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ABSTRACT

Periodontitis is caused by interactions between host factors, specific microbial
pathogens, and environmental factors. The pathogenic process differs in extent and
severity within individuals because of multifactorial reasons, which are considered to
have a substantial genetic basis. Functional changes in the immunoregulatory genes
may result in changes in the levels and activities of the gene products, which may
influence the susceptibility, the age of onset and the severity of the disease. The aim of
present study is to investigate both the possible association between the IL-IA (-889),
IL-IB (-511), IL-IB (+3954), IL-IRN (intron 2), IL- 6 (-174), IL-10 (-627 and -1082)
TNFa (-308), VDR (+1056) and TLR4 (Asp299Gly and Thr399Ile) functional
polymorphisms and periodontitis (Aggressive and Chronic) and the possible
differences in allele and genotype variations between patients with aggressive and
chronic periodontitis.

DNA was obtained firom 95 (53 Caucasians) patients with aggressive periodontitis
(AGP),
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(57 Caucasians) with chronic periodontitis (CP) and 100 Caucasian controls

(Con) and used in a genetic association study. The DNA was used to determine the
genotype of patients and controls for all the above polymorphisms. The data were
analysed using CLUMP and odds ratio analysis, for the allele and genotype
distributions.

Statistically significant results for the Caucasian group were obtained for: IL-1 (-889)
[AGP V CP, Ti p=0.001; T^ p=0.001], IL-IB +3954 [AGP v Con, T^ p=0.012; T^

p=0.028,]; IL- 6 [AGP v Con Ti p=0.02; T4 p=0.015: CP v Con Ti p=0.021; T4
p=0.015]; VDR [CP v Con Ti p=0.01; T4 p=0.01]; TLR4 [(Perio v Con, Ti p=0.002;
T4 p=0.002]. These results show that there are functional variations in several genes
involved in the periodontal diseases and that there are different genetic backgrounds
underlying the diagnosis of the two forms of periodontal disease (AGP+CP) examined.
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CHAPTER 1

LITERATURE REVIEW

1.1. Introduction
Periodontal diseases are the most prevalent bacterially driven inflammatory conditions
in man. They are, generally, divided into two forms: gingivitis, which is an
inflammatory process affecting the soft tissues and periodontitis, which is defined as
inflammation involving the gingival unit and extends to the periodontal ligament,
alveolar bone and cementum. According to the classification criteria adopted by the
1989 International Workshop for a Classification of Periodontal Diseases, there are
four major groups of periodontitis: adult, rapidly progressive, juvenile and prepubertal.
Early onset periodontitis (EOP) was adopted as a subset of periodontitis, which
comprises the last three of these. However, modifications were made by the 1999
International Workshop for a Classification of Periodontal Diseases. Two of these
were the following: the term “adult periodontitis” was replaced with the term “chronic
periodontitis” and the term “early onset periodontitis” was replaced with “aggressive
periodontitis” (Armitagel999).

1.2. Chronic Periodontitis
Chronic periodontitis is a form of periodontal disease that has been characterized as an
infectious disease resulting in inflammation within the supporting tissues of the teeth,
progressive attachment and bone loss usually in a horizontal direction. It is known as a
slowly progressive disease. The local environmental factors are supposed to be the
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major etiologic agent whereas abnormalities in the host defense have not been found
(Brown and Loe 1993, Flemmig 1999).

1.2.1. Classification and Diagnosis of Chronic Periodontitis
According to 1989 World Workshop in Clinical Periodontology adult periodontitis has
been characterized as a form o f periodontitis that usually has its onset after age 35.
This form of periodontitis is caused by accumulations of plaque and calculus on the
tooth surface. The rate of progression is very slow. So, the pathogenesis of adult
periodontitis commonly takes years or even decades to progress (Loe et al. 1986,
Papapanou et a l 1989). However, based on statistical models, some studies support
the view that patients may experience short periods of rapid progress (Socransky et al.
1984, Jeffcoat et a l 1991).

In general concepts, adult is a male or female after 17 to 18 years of age when the
physical growth has stopped. Furthermore, epidemiological data and clinical
experience suggest that adult periodontitis, commonly found in adults, can also be
seen in children and adolescents (Papapanou 1996).

Although the prevalence, extent, and severity o f periodontitis increase with age, there
is no natural predominant point when that form of periodontal disease can occur. Thus
it was concluded that using the patient’s age at onset of disease as part of the
classification process for periodontitis caused problems. Thus, during the 1999
International Workshop for a Classification of Periodontal Diseases it was agreed to
replace the term “adult periodontitis” by the term “chronic periodontitis” (Armitage
1999).
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Chrome periodontitis according to the new classification is separated into two forms:
localized and generalized, dependent on extent and severity. Extent is the number of
involved sites. So, it can be characterized as localized if < 30% of the sites are affected
and generalized if >30% of the sites are affected. The severity of chronic periodontitis
can be described either for the entire dentition or for individual teeth and sites and can
be categorized on the basis of the amount of clinical attachment loss (GAL) as follows:
Slight= 1-2 mm GAL, Moderate= 3-4 mm GAL, and Sever^S mm GAL.

The most important clinical features and characteristics of chronic periodontitis are: a)
most prevalent in adults, but can occur in children and in adolescents, b) the severity
of tissue destruction is consistent with the presence of local factors, c) in most cases
there is subgingival calculus, d) associated with a variable microbial pattern, e) low
rate of progression with the possibility to have periods of rapid progression, f) can be
further classified on the basis of the extent and severity: i) can be associated with local
predisponding factors, like tooth-related or iatrogenic factors ii) can be modified by
systemic diseases, like diabetes mellitus, HIV infection iii) can be modified by other
aggravating factors such as cigarette smoking and emotional stress.

The main symptoms of chronic periodontitis are: clinical attachment loss (GAL),
alveolar bone loss (ABL), periodontal pocketing, and gingival inflammation.

1.3. Aggressive Periodontitis
Aggressive periodontitis (AGP) has heen described as a separate group of periodontal
diseases, characterised by their young age of onset and severe destruction of the
20

periodontal tissues. It is often associated with minimal signs of apparent local clinical
etiology and it develops as a result of complex interactions between specific host
genes and the environment.

1.3.1. Classification and Diagnosis of Aggressive Periodontitis
According to the Proceedings of the 1989 Word Workshop in Clinical Periodontology,
EOP is classified in the following distinct forms: localised and generalised prepubertal
periodontitis (PPP) (Burmeister et a l 1984, Watanabe et a l 1990), localized juvenile
periodontitis (LJP) (Genco et a l 1986, Schenkein and Van Dyke 1994) and
generalized early-onset periodontitis (G-EOP) (Loe and Brown 1991, Schenkein et a l
1995), G-EOP comprises generalised juvenile periodontitis (GJP) (Genco et a l 1986,
Albandar et a l 1997), severe periodontitis (SP) (Burmeister et a l 1984) and rapidly
progressive periodontitis

(RPP) (Page et a l

1983), representing the most

heterogeneous group in terms of clinical presentation.

Each form o f EOP has specific criteria for diagnosis (Tonetti and Mombelli 1999). The
localised prepubertal periodontitis (PPP, localized form) has an age of onset as early as
four years and as late as the mixed dentition. The attachment and alveolar bone loss is
evident only in the primary dentition and distributed mainly in the primary molars and
incisors and there are only moderate signs of inflammation. The young patient presents
no systemic conditions, no history of recurrent infections and no local factors at the
areas of periodontal destruction. The generalised form of prepubertal periodontitis
(PPP, generalized form) is closely associated with systemic diseases. The patients
present history of recurrent infections, impaired host response against bacterial
infections and leukocyte abnormalities. The age of onset is variable and dependent on
21

the nature of the systemic condition. The patient presents generalised attachment loss,
frequently leading to premature exfoliation of teeth in the primary and/or permanent
dentition. This condition usually affects most of the teeth (both primary and
permanent). There may be gingival clefts with pronounced recession, accompanied by
severe inflammation of marginal and attached gingiva.

Localized juvenile periodontitis (LJP) has an age of onset, which varies between
puberty and 25 to 30 years old, and these cases tend to aggregate in families. There is
an attachment loss of 4mm or more on at least 2 permanent first molars and incisors
and an attachment loss of 4mm or more in no more than two teeth other than first
molars or incisors. Also, there is no local factor at the areas of periodontal destruction.
Generalized early-onset periodontitis (G-EOP) comprises of forms of periodontal
diseases originally described as; generalised juvenile periodontitis (GJP), severe
periodontitis (SP) or rapidly progressing periodontitis (RPP). Each of these forms
remains highly heterogeneous in terms of clinical presentation and response to therapy.
The age of onset is usually considered to be before thirty-five years old. There is an
attachment loss of 4mm or more affecting at least eight teeth and it involves at least
three affected teeth other than molars and incisors.

However, the latest American Academy of Periodontology classification system for
periodontal diseases (1999) proposed changes for this classification of EOP, because it
was wise to discard classification terminologies that were age dependent or required
knowledge o f rates of progression. According to the new classification forms of
periodontitis formerly considered under the umbrella of “Early-Onset Periodontitis”
were renamed using the term “Aggressive Periodontitis”. The patients who meet the
22

criteria for LJP or GJP are now said to have “Localized Aggressive Periodontitis” or
’’Generalized Aggressive Periodontitis” respectively. The Rapidly Progressive
Periodontitis (RPP) designation has been discarded. The patients who were formerly
classified as having RPP will be assigned to either the “Generalized Aggressive
Periodontitis” or “Chronic Periodontitis” categories depending on a variety of other
clinical criteria. Also, because of the fact that most of the patients who have been
diagnosed previously as generalized prepubertal periodontitis actually had a variety of
systemic conditions, the new classification system describes such patients as
“Periodontitis as a Manifestation of Systemic Diseases” (Armitage 1999).

Finally, workshop participants agreed that prepubescent children who have periodontal
destruction without any modifying systemic conditions would, depending on a variety
of secondary features, fit under the categories of “Chronic Periodontitis” or
“Aggressive Periodontitis” (Armitage 1999).

1.4. Prevalence
Epidemiology is the science studying the occurrence and distribution of healthy
conditions or diseases within defined populations.

In the National Survey of Oral Health of Adult Employed and Senior Citizens
performed in 1985/86 by the National Institute of Dental Research in the United States
(Miller et a l 1987), over 15,000 adults fi*om 18 to 65 yr and almost 6000 senior
citizens fi*om 65 to over 85yr of age were randomly selected throughout the United
States and represented a total of almost 100 million adults and 4 million senior
citizens. In this study 76.7% had at least 1 site with loss of attachment >2mm, 14.3%
23

had at least 1 site with a probing depth >4mm, only 0.6% of the subjects showed at
least one site with >7mm probing depth (Miller et a l 1987). Similar prevalence figures
were revealed from another national survey in Switzerland using conventional
periodontal indices (Schiirch et a l 1988). The Adult Dental Health Survey, performed
in the United Kingdom in 1998 (3507 adults examined) revealed that 54% of dentate
adults had some periodontal pocketing of 4mm or more and 5% had deep pocketing
(of 6mm or more); 43% had some loss of attachment of 4mm or more and 8% had loss
of attachment of 6mm or more (Kelly et a l 2000).

Early-onset periodontitis is infrequent in all populations compared to adult
periodontitis, which is rather prevalent. However, advanced disease affects probably
less than 10 to 15% of the population (Papapanou 1996). Estimates of the prevalence
of juvenile periodontitis vary greatly. According to a survey in West Midlands in UK
(total sample 7266 schoolchildren) the overall prevalence of juvenile periodontitis (JP)
was 0.1%, 1:1 sex ratio. However, the prevalence of JP varied in different ethnic
groups (0.02% in Caucasians, 0.2% in Asians and 0.8% in Afro-Caribbeans) [Sax by
1987]. Furthermore, according to a national survey of the oral health of U.S.,
concerning 11,007 adolescents aged 14 to 17 years, 0.53% of adolescents’ nation-wide
were estimated to have localised juvenile periodontitis (LJP), 0.13% to have
generalised juvenile periodontitis (GJP), and 1.61% to have incidental loss of
attachment (LA) (3mm or more on 1 or more teeth). The total number of adolescents
affected was significant. Males were clearly more likely to have GJP than females (3.7
to 1) and black Afiicans were 15 times more likely than Caucasians to have LJP and
GJP (prevalence 2.49% in black Afiicans and 0.16% in Caucasians) [Loe and Brown
1991]. Similar findings were described by a national survey in U.S. during the 198624

1987 school year: 10.0% of Africa-American, 5.0% of Hispanic and 1.3% of white
adolescents had HOP (Albandar et a l 1997).

1.5. Microbiology
Studies suggest that the most common caution of periodontal diseases is bacteria in
dental plaque (Haffajee and Socransky 1991, 1992, 1994). It is generally accepted that
periodontal disease is an infectious disease, whereas under discussion is the role of
individual bacterial species within dental plaque in the development of periodontitis.
There are two hypotheses regarding the above dilemma: the non-specific and the
specific hypotheses. The non-specific plaque hypothesis suggests that the periodontal
disease is caused by homogeneous bacterial dental plaque which accumulates around
teeth and leads to disease when it accumulates to a point of exceeding host-defense
mechanisms (Loe et a l 1965). That hypothesis is in contrast to the specific hypothesis,
which suggests that dental plaques isolated from periodontal lesions contain different
bacteria from those isolated from healthy sites (Loesche 1976, Dzink et a l 1988,
Zambon et a l 1990). So, while gingival inflammation can be associated with non
specific accumulation of dental plaque, the loss of connective tissue attachment and
alveolar bone (periodontal disease) is associated with specific bacteria which maybe
different between the different forms of periodontitis.

It has been well documented (Socransky 1970, Ellison 1970) that bacterial plaque is a
major etiologic factor in human periodontal diseases. Newman and Socransky (1977)
saw that periodontal lesions contained significantly more gram-negative anaerobic
bacteria than normal sites within the same patient and suggested that specific
anaerobic rods may participate in pathogenesis of periodontal diseases. Similar
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findings had been reported in an early study (Newman et al. 1976). The most common
gram-negative

species

found

in

periodontal

lesions

are

Actinobacillus

actinomycetemcomitans (A.a.), Bacteroides forsythus (.5./), Campylobacter rectus
(C r.), Fusobacterium nucleatum (F.n.), Prevotella intermedia (P.in), Porphyromonas
gingivalis {P.g.), Peptostreptococcus micros (P.m.) and Streptococcus intermedius
(S.in.) (Haffajee and Socransky 1994).

There is evidence that certain species of black-pigmented anaerobic rods may play a
role in the pathogenesis of chronic periodontitis. Also, P.g., which invades epithelium,
can be isolated in high numbers from patients with chronic periodontitis (Zambon
1996). Furthermore, P.in. is found in chronic periodontitis as well as in some other
forms of periodontal disease (Nakagawa et al. 1994).

In patients with aggressive periodontitis it was found that A. a. was the most prevalent
microorganism. The organism is in high prevalence 68% of aggressive periodontitis
patients and 24% of adult periodontitis patients (Zambon 1996). A.a. is mainly found
in subgingival sites in younger subjects (Nakagawa et al. 1994) and it is believed to be
in a high percentage of localized juvenile periodontitis patients. De Graaff et al. (1989)
found A.a. in every one of 11 patients with localized juvenile periodontitis. Sjodin et
al. (1995) found that A.a. is associated with alveolar bone loss in 14 of 32, seven to
nine-year-old

children.

Other important

organisms

associated with juvenile

periodontitis are P. intermedia, C. rectus, motile organisms and spirochetes (Van
Steenbergen

fl/. 1993).
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The localised and the generalized forms of prepubertal periodontitis are associated
with A. actinomycetemcomitans, Capnocytophaga sputigena, E. corrodens, P.
intermedia, and P. gingivalis (Watanabe 1990, Ram and Bimstein 1994).

Finally, the bacterial species associated with rapidly progressive periodontitis is
similar to that found in adult periodontitis: P. gingivalis, F. nucleatum. Streptococcus
intermedius, and B. forsythus (Kamma et ah 1994).

1.6. Pathogenesis of Periodontitis
Periodontitis is a chronic inflammatory disease and the major pathogens have been
identified. Bacteria are necessary but insufficient to cause periodontitis. Host factors
share almost the same importance as the bacteria in determining disease development
and outcome. The complex interaction between the bacterial challenge and innate and
acquired host factors determines the outcome (Page et a l 1997). In understanding the
pathogenesis o f periodontal disease, it would be helpful to identify the important
elements in this complex network and their contribution to the disease appearance.

According to Offenbacher (1996) there is a model of pathogenesis, which defines the
critical path for disease expression. The composition of the flora is not substantially
different in periodontitis versus gingivitis or health (Gmur et al. 1994; McNabb et a l
1992). The host response to the flora determines whether the disease will progress
beyond a superficial gingivitis to periodontitis. Also, much of the bacterial specificity
of the flora is capable of evading neutrophil clearance. It was demonstrated that
Lipopolysaccharides (LPS) which are present in the cell wall of Gram-negative
bacteria, such as A. actinomycetemcomitans, cause periodontal breakdown by inducing
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the proinflammatoiy cytokines IL-ip, IL-6, IL-10, TNFa, prostaglandin Ej (PGEj),
matrix metalloproteinases (MMPs) and interferon-y (IFN-y) (Schytte et a l 1999,
Komman et a l 1997b). Also, particularly gram-negative rods, such as P. gingivalis,
produce factors, which inhibit neutrophil function in vitro (Shurin et a l 1979; Van
Dyke et a l 1981). So, the periodontal disease occurs either when the organism
produce factors that inactivates the neutrophil function or when the host neutrophil is
dysfunctional. In that case, bacteria and their products penetrate the tissues and
periodontal disease is initiated. The host’s immune response is determined by genes,
which regulate the monocytic/lymphocytic (T-cells) response to different antigens,
which determines both the nature of the protective antibody response and the extent of
the tissue-destructive inflammatory response. Due to the secretion of catabolic
cytokines and inflammatory mediators during the inflammatory response clinical sings
of inflammation, connective tissue destruction, attachment loss and bone loss would
appear (Offenbacher 1996).

There are some potential risk factors with significant effect in the severity of disease
outcome. It is well known that patients with generalised neutrophil defects, such as
Lazy Leukocyte syndrome, Papillon-Leferve syndrome, Chediak-Higashi syndrome,
that impair clearance from bacteria are at clear risk for periodontitis (Hart et a l 1994,
Van Dyke et a l 1994). Additional factors, such as diabetes, tobacco use, psychosocial
stress, human immunodeficiency virus (HIV) infection, and osteoporosis are consider
to be systemic modifiers of periodontal diseases resulting in increased severity of
disease expression (Salvi et a l 1997).
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1.7. Genetic aspects

Epidemiological and molecular studies of the oral microbial flora suggest that although
bacteria are essential for the initiation and progression of periodontitis, they alone do
not predict the presence or severity of periodontitis. It is believed that genetic factors,
which play an important role in modification of the host response to the microbial
challenge, are major determinants of susceptibility to periodontitis (Page et al 1997).

There are a number of monogenetic syndromes, such as acatalasia, hypophosphatasia,
Chediak-Higashi syndrome, glycogen storage disease IB, chronic neutropenia,
leukocyte adhesion deficiency, cyclic neutropenia, Ehlers-Danlos syndrome and
Papillon-Lefevre syndrome (Genco and Loe 1993, Sofaer 1990, Hart 1994) which are
associated with severe periodontal destruction. Underlying gene mutations that affect
different tissues and cell types at the DNA, RNA, and protein levels cause many of
these syndromes.

In addition, an increased prevalence of periodontal disease also is associated with
multifactorial diseases such as diabetes type I and chromosomal aberrations such as
trisomy 21 (Genco and Loe 1993). Therefore, maybe increased susceptibility to
periodontal destruction is due to a variety of different genetic mechanisms, including
mutations in a gene of major effect, the additive or interactive effect of many genes,
and aberrations of gene dosage.

Van Dyke and Vaikuntam (1994) identified some genetic traits that may confer
enhanced susceptibility to periodontitis. 75% of individuals with juvenile periodontitis
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have been demonstrated to have abnormal neutrophil function. The cells, in these
cases, manifest suppressed chemotaxis and phagocytosis in vitro. Also they do not
mobilise extracellular calcium normally, and intracellular signalling pathways appear
to be abnormal. The result of these abnormalities is that the phagocytic cells are not
able to face the microbial challenge efficiently and account for enhanced disease
susceptibility.

It had been demonstrated that serum IgG2 antibody is produced in response to
periodontal infection (Hart and Kornman 1997). As the IgG2 levels are genetically
regulated by the G2M23 locus and vary among individuals, a genetically determined
lack of production of IgG2 during a periodontal infection enhanced disease
susceptibility (Yang et a l 1996, Marazita et al 1996, Marazita et al 1994).

Also, if there is polymorphism of the hFc-y-RIIa receptor on the neutrophils that
recognises bacteria, which have been opsonised by JgG2, then phagocytosis and killing
of infecting organisms may not occur (Sanders et a l 1994).

The

responses

of monocytes

and

macrophages

to

lipopolysaccharide

and

proinflammatory cytokines are genetically determined and vary among individuals.
Blood monocytes from individuals who are susceptible to severe periodontitis release
significantly more TNFa, IL-1(3 and PGE2 than monocytes from individuals who are
resistant (Garrison et a l 1988; Garrison et al 1989; Nichols et a l 1988, Richards and
Rutherford 1988).
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The evidence for a genetic susceptibility comes from studies in twins (Michalowicz et
a l 1991, Corey et a l 1993, Michalowicz 1994), linkage studies and segregation
analyses in families with early onset forms of periodontitis (Saxen and Nevalinna
1984, Beaty et a l 1987, Marazita et a l 1994) and association studies (Moses et a l
1994).

Some factors that may hamper studies of these conditions are the difficulty in disease
classification, the lack o f adequate tissue markers for EOF and the possible etiologic
and clinical heterogeneity in EOF (Boughman et a l 1988; 1990; Baron 1990, Fotter
1991, Lander 1994, Thomson 1994, Schenkein and Van Dyke 1994). However, these
problems are common in genetic studies of complex traits.

1.7.1. Studies in twins
The classic twin study design, which utilises reared-together monozygotic (MZ) and
dizygotic (DZ) twins, is a powerful approach to examine the effects of genetic and
environmental factors on common diseases. Michalowicz et a l 2000 performed a
study with one hundred and seventeen (117) pairs of adult twins (64 monozygotic
[MZ] and 53 dizygotic [DZ] pairs) in order to estimate genetic and environmental
variances and heritability for gingivitis and adult periodontitis. Adult periodontitis was
estimated to have approximately 50% heritability, which remain the same following
adjustments for behavioural variables including smoking. However, these estimates for
heritability are reliable only if the twins are representative of the general population for
periodontal disease.
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Corey et a l (1993) investigate the contribution of genetic factors in the etiology of
periodontal disease. They collected questionnaire data from 4,908 twin pairs included
in the population-based Virginia Twin Registry. A history of periodontal disease in
one or both pair members was reported in three hundred forty nine pairs (one hundred
sixteen monozygotic and two hundred thirty three dizygotic). The monozygous twins
were found to be more concordant for the presence of periodontal disease than the
dizygotic twins. These results lead to the suggestion that some factor of the genetic
background is related to periodontal disease susceptibility.

These findings were in agreement with the results of Michalowicz et a l (1991) study
which were based on clinical examination of one hundred and ten adult twins, both
reared-together twins and monozygous twins reared apart. Heritability estimates
indicated that 38% to 82% of the population variance for the specific periodontal
measures utilised in the study could be attributed to genetic factors.

1.7.2. Families studies
Many studies have reported familial aggregation for early-onset periodontal diseases
(Long et a l 1987; Beaty et a l 1987; Marazita 1994; Saxen and Nevanlinna 1984,
Boughman et a l 1992). Melnick et a l (1976) proposed that juvenile periodontitis was
inherited as an X-linked dominant with reduced penetretance. However, Saxen and
Nevanlinna (1984) proposed an autosomal model of inheritance and that idea was
supported by Long et a l (1987) and Beaty et a l (1987).

32

1.7.3. Segregation and linkage analysis
The formal method of studying families with a disease in order to find out the mode of
inheritance o f a genetic trait is segregation analysis. Marazita et a l (1994) carried out
a large and comprehensive segregation analysis to test major locus and multifactorial
hypotheses about the inheritance of EOF. They studied more than 100 families and
concluded that an autosomal dominant model was most consistent with the data.

While segregation analysis gives us information about the mode of inheritance of a
genetic trait, linkage analysis is a method, which identifies the chromosomal location
of a gene of major effect for a trait. Boughman et a l (1986) reported genetic linkage of
localised juvenile periodontitis to the Vitamin D binding locus (GC) on chromosome 4
in a large family of the Brandywine population. But, when Hart et a l (1993) tried to
test the generality of this finding, their results did not support linkage of EOF to
chromosome 4 in these non-Brandywine populations. This was, probably, due to the
fact that there is a genetic heterogeneity within different forms of early-onset
periodontitis.

Fhenotypic traits associated with juvenile periodontitis include abnormalities in
neutrophil function. F age et a l (1985) found a neutrophil chemotactic disorder in the
parent and 2 affected children but not in an unaffected parent, in a study of a family
with a high prevalence of juvenile periodontitis. Similar results have been described in
a large study of 22 families (Van Dyke et a l 1985). However, in 3 families both the
normal and the affected siblings exhibited normal chemotaxis. These studies, also,
suggest that there is heterogeneity in localised juvenile periodontitis.
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Conclusively, it seems that early-onset periodontitis has a strong familial tendency that
is probably genetic and transmitted as an autosomal trait.

1.7.4. Association studies
Association studies attempted to identify associations between immune-inflammatory
components and susceptible individuals. Heritable risk factors may be related to
inflammatory or immune response mechanisms.

Several studies (Cullinan et a l 1980; Saxen and Koskimies 1984; Reinholdt et a l
1977; Moses et a l 1994, Bonfil et a l 1999) have attempted to find a linkage between
human leukocyte antigens (HLA) and early onset periodontitis, but the results are
conflicting. Evidence to date suggests it is unlikely that genes in this area are common
genes of major effect for early onset periodontal disease (Hart, 1996).

Garrison and Nichols (1989) reported that peripheral blood monocytes isolated from
patients with severe periodontitis produced more PGE2 in response to bacterial
lipopolysaccharide stimulation than monocytes from patients with no periodontitis.
However, the production of IL-lp was the same between these two groups. Shapira et
a l (1994) and Hemichel-Gorbach et a l (1994) later reported individuals with
aggressive forms of periodontitis produced more PGE2 , IL-lp or TNFa than
individuals with minimal history of periodontitis. Also, recent studies (Salvi et a l
1997; Okada and Murakami et a l 1998) revealed that individuals who are highly
susceptible to periodontitis overproduce mediators such as IL-ip, TNFa and PGE2 ,
enhancing the pathogenic potential of bacteria in susceptible individuals.
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Some genetic variations, polymorphisms, in regulatory regions of genes responsible
for inflammatory mediators may result in the inter-individual differences in immune
response. Several studies have evaluated the association of polymorphisms in the IL-1
(key mediator o f inflammation) genes with periodontal susceptibility (Komman et a l
1997a; Gore et a l 1998; Galbraith et a l 1998; Parkhill et a l 2000).
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CHAPTER 2

Interleukin-1
Interleukin-6
Interleukin-10

2.1. Interleukin-1 (IL-1)

2.1.1. Biomolecular properties
Interleukin-1 (IL-1) is a family of proinflammatory cytokines. The IL-1 gene cluster is
situated on the long arm of chromosome 2 (2ql3) and is composed of six genes (Sims
et al. 2001) (figure 4). The gene IL-1 A encodes for IL-1 a, IL-IB for IL-lp and IL-IRN
for IL-lm (Auron and Webb 1994, Smith et al. 2000). IL-1 a and IL-lp are potent
agonists whereas IL-lm is a specific receptor antagonist. Each member is first
synthesised as a precursor protein (molecular weight: 31kDa). The precursor IL-1 a
(proIL-la) and the mature IL-1 a (molecular weight: 17kDa) are both biologically
active, whereas the proIL-lp needs to be cleaved to a 17k Da peptide in order to be
activated. Both peptides remain mostly intercellularly. The IL-lm precursor has a
leader sequence and is cleaved to its mature and secreted form like most proteins
(Dinarello 1994).

Both IL-1 a and IL-lp are able to bind with two different IL-1 receptors. IL-1 a
preferentially binds to the type I receptor, whereas IL-ip preferentially binds to the
type II receptor. However, each member of IL-1 family can bind to either receptor. The
type I receptor (IL-IRI) transduces a signal and is responsible for the physiologic
effects of IL-1 while the IL-1 type II receptor (IL-IRII) acts as a “decoy” by binding
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IL-1 without transducing a signal (Colotta et al. 1993). IL-lm is able to bind with the
IL-1 receptors without triggering a biologic response resulting in inhibition of the IL-1
activity (Dinarello 1996). This is probably due to the fact that IL-lm lacks a critical
component of the three-dimensional stmcture, which is responsible for triggering the
receptor, resulting in no detectable response to elicit from its binding. The dimensional
stmctures of IL-a, IL-ip, and IL-lm are shown in figures 1,2 and 3, respectively.
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Fig. 1. Three dimensional im ages o f the structure o f IL-1 a.
http:// w w w .iversonsoftw are.com /anthropology/p/polym orphism .htm
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Fig. 2. Three dim ensional images o f the structure o f IL-1 B.
http;// w w w .iversonsoftw are.com /anthropology/p/polym orphism .htm

u
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Fig. 3. Three dim ensional images o f the structure o f IL -lm .
http:// w w w .iversonsoltw are.com /anthropology/p/polym orphism .htm

#
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Fig. 4. Chrom osom e 2 idiogram showing the location o f the IL-1 gene cluster.
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2.1.2. Biological activities
IL-1 is a proinflammatory cytokine, which plays an important role in the pathogenesis
of inflammatory diseases. IL-1 is mainly produced by monocytes/macrophages,
although other cells, like neutrophils, kératinocytes, fibroblasts, T and B-lymphocytes,
may

contribute

in

cases

of

disease.

In

the

periodontium

macrophages,

polymorphonuclear leukocytes, gingival fibroblasts, and gingival epithelial cells are
able to secret IL-1 (Dinarello 1994).

IL-1 regulates immune responses during inflammation. IL-1 plays a major role in the
regulation of many genes. IL-1 stimulates a variety of cell types to produce IL-1, IL-6
and TNFa, prostaglandin Ej (PGEj), matrix metalloproteinases (MMPs) that are
inflammatory mediators and can result in bone resorption by activating osteoclasts and
to tissue destruction by activating collagenase (Dinarello 1996). IL-1, particularly, was
revealed to be the most potent inducer of bone resorption, playing an important role in
pathogenesis of periodontal disease (Masada et a l 1990, Stashenko et a l 1991). IL-1,
also, plays a role in emigration phenomenon during local inflammation by the
induction of chemotactic cytokines (mainly IL-8) and by the upregulation of cell
adhesion molecules (Dinarello 1994). The synthesis of IL-1 is upregulated in response
to microbial products, such as lipopolysaccharide (LPS or endotoxin) and by other
cytokines like IL-1 itself, IL-2 and TNFa (Di Giovine and Duff 1990, Auron and
Webb 1994).

As periodontal disease is a bacteria-driven inflammatory condition and IL-1 is induced
in response to bacterial stimuli resulting in tissue destruction and bone loss, some
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studies tried to speculate a correlation between the levels of IL-1 and the development
of the periodontal disease. In presence of periodontitis higher levels of IL-lp are
reported (Stashenko 1991). Increased IL-1 in gingival crevicular fluid (GCF) has been
correlated with development of gingivitis and severe periodontal disease (Kinane et a l
1992, Ebersole et a l 1993). Ishihara et a l (1997), similarly, suggested that the
amounts of both crevicular IL-1 and IL-1/IL-lm ratio are closely associated with
periodontal disease severity. Treatment of the periodontal disease reduces the levels of
IL-1 (both a and P) in gingival tissues (Masada et a l 1990).

IL-1 activity might be suppressed by the release of IL-lm. IL-lm inhibits the IL-1
activity by occupying the IL-IRI without triggering a signal transduction (Dinarello
1996). The balance between the levels of IL-1 and its receptor antagonist may be
critical in some diseases. IL-lm production is able to limit the severity of the disease,
but in cases of severe infection or acute inflammation maybe the amount of IL -lm is
not enough (Dinarello and Thompson 1991). This is probably due to the fact that
although IL-lm binds to the IL-1 receptor with high affinity, ten to one hundred fold
excess amounts of IL-lm are needed to inhibit 50% of the IL-1 induced biological
response in cells that express the type I IL-1 receptor. This is due to the fact that only a
small percentage of the IL-1 receptors need to be occupied by IL-1 in order for the
cells to exhibit full biological response (Firestein et a l 1994). The normal amount of
IL-lm produced is low compared with that needed to inhibit IL-1 action.
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2.1.3. Polymorphisms
A polymorphism is the presence of several different forms of a gene (two or more
alleles) within a population, where at least two alleles appear with frequencies greater
than one percent (Iverson Software, 2001). Gene polymorphisms may lead to changes
in the activity and/or the levels of specific proteins that play a critical role in disease
pathways. In this way, it is possible that genetic polymorphisms might determine the
risk and the severity of the disease.

There

are different types

of polymorphisms:

Restriction Fragment Length

Polymorphisms (RFLPs), Single Nucleotide Polymorphisms (SNPs), Variable Number
of Tamden Repeats (VNTRs) and microsatellites. The RFLPs may be due to a single
or multiple base pairs change, which either create or eliminate restriction sites. Some
RFLPs are a subset of SNPs, in which situation a single base pair change occurs.
VNTRs are consequences of a larger sequence change (Vance and Ben Othmane
1998).

Genetic polymorphisms probably exist in all of the inflammatory and immune
mediators, but not all polymorphisms will impart differential susceptibility to
destructive aspects of periodontal disease. A number of genes may eventually be
identified as important susceptibility genes and could lead to the determination of
individual risk of developing periodontal disease. So, the identification of these
polymorphisms will be of great benefit in periodontal disease (Hart and Komman,
1997).

44

Polymorphisms of the interleukin-1 gene cluster assumed to be risk or susceptibility
factors for a variety of polygenic diseases including systemic lupus erythematosus
(Blakemore et a l 1994), juvenile rheumatoid arthritis (McDowell et a l 1995),
ulcerative colitis (Mansfield et a l 1994), lichen sclerosus (Clay et a l 1994), alopecia
areata (Tarlow et a l 1994), some forms of diabetes mellitus (Copeman et a l 1995)
and severe sepsis (Fang et a l 1999).

Danis et a l (1995) supported the theory that polymorphisms in regions of cytokines
genes that affect transcription may contribute to the interindividual variations in
cytokine production. A less common allele of an 86 bp variable repeat polymorphism
in intron 2 of the IL-lRN gene (allele 2) was associated with increased production of
IL-lm protein, and reduced production of XL-la protein by monocytes. Pociot et a l
(1992) revealed that the presence of XL-IB +3954 polymorphisms (the less common
allele 2) associated with increased monocyte production of XL-1(3 in vitro. However, a
recent study by Santtila et a l (X998) failed to confirm these findings. This may due to
the fact, that cytokine production varies significantly among the individuals (Galbraith
et a l 1997).

Recently, several studies associate genetic polymorphisms in the genes of the XL-1
cluster and an increased severity of inflammatory diseases (Duff 1994, Bai% 1993).
Komman et a l (1997a) correlated a genetic haplotype consisting of allele 2 of the IL
IA -889 polymorphism and allele 2 of the +3954 polymorphism of the XL-IB gene
with severe adult periodontal disease in non-smokers. The above haplotype was
described as a “ XL-1 composite genotype” . McDevitt et a l (2000) confirmed that the
“ XL-1 composite genotype” is associated with the severity of adult periodontitis.
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However, Gore et al. (1998) revealed a significant association between the IL-lp
+3954 allele 2 and severity of adult periodontitis in a study that included smokers.
They found that the frequency of the allele 2 increased in advanced periodontitis
compared to early or moderate diseased patients. These findings were confirmed by
Galbraith et al. (1999). Moreover, Meisel et al. (2002) did not relate the positive
genotype or the frequency of the allele 2 of the IL-1 A or IL-B genes with the increased
risk of periodontal disease.

According to Komman et al. (1997a) 36% of Caucasian Northern Europeans carried
the IL-1 composite genotype compare to 2.3% in Chinese population (Armitage et al.
2000). It seems that the above composite genotype vary among individuals from
different ethnic origins.

McGuire et al. (1999) linked the composite genotype of IL-1 to increased risk of tooth
loss. They suggest that patients who were positive to that genotype were at a 2.7 times
higher risk of tooth loss than genotype negative patients. Also, Lang et al. (2000)
observed that the genotype positive patients had an increased bleeding on probing
percent (BOP%). Engebretson et al. (1999) revealed that patients who carried the
composite genotype have phenotypic differences as shown by the increased levels of
IL-ip in gingival crevicular fluid (GCF). Also, Shirodaria et al. (2000) associated the
carriage of allele 2 of IL-1 A -889 gene polymorphism with four-fold increase in IL-1 a
protein levels in GCF in patients with severe periodontal disease.

Diehl et al. (1999) evaluated the possible role of those polymorphisms in patients with
early-onset periodontitis (EOF), in a family-based study. It was suggested that the IL46

ip +3954 polymorphisms is more important than the IL-1 a -889 polymorphisms for
association with the EOF phenotype. The risk for generalised early onset periodontitis
was strongly associated with the carriage of allele 1 of IL-IB gene in that study.
However, the data o f the study, which was carried out by Parkhill et al. (2000),
indicate that allele 1 o f the IL-lp +3954 and allele 1 of the IL-IRA in combination are
significantly elevated in AGP patients.
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2.2. Interleukin-6 (IL-6)

2.2.1. Biomolecular properties
The IL-6 gene is located on chromosome 7 (7p21), consists of five exons (figure 5)
and four introns and is 5 kilobases in length (Yasukawa et al. 1987). IL-6 gene
encodes IL-6 cytokine, which is a member of IL-6 cytokine family. This family
consists of IL-6, leukaemia inhibitory factor (LIT), oncostatin M (OSM), ciliary
neutrophic factor (CNTF), IL-11 and cardiotrophin-1 (CT-1) (Hibi et a l 1996).

The IL-6 receptor is part of cytokine receptor superfamily. The receptors that belong in
this superfamily have similar structure and share some subunits. These receptors have
a common signal transduction pathway and this explains the pleiotropic activity of the
cytokines acting through these receptors. For example the receptors for IL-6, LIF,
OSM, IL-11, CT-1 and CNTF share the gpl30 subunit (Hibi et al. 1990, Pennica et a l
1995). The IL-6 receptor (R) consists of IL-6Ra binding molecule and of gpl30
molecule that is responsible for signal transduction (Hibi et al. 1990).
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Fig. 5. Chrom osom e 7 idiogram showing the location o f the IL-6 gene cluster.
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T e lo m e r e

2.2.2. Biological activities
IL-6 and its related cytokines which include leukaemia inhibitory factor (LIF),
oncostatin M (OSM), ciliary neutrophic factor (CNTF), IL-11 and cardiotrophin-1
(CT-1) exhibit pleiotropic activity and they regulate immune response, acute phase
reaction, and haematopoiesis, and play a role in the endocrine and nervous systems
(Hirano and Kishimoto 1990, Hibi et a l 1996).

IL-6 induces many events in the immune system; B cell differentiation to antibody
producing plasma cells, T cell growth and differentiation, differentiation of myeloid
leukaemic

cell

lines

into

macrophages,

megakaryocyte

maturation,

neural

differentiation of PC 12 cells, development of osteoclasts and acute-phase protein
synthesis in hepatocytes (Le and Vilcek 1989, Ishibashi et a l 1989, Roodman 1992).
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2.2.3. Polymorphisms
IL-6 is a candidate factor for the genetic regulation of bone mass. Roodman (1992)
showed that lL-6 effects osteoclast differentiation and function. Ferrari et a l (2001)
associated a functional polymorphism of the lL-6 gene at the position -174 (G ^ C )
with bone mineral density (BMD) in postmenopausal women. They concluded that the
“ ...CC genotype is associated with lower bone resorption and lesser decrease in bone
mass in older postmenopausal women...

Abnormal lL-6 production and function has been implicated in many medical
conditions such as osteopenia and osteoporosis (Ota et a/. 1999, Ota et #72001),
rheumatoid arthritis (Hirano et a l 1988), Castleman’s disease (Yoshizaki et a l 1989),
tuberculosis pleurisy (Teranishi et a l 1982), type 11 diabetes (Vozarova et a l 2003).

It has been found that the G/C polymorphism of the lL-6 gene at position -174 affects
transcription rates of lL-6 (Femandez-Real et a l 2000, Fishman et al. 1998).
Fernandez-Real et a l 2000 correlated the CC genotype to lower lL-6 plasma levels.
Fishman (1998) concluded that the presence of the C allele might be associated with
lower plasma levels of lL-6 in healthy individuals and the genotype CC might play a
protective role against developing systemic juvenile chronic arthritis.

Based on that, Terry et a l 2000 examined the functional effect of four polymorphisms
in the lL-6 promoter and concluded that “ ...lL-6 transcription is influenced not by a
simple mechanism, but rather through complex interactions determined by the
haplotype. That means that one polymorphic site do not act independently from the
other, but there is an interaction between different polymorphisms in the same region
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influencing one the effects of the other...” . Federica et al. (2002) associated -174CC
genotype o f IL-6 gene with a lower coronary heart disease (CHD) risk. Finally,
Vickers et al. (2002) concluded that the levels of baseline plasma C-reactive protein
(CRP) are associated with the genotype at the -174G/C polymorphism of the IL-6
gene.

As there is much evidence to support that the IL-6 (-174) polymorphism is related to
osteoporotic and infectious diseases, it was examined in this study in an attempt to
reveal a relation between a specific genotype and increased risk of developing
periodontitis.
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2.3. Interleukin-10 (IL-10)

2.3.1. Biomolecular properties
The IL-10 gene is composed of five exons and is located on chromosome 1 (lq32)
[figure 6] (Kim et al. 1992). The IL-10 gene encodes the IL-10 cytokine, originally
known as ‘cytokine synthesis inhibitory factor’ (CSIF), and inhibits cytokine synthesis
by macrophages, T cells and natural killer (NK) cells (De Waal Malefyt et al. 1991,
Yiswetal. 1992).

The structure of IL-10 is a ‘long chain four a-helical bundle cytokine’ (Zdanov et al.
1995). IL-10 is an acid-sensitive non-covalent homodimer (Tan et al. 1993). IL-IOR is
part of the interferon receptor family and binds ligand with high affinity (Tan et al.
1993).

The regulation of IL-10 transcription is not well defined and in most cases requires the
activation of the cell. It is suggested that different cell types have different
mechanisms to regulate IL-10 expression, for example, cyclosporin does not inhibit
IL-10 production by monocytes after stimulation, but inhibits IL-10 production by Tcell (Durez 1993).
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Fig. 6. Chrom osom e 1 idiogram showing the location o f the IL-10 gene cluster.
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2.3.2. Biological activities
IL-10 is produced by B cells, monocytes/macrophages and T helper cells. The IL-10
production is regulated by tumor necrosis factor a (TNFa), which enhances LPSinduced IL-10 production, IL-4, IL-10 itself, IL-13, IFN-y and transforming growth
factor-p (TGF-P), which inhibit IL-10 production (O’Garra et a/. 1990, De Waal
Malefyt et a l 1991a, 1993a, Chomarat et a l 1993, Wanidworanun and Strober 1993).

Many studies have investigated the biological properties of IL-10 regarding its
immunosuppressive and immunostimulatory effects. IL-10 inhibits the production of
IL-la, IL-ip, IL-6, IL-8, IL-10 itself, IL-12, TNFa, macrophage inflammatory protein1, (M IP-la) by activated monocytes-macrophages (Fiorentino et a l 1991a, De Waal
Malefyt et a l 1991a) and enhances the production of IL-1 receptor antagonist (IL-lm)
(De Waal Malefyt et a l 1992). Also, IL-10 has a direct effect on T cells resulting in an
inhibited cytokine production (Fiorentino et a l 1991b). IL-10 down regulates the class
II major histocompability complex (MHC) expression on macrophages/monocytes (De
Waal Malefyt et a l 1991b, Fiorentino et a l 1991b).

The

inhibitory

effects

of IL-10

on

the

endotoxin-induced

production

of

proinflammatory cytokines indicate an important role for this cytokine in controlling
systemic inflammatory responses æid local inflammation. Also, since IL-10 suppresses
monokine production it could be seen as an anti-inflammatory agent in some diseases,
such as bacterial sepsis, rheumatoid arthritis and psoriasis (Howard et a l 1992).

Beside its immunosuppressive effects, IL-10 seems to have immunostimulatory effects
as well. IL-10 enhances B-cell class II MHC expression proliferation and
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differentiation and B-cell viability (Go et a l 1990, Rousset et a l 1992). IL-10
increases activated B cell proliferation and Ig secretion by inducing their
differentiation into antibody secreting cells and enhances cytoxic T-cell development
(Rousset et a l 1992, O ’Garra et a/. 1990).
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2.3.3. Polymorphisms
Inflammatory mediators such as pro-inflammatory cytokines and prostaglandins are
considered to be involved in the tissue destruction during periodontal disease
(Gemmell et a l 1997). As IL-10 is an anti-inflammatory cytokine, it plays an
important role in immune and inflammatory responses. So, the levels of IL-10
production

control the

balance between inflammatory

and host responses.

Polymorphisms in the IL-10 gene could influence the levels and the activity of the IL10 protein resulting in an excessive and harmful inflammation response.

IL-10 gene polymorphisms have been implicated in the pathology of many infectious
and immune diseases, such as rheumatoid arthritis (RA) (Isomaki et a l 1996) systemic
lupus erythematosus (SLE) (Lazarus et a l 1997) and meningococcal meningitis
(Lehmann et a l 1995). Westendorp et a l (1997) suggested that there are differences in
the individual ability to produce IL-10 after LPS stimulation, determined by a
hereditary genetic component. Eskdale et a l (1998) defined haplotypes containing
alleles from two microsatellite loci and they concluded that the interindividual
differences in IL-10 production are due partly to the structure of the IL-10 locus. The 1082*A allele of IL-10 gene polymorphism was associated with lower transcriptional
activity as well as decreased IL-10 secretion (Turner et a l 1997 and Crawley et a l
1999). Also, the -627*A allele was correlated with severe asthma where the IL-10
level is low (Borish et a l 1996 and Lim et a l 1998) and atopic asthma (Hang et a l
2003).

Abnormalities in mucosal IL-10 production have been associated with inflammatory
bowel disease (IBD) (Sartor et a l 1994). However, Aithal et a l 2001 investigated two
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polymorphisms in the IL-10 gene at positions -627 and -1117, but they could not
associate those polymorphisms with the susceptibility to IBD. These findings are in
agreement with Parkes et a l (1998) study, that found no association between any of
the three biallelic polymorphisms at positions -1117, -854, -627 and either ulcerative
colitis (UC) or Crohn’s disease (CD) in 198 pairs of siblings with IBD.

As periodontal disease is an inflammatory condition, IL-10 gene polymorphisms could
result in higher levels o f proinflammatory cytokines within the periodontium, which
are potentially harmful. Based on that observation, Kinane et a l (1999) has examined
two microsatellites (ILIOR and ILIOG) polymorphisms at IL-10 locus in 77 patients
with generalised early-onset (G-BOP) periodontitis to see if there is any implication of
those genetic variations in susceptibility to develop that disease. They found no link.
Similarly, Yamazaki K et a l

(2001) showed no association between three

polymorphisms within the IL-10 promoter region (between -506 and -1140) in
Japanese patients and development of G-EOP or chronic periodontitis.

Yamasaki et al. (1997) demonstrated that the levels of IL-10 mRNA was elevated in
periodontitis lesions. Another study demonstrated that peripheral blood T cells from
patients with advanced periodontitis expressed significantly higher IL-10 mRNA than
those from healthy controls (Aoyagi et a l 2000). So, it is possible that specific gene
polymorphisms influence the expression of mRNA and IL-10 protein production and
maybe associated with the inflammatory response in periodontal disease.
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In this study we investigated a possible association of IL-10 gene polymorphisms at
positions -627 and -1082 with increased individual susceptibility to periodontitis
(chronic and aggressive).
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CHAPTER 3
VDR
TNFa
TLR4

3.1. Vitamin D receptor (VDR)

3.1.1. Biomolecular properties
The vitamin D receptor (VDR) gene is located on chromosome 12 (ql3-14) and
contains a total of 11 exons (figure 7). It is a member of the of intracellular nuclear
receptors superfamily for the steroid/thyroid hormones and retinoids (Mangelsdorf et
al. 1995). The gene encoding VDR is believed to be similar to other nuclear receptor
genes (Laudet et a l 1991) [figure 8]. Splice variants of the receptor are generated by
portions of the 5’ end of the gene encoded by three exons (lA, IB, and IC), which form
at least three mRNA variants (Miyamoto et a l 1997). The VDR is present in many
cells like bone cells, kidney cells and parathyroid gland, in breast, in prostate, in colon
leukaemic and squamous cancer cells, on human monocytes and activated T and B
lymphocytes (Haussier 1998).

In VDR gene there is a polymorphic site {FokX) in exon II that is related to the
presence or the absence of an alternative start site. Exon (V) is only found in VDR and
not in other nuclear receptor genes [figure 8]. The polymorphism studied in this
project {TaqX) is located in the exon 9 at codon 352, a region involved in the
dimerization of the VDR molecules.
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Fig. 7. Chrom osom e 12 idiogram showing the location o f the VDR gene cluster.
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Fig 8. Schem atic view o f VDR gene. The VDR chromosom al gene contains a total o f
11 exons. (Adapted after Haussier et al. 1998).

Chromosome 12

Human VDR Gene

A

B 10 II

Zinc
Finge rs

IVVVI

VII VIII

IX

q13-14
Bsm\ (B/b)
Fok\ (F/f)
F=M4 VDR (424 aa)
f=M1 VDR (427 aa)

Apa\ (A/a)

Long/Short (US)
mRNA polyA
microsatellite

Linkage
b “3 “ / - L

Taq\ (T/t)
Codon 352-lle (silent)

Polymorphisms

The examined VDR
polymorphism in this
study.

62

3.1.2. Biological activities
The active form o f Vitamin D (VitD) regulates calcium and phosphate homeostasis in
bone metabolism thus maintaining normal skeletal architecture (Haussier et al. 1998),
it stimulates intestinal calcium and phosphate absorption, bone calcium and phosphate
resorption and renal calcium and phosphate reabsorption resulting in increased blood
CaPO^ ion product. Perturbations in this mechanism lead to bone deficiency
syndromes. It is known that VitD acts through its binding with a high affinity nuclear
receptor, vitamin D receptor (VDR). VitD has an immunoregulatory role: activates
monocytes, stimulates cell-mediated immunity, enhances IL-10, IL-4, IL-5 expression
and suppresses immune response, T-lymphocytes proliferation, immunoglobulin
production, cytokine synthesis like IL-1 and IL-6 (Manolagas et a l 1994, Lemire et
a/. 1995). This observation suggests that in cases such as organ transplants or in the
treatment of autoimmune disorders analogs of vitamin D can be used to suppress
immune response (Lemire et a/. 1995).

VitD and its receptor, also, acts on the central nervous system (CNS) playing an
important role in neural cell growth and differentiation and acting as an
immunosuppressive factor (Nataf et al. 1996).
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3.1.3. Polymorphisms
Through the past few years a lot of studies concentrated on discovering common
polymorphisms in the VDR gene and how they influence the bone mineral density
(BMD) and their link with osteoporosis and infectious diseases. Polymorphisms in the
VDR gene were investigated in osteoporosis and other bone mineral disorders
(Morrison et a l 1994). Morrison et a l (1994) identified three allelic variants in the
3’untranslated region o f the VDR gene, situated between exons VIII and IX, which are
recognized by the restriction enzymes BsmI, Apal, and Taql. These polymorphisms
were associated with plasma levels of osteocalcin and bone density. They related a
BsmI restriction site (polymorphism) in the intron separating exons VIII and IX of the
VDR gene with enhanced lumbar spine bone mineral density (BMD), and they
suggested that these VDR alleles could predict BMD. Also, Eisman (1996)
investigated the association between VDR genotype and bone mineral density and
found that there is a correlation, but not in all populations studied. On the other hand.
Zee et a l (2000) did not find any association between the VDR gene polymorphisms
and BMD. Ferrari et a l (1998) suggested that the association between VDR alleles
and BMD may be dependent on calcium and vitamin D intake.

Regarding the implication of VDR polymorphism in the impact of an infectious
disease, Bellamy et al. (1999) examined Taql polymorphism at codon 352 in the exon
IX of the VDR gene in 2015 subjects in relation to tuberculosis, malaria and hepatitis
B virus. They concluded that subjects homozygous for t allele (tt genotype) were less
likely to develop tuberculosis and hepatitis B than others, but there was no association
with genotype and malaria suggesting that the tt genotype could be protective against
infectious diseases. Also, variation in the VDR gene has been associated with
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susceptibility to Mycobacterium malmoense pulmonary disease (Gelder et al. 2000)
and to Crohn’s disease (Simmons et al. 2000).

In periodontitis, Hennig et al. (1999) examined Taql polymorphism in the exon 9 of
the VDR gene in 69 EOF patients and 72 controls. They only found an association
between the t allele and increased risk of developing localised EOF (L-EOF). Also,
Inagaki et a l (2003) studied the progression of periodontal disease in 125 individuals
in relation to Taql and Apal polymorphisms of the VDR gene and found that only the
Apal polymorphism is associated with the clinical parameters of the disease. In this
project a Taql polymorphism of the VDR gene was studied.
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3.2. Tumor Necrosis Factor alpha (TNFa)

3.2.1. Biomolecular properties
The TNFA gene is located on the short arm of chromosome 6 (6p21) in the class III
region of the major histocompatibility complex (MHC) [figure 9] and encode tumor
necrosis factor alpha (TNFa or cachectin). TNFa is a proinflammatory cytokine and as
such controls immune inflammatory responses. TNFa is part of the TNF ligand
superfamily. There are two forms of TNFa, a 26-kilodaltons (kDa) transmembrane
pro-TNF and a 17-kDa secreted mature TNF. The 17-kDa mature TNF mediates the
biologic effects and the 26-KDa transmembrane pro-TNF mediates the cytoxic effect
of TNF through the activation of TNF receptor 2 (TNFR2) (Kriegler et al. 1988). ProTNF is a type II transmembrane protein with an extracellular domain (C-terminus) and
an intracellular domain (N-terminus). Pro-TNF is proteolytically cleaved to release the
mature TNF, which has a trimeric structure made up of /^-sheets that self-associate
non-covalently into a bell-shaped trimer creating a biological active complex (Kriegler
et al. 1988, Jones

fl/. 1989).

TNFa production is tightly regulated at both the transcriptional and posttranscriptional
levels (Sariban 1988). There are numerous cells that can produce TNF. The most
important of them are: monocytes and macrophages, natural killer (NK) cells, B cells,
T cells, basophils, eosinophils, neutrophils, and non-immune cells including
fibroblasts and osteoclasts. There are some factors, like lipopolysaccharide (LPS),
which stimulate TNFa production by macrophages (Rentier and Cerami 1989) and
others, like prostaglandin Ej (PGE2 ), INF-a, IFN-y5, IL-4, IL-6, IL-10 and certain viral
products, that suppress TNF expression (Zhang and Tracey 1998).
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Fig. 9. Chrom osom e 6 idiogram showing the location o f the TN Fa gene cluster.
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3.2.2. Biological activities
TNFa was originally identified for its antitumor activity, but has also been shown that
it acts as a mediator of various inflammatory and immune responses (Beutler 1992).
TNF is mainly produced by monocytes and has similar activities with IL-1 (Beulter
and Cerami 1989). TNFa modulates tumor cell growth and affects cellular growth
differentiation and metabolism in many cell types and is produced during immune and
host defence responses as a proinflammatory cytokine. The main biological activities
is summarised in figure 10.

TNF plays an important role in tissue physiology and bone resorption by acting on
fibroblasts to increase collagenase secretion (Mundy et a l 1993). TNF and IL-1
express synergistic activity, resulting in stimulation of bone resorption (Stashenko et
al. 1987). TNF, also, has a chemotactic effect on monocytes and has stimulatory
actions on macrophages resulting in production of c-reactive proteins (CRP) (Ming et
a l 1987). It increases production of other mediators that take part in inflammatory
response such as IL-1 and prostaglandin (PGE2 ), expression of class II MHC antigen,
enhance bacterial killing and phagocytic activity (Bachwich et a l 1986, Dinarello
1996).

Although, TNF seems to play an important role in cellular and biochemical
homeostasis by participating in tissue remodelling and host defence responses,
overproduction of TNF may be harmful to the host resulting in infection, tissue injury,
shock and death. TNF induce alterations of the cellular metabolism; include weight
loss, fever, acute phase reactions, infection, and neoplasia (Beulter and Cerami 1986).
TNF, also, has pathologic activity in many immune-mediated diseases and it has been
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implicated in the pathogenesis and the clinical outcome of many diseases such as
meningococcal disease, leprosy, tuberculosis, septic shock syndrome, cerebral malaria,
HIV-related lung disease, hepatitis, viral meningitis, autoimmune diseases and cancer
(Zhang and Tracey 1998). Also, TNFa has been implicated in the pathogenesis of
periodontal disease (Offenbacher 1996).
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Fig. 10. The main biological activities of TNFa. (Adapted after Janeway et al. 2001).
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3.2.3. Polymorphisms
The TNF locus is highly polymorphic with many single nucleotide polymorphisms
(SNPs) and microsatellites described. Genetic polymorphisms of TNFa gene result in
variable TNF production among individuals. As TNF gene is located within the MHC,
gene polymorphisms in that area can cause susceptibility to a variety of MHC-linked
diseases including autoimmune diseases such as insulin-dependent diabetes mellitus
(Pociot et a l 1993), systemic lupus erythematosus (SLE) (Bettinotti et a l 1993,
Wilson et a l 1993) and infectious diseases such as cerebral malaria (McGuire et al.
1994, connected TNF2 homozygotes in the -308 TNF gene polymorphism to
increased TNF levels).

TNF production is directly affected by a biallelic G to A polymorphism (base
transition polymorphism) located at -308bp upstream of the TNFa transcriptional start
site (promoter region). It has two allelic forms referred to as TNFl (G at position) and
TNF2 (A at position) (Wilson et a l 1992, 1994, 1997). Wilson et a l (1994, 1997)
demonstrated that allele 2 of TNFa (-308) polymorphism is associated with higher
transcriptional levels than allele 1. Similarly, Kroeger et a l (1997) showed that the
transcriptional activity of TNFa is influenced by the above base transition
polymorphism in the position -308 from G to A. They revealed that with an A at
position -308 (allele 2) the transcriptional activity of TNF is 2-3 fold greater in
phorbol myristate acetate (PMA) stimulated U937 monocytes and Jurkat T cells.

Based on the above observations some studies tried to correlate the G to A TNFa
polymorphism with the development and the severity of periodontal disease, as
periodontal disease is an infectious disease and involves autoimmune mechanisms. A
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cytokine gene polymorphisms study in periodontal disease did not find significant
differences in the distribution of TNFa -308 genotypes in patients and control
population, however the patients with the uncommon allele 2 of this polymorphism
were found to produce higher levels of TNFa (Galbraith et a l 1998). Galbraith et a l
(1999) examined the TNFa -308 genotype in 20 patients with advanced adult
periodontitis, 20 patients with gingivitis and 45 controls. They concluded that the
distribution of TNFa allele 1 was significantly greater in patients with advanced
compared to those with gingivitis. However, Kinane et a l (1999) and Shapira et a l
(2001) did not find any link between EOF and TNFa (-308) polymorphisms. In our
study the above TNFa gene polymorphism was examined in patients with aggressive
and chronic periodontitis in an attempt to correlate this polymorphism with
periodontitis.
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3.3. Toll receptor 4 (TLR4)

3.3.1. Biomolecular properties
The Toll receptor 4 (TLR4) gene is located on chromosome 9 (q32-33) [figure 11] and
is part of the Toll family receptors is a family of receptors (TLRs). The Toll receptors
are part of the innate immune defence and they are involved in recognizing specific
patterns on microorganisms (innate immunity). These patterns of microorganisms bind
this family of receptors, known as the Toll proteins or Toll-like receptors (TLRg),
resulting in activation of intracellular signalling. The main pathway appears to be via
the transcription factor NF-kB (nuclear factor) and results in the induction of a variety
of genes that encode proteins implicated in inflammation (Kopp and Medzhitov 1999).

The TLRg are type I transmembrane receptors with an extracellular leucine-rich repeat
(LRR) domain and an intracellular signalling domain know as the TIR domain. The
activation of TIR domain is responsible for signal transduction [figure 12](0’Neil
2000). The different members of the Toll family proteins have different number and
arrangement of the small cysteine-rich domains that are presented in the ectodomains
and it is these variations that are responsible for the varying specificities of the
different TLRs (Kopp and Medzhitov 1999).

The TLRs are expressed in different cell types. TLRl expressed on monocytes,
neutrophils, B cells, and natural Killer cells, TLR2 is found on monocytes, neutrophils
and dendritic cells, TLR3 is expressed only on dendritic cells, TLR4 is expressed in
endothelial cells, monocytes, neutrophils and dendritic cells (Muzio et a l 2000, Faure
et a l 2000).
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Fig. 11. Chromosome 9 idiogram showing the location o f the TLR4 gene cluster.
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3.3.2. Biological activities
The innate immunity is the first line of defence against invading microorganisms
providing a rapid response, acting either directly on the pathogens, resulting in lysis or
opsonophagocytosis or indirectly through cellular receptors on neutrophils and
monocytes/macrophages resulting in cellular response (Medzhitov and Janeway 2000).
The main microbial components that are able to cause an immune response are LPS,
peptidoglycan, lipoproteins and bacterial DNA, and are known collectively as
“ pathogen-associated molecular patterns (PAMPs)” . The receptors that are able to
recognise the PAMPs are known as “ pattern recognition receptors (PRRs)” . These
receptors recognise specific microbial components. The Toll receptor family is part of
PRRs, so the main role of TLRg is to recognise specific microbial patterns (PAM Ps)
signalling the activation of immune response (Lien and Ingalls 2002).

Many studies revealed that TLR4 is the main LPS receptor (Chow et al. 1999, Heine et
al. 1999). It is believed that the extracellular domain of TLR4 interacts with an
accessory protein MD-2, which is a secreted glycoprotein, resulting in LPS-induced
responses (Shimazu et al. 1999, Yang et al. 2000). Also, the extracellular domain of
TLR4 interacts with CD 14, which expresses as a membrane protein on macrophages,
on monocytes and on polymorphonuclear neutrophils and is able to recognise LPS, in
initiating immune responses (Chow et al. 1999).

The TLR4 cooperates with the above two proteins in order to interact with LPS. After
ligand interaction the cytoplasmic myeloid differentiation factor 88 (MyD88) interacts
with TIR domain (intracellular domain) leading to a sequence of cascades that result in
the release of NF-kB (figure 12). The NF-kB is then translocated to the nucleus and
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controls the induction of genes that encode proteins that are involved in inflammation
like IL-8, IL-6, TNFa, and IL-2 (Aderem et al. 2000). Due to the fact that the
cytoplasmic domain (TIR) of the IL-1 receptor (IL-IR) and Toll receptor are
homologous, the intercellular signaling sequences following TLRs binding overlap
with those triggered by the IL-1 and TNFa. (figure 12) (Revillard 2002).
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Fig 12. Signalling pathway o f TLR4 receptor leading through aetivation o f NF-kB to
the induction o f molecules that are involved in the inflammatory procedure. Invading
LPS bind to the eom plex that is formed by the interaction o f TLR4 with MD-2 and
CD 14. After ligand reeognition TIR domain interacts with MyD88 resulting in a
sequence o f signalling cascades. (Adapted after Revillard 2002)
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3.3.3. Polymorphisms
The genetic variation or polymorphisms in TLR4 molecular has been studied. These
polymorphisms could explain the fact that different species have a different
susceptibility to sepsis and different responses to LPS structure (Lien et a l 2000).
Smirnova et a l (2000) suggested that most polymorphisms exist on the extracellular
domain o f TLR4. As the above region has been connected with ligand recognition that
could explain the fact that sensitivity to LPS varies among different species.

Arbour et a l

(2000) investigated the association between TLR4 variations

(Asp299Gly and Thr39911e) and asthma in 83 subjects and concluded that there is a
relation between mutation in the extracellular domain and blunted responses to inhaled
LPS. They demonstrated that Asp299Gly mutation (but not the Thr39911e mutation)
interrupts TLR4-mediated LPS signaling. Based on that evidence Lorenz et a l (2001)
studied the above TLR4 gene polymorphisms (Asp299Gly and Thr399Ile) and
concluded that they can be used as genetic indicators of severity in microbial disease.
Also, Lorenz et a l (2002) related the carriage of the Asp299Gly mutation with
increased risk of developing gram-negative septic shock. However, no association was
found between the TLR4 Asp299Gly polymorphism and susceptibility to or severity of
meningococcal disease (Read et a l 2001).

It is suggested from the above studies that genetic variations in TLR4 could change the
individual immune response against invading microorganisms. However, this
polymorphism has not been examined yet in respect to its impact in periodontal
diseases. In this project the TLR4 Asp299Gly and Thr399Ile gene polymorphisms
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were studied to detect a possible role of the above gene mutations in the individual
susceptibility of developing aggressive and chronic periodontitis.
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Network of interactions
The above-described genes do not exist in isolation, but there is a complex network of
interactions between these gene products (figure 13). Figure 13 illustrates these
complex interactions. Each one of these gene products is able to stimulate or inhibit
the production of the others. For example IL-1 stimulates the production of IL-6,
TNFa and itself. That means that increased IL-1 levels lead to increased levels of the
above proinfiammatory cytokines. IL-lm inhibits IL-1 production. IL-10 inhibits the
production of IL-1, IL-6, TNFa and itself and stimulates IL-lm production. TNFa
stimulates IL-10 and IL-1 production. VDR through VitD inhibits the production of
IL-1 and IL-6, and enhances the production of IL-10. Finally, the TLR4, following its
interaction with LPS, stimulates the production of IL-6 and TNFa. So, the disease
outcome depends on the complex interactions of the above gene products. Mutations
in one gene, which changes the levels and the activity of the specific gene product,
results in changes in the levels and the activity of many other gene products through
complex interactions.
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Fig. 13. Diagram showing the interrelationship o f the genes and polym orphisms
studied in this thesis with each other and how they affect the levels o f each gene
product produced.

IL-1 A -889

IL-6
GG
GG
CC

IL-1 B -511

IL-1 B +3954

2,2

I L - 1 0 -627
CC
AC
AA

IL -lrn

VDR
TT

-1082
GG
GA
AA

T N F a -308

LPS binding
to receptor

TLR4

299 399

In h ib its p ro d u c tio n

In creases levels

S tim u late s p ro d u c tio n
D ec re a se s levels

V /

S e lf in h ib itio n
S e lf stim u latio n

N o in v o lv em en t

STATEMENT OF THE PROBLEM

The currently available methods to detect susceptibility to periodontal diseases are
mostly based on subjective approaches, such as a patient’s family history, systemic
conditions or environmental exposures.

Recent advances in molecular genetics allowed the scientific community to search for
mechanisms to detect susceptibility on the genetic level. The new genetics could
expand our knowledge regarding the human molecular pathology. The main goal of
that approach is to develop successfiil methods for the diagnosis and prevention of
some common genetic diseases.

The new genetics have developed new methods that allow the finding of the mutations
in human genes and their flanking regions. To date examples of single base changes,
deletions of one or more bases or of entire genes, initiation or termination mutations
and mutations in the regulatory areas in the flanking regions of structural genes have
been found across the whole genome. These mutations which result in changes of gene
expression, may explain, the variable clinical phenotype in many genetic diseases. So,
the development o f methods that could accurately predict the phenotypes associated
with different mutations may have huge prognostic value in the management of many
diseases.

Restriction fragment length polymorphisms (RFLPs) were introduced by Kan and
Dozy (1978) and by Botstein et al. (1980). These polymorphisms were the first DNA
markers that were used in a linkage study (Huntington disease) (Gusella et al. 1983).
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As discussed, they are based on a single base pair change that creates or removes a
cleavage site for a specific restriction enzyme. These variations are inherited.

Several studies have attempted to find associations between specific genetic markers
and infectious and autoimmune diseases. Also, as periodontal disease is an infectious
disease some investigators have tried to find a link between the same specific genetic
markers and periodontal disease onset and severity.

The association studies attempt to correlate the frequencies of specific polymorphisms
with disease expression. According to Pericak-Vance (1998) “ ...there are two types of
association studies. Case-control studies compare allele fi*equencies in a set of
unrelated affected individuals to a set of matched controls. The control populations
should be matched with respect to ethnicity as well as other factors such as age.
Family-based studies control for the possibility of genetic differences between the case
and control populations by comparing the frequencies of alleles transmitted to the
affected child to the alleles not transmitted. The only samples necessary are those from
the affected individual and his or her parents (the TDT triad)..

Evidence for a genetic influence on periodontitis comes from multiple sources
including segregation analyses in families, linkage studies, twin studies of adult
periodontitis, and the association of periodontitis with certain Mendelian inherited
diseases (Hart 1994, Michalowicz 1993 and 1994, Moses et al. 1994). Additional
evidence emerged from identification of genetic polymorphisms that correlate with
immune response phenotypes found in patients with periodontal disease (Komman et
al. 1997a, Offenbacher et al. 1993).
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The genetic polymorphisms examined have, for the most part, been in cytokine genes
and affect the regulation of transcription of the cytokines, inducing alterations on the
production of the respective cytokines. It is believed that as periodontal disease is
infectious it is possible higher levels of IL-1, IL-6, TNFa in the periodontium are
harmful to the host, leading to the severe destruction of host tissues seen in
periodontitis (AGP or CP). These factors are important mediators of the inflammatory
process. IL-lm acts as a suppressor of IL-1 activity, therefore mutations in IL-IRN
gene that influence the levels and the activity of IL-lm may result in even more severe
destmction of periodontal tissues. Polymorphism in the IL-10 cluster that result in
reduced function or concentration of this antinflammatory cytokine, probably is a risk
factor of developing periodontitis. Also, as genetic polymorphisms in the VitD
receptor (VDR) have been associated with bone mineral disorders, like osteoporosis,
these could be risk factors of periodontal diseases, as bone loss is one of the symptoms
of these diseases. Furthermore, TLR4 is part of the innate immunity that is the first
line of defence against invading microorganisms and different polymorphisms of that
Toll receptor could explain the different susceptibility to sepsis among different
species and the species-specific responses to LPS stmcture. So, VDR and TLR4
polymorphisms are other genetic variations that could be susceptibility factors of
periodontitis. Thus, all the above polymorphisms could be good targets for association
studies.

In fact, the literature presents a number of positive associations between
polymorphisms in these genes and susceptibility to periodontal disease. However,
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despite several attempts to identify genetic markers for susceptibility to periodontal
disease, no definitive conclusion exists.

Hypothesis

Functional polymorphisms found in the genes involved in the immunoregulated
process are associated with increased risk to develop periodontal disease and may
influence the age of onset, the severity and the rate of progression of periodontal
disease (Aggressive and chronic).

Aim of the study
To investigate both the possible association between the IL-1 A (-889), IL-IB (-511)
and IL-IB (+3954), IL-lRN (intron 2), IL-6 (-174), IL-10 (-627 and -1082) TNFa (308), VDR (+1056) and TLR4 (Asp299Gly and Thr399Ile) polymorphisms and
periodontitis (Aggressive and Chronic) and the possible differences in genotype and
allele variations between patients with aggressive and chronic periodontitis.
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CHAPTER 4

MATERIALS AND METHODS

4.1. Source of patients
The department o f Periodontology at the Eastman Dental Hospital is a specialist
referral centre for general dental practitioners. Patients with advanced forms of disease
or who failed to respond to conventional treatment provided by the dentist are referred.
The patients are then seen at a Diagnostic Clinic for an initial consultation, where
initial data collection and clinical and radiographic examination are undertaken. These
patients are diagnosed and allocated for specific treatment.

In our study patients with aggressive and chronic periodontitis were recruited from the
department of Periodontology at the Eastman Dental Hospital. The patient group
consisted of 95 individuals with aggressive periodontitis (AGP) (51 Caucasians) and
86 patients with chronic periodontitis (CP) (57 Caucasians) who had mixed smoking
status. The patients with AGP were 62 female (37 Caucasians) and 33 male (14
Caucasians), and the patients with CP were 46 female (33 Caucasians) and 40 male
(24 Caucasians). Furthermore, this study involved 100 random control subjects (all
Caucasians) fi*om the local Blood Transfusion Service (BTS). These were unrelated
healthy controls of unknown periodontal status, 56 female and 44 male. The patients in
this study were diagnosed with one of the forms of Aggressive Periodontitis
(Localized Aggressive Periodontitis or Generalized Aggressive Periodontitis) or
chronic periodontitis according to the criteria of the latest American Academy of
Periodontology classification system for periodontal diseases (1999). The patients
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received information about the disease process and were requested to collaborate with
the research project. Written and oral consent was obtained from each patient
participating in the research in accordance with the Eastman Joint Research and
Ethical Committee, from whom the approval for this study had been obtained. A
detailed medical, oral and family medical history was taken followed by a complete
periodontal examination, which include six-point pocket depth measurements.

4.2. Outline protocol
In addition to complete data collection regarding family, medical and oral histories and
periodontal examination, blood samples were collected from each patient involved in
the research. The samples were stored at -20°C, in the laboratory, for DNA extraction.
Once the DNA was obtained from each patient, it was analysed using Polymerase
Chain Reaction (PCR) for specific gene polymorphisms. After complying with the
processes for research purposes, the patients normally received specific periodontal
treatment within the periodontal department.

4.3. Sample collection
10 ml of blood was collected by venepuncture in the ante-cubital fossa from each
patient. The blood samples were collected in Sodium EDTA (Ethylenediaminetetraacetic acid) vacutainers and stored at -20°C.

4.4. DNA extraction
The extraction of DNA was performed using the Nucleon® kit, as follows:
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4.4.1. Cell preparation from whole blood
8 ml of blood and 4x volume of Reagent A (sucrose lysis buffer; sucrose 0.32M;
Trisma base 0.0IM; MgCli.bHiO 0.005M; 1% Triton X-100) were added to a 50 ml
polypropylene centrifuge tube. This solution was mixed and then centrifuged at 1300 g
for 4 min. The supernatant was discarded without disturbing the pellet.

4.4.2. Cell lysis
To the pellet, 2 ml of Reagent B (cell lysis buffer; EDTA 0.13M; NaCl O.IM) was
added and vortexed briefly to resuspend the pellet, 40pl of stock solution of 20mg/ml
of proteinase K were added and the tubes incubated at 56°C for 1 hour.

4.4.3. Deproteinisation
500 pi of sodium perchlorate was added and mixed by inverting at least 7 times. This
was done by hand.

4.4.4. DNA Extraction
2 ml of chloroform was added to the tube, and mixed by inverting at least 7 times to
emulsify the phases. This was done by hand. 300 pi of Nucleon® resin was added to
the tube and, without re-mixing the phases, centrifuged at 1300 g for 3 min.

4.4.5. DNA Precipitation
Holding the tube vertically, without disturbing the Nucleon® resin layer (brown in
colour), the upper phase was transferred to a fresh tube of minimum volume 7.5 ml. If
any resin had been carried over, it was centrifuged briefly at 1300 g to pellet the resin
and then the supernatant transferred to a fresh tube. Two volumes of cold absolute

ethanol, approximately 5 ml, were added to the solution, which was inverted several
times to ensure that the DNA was precipitated.

Hooks fitted with glass pipettes tips were used to obtain the DNA that was precipitated
from the ethanol. These were then dried in open air and placed into tubes with 250 pi
of distilled water.

4.5. Detection of polymorphisms
Each sample of DNA was analysed for polymorphisms in the IL-1 A gene at position 889 (Mc.Dowell et al. 1995), in the IL-IB gene at positions -511 (Di Giovine et a l
1992) and +3954 (Pociot et ah 1992), IL-lRN intron 2 (Tarlow et al. 1993) in the
promoter region o f IL-6 gene at position 174 (Femandez-Real et al. 2001 and Fishman
et al. 1998), in the IL-10 gene at position -627 (Aithal et a l 2001), in the VDR gene at
position +1056 (Hennig et al. 1999), in the TNFA gene at position -308 (Komman et
a l 1997a) and in the TLR4 gene at position Asp299Gly (Benchamarks 2001). The
analysis was PCR-based, which has been extensively validated (Mullis et a l 1986).

4.5.1. PCR conditions
The PCR technique leads to the production of large amounts of specific regions of
DNA, by the process of DNA amplification. The amplification of specific DNA
sequences is essential for visualization (i.e. one single strand of DNA cannot be
visualised but the PCR product of the same DNA fragment is readily detectable).

The technique consists of the preparation of a reaction mixture that is introduced into a
thermal cycler, in which it will undergo a series of temperature cycles. The reaction
89

mixture must contain DNA, deoxynucleoside triphosphate DNA precursors (DNTPs),
heat-resistance DNA polymerase (Tag), and an excess of synthetic oligonucleotide
primers made to match the ends of the sequence of DNA that is to be amplified. The
mixture is then subjected to a cycle of temperature changes that allow Tag to replicate
the single stranded target DNA. The exact cycling conditions depend on the primers
and the size and the base composition of the sequence, which is being amplified.

In order to detect certain polymorphisms restriction fi*agment length polymorphisms
(RFLPs) it is necessary to digest the PCR product using restriction enzymes. These
enzymes cut DNA at precise sites defined by a specific sequence of nucleotides. Each
enzyme recognizes a certain sequence, usually four, five, six, or, rarely, eight bases
long. If even one nucleotide within a recognition site is altered (by mutation) the
enzyme will no longer cut the target DNA at that point. The resulting fragment will be
of a different length. After digestion, the DNA fragments that were amplified by PCR
are then visualised under UV light, after having been run on an electrophoretic gel.

4.5.2. Reactions
The PCR reactions had the following constituents:
•

Sample DNA

•

DNTP

•

Taq polymerase enzyme

•

Buffer (with magnesium chloride)

•

Specific primers

•

Distilled water
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The total volume o f each DNA sample reaction was 50 pi, containing 75mM TrisHCL, 20mM (NHJ^ SO,, 0.2mM each DNTP and 0.01%tween 20, MgCl^ 1.5-2.5 mM
(depending on marker), 0.4ml Taq DNA polymerase and 20pM of each primer. The
reactions were carried out in 0.2 ml tubes. The tubes were then placed in the PCR
machine, which was set according to the required protocol for each different primer.

4.5.3. Primers and cycling conditions
The primers used were as follows:
IL-1 A (-889) Primers: 5’-AAG CTT GTT CTA CCA CCT GAA CTA GGC-3’; 5’TTA CAT ATG AGC CTT CCA TG -3’;cycling: 96°C for 2 min, 45 cycles of 94°C
for 1 min, 50°C for 1 min, 72°C for 1 min, 50°C for 1 min. The PCR products were
digested at 37°C overnight using 5 units of Ncol. The digested PCR products were
separated on a 3% agarose gel containing 0.6mg/ml ethidium bromide in Ix TBE at
lOOV for 2 h. The bands were visualised using a UV transilluminator. The products are
predicted to be: 83 bp + 16 bp (allele 1) and 99 bp (allele 2).

ILIB (-511) Primers: 5’-TGG CAT TGA TCT GGT TCA T C -3’ and 5’-GTT-TAG
GAA TCT TCC CAC T T -3’;cycling at 95°C for 2 min, 53°C for 1 min, 74°C for 1
min 2x then 35 cycles o f 95°C for 1 min, 53°C for 1 min, 74°C for 1 min and 3 cycles
of 95°C for 1 min, 53°C for 1 min, 74°C for 1 min. The PCR products were digested
using 5 pi distilled water containing 5 units of Bcoi (isoenzyme for Aval) and
incubated at 37°C overnight. The products are predicted to be: 190 bp + 114 bp (allele
1) or 304 bp (allele 2). The electrophoretic gel agarose concentration used was 2%,
with 0.6mg/ml ethidium bromide in Ix TBE.
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IL-IB (+3954) Primers: 5’-CTC AGG TGT CCT CGA AGA AAT CAA A-3’ and 5’GCT TTT TTG CTG TGA GTC CCG-3’;cycling 95°C for 2 min, 67,5°C for 1 min,
74°C for 1 min cycled 2x, followed by 35 cycles 95°C for 1 min, 67,5°C for 1 min,
74°C for 1 min 35x, and 3x at 95°C for 1 min, 67,5°C for 1 min, 74°C for 5 min. The
products were digested using 10 units of Taq\ at 65°C overnight. The samples are run
in a 3% agarose gel, with 0.6mg/ml ethidium bromide in Ix TBE. The resulting
products should be 12 bp + 85 bp + 97 bp (allele 1) and 12 bp + 182 bp (allele 2)

IL-lRN (intron2): 5’-CTC AGC AAC ACT CCT AT-3’ and 5'-TCC TGG TCT GCA
GGT AA-3’, cycling: 96°C for 1 min, following by 30 cycles of 94°C for 1 min, 60°C
for 1 min and 70°C for 2 min. The PCR products were analysed on a 2% agarose gel,
with 0.6mg/ml ethidium bromide in Ix TBE. There were five different alleles that
could be seen at 240bp, 325bp, 410bp, 500bp and 595bp.

IL - 6 (174): Primers: 5'-TGA CTT CAG CTT TAC TCT TTG T-3' and 5'-CTG ATT
GGA AAC CTT AT-3', cycling: 35 cycles of 95 °C for 45 seconds, 63 °C for 1 min,
72 °C for 75 sec and a final extension 72 °C for 7 min. Digested with lunit HSP2\ 1 at
37°C overnight. Afl;er digestion the products were analysed on 3% agarose gel, with
0.6mg/ml ethidium bromide in Ix TBE. The CC, G/C and G/G genotypes are
homozygotes for the presence of the site (140/58bp), heterozygotes for the presence
and absence o f the site (198/140/58 bp) and homozygotes for the absence of the site
(198bp) respectively.

IL-10 (-627): Primers: 5'-CTT AGG TCA CAG TGA CGT GG-3' and 5'-GTG AGC
ACT ACC TGA CTA GC-3', cycling: 35 cycles at 94°C for 1 min, 50°C for 1 min
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and 70°C for 1 min, and 70°C for 1 min followed by one cycle at 70°C for 10 min.
The PCR products were analysed on 2% agarose gel, with 0.6mg/ml ethidium bromide
in Ix TBE, after digestion with 2 units of Rsal. The A/A, A/C, C/C genotypes are
homozygotes for the presence of the site (176/236bp), heterozygotes for the presence
and absence o f the site (176/236/412bp) and homozygotes for the absence of the site
(412bp) respectively.

IL-10 (-1082): Primers: 5’-TCT GAA GAA GTC CTG ATG TCA CTG-3’ and 5’ACT TTC ATC TTA CCT ATC CCT ACT TCC-3’, cycling: 40 cycles at 95°C for 1
min, 52°C for 1 min and 72°C for 1 min and 72°C for 1 min. After digestion with Mnll
the products were visualised on a 2 % agarose gel with 0 .6 mg/ml ethidium bromide in
Ix TBE. G and A allele have a common band 65bp, in case of the presence of the G
allele there are two more bands 39bp+94bp and in case of the presence of allele A
there is a single band 133bp.

VitD Receptor (VDR): Primers: 5 -CAG AGC ATG GAC AGG GAG CAA G-3' and
5 -GGA TGT ACG TCT GCA GTG TG-3', cycling: 35 cycles of 95 °C for 45
seconds, 63 °C for 1 min, 72 °C for 75 sec and a final extension 72 °C for 7 min.
Digested with lU Taql at 65 °C. The samples are run in a 3% agarose gel, with
0.6mg/ml ethidium bromide in Ix TBE. The RFLP is formed by a single base
transition (T->C) at codon 352 in exon 9 o f the VDR gene, which creates a Taql
restriction site. The alleles that result are designated t {Taql site present) or T {Taql
site absent). The t allele has size 290bp+50bp and the T allele 340bp.

93

TNFa (-308): Primers: 5 -AGG CAA TAG GTT TTG AGG GCC AT-3' and 5 -TCC
TCC CTG CTC CGA TTC CG-3% cycling: 94 °C for 3 min, 60 °C for 1 min and 72
°C for 1 min for 35 cycles followed by a final extension at 72 °C for 5 min. Digestion
of the PCR product was performed at 37 °C overnight with

6

units per 30pl reaction of

Ncol. The samples are run in a 3% agarose gel, with 0.6mg/ml ethidium bromide in Ix
TBE. Products of 87bp+20bp (allele 1) and 107 bp (allele 2) were diagnostic.

TLR4 (Asp299Gly): Primers: 5'-GAT TAG CAT ACT TAG ACT ACT ACC TCC
ATG-3’ and 5’-GAT CAA CTT CTG AAA AAG CAT TCC CAC-3% cycling: 95°C
for 4 min, then 30 cycles of 95°C for 30s, 55°C for 30s and 72°C for 30s. The PCR
products were subjected to an overnight digest with Ncol and the samples are run in a
3% agarose gel, with 0.6mg/ml ethidium bromide in Ix TBE. The resulting products
should be around 280bp

(1

for wild type allele) and 260bp

(2

for mutant allele).

TLR4 (Thr399Ile): Primers: 5'-GGT TGC TGT TCT CAA AGT GAT TTT GGG
AGA A-3' and 5'-ACC TGA AGA CTG AGT GAG TTA GTT AAT GCT T-3',
cycling: 95°C for 4 min, then 30 cycles of 95°C for 30s, 55°C for 30s and 72°C for
30s. The PCR products were subjected to an overnight digest with 4 units HinU and
the samples are run in a 3% agarose gel, with 0.6mg/ml ethidium bromide in Ix TBE.
The resulting products should be around 400bp (1 for wild type allele) and 380bp (2
for mutant allele).
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Table 1: The primer sequences, PCR cycling conditions and restriction enzymes used
to amplify each marker and determine the genotypes.

Marker

Primer sequences

IL-1 A (-889)

5’-AAGC-TTGTTCTACCACCTGAACTAGGC - 3 ’
5’- TTACATATGAGCCTT-CCATG - 3’
95°C, 4 min; 45 cycles; 94°C, 1 min; 50°C, 1 min; 72°C, 1
min,
Ncol enzyme digest.

IL l B (-511)

5’- TGGCATT-GATCTGGTTCATC - 3’
5’- GTT-TAGGAATCTTCCCACTT - 3’
95°C, 4 min; 35 cycles; 95°C, 1 min; 53°C, 1 min; 74°C, 1 min
Bool enzyme digest.

IL-1 B (+3954)

5’CTC AGG TGT CCT CGA AGA AAT CAA A 3 ’
5’GCT TTT TTG CTG TGA GTC CCG 3’
95°C, 4 min; 35 cycles; 95°C, 1 min; 67,5°C, 1 min; 74°C 1
min
Taql enzyme digest.

IL-1 RN (intron 2)

5’-CTC AGC AAC ACT CCT AT-3 ’
5’-TCC TGG TCT GCA GGT AA-3’
96°C, 1 min; 30 cycles; 94°C, 1 min; 60°C, 1 min; 70°C, 2 min

IL-6 (-174)

5’-TGA CTT CAG CTT TAC TCT TTG T-3’
5’-CTG ATT GGA AAC CTT AT-3’
95°C, 4 min; 35 cycles; 95 °C, 45 sec; 63 °C, 1 min; 72 °C, 75
sec
H s p lll enzyme digest.

IL-10 (-627)

5’-CTT AGG TCA CAG TGA CGT GG-3’
5’-GTG AGC ACT ACC TGA CTA GC-3’
95°C, 4 min; 35 cycles; 94°C, 1 min; 50°C, 1 min; 70°C, 1 min.
Rsal enzyme digest.

IL-10 (-1082)

5’-TCT GAA GAA GTC CTG ATG TCA CTG-3’
5’-ACT TTC ATC TTA CCT ATC CCT ACT TCC-3’
40 cycles; 95°C, 1 min; 52°C, 1 min; 72°C, 1 min; 72°C, 1 min
MnW enzyme digest.

VitD (VDR)

5 -CAG AGC ATG GAC AGG GAG CAA G-3 '
5 -GGA TGT ACG TCT GCA GTG TG-3 '
95°C, 4 min; 35 cycles; 95 °C, 45 sec; 63 °C, 1 min; 72 °C, 75
sec. Taql enzyme digest.
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TNFa (-308)

5 -AGG CAA TAG GTT TTG AGG GCC AT-3'
5'-TCC TCC CTG CTC CGA TTC CG-3'
94 °C, 4 min; 35 cycles; 94 °C, 2 min; 60 °C, 1 min; 72 °C, 1
min.
Ncol enzyme digest.

TLR4 (299)

5’-GAT TAG CAT ACT TAG ACT ACT ACT TCCATG-3’
5’-GAT CAA CTT CTG AAA AAG CAT TCC CAC-3’
95°C, 4 min; 30 cycles; 95°C, 30sec; 55°C, 30sec; 72°C, 30sec.
Ncol enzyme digest.

TLR4 (399)

5’-GGT TGC TGT TCT CAA AGT GAT TTT GGG AGA A-3’
5 ’-ACC TGA AGA CTG GAG AGT GAG TTA AAT GCT T-3’
95°C, 4 min; 30 cycles; 95°C, 30sec; 55°C, 30sec; 72°C, 30sec
HinÜ enzyme digest.
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4.5.4. PCR Machine
The machine utilized was a Gene Amp PCR System 2400 (AB applied Biosystems).

4.6. Visualisation and reproducibility of the PCR
In order to ensure the reproducibility of the PCR, 3 repeat PCR reactions were run on
each gel. The PCR products were digested with the appropriate enzyme and
electrophoresed in agarose gels containing Ethidium Bromide visualised under ultra
violet light (alfa imager 1200 system®). Images of the gels were stored digitally.

4.7. Presentation of results and statistical methods
Each variable nucleotide sequence of a gene is referred to as an allele. The different
alleles are numbered based on their prevalence in a population group.

The term genotype refers to the alleles present at one specific locus on both copies of
the chromosome. If a patient presents two alleles that have the same sequence, then
they are genotypically homozygous. If the two alleles are different, then the patient is
genotypically heterozygous, (i.e. a patient who is heterozygous for the IL-1 A -889
gene polymorphism presents one copy of the allele

1

and one copy of the allele 2 )

The genotype of a patient can be inferred by visualisation under UV light of the PCR
products that have been run on an electrophoretic gel. Different alleles normally have
the same DNA size (measured by base pairs, bp), but they are cut at different positions
by the digesting enzymes. The electrophoretic gel allows smaller fragments of DNA
(smaller alleles) to run further than longer portions, thus, making identification of the
alleles possible, by size matching. A size marker is normally used for this purpose.
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As an example we can use figure 15, the alleles 1 and 2 of the IL-IB -511 gene
polymorphism are 190+114bp and 304 bp respectively. Detecting the different bands
positions along the gel could easily reveal the genotype of the patient. So, three bands
would be seen for genotype

1 ,2

(lanes e+f, fig. 15), two bands for genotype

1 ,1

(lanes

a+b, fig.l5)and one band for genotype 2,2 (lanes c+d, fig. 15). The results of this study
are based on the prevalence of the possible genotypes and allelic distribution of each
polymorphism. The allelic distribution refers to the total sum of alleles 1 and allele 2
within the genes of the patient and control groups. This can be obtained by examining
the amount o f 1 , 1 ,

1 ,2

and

2 ,2

genotypes and calculating the quantity of each allele.

Each 1,1 or 2,2 genotypes comprise two copies of alleles 1 or alleles 2, respectively.
The 1,2 genotype comprises one copy of each allele at the specific locus. The same
analysis applies to all of the other polymorphisms with the only difference being the
name and the size of the respective alleles.

Based on our findings, comparisons were done between all groups (AGP v controls,
CP

V

controls, AGP v CP and AGP+CP v controls). Statistical analysis of the results

was performed using conventional ‘chi-squared’ test statistics. In case that the number
of alleles or genotypes is more than two, some expected cell counts will be small and
this may invalidate the asymptotic sampling distribution of the Pearson chi-squared
statistic and therefore the association test of significance. The most common method
which is used for dealing with these statistical problems is to group together some of
the alleles in order to reduce the number of rows of the contingency table. (Sham and
Curtis 1995). Based on the above considerations, the software package “CLUMP”
(Diamond Gene Server, UK), which consists of Monte Carlo simulations, was used to
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assess the significance level o f the results in our association study. The CLUMP
program was, also, used by many association studies for testing allele frequency
differences in their study sample (Degn et a l 2001, Higgins et a l 2003).

This method maximizes the results by “clumping” columns together producing 2 x 2
tables. There are four test statistics T, to T4 for the detection of allelic associations
using this method, but only tests T^ and T4 are presented. “ ...The first (T J is a
straightforward Pearson chi squared statistic of the ‘raw’ contingency table, while the
others involve the grouping together of some alleles. The fourth test statistic

( T 4 )

is the

largest o f the Pearson chi-squared statistics of all possible 2x2 tables, comparing any
combination of alleles against the rest. The principle of Monte Carlo simulation tests
requires that if a test statistic is calculated using a certain procedure on a set of real
data, then its sampling distribution can be obtained from applying the same procedure
to a large number of data sets simulated under the null hypothesis...” (Sham and
Curtis 1995). In the analysis o f the result in this study, only the T, and T4 test statistics
are used

1 0 0 0

random simulations are generated and the p significance value was

considered as <0.05. Because multifile statistical tests (n=40) are undertaken it may be
more appropriate to accept a more stringent level of significance than the 5% (p= 0.05)
level suggested. The options would be to accept an alternate level such as 1% (p=0.01)
or to apply a correction factor such as Bonferroni. However, Pemeger (1998) suggests
that “ ...simply describing what was done and why, and discussing the possible
interpretations of each result, should enable the reader to reach a reasonable conclusion
without the help of Bonferroni adjustments...” . Thus, in this study the p significance
value was considered as <0.05.
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Only Ti and T4 test statistics were used in this study, because Sham and Curtis (1995)
suggested that the ‘raw chi-squared’ (T J and the ‘maximized chisquared test’

( T 4 )

appear more powerful and reliable. The T4 test has the advantage of being able to
compare a variable number of alleles against the rest, and is therefore less likely to
lose information about group difference.

In cases that statistical significant p values were observed through CLUMP analysis
that were performed in our association study, in addition we used the odds ratio (OR)
and 95% confidence interval statistical method ( www.hutchon.ffeeserve.co.uk/Confid
OR.htm) in order to approximate the relationship between two variables. The odds
ratio is the ratio of the probability that the event of interest occurs to the probability
that it does not. (Bland and Altman 2000). When the odds ratio is 1 there is no
relationship between the two examined variables.
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CHAPTER 5
RESULTS

5.1. Allele and Genotype data of test group plus control group
PGR reactions for the IL-IA -889, IL-IB -511, ILIB +3954, IL-IRN intron 2, IL- 6 174, IL-10 -627, ILIO -1082, TNFa -308, VDR +1056 and TLR4 Asp299Gly (TLR4
299) and TLR4 Thr399Ile (TLR4 399) polymorphisms were performed on all our
patient and control samples. Unfortunately, not all the samples examined produced
results. One sample of AGP did not produce any results for any of the markers tested,
probably due to a failure of the DNA extraction procedure or to a later contamination
of the specific sample. Some other samples, sporadically, failed to work for some
polymorphisms, which is probably a random event and does not affect the reliability of
our results. A failure rate of about 8 % was experienced and each failed sample was
repeated 3 times. Also, the PGR for the detection of IL-lRN gene polymorphisms did
not work properly. It was hard to detect all the different five alleles that were supposed
to be seen in these polymorphisms and the samples have been sent to another
laboratory without any success. So, the results of IL-IRN gene polymorphisms have
not been reported on.

Figures 14-23 illustrate representative gels used to visualise the polymorphisms after
digestion of PGR products for each respective marker. In these figures we were able to
see clearly bands of different sizes (according to the size marker), which represent the
different alleles. Using this method, we were able to differentiate between the two
alleles at the specific loci examined, in each individual. As each person inherits one
chromosome from each parent, if the individual has the same allele in both copies at
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the specific loci then he/she is homozygous for that allele. On the other hand, an
individual is heterozygous if he/she has two different alleles in the two copies at the
specific polymorphism. For example in a representative gel of the IL-IB -511 (figure
15) the bands in lanes a and b are 190+114 bp which represent alleles homozygous for
allele 1, the bands in lanes c and d are 304 bp which represent subjects homozygous
for allele 2 and the bands in lanes e and f are 190+114 bp plus 304 bp which represents
subjects heterozygous that they have both allele 1 and allele 2 .

The results following the analysis of all the PCR and digest products from all 10
polymorphisms were examined for all the patients (mixed race), a subset of
Caucasians only group and the controls (Caucasians) and are presented in the tables 312 (A and B). Tables 3A-12A show the genotype distribution among patients and
controls, as well as the allelic distribution in both ‘raw’ numbers and percentages. The
first three columns represent the genotype distribution of the patients and controls,
whereas the last two columns represent the allelic distribution. In order to calculate the
total amount of an allele for each group of samples, one adds together each copy at the
specific locus. For example the total number of allele 1 of IL-IA -889 polymorphism
in patients with AGP (Caucasians) was calculated as follows: homozygous (1,1)=
31+31=62 allele 1 , heterozygous ( 1 ,2 )= 1 1 allele 1 , so the total number of allele

1

is

31+31+11=73 (table 3A). The rows of each table 1-10 represent each group of subjects
(AGP, CP and controls). The Clump analysis was performed only for the Caucasian
population [AGP (n=51) and CP (n=57)] to avoid ethnic differences confounding the
results and the odds ratio were calculated only in cases where statistically significant p
values were observed through Clump analysis. The results that come from Clump
analysis and odds ratio calculations are shown in the tables 3B-12B and in table 14
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which presents a summary of the Clump analysis only. The results were considered to
be statistically significant when p<0.05 (indicated by the symbol * if it is less than or
equal to 0.05, by the symbol ** if it is less than or equal to 0.01 and by the symbol ***
if it is less than or equal to 0.001). Table 13 presents the results that come fi-om the
detection o f the composite genotype positive patients and controls, comprising allele

2

of the IL-IA (-889) polymorphism plus allele 2 of the +3954 polymorphism of the ILIB gene (Komman et a l 1997a).

Table 2 presents a comparison between AGP+CP Caucasian population and AGP+CP
non-Caucasian population in order to determine if there were statistically significant
differences between the two different ethnic groups in genotype distribution.
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Table 2: The results of Clump analysis comparing the AGP+CP Caucasian population
with the AGP+CP non-Caucasian population in all examined gene polymorphisms to
detect any differences between the two different ethnic groups in genotype
distribution.

M arker

Ti

T4

IL-IA (-889)

p= 0 . 1 2

p= 0 . 1 1

IL-IB (-511)

p=0.0049**

p=0.013*

IL-IB (+3954)

p=0.48

p=0.53

IL- 6 (-174)

p=0.0086**

p= 0 .0 0 1 ***

IL-10 (-627)

p=0.013*

p=0.019*

IL-10 (-1082)

p=0.105

p= 0 . 1 2

VDR (+1056)

p= 0 . 2 2

p=0.28

TNFa (-308)

p=0.0005***

p= 0 .0 0 0 0 ***

TLR4 (299)

p=0.82

p=0.67

TLR4 (399)

p=0.809

p=0.76
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Table 2 shows the results of Clump analyses comparing the genotype frequencies
between the Caucasian and non-Caucasian patient groups. This illustrates the
differences in genotype distribution between the two different ethnic populations for
the same polymorphisms. There are statistically significant differences in genotype
distribution between Caucasians and non-Caucasians patients with periodontal disease
in: IL-IB (-511) gene polymorphism (Tj, p=0.0049; T4 , p=0.013), in IL- 6 (-174) gene
polymorphism (Tj, p=0.000012; T4 , p=0.000000), in IL-10 (-627) gene polymorphism
(T,, p=0.013; T4 , p=0.019) and TNFa (-308) gene polymorphism (Tj, p=0.0005; T4 ,
p=0.0000). So, in order to avoid these ethnic differences confounding the results of
this association study, even though genotype and allele data for both Caucasian and
mixed race population are presented, the clump analysis and odds ratio were calculated
only for the Caucasians, as the control group consists of only Caucasians.
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Fig. 14. Visualisation under UV light o f the PCR products o f the IL -IA (-889)
polymorphism.

Allele 1
(83bp+16bp)

Allele 2
(99bp)

Size marker
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Table 3A: IL-IA (-889) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

Total alleles

Genotype

1,1

1,2

2,2

1

2

31

11

8

73

27

(62%)

(22%)

(16%)

(73%)

(27%)

Mixed

33

36

21

102

78

n=90
CP

(37%)

(40%)

(23%)

(57%)

(43%)

16

26

15

58

56

n=57

(28%)

(46%)

(26%)

(51%)

(49%)

CP
mixed
n=82

30

31

21

91

73

(36%)

(38%)

(26%)

(55%)

(45%)

44

37

19

116

84

(44%)

(37%)

(19%)

(58%)

(42%)

AGP
Caucasians
n=50
AGP

Caucasians

Controls
n=100
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Table 3B: IL-IA (-889) clump analysis for the AGP (Caucasians) and CP
(Caucasians) patients and 100 controls (Caucasians).
Clump analysis for Caucasians patients:

-

Alleles distribution
• AGP V CP

-

Ti p=0.008**

Genotypes distribution
• AGP

Tip=0.09

T4p=0.14

• CP V Con

Ti p=0.36

T4p=0.139

• AGP

Ti p=0.001***

T4 p=0.001***

V

V

Con

CP

OR=4.1809 (95% Cl 1.855-9.420)
• Perio V Con

T, p=0.885

T4p=0.885

In IL-IA (-889) polymorphism, there were no significant differences in genotype and
allelic distribution between AGP and controls (Tj p=0.09; T4 p=0.14), CP and controls
(Tj p=0.36; T4 p=0.139), and periodontal disease in total and controls (Tj p=0.885; T4
p=0.885). The only statistically significant difference seems to be between AGP and
CP for both genotype (T^ p=0.001; T4 p=0.001) and allelic (T, p=0.008; T4 p=0.008)
distribution. The carriage of allele 2 is in statistically significant higher fi*equency in
CP than in AGP [odds ratio=4.1809 (95% Cl 1.8555 to 9.420)] (table 3A and 3B).
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Fig. 15. Visualisation under UV light o f the PCR products o f the IL -IB (-511)
polymorphism.

Allele 1
(1 9 0 b p + 1 1 4 b p )
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Table 4A: IL-IB (-511) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

Total alleles

Genotype

1,1

1,2

2,2

1

2

23

21

6

67

33

(46%)

(42%)

(12%)

(67%)

(33%)

Mixed

37

32

22

106

76

n=91
CP

(41%)

(35%)

(24%)

(58%)

(42%)

27

26

4

80

34

n=57

(47%)

(46%)

(7%)

(70%)

(30%)

CP
mixed
n=84

33

41

10

107

61

(39%)

(49%)

(12%)

(64%)

(36%)

51

39

10

141

59

(51%)

(39%)

(10%)

(70.5%)

(29.5%)

AGP
Caucasians
n==50
AGP

Caucasians

Controls
n=100
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Table 4B: IL-IB (-511) clump analysis for the AGP (Caucasians) and CP
(Caucasians) patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• No significant differences found

-

Genotypes distribution
• AGP

V

Tip=0.83

T4 p=0.83

• CP

Con

Ti p=0.65

T4 p= 0 . 7

• AGP V CP

Ti p-0.67

T4 p=0.7

• Perio

T]p=0.77

T4p=0.76

V

V

Con

Con

Table 4A and 4B illustrated the distribution of the genotypes and alleles in the IL-IB (511) polymorphism in AGP, CP and controls. The Clump analysis of the results
showed that there was no statistically significant difference among these distributions.

Ill

Fig. 16. Visualisation under UV light o f the PCR products o f the IL-IB (+3954)
polymorphism.
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Table 5A: IL-IB (+3954) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

Total alleles

Genotype

1,1

1,2

2,2

1

2

28

9

12

65

33

(57%)

(18%)

(25%)

(66%)

(34%)

Mixed

46

25

20

117

65

n= 91
CP

(50.5%)

(27.5%)

(22%)

(64%)

(36%)

32

17

6

81

29

n=55

(58%)

(31%)

(11%)

(74%)

(26%)

CP
mixed
n=82

51

24

7

126

38

(62%)

(29.5%)

(8.5%)

(77%)

(23%)

58

32

8

148

48

(59%)

(33%)

(8%)

(75.5%)

(24.5%)

AGP
Caucasians
n=49
AGP

Caucasians

Controls
n=100
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Table 5B: IL-IB (+3954) clump analysis for the AGP (Caucasians) and CP
(Caucasians) patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• No significant differences found

-

Genotypes distribution
• AGP

V

Con

T, p=0.012*

T4 p=0.028*

OR=3.648 (95% Cl 1.378-9.654)
• CPvC on

Ti p=0.85

T4p=0.91

• AGP V CP

Tip=0.11

T4 p=0.16

• Perio V Con

Tj p=0.11

T4 p=0.12

In IL-IB (+3954) gene polymorphism there was a statistical significant difference in
genotype fi*equencies between AGP and controls (Tj, p=0.012; T4 , p=0.028). The 2,2
genotype increased the individual susceptibility to AGP with odds ratio 3.6486 (95%
Cl 1.3789-9.654) [table 5A and 5B].
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Fig. 17. V isualisation under UV light o f the PCR products o f the IL-6 (-174)
polym orphism .
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Table 6 A: IL- 6 (-174) genotype data and allelic distribution for the AGP (Caucasians
and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients and 100
controls (Caucasians).

Total alleles

Genotype

GO

GO

CC

G

C

20

25

4

65

33

(41%)

(51%)

(8 %)

(66.5%)

(33.5%)

43

43

6

129

55

n= 92
CP
Caucasians

(46.75%)

(46.75%)

(6.5%)

(70%)

(30%)

22

24

11

68

46

n=57

(38.7%)

(42%)

(19.3%)

(59.6%)

(40.4%)

CP
mixed
n=83

45

27

11

117

49

(54.2%)

(32.5%)

(13.3%)

(70.5%)

(29.5%)

18

54

26

90

106

(18.4%)

(55.1%)

(26.5%)

(46%)

(54%)

AGP
Caucasians
n=49
AGP
Mixed

Controls
n=99
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Table 6B: IL- 6 (-174) clump analysis for the AGP (Caucasians) and CP (Caucasians)
and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• AGP

-

V

Con

Ti p=0.009**

• CP V Con

T 1 p=0.019*

• AGP V CP

Ti p-0.316

• Perio

Ti p=0.0006***

V

Con

Genotypes distribution
• AGP V Con

Ti p=0.02*

T4 p=0.015*

OR=3.07 (95% Cl 1.43-6.59)
• CPvCon

Tip=0.021*

T4P=0.015*

OR=2.79 (95% Cl 1.33-5.85)
• AGP V CP

Ti p=0.247

T4 p=0.247

• Perio V Con

Tip=0.001***

T4p=0.003**

OR=2.92 (95% Cl 1.53-5.55)
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In IL-6 (-174) gene polymorphism the analysis of the allele frequencies shows
statistically significant differences for AGP and controls; CP and controls and Perio
and controls (AGP v Con Ti^ p=0.009; CP v Con Ti, p=0.019; Perio v Con Ti^
p=0.0006). The results of the analysis of the genotype frequencies show statistically
significant differences between AGP and controls; CP and controls and Perio and
controls (AGP v Con Ti, p=0.02, T4, p=0.015; CP v Con Ti^ p=0.021, T4, p=0.015;
Perio

V

Con Ti^ p=0.001, T4, p=0.003). The allele frequencies show that the C allele is

under represented in AGP, CP and therefore in periodontal disease as a whole
compared to the control population. The GC and CC genotypes are under represented
in AGP, CP and Perio (59%; 61.3% and 60.4% compared to 81.6% respectively)
suggesting that the carriage of the GG genotype increases the individual risk of
developing AGP, CP or Perio [odds ratios = 3.07 (95% Cl 1.43-6.59); 2.79 (95% Cl
1.33-5.85) and 2.92 (95% Cl 1.53-5.55)].
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Fig. 18. Visualisation under UV light o f the PCR products o f the IL-10 (-627)
polymorphism.
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Table 7A: IL-10 (-627) genotype data and allelic distribution for the AGP (Caucasians
and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients and 100
controls (Caucasians).

Genotype

Total alleles

CC

CA

AA

c

A

28

15

2

71

19

(62.2%)

(33.3%)

(4.5%)

(79%)

(21%)

Mixed

48

27

8

123

43

n= 83
CP

(58%)

(32%)

(10%)

(74%)

(26%)

38

15

3

91

21

n=56

(68%)

(27%)

(5%)

(81%)

(19%)

CP
mixed
n=86

46

34

6

126

46

(53.5%)

(39.5%)

(7%)

(73%)

(27%)

58

35

4

151

43

(60%)

(36%)

(4%)

(78%)

(22%)

AGP
Caucasians
n=45
AGP

Caucasians

Controls
n=97
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T ab le 7B: IL-10 (-627) clump analysis for the AGP (Caucasians) and CP (Caucasians)

patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• No significant differences Found

-

Genotypes distribution
• AGP V Con

Tip=0.949

T4p=0.965

• CP V Con

T, p=0.49

T4 p=0.48

• AGP V CP

Ti p=0.76

T 4 p=0.69

p=0.62

T4p=0.69

• Perio V Con

Table 7A and 7B illustrated the distribution of the genotypes and alleles in the IL-10 (627) polymorphism in AGP, CP and controls. The Clump analysis of the results
showed that there was no statistically significant difference among these distributions.
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Fig. 19. Visualisation under UV light o f the PCR products o f the IL-10 (-1082)
polym orphism (39bp and 65bp were not shown in the gel).
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Table 8A: IL-10 (-1082) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

Total alleles

Genotype

GG

GA

AA

G

A

15

17

16

47

49

(31.2%)

(35.5%)

(33.3%)

(49%)

(51%)

Mixed

20

31

37

71

105

n=88
CP

(23%)

(35%)

(42%)

(40%)

(60%)

13

24

18

50

60

n=55

(23.6%)

(43.7%)

(32.7%)

(45.5%)

(54.5%)

CP
mixed
n=83

20

33

30

73

93

(24%)

(40%)

(36%)

(44%)

(56%)

17

47

28

81

103

(17%)

(47%)

(28%)

(81%)

(103%)

AGP
Caucasians
n=48
AGP

Caucasians

Controls
n=92
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Table 8B: IL-10 (-1082) clump analysis for the AGP (Caucasians) and CP
(Caucasians) patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• No significant differences Found

-

Genotypes distribution
• AGP

Tj p=0.15

T4 p=0.2

• CP V Con

Tj p=0.636

T4p=0.65

• AGP V CP

T]P=0.61

T4 p=0.72

• Perio

Tjp=0.2

T4 p= 0 . 3

V

V

Con

Con

Table 8 A and 8 B illustrated the distribution of the genotypes and alleles in the IL-10 (1082) polymorphism in AGP, CP and controls. The Clump analysis of the results
showed that there was no statistically significant difference among these distributions.
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Fig. 20. Visualisation under UV light o f the PCR products o f the VDR (+1056)
polymorphism.
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Table 9A: VDR (+1056) genotype data and allelic distribution for the AGP
(Caucasians) and mixed ethnicity and CP patients (Caucasians and mixed ethnicity)
and 100 controls (Caucasians).

Genotype

Total alleles

TT

Tt

tt

T

t

19

24

6

62

36

(39%)

(49%)

(12%)

(63%)

(37%)

42

41

8

125

57

(46%)

(45%)

(9%)

(69%)

(31%)

28

19

8

75

35

n=55

(51%)

(34.5%)

(14.5%)

(68%)

(32%)

CP
mixed
n=83

44

29

10

117

49

(53%)

(35%)

(12%)

(70.5%)

(29.5%)

27

56

15

110

86

(27.5%)

(57.2%)

(15.3%)

(56%)

(44%)

AGP
Caucasians
n=49
AGP
Mixed
n=91
CP
Caucasians

Controls
n=98
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Table 9B: VDR (+1056) clump analysis for the AGP (Caucasians) and CP patients
(Caucasians) and 100 controls (Caucasians).
Clump analysis for Caucasians patients:

-

Alleles distribution
• AGP

V

• CP

Con

V

Con

• AGP V Con

T] p=0.24
Ti p=0.03*
Tj p=0.45

• Perio V Con

-

p=0.04*

Genotypes distribution
• AGP V Con

Tj p=0.38

T4p=0.38

• CP V Con

T, p=0.01**

T4 p= 0 .0 1 **

OR=2.727 (95% Cl 1.368-5.436)
• AGP

V

• Perio

V

CP

Tj p=0.32

T4 p = 0.32

Con

Tj p=0.02*

T4 p= 0 .0 2 *

The results of the Clump analysis performed for the VDR (+1056) gene polymorphism
indicated statistically significant difference between CP and control group in allele (Tj
p= 0.03) and genotype (T^, p=0.01; T4 p=0.01) distribution [table 9A and 9B]. The t
allele is more prevalent to controls (44%) compared to patients with CP (32%). The t
allele may is protective against developing CP; if t allele is not present (TT genotype)
an individual is at an increased risk of developing CP [odds ratio=2.7 (95% Cl 1.3685.436)].
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Fig. 21. Visualisation under UV light o f the PCR products o f the T N Fa (-308)
polymorphism.
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Table 10A: TNFa (-308) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

T o ta l alleles

G en otype

1,1

1,2

2,2

1

2

26

24

0

76

24

(52%)

(48%)

(0%)

(76%)

(24%)

59

32

0

150

33

(65%)

(35%)

(0%)

(82%)

(18%)

36

18

1

90

20

n=55

(65.5%)

(32.7%)

(1.8%)

(82%)

(18%)

CP
mixed
n=82

62

19

1

143

21

(75.6%)

(23.2%)

(1.2%)

(87%)

(13%)

58

39

0

155

39

(60%)

(40%)

(0%)

(80%)

(20%)

AGP
Caucasians
n=50
AGP
Mixed
n=91
CP
Caucasians

Controls
n-97
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Table lOB: TNFa (-308) clump analysis for the AGP (Caucasians) and CP
(Caucasians) patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• No significant differences Found

-

Genotypes distribution
• AGP V Con

Tj p=0.66

T4p=0.41

• CP V Con

Tj p=0.29

T4 p= 0 .4 S

• AGP V CP

T, p=0.19

T4 p=0.165

• Perio V Con

T, p=0.62

T4 p= 1 . 0

The results of the allele and genotype analysis of the TNFa (-308) polymorphism
performed, indicated no statistically significant differences in genotype and allele
distributions [table lOA and lOB],
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Fig. 22. Visualisation under UV light o f the PCR products o f the TLR4 (299)
polymorphism.
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Table IIA: TLR4 (299) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

T otal alleles

G enotype

1,1

1,2

2,2

1

2

37

8

0

82

8

(82%)

(18%)

(0%)

(91%)

69

12

0

150

12

(85%)

(15%)

(0%)

(93%)

(7%)

47

6

0

100

6

n=53

(89%)

(11%)

(0%)

(94%)

(6%)

CP
mixed
n=83

73

10

0

156

10

(88%)

(12%)

(0%)

(94%)

(6%)

90

7

0

187

7

(93%)

(7.2%)

(0%)

(96%)

(4%)

AGP
Caucasians
n=45
AGP
Mixed
n=81
CP
Caucasians

Controls
n=97
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Table IIB: TLR4 (299) clump analysis for the AGP (Caucasians) and CP
(Caucasians) patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

-

Alleles distribution
• No significant differences found

-

Genotypes distribution
• AGP

Ti p=0.16

T4 p=0.09

• CP V Con

Tj p=0.69

T4 p= 0 . 5 3

• AGP

Ti p=0.66

T4 p=0.40

Tj p=0.30

T4 p=0.16

V

V

Con

CP

• Perio V Con

The genotype and allele fi-equencies of the TLR4 (299) gene polymorphism were
similar for AGP, CP and controls [table llA and IIB]. Clump analysis showed no
statistically significant difference in the allele and genotype distribution between AGP,
CP, AGP+CP and control group.
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Fig. 23. Visualisation under UV light o f the PCR products o f the TLR4 (399)
polymorphism.
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Table 12A: TLR4 (399) genotype data and allelic distribution for the AGP
(Caucasians and mixed ethnicity) and CP (Caucasians and mixed ethnicity) patients
and 100 controls (Caucasians).

Total alleles

Genotype

1,1

1,2

2,2

1

2

46

3

0

95

3

(94%)

(6%)

(0%)

(97%)

(3%)

84

4

0

172

4

(95.5%)

(4.5%)

(0%)

(96%)

(2%)

50

4

0

104

4

n=54

(92.5%)

(7.5%)

(0%)

(96.3%)

(3.7%)

CP
mixed
n=83

77

6

0

160

6

(93%)

(7%)

(0%)

(96%)

(4%)

78

17

0

173

17

(82%)

(18%)

(0%)

(91%)

(9%)

AGP
Caucasians
n=49
AGP
Mixed
n=88
CP
Caucasians

Controls
n=95
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T ab le

TLR4 (399) clump analysis for the AGP (Caucasians) and CP

12B:

(Caucasians) patients and 100 controls (Caucasians).

Clump analysis for Caucasians patients:

Alleles distribution
• Perio V Con

T, p=0.033*

• No more significant differences found

Genotypes distribution
• AGP

V

• CP

Con

V

Con

p=0.08

T4p=0.08

Ti p=0.095

T4p=0.095

T j

• AGP

V

CP

T,p=0.10

T4P=1.00

• Perio

V

Con

Tj p=0.002**

T4 p= 0 .0 0 2 **

OR=2.989 (95% Cl 1.179-7.572)

In the TLR4 (399) gene polymorphism the only statistically significant difference
amongst the Caucasians was between periodontal disease in total (AGP and CP) and
controls. This was both in allele (Tj p=0.033) and genotype (T^ p=0.002; T4 p=0.002)
distributions, with the allele

1

and

1 ,1

genotypes being more fi-equent in periodontal

disease than in controls [odds ratio=2.98 (95% Cl 1.179-7.572)] [table 12A and 12B].
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Table 13: Results of the analysis of the IL-1 +39547-889 composite genotypes in
Caucasians. The patients were grouped to have the composite genotype comprising
allele 2 of the IL-1 A (-889) polymorphism plus allele 2 of the IL-IB (+3954)
polymorphism (IL-1 genotype positive).

Con

AGP

CP

IL-1 genotype positive

35

8

21

IL-1 genotype negative

63

41

36

Clump analysis:

AGP

V

Con

T j

p=0.014*

OR=2.847 (95% Cl 1.201-6.748)
CP V Con

T] p=0.88

AGP

V

CP

Tip=0.01*

Perio

V

Con

OR=2.98 (95% Cl 1.1804-7.571)
Tj p=0.19

The clump analysis showed there were no statistically significant differences in the
distribution of genotype positive individuals between CP and controls and between
patients with periodontal disease in total and controls. There was a statistically
significant difference between AGP and controls in genotype distribution (Tj,
p=0.014) with composite genotype negative patients more prevalent in AGP than in
controls [odds ratio=2.847 (95% Cl 1.2013-6.748)]. Also, there was a statistically
significant difference between AGP and CP (Tj p=0.01). The genotype positive
patients are more likely to develop CP than AGP [odds ratio=2.989 (95% Cl 1.18047.571)].
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Tablel4: Summary of the results of the CLUMP analysis of the genotype distribution
for each marker in the Caucasian patient groups. The * indicates significant p-values
of less than or equal to 0.05, ** indicates p-values of less than or equal to 0.01,***
indicates p-value of less than or equal to 0 .0 0 1 .

Marker
IL-IA -889
T,
T4
IL-lB-511
T,
T4
IL-IB +3954
T,
Ta

IL-6 -174
T,
T4
IL-10 -627
T,
T4
IL-10-1082
T,
T4
VDR +1056
T,
T4
TNFa -308
Ti
Ta

TLR4 299
T,
T4
TLR4 399
T,
T4

AGP V Con

CP V Con

AGP V CP

Perio V Con

0.09
0.14

0.36
0.139

0.001***
0.001***

0.88
0.88

0.83
0.83

0.65
0.70

0.67
0.70

0.77
0.76

0.012*
0.028*

0.848
0.91

0.111
0.16

0.11
0.12

0.02*
0.015*

0.021*
0.015*

0.247
0.247

0.001***
0.003**

0.949
0.965

0.49
0.48

0.76
0.69

0.62
0.69

0.15
0.20

0.636
0.65

0.61
0.72

0.2
0.3

0.38
0.38

0.01**
0.01**

0.32
0.32

0.02*
0.02*

0.66
0.41

0.29
0.48

0.19
0.165

0.62
1.00

0.16
0.09

0.69
0.53

0.66
0.40

0.30
0.16

0.08
0.08

0.095
0.095

0.10
1.00

0.002**
0.002**
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Table 14 summarises the results (p values) for the Caucasians. This table shows the
differences in genotype distribution between AGP and CP. In IL-1 A (-889) gene
polymorphism Caucasians with AGP have statistically significant different genotype
distribution compared to CP (Ti, p=O.OOI; T4 , p=0.001). Also, in the IL-1 (+3954)
gene polymorphism there is statistically significant difference in genotype distribution
between AGP and controls (Ti, p=0.012; T4, p=0.028), whereas there is no statistically
significant difference between CP and controls (Ti, p=0.848; T4, p=0.9I) and in the
VDR (+1056) gene polymorphism there is statistically significant difference in
genotype distribution between CP and controls (Ti, p=O.OI; T4, p=O.OI), whereas there
is no statistically significant difference between AGP and controls (Ti, p=0.38; T4,
p=0.38).
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CHAPTER 6

6. DISCUSSION

Genetics studies have not, as yet, found a gene with a major effect in periodontal
disease, and it is assumed that the periodontal diseases have a complex pattern of
inheritance. If this is the case there will be a few major genes and many modulating
genes involved. In complex disorders, typically, one or two genes have major effects
(determining presence or absence o f disease), with the severity being modulated by
many minor genes. It is therefore possible that different forms of periodontal disease
seen will be a combination of these major and minor genes. So, in order to decrease
the chances of missing associations the patients need to have similar disease
manifestation, possibly resulting from a common genetic background. Therefore, all
patients involved in this study both AGP+CP have severe periodontitis.

The results show that there are differences between different population groups in the
frequency of genetic variations inherited from one generation to the next. In table 2 the
differences in genotype distribution in patients with periodontal disease (AGP+CP)
between the two different ethnic groups (Caucasians and non-Caucasians) are shown.
There were statistically significant differences in genotype distribution between
Caucasians and non-Caucasians patients with periodontal disease in: IL-IB (-511)
gene polymorphism (p=0.0049), in IL- 6 (-174) gene polymorphism (p=0.0086, in IL10 (-627) gene polymorphism (p=0.013) and TNFa (-308) gene polymorphism
(p=0.0005). Also, it was shown that whilst the CC genotype in the IL- 6 gene is present
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at low frequencies in Caucasian patients this frequency is even lower in non-Caucasian
patients (14.2% vs 2.9%) (table 6 A). Similarly, Komman et al. (1997a) suggested that
36% of Caucasian Northern Europeans carried the IL-1 composite genotype, when
Armitage et al. (2000) suggested that only 2.3% in a Chinese population carried the
same genotype. This may be due to some mutations (changes by chance) that
contribute to survival or increased fecundity under different environmental stresses;
mutations that are not useful are lost evolutionary. Since the various ethnic groups
have been exposed to different environmental pressures historically, the genetic
variations that are of benefit to a population will be different, leading to the changes in
allele frequencies seen both in this project and many other studies (Yamazaki et al.
2001, Abe et al. 2002, Ranjan et al. 2003 and Bereir et al. 2003). Some de novo
genetic polymorphisms are even unique to particular populations. So, in studies that
are looking for associations between polymorphisms and disease development, we
need to take into account the different genetic background of different ethnic groups,
as some polymorphisms are significantly higher or lower in these populations. As
ethnicity is a major confounding factor, the results and the discussion in this study
were concentrated only on the analysis o f Caucasian subject data and not of the whole
mixed sample.

There is evidence to support the existence of an association between certain cytokine
gene polymorphisms and human diseases that involve inflammatory events (Duff
1994). It is thought that the periodontal diseases have a multi-factorial etiology and
that genetically inherited factors may play an important role in disease development
and expression. These genetic factors are likely to be expressed through variations in
the host’s inflammatory immune response to periodontal pathogens. Several studies
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have attempted to identify genetic markers for periodontal disease susceptibility, with
a focus on possible prevention and prognosis.

The IL-1 a, IL-lp, IL- 6 and TNFa are inflammatory cytokines, IL-lm is a competitive
inhibitor of IL-1 and suppresses the IL-1 activity (Dinarello 1996) and IL-10 is an anti
inflammatory

cytokine

that

inhibits

the

endotoxin-induced

production

of

proinflammatory cytokines.

The IL-1 a and IL-ip inflammatory cytokines contribute to pathologic bone resorption
(Chiang et al. 1999), suggesting that they might play an important role in pathogenesis
of the periodontal disease (Masada et ah 1990, Stashenko et a l 1991). IL- 6 regulates
immune response, acute phase reaction and osteoclast differentiation and function
(Hirano and Kishimoto 1990, Van Snick 1990, Roodman 1992). TNF plays an
important role in immune regulation, in inflammatory response, in tissue physiology
and in bone resorption (Gowen et al. 1983, Bertolini et al. 1986, and Mundy et al.
1993). On the other side IL-lm inhibits IL-1 activity as a competitive antagonist and
IL-10 inhibits the production of the inflammatory cytokines and control local and
systemic inflammatory responses resulting in prevention of excessive and harmful
inflammation, which could cause soft tissue damage and bone resorption leading to
periodontal disease.

As periodontal disease is a bacterial driven inflammatory condition, after bacterial
challenge within the periodontium the inflammatory and anti-inflammatory cytokines
are recmited to face the challenge. Genetic polymorphisms in the genes that encode
these cytokines may lead to excess or reduced production and /or functional
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abnormalities in the produced molecules, and may result in an increased susceptibility
to periodontal disease or a poor prognosis of the disease development.

Based on these observations in our study we looked for association between genetic
variations in the above pro-inflammatory and anti-inflammatory cytokines and
periodontal disease development (aggressive and chronic periodontitis).

Previous studies that examined the IL-1 polymorphisms and periodontitis arrived at
different conclusions. Komman et al. (1997a) showed a relationship between the IL-1
composite genotype, comprising allele 2 of the IL-1 A -889 polymorphisms plus allele
2 of the +3953 polymorphism of the IL-IB gene, and severity of periodontal disease in
non-smoking individuals. This was confirmed by McDevitt et al. (2000) who showed
that genotype positive patients, when compared to genotype negative patients, are at an
increased risk of suffering ifrom moderate and advanced periodontitis. Diehl et al.
(1999) suggested that the IL-1 genotype may contribute to disease expression, but not
exclusively. Also, Gore et al. (1998) related the allele 2 of the IL-IB (+3953)
polymorphism with increased risk of developing advanced adult periodontitis.

Many other studies have found no evidence that the IL-1 haplotypes play any role in
aggressive periodontitis (Hodge et al. 2001) or in chronic periodontitis (Ehmke et al.
1999). Meisel et al. (2002) failed to show any association between the genotype
positive or the frequency of the allele 2 of the IL-1 A or IL-B genes and increased
periodontal risk or the mean bone loss or any other mean of clinical parameters. A
recent study (Meisel et al. 2003) has a contrasting result to that of Komman et al.
(1997a), and showed an increased risk of periodontal disease in genotype-positive
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smokers. This result could be explained if smoking and genotype are interactive
factors in determining the disease outcome (McDevitt et a l 2000). McGuire and Nunn
(1999) demonstrated that heavy smoking and a positive genotype act as synergistic
risk factors for early tooth loss. Also, Parkhill et a l (2000) have shown a significant
difference in the IL-ip genotype distribution (homozygous for allele 1) between HOP
smokers and control group of smokers, but not between HOP non-smokers and control
non-smokers.

Regarding IL-1 A (-889), IL-IB (-511) and IL-IB (+3954) gene polymorphisms
examined in this study, statistically significant differences were found in allele
(p=0.008) and in genotype (p=0.001) distribution in the IL-1 A (-889) gene
polymorphism between AGP and CP and in genotype distribution (Caucasians) in the
IL-IB (+3954) gene polymorphism between AGP and controls (p=0.012). In the IL
IA (-889) gene polymorphism the 1,1 genotype was in higher frequency in AGP
(62%) than in CP (28%) and the allele 2 was more prevalent in CP (49%) than in AGP
(27%). Thus, patients with periodontitis that carry the allele 2 are more likely to
develop CP than AGP [odds ratio=4.1809 (95% Cl 1.8555 to 9.420)]. In the IL-IB
(+3954) gene polymorphism the genotype 2,2 frequency was significantly higher in
AGP (25%) than in controls (8%), suggesting that the carriage of 2,2 genotype
increases the individual risk of developing aggressive periodontitis [odds ratio=3.65
(95% Cl 1.38 to 9.7)]. In this study no other statistically significant difference was
found in allele and genotype distribution between patients and controls for IL-1 A (899), IL-IB (-511) and IL-IB (+3954) polymorphisms in the Caucasian population.

144

When composite genotype positive patients were compared to negative [the composite
genotype comprising allele 2 of the IL-1 A (-889) plus allele 2 of the IL-IB (+3954),
Komman et a l 1997a], statistically significant differences were not found between
patients with CP and controls, however, there was a statistically significant association
between composite genotype negative patients (p=0.014) and increased risk of
developing AGP [odds ratio=2.847 (95% Cl 1.2013 to 6.748)]. Also, there was
statistically significant difference in composite genotype distribution between AGP
and CP (p=0.01) [odds ratio=2.989 (95% Cl 1.1804 to 7.571)], suggesting that patients
are three times more likely to have CP than AGP if they are genotype positive. This
leads to the hypothesis that if AGP and CP share the same major genes, then the
carriage of the genotype positive alleles modulates the expression of the periodontal
disease susceptibility towards CP rather than AGP. This supports the arguments that
periodontal diseases are complex diseases caused by a combination of major and
minor genetic influences. The above results are partially different to Komman et a l
(1997a), who examined only patients with CP, suggesting that more studies need to be
carried out in order to clarify any relationship between IL-1 composite genotype and
increased risk of developing periodontitis.

The different results seen in studies of IL-1 gene polymorphisms may be due to
differences in sample collection. Komman et a l

(1997a) examined specific

polymorphisms in three disease subject categories: subjects with mild or no
periodontal disease (n=49), subjects with moderate disease (n=42) and subjects with
generalized severe periodontitis (n=43). All the subjects were Caucasians and were
also divided into smokers and non-smokers. Parkhill et a l (2000) studied 70 patients
with HOP and 72 healthy controls, all Caucasians divided into smokers and non
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smokers, but they did not take into account the severity of the disease. Gore et al
(1998) genotyped 32 Caucasians with adult periodontitis and 32 Caucasian controls
divided into subjects with early, moderate or advanced periodontitis without clarifying
the smoking status of these patients. Me Devitt et a l (2000) examined 103 adult nonsmokers of mixed race. The test group consisted of 46 patients with health to mild
periodontitis and 44 with moderate to severe periodontitis. Meisel et al. (2003) studied
a large group of individuals consisting of 155 smokers with periodontitis, 248 nonsmokers with periodontitis, 71 smokers and 343 non-smokers with no disease as
control subjects. In this study was examined 95 (51 Caucasians) individuals with
aggressive periodontitis, 86 (57 Caucasians) with chronic periodontitis and 100
Caucasians controls, all patients had severe periodontal disease. Consequently, the
different results could be explained by the variations in the sample sizes [associations
could be missed if the sample size is small, i.e. TLR4 Thr399Ile examined gene
polymorphism, table lOA and lOB, where there is no association between genotype
distribution and AGP or CP, but there is a statistically significant association between
genotype distribution and periodontal disease in total (AGP+CP)], the smoking status
and the ethnic origin of the subjects that were recruited and most importantly the
diagnosis and disease status.

In respect to IL-6 (-174) gene polymorphism there was a strong association between
IL-6 genotype and increased risk of developing both AGP and CP (p=0.02, p=0.021).
This was due to the GC and CC genotypes being under represented in AGP and CP,
suggesting that the GG genotype increases the individual risk of developing aggressive
and chronic periodontitis [odds ratio=3.07 (95% Cl 1.43 - 6.59) and 2.79 (95% Cl 1.33
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- 5.85)] and that the C allele may have a protective role against the development of
both AGP and CP.

Fernandez-Real et a l (2000) and Fishman et al. (1998) correlated the CC genotype to
lower plasma IL-6 levels compared to the genotype GC or GG. As lower plasma levels
are connected to less destructive inflammatory responses, the CC genotype could be
potential protective against inflammatory diseases like periodontal disease. Fishman et
a l (1998), linked systemic juvenile rheumatoid arthritis, a chronic inflammatory
disease, to the lower frequency of the protective CC genotype of IL-6 at position -174,
Ota et a l (1999, 2001) found that genetic variations of IL-6 gene were linked to
osteopenia and to decreased bone mineral density and Ferrari et al. (2001) related the
CC genotype to lower bone resorption and a lower decrease in bone mass in older
postmenopausal women. Thus, the fact that periodontal disease is mainly a chronic
inflammatory disease and bone resorption is one of its main signs, leads to the thought
that the carriage of the CC genotype may reduce the individual risk of developing
periodontitis. The above hypothesis is partly confirmed by the results of this study,
where AGP and CP were connected to under representation of the CC genotype.

Also, TNFa polymorphism at the position -308 was examined in order to detect if it
played a role in the development and the severity of aggressive or chronic
periodontitis. But there were no correlations in genotype and allele distribution
between patients (Caucasians) and controls (p=0.66, p=0.29, p=0.62). That observation
is in agreement with Shapira et al (2001) who examined the same polymorphism of
TNFA gene and could not find any link between EOP and TNFa (-308)
polymorphisms. Similar results arose from Kinane et a l (1999) who genotyped 77
147

GEOP patients in West of Scotland. Also, Galbraith et a l (1998) did not detect
statistically significant differences in the distribution of TNFa -308 genotypes in
patient (advanced adult periodontitis and gingivitis) and control populations.

Also, the IL-10 polymorphisms at position -627 and -1082 were examined in this
study, but no association between that polymorphisms and periodontitis (aggressive or
chronic periodontitis) was found. Previous studies indicated that the -1082*A allele
(IL-10 polymorphism) is associated with lower transcriptional activity and lower IL-10
secretion (Turner et a l 1997 and Crawley et a l 1999) and the -611*A allele is
correlated with severe asthma (Borish et a l 1996 and Lim et a l 1998) and atopic
asthma (Hang et a l 2003).

The different results between different studies of the gene polymorphisms in the above
inflammatory and antiinflammatory cytokines maybe due to differences in the study
design. The host defences are controlled and regulated by the actions of many genes
and environmental factors. Variations in these genes lead to variations in immune
response. Since periodontal diseases are multifactorial many different combinations of
variables, host genetic and environmental, may lead to the same clinical phenotype
thus making limited association studies less sensitive to single gene effects.

It is believed that there are inter-individual differences in cytokine production as a
response to standard stimuli (Molvig et a l 1988, Galbraith et a l 1997, Endres et a l
1989). There are ‘high’ responder and ‘low’ responder individuals with regards to IL-1
cytokine secretion (Endres et a l 1989). Variations in cytokine genotypes directly
affect the cytokine synthesis resulting in disease pathogenesis. Pociot et a l (1992) had
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shown increased IL-ip production in vitro in association with

allele 2, but

that finding was not confirmed by Santtila et al. (1998). During the inflammatory
responses the proinflammatory and anti-inflammatory cytokines form a network and
the levels and the activity of each influence the level and the activity o f others. For
example, IL-10 inhibits the production of IL-1 a, IL-ip, IL-6, TNFa and IL-10 itself,
whereas it enhances IL -lm production, TNFa enhances LPS-induced IL-10 production
(Fiorentino et a l 1991a, De Waal Malefyt et a l 1991a, Bachwich et a l 1986) and ILlm inhibits IL-1 activity (Dinarello 1996). So, the development and the severity of
periodontal disease depend on a wide range of factors and it is difficult to indicate
which specific factors and in which respect they contribute to the outcome.

As loss of alveolar bone is one of the signs of periodontal disease, it is possible that
VDR gene polymorphisms may play an important role in disease expression and
development. The vitamin D receptor (VDR) alleles predicted low bone mineral
density (BMD) o f lumbar spine in both twin and population based studies (Morrison et
a l 1994).

A restriction fi*agment length polymorphism (RFLP) for Taq\ site in exon nine at the
position +1056 o f the VDR gene was examined in this study and it was concluded that
there were statistically significant differences in genotype (p=0.01) and allele
(p=0.003) distribution among CP (Caucasians) and controls. In addition, there were
statistically significant differences in genotype (p=0.02) and allele (p=0.04)
distribution between periodontal disease in total (AGP and CP Caucasians) and
controls. The t allele has a statistically significant higher fi*equency in controls than in
CP (p=0.03) and seems to be protective against developing CP. So, if t allele is not
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present (TT genotype), an individual is at an increased risk of developing CP [odds
ratio=2.727 (95% Cl 1.368 to 5.436)]. Our findings are consistent with Bellamy et al.
(1999) who demonstrated that patients with pulmonary tuberculosis had reduced
frequency of tt genotype, suggesting that genotype to be protective against the disease.
Also, in the same study the tt genotype was associated with enhanced clearance of
hepatitis B virus infection, consistent with a strong cellular immune response. As
periodontal disease is an inflammatory disease, the cellular immune response plays a
role in the initiation and the progression of the disease.

Hennig et al. (1999) when they analysed the genotypes of 69 patients with early-onset
periodontitis (EOF) including 20 patients with localised disease and 72 controls with
no history of EOF, they concluded that the carriage of the less frequent allele of the
Taql RFLF (t) is associated with increased risk of developing L-EOF, but may not
influence the susceptibility to G-EOF. The differences in the results in this study and
those of Hennig et a l (1999) may be due to differences in patient and control
collection (ethnicity, smoking status, age of diagnosis). Hennnig et al. (1999)
suggested that the t allele plays a role only in the susceptibility to L-EOF; the size of
the examined group (20 patients with L-EOF) was small and no association to
periodontal disease as a whole was seen. An alternative view is that the t allele may, in
fact, be protective against EOF and the manifestation of this protection from disease is
a limiting o f the range or spread to a few localised pockets rather a widespread
generalised presentation. Frobably the fact that Hennig et ah (1999) found the t allele
to be over represented in patients with L-EOF could be explained by the protective
role of t allele against developing G-EOF. So, if the underlying susceptibilities are
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present, patients with t allele are more likely to develop the localised form of EOF than
the generalized or just a less severe manifestation.

A recent study (Inagaki et a\. 2003) compared periodontal disease progression among
polymorphisms of 2 VDR genes {Apa\ and Taql polymorphisms) in men. The
progression of alveolar bone loss (ABL), clinical attachment loss (CAL), and tooth
loss was highest in the AATT and AATt genotypes. Further studies are needed to
clarify the specific VDR polymorphisms that can serve as accurate predictors of
periodontal disease initiation and progression.

Considering that periodontal disease is an infectious condition and the immune and
host responses play an important role in initiation, progression and severity of the
disease, the TLR4 molecule, which is part of innate immunity, could be a candidate
susceptibility factor. There are no other studies that have examined this gene in
relation to periodontal disease. In this study a statistically significant difference in the
distribution of the TLR4 gene polymorphisms was found between patients with
periodontal disease (AGP + CP) and controls in the TLR4 Thr399Ile polymorphism
(p=0.002) [table lOA and lOB]. The 1,1 genotype is more prevalent in periodontal
disease than in controls [odds ratio=2.989 (95% Cl 1.179-7.572)]. Although no
statistically significant association were found for AGP or CP separately, it is likely
that TLR4 Thr399Ile polymorphism is involved in both AGP and CP, but its effect is
too small to be detected in the smaller groups but with the combined diagnosis the
sample size becomes sufficiently great to detect the association.
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Previous studies connected the mutations in TLR4 gene to different susceptibility to
sepsis among different species and different responses to LPS structure (Lien et al
2000). Arbour et a l (2000) suggested that there is an association between Asp299Gly
polymorphism of TLR4 gene and blunted response to LPS inhalation. Also, Lorenz et
al (2001) indicated two TLR4 polymorphisms (Asp299Gly and Thr399Ile) to
influence the severity of the microbial disease. The differences between these results
and previous investigators may be due to the fact that the human TLR family has at
least ten members that differ in microbial pattem-recognition specificities (Kaisho and
Akira 2000). Thus, it is possible that TLR2 or other members of the TLR family
contribute to effective innate immunity in humans even if TLR4 function or expression
is impaired. So, the periodontal microbial pathogens may affect signaling host
defenses, not through TLR4, but through other members of the TLR family and the
mutations in TLR4 molecule do not necessarily lead to susceptibility to periodontal
disease.

The results in this study indicate that AGP and CP in Caucasians may have different
genetic backgrounds, since the IL-IB (+3954) and VDR (+1056) polymorphisms
showed different associations in genotypes and allele distributions between AGP
versus controls and CP versus controls. So, the present association genetic study seems
to support the current classification (1999 International Workshop for a Classification
of Periodontal Diseases) dividing periodontal disease into two main forms; AGP and
CP.

There are, however, two main caveats to this; firstly the sample sizes were

relatively small; secondly the results are only relevant to Caucasian patients.
Illustrative power calculations for AGP, CP and AGP + CP were performed in order to
estimate the relavence of the p-values produced from this data set. The Genetic Power
Calculator found at f http .//s t a t q e n . io p . k cl. a c . u k/q p c / c c 2 . htm I) was used to perform
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the calculations. Disease prevalences of 0,013 for AGP (Albandar et al. 1997), 0.05 for
CP (Kelly et al. 2000) and 0.063 for AGP and CP were assumed. For a risk allele with
a frequency of 10% with a heterozygous risk of 3 and homozygous risk of 5, the
number of patients to achieve an Alpha value of 0.05 with 80% power is 47, 43 and 63
patients respectively. This calculation whilst making many assumptions shows that
the study is in many respects close to the edge of having sufficient power to detect
associations to genes with relatively small effects. So caution must be taken when
drawing any conclusions about the negative results seen. It is possible that a meta
analysis of all studies examining the same markers might reveal these smaller effects if
the populations studied can be assumed to be ethnically identical.

As described above periodontitis is a chronic bacterially driven inflammatory
condition and like many chronic diseases may be polygenic. So, different genes may
influence different aspects of the disease pathology. All these different results may be
due to the fact that the impact of periodontal disease depends on a wide range of
environmental and host factors. Different immunological defects due to different
polymorphisms manifest the same clinical phenotype, so the elucidation of genetic
factors is difficult. The genetic factors that contribute to the susceptibility to
periodontitis may not be based on a single gene variation. It is reasonable to speculate
that a specific combination of different gene polymorphisms in interaction with
environmental factors, such as bacteria, smoking, ethnicity, influence the disease
impact and progression, rather than just a single gene acting alone. So, the use of
genetic markers to detect susceptibility to periodontal disease is still an issue that
requires much further research.
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The investigation of the above gene polymorphisms in respect to their implication in
the development and the severity of periodontal disease could reflect major clinical
importance. The combination of different susceptibility genes may cause different set
of symptoms during periodontal disease. So, these genetic polymorphisms in the future
may be used as markers to predict an individual susceptibility to the disease, the extent
(localised or generalised) and the severity of the disease development. It is likely that
in the future these genetic markers may be easily used both as a routine diagnostic
method and as a guiding tool to the classification of the periodontal disease. The above
achievements can affect our prognostic ability in respect to the periodontal disease. As
the prognosis affects the treatment plan of the disease, these markers could be major
determinants of the treatment plan.

The key approach to periodontal treatment is bacterial elimination. Reduction of the
bacterial challenge should be effective in preventing and treating periodontitis even in
individuals who are genetically predisposed to more severe disease. For genetic
positive patients, more aggressive treatment approaches such as complete pocket
reduction or use of antibacterial drugs to suppress the flora might seem logical. There
is, however, still no data to support the theory that the periodontal treatment would be
more or less effective depending on the genotype of the patient. Thus, in practice
treatment offered may or may not differ from the standard approach.
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CONCLUSION
>

There were statistically significant differences in genotype distribution in
periodontal disease between the two different ethnic groups (Caucasian and nonCaucasian population).

> There were statistically significant differences between patients with periodontal
disease in total (AGP+CP) and controls for IL- 6 (-174), VDR (+1056), TLR4 (399)
gene polymorphisms.
>

There was a statistically significant difference between AGP patients and controls
for the IL-IB (+3954) and IL- 6 (-174) gene polymorphisms.

> There were statistically significant differences between CP patients and controls
for the IL- 6 (-174) and VDR (+1056) gene polymorphisms.
> There was a statistically significant difference between AGP and CP for the IL-IA
(-889) gene polymorphism.
> No associations were detected between the IL-IA (-889), IL-IB (-511), IL-10 (-627
and -1082), TNFa (-308), TLR4 (Asp299Gly) genes polymorphisms and AGP or
CP or periodontal disease in total, compared to controls.
> The composite genotype positive patients with periodontal disease were three
times more likely to develop CP than AGP.
> There was a significant difference in the genetic backgrounds of AGP and CP.
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FURTHER STUDIES

As there is some evidence to support the theory that variations in the structure of the
immunoregulatory genes could be related to increased susceptibility to AGP and CP
further research needs to be done in this area.

Further studies should involve larger control and patient populations, ideally race,
gender and phenotype-matched in order to achieve a homogenous genetic background
and to increase the sensitivity of the results. As t allele may limit the spread of AGP to
a localised form (protective role), further studies with larger patients samples divided
into L-AGP and G-AGP maybe needed in order to investigate the above hypothesis
and any other possible differences between these two forms of periodontitis. Also, the
environmental confounding factors, such as the age of onset, the smoking status and
the level of oral hygiene would be useful to be controlled among the individuals tested
in the future studies.

The outcome of periodontal disease may be due to a combination of different gene
polymorphisms. More candidate genes in the pathogenesis of periodontal disease need
to be examined as possible genetic susceptibility factors, alone or in combination.

Finally, more studies are needed in order to speculate if the genotype of the patients
influences the effectiveness of conventional or surgical periodontal treatment. These
studies may carry a prognostic value on the identification of the susceptibility factors.
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