2 and “Sorting Tolerant From Intolerant” (SIFT) (Kumar et al., 2009; Adzhubei et 

al., 2010; Choi et al., 2012). All the results agreed that this amino acid change is predicted to 

be deleterious or probably damaging. Using the classic Grantham matrix, which quantify the 

chemical distance between amino acids, an exchange Gly→Val represents a Grantham score 

difference of 109 which means a significant chemical dissimilarity (moderately radical 

change) (Grantham, 1974; Li et al., 1984). 

Recurring to the SWISS-MODEL, an automated protein modeling server (Arnold et al., 

2006), models of the IL-1α protein with and without the amino acid exchange were 

constructed (Figure 4.1). In the predicted model, the change of amino acid Gly-G to Val-V 

seems to modify the protein structure converting a coil region in a helical region. This 
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alteration in the protein structure may be important for its functionality and interactions with 

other proteins. 

 

Figure 4.1 – The predicted tertiary structures of IL-1α protein (evidencing the G146V amino acid variation). 

(A) IL-1α protein with Glycine at position 146. (B) IL-1α protein with Valine at position 146. The dissimilitude 

between the two proteins is enclosed in circles with broken lines, and the amino acid interchange seems to alter 

the protein structure converting a coil region in a helical region. 

The other four genetic variations (IL1A/1_g.110A>G; IL1A/1_g.113C>A; IL1A/1_g.129G>A; 

IL1A/2_g.153T>A) are all located in intronic regions and did not presented statistically 

significant differences in this case-control study. 

Comparing the obtained data with nucleotide sequences of IL1A canine gene displayed in 

NCBI (GenBank ID: NM_001003157) and Ensembl (ENSCAFG00000007245) genome 

browsers, it was found that the displayed sequences present the allele C at the position of the 

variation IL1A/1_g.388A>C and the allele A at the position of the variation IL1A/2_g.153 

T>A. In both cases this corresponds to the less frequent allele in the population under study. 

In human periodontology, the IL1 composite genotype or the IL1 gene cluster polymorphisms 

are more relevant than each individual polymorphism. In this study, the haplotype analysis 

revealed several combinations, but three haplotypes can be highlighted (ACAATTGG, 

ACGCTTGG and AAGATTGG) which present higher likelihood-ratio test (LRT) values. The 
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first two haplotypes may confer a protective action against PD, whereas the last one may 

increase the PD risk. However, these findings should be seen with prudence because the low 

frequencies of some haplotypes in the population under study may influence the asymptotic 

distribution for the LRT (Curtis et al., 2006). 

Finally, to evidence IL-1α and IL-1β interactions and associations with other proteins, the 

STRING database was used (Szklarczyk et al., 2011). IL-1α and IL-1β are functional closely 

linked and together assume a central role in multiple interactions and regulatory networks 

(Figure 4.2). 

 

Figure 4.2 – Interactions of the canine IL-1α and IL-1β proteins (according to STRING database 

predictions). (A) Confidence view (stronger associations are represented by thicker lines). (B) Evidence view 

(types of evidence for the association). (C) Actions view (different modes of action). IL-1α and IL-1β proteins 

are highlighted by dashed lines. 

IV.2. IL10 gene analysis 

IV.2.1. Meta-analysis 

The present meta-analysis of nine studies, including 865 periodontitis cases (665 CP cases 

and 200 AP cases) and 763 controls, is the first quantitative evaluation related with 

association between IL10 polymorphisms and periodontitis. The IL10-1082(-1087)A>G, 

IL10-819(-824)C>T, and IL10-592(-597)C>A polymorphisms were selected because these are 

the genetic variations that have case/control studies providing sufficient information. 

Although some recognized limitations, as a small number of eligible primary studies to be 
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included and some heterogeneity, the present meta-analysis could help to systematize the 

existing information. The included primary studies present conflicting results, and meta-

analysis, generating a powerful and more precise statistical conclusion, increases the 

likelihood of identifying the true effects (Nikolopoulos et al., 2008). 

The multifactorial aetiology of PD may contribute to some conflicting results, since that 

manifestation of disease results from the interaction of various genes and environmental 

factors (Kinane and Hart, 2003; Van Dyke and Dave, 2005). On the other wise, some of the 

observed inconsistency among different genetic association studies is due to variation in 

individual study characteristics, different ethnic populations and due to the insufficient 

number of cases and controls to make robust pronouncements on associations (Kinane and 

Hart, 2003; Yoshie et al., 2007). In this meta-analysis some studies limitations were found 

such as small sample size, different populations studied, and insufficient control for key 

confounding variables, such as smoking status.  

Concerning the ethnicity of subjects, it was considered as an important variable mainly 

because the carriage rate of polymorphic alleles might vary substantially between different 

ethnic groups. It was, for example, demonstrated that the G allele in position -1087 was very 

rare in the Chinese population (Hu et al., 2009), in contrast to Caucasians where the G allele 

is the most occurring variant. Likewise, the A allele in position -592 is much more frequent in 

the Chinese population (Hu et al., 2009) than in Caucasian subgroup. As described above, the 

subgroup analysis of Caucasians increased the significant measures of effect in the additive 

per-allele model between CP cases and the healthy controls in both -819(-824) and -592(-597) 

SNPs. This suggests that these polymorphisms are associated with susceptibility/resistance to 

CP in Caucasian ethnicity.  

Related with the experimental/methodological issues, all the studies took account, in general, 

the same dental clinical parameters (bleeding on probing, probing depth and clinical 

attachment loss), and the patients were categorized according to the same classification 

system for PD (Armitage, 1999), but some differences on the periodontal examination, 

diagnosis and classification of disease severity, by different clinicians, are completely 

unavoidable. 
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Due to known interactions between PD and smoking, this is an important confounding 

variable, and consequently, the inclusion of both smoking and non-smoking subjects can be 

an additional source of variability. Considering the included primary studies, 4 studies (Brett 

et al., 2005; Babel et al., 2006; Reichert et al., 2008; Hu et al., 2009) used individuals of 

mixed smoking status. Berglundh et al. (2003) analyzed smoking and non-smoking subjects 

separately; and only the other 4 studies (Scarel-Caminaga et al., 2004; Mellati et al., 2007; 

Sumer et al., 2007; Claudino et al., 2008) selected non-smoker individuals. Thus, although 

recognizing the importance of this confounding variable, limited information was available 

for a separate analysis. 

In case-control studies, appropriate selection of the control population is an essential 

methodological issue. All the included studies tried to use matched control subjects by age 

and sex. Nevertheless, in Brett et al. (2005) study, the control group was recruited from the 

local Blood Transfusion Service Unit, with unknown periodontal status, which is an important 

limitation. 

For IL10-1082(-1087)A>G polymorphism, the results of this meta-analysis show no 

significant differences in both, allele and genotype, frequencies between periodontitis cases 

and healthy controls. This result occurs considering CP and AP subtypes. These results were 

expected because most individual studies included in the meta-analysis present, individually, 

the same conclusion of no association between this polymorphism and PD. The results 

reported by Berglundh et al. (2003), developed with Swedish Caucasians, are the only 

included that found the association of this polymorphism with periodontitis, demonstrating 

that the proportion of GG genotype was significantly larger in subjects with severe 

periodontitis than in periodontally healthy individuals. On the other hand, it was demonstrated 

that the -1082(-1087)G allele is associated with high production of IL-10, while the -1082(-

1087)A allele is associated with low production of this cytokine (Smith and Humphries, 

2009). Another study analyzed gingival biopsies and observed significant higher frequencies 

of IL-10+ cells in the peripheral area of the periodontitis lesions in subjects with the IL10-

1082(-1087)GG genotype than in subjects with the AG or AA genotypes (Donati et al., 2008). 

The differences between studies must be related to the different ethnic origin of the different 

populations. It is important to realize that the number and type of modifying disease genes for 
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the same disease, as the allele frequencies, may not be the same in different ethnic 

populations.  

For the association between IL10-819(-824)C>T polymorphism and periodontitis, this meta-

analysis provide some interesting results. The subgroup analysis of Caucasians yielded a 

significant measure of effect [OR: 1.48 (95% CI: 1.01-2.17)] in the additive per-allele model 

between CP cases and the healthy controls. This results provide an indication of a weak effect 

of the IL10-819(-824)T variant on the disease susceptibility, indicating that Caucasians 

carrying the T allele may have a slight increase in PD susceptibility. In this polymorphism it 

was found an evidence of heterogeneity in the CC vs. CT/TT CP vs. controls genotypes 

comparison. Looking for the individual studies it can be supposed that the evidential 

heterogeneity results of the Scarel-Caminaga et al. (2004) study that is the only one with 

differential results and that found statistical significant differences revealing that individuals 

with CC genotype seemed to be three times less susceptible to CP. 

Regarding the IL10-592(-597)C>A polymorphism, the results of the current meta-analysis 

suggest that the polymorphic allele A can provide an increased CP risk compared with C 

allele, particularly in Caucasian subgroup [OR: 1.72 (95% CI: 1.17-2.54)]. The same 

conclusions can be drawn in relation to the comparison CC vs. CA/AA genotypes, appearing 

that CC genotype confers an increased protection against the disease [OR: 0.44 (95% CI: 

0.27-0.72)]. These results were expected because the individual studies (Sumer et al., 2007; 

Claudino et al., 2008) already present these trends in their populations. For this polymorphism 

it was found evidence of large heterogeneity in all analysis involving CP individuals. The 

small size of populations studied by Scarel-Caminaga et al. (2004) and Sumer et al. (2007), 

respectively with only two and one AA individuals in control group, can be one of the 

justifications.  

The three SNPs analyzed (-1082 -819 -592) are in a linkage disequilibrium (LD) resulting in 

three preference haplotypes: GCC, ACC and ATA. Hu et al. (2009) verified in a Han Chinese 

population, that ATA⁄ACC combination encodes for reduced susceptibility to CP, whereas 

ATA⁄ATA is associated with higher susceptibility to AP. The ATA⁄ATA genotype, known as 

a “low IL-10 producer” was associated with a greater risk to disease progression in a German 

Caucasian population (Reichert et al., 2008). Additionally, the GCC haplotype had been 
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associated with high IL-10 secretion in a study with Anglo Saxon Caucasians from the UK 

(Crawley et al., 1999). Other studies have shown a higher expression of IL-10 in gingival 

crevicular fluid in healthy sites and a lower expression of this cytokine in periodontitis sites 

(Hirose et al., 2001; Suárez et al., 2004). This meta-analysis is in agreement with these studies 

in respect with IL10-592(-597)C>A polymorphism, because it was concluded that the 

polymorphic allele A can provide an increased CP susceptibility; and in respect with IL10-

819(-824)C>T polymorphism, because the present results pointed that individuals carrying 

the T allele may have a slight increase in PD susceptibility. In respect with IL10-1082(-

1087)A>G polymorphism, in contrast with these studies, this meta-analysis showed no 

significant differences. Knowing that the -592(-597)C>A and -819(-824)C>T variations are in 

perfect linkage disequilibrium, it was already expected a strongest agreement between these 

two polymorphism results. The lower significant association of -819(-824)C>T polymorphism 

compared to the -592(-597)C>A might be related with the lower sample size causing lower 

power of the meta-analysis of IL10-819(-824)C>T. 

An increase or decrease in IL-10 levels is critical for the individual control of the balance 

between inflammatory, humoral, and microbial challenges; which is important in PD 

susceptibility and progression (Sumer et al., 2007). The three IL10 SNPs [-1082(-1087)A>G, 

-819(-824)C>T and -592(-597)C>A] in the promoter region have been associated with altered 

IL-10 production. The present meta-analysis permitted to group the information of individual 

studies related to IL10 polymorphisms and periodontitis and the results obtained reinforced 

their possible association with PD susceptibility. 

In the IL10-592(-597)C>A polymorphism, the A allele may confer a relative increase in the 

risk for CP and the CC individuals may have a slight decrease in PD susceptibility. These 

results are particularly relevant in the Caucasian populations. For IL10-819(-824)C>T 

polymorphism, it was concluded that T allele may result in a slight increase of CP 

susceptibility in Caucasians. For IL10-1082(-1087)A>G polymorphism, the results showed no 

significant differences. Additionally, the existing genetic data suggest no association of AP 

with the SNPs analyzed, except a weak trend in the IL10-592(-597)C>A polymorphism. 

The results of the meta-analysis indicate a moderate association between IL10 polymorphisms 

and CP in Caucasians, but some questions remains to be answered. This fact shows the 
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multifactorial character of PD and the necessity of more and best structured studies that can 

overcome the present limitations and clarify this matter. The knowledge of these genetic 

determinants can help to understand properly the complex causal pathways of PD. 

IV.2.2. Plasma IL-10 levels 

This study is developed because PD was associated with some systemic disorders, including 

metabolic syndrome, insulin resistance and cardiovascular diseases, and the measurement of 

cytokines systemic levels allows the evaluation of the systemic inflammatory condition that 

appears to exist in these patients (Loos, 2005; Duarte et al., 2010). In this context, in humans, 

several previous studies were developed related with serum levels of cytokines in 

periodontitis (Meyle, 1993; Mengel et al., 2002; Buhlin et al., 2003). Conversely, there are no 

previous similar studies in dog PD. 

Here, it was evaluated the plasma levels of IL-10 in dogs with periodontitis compared to 

healthy dogs. The results demonstrated that healthy dogs are more likely to have high plasma 

values of IL-10 than dogs with periodontitis. A negative association between the plasma IL-

10 levels and the periodontal inflammation was found in the studied population. These results 

are in accordance with previous ones which showed the pro-inflammatory immune status in 

human periodontitis and the protective role of IL-10, promoting an immune tolerance with 

elimination of infectious organisms with minimal damage to host tissues (Gemmell et al., 

2002; Duarte et al., 2010). 

In humans, previous investigations showed high individual variability in the pattern of IL-10 

profile in PD context. Bozkurt et al. (2006) reported that levels of IL-10 in crevicular fluid 

were significantly lower in patients with periodontitis than in healthy subjects. Reduced levels 

of IL-10 are associated with severe disease, whereas elevated levels enhance an improvement 

in clinical parameters (Gemmell and Seymour, 1998; Gemmell et al., 2002). Significant 

differences were also found, using gingival tissue biopsies, with higher frequency of 

measurable IL-10 in healthy group than in patients with periodontitis; however, in serum 

samples, unlike the results of the present study, these authors did not found differences in the 

frequency of measurable IL-10 levels between groups (Górska et al., 2003). On the other 
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hand, a recent report concluded that healthy human subjects presented higher serum IL-10 

levels than subjects with periodontitis (Passoja et al., 2010). 

Periodontitis bacteria disseminate from the periodontium into the circulation stimulating the 

immune system with promotion of general inflammatory status with a subsequent variation in 

the plasma indicators of disease, including down-regulation of IL-10 (Lin et al., 2003, Passoja 

et al., 2010). These general signals result both from the release into bloodstream of 

inflammation molecules produced on periodontal pocket areas and from the general 

stimulation of the immune system (Passoja et al., 2010). Nevertheless, the clinical importance 

of plasma cytokine levels determination in periodontitis remains controversial. 

In humans an important role for IL-10 in defense against infections was described, mainly 

during the resolution of acute phase of inflammation, and in several autoimmune and 

inflammatory diseases, such as psoriasis, inflammatory bowel disease and liver inflammation 

(Ouyang et al., 2011). Both over-expression of IL-10 and its deficiency seems to be related 

with sickness conditions (Passoja et al., 2010), having a beneficial effect in some diseases, 

like in rheumatoid arthritis whereas in others, such as systemic lupus erythematosus and 

systemic sclerosis, has been found to have a detrimental action (Llorente et al., 1995; 

Feldmann et al., 1996). Additionally, IL-10 has been correlated with cancer associated-

immunosuppression (Khong and Restifo, 2002). Detectable serum IL-10 levels in non-

Hodgkin’s lymphoma were correlated with a worst prognostic (Blay et al., 1993). 

In dogs, a significant increase in serum IL-10 was described in patients presenting atopic 

dermatitis receiving allergen-specific immunotherapy, in inflammatory mammary neoplasia, 

and in dogs suffering from generalized reoccurring demodicosis (Keppel et al., 2008; Felix et 

al., 2012; Andrés et al., 2013). It was also demonstrated that dogs with osteoarthritis or 

leishmaniasis present increased expression of IL-10 in synovial membrane and in liver/spleen 

extracts, respectively (Corrêa et al., 2007; Maccoux et al., 2007). On the other hand, in canine 

Chagas disease, the development of chronic cardiomyopathy was associated with low or null 

IL-10 production (Guedes et al., 2009). Furthermore, Kjelgaard-Hansen et al. (2007) reported 

low canine IL-10 levels without significant differences between healthy dogs and following 

different inflammatory stimulus, namely during naturally-occurring acute phase reaction and 

following surgical stimulus. 
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Moreover, a decreased production of IL-10 in dogs with gram-negative bacterial sepsis was 

described, as its anticoagulant and anti-inflammatory proprieties (DeClue et al., 2012; 

Ogasawara and Stokol, 2012). Considering these findings, the results in the present study are 

remarkable, as periodontitis also results from a subgingival bacterial microenvironment 

change with an increase in the number of gram-negative bacteria (Hardham et al., 2005). 

The number of dogs with low plasma IL-10 levels (below the LLD of assay) was very high in 

this study, an expected situation referred by other authors in studies with human patients 

(Loos, 2005). Similar low levels were obtained in studies with human chronic periodontitis, 

where, only about a half percent of the patients and controls had detectable levels of various 

cytokines (Górska et al., 2003), and another study measuring serum levels of IL-1β in which 

the majority of cases and controls presented undetectable levels (Mengel et al., 2002). This 

emphasizes the need to adapt the existing interleukin measurement assays or to develop more 

sensitive new ones. Such adjustments may be considered in future studies and can be 

important to detect statistical significant differences between PD stages. 

The values obtained for control group were spread over a relatively wide range (ND-313.0 

pg/mL), as indicated by the large standard deviation observed. Even the selection of the 

control group was carefully achieved excluding dogs with any active inflammatory process, it 

is possible that some subclinical process was in course in some dogs and this might have 

influenced the levels of IL-10 measurement. The same problem should be referred for the 

periodontitis group, where the concomitant inflammatory active disease was ruled out, but 

where subclinical processes not related with periodontitis could be present.  

Some clinical trials suggest that IL-10 has a good safety profile and possible utility in the 

treatment of several inflammatory conditions (Moore et al., 2001), where should be included 

PD. To the best of our knowledge, until the present moment there was not any published 

reference to the IL-10 plasma levels in dogs with periodontitis. In spite of the limitations of 

inexistent comparative studies, the present study can be considered an original and important 

first report in this scientific field, where promising new therapeutic approaches with 

immunomodulatory agents, like IL-10, are in course.  
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As reported in humans, the present results showed that dogs with periodontitis present lower 

circulating levels of IL-10 statistically significant than healthy controls. On the other hand, 

these data are different from the results reported by de Oliveira et al. (2011) which found a 

decreased local expression of IL-10 following treatment of periodontitis in dogs. Anyway, an 

imbalance between pro- and anti-inflammatory cytokines seems to be important in the 

severity of PD presentation and may play an important role in the systemic complications of 

periodontitis. Further clinical and immunological studies will be required to achieve a better 

interpretation of IL-10 role on the severity of periodontitis. 

IV.2.3. IL10 genetic variations 

IL10 gene was selected as a potentially contributing gene taking in account the PD 

pathophysiology and the knowledge of previous genetic studies in human periodontology. 

Several studies demonstrated that IL-10 production is controlled by genetic factors, namely 

by polymorphisms located in the promoter region, with important implications on immune 

function and PD pathogenesis (Scarel-Caminaga et al., 2004; Sumer et al., 2007; Reichert et 

al., 2008; Smith and Humphries, 2009). Individuals who are high producers of IL-10 might be 

less susceptible to severe periodontitis as a result of the anti-inflammatory and 

immunoregulatory properties of IL-10. A “low IL-10 producer genotype” (ATA/ATA 

genotype) was associated with a higher risk to periodontitis progression (Reichert et al., 

2008). Due to the great similarities of PD pathophysiology in humans and dogs (Berglundh et 

al., 1991), as well as the high homology between human and canine IL10 genes (Lu et al., 

1995), it is possible that similar genetic factors play a significant role in canine PD 

susceptibility. So, this study focused in the evaluation of canine IL10 gene regions homolog to 

human IL10 gene where polymorphisms associated with PD susceptibility were described.  

The 5’ flanking region of a gene, although not transcribed into RNA, is of huge importance, 

namely because it contains the promoter, and may contain enhancers or other protein binding 

sites. So, genetic variations identified in this region are associated with inter-individual 

changes in IL-10 expression and consequently with inflammatory and immune responses in 

PD context (Scarel-Caminaga et al., 2004; Sumer et al., 2007). In humans, it is known that IL-

10 secretion is associated with various genetic variations in the 5’ flanking region (Reuss et 

al., 2002; Rieth et al., 2004), some of them associated with PD susceptibility (Yoshie et al., 
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2007). In dogs, this is the first study evaluating the 5’ flanking region of IL10 gene, and it was 

found a new single nucleotide variation and a new 3-bp deletion. The rare allele for the single 

nucleotide variation (IL10/1_g.506A>G) appears with high frequency (30% heterozygous and 

5% homozygous in the PD group vs. 36% heterozygous and 12% homozygous in the control 

group), which although without significant statistical differences between groups, can be a 

relevant finding. Likewise, the 3-bp deletion allele carriers were found with high frequency in 

both groups (40% of PD dogs vs. 22% of controls), and although no significant differences 

were found between groups, homozygotes for the deletion were only detected in the control 

group. This may mean that, in this population, being homozygous for the deletion can provide 

some protection, despite the need to clarify the biological importance of this variation. In 

humans, homozygotes for a 3-bp deletion in the 5’ flanking region of IL10 gene were 

characterized by high expression of IL-10 (Rieth et al., 2004). 

The obtained data were compared with nucleotide sequences of IL10 canine gene displayed in 

NCBI (GenBank ID: NM_001003077) and Ensembl (ENSCAFG00000011443) genome 

browsers. Both sequences displayed showed the 3-bp deletion (TGA), what means that the 

dogs used to obtain these sequences were carrying this deletion. Looking to the allelic 

frequencies obtained in this study (83% for “TGA” allele vs. 17% for “TGA deletion” allele) 

it was considered that, at least in the studied population, the most frequent allele is “TGA” 

and the “TGA deletion” is a relatively common genetic variation. 

The IL10/2_g.285G>A variation, located in the exon 1, that results in an amino acid change 

(G16R) is rare in the population under study, detected in only two heterozygous individuals of 

the control group. Nevertheless, it is interesting that this genetic variation is located in the 

region of the exon 1 encoding the IL-10 signal peptide (Figure 4.3 A). This may be important, 

essentially because genetic variations in this location can alter the efficiency of secretion or 

the maturation process of the protein, with consequent effects in immunoregulation (von 

Heijne, 1985; Kober et al., 2013). Curiously, in humans, it was described an identical 

polymorphism (G>A) at the same position of the exon 1 which predicts a similar Gly-G to 

Arg-R change in the putative IL-10 signal peptide (Donger et al., 2001). Additionally, it was 

demonstrated that this altered leader sequence results in lower levels of IL-10 protein 

secretion, and consequently in a reduced anti-inflammatory effect (van der Linde et al., 2003; 

Whittington et al., 2003). It is interesting that dogs also present this genetic variation, but 
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other functional assays are essential to clarify if, in the canine species, it has the same 

biological significance on the protein functionality. The comparison of the position of this 

variation between different mammalian species, allowed to conclude that it is a conserved 

region (Figure 4.3 B), which increases the probability of an important functional role. Using 

the classic Grantham matrix, which provides a quantitative measure of chemical distance 

between different amino acids, an exchange Gly→Arg means a Grantham score difference of 

125 which means a significant chemical dissimilarity (moderately radical change) (Grantham, 

1974; Li et al., 1984). Recognizing that physicochemical properties of amino acids play an 

important role in protein folding and stability, this exchange can be important. However, by 

the SIFT and PROVEAN algorithms (Kumar et al., 2009; Choi et al., 2012) this missense 

substitution is predicted to be tolerated or neutral. 

 

Figure 4.3 – Analysis of IL-10 amino acid sequences. (A) Schematic presentation of canine IL-10 protein 

sequence. Signal peptide is shaded gray and the position of amino acid variation (G16R) is indicated (*) and 

shaded black. (B) Multiple alignment of partial IL-10 sequences in different mammalian species [UniProt ID: 

Canis familiaris (P48411), Homo sapiens (P22301), Macaca mulatta (P51496), Macaca fascicularis (P79338), 

Felis catus (P55029), Sus scrofa (Q29055), Saimiri sciureus (Q8MKG9), Vulpes vulpes (Q25BC1), Bos taurus 

(P43480), Bubalus carabanensis (Q2PE73), Bubalus bubalis (Q2PE56), Camelus bactrianus (Q2PE44), Lama 

glama (Q865X4), Equus caballus (F6XX01)]. The position of the variation G16R is shaded gray and indicated 

by an arrow. 

In humans, it was reported the existence of different haplotypes associated with differential 

IL-10 secretion levels, and consequently associated with different susceptibility to 

periodontitis and other inflammatory diseases (Crawley et al., 1999; Reichert et al., 2008). In 
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this study, the haplotype analysis provided the identification of several combinations, some of 

them with low frequencies. Nevertheless, the TGAAGCATC and TGAAACCCC haplotypes 

appear only in the control group and present high likelihood-ratio, suggesting a possible 

protective role. The same can be said about TGAGGCCCC haplotype that appears with 

higher frequency in control group than in PD group. Inversely, the TGAAGCCTC haplotype 

appears only in the PD group, which can represent a high susceptibility factor. The low 

frequency of some analyzed haplotypes may affect the reliability of the obtained results 

(Curtis et al., 2006). 

The IL10/2_g.305C>T variation, also located in exon 1, was identified in only one individual 

and has no influence on transcription, coding in both cases the amino acid Histidine (His-H). 

Additionally, in this analyzed fragment, three single nucleotide variations were identified in 

the intron 1. IL10/2_g.424C>A and IL10/2_g.513C>A appeared in very low frequencies, only 

in the control group and PD group, respectively. IL10/2_g.497C>T was identified in both 

groups, but without significant differences in allelic and genotypic frequencies. 

Moreover, IL-10 functional interactions were analyzed using the STRING database 

(Szklarczyk et al., 2011). This database provides information on functional links between 

proteins, and as seen in the Figure 4.4, IL-10 is a cytokine with multiple functions and 

interactions, as part of the complex networks of immunoregulation and inflammation. 

 

Figure 4.4 – Interactions of the canine IL-10 protein (according to STRING database predictions). (A) 

Confidence view (stronger associations are represented by thicker lines). (B) Evidence view (types of evidence 

for the association). (C) Actions view (different modes of action). IL-10 is highlighted by a box. 
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If canine PD, as occurs in human PD, has a complex genetic basis, it is likely probable that 

several susceptibility genes with an individual small effect may be implied, and consequently 

isolating these contributory genetic factors is a complicated task. In that sense, genes such as 

IL10 with identified variations associated with human PD are good candidates to explore 

canine PD genetic basis. Nevertheless, unlike human PD, this study did not provide evidence 

of a significant association between IL10 genetic variations and canine PD. However, genetic 

variations with locations that may be important in IL-10 functionality were identified, and 

consequently this can be a starting point for further studies with larger populations. This is 

particularly relevant because dog IL10 gene is still poorly studied, although the recognized 

important immunoregulatory role of this cytokine and the knowledge that, in humans, IL-10 

expression is markedly influenced by genetic polymorphisms. It is likely that, as in humans, 

the identification of genetic variations in the IL10 gene helps to explain the greater or lesser 

susceptibility of different dogs to various diseases such as PD. 

IV.3. IL6 genetic variations 

It was already described the association between IL6 gene variations and human PD 

susceptibility (Nibali et al., 2008a; Nibali et al., 2009). In this work, it was developed an 

association study between the IL6 gene variations and canine PD. IL-6 is fundamental in the 

inflammatory response against infectious microorganisms (Dalrymple et al., 1996) and 

influence the bone resorption in the periodontal lesions (Ishimi et al., 1990; Irwin and 

Myrillas, 1998; Okada and Murakami, 1998).  

Two regions of the IL6 gene were analyzed, which allowed identifying three new single 

nucleotide variations which were characterized to assess their influence on the predisposition 

to PD. In the fragment from 5’-UTR region to exon 2 (IL6/1), it was detected one variation 

(IL6/1_g.564T>C) located in exon 2. This variation appeared with low frequency only in the 

control group and has no influence on the transcription, coding in both cases the amino acid 

aspartate (Asp-D). These results were not significant in the case-control analysis. The 

homologous region of exon 2 in the human IL6 gene present polymorphisms potentially 

associated with cardiovascular diseases (Cole et al., 2008) and with the response efficiency 

against hepatitis C virus therapy (Yee et al., 2009). 
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The second fragment (IL6/2) allowed the analysis of exon 5 and 3'-UTR region. This region 

was selected because some polymorphisms in the exon 5 have been associated with human 

complex diseases, such as immunoglobulin-A deficiency (López-Mejías et al., 2008), diabetes 

(Cooper et al., 2007) and hemochromatosis (Milet et al., 2007). In this work, two variations 

were described (IL6/2_g.105G>A and IL6/2_g.440G>A) with a considerable frequency in the 

studied population. The presence of IL6/2_g.105G>A influences the encoded amino acid and 

the variation IL6/2_g.440G>A, located in the untranslated region, may be important if affects 

mRNA stability and translation of its coding sequence, altering the levels of gene expression. 

Based on the statistical results, it was not found any association between these variations and 

PD. A deviation from Hardy-Weinberg equilibrium in the group of PD cases was found for 

IL6/2_g.105G>A genotypes. Hardy-Weinberg equilibrium is influenced by a series of features 

regarding the tested population, for example: sample population size, random mating, no 

migration, no genetic drift and no selection taking place (Mayo, 2008). Thus, these results 

could be due to chance or violation of these assumptions, being the possibility of genotyping 

errors lower, since all genotypes were detected by direct sequencing. 

In human PD, there are evidences that some haplotype combinations increase the effect of the 

IL6 gene variations in the predisposition to disease (Nibali et al., 2008a). In another study not 

associated with PD, Terry et al. (2000) reported the complex transcriptional control of the IL6 

gene. In this analysis, the CGG haplotype present the highest likelihood-ratio, suggesting a 

protective function towards PD. These results should be interpreted with caution once some of 

the haplotypes are relatively rare in the studied population and can influence the asymptotic 

distribution for the LRT (Curtis et al., 2006).  

In a bioinformatics approach, the obtained data were compared with nucleotide sequences of 

IL6 described for dog deposited in NCBI (GenBank ID: NM_001003301) and Ensembl 

(Ensembl ID: ENSCAFT00000004340) genome browsers. The single nucleotide that differs 

between the sequences corresponds to the position of the one variation identified in this study 

(IL6/2_g.105G> A): G (guanine in NCBI) and an A (adenine in Ensembl). This shows that the 

sequences submitted to these databases comes from animals with different genotypes. 

According to this work, the sequence presented in the Ensembl represents an animal with 

polymorphic genotype. The IL6/2_g.105G>A variation leads to an amino acid change in the 

191 codon of the IL-6 protein (from Arg-R to Gln-Q). The score of SIFT algorithm for this 
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missense substitution is 0.02 resulting in a probably damaging consequence for the IL-6 

protein. Additionally, it was compared the position of this variation using the IL-6 amino acid 

sequences of different mammalian species (Figure 4.5 A). 

 

Figure 4.5 – Analysis of IL-6 amino acid sequences and protein structure prediction: (A) Alignment of 

partial IL-6 sequences in different mammalian species [UniProt ID: Canis familiaris (P41323), Homo sapiens 

(P05231), Macaca mulatta (P51494), Macaca fascicularis (P79341), Macaca thibetana (Q5I6E3), Saimiri 

sciureus (Q8MKH0), Mustela furo (A3FBE9), Mustela vison (P41693), Vulpes vulpes (Q25BC2), Bos taurus 

(P26892), Bubalus carabanensis (Q2MH06), Bubalus bubalis (Q6V919), Camelus bactrianus (Q865W7), Lama 

glama (Q865X6), Equus caballus (Q95181), Sus scrofa (P26893), Delphinapterus leucas (Q9XT80), Orcinus 

orca (Q28747), Phoca vitulina (Q28819)]. The conserved amino acid sequence LILR is evidenced with a grey 

box. The position of the variation R191Q is indicated with an arrow; (B) Alignment of predicted protein 

structures for dog IL-6 using SWISS-MODEL, evidencing the position of amino acids R191 (yellow) and Q191 

(blue); (C) Alignment of hexameric structure of the human IL-6/IL6α-receptor/gp130 complex (PDB ID: 1P9M) 

and predicted IL-6 structures for dog, indicating the position of variation R191Q with a circle. 
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The variation R191Q was located in a conserved region, corroborating the possible influence 

on IL-6 protein. Using the SWISS-MODEL structure homology-modelling server (Arnold et 

al., 2006) the structures for dog IL-6 were predicted (Figure 4.5 B). It was observed that 

variation R191Q is located in the middle of an alpha-helix in an exposed region. These 

findings and the comparison of the predicted structures with human IL-6/IL6α-receptor/gp130 

complex (Figure 4.5 C), suggest that the variation R191Q may have important roles in the 

functional association of IL-6/IL6α-receptor and the protein-protein interactions that include 

IL-6. 

Finally, this study was complemented with a prediction of dog IL-6 functional interactions 

using the STRING database (Szklarczyk et al., 2011). In the Figure 4.6, it was demonstrated 

that dog IL-6 protein is integrated in a complex network, involving several proteins and 

metabolic pathways. The identification of new genetic variations has great value for the basis 

of functional studies, in order to understand these complex interactions. 

 

Figure 4.6 – Interactions of the canine IL-6 protein (according to STRING database predictions). (A) 

Confidence view (stronger associations are represented by thicker lines). (B) Evidence view (types of evidence 

for the association). (C) Actions view (different modes of action). IL-6 is highlighted by a square. 

To the best of our knowledge, there are no previous studies in the dog that described and/or 

analyzed genetic variations associated with IL6 gene. However, some investigations were 

developed analyzing the IL6 gene expression related with osteoarthritis (Maccoux et al., 

2007), tumor regression (Hsiao et al., 2008) and epicutaneous allergen challenge (Marsella et 

al., 2006). The variations identified in this work may be important to clarify the change of IL6 
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expression in these and other nosological entities, such as PD, in the near future. The present 

work did not found association between the three new genetic variations and PD; however 

some of them might be involved in a more complex form, such as in humans (Meng et al., 

2007; Yoshie et al., 2007). It is important to develop new investigations to assess if some of 

the genetic variations described in this study can interact among themselves and with other 

genes, influencing the structure and function of IL-6. 

IV.4. LTF genetic variations 

The lactotransferrin (LTF) is an iron-binding protein with important roles in the anti-bacterial 

mechanisms that has being associated with PD predisposition. The reduced capacity to iron-

binding of this molecule appears to influence the induction of PD by the bacteria 

Aggregatibacter actinomycetemcomitans (Fine and Furgang, 2002). Genetic variations 

affecting anti-microbial properties of LTF may influence susceptibility to diseases such as 

PD, where the microbiota is a major predisposing factor (Jordan et al., 2005). In human PD, 

there are various studies, performed in different ethnic groups, that analyzed the influence of 

polymorphic variations in LTF gene (Velliyagounder et al., 2003; Jordan et al., 2005; Wu et 

al., 2009), which provided controversial results highlighting the need for further studies to 

clarify the function of this gene in PD susceptibility. 

To the best of our knowledge, there are no studies that described and/or analyzed nucleotide 

variations in the dog LTF gene and its relation to PD basis. In this work, LTF gene variations 

were detected and its association with canine PD was investigated. The study developed by 

Berlov et al. (2007), indicated that canine LTF is very similar to human protein in terms of 

physicochemical properties (molecular weight, carbohydrate content and interactions with 

ferric ions) and anti-microbial properties. Although some studies showed that the some 

periodontopathogenic bacteria differ between human and dog (Genco et al., 1998; Hardham et 

al., 2005), various bacteria such as Aggregatibacter actinomycetemcomitans appear in 

periodontal microbiota of both species (Nishiyama et al., 2007). Therefore, as seen in humans 

the LTF may have a similar interaction with these periodontopathogenic bacteria. 

In this case-control approach, three regions of LTF gene were analyzed, allowing the 

identification of eight new single nucleotide variations. The first region (LTF/1) included the 
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exon 2, and there are some polymorphisms described in homologous region of the human 

LTF gene (Harris et al., 2007; Moreno-Navarrete et al., 2008). Two variations (LTF/1_g. 

288T>G and LTF/1_g.403G>A) located in intron 2 were detected, but their reduced frequency 

in this population was not significant for the case-control analysis. In the second region 

analyzed (LTF/2), one variation was already described in GenBank (rs8866393), localized in 

the exon 12, but in the animals included in this study, no nucleotide variation was identified. 

The third fragment (LTF/3) included the exon 15, and similar to that described for the 

humans, several genetic variations were identified, namely six nucleotide variations 

(LTF/3_g.213C>T, LTF/3_g.411C>T, LTF/3_g.420G>A, LTF/3_g.445A>G, LTF/3_g.482 

G>A and LTF/3_g.514A>G). The association study, including the more frequent variations, 

did not show statistical significant differences in the genotypic and allelic frequencies 

between the control and PD cases groups, prior and after adjustment. Nevertheless, the 

distribution of these four variations (LTF/3_g.213C>T, LTF/3_g.445A>G, LTF/3_g.482G>A 

and LTF/3_g.514A>G) was interesting in the studied population. The groups of homozygous 

(dominant/recessive) and heterozygous animals were the same for all the variations identified, 

which is highly suggestive that the four variants are segregated in the form of a haplotype 

block. 

The analysis of the haplotypes distribution showed two haplotypes potentially associated with 

PD predisposition (TACCGAGA and GGCCGAGA) and one haplotype possibly related with 

protection against PD (TACTAAGA). These results should be interpreted with caution once 

these haplotypes are rare in the studied population, which can influence the asymptotic 

distribution for the LRT (Curtis et al., 2006). 

In a bioinformatics approach, the genotypes identified were compared with the nucleotide 

sequence of dog LTF gene deposited in Ensembl Genome browser (Ensembl ID: 

ENSCAFG00000013763). According to this study results, the sequence presented in this 

database represents an animal with polymorphic genotype for the variations LTF/3_g.445 

A>G, LTF/3_g.482G>A and LTF/3_g.514A>G. 

The SIFT algorithm (Kumar et al., 2009) predicted a score of 0.05 for the P578L variation 

supporting the existence of a possible damaging consequence, affecting the protein function. 

Both the R581K (score of 1.00) and E602K (score of 0.08) variations were considered 
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tolerated variants. Additionally, the position of these variations using the LTF amino acid 

sequences of different mammalian species were compared (Figure 4.7 A). The variation 

P578L is located in a non-conserved region, while the R581K is positioned in a partial 

conserved region, and the E602K is localized in a highly conserved region. Using the SWISS-

MODEL structure homology-modelling server (Arnold et al., 2006) the structure for dog LTF 

was predicted (Figure 4.7 B, C). 

 

Figure 4.7 – Analysis of LTF amino acid sequences and protein structure prediction: (A) Alignment of 

partial LTF sequences in different mammalian species [UniProt ID: Canis familiaris (F1PR54), Homo sapiens 

(P02788), Macaca mulatta (F7BYZ5), Macaca cyclopis (B1Q146), Callithrix jacchus (F7IM38), Bos taurus 

(P24627), Bos indicus (D0VAV0), Bos mutus grunniens (A3QPC0), Bubalus bubalis (O77698), Camelus 

dromedarius (Q9TUM0), Ovis aries (Q5MJE8), Capra hircus (Q29477), Sus scrofa (P14632), Mus musculus 

(P08071)]. The position of the variations P578L, R581K and E602K are highlighted and indicated with arrows; 

(B) Structure of the dog LTF predicted using SWISS-MODEL, showing the N1, N2, C1 and C2 domains of the 

N- and C-lobe, respectively; (C) Partial C2 domain, evidencing the position of amino acids variations P578L 

(red), R581K (blue), E602K (magenta). 
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Considering the structural predicted models for mammalian LTF proteins (Karthikeyan et al., 

1999; Sharma et al., 1999; Kumar et al., 2003), it was observed that the three variations are 

located in the protein loop regions of C globular lobe in C2 domain. Taking into account the 

amino acid characteristics, the substitution of Proline to Leucine (P578L) can affect the 

protein loop flexibility due the hydrophobic properties of Leucine. The substitution of 

Arginine to Lysine (R581K) may be less relevant due to the similar proprieties between these 

amino acids. On the other hand, the variation of Glutamic acid (negatively charged) to Lysine 

(positively charged) (E602K) may be important for protein structure and function, considering 

the difference of amino acid properties and the localization in a highly conserved region. 

These findings are corroborated by the Grantham score differences, which are 98, 26 and 56, 

respectively for the three amino acids exchanges (Grantham, 1974). Additionally, all the 

variations are localized in an exposed region of the C2 domain and consequently may have 

important roles in the protein-protein and/or protein-molecule interactions involving the LTF. 

The identification of new genetic variations like these may have great value for the basis of 

functional studies, in order to understand the complex interactions and functional mechanisms 

of the LTF protein. 
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The work developed under the scope of this Thesis aimed to give a contribution to the actual 

knowledge of canine PD and to highlight the huge potentialities of this species to increase the 

characterization of the genetic basis of this disease. It is a previously unexplored research 

area, which forced us to start developing basic tools (e.g. a clinical record model with dental 

chart), and to use comparative genomics to select the most adequate candidate genes for 

canine PD susceptibility. Brifely, it was intented to evaluate the dog as a model for human PD 

and gain knowledge about genetic susceptibility in canine PD. 

In summary, and as previously described throughout the different chapters of this Thesis, the 

results obtained support several conclusions that are summarized in the following points: 

 1) Regarding the importance of dog model for periodontal studies, the extensive 

review developed allow us to conclude that besides having several attractive attributes 

for the study of PD and the huge contribution already given in periodontology 

research; dogs will still have a role in periodontology for the future providing great 

insights in the study of the genetic basis of the disease. 

 2) Following a candidate gene approach, it was decided to focus the investigation on 

analyzing five genes selected taking into account the prior knowledge achieved in 

human periodontology and using comparative genomics. Concerning the evaluation of 

the IL1A and IL1B genes and the risk for PD a total of eight genetic variations were 

identified, seven in the IL1A gene and one in the IL1B gene. The IL1A/1_g.388A>C, 

IL1A/1_g.521T>A variations showed statistically significant differences between 

groups [adjusted OR (95% CI): 0.16 (0.03-0.79) and 5.61 (1.02-30.9), respectively], 

meaning that, in the studied population, the IL1A/1_g.388C allele is associated with a 

decreased PD risk, whereas the IL1A/1_g.521A allele is associated with an increased 

risk. Another genetic variation (IL1A/2_g.515G>T) results in an amino acid change 

that may alter protein structure and function, mainly because recurring to different 

bioinformatics tools it is predicted to be deleterious or damaging. With respect to the 

IL10 gene several genetic variations were identified with locations that may be 

important in IL-10 functionality, which is relevant because dog IL10 gene still poorly 

studied, although the recognized important immunoregulatory role of this cytokine and 

the knowledge that, in humans, IL-10 expression is markedly influenced by genetic 
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polymorphisms. Regarding the IL6 gene three new genetic variations were found that, 

although without significant statistical differences, might influence the structure and 

function of the protein and be involved in the complex causal pathways of PD. In the 

LTF gene analysis, the obtained data did not give evidence for the contribution of LTF 

variations to the genetic background of canine PD. Nevertheless, the variation 

LTF/3_g.411C>T leads to an amino acid exchange, that was predicted to be possibly 

damaging to the LTF protein.  

 3) Concerning the plasma IL-10 levels determination, it was found that IL-10 levels 

were lower in the periodontitis group than in the control group. These results help to 

support the systemic pro-inflammatory status described in human periodontitis 

patients. Nevertheless, this is the first report related with IL-10 levels in dogs with 

periodontitis, and further studies will be necessary to clarify the biological importance 

of these new findings. 

 4) With respect to the meta-analysis developed about the association of the IL10 

polymorphisms and human PD, it was found statistically significant association of 

IL10-819(-824)C>T and IL10-592(-597)C>A polymorphisms in Caucasians. The 

IL10-819(-824)T and -592(-597)A alleles may confer a relative increase in the risk for 

CP in Caucasians. These results indicate a moderate association between IL10 

polymorphisms and CP in Caucasians, but some questions remains to be answered. 

This fact shows the multifactorial character of PD and the necessity of more and best 

structured studies that can overcome the present limitations and clarify this matter.  

The relevance of the work developed in scope of this Thesis arises from the fact that canine 

PD, besides its huge importance in veterinary practice, always represented an undoubted 

model contributing for the achievements for the actual knowledge in periodontology. As 

demonstrated in the first chapter of the Thesis, this work reinforced the notion that canine and 

human PD shares most of the etiological, clinical and pathological characteristics, and it was 

highlighted the relevance of the dog as a powerful model to study and understand the genetics 

background of complex diseases homologous between the two species.  
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This work is a pioneer approach and a first contribution to the characterization of the genetic 

basis of canine PD, which allowed to conclude that dog IL1A, IL1B, IL10, IL6 and LTF genes, 

as occurs in the human homologous genes, are highly polymorphic with genetic variants that 

may be important in PD susceptibility. Particularly relevant are the results obtained for the 

IL1A gene, which must be submitted to further studies to reinforce the present findings and to 

clarify its biological importance; as well as other investigations with different candidate 

genes.  

The genetic basis of PD is complex and the identification of involved genes is a challenging 

task, but the pioneer approach developed in this work increased our knowledge in this issue 

and the results presented herein can form the basis for future research, which is extremely 

relevant because it is undeniable that advances in this area are fundamental to improve the 

clinical management of PD, particularly with the development of novel strategies of risk 

assessment. 
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Annex I 

Informed consent 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

HOSPITAL VETERINÁRIO DA UNIVERSIDADE DE TRÁS-OS-MONTES E ALTO DOURO 

 

AUTORIZAÇÃO PARA COLHEITA DE MATERIAL 

BIOLÓGICO 

 

1. PROPRIETÁRIO 

 

Nome:  
  
Morada:  
  
Documento de identificação (BI/CC) Nº:  
 

2. ANIMAL 

 

Nome:  Nº de Identificação:  
    
Espécie:  Raça:  Idade:  Sexo:  

 

 

3. INTERVENÇÃO:  

 

 

4. DECLARAÇÃO 

 

Eu, abaixo assinado, declaro que autorizo o Médico Veterinário _______________________,  

cédula profissional nº _____, a realizar a intervenção descrita, no animal acima referido, 

actuando de acordo com o seu critério. 

Por ser verdade, assino a presente autorização de acordo com o meu documento de 

identificação. 

 

 

 

______________________, _____ de ___________________ de 20___ 

 

O Proprietário,  

 

__________________________________________________________ 



 

 

 

 



 

 

 

 

 

 

 

 

 

Annex II 

Odonto-stomatological record model 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

HOSPITAL VETERINÁRIO DA UNIVERSIDADE DE TRÁS-OS-MONTES E ALTO DOURO 

 
FICHA CLÍNICA DE ODONTOESTOMATOLOGIA - CANÍDEOS 

  FICHA Nº  CLÍNICO RESPONSÁVEL:          DATA:  /  /   

 

IDENTIFICAÇÃO ANIMAL 

                                                Nome:   Idade:   Sexo: ♂  ♀  Castrado: S  N  Peso (Kg):  

                                                ID:   Pelagem/Cor:  Comportamento: Activo  Agressivo  Deprimido  

                                                Raça:   Tipo de crânio:  Braquicefálico   Mesocefálico  Dolicocefálico      

                                               PROPRIETÁRIO Nome:  Contactos:  /  

         Morada:  

 CASOS REFERENCIADOS Clínico Responsável:   Data:  /  /  

         Clínica:  Contacto:  Motivo/Suspeita:  

  

HISTÓRIA CLÍNICA 

  Motivo da Consulta:  

  

                                               
 

 História Médica:    História Dentária:  

                                                  

                                                  

                                                  

                                                Alimentação: Ração seca   Alimentação caseira    Higiene Oral: Escovagens  Frequência?  

                                                 Alimento húmido/semi-húmido  Restos  Ossos     HPCO (destartarizações)   Quando?  

                                                 Obs:     Biscoitos de limpeza  Obs:  

                                                

EXAME CLÍNICO 

  Exame do Estado Geral:   Atitude Geral:    Exame da Região da Cabeça/Face:  Simetria: S  N  
   Freq. cardíaca:   Freq. respiratória:     ATM:   G. Ocular:  
   Temperatura:   Hidratação:     Lábios:   Linfonodos:  
   Obs:     Ouvidos:   Outras Alt.:  

  Oclusão  

Dentária: 

Normal (Mordida em Tesoura)   Exame da Cavidade Oral: Halitose: S  N  

     Má-oclusão Dentária (MAL/1) * (________________)    Saliva:   Mucosa Oral:  
   Distoclusão Mandibular [Prognatismo] (MAL/2)    Vestíbulo:   Língua:  

   Mesioclusão Mandibular [Braquignatismo] (MAL/3)    Palato:   Orofaringe:  

   Má-oclusão Assimétrica (MAL/4) (______________)    Obs:  

 *[DV-Distoversão; MV-Mesioversão; LV-Linguoversão; LABV-Lábioversão; BV-Bucoversão; RXB-Mordida Cruzada Rostral; CXB-Mordida Cruzada Caudal]   

 

EXAMES COMPLEMENTARES 

  Análises sanguíneas: S  N    Histopatologia: S  N    

  Aspectos relevantes    Citologia   Biópsia   

           

           

 
 Microbiologia: S  N    Imagiológicos: S  N    

  Resultados    Rx de cabeça    Rx intra-oral   

  Fotografias: S  N           

  Aspectos relevantes          

     Outros exames    

        

DIAGNÓSTICO/PARECER CLÍNICO:   
 

TRATAMENTO 

  Tratamento Médico:   Tratamento Cirúrgico:   (  ) 

  Medicação: (AB):  (Outra):  

  Dieta Prescrita:  

  Recomendações:  

  Reavaliação: (data):  /  /  R:  

PROGNÓSTICO:   



 

 

EXAME DENTÁRIO – ODONTOGRAMA OU TABELA DENTÁRIA: 
 

                [GI – Gengivite (I, II, III); AL* – Perda de ligação (mm, profundidade sulco+distância margem gengival à CEJ†); PD – Doença Periodontal (PD1, PD2, PD3, PD4)]                                * (a maior medição), † (junção cemento-esmalte) 
 

 D MAXILA E 

                       

 

 

 
 

 
 

 
 

 

    
  

 

  
 

 
 

 

 

                       

  110 109 108 107 106 105 104 103 102 101 201 202 203 204 205 206 207 208 209 210  

 GI                     

 AL                     

PD                     

PD                       

AL                       

GI                       

 411 410 409 408 407 406 405 404 403 402 401 301 302 303 304 305 306 307 308 309 310 311 

                      

                      
                      

D MANDÍBULA E 

 

Outras Anotações:                   Lista de Abreviaturas / Símbolos de Diagnóstico Dentário mais utilizadas:  

                        3D – Dentina Terciária    OM – Massa Oral (mm)  

    
                        CA - Cárie    ONF – Fístula Oronasal  

                        CWD – Crowding    PE – Exposição da Polpa  

                        D – Descoloração Dentária   PU - Pulpite  1 2 3 4 

                        E/H – Hipoplasia do Esmalte   ROT – Dente Rodado  

   
                        EP – Epúlide    RD – Dente Decíduo Retido 

                        FX – Fractura Dentária    RRT – Retenção da Raíz  

                        GH – Hiperplasia Gengival   SN – Dente Supernumerário 5 6 7 

                        GR – Recessão Gengival    W – Desgaste Dentário  

   
                        M – Mobilidade Dentária (M1,M2,M3) X – Dente Extraído  

                        TR (1,2,3,4a,4b,4c,4d,5) – Lesões de Reabsorção Dentária  

                              8 9 10 

                        Legenda: 1-Dente ausente; 2-Raíz retida; 3-Fractura da coroa; 4-Dente supranumerário/decíduo retido; 5-Dente extraído; 6-Dente a 

extrair; 7-Afecção periapical; 8-Exposição da furca grau I; 9-Exposição da furca grau II; 10-Exposição da furca grau III  



 

 

 

 

 

 

 

 

 

Annex III 

Gel electrophoresis bands and DNA sequencing chromatograms  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

IL1A and IL1B 

 

Fragment IL1A/1. A) Gel electrophoresis analysis of PCR product. B), C), D), E), F) Sequencing 

chromatograms showing the genetic variations. 



 

 

 

Fragment IL1A/2. a) Gel electrophoresis analysis of PCR product. b), c) Sequencing chromatograms showing 

the genetic variations. 

 

 

Fragment IL1B. A) Gel electrophoresis analysis of PCR product. B) Sequencing chromatogram showing the 

genetic variation. 



 

 

IL10 

 

Fragments IL10. A) Gel electrophoresis analysis of PCR products. B), C), D), E), F), G), H) Sequencing 

chromatograms showing the genetic variations. 



 

 

IL6 

 

Fragments IL6. A), B) Gel electrophoresis analysis of PCR products. C), D), E) Sequencing chromatograms 

showing the genetic variations. 

 



 

 

LTF 

 

Fragments LTF. A) Gel electrophoresis analysis of PCR products. B), C), D), E), F), G), H), I) Sequencing 

chromatograms showing the genetic variations. 


